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FOREWARD

1. This Military Standard is approved for use by all Departments and Agencies of the
Department of Defense.

2. Beneficial comments {recommendations, additions, deletions} and any pertinent data which
may be of use in improving this document should be addressed to: (Commander, ATTN: PA&TD,
AMSMC-QAR-R(D), U.S. Army Armament Munition and Chemical Command, Picatinny Arsenal, N.J.
07806-5000) by using the self-addressed Standardization Document Improvement Proposal (DD
Form 1426) appearing at the end of this document or by letter.
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31113 Total Lead (Sulfate Method)

311.2.2 Total Lead (Chromate Method)

311.3.2 Total Lead (Polarographic Method)

311.4 Total Lead (Molybdate Method)
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. 1. SCOPE

1.1 Purpose. This standard describes the general methods of sampling, examining, and testing
solid propellants.

1.2 Application. The test methods contained in this standard shall apply to the testing of solid
propellants for conformance 1o the chemical and physical requirements of the applicable propeliant
specifications. In the event of conflict between these methods and those in the applicable propellant
specifications, the latter shall take precedence.
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2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specified,
the issues of these documents are those listed in the issue of the Depantment of Defense Index of
Specifications and Standards (DODISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS
FEDERAL
L-T-790 - Tube, Nonmetallic, Polyvinyl Chloride (PVC), Flexible
(For Laboratory and Medical Use)
RR-P-54 - Pan, Aluminum Alloy
MILITARY
MIL-D-204 - Dinitroluene for Use in Explosives
MIL-D-218 - Dibutyl Phthalate, Technical
MIL-N-244 - Nitrocellulose
MIL-N-246 - Nitroglycerin
MIL-E-255 - Ethyl Centralite (Carbamite)
MIL-E-463 - Ethyl Alcohol (For Ordnance Use)
JAN-A-465 - Acid, Acetic {For Ordnance Use)
MIL-N-494 - Nitroguanidine (Picrite)
MIL-A-2550 - Ammunition, General Specification For
MIL-N-3399 - 2-Nitrodiphenylamine
STANDARDS
MILITARY
MIL-STD-12 - Abbreviations for Use on Drawings, and in Specifications,

Standards and Technical Documents

MIL-STD-962 - Outline of Forms and Instructions for the Preparation of Military
Standards Military Handbooks

MS36548 - Bottle, Solution

MIL-STD-45662 - Calibration System Requirements

{Unless otherwise indicated, copies of federal and military specifications, standards, and handbooks
are available from the Naval Publications and Forms Center, {ATTN: NPODS), 5801 Tabor Avenue,
Philadelphia, PA 19120-5099.)

2.2 Non Government publications. The following documents form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of the documents which are DOD
adopted are those listed in the issue of the DODISS cited in the solicitation. Unless otherwise
specified, the issues of documents not listed in the DODISS are the issues of the documents cited in
the solicitation (see 6.2).
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AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ACTAMA N 1409 _DRDanmnant IAfntar Qrnnifinntiam far
FAIIVI W 11T noayciil vvaicl, opctii-alivil vl
ASTM D 2015 - Gross Calorific Value of Solid Fuel by the Adiabatic

by the Adiabatic Bomb Calorimeter, Test for
ASTME 11 - Wire-Cloth Sieves for Testing Purposes, Specification for
ASTM E 203 - Water Using Karl Fischer Reagent, Test for (DOD Adopted)
ASTM E 323 - Perforated-Plate Sieves for Testing Purposes, Specification for
ASTM E 380 - Metric Practice, Standard for
ASTM E 438 - Glasses in Laboratory Apparatus, Specification for
ASTM E 694 - Volumetric Ware, Specification for

{Application for copies should be addressed to the American Society for Testing and Materials, 1916
Race Street, Philadelphia, PA 19103- 1187.)

AMERICAN CHEMICAL SOCIETY (ACS)

Reagent Chemicals

(Application for copies should be addressed to American Chemical Society, 1155 Sixteenth Street,
NW, Washington, DC 20036)

2.3 QOrder of precedence. In the event of a conflict between the text of this document and the
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.
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3. DEFINITIONS

Kttt o RNk

3.1 Definitions. Not appiicabie.

3.2 Abhreviations. Abbreviations shali be in accordance with MIL-STD-12.
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. 4. GENERAL REQUIREMENTS
4.1 Sampling procedures.

4.1.1 Sample selection. Representative samples from each propellant lot shall be selected as
specified in applicable propellant specifications. The foliowing conditions shall be in effect:

b. Where moisture has been added to the propellantin the blending tower, the sample may not
be taken sooner than 48 hours after the time of packing.

c. A
d. Exercise all safety precautions for handling chemical and energetic materials.
€. Handling and disposal of samples shall follow all environmental regulations.

4.1.2 Surveillance samples. Samples for surveillance tests shall be selected and forwarded to
the appropriate agency in accordance with the detail specification.

4.2 Packing and marking.

4.2.1 Packing. Samples shall be transferred to approved airtight containers, and the containers
shall be sealed immediately.

4.2.2 Marking. Each propellant sample container shall be [abeled with the following information
where applicable:

a. Complete propellant designation and specification number the propellant was manufactured
to.

b. Lot number.
¢. Batch number.
d. Grain number.

e. Weight of the lot.

—

. Manufacturer's name and plant designation.

g. Contract number.

=

. Date loaded.

j. Date sampled.
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4.2.3 Sample container examination. The sample container shall be examined, before testing
the propellant, to see that it is not broken, unstoppered, or otherwise damaged, and that it is labeled
correctly. The contents of damaged or improperly labeled containers shall be discarded, and the

condition reported to the government inspector or other proper official.
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5. DETAILED REQUIREMENTS

5.1 Test and solution methods. Test methods included in this standard shall describe the
examination and test procedures, including methods of analyses, for solid propellants. Solution
methods included in this standard shall describe the direction for preparing the standard and indicator
solutions that are required for these tests.

5.1.1 Tentative test methods. Tentative test methods included in this standard shall be in
accordance with MIL-STD-962.

5.1.2 Modifications. Written permission from the technical agency identified by the applicable
specification, and the contracting officer shall be obtained before using any modification of the
procedures cortained in this standard.

5.2 Numbering system. The numbering system shall be in accordance with MIL-STD-862. Each
tests as well as each procedure for preparing the special solutions is considered as a separate
method and is assigned an individual method number,

5.2.1 Method groups. Methods shail be arranged in groups according to type of test or type of
solution. These groups shall be identified numerically by hundreds as follows:

Group 100 General Test Methods

Group 200 Quantitative Methods for Organic Ingredients
Group 300 Quantitative Methods for Inarganic Ingredients
Group 400 Stability Tests

Group 500 Physical Test Methods

Group 600 Standard Solutions

Group 700 Indicator Solutions

Group 800 Special Test Methods

5.2.2 Basic numbers. Method numbers in each group shall be arranged in subgroups, according
1o the ingredient or property to be determined, such as 201, 202, 203, and so on. Differences in the
method of determination shali be ditferentiated by the addition of a tenths decimal to the subgroup
numbers to form basic numbers, such as 201.1, 201.2, and 201.3.

5.2.3 Revision numbers. Revision numbers shall be assigned to basic numbers when changes
are made in the method to improve it or to give additional details that will increase the accuracy or
precision of the test results. Revision numbers shall appear as a second tenths decimal to the
subgroup number, such as 201.1.2, which denotes the second revision of Method 201.1. Changes in

a method which significantly alter the method of testing or the end result of the test shall be
considered grounds for assigning a new basic number.

5.2.4 Numbering of tentative test methods. Tentative test methods shall be numbered by the

same system as described above for standard test methods. In addition to the number, the capital
letter "T" shall be prefixed to the number in accordance with MIL-STD-962.
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5.3 Test equipment.

5.3.1 Glassware This shall include equipment used for containers, reacticn vessels, and

volumetric measurement, and may be fabricated trom plastic or ceramic as well as glass. The types
of glasses commonly used to manufacture laboratory glass apparatus are specified in ASTM E 438,
Borosilicate glass, Type |, Class A, shall be used wherever possible, unless a glass with other
propérties is required for special applications. The sizes of glassware given in the methods are only
advisory and substilution may be made at the convenience of the analyst. In cases where volumetric
measurements are involved, changes in size must not affect the concentrations of the compounds
being determined or of standard solutions being prepared. Volumetric ware should conform to the
specification requirements of ASTM E 694 for Class A ware to preclude the necessity for calibration.

5.3.2 Jest sieves. Standard sieves for festing purposes shaii conform to the requirements of
ASTM E 11 and ASTM E 323 as applicable.

5.3.3 Instrumentation. This includes chromatographs, spectrometers, pelarographs and other
instruments used for quantitative measurements. Instruments of the same type but of different model
or manufacturer may be used, provided they have the capability of producing data of the required
accuracy and precision.

5.3.4 Calibration of test equipment. The accuracy of test instruments, apparatus and equipment
used to control or monitor test conditions or parameters, and to measure and record test data shall
conform with the calibration systems requirements of MIL-STD-45662, to the satisfaction of the user
or contracting activity.

5.4 Reagents.

5.4.1 Chemicals. Wherever possible, the chemicals used in testing should conform to the
specification requirements of the American Chemical Society (ACS) as described in the latest edition
of their publication "Reagent Chemicals”. Chemicals, including solvents, used for instrumental
analysis should be of the reagent grade applicable to each test method. Reagents not covered by
ACS specifications should be of the best grade available that are applicable to each test methed, and
shall not be used if interfering impurities are present.

5.4.2 Water. Water for general analytical use shall conform 1o the specification requirements of

the ACS for reagent water as described in their latest edition of "Reagent Chemicals.” Throughout the
methods, the term "water”, "distilled water”, or "deionized water” means water suitable for the

ey ST, RHAIeNNITLS WAl (ELrp R AL YL ity

individual test. A suitable grade of water for some tests may be selected trom the types of reagent
waters specified in ASTM D 1193. Special grades of reagent water are also available for different
methods of instrumental analysis from suppliers of reagent chemicals.
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5.5.1 Desiccants. In methods requiring desiccants, any suitable desiccant may be used
although an indicating type is preferred.
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5.6 Testdata. Use of the metric system and conversion of data to metric units shall be in
accordance with ASTM E 380. Use of symbols and abbreviations for metric units of measurement

shall aiso be in accordance with ASTM E 380.
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5.7 Material handling. This standard covers sampling and testing of chemical, toxic or explosive
materials which are potentially hazardous to personnel. Accordingly, it is emphasized that all
applicable safety rules, regulations (including environmental regulations) and procedures shall be
followed in handling and processing these materials.

5.8 Iesting safety. Laboratories performing test(s) contained in this standard shall review in
detail each method for safety practices needed before performing test. Complete procedures
(including all safety equipment needed) to perform the test safely shall be documented in a Stnadard
Operating Procedure (SOP) written by the laboratory performing the test. The SOP shall be
approved by the laboratory performing the test and the local safety department. SOP{s) shall include
emergency procedures for malfunctions and unexpected or uncontrolled reactions that might occur.
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6. NOTES

(This section contains information of a generai or expianatory nature that may be heipfui, bui is not
mandatory.)

6.1 Intendeduse. The intented use of this standard is, to describe the sampling, examining and
testing, for solid propellant.

6.2 Subject term (key word) listing.

Composition Analysis
indicator Solution
Propellant Testing

6.3 Changes from previous issue. Marginal notations are not used in this revision to identify
changes with respect to the previous issue due to the extensiveness of the changes.

10
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METHOD 101.1.2
MOISTURE AND VOLATILES (VACUUM OVEN METHOD)

1. SCOPE

1.1 This method is used for determining the moisture and volatile solvent content of single-base

propeliants on the basis of loss of weight on heating at 55° C under vacuum. This method is not
suitable for large grain propellants.

2. SPECIMEN

2.1 The specimen shall consist of approximately 10 g of the propellant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Weighing dish with tight-fitting cover; diameter, 60 mm; depth, 30 mm, minimum.

3.2 Vacuum oven.

3.3 Desiceator containing an indicating desicant.

4. PROCEDURE

nd heat it for 6 hour
+ 10 mm of mercu ry

P Y com ol Sem

’i‘ 1 & tared weighing dish, a
a pressure (absolute) of 80

44 Dl
.1

CE‘

ok o,
“!
D. ..I

4.2 Cool the specimen to rcom temperature in the desiccator. Cover and reweigh.

4.3 Calculation.

Percent of moisture W1 - W2 x 100
and volatiles (by weight) = W
Where:

W1 = Weight of specimen before drying, ¢.

W2 = Weight of specimen after drying, g.

METHOD 101.1.2
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METHOD 101.2.2
MOISTURE AND VOLATILES (OVEN METHOD)
1. SCOPE
1.1 This method is used for determining the moisture and volatile solvent content of propeiiant

1
on the basis of loss of weight on heating at atmospheric pressure at 100° C. It is particularly
applicable to double and triple base propellants and many of their ingredients. '

2. SPECIMEN
2.1 The specimen shall consist of 4 to 5 g of propellant, weighed to within 0.2 mg.

NOTE: The specimen shall be either whole grains or cut grains. Ground propellant shall not be
used.

3. APPARATUS

3.1 Erenmeyer flask (with ground glass stopper): base diameter, 40mm; height, 6¢ mm; neck
opening diameter, 15mm; capacity, 25 ml.

3.2 Oven, steam heated. Forced draft type is recommended.
3.3 Desiccator containing an indicating desiccant.

4. PROCEDURE

4.1 Place the specimen in a tared erlenmeyer flask.

4.2 With the stopper removed, heat the flask and contents for two (2) hours in the oven at 100 £
2° C, and at atmospheric pressure.

4.3 At the end of two (2) hours, place the stopper on the flask, coolin a desiccator and reweigh.
4.4 Calculation:

Percent of moisture _ Wi -We 0
and volatiles (by weight). Wi x10

Where:

Wi = Weight of specimen before drying, g.
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METHOD 101.3.2
MOISTURE (DESICCATION METHOD)
1. SCOPE

4 < T U | SN e NPT Ty

1.1 This method is used for determining the moisiure cor
basis of loss of weight in a desiccated atmosphere.

2. SPECIMEN

2.1 The specimen shall consist ot approximately 10g of the propellant, weighed to within 0.2 mg.
NOTE: The specimen shall be either whole grains or cut grains. Ground propellant shall not be used.

3. APPARATUS

3.1 Weighing dish with tight-fitting cover: diameter, 60 mm; depth, 30 mm minimum.

3.2 Desiccator, 250 mm diameter, or equivalent volume, filled nearly to plate with a desiccant.
NOTE: A maximum of 6 weighing dishes may be in the desiccalor at any one time.

4. PROCEDURE

4.1 Place the specimen in a tared weighing dish and weigh the dish, contents, and cover.

4.2 Remove the cover and place the dish in the desiccator.

4.3 Weigh the covered dish an& contents at 24 hour intervals until the loss in weight between
weighings does not exceed one milligram.

NOTE: Consiant weight is normally attained within 48 1o 72 hours.
4.4 Caicuiation:

Percentof moisture  _  W1-Wp

(by weight) wy X100

Wi = Weight of specimen before drying, .

Wz = Weight of specimen after drying, g.
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METHOD 101.4
MOISTURE (ELECTROLYTIC HYGROMETER METHOD)
1. SCOPE

1.1 This method is used for determining the moisture content of small grain or tlake propeliants.
Single, double or triple base propeilants can be used. The principle of the method is measurement of
the current required for electrolysis of water that has been volatilized from the specimen. Volatile
compounds such as alcohols, amines and ammonia may also be glectrolyzed. Compounds that

polymerize may eventually inactivate the cell.
2. SPECIMEN
2.1 The specimen shall consist of 0.2 - 0.6 g of propellant weighed to the nearest 0.2 mg.
3. APPARATUS

3.1 Solids moisture analyzer. {Consolidated Electrodynamics Corporation, 360 Sierra Madre
Villa, Pasadena, CA, or equivalent.) See Figure 1.

4. MATERIALS

4.1 Nitrogen, extra-dry grade, in a cylinder with a pressure regulator to supply gas at 5 psig.
For catibration of the instrument, use accurately weighed samples of either 0.05 to 0.1g of sodium
tartrate dihydrate or 0.3 to 0.5 g of potassium tartrate hemihydrate. Dry at 150% C until the counter
indicates that ali moisiure has been removed. The sodium sait shouid give a moisture conteni of
15.66 + 0.05 percent while the potassium salt should give a moisture content of 3.83 + 0.02 percent.

5. PROCEDURE
5.1 Prepare the instrument tor operation according tothe manufacturer's directions.

5.2 Place the weighed specimen in the sample boat, insert into thé oven with the aid of tweezers
provided with the instrument and close the oven.

CAUTION: These steps must be done as rapidly as possible in order to minimize changes in
moisture content.

5.3 Turn the temperature and timer controls to the settings required in the applicable
specification. When the test is completed, read the weight of the moisture shown on the dial and
convert to grams.

5.4 Calculation:

Weight of water shown on dial, g.

_ 100A A=
Percent of water = W W = Weight of specimen, g.

METHOD 101.4
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Figure 1. Block diagram of Electrolytic Hygrometer.

METHOD 101.4
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. METHOD 101.5

MOISTURE (KARL FISCHER METHOD)

1. SCOPE

1.1 This method describes the materials, equipment, and procedures for determining the
percentage of moisture in casting solvent powder, ingredients, and propellant by the Karl Fischer (KF)
method {manual and semi-automatic titrations). This procedure is designed for water contents of less
than 1 percent.

Principle. Dry organic solvents are used to dissolve the sample which is then titrated with Karl
Fischer reagent. - -

1.2 Limitations and interferences. The Karl Fischer reagent is composed of pyridine, sutfur
dioxide, and iodine dissclved in either methyl alcohol or ethylene glycol menomethyl ether.
Substances which react with any of these components will interfere. For example, Karl Fischer
reagent will react with aldehydes or ketones in the presence of methyt alcohol. Cther examples of
interfering substances are oxidizing agents such as peroxides, cupric and ferric salts; reducing agents
such as sodium thiosulfate, sodium arsenite, stannous salts and hydrazine; and oxygenated
compounds such as meial hydroxides and oxides, bicarbonates and carbonates, and boric acid.

2. SPECIMEN
Propellant samples must be reduced in size to about 1/8-inch cubes 1o readily dissolve in the solvent.

The mode in which this is done is left to the discretion of the installation as it is a function of sample
. stability and general safety.

" . 2.1 Care must be taken that all samples are protected from gain or loss of water before testing.

3. APPARATUS

3.1 Aquameter (Beckman Instruments, Inc., Model KF2 or KF3 or equivalent. Equivalents are
described in ASTM E 203).

3.2 Titration Flask, protected from atmosphere with provisions for electrodes and burets.

3.3 Magnetic Stirrer.

3.4 Buret, 20ml capacity, 0.05 ml divisions,

4. MATERIAL

4.1 Karl Fischer Reagent or equivalent, single solution stabilized, methyl cellosolve as solvent
(e.g. catalog No. So-K-3 of Fisher Scientific Co.) diluted 1o about 2 mg/mi titer with methy! cellosolve

or a commercial diluent (e.g. catalog No. So-K-5 of Fisher Scientific Co.).

4.2 Solvents. Pyridine-Methanol 1:1; mix equal volumes of reagent quality of each solvent
containing less than 0.10 percent water. This must be maintained in a protected system.

4.3 Standards.

. a. Sodium Tartrate Dihydrate, ACS grade containing 15.66 percent water.

METHOD 101.5
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b. Water - distilled or equivalent.
5. CALIBRATION AND STANDARDIZATION.

5.1 The water equivalent {mg H20/ml KF reagent) is obtained by titrating weighed amounts of a
standard with the KF reagent as follows:

5.1.1 Add about 50-100 ml of the solvent to the titration flask. Maintain a dry nitrogen purge in
free volume of container. Using the procedure described in the instrument instruction manual or the
routine procedure for the manual titrating assembly, titrate to a potentiometric end point which
remains for 30 seconds. By means of a Lunge pipette, syringe, or equivalent, add one drop of water
to the titration flask. Record to the tenth of a milligram the weight of water added, fill the burette
again, and titrate to a 30 second potentiometric end point. Alternately, 200 mg of sodium tartrate
dihydrate may be added instead of water and may be titrated in like manner. Record the volume of
reagent used for the titration.

5.1.2 The water equivalent is obtained by dividing the number of milliliters used into the weight
of water added. If sodium tartrate dihydrate was added, the calculation is as follows:

Water Equivalent (mg HZO/mI KF reagent) (m?.n?%?i;g‘ rt::g;gtr?t ?;2%?::;3)( 0.1566)

5.1.3 The titer should be about 2 mg/ml. If too high or low adjust concentration and
restandardize.

5.1.4 Frequent standardization, is necessary as the reagent is unstable.

6. PROCEDURE.

6.1 Accurately weigh a sample large enough to give a minimum titration of 3 ml (5-7 mlis
desirable).

6.2 Add 50-100 ml of the solvent used 1o the titration flask and titrate to a 30 second end point.
6.3 Maintain a dry nitrogen purge over free volume of the flask.
6.4 Add the sample, stir until in selution and titrate to a 30 second potentiometric end point.

NOTE: Some samples require about 1 hour 10 dissolve. Flasks must be well protected to insure
water is not absorbed from atmosphere.

6.5 Calculation:

AF

Percent water = 7000w

% 100

Where:

A = mi Karl Fischer Reagent used to titrate sample.
F = Karl Fischer titer in mg water/mi reagent.
W = Sample weight in grams.

METHOD 101.5
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METHOD 101.6.1
MOISTURE (GAS CHROMATOGRAPHY METHOD)
1. SCOPE

i.i This method may be used for the determination of moisture in singie or doubie base baii
powder,

1.2 The moisture is extracted from the propeilant with methanol m;ected into & column, and then
the moisture peak is compared with a standard.

2. SPECIMEN
2.1 The sample shall consist of 3.0 grams of propellant.
3. APPARATUS

3.1 Hewlett Packard 3752 with Dual Thermal Conductivity detector or its equivalent interfaced to
a PEP-Il computer {or other means of peak measurement).

3.2 10 ul syringe.
3.3 Magnetic stirrer and stirring bar.
mi bottl

N A andl o
W I WG Gl o

w
$a
on

3.5 100 ml volumetric flask.

3.6 Calibration loop.

4. REAGENTS AND STANDARDS

4.1 Methanol - Anhydrous

4.2 Distilled Water

5. CALIBRATION AND STANDARDIZATION
5.1 Gas Chromatograph Conditions: Advisory

Injection Port Temp - 150°C

Detector Temp - 150°C

TC Current - 200 mA

Column Temp - 125° C

Carrier Gas - Helium

Fiow Rate - 40ml/min

Column - 6 x 1/4 in stainless steel packed with 80/100 mesh

Porapak Q or equivalent

METHOD 101.6.1
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5.2 Preparation of Standard. .

a. Weigh 0.09 g of water (H20) to the nearest 0.1 mg into a 100 ml voiumetric flask. Fili to
volume with anhydrous methanol.

b. Inject 5 ulinto the appropriate column.

c. Identify the water peak (see Figure 1) and measure the area.

d. Run a solvent blank.

6. PROCEDURE

6.1 Weigh 3.00 grams to the nearest 0.1 mg of propellant sample and place in 60 mi bottle.
6.2 To this bottle add 20 m! ot anhydrous methanol.

6.3 Place 1 magnetic stirrer in the 60 ml bottle and stopper.

6.4 Stir for 30 minutes.

6.5 Inject 5 pl into the appropriate column.

6.6 Identify the water peak (Figure 1) and measure the area.

7. CALCULATION

% Moisture = AXBX100 _ gy

CxD
Where:
A = grams of distilled water in 20 m! standard
B = area of water peak in sample
C = area of water peak in standard

D = weight of propellant in sample

METHOD 101.6.1
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Figure 1. Chromatogram of Moisture Analysis.
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METHOD 102.1.3
MOISTURE ({DISTILLATION METHOD)
1. SCOPE

1.1 This method is used for the determination of moisture content of small grain or cannon
propellant. It is based on distillation of the moisture with a solvent that is immiscible with and heavier
than water. This method is not suitable for propellants containing less than 0.2 percent moisture.

The presence of hydrated compounds may cause high results. The presence of finely divided
aluminum may cause a reaction with the chlorinated solvent nnd in QI ich’ (‘."—lqpq f(-“-‘.fq should be

IS IRRTI RIS 1]

made to demonstrate compatability of propellant and solvent.

2. SPECIMEN
2.1 The specimen shall consist of “pp oximataly 100g of the propellant {40-50g for rolled powder
paste) preferably as received. Weigh the specimen to within 10 mg.

NOTE: If the size of the propellant as received would unnecessarily prolong the time required for the
determination, the specimen may be cut as specified in Method 509.3. The cutting, weighing, and
transferring to the stoppered balloon flask must be done rapidly to minimize the change in moisture
content through exposure to the atmosphere.

3. APPARATUS

3.1 Boiling flask, round bottom, 500 mi.

3.2 Condenser (Allihn type, or equivalent), 400 mm long (min).

3.3 Drving tube containing indicating calcium sulfate desiccant.

3.4 Moisture tube (Figure 1) (Kontes Glass Co., Cat. NO. K-75500 or equivalent).

CAUTION: If ground glass joints are used, be sure that no propellant is in the joints before making

thn rannandian
uie Sonneciien.

3.5 Hot plate {preferably steam or hot water heated.)
4, MATERIALS
4.1 Solvent: Trichloroethylene

5. PROCEDURE

5.1 Place the specimen in the 500 mL boiling flask, and ad mi nt

dd 200 mi of the soivent.

5.2 Fill the graduated portion of the moisture tube with the solvent, and attach the tube to the
flask. Attach the moisture tube to a dry condenser, and connect the drying tube containing the
desiccant to the top of the condenser to keep out atmospheric moisture.

5.3 Heat the flask so that the distillate falls from the condenser at the rate of two to three drops
per second. Distillation shall be continued for at least the minimum time indicated in Table 1.

METHOD 102.1.3
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5.4 Remove the source of heat, and wash the water from the condenser into the moisture tube

with 10 ml portions of the solvent until the volume of the water layer in the measuring tube becomes
constant, and no water droplets are observed in the condenser.

NOTE: A total of 30 to 50 ml of the solvent is usually required.

5.5 One milliliter of water may be added to facilitate meniscus separation. If a milliliter of water
is added, a corresponding adjustment should be made to the readings.

NOTE: To facilitate the reading of the menisci the surface of moisture tube and the condenser may

be made waier repeiiant by treatment with a suitabie siiicone preparaiion, such as Desicote
{Beckman Instruments Inc.}. If water repellant material is used, read the point of contact of the top
meniscus with the wall of the tube and the center of the lower meniscus.

5.6 Determine the difference in the readings, and record the difterence as the volume of water in
the specimen.

5.7 For each lot of solvent run a blank using exactly 2 ml of water and apply any necessary
corrections to the sample.

5.8 Considering one milliliter of water as equal to one gram, calculaie (by weight} the percentage
ot moisture in the specimen.

Percent waier = ———  x 100
GROUND GLASS JDIN'I‘/ w

{FEMALE)

% Where: A Upper meniscus, ml
B = lLower meniscus, ml

I

=\

/

Ar

V¥

Weight of specimen, g

:: Table I. Distilfation times
5:0
:: Distillation

~—

12T

3 Propellant web size, inch Grain condition  time, hours
kN
som 00—} || ] 20 Less than 0.025 Whole 3
i 0.025 to 0.040 Whole 5
1m0 os 0.041 to 0.060 Whole 10
EBJ-\“ 0.061 to 0.090 Whole 18
iy Sliced 6
Over 0.090 Whole 24
GROUND ﬁ Sliced 8
GLASS
paaley LJ_ ¥

Figure 1. Moisture tube.
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METHOD 103.1.3
TOTAL VOLATILES (DISH AND CONE METHOD)
1. SCOPE
1.1 This method is used for determining the moisture and volatile solvent content of sheet

propellant (such as M-8 propeltant) and other propellants where the chief constituent evolved is
moisturé. The method is generally not applicable to propellants not in sheet form.

NOTE: The none is intahdad ta nravent Ingg of nitrnalvparin by nandancina any that hae unlatilizvad
. . W oW W W I IO Y FIUVVIII Iy Wi '”llval,UG||'| U, WL N D EE |u Elll, AICAL VICAG YRHGLILLLGNAL .

2.1 The specimen shall consist of approximately 10g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 Aluminum dish with glass cone (Figure 1).

A CONE
(GLASS)
. - 3184
4 316 s
DISH
(NONPOROUS
PRESSED
3116 ALUNnNUM)

s L ‘\ CLOSE-
FITTING
{GROUND)
2 ane t
.4———1[32 DIA JOINT

-2 58 + 118 DIA-DI - 1/16 + 1/32

-2 34 + 1/32 DIA (CONE
CENTERED)

DIMENSIONS ARE IN INCHES AND
ARE APPROXIMATE UNLESS
TOLERANCE 1S GIVEN

Figure 1. Dish and Cone.
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3.2 Closed steam plate (surface temperature 90 + 5° C) or steam heated forced draft type oven
maintained at 90 + 5° C.

3.3 Desiccator containing an indicating calcium sulfate desiccant (Drierite).
4. PROCEDURE
4.1 Prepare the specimen as described in Method 509.3.

4.2 Weigh the dish and cone (para 3.1), place the specimen in the dish, and cover it with
the cone. Reweigh the dish, cone and specimen.

4.3 Heat the specimen for 2 hours.

4.4 Atthe end of 2 hours, place the covered dish in the desiccator, and cool to roem
temperature.

4.5 Determine the loss in weight, and calculate the loss as the percentage of volatiles in the
propellant specimen.

4.6 Calculation:

Percent of volatiles (by weight) = M x 100

w

W1 = Weight of specimen before drying, g.

Wz = Weight of specimen after drying, g.

METHOD 103.1.3
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METHOD 103.3.3
TOTAL VOLATILES (SOLUTION-EVACUATION METHOD)
1. SCOPE

1.1 This method is used for determining the total volatiles content of either single base, double
base, or triple base propellants.

2. SPECIMEN

2.1 The specimen shall consist of approximately 2 g of the propellant prepared with minimum
atmospheric exposure in order o reduce loss of volatiles.

3. APPARATUS

3.1 Solution tubes {figure 1).

- —
? 1t mm OD
46 mm *
13 mm 21 mm OD (APPROX)
! $ )
0 mm OD
GAPPROX}
I '
et 200 mm- -

Figure 1. Solution tube.
3.2 Steel halls, 5/16-inch diameter.
3.3 Tubing, rubber, 5/16-inch bore, 3/16-inch wall.
3.4 Vacuum line assembly (figure 2).
3.5 Wire screen tray (figure 3).
3.6 Protective drying tubes (figure 4), containing indicating desiccant.

3.7 Vacuum pump capable of maintaining a pressure {absolute) of at least 5 mm of mercury.
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Figure 2. Vacuum line assembly

17 mm OD —> -

PYREX ' {
GLASS

wooL ,QQJ;
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- \

13 o

11 mm OD et —

Figure 3. Wire screen tray.
Figure 4. Protective drying tube.

W IR E
HCLOER

19 cm 1 I T em
" APPROX) {APPROX)
11 mm QD

30 mm OO
{APPROX)

Figure 5. Solfution tube holder. Figure 6. Counterpoise
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. 3.8 Wire holders for solution tubes (figure 5).
3.9 Counterpoise (figure 6).
3.10 Pyrex glass wool, or equivalent.

3.11 Oven containing a rocking device with evacuation manifolds (Central Scientific Co., Cat.
No. 95105-A modified by addition of a safety latch, or equivalent).

4, MATERIAL
4.1 Dibutylphthalate, prepared as follows:
a. Dissolve 1 g of diphenylamine in 100 ml of hot dibutylphthalate.
b. Pour this solution into 500 ml of dibutylphthalate; stir vigorously.
¢. Add dibutylphthalate to make 1 liter; stir vigorously.
d. Heat the solution for 2 hours at 145 to 150° C while bubbling dry air through it.

NOTE: The heating ensures that the solution will lose less than 10 mg in 50 mi during the
solution-evacuation procedure, and may be omitted if previous tests show that it Is unnecessary.

. 5. PROCEDURE
5.1 Prepare at least four solution tubes {(two for the specimens, two for blanks) as follows:

a. Place 10 clean, dry steel balls and 50 ml of the dibutylphthalate reagent into each solution
tube.

b. Clean the inlet of each solution tube with absorbent cotton held by steel forceps, and insert a
wad (approximaiely 0.2g) of pyrex giass wool, using the forceps.

CAUTION: Position the glass wool at such a point in the tube that it will not fall into the tube and will
not touch the cork stopper that is to be inserted subsequently.

5.2 Precondition the solution tubes as foliows:

a. Using 5-cm pieces of the rubber tubing, connect the solution tubes to the manifold of the
rocking device in the oven placing the tubes containing the blanks at opposite ends of the manifold.
Plug or otherwise close unused manifold connections.

NOTE: New connecting tubing should be precleaned by boiling in a 5-percent solution of sodium
hydroxide for 10 to 15 minutes, followed by a thorough rinsing and drying at 100° C.

b. Connect the vacuum line assembly (figure 2) to the manifold of the rocking device and to the
vacuum pump.

¢. Onthe vacuum line assembly (figure 2) open stopcock A; close stopcocks B, and G and
. needie valve E; and set stopcock F to connect the manifold to the vacuum pump.

METHOD 103.3.3
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d. Adjust the oven temperature to 85 + 2° C, start the rocking motor, and turn on the vacuum .
pump. Evacuate the tubes at a pressure of 5 mm or less for 1 1/2 hours.

e. Atthe end of 1 1/2 hours, stop the vacuum pumgp and rocking motor, and slowly open
stopcock B. Then slowly admit dry air to the solution tubes by gradually opening needle valve E.

CAUTION: 1f the air is admitted too rapidly, wads of pyrex wool may be drawn into the solution tubes.

f. Wearing gloves, remove the solution tubes from the oven, leaving the connecting tubing
attached to the tubes, and place them in the wire-screen tray (figure 3). Immediately attach a
protective drying tube (figure 4} to the inlet of each solution tube to prevent the admission of
atmospheric moisture. Allow the tubes to cool to room temperature (approximately 45 minutes).

. When the solution tubes have cooled, remove the protective drying tubes and connecting
tubing and insert No. 1 cork stoppers.

CAUTION: The solution tubes must be kept tightly corked hereafter to prevent absorption of
atmospheric moisture by the very dry dibutylphthalate, except during evacuation in the oven and
while being weighed.

5.3 Clean and remove electrostatic charges from the solution tubes by wiping them with a wet
towel and drying them with a clean lint-free cloth {without rubbing). Place the tubes in the wire-screen
tray, cover them with a cloth to protect them from dust, and allow them to stand near the balance for
at least 30 minutes to attain equilibrium with the moisture content of the air.

CAUTION: Afler the tubes have been conditioned they should not be touched with the fingers until
they have been weighed. When handling the tubes, grip the inlet tube only, after covering the inlet
with a tissue paper.

5.4 Cutsheet and large grain propellant as described in Method 509.3 para. 4.1 and 4.3,
respectively. Use small grain propellant as received. Take at least two specimens.

5.5 Remove the cork sioppers from two of the prepared solution tubes, and take out the wads of
glass wool, using forceps. Add one of the accurately weighed specimens of the propellant to each,
using a small metal funne! (9-mm OD outlet) to prevent adherence of the propellant to the walls of the
tube. Reinsert the wads of glass wool.

NOTE: Propeliants soften and tend to gelantinize when added to dibutylphthalate solution.
Therefore, the solution tubes should be rocked as soon as possible after the addition so that the
propellant does not adhere to the walls of the tube and prevent the steel balls from moving.

5.6 Support the tubes in wire holders (figure 5), and weigh each solution tube (including blanks)
to within 1 mg, using the counterpoise (figure 6) on the right-hand side of the balance.

NOTE: The counterpoise approximates the weight, volume, and exierior surface area of a solution
tube containing 10 steel balls and 50 mi of dibutylphthalate. It should be kept standing near the
balance, covered with a cloth to protect it from dust. Do not wipe the counterpoise; wiping will disturb
its equilibrium with the prevailing temperature, pressure, and humidity.

METHOD 103.3.3
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5.7 Shake the tubes, if necessary to loosen any grains of propellant adhering to the walls of the
tubes, and connect the tubes to the manifold ot the rocking device in the oven. Plug all unused
manifold connections.

5.8 As soon as all the solution tubes have been placed in the oven (maintained at 85 £ 2° C)
start the rocking motor.

5.9 On the vacuum line assembly {figure 2}, check that stopcock F is turned so that nitrogen
does not enter the vacuum line. Then open the valve on the nitrogen cylinder to allow a slow siream
of nitrogen to escape through the mercury trap.

5.10 Close stopcocks B and G, and needle valve E, and open stopcock A. Then turn on the
vacuum pump, and evacuate the solution tubes to a pressure of 1 mm of mercury or less.

5.11 When the pressure has stabilized at 1 mm of mercury, turn stopcock F to admit nitrogen
slowiy 1o the soiution tubes.

CAUTION: Admit nitrogen slowly so that the glass wool or ether foreign matter from the manifeld or
tubing is not carried into the solution tubes.

5.12 Evacuate the tubes again, and refill with nitrogen by operating stopcock F.

5.13 Turn stopcock F s0 that the nitrogen inlet is connected 1o the oven manifolds, open
stopcock G to admit air to the vacuum line, and turn off the vacuum pump. Close stopcock G.

5.14 Allow the solution tubes to rock until sample has completely broken up or a maximum of 15
hours at a temperature of 85 + 2° C.

5.15 Atthe end of 15 hours, check that stopcock G is closed and turn stopcock F to connect the
oven manifolds to the vacuum pump. Cpen c.innmr‘k B and needle valve E, and start the vacuum

D, olds acuumn neadle 1d start acuur

5. 16 While observing the solution tubes through the glass door of the oven, gradually close
needle vaive E to lower the pressure in the vacuum line assembly, being careful not to close the valve
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CAUTION: Take approximately 10 minutes to lower the pressure to 5 mm of mercury. If the solution
boils violently, there is danger of mechanical loss of the solution, and a resulting error in the
determination.

5.17 When the pressure reaches 5 mm, or less, close stopcocks A and B, and continue the
evacuation for 2 hours at 85 + 2° C, and at a pressure of 5 mm of mercury or less.

5.18 Atthe end of two {2) hours, stop the rocking motor, open stopcocks A and B, very siowly
open needle valve E 1o admit dry air, and stop the vacuum pump.

CAUTION: If stopcock A is not open when the pump is shut off, the dibutylphthalate solution will flow
out of the pressure regulator.

5.19 Remove the solution tubes from the oven, and cool them, as described in paragraphs 5.2
(fy and 5.2 {g).
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5.20 Condition the tubes as described in paragraph 5.3.

5.21 Weigh the tubes, as described in paragraph 5.6 to determine the loss in weight of tube
containing the specimen, and the change in weight of the tubes containing the blanks.

5.22 Calculate the percentage of total volatiles in each of the 2 g specimens using the equation
given below. The results of calculations must agree to within 0.10 percent with the exception that
when the mean TV value is above 1.00 percent the results of calculations must agree to within 10
percent of the mean TV value. If not, repeat the analysis.

5.23 Calculation:

Percent fotal volatiles = 190 v‘:* B
Where:

A = Decrease in weight of specimen tube

B = Change (average) in weight of blank tubes taken algebraically

W = Weight of specimen
NOTE: The change in weight of the blank tubes usually is a decrease and the value substituted for B
becomes a negative quantity. However, in some instances it is an increase (possibly as a result of

humidity changes) and then the value substituted for B becomes a positive quantity. The blank
values must agree to within 2 mg. If not, the analysis must be repeated.

METHOD 103.3.3
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METHOD 103.4.1

RESIDUAL SOLVENT

1. SCOPE

1.1 This method is used for determining percentage of residual solvent in propellants.

2. PROCEDURE

2.2 Determine the percentage of moisture in the propellant using the method prescribed in the
applicable specification.

2.3 Subtract percentage of moisture from percent of total volatiles to obtain residual solvent.

METHOD 103.4.1
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METHOD 103.5.2
-TOTAL VOLATILES (GAS CHROMATOGRAPHIC METHOD)
1. SCOPE

1.1 This method is used for determining water, ethyl alcohol, and diethy! ether or acetone (total
volatiles) in propeilant granules (or fine chopped material). It is based on extraction of the solvents
from the propellant with a mixture of predried methyl ethyl ketone (MEK) and secondary butyl alcohol.
By controlling the ratio of the extracting selvents, propellants containing nitrocellulose of varying
nitrogen content can be analyzed by this procedure. For each propellant type, the MEK to sec-butyl
alcohol ratio should be adjusted to prevent the granules from completely dissoiving.

2. SPECIMEN
2.1 The specimen shall consist of approximately 10 g of the propellant prepared with minimum
atmospheric exposure and pfaced in a suitable sealed container to reduce loss of volatiles or

absorption of moisture.

NOTE: If the size of the propellant as received would unnecessarily prolong the time required for
exiraction, the specimen may be crushed or sliced.

This procedure has been used successfully on the following single-base and multi-base
propellants but is applicable to other propellant formulations:

Single-base

M-1 SP, original size
M-1 MP, original size
M-6, crushed

Benite, original size
IMR, original size
CBI, original size

RuiHi_haca
AU Rl b

M30, crushed

M286, original size

M-7, crushed

Rolled propellants, cut

Various casting powders, originaf size

NOTE: Original size refers to material of 0.3 inch or less in diameter.
3. APPARATUS

3.1 Gas chromatograph (GC) equipped with a thermal conductivity detector, a cne-millivolt
recorder and integrator.

3.2 Columns: 1/4 inch O.D, stainless steel tube containing 80 - 100 mesh Porapak Q and of the
following lengths:
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a. Eight feet for analysis of water, ethyl alcohol and diethyl ether in single-base propellants. .
b. Two fegt for analysis of water, ethyl alcohol, and acetone in multi-base propellants.

3.3 Erlenmeyer flasks, 125 mi.

3.4 Rubber stoppers, size 5-1/2, solid.

3.5 Syringe, 50 microliters (L) or as required.

36 _Semm bbtt!es, 30 ml capacity.

3.7 Rubber stobp‘ers {or seals) for serum botiles.

3.8 Pipets, 25 and 50 ml volumetric. |

3.9 Shaker, horizontal (for fiasks).

4, MATERIALS

4.1 Acetone.

4.2 Acetone, dried.

4.3 Maethyl ethyl ketone (MEK), certified reagent grade.

4.4 Sec-Butyl alcohol.

4.5 Molecular sieves, type 4A, size 1/16" pellets (or equivalent).-
4.6 Ethyl alcohol, absolute, dried.

4.7 Water, distilled.

4.8 Diethyl ether, dried.

4.9 Helium.

4,10 Extraction solution: Mixture of dry methyi ethyl ketone and dry sec-butyl alcohol of the
following ratio:

4.10.1 MEK/sec-butyl alcohol 25/75: Primarily used for the analysis of moisture, ethyi alcohol,
and diethyl ether in singte-base propellants containing nitrocellulose of approximately 13.15%
nitrogen.

4.10.2 MEK/sec-butyl alcohol (20/80): Primarily used for the analysis of moisture, ethy! alcohol,
and acetone in multi-base propellants containing nitrocellulose of approximately 12.60% nitrogen.

5. PROCEDURE

5.1 Preparation of Extraction Solvents.

METHOD 103.5.2
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5.1.1 Dry solvents for extraction by adding approximately a one-inch layer of molecular sieves
directly to gaiion containers of methyl ethyi ketone and sec-butyi aicohol prior to mixing in the proper
ratio and allow a minimum of two days for the absorption of the moisture in the solvent.

5.1.2 Mix the dry methyl ethyl ketone and dry sec-butyl alcohol in the proper ratio by volume:
25/75 or 20/80 (or as needed).

5.1.3 Add a one-inch layer of molecular sieves to the container of mixed solvents to further dry
solvent for a minimum of 2 days and to insure that the solvent remains dry. The container must be
kept sealed from atmospheric moisture.

5.2 Preparation of Standard.

5.2.1 With minimum exposure to the atmosphere, pipet 25 ml of the dry extraction solvent into a
30 ml serum bottle.

5.2.2 Immediately stopper the bottle with the appropriate stopper and weigh the botile to the
nearest 0.2 mg.

5.2.3 Using a clean dry syringe, inject through the rubber stopper approximately .10 ml each of
distilled water, dry ethyl alcohol, and dry diethyt ether or dry acetone, depending on types of process
solvents used in the manufacture of the propellant. Reweigh the bottle to the nearest 0.2 mg afier
each injection to determine the weight of each component added. The syringe should be rinsed with
acetone and dried between each injection with dry air.
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concentration.

5.2.4 Record the weight of each component.
5.3. Testing.

5.3.1 Add approximately 10 grams of propellant, weighed to the nearest 0.2 mg, to a 125 ml
Erlenmeyer flask and stopper immediately.

5.3.2 Record the sample weight.

5.3.3 Pipet 50 ml of extraction solvent into the flask and immediately stopper.

£.3.4 Place the prepared flask on a horizontal shaker at a low speed for gentle agitation at
ambient conditions to extract the process solvents from the propellant. The {(MEK) will swell the

propellant to facilitate removal of process solvents.

5.3.5 Extraction times will vary with propeilant type. Ten hours is usually sufficient for most
single-base propellants. Multi-base propellants usually require a 16-hour extraction time.

5.3.6 Remove the flask from the shaker and allow solids to seitle 15 minutes.

5.3.7 Check the gas chromatographic operating conditions, make necessary adjustments, and
allow the instrument to stabilize (see Table 1).

5.3.8 Inject 20 wl {or as required) of the liquid portion of the sample into the gas chromatograph.

METHOD 103.5.2
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5.3.9 Allow each component to elute from the column and measure its area with an integrator. .
5.3.10 The sequence of separation of the components will be as follows:

Condition A: Air, water, ethyl alcohol, impurity from extraction solvent (observed when the gas
chromatograph is set at high sensitivity), diethyl ether, and extraction solvent (MEK/sec-butyl alcohol).
See Fiqure 1. If acetone is present, it will elute at approximately the same retention time as the
impurity from the extraction solvent.

Condition B: Air, water, ethyl alcohol, acetone, impurity from extraction solvent and extraction
solvent (MEK/sec-butyl alcohol). See Figure 2. If diethyl ether is present, it will elute immediately
before the extraction solvent and will be interfered with by the impurity from the extraction solvent.

NOQOTE: Acetone and diethyl ether can be analyzed quantitatively using Conditions A and B,
respectively, if the area of the impurity is substracted.

TABLE 1

Condition A Condition B
Column 8 feet 2 feet
Oven temperature 150°C 125°C
Injection port 170°C 140° C
Detector 180° C 140° C
Bridge current 100 mA 200 mA
Helium {carrier) flow 60 cm*/min 60 cm/min
Helium inlet pressure 50 psig 50 psig

NOTE: 1 psi= 6.9 kPa

Condition A: For analyzing single-base propellants (no nitroglycerin) (or other nitrated esters)
present for water, ethy! alcohol, and diethy! ether. See Figure 1.

Condition B: For analyzing multi-base propellants for water, ethyl alcohol and acetone, primarily.
See Figure 2.

NOTE: If multi-base propellants are tested using Condition A, nitroglycerin will decompose and
interfere with the water peak.

5.3.11 Repeat paragraphs 5.3.8 through 5.3.10 using the standard.

5.3.12 Run a blank by repeating paragraphs 5.3.8 through 5.3.10 using the MEK/sec-butyl
alcohol solution 1o obtain the water correction (if necessary).

METHOD 103.5.2



5.3.13 Calculation:

% H20 =

(As - Ab) (W2)

LA =
I

A =

(A1) {W1) (100) (E)

(As) (W2)

(A1 - Ab) (W1) (100) {F)

MIL-STD-286C

% TV (total volatiles) = the sum of all process solvents [% H20+ % alcohol +

Where:

X = 9% alcohol, ether, or acetone.

% ether (or acetone)]

A1 = Area oi peak of unknown samplie.

As = Area of peak for standard.

Ab = Area of water peak in extraction of solvent.
W1 = Grams of component per 25 ml of standard.
W2 = Sample of weight.

E = Ratio of solvent between sample and standard (equals 2 when 50 ml
is used for samples and 25 ml is used for standard}.

GC CONDITIONS :

COLUMN: 8 FT. 1.4 OD.
§S WITH 80-100
MESH POROPAK O
AT 150° C

RECORDER SPEED:
0.25 IN./MIN

Hy0

EXTRACTION
SOLVENT

ETOH
AIR
- ETHER

W

a4
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Figure 1. Condition A, GC Scanof a
Typical Single-Base Propellant Extract.
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Figure 2. Condition B, GC Scan of a Typical
Multi-Base Propellant Extract.
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METHOD 103.6.1

ISOPROPYL ALCOHOL, ETHYL ACETATE,
AND BENZENE (GAS CHROMATOGRAPHY METHOD)

1.1 This method may be used for the determination of isopropy! alcohol, ethyl acetate and
benzene in single or double base ball powder.

1.2 The solvents are extracted from the propellant with an internal standard solution, injected
into a column, and then the solvent peaks are compared with a standard.

2. SPECIMEN
2.1 The sample shall consist of 3.0 grams of the propellant.
3. APPARATUS

3.1 Perkin-Elmer 3920 with flame ionization detector (FID) or its equivalent interfaced to a
PEP-1l computer (or other means of peak measurement).

3.2 10 il Syringe.

3.3 Magnetic stirrer and bar.

3.4 60 m! Bottle and stopper.

3.5 1 ml Pipette.

3.6 1 liter volumetric flask

3.7 100 ml volumelric flask.

4. REAGENTS AND STANDARDS

4.1 Methanol - Reagent

4.2 Tert-Butanol - Reagent Grade

4.3 Ethyl Acetate - Reagent Grade

4.4 Benzene - Reagent Grade
NOTE: Benzene is considered a carcinogenic agent.

4.5 2-Propanol - Reagent Grade

4.6 Internal Stock Solution

METHOD 103.6.1
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5. CALIBRATION AND STANDARDIZATION
5.1 Gas Chromatograph Conditions: Advisory

injection Porttemp. - 225 C
Detector Temp. - 225C
Column Temp. - 165C
Carrier Gas - Helium

Flow Rate - 40 ml/min

Column - 4 ft x 1/8 in stainless steel tubing containing Porapak Q 80/100 Mesh or equivalent

5.2 Preparation of Internal Standard Solution

1 ml tert-butanolliter of methanol

B MNeme ccndlom ad £330l ol

2.0 FIepdidlion U1 oldifidil

a. Weigh o the nearest 0.1 mg 0.075 g of isopropy! alcohol, 0.075 g of ethyl alcohol, and 0.025
g of benzene into a 100 ml volumetric flask. Fill to volume with internal standard solution.

sl — LI .

b. inject 0.5 pi into the appropriate cofumn.

¢. Identify each peak and measure the area for isopropyl alcohol, tert-butanol, ethyl acetate, and
benzene. (see Figure 1).

6. PROCEDURE

6.1 Weigh 3.00 grams to nearest 0.1 mg of sample and place in 60 ml bottle.
6.2 To this bottle, add 20 ml of inlernal standard solution.

6.3 Place magnetic stirrer in bottle and stopper.

6.4 Stir tor 30 minutes.

6.5 Inject 0.5 pul into the appropriate column.

6.6 ldentify each peak and measure the area for isopropyl alcohol, tert-butano!, ethyl acetate
and benzene. (see figure 1).

7. CALCULATION:

% Isopropyl alcohol = Bﬁ+m
% Ethyl acetate = BAXTCS‘QQ

BxCx100

AxD

% Benzene

METHOD 103.6.1
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A= Area of internal standard in sample

Area of peak of interest in sample

B = Area of internal standard in standard

Area of peak of interest in standard

C= Concentration of component in standard grams
of component per 20 ml in standard

D = Weight of sample

Chart speed - 5 mm/min
Sample size - 0.5 ul

Component Relative Retention
Times {using t-butanc! as 1,000)

Isopropyl Alcohol - .629
Ethyl Acetate - 1.532

Benzene - 2.389

@
s

‘ - T-BUTANOL

o
(2]
MeOH —»

3
ISOPROPYL

ALCOHOL
(=]
<«

ETHYL ACETATE

Y 8

- BENZgENE
8
ut“ul ___s_

Figure 1. Chromatogram of Isopropy! Alcohol,
t-Butanol, Ethyl Acetate and Benzene
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METHOD 104.1.3
SOLVENT EXTRACTIVE MATTER

1. SCOPE

1.1 This method is used for separating soluble ingredients from propellants by selective
extraction for use in subsequent determinations. The extraction time will depend on the apparalus,
the solvent and the propellant but usually requires between 6 and 20 hours. in general the Roweg
extractor is two to three times faster than the Soxhlet.
NOTE: This method is applicable to a variety of extraction conditions, and is not intended to restrict
or limit such factors as the solvent or apparatus used, or the time of extraction. For specific
Instructions, refer to the applicable propellant specification.

2. SPECIMEN

2.1 The specimen shall consist of an accurately weighed portion of the propellant as specified in
the applicable method or specification. For large grains it is often necessary to slice, chop or grind
the propellant.

3. APPARATUS

3.1 Extraction flask (tared, if the weight of the solvent extractive matter is to be determined).

3.2 Extractor (Roweg, Soxhlet, or equivalent).

3.3 Extraction thimble.

3.4 Condenser (Allihn.type or equivalent).

3.5 Hotplate (steam or hotwater heated).

3.6 Vacuum desiccator maintained at a pressure (absolute) of approximately 25 mm of mercury
over desiccant. (The desiccator is used only if the weight of the solvent extractive matter is required).

4. MATERIALS

4.1 Extracting solvent, such as diethyl ether, or anhydrous methyiene chloride, as specified in
the applicable method or propellant specification.

NOTE: Unless otherwise specified, use methylene chloride for extraction. Do not use chlorinated
solvents on propellants containing aluminum. '

5. PROCEDURE

5.1 Transter the accurately weighed specimen to the extraction thimble, and the prescribed
solvent to the extraction flask. In highly plasticized propellants, it is desirable to add the solvent
through the condenser after the apparatus has been assembled.

5.2 Assemble the extraction apparatus on the hotplate, and adjust the temperature so that the
solvent drips from the condenser at the rate of two to three drops per second.

METHOD 104.1.3
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CAUTION: The heat source should be dependent upan the continuation of flow of water to the .
condenser and should be automatically cut off if the flow is discontinued.

5.3 Extract for a time which experience or preliminary work has shown to be adequate for the
type of sample and kind of determination to be made on the extract or residue. The preliminary work
utilizes a suitable qualitative test to estimate completion of extraction and estimates the minimum time
required. The extraction time is then established as some excess of this minimum. One simple test is
to evaporate a portion of the extract in a tared container and determine the weight of the residue. A
number of colorimetric tests are also suitable for determining completleness of extraction.

5.4 When the extraction is complete, evaporate the solvent, using a stream of dry air, and retain
the dry residue for the required determination.

5.5 If percent exiractables is desired, place flask in a vacuum desiccator and leave overnight.
Remove flask and weigh to the nearest 0.1 mg and return to vacuum desiccator for two additional
hours. Reweigh and if the second weight is within 0.0025 g of the first, the lower of these two weights
is used in the calculation; however, if the variation between weights is more than 0.0025 g, the flask
must be redesiccated until two successive weights are within limits. Use the "dried” extract for
subsequent procedures.

5.6 Calculation:

Percent A-B

= 1
extractables w x 100
Percent of

= 100 — Percent extractables

solvent insolubles

Where:

A = Weight of flask and extract, g.
B = Weight of fiask, g.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 104.1.3
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METHOD 106.1.2

ASH (NO INORGANIC ADDITIVES PRESENT)

1. SCOPE

1.1 This method is used for determining the ash content of propellants where no inorganic
additives are present.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Evaporating dish, 20 mm Silica or chemicai porceiain.

3.2 Steam bath in a well-ventilated hood.

3.3 Muffle furnace.

3.4 Desiccator containing an indicating desiccant.

4. MATERIALS

4.1 Nitric acid, 70-percent solution.

5. PROCEDURE

5.1 Place the specmen in a tared evaporating dish that has been previously ignited and cooled.

5.2 Add 10-15 mi of the 70 percent nitric acid solution, and place the evaporating dish on the
steam bath until the propellant is completely disintegrated, and no liquid remains.

5.3 Ignite the dish and contents, heating it gently at first until fumes are no longer evolved, then
heating it in the mutfle furnace (or over a gas flame) at 500 to 600°C for 30 minutes.

5.4 Cool the dish and contents to room temperature in the desiccator, and weigh.

55 R

does not exceed 0.2 mg.

5.6 Determine the weight of the residue (ash) and calculate the percentage.

METHOD 106.1.2
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METHOD106.2.3
ASH (POTASSIUM SALTS PRESENT)
. SCOPE o N '
1.1 This method is used for determining the ash content of propellant containing potass:um salts
but no other inorganic additives.
2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propellant, weig_hgd_to within 0.2 mg.
3. APPARATUS’ _
3.1 Evaporating dish, 90 mm silica or chemical porceiain.-
3.2 Steam bath in a well-ventilated hood.
3.3 Muffle furnace.
3.4 Desiccator containing an indicating desiccant.
3.5 Watchglass.
3.6 Filter paper {ashless), fine porosity.
3.7 Crucible, porcelain.
4. MATERIALS
4.1 Nitric acid, 70-percent solution.
4.2 Hydrochloric acid, 38 percent solution.
4.3 Methyl red indicator solution as described in Method 702.1.

4.4 Ammoniurn hydroxide, 5 percent solution.

5.1 Convert the specimen intc ash as described in Method 106.1.

5.2 After the dish has cooled, rinse down the sides of the dish with 5 to 10 ml of distilled water,
Py . I- . - e sd il

and add 5 mi of the hydrochioric acid solution. Cover the dish with a watch-glass and place it on the
steam bath for 5 minutes.

5.3 Remove the dish from the steam bath, and dilute the contents to approximately 25 ml with
distilled water.

5.4 Add one drop of the methyl red indicator, and sufficient 5-percent ammonium hydroxide to
make the solution slightly alkaline.
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water to remove all soluble constituents.

5.6 Transfer the filter paper to a previouslv ignited and weighed crucible, and dry the filter paper
for 30 minutes at approximately 100°C.

8.7 Char the paper by means of a burner, and ignite the crucible in a muffle furnace for 30
minutes at 600°C.

6.8 Cool the crucible and contents to room temperature in the desiccator, and weigh.

5.9 Repeat the heating, cooling, and weighing until the change in weight between weighings
does not exceed 0.2 mg.

5.10 Determine the weight of the residue (ash), and calculate the percentage.
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. METHOD 106.3.2

ASH (POTASSIUM SALTS AND TIN PRESENT)
1. SCOPE

1.1 This method is used for determining the ash content of propellant containing potassium salts
and tin.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 Crucible, porcelain {with lid), 50-ml.

3.2 Steam bath in a well-ventilated hood.

3.3 Hotplate.

3.4 Mutfle fumnace.

3.5 Desiccator containing an indicating desiccant.
. 4. MATERIALS

4.1 Nitric acid, 70-percent solution.

4.2 Sulfuric acid, concentrated.

5. PROCEDURE

5.1 Ignite two 50 ml porcelain crucibles and lids, and cool in a desiccator. Weigh one of the
crucibles, using the other as a counterpoise.

5.2 Transfer the specimen to the weighed crucible, and add 10 ml of 70-percent nitric acid. Also
add 10 ml of the nitric acid to the counterpoise.

5.3 Place both crucibles and lids on the steam bath, adjust the lids to permit the escape of
volatile matter, and heat the crucibles until the propellant has been converted into a gummy mass.

5.4 Transfer the crucibles to a hotplate (at approximately 250°C), and drive off the volatile matter.

5.5 Ignite the crucibles in muffle furnace at 600°C, for approximately 2 hours to remove
carbonaceous matter.

5.6 Cool the crucibles, and add five drops of concentrated sulfuric acid o each.

5.7 Return the crucibles to the hotpiate, and heat them until the fuming ceases.

METHOD 106.3.2
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5.8 Ignite the crucibles in the muffle furnace for 15 minutes at 600°C., then cool to room

tamnaraturs in tha daciceatnr
WLMPporaiure In Ne CesiCealor.

5.9 Reweigh the crucible containing the ash, using the other as a counterpoise.

5.10 Calculate the percentage of ash as follows:

Percent= 100A — (878
ash w D

+ 1.27E)

Where:

A = Weight of propellant ash, g.

B = Potassium salt in propellant, percent.

D = Equivalent weight of potassium salt in propellant.

E = Tin in propellant, percent.

W = Weight of specimen,g.

METHOD 106.3.2

M
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METHOD 106.4.2
ASH (LEAD SALTS WITH OR WITHOUT POTASSIUM SALTS PRESENT)
1. SCOPE

1.1 This method is used for determining the ash content of propellant containing a lead salt. It
can be used whether potassium salts are present or not.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.2 Steam bath in a well-ventilated hood.

3.3 Hotplate.

3.4 Watchglass.

3.5 Filter paper (ashless), fine porosity.

3.6 Muffle furnace.

3.7 Desiccator containing an indicating desiccant.
4, MATERIALS

4.1 Nitric acid, 70-percent solution.

4.2 Sulfuric acid, concentrated.

5. PROCEDURE

5.1 Place the specimen in a tared porcelain crucible, and 10 ml of nitric acid solution, and place
the crucible on the steam bath.

5.2 When the reaction starts, remove the crucible from the steam bath, and allow it to stand in
the hood until the evolution of the fumes has ceased. Then reheat the crucible until the residue
consists of a gummy mass.

5.3 Cautiousiy add 5 mi of the concenirated suifuric acid and 10 mi of nitric acid soiution. Cover
the crucible with a watchglass, and heat it on a hotplate until the fumes of sulfur trioxide are evolved.

5.4 Cool the crucible for approximately 1 minute, add 5 ml of the nitric acid solution, and reheat
until the fumes of sulfur trioxide are evolved.

5.5 Repeat step 5.4 until all organic matter is destroyed, and the sulfuric acid solution is
practically colorless.
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5.8 Remova the watchglass wipe it off with ashless fiiter pa
CTUCIDIB renedl ine CFUCIDIB untii sulfur trioxide fumes are no ion
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5.7 Ignite the crucible in a muffle furnace for approximately 2 hours at 600°C {or to a dull red
heat over a gas flame).

- 5.8 Cool the crucible to room temperature in a desiccator.

5.9 Weigh the crucible and contents at 2-hour intervals until the change in weigh! between
weighings does not exceed 0.2 mg.

5.10 Determine the gain in weight of the crucible, and calculate the gain as the percentage of
ash in the specimen, as follows:

5.11 Calculation:

Percentash= 100A _ (1520 87F )

W D G

Where:

A = Weight of ash, g.

C = Lead salt in specimen, percent.

D = Equivaient weight of iead sait in specimen.

F = Potassium salt in specimen, percent.

G = Equivalent weight of potassium salt in specimen.

W = Weight of specimen, corrected for total volatiles, g.
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METHOD 107.1
ACIDITY OR ALKALINITY OF NITROGLYCERIN OR CASTING SOLVENT

1. SCOPE

1.1 This method is applicable to the determination of acidity as sulfuric acid {H2S04) or alkalinity
as sodium carbonate (Na2CQz3) in casting solvents primarily in the range of 1-100 parts.per million
{ppm). The sample of casting solvent is dissolved in toluene and washed in water to dissolve out the
acid or alkaline material. The water washings are then titrated with a standardized base or acid. The
standard deviation is 1 ppm.

2. SPECIMEN

2.1 The specimen shall consist of approximately 10+ 0.1 mi {about 16 grams) of nitroglycerin or
casting solvent. -

3. APPARATUS
3.1 Beakers, 150 ml and 250 ml, plastic (compatible with all materials to be used in this beaker).

3.2 Separatory funnel, 250 ml preferably with Tefion stopcock-and rubber stopper, plastic
(compatible with all materials to be used in this funnel).

3.3 Pipet, 10 mi, plastic (compatible with all materials to be used in this pipet).
3.4 Buret, 10 ml, plastic.

4. MATERIALS

4.1 Sodium hydroxide, 0.01N.

4.2 Sulfuric acid, 0.01N.

5. PROCEDURES

5.1 Pipet the specimen into a 250 ml separatory funnel which already contains 100 ml of toluene
and mix theroughly.

5.2 Wash twice by shaking with 50 ml portions of water.

5.3 Separate and combine the water washings in a 250 ml beaker and add several drops of
indicator.

5.4 | the indicator turns yellow, titrate with the 0.01N sodium hydroxide (NaQH). If the indicator
turns blue, titrate with 0.01N sulfuric acid.
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5.5 Run a blank determination using 100 m! of toluene and two 50 ml portions of water, and
titrating in the same manner as for the sample.

5.6 Calculate the ppm acidity or alkalinity in the original sample as follows:
5.7 Calculation:

or W
ppm NazxCO3

Where:

A = H2804 or NaOH required for sample, ml.

B = H2S04 or NaOH required for blank, ml.

N = Normality of H2504 or NaOH.

W = Weight of sample, mg.

C = Equivalent weight of sulfuric acid (49.0) or sodium carbonate (53.0).

10,000 = ppm factor.

METHOD 107.1
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METHOD 201 14
DIPHENYLAMINE (SOLVENT EXTRACTION BHOMINATION METHOD)
1. SCOPE
1.1 ThIS method is used for determlmng the dlphenylarmne content of newly manufactured
single, double, and triple-base propellants oonta:nmg no other brommatable matenal (such as
salicylates, phenols, or centralites).

NOTE: Aged propellants or propeltants containing brominatable material other than dlphenylamme
should be analyzed for diphenylamine by Method 201:4 or 217.3. :

2., SPECIMEN ‘ .
2, 1 The specumen shall consast of approxlmately 5 g of propellant welghed to w1th|n 0.2 mg |
3. APPARATUS

*"-3.1 lodine titration flask (with stopper), 250 ml.
3.2 Volumetric flask, 100 ml (r_equiyed if specimen 66ntains 0.5 percent or mo.re diphenylamine).
4. MATERIALS o o | | | .
4.1 Gilacial acetic acid.
4.2 Potassium iodide, 15-percent solution.
4.3 Hydrochloric acid, 38-percent solution,
4.4 Potassium bromate - bromide solution, 0:2N Standard Solution as specified in Method 605.1.
4.5 Sedium Thiosuliate, 0.2N-Standard Solution as speg:ified in Method 502.1.
4.6 Starch indicator solution as specitied in Method 701 .1..
5. PROCEDURE
5.1 Prepare the specimen as deécfibed in Me:hod 509.3.,
5.2 Extract the specimen as described in Method 104.1.

5.3 Dissolve the dried residue of the extraction in 10 to 15 ml of glacial acetic acid.

5.4 It the nomina! content of the diphenylamine in the propellant is 1 percent, or less, transfer the

solution to the 250 ml iodine titration flask; rinse the extraction flask with several 10 ml portions of
glacial acetic acid; and transfer the rinsings to the titration flask, using a total of 50 ml.

NOTE: If the nominal diphenylamine content of the propellant is greater than 1-percent, transfer the
solution (para 5.3} 1o the 100 ml volumetric tlask and make to volume with glacial acetic acid.
Transfer a 50 ml aliquot of this solution to the titration flask.

METHOD 201.1.4
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5.6 Moisten the stopper of the flask with a drop of 15-percent potassium iodide solution, and add
5 ml of 38- percent hydrochloric acid to the flask, noting the time. Stopper the flask immediately, swirl

ha Anmdamto far - s | R R I Y Y o

the contents for a few seconds, and allow the bromination to proceed for 1.0 pius or minus 0.25
minutes from the time of addition of the hydrochloric acid.

5.7 At the end of the brominating time, add 10 ml of 15-percent potassium iodide solution, and
swirl the contents of the flask.

NOTE: If an oil separates, add 25 ml of methylene chloride.

5.8 Wash down the gutler and wails of the flask with distilled water, and titrate the resulting
solution immediately with 0.2N sodium thiosulfate until the solution assumes a light yellow color.

5.9 Add 5 ml of the starch indicator solution, and continue the titration carefully until the blue
color of the solution disappears.

5.10 Make a blank determination, using 50 ml of glacial acid and exactly the same volume of the
potassium bromate-bromide solution {para 5.5).

5.11 Calculate the percentage of diphenylamine in the specimen.

5.12 Calculation:

Percent 2115(A-B) N
Diphenylamine =~ w
Where:

A = Sodium thiosultate required for the blank, ml.

B = Sodium thiosulfate required to titrate the liberated iodine in the solution

tha o~ t
Ccntalmng the brominated SﬁeC|men, m.

N = Normality of the sodium thiosulfate solution.

W = Weight of the specimen, corrected for total volatiles, g.
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METHOD 201.2.3
DIPHENYLAMINE (GRAVIMETRIC METHOD)
t. SCOPE .

1.1 This method is used for determining the diphenylamine content of newly manufactured
propellants where the solvent extract contains no other brominatable constituents.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Pipet, 10-mi.

3.2 Beaker, 50-ml.

3.3 Beaker, 250-ml.

3.4 White spot plate.

3.5 Steam bath in a well-ventilated hood (maintained at approximately 75°C on the éurface.)
3.6 Filtering crucible with mat that will permit rapid filtration.

3.7 Desiccator containing an indicating desiccant.

4. MATERIALS

4.1 Acetone,

4.2 Scdium nitrite solution {1-4percent in sulfuric acid).

4.3 Diethyl ether, anhydrous.

4.4 Bromine.

4.5 Ethyl alcohol, 95-percent.

4.6 Ethyl alcohol, 47.5 percent (by volume).

5. PROCEDURE

5.1 Prepare the specimen as described in Method 509.3

5.2 Extract the specimen as specified in Method 104.1.

NOTE: If anhydrous ether is used for the extraction, it need not be evaporated unless the percentage
of total solvent extract is to be determined.

METHOD 201.2.3
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5.3 Check for completeness of extraction as follows if the propellant contains no nitroglycerin.

a. Disassemble the extraction apparatus just before the solvent siphons out of the extractor.
Transfer 10 ml of the solvent from the extractor to a 50 m! beaker, using a 10-mi pipet.

b. Evaporate the 10 mi of solvent, using a stream of dry air.

¢. Add 210 5 drops of acetone to the beaker to dissolve any residue, and place this solution in
the indenture of a white spot plate.

d. Add 2 or 3 drops of the solution of sodium nitrate. The immediate appearance of a deep blue
color indicates the presence of diphenylamine, and therefore incomplete extraction.

5.4 When the extraction is complete dissolve the residue in the extraction flask in approximately
50-ml of diethyl ether; quantitatively transfer the ether solution 10 a 250-ml beaker.

5.5 Place the beaker on the steam bath, and add enough bromine (0.6-mt for each percent of

diphenylamine), drop by drop, to assure a slight excess over the amount necessary to convert all the
diphenylamine to tetrabrom-diphenylamine.

5.6 Swirl the contents of the beaker, place on the steam bath, and allow the solution to come to
a boil.

5.7 When the soiution boiis, remove the beaker from the steam bath, and evaporate the ether
and the excess bromine under a current of dry air until the odor of ether is no longer detectable,

CAUTION: Prolonged evaporation after reaching dryness will yield low results.
5.8 To the residue in the beaker, add 40-ml of 95-percent ethyl alcohol, and heat to boiling.

5.9 Note the time, and add 40 ml of distilled water at room temperature. Allow the beaker to
remain on the steam bath for exactly 10 minutes.

5.10 Atthe end of 10 minutes, filter the hot liquid through the tared filtering crucible. Wash the
retained precipitate of tetrabrom-diphenylamine, first with approximately 80-ml of boiting 47.5-percent
ethyl alcohol, and then with hot distilled water.

H O 4] N . .
B.11 Heat the crucible for 1 hour gt 1058° + 27C, and cool in a desiccator until the chan

weight between weighings at 2-hour intervals is less than 0.5 mg.

5.12 Determine the increase in weight of the crucible to within 0.2 mg.
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. 5.13 Calculate the percentage of diphenylamine.
5.14 Calculation:
Where:

. : 4.
Percent Diphenylamine = ‘—3\7\,9—0&

A = Weight of tetrabromdiphenylamine (increase in weight of crucible).

W = Weight of specimen, corrected for total volatiles.

METHOD 201.2.3
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METHOD 201.4.2

DIPHENYLAMINE AND ETHYL CENTRALITE IN ADMIXTURE OR SEPARATELY
(STEAM DISTILLATION-SPECTROPHOTOMETRIC METHOD)

1. SCOPE

1.1 This method is suitable for nitroxy-base propellant composition containing nitro-compounds
and saponifiable esters, in either aged or newly manufactured propellants. Other propellant

‘ingredients (such as DNT and phthalate esters) that steam distill an absorb light in the

spectrophotometric regions used for analysis will interfere. The coefficient of variation (standard
dewatlon/average) of thls method should not exceed 0.01. ‘

2. SPECIMEN

2.1 The specimerl

3.1 Steam distiliation apparatus (figure 1). A stopper should be placed i

3-necked flask if only one distillation is being conducted.

3.2 Spectrophotometer capable of measuring absorbance of liquid between 230 and 300
nanometers {(nm).

4. MATERIALS
4.1 Spectrophotometric standards
a. Diphenylamine {DPA), melting range
535+ 05°C
If necessary, recrystallize from propanol and then from absolute ethanol. Make each
crystallization from a solution that has been saturated at room temperature and coocled to 5°C. Filter
with suction through a Buchner funnel and press dry with a rubber diaphragm. Finally, dry to constant
weight in a vacuum desiccator protected from light.
b. Ethyl Centralite (EC), melting range
725+ 0.5°C

If necessary, recrystallize twice from absolute ethanol and dry in the same manner as for DPA.

4.2 Ethanol - 95 percent (benzene free); same lot to be used for calibration and analysis of the
propellant.

43 Sodium hydroxide solution - agueous 50 per cent, (weight/weight).

METHOD 201.4.2
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5. PROCEDURE
5.1 Determination of inverse absorptivity.

a. Place approximately 100 mg (weighed to 0.2 mg) of the DPA spectrophotometric standard in
a 250ml volumetric flask; dissolve in and dilute to volume with ethanol. From the solution transfer 15
ml to a 200 ml volumetric flask and dilute to the mark with alcohol. Transter 5, 10, 15 and 25 ml
aliquots to separate 100 ml volumetric flasks and dilute to volume with ethanol.

b. Place approximately 100 mg {weighed to 0.2 mg} of the EC spectrophotometric standard in a
250 mi volumetric flask; dissolve in and dilute to volume with ethano). Transfer a 25 ml portion of this
solution to a 100 ml volumetric flask and dilute to the volume with alcohol. Transfer 5, 10, 15, and 20
ml aliquots to separate 100 ml volumetric flasks and dilute to volume with ethanol.

c. Determine the absorbances of the four stabilizer solutions at 247 nm for EC and absorbances
of the four solutions of DPA at 285 nm ||c|nn a59% ethanol in the referance call of the gnectrometer,

AT U D I O I I W A 1 BRI A L e wrr e W e

Plot the absorbance value against the concentratlon of each solution and draw the best straight line
from the origin through the four data points. Reject the data if the four points do not fall substantially
along the line. Calculate the spectrophotometric tactor in the following manner:

D - z ICZ\
% (AC)

Where:

N
i
~J
=
3

A = Absorbance of standard soiution at 285 nm or
C = Concentration of standard solution.
z (Cz) = Sum of squared concentrations of the standard solutions, mg per 100 ml.

Z (AC)= Sum of products of absorbance and concentration of the standard solutions,
mg per 100 ml.

D = Spectrophotometric factor in ethanot, milligrams per 100 ml per unit absorbance.

5.2 Determination of Available Diphenylamine. Weigh accurately a sample of the propellant not
greater than 5 grams and corresponding nominally to 20 milligrams of DPA and place it in the
distillation flask (figure 1), Add 50 ml of 50 percent NaOH and 100 ml of 95 percent ethanol. Fit the

flask with a reflux condenser, heat the mixture to boiling and continue refluxing for 30 minutes. After

(PR L h vl ) AT U L e e A SRR

the heating period rinse the condenser into the flask wnth 20-30 mi of alcohol. Remove the
condenser, add 50 m! of ethanol to the receiver and assemble the distillation apparatus (figure 1) so
that the tip of the adapter is just below the surface of the added ethanol. Introduce live steam and
distill al the rate of 7-9 ml per minute until 500 + 25 ml of distillate have been collected. When the
distiliation is complete, rinse the condenser and adapter with alcohol, collecting the washings inthe
receiver. Transfer the contents of the receiver to a 1,000 mi volumetric flask with the aid ot ethanol.
Allow to attain room temperature and dilute to volume with this solvent. Take a 20 ml portion of this
solution and transter to a 100 ml volumetric flask and dilute to volume with ethanol. Determine the
absorbance at 285 nm using 95 percent ethanol in the reference cell. Calculate the percentage of
availabie DPA as foillows:
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Ci= We:ght of the Ongmal propeuant sample represemed in 1he 20 mi ahquot in mg
D1 = Spectrophotometnc factor for DPA
5.3 Determination of Available Ethyl Centralite
NOTE: This determination must be completed on the day it is started. :

Weigh accurately a sample of propellant not greater than 5 g and corresponding nominally to 80
mg of ethyl centralite and place it in the distillation ftask {figure 1). Add 50 ml of 50 percent NaOH
and 100 ml of 95 percent ethanol. Fit the flask with a reflux condenser, heat the mixture to boiling
and continue refluxing for 30 minutes. After the heating period, rinse the condenser into the flask with
20-30 ml of ethanol: Remove the condenser, add 50 mi of 95 percent ethanol to the receiver and
assemble the distillation apparatus (figure 1) so that the tip of the adapter is just below the surface of
the added ethanol. Introduce live steam and distill at the rate of 7-9 mi per minute untit 500 + 25 m| of
distillate have been collected. When the distillation is complete, rinse the condenser and adapter with

ethanol, collecting the washings in the receiver. Transfer the contents of the receiverto a 1,600 mi
volumetric flask with the aid of ethanol. Allow to attain room temperature and dilute to volume with
this solvent. Take a 20 ml portion of this solution and transter to a 100 ml volumetric flask and dilute
to volume with 95 percent ethanol. Determine the absorbance at 247 nm using 95 percent ethanol in
the reference cell of the spectrophotometer Calculate the percentage of available ethyl centralite as

follows:

100 A2D>

Available EC (%) = o

Where:

Az = Absorbance of the sdlution at 247nm

C2 = Weight of the origiﬁél propellant s;\mple.represented in the 20 ml aliquot in mg
Dz = Spectrobhotomefric factorforEC

5.4 Propellants with. both Dlpheny!amme and Ethyl Centralite Stablllzers Determination of
Available Dlphenylamlne

5.4.1 Determlnatlon of Spectrophotometric Factors (Inverse Absorptivity) for DPA and EC.
Prepare standard solutions of DPA and EC, measure their absorbances, and plot absorbance against
concentration and measure the absorbance of the solutions of each substance at both 285 and 247
nm. Calculate the spectrophotometric factor for each substance at each wavelength. Designate the
spectrophotometric factors as follows:

METHOD 201.4.2
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DPA EC
285nm Dia D2a
247nm D1b Da2b

5.4.2 Determination of Available Diphenylamine. Weigh accurately a sample of the propellant
not greater than 5 g and corresponding nominally to neither more than 30 mg of DPA nor more than
100 mg of EC. Reflux the sample with alkali, steam distill, and measure the absorbance of the
distillate at both 285 and 247 nm. Calculate the percentages of available stabilizer.

5.4.3 Calculation:

Lo =Lt R ]

Available _ 100 D1a D1b x (AaD2a — AbDz2v)
as DPA(%) KC1

Aa,Ap = Absorbance of solution at 285 nm and 247 nm respectively
C1 = Weight of the original propellant sample represented in the 20 ml aliquot, mg
D1a,D2a,D1b,D2b = Spectrophotometric factors

K = D1bD2a- DiaD2b

REFLUX
CONDENSER
T ALLIMN TYPE
DRAIN—— 300mm JACKET
AIR CONDENSER — — .

WITH EXTENSION
BELOW WATER —{f
LINE

DISTILLATION
FLASK

1000mi

DISTILLATION

REELUX
CONDENSER
WATER LINE STILL HanTLE e
200
HOILER FLASK JACKET
5000ml
Y 7 ‘:32;"5""“‘ . PLASTIC TUBE
=
CAREORUNDUM — s [~ EXTERSION
GRANULES DISTILLATION s0mi RECEIVER
TIATOE ETON —\ {1000m! BREAKER)
_________ ; DISTILLATION
BOILER CONDENSER

Figure 1. Steam Distiliation Apparatus.

METHOD 201.4.2
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. METHOD 202.2.3

ETHYL CENTRALITE (VOLUMETRIC BROMINATION METHOD)
1. SCOPE
1.1 This method is used for determining the ethyl centralite content of newly manufactured
propellants containing no other brominatable material, such as diphenylamine, phenols, and
salicylates.

NOTE: Aged propellants, or propellants containing brominatable material other than ethyl centralite
should he analyzed for ethyl centralite by Method 201.4.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propeliant, weighed to within 0.2 mg.
3. APPARATUS
3.1 lodine titration flask (with stopper), 250 ml.
3.2 Volumetric flask, 100 ml.
3.3 Pipet, 25 ml.
. 4. MATERIALS
4.1 Glacial acetic acid.
4.2 Potassium iodide, 15-percent solution.
4.3 Hydrochloric acid, 38-percent sclution.
4.4 Potassium bromate - bromide, 0.2N standard solution as specified in Method 605.1.
4.5 Sodium thiosulfate, 0.2N standard solution as specitied in Method 602.1.
4.6 Starch indicator solution as specified in Metﬁod 701.1.
5. PROCEDURE
5.1 Prepare the specimen as described in Method 509.3.
5.2 Extract the specimen as described in Method 104.1,
5.3 Dissolve the dried residue of the extraction in 10 ml of glacial acelic acid.
5.4 |f the nominal content of the ethyl centralite in the propellant is less than 4 percent, transfer

the solution to the 250 mi iodine titration flask; rinse the extraction flask with several 10 ml portions of
glacial acetic acid; and transfer the rinsings 10 the titration flask, using a total of 50 ml.

METHOD 202.2.3
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NOTE: If the ethyl centralite content of the propellant is between 4 and 6 percent, transfer the
soiution (par 5.3) to a 100 mi voiumetric flask and make up to velume with giaciai acetic acid.
Measure a 50-ml aliquot of this solution, and transfer it to the titration flask. However, if the ethyl
centralite content is over 6 percent, measure a 25ml aliquot of the 100 m! in the volumetric flask,
transter it to the titration tlask, and add 25 ml of glacial acetic acid.

5.5 To the 50 ml solution, cooled to 20 to 25°C in the iodine titration flask, add 25 ml of the
potassium bromate-bromide solution accuralely measured to within 0.03 ml.

5.6 Moisten the stopper of the fiask with a drop of 15 percent potassium iodide solution, and add
5 ml of 38-percent hydrochloric acid to the flask, noting the time. Stopper the flask immediately, swirl
the contents for a few seconds, and allow the bromination to proceed for 1.0 + 0.25 minutes from the
time of addition of the hydrochloric acid.

5.7 At the end of the brominating time, add 10 ml of 15 percent potassium iodide solution, and

awirl tha contents of the flagk,

L PV

NOTE: If an oil separates, add 25 ml of methylene chloride.

5.8 Wash down the gutter and walls of the flas dlstllled water nd titrate the resulting

solution immediately with §.2N sodium thiosuifate SO ution until ihe solution assumes a light yellow
color. -

5.9 Add 5 mi of the starch indicator solution, and continue the titration carefully untii the blue
color of the solution disappears.

5.10 Make a blank determination, using 50 ml of glacial acetic acid and exactly the same volume
of the potassium bromate-bromide solution (par 5.5).

5.11 Calculate the percentage of ethyl centralite in the specimen on a volatiles-free basis.

5.12 Calculation:

. 6.71(A-B)N
Percent ethy! centralite = W
Where:
A = Sodium thiosulfate required for the blank, mil.

B = Sodium thiosulfate required to titrate the liberated iodine in the solution containing the
brominated specimen, ml.
N = Normality of the sodium thiosulfate solution.

W = Weight of the specimen corrected for total volatiles, g.

METHOD 202.2.3
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METHOD 203.5

DIETHYLPHTHALATE OR DIBUTYLPHTHALATE
(ZINC REDUCTION-VOLUMETRIC METHOD)

1. SCOPE

1.1 This method is used for delermining the diethylphthalate or dibutylphthalate content of
propellants that do not contain interfering esters such as other phthalates, dimethyl sebacate,
triacetin, or sucrose octaacetate.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant weighed to within 0.2 mg.

3.1 Filter paper, Whatman No. 41 or equivalent.
3.2 Edenmeyer flask, 250-ml, with 24/40 ground giass joint, borosilicate glass.
3.3 Erenmeyer flask, 300-ml, with 24/40 ground glass joint, alkali-resistant glass.

3.4 Watchglass.

w
o

Separatory funnei, 500 ml

3.6 Beaker, 400 ml.

3.7 Medicine dropper.

3.8 Delivery pipets.

3.9 Rellux condenser water cboled.
3.10 Buret, 50 ml.

3.11 Steam bath in well-ventilated hood.
3.12 Hotplate.

4. MATERIALS

4.1 Diethyl ether, anhydrous

4.2 Zinc dust.

4.3 Glacial acetic acid
4.4 Petroleum ether, boiling point 30 to 60°C.

4.5 Ethyl alcohol, 95 percent.

METHOD 203.5



MIL-STD-286C

4.6 Phenolphthalein indicator solution as specitied in Method 703.1.

4.7 Potassium hydroxide, approximately 0.45 N alcoholic solution, prepared by dissolving 30 g
of potassium hydroxide (85 percent) pellets in a mixture of 600 ml of ethyl alcohol and 50 ml of water,
filtering through a Whatman No. 41 filter paper, diluting to 1 liter with ethyl alcohol in a borosilicate
glass tlask {alkali-resistant) sealing with a tight fitting rubber or plastic stopper.

4.8 Hydrochlonc acid, 0.1N standard solution.

4.9 Hydrochionc acid, 111 by volume.

4.10 Hydrofluoric acid, 1:3 by volume.

5. PROCEDURE -

5.1 Prepare the specimen as described in Method §09.3.

5.2 Extract the specimen as described in Method 104.1 using diethyl ether as the solvent and
the 250 ml Erlenmeyer fiask for receiving the extract.

5.3 Evaporate the extract o dryness as described in Method 104.1.

5.4 Add 6 g of zinc dust.

5.5 Add 20 ml of glacial acetic acid around the sides of the flask containing the dried residue and
swirl to dissolve. Add 15 mi of water while swirling. Cover with a watch glass and heat to an incipient
boil at moderate heat.

5.6 Remove the flask from the hotplate {remove and put aside the watchglass), swirl, and add a
small portion of zinc dust. Swirl again and continue adding the zinc until 6 g have been added.

5.7 Cover the flask with the same watchglass, return to a cooler part of the hotplate, and heat for

5 minutes so that the solution effervesces strongly. Swirl the flask frequently during this period. Be
sure that the solution effervesces strongly during the 5 minute period, but do not heat at more than
gentle to moderate heat.

5.8 Remove the flask from the hotplate and cool to room temperature.

5.9 Wash down the watchglass and direct a stream of water from a wash botile so as to wash
down any loose zinc,

5.10 Add 200 ml of water, swirl, allow to settle, and decant into the 500 ml separatory funnel,
teaving the zinc in the fiask (a little zinc in the separatory funne! will do no harm).

5.11 Add 50 mi of water to the flask, swirl, allow to settle, and decant into the separatory funnel.
Repeat with another 50 ml of water.

5.12 Add 60 ml of petroleum ether to the flask, swirl, allow to settle, and decant into the
separatory funne!. Repeat with 60 mi of petroleum ether.

METHOD 203.5
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5.13 Shake the separatory funnel for a minute and ailow the layers to separate.

5.14 Drain the aqueous solution into the 400 ml beaker while swirling the separatory funnel
occasionally. Allow about 0.5 ml of the petroleum ether to drain off with the acqueous solution,

£.18 Deacant the petroleum sther layer through the top of the senaratory funnel into tha

st LI A i v S peiai A

alkali-resistant dry 300 ml Erlenmeyer ﬂask while leaving about 0.5 ml of solution in the separatory
funnel.

NOTE: A borosilicate glass Er!enmeyer flask can be used, but the result will be somewhat less
SS by i e ad e Al A mmm i ke

accuraie, because ihere is aiways some atiack of the gia aikali used in the saponification.

5.16 Wash the contents of the 400 ml beaker back into the separatery funnel. Add 60 mi of
petroleum ether to the original flask containing the zinc and decant into the separatory funnel. Extract
as before and then make a third extraction with another 60 ml portion of petroleum ether.

5.17 Evaporate the petroleum ether as specified in Method 104.1

5.18 Add 10 ml of ethyl alcohol around the sides of the flask and swirl.

5.19 Add 3 or 4 drops of phenolphthalein indicator solution and cool.

5.20 Add alcoholic potassium hydroxide solution dropwise with a medicine dropper until the

solution is just pink, and then add 0.1N hydrochleric acid dropwise with a medicine dropper until the
nmk_ color inst disannears

ST e s s S A e

5.21 Add by means of a delivery pipet, a volume of alcoholic potassium hydroxide solution
calculated to be a least twice that required to saponify the phthalate ester present.

E N Niatliou fav B e am sl A - b Ammedanase [ analle meamimitata Aovime tha rafhiivins addA
WMoes MTHUA W IV IlII lulGa UTIUGT a waiol LWINIGTIDTT. 11 94llo PITLIDIAIT UUliy LI 1THUANTY, Qi
a small amount of water through the top of the condenser.

5.23 Add 50 mi of water through the top of the condenser and remove the flask.
5.24 Cover with a waichgiass and cooi io room temperaiure.
5.25 Add 3 or 4 drops of phenolphthalein indicator solution and titrate fairly rapidly with 0.1N

hydrochloric acid until the disappearance of the pink color.

5.26 Conduct a blank titration, after neutralizing 10 mi of alcohel! as described above, adding the
same volume of alcolholic potassium hydroxide solution as was used for the sample, and refiuxing for
30 minutes. Perform the calculation of 5.28.

5.27 Remove the zinc that adheres to the flask by rinsing with 1:1 hydrochloric acid. If a
borosilicate glass is used for the saponification, allow it to soak for a few minutes occasionally in 1:3
hydrofluoric acid to remove the superficial etching produced by the alkali.

m
=
Q
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5.28 Calculations:

. 1111 (A-B)N
Percent diethylphthalate = vy,

or

. 13.92(A-BI N
Percent dibutylphthalate = W

A = mi of hydrochloric acid for blank titration.
B = ml of hydrochloric acid tor titration of sample.
N = Normality of hydrochloric acid.

W = Weight of specimen (g}, correcied for total volatiles.

METHOD 203.5
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METHOD 204.1.2
DIBUTYLPHTHALATE (DIFFERENCE METHOD)

1. SCOPE

1.1 This method is used for determir{ing the percentage of dibutylphthalate in propellants.

2. PROCEDURE

- ~

2.1 Extract th
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2.2 Determine the total percentage of methylene chloride extractive matter in the propellant on a
volatites-free basis.

2.3 Determine the percentages of all methylene chloride extractive components in the propellant
{except dibutylphthalate), using appropriate methods.

2.4 Subtract the sum of the determined percentages of all extractable matter (par. 2.3) from the
total percentage of extraction matter (para. 2.2) to determine the percentage of dibutylphthalate.
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METHOD 204.2.1

DIMETHYL, DIETHYL, AND DIBUTYL PHTHALATES
(GAS CHROMATOGRAPHIC METHOD)

1. SCOPE

1.1 This method is used for determining the dimethyi, diethyl, or dibutyl phthalate content of
double-base propellants containing less than 1% dinitrotoluene.

2. SPECIMEN

2.1 The specimen shall consist of approximately 10 g of the propellant weighed within 0.2 mg.
3. APPARATUS

3.1 Gas chromatograph equipped with a thermal conductivity cell.

3.1.1 Gas chromatographic column, 20% silicone SE-30 on acid-washed Chromosorb W (60/80
mesh). Column dimensions, 1/4 inch O.D. x 6 ft.

3.2 Volumetric flasks, 100 ml and 25 ml.
3.3 Syringe, 10-microliters.

4. MATERIALS

4.1 Methylene chloride.

4.2 Dimethyl phthalate.

4.3 Diethyl phthalate.

4.4 Dibutyl phthalate.

AL Tolmmadio
4.2 11deenlll.

4.6 Dimethyl sebacate.

4.7 Standard dimethyl phthalate solution (4%). Dissolve 4.000 g of dimethyl phthalate in
meihyiene chioride and dilute to 100 mi with methylene chloride.

4.8 Standard diethyl phthalate solution (4%). Dissolve 4.000 g of diethyl phthalate in methylene
chloride and dilute to 100 mi in a volumetric flask with methylene chloride.

4.9 Standard dibutyl phthalate solution (4%). Dissolve 4.000 g of cibutyl phthalate in methylene
chloride and dilute to 100.ml in a volumtric flask with methylene chloride.

4.10 Standard triacetin solution (4%). Dissolve 4.000 g of triacetin in methylene chloride and
dilute to 100 ml in a volumetric flask with methylene chloride.,

METHOD 204.2.1
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4.11 Standard dimethyl sebacate solution (5%) Dissolve 5.000 g of dimethyl sebacate in
methylene chioride and uuulﬁ 1o 100 mlin a volumetric tlask with meh"yier‘e chioride.
4.12 Helium.

5. PROCEDURE
5.1 Instrument conditions.

a. Column temperature, 200°C tor dimethyl and/or diethyl phthalate and 230°C for
dibutyl phthalate

- b. Injection port temperature, 275°C.
c. Detector temperature, 275°C.
d. Carrier gas, helium at 35 ml per minute.

NOTE: The above conditions are suitable for the Aerograph Model 90 gas chromatograph. The
conditions may vary with other instruments.

5.2 Preparation of calibration curves.

a. Dimethyl phthalate. Add 5.00 ml of standard triacetin solution {4%) to six 25 m! volumetric
flasks. Add 2.50, 7.50, 10.00, 12.50, and 15.00 ml of standard dimethy| phthalate solution (4%) and

dilute to the mark with mnihu!nnn chloride. Adjust the chromatograph to the proper operating

IS I R 2 veapiaad

conditions and inject 10 mlcrohters The peaks for the triacetin and dlmethyl phthalate emerge in
about 2-1/2 and 4 minutes, respactively. Plot mg of dimethyl phthalate against the ratio of the peak
areas of dimethyl phthalate and triacetin.

Minathad - n ~t Denman

b. Diethyl phthalate. Proceed as described for dimethy! phthalate 5:2 {a) but use standard
diethyl phthalate solution (4 %) The peaks for triacetin and diethyl phthalate emerge in about 2-1/2

and 6-1/2 minutes, respectively.

¢. Dibutyl phthatate. Proceed as described for dimethyl phthalate 5.2 (a) but use 5.00 ml of
standard dimethyl sebacate solution (5%, (insiead of the standard triaceiin soiution) and standard
dibutyl phthalate solution (4%). The peaks for dimethyl sebacate and dibutyl phihalate emerge in
about 4 and 10-1/4 minutes, respectively.

5.3 Analysis of samples.

a. Dimethyl phthalate. Extract a 10 g sample of the propellant overnight with approximately 20
mi of methylene chloride, using a Soxhelt extractor and 125 ml extraction flask as described in
Method 104.1. Evaporate the extract to 5to 10 ml by aeration. Transfer to a 25-mi volumetric flask
with 5 to 8 ml of methylene chlaride. Add 5.00 mi of standard triacetin solution (4%) and dilute to the
mark with methylene chloride. Adjust the chromatograph to the proper operating conditions and inject
10 microliters. Calculate the ratio of the peak areas of dimethyl phthalate 1o triacetin, determine the
mg of dimethyl phthalate by referring to the calibration curve, and calculate the present dimethyl!
phthalate. .

METHOD 204.2.1
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. b. Diethyl phthalate. Proceed as described for dimethyl phthalate 5.3 (a) but use the calibration
curve for diethyl phthalate.

c. Dibuty] phthalate. Proceed as described for dimethyl phthaate 5.3 {a) but use 5.00 mi of
standard dimethyl sebacate solution (5%) (instead of the standard triacetin solution). Use the

calibrationt curve for dibutyl phthalate.

d. Dimethyl phthalate and diethyl phthalate in the presence of each other. Proceed as described
for dimethyl phthalate 5.3 (a) but calculate the ratios of the peak areas of the dimethyl phthalate to the
triacetin and use the appropriate calibration curve.

METHOD 204.2.1
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METHOD 205. 1 2
DINITROTOLUENE (NITRATE ESTERS ABSENT)
1. SCOPE.

1.1 This method is used for determining the dinitrotoluene content of propeliants oontaini;ng no
nitrate esters.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propellant, weighed o within 0.2 mg.

3. APPARATUS

nh ntrin flack 2EA mi A LI
VUIUTNGL IV 11adn, €9V 111 RV UNWY
’ a— GLASS
70 JOINT
3.2 Titration flask (figure 1) i /‘\Lzo
A Ol AR el ‘ / ' m\/‘ﬂ)
I.0 I"pr'l, <2 1 }
: . | 157 /
3.4 Reflux condenser. , . %0
4 (ID)
. 3.5 Hotplate. . §(0D) |
3.6 Buret, class A. ' AN /
- Jot= 70 |
4, MATERIALS a—= 110 (0D} ~——t
PYREX GLASS FLASK
4.1 Glacial acetic acid. BULB CAPACITY - 500mi

ALL DIMENSIONS IN MILLIMETERS

4.2 Inert gas (carbon dioxide or nitrogen) . Figure 1. Titration Flask.
4.3 Titanous chloride, 0.2N standard solution as specified in Method 601.1.

4.4 Ammonium thiccyanate, 20-percent solution as specified in Method 706.1.

4.5 Ferric ammonium sulfate, 0.15N standard solution as specified in Method 603.1.
4.6 Hydrochloric acid, 15-percent solution.

5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.2 Extract the spemmen and dry the extract as specmed in Method 104.1.

l-'\ 3 nlccnluo the dried residue in n!ac;a! nr\nhr‘ :lmd and transfer the solutionto 2 250 mi

volumetric flask. Dilute the flask to the mark with acetic acnd

METHOD 205.1.2-
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CAUTION: Glacial acetic acid has a high coefficient of expansion. Therefore, 0 assure accuracy in
measuring an aliquot of a solution containing glacial acetic acid, the sclution must be maintained at a
constant temperature until after the aliquot has been taken.

2
"?*'

; alfow the gas to flow gentiy for 5 minutes to

h the flask throughout the remainder of

hrough th throug

5.4 Attach a source of inert gas to the titration flas
o f

disp!ana the air in the flask, Continua tha flow of
d

the determination.

NOTE: After the solution has been added, the flow of gas should be adjusted so that it just ripples
the surface of the solution.

5.5 After the inert gas has flowed for 5 minutes, rinse the pipet with the propeliant extract
solution, and transfer an accurately measured 25-m! portion of the solution to the titration flask.

5.6 From the detailed specification, ascertain the nominal percentage of dinitrotoluene present in
the propellant. Add an accurately measured portion of the 0.2N titanous chloride solution (4 mi for
each 1 percent of dinitrotoluene in the propellant) to the flask.

5.7 Add 25 mi of 15-percent hydrochloric acid and a few glass beads (to prevent bumping}, and
connect the flask to a reflux condenser.

5.8 Place the flask and condenser on a hot-plate, and boil the solution gently for 5 minutes.
Without disconnecting the condenser, remove the flask from the hotplate.

5.9 Increase the current of inert gas (to keep air from entering the flask during cooling), and cool
the solution to room temperature in a cold-water bath. Disconnect the condenser.

5.10 Add 5 ml of 20 percent ammonium thiocyanate solution, and titrate with the 0.15 N ferric
ammonium sulfate solution to the end point, as indicated by the first permanent red color.

5.11 Conduct a blank determinaiion, using 25 mi of glacial acetic acid, 25 ml of 15 percent
hydrochloric acid, and exactly the same quantity of 0.2N titanous chloride solution added to the
propellant extract solution. Titrate the blank sofution with 0.15N ferric ammonium sulfate until near
the end point. Then add 5 ml of 20-percent ammonium thiocyanate and titrate to the end point.

5.12 Calculate the percentage of dinitrotoluene in the propellant.

5.13 Calculation:

1.518{A-B}N

Percent dinitrotoluene = W

Where: A = Volume of ferric ammonium sulfate solution used for blank, mit.
B = Volume of ferric ammonium sulfate solution used for propellant, ml.
N = Normality of ferric ammonium sulfate solution.

W = Weight of specimen represented by aliquot taken, corrected for total volatiles
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METHOD 205.2.3 S
DINITROTOLUENE (NITRATE ESTERS PRESENT)
1. SCOPE

1.1 This method is used for determining the dinitrotoluene content of propellants containing a
nitrate ester in admixture. Other reducible materials must be absent.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g.of propellant; weighed to within 0.2 mg.
3. APPARATUS"
3.1 The needed
4. MATERIALS
4.1 Ferric ammonium sulfate, 0.15N standard solution as specified in Method 603.1
4.2 Other needed materials are described in Method 208.1.

5. PROCEDURE

5.1 Determine the nitrate ester content of the specimen according to Method 208.1. Save the
titrated solution for the determination of dinitrotoluene as follows:

a. Add to the titrated solution an accurately measured volume of 4 ml of titanous chloride
solution for each percent (nominal) of dinitrotoluene in the propellant.

b. Connect the titration flask to the reflux condenser, and boil gently for 5 minutes. Cool to room
temperature in cold water.

CAUTION: Toxic fumes may evolve during refluxing. A trap or hood should be provided.

c. Disconnect the condenser, and titrate the solution with 0.15N ferric ammonium sulfate solution
until a permanent red color appears.

d. Run a blank determination using 25 ml of glacial acetic acid, 25 mL of 15 percent hydrochloric
acid, and exactly the same quantity of 0.2N titanous chloride solution added to the solution in
paragraph 5.1 (a). Titrate with 0.15N ferric ammonium sulfate solution until near the end point. Then
add 5 ml of 20 percent ammonium thiocyanate solution and titrate to the end point.



MIL-STD-286C

f. Calculation:

. 1.518 (A—B} N
Percent dinitrotoluene = 5 8W
Where:

A = Ferric ammonium sulfate solution required for the blank, mi.
B = Ferric ammonium sultate required for the propellant extract solution, ml.

N = Normality of ferric ammonium sulfate solution.

W= Weight of the specimen represented by the aliquot taken, corrected for total volatiles, g.

METHOD 205.2.3
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METHOD 205.3.1

DINITROTOLUENE (INFRARED METHOD)
1. SCOPE

1.1 This method may be used for determining the dinitrotoiuene content of propeiiants in which
dinitrotoluene is the onIY extractable ingredients having strong infrared absorbance at 7.4
micrometers (1350 cm™).

2. SPECIMEN

2.1 The specimen shall consist of sufficient propellant to give an extract having absorbance of
approximately 0.2 to 0.8 in the chosen cell under the conditions described in paragraph 5. A
specimen of 5 g is satisfactory at the level of 5 to 15 percent dinitrotoluene, with dilution to 100 ml and
cell path length of 0.2 mm. The specimen shall be weighed to within 0.2 mg.

3. APPARATUS

3.1 Extraction apparatus, Soxhlet or equivalent.
3.2 Volumetric flask, 100 ml or as required.

3.3 Double-beam infrared spectrophotometer.

3.4 Infrared spactrophotometer cells (two), m

fluoride windows, suggested path length 0.2mm.

E£
o
=
D
Q.

4. MATERIALS

NOTE: Diethyl ether should not be used because of its strong absorbance at 7.4 micrometers.
4.2 Infrared solvent, one of the following:
a. Methylene chloride.
b. 1, 2 Dichloroethane.
4.3 Dinitrotulene - MIL-D-204.
5. PROCEDURE
5.1 Prepare a calibration curve as follows:

a. Select a solvent from paragraph 4.2 and prepare solutions of known concentrations of
dinitrotoluene in that solvent at the applicable concentration range. For 0.2 mm cells a suitable range
is from 0.2 to 0.8 g per 100 ml.

METHOD 205.3.1

-—h



MIL-STD-286C

b. Set the zero and 100% lines of the infrafred spectrophotometer at 7.4 micrometers
(1350 cm™).

¢. Fill the reference cell with solvent and place & in the reference beam.

d. Fillthe sample cell with solvent and note the absorbance at 7.4 micrometers, not scanning.
Record as solvent absorbance. .

e. Taking each of the dinitrotoluene solutions in turn, scan the region approaching and including
the peak of the absorbance band that occurs at about 7.4 micrometers. Record absorbance at the
peak of the band. Subtract solvent absorbance to obtain net absorbance.
f. Prepare a graph of net absorbance vs dinitrotoluene concentration.
5.2 Determine correction for other ingredients as follows:

a. Prepare separate solutions of the extractable ingredients at known concentrations of about
0.2 and 0.4 g per 100 ml in the same solvent asin 5.1.

b. Determine the ahsorbance of each solution at 7.4 micrometers, not scanning. Subtract
solvent absorbance to obtain net absorbance.

¢. For each solution calculate:

B

A= ¢
Where:
A = Correction per g per 100 ml.
B = Net absorbance.
C = Concentration in g per 100 ml.
d. Calculate the average value of A for each ingredient.

e. For each ingredient in a particular propellant calculate the correction (in absorbance units) as
follows:

Correction= Ax D x E x 0.01

Where:

D = Grams of propellant per 100 ml of solution.

E = Nominal percent of the ingredient in the propeliant.
5.3 Determine the dinitrotoluene in the propellant as follows:

a. Extract the specimen with methylene chloride.

METHOD 205.3.1
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b. Evaporate the methylene chloride if it was not the solvent chosen in paragraph 5.1 (a).
¢. Dilute to 100 ml (or as required) with the solvent chosen in paragraph 5.1 (d).

d. Determine the solvent absorbance as in 5.1 (d).

e. Determine the absorbance of the propellant extracts as in 5.1 (e).

f. Subtract solvent absorbance to obtain net absorbance.

g. Subtract correction for each of the other extractable ingredients.

h. Determine the concentration of dinitrotofuene from the graph.

i. Calculation:

. . F
% dinitrotoluene in propellant = |)_(| G

Where:
F = Concentration in g per 100 ml from graph.
G = Volume of solution, ml.

H = Weight of specimen represented, g.

METHOD 205.3.1
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METHOD 206.1.2
TRINITROTOLUENE {NITRATE ESTERS ABSENT)

1. SCOPE

1.1 This method is used for determining the trinitrotoluene content of propellants containing no
nitrate esters.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 The apparatus used in this method is identical with that used in Method 205.1.

4. MATERIALS

4.1 The materials used in this method are identical with those used in Method 205.1

5. PROCEDURE

5.1 Follow the procedure described in Method 205.1 for the determination of dinitrotoluene in the
propeltant. However, in the determination of trinitrotoluene, add an accurately measured excess of §
ml of 0.2N titanous chloride solution 1o the propellant extract solution of each 1 percent (nominal) of

trinitrotoluene present (instead of the 4 mi of titanous chloride used for the determination of
dinitrotoluene).

5.3 Calculation:

1.262 (A-B} N

Percent trinitrotoluene =

Where:

A = Ferric ammonium sulfate solution required for the blank, mi.

B = Ferric ammeonium sulfate solution required for propellant extract solution, ml.
N = Normality of ferric ammonium suliate solution.

W = Weight of the specimen represented by the aliquot taken, comected for total volatiles, g.

METHOD 206.1.2
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TRINITROTOLUENE (NITRATE ESTERS PRESENT)
1. SCOPE

1.1 This method is used for determining the nitrate ester and trinitrotoluene contents of
propellants. Cther reducible materials must be absent.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 The apparatus used in this method is identical with that used in Method 205.2

4. MATERIALS

4.1 The materials used in this method are identical with those used in Method 205.2.

5 PROCEDURE

5.1 Follow the procedure described in Method 205.2. However, in the determination of
trinitrotoluene, add an accurately measured excess of 5 ml of the 0.2N titanous chloride solution to
the propellant extract solution for each 1 percent (nominal) of trinitrotoluene present {instead of the 4
ml of titanous chloride used for the determination of dinitrotoluene).
CAUTION: Toxic fumes may evolve during refluxing. A trap or hood should be provided.

5.2 Calculate the percentage of trinitrotoluene in the propeliant.

5.3 Calculatfon:

B = Ferric ammonium sulfate solution required for the propellant extract solution, ml.
N = Normality of ferric ammonium sulfate solution,

W= Weight of the specimen represented by the aliquot taken, corrected for tota! volatiles, g.
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. METHOD 208.1.3

NITRATE ESTERS
1. SCOPE

1.1 This method is used for determining nitrate esters, such as nitroglycerin, in propellants
containing no other component in admixture which c¢an be reduced by ferrous ion.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g ot the propellant, weighed to within 0.2 mg.

GROUND

3. APPARATUS ! -~ T

70
3.1 Volumetric flask, 250 m. * /\Lzo

20
3.2 Titration flask {figure 1).

3.3 Pipet, 25 mi
3.4 Reflux condenser.
3.5 Hotplate. =702}
. l— vt (oo)
4. MATERIALS PYREX GLASS FLASK
BULB CAPACITY - 500mi
ALL DIMENSIONS IN MILLIMETERS

a0 4
I 8(0D)

4.1 Glacial acetic acid.

Figure 1. Titration Flask.

4.2 Titanous chloride, 0.2N standard solution as specified in Method 601.1.
4.3 Ferrous ammonium sulfate, 0.7N standard solution as specified in Method 604.1.

4.4 Ammonium thiocyanate, 20 percent solution as specified in Method 706.1

4.6 Inert gas (carbon dioxide or nitrogen).

5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.2 Extract the specimen and dry the extract as specified in Method 104.1.

5.3 Dissolve the dried residue in glacial acetic acid, and transfer the solution to a 250 mi

volumetric flask. Dilute to the mark with glacial acetic acid. ' the nitrate ester content is less than §
. percent transfer directly to a titration flask with 50 ml of glacial acetic acid.

METHOD 208.1.3
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CAUTION: Glacial acetic acid has a high coefficient of expansion. Therefore, to assure accuracy in .
measuring an aliquot of a solution containing giacial acetic acid, the soiution must be mainiained at a
constant temperature until after the aliquot has been taken.

5.4 Attach a source of inert gas to the titration flask; allow the gas to flow gently for 5 minutes to
displace the air in the flask. Continue the flow of gas through the flask throughout the remainder of
the determination.

5.5 Aifter the inert gas has flowed for 5 minutes, rinse the pipet with the propellant extract
solution, and transfer an accurately measured portion of the solution to the titration flask so that it
contains 0.1 to 0.2 g of nitroglycerin or the equivalent thereof.

5.6 Add 15 ml of 0.7 N ferrous ammonium sulfate and 25 ml of 15-percent hydrochloric acid
solution to the flask.

5.7 Add a few glass beads to the flask (to prevent bumping), and connect the flask to the reflux
condenser.

5.8 Place the flask on the hotplate and reflux the solution until the reduction is complete as
indicated by the color change. Then without disconnecting the condenser, remove the flask from the

hnatnlatns
] IUIPIGI.U .

NOTE: The color of the solution will change from yellow to dark green to reddish-brown or golden
yellow as the reaction proceeds. Usually 5 minutes of refluxing is required, after the color change.

,,,,,,,,,

5.9 increase the current of inen gas (IO Keep air from enteri
the solution to room temperature by immersing the flask in cold w
condenser.

K during cooling), and cool

r'rg “e fiask
Then disconnect the

5.10 Titrate the contents of the flask with 0.2N titanous chloride solution until near the end point,
as indicated by the fading of the reddish-brown color of the ferric ion.

5.11 Add 5 m! of 20 percent ammonium thiocyanate solution to the flask to produce a deep red
color.

5.12 Continue the titration unti! the deep red color of the ferric thiocyanate complex disappears.
Record the total amount of titanous chloride used.

5.13 Conduct a blank determination following the procedure described in paragraph 5.3 through
5.12 substituting pure glacial acetic acid for the solution of the propellant extract in acetic acid. The
blank titration should not exceed 0.5 ml.

METHOD 208.1.3
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5.14 Calculation:

NOTE:

Percent nitrate ester = L(y_m—l_v)_N

Where:

V = Titanous chloride solution required for propellant extract solution, ml.

v = Titanous chloride solution required for blank solution, ml.

N = Normality of titanous chioride soiution.

W= Weight of specimen represented by the aliquot taken, corrected for total volatiles.

A = Molecular weight of nitrate ester.
n = Number of nitrate groups in ester compound.

Commonly used factors are:

Nitroglycerin = 22711 5503

YL
2}

240.20 40.03

Triethyleneglycoldinitrate = 3(2)

Diethyleneglycoldinitrate = J%: 32.69

METHOD 208.1.3
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METHOD 208.2.2
NITROGLYCERIN (ACETIC ACID EXTRACTION METHOD)

1. SCOPE

1.1 This method is used for determining the nitroglycerin content of propellants manutactured
from nitrocellulose containing not less than 12.2 percent nitrogen. If other reducible compounds,
such as inorganic nitrates, are extracted the calculations must be corrected. Propellants containing
nitrocellulose having a lower nitrogen content may yield high results. The method is inapplicable in
the presence of reactive metals such as aluminum.

2. SPECIMEN

2.1 The specimen shall consist of approximately 3 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS GROUND
- GLASS
JOINT
3.1 Edenmeyer flask, 500 ml. :
3.2 Reflux condenser.
\(' P
3.3 Filter paper, Whatman No. 4, or equivalent.
3.4 Volumetric flask, 250 m. 4 ('D)
8 (OD)
3.5 Titration flask { figure 1).
3.6 Pipet, 50 ml. o= 70 -]
3.7 Hotplate. 110 (0D)
PYREX GLASS FLASK
4. MATERIALS BULB CAPACITY - 500mli
ALL DIMENSIONS IN MILLIMETERS

Figure 1. Titration Flask.

4.1 Acetic acid solution, containing not less than 65 percent nor more than 70 percent acetic
acid by weight. (Check by titraling with standard alkali).

4.2 Titanous chloride, 0.2N standard solution as specified in Method 601.1.
4.3 Ferrous ammonium sulfate, 0.7N solution as specified in Method 604.1
4.4 Ammonium thiocyanate, 20 percent solution as specified in Method 706.1.
4.5 Hydrochloric acid, 1:1 solution.

4.6 'Inert gas (carbon dioxide or nitrogen).

METHOD 208.2.2
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5. PROCERDURE
5.1 Prepare the specimen as specified in Method 509.3.
5.2 Extract the specimen as follows:

a. Place the specimen in the Erlenmeyer flask, and add 100 ml of the acetic acid solution
(para 4.1).

b. Connect the flask to a reflux condenser, and gently boil the contents of the flask on a
hotplate for 30 minutes.

NOTE: The boiling should be vigorous enough to provide some agitation of the propellant paricles,
but not to cause bumping. If boiling does not appear to produce sufficient stirring, swirl the flask
occasionally by hand.

c. After 30 minutes, remove the flask and condenser from the hotplate, and cool to room
ternperature in a ¢cold-water bath.

d. When the flask is cool, remove the reflux condenser and rinse into the flask with acetic
~ el
duiul.

NOTE: As an alternative to steps (b), {c}, and (d), loosely place a glass stopper on the Edenmeyer
flask and heat on a steam bath for at least 3 hours.

5.3 Filter the extract intc a 250 ml volumetric flask. Rinse the Erfdlenmeyer flask and filter
thoroughly with a little less than 100 ml of acetic acid solution, and dilute the filirate to the mark with
acetic acid. Mix thoroughly.

5.4 Attach a source of inert gas to the titration flask and allow the gas to flow gently for 5
minutes to displace the air in the flask. Gontinue the flow of gas through the flask throughout the
remainder of the determination.

5.5 Afterthe inert gas has flowed for 5 minutes, rinse the pipet with the propellant extract
solution, and transfer an accurately measured aliquot to the titration flask. The aliquot should contain
approximately 0.18 g of nitroglycerin.

5.6 Add accurately measured portions of 25 ml of 0.7N ferrous ammonium sulfate and 15 mi of
the 1:1 hydrochloric acid solution to the flask.

5.7 Add a few glass beads to the flask {to prevent bumping), and connect the flask to the reflux
condenser.

5.8 Place the flask and condenser on a hotplate, and boil the solution gently for 5 minutes.
Then, without disconnecting the condenser, remove the flagk from the hotnlate.

NOTE: The color of the solution will turn from yellow to dark green to reddish-brown or golden yellow
as the reaction proceeds.

5.9 Increase the cuirrent of inert gas {to keep air from entering the flask during coolingjand cool
the solution to room temperature by im mersmg the flask in a cold-water bath

METHOD 208.2.2
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. 5.10 Disconnect the flask from the condenser, and wash down the condenser and the joint
rapidly with 30 ml of the acetic acid solution. Then reconnect the flask to the condenser, and allow
the condenser to drain for a few minutes. Disconnect the flask.

5.11 Titrate the contents of the flask with 0.2N titanous chloride solution until near the end point,
as indicated by the fading of the reddish-brown {or golden yellow) color of the ferric ion.

5.12 Add 5 mil of 20 percent ammonium thiocyanate solution to the flask.

5.13 Continue the titration until the deep red color of ferric thiocyanate complex disappears.
Record the total amount of titanous chloride used.

5.14 Conduct a blank determination using 250mi of the acetic acid solution, 15 ml of the 1:1
hydrochloric acid, and exactly the same quantity of O.7N ferrous ammonium suftate solution {para.
5.6).

5.15 Calculate the nitroglycerin content of the propellant.

5.16 Calculation:

523 (V-] N
Percent nitroglycerin = 2.5 S(W v)

V = Volume of titanous chloride solution used for sample, ml.
. v = Volume of titanous chloride used for blank, ml.
N = Normality of titanous chloride solution.

W = Weight of specimen represented by the aliquot taken, corrected for total volatiles, g.

METHOD 208.2.2
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METHOD 208.3.1

NITROGLYCERIN, PLASTICIZERS, AND STABILIZERS
(LIQUID CHROMATOGRAPHY METHOD)

1. SCOPE

1.1 This method is used for determination of nitroglycerin, plasticizers, (such as phthalate
esters), and stabilizers (such as ethyl centralite and 2-nitrodiphenylamine) in nitrocellulose-base
propellants. Other formulated ingredients, impurities and degradation products having the same
retention time as the desired components will interfere.

1.2 The ingredients are exiracied from the propellant with methylene chloride. The solvent,
methytene chloride is evaporated so that the extract can be transferred to a volumetric flask. The
contents of the flask are diluted to the mark with methylene chloride. A 10 microliter sample is
injected into the column and then the peaks are compared with standards.

2. SPECIMEN

2.1 The specimen shall consist of approximately 3 to 4 grams of the propellant weighed to within
3.5 ma.

3. APPARATUS
3.1 Liquid chromatograph equipped with constant mobile phase flow system, constant
temperature heated column oven, a 254nm ultraviolet detector, and a fixed volume sample injector

valve,

3.2 Sample injection valve (Rheodyne Model 7120 or equivalent), 10 microliters {or as required).

3.4 Recorder, 10-in, 1 mV, analytical

3.5 Coiumn, 0.46 x 25 cm, reverse phase ODS-Sii-X-1 {Perkin Eimer No. 830-0707} or
equivalent.

3.6 Flask, 100 ml, volumetric {or as required).
3.7 Flask, 250 ml, extraction.

4. MATERIALS

4.1 Methylene Chloride, Reagent Grade

4.2 Methanol, Reagent Gréde

4.3 Water, Purified

4.4 Nitroglycerin (NG), MIL-N-246.

METHOD 208.3.1
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NOTE: Nitroglycerin is a highly explosive material and must.be handled with extreme care.

4.5 Ethyl Centralite, MIL-E-255.

4.6 2-Nitrodiphenylamine (2 NDPA), MIL-N-3399.

4.7 Diethylphthalate, MIL-D-218.

4.8 Other stabilizers, hfghest available purity.

4.9 Other plasticizers, highest available purity.

5. CALIBRATION AND STANDARDIZATION

5.1 Prepare three or more standards, containing known weights of the components to be
analyzed, in 100 ml volumetric flasks. (The concentration of the standards should cover the ranges
expected for the samples). Weigh to an accuracy of £ 0.2 mg.

5.2 Dilute each standard to volume with reagent grade methylene chloride.

5.3 Test each standard per paragraph 6.3 and 6.4. The order of elution is shown in Figures 1
and 2.

B“ ] .
|
_I_JU’J — :

Figure 1
A - Extraction Solvent A - Extraction Solvent
B - Nitroglycerin B - Nitroglycetin
C - Diethylphthalate C - Impurity in 2-NDPA
D - Nitration Product of D - Impurity in 2-NDPA
Ethyl Centralite E - Impurity in 2-NDPA
E -

Ethyl Centralite F - 2-NDPA .
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. 5.4 Prepare a calibration cure for each component by plotting peak areas (or peak heights) vs
concentrations of standards. Plots should be linear to assure sample weight, sample dilution, and size
of injected sample are suitable for concentration of components in sample and for the liquid
chromatograph employed. Once standardization linearity is established only two standards,
representing concentration range of samples, are needed for future calibration.

5.5 Using peak areas (or peak heights), obtain the slope of each calibration curve as follows:

Slope (Ki)= Yz2-Yi Where:;

X2-X4 Y = Peak areas of peak height
X = Corresponding concentration of standards

5.6 Determine the Y-axis intercept for calibration curve.

b= Y2-KiX2 Where:
b =Y axis intercept
Y = Peak area or peak height
X = Corresponding concentration of standard
Ki = Slope of calibration curve

5.7 Use the slopes and Y-axis intercepts to obtain a simplified equation for each ingredient to be

calcuiated.
Percent of ingredients = (A1 +b) (100)
. in propellant {% Ci) {Ki) (Wo)
Where:

A1 = peak area (or peak height) of ingredient in test sample.
Ki = slope of calibration curve.
b = Y-axis intercept value.
Wg = grams of sample extracted.
6. PROCEDURE
6.1 Specimen. The specimen shall normally consist of approximately 3 to 4 g of propellant

weighed to within 0.5 mg. The sample weight may be adjusted based on concenirations of
components in the propellants.

6.2 Sample preparation.
a. Prepare the specimen as described in Method 509.3 of MIL-STD-286.

b. Extract the specimen as described in Method 104.1 of MIL-STD-286 with reagent grade
methylene chioride.

¢. Using a steam chest, evaporate enough extraction solvent from the extraction fiask so that the
. extract can be quantitavely transferred to a 100 m} volumetric flask (or as required).

METHOD 208.3.1
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d. Dilute the contents of the flask to volume with reagent grade methylene chloride. .
e. Sample is ready to be tested once the instrument has stabilized.
6.3 Instrument Conditions.
a. Wavelength of detector: 254nm.
b. Column temperature: 50°C.
¢. Mobile phase: Degassed methanol/water (50/50 by volume).
NOTE: Solvent ratio may be varied to aid in separation of components.
d. Mobile phase flow rate : 1.3 ml/min {approximately 700 psig).
NOTE: 1 psi=6.9kPa
e. Sample size: 10.0 microliters (or as required).
1. Recorder speed: 0.2 in/min (or as required).
6.4 Sample testing.
a. Once the liquid chromatograph has stabilized, inject 10.0 microliters of the prepared sample .

into the liquid chromatograph and menitor peak areas with the electric digital inctegrator or peak
heights with the recorder.

b. Components will elute from the column through the detector as shown in Figures 1 and 2. For
other components not shown in these figures, identify their retention times prior to testing.

¢. Using the integrated peak area (or peak heights), calculate the percentage of ingredients by
the simplified equations obtained during calibration.

7. NOTES

7.1 Liquid chromatograph ultraviolet detectors are concentration detectors and constant mobile
phase flow rate is a necessity to obtain reproducible peak areas.

7.2 If additional precision is necessary for product evaluation or control, an internal standard
may be employed and the ratio of component to internal standard peak areas (or peak heights) may
be used in the equations in place of peak areas (or peak heights). The internal standard can be any
component that does not interfere with the chromatographic separation and is compatible with the
propellant components. Diethylphthalate may be used in the testing of M30 and M26 propellant
extracts for NG and ethyl centralite.

METHOD 208.3.1
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METHOD 208.4.1

NITRATE ESTERS, STABILIZERS, AND PLASTICIZERS
(GAS-LIQUID CHROMATOGRAPHIC METHOD)

1. SCOPE

1.1 This method is used for qualitatively and quantitatively determining combination of nitrate
estlers, stabilizers, and plasticizers in nitrocellulose-base propellants. Specific components that have
been determined are listed in Table I.

2. SPECIMEN

2.1 The specimen shall consist of a 5 to 10 gram representative propellant sample ground to
pass a US No. 20 sieve accordin method 509.3 The ground specimen shall be immediately placed in
a sealed glass container. Small samples of this specimen are used for propellant testing.

3. APPARATUS

3.1 Gas chromatograph (Hewlett-Packard Model 5711A or equivalent) with "on-column" injection
port, a linear temperature programmer, a dual flame-ionization detector, and dual flow controllers.

3.2 Integrator, electronic digital {Hewlett-Packard Model 3370 B or equivalent).

3.3 Tubing, chromatographic grade type 304 stainless steel, 3.2 mm OD, solvent washed
(Hewlett-Packard or equivalent).

3.4 Columns, 3.2 mm x 91.4 cm stainltess steel, packed with 5 wt % QV-101 on 80 to 100 mesh
GAS-CHROM Q.

3.5 Columns, 3.2 mm x 45.7 cm stainless steel, packed with 1.0to 1.5wt % OV-2250n80to
100 mesh GAS-CHROM Q.

3.6 Recorder, gas chromatographic, 1-mv fullscale (Hewlett-Packard Model 7127A or
equivalent).

3.7 SONIFIER, cell disruptor with standard microtip (Heat Systems - Ultrasonics, Inc., Model
Wi85 or equivalent).

3.8 Centrifuge.

3.9 Mixer/mill (Spex Industries, Inc., Model 5100 or equivalent).

3.10 Syringe, 10 pl (Hamilton type 701-N or equivalent).

3.11 Balance, micro (Perkin Elmer Model AD-2 or equivalent).

3.12 Fluidizer (Applied Science Laboratories, inc., Model HI-EFF or equivalent).

3.13 Pans, sample, aluminum (Perkin Elmer differential scanning calorimeter or equivalert).

3.14 Tubes, test, 13 x 100 mm.
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3.15 Vials, glass, 1 dram (Laboratory Apparatus Company "Titeseal” or equivalent).
3.16 Pipets, Pasteur type, disposable, 14.6 cm length.

4. MATERIALS

4.1 1, 2-Dichloroethane, chromatographic grade.

4.2 Powdet, 10% nitroglycerin-B-lactosse.

4.4 Stabilizers, highest available purity.

4.5 Plasticizers, highest available purity.

4.6 Acetone.

4.7 Diethyl phthalate.

4.8 Hydrocarbons, saturated atiphatic, C12 -Ca4, highest available purity.
4.9 N, 0-bis (trimethylsilyl) acetamide (BSA).

4,10 Stationary phase, OV-101.

4.11 Stationary phase, OV-225,

4.12 Solid support, GAS-CHROM Q, 80 to 100 mesh.
4.13 Hydrogen, ultra pure.

4.14 Helium, high purity.

4.15 Air, breathing, water pumped, high purity.

5. PROCEDURE

5.1 Column Preparation.

5.1.1 Prepare a 20 g batch of each packing using a filtration-fluidization method according to the
Instructions supplied with the fluidizer. Dry the filtered, damp packing with the fluidizer.

5.1.2 Clean the correct lengths of stainless steel 3.2 mm QD tubing with 200 ml of acetone each,
and remove the residual acetone by passing dry air through the tubing.

5.1.3 Fill dual columns with each packing material (OV-101 and OV-225) by incremental addition
while tapping the tubing. Each filled column should contain a minimum of 450 mg of packing per foot.
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5.1.4 Coil the dual columns of each type to the proper configuration, and condition them in the
chromatograph oven overnight at the following temperatures while maintaining a helium carrier gas
flow of 10 10 15 mi/min; OV-101; 275°C, OV-225: 225°C.

515 Before using the conditioned columns for nitrate ester determinations, check the hnearlty of
the nitroglycerin response as a function of nitroglycerin amount analyzed as follows:

‘5.15.1 Prepare a nitroglycerin standard solution comprised of 0.1 t0 0.15 g + 0.1 mg of 10%
nitroglycerin-B-lactose powder, and 2 to 3 mg + 2 ug of diethyl phthalate internal standard in 1 ml of
1,2-dichloroethane according to the procedure of paragraph 5.3.1.3. Analyze four replicates each of
1-pl and 3-ul aliquots-according 1o paragraph 5.3.3, and caiculate the calibration factors for each
series of aliquots.

5.1.5.2 Determine by a "t"-test whether there is a significant difference between the averages of
the two aliquot sizes at the 5% significance level. If there is no significant difference, the columns are
suitable for the precise and accurate determination of nitrate esters. ‘Otherwise, a higher quality
batch of packing must be made by the procedure of paragraph 5.1.1. This procedure consistently .
produces suitable, high quality packings. Other procedures are generally not suitable.

5.1.6 After extended use a column may become unsatisfactory for determining nitrate esters
because of contamination or decomposition at the injection end. If this occurs, rejuvinate the column
by removing 3 to 5 cm of the packing from the injection end, replacing it with unused packing, and
reconditioning the column for 4 hours at the original conditioning temperature.

5.2 lnstmment Conditions.

5.21 Set the flame ionization detector temperature at 250°C, and the initial column oven
temperature at 70°C. These temperatures must be fully equilibrated before proceeding wnth the
analysis of samples. Set the electrometer range to give a minimum sensitivity of 5 x 107 e amperes
fullscale (AFS) on the 1-mV recorder. However, insure that all signals are within the linear dynamic
ranges of both the electrometer and the detector. .

5.2.2 Pass all gases through molecular sieve type driers before they enter the chromatograph.
Adjust the helium carrier gas flow to 40 ml/min on both columns with the dual flow-controllers. Adjust -
the flame detector hydrogen and air flows to the values recommended by the manufacturer or, if
these are not available, to obtain maximum sensitivity. The correct adjustments for the 5711A
chromatograph are 40 mli/min for hydrogen, and 240 ml/min for air.

5.3 Calibration
5.3.1 Assay of Nominal 10% Nitroglycerin-B-Lactose Powder.
5.3.1.1 This assay is performed only when a new lot of 10% nitroglycerin-B-Lactose powder is

received, to verify the manufacturer's nominal percentage of nitroglycerin. Thereafter the assayed
powder is used instead of more hazardous heat nitroglycerin for alt nitroglycerin calibrations.
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5.3.1.2 Prepare four calibration mixtures for assay of the powder as follows: Weigh 10to 15 mg
1 10 g of pure, neat nitroglycerin, and 2 to 3 mg + 2 pg of diethyl phthalate internal standard into a
1-dram glass vial for each mixture using the aluminum sample pans and the microbalance. Add 1 ml
of 1,2-dichloroethane to each vial, and shake the sealed vials on the mixer/mill for 1 minute. Analyze

a 1-pl aliquot from each mixture according to paragraph 5.3.3, and calculate the average nitroglycerin
calibration factor.

WARNING: Neat nitroglycerin and other nitrate esters are explosive materials, and must be handled
with extreme care.

R
(v .
follows:

Weigh 0.1 to 0.15 g £ 0.1 mg of the powder, and 2 to 3 mg * 2 pg of diethyl phthalate internal
standard into a 1-dram glass vial for each sample, using the aluminum sample pans and the
microbalance for the internal standard weighings. Add 1 mil of 1,2-dichloroethane 1o each vial, and
shake the sealed vials on the mixer/mill for 5 minutes to extract the nitrogiycerin. Centrifuge the vials
for 10 minutes. Then analyze a 1-ul afiquot from each sample vial according to the procedure in
paragraph 5.3.3. Calculate the average percentage of nitroglycerin in the powder as shown in

paragraph 5.5.2.
5.3.2 Preparation of Calibration Mixture.

5.3.2.1 Select the appropriate column(s) and internal standard for the components to be
determined based on the retention data in Table . The internal standard can be any saturated
aliphatic hydrocarbon, stabilizer, or plasticizer that does not interfere with separation of the propeiiant
components.

5.3.2.2 Prepare duplicate calibration mixtures of components to be analyzed as follows:

Weigh 0.1 t0 0.15 g + 0.1 mg of 10% nitroglycerin-B-lactose powder, 4 to 6 mg * 4 ug of each
additional nitrate ester, 2to 3 mg + 2 ug of the internal standard, and 2 t0 3 mg + 2 pg of each
stabilizer and plasticizer for each mixture into a 1-dram glass vial. Use the aluminum sample pans
and the microbalance for weighing all components except the 10% nitroglycerin-B-lactose powder,
and transfer the pans to the vials with the components. Add 1 ml of 1,2-dichloroethane to each vial,
shake the sealed vials on the mixer/mill for 5 minutes, then centrifuge them for 10 minutes,

5.3.2.3 For the determination of resorcinol or other components containing active hydrogen,
prepare the calibration mixtures or the chromalographic columns by one of the following methods.

5.3.2.3.1 Method 1: Transfer the supematant liquid from each calibration mixture in paragraph
5.3.2.2 to a dry 1-dram glass vial with a disposable pipet. Add 0.5 ml of BSA to each vial, shake the
solutions by hand, and aliow them to stand for 10 minutes to form the trimethylsilyl (TMS) derivatives.
Analyze 1-pl aliquots of these mixtures on either the OV-101 or OV-225 column.

5.3.2.3.2 Method 2: Pretreat the OV-225 column before each series of component (resorcinol)
determinations by analyzing a 2-ul aliquot of a 5-mg/ml solution of the component (resorcinol) in 1,2
dichloroethane. Perform the analysis in the same manner as for the calibration mixture. Then
analyze the calibration mixtures of paragraph 5.3.2.2 without silylation.

5.3.3 Inject, with the 10-ul syringe, a - aliquot of each of the calibration mixtures "on-column”
at 70°C. Immediately program the column oven temperature at the rate of 8°C/min until the last
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component elutes. Do not exceed a temperature of 240°C, or the column conditioning temperature.

calibration factor of each component from:

Fc = As We
C= "A:Ws

Where:

Fc = component calibration factor
As = internal standard peak area
Ag = component pgak area

W; = milligrams of internal standard
W, = milligrams of component

5.3.4 Re-establish the nitrate ester calibration factors at the beginning of each day’s analyses or
anytime the detector temperature is changed. Re-establish the stabilizer and plasticizer calibration
factors less frequently, based on individual experience.

5.4 Sample Preparation.

test tubes. Weigh 2 to 3 mg + 2 g of the same internal standard used in the calibration mixtures into
aluminum pans on the microbalance. Add the internal standard and pan, and 2 mi of 1,2
dichloroethane to each tube.

EAD Quarmnamdd amnnlh aamaisa tact 1iha in o uarndar fillad anmdainar wurhinbh ado nn A hand ainly Than

oA GUDKHUTIU TaAldl oal i 1ITol IUDE 1T da walBGi=iinceu LLDINIal e, wWilibil dulo do a 11cal Silik.  111S1H
position the microtip of the SONIFIER in the 1, 2-dichloroethane, adjust the ultrasonic power to given
maximum cavitation, and extract the propellant components for 15 minutes. Cover the tubes with

aluminum foil, and centrifuge them for 10 minutes.

5.4.3 Forine determination of resorcinoi or other componenis containing active hydrogen, treat
1-ml of the extract or the OV-225 column as described in paragraph 5.3.2.3.1 or 5.3.2.3.2 for the
calibration mixture before performing the sample testing.

5.5 Sample Testing.

5.5.1 Using the same column(s) selected for the calibration mixture analysis, inject a 1-ul aliquot
of each sample extract "on column” at 70°C. Immediately program the column oven temperature at
the rate of 8°C/min until the last component elutes, then return the temperature to 70°C. Do not
exceed an oven temperature of 240°C or the column conditioning temperature. If the sample
contains extraneous high boiling compounds having significant peak areas, hold the column
temperature at 240°C until these elute before returning to the initial temperature.
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_5.5.2 Measure the area of each component peak with the electronic digital integrator, and .
calculate the percentage of each component in the propellant samples from the expression.

WC 0/0 = AC FC WS
As Wp

(100)

Where:

W% = component weight percent.
W, = milligrams of propellant sample.

5.5.3 Typical gas chromatograms for the testing of a double-base propellant are given in Figure

5.5.4 The estimated relative standard deviations of individual aliquot determinations within
samples are 0.4 to 1.5% for nitrate esters, depending mainly on column quality, and 0.2 to 0.7% for

stabilizers and plasticizers.

- 5,55 Qualitatively determine components in unknown propellants by establishing their relative
retention times, or Kovats indices on both columns, and comparing them with the data in Table |.
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Figure 1. Typical gas chromatograms for double-base propellant testing showing separation of
nitroglycerin {NG); 2,6-dinitrotoluene (2,6-DNT); 2,4-dinitrotoluene (2,4-DNT); 3,4-dinitrotoluene
{3,4-dnt); diphenylamine (DPA); 2,4,6-trinitrotoluene (2,4,6-TNT); and di-n-butyl phthalate (DBP). .
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. TABLE I. GAS-LIQUID CHROMATOGRAPHIC RETENTION DATA FOR
NITROCELLULOSE-BASE PROPELLANT COMPONENTS
Adjusted Relative Retention

Retention Time Retention Time Kovats Index Temperature (°C)

Component OV-1012 OV-225° OV-101 OV-225 OV-101 OV-225 OV-101 OQV-225
Resorcinol 530 10.60 0.57 1.20 1277 2273 114 156
Diethylene glycol dinitrate ~ 5.49 7.60 0.60 0.86 1290 1989 115 132
Nitroglycerin 5.70 9.53 0.62 1.08 1305 2169 117 147
Triacetin 5.88 6.11 0.64 0.69 1317 1856 118 120
TMS-Resorcinol 6.81 2.91 0.74 0.33 1380 1563 126 94
2,6 Dinitrotoluene 6.96 8.42 0.75 0.95 1390 2065 127 139
Dimethyl phthalate 7.21 7.45 0.78 0.84 1408 1975 129 131
2.4 Dinitrotoluene 8.04 9.79 0.87 1.10 1466 2193 135 149

Trimethyiolethane trinitrate  8.54  11.33 0.92 1.28 1501 2346 139 162
1,2,4 Butanetriol trinitrate 8.63 11.91 0.94 1.35 1507 2404 140 166

3,4 Dinitrotoluene 8.79 11.81 0.95 1.31 1518 2374 141 164
Di-n-propyl adipate 9.19 7.21 1.00 0.82 1546 1954 145 129
Diethyl phthalate 9.23 8.83 1.00 1.00 1549 2103 145 142
Triethylene glycol dinitrate 9.36  11.08 1.01 1.25 1558 2321 146 160
Diphenylamine 9.56 9.55 1.04 1.08 1572 2171 148 148
Dimethyl sebacate 10.17 8.38 1.10 095 1616 2061 152 138
2, 4, 6-Trinitrotoluene 10.34 13.65 1.12 155 1628 2531 154 180
N-methyl-p-nitroaniline 1045 13.91 1.13 1.58 1637 2621 155 182
Diethanolnitramine dinitrate 10.54  15.53 1.14 1.76 1644 2807 155 195
TMS-Phloroglucinol 10.76 6.04 1.17 0.68 1660 1850 157 120
2,4,5-Trinitrotoluene 11.47 1558 1.24 1.76 1714 2814 163 196
Methyl Centralite 12.30 11.43 1.33 1.29 1777 2356 170 163
Diphenylurethane 12.48 11.65 1.35 1.32 1790 2378 171 164
Ethyl centralite 1312 1114 1.42 1.26 1842 2327 176 160
2-Nitrodiphenylamine 13.77 1347 1.49 1.52 1895 2572 181 179
Di-n-butyl phthalate 13.97 12.61 1.51 143 1912 2480 183 172
Phloroglucinol 1439  18.03 1.56 2.04 1947 3124 186 215
TMS-Akardit-| 1452  13.14 1.57 1.49 1957 2537 187 176
Akardit-l 1482 15.74 1.61 1.78 1982 2833 190 197
Akardit-1 1566 17.10 1.70 1.94 2056 3001 196 208
Di-n-butyl sebacate 16.56 13.44 1.79 152 2137 2569 204 179

Di(2-ethylhexyl)adipate 18.93 15.18 2.05 1.72 2362 2767 223 193
Di(2-ethylhexyl) phthalate 20.07  17.28 2.18 1.96 2479 3025 232 209

a. 5.2% stationary phase loading.

b. 1.1% stationary phase loading.
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METHOD 208.5.1
NITROGLYCERIN, 2-4 DINITROTOLUENE
DIPHENYLAMINE AND DIBUTYLPHTHALATE
(LIQUID CHROMATOGRAPHY METHOD)
1. SCOPE

1.1 This method may be used for the determination of Nitroglycerin (NG}, 2-4 Dinitrotoluene
{DNT), Diphenylamine (DPA) and Dibutylphthalate (DBP) in spherical powder.

1.2 The ingredients of the propellant are extracted with methanol and an internal standard
solution and injected into a column and then the peaks are compared with a standard.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5.0 g of the propellant weighed {o within + 0.5 g.
3. APPARATUS

3.1 Perkin-Eimer Model 601 Ligquid Chromatograph or equivaient with column oven {temperature
controlled) and a 3 pl fixed loop injector.

3.2 Perkin-Elmer Model LC55 Variable Wavelength UV Detector or its equivalent, interfaced to a
PEP-1l computer or equivalent.

3.3 Magnetic stirrer and bar.

3.4 60 mi bottle ahd stopper.

3.5 1-liter Volumetric flask.

4. REAGENTS AND STANDARDS
4.1 Methanol - Reagent

4.2 Acetone - Reagent Grade

4.3 Methyl Centralite - Reagent Grade
4.4 Hexane, UV Grade

4.5 Isopropyl Alcohol (IPA) - Reagent Grade.

METHOD 208.5.1
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5. CALIBRATION AND STANDARDIZATION
5.1 Liquid Chromatograph Advisory Conditions:
Solvents - 1% by volume IPA in Hexane
Flow Rate - 1.0 mI/min
Injection Volume - 3 pl loop
Column Oven Temperature - 55°C
Pressure - 300 to 500 psig
Column - 25 cm x 2.5 mm Cyano-Sil-X-I
NOTE: 1 psi=6.9kPA
5.2 Variable Wavelength UV Detector Conditions:
Wavelength - 208 nm
Filter Setling - 0
Readout Mode - Absorbance
5.3 Preparation of Internal Standard
6.0 grams £ 0.1 mg of Methyl Centralite/liter of acetone.
5.4 Preparation of standard.
a. DPA, DBP, DNT Standard solution

Weigh 0.12 g DPA, 0.65 g DBP, and 0.05 g DNT (to nearest 0.1 mg) into a 100 m! volumetric
flask. Add 5 ml of intemal standard, till to volume with absolute methanol.

b. Calculate percent as %in10ml= (Wt of compound) (100)
10

¢. Dissolve by inverting bottle
d. Fill loop with sample and inject into liquid chromatograph.

e. Identify each peak and measure area for DNT, DPA, DBP, NG, and Methyl Centralite {see
figure 1 for chromatogram and relative retention times).

6. PROCEDURE

6.1 Add 5 ml of Internal Standard solution and 20 ml of methanol to a 60 mi bottie.
6.2 To this, add 1.00 gram of spherical powder (to the nearest 0.1 mg).

6.3 Place magnetic stirrer in bottle and stopper.

6.4 Stir for 30 minutes.

6.5 Fill loop injector with sample (solvent) and inject into the liquid chromatograph.

METHOD 208.5.1
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6.6 Identify each peak and measure the area for DNT, DPA, DBP, NG and Methyl Centralite.
6.7 Calculation:

_ Where:

% Dihenytaming » -££ X100
% Oinroouene - BXCXI00 B ~_ssaotitena standad i o
% Nitroglycerin = W : C = Weight of component in standard

% Dibutylphthalate = B ; )(() S 100 D = Weight of sample

METHOD 208.5.1
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% COLUMN: 25 CM X 2.5MM.
100~ 2 PERKIN ELMER CYANO-SIL-X-I
E MOBILE PHASE: 1% ISOPROPYL
& ALCOHOL INHEXANE
904 = . TEMPERATURE-55°C
g £ FLOW RATE-1 MUMIN. AT
G 2300 PSIG
>
80+ -
w g RELATIVE RETENTION TIMES
4 &
= E (ASSUMING METHYL CENTRALITE
20 9 AS 1.000)
- >
& " DIPHENYLAMINE-.168
§ 5 DIBUTYLPHTHALATE-.198
60~ E  DINITROTOLUENE-256
§ NITROGLYCERINE-550
! 5
J1 1
=
40+

DINITROTOLUENE

-

Figure 1. Separation of Diphenylamine, Dibutylphthalate, Dinitrotoluene & Nitroglycerin
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MIL-STD-286C

METHOD 209.2.1
NITROCELLULOSE (DIFFERENCE METHOD)
1. SCOPE
1.1 This method is used for determining the nitrocellulose content of propellants.

2. PROCEDURE

2.1 Determine the percentages of all other ingredients in the propellant, using appropriate
methods.

2.2 Subtract trom 100 percent the sum of the percentages ot the other ingredients.
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METHOD 209.3.2
NITROCELLULOSE (NITROMETER METHOD)

1. SCOPE

1.1 This method is used for determining the nitrogen content of nitrocellulose.

2. SPECIMEN

2.1 A portion of the nitrocellulose shall be air-dried at a temperature not above 46°C. A
specimen of about 1 g shall be transferred to a tared weighing bottle dried for 1.5 hours at 100 + 2°C,
coocled in a desiccator and weighed to within 0.2 mg.

3. APPARATUS

3.1 Nitrometer, duPont {5-part), or equivalent (figure 1).

4 3 Key
Mercury Reservoir
Gas Generating Bulb
L Measuring Tube
§ Compensating Tube
Mercury Reservoir

5
% . Reading Mirror
L . U-Tube Leveling Device
7
b Figure 1. Dupont Nitrometer

3.2 Levelling device. Either the U tube or the reading mirror shown in figure 1 may be used.

NOOsLR S

3.3 Weighing bottles, ground glass stoppered, 50 mm high by 25 mm diameter.
3.4 Desiccator containing an indicating desiccant {Drierite or equivalent).

4. MATERIALS

4.1 Potassium nitrate.

4.2 Sulfuric acid, stet-diluted 1o 94.5 + 0.5 percent (nitrogen-free).

METHOD 209.3.2
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5. PROCEDURE

Note: Technician should wear a full face shield in addition to safety glasses and acid resistant lab
coats during the initial shaking of the reaction vessel for both standard and sample analysis.

Note: Gas vented from the measuring tube after the test is complete should be removed in such
a manner as to prevent release within the operators breathing zone. The gas contains toxic nitric
oxides.
5.1 Assemble the nitrometer as follows:
a. Clean and dry all parts of nitrometer, and assemble them on the rack.
b. Completely fill all parts except the reservoirs with mercury.
¢. Either dry air or nitrogen may be used for standardization. The latter is preferable since air
slowly reacts with the mercury to form a scum that obscures the surface. If air is used, it should be
dried as described in 5.1 (d) and (e).
d. Place 25 mL of concentrated, sulfuric acid in the cup of the generating bulb, and open both
stopcocks on the generating bulb. Draw the sulfuric acid, together with air, into the bulb by lowering
the mercury reservoir until the mercury in the bulb is at the level of the lower shoulder of the bulb.

2. Close both stopcocks and shake the generating bulb vigorously for 3 minutes, replace the
bulb on the rack and allow to stand for at least 15 minutes.

f. Connect the {unsealed) upper end of the compensating tube to the generating bulb, making
sure that the connecting, compensating and measuring tubes are completely filled with mercury.

w 10
o]
©
@
]
—
po o
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ock nd, regulatlng the

h. Adjust the columns of mercury in the compensating and measuring tubes to the same level
(about 14 inches on the compensating tube and 2.5 mark on the measuring tube. The stopcocks on

llle generuung UUIU dlIU lllebutillg lUUU b[IUUIU UIS UNEI.
i. Seal the compensating tube with a blowpipe flame.

ating bulb until the

j. Raise the levels of the mercury in the measuring tube and the gen
of the capiiiaries with sioppers.

P

capillary tubes are completely filied with mercury. Close the e nds

t_

NOTE: Convenient stoppers are made from short lengths of nitrometer tubing closed at one end with
glass rod.

5.2 Standardize the nitrometer as follows:

a. Weigh exactly 1.000 gm of the potassium nitrate (pa 4.1) in a small weighing boitle. Transfer
the potassium nitrate to the cup of the generating bulb.

b. With the upper stopcock of the generating bulb closed and the lower stopcock open, lower the
mercury reservoir to create a slightly reduced pressure in the generating bulb.

METHOD 209.3.2
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¢. Pour a small amount of sulfuric acid (para 4.2) into the cup; open the upper stopcock and
allow the sulfuric acid and potassium nitrate to be drawn into the bulb. Rinse the cup with further
portions of the sulfuric acid, using 25 ml in all.

lose the upper stopcock. With the mercury
ssure in the generating bulb, shake the buth

d. Force out any air drawn into the bulb, an
reservoir low enough to maintain a slightly reduced pr

s VA LIRR L P H

until most of the gas has been generated.

c
e

e. Replace the generating bulb on the rack and lower the mercury reservoir so that the mercury
in the bulb drops neatly to the level of the lower shoulder.

f. Close the lower stopcock and shake the bulb vigorously for an additional 3 minutes.

g. Replace the bulb on the rack, and open the lower stopcock. Adjust the mercury in the
generating bulb and the reservoir to approximately the same level, and allow the generating bulb to
stand for 5 minutes.

h. Close lower stopcock and shake the generating buib for an additional minute. Replace the
bulb on the rack.

i. Adjust the height of the measuring tube on the rack so that its capillary exactly meets the top
capillary of the generating bulb. Remove the stoppers, and make an airtight connection between the
two capillaries with a piece of rubber nitrometer tubing.

j. Transfer the gas trom the generating bulb to the measuring tube, and close the stopcock on
the measuring tube. Disconnect the measuring tube and the generating bulb; adjust the levels of the
mercury in the measuring and compensating tubes to approximately the same height, and allow the
gas in the measuring fube to stand for approximately 20 minutes to permit equalization of the
temperature.

k. Using a leveling device to check the mercury levels, adjust the measuring tube and the
mercury reservoir so that the mercury in the measuring tube is at the 13.855 mark, and the mercury in
the compensating tube is at exactly the same level.

NOTE: The figure 13.855 represents the percentage of nitrogen in potassium nitrate.
I. Mark the compensating tube with a strip of gummed tape to show the level of the mercury in
step (k). This is the standard reference mark used in the determinations.

m. Refill the measuring tube and generating bulb and their capillaries with mercury, and seal the
capillaries with stoppers. '

5.3 Wash the cup of the generating bulb with sulfuric acid and draw the acid through the upper
stopcock. When the washing is completed, turn the stopcock and expel the acid from the generaling
bulb through the capiliary tube. A small beaker may be used to catch the acid plus any small quantity
of mercury that may come over.

5.4 Transfer the weighed specimen from the weighing bottle to the nitrometer cup. Measure out
approximately 25 ml of sulfuric acid and use about 10 ml to rinse the weighing bottle. Transfer the
rinsing to the cup of the generating bulb and mix with the specimen with the aid of a small, thin stirring
rod to form a slurry.

METHOD 209.3.2
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a. Open the lower stopcock of the generating bulb. Lower the mercury reservoir to cause
reduced pressure in the generating bulb. Open the upper stopcock to atlow the mixture of sulfuric
acid and nitrocellulose to be drawn into the bulb.

b. Use the remaining sulfuric acid in 5 portions {about 3 ml each) to rinse the weighing bottle and
cup of the generating bulb. Draw the acid into the bulb after each rinsing.

c. When 25 ml of sulfuric acid have been drawn inlo the generating bulb, force out any air that
might have been drawn into the bulb, and close the upper stopcock. Lower the mercury reservoir
until its mercury level in the reservoir is 15 to 20 inches below the mercury level of the generating

d. Shake the generating bulb gently, until most of the gas has been generated. Then replace
the bulb on the rack.

that in the reservoir.

o

e. Adjust the mercury reservoir so that the mercury level in the generating bulb drops nearly to
the lower shoulder. Then close the lower stopcock, and shake the generating bulb vigorously for 3
minutes. Replace the bulb on the rack.

f. Openthe lower stopcock, and bring the pressure inside the generating bulb to approximately
one atmosphere by bringing the mercury in the reservoir to a level with the mercury in the bulb.

NOTE: This insures that the solubility of the nitric oxide gas in the sulfuric acid will be normal. The
normal solubility of the nitric oxide in sulfuric acid is negligibe.

g. Close the lower stopcock and shake the generating bulb vigorously for 3 minutes. Then
replace the bulb on the rack.

h. Adjust the height of the measuring tube so that its capillary exactly meets the top capillary of

the generating bulb. Remove the stoppers, and make a connection between the two capillaries with a
piece of rubber tubing so that air is excluded.

i. Open the stopcock on the measuring tube and the lower stopcock on the generating bulb.
Then open the upper stopcock on the generating bulb, and slowly draw the gas from the generating
bulb into the measuring tube by manipulating the mercury reservoirs. Close the stopcock of the
measuring tube when the acid just reaches it.

5.5 Close the upper stopcock on the generating bulb, and disconnect the measuring tube from
the generating bulb.

5.6 Adjust the position of the measuring tube so that the mercury in it is at approximaiely the
same level as the mercury in the compensating tube, and allow it to stand for 20 minutes to permit
equalization of the temperature.

5.7 Using a U-tube or mirror leveling device, adjust the measuring tube and the mercury
reservoir so that the mercury in the compensating tube is at the standard reference mark, and the
mercury in the measuring tube is at exactly the sam= level.
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. 5.8 Calculate the percentage of nitrogen in the nitrocellulose.

5.9 Calculation:

Percent nitrogen =__ A

Where:
A = Reading of the measuring tube.

W = Weight of specimen, gm.

METHOCD 209.3.2
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METHOD 209.6.2
NITROCELLULOSE (ACETIC ACID EXTRACTION METHOD)
1. SCOPE

oy Y R | PP oy §

1.1 This method is used f i i
from nitrocellulose having a nitrogen content of

Cl
-
cL.
Lqv]
—
S8

NOTE: Propellants containing nitrocellulose having a lower nitrogen content may yield high results.
The method is inapplicable in the presence of reactive metals, such as aluminum.

2. SPECIMEN

2.1 The specimen shall consist of 3 to 5 g of the propellant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Erenmeyer flask (with stopper), 250 ml.

3.2 Steam bath.

3.3 Filtering crucible, medium porosity sintered glass.

3.4 Suction filtration apparatus.

3.5 Oven.

4. MATERIALS

4.1 Acstic acid solution, mnfnmmn not less than 65 percent nor more than 70 percent acetic

twu aiu T Wity T LS LT

acid by weight. {Check by tltratlng wnh standard alkali).

5. PROCEDURE

5.2 Extract the specimen as follows:

. Place the specimen in the Erlenmeyer flask, and add 100 mi of the acetic acid solution

£ om o ‘
(para 4

b. Loosely stopper the flask and place it on a steam bath. Heat the flask for at least 3 hours
(or overnight it convenient).

NOTE: As an alternative method of extraction, attach a reflux condenser to the flask, and reflux
gently for 30 minutes on hotplate.

¢. Decant the hot supernatant liquid through the tared filtering crucible, with the aid of suction.

d. Repeat steps (b) and (c} three times, twice using 50 ml portions of acetic acid, and finally
using one 50 ml portion of distilled water.
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5.3 Quantitatively transfer the residue in the flask to the filtering crucible, using a stream ot hot
distilled water,

5.4 Wash the contents of the crucible with two 40 ml portions of hot water.

5.5 Dry the crucible in an oven at 100 + 5°C until loss of weight between two weaghlngs 1 hour
apart does not exceed 3 mg.

5.6 Calculate the percentage of nitrogellulose in the propellant.

5.7 Calculation:

Percent nitrocellulose = 100A
w

-B
Where;
A = Gaininweight of crucible, g.

B = Correction for acetic acid and water insoluble material (such as carbon black or graphite
present in the propellant) as determined by the appropriate methods, percent.

W= Weight of specimen, corrected for total volatiles, g.

METHOD 209.6.2
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METHCD 209.7

NITROGEN IN NITROCELLULOSE OR NITROCELLULOSE
IN PROPELLANT (FERROUS TITANOUS CHLORIDE METHOD)

1. SCOPE

1.1 This method is used for determining the nitrogen content of nitrocellulose or the
nitrocellulose content of propeliants. Other reducible elements or compounds must be absent.
Typical standard deviation for the nitrogen content of nitrocellulose is 0.019 percent, and relative
standard deviation (for 13.4 percent N samples) is 0.14 percent. Typical standard deviation for the
nitrocellulose content of propellant is 0.112 percent, and relative standard deviation {for 48 percent
nitrocellulose content) is 0.23 percent.

2. SPECIMEN

2.1 Nitrocellulose. Dry the nitrocellulose sample to constant weight in a shallow weighing botttle
in & vacuum oven at 50 to 70°C and an absolute pressure of 2 to 5 cm of mercury. Before weighing,
cool in a desiccator containing fresh indicating calcium sulfate, such as Drierite, either with a cover on
the bottle or under vacuum. Use a specimen of 0.20 to 0.25 ¢ of the dried sample for the analysis.
Weigh the specimen to within 0.2 mg.

2.2 Propellant. Extract the weighed propellant sample (ground to pass 20 mesh or otherwise
suitably comminuted) with a suitable solvent (e.g. methylene chloride or €8 - 70 percent by weight of
acetic acid) to remove nitroglycerin or other soluble nitrate esters.

Dry the extracted residue to constant weight in the manner described above for nitrocellulose. Use
a specimen of 0.20 to 0.25 g of the dried sample for the analysis. Weigh the specimen to within 0.2
mg.

3. APPARATUS

3.1 Refiux condenser, Graham or Roweg type, 50 ¢m jacket length (tigure 1).

3.2 Titration apparatus (figure 2).

3.3 Electric hot pfate.

3.4 A system for providing carbon dioxide protection for titration flasks, solutions in storage, and
in burets. Both the titanous chleride and ferrous ammonium sulfate solutions should be protected by
carbon dioxide at all times, and the titanous chloride solution in storage should be shielded from light.
The carbon dioxide system should have an automatic pressure relief control to prevent excessive
pressure in solutions, and the system should be arranged so that pressure on burets and on storage

containers will be approximately equal. Each outlet leading to a reflux condenser should have a small
bubbler to indicate the rate of gas flow.

3.5 Vacuum oven which can be maintained at 50 to 70°C and an absolute pressure of 2t6 5 mm
of mercury.

4. MATERIALS

4.1 Extraction solvent. Methylene chlc-~~ or 68-70 percent acetic acid.

METHOD 209.7
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4.2 Glacial acetic acid.

4.3 Titanous Chloride, 0.2N standard solution as specified in Method 601.1.

4.4 Ferrous ammonium sulfate, 0.7N standard solution as specified in Method §04.1.

4.5 Ammonium thiocyanate, 20 percent, weight to volume, solution as specified in Method 706.1.

4.6 n-Butyl acetate.

4.7 n-Pentane.

4.8 n-Hexane.

4.9 Hydrochloric acid, concentrated.

4.10 Inert gas {carbon dioxide or nitrogen).

5. PROCEDURE

5.1 Transter the dried specimen of nitrocellulose from the tared weighing bottle or the propellant
residue from the filtration crucible to a dry titration flask by means of a powder funnel and a stream of
n-pentane n-hexane solvent {about 3 to 1 ration) from an all-glass or polyethylene wash bottle. Wash
the funnel by pouring 45 ml of glacial acetic through it into the titration flask.

5.2 Add a few glass beads or ¢carborundum chips to the titration flask.

5.3 Remove most of the pentane-hexane solvent by heating the flask for a few minutes on a
steam bath.

5.4 Connect the inert gas supply tube to the flask and start a gentle flow of the gas. Maintain the
gas flow throughout the remainder of the determination.

5.5 Add 25 ml of n-butyl acetate to the flask and connect it to the reflux condenser.
5.6 Gently boil the solution for 5-10 minutes.

5.7 From a graduate add 25 m| of the 0.7N ferrous ammonium sulfate solution through the top of
the condenser.

5.8 From a graduate add 8 to 10 ml of concentrated hydrochloric acid through the top of the
condenser.

5.9 Boil uniil the solution becomes a clear yellow color, and then for 10 minutes longer.
{Usually, 30 to 40 minutes are required). Throughout the boiling period agitate the flask contents by
hand shaking at about 5 minute intervals to insure washing down any particles which might adhere to
the fiask above the liquid level.

5.10 Increase the flow of inert gas slightly and cool the flask and contents in a water bath to
approximately reom temperature.
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5.11 Loosen the condenser joint slightly and wash down the condenser and joint with 30 ml of
oxygen free 88 - 70 percent acetic acid.

5.12 Tighten the flask and condenser connection and allow a few minutes for draining.

5.13 Disconnect the flask and titrate its contents with 0.2N titanous chloride solution, adding 5 mi
of ammonium thiocyanate solution near the end point. Allow at least 10 seconds with good agitation
for the color to reach equilibrium between drops and titrate until the red coloration is discharged.

k determination on the reagents in the same amounts and include all steps
e

reninntinng
LI RO,

5.15 Calculate the nitrogen content of nitrocellulose and/or the nitrocellulose content in the
propellant.

5.16 Calculations:

Percent nitrogen = _0.4663 (V-BI N

w
Percent nitrocellulose = F (V-B} N
w
Where:
V = Volume of titanous chioride solution used for the sample, ml.

B = Volume of titanous chloride solution used for the blank, ml.

N = Nommality of titanous chloride solution.

W = Weight of specimen titrated, g.
F = Atactor depending on the nominai or known nitrogen content 46.69

of nitrocellulose used in manufacturing the propeliant. = % nitrogenin
nitrocellulose
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TUBING, GLASS OR
POLYTETRAFLUOROETHYLENE

TO SHORT-NECKED FLASK
AND RECEIVER (AS ON RIGHT)

CONDENSER, GRAHAM,
COIL TYPE

—ﬂ@@@@@@@@@@@@)‘:

% L[TER-3 NECK 1 LITER
FLASK, WITH SHORT-NECKED
JOINTS FLASK

DISTILLED
WATER

=

HEATING

RECEVER
MANTLE

B=

Figure 1. Steam distillation apparatus.
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Figure 2. Ferrous-titanous titration apparatus.
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METHOD 209.8.1

NITFIOGEN IN NITHOCELLULOSE ON A MACRO AND SEMIMICRO
SCALE (INFRARED METHOD)

1. SCOPE

1.1 This method is used for determining the nitrogen content of nitrocellulose on a macro or
semimicro scale.

2.1 The specimen shall consist of 0.3000 g of nitrocellulose (exact weight) weighed to within 0.1
mg for the macro method and 30.0 mg of sample {exact weight) weighed 1o 0.1 mg for the semi-micro
method.

3. APPARATUS

3.1 Vacuum aven.

3.2 Infrared Spectrophotometer, Perkin-Elmer Model 621 or equivalent.

3.3 Sedium Chloride cell, 0.2 mm.

3.4 Syringe, 1 ml, Luer slip, B-D Yale or equivalent.

3.5 Beakers, 5 ml and 50 mi.

3.6 Volumetric flasks, 5 ml and 5¢ ml.

3.7 Aluminum foil. -

3.8 Rubber bands.

4. MATERIALS.

4.1 Tetrahydrofuran. Store in a constant temperature room. Keep covered.

4.2 Methylene chloride.

4.3 Nitrocellulose, MIL-N-244.

5. PROCEDURE

5.1 Preparétioh of calibration curve. Air dry 3 or 4 samples of nitrocellulose, whose nitrogen
content has been accurately determined by the nitrometer methed, then dry in a vacuum oven at 2to
5 cm of mercury at 65°C for 4 hours, and cool in a desiccator. Weigh 0.3000 g of the samples into
tared 50 ml beakers. Add 35 m! of tetrahydrofuran and immediately cover with aluminum foil, which is
held in place by rubber bands. Carry along a blank. Allow to stand overnight in the room containing
the infrared instrument at constant temperature. After the overnight standing period, stir with small

stirring rod, wash down stirring rod with tetrahydrofuran, wash into a 50 ml volumetric flask, and dilute
to the mark with tetrahydrofuran. Stopper and shake. Work with only one sample at a time, from
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point of stirring to stoppering of volumetric flask. Rinse and fill a 0.2 mm sodium chloride cell with the
solution, using a 1 m] syringe. Obtain the spectrum from 5.80 to 6.05 micrometer (1724 to 1653 cm’™')
at a speed of 25 cm’’ per minute. Gain, response, and resclution settings should be normal.
Suppression setting should be zero. Observe |a and | {figure 1) and calculate absorbance from the
expression absorbance = log (Ia/l). Deduct the blank. Plot absorbance against percent nitrogen in the
nitrocellulose. The calibration curve should be re-checked occassionally, and redrawn if a new lot of
tetrahydrofuran is used.

n
1
80
60
la

40

1

Figure 1.

20 Spectrum of nitroceliuiose in

[ tetrahydrofuran from 5.80 to

l 6.05 micrometers.
0 Y v

5.2 Analvsis of samnles
.2 Ahalysis ot g les.

amp!
a. Macro method. Dissolve a 0.3000 g sample (exact weight) in 35 mi of tetrahydrofuran, dilute

in a 50 ml volumetric flask, and measure the intensity of the peak at 6.0 micrometers as described in

the preparation of the calibration curve {par 5.1). Calculate the percent nitrogen by refernng to the

calihratinn e,
Lanmdaaulii Gu

b. Semimicro method. Proceed as in the macro method para. 5.2 (a) but weigh a 30.0 mg
sample (exact weight) in a tared 5 ml beaker, preferably on a semimicro balance, dissolve in 3 ml of

tetrahydroturan, and dilute to 5 ml in a volumetric flask. Calculate the percent nitrogen by referring to
the calibration curve.
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METHOD 209.9.1

NITROGEN CONTENT OF NITROCELLULOSE IN SPHERICAL POWDER
{(ANALYZER METHOD)

1. SCOPE
1.1 This method is used to determine nitrogen content of nitrocellulose in spherical powder.

2. SPECIMEN

3. APPARATUS

3.1 Mettler-Heraeus Nitrogen Analyzer or equivalent.
3.2 Mettler Electronic Micro balance, Model 22/BE22 with a BA 25 Digital Display or equivalent.
3.3 Mettler Infrared Model LPIl Drying Unit or equivalent.
3.4 Magnetic stirrer and bar.

3.5 U.S. No 70 Sieve - 3 in. diameter.

3.6 500 ml filtering flask with Buchner funnel.

3.7 50-ml beaker.

3.8 60 ml stoppered serum bottle.

3.9 Drying pan (Mettler} or equivalent.

3.10 Constant temperature bath.

4. MATERIALS

4.1 Carbon dioxide, instrument grade

4.2 Oxygen, ultra-high purity grade

4.3 Mercury, triple distilled.

4.4 Acelanilide, reagent, reference standard grade.

4.6 Copper oxide powder - Mettler #5834 or equivalent.

4.7 Copper oxide wire - Mettler #5832 or equivalent.

METHOD 209.9.1



MIL-STD-286C

4.8 Copper wire, reduced, Mettler #5833 or equivalent.
4.9 Silver wool, Mettler #5923 or equivalent.

4.10 Potassium hydroxide, reagent grade, 50% solution.
4.11 Stopcock grease.

4,12 instrument oil (Silicone).

4.13 Tin boats, Mettler #5677 or equivalent.

5. PROCEDURE ‘

5.1 Instrument stan-up.

a. The power switches on the combustion unit and the nitrometer should be "on". Both switch
indicator lights will be lit when the power is "on".

b. Check all zone temperatures on the combustion unit. Zone 3 should be 975°C.

¢. Check gas pressures. The secondary valves on the regulators should read about 8-9 psig for
both gases. The oxygen tlow reading on the instrument flow meter should be 8. The carbon dioxide
flow meter should read 10.

d. The stopcock on top of the combustion unit should be ¢lean and show no signs of gas .
leakage. If necessary, remove the stopcock and clean it with a paper towel and cotton swab.

Relubricate the stopcock with grease befare replacing, and check for gas leakage and ease of turning

the stopcock after replacement.

e. Check the combustion and reduction tubes. If the combustion tube is full or the reduction
tube is more than two-thirds expended, change the tube.

i. Check the water bath temperature. Il should be at 25°C. Change tthe water if necessary and
allow time for temperature equilibration.

g. Check the potassium hydroxide solution for excessive insoluble matter or foaming. If
necessary, change the potassium hydroxide solution.

5.2 _Operation.
a. Determination of Blank Value
(1) Before the blark value is determined, a volume of about 0.200 ml of air must be produced by
depressing the push buttons Lower - Ventilation {with the auxilary switch down) - Lift - Measurement -
Return - Measurement. Switch the auxilary switch up.

(2) Now make an analysis without a sample, measure the volume and subtract the initial volume.

(3) The resulting difference volume (blank value) must not be more than 0.030 ml (otherwise
check for tightness or change the KOH).
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(4} When three successive values are equal (£ 5 pl), their mean value must be deducted in
calculating the analysis.

{5) After an interruption of work (15 minutes or longer), the blank value should be checked.

{6) The blank can be determined by using an empty tin boal, although blank values determined
using tin boats have not been ditferent from values determined without the beats.

5.3 Sample Preparation.

a. Transfer 2 to 3 grams of ball powder to a 60 ml serum bottle. Add 40 mi of methyl alcohol,
stirring bar and stopper bottle. Place on magnetic stirrer and agitate for 30 minutes.

b. Place a 3 in. US No. 70 sieve into a filtering apparatus.
¢. Pour solvent and powder onto the sieve and aspirate for 3-5 minutes.

d. Remove powder from the sieve and place in a infrared drying unit and dry to a constant
weight.

e. Cool in a desiccator to ambient temperature before weighing.

f. The sample {15-20 mg} is weighed to the nearest 1 it in a tin boat. Never touch the sample
boats with fingers. Tweezers have been provided for handling the sample boats.

g. The sample boats are sealed and folded as follows. Care must be exerted at all times to
make cenain no sample leakage occurs.

{1} The ends of the boat are folded inward slightly, using the tweezers.

{2) Holding the tweezers at the very {op of the boat, squeeze the top edges together tightly and
then push downward with the tweezers still holding the top closed.

(3) Carefully fold the sealed top edge over so that it is flat on the surface of the partially folded
boats.

{4) Place one pair of tweezers in the center of the boat, lengthwise, and use the other pair of
tweezers to fold the outer edges upward around the first pair.

(5) The final result should be a small compact, neatly folded sample.
h. The samples should be stored in the numbered sample trays until ready for use.
i. Keep the unused sample boats in their covered containers.

5.4 Sampile determination.

a. Before the instrument cycle can be initiated, the measuring buret must be at zero and the
"Ventilation" switch must be out.

b. Prepare the sample as directed in section 5.3.
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¢. Check the initial gas volume and record.

d. Insert the prepared sample into the stopcock and move 1o the middle of the stopcock thru the
sample entry tube using plunger. Close the sample entry.

e. Press "Start" to initiate the cycle.

f. After waiting 30 seconds, turn the stopcock counter clockwise one-quarter turn and allow the
sample to fall into the combustion tube. Return the stopcock 1o its initial position by turning it
one-quarter turn clockwise.

g. During the course of the cycle, the fi
Upcn completion of the ¢ycle, recheck the final
it for about 0.200 ml and subsequently pressing
Record volume.

na

Fa b=}
na G

-

1 rolume will be mnnmniica!!y checked two times.
olume at least once by pressing "Return” and helding
"Measurement" to again measure the volume.

an
4

5.5 Calibrations.
a. Analyze triplicate samples of the acetanilide (15-20 mg) to the nearest 1 ug. Record volume.
b. Calculate % nitrogen by

% Nitrogen = _ {(Volume in milliliters — blank) x K x 100
Weight in milligrams x 100

¢. Determine factor Fa by

Fa= Theoretical nitrogen value of acetanilide (10.362)
% nitrogen analyzed

d. Analyze triplicate samples of spherical powder. Record volume.
e. Calculate % nitrogen by

% nitrogen = _(Volume in milliliters of nitrogen — blank) x K x 100
Weight in milligrams x 10

NOTE: K values are based on temperature and pressure gas laws calculations.
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METHOD 209.10.1
NITROCELLULOSE (INFRARED METHOD)
1. SCOPE

1.1 This method may be used for the determination of nitrocellulose (NC) in double base
propellant and base grain.

1.2 The nitro group absorbance at 1659 cm ' is used to quantitatively measure the NC.
However, nitroglycerin {NG) interfers at this frequency and a diethyi ether (DEE) extraction is
necessary. After extraction, the residue containing the NC is dissolved in dimethyl sulfoxide (DMSO)
and scanned with a double-beam infrared {IR) spectrophotometer.

1.3 Any materials absorbing at 1659 cm! and not removed in the extract will interfere. Water
absorbs around 1620 cm™' so it must be excluded.

1.4 The precision for this method at the 95% confidence level (CL) is +/- 0.7 at 10 to 20% level
of nitrocellulose.

2. SPECIMEN
2.1 The specimen shall consist of approximately 2.5 grams of dried nitrocellulose.
3. APPARATUS

3.1 Spectrophotometer, IR. Any double-beam IR spectrophotometer capable of making
quantitative measurements is suitable.

3.2 Cells (2), IR, matched barium fluoride or calcium fluoride. A 0.2 mm path length is
recommended for the NC analysis.

4. REAGENTS AND STANDARDS
4,1 Diethyl ether , anhydrous, reagent grade.
4.2 Dimethyl sulfoxide, dry, reagent grade for spectrophotometry.

NOTE: To dry DMSOQ, shake with dried type 5A molecular sieve. Let solids settle out of the dried
DMSO before using.

4.3 Nitrocellulose (NC), MIL-N-244.

4.4 Nitrocellulose (NC) stock solution, 10 mg/ml. Weigh approximately 2.5 g of dried NC o the
nearest 1 mg and quantitatively transfer to a 250 ml volumetric flask. Dissolve in dry DMSO and
dilute to volume.

NOTE: Dry NC is hazardous material and must be handled with care.
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5. CALIBRATICN AND STANDARDIZATION

5.1 Pipet 5.00, 10.00, 15.00, and 20.00 ml, aliquots for the NC stock solution into 25-ml
volumetric flasks, and dilute to volume with DMSQ. In turn, place each of these standards into the
0.2mm IR cell and record the [R spectrum between 1600 cm™ and 1950 cm'”’ against a solvent
reference in the matched cell. Use a double-beam spectrophotometer with settings established for
quantitative measurements.

5.2 Measure the maximum absorbance due to NC at 1659 cm” using the absorbance at 1800
cm  as areference point Determine the absorptivity, a, of NC by plotting absorbance as the ordinate

b e

P
against the concentration of NC in mg/m! and determining the slope of the resulting calibration curve.

6. PROCEDURE

6.1 Extract the sample with DEE according to Method 104.1.3. Take sufficient sample for
extraction so that when the residue is diluted to 25 mi, the NC concentration is between 2 an 1d 10
mg/mi. After extraction, quantitatively transfer the dried residue containing the NC into a 25 ml
volumetric flask. Dissolve the residue in DMSO and dilute to volume. Allow solids to settle out.

6.2 Fill a 0.2 mm IR cell with the sample solution and scan between 1600 cm™ and 1950 cm?
against a solvent reference in a matched cell. Use the same doubie beam specirophotometer and
the same instrument settings used for the calibration. Measure the absorbance maximum of the NC
peak at 1659 cm ! using the absorbance at 1900 cm ! as a reference point.

NOTE: The same cells used for calibration should be used for the actual samples.

7. CALCULATION

%NC = __ (A) (D)
(@) (W) {10)

Where:
A = absorbance of NC at 1659 cm™! in the analyzed solution.
a = absorptivity of NC, absorbance/mg/ml.

W = weight of sample, g.
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METHOD 209.11.1

NITROGEN CONTENT OF NITROCELLULOSE
(Ferrous Sulfate Titration Method)

1. SCOPE

1.1 This method is used to determine the nitrogen content of nitrocellulose. The nitrate in the
sample is released by strong sulfuric acid, forming nitric acid, which is then titrated with ferrous
suffate (FeSOa). The titration is monitored by glass and platinum electrodes which read the change
in millivolt (mv) output from a range of 500-600 mv to a preselected mv endpoint. The change is
measured in volume of FeSQO4 necessary to produce this change.

2. SPECIMEN

2.1 The specimen shall consist of a 0.5000 + 0.0500 gm of sample.

3. APPARATUS

3.1 Any pH meter of titrating equipment (manual or automatic) capable of measuring +1000 mv.
If an automatic titrator is used, follow instruction manual.

3.2 Platinum Electrode - Fisher Cat. No. 13-639-115 or equivalent.
3.3 Glass Electrode - Fisher Cat. No. 13-639-4 or equivalent.
3.4 Magnetic Stirrer base with stirring bar.

35 -Waring blender, explosion-proof with a "Polytron, Rotor-Stator” grinding attachment or
equivalent.

3.6 Cooling bath - ice bath or other méchanical cooling system.
3.7 Carboy (painted black for FeSQ4). .

3.8 Timer (seconds).

3.9 Recorder for automatic titration {optional).

3.10 Desiccator with drying agent (with color indicator).

3.11 Weighing bottles - 1 oz.

3.12 135°C drying oven,

3.13 100°C drying oven.

3.14 45°C drying oven.

3.15 250 ml beaker(s).
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4. MATERIALS

4.1 Sulfuric Acid (H2504) CP 94-97%.

4.2 Potassium Nitrate.

4.3 Ferrous Sulfate (FeSO4 - 7H20) Crystals.
350 gm of FeS04 dissolved in 800 ml H20.
Add 1000 ml of 1:1 H2504:H20.
Make up to 2 liters.

4.4 Distilled Water,

4.5 Tissue Paper.

5.1 If acid is spilled on the hands or clothing, flush immediately with plenty of water.

5.2 Keep sulfuric acid contaminated tissues under water.

5.3 To prevent acid burn, always wipe the electrodes free of excess acid before retrieving the
spent sample beaker on the rinse acid beaker. Wipe with a dabbing motion to prevent static buildup
on the electrodes.

6. OPERATIONS

6.1 Weigh 0.5 mg of KNO3, that has been pulverized to about the grain consistency of salt, ina
1 0z weighing bottle. Dry ina 135° C oven for 4 hours. Place in a desiccator to cool. (Nitrocellulose
will be predried in a 45° C oven for 4 hours and then dried in a 100° C oven for 2 hours, or equivalent
method.) If the KNO3 or nitrocellulose is out of the oven for more than 3 hours, redry ina 100° C
oven for 1 hour.

6.2 Place the stirring bar in a dry 250 ml beaker and add 150 ml of H2SO4. Use only clean
beakers or beakers that have been used in a previous titration. Beakers that have been used in other
analyses have contaminates in the scratches of the beaker(s).

6.3 Place the beaker in the cooling bath and on the stirring base. Start the stirrer.

6.4 Weigh the weighing bottle containing the KNO3z on an analytical balance.

6.5 Pour the KNO3 into the swirl of the acid and set the timer for 8 minutes. If KNO3 is not
dissolved in 8 minutes, dissolving a longer time and/or raising the temperature will aid in complete
dissolving.

NOTE: The swirl should be as fast as possible without causing a vortex. A vortex will introduce air
into the solution and cause oxidation of the FeS0O4.

6.6 Reweigh the bottle to obtain the weight of the sample by difference.

6.7 Lower the electrodes into the acid.
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NOTE: The electrodes should have a mininum of 4 hours conditioning time in clean H2SQ4 before
using.

6.8 After 8 minutes, start titrating. Do not titrate so fast that heat builds up in the sample and
causes localized oxidation of the sample. Overall titration time (excluding dissolving time) should be
approximately 6-8 minutes (nitrocellulose will dissolve in 5 minutes).

6.9 As the end point is neared, slow the titration to the lowest volume increment possible and
allow time for each increment to completely disperse before adding the next one.

6.10 When the mv reading has reached the preselected end point, stop the titration and record
the volume of FeSQ0q.

6.11 Raise the electrodes.

6.12 Rinse the electrodes with a beaker of clean H2SQ4 and allow excessive H2SQy4 to drain into
the beaker while preparing for the next sample.

6.13 Calculate the nitrogen equivalent factor (F} for the titrant.

o N 3 _ _ atwtofN ] 14.008 )
Actual % N in KNG = o of kNOs ™~ 1%0 = 35,6967 14,008+ 3(16.000) * 100 = 138550
Fe' gmN Wt of KNOs x .13855 Wt of KNO3 x 0.13855

ml of FeSO4 solution ml of FeSO4 solution

6.14 Repeat paragraph 6.1 through 6.11 using nitrocellulose sample. If the nitrocellulose is
grainy or has excessive staple length, it should be pulverized in a Waring blender as a water slurry.

6.15 Calculate percent nitrogen.

ml FeSO4 solution x F 100
Wt of sample in gm

% N =

7. When the electrodes are not in use, they will be kept submerged in a beaker of clean H2804
but not the pipet. The end of the pipet will be capped to prevent evaporation of the solution. This
evaporation will cause recrystallization of the FeSO4 and clog the pipet tip.
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METHOD 209.12

NITROGEN CONTENT CF NITROGLYCERIN AND DIETHYLENEGLYCOL DINITRATE
(FERROUS SULFATE TITRATION METHOD)

1. SCOPE

1.1 This method is used to determine the nitrogen content of nitroglycerin {(NG) and
Diethyleneglycol Dinitrate {DEGDN). The nitrate in the sample is released by strong sulfuric acid,
forming nitric acid, which is then titrated with ferrous sulfate (FeSQq4). The titration is monitored by
glass and platinum electrodes which read the change in millivolt (mv) output from a range of 500-600
mv o a preselected mv endpoint. The change is measured in volume of FeSQ4 necessary to
preduce this change.

2. SPECIMEN

2.1 For KNQ3 standard, .5000 £ .050 g sample

2.2 For NG sample, .3750 +.025 g sample

2.3 For DEGDN sample, .4000 £ 050 g sample

3.0 APPARATUS

3.1 An automatic titration system such as the METROHM 836 titroprocessor by Brinkman, the
Fisher Computer-Aided Titrimeter or an equivalent automatic titration unit which can titrate to a fixed
end point {or locate the end point) in a potentiometric titration.

3.2 Platinum Electrode. Fisher Cat. No. 13-639-115 or equivalent.

3.3 _Glass Electrode. Fisher Cat. No. 13-639-4 or equivalent.

3.4 Magnetic stirrer base with stirring bar.

3.5 Cooling bath. Ice bath or other mechanical cooling system.

3.6 Car boy (painted black for FeSQa).

3.7 Timer (seconds).

3.8 Recorder for automatic titration (optional).

3.9 Desiccator with drying agent (with color indicator).

3.

3.11 135°C drying oven.

3.12 100°C drying oven.

3.13 45°C drying oven.
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3.14 250 ml beaker(s).
4.0 MATERIALS
4.1 Sulfuric Acid (H2804) CP 94-97%.
4.2 Potassium Nitrate
4.3 Ferrous Sulfate (FeSO4 - 7H20) Crystals
350 g FeSO4 dissolved in 800 ml H20
add 1000 ml of 1:1 H2504:H20
4.4 Distilled Water
4.5 Tissue Paper
5.0 SAFETY
5.1 If acid is spilled on the hands or clothing, flush immediately with plenty of water,
5.2 Keep sulturic acid contaminated tissues under water.
5.3 To prevent acid burn, always wipe the electrodes free of excess acid before retrieving the
spent sample beaker or the rinse acid beaker. Wipe with a dabbing motion to prevent static buildup
on the electrodes.

6. OPERATIONS

Standardization of FeSO4 Titrant Using KNO3

6.1 Weigh 0.5 g of KNOgs, that has been pulverized to about the grain consistency of salt, ina 1
oz. weighing bottle. Dry in a 135°C oven for 4 hours, place in a desiccator to cool. if the KNO3 is out
of the oven for more than 3 hours, redry in a 100°C oven for a minimum 2 hour.

6.2 Place the stirring bar in a dry 250 ml beaker and add 150 ml of H2SO4. Use only clean
heakers or beakers that have not been used in a previous titration. Beakers that have been used in
other analyses have contaminants in the scratches of the beaker(s}.

6.3 Place the beaker in the cooling bath and on the stirring base. Start the stirrer.

6.4 Weigh the weighing bottle containing the KNOs on an analytical balance.

6.5 Pour the KNQa into the swirl of the acid and set the timer for 8 minutes. 1f KNOg3 is not
dissolved in 8 minutes, dissolving a longer time and/or raising the temperature will aid in complete
dissolving.

NOTE: The swirl should be as fast as possible without causing a vortex. A vortex will introduce air
into the solution and cause oxidation of the FeS0Q4.

6.6 Reweigh bottle to obtain weight of sample by difference.

6.7 Lower the electrodes into the acid.
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NOTE: The electrodes should have a minimum of 4 hours conditioning time to clean H2S04 before
using.

6.8 After 8 minutes, start titrating. Do not titrate so fast that heat builds up in the sample and
causes localized oxidation of the sample. Overall titration time should be approximately 6 - 8 minutes.

6.9 Asthe end point is neared, slow the titration to the lowest volume increment possible and
allow time for each increment to completely disperse before adding the next one.

6.10 When the mv reading has reached the preselected end point, stop the titration and record
the volume of FeS0a,

6.11 Raise the electrodes. Wipe excessive acid from the electrodes with a tissue.

6.12 Rinse the electrodes with a beaker of clean HaS04 and allow excessive H2S04 to drain into
the beaker while preparing for the next sample. Wipe the electrodes with a tissue before retrieving
beaker.

6.13 Calculate the nitrogen equivalent factor (F) for the titrant by the following formula:

gN _ (wt of KNO3 in gms) x {.13855)
ml FeSO4 solution ml FeSO4 solution

6.14 Weigh a .35 to .40 g (within 0.1 mg) sample for nitroglycerin (for DEGDN the sample size
should be from .35 to .45 g) into a dry 250 mil titration beaker; add 3 ml of glacial acetic acid to
desensitize the NG or DEGDN.

6.15 Before adding the stirring bar, pour 150 ml of H2S04 into the beaker. Then, carefully slide
the stirring bar down the side of the beaker.

6.16 Place the beaker in the cooling bath and on the stirring unit and start the stirrer.

6.17 Reweigh the weighing botlle to find the weight of the NG sample by ditference.

6.18 Lower the electrodes into the beaker containing the NG sample.

6.19 Since the sample is a liquid, there is no dissolving time and the titration may begin
immediately. The rate of addition at FeSOg titrant should be controlled to give an overall titration time
of 610 8 minutes.

6.20 As the end point is neared, slow the titration to the lowest volume increment possible and
allow time for each increment to completely disperse before adding the next one.

6.21 When the mv reading has reached the preselected end point. Record the volume of FeSO4
{in ml) required for the titration.

6.22 Raise the electrodes; wipe excessive acid from the electrodes with a tissue.
6.23 Rinse the electrodes with a beaker of clean H2S04 and allow excessive H2S04 to drain into

the beaker while preparing for the next sample. Wipe the electrodes with a tissue before retrieving
the beaker.
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6.24 Calculate the percent N in the sample.
6.25 Calculation:

%N = (ml FeSOq4) x (F} x (100.0}
wt of sample in gms

6.26 When the electrodes are not in use, they will be kept submerged in a beaker of clean
H2S04 but not the pipet. The end of the pipet will be capped to prevent evaporation of the solution.
This evaporaticn will cause recrystallization of the FeSO4 and clog the pipet tip.
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1. SCOPE
1.1 This method is used for determining the starch content of propeliants.
2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propeilant, weighed to within 0.2 mg.
3. APPARATUS
3.1 Glass filtering crucible {tafl form).
3.2 Steam bath.
3.3 Filtering crucible
3.4 Waichglass.
3.5 Hotplate.
. 3.6 Stirring rod, flat-ended.
4. MATERIALS
4.1 Nitric acid, 70 percent sclution.
4.2 Potassium dichromate, ACS Reagent.
4.3 Sulfuric acid, 40-percent solution.
4.4 Potassium iodide, 10 percent solution.
4.5 Sodium thiosulfate, 0.6N standard solution.
5. PROCEDURE
5.1 Prepare the specimen as described in Method 509.3.

5.2 Extract the specimen as specified in Method 104.1. Use a tall form glass filtering crucible for
{he extraction, and retain the residue in the crucible for the determination.

5.3 Quantitatively transfer the residue in the fillering crucible to a 500 ml flask, and add 200 ml of
distiled water and 5 mi of 70-percent nitric acid to the flask. Heal on a steam bath for 3 hours.

- - -AJT. e

NOTE: Break up the granuies with a flat-ended stirring rod to assure complete hydroly
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5.4 Filter the mixture through a filtering crucible and wash the residue with 200 ml of hot distilled

water by tilling the crucible, aliowing the water to run through, and repeating the process. Transfer
the combined filtrate and washings to a 600 ml beaker.

5.5 Evaporate the filtrate and washings to not less than 10 mif; conduct the first part of the
evaporation on a hotplate, but transfer the beaker to a steam bath for the last part ot the evaporation
to avoid overheating the residue. Cool to room temperature.

5.6 Add ml to 40 percent sulfuric acid and 1.250 g of potassium dichromate. Cover the beaker
with a watchglass, and boil the contents for 30 minutes on a hotplate. Cool to room temperature.

5.7 Transfer the solution to a flask and dilute to 200 ml with distilled water, Add 50 ml of the 10
percent solution of potassium iodide.

5.8 Titrate the liberated iodine with the 0.6N sodium thiosulfate solution, adding starch indicator

solution near the end point.
5.9 Calculate the percentage of starch in the propellant.

5.10 Calculation:

Percent starch = 13.7(1 -3\?0 — VFN)

Where:

V = Volume of sodium thiosulfate used, ml.
N = Normality of sodium thiosulfate solution.
F = Milliequivaient weight of potassium dichromate = 0.04304.

W = Weight of specimen corrected for total volatiles.
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METHOD 212.1
AURINE

1. SCOPE

1.1 This method is used for determining the aurine content of (E.C.) propellant.
NOTE: (E.C.) propellant (Explosives Company) consists of nitro-cotton mixed with nitrates of
potassium and barium with the addition of coloring matter and small quantities of other organic
compounds.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 Drying tube, 200 ml.

3.2 Velumetric flask.

3.3 Colorimeter with blue filter.

4. MATERIALS

4.1 Solution of equal parts (by volume) of acetone and distilled water, freshly prepared for each
determination.

4.2 Aurine.
5. PROCEDURE
5.1 Prepare a colorimeter calibration curve as follows:

a. Using fresh acetone and water solution (par. 4.1), prepare five 250 mi solutions in volumetric
flasks containing 5, 10, 15, 20, and 25 mg of aurine, respectively.

b. Within 2 hours after the preparation of these solutions, fill the colorimeter tube with portions of
each of solutions, and measure the scale deflections on the meter, using a blue filter in the
colorimeter.

NOTE: Aurine solutions are stable for at least 24 hours, if kept out of sunlight. Standardize the
colorimeter weekly to avoid instrumental error,

¢. Onlinear graph paper, plot percent aurine against scale readings, and draw a
calibration curve.

5.2 Prepare the specimen as described in Method 509.3.

5.3 Pack the bulb of a 200 mm drying tube with glass wool, and transfer the specimen to the
tube.
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NOTE: The glass wool should be packed tightly enough to prevent propellant grains from passing
through, but not tightly enough to cause the fiitration to proceed too siowly.

5.4 Extract the aurine in the propellant using ten 15 mi portions of the acetone and water
solution, and catch the filtrate in a 250 m! flask. Allow each portion to filter through before adding the
next. Stir the specimen in the tube to prevent channeling of the solution and insure complete
extraction.

5.5 Fillthe flask to the mark with the acetone and water solution, stopper the flask, and shake
well.

5.6 Pour a portion of the solution into the colorimeter tube, and measure the scale detlection.

5.7 Using the scale deflection thus obiained, read the percent gurine in the specimen directly
from the calibration curve (para. 5.1).
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METHOD 213.1.4

NITROGUANIDINE (WATER-EXTRACTION METHQD)
1. SCOPE
1.1 This method is used for determining the nitroguanidine content of triple base propellants.
2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propeliant, weighed to within 0.2 mg.
3. APPARATUS
3.1 Glass filtering crucible (tall form).
3.2 Qven.
3.3 Suction filtration apparatus.
4. PROCEDURE
4.1 Prepare the specimen as specified in Method 509.3.

4.2 Extract as directed in Method 104.1, using a mixture of 2 parts of n-pentane and 1 part of
methylene chloride {(both parts by volume) as the extracting solvent.

4.3 When extraction is complete, place the filtering crucible on a suction filtration apparatus and
aspirate until the odor of the solvent is no longer discemible.

4.4 Dry the crucible in an oven at 100 + 2°C, and weigh at 2 hour intervals. Consider the weight
of the crucible to be constant when loss of weight between weighings does not exceed 3 mg.

4.5 Return the crucible to the suction filtration apparatus. With the aid ot very light suction draw
eight 200 ml portions of boiling distilled water through the crucible.

NOTE: It is imperative that boiling water be used to ensure efficient extraction.

4.6 When the last 200 mi portion of boiling water has gone through, aspirate the crucible for
approximately 5 minutes.

4.7 Then place the crucible in the oven, and dry until loss of weight between weighings at 2 hour
intervals does not exceed 3 mg. ‘

METHOD 213.1.4
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4.8 Calculation:

Percent nitroguanidine = 100 VC_B -C

Where:

A = Weight of crucible prior to water extraction, g.

B = Weight of crucible after water extraction, g.

C = Water soluble constituents in propellant {other than nitroguanidine), percent.

W = Weight of specimen, corrected for total volatiles.

METHOD 213.1.4
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NITROGUANIDINE (SALICYLIC ACID TRANSNITRATION METHOD)
1. SCOPE
1.1 This method is used for determining the nitroguanidine content of propellants.
2. SPECIMEN
2.1 The specimen shall consist of a sample containing 0.120 g max of nitroguanidine.

3. APPARATUS

] GROUND
[]«— GLASS

) al
3.1 Beaker, 250 ml. 7I0 JOINT

3.2 Beaker, 400 ml. ! A 20
1 ) \(‘ 20
|

3.3 Watchglass.

- ) 157 /
3.4 Filter paper, Whatman No. 41, or equal. 90 4 (ID)
B
3.5 Steam bath. l l (oD) I
3.6 Titration flask (figure 1) . ‘ 70...
-—110 {OD)
3.7 Hot plate.
BULD CAPACITY - 500mi
- m
38 Reflux condenser. ALL DIMENSIONS IN MILLIMETERS

Figure 1. Titration Flask.

4. MATERIALS

4.1 Acetone.
4.2 Two parts of n-pentane and 1 part of methylene chloride by volume.

4.3 Salicylic acid solution, containing 0.5 mg of salicylic acid per 5 ml of concentrated sulfuric
acid.

4.4 Sulfuric acid, 50 percent solution.

4.5 Inert gas (carbon dioxide or nitrogen).

4.6 Titanous chloride, 0.2N standard solution as specified in Method 601.1.
4.7 Ammonium thiocyanate, 20 percent solution as specified in Method 706.1.

4.8 Ferric ammonium sulfate, 0.15N standard solution as specified in Method 603.1.
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5. PROCEDURE
5.1 Prepare the specimen as specified in Method 509.3.

5.2 Place thte specimen in a 250 mil beaker, and add 25 ml of acetone. Cover the beaker with a

watchglass, and allow the soluble matter to dissolve.

5.3 When the specimen has dissolved, slowly add 25 mil of distilled water, while stirring
constantly.

E A
L e

not longer

=3
7]
]
]
3
o

5.5 Add 100 ml of 2 parts of n-pentane and 1 part of methylene chloride to the residue in the
beaker, cover with the watchglass, and place the beaker on the steam bath. Heat the contents of the
fiask for 30 minutes, then cool to room temperature.

5.6 Decant the supernatant liquid through the filter paper.

5.7 Add an additional 50 m} of 2 parts of n-pentane and 1 part of methylene chloride, and heat
the flask for 15 minutes more on the steam bath. Cool to room temperature, and decant through the
previously used filter paper.

5.8 Wash the residue paper in the beaker twice, each time with a 25 ml portion of 2 parts of
n-pentane and 1 part of methylene chloride, and pour the washings through the filter paper. Discard
the filtrate.

5.9 Place the filter paper in the beaker, and add 50 ml of distilled water. Cover the beaker with
the watch glass, and place it on a hot plate. Boil the contents vigorously for 15 minutes.

5.10 Decant the hot liguid through a fresh piece of f;lter paper, catching the filtrate in a 400 ml
beaker.

5.11 Add 25 ml of the hot distilled water to the residue, and boeil for 10 minutes more.

5.12 Again decant the supernatant liquid through the same filter paper, ¢ath the filtrate in the
400 ml beaker.

5.13 Repeat the process (para 5.11 and 5.12) two more times with 20 ml portions of hot water.

5.14 Place the beaker containing the filtrate on a steam hath, and heat until only a thoroughly
dried residue remains.

5.15 Dissolve the residue in 5 mi of the salicylic acid solution {para. 4.3), and allow the reaction
to proceed for 30 minutes. Then add 10 ml of 50-percent sulfuric acid, stirring continually.

5.16 Aftach a source of inert gas 1o the titration flask (figure 1), and allow the gas to flow gently
for five minutes to displace the air in the flask. Continue the flow of gas through the flask throughout
the remainder of the determination.

5.17 Quantitatively transfer the contents of the beaker to the titration flask. Wash out the beaker
with three 5 mi portions of 50 percent sulfuric acid, and add the washings to the beaker.

METHOD 213.2
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5.19 Add a few glass beads to the flask (to prevent bumping), and connect the flask to a reflux
condenser. Place the flask and condenser on a hot plate and boil for ten minutes.

5,20 Without disconnecting the condenser, remove the flask from th

current of inert gas (to keep air from entering the flask during cooling), and cool the so
temperature by immersing the flask in cold water. Then disconnect the condenser.
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5.21 Add 5 ml of 20-percent ammonium thiocyanate solution, and titrate with 0.15N ferric
nt id point, indicated by the first permanen

- [,
(8] ill it red coloration.

(1)
47}

5.22 Conduct a blank determination using the same reagents in the same quantities as in steps
5.15 through 5.21.

5.23 Calculate the percentage of nitroguanidine.
5.24 Calculation:

1.735(A-B} N
w

@

Percent nitroguanidin

Where:

A = Volume of ferric ammonium sulfate seolution used for blank, ml.

B = Volume of ferric ammonium sulfate solution used for specimen, mi.
N = Normality of ferric ammonium sulfate solution.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 213.2
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. METHOD 213.3.1

NITROGUANIDINE (SPECTROPHOTOMETRIC METHOD)
1. SCOPE

1.1 This method is used for determining spectrophotometrically the nitroguanidine content of
propellants. This method is not recommended when nitroguanidine is a major constituent.

2. SPECIMEN

2.1 The specimen shall consist of approximately 1.0 g of the propellant, weighed to within
0.2 mg.

3. APPARATUS
3.1 Spectrophotometer, ultraviolet (Beckman Instruments, Inc., Model DU, or equivalent).
3.2 Silica cells, 10 mm light path length.
3.3 Buret,
3.4 Beaker, 250 ml.
35 Watchglass.
. 3.6 Steam bath.
3.7 Hotplate.
3.8 Filter paper, Whatman No. 41, or equivalent.
3.9 Volumetric flask, 1000 ml.
3.10 Pipet, accurately calibrated.
3.11 Volumetric flasks, 250 ml.
4. MATERIALS
4.1 Acetone.
4.2 Nitroguanidine, pure.
5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.2 Place the specimen in a 250 ml beaker, and add 25 ml of acetone. Cover the beaker with a
watchglass, and allow the soluble materials to dissolve.

. 5.3 When the specimen has dissolved, slowly add 15 ml of distilled water, slirring constantly.

METHOD 213.3.1
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5.5 Add 100 ml of distilled water to the residue in the beaker, cover with a Watchglass, and place
the beaker on the hotplate. Boil the contents vigorcusly for 15 minutes. Cool to room temperature.

5.6 Decant the supernatant liguid through the fiiter paper, catching the fiitrate in a 1000 mi
volumetric flask.

5.7 Add 200 ml of hot distilled water to the residue in the beaker, and boil for 15 minutes more.
Cool to room temperature.

5.8 Again decant the supernatant liquid through the same filter paper, catching the filtréte inthe
volumetric fiask.

5.9 Repeat the process (para 5.7 and 5.8) two more times.
5.10 Fill the flask to the mark with distilled water.

5.11 Using the pipet, transfer a 25 ml aliquot of the solution to a 250 ml volumetric flask, and
dilute to the mark with distilled water.

5.12 Transfer a 15 ml aliquot of this solution to a second 250 ml flask, and dilute to the mark with
distilled water.
the reterence.
NOTE: If matched silica cells are not available, unmatched cells may be used. However, correct for
any difference between them by tilling both cells with distilled water, measuring the absorbance of
both at 264 nanometers and determining the difference in absorbance. Correct ihe reading for the

absorbance of the propellant solution accordingly.

5.14 Place the cells in the spectrophotometer and cbtain the absorbance of the solution at 264
nanometers.

5.15 Determine the spectrophotometric tactor for nitroguanidine as follows:
a. Weigh 0.1000 g of pure nitroguanidine that has been dried for 2 hours at 100°C.

b. Dissolve this nitroguanidine with approximately 150 ml of distilled water, and transfer
quantitatively to a 1000 mi volumetric flask. Dilute to the mark with distilled water.

c. Using aliquots of this solution, prepare six solutions of nitroguanidine ranging in conceniration
from 0.6 to 1.25 mg per 250 ml.

d. Determine the absorbance of each solution at 264 nanometers.

DNlde the concentratlon in mg of nitroguanidine for each of these solutions by its

METHOD 213.3.1
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. 5.16 Calculate the percentage of nitroguanidine.

5.17 Calculation:

Percent nitroguanidine = 1_0\2';‘\_3

Where:
A = Absorbance of soiution obtained from specimen.
B = Spectrophotometric factor for nitroguanidine.

W = Weight of specimen represented by aliquot taken, corrected for total volatiles, mg.

METHOD 213.3.1
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METHOD 2134
NITROGUANIDINE (TITANOUS CHLORIDE-BUFFER METHOD)
1. SCOPE

1.1 This method is used for determining the nitroguanidine content of propellants provided that
other reducible materials has been separated.

2. SPECIMEN

2.1 The specimen shall consist of propetflant, containing approximately 1 ¢ of nitroguanidine,
weighed to within 0.2 mg.

3. APPARATUS
3.1 Filter paper, Whatman No. 41 or equivalent, 12.5 cm diameter.

3.2 Paper extraction thimbles, 22 by 80 mm.

: GROUND
3.3 Beaker, 600 ml. } J - GLASS
70
3.4 Stirring rod, glass, 200 mm. A 20
3.5 Watchglass, 100 mm diameter. /\
15
3.6 Funnel, 75 mm diameter. 0
%0 |. 4 (1)
3.7 Volumetric flask, 500 ml. | sop) )}
3.8 pH meter, equipped with glass and 1
calomel electrodes. |t 70 ]
4= 110 (OD) —~—n|
3.9 Pipet, 50 ml.
PYREX GLASS FLASK
' ) BULB CAPACITY - 500ml
3.10 Buret, 50 ml. ALL DIMENSIONS IN MILLIMETERS

Figure 1. Titration Flask.
3.11 Titration fiask (figure 1).

3.12 Magnetic stirrer with 1 inch to 1 1/2 inch bar covered with glass, polyethylene or other
suitable m-‘tena..

4. MATERIALS

4.1 n-Pentane.

4.2 Methylene chloride, anhydrous.
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4.3 Sodium acetate buffer solution, prepared as follows:
a. Dissolve a quantity of sodium acetate trinydrate in an equal weight of water.

b. Using the pH meter, adjust the pH of the buffer sclution to 9.5 £ 0.5 by the addition of 30 to 50
percent sodium hydroxide solution or glacial acetic acid, as needed.

4.4 Inert gas (carbon dioxide or nitrogen).

4.5 Titanous chioride, 0.2N standard solution as specified in Method 601.1.

4.6 Hydrochloric acid, 1:1 solution (by volume).

4.7 Ammonium thiocyanate, 20 percent solution as specified in Method 706.1.

4.8 Ferric ammonium sulfate, 0.15N standard solution as specified in Method 603.1.
5. PROCEDURE

5.1 Prepare the specimen as specitied in Method 509.3.

5.2 Wrap the weighed specimen in a circle of filter paper and insert the wrapped specimen into a
paper thimble.

5.3 Extract as directed in Method 104.1, using a mixture of 2 parts of pentane and 1 part of
methylene chloride (both parts by volume) as the extracting solvent.

5.4 When extraction is complete, remove the thimble and let it air-dry at least 15 minutes.
Remave the paper and sample from the thimble.

CAUTION: Use care to avoid tearing the paper.

5.5 Immerse the paper in 150 ml of hot water contained in a 600 mi beaker and macerate the
paper with a stirring rod.

5.6 Cover the beaker with a watchglass and boil 10 minutes. Decant the liquor through a filter
paper into a 500 ml volumetric fiask.

5.7 Repeat the water extraction with two more 150 ml portions of water, ¢collecting these in the
volumetric flask also.

5.8 Add sufficient waler to the flask to nearly fill the chamber. Let the contents cool to room
temperature, filt with water to the mark and mix,

5.9 Using the buret, determine the volume of buffer solution which must be added to a mixture of
50 ml of propellant water- extract solution and 50 ml of 0.2N titanous chioride solution to adjust the
pH to 2.30 + 0.05.

NOTE: The volume of buffer solution required need not be separately determined for each specimen

but should be determined for each batch of 0.2N titanous chloride soiution and buffer solution and
redetermined weekly. It should, however, be specially determined in the case of propellants

METHOD 213.4




MIL-STD-286C

ey 1i
|

Lilrmles
IIREI

y
tial to add th

W d
is essent

o
£
3
Q
o
23]
=
o
(=}
=
o
©
=
w

5.10 Attach a source of inert gas to the titration flask and allow the gas to flow gently for 5
minutes to displace the air in the flask. Continue the flow of gas through the flask throughout the
remainder of the determination.

5.11 Accurately measure into the titration flask 50 mi of 0.2N titanous chloride solution and the
required volume of buffer solution (para. 5.9). Insert a magnetic stirrer bar into the flask, turn on the
magnetic drive unit, and commence stirring. Continue stirring throughout the determination.

5.12 After at gleast 30 seconds of mixing, transfer 50 ml of the water-extract (para. 5.8) and stir
for 5 + 0.5 minutes more.

5.13 Add 25 ml of 1:1 hydrochloric acid sclution and 5 ml of 20 percent ammonium thiocyanate
solution, and titrate with 0.15 N ferric ammonium sulfate solution until a permanent red color appears.

5.14 Run a blank determination in accordance with paragraphs 5.10 to 5.13 but replace the
aliquot of propellant water extract with 50 ml of water.

5.15 Calculate the nitroguanidine content of the propellant.
5.16 Calculation:

.................. 1.7345 (A- B} N
W

B = Volume of ferric ammonium sulfate solution required for the propefiant extract, mi.
N = Normality of the ferric ammonium sulfate solution.

W = Weight of the specimen represented by the aliquot taken, corrected for total volatiles, g.
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METHOD 213.5.1

NITROGUANIDINE, NITROGLYCERIN, AND ETHYL CENTRALITE
(LIQUID CHROMATOGRAPHY METHOD)

1. SCOPE

1.1 This method is used for determination of nitroguanidine (NGu), nitroglycerin {NG}), and ethyi
centralite in multi-base propellants. The extraction method specified within this procedure provides a
propellant extract for quantitative chromatographic analysis. With two ultraviclet (UV) detectors in
series, NGu can be determined simultanecgusly with NG and ethyl centralite. NGy, is determined by
external standardization. NG and ethyl centralite are determined by internal standardization,

1.2 The detector wavelength specified for NGu provides an analysis when NGy is a major
constituent in the propellant and aids in prevention of interference from most other commeon propellant
formulated ingredients, impurities, and degradation products as well as process solvents such as
diethyl ether, alcohols, and acetone.

1.8 Of course, any ingredient having the same retention time as the desired components and
responds to the specified uitraviolet wavelengths will interfere.

2. SPECIMEN

2.1 The specimen shall normaily consists of approximately 3 to 4 g of propellant weighed to
within 0.5 mg. The sample weight may be adjusted based on concentrations of components in the
a

3. APPARATUS

3.1 Liquid chromatograph equipped with constant mobile phase flow system, constant .
temperature column heating capability, a 340 nm uitravioiet detector for NGu, a 254 nm ultravioiet
detector for the other components, a fixed volume sample injection system, and recorders.

3.2 Sample injection system {Rheodyne Model 7120 injection valve or equivalent), 10 microliters
{or as required).

3.3 Integrator, electronic digital (Hewlett-Packard Model 3370 or equivalent), - Optional, See
Note 6.1.

3.4 Recorders, analytical (compatible with detectors).

3.5 Column, 0.46 x 25 cm, reverse phase ODS-Sil-X-1 (Perkin Elmer No. 083-0707) or
equivalent.

3.6 Fagk, 250 ml flat bottom, extraction,
3.7 Stopper, appropriate size solid rubber.
3.8 Flasks, 100 ml, volumetric.

3.9 Pipet, 5 ml.

METHOD 213.5.1
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3.10 Pipet, 100 ml,
3.11 Shaker, horizental.
4. MATERIALS
4.1 N, N-Dimethyiiormamide (DWMF), reagent grade.
4.2 Methanol, reagént gréde.
4.3 Water, distiled.
4.4 NG, MIL-N-246.
NOTE: NG |s highly explosive material and must be handied with extreme care.
45 NGy, MIL-N-494.
4.6 Diethylphthalate (DEP), MIL-D-218.
4.7 Ethyl centralite, MIL-E-255.
4.8 Internal standard solution (for NG and ethyl centralite analysis): 20 g DEP per liter of DMF.
4.9 Extraction solvent: 75% by volume DMF and 25% by volume distilled water.
5. PROCEDURE

5.1 Calibration

a. Prepare three or more standards, containing known weights of the components to be

i T W R e DAl Al ) W

analyzed, in IOO ml volumetric flasks. (The concentrallon of the standards should cover the ranges
expected for the samples). Weigh to an accuracy of + 0.2 mg.

b. For NG and ethyl centrafite analyses, pipet 5 ml of internal standard solution (0.1000 g DEP)
h

¢. Dilute each standard to volume with extraction solvent.

d. Test each standard per paragraphs 5.3 and 5.4. The order of elution is shown in the two

Supenmpobeu chromat oyidins i l"lgUlb‘ 1.

e. Prepare a calibration curve for each component. For NGu plot peak heights vs concentration
of standards. For NG and ethyl centralite plot the ratios of peak areas (or peak heights) of
component/internal standard vs concentrations of standards.

f. Plots should be linear to assure sample weights, sample dilution, and size of injected sample
are suitable for concentration of components in sample and for the liquid chromatograph employed.

Once standardization linearity is established only two standards, representing concentration range of
samples, are needed for future calibration.

METHOD 213.5.1
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NGu, DMF, & ACETONE (254 nm)

EC
NGu (340 nm)

/

NG

DMF (340 nm)

DEP (inf. std.)

START

{340 nm)

254 nm ) \

Figure 1. Liquid Chromatographic Separation Propellant Extract.

METHOD 213.5.1
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g. Obtain the slope (Ki) and Y-axis intercept (bi) for each calibration curve as follows:

Slope (Ki) = H

Intercept (bi) = Y2 - Ki X2
Where:

Y = peak height of NGy or ratio of component to internal standard peak areas
{or peak heights) for NG or ethyl centralite.

X = Corresponding concentration of standards.

h. Use the slopes and Y axis intercept to obtain a simplified equation for each ingredient to be
calculated.

o Ci= _(A=bi) (100) (N)
Yo Ci K Wg

Where:
% Ci = percent ot ingredient in propellant

A = test sample peak height for NGu or test sample ratio of component to internal
standard peak areas (or peak heights) tor NG or ethyl centralite.

Ki

slope of calibration curve.
bi= Y-axis intercept value
Wg = grams of sample extracted

N = ratio of volume of extraction solvent in sample to that of standard {105/100 for
NGy calcuation). For NG and EC by internal standard technique, N = 1.

5.2 Sample extraction.

a. Prepare the specimen as described in Method 509.3.

_______ [T e o T S oY

b. Add approximately 3 to 4 grams of prepared specimen, weighed to within £ 0.5 mg, to a 250
mi flat bottom extraction flask.

¢. Pipet 100 mi of extraction solvent and 5 mi of internal standard solution (0.1000 g DEP) into
the extraction flask. Immediately stopper flask.

NOTE: it only NGy is to be determined, omit the 5 ml of internal standard.

d. Place the prepared flask on a horizontal shaker at a low speed for gentle agitation at ambient
conditions to extract the sample. The DMF will swell the propellant to facilitate removal of desired
propellant ingredients without dissolving the nitrocellulose.

METHOD 213.5.1
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e. Extraction times may vary with propeliant type and particular ingredients involved. A
minimum of eight hours is usually sufficient for removal ot NGu, NG, and ethyl centralite from a triple
base propellant such as M30.

f. Remove the flask from the shaker and allow solids fo settle (15 minutes is usually sufficient).
g. The extract is ready to be tested once the instrument has stabilized.
5.3 Instrument conditions.
a. Wavelength of detectors: 254 nm for NG and ethyl centralite and 340 nm for NGu.
b. Column temperature: 50°C
¢. Mobile phase: degassed methanol/water (50/50 by volume).
NOTE: Solvent ratio may be varied to aid in separation of components.
d. Mobile phase flow rate: 1.3 ml/min {(approximately 700 psig).
NOTE 1 psi= 6.9 kPa
e. Sample size: 10.0 microliters {or as required).
. f. Recorder speed: 0.2 in/min (or as required).
5.4 Sample testing.

a. Once the liquid chromatograph has stabilize, inject a 10.0 microliter aliquot of the extract into
the liquid chromatograph and monitor peak areas with the electronic digital integrator or peak heights
with the recorder.

b. Components will elute from the column through the detectors as shown in the two
superimposed chromatograms in Figure 1.

¢. Using peak heights or the integrated peak areas, calculate the percentage of ingredients by
the simplified equations obtained during calibration.

6. NOTES

6.1 Liquid chromatograph ultraviolet detectors are concentration detectors and a constant
mobile phase flow rate is a necessity to obtain reproducible peak areas.

METHOD 213.5.1



MIL-STD-286C

- NITROGUANIDINE
(NON-AQUEOUS TITRIMETRIC METHOD)

1. SCOPE

1.1 This method can be used for the assay of nitroguanidine, and for its determination in the
presence of non-interfering substances such as HMX and RDX.

1.2 Nitroguanidine {NGy) is dissolved in acetic anhydride and titrated potentiometrically with a
standard solution of perchloric acid in glacial acetic acid. Emf's are monitored by any convenient
method such as the first or second derivative method.

2. SPECIMEN

2.1 The specimen shall consist of 5 mg of (NGu) .per 10 ml of solution.
3. APPARATUS | -
3.1 Automatic titrator or pH meter.: -

3 2 Glass or platinum indicating electrode.
Derjuri calomel slectiode (Beckman
aturated solution of tetramethylammonium

o J IVIOUIIIBU LdEUIlIEi el E.'
No. 39402 or equivalent) in
chloride in methanol.

ge

Cirod cors-si’rgo
which the salt bridge

it

—

é 4 Automatic or standard 10'ml microburet.

3 5 Ultrasonic generator and tank for solution of samples.

3.6 Standard volumetrlc glassware

4. MATERIALS

4.1 Acetic anhydride, reagent grade.

4.2 Glacial acetic acid, reagent grade.

4.3 Tetramethylammonium chloride in methanol, saturated solution.

4.4 Potassium acid phthalate or sodium acetate lnhydrate reagent grade.

4.5 0.05 n-Perchloric acid in glacial acetic acid. Add 4.25 ml of 70% perchlonc acid and 20 ml of
acetic anhydride to 500 ml of glacial acetic acid. Dilute to 1 liter with glacial acetic acid.

METHOD 213.6.1
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5. STANDARDIZATION OF TITRANT

5.1 Weigh to the nearest 0.1 mg approximately 100 mg of sodium acetate trihyrate, or
approximately 150 mg of potassium acid phthalate, into a 50 ml volumetric flask.

5.2 Dissolve in and dilute to volume with acetic acid. (Several minutes suspension in the tank of
an ultrasonic generator promotes solution of samples).

5.3 Pipet ai least three 10 ml aliquots of the standard solution into a 150 ml beaker containing a
stirring bar.

5.4 Dilute to about 50 ml with acetic acid.
5.5 Titrate at least 3 samples manually or automatically with the titrant to be standardized.
5.6 Calculate the normality of the titrant from:

N = _(mg standard per aliquot) / (molecular weight of standard)
{m! of titrant to endpoint)

5.7 If the endpoint is determined manually it can easily be calculated if equal increments of
titrant are added near the endpoint, according to the method of Lingane.

5.8 The range of triplicates should not be greater than 1 part per 100.
6. PROCEDURE

6.1 Prepare samples containing no more than 5 mg of NGy per 10 ml of solution. This can be
done by weighing separate samples and -~ .olving in 50 ml of acetic anhydride, or by preparing a
solution in a volumetric flask from which aiiquots can be pipetted.

6.2 Because NGy does not dissolve easily in acetic anhydride an ultrasonic generator should be
used to speed up dissolution of samples.

6.3 Titrale samples containing about 15 mg of NGu per 50 m! of solution with standard titrant.
6.4 Determine the endpoint as described under 5.6 and 5.7

7. CALCULATION:

% NG, = (mititrant) (Normality titrant) (104.065) (100)
. mg sample

Where 104.065 is the molecular weight of NGy

8. TITRATION CURVE

A typical titration curve for the titration of NGy in acetic anhydride with 0.05 N-perchloric acid in
glacial acetic acid is shown in figure 1.

METHOD 213.6.1
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Figure 1. Titration of 9.79 mg of NO in acetic anhydride.

9. LIMITATIONS OF METHOD

The method is limited to the micro and semimicro scale because of the limited solubility of NGy in
acetic anhydride, approximately 0.05 nm (5mg) per ml. Titrations are also feasible if NGy is dissolved
in glacial acetic acid and sufficient acetic anhydride is added for an anhydride: acetic acid ratio of
4:1. This increases the amount of NGy that can be dissolved. However, as the amount of acetic acid
increases, the sieepness and magnitude of the endpoint break decreases. Other basic compounds
will interfere. Because compounds such as RDX and HMX are weakly acidic, NGu can be
determined in their presence. Binders such as Estane and Viton do not interfere.

METHOD 213.6.1
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METHOD 216.1
AMMONIUM PERCHLORATE {(NON-AQUEOUS TITRIMETRY)
1. SCOPE
1.1 This procedure is for the non-acqueous titrimetric measurement of ammonium perchlorate
(AP) in cast propellant and casting powder. The sample is weighed out, dissolved in acetone and the
ammonium ion is titrated as an acid directly with methanolic potassium (KOH). Potentiometric

detection of the end point is employed using a glass-calomel electrode system. The use of the inert
solvent, acetone, prevents interference from other propellant components (Note 2).

TAWIY iy WA T Pl

1.2 The presence of any other materials that titrate as stronger acids than the ammonium ion will
interfere with the determination. Excessive absorption of carbon dioxide will slightly affect the end

point.
1.3 The standard deviation of this method is + 0.47.
2. SPECIMEN
2.1 The propellant specimen shaii be sufficient to contain 0.2-0.4 grams of AP.
3. APPARATUS

3.1 Potential measuring system, an automatic recording titrimeter, a manual pH meter or the
equivalent is suitable in conjuction with a glass-calomel electrode couple. '

4. MATERIALS

4.1 Acetone.

4.2 Methyl Alcohol.

4.3 Benzoic Acid, primary standard.

4.4 Methanolic KOH, 0.1N. Dissolve about 5.6 g of KOH in methyl alcohol and make up to one
liter.

5. STANDARDIZATION.

5.1 Accurately weigh out to the nearest 0.1 mg about 6.30 to 0.40 g of benzoic acid.
5.2 Quantitatively transfer to a beaker.

5.3 Add 100 ml of acetone and stir into solution.

5.4 Using a glass-calomel electrode system and a suitable potential measuring device,
potentiometrically titrate the benzoic acid with the 0.1N methanolic KOH.
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MIL-STD-286C

5.5 Select the end point where the mV/ml ratio is the greatest.
Calculate the AP titer (g AP/ml titrant) of the KOH as follows:
T=W yog9621 Where:

Y T = AP titer (g AP/ml titrant).
W = Weight of benzoic acid titrated, g.
V = Volume of titrant required, ml.
0.9621 = Conversion factor.
6. PROCEDURE

6.1 Accurately weigh out to the nearest 0.1 mg, sufficient sample to contain about 2-3 meq of AP
(note 3).

6.2 Quantitatively transfer to a beaker and add about 100 ml of acetone.
6.3 Stir until all solubles are in solution.

6.4 Using the glass - calomel electrode system and a suitable potential measuring device, titrate
the sample with the methanolic 0.1N KOH. .

6.5 Select the end point where the mV/mil ratio is the greatest.
6.6 A solvent blank should be run and corrections made, if necessary (Note 1).
6.7 Calculation:
Percent AP = '% 100 Where:
V = Volume of titrant required, ml.
T = AP titer of KOM titrant, g AP/ml titrant.
W = Sample weight, g.
NOTE 1: Excessive absorption of carbon dioxide will effect the end point break. A nitrogen purge
before titration may be necessary. Usual precaution to protect the methanclic KOH from CQz is

necessary.

NOTE 2: This procedure can also be used on the residue from a methylene chloride or ether
extraction (Method 104.1).

NOTE 3: If sample weight is too small, a larger sample weight may be used, the solution made up to
volume and an aliquot taken for analysis.
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METHOD 217.2.1

AVAILABLE STABILIZER
(DIPHENYLAMINE OR ETHYL CENTRALITE)

1. SCOPE

1.1 This method is used for determining the percentages of diphenylamine and ethyl centralite
(when present together) in propeliants that contain no other brominatable material. This method is
also used for determining the persentage of "available stabilizer" calculated as diphenylamine or ethyl

centralite but does not distinguish between them and their primary degradation products.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 gm of propellant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Balloon flask, one-iiter, fitted with a two- hole rubber stopper containing a steam inlet tube
and a gooseneck tube about 20 ¢m high and 11 mm o.d.

3.2 Steam generator, consisting of a two-fiter balloon flask with a two-hole rubber stopper, an
exit tube for the steam, and a 3-foot length of glass tubing extending vertically through the stopper (to
serve as a pressure equalizer) (Fig. 1)

INSULATED CONNECTIONS

RUBBER

TO BALLOON
FLASK & BEAKER STOPPER
B
WATER
COOQLED
5 LITER-3 y
NECK FLASK AL L CONDENSER
Q,f/
ADAPTER
1 LITER D
BALLOON 600 mi FLASK

FLASK

Figure 1. Steam distillation apparatus

3.3 Condensate trap, consisiing of a "T" tube with a short piece of rubber tubing attached, and a
pinch clamp to close the tubing. This trap may be in the steam line between the steam generator and

the one-liter balloon flask.
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3.4 Liebig condenser, 18-inch, with an adapter capable of reaching to the bottom of a 750-ml
Erlenmeyer flask.

3.5 Erlenmeyer flask, 500 ml.

3.6 Separatory funnel, one-liter.

3.7 Crucibles, pyrex fritted glass, medium porosity, low form, 30 ml capacity.

3.8 Beaker, 400 ml.

3.9 Steam bath in a well ventilated hood {maintained at approximately 75 C on the surface).
3.10 Dessicator containing an indicating dessicant.

4, MATERIALS

4.1 Sodium hydroxide, 30 percent solution, prepared by dissolving 300 gm of sodium hydroxide
in 700 mi of water.

4.2 Methylene chloride.

4.3 Sodium chloride, technical.

4.4 Bromine, reagent grade.

4.5 Ethyl alcohol, 10 percent aqueous solution.
5. PROCEDURE

[y
2.1

pry ey P I N N AN 4 [ Py o

Exiract the specimen as follows:
NOTE: Freshly manufactured propellant may be extracted as specified in Method 104.1.

a. Place the specimen in the one-liter balloon flask and add 100 mi of distilled water and 100 m}
of 30 percent sodium hydroxide solution.

b. Place the two-hole stopper on the flask and connect the gooseneck tube to the condenser.

¢. Insert the adapter on the end of the condenser into the Erienmeyer flask containing 25 ml of
distilled water. The end of this adapter should be made to dip below the surface of the water.

NOTE: For propellants containing 4 to 5 percent ethyl centralite, or 1 to 3 percent diphenylamine, use
a 750 m! Erlenmeyer flask.

d. Connect the flask to the steam generator and distill a total of 350 to 400 ml. An auxifiary
heater may be used under the flask containing the propeliant.

NOTE: For propellants containing 4 to 5 percent ethyl centralite or 1 to 3 percent diphenylamine,

collect from 450 to 500 ml of distiflate.
METHOD 217.2.1




MIL-STD-286C

e. Disconnect the stem generator. Remove the Erlenmeyer flask and add approximately 5 gm of
sodium chloride to the distillate.

f. Transfer the distillate to a separatory funnel and return the flask to its position under the
condenser.

g. Disconnect the condenser from the balloon flask and clamp it in a vertical position. Wash
down the inside of the condenser and the inside and outside of the adapler with approximately 75 ml
of methylene chloride, collecting the washings in the Edenmeyer flask. Also remove the gooseneck
tube from the balloon flask and wash its insides with methylene chloride, collecling the washings in
the Erlenmeyer flask.

h. Transfer all the washings to the separatory funnel, stopper the funnel, and shake vigorously
for several minutes.

j. Add 75 mi of methylene chloride to the aqueous portion, shake, then transfer the solvent layer
to the 400 ml beaker.

k. Repeat step (j}.

5.2 Determine the percentage of diphenylamine and elhyl centralite as follows:
NOTE: if oniy diphenylamine or only ethyi ceniraiite is present, evaporate the soivent with a current
of dry air and proceed with a standard volumetric bromination as described in Method 201.1 or 202.2,
as applicable.

a. Adjust the volume of methylene chloride in the 400 ml beaker to approximately 150 ml.

b. Brominate the solution and Jdetermine (gravimetrically) the percentage of diphenylamine as
described in Method 201.2. However, when filtering the tetrabromdiphenylamine, catch the filtirate
and washings in a thoroughly clean 400 ml beaker, and retain them for the determination of ethyl
centralite.

c. To the filtrate, add 100 ml of hot distilled water and place the beaker on the steam bath
maintained at 75° C on the surface.

d. With a stream of air directed on the surface of the liquid to assist in the removal of alcohol
from the solution, heat the beaker for 4 hours to permit the precipitate to coagulate. Stir the contents
occasionally. Also, during the last 3 hours, wash down the sides of the beaker occasionally with
small portions of ethyl alcohol.

e. After the dibrom-ethyl centralite has become thoroughly co aulated, fitter the hot solution

through a tared pyrex filtration crucnble Use a rubber pohceman to b ure that all the dibrom-ethyl
centralite is removed from the beaker.

tht

~r
i

f. Was hlhe beaker thoroughly, first with water, then
totl

] 1 ~ fir T
alcohol, and finally with water. Transfer all the washings

5 mi portions of the 10 percent ethyt

wWith (wo
ha ~raeikl
e [#LT]
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g. Dry the crucible for 1 hour at 105 + 2°C, then cool it to room temperature in a dessicator.

h. Determine the increase in weight of the crucible to within 0.2 mg.
i. Calculate the percentage of ethyl centralite in the propellant.

j- Calculation:

Percent ethyl centralite = §2BL76-

Where:
A = Weight of dibrom-ethyl centralite (increase in weight of the crucible).

B = Weight of sample, corrected for total volatiles.

METHOD 217.2.1
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METHOD 217.3.1

DIPHENYLAMINE OR ETHYL CENTRALITE
(STEAM DISTILLATION VOLUMETRIC BROMINATION METHOD)

1. SCOPE

1.1 This method is suitable for determining the diphenylamine (DPA) or ethyl centralite (EC)
content in either aged or newly manufactured propellants. Other propellant ingredients that steam
distill and are brominatable will interfere. This method may be used for determining the percentage of
"available stabilizer" calculated as diphenylamine or ethyl centralite but does not distinguish between

them and their primary degradation products.

2. SPECIMEN

2.1 The nominal content of the stabilizer in the propellant controls the weight of specimen
required. The specimen shall consist of approximately the weight of propellant given in table below,
weighed within 0.2 mg.

Nom Content, Pct wt of Specimen, g
DPA EC

<05 < 40 ... 5.0
0.5t01.0 4106 ........... 2.5
>1.0 > 6 1.25

3. APPARATUS

3.1 Steam distillation apparatus. A stopper should be placed in a steam outlet of the 3 necked
flask if only one distillation is being conducted. (figure 1).

INSULATED CONNECTIONS

RUBBER

N
TO BALLOO STOPPER

FLASK & BEAKER
WATER
COOLED,
NECK FLASK || conoenseR

Figure 1. Steam distillation apparatus.
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3.2 lodine titration flask (with stopper), 1 liter.
3.3 Pipet, 25 ml.
4. MATERIALS

4.1 Sodium hydroxide, 15 percent solfution, prepared by dissolving 30 g of sodium hydroxide in
distilled water to give 200 ml of solution. '

4.2 Glacial acetic acid.

4.3 Potassium iodide, 15 percent solution.

4.4 Hydrochloric acid, 38 percent sclution.

4.5 Sodium thiosulfate, 0.2N standard solution as specified in Method'602.1.

4.6 Potassium bromate-bromide solution, 0.2N standard solution as specified in Method 605.1.
4.7 Starch indicator solution as specified in Method 701.1.

5. PROCEDURE

5.1 Distillation of specimen. Distill the specimen as follows:

a. Place the specimen in the short necked flask of the steam distillation apparatus shown in
Figure 1 and add 200 ml of the sodium hydroxide solution. (figure 1.)

NOTE: Use a ground sample. (Use method 509.3 for sample preparation and use a 20 mesh
screen.)

b. Place the two hole stopper in the flask, and connect the gooseneck tube to the condenser.

¢. Insernt the adapter on the end of the condenser into a 600 mi beaker containing 100ml glacial
acetic acid. The end of this adapter should be made to dip below the surface of the acid.

d. Pass steam through the short necked flask at a rate of 7 to 9 mi/min and collect 400 + 25 ml
of the distillate. Transter the contents of the beaker to the 1:1 iodine titration flask.

e. Wash the condenser with three 10 m| podions of glacial acetic acid and collect the washing in
the iodine flask. Remove the iodine flask.

5.2 Analysis of specimen.

a. To the solution in the iodine flask, add 25 ml of the potassium bromate-bromide solution
accurately measured to within 0.03 ml.

b. Moisten the stopper of the flask with a drop of 15 percent potassium iodide solution and add 7
mi of 38 percent hydrochloric acid to the fiask, noting the time. Stopper the flask immediately, swirl
the contents for a few seconds, and allow the bromination to proceed for 1.0 + 0.25 minutes from the
time of addition of the hydrochloric acid.
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¢. Atthe end of the brominating time, add 10 ml of 15 percent potassium iodide solution to the
gutter of the iodine flask, cautiously loosen the stopper to allow the solution to enter slowly and then
mix the contents of the flask by swirling.

d. Wash down the gutter of the flask with distilled water, and titrate the resulting solution
immediately with 0.2N scdium thiosulfate until the solution assumes a light yellow color.

e. Add 5 ml of the starch indicator solution, and continue the titration carefully until the blue ceolor
of the solution disappears.

f. Make a blank determination, using 400 ml of water, 130 m! of glacial acetic acid and 25.0 ml of
the potassium bromate-bromide solution. Use procedural steps described in 5.20 through 5.26.

g. Calculate the percentge of diphenylamine or ethyl centralite in the specimen on the volatiles
free basis.

h. Calculations:

Percent Diphenylamine = 2115 vij —B) N
Percent Ethyl Centralite =  —8-71 (Av\; B)N
Where:

A = Sodium thiosulfate required for the blank, ml.

B = Sodium thiosulfate required to titrate the liberated iodine in the solution
containing the brominated specimen, ml.

N = Normality of the sodium thiosulfate solution.

= Weight of the specimen, corrected for total volatiles, g.
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METHOD 217.4.1

DIPHENYLAMINE AND ETHYL CENTRALITE IN ADMIXTURE OR SEPARATELY
(DISTILLATION GRAVIMETRIC AND VOLUMETRIC BROMINATION)

1. SCOPE
1.1 This method is suitable for determining the diphenylamine and ethyl centralite contents of

either aged or newly manufactured propeliants. Ingredients that steam distill and are brominatable
will interfere and propellants containing such ingredients should be analyzed by method 201.4.1.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of propellant weighed to within 0.2 mg.
3. APPARATUS

3.1 Steam distillation apparalus (figure 1). A stopper should be placed in a steam outlet of the 3
necked tlask if only one distillation is being conducted.

TUBING, GLASS O
POLYTETHAFLUOHOETHYLENE
H
TO SHORT-NECKED FLASK
AND RECEIVER (AS ON RIGHT)
CONDENSER, GRAHAM,
COIL TYPE
ab M ! =3
5 LITER-3 NECK UL
FLASK, WITH
JOINTS
DISTILLED ADAPTER
WATER
HEATING ¢ RECEIVER
MANTLE -

Figure 1. Steamn distillation apparatus.
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3.2 Steam bath.

3.3 Desiccator.

3.4 Edenmeyer flask, 750 ml.

3.5 Separatory funnel, 1 liter.

3.6 Crucible, fritted-glass, medium porosity, 3¢ ml capacity. medium.
3.7 lodine titration, 250 ml.

3.8 Volumetric flask, 250 ml.

3.9 Pipet, 100 ml.

4, MATERIALS

4.1 Sodium hydroxide, 15 percent solution. Dissolve 15 g of sodium hydroxide in distilled water
and dilute to 100 m! with distilled water.

4.2 Methylene chloride.
4.3 Sodium chloride.

4.4 Bromine.

4.5 Ethyl alcohol, 95 percent.

4.6 Glacial acetic acid.

4.7 Potassium iodide, 15 percent solution.

4.8 Hydrochloric acid, 38 percent solution.

4.9 Potassium bromate-bromide, 0.2N standard solution as specified in method 605.1.
4.10 Sodium thiosulfate, 0.1N standard solution as specitied in Method 602.1.

4.11 Starch indicator solution as specified in Method 7011,

5. PROCEDURE

5.1 Carry out a steam distillation on a solution of specimen as follows:

a. Place the specimen in the short necked flask of the steam distillation apparatus shown in
figure 1 and add 200 mL of the sodium hydroxide solution.

NOTE: Use a ground sample in case of large grains.
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b. Place the 2 hole stepper in the flask, and connect the gooseneck tube to the condenser.

¢. Insert the adapter on the end of the condenser into the 750 ml Erlenmeyer flask containing 25
mil of distilled water.

d. Connect the fiask io the steam generator and pass steam through tha short necked flask at a
rate of 7 to 9 mi/min. For propellants containing up to 1 percent dlphenylamme or 4 percent ethyl
centralite, collect 350 to 400 ml of distillate. For propellants containing 1 to 3 percent diphenylamine

or 4 to 6 percent sthyl centralite, collect from 450 to 500 ml of distillate.

€. Wash the condenser with three 20 ml porticns of methylene chioride and collect the washings
in the 750 ml Erlenmeyer flask. Add approximately 5 g of sodium chiloride to the distillate

5.2 Exiract the diphenylamine and {or) ethyl centralite as follows:

N R I

Wash the distiliate into the 1 liter separaiory funnei with water, stopper, and shake vigorously
for several minutes. Allow the layers to separate and drain of lower methylene chloride portion into a
250 ml volumetric flask. Extract twice more with 60 ml of methylene chloride and add the methylene
chloride layers to the 250 ml volumetric flask. Dilute to the 250 ml mark with methylene chloride.

5.3 Determine the diphenylamine as follows:

a. Pipet a 100 ml aliquot of the methylene chloride solution from the 250 mi volumetric flask into
a 250 ml beaker. Place the beaker on the steam bath and add enough bromine (0.6 ml for each
percent of diphenylamine and ethyl centralite) drop by drop to assure a slight excess. Allow the
contents to come to a boil. Remove the beaker from the steam bath and evaporate the methylene
chloride and excess bromine by means of a current of dry air until the odor of solvent is gone.

b. To the residue in the beaker add 40.0 mi of 95 percent ethyl alcoho! and heat to boiling. Add
40.0 ml of distilled water and note the time. Allow the beaker to remain an the steam bath for exactly
10 minutes.

NOTE: If no precipitate appears at this stage, diphenylamine is absent. In that case, proceed with
the determination of ethyl centralite as described in para. 5.4.

c. Filter the hot solution through a tared filtering ¢rucible and wash with about 50 ml of boiling
47.5 percent ethyl alcohol and then with 50 ml of hot distilled water (temperature around 80°C).

d. Heat the crucible for 2 hours at 105 + 2°C cool in a desiccator, and weigh.
e. Calculate the percentage of diphenylamine.
{. Calculation:
Percent DPA =34.90 xAx25 Where : _ .
w A = weight of tetrabromdiphenytamine

{increase in weight of crucible), g.

W = weight of specimen, corrected for total volatiles, g.
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5.4 Determine the ethyl centralite as follows:

a. Pipet a 100 ml aliquot from the methylene chloride solution in the 250 mi volumetric flask into
a 250 ml beaker. Evaporate off the methylene chloride by means of a current of dry air. Dissolve the
residue in glacial acetic acid, transfer to a 100 ml volumetric flask with glacial acetic acid, and dilute to
the mark with glacial acetic acid.

b. Pipet a 50.0 ml aliquot of the acetic acid solution into a 250 ml iodine titration flask, add 25 ml
of the potassium bromate-bromide solution from a buret and then add 5 ml of 38 percent hydrochloric
acid. Stopper the flask immediately, swirl the contents for a few seconds, and allow the bromination
to proceed for 1.0 _+ 0.25 minutes from the time of addition to the hydrochloric acid.

¢. Atthe end of the brominating time, add 10 mi of 15 percent potassium iodide solution, and
swirl the flask. Wash down the gutter and walls of the flask with distilled water and titrate immediately
with 0.1N sodium thiosulfate solution until the solution assumes a light yellow color. Add 5 ml of the
starch indicator solution and conlinue the titration carefully until the blue color disappears. Make a

blank determination, using 50 ml of glacial acetic acid and exactly the same volume of the potassium
bromate-bromide solution as for the sample.

d. Calculate the percentage of ethyl centralite.

e. Calculation:

Percent ethyl centralite = 6.71 | (A-B)Nx5 -

%DPA x W
2115

—_
i

Where:

A = Sodium thiosulfate required for the blank, mi.

N = Normality of sodium thiosulfate solution.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 217.4.1
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METHOD 218.1.2
2-NITRODIPHENYLAMINE (VOLUMETRIC BROMINATION METHOD)
1. SCOPE

1.1 This method is used for determining the 2-nitrodiphenylamine content of propellants
containing nitrate esters or nitro compounds. Other brominatable compounds must be absent.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propeilant, weighed to within 0.2 mg.
3. APPARATUS

3.1 lodine titration flask (with stopper), 250 ml.

3.2 Volumetric flask, 100 ml.

4. MATERIALS

4.1 Glacial acetic acid.

4.2 Methylene chloride.

4.4 Hydrochloric acid, 38 percent solution.

4.5 Potassium iodide, 10 percent solution.

4.6 Sodium thiosulfate, 0.2N standard solution as specified ?n Method 602.1

4.7 Starch indicator solution as specified in Method 701.1.

5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.é Extract the specimen and dry the extract as specified in Method 104.1,

5.3 Dissolve the dried residue of the extraction in 10 ml of glacial acetic acid.

5.4 Transfer the solution quantitatively to a 250 ml iodine titration flask; rinse the exiraction flask
with several 10 ml portions of glacial acetic acid; and transfer the rinsings to the titration flask, using a

total of 50 ml of acetic acid.

5.5 To the 50 ml solution in the jodine titration flask, add 25 mi of methylene chloride, and an
accurately measured portion of 10 ml ¢t the 0.5N solution of potassium bromate-bromide.

METHOD 218.1.2
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5.6 Moisten the stopper of the flask with a drop of 10 percent potassium iodide solution, and add
5 mi of 38 percent hydrochloric acid to the flask, noting the lime. Stopper the flask immediately, swirl
the contents for a few seconds, and allow the bromination to proceed for 1.0 _+ 0.25 minutes from the
time of the addition of the hydrochloric acid.

5.7 Atthe end of the brominating time, add 25 ml of 10 percent potassium iodide solution, and
swirl the contents of the flask.

5.8 Wash down the gutter and walls of the flask with distilled water, and titrate the resulting
solution immediately with 0.2N sodium thiosulfate selution unti! near the end point, as indicated by the
disappearance of the strong iodine color.

5.9 Add 5 ml of the starch indicator solution, and continue the titration carefully until the blue
color disappears.

CAUTION: The solution must be vigorously shaken as the end point is approached so that all the
iodine dissolved in the methylene chloride will be titrated.

5.10 Make a blank determination, using exactly the same volumes of the potassium
bromate-bromide solution, glacial acetic acid and methylene chloride (para. 5.4 and 5.5).

5.11 Calculate the percentage of 2 nitrodiphenylamine in the propellant as follows:

5.12 Calculation:

Percent 2-nitrodiphenylamine = 3.570 (Q -B8) N

Where:
A = Sodium thiosulfate required for the blank, ml.

B8 = Sodium thiosulfate required to titrate the liberated iodine in the solution containing the
brominated specimen.

N = Normality of sodium thiosulfate solution.

W = Weight of the specimen corrected for total volatiles, g.

METHOD 218.1.2
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METHOD 218.2.1

2-NITRODIPHENYLAMINE (TITANOUS CHLORIDE-BUFFER METHOD)

1. SCOPE

1.1 This method is used for determining the 2-nitrodiphenylamine content of freshly
manufactured single-base propellants containing no other nitro compounds.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 Titration flask (figure 1).
3.2 Rubber stopper for inlet tube of titration flask.
3.3 Steam bath.

4, MATERIALS

. 4.1 Ethyl alcohol, 95 percent (MIL-E-463, Grade 1).

4.2 Potassium hydroxide, 0.5N alcoholic solution.
4.3 Glacial acetic acid (JAN-A-465).
4.4 Sodium acetate buffer sofution prepared as

directed in method 213.4, para 4.3.

4.5 Inert gas {carbon dioxide or nitrogen).

_ GROUND
JOINT
70
/20
) 20
157 /
20 4 (ID)
I 8 (OD) /
I = 70 |
~a— 110 (OD) ——»=
PYREX GLASS FLASK
BULB CAPACITY - 500ml

ALL DIMENSIONS IN MILLIMETERS

Figure 1. Titration Flask

4.6 Titanous chloride, 0.2N standard solution as specified in Method 601.1.

4.7 Hydrochloric acid, 15 percent solution.

4.8 Ammonium thiocyanate, 20 percent solution as specified in Method 706.1.

4.9 Ferric ammonium sulfate, 0.15N standard solution as specified in Method 603.1.

5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.2 Extract the specimen as described in Method 104.1. For the extraction, use the titration

flask {para 3.1} with its inle! tube plugged by the rubber stopper.

METHOD 218.2.1
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5.3 Dissolve the residue trom the extraction in 10 ml of 95 percent ethyl alcohol, and add 10 mi .
of the 0.5N alcohol potassium hydroxide solution.

5.4 Heat the flask on a steam bath for two hours.

5.5 Dry the contents of the flask under a slow stream of dry air until the odor of alcohol is no
longer discemible.

5.6 Dissolve the residue in 40 mil of glacial acetic acid. Add 25 ml of 20 percent sodium acetate
buffer solution.

NOTE: If the phthalate ester has not been completely saponified by the potassium hydroxide, it will
appear as an oily, immiscible liquid, upon the addition of the sodium acetate solution. Discard any
determination in which the phthalate ester has not been completely saponified.

5.7 Remove the rubber stopper from the inlet tube of the Hlask. Attach a source of inert gas to
the inlet tube, and allow the gas to flow gently for five minutes to displace all the air in the flask.
Continue the flow of gas throughout the remainder of the determination.

5.8 After the gas has flowed for five minutes, add in 2-ml increments a total of 40 mi of the 0.2N
titanous chloride solution, swirling the flask after each addition to insure complete reduction of the 2
nitrodiphenylamine. Then swirl the flask for another 15 minutes.

5.9 Add 25 ml of the 15 percent hydrochloric acid solution and 5 ml of the 20 percent ammonium
thiocyanate solution.

5.10 Titrate with the standard 0.15N ferric ammonium sulfate solution to the end point (indicated
by the first permanent red coloration).

5.11 Conduct a blank determination using the same reagents in the same guantities as in steps
5.6 through 5.10 above.

5.12 Calculate the percentage of 2-nitrodiphenylamine.
5.13 Calculation:

3.570 (A - BJN
Percent of 2-nitrodiphenylamine = 570 iN B)N

Where:

A = volume of ferric ammonium sulfate solution used for blank, mi.

B = Volume of ferric ammonium sulfate selution used for specimen, mi
N = Normality of ferric ammonium sulfate solution.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 218.2.1
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METHOD 218.4.3
2-NITRODIPHENYLAMINE (SPECTROPHOTOMETRIC METHOD)
1. SCOPE
1.1 This methed is suitable tor determining the 2-nitrodiphenytamine (2-NDPA) content of newly
manufactured propellants. Aged propellants containing compounds that absorb in the spectral region
at which measurement is made {420-430 nanometers) should not be determined by this method. The
standard deviation of this method for determination in triplicate is £ 0.02 percent 2-NDPA.

2. SPECIMEN

2.1 The sample shall consist of an accurately weighed specimen of the propellant. Sample
weight shall be caiculated from the nominal percentage of 2-NDPA in the sample o give a
concentration of 0.005 to 0.015 mg/ml in the reading cell specimen (para. 5.5).

3. APPARATUS

3.1 Extraction apparatus as specified in Method 104.1.

3.2 Spectrophotometer.

3.3 Absorption cells, approximately 10 mm light path length.

3.4 Volumetric flasks, 100, 250, and 500 m! capacities.

3.5 Pipets, 1, 2 and 5 ml capacities, or buret.

4, MATERIALS

4.1 2-Nitrodiphenylamine.

4.2 Ethyl alcohol, 95 percent.

4.3 Acetic acid, glacial.

5. PROCEDURE

5.1 Prepare a standard curve as follows:

a. Weigh 0.2 g of 2-NDPA to = 0.1 mg. Transfer to a 500 ml volumetric flask, dissolve and dilute
to volume with ethyl alcohol. The final concentration of this solution should be between 0.4 to 0.5
mg/mi.

b. Transfer 1.0, 2.0, 3.0, and 4.0 ml aliquots to 100 ml volumetric flasks, dilute to volume with
ethanol and mix thoroughty.

¢. Transfer a portion of each of these solutions to absorption cells. Fill a similar cell with ethyl
aicohol for references.
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d. Scan the most concentrated solution between 420 and 430 nanometers (nm) and determine .

the wavelength giving maximum absorbance. Measure the absorbance of each solution at the
wavelength corresponding to the maximum absorbance.

e. Using linear graph paper, plot absorbance (ordinate) vs concentration, mg 2-NDPA/IOG ml
{ahscissa)
A) F

LarTi oy .

52 Prepare the specimen as specified in Method 509.3.

ecimen (para. 2.1} in a Soxhlet or Roweg extractor (or equivalent) and extract
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5.4 Dissolve the solvent free exiract in approximately 50 ml of acetic acid. Quantitatively
transter the solution, with the aid of additional acetic acid, to a 250 ml volumetric flask. Dilute to
volume with acetic acid and mix thoroughly.

5.5 Transfer a 5.0 mi aliquot of the acetic acid solution to a 100 ml volumetric flask, dilute to
volume with ethano! and mix thoroughly.

5.6 Fill an absomtion cell with the ethanol solution obtained in para. 5.5 and fill a matched
absorpiion ceii wiih ethanoi.

5.7 Set the instrument at the wavelength corresponding to the previously determined absorption
maximum and determine the absorbance of the sample in relation to that of the ethanol.

5.8 From the absorbance obtained, refer to the calibration curve to determine the concentration
of 2-NDPA and then calculate the weight percent in the sample.

5.9 Calculatlon:

o o, _ CxF
Wit % 2-NDPA = Wx 10

Where:
C = Mg 2-NDPA per 100 ml of solution obtained from calibration curve.

F = Aliquot factor (50 for 5.0 ml aliquot).

W = Weinht of samnle o
welagnt ot sampie, 4.
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METHOD 218.5.1

2-NITRODIPHENYLAMINE (2-NDPA) RESORCINOL
(LIQUID CHROMATOGRAPHY METHOD)

1. SCOPE

1.1 This (liquid chromatography (LC) method may be used for the determination of
2-nitrodiphenylamine (2-NDPA) and Resorcino! in Composite Modified Double Base (CMDB)
Propellant.

1.2 Resorcinol and 2-NDPA (as well as nitroglycerin and triacetin) are extracted from CMDB
propellant by an ascending elution with diethyl ether on a small silica gel column. The extracted
materials are subsequently removed from the column by a descending elution with 1,2
dimethoxyethane and analyzed by high speed LC.

1.3 The concentration of the substances to be measured should approximate the concentration
of the standard. Any other species will interfere that elute along with the species of interest and have
absorbance at the same wavelength.

1.4 Proper handling procedures should be used for all explosive, flammable, or hazardous
samples and reagents.

1.5 The precision for this method at the 95% confidence level (CL) is + 0.027 at the 1.0% level of
2-NDPA.

1.6 The precision for this method at the 95% CL is + 0.037 at the 0.7% lead of resorcinol.
2. SPECIMEN

2.1 The sﬁecimen shall consist of 1 to 2 grams of propellant.

3. REAGENTS

3.1 Diethyl ether, reagent grade.’

3.2 1, 2-Dimethoxyethane (glyme), "distilled in glass”, UV cutoff 220 nm, Burdick and Jackson
Laboratories, Inc., Muskegon, Michigan.

3.3 n-Heptane, free from UV contaminants.
3.4 Silica gel, type # 60, particle size 63-200 pE. Merck, MCB, reagents or equal.

‘3.5 2-Nitrodiphenylamine, Kodak Laboratory Chemicals, or equal. Recrystallized from
n-heptane.

3.6 Resorcinol, analytical reagent grade, Mallinckrodt Chemicals, or equal.
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4. APPARATUS

4.1 Pasteur capillary, glass, disposable pipets, length 9 in body od 7mm, capillary od, 1 mm,
WVWR Catalog No. 14672-380 or equal.

4.2 Liquid Chromatograph, Modular, consisting of:

a. Dupont Zorbax Sil column, 7.9mm ID x 25 cm, Dupont Co., Analytical Instruments Division, or
equal.

b. Detector, UV-Visible, Varian Techtron, Series 6357 with LC flow cell accessories, Varian
Instruments Division, or equal.

¢. Pump, gradient elution, two M-6000 pumps (6000 psi rated) interfaced with a M-660 sclvent
programmer, Walers Associates, or equal.

NOTE: 1 psi= 6.9 kPa.

d. Sample injection valve, Model 706-L, modified with 1 mm stainless steel tubing (loop} to
produce constant injection volume of approximately 65 ul, Disc Instruments Inc., or equal.

e. Pipet extraction columns - prepare the pipet extraction columns by packing Pasteurcapillary
disposable pipets with silica gel, type # 60 {about 3 in) and sealing at both ends with a small wad of
glass wool. Leave sufficient room at the top of the pipets for the propellant sample and an additional
wad of glass wool.

5. PROCEDURES

5.1 Sample Preparation. Grind the propellant sample by rubbing on a clean, flat, medium
coarse tite. Add about 100 mg of powdered propellant to the top of a tared pipet exiraction column,
reweigh the column and obtain the sample weight by difference. Add a wad of glass wool to hold the
propellant sample on the column and to provide a wick for the elution step.

5.2 Place the pipet column (sample end down) into a 25 ml volumetric flask containing about 5
ml of diethyl ether and allow the ether to ascend the column to the glass wool plug at the tip of the
column.

5.3 Remove the pipet column from the volumetric flask and remove the plug of propellant
residue from the top of the column. Wash the propellant extract from the column with 5-7 ml of diethyl
ether into a 25 ml volumetric flask. Remove the diethyl ether by evaporation with a stream of ary
nitrogen, add 20 ml of n-heptane and bring the 25 ml volumetric flask to volume with glyme. The
sample is now ready for analysis by LC.

5.4 Standards. Weigh 100 mg of 2-NDPA and 70 mg of resorcinol into a 100 mi volumetric flask.

Dissolve and dilute to volume with glyme, by means of a pipet or flask containing 20 ml of n-heptane.
Dilute to volume with glyme.
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5.5 LC Analysis
lnsiument Conditions. The LC should be equilibrated at the following conditions.
a. Mobile phase - 35 percent glyme in n-heptane.
b. Flow rate - 2.0 mi/min
c. Detector setting - 280 nm.
5.6 Analysis. With the sample injection valve lever in the "fill" position, flush the injection valve

with 2-5 ml of standard solution and move the lever to the "inject” position. When the standard has

eluted from the LC, measure the peak heights obtained for 2-NDPA and resorcinol (2-NDPA) will
elute first.).

Inject sample solution in the same manner as above and calculate the percentage of each
component.

6. Calculation:

% Component =

B = concentration of component in standard, mg/ml. /
C = peak height of component in standard.

D = sample weight in grams.
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METHOD 219.1
OXAMIDE (PERMANGANATE TITRATION METHOD)
1. SCOPE

1.1 This method is used for determining the oxamide content of propellants. The presence of
other compounds which react with potassium permanganate will cause interference.

2. SPECIMEN

2.1 The specimen shall consist of a portion of the propellant containing approximately 200 mg of
oxamide {as determined from the detailed specification for the propellant). Weigh the specimen to
within 0.2 mg.

3. APPARATUS

3.1 Gilass extraction thimble with fritted disk, 30 ml.

3.2 Beakers, 400 mi.

3.3 Funnel.

3.4 Suction tlask, 500 mi.

4. MATERIALS
4.1 Sodium hydroxide, 5 percent solution.

4.2 Sulfuric acid solution, consisting of one part 95 percent sulfuric acid and one part distilled
water.

4.3 Potassium permanganate, 0.1N standard solution as specified in Method 606.1.
5. PROCEDURE
5.1 Prepare the specimen as specified in Method 509.3.

5.2 Exiract the specimen as specified in Method 104.1 Use the 30 mi giass extraciion thimble.
Retain the residue in the thimble.

5.3 Dry the residue in the extraction thimble, and quantitatively transfer it to a 400 ml beaker,
using a stream of distilled water.

5.4 Add 50 ml of distilled water to the beaker, and boil the residue for 1 hour.
5.5 Place the thimble (used in the extraction) in a funnel on a 500 ml suction flask and apply

suction to the flask. Carefully decant the boiling supernatant liquid in the beaker through the thimble
into the suction flask.

METHOD 219.1
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5.6 Boil the residue in three more 50 ml portions of distilled water each for 1 hour in the 400 ml
flask; decant each through the thimbie into the suction fiask.

5.7 Transfer the residue in the beaker to the thimble and wash it with four 10 m! portions of
boiling water. Also wash the bottom of the thimble and the funnel, with a stream of hot distilled water,
and catch the washings in the suction flask.

5.8 Quantitatively transfer the filtrate in the suction flask to a clean 400 ml beaker, and add 20 ml
of 5 percent sodium hydroxide solution. Heat the beaker on a hotplate for 30 minutes, then cool to
roomtemperature.

5.9 Neutralize the solution in the beaker with the sulfuric acid solution; then add an excess of 40
ml of the sulfuric acid solution.

5.10 While slowly stirring the solution, titrate with the 0.1N standard potassium permanganate
solution at a rate of approximately 25 to 35 mt per minute, until the appearance of the first pink color.

5.11 Allow the solution to stand until the pink color disappears, then heat it to approximately 80
to 90°C.

5.12 Continue the titration drop by drop, allowing each drop to become decolorized hefore
adding the next. The titration may be considered complete when the pink coloration persists for 30
seconds.

5.13 Calculate the percantage of oxaide in the propellants.

5.14 Calculation:

440 VN
w

Percent oxamide =
Where:
V = Volume of potassium permanganate solution used in titration, mt.

N = Normaiity of ihe potasium permanganaie soiution.

W = Weight of sample corrected for total volatiles, mg.

METHOD 219.1
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METHOD 219.2.1
OXAMIDE (SPECTROPHOTOMETRIC METHOD)

1. SCOPE

1.1 This method is used for determining the oxamide content of nitrocellulose-base propeliants.

2. SPECIMEN

2.1 The specimen shall consist of a portion of the prope#iant containing approximately 50 mg of
oxamide (as determined from the detailed specification fer the propellant). Weigh the specimen to
within 0.2 mg.

3. APPARATUS

3.1 Steam distillation apparatus. The apparatus is the same as figure 1, Method 201.4, except
that a 750 mi Edenmeyer flask is used 1o collect the distillate. The adapter should be long enough to
reach to the bottom of the 750 mi Erlenmeyer flask.

3.2 Volumetric flask, 1000 ml,-500 mi, and 56 ml,

3.3 Buret, 25 ml.

3.4 Pipets, 50 .ml, 5ml, and 1 mi '

3.5 Spectrophotometer,

4. MATERIALS

4.1 Sodium hydroxide, 10 percent solution.

4.2 Nessler reagent. Dissolve 70 g of potassium iodide in 60 ml of water, add 100 g of mercuric
iodide, swirl to dissolve, dilute to approximately 150 ml, and add slowly, with stirring, to a cool solution
of 160 g ot sodium hydroxide in 500 ml of water. Dilute to 1 liter with water and allow to stand
ovemight or longer.

4.3 Standard nitrogen solution-(1 ml = 0.060 mg of oxamide). Dry ammonium chioride in an oven
at 110°C, dissolve 0.7280 g in water, dilute to 1 liter in a volumetric flask, pipet a 50 ml aliquot into a
500 ml volumetric flask, and dilute to the mark with water.

5. PROCEDURE

5.1 Preparation of calibration curve:

a. Transfer 4.0, 6.0, 8.0, 10.0 and 12.0 mi of standard nitrogen solution to 50 mi volumetric
flasks. Carry along a reagent blank.

b. Dilute to about 45 ml with water, add 1.00 m! of Nessler reagent and swirl. Dilute to the
mark and shake.
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¢. Measure the absorbance in 15 to 30 minutes at 415 nanometers in a spectrophotometer
that has been set to 100 percent transmittance with the reagent blank.

d. Plot milligrams of oxamide against absorbance.
5.2 Prepare the specimen as specified in Method 509.3.

5.3 Extract the specimen as specified in Method 104.1.3 using methylene chloride as the
solvent. Retain the residue in the thimble.

5.4 Dry the residue in the thimble by means of stream of air.

5.5 Quantitatively transfer the residue to the 1-liter boiling flask, and add 150 ml of the 10
percent sodium hydroxide solution. Add 100 ml of water to the 750 mt Ertenmeyer flask. Place the
Erlenmeyer so that the adapler dips below the surface of the water. Assemble the apparatus and
steam distill at a rale of 5to 7 ml condensate per minute,

NOTE: Do not apply heat to the 1-liter boiling flask ¢containing the propellant,

5.6 Collect about 225 to 250 ml of the distillate, open the release valve, shut off the heat, and
disconnect the gooseneck tube from the condenser by loosening the rubber stopper from the 1 liter
flask.

5.7 Raise the condenser so that the tip is above the liquid and wash down the condenser and
adapter with distilled water.

5.8 Dilute the distillate 1o 500 ml in a volumetric flask with distilled water.

5.9 Pipet a5 ml aliquot into a 50 ml volumetric flask, dilute to about 45 ml with water, add 1.00
ml of Nessler reagent, and swirl.

5.10 Dilute to the mark with water, shake, and measure the absorbance in 15 to 30 minutes at
415 nanometers in a spectrophotometer set at 100 percent transmittance with the reagent blank.

5.11 Correct the nitrocellulose by carrying through the entire procedure including the methylene
chloride extraction and amount of nitrocellulose equal to that in the sample.

5.12 Conven the reading to milligrams of oxamide by referring to the calibration curve and
calculate the percent oxamide.

METHOD 219.2.1
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METHOD 219.3.1
OXAMIDE (VOLUMETRIC METHOD)

1. SCOPE

1.1 This method is used for determining the oxamide content of nitroceliulose-base propellants.

2. SPECIMEN

2.1 The specimen shall consist of a portion of the propellant containing approximately 200 mg of
oxamide {as determined from the detailed specitication for the propellant). Weigh the specimen to
within 0.2 mg.

3. APPARATUS

3.1 Steam dislillation apparatus. This apparatus is the same as figure 1, Method 201.4, except
that a 750 mt Edenmeyer tlask is used to collect the distillate. The adapter should be long enough to
reach to the bottom of the 750 ml Edenmeyer tlask.

3.2 Buret, 50 ml.

3.3 Pipet, 100 ml.

4. MATERIALS

4.1 Sodium hydroxide, 10% solu‘lion.

4.2 Hydrochloric acid, 0.1N solution.

4.3 Sodium hydroxide, 0.1N standard selution.

4.4 Methy! red indicator, as specified in Method 702.1.

5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.2 Extract the specimen as specified in Method 104.1 using methylene chloride as the solvent.
Retain the thimble and residue.

5.3 Dry the thimble and residue. Quantitatively transfer the residue to the 1-liter boiling flask,
and add 200 mi of 10% sodium hydroxide. Pipet 100 ml of 0.1 N hydrochioric acid into the 750 ml
Erlenmeyer flask, add 5 drops of methyl red indicator, and place the ilask so that the adapter dips
below the surface of the liquid. Assemble the apparatus and steam distill at a rate of 5 to 7 m! of
condensate per minute.

NOTE: Do not apply heat to the 1-liter boiling flask containing the propellant.
5.4 Collect about 250 to 300 ml of distillate, open the release valve, shut off the heat, and

disconnect the gooseneck tube from the condenser by loosening the rubber stopper from the 1-liter
flask.
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5.5 Raise the condenser so that the tip is above the liquid and wash down the condenser and
adapter with distilled water.

5.6 Titrate the excess acid in the Erlenmeyer flask with standard 0.1N sodium hydroxide solution
to afaint orange end point.

5.7 Carry a blank determination through all the steps of the procedure after the extraction step.

5.8 Consult graph to obtain “C" value (correction for nitrocellulose) corresponding to the weight
of nitrocellulose in the sample.

5.9 Calculate the percent oxamide in propellant.
5.10 Calculation:

4.40 [{B-A)N - C/10]
w

Percent oxamide =

Where:
B = Volume of standard 0.1N sodium hydroxide solution required for blank, mi.

A = Volume of standard 0.1N sodium hydroxide solution required to neutralize
excess acid in distillate, ml.

C = Volume of standard 0.1N sodium hydroxide solution, ml, required to correct
for ammonia generated by the hydrolysis of nitrocellulose

N = Normality of sodium hydroxide solution,
W = Weight of sample corrected for total volatiles.

6. PREPARATION OF GRAPH TO OBTAIN "C"

6.1 Weigh accurately 1.0, 2.0, 3.0, 3.5, 4.0 and 4.5 g samples of pure nitrocellulose (preferably
12.0 - 13.2%N) and carry each sample through the entire procedure including the methylene chloride
extraction. Run a blank determination.

6.2 Plot m! of standard 0.1N sodium hydroxide solution consumed against g of nitroceliviose.
NOTE: The above correction graph need to prepared only once. An alternative method for obtaining

"C" is to carry through the procedure on an amount of nitroceliulose equal to the amount in the
sample.

METHOD 219.3.1
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METHOD 219.4.1
OXAMIDE (INFRARED METHOD)

1. SCOPE

1.1 This method is applicable to the determination of oxamide over a wide range of
concentrations in casting powders or propellants containing nitroglycerin (NG}, 2-nitrodiphenylamine
(2-NDPA), nitrocellulose (NC), and cyclotetramethylene- tetranitramine (HMX). However, the sample
weights called out here apply to compositions containing about five percent oxamide. The precisions
at the 95% confidence level (CL) is £ 0.15 at the 5.0% level of oxamide.

1.2 The NG and 2-NDPA are separated by Soxhlet extraction and measured by established
spectrophotometric procedures. The HMX and NC in the residue are separated from the oxamide by
an extraction - centrifugation procedure. Acetone is used to dissolve the HMX and NG in this step
while the insoluble oxamide is recovered by centrifugation. All three components are subsequently
determined by infrared (IR) spectrophotometry.

2. SPECIMEN

2.1 The specimen shall consist of 2 to 3 grams of propellant.

3. APPARATUS

3.1 Cells, 2 each, CaFz, matched, 0.2 mm path length.

3.2 Centrifuge tubes, 50 m!,

3.3 Centrifuge.

3.4 Extraction apparatus, Soxhlet.

3.5 Qven, vacuum drying.

3.6 Spectrophotometer, IR, Beckman IR-12 or equivalent.

3.7 Steam bath.

4. REAGENTS

4.1 Acetone, reagent grade.

4.2 Diethyl ether (DEE), anhydrous, reagent grade.

4.3 Dimethyl sulfoxide (DMSQ), reagent grade.

4.4 Oxamide reagent grade, Kodak Laboratory Chemicals, or equal. Dry in vacuum oven at
105°C for several hours.
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5. STANDARDIZATION

5.1 Weigh approximately 0.200 g of dried oxamide to the nearest 0.1 mg and transter to a 100
ml volumetric flask. Dissolve in DMSQ and dilute to volume. Pipet, 5, 10, 15 and 20 ml aliquots of
the oxamide stock solution into 25 ml volumetric flasks and dilute to volume with DMSO. Inturn place
each of these standards into a 0.2 mm CaFz cell and record the IR spectrum betwesn 1600 and 1800
c¢m ' against a solvent reference. Measure me oxamide maximum absorbance at 1680 cm ' and
subtract the baseline absorbance at 1800 cm™'. Determine the absorptivity, a, of oxamide by plotting
absorbance against concentration and measunng the slope of the calibration curve,

6. PROCEDURE

6.1 Extract a 1.0 g sampte (weighed to the nearest 0.1 mg) with tor 72 hours in Soxhlet
apparatus. :

6.2 After extraction transfer the dried insoluble residue to a 50 ml centrifuge tube. Add 40 m! of
acetone and disperse the sample thoroughly. Centrifuge for five minutes. Carefully decant the
supernatant liquid info a 50 mil beaker. Evaporate the acetone carefully on a steam bath. Repeat the
extraction with three more 40 ml portions of acetone. Evaporate the acetone as above and dry the
beaker and centrifuge tube in a vacuum oven at 105°C for several hours.

6.3 Dissolve the oxamide residue in the centrifuge tube in DMSO. Transter the solution to a 50
ml volumetric flask and dilute to volume. Fill a 0.2 mm CaFz IR cell with the sample solution and scan
from 1600 to 1900 ¢! against a solvent blank in the reference cell. Measure the absorbance of

oxamide at 1680 ¢cm ' and subitract the baseline absorbance at 1900 emt. .
7. Calculation:
P i AD
% Oxamide = Toaw
Where:

A = absorbance of oxamide at 1680 cm’".
D = dilution, ml.
a = absorptivity of oxamide at 1680 em’, mi/mg.

W = weight of sampie, g.
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METHOD 221.1.1

PHTHALATE ESTERS (SAPONIFICATION-SPECTROPHOTOMETRIC METHOD)

1. SCOPE

1.1 This method is used for determininé spectrophotometrically the percentage of phthalate

esters in single-base propellants.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS
3.1 Volumetric flask, 500 ml.

3.2 Volumetric flasks, 100 ml.

3.3 Ultraviolet spectrophotometer (Beckman Instruments, Inc., Model DU, or equivalent).

3.4’ Silica cells, 10 mm light path length.
3.5 Steam bath.

3.6 Filter paper, Whatma
3.7 Separatory funnel, 500 mil.
3.8 Beaker, 600 ml.

3.9 Walchglass (ribbed).

3.10 Hotplate.

4. MATERIALS

4.1 Ethyl alcohol, 95 percent.

4.2 Potassium hydroxide, 0.5N alcoholic solution, consisting of approximately 16 g of potassium

hydroxide (85 percent in 550 ml of 95 percent ethyl alcohol).

4.3 Sodium chloride.
4.4 Potassium hydroxide, (solid).
4.5 lIsopropyl ether.

4.6 Hydrochloric acid, 38 percent solution.

4.7 Blank solution, consisting of 10 mi of 38 percent hydrochleric acid and 10 g of sodium

chioride, dissolved in 1 liter of distilled water.

i

METHOD 221.1.1



MIL-STD-286C

4.8 Potassium acid phthalate, reference standard, National Bureau of Standards Sample No. .
185 (dried for 2 hours at 1Q°C).

5. PROCEDURE
5.1 Prepare the specimen as specified in Method 509.3.
5.2 Extract the specimen and dry the extract as specified in Method 104.1.

5.3 Dissolve the residue in 10 mi of 95 percent ethyl alcohol, and add 10 ml of the 0.5N alcoholic
potassium hydroxide solution.

5.4 Cover the flask with a small watchglass, and heat it on a steam bath for 2 hours. Then cool
to room temperature.

5.5 Add 5 mi of distilied water and 5 mi of 38 perceit hydrochioric acid to the fiask, and dilute
the solution to approximately 100 ml with distilled water.

5.6 Add 5 g of sodium chloride, and agitate the solution until the sodium chloride is completely
dissolved.

NOTE: The addition of the sodium chloride will aid in the separation of the liquid layers, and will
prevent excessive foaming.

5.7 Filter the solution through Whatman No. 42 filter paper into a 600 ml beaker, and wash the
residue on the filter paper with 100 ml of distilled water. Discard the filter and residue.

5.8 Make the filtrate alkaiine to fitmus paper (pH approximately 9} using solid potassium
hydroxide.

5.9 Quantitatively transfer the filtrate to a 500 ml separatory funnel, using distilled water. Add
100 mi of isopropyl ether, and agitate the mixture thoroughly for 5 minutes.

5.10 Allow the mixture to separate into 2 layers; draw off the lower (agueous) layer into the 600
mi beaker. Wash ihe remaining (ether) iayer with three 10 mi poriions of distilied water, and draw the
washings off into the beaker.

5.11 Cover the beaker with a ribbed walchglass. Place on a hotplate set at medium heat and
allow the solution to evaporate 10 approximately 50 ml. Remove the beaker from the hotplate and
allow it to cool to room temperature.

5.12 Add 5 ml of 38 percent hydrochloric acid, and filter the solution through No. 42 Whatman
filter paper into a 500 ml volumetric flask, Wash the beaker with 100 ml of warm distilled water and
pour the washings through the filter paper into the volurmetric flask. Allow the solution to cool to room
temperature and fill the flagk to the mark with distilled water.
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a. Obtain the nominal weight in mg of phthalate ester by multiplying the sample weight in mg by
the percentage of phthalate ester as given in the detail specification and dividing by 100. Multiply this
weight by 166.13.

b. Divide the result by the molecular weight of the phthalate ester in the propellant.

5.14 Transfer an aliquot of the solution, containing 5 to 9 mg of phthalic acid, to a 100 ml
volumetric flask, and dilute to the mark with bfank solution {para 4.7).

5.15 Transfer a portion of this solution to a silica cell. Fill a matched cell with blank solution for
the reference.

NOTE: If matched silica cells are not available, unmatched cells may be used. Howsver, correct for
any difference between them by filling both cells with blank solution measuring the absorbance of
both at 275 nanometers and determining the difference in absorbance. Correct the reading for the
absorbance of the propellant solution accordingly.

5.16 Placethecellsinthe s

millimicrons.

5.17 Determine the spectrophotometric factor for phthalic as follows:

1AFtals

- ey (2%
a. weigh Q.

HO°C.

b. Dissoive the potassium acid phthalate in 50 to 100 ml of distilled water, and quantitatively
transfer the solution to a 500 ml volumetric flask.

c. Add 5 ml of 38 percent hydrochloric acid, and dilute to the mark with distilled water.

d. Using aliquots of this solution, prepare five solutions of phthalic acid ranging in concentration
from 5 to 9 mg per 100 ml.

NOTE: The phthalic acid content of potassium acid phthalate is 81.35 percent.
e. Determine the absorbance of each solution at 275 nanometers.
f. Divide the concentration of phthalic acid for each of these solutions by its corresponding

absorbance value. The average of the six quotients thus obtained should be used as the
spectrophptometric factor for phthalic acid.
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5.19 Calculation:

Percent phthalate ester

D
[}
—

Where:

A = Corrected absorbance for the cell containing the propellant solution (para 5.16).
B = Spectrophotometric factor for phihalic acid (para 5.17).

C = Molecular weight of the phthalate ester in the propellant.

W = Weight of specimen represented by the aliquot taken, corrected for total volatiles, mg.
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_ METHOD 222.1.1
PLASTICIZERS, ESTER (INFRARED METHOD)
1. SCOPE

1.1 This method may be used for determining phthalates, acetates, and other ester plasticizers
in casting liquid and propellanis containing cnly one such ester.

2. SPECIMEN

2.1 The specimen shall consist of sufficient liquid or propellant to give an extract having
absorbance of approximately 0.2 to 0.8 in the chosen ceil under the conditions described in
paragraph 5.1 Ester concentrations of about 0.4 g per 100 ml are satisfactory for most esters when
0.2 mm cells are used. The specimen shall be weighed to within 0.2 mg.

3. APPARATUS

3.1 Extraction apparatus, Soxhlet or equivalent.

3.2 Volumetric flask, 100 ml or as required.

3.3 Double-beam infrared spectrophotometer.

4, MATERIALS
4.1 Extraction solvent; methylene chloride, reagent grade.
4.2 Infrared solvent. One of the following:

Methylene chioride (MCI)
1, 2 Dichloroethane (DCE)

4.3 Nitroglycerin, MIL-N-246.

4.4 Esters conforming to appropriate specifications.

5. PROCEDURE

5.1 Prepare a calibration curve as follows:

5.1.1 Choose either MCl or DCE as solvent and prepare five solutions of known concentrations
of the ester in that solvent at the applicable concentration range. For 0.2 mm cells a suitable range

for most esters is from 0.2 to 0.8 g per 100 ml.

5.1.2 Sel the zero and 100 percent lines of the infrared spectrophotometer at 1745 em! (5.75
micrometers).

5.1.3 Fill the reterence cell with the solvent and place it in the reference beam.

METHOD 222.1.1
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5 1.4 Fill the sample cell with each of the ester solutions in turn and scan from 1950 to 1650 .
cm’ p (5 1 to 6.1 micrometers). Record absorbance at the peak of the band that occurs at about 1745

cm (5.75 micrometers). Subtract absorbance at 1900 cm ! (5.26 micrometers). The difference is net
absorbance.

ar concantration in aper 10
or oot 1gper v

(=]

5.2 Determine nitroglycerin correction as follows:

5.21 Prepare two or more solutions of the ester in the concentration range to be used in the

an A SRRV,
1

naiysis. Before diiuting the soiutions to voiuinie, add an accurately weighed poition of nitroglycerin
o each. For 0.2 mm cells, appropriate nitroglycerin concentrations are 1.25 to 2.50 g per 100 ml.

5.2.2 Scan and determine het absorbance as in paragraph 5.1.5.
5.2.3 For each solution calcuiate.

A=_B-C
D

Where:

A = correction per gram of nitroglycerin per 100 ml.

B = net absorbance of the solution.

C = absorhance due to ester alone, from graph.
D = concentration of nitroglycerin, g per 100 ml.
5.2.4 Calculate the average value of A for the ester.

5.2.5 For each casting liquid or propellant, calculate the nitroglycerin correction (in absorbance
units) as follows:

Correction= Ax Ex F x 0.01

Where:

E = g of casting liquid or propeiiant per 100 mi of soiution.
F = nominal percent of nitroglycerin in the casting liquid or propellant.

5.3 Determine the ester content of the specimen as follows:

5.3.1 If the specimen is a casting liquid, weigh it into a volumetric flask and dilute with MCl or
DCE.

METHOD 222.1.1
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. 5.3.2 Ii the specimen is a propellant, extract with MCL. If the DCE is the preferred infrared
solvent, evaporate the MCI. Dilute to 100m! (or as required) with the preferred solvent.

NOTE: The wave number of the carbonyl absorbance band differs slightly from one ester to another,
and the nitroglycerin correction (the quantity designated "A") must be determined for each ester.

5.3.3 Scan and calculate net absorbance as in paragraph 5.1.2 through 5.1.5.
5.3.4 Subtract the nitroglycerin correction calculated as in paragraph 5.2.5.
5.3.5 Determine the ester concentration from the graph.

5.3.6 Calculation:

H
% Esler in specimen = < j

Whers:
G = concentralion of ester in g per 100 ml from graph.
H= volume of solution, ml.

J = weight of specimen, g.

METHOD 222.1.1
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METHOD 223.1
RESORCINOL (VOLUMETRIC BROMINATION METHOD)

1. SCOPE

1.1 The resorcinol content in nitrocellulose base propellants is determined by a volumetric
bromination method. The calculated results for resorcinal must be corrected for the 2
nitrodiphenylamine or ethyl centralite content, where present, as determined by an independent
method. Unsaturated hydrocarbons or other compounds which will react with bromine solution will
cause interference.

1.2 The standard deviation of this method is 0.03 percerit in the range of 1-2 percent resorcinol.
This precision includes random and operator error.

2.1 The specimen consist of 5 grams weighed to an accuracy of £ 0.1 mg. -
3. APPARATUS

3.1 Soxhiet apparatus.

3.2 lodine flask, 250 ml.

3.3 Volumetric flask, 250 ml.

3.4 Steam bath,

4. MATERIALS

4.1 Acelic acid (glacial).

4.2 Diethyl ether.

4.3 Methylene chloride

4.4 Hydrochloric acid solution {50 percent by volume), prepared by adding 500 ml of 12N
hydrochloric acid to 500 ml of distilled water.

4.5 Potassium iodide solution (15 percent by weight), prepared as follows:

a. Weigh approximately 150 g of potassium iodide into a two liter beaker, and add 850 ml of
water.

b. Store in a tinted glass bottle and add two pellets of potassium hydroxide 10 stabilize the
sclution.

4.6 Potassium bromate - bromide solution (0.2N). Prepare the solution in accordance with
Method 605.1 with the exception that standardization of the solution is not required.

4.7 Sodium thicsulfate (0.2N), as specified in Method 602.1.
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4.8 Starch-Indicator solution.

4.9 Potassium hydroxide, pellets.

4.10 Water, distilled or deionized.
5. PROCEDURE

5.1 Weigh accurately approximately 5 g of the sample to within 0.1 mg in a Soxhlet extraction
thimble.

NOTE: Sample weights and aliquot size should be modified as necessary, based on nominal
composition to insure accurate results.

5.2 Add 100 ml of diethyl ether or methylene chloride to the Soxhlet flask, connect the

a]
apparaius, and extract for a minimum of 16 hours on a steam bath.
5.3 Evaporate the solvent [eft in the extraction flask with a stream of air.

5.4 Take up the extract with glacial acetic acid and transfer the ﬁolution quantitatively to a 250
ml volumetric flask and dilute to the mark with giacial acetic acid. -

5.5 Add a 50 mil aliquot of the solution into a 250 ml iodine flask.

5.6 Pipette 25.0 ml of potassium bromate-bromide solution and 10 m! of 1:1 hydrochloric acid
solution to the flask and immediately stopper.

5.7 Allow the bromination to proceed for 3 minutes plus or minus 15 seconds from the time of
the hydrochloric acid addition.

5.8 Atthe end of bromination, cool the flask stightly and add 15 ml of potassium iodide solution
to the lip of the flask and remove the stopper sufficiently to aliow the potassium iodide solution to
enter the flask without allowing any bromine vapors to escape.

5.9 Shake the flask thoroughly with stopper in place.

5.10 Wash down the stopper well and walis of the flask with approximately 20 ml of distilled
water.

5.11 Tritrate the solution immediately with 0.2N sodium thiosulfate solution until the strong color
of iodine has disappeared.

5.12 Add 5 ml of the starch indicator solution and continue to titrate carefully and slowly with
vigorous agitation until the blue color disappears.

5.13 Make a blank determination using exactly the same procedure except use 50 ml of the
glacial acetic acid in place of the sample.
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reinol = W
Where:

W = Sample weight, g.

A = Sample titration, ml.

B = Blank titration, ml.

N = Normality of sodium thiosulfate.
'0.01835 = Equivalence factor for resorcinol.
5 = Aliquot factor.

When it is known that other material present undergo bromination, corrections shall be made; for
example, the 2-nitrodiphenylamine correction is as follows:

(D) (W)

Correction formula (C) = “—‘—‘—‘_‘_(5) (N) (3.57)
Where:
C = mi consumed by 2-nitrodiphenylamine

D = Percent 2-nitrodiphenylamine as determined by an independent method.
W = Sample weight, g.
N = Normality of the sodium thiosulfate.
3.57 = Equivalence factor to convert 2-nitrodiphenylamine to resorcinol.
5 = Aliquot factor.
Application of the correction formula for calculating the weight percent of resorcinol:

. (B-A-C) (N} {0.01835) (100) (5}
= sampie weighi

METHOD 223.1
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METHOD 224.1.1
ETHYLENE DIMETHACRYLATE (INFRARED METHOD)

1. SCOPE

1.1 This method is used for determining the ethylene dimethacrylate (also known as ethylene

glycol dimethacrylate) content of propellants that contain no other esters.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant weighed o within 0.2 mg.
3. APPARATUS

3.1 Volumetric flasks, 100 mL.

3.2 Medicine dropper.

3.3 Extraction fiask, 125 mi.

3.4 Funnel.

3.5 Perkin-Eimer Model 21 Infrared spectrophotometer or equivalent.
3.6 Sodium chloride cell, thickness about 0.4 mm.

4. MATERIALS

4.1 Methylene Chloride.

5. PROCEDURE

5.1 Prepare a caiibration curve as foliows:

a. Add 0.05 1o 0.35 g portions of ethylene dimethacrylate to six tared dry 100 mL volumetric

flasks (preferably of the short neck type) by means of a medicine dropper and calcuiate the exact
weight {to 0.1 mg) by difference.

b. Dilute to 100 mL with methylene chloride.

¢. Run the infrared spectrum from 5.5 to 6.0 micrometers using a 0.4 mm cell.

NOTE: Satisfactory instrument settings for the Perkin-Eimer Model 21 spectrophotometer are:
Program 927, gain 5 response 1, and suppression 0.

d. Measure the absorbance of the band by the base-line techniqus.

e. Plot grams of ethylene dimethacrylate against absorbance.

METHOD 224.1.1
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5.2 Prepare the specimen as described in Method 509.3.

5.3 Extract the specimen overnight {16 hours) as described in Method 104.1 with 85 mL of
methylene chloride, using a Soxhlet extractor and a 125 mL extraction flask. About 75 mL of solution
will remain after the extraction.

5.4 Transfer to a dry 100 mL volumetric flask with a dry funnel and dilute to the mark with
methylene chioride.

5.5 Runthe spectrum asin 5.1 (c).
5.6 Measure the absorbance asin 5.1 (d).

5.7 Convert the absorbance to grams of ethylene dimethacrylate by referring to the calibration
curve.
1o

5.8 Calculate the percentage of ethylene dimethacrylate in the propellant.

5.9 Cailculatlon:

Percent ethylene dimethacrylate = lg\_fr)\'A—

Where:
A = Weight of ethylene dimethacrylate, as obtained from catibration curve, g.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 224.1.1
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METHOD 224.2.1
ETHYLENE DIMETHACRYLATE (BROMINATION METHOD)

1. SCOPE

1.1 This method is used for determining the ethylene dimethacrylate (also known as ethylene
glycol dimethacrylate) content of propellants that contain no other brominatable material.
Diphenylamine, usually present in propellants containing this ester, is determined independently and
accounted for in the bromination procedure,

2. SPECIMEN

2.1 The specimen shall consist of approximately 4 g of the propellant weighed to within 0.2 mg.

3. APPARATUS

3.1 Graduate cylinder, 25 ml.

3.2 Volumetric flasks, 100 ml and 25 ml.

3.3 Pipets, 2 mi, 10 ml and 20 mi.

3.4 lodine flask, 500 ml.

3.5 Burets, 25 mi, and 50 mi.

3.6 Funnel, long-stemmed.

4. MATERIALS

4.1 Glacial acetic acid.

4.2 Potassium bromate-bromide solution, 9.2N as specified in Method 605.1.

4.3 Sodium thiosulfate solution, 0.2N standard solution as specified in Method 602.1.

4.4 Starch indicator solution as specified in Method 701.1.

4.5 Potassium iodide, 10 percent solution.

4.6 Hydrochloric acid, 38 percent.

5. PROCEDURE

5.1 In order to determine the proper factor, the ethylene dimethacryiate {(not necessarily the
same lot) used in the manutacture of the propellant should be assayed by the following procedure:

a. Add approximately 15 ml of glacial acetic acid to a dry 100 ml volumetric flask by means of a

METHOD 224.2.1
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b. Weigh the volumetric flask to 0.1 mg and add approximately 2 ml of ethylene dimethacrylate .
by means of a pipet.

¢. Weigh again to 0.1 mg and calculate the weight of the sample by difference. Dilute to the 100
ml mark with glacial acetic acid.

d. Into a 500 mi iodine flask measure 25.00 ml of 0.2N potassium bromate-bremide solution with
a buret, a 10 ml aliquot of the sample, and 10 ml of hydrochloric acid.

e. Immediately stopper the flask and allow to stand for 20 minutes in the dark.

f. Add 10 mi of 10 percent potassium iodide solution to the gutter of the flask and allow this
solution to trickle through the loosened stopper.

g. Swirl, wash down the gutter and sides of the flask with water from a wash bottle, and titrate
immediately with standard 0.2 N sodium thiosultate solution until the color is light yellow.

h. Add 5 ml of starch indicater sclution and titrate carefully until the blue color of the solution
disappears.

i. Run a blank determination using the same volume of potassium bromate-bromide solution and
10 ml of glacial acetic acid (instead of sample).

j. Calculate the percent monomer.

k. Calculation:

4953 (B-AN

Percent ethylene dimethacrylate monomer = S

Where:
B = Thiosulfate solution required for blank, ml.
A = Thiosulfate solution required for sample, mi.
N = Normality of thiosulfate solution.
S = Weight of sample in aliquot, g.

5.2 Prepare specimen as described in Method 509.3.

5.3 Extract the specimen as described in Method 104.1.3 with 100 ml of methylene chloride
overnight using a Soxhlet extractor and a 125 mi extraction flask.

5.4 Evaporate off the methylene chloride with a stream of dry air (approximately 2 liters per
minute} by means of a glass tube that extends initialy to about 1 inch from the surface of the liquid.
The evaporation should be carried out to the point at which the odor of methylene chloride is only
faintly discernible. Place in a vacuum desiccator (25 mm of mercury) for 3 hours. Weigh the solvent
extractive matter if desired.

METHOD 224.2.1
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5.5 Add a few ml of glacial acetic acid, transfer to a 25 ml volumetric flask with glacial acetic
acid, and diiute to the mark with giaciai acetic acid.

5.6 Into a 500 ml iodine flask measure 25.00 mi of potassium bromate-bromide solution (0.2N)
with a buret, 20 ml aliquot of the sample (equivalent to 3.2 g} and 10 ml of hydrochloric acid.
Continue as described in steps 5.1(e) to 5.1{i).

5.7 Determine the diphenylamine content of the propellant volumetrically after a steam
distillation as described in Method 217.3.

5.8 Calculate the percentage of ethylene dimethacrylate in the propellant.

5.9 Calculation:
, 4953 (B-A)N-DxW
Percent ethylene dimethacrylate = W) (Mz.ns)
Where:

B = Thiosulfate solution required for blank, mi.
A = Thiosulfate solution required for sample, ml.
D = Percent diphenylamine in sample.

W = Weight of the specimen

N = Normality of thiosulfate solution.

M = Percent ethylene dimethacrylate monomer in the ethylene dimethacrylate used in the
manufacture of the propellant as determinedin 5.1.

METHOD 224.2.1
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METHOD 224.3.1

ETHYLENE DIMETHACRYLATE (SAPONIFICATION METHOD)

1. SCOPE

1.1 This method is used for determining the ethylene dimethacrylate (also known as ethylene
glycol dimethacrylate) content of propellants that contain ne other esters or compounds that react
significantly with alkali.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant weighed to within 0.2 mg.

3. APPARATUS

3.1 Pipet, 10 ml.

3.2 Medicine dropper.

3.3 Reflux condenser, water cooled.

3.4 Graduate cylinder, 50 ml.

3.5 Erlenm

3.6 Buret, 50 ml.

3.7 Hotplate.

4. MATERIALS

4.1 Ethyl alcohol, 95 percent.

4.2 Potassium hydroxide, approximately 0.45 N aicoholic solution. Dissolve 30 g of ACS grade
potassium hydroxide (85 percent) pellets in a mixture of 600 m! of 85 percent ethyl alcohol and 50 ml
of water, filter through a Whatman No. 41 filter paper, dilute to 1 liter with 95 percent ethyl alcohol in a
glass bottle and cover with a tight fitting rubber stopper.

43 ‘Hydrochloric acid, 0.1N standard solution.

4.4 Phenolphthalein indicator solution as specified in Method 703.1.

5. PROCEDURE

5.1 Prepare specimen as described in Method 509.3.

Extract the specimen, as described in Method 104.1.3 with 100 ml of methylene chloride
i a h

xtractor and a 250 m! Erlenmeyer flask as the receiving flask.
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5.3 Evaporate the methylene chloride with a stream of dry air {approximately 2 liters per minute)
by means of a glass tube that extends initially to about 1 inch from the surface of the liquid. The
evaporation should be carried out to the point at which the odor of methylene chloride is only taintly
discernible. Place in a vacuum desiccator (25 mm of mercury) for 3 hours. Weigh the solvent
extractive matter if desired.

5.4 Add 10 ml of 95 percent ethyl alcohol around the sides of the fiask and swirl.

5.5 Add 3 drops of phenolphthalein solution.

5.6 Add alcoholic potassium hydroxide (approximately 0.45N) with a medicine dropper until the
solution is just pink and then add 0.1N hydrochloric acid dropwise with a medicine dropper until the
pink color just disappears.

5.7 Add 10.00 mi of alcoholic potassium hydroxide solution (approximately 0.45N) with a pipet
and reflux under a water condenser for 30 minutes.

5.8 Add 50 ml of water through the top of the condenser and remove the tlask.
5.9 Cover with a watch glass and cool to room temperature.

5.10 Add 3 more drops of phenolphthalein indicator solution and titrate with 0.1N hydrochloric
acid 1o the disappearance of the pink color.

5.11 Carry a blank titration through the determination (steps 5.4 to 5.10 inclusive).
5.12 Calculate the percentage of ethylene dimethacrylate in the propeilant.
5.13 Calculation:

. B-(A-04)]N
Percent ethylene dimethacrylate = 9906 V\} 0.4)

Where:

B = Hydrochloric acid required for blank, m).

A = Hydrochloric acid required for sample, ml.

N = Normality of hydrochloric acid.

W = Weight of the specimen, corrected for total volatiles, g.

0.4 = Correction for N-nitrosodiphenylamine and 2-nitrodiphenylamine.

METHOD 224.3.1
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METHOD 225.1.1

SALICYLATE SALTS (COLORIMETRIC METHOD)
1. SCOPE
1.1 This method is used for determining the saficylate content of heavy metal salts in propellants

on the basis of the colorimetric reaction with ferric ion. This method describes a procedure for lead
salicylate, but appropriate calculations can be used to convert the results to other metal salts.

2.1 The specimen shall consist of exactly 1.0000 g of propellant previously ground to a particle
diameter that will pass through a 20 mesh screen.

3. APPARATUS

3.1 Spectrophotometer, Beckman Model DU or a Bausch and Lomb Photoelectric Colorimeter
using a filter in the 500-550 nm range, or an equivalent photometer.

3.2 Volumetric flasks 1-liter, 200 ml and 25-mi.
3.3 Pipets, 5 mi, 10 ml, and 20 mi.

3.4 ApH meter,

4. MATERIALS

4.1 Acetic acid, glacial.

4.2 Acetic acid, 6 percent solution prepared by diluting 60 ml of glacial acetic acid with 940 ml of
distilled water.

4.3 Acetic acid solution, one percent prepared by diluting 13 ml of glacial acetic acid to 1 liter
with distilled water. The nH of thig solution should be apnroximately 2.7, If it is outside the range ¢ of

L=tV LT 1Y Brw s i O3 D WAL A

2.6 - 2.8, adjustment of the pH should be made by adding acetic acid or potassium hydroxide solution
to arrive at pH 2.7.

4.4 Ferric alum solution prepared as follows:

a. Dissolve 6 g of ferric ammonium sultate dihydrate in 50 mi of water. Add 0.1 ml of 30 percent
hydrogen peroxide, and boil until the peroxide is destroyed (2 minutes). Add 5 ml of 1:1 sulfuric acid
solution and heat until the solution is clear.

s mowml ) oaf 4 oA s

~ I il 4m RV BTTH Some ] -
b. Cool, dilute to 80 m! with water, and adjust to a pH of 1.4 with 10 percen
te

™

v
solution using a pH meter. Finally, dilute to 100 ml. This solution will last indefini
glass stoppered {lask.

4.5 Sodium salicylate, (alternativel ~alicylic acid may be used.)
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5. PROCEDURE

5.1 Prepare a standard curve as follows:

a. Prepare a standard solution of salicylate by adding exactly 0.2000 g of sodium salicylate to
about 900 m! of water in a beaker, then reguiate the pH to 2.7 by the addition of 8 percent acetic acid

solution. Transfer to a 1 fiter volumetric flask and dilute to the mark with distilled water.

b. Establish points for the calibration curve by withdrawing aliquots of 1 ml, 2 mi, 4 mi, 5 ml, and
6 ml. Place each of the aliquots in a 25 m! volumetric flask, add 0.25 ml of the ferric alum solution
and dilute to the mark with one percent acetic acid (pH 2.7) solution. Allow 5 minutes for full color
development. Obtain readings of these solutions against a ferric alum blank. The blank is made up
exactly the same as the solutions above but without adding salicylate. Wavelength 520 nm is used

for all absorbance readings.

¢. The concentration scale is more conveniently plotted in terms of lead salicylate, using the data
of column 3 in Tabte I.

TABLE I
Salicylate Mg of Sodium Theoretical
standard salicylate, lead salicylate Absorbance
solution mi present in 25ml equivalence, mg values
per25 mi
1 0.2 0.30 to be determined
2 0.4 0.60 o be determined
4 0.8 1.20 to be determined
5 1.0 1.50 to be determined
6 1.2 1.80 to be determined

From the standard graph a table can be prepared for routing work giving percent lead salicylate
readings corresponding to small increments of absorbance when the prescribed weight of sample and
size of aliquots have been employed.

d. For the curve expressing lead salicylate {or the table based on such a curve) the salicylic acid
assay of the lead salicylate used in manufacturing should be known. Thus the proper correction can
be made in constructing the curve or table. Alternatively the commercial lead salicylate itselt could be
used in the preparation of the standard curve using essentially the same procedure as for propellants
in preparing the samples. Many samples of commercial lead salicylate will be 98-99 percent pure, in
which case the error introduced by basing all the results on a theoretically pure basis is negligible.

5.2 Transter the accurately weighed specimen to a 500 m! Erlenmyer flask, add 40 ml of six
percent acetic acid and several boiling chips to prevent bumping.

5.3 Connect to a condenser and allow the mixture to reflux gently on a hot pate for 30 minutes.
5.4 Allow the flask to cool for five minutes then remove the condenser. Cool the flask by
immersing it in ice water for 10 minutes, then decant the liquid through a Whatman No. 1 (or

equivalent) filter paper, into a 200 ml volumetric flask, retaining as much of the solid sample in the
500 m! flask as possible.

METHOD 225.1.1
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NOTE: By this cooling procedure 2-nitrodiphenylamine is removed from solution; it is necessary that
the fiiirate be ciear before voiumetric diiution.

5.5 Connect the 500 mi flask with residue to the condenser and add 40 ml of 6 percent acetic
acid through the condenser. Reflux the mixture gently on a hot plate for 15 minutes. Cool exactly as
was done previously and filter. Wash the flask, residue, and filter paper several times with small
portions of water from a wash bottle and dilute exactly to the mark of the 200 ml volumetric flask with
distilled water.

5.6 Withdraw aliquots of either 10 ml or 20 m! from the 200 ml volumetric flask, transferring to a
25 ml volumetric flask. The size of the aliquot chosen is to be based on the anticipated formulated
content of lead salicylate in the powder. [f the percentage of lead salicylate is 2 percent or less, use a
20 ml aliquot. If the percentage is greater than 2 percent, use a 10 ml aliquot.

5.7 Add 0.25 ml of the ferric alum solution and make up to the mark with weak acetic acid (pH
2.7} solution.

5.8 Transfer the colored solution to a 1-¢cm cell of the spectrophotometer.
5.8 Prepare a blank for spectrophotometric comparison by transferring 0.25 ml of the ferric alum
solution to a 25 ml volumetric flask and diluting to the mark with the weak acetic acid (pH 2.7}

solution. Transfer this solution to the reference 1 ¢m cell of the spectrophotometer.

5.10 Make all absorbance readings at 520 nm on the spectrophotometer. When a filter
instrument is used, the filter transmitting in the 500-550 nm range is selected.

5.11 From the absorbance value, the percentage of lead salicylate is read directly from the

standard graph when 1 g samples and 20 ml aliquots are used. The value of the percentage can be
doubled if 10 ml aliquots are used.

METHOD 225.1.1
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. METHOD 226.2.1

DINITROTOLUENE, STABILIZERS, AND PLASTICIZERS
{GAS CHROMATOGRAPHIC METHOD)

1. SCOPE

1.1 This method may be used for determining dinitrotoluene {DNT), diphenylamine (DPA),
dibutylphthalate (DBP), dimethylphthalate (DMP), dioctylphthalate {DOPY), 2-nitro-diphenylamine
(2-NDPA), ethylene dimethacrylate (EDM) and other stabilizers and plasticizers in single-base
propellants. Materials having the same retention times as the desired components will interfere.

2. SPECIMEN

2.1 Accurately, weigh to within £ 0.2 mg a 5 gram sample of the propellant to be tested. This
size sample will produce an extract of concentrations per Table | for the listed percentage ranges.
Some variation in sample weight may be necessary for samples of different compositions.

3. APPARATUS

3.1 Extraction apparatus: Soxhlet or equivalent.

3.2 Volumetric flask: 100 ml or as required.

. 3.3 Gas chromatograph: F & M series 5750 with dual flame ionization detector or equivalent.

3.4 Columns: Pair of FM 19001A standard columns for Series 5750, ANAL ., 6 ft- §8 - 1/8" CD,
10% silicone rubber UC-W88 (F & M Cat. No. 8501 - 3840) on 80 - 100 mesh Diatoport 8§ ( F & M Cat
No. 8501 - 6302) or equivalent.

3.5 Syringe: 10 microliter, maximum capagcity.

4. MATERIALS

4.1 Methylene chloride: reagent grade.

4.2 Dinitrotoluene.

4.3 Diphenylamine, technical.

4.4 Dibutylphthalate, technical.

4.5 Dimethylphthalate.

4.6 Dioctylphthalate.

4.7 2-nitrodiphenylamine.

4.8 Ethylene dimethacrylate.

. 4.9 Ethyl centralite.
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4.10 Air: prepurilied {breathing quality).

TABLE|

Extracted Ingredients

Analytical solution Range
Ingredients Concentration, mg/1Q0 mi Percenlage

DNT 250 - 750 5.0-15.0
DPA 25- 85 05- 1.7
DBP 100 - 300 20-60
DMP 150 - 250 30-50
2-NDPA 90 - 110 18- 2.2
DOP 200 - 300 40- 6.0
EDM 100 - 400 20-8.0

4.11 Hydrogen: Uitra high purity grade (UHP).

4.12 Helium.

413 Internal standard solution. 20.0 grams + 0.2 milligram of ethyl centralite dissolved and
diluted to 500 m! with methylene chloride.

NOTE: Another component may be substituted for ethy! centralite in the internal standard solution, if
it does not interfere with other components in the sample extract.

5. PROCEDURE
5.1 Instrument conditions.
a. Column temperature. 200° C, except for propeftants that contain DOP use 230° C.
b. Injection porl. 240° C. For propeliants containing DOP use 270° C.
¢. Flame detector. 270° C.
d. Recorder speed. 1.0 inch/minute (or as required).
e. Sample size. 1.0 microliter (or as required).
f. Gas flows (NOTE: 1 psi = 6.9 kPa).

_Carrier_ _Hydrogen _ Air
Rotameter Reading 20 25 35
Tank Pressure, psig 100 15 33
Fiow, cm®/min 60 30 500
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NOTE: The ghove flow conditions are suitable for F & M Scientific Gas Chromatograph series 5750.

110 QRASVL TIWIT WOl iuliLtinsg g Giw unabie 107 IV A anii e et W

These conditions may vary with other mstruments and columns. Refer to the operatlng manual for
instrument being used. The same operating conditions must be maintained for standards as for test

samples.

5.2 Determination of components.

a. Either of the following methods (A or B) may be used for determination of dinitrotoluene
(DNT), stabilizers, and plasticizers of single-base propellants. Method A is more applicable for large
groups of samples or continuous analysis. Method B may be preferred for only a single sample.

b. Method A (use of internal standard)

(1) Prepare the specimen as described in Method 509.3 Extract the specimen with
methylene chloride as described in Method 104.1.

(2) Allow extract to cool and transfer to 100 ml volumetric flask.
(3) Add by pipet 5.0 ml of internal standard solution (para 4.13 ---- 0.1000 g).
{4) Dilute to 100 ml with methylene chiloride. .

(5) Prepare (in 100 ml volumetric flasks) three or more standards of the compounds to be
analyzed. Standard range should cover that expected in the samples.

(6) To each standard add by pipet 5 ml of internal standard solution (para 4.13).

(7) Dilute to 100 mi with meihylene chioride.

(8) After instrument conditions have stahilized, inject 1.0 microliter (or as required) of each

it ALl LI LR LR Y ] LREs LA vt BolLE A T

standard in gas chromatograph and obtain its chromatogram

{9) Obtain peak heights {minus backgrounds) for each desired ingredient. See 5.3.

heights of ingredients to ethyl

e n
K Neignts ediel

andard graphs
i

el n n a
o ol L w Al
ngrednent per 100 mi of solution. Check calibration weekly or as needed.

(12) From the ratios :
from standard graphs {para 10} rams of ingredients per 100 ml of solution.

(13) Determine percent of ingredient from the following equation:

p {grams of componeni per 100 mi) {(100)
ercent = Sample Weight

c. Method B (use of single external standard)

(1) Extract the specimen with methylene chioride.

METHCD 226.2.1
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(2) Allow solvent to cool, transfer o 100 ml volumetric flask, and dilute to 100 ml with
methylene chloride.

(3) Using methylene chloride as the solvent, prepare 100 mi of standard solution of known
concentration of ingredients to be tested. The concentration of the ingredients should be
approximately the nominal value of the expected for the test sample.

{4) After instrument has stabilized, inject 1.0 microliter (or as required) of standard solution
(para 3) in gas chromatograph and obtain its gas chromatogram.

(5) Measure heights of peaks (minus backgrounds) that is attributed to desired ingredients.

See53.
(6) Repeat paragraph 4 and 5 using test sample.
(7) Retention times of ingredients in extracted samples should equal those of standard.
(8} Determine percentage of desired ingredients.
(9) Calculation:
porcent - L HD (1) (100
Where:
A1 = Attenuator setting for standard H: = Peak height attributed to unknown.
Az = Attenuator setting for unknown. W1 = Gram(s) of component per 100 ml of
standard solution.
H1 = Peak height attributed to standard. ~ Ws = Original sample weight before extraction.
5.3 Notes

a. A small amount of 2,6 DNT is usually present in the 2,4 DNT as an impurity. The sum of the
peak heights of 2,6 DNT and 2,4 DNT shall be used for obtaining that attributed to total DNT,
assuming equal response.

b. For instruments that have disc integrators or electronic digital integrators, area of the peaks
may be used, where applicable, instead of peak heights.

METHOD 226.2.1
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SULFATE (SPECTROPHOTOMETRIC METHOD)
1. SCOPE |

1.1 This method is used for determining spectrophotometrically the percentage of sulfate in
nitrocellulose-base propeliants and nitroceliuloge. Sulfur in a form other than sulfate interferes.

2. SPECIMEN

2.1 The specimen shall consist of a sample of propellant or nitrocellulose containing sulfate
equivalent to 0.1 to 0.2 mg of sulfur but do not use a sample greater than 0.4 gram. The proper
sample size can be ascertained from the specification requirements.

3. APPARATUS

3.1 Distiliation apparatus {shown in Figure 1) shall be borosilicate glass. The internal diameter
of the tubing is0.6 mm The 50 mi round bottom flask is held with a clamp about 1 foot above the
Yoy iy iy Semlmd 42 b modmembor i Amevmnndacd o o bl e e ny thy flavikls nlactia

laie. The inlet l.uut: of the dbapier is CONNecied 0 4 1anxk ofn itrogen with flexible praaiiv tubin lg
conforming to Type 11 of federal specification L-T-790.

4" 4"
- ——— 3 —
A \IJ I A A

7.5"

Figure 1. Distillation apparatus

A. 19/38 ground glass joint.

B. 50-ml round bottom flask.

C. 1-liter beaker surrounded by ashestos cloth,
D. 100-m! volumetric flask.

METHOD 227.1



MIL-STD-286C

3.2 Reguiator for nitrogen tank with needie vaive.

NOTE: !f the regulator does not have a satisfactory needie valve, insert a needle valve into the
system (Lab crest Needle Valve, 1 1/4 mm, Fisher and Porter Geig, or equivalent).

3.3 Round bottom flasks 50 ml with 19/38 ground glass joints.
3.4 Volumetric flasks, 100 ml

3.5 Erlenmeyer flask, 500 mi, with ground glass stopper.

3.6 Bunsen burner,

3.7 Electric timer.

3.8 Spectrophotometer, Beckman Model DU or B, or equivalent.

4. MATERIALS
4.1 Standard potassium =-=!fa'.e solution 1..'“! 0 mgof S) Dissolve 0.1088 gram of

4.2 Hydriodic-hypophospheorous-hydrochloric acid reagent. Transter 200 ml of hydriodic acid
(57%) 50 ml ot hypophosphorous acid (50%) and 100 ml ot hydrochloric acid (38%;) to a 500 ml

ol cnsnm s cmas £l b, §oomom . P A s ¥ mms s | b

Erlenmeyer flask {ground glass stopper). Add several giass beads, heat o boiling without & cover,
boil 5 minutes, and cool to room temperature.

4.3 Lead citrate reagent. Dissolve 10 grams of lead nitrate in 200 ml of water. Add 40 grams of
citric acid monohydrate and stir with a stirring rod to dissolve. If salts settle out on standing overnight,
use ihe supernaiant iiquid.

4.4 Nitric acid-perchloric acid-magnesium nitrate reagent. Mix 300 ml of nitric acid, 100 ml of
perchloric acid (70%), and 50 ml of water., Add 20 grams of Mg (NQ3s) 2 - 6H20 and stir to dissolve.

4.5 Sodium hydroxide, approximately 0.1N sclution.
4.6 Ammonium hydroxide (28%;.

4.7 \ce, cracked.

4.8 Nitrogren.

5. PREPARATION OF CALIBRATION CURVE

5.1 Pipet 0.2, 2,5, 10, and 12.5 ml aliquots of standard sulfate solution (1 mi = 0.02 mg of S)
into 50 m! round bottom flasks (with 19/38 ground joints). Carry along a blank. Add 5 drops of
approximately 0.1N sodium hydroxide solution and evaporate just to dryness on a hot plate or over a
Bunsen burner. Allow to cool to room temperature.

5.2 Attach the adapter of the apparatus to an empty 50 mil round bottom flask and insert the exit
tube into a 100 mi volumetric flask containing approximately 80 mi of water. Connect up the nitrogen
and regulate the flow to 55 to 65 bubbles per seconds.
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5.3 Add 30 ml of ammonium hydroxide to six 100 ml volumetric flasks and dilute to
approximately 90 ml with water. Place the flasks into cracked ice contained in a tray. After a few
minutes place one of these flasks into the asbestos-covered beaker and fill the beaker to the top with
cracked ice.

5.4 With the nitrogen flowing (as previously adjusted per instructions in Par. 5.2} insert the
adapter into the flask containing the sample and insert the exit tube into the volumetric flask
contained in the beaker. Take care that the apparatus fits together properly and that the exit tube
reaches to the bottom of the volumetric flask. Raise the adapter, add 15 ml of the
hydriodic-hypophospheorous-hydrochioric acid reagent, and immediately reconnect the apparatus.
Start a timer, heat the round-hottom flask with a Bunsen hurner unti! the solution comes to an
incipient boil, and then move the burner back and forth so as to maintain the solution at or just below
an incipient boil (this will require about a 2 second interval after each pass). Incipient boiling is
indicated by bubbles at the interface of the solution and the sides of the flask. The total heating time
is 5 minutes. At the end of this 5 minute pericd lower the beaker, remove the volumetric flask, and
wash down the exit tube of the adapter with water from a wash bottle {use less than 5 ml of water).
Immediately add 5 ml of lead citrate solution, swirl, and dilute to the mark. Within § minutes measure
the transmittance at 400 nanometers with a spectrophotometer that has been set to 100%
transmittance with distilled water.

Calculate the actual percent transmittance as follows:

. % transmittance of sample vs water
Actual % transmittance = ~o."yransmittance of blank vs water X 100

Prepare a calibration curve by plotting on semileg paper percent transmittance (log scale)
against mg of sulfur.

6. PROCEDURE

6.1 If the material is nitrocellulose, dry it by heating at 40-45°C for two hours and then at 98-102
°C for two hours.

6.2 Weigh the sample of propellant or nitrocellulose into a 50 mi round bottom flask with a 19/38
ground glass joint. Use a sample containing preferably 0.1 to 0.2 mg of sulfur but do not use a
sample greater than 0.4 gram. Secure the flask with a clamp attached to a ring stand. Add 7 ml of
nitric acid-perchloric acid-magnesium nitrate reagent. Brush the flame of a Bunsen burner back and
forth across the bottom of the flask in such a manner that the heat is not sufficient to cause the
solution to foam out of the flask. When the excessive foaming has ceased, place the Bunsen burner
under the flask, heat until the salts at the bottom of the flask are completely dry, and then heat for
approximately 2 more minutes. Allow to cool and proceed with the addition of the
hydriodic-hypophosphorous-hydrochloric acid reagent and distillation as in the preparation of the
calibration curve. Carry a blank through the entire procedure.

CAUTION: A perchloric acid hood is recommended for the operations involving the fuming with
perchloric acid.

METHOD 227.1
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6.3 Calculation:

mgq of sulfur as read from curve
grams of sample x 10

% Sulfur =

Where:
% NaéSO4 = 4.43 X % sulfur
% K280, = 5.43 x % sulfur
% H2S04 =3.06 x % sulfur
% S04 = 3.00 x % sulfur
NOTE: Rinse the volumetric flasks with dilute nitric acid (1 to 1) before using them for the next

determination in order to remove lead salts that adhere to the sides. Rinse the spectrophotometer
cells with concentrated nitric acid daily. ~

METHOD 227.1
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METHOD 228.1.1
CANDELILLA WAX
1. SCOPE
1.1 This method is used for determining the wax content of double base propellants.
2. SPECIMEN

2.1 The specimen shall consist of approximately 10 grams of propellant weighed to within 0.2

3. APPARATUS

3.1 Extraction apparatus.

3.2 100 or 150 m! beaker.

3.3 Filtering crucible, glass fritted disc, medium porosity or equivalent.
3.4 Fisher Filtrator.

3.5 60 - 70° C oven.

3.6 Sieve, 20 mesh.

3.7 Steamtable

4. MATERIALS

4.1 Methylene chloride, reagent grade.
4.2 Acetic acid, 68%.

4.3 Diethyl ether.

5. PROCEDURE

5.1 Weigh duplicate 10 gram samples, ground to pass a 20 mesh sieve, and extract with diethyl

ether for 24 hours in a Soxhlet extraction apparatus.

5.2 Evaporate the ether under a stream of dry air on a steam table.

5.3 Add 20 milliliters of glacia! acetic acid to dissolve the residue. (If the residue does not

dissolve easily, warm on the steam chest to dissolve and cool before continuing).

5.4 Add 10 milliliters of water, mix well and let stand for 30 minutes. (This will precipitate the

wax).

5.5 Pour into medium porosity glass crucibles (washed and rinsed with acetone, but not

weighed) let stand for 5 minutes,

METHOD 228.1.1



MIL-STD-286C

5.6 Filter with gentle suction and wash the flasks and crucibles with 68 percent acetic acid until
no color remains. (Do not let the crucibies go dry until the washing is completed).

5.7 Dry the crucibles in an oven at 60 to 70° C for 3 hours, or overnight, and also dry the
extraction flasks in the oven or on the steam chest.

5.8 Put 50 milliliters of methylene chloride in each extraction flask, heal to boifing (if using a hot
plate, heat one flask at a time and do not leave it) and slowly pour the methylene chiloride through the
corresponding crucible in a Fisher Filtrator, catching the methylene chioride in a tared 100 to-150
milliliter beaker.

5.9 Evaporate the methylene chloride under a hood, on a steam bath using an air current.

5.10 Dry the beaker in an oven at 60 to 70° C for 2 hours, cool in a desiccator and weigh.

5.11 Run a blank by evaporating 50 milliliters of methylene chloride in a 1ared beaker.

5.12 Dry in an oven, cool and reweigh. The gain in weight is the blank.

5.13 Calculation:

(A-B)100
w

Percent Wax =

Where:
A = Gain in weight of the beaker used for sample.
B = Blank for 50 milliliters of methylene chiloride.
W = Sample weight
NOTE: The beaker containing the wax for the final weighing should not show any orange color which

would indicate 2-NDPA remaining in the wax. The color should be no darker than the same amount
of wax melted in a similar beaker.

METHOD 228.1.1
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METHOD 229.1.1
2,4,6,8 CYCLOTETRAMETHYLENE TETRANITRAMINE (HMX]} (INFRARED METHOD)

1. SCOPE

1.1 This infrared (IR} method may be used for the determination of HMX in propellant and base
grain.

1.2 The nitro group absorbance at 1569 cm! is used to quantitatively measure the HMX.
However, stabilizers such as 2- nitrodiphenylamine and resorcinol interfere at this wave number, and
diethy! ether (DEE) extraction is necessary. After extraction, the residue containing the HMX is
dissolved in dimethyl sulfoxide (DMSQ) and scanned with a double-beam IR spectrophotometer.

1.3 Any materials absorbing at 1569 cm™' and not removed in the extract will interfere.

1.4 The precision for this method at the 95% confidence level (CL) is £ 0.3 at 10 to 35% level of
HMX.

2. SPECIMEN (see 6)
3. APPARATUS

3.1 Spectrophotometer, IR. Any double-beam IR spectrophotometer capable of making
quantitative measurements is suitable.

3.2 Celis (2}, IR, matched barium fluoride or calcium fluoride. A 0.2 mm path length is
recommended for the HMX analysis.

3.3 Extraction apparatus, Soxhlet.

4. REAGENTS AND STANDARDS

4.1 Diethyl ether, anhydrous, reagent grade.
4.2 Dimethyl sulfoxide, dry, reagent grade.

NOTE: To dry, DMSO, shake with activated type 5A molecular sieve. Let solids settle out of the dried
DMSO before using.

4.3 HMX, 98% minimum purity, Holston Ordance Works, Kingsport, Tennessee.

4.4 Stock solution, HMX, 10 mg/ml. Weigh approximately 2.5 g of dried HMX to the nearest 1
mg and quantitatively transfer to a 250 ml volumetric flask. Dissolve in dry DMSO and dilute to
volume. Use the same lot of HMX that was used in propellant to compensate for RDX present.

5. CALIBRATICN AND STANDARDIZATION

5.1 Pipet 5.00, 10.00, 15.00 and 20.00 inl aliquots of the HMX stock solution into 25 mi
volumetric flasks, and dilute to volume with DMSQO.

METHOD 229.1.1
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5.2 Inturn, place each of these standards into the 0.2 mm IR cell and record the IR spectrum .
between 1500 cm™t and 1950 cm’} against a solvent reference in the matched cell. Use a
double-beam spectrophotometer with settings established for quantitative measurements.

5 3 Measure the maximum absorbance due 1o HMX at 1569 ¢m’’ using the absorbance at 1900
cm ! as a reference point. Determine the absorptivity, a, of HMX by plotting absorbance as the
ordinate against the concentration of HMX in mg/ml and determine the slope of the resulting
calibration curve.

6. PROCEDURE

6.1 Extract the DEE according to Method 104.1.3. Take sufficient sample for extraction so that
when the residue is diluled 1o 25 ml, the HMX concentration is between 2 and 10 mg/ml.

6.2 After extraction, quantitatively transter the dried residue containing the HMX into a 25 mi
volumetric flask. Dissolve the residue in DMSO and dilute to volume. Allow solids to settle out.

6.3 Filla 8.2 mm IR cell with the sample solution and scan between 1500 cm' and 1950 cm™?
against a solvent reference in a matched cell. Use the same double-beam spectrophotometer and
the same instrument settings used for the calibration.

6.4 Measure the absorbance maximum of the HMX peak at 1563 cm’! using the absorbance at
1900 cm™' as a reference point.

7. Calculation:

% HMX = A} (25)
(a) (W)

Where:

A = absorbance of HMX at 1569 cm ~ in the sample solution.
a = absorplivity of HMX, mi/mg.

W = weight of sample, g.

2.5 = factor including 25.00 ml dilution volume, conversion from milligram to grams, and
presentation of answer in percent.

NOTE: The same cells used for calibration should be used for the actual samples.

METHOD 229.1.1
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METHCD 230.1.1

SOL-GEL EXTRACTION AND FUNCTIONAL GROUP
ANALYSIS (ANB-3066 PROPELLANT)

1. SCOPE

1.1 This method may be used for sol-gel extraction of ANB-3066 propellant and the subsequent

analysis for carboxyl and imine content.

2. SPECIMEN

2.1 The specimen shall consist of 5 to 10 grams of propellant.

3. APPARATUS

3.1 Edenmeyer flask, 500-ml. ~
3.2 Centrifuge tubes, 50-mi.
3.3 Beaker, tared, 250-mi.

3.4 Shaker, wrist action.

3.5 Centrifuge.

3.6 Microburet

3.7 Vacuum desiccator.

3.8 Pipetie, 50-ml.

4. MATERIALS

4.1 Toluene, Aﬁalytical reagent

4.2 Methanol, Analytical reagent.

4.3 Hydrochloric acid, concentrated, Analytical reagent.

4.4 Chloroform, Anallyiical reagent {(see Note 1).

4.5 Thymol blue indicator, 0.3% in methanol.

4.6 Alcoholic potassium hydroxide (0.1N).

| 4.7 Chlorobenzene, Analytical reag;ent (see note 2).
4.8 Crystal violet indicator, 0.3% in glacial aceti¢ acid.

4.9 Hydrobromic acid in glacial acetic acid (0.1N).

METHOD 230.1.1
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5. PROCEDURE
EXTBACTION

5.1 Weigh 5 to 10 grams of propellant to the nearest 0.1 mg and transfer to a 500-ml Erlenmeyer
flask.

NOTE: When cured propellant is tested, prepare propellant shavings with thickness not to exceed
0.01 inch (0.25 mn).

5.2 Add 50 ml of toluene and shake for 15 minutes.

5.3 Decant the solution inte a 50 ml centrifuge tube.

5.4 Centrifuge the sample at 1500 rpm for 15 minutes.

5.5 Decant the solution from the centrifuge tube into a tared 250 ml beaker.

5.6 Repeat 5.2 thru 5.4 three additional times decanting the solution into the same beaker.

5.7 Set the beaker containing the decanted solution in a well ventilated area and allow to
evaporate overnight.

5.8 Weigh the beaker plus sol fraction and calculate the percent sol in the sample.

5.9 Transfer the solids from the centrifuge tube back into the extraction flask using a small
amount of methanol.

5.10 Add 50 ml of methanol to the extraction flask and shake 5-10 minutes. Decant off and
discard solution.

5.11 Add 25 mi methanol and 25 m! concentrated hydrochloric acid and place samples in hood.

NOTE: The hydrochloric acid-methano! mixture dissolves the aluminum and ammonium perchlorate.
The reaction generates heat.

5.12 While the samples are still warm, shake on the shaker until all of the aluminum has
dissolved (usually 15 minutes is sufficient). Discard solution.

5.13 Add 50 ml of methanol to the gel samples and shake for 5-1\0 minutes. Discard solution.
5.14 Repeat5.13 six (6) more times.
5.15 Remove sample from flask and hand squeeze to remove most of the methanol.

5.16 Air dry the samples for two hours with good ventilation, then place in a vacuum desiccator
at 50° C overnight at 100 mm Hg pressure.

5.17 Weigh the ge! and calculate the percent gel in the sample.

METHOD 230.1.1
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6. CARBOXYL TITRATION

6.1 Cut the gel into small pieces and add 50 m! chloroform. Dissclve the sol in 50 ml chloroform.

6.2 Allow samples to stand for about two hours.

6.3 Add about 10 drops of thymol biue indicator solution and titrate with standardized aicohoiic
potassium hydroxide (0.05N) to a blue color. Use a microburet. Color must hold 15-20 seconds at
the endpoint.

6.4 Run a blank titration on'50 ml of chloroform used in 6.1.

6.5 Calculate the carboxyl concentration in equivalents per 100 g of sol or gel.

7. IMINE TITRATION

7.1 Cut the gel into small pieces and add 25 ml of chlorobenzene. Dissolve the sol in 25 ml
chlorobenzene (see 4.7).

7.2 Allow sample to stand about 2 hours.

7.3 Add about 10 drops of crystal violet indicator and titrate with standardized HBr solution,
using a microburet. Titrate to green color with sol. Titrate to yellow with gel.

7.4 Calculate the imine concentration in equivalents per 100 g of sol or gel.

8. CALCULATIONS

% Binder= % Soi+ % Gei
8.4 _Percent Recovery

% Binder x 100
B

Where B is nominal percent binder in propellant {11.81% for ANB-3066).

METHOD 230.1.1
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C = ml of HBr solution to titrate sample.
N' = normality of HBr solution.
W' = weight of sample in grams.

8.9 Imine in totaf binder

[+} 0,
imine in Total Binder = ( Imine in Sol x /%g%’)w (Imine in Gel x A%g—l)r

NOTE: Chlorotorm and Chlorobenzene are considered carcinogenic agents.

METHOD 230.1.1
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5.4 Connect a fuse wire to the electrodes and arrange it so that it is in close contact with the
specimen. Seai the bomb assembiy secureiy.

5.5 Place the bomb behind a shield and ignite the contents using the current as determined in
paragraph 5.2. Allow the bomb to cool to room temperature, then slowly release the gas pressure,
and disassemble the bomb.

5.6 Transter the contents of the bomb to a beaker, using small portions of distilled water, Wash
ali the fittings of the bomb with distilled water and transfer the washings to the beaker.

5.7 Filter the combined washings into another beaker, and wash the filter with distilled water.

5.8 Evaporate the contents of the beaker to less than 250 mi, cool to room temperature, and
transfer 10 a 250 ml volumetric flask. Dilute to the mark with distilled water.

5.9 Transfer a 25 ml aliquot of the solution to a 250 mi iodine titration flask, using a pipet. Add
10 mi of the 35 percent nitric acid solution, 3 o 5 m! of the ferric ammonium sulfate indicator solution,
and 1 to 2 ml of the nitrobenzene.

5.10 Add 50.0 ml of 0.05N silver nitrate solution. Shake the flask vigorously for several seconds
to coagulate the silver chloride in the nitrobenzene,

5.11 Titrate the excess silver nitrate to the first permanent coloration with 0.05N potassium
thiccyanate.

5.12 Calculate the percentage of perchlorate compound in the propellant.

5.13 Calculation:
Percent F(A-BC)N Where: A = Silver nitrate solution, ml.
potassium = W
perchlorate B = Potassium thiocyanate solution, ml.

C = Silver nitrate solution equivalent to 1 ml of
potassium thiocyanate solution, ml.

N = Normality of silver nitrate solution.

W= Woeight of specimen represented by the aliquot
taken, corrected for total volatiles, mg.

F = Miliequivalent weight, multiplied by 100, of
compound.

F = 13.86 for polassium perchiorate.

F = 11.7 for ammonium perchlorate.

METHOD 303.1.3
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METHOD 304.1.3
BARIUM NITRATE (GRAVIMETRIC METHOD)

1. SCOPE

1.1 This method is used to determine the barium nitrate content of propellants not containing
ions which cause barium to precipitate.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of propellant weighed to within 0.2 mg.
3. APPARATUS

N H WAt L T P N P e Y

Evaporating dish, porcelain, $0-mm.

-—h

w

©@
M

Steam bath in a well ventilated hood.

3.3 Nichrome triangle.

3.4 Filtering crucible.

3.5 Filter paper, Whatman No. 42 or equivalent.
3.6 Oven.

3.7 Mufile furnace.

3.8 Desiccator containing an indicating desiccant.
3.9 Hot Plate

4. MATERIALS

4.1 Nitric acid, 70 percent solution.

4.2 Hydrochloric acid, 38 percent solution.

4.3 Sulfuric acid, 5 percent solution.

5. PROCEDURE

5.1 Place 5 g of the propellant sample in a 90 mm porcelain evaporating dish, add 10 to 15 ml of
nitric acid, and heat the dish on a steam bath in a hood until the reaction stans. Remova the dish

from the steam bath, and allow it to stand in the hood until the evolution of fumes has nearly ceased.
Replace the dish on the steam bath until only a gummy mixture remains.

5.2 Place the dish on a nichrome triangle supported by a tripod, and heat the dish with a low

tlamea diracted at tha cida nf tha digh until nn:lrlu all of the carhnnacenusg matterig hnrnnd nff Then
FICAV I P Wl Wil AL U 1w WAy WP L W Wl i AN W LN Wl WA T WA 1T TALLW T I L o bl LR L] N

place the dish in the muffle oven at approxlmately 800Q° C for about one half hour or until all the
carbonaceous matter is burned to ash.
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CAUTION: High temperature must be avoided, when heating the dish on a nichrome triangle, they
result in fusion of the salts with the porcelain dish.

5.3 Allow the dish to cool 1o room temperalure, and rinse the sides first with 5 ml of distilied
water and then with 5 m! of 38 percent hydrochloric acid. Cover the dish with a watchglass, and heat

e o

on a steam bath for 5 to 10 minites.

5.4 After the heating period, dilute the contents with distilled water to approximately 25 ml and
filter the solution through Whatman No. 42 filter paper into a 150 ml beaker. Wash the residue
thoroughly with approximately 50 mi of distiled water. Dilute to filtrate and washings to approximately
75 mi.

5.5 Heat the solution to boiling on a hotplate, and slowly add 10 ml of 5 percent sulfuric acid
while stirring. Allow the solution to digest on the steam bath for at least 1 hour.

5.6 Filter the solution through an ignited tared fiitering crucible, and wash the precipitate with
distilled water.

NOTE: If a determination of the percentage of potassium salts in the specimen is desired retain the
filtrate.

5.7 Dry the crucible in an oven at 100° C for approximately 1 hour.
5.8 Ignite the crucible in a muffle furnace at a dull red heat tor 15 to 30 minutes.
5.9 Cool to room temperature in a desiccator, and weigh.

5.10 Determine the weight of the precipitate, and calculate the percentage of barium nitrate as
follows:

5.11 Calculation:

112A
Percent barium nitrate = W

A = Weight of precipitate, g.

W = Weight of specimen corrected for total volatiles, g.
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METHOD 305.1.2

CALCIUM CARBONATE-SODIUM SULFATE-GRAPHITE
(MORPHOLINE METHOD)

"1. SCOPE

1.1 This method is used for determining the calcium carbonate, sodium sulfate and graphite
content of propellants. The presence of other materials insoluble in morpholine will affect this test.

2. SPECIMEN

2.1 The specimen shal_l consist of approximately 5 g of propellant, weighed to within 0.2 mg.
3. APPARATUS |
3.1 Beaker, 250 mi.

3.2 Hotplate with variable heat control, in a well-ventilated hood.

3.3 Gooch crucible.

3.4 Sitirring rod

3.5 Desiccator containing an indicating desiccant.

3.6 Oven.

3.7 Muifle furnace.

4. MATERIALS

4.1 Mqrpholine.

4.2 Diethyl ether, anhydrous.

4.3 Hydrochloric acid, 3 N solution.

5. PROCEDURE

5.1 Place the specimen in the 250 ml beaker. Add 50 ml of morphollne and heat on the
hotplate inside the hood until the propellant is dissolved.

WARNING: Morpholine fumes are flammable. Do not allow fumes to go over the top of the beaker.
If the fumes are rising too high, remove the beaker from the hotplate and cool the contents, then
replace and heat cautiously until the propellant is dissolved.

5.2 Filter the hot solution through the tared Gooch crucible, pouring it down a stirring rod.
5.3 Place 25ml of morpholine in the beaker and heat until white fumes appear. Pour the fuming

morpholine down the stirring rod into the Gooch crucible, seeing to it that the hot liquid washes down
the sides of the crucible.

METHOD 305.1.2
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5.4 Allow the beaker and crucible to cool to room temperature and wash out the beaker with

anhydrous ethyl ether. Transfer the washings to the Gooch crucible with the aid of a rubber
policeman.

5.5 When all the ether has passed through the crucible, wipe the outside of the crucible with a

clean towel, and place it in an oven at 100° C for 30 minutes. Then cool to room temperature in the
desiccator.

5.6 Determine the percentage of sodium sulfate in the propellants as follows:

a. Weigh the crucibie.

b. Wash the residue in the crucible with four 25 ml portions of warm distilled water and a small
amount of ether. When the odor of ether is no longer discernible, place the crucible in the oven at
100° C for 30 minutes. Cool the crucible in the desiccator for 20 minutes.

¢. Weigh the crucible.

d. Calculate the percentage of sodium sulfate.

e. Calculation:

100A
Percent sodium sulfate = W

Where:

A = Loss in weight between weighings in steps a and ¢, gm.

W = Weight in specimen, gm, corrécied for total voiatites.

5.7 Determine the percentage of calcium carbonate in the propellant as follows:

a. After determining the weight of the crucible for the calculation of sodium suffate, wash the
residue in the crucible, first with 50 ml of 3N hydrochloric acid, and then with 25 mi of anhydrous ethyl
ether.

b. Dry the crucible again for 30 minutes at 100°C and cool to room temperature.

O

. Weigh the crucible.

d. Calculate the percentage of calcium carbonate.

. Calculation:

@

1008
Percent calcium carbonate = W Where:

1 mne ~f uraiaht lohoann st
o Ul WEILIL LGWETIT W

L
insteps 5.6 cand 5.7 ¢, 9.

o _
D=

W = Weight in specimen, g, corrected for total volatiles.

METHOD 305.1.2
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5.8 Determine the percent of graphite in the propellants as follows:

a. After determining the weight of crucible for the calculation of calcium carbonate, ignite the
crucible in a muffle furnace at 600 to 650° C maintaining the heat until all carbonaceous matter has
been burned off.

b. Remove the crucible from the furnace, cool in the desiccator for approximately 30 minutes
and weigh.

c. Determine the loss in weight as a result of igniting the crucible, and calculate the loss as the
percentage of graphite in the propellant.

d. Calculation:

100C
Percent graphite = —

Where:
C = Loss in weight of crucible between weighings in steps 5.7 cand 58 b, 9.

W= Weight in specimen, g, corrected for total volatiles.

METHOD 305.1.2
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METHOD 306.1.4
TIN {IODIMETRIC METHOD)
1. SCOPE

- TI_ Py T T o T I -

1.1 This method is used for determining the tin content o
metals that react with iodine will cause interference.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propeiiant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Erlenmeyer flask, 500 ml.

3.2 Buret, 50 ml.

3.3 Rubber stopper, three hole.

3.4 Inlet fube for gas.

3.5 Glass plug (for buret hole).

3.6 Hot plate in well ventilated hood.
4. MATERIALS

4.1 Nitric acid, 70 percent

4.2 Sulfuric acid, concentrated.

4.3 Perchloric acid, 70 percent.

4.5 Antimony trichloride, 2 percent solution. Dissolve 2 g of antimony trichloride in 50 ml of
hydrochloric acid and dilute to 100 mi with water.

4.7 Potassium iodide, 10 percent solution, freshly prepared.
4.8 Starch indicator solution, prepared as specified in Mehod 701.1.
4.9 Standard jpotassium iodate solution, 0.025N. Dry potassium iodate at 180°C for 2 hours.

Dissolve 1.7835 g in 100 ml of water containing 2 g of sodium hydroxide and 20 g of potassium
iodide. Dilute to 2 liters in a volumetric flask. This is a primary standard.

METHOD 306.1.4
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5. PROCEDURE
5.1 Prepare the sample as described in Methad 509.3, if required.

5.2 Place 5 g of the sample into the 500 ml Erlenmeyer flask. Add 80 ml of nitric acid, 25 ml of
sulfuric acid, and 5 ml of perchloric acid.

5.3 Place on a hot plate and heat untif color of the solution has changed from brown to grey (the
grey is due to graphite) and copious white fumes are evolved. Conlinue heating for 1 to 1 1/4 hours.
Disregard any graphite that remains unattacked.

CAUTION: A perchioric acid hood is recommended.

5.4 Allow to cool. Add 225 ml of water, 75 mi of hydrochloric acid, 2 drops of antimony
trichloride solution, and 10 g of granular lead.

5.5 Connect the flask so as 1o maintain an inert atmosphere, place the tiask on a hot plate and
boil moderately for 45 minutes.

5.6 While maintaining the inert atmosphere, cool to 10°C in an ice bath (disregard the white
recipitate of lead chloride that may settle out.

n "
P ARV W

5.7 Add 5 mi of potassium iodide sclution and 10 mi of starch solution and titrate with standard
potassium iodate solution to a persistent blue color. Carry a blank through the determination. This
bank need be determined only once weekly. It will usually be 0.1 10 0.15 ml.

5.8 Calculate the percentage of tin.

5.9 Calculation:

, 5.935 (A-B) N
Percent tin = 2 93\2, A8

Where:

A = Polassium iodate solution required for sample, ml.
B = Polassium icdate solution required for biank, mi.
N = Normality of potassium iodate solution.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 306.1.4
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METHOD 306.2.3
TIN AND GRAPHITE {(GRAVIMETRIC METHOD)
1. SCOPE

1.1 This method is used to determine the tin and graphite content of propellants in the presence
of each other,

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant weighed to within 0.2 mg.
3. APPARATUS

3.1 Beaker, 250 ml.

3.2 Hot plate or steam bath.

3.3 Gooch crucible.

3.4 Qven.

3.5 Waich glass.

3.6 Desiccator, containing an indicating desiccant.

4. MATERIALS

4.1 Nitric acid, 70 percent

4.2 Acetone.

5. PROCEDURE

5.1 Prepare the sample as described in Method 509.3, if required.

O5.2 Prepare the Gooch crucible by washing with nitric acid and then with water and igniting at
800°C.

5.3 Place 5 g of the sample into the 250 m! beaker, and 40 ml of nitric acid, and cover with a
tight fitting watch glass.

5.4 Heat on the hot plate at gentle heat {or on the steam bath) until the reaction starts, then heat
for 1 hour in such a way that the temperature is approximately 95°C. Ignore the slight reaction that
may seem 1o take place at the end of 1 hour.

5.5 Add 20 ml of water, heat to boiling and boil vigorously for 15 minutes with the watch glass in
place.

5.6 Filter while hot through the tared Gooch crucible and wash thoroughly with hot water.
Discard the filtrate.

METHOD 306.2.3
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CAUTION: A mixture of nitric acid and acetone produces a violent reaction. Therefore, the crucible .
and contents must be washed free of nitric acid and the filtrate discarded prior to subsequent washing
with acetone. .

5.7 Wash thoroughly with acetone and then once with water.

5.8 Dry the crucible in an oven at 350° for 40 minutes. Cool to room temperature in a desiccator
and weigh.

5.9 Ignite the crucible at 800°C for 1 hour. Cool to room temperature in a desiccator and weigh.
5.10 Calculate the percentages of tin and graphite.

5.11 Calculations:

Percent tin = E‘%LC'—AI
Percent graphite = 100\,? at

Where:
A = Weight of crucible, g.

B = Weight of crucible and precipitate (ascertained in paragraph 5.8).

C = Weight of crucible and precipitate (ascertained in paragraph 5.9).

W = Wainht nf eamnla rarractad for tintat valatilee
L welghiol & 2 corracted 1or 1n1al volatleg,

S apes
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METHOD 306.3.1
TIN (POLARGRAPHIC METHOD)

1. SCOPE

1.1 This method is used for determining the tin content of propeliants.

2. SPECIMEN _

2.1 The specimen shall consist of a portion of the propellant containing approximately 2.5 mg of
tin (as determined from the detailed specifications for the propellant being tested.} Weigh the
specimen to within 0.2 mg.

3. APPARATUS

3.1 Volumetric flask, 500 ml.

3.2 Volumetric flask, 250 ml.

3.3 Beakers, 50 ml.

3.4 Beakers, 100mi.

3.5 Walchglass, ribbed.

3.6 Hotplate in a well \.fentilated hood.

3.7 -Polarograph {Sargent Rec-:ording‘ Polarograph, Model XXI, or equivalent).

3.8 Polarographic cell, dropping mercury electrode, in constant temperature bath maintained
within 0.5°C of room temperature {or any convenient temperature).

NOTE: See Kolthotf, |.M. and Lingane, J.J. Polarography, Vol |, second edition, page 353, figure
XVIi-1 {Interscience Publishers, Inc. NY 1952).

3.9 Beaker, 400 mi.

3.10 Microburet, 5 ml, 0.01 ml divisions.
4., MATERIALS

4.1 Tin, métal!ic.

4.2 Hydrochloric acid.

4.3 Nitric acid.

4.4 Suliuric acid.

4.5 Blue litmus paper.

METHOD 306.3.1
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4.6 Ammonium chloride.
4.7 Gelatin, 0.25 aqueous solution (freshly prepared).

4.8 Nitrogen, puritied, (oxygen-free} passed through water prior to introduction into the
polarographic solution.

4.9 Hydrochloric acid, 6N.
5. PROCEDURE

5.1 Prepare a standard graph of wave height in millimeters against concentration of tin in
milligrams per 50 millimeters as follows:

s

a. Weigh 0.5000 g of tin and place it in a 400 ml beaker. Add
t

varhlaria anid and allaaar it ta Aicesahra Trancofa
l’uluul HNYIW Qi Qind Qlivey Il W Wiaovi ’
o mal

mark with distilled water.

Y. nQligve

b. Transter a 25 ml aliquot of the solution to a 250 ml volumetric flask and dilute to the mark with
6N hydrochloric acid.

NOTE: One milliliter of this solution contains 0.1 mg tin.
¢. To each of tive 50 ml beakers add 5 ml of concentrated HNO3 and 2 mi concentrated H2S04.

CAUTION: Any variation in the volume of sulfuric acid in the solutions being polarographed will
cause variations in the halt wave potential. Therefore the volume of the sulfuric acid in all solutions,
both in the preparation of the standard graph and in the determination, should be kept constant at

approximately 5 ml. Precautions should be taken to prevent the loss of the sulfuric acid through
excess fuming.

d. Transfer aliquots of the tin solution containing 2.1, 2.3, 2.5, 2.7 and 2.9 mg of tin to the five 50
ml beakers. Treat the mixture in the beakers in the manner described in paragraphs 5.2 (c) through
{j) and 5.3 (a) through (d).

e. On linear graph paper, plot the wave height in millimeters against the weight of tin in
mitligrams.

f. Draw a straight line which most nearly approximates the values obtained.

NOTE: This graph is valid only when the determination is made with the same capillary as that
used in preparing the graph, and so long as the capillary characteristic of the dropping mercury
electrode remains constant. The capillary characteristics of the electrode should therefore be
checked at the time the graph is made and rechecked at intervals of about a month. i the
characteristic changes by more than 0.05 units fron the original valus, a new capillary should be
selected and a new graph prepared.
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5.2 Prepare the specimen for polarographing as follows:
a. Prepare the specimen as prescribed in Method 509.3.

b. Place the specimen in a 100 ml beaker and add 10 ml of the nitric acid and 2 ml of the sulfuric
acid. Cover the beaker with a walch glass.

¢. Heat on a hotplate set at LOW until the specimen is completely dissolved. Then increase the
heat until the fumes of sulfur trioxide appear.

d. CAUTION: Slowly add 2 or 3 ml of concentrated nitric acid, drop by drop through the opening
made by the iip of the beaker and the watchglass, and continue heating until the fumes of sulfur
trioxide reappear. Repeat dropwise addition of nitric acid until the solution is clear. Cool the beaker
and its contents to room temperature and remove the watchglass.

e. Cautiously add 3 mi of water, and return the beaker 10 the hotplate. Heat until sulfur trioxide
fumes reappear. Cool the beaker and its contents fo room temperature, cautiously add 3 ml of water
and heat again until sulfur trioxide fumes reappear.

f. Cool the beaker and its contents to room temperature again and cautiously add an additional 3
mt of water and heat.

g. While the contents of the beaker are being heated, test for the presence of nitric acid by
holding a piece of blue litmus paper in the vapors rising from the sulfuric acid solution. If the litmus

paper changes color repeat step (f) until the litmus paper test indicates that all the nitric acid has been
driven off. Then cool to room temperature.

h. Cautiously transfer the sulfuric acid solution to a 50 m! volumetric flask, containing 10.7 g of
ammonium chloride and 30 mi of water. Add 1 ml of the gelatin solution,

i. Allow the ammonium chloridé to dissolve, adding additional water if necessary. Bring the
solution to room temperature and then dilute to the mark with water.

j. Transfer a portion of this solution to a polarographic cell.
5.3 Obtain a polarogram for the solution as follows:
a. Place the cell in the constant temperature bath (para 3.8).

b. Flush nitrogen through the solution for 5 to 10 minutes. Thereafter allow the gas to flow over
the solution.

c. At an applied voltage of -0.35, adjust the recorder pen of the polarograph near zero. Obtaina
polarogram for the -0.35 to -0.75 volt range at an appropriate sensitivity.

d. Produce a second polarogram from the same solution, and find the average wave height for
the two polarograms.

5.4 Using the average of the two polarograms obtained for the propellant, read the amount of tin
present in the solution from the standard graph.
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5.5 Calculate the percentage of tin in the propellant.

5.6 Calculation:

Percent Tin =  00A
W

Where:
A= Weight of tin, as obtained from graph, g.

" W = Weight of specimen, corrected for total volatiles.

METHOD 306.3.1
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METHOD 307.1.2
CRYOLITE {SODIUM ALUMINUM FLOURIDE)
1. SCOPE
1.1 This method is used for determining the cryolite content of propellants.

2. SPECIMEN

ximately 5 g of the propellant, weighed to within 0.2 mg.

2 1 Tha enacimen shall cnnsgist nf
2.1 The gpecimen shall consIst of obeliant, 0

=4
3%}
ke
p=]
4

3. APPARATUS

3.1 Silica dish.

3.2 Muffle furnace.

3.3 Filtering crucible.

3.4 Suction fiifration apparaius.
4. MATERIALS.

4.1 Paraffin wax.

4.2 Aqua regia, consisting of one volume 70 percent nitric acid and three volume 38 percent
hydrochloric acid.

4.3 Precipitating reagent, prepared as follows:

a. Mix 80 g of uranyl acetate dihydrate, 48 g of 30 percent acetic acid, 390 ml of distilled water in
one container, and warm to dissoive all the salts.

h. In another container, mix 240 g of zinc acetate dihvdrate, 25 g of 30 percent acetic acid, 250
m of distifled water, and warm to dissolve all the salts.

¢. Mix the two solutions together and store in a borosilicate vessel.

MOTE. CnhAdi
[l W s 188 |

immediately before being used.

v iR Ao i
i ||u|..vu|u es i

4.4 Wash liguid, consisting of a saturated solution of sodium zinc uranyl acetate in 95 percent
ethyl alcohol,

4.5 Diethyl ether.
5. PROCEDURE

5.1 Prepare the specimen as described in Method 509.3.
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5.2 Place the specimen in the silica dish and add 10 g of molten paraffin wax. Heat gently until
the wax is ignited, and allow it to burn off.

5.3 When the flame has died, place the dish in a muffle furnace at approximately 600°C until the
residual carbon has been burned off. Then cool to room temperature.

.5.4 Dissolve the ash.in a few milliliters of aqua regia (para 4.2), then evaporate the solution until
only a thoroughly dried residue remains.

5.5 Dissolve the residue in approximately 5 ml of distilled water.

CAUTION: From this point and throughout the remainder of the determination it is essential that all
reagents and solution be maintained at 20 + 1°C.

5.6 Filter 20 ml of the precipitating reagent (para 4.3
h

a:_t Y T2 i mlaan rms far 1

- sde aw o na cemlyr vasidha
e mixture vigorously with a thin glass rod for 15 sec

i
1°C.

H

5.7 Filter the contents of the dish through the tared filtering crucible, with the aid of suction;
wash the retained precipitate first with five 2 ml portions of the wash liquid {para 4.4) at 20 + 1°C,
and finaily with 2 mi of ether.

5.8 Draw air through the crucible until the odor of ether is no longer discernible, then weigh.
Calculate the percentage of cryolite in the propeliant.

5.9 Calcuilation:

Percent cryolite = _‘L-Vﬁﬁ

Where:

A = Increase in weight of crucible (weight of sodium zinc uranyl acetate hexahydrate
precipitate), g.

W = Weight of specimen, corrected for total volatiles, g.

METHOD 307.1.2
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METHOD 308.1.4
GRAPHITE AND CARBON BLACK
1. SCOPE

1.1 This method is used to determine the graphite and carbon black content of propellants
containing less than 0.5 percent carbon black. Zirconium and other metals will interfere.

2. SPECIMEN

2.1 The specimen shall consist of 10 g of the propellant, weighed to within 0.5 g.
3. APPARATUS

3.1 Filtering crucibie chemicai porcetain, porous bottom, with fine porosity.

3.2 Begker, 40|0 mi.

3.3 Steam bath.

3.4 Suctionfiltration apparatus.

3.5 Oven.

3.6 Dessicator containing an indicating dessicant.

3.7 Muffle furnace.

w
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.9 Reflux condenser, water cooled.

3.10 Hotplate.

3.11 Crucible holder.

4. MATERIALS

4.1 Nitric acid.

4.2 Nitric acid solution 1:1 difution (by volume) with water.
4.3 Acetone.

4.4 Ether.
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5. PROCEDURE
5.1 Pretreat the crucible filter bottom as follows:

a. Wash the crucible filter bottom with 10 to 15 mL of the 1:1 nitric acid solution, and rinse
thoroughly with water,

b. Dry in an oven for 1 hour at approximately 100°C.
¢. lgnite the crucible. -
5.2 Prepare the specimen of propellant in accordance with Method 509.3.

5.3 Remove organic matter from the specimen as follows:

b. Heat the beaker on the steam bath and when the reaction starts, remove the beaker from the
bath and allow the reaction to continue until fuming ceases. If all the particles have not decomposed
after the fuming ceases, reheat the beaker until decomposition is complete.

NOTE: The rate of decomposition can be controlled, if necessary, by adding small amounts of
distilled water from time to time.

¢. Dilute the hot solution, heat and stir until the carbon black coagutates then cool the beaker to
room temperature.

d. Using a suction filtration apparatus, apply gentle suction so that the filtrate will fall from the
crucible at the rate of two to three drops per second.

e. Filter the solution through the tared filter crucible, maintaining the level of the solution above
the top surface of the filter. Rinse the beaker with distilled water, and transfer the rinsings to the
crucible in the same manner.

CAUTION: Iif the solution is filtered too rapidly, or if the solution drops below the leve! of the top
surface of the filter, the carbon black may pass through the filtrate.

f. Wash the residue in the same manner with hot distilled water to remove most of the nitric acid.
Discard the filtrate.

- WARNING: A mixture of nitric acid and acetone produces a violent reaction. Therefore, the crucible
and filter must be completely washed free of nitric acid, and the filtrate discarded prior to subsequent
washing with acetone.

g. Wash the residue with a 2:1 (by volume) mixture of ether and acetone in the same manner
prescribed for filtering the solution through the crucible in paragraph 5.3 (¢). Continue the solvent
wash until all the organic material is dissolved, as shown by the absence of color in the washings.

h. Aspirate the crucible in the suction filtration apparatus until the odor of solvent is no longer
discernible when the vacuum line is turned off.

METHOD 308.1.4
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. i. Dry the crucible in the oven for 1 hour at 120 to 130°C. Cool to room temperature in a

dessicator and weigh.

5.4 Remove the ¢arbon black from the filter as follows:

a. > in the Erlenmeyerflask. Add 5 ml of nitric acid to the crucible and 45 mito
the flask.

b. Connect the flask to the reflux condenser and boil on the hotplate for 3 hours.
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d. Attach a suction filtration apparatus to the crucible. Transfer the contents of the flask to the
crucible and filter, employing strong suction. Rinse the flask thoroughly with distilled water and
transfer the rinsings to the crucible in ihe same manner. :

e. Wash the crucible thoroughly with hot distilled water to remove ali traces of nitric acid.
Discard the filtrate.

number of times to remove all the undissolved carbon black, as shown by the absence of color in the
washings. Give several final rinsings with acetone and discard the filtrate.

g. Aspirate the crucible in the suction filtration apparatus until the odor of acetone is no longer
discernible when the vacuum ling is turned off.

h. Dry the crucible in the oven for one hour at 120 to 130°C. Cool to room temperature in a
dessicator and weigh.

5.5 Determine the loss in weight of the graphite residue from the weighing of the residue
containing graphite and carbon black. See para 5.3 (i). Calculate the percentage of carbon black in
the propellant.

5.6 Calculation:

Percent carbon black = 1%8A.

FEROIDIT.

A = Loss in weight of crucible between weighings in para 5.3 (i) and 5.4 (h), grams.

W = Original weight of the specimen, grams.

METHOD 308.1.4
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5.7 Remove the graphite from the filter as follows:

a. Ignite the crucible in the muffle furnace at 600 to 650°C until all carbonaceous matter has
been burned off.

b, Remove the crucible from the furnace, cool to room termperat

LRI RV LR RN L P (0118 S ] L=\ Pl

5.8 Determine the loss in weight as a result of igniting the crucible, and calculate the loss as the
percentage of graphite in the propellant.

©
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- A
Percent graphite = l\?U_O_

Where:
A = Loss in weight of crucible between weighings in para 5.4 (h} and 5.7 (b}, grams.

W = Original weight of the specimen, grams.
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METHOD 309.1.2

CARBON BLACK OR GRAPHITE (GRAVIMETRIC METHOD)
1. SCOPE
1.1 This method is used for determining the carbon black or graphite content of propeilants.
2. SPECIMEN
2.1 The specimen shall consist of 2 to 5 g of the propellant, weighed to within 0.2 mg.
3. APPARATUS
3.1 Filtering crucible chemical porcelain, porous bottom, with tine porosity.
3.2 Beaker, 400mi.
3.3 Oven.
3.4 Steam bath.
3.5 Watchglass.
3.6 Ice bath.
3.7 Suction filtration apparatus.
3.8 Dessicator containing an indicating dessicant.
3.2 Muffle fum
4. MATERIALS
4.1 Nitric acid.
4.2 Nitric acid solution, 1:1 dilution {by volume) with water.
4.3 Acetone.
4.4 Ether.
45 Hydroch!éric acid.
5. PROCEDURE
5.1 Pretreat the crucible filter bottom as follows:

a. Wash the filter bottom with 10 to 15 mi of the nitric acid solution and rinse thoroughly with
water.

b. Dry in an oven tor 1 hour at approximately 100°C.

METHOD 309.1.2
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c. Ignite the crucible.
5.2 Prepare the specimen of propellant in accordance with Method 509.3.
5.3 Remove organic matter from the specimen as follows:

a. Place the specimen in the beaker and add 75 ml of nitric acid solution. Cover the beaker with
awatchglass.

b. Heat the beaker on the steam bath, When the reaction starts, remove the beaker from the
steam bath until the reaction subsides, then replace the beaker on the steam bath and allow the
mixture to digest for approximately 1 hour. For metals insoluble in nitric acid, add sufficient
hydrochloric acid o effect solution.

¢. Remove the beaker from the bath-and chill in an ice bath.

d. Add 75 ml of distilled water to the beaker and allow the beaker to stand until the major part of
the carbon black or graphite has settled out.

e. Using the suction filtration apparatus, apply gentle suction so that the filtrate will fall from the
crucible at the rate of two {o three drops per second.

f. Filter the solution through the tared crucible, maintaining the level of the solution above the top
surface of the filter. Rinse the beaker with distilled water and transfer the rinsings to the crucible in
the same manner.

CAUTION: If the solution is filtered too rapidiy, or if the solution drops below the surface of the filter,
the carbon black or graphite may pass through with the filtrate.

g. Wash the residue in the same manner with hot distilled water to remove most of the nitric
acid. Discard the fiiirate.

WARNING: The mixture of nitric acid and acetone produces a violent reaction. Therefore, the
crucible and filter must be completely washed of nitric acid, and the filtrate discarded prior to
subsequent washing with acetone.

h. Wash the residue with a solvent containing 1 volume of acetone and 2 volumes of ether in the
same manner prescribed for filtering the solution through the crucible in para (f}. Continue the solvent
wash until all the organic material is dissolved, as shown by the absence of color in the filtrate.

i. Gently aspirate the crucible in the suction filtration apparatus until the odor of solvent is not
discernible when the vacuum line is turned off. Dry the crucible in the oven for 30 minutes at 125 +
5°C. Cool and weigh.

5.4 Determine the percentage of carbon black as follows:

a. Ignite the crucible in the muffle furnace at 600 to 650°C until all carbonaceous matter has
been bumed off. Remove the crucible from the furnace, cool in a dessicator, and weigh.

b. Determine the loss in weight of the crucible after ignition in the muffle furnace and calculate
this loss as the percentage of graphite or carbon black in the propellant on a volatiles-free basis.

METHOD 309.1.2
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. METHOD 309.2.2

CARBON BLACK (PHOTOMETRIC METHOD)

1. SCOPE

1.1 This method is used to determine photometrically the percentage of carbon black in
propellants, This method is applicable only when the calibration curve is established with identical
carbon black used in manufacture of propellant. In other instances, Method 309.1 must be used.

2. SPECIMEN

2.1 The specimen shall consist of approximately 3 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1 Volumetric flasks, 100 ml.

3.2 Weighing bottle, with round glass stopper.

3.3 Oven.

3.4 Desiccator containing calcium chloride.

3.5 Disintegrator, electric (Waring Blendor, or equal).

. 3.6 Volumetric flask, one liter.

3.7 Filtering crucible, chemical porcelain, porous bottom, of desired porosity.

3.8 Suction filtration app;dratus.

3.9 Muffle furnace.

3.10 Pipet.

3.11 Wrist action shaker.

3.12 Photoelectric filter pholometer with visible light source, a 540 nanometer filter and 10 mm
cells.

4. MATERIALS
4.1 Carbon black representing the identical material used in the manufacture of the propellant.
4.2 Acetic acid, acetone solution, 5 percent glacial acetic acid in acetone (by volume).

4.3 Samples of all constituents indicated in the detailed specifications for the propellant, except
carbon black.

4.4 Ethyl alcohol.

METHOD 309.2.2
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4.5 Nitric acid, 35 percent solution.

5. PROCEDURE

5.1 Prepare a dispersion of carbon black as follows:
a. Place approximately 0.5 g of carbon black in a weighing bottie.
b. Dry the sample in an oven at 105°C for two (2) hours.
c¢. Coolin a desiccator for 30 minutes.

d. Transfer approximately 0.10 g of the carbon black to the disintegrator, and add 100 ml of the
acetic acid acetone solution.

e. Turnon the disintegrator until the carbon black is completely dispersed in the acetic acid
acetone solution.

f. Transfer the dispersion to a one liter volumetric flask, and dilute to the mark with acetic acid
acetone solution at 20°C.

5.2 Prepare afiltering crucible. Wash the filter with 10 to 15 ml of 35 percent nitric acid solution
and with warm water; dry in an oven at 100°C for 1 hour:; ignite the crucible, and weigh it.

5.3 Determine the exact concentration of the carbon black dispersion as follows:
a. Attach a suction filtration apparatus to the crucible.

b. Employing gentle suction, filter a 250 m! aliquot of the carbon black dispersion (para 5.1)
through the crucible.

CAUTION: If the solution is filtered too rapidly, or it drops below the surface of the filter, the carbon
black may pass through with the filtrate.

c. Aspirate the crucible until the odor of acetone is no longer discernible.

d. Dry the crucible in an oven at 105°C for 30 minutes, then coo! in a desiccator to room
temperaiure.

e. Weigh the crucible to determine the amount of carbon black in the 250 ml afiquot, and
calculate the percentage of carbon black in the dispersion.

5.4 Prepare a standard graph of percent carbon black versus photometer readings as follows.
a. To each of four 100 m! volumetric flasks, add a total of 3 mg of the propellant components
(except carbon black) in the proportion indicated in the detailed specification for the particular
propellant being tested.

b. Transfer aliquots of the carbon black dispersion (para 5.1} to these flasks. Vary the size of
Y | [ F

the aliguots so that the concentrations of carbon black in these synthetic solutions are equally spaced
throughout the nominal percentile range for carbon black in the propellant being tested.

METHOD 309.2.2
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. c¢. Fill each flask to the 95 ml mark with acetic acid-acetone solution (para. 4.2). Stopper the
flasks and shake with a wrist action shaker until all solid material is in solution.

d. Dilute each flagk to the 100 ml mark, and mix thoroughly.

e. Using the 10 mm cell filled with a blank acetic acid-acetone solution, and a 540 nanometer
filter, adjust the photometer dial reading to zero.

f. Fill the same cell or matching cells with the synthetic solutions, and obtain direct dial readings
tor each solution.

g. Cn linear graph paper, plot the percent carbon black versus the direct dial readings obtained.
5.5 Prepare the speciman as specified in Method 509.3.

5.6 Place the specimen in a 100 m! volumetric flask, and dampen it with 5 ml of ethyl alcohol to
facilitate complete suspension of the propellant.

5.7 Add 90 m! of the acetic acid acetone solution (para 4.2) to the flask. Stopper the flask, and
shake on a wrist action shaker until all solid material is in solution.

5.8 Make up to volume with acetic acid acetone solution, and mix thoroughly.

NOTE: Carbon black, in proportions greater than 0.1 percent, absorbs te much light at 540
hanometers to allow optimum light transmission and curve characteristics to be obtained. For
propellants with carbon black concentrations higher than 0.1 percent, take appropriate aliquots of the
100 ml volume in the flask, and dilute with the 5 percent acetic acid acetone soiution.

5.9 Fill a 10 mm cell with this solution: fill a matched cell with acetic acid acetone solution for the
reference.

5.10 Using the photometer with a 540 nanometer, determine the direct dial reading of the
propellant solution.

5.11 Using the direct dial reading obtained, determine the percent carbon black in the propellant
from the prepared curve (para 5.4).

METHOD 309.2.2
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METHOD 310.3.1
POTASSIUM SALTS (FLAME SPECTROPHOTOMETRIC METHOD)

1. SCOPE

1.1 This method is used for determining the potassium sulfate and potassium nitrate contents of
propellants that contain no calcium salts. This method may be used for determining the percentage .
of potassium salts from the salt solution prepared by Method 310.4 from propellants.

2. SPECIMEN

2.1 The specimen shall consist of approximately 1 g of the propellant, weighed to within 0.2 mg.
3. APPARATUS

3.1 Flame spectrophotometer.

3.2 Volumetric flask, 1 liter.

3.3 Beaker, 150 mi.

3.4 Cover glass, ribbed.

3.5 Steam bath in a well ventilated hood,

3.6 Holplate.

3.7 Volumetric flask, 100 m!

TABLE |. Standard concentrations of potassium

Standard Solution

Potassium concentration, ppm concentration
ml per liter

.| MATERIAl S

« VI 11 -

4.1 Standard solution of potassium sulfate containing 3500 parts per million (ppm) of potassium,
prepared by transferring 7.7998 g of analytical grade potassium sulfate to a 1 liter volumetric flask,
and diluting to the mark with distilled water.

NOTE: This solution is used in preparing solutions of known potassium concentration in accordance
with Tabie I.

METHOCD 310.3.1
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4.2 Sulfuric acid. - - \
4.3 Nitric acid, 70 percent solution.
5. PROCEDURE

5.1 Ascertain from the detailed specification the nominal concentration in parts per million (ppm)
of potassium in the propellant being tested.

5.2 Using the standard solution {para 4.1) in accordance with Table |, prepare two potassium
sulfate solutions, one having the next higher concentration than the propeltant, and one having the
next lower.

5.3 Prepare the specimen as specified in Method 509.3

he specimen in a 150 m! beaker, and add 156 ml of 70 percent nitric acid. Cover with
the rlbbed cover glass.

5.5 Heat on a steam bath until the specimen is completely dissolved.

5.6 Remove the beaker from the steam bath and add 1 ml of concentrated sulfuric acid.
5.7 Heat the beaker on a hotplate untit dense fumes of sulfur trioxide are evolved.
5.8 Add more nitric acid, drop by drop, until all carbonaceous matter has decomposed.

5.9 Remove the beaker from the hotplate and cool to room temperature. Wash down the cover
glass and the sides of the beaker with a fine stream of distilled water.

5.10 Return the beaker to the hotplate, and heat until the sulfur trioxide fumes have practically
ceased. (The solution should not be permitted to go to dryness.)

NOTE: If a black residue starts to form on the bottom of the beaker, or if the solution darkens
appreciably, add more nitric acid, drop by drop, until the solution is clear. It will be either colorless or
straw colored.

5.11 Remove the beaker from the hotplate, cool to room temperature, and add 50 ml of water. |f
the solution is clear, proceed to para 5.12. If not, digest the solution on the steam bath for 1 hour,
cool and filter into a 100 ml volumetnc flask. Wash the beaker and filter with distilled water. Catch the
washings in the volumetric flask and dilute to the mark.

512 Quantnatlveiy transfer the solution to a 100 m! volumetric tlask, and dilute to the mark with
Aictillad w

Lid uuu

5.13 Fill a sample beaker with this solution.

METHOD 310.3.1
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5.14 Adjust the flame spectrophotometer in accordance with the manufacturer’s directions.

a. Adjust the wavelengths to 768 nanometers.

b. Measure the flame background at this wavelength by aspirating a sample beaker of distilled
water. [If the flame background is greater than 1.5 transmission dial units, adjust the fuel pressure
until a satisfactory flame background is obtained.

5.15 Place the sample beaker with the propellant solution in the sample positioner, and move
the beaker under the capillary of the aspirator-burner by rotating the sample positioner knob.

5.16 Record the transmission of the sample. Before and after each reading, aspirate distilled
water through the atomizer burner to prevent clogging.

5.17 Place the beaker containing the solution having a lower concentration of potassium than
the propeliant solution in the spectrophotometer. Obtain a reading for this solution and record i.

5.18 Obtain a reading for the solution having a higher concentration of potassium than the
propellant solution and record it.

§ 19 Prenare an intensity eancentration aranh on linear aranh na
2.1 pare an intensity concentration grapn on linear grapn pa

Ll L+

a. Plot the potassium concentration of the two standard solutions in ppm against the
transmission readings obtained for each solution.

5.20 Using the transmission reading obtained for the specimen, read on the chart the potassium
content of the propellant in ppm, :

5.21 Caicuiate the potassium sait content of the propeiiant.

5.22 Calculations:

Percent potassium nitrate = QQ?{S’B—-—-@—
Percent potassium sulfate = —Q-Ozwzﬁg‘

Where:
A = Potassium content of the propeliant solution in ppm.

W = Weight of specimen, corrected for total volatiles, g.
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METHOD 310.4.2
POTASSIUM SALTS (TETRAPHENYLBORON METHOD)

1. SCOPE

1.1 This method is used for determining the potassium sulfate or potassium nitrate content in
propeflants.

2. SPECIMEN

2.1 The speciman shall consist of a portion of the propellant containing approximately 75 mg of
potassium salt (as determined from the detail specification for the propellant being tested). Weigh the
specimen to within 0.2 mg.

3. APPARATUS

3.1 Beaker, 150 ml.

3.2 Beaker, 250 ml.

3.3 Watchglass, ribbed.

3.4 Steam bath.

3.6 Filtering crucible, glass, medium porosity.
3.7 Porcelain evaporating dish.
3.8 Suction filtration apparatus with provision for filtration rate adjustment.
3.9 Desiccator, containing an indicating desiccant.
4. MATERIALS
4.1 Aluminum chloride, 0.2M solution (5 g per 100 ml distilled water).
4.2 Sodium tetraphenylboron, 3% solution, prepared as follows:
a. Dissolve 9 g of sodium tetraphenylboron in 300 ml of distilled water.
b. Add 2 miof 0.2 M aluminum chloride solution, stir, and allow to stand for 30 minutes.
¢. After 30 minutes, filter the solution into a polyethylene or borosilicate glass bottle.
NOTE: On prolonged standing, the solution may become turbid. if it does, refilter before using.
4.3 Nitric acid, 70 percent solution.
4.4 Hydrochloric acid, 36-38 percent solution.
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4.5 Sulfuric acid, 5 percent solution. Add 5 ml of sulfuric acid (96-38%) to 95 ml of distilled water .
and stir well.

5. PROCEDURE
5.1 Prepare the specimen as described in Method 509.3.

5.2 Transfer the accurately weighed specimen to a porcelain evaporating dish. Add 10-15 ml of
nitric acid and cover the dish with a watchglass. In a hood, heat the dish and contents on a steam
bath until the reaction starts; (CAUTION: This is an exothermic reaction) then remove the dish from
the steam bath and allow it to stand until the evolution of fumes has ceased and only a gummy
residue remains. If decomposition is incomplete, wash down the inner walls of the evaporaling dish
with nitric acid and reheat unti! decomposition is complete.

5.3 Remove the watchglass and wipe the underside with small pieces of damp, ashless filter
paper and add these to the dish. Dry the gummy residue until only a fluffy carbonaceous deposit
remains. Then heat until the carbonaceous residue is nearly burned off. {Avoid high temperatures in
order to prevent fusion of the saits in the dish.) '

5.4 li the propellant contains no barium salts, proceed to paragraph 5.5. If the propellant
contains barium salts proceed as follows:

a. Cool the evaporating dish and contents to room temperature, rinse the inner walls with 5 mi of
distilled water, and then with 5 ml of the hydrochloric acid solution. Cover the dish with a watchglass
and heat the dish and contents on a steam bath for five to ten minutes.

b. Dilute the contents of the dish to approximately 25 mi with distilled water, and filter the
solution through No.41 Whatman filter paper, or equivalent, into a 150 ml beaker. Wash the residue
in the filter with about 50 m| of distilled water.

c. Heat the beaker and contents on a steam bath to about 85°C; then add, while stirring, 10 ml
of the 5% suffuric acid solution. Allow the solution to digest on the steam bath for one hour. Filter the
solution through a filtering crucible into a 250 mi beaker, and then wash the precipitate with distilled
water.

d. Heat the beaker containing the filtrate and washings and evaporate the filtrate to dryness, or
until fumes of sulfur trioxide are no longer evolved.

5.5 Cool the evaporating dish and contents to room temperature. Dilute the contents of the dish
to approximately 25 ml with distilled water, and tilter the solution quantitatively through No. 41
Whatman filter paper, or equivalent, into a 250 ml beaker. Wash the resndue in the filter with about 50
mit of distilled water and catch the washings in the beaker.

5.6 Add to the residue in the beaker, 100 ml of distilled water and 5 to 6 drops of the aluminum
chloride solution. Stir the solution vigorously while adding to it about 20 ml of the sodium
tetraphenlyboron solution. Allow the precipitate to settle for 5 minutes.

5.7 Filter the solution through the tared medium porosity glass filtering crucible with the aid ot a
suction filtration apparatus, being careful to keep a continuous flow of solution and subsequent
washings (see 5.8) through the filter until washing is complete.

NOTE: The rate of filtration may be controlled by manipulating the stopcock in the suction line. .
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l 5.8 Rinse the beaker with five 20 ml portions of distilled water and pour each through the filtering
crucible.

5.9 When the solution and washings have passed through the filter, dry the crucible and
contents at 120 + 2°C for 30 minutes and cool to room temperature in a desiccator.

5.10 Weigh the crucible and calculate the potassium salt content of the propellant.
5.11 Calculations:

28.22 (W3 - W2)

Percent potassium nitrate = Wi
. 24.32 (W3 -W
Percent potassium sulfate = \5\,1 3-Wa)

Where:
W1 = Weight of sample, corrected for total volatiles, g.
W2 = Weight of empty crucible, g.

Wa = Weight of crucible and dried precipitate, g.
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METHOD 311.1.3
TOTAL LEAD (SULFATE METHOD)

1. SCOPE

~ 1.1 This method is used for determining the percent total lead and percent lead compound in
propeltants containing no ions that form insoluble sulfates.

2. SPECIMEN
2.1 The specimen shall consist of approximately 5 g of the propellant weighed to within 0.1 mg.
3. APPARATUS -
3.1 Beaker (low form) 250 ml.
3.2 Watchglass, ribbed.
3.3 Hotplate in‘a well ventilated. hood.
| 3.4 Steam bath. |
3.5 Filtering chemical porcelain, porous bottom of desired porosity.
3.6 Suction filtration apparatus.
3.7 Muftle furnace.
3.8 Desiccator containing an indicating desiccant.
4. MATERIALS
4.1 Nitric acid, 70 percent
4.2 Sulfuric acid, 95 to 96 percent.

4.3 Sulfuric acid, 3N solution. (1 vol of acid to 18 vols. of aqueous solution, or 55 m! of acid per
liter of agueous solution).

4.4 Glacial acetic acid.

45 1:1 sulfuric acid.

4.6 Acetone.

4.7 Ethyl alcohol or isopropy! alcohol, 50 percent aqueous solution.

4.8 Ethyl alcohol, 95 percent.
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5. PROCEDURE

5.1 Place the specimen in the low form beaker; add 10 ml of nitric acid solution and 5 ml of 95
percent sulfuric acid solution. Cover the beaker with the watchglass.

5.2 Heat on the steam bath until the specimen is completely dissolved,
5.3 Remove the beaker from the steam bath, and add 5 m! of nitric acid.
5.4 Heat the beaker on the hotplate until dense fumes of sulfur trioxide are evolved.

5.5 Add more nitric acid, drop by drop, until all carbonaceous matter has been decomposed, and
solution remains clear on continued heating. Then ¢ool to room temperature.

distilled water, using of the water to wash down the watchglass
f the water is added arJ idly, excess bubbiling may resuit).

of
(I
5.7 Boil the solution vigorously for 2 to 3 minutes. Then cool to room temperature, and dilute
with 15 ml of the 95 percent ethy! alcohol. Allow the solution to stand at room temperature for 2 hours.
5.8 Fiiter the solution through the tared filtering crucible with the aid of suction. Use five 15 to 20
ml portions of the 3N sulfuric acid solution to complete the transfer of the lead sulfate precipitate from
the beaker to the crucible.

5.9 Wash the precipitate in the crucible first with two portions of 50 percent ethyl or isopropy!
alcohol, then with one portion of 85 percent ethyl alcohol.

5.10 Aspirate the crucible for five minutes, then dry for 15 to 30 minutes at 110°C.

5.11 Ignite the crucible in the muffle furnace for 15 minutes at 500 to 600°C, then cool to room
temperature in the desiccator.

5.12 Weigh the crucible, and calculate the percentage of lead compound in the propellant
5.13 Calculations:

100AB  Where:

Percent lead compound = nCw
A = Increase in weight of crucible, grams (weight of
lead sulfate precipitate).
P t tolal lead = 68324
ercent tolal lead = W B = Molecular weight of lead compound in the
propellant.
C = Molecular weight of lead sulfats.

grams.

NOTE: Percent total volatiles may be determined on a separate sample by Method 103.3.3.
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6. ALTERNATE PROCEDURE

6.1 Place the specimen in the 250 ml beaker, add 20 ml acetic acid and 70 ml of nitric acid.
Cover the beaker with the watchglass.

6.2 Heat on steam bath until the sample is in solution (1/2 hour).
6.3 Remove the beaker from the steam bath and add 20 ml of 1:1 sulfuric acid.

6.4 Cover the beaker with the watchglass and heat on the hot plate until all but traces of the
nitric acid have been expelled.

6.6 Remove the beaker from the hot plate, cool a few minutes and then add 1:1 ethyl alcohol
dropwise until the vigorous reaction subsides.

6.6 Add 50 ml of 1.1 ethyl or isopropyl alcohol and heat on the steam bath for 10 minutes.
6.7 Cool and let the solution stand for 2 hours.

6.8 Filter through a tared medium porosity Selas or equivalent filtering crucible.

6.9 Wash the precipitate with acetone and aspirate the crucible for tive minutes.

6.10 Ignite the crucible in the muffle furnace at 600°C for 1/2 hour, then cool to room
temperature in the desiccator.

6.11 Weigh the crucible, and calculate the percentage of lead compound in the propellant.

6.12 Calculation:

-k

Percent lead compound = — o

0
=

Where:

A = Increase in weight of crucible (weight of lead sulfate percipitate).
B = Molecular weight of lead compound in the propellant.

C = Molecular weight of lead sulfate.

W = Weight of specimen, corrected for total volatiles.

n = Number of lead atoms in compound.

METHOCD 311.1.3
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METHOD 311.2.2

TOTAL LEAD (CHROMATE METHOD)

1. SCOPE

1.1 This method is used for determining the percentage of total lead and the percentage of lead

compunds in propellants containing no ions that form insoluble chromates.

2. SPECIMEN

2.1 The specimen shall consist of approximately 5 g of the propellant, weighed to within 0.2 mg.

3. APPARATUS

3.1
32
3.3

3.4

3.8

Beakers, 250 mi

Watchglass, ribbed.

Steam bath,

Hotplate in a well-ventilated hood.

Filter paper, Whatman No. 41, or equivalent.

Desiccator containing an indicating desiccant.

4. MATERIALS

4.1

4.2

4.3

4.4

4.5

Nitric acid, 70 percent.
Sulfuric acid, approximately 85 percent.

Ammonium acetate 20% solution.

Potassium Dichromate 10% solution.

Glacial acetic acid.

5. PROCEDURE

5.1 Prepare the specimen as prescribed in Method 509.3

5.2 Place the specimen in the beaker and add 10 ml of the nitric acid and 5 ml of the sulfuric

acid.

5.3 Heat on the steam bath until the specimen is completely dissolved.

-
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5.4 Remove the beaker from the steam bath, and add 5ml of nitric acid.
5.5 Heat the beaker on the hotplate untit dense fumes of sulfur trioxide are evoived,

5.6 Add more 70 percent nitric acid, drop by drop, until alt carbonaceous matter has
decomposed.

5.7 Remove the beaker from the hotplate, and cool to room temperature. Wash down the sides
of the beaker with a fine stream of distilled water.

5.8 Return the beaker to the hotplate, and heat until the sulfur trioxide fumes cease. Then
remove the beaker from the hotplate, and cool it to room temperature,

5.9 Add 30 ml of hot 20 percent ammonium acetate solution to the beaker. Stir, until the soluble
portion of the residue in the beaker has dissolved.

5.10 Filter the solution through No. 41 Whatman filter paper into another 250 ml beaker. Wash
the beaker and filter paper first with 20 ml of the hot ammonium acetate solution and then with three
portions of distilled water.

5.11 To the filtrate and washings add 5 mi of giacial acetic; piace the beaker on the hoiplate and
heat to boiling.

5.12 To the boiling solution add 20 ml of the 10 percent solution of potassium dichromate. Allow
the solution to boil 5 minutes longer.

5.13 Remove the beaker from the hoiplate and allow the lead chromate precipitate to settle for
onhe hour.

5.14 Filter the contents of the beaker through the tared filtering crucible. Wash the retained
precipitate with five portions of hot distilled water.

5.15 Dry the crucible in an oven 100 to 105°C until loss of weight between weighings at two hour
inllervals does not exceed 0.5 mg. Cool the crucible in a desiccator hetween weighings.

5.16 Weigh the crucible, and calculate the percentage of total lead or the percentage of lead
compound in the propellant.

5.17 Calculation:

64.11 A Where:
Percenttotal lead = —— °
A = Increase in weight of crucible (weight of lead
chromate precipitate).
100AB B = Molecular weight of lead compound.

Percent lead compound = ey C = Molecular weight of lead chromae.

W = Weight of specimen, corrected for total
volatiles.
n = Number of lead aloms in compeund.
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METHOD 311.3.2
TOTAL LEAD (POLAROGRAPHIC METHCD)
1. SCOPE

1.1 This methed is used for determining polarographically the percentage of lead compounds in
propellants.

2. SPECIMEN
2.1 The specimen shall consist of a portion of the propellant containing 10 to 15 mg of lead (as

determined from the detailed specification for the propellant being tested.} Weigh the specimen to
within 0.2 mg.

3.1 Beaker, 250 ml.

3.2 Watchglass, ribbed.

3.3 Steam bath in a well ventilated hood.

3.4 Funnel, Buchner, glass with fritted disc, medium porosity.
3.5 Suction filtration apparatus.

3.6 Volumetric flask, 100 ml.

3.7 Recording polarograph {Sargent Model XXI, or equivalent).

3.8 Polarograph cell, dropping mercury electrode, in constant temperature bath maintained
within 0.5°C of room (or any convenient) temperature.

4. MATER!ALS

4.1 Lead nitrate solution consisting of 0.400 g ot lead nitrate (ground with mortar and pestle, and
dried at 100°C for 2 hours) per 250 ml of solution with 2N sodium acetate (para. 4.2).

NOTE: One ml of this solution contains 1.0 mg of lead.

4.2 Sodium acetate, 2N solution, consisting of 164 g of anhydrous sodium acetate per liter of
solution.

4.3 Nitric acid, 70 percent
4.4 Sulturic acid, 50 percent solution.
4.5 |sopropancl.

4.6 Ethyl alcohol, 50 percent
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4.7 Acetone.
4.8 Nitrogen prepurified (oxygenh free) passed through water.
5. PROCEDURE

5.1 Prepare a standard graph of wave height in millimeters against concentration of lead in
grams per 100 liters as follows:

into three dry 100 ml volumetric flasks, pipette 10, 15, and 20 m! respectively, of lead nitrate
solution (r ra 4.1) and then bring to the mark with 2N sodium acetate solution.

b. Tranfer each solution to a polarographic cell, and obtain a polarogram for each, as described
in paragraph 5.3. In addition obtain a polarogram of the 2N sodium acelate solution used to prepare
the calibrants.

¢. On linear graph paper, plot the wave height in millimeters against the weight of lead in grams
{0,0.010, 0.015, and 0.020 g/100 ml).

d. Draw the straight line which most nearly approximates the values obtained.

NOTE: This graph is valid only when the determination is made with the same capiliary as that used
in preparing the graph, and so long as the capillary characteristic of the dropping mercury electrode
remains constant. The capillary characteristic of the electrode should therefore be checked at the
time the graph is made, and rechecked at intervals of about a month. If the characteristic changes by
more than 0.05 units from the original value, a new capillary should be selected and a new graph
prepared.

5.2 Prepare the specimen for polarographing as follows:

a. Prepare the specimen as prescribed in Method 509.3.

b. Place the specimen in the 250ml beaker, and add 2 ml of the 70 percent nitric acid per gram
of specimen (10 ml minimumy.

¢. Cover the beaker with a ribbed watchglass, and heat on the steam bath for 30 minutes.
d. Remove the beaker from the steam bath, and add 20 ml of the 50 percent sulfuric acid.

e. Cover the beaker with the ribbed watchglass, and set it about half way down into the steam
bath for approximately 1 hour.

NOTE: A rubber ring around the beaker will facilitate positioning it in the steam bath.

{. Remove the beaker from the steam bath, and add isopropanol, with CAUTION drop by drop,
to remove all traces of nitric acid.

NOTE: Normally 10 to 15 drops of isopropanol are sufficient.

g. When the reaction ceases, add 100 mi of 50 percent ethyl aicohol, and heat on ihe steam
bath for 10 minutes. Remove from the steam bath and allow the lead suliate precipitate 1o setile.
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h. Filter the liquid in the beaker through the fritted disc glass funnel with the aid of the suction
filtration apparatus; retain the bulk of the precipitate in the 250 ml beaker.

i. Add approximately 20 ml of acetone to the beaker to dissolve all organic matter.

NOTE: If necessary, warm the beaker for a few minutes on the steam bath to complete solution of
organic matter.

j. Quantitatively transter the precipitate to the fritted glass funnel; wash the precipitate with three
10 ml portions of acetone and two 10 ml portions of 50 percent ethyl alcohol.

k. When all of the acetone and ethy! alcohol have passed through the funnel disconnect the
suction and place a clean receiving beaker in the suction filtration apparatus.

I. With the suction off, add approximately 10 ml of 2N sodium acetate to the funnel. Stir gently to
facilitate dissolving the lead sulfate precipitate, then turn the suction back on. Pass 3 to 4 more 10 mil
portions of 2N sodium acetate solution through the funnel to ensure complete solution of the

precipitate.

m. Transfer the filtrate to a 100 m! volumetric flask, and dilute to the mark with 2N sodium
acetate solution.

n. Pour an accurately measured portion of the solution into a polarographic cell.
5.3 Obtain a polarogram for the sclution as follows:
a. Place the cell in the constant temperature bath (para 3.8)

b. Flush nitrogen through the solution for 5 to 10 minutes. Thereafter allow the gas to flow over
the solution.

¢. At an applied voltage of -0.2, adjust the recorder pen of the polarograph near zero. Obtain a
polarogram for the -0.2, to -0.8 volt range at an appropriate sensitivity.

d. Produce a second polarogram from the same solution, and find the average wave height for
the two polarograms.

5.4 Using the average of the two polargrams obtained for the propellant, read the amount of lead
present in the solution from the standard graph.

5.5 Calculate the percentage of tead compound in the propellant.
5.6 Calculation:

100 AB
Percent lead compound = “"CO_““&n Where:

A = Weight of lead, as obtained from standard graph, g.
B = Molecular weight of lead compound.

C = Atomic weight of lead.

W = Weight of specimen, corrected for total volatiles, g.
n = Number of lead atoms in the compound.
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. METHOD 311.4

TOTAL LEAD (MOLYBDATE METHOD)
1. SCOPE
1.1 This method is used for determining the percentage of lead compounds in propellants.
2. SPECIMEN
2.1 The specimen shall consist of a portion of the propellant containing at least 0.05 g of lead
(as determined from the detailed specifications for the propellant being tested). Weigh the specimen
to within 0.2mg.
3. APPARATUS
3.1 Boiling flask, round bottom, 200 mt,
3.2 Reflux condenser, water cooled.
3.3 Heating maniie, siandard laboraiory type.
3.4 Filter paper, Whatman No. 41 or equivalent.
3.5 Beaker, 500 or 600 ml.
. 3.6 Hotplate.
3.7 Fittering, chemical porcelain, porous bottom, medium porosity and ignited at 900°C.
3.8 Muffle furnace.
3.9 Suction filtration apparatus.
4. MATERIALS
4.1 Nitric acid, 50 percent (by volume) solution.
4.2 Ammonium cetate.
4.3 Ammonium molybdate, 5 percent solution, with 10 ml of glacial acetic acid psr liter.
4.4 Ammonium nitrate, 2 percent solution.
4.5 Ammonium hydroxide.

5. PROCEDURE

METHOD 311.4
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5.2 Attach the condenser to the flask, and bring the contents of the flask to a boil by means of
the heating mantle. Allow the contents of the flask to boil for 30 minutes.

5.3 Disconnect the heating mantle and condenser, and add 50 ml of distilled water to the flask.
Reconnect the condenser, and boil for an additional 45 minutes.

5.4 Filter the solution in the flask through the No. 41 Whatman filter paper into the 500 or 600 ml
beaker.

5.5 Add 30 g of ammonium acetate and adjust the pH of the solution to 6.5 x 0.5 with
ammonium hydroxide. '

NOTE: Approximately 15 ml of ammonium hydroxide is usually required to achieve the proper pH.

ammonium molybdate solution, and boil the solution for approximately 3
rature, and allow the lead molybdate precipitate {o settle,

i Ry LivEe LV Al LF R LR L L

5.7 Filter the contents of the beaker through the tared Gooch crucible with the aid of suction.
Wash the beaker and precipitate with approximately 100 ml of hot 2 percent ammonium nitrate
solution.

5.8 Iignite the crucible at 900°C in a muffle furnace. Cool to room temperature.

5.9 Weigh the crucible, and calculate the percentage of lead compound in the propellant.

5.10 Caiculation:

100A
Percent lead compound = '%

Where:

A = increase in weight of crucible (weight of lead molybdate precipitate).
B = Molecular weight of lead compound.

C = Molecular weight of lead molybdate.

W = Weight of specimen, corrected for total volatiles.

n = Numer of lead atoms in compound:

METHOD 311.4
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. METHOD 311.5.1

LEAD (ATOMIC ABSORPTION)

1. SCOPE

1.1 This is a general method to determine lead salts in propellants containing lead
concentrations ot 0.2 percent or greater. It measures the lead content in parts per million (ppm) and
converts this value to a percentage of lead salt.

2. SPECIMEN

2.1 The specimen should be large enough to contain 4 - 5 mg of lead. Large grains or sheets
shall be cut or sliced as in method 509.3. The specimen shall be weighed within 0.2 mgin a 100 m|
volumetric flask. If necessary, the specimen can be weighed into a 100 ml tall form beaker.
NOTE: Do not use a specimen larger than 2.0 grams.

3. APPARATUS

3.1 Atomic absorption spectrophotometer with lead hollow cathode tube.

3.2 Volumetric flasks, 100, 250, 1000ml.

. 3.3 Steam bath in a ventilated hood.

3.4 Hot plate in a ventilated hood.

3.5 Pipettes 3, 4, 5, and 6 ml.

3.6 Beakers, 100 ml, tall form, graduated (if needed).

4. MATERIALS

4.1 A stock solution of lead perchlorate is prepared by dissolving 250 mg of lead metal in 5 ml of
concentrated perchloric acid in a 250 mi volumetric flask. After warming the contents of the flask
slightly to insure all the lead dissolves, cool the resulting solution thoroughly and ditute to the mark

with methanol water solution.

4.2 Prepare a matrix solution of methanol water by first transferring 100 ml of distilled water into
a 1000 ml volumetric flask. Dilute 1o the mark with methanol and mix well.

NOTE: Prepare enocugh methanol water solution to cover that which is needed for the specimens,
standards and blanks.

4.3 Nitric acid, 70 percent.
4.4 Perchloric acid, 70 percent.
4.5 Methanol, reagent grade.

METHOD 311.51
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5. PROCEDURE

5.1 Add to the specimen in a 100 m! volumetric flask (or in 100 ml beaker if this was used), 20
ml of 70 percent nitric acid. Cover with a watch glass if a beaker was used.

5.2 Heat on a ventilated steam bath until the specimen is completely dissolved.

5.3 After the specimen is dissolved, heat slowly to the boiling point. Boil for about 10 minutes or
until the evolution of brown fumes ceases.

NOTE: Using a volumetric flask for boiling small specimens is very convenient and avoids any loss of
specimen due to splattering. However, the flasks do undergo some small distortion after being
heated. A set of flasks should be set aside for such purposes.

5.4 Remove the specimen from the hot plate, cool thoroughly, and add 2 ml of 70 percent
perchleric acid.

NOTE: The amount of 70 percent perchloric acid to be added depends on the specimen weight. The
amount of acid to be added is as follows: 0.5 g of specimen or less, add 2 ml, 0.5t0 1.0 g of
specimen, add 3 mi, 1.0 to 2.0 g of specimen, add 5 ml.

NOTE: Perchloric acid can be used safely as specified in this procedure. it should not, however, be
brought in contact with finely divided aluminum silicon, and easily oxidizable organic matter. The
hood where the specimen solution is heated should be thoroughly free from organic materials and
should be cleaned after use. Also, do not allow specimens being heated with perchloric acid to go to
dryness.

5.5 Return the specimen to the hot plate and heat to white fumes of perchloric acid (nitric acid is
gone).

5.6 Cool the sample thoroughly, dilute to the mark with methanol water solution, and mix well.
NOTE: |f a beaker was used, transfer the residue with methanol water solution to a 100 mi volumetric
flask and then dilute to the mark with methanol water solution. If the specimen contains graphite or
carbon black, the solutions will have to be filtered.

5.7 Prepare working standards by pipetting successively 3, 4, 5 and 6 ml of the standard lead
perchlorate solution into a series of four 100 ml volumetric flasks. Add to each flask as much 70
percent perchloric acid as was added to the specimen flask. Immediately dilute to the mark with
meihanol water solution. This will give standards of 30, 40, 50 and 60 ppm of lead.

5.8 Prepare a blank in a 100 ml volumetric flask. Use as much 70 percent perchloric acid as
was needed for the specimen and dilute to the mark with methanol water solution.

5.9 The blank, specimen and standard are then analyzed by atomic absorpticn (following
instrument instruction manual and standard safety procedures) using either the 2170 or 2833
Angstrom analytical wavelengths. Use air as the oxidizer and hydrogen as the fuel.

5.10 Obtain the abscrbance of the standard and specimen as follows:

a. Convert absorption to transmittance by subtracting the absorption from 100.

METHOD 311.5.1
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. b. Change transmittance to absorbance.
c. Subtract any absorbance due to the blank from each of the standards and from the specimen.
5.11 On linear graph paper plot absorbance versus concentration (ppm) for the standards. From

the resulting curve (which should be linear or nearly linear) determine the concentration of the lead
salt in the specimen.

5.12 Calculate the lead content of the propellant and the lead salt content.

5.13 Calculations:

__A
Percent Lead <00 W

Where:
A = Lead content of the propellant specimen selution in parts per million.

W = Weight of the specimen in grams, corrected for total volatiles.
Percent Lead Salt = Percent Lead x G

. Where:

G = Gravimetric factor of the salt.

METHOD 311.5.1



‘MIL-STD-286C

METHOD 312.1.1

MAGNESIUM SALTS (FLAME SPECTROPHOTOMETRIC METHOD)

1.- SCOPE

1.1 This method is used for determining the magnesium salt content {as an approximately 1
percent impurity) in the potassium perchlorate used in M7 propellant. it measures the magnesium
content in parts per million (ppm), and converts this value 1o percentage of magnesium salts.

ro
wn
"0
m
O

=

]

mg.

3.1 Flame spectrophotometer {Beckman Instruments, inc., Model DU with Flarme Attachment,
Model 9200, and Regulator, Model 9200, or equivalent).

3.2 Beaker, 250 ml.
3.3 Volumetric flask, 2 liter.

3.4 Volumetric flasks, 1 liter.

3.5 Buret, 50 mil.
3.6 Volumetric flask, 500 mi
3.7 Beaker, 150 mi.

3.8 Cover glass, ribbed.

3.10 Hotplate.
3.11 Volumetric flask, 100 ml.
| 4, MATERIALS
4.1 Master'{nagnesium solulion‘containi_ng 486.5 ppm magnesium, prepared as follows:

a. Quantitativeiy transfer 0.973 g of magnesium metai to a 250 mi beaker, and add 50 mi of
distilled water.
b. Add a few drops of 50 percent (1:1) sulfuric acid solution. Wait until the reaction caused by

these first drops has ended, then continue to add the sulfuric acid solution dropwise until no further
reaction occurs,
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c. Quantitatively transfer this solution to a 2 liter volumetric flask, and dilute to the mark with
distilled water.

4.2 Standard magnesium solution, 12.17 ppm, prepared as follows: Quantitatively transter
3.861 g of potassium perchlorate to a 1 liter volumetric flask, and using a 50 ml buret, guantitatively
add 25.0 ml of the master magnesium solution. Dilute to the mark with distilled water, and mix
thorougly.

4.3 Standard magnesium solution, 12.95 ppm, prepared as follows: Quantitatively transfer
3.861 g of potassium perchlorate to a 1 liter volumetric flask, and using the 50 mi buret, quantitatively
add 26.66 m! of the master magnesium solution, Dilute 1o the mark with distilled water and mix

thoroughly.

4.4 Magnesium calibrating solution, prepared as follows: Transfer 25 ml of master magnesium
solution to a 500 ml volumetric flask. Dilute to the mark and mix thoroughly.

4.5 Nitric acid, 70 percent solution.

4.8 Sulfuric acid, concentrated.

5. PROCEDURE

5.1 Prepare the specimen as specified in Method 509.3.

5.2 Place the specimen in a 150 m! beaker, and add 30 ml of 70 percent nitric acid and 2 ml of
concentrated sulfuric acid. Cover with a ribbed cover glass.

5.3 Heat the beaker on a steam bath until the specimen is dissolved.
NOTE: If graphite or carbon black, or both, are present, they will not dissolve at this time.

5.4 Transfer the beaker to a hotplate, and heat gently until dense fumes of sulfur trioxide are
evolved.

5.6 Remove the beaker from the hotplate, and cool to room temperature. Wash down the cover
glass and the sides of the beaker with a fine stream of distilled water.

inutes.

3

the solution for 5
NOTE: If a black residue starts to form on the bottom of the beaker, or if the solution darkens
appreciably, add more nitric acid, drop by drop, until the solution is clear. It will be either colorless or
strawoolored,

5.8 Atthe end of 5 minutes, remove the beaker from the hotplate and cool to reom temperature.

5.9 Quantitatively transfer the solution to a 100 ml volumetric flask, dilute to the mark with
distilled water, and mix thoroughly.

5.10 Fill a 5 ml sample beaker with this solution.

ETHOD 312,11
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5.11 Fill similar sample beakers with the standard magnesium solutions, 12.17 ppm and 12.95
ppm (see paras 4.2 and 4.3).

5.12 Adjust the flame spectrophotometer as follows:

NOTE: The details concerning instrumentation given here apply to the Beckman spectrophotometer
{para 3.1). If a different flame spectrophotometer is used, follow the manufacturer’s instructions.

a. Adjust the oxygen pressure for the specific atomizer burner being used; adjust the acetylene
pressure to 4 = 1 psi; light the burner.

NOTE: 1 psi=6.9kPa

b. Set the phototube load resistor switch in the number 3 position {incorporating a 10,000
megobm resistor in the circuit).

c. Set the seleclor switch at 0.1.

d. Set the sensitivity control at one halif turn from its counterclock wise limit.

e. Pull the phototube selector knob so that the blue sensitive phototube is in position.

i. With shutter closed, rotate the dark current control fo zero the meter needle.

9. Adjust the wavelength setting to 371 nanometer and the slit to approximately 0.2 mm.
Note: To adjust the wavelength setting accurately, aspirate the magnesium calibrating solution (para
4.4) into the flame, open the shutter, and readjust the wavelength diai until the maximum reading is

obtained on the transmission dial with the meter needie at zero.

h. Close the shutter, and check the meter needie. If it is more than 0.2 divisions away from zero,
rotate the dark current control until it is back to zero.

NOTE: The meter needle should be simitarly checked, and if necessary, reset betore and after each
subsequent reading.

5.13 Place the sample beaker containing the propellant solution in the sample positioner, and
move the beaker under the capillary of the aspirator burner by rotating ithe sample positioner knob.

NOTE: When correcily positioned, the beaker will be tilted, and the capillary tube will project into its
lowest corner. The capillary tube should not touch the beaker; if it does, bend the sample positioner
to correct the condition.

is at zero. Record the transmission dial reading.

NOTE: After each reading, aspirate a small quantity of distilled - water through the atomizer burner to
prevent clogging.

5.15 Place the beaker containing the 12.17 ppm standard magnesium solution in the
spectrophotometer. Readjust the sensitivity and slit width, if necessary, to obtain a transmission dial
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reading of 50 + 5 when the 12.17 ppm magnesium solution is being aspirated into the flame, and .
record this reading.

5.16 Obtain a reading for the 12.95 standard magnesium solution and record it.
7 5.17 Prepare an intensity concentration graph on linear graph paper as follows:

a. Plot the magnesium concentrations of the two standard solutions in ppm against the
transmission dial readings cbtained for each solution.

h. Draw a siraight line between the two points.

5.18 Using the transmission diai reading obtained for the specimen, read on the graph the
magnesium content of the propellant in ppm.

5.19 Calculate the magnesium salt content of the propeiiant.
5.20 Calculation:

Percent magnesium salts = 0.006208Y

Where:

Y = Magnesium content of specimen in ppm.
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. METHOD 313.1

INORGANIC NITRATE IN NITROCELLULOSE BASE PROPELLANTS
{COLORIMETRIC METHOD)

1. SCOPE

1.1 This method is used for determining the potassium nitrate and barium nitrate content of
nitrocellulose base propellants. Cther inorganic nitrates, chlorates, nitroquanidine, RDX, and HMX
interfere.

2. SPECIMEN

2.1 The specimen shall consist of approximately 0.3 or 0.5 g of the propellant, weighed to within
0.2 mg. No special preparation of the specimen is necessary.

3. APPARATUS
3.1 Beakers, 250ml.
3.2 Pipets.
3.3 Cylinder, graduate, 10 ml.
. 3.4 Volumetric flasks, 25 ml, 250 ml, and 1 liter.
3.5 Erlenmeyer flask with ground glass stopper, 125 mi.
3.6 Qven.
3.7 Filtering crucible, glass, fritted disc, fine porosity, 30 ml capacity.
3.8 Suction flasks, 250 ml, and 500 ml.
3.9 Salety trap for suction flask.
3.10 Filter paper, 14 cm, Whatman No. 42 or equivalent.
3.11 Funnel.
3.12 Hot plate.
3.13 Spectrophotometer (Beckman Instruments Inc., Model B; or equivalent).
4. MATERIALS
4.1 Potassium nitrate, dried for 2 hours at 135 to 150°C.

4.2 Standard potassium nitrate solution (1 ml - 0.10 mg of NO3). Dissolve 0.1630 g of
potassium nitrate in distilled water and dilute to 1 liter in a volumetric flask.

METHOD 313.1
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0.1 N solution. Dissolve 8.2 g of sodium hydroxide pellets

4.3 Sodium hydroxide, approximate
m ict

ercent NaOH} in 2 liters 0

>
-
<

llad wratar
w8 Waiel,

4.4 Suluric acid, 95 to 98 percent.

4.5 Sulturic acid (10 to 3). Add 1000 mi of sulfuric acid to 300 ml of distilled water and coo! to
room temperature.

4.6 Ferrous sultate solution. Dissolve 2 g of FeSQ4 - 7H20 in 30 ml of distilled water containing
a few drops of sulfuric acid. This sulfuric acid is necessary to prevent air-oxidation of the ferrous ion.
Add 100 ml of sulfuric acid all at one time and cool to room temperature. Prepare fresh daily.

4.7 Acelone.

4.8 Acetone saturated with potassium nitrate. Grind potassium nitrate to a powder in a mortar,
dry in an oven at 135 to 150°C., cool, place 5 g into a dry 2 liter bottle, add 2 liters of acetone, shake,
and ailow to stand overnight or longer. Filter through a dry 14 cm No. 42 Whatman Filter paper {do
not tear the edges).

4.9 Filter aid. Diatomaceous earth reagent grade.

4.10 Wash diatomaceous earth with about 200 mi of distilled water and pour the suspension into
a Buchner funnel. Fiiter with suction, and wash several times with distilled water and twice with
acetone. Allow air to pass through the the diatomaceous earth for several minutes, transferto a
beaker, dry at 110 1o 120°C for 2 or more hours and store in a stoppered bottle.

5. PROCEDURE

5.1 Prepare a calibration curve as follows:

a. Pipet 15, 30, and 45 ml aliquots of standard potassium nitrate solution into 250 mi beakers
and add 1.5 mi of 0.1N sodium hydroxide sclution. Carry along a reagent blank prepared by adding
1.5 ml of distilled water.

b. Evaporate to dryness on the hot plate.

¢. Cool, add 3.0 mi of distilled water with a pipet, and swirl to dissolve the salls.

d. Coolto 1010 15°C in an ice and water bath, add 10 m! of sulfuric acid by means of a 10 ml
graduated cylinder and allow to stand in the ice and water bath for 5 minute.

e. Remove the beakers from the ice and water bath and add 10 ml of ferrous sulfate solution
measured with a 10 mi graduate cylinder while swirling.

f. Adjust the temperature to 22 + 2°C.

g. Decant inte 25 mi volumetric flasks that have been rinsed with sulfuric acid (10 to 3) and wash
the beakers with sufficient sulfuric acid (10 1o 3) at 22 + 2°C to bring the volumes in the volumetric
flasks up to the mark.

METHOD 313.1



MIL-STD-286C

. h. Shake, and measure the absorbance in 10 minutes to 2 hours at 520 nancmeters with a
spectrophotometer that has been set to zero absorbance with the reagent blank contained in a cell
similar to that containing the solution.

i. Plot mg of NO3 against absorbance.

5.2 Dry a 125 ml Erlenmeyer flask with a ground glass stopper by heating at 110 to 120°C .
Insert the stopper and allow to cool.

5.3 Transfer a weighed portion of the sample to the flask. For 010 0.4 percent NOz use a 0.5
mg sample, for more than 0.4 percent NOa use a 0.3 g sample. The NOz content of potassium and
barium nitrates is 61.34 percent and 47.45 percent respectively.

5.4 Add 25 ml of acetene saturated with potassium nitrate, insert the stopper and allow to stand
overnight at room temperature. Do not swirl during the solution process since this may cause
particles of propellant to adhere to the sides of the flask. Carry along a blank through the entire
procedure, including the overnight standing.

5.5 Add 0.2 g of the treated diatomaceous earth and swirl.

5.6 Place a glass filtering crucible into the 500 ml suction flask, and wash with water.

5.7 Fillthe crucible with acetone and allow to drain.

5.8 Swirl the solution of the sample, filter, and wash the Erlenmeyer flask and filtering crucible
with acetone (saturated with potassium nitrate) contained in a wash bottle.

5.9 Dry the outside of the crucible by rubbing with a cloth saturated with acetonse.
5.10 Place the holder and filtering crucible into a clean 250 m! suction flask.

5.11 Add several portions of distilled water at 95 to 100°C to the original Erlenmeyer flask,
transfer to the crucible, and tilter. The total volume of water used should be 100 to 125 ml.

5.12 If less than 1.4 percent NOg3 is present, wash the filtrate into a 250 ml beaker. If more than
1.4 percent NOa is present, wash into a 250 ml volumetric flask, dilute to the mark, and pipet an
aliquot containing 2.5 to 4.5 mg of NOa into a 250 ml beaker.

5.13 Add 1.5 ml of 0.1N sodium hydroxide solution.

5.14 Proceed as described in 5.1 (b) to 5.1 {h). In making the readings, set the
spectrophotometer to zero absorbance with the blank thal has been carried through the entire
procedure.

METHOD 313.1
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5.15 Calculate the percent NOs.
5.16 Calculation:

Percent NQ3 = A
10W

Where:

A = Weight of NO3 as read from curve, mg.

W = Weight of specimen, corrected for total volatiles, represented by aliuot taken, g.
5.18 Calculate the percent of the inorganic nitrate salt.
5.19 Caicuiations:

Percent potassium nitrate = 1.630 x percent NO3

Percent barium nitrate = 2.108 x percent NO3
5.20 For the determination of potassium and barium nitrates when both are present in the

propellant, determine the NOg as described above, and then determine the barium nitrate by

precipitating the barium as barium sulfate as specified in Method 304.1. Caiculate the percent
potassium nitrate.

5.21 Calculation:
Percent potassium nitrate = 1.630 (C - 0.4745 D))
Where:
C = Total percent NOa.

D = Percent barium nitrate.
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* . METHOD 314.1 -

" ALUMINUM (GRAVIMETRIC METHCD)

1. SCOPE

1.1 "Aluminum in casting powder or ¢ast propellants is determined gravimetrically. Any other
elements or compounds which are insoluble in the acetic acid-acetone mixture or in dimethyi-
formamide will intertere. Zirconium or zirconium oxide will remain with aluminum and additionat steps
will be necessary to effect further separation. Graphite or carbon black, if present in a propellant, will
also interfere and it will be necessary to correct the aluminum value by subtracting the percent
graphite or carbon black as found by independent testing. Graphite contents of 0.05 percent or less
are not considered interferences.

1.2 standard deviation of this method between Iaboratones is 0.08 percent and within
laboratories is 0.04 percent.’

2. SPECIMEN

2.1 The specimen shall consist of 5 g of the propellant welghed to within 0.2 mg. Prepare the
specimen as described in 509.3 if required.

3. APPARATUS

3.1 Beaker, 250 ml.

3.2 Stirring rod.

3.3 Watch glass.

3.4 Steam t;_a_tth._

3.5 Filtering crucible, glass, fritted disc, medium poroéity.‘
3.6 Oven.

3.7 Desiccator with desiccant.

4, MATERIALS

4.1 Dimethyl formamide.

4.2 Acetic acid-acetone solution prepared by mixing one volume glacial acetic acid, to two
volumes of acetone.

5. PROCEDURE
5.1 Transfer the accurately weighed specimen to a 250 ml beaker.

5.2 Add approximately 50 ml of dimethyl formamide or 150 ml of the acetic acid-acetone solution
to the beaker.

METHOD:314.1
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5.3 Insert a stirring rod into the beaker, cover with a walch glass and place it on a steam bath. .
5.4 Digest on the steam bath with frequent stirring until the organic matter is dissolved.
5.5 Transfer beaker contents to a tared medium porosity, filtering crucible.

5.6 Wash the beaker and residue with approximately 25 mi of dimethyl formamide or acetic
acid-acetone solution, and also transfer to tared crucible.

5.7 Wash the residue in the filtering crucible with approximately 20 ml of acetone.
5.8 Aspirate filtering crucible to remove all traces of acetone.
5.9 Dry in a 100 to 105°C oven for one hour.

5.10 Remove filtering crucible from oven, cool in a desiccator and weigh. Calculate the percent
aluminum as follows:

5.11 Calculations:

(B-A) x100

Percent aluminium = W

Where:

B = Weight of crucible plus residue, g

A = Tare weight of crucible, g
W - Weainht of camnle ~
vy = WwWelighli ol sampie, g

When it is known thal other materials are present which are insoluble in the acetic
acid-acetone mixture, corrections may be made as follows:

(B- Al x100

Percent aluminum = W -C

Where:

C = Percent of interfering materials present.

METHOD 314.1
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METHOD 315.1
ALUMINUM AND ZIRCONIUM
1. SCOPE

1.1 This method is used for the quantitative determination of aluminum and zirconium when they
occur with each other, Aluminum and zirconium are determined together by a gravimetric method.
After the aluminum and zirconium are weighed together, the aluminum is dissolved in sodium
hydroxide solution and the zirconium is filtered off and weighed. The aluminum is determined by
subtracting the percent zirconium from the combined percentages of aluminum zirconium, Limitation
and Interferences. Any material which is insoluble in the solvent systems will interfere. Graphite will
interfere and if present may be determined and an appropriate correction applied.

2. SPECIMEN

2.1 Solid cast propellants shall be comminuted by cutting, grinding, etc., io particles no larger
than 1/8 inch on greatest dimension. Solid propellant shavings from a dry machined grain may be
used directly for the determination.

3. MATERIALS.

3.1 Solvent.

3.1.1 Dimethyl formamide (DMF).

3.1.2 Acetone-acetic acid solution. (One (1) part of volume of acetic acid (glacial), to two (2)
parts by volume of acetone).

3.2 Sodium hydroxide, 20% solution.
4. PROCEDURE
4.1 Weigh approximately 2 grams of sample to nearest 0.1 mg and tansfer to a 250 ml beaker.

A

dd 50 mi of DMF or 150 mi of acetone acetic acid solution to the beaker.

n

4,
4.3 Insert a stirring rod in the beaker, cover with a watch glass, and place on steam bath.
4.4 Digest on the steam bath with frequent stirring until the organic material is dissolved.

4.5 Filter beaker contents through a tared Gooch crucible containing a fiber glass filter disc or a
tared medium porosity filter crucible.

4.6 Wash beaker and residue with 25 ml of DMF or acetone-acetic acid solution depending upon
which was criginally used.

4.7 Give aluminum and zirconium powder or strands in the crucible a final wash with 50 ml
acetone. Aspirate crucible with air to remove all traces of acetone.

4.8 Dryina 100 to 105°C oven for one hour.

METHOD 315.1
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4.9 Remove crucible from oven, cool in a desiccator, and weigh. Record as weight "B".

4.10 The residue in the crucible (aluminum, zirconium, and any interfering materials) is
quantitatively transferred to a 400 m! beaker with the aid ot a water wash bottle.

4,11 Add 50 ml of 20% sodium hydroxide to the aluminum and zirconium in the beaker.
4.12 When the rate of reaction subsides, wash down the side of the beaker with a wash bottls
4.13 Place the beaker on a steam plate and heat until there is no further reaction.

4.14 Filter the contents of the beaker through a tared Gooch crucible containing a fiber glass
disc or a tared medium porosity filtering crucible.

4.15 Wash beaker and residue thoroughly with water.
4.16 Dry crucible in a 100 to 105°C oven for one hour.
4.17 Remove crucible from oven, cool in a desiccator, weigh and record as weight "F".

4.18 Calculations:

a. , . . (B-A)x 100
Percent aluminum plus zirconium = W -C
. F-E)x 100
Percent zirconium = W -C

Percent aluminum = G-H
B = Weight of crucible plus Al and Zr residue in grams
A = Tare weight of crucible in grams
W = Sample weight in grams
C = Percent of interfering materials present
F = Weight of crucibte plus residue in grams (see 4.17)
E = Tare weight of crucible in grams
G = Percent of aluminum and zirconium

H = Percent zirconium

METHOD 315.1
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METHOD 316.1.1
METALS {ATOMIC ABSORPTION)

1. SCOPE

1.1 This method may be used for determining lead, barium, copper, potassium, sodium and
other metal ions in most propellants. It is not suitable for formulations containing ions which form
insoluble products, eg, barium in the presence of sulfate.

2. SPECIMEN

2.1 The specimen shall consist of sufficient propellant to contain approximately 15 mg lead (or
30 mg barium, 3 mg copper, 1.5 mg potassium, 0.8 mg sodium, or other ion as required.) The
specimen shall be weighed to within + 0.2 mg.
NOTE: The specimen weights and concentrations of standards given here are guides to the analyst.
Since the sensitivity of the instrument can be varied by such things as burner height, wavelength,

burner selection, fuel system, etc, it may be necessary at times to use specimen weights and
standard solution concentrations other than those specified.

3. APPARATUS

3.1 Flask, 125 or 250 ml to fit condensers.

3.2 Condensers, water cooled.

3.3 Volumetric flasks.

3.4 Atomic absorption spectropholometer.

4. MATERIALS

4.1 Nitric acid, 1:1 by volume.

4.2 Standards containing 20 to 100 ppm lead, 50 to 200 ppm barium, 5 to 20 ppm copper, 2 to 8
ppm potassium, 1 to 4 ppm sodium, or other ions as required. Standards shall contain 4 ml 1:1 nitric
acid/250 ml.

5. PROCEDURE

5.1 Place the specimen in a flask and add 4 mi 1:1 nitric acid from a pipet. Boil under a reflux
condenser until the propellant is decomposed (15 to 45 minutes). Transfer to a 250 mi volumetric
flask and dilute to the mark with water. Filter a portion of the solution through a dry filter paper if solid
parlicles are present.

5.2 Determine the concentration of lead (or other cation) in the solution by running specimen and
standards on the atomic absorption spectrophotometer in accordance with the manufacturer's

instructions. If necessary, aspirate acetone occasionally to prevent buildup of organic material in the
capillary.

METHOD 316.1.1
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NOTE: When the general method given in 5.1 is not applicable, use one of the following variations or
any other suitable method of specimen dissolution. In ail cases prepare standards having the same
solvent composition as the specimen.

Variations.

a. To remove all organic matter, digest the specimen with concentrated nitric acid, add 1 ml
concentrated perchloric acid and heat on a hot plate (without condenser) until white fumes of
perchloric acid are formed. Dilute as required. -

NOTE: Use all proper satety precautions when using perchloric acid.

b. Dissolve the specimen (containing less than 150 mg nitrocellulose) in 15 ml dimethyl
formamide in a 100 ml volumetric flask, add 1 ml 1N nitric acid and dilute to volume with methanol.
Include nitrocellulose in standards.

c. Forlead in the presence of sulfate, digest as in 5.1, After the specimen is decomposed add
175 ml water and 10 g ammonium chioride and boil under reflux for 15 minutes. Dilute to 250 ml and
continue as usual. Add ammoenium chloride to standards.

d. For specimens too large to digest as in 5.1, digest on a steam bath with the minimum volume
of concentrated nitric acid (about 2 mi per gram) to speed the dlgesuon Add water and boil to
dissolve residue. This method is not recommended for determining lead, which is partly converied to
an insoluble form by concentrated nitric acid. The function of the condenser in 5.1 is control of the
acid concentration.

METHOD 316.1.1
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METHOD 317.1.1

SODIUM, CALCIUM, BARIUM, AND POTASSIUM
(ATOMIC ABSORPTION METHOD)
1. SCOPE
1.1 This method is used for determining the sodium, calcium, barium, and potasium content of

propellants. The dilutions described are for the routine determination of salts in the following ranges:

sodium sulfate, 0 to 0.10%,; calcium carbonate, 0 to 1.25%; barium nitrate, 0.5 to 4.5%; potassium

suitate or nitrate, 0 to 1.5%. For higher precision work, the concentration of the sample solution

should be such as to give an absorbance reading of preferably 0.2 to 0.5; also, the standards should

closely bracket the sample.

2. SPECIMEN

2.1 The specimen shall consist of approximately 1.00 g of the propellant weighed to within 0.2
mg.

3. APPARATUS

3.1 Atomic absorption specrophotometer (Perkin-Elmer Model 303 atomic absorption
spectrophotometer, or equivalent).

NOTE: The instrument settings recommended for the Perkin-Elmer Model 303 atomic absorption
spectrophotometer are as follows;

Sodium - wavelength, 295; scale, 1: meter response, 1; range, visual; slit, 3 filter out; source,
hollow cathode sodium lamp (15 mA) fuel, acetylene; full flow, 9.0; air flow, 9.0, {pressure at burner
reqauiator should be 30 nqm\

ot oY T aa At AP RS

Calcium - wavelength, 212; scale, 1; meter response, 1; range, visual; slit, 4; filter, out; source,
hollow cathode calcium lamp (15 mA}; fuel, acetylene: fuel flow, 9.0 air flow, 9.0 {pressure at the
burner regulator should be 30 psig).

Barium - wavelength, 277; scale, 5; meter response, 1; range, visual; slit, 3; filter, out; source,
hollow cathode barium lamp (20 mA); fuel, acetylene; fuel flow, 9.0; air flow, 9.0 (pressure at burner
regulator should be 30 psig).

Ty

Potassium - wavelength 383; scale, 1,r‘leier response, 1; range, visuai, siit, 4; fiiter, in; source,
hollow cathode potassium lamp (26 mA); fuel, acetylene; fuel flow, 9.0; air flow, 9.0 (pressure at the
burner regulator should be 30 psig).

NOTE: 1 psi=6.9kPa
3.2 Beakers, 150 ml.
3.3 Volumetric flasks, 100 ml.

3.4 Pipet, 20 ml.
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4. MATERIALS

4.1 Hydrochloric acid, 38 percent.
4.2 Perchloric acid, 70 percent.
4.3 Nitric acid, 70 percent.

4.4 Sodium stock solution (0.05 mg of sodium per ml). Dissolve 0.1271 g of sodium chloride in
water and dilute to 1 liter in a volumetric flask.

4.5 Calcium stock solution (0.5 mg of calcium per mi). Transfer 1.2430 g of calcium carbonate to
a 250 ml beaker, add 150 mi of water and 5 ml of concentrated hydrochloric acid (stowly), warm until
dissolved, cool, and dilute to 1 liter in a volumetric flask.

4.6 Barium stock solution (2.5 mg of barium per ml). Dissolve 4.7575 g of barium nitrate in
water and dilute to 1 liter in a volumetric flask.

4.7 Potassium stock solution (0.15 mg of potassium per ml). Dissolve 0.2865 g of potassium
chloride in water and dilute to 1 liter in a volumetric flask.

5. PROCEDURE
5.1 Prepare calibration curves for sodium, calcium, barium, and potassium as follows:

a. Sodium - Transfer 1.00, 2.00, 4.00 and 6.00 ml of sodium stock solution to 100 m! volumetric
flask, and dilute to volume. This gives a range of 0.05, 0.10,. 0.20, and 0.30 mg of sodium per 100
mi. Perform the atomic absorption measurements and plot mg of sodium per 100 ml vs absorbance.

b. Calcium - Transfer 2.00, 5.00, 8.00 and 10.00¢ ml of calcium stock solution to 100 ml
volumetric flasks and dilute to volume. This gives a range of 1.00, 2.50, 4.00 and 5.00 mg of calcium
per 100 ml. Perform the atomic absorption measurements and plot mg of calcium per 100 ml vs
absorbance.

¢. Barium - Transfer 2.00, 5.00, 8.00, and 10.00 ml of barium stock solution to 100 m! volumetric
flasks and dilute to volume. This gives a range of 5.0, 12.5, 20.0 and 25.0 mg of barium per 100 ml.
Perform the atomic absorption measurements and plot mg of barium per 100 ml vs absorbance.

d. Potassium - Transfer 2.50, 5.00, 8.00 and 10.00 ml of potassium stock solution to 100 ml
volumetric flasks and dilute to volume. This gives a range of 0.375, 0.75, 1.20, and 1.50 mg of
potassium per 100 ml. Perform the atomic absorption measurements and plot mg of potassium per
100 ml vs absorbance.

NOTE: New calibration curves should be prepared each time a sample is run.

METHOD 317.1.1
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5.2 Prepare the sample for analysis as follows:

Transfer approximately 1.00 g of sample to a 150 mi beaker and add 10 m! of nitric acid and 3 ml
of perchloric acid. Carry along a blank throughout the entire procedure. Warm on a hot plate until the
propellant is dissclved, and then evaporate to fumes of perchloric acid. Continue the fuming with
occasional swirling until not more than 1 ml of liquid remains. Cool. (If the sample contains tin, add
about 25 ml of water, filter off the metastannic acid through a Whatman No. 42 filter paper, and wash
with water).

Transfer 1o a 100 mi volumetric flask and dilute to volume. Use this sclution for the determination

of sodium, calcium, and barium. For the determination of potassium, pipet a 20 ml aliquot into a 100
ml volumetric flask, and dilute to volume.

NOTE: Use proper safety precaution.
5.3 Perform the analysis of the salts as follows:
a. Sodium - perform the atomic absorption measurements and convert the readings to mg of
sodium per 100 ml by referring to the calibration curve. Deduct the blank. Calculate the percent of

sodium sulfate in the propellant as follows:

Percent _ _ mgof Na(per100mi) _ 0.3089 x mg of Na {per 100 mi)
sodium sulfate g of sample x 10 x 0.3237 g of sample

b. Calcium — perform the atomic absorption measurements and convert the readings to mg of
calcium per 100 m! by referring to the calibration curve. Deduct the blank. Calculate the percent ot
calcium carbonate in the propellant as follows:

Percent - mg of Ca (per 100 mi) _ 0.2498 x mg of Ca (per 100 ml)
calcium carbonate  gm of sample x 10 x 0.4004 g of sample

¢. Barium - perform the atomic absorption measurement and convert the readings to mg of
barium per 100 ml by referring to the calibration curve. Deduct the blank. Calculate the percent of
barium nitrate in the propellant as follows:

Percent _ mg of Ba (per 100 ml) _0.1903 x mg of Ba (per 100 ml} _

barium nitrate g of sample x 10 x 0.5255 g of sample

d. Potassium — perform the atomic absorption measurements on the diluted sample and convert
the readings to mg of potassium per 100 ml by referring to the calibration curve. Deduct the blank.
Calculate the percent of potassium sulfate or potassium nitrate in the propellant as follows:

Percent - mgof K(per100ml) x5 _ _1.114 x mg of K (per 100 ml}
polassium sulfate g of sample x 10 x 0.448 g ot sample

Percent - mgof K (per 100 mh x5 _ 1.293 x mg of K {per 100 ml)
potassium nitrate g of sample x i0 x 0.3867 g of sample

METHOD 317.1.1
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METHOD 403.1.3
VACUUM STABILITY TESTS (90 and 100°C)

1. SCOPE

1.1 This method is used for determining the stability of single base and double base propeiiants
on the basis of the volume of gas liberated on heating the propellant under vacuum. This method
may also be used to determine the rate of gas evolution as well as the volume of condensable gases.
Single base propellants are heated to 100°C; double base propellants are heated to 90°C.

2. SPECIMEN

2.1 The specimen shall consist of 5.00 g of the propeflant.

3. APPARATUS

3.1 Constant temperature reflux bath, consisting of a solution of ethy! alcohol and water {specific
gravity, 0.98) for a 90 + 0.5°C test, or a solution of glycerin and water (specific gravity, 1.05) for a 100
+ 0.5°C test. (A thermostatically controlled bath or heating biock can be substituted.)
NQTE: Check the temperature of the bath by inserting a thermometer to the bottom of the empty
heating tube {figure 1) immersed in the bath. Adjust the temperature of the bath by adding one or the
other of the constituents of the solution.

3.2 Vacuum stability measuring apparatus (figure 1}.

CAPILLARY TUBING

= . ¥
=57 5 CM. .
253\ 6.0 6.5 MM. EXTERNAL
w o 9 ¢ STOPPER TO BE 1A, 1.5 TO 2. MM.

- ] VERY WELL INTERNAL D[A.
15CM— o GROUND

Figure 1. Apparatus for Vacuum Stability Test.
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3.3 Vacuum pump.
4. PROCEDURE
4.1 Standardize the vacuum stability measuring apparatus (figure 1) as follows:

a. Determine the volume of the heating tube by filling it with mercury from a buret until the
mercury reaches the level at which it will contact the ground glass joint of the capillary tube.

b. Determine the total length, in mm, of the capillary tube by measuring the length of each of the
three parts of the capillary tube.

¢. Determine the unit capacity of the capillary by placing exactly 10 g of mercury in its cup, and
manipulating the tube so that all the mercury passes into the long (85 cm) section of the capillary. Be
sure that the mercury remains as a continuous column. Measure the length of the mercury column at

...... +h ‘H
three positions in the long section of the capillary, and average the three measurements.

Calculate the unit capacity of the capillary, using the following formula:

C= W
13.54L

Where:
C = Unit capacity of capillary, cm® per mm.
W = Weight of mercury g.
L. = Average length of mercury column, mm,
NOTE: Density of mercury = 13.54 g cm® at 21 - 24°C.
4.2 Prepare the specimen by grinding or by rasping, until it is reduced to approximateiy 12 mesh.

NOTE: Solvent propellants shouid be dried for 6 hours in a vacuum oven at 55°C before testing.
Solventless propeltants can be tested without drying.

4.3 Place the specimen in the heating iube (figure 1).

4.4 Coat the ground glass joint of the capillary tube with a light film of petroleum jelly and make
an aitight connection between the heating tube and the capillary by pressing the tube up against the
capillary with a twisting motion.

4.5 Mount the apparatus on a rack so that the long section of the capillary is nearly vertical, and
so that the cup at the bottom rests on a sotid suppon.

4.6 Fill the cup with 7.0 mi of mercury, and connect a vacuum fine to the mouth of the cup.
4.7 Evacuate the capillary to a pressure of approximately 5 mm of mercury (absoluis).

NOTE: Evacuation will be facilitated by tilting the apparatus until the capillary opening in the bottom
of the cup is iree of mercury.

METHOD 403.1.3
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4.8 When the pressure has been reduced to Smm of mercury, remove the vacuum line and allow
the mercury to enter the capillary. Record the following data:

a. The total length in mm of the cap|llary tube minus the vertical height of the column of mercury
in the cup before heating (B1).

b. The height of mercury column above surface of mercury pool at beginning of test (Hy).
c. fhe temperature (°C) of room at beginning of test {t1).
d. The barometric pressure in millimeters of mercury at beginning of test (P1).

4.9 immerse the heating tube in the constant temperature bath (par 3.1}, bei'ng careful not to
loosen the connection between the heating tube and the capillary. Heat the tube for 40 hours.

4.10 Remove the tube from the bath, cool to ambient temperature and record the following data.

a. The total length of the capillary tube minus vertical height of mercury column in the cup after
heating (B).

b. The height of mercury column above the surface of mercury pool at the end of the test (H).
¢. The temperature (°C) of room at end of test ().
d. The barometric pressure in millimeters of mercury at end of test (P).

4.11 Calculate the volume of gas (at standard temperature and pressure) liberated during test,
as follows:

3 273(P - H) “H,)] <273(P1-H1)
CM gas = [A+C(B-H)] 7557573, = [A+CB, -Hl 25 (273 + 11)

Where:

A = the volume of the tube minus the volume of the sample and the volume of the sample is
the weight of the sample divided by the density of the sample.

B = is the total length in mm of the capillary tube minus the vertical height of the column in
mercury in the cup at the end of the test.

B1 = is the total length in mm of the capillary tube minus the vertical height of the column of
mercury in the cup before heating.

C = is the determined unit capacity of the capillary tubing in cm® per mm,

P = is the barometer reading at the end of the test.

P1 = is the barometer reading when the test is stanted.

H = the height of mercury column above the surface of mercury pool at the end of test.

H1 = the height of mercury column above the surface of mercury pool at beginning of test.

METHOD 403.1.3
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4.12 'f it is desired to obtain rate data or the volume of condensable gases, modity the .
procedure as follows:

a. Rate data. Measure the height of the mercury column at convenient intervals of time with the
heating tube in place, and calculate the volume of gas at standard temperature and pressure {STP).
Plot cubic centimeters of gas versus time.

b. Condensable gases. At the end of 40 hours measure the height of the mercury column, with
the heating tube in situ, and calculate the volume of gas at STP.
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METHOD 404.1.2
HEAT TESTS (120 and 134.5°C)
1. SCOPE |
1.1 This method is used for estimating the stability of nilrocellulose as well as those propellants

which react in a similar manner. when subjected to a specified temperature, in the presence of
indicator paper.

o QDEMIMEM.
. LR ALl B

2.1 The specimen'shall consist of approximately 2.5 g of the propellant or. the nitrocellulose.

NOTE: Tests are conducted simultaneously on five specimens at 120°C. However, when a 134.5 °C
test is specified for nitrocellulose, only two specimens are tested.

3. APPARATUS

3.1 Constant temperature reflux bath, such as a solution of glycerin and water, the temperature -
of which is adjusted by varying its specific gravity. Alternatively, the apparatus may consist of a metal
block, e:g., copper or aluminum. Either apparatus must be capable of maintaining the desired
temperature + 0.5°C. The inner diameter of each thermowell in the apparatus shail be 19 + 0.5mm.
NOTE: Check the temperature by inéterting a thermometer or thermocouple tube in the apparatus, so
that the bulb is about 12.5 mm above the bottom of the tube. For a temperature of 120 + 0.5°C, the
specific gravity of the refiux bath is approximately 1.21; for 134.5 £ 0.5°C, the specific gravity is 1.24.

3.2 Test tubes of borosilicate glass, approximately 15 mm id; 18 mm od; and 290 mm length.

3.3 Slandardized methyi violet test paper, cut into pieces 20 mm by 70 mm.

3.4 Corks, containing breather holes 4 mm in diameter (or notches of equivalent area).

3.5 Thermometer, total immersion. Scale divisions shall not

Lo LRI R L 4 w32l Ei. ~ ¥ Falasn By
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4. PROCEDURE

4.1 Weigh out each propellant specimen, using whole grain

to cut any grains in preparing a specimen, cut them leng

4.2 Dry nitrocellulose specimens, weigh them, and press them into the bottom 2 inches of the
test tube.

4.3 Into each tube place a piece of the test paper (para 3.3) vertically so that the lower end of
the paper is 25mm from the specimen.

METHOD 404.1.2
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4.4 Place a cork (par 3.4) in each tube, and set the tubes in the bath at the specified
temperature,

NOTE: Ne more than 6 to 7 mm of the tubes should project above the bath.
4.5 Test specimens as follows:
a. Ascertain the minimum time requirement for the heat test from the detail specification.

b. When 5 minutes less than the specified lime has elapsed, examine the test papers in the
tubes to see if they have changed completely to salmon pink. This is done by lifting the tubes half
way out of the bath, and quicky replacing it. When the test paper in any tube has changed color
completely, the test is considered complete.

c. If none of the papers have changed completely continue the heating, and recheck the tubes at
5 minute intervals. Record the time to completion of the test. With some propellants, a small band of
green or brown may appear on the paper. In general, these extraneous colors may be ignored.

d. Heating of the tubes may be ¢ontinued 1o determine whether a specimen will explode in less
than 5 hours.

4.6 Test nitrocellulose specimens by examining the test paper after the first 20 minutes in the
bath, and thereafter at $ minute intervals untif the completion of the test. Examine the papers as
described in paragraph 4.5; discontinue the test when the salmon pink end peint is attained in any of
the papers. Record the test time. (For example, if the violet paper is not completely changed in 25
minutes, but is completely changed in 30 minutes, record the time of the test as 30 minutes).

METHOD 404.1.2
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METHOD 406.1.2

TALIANITEST

1. SCOPE

1.1 This method is used for determining the stability of propellants by subjecting themto a
specified temperature and atmosphere. Unless otherwise specified, a temperature of 110°C and a

hitrogen atmosphere should be used.

2. SPECIMEN

- 2.1 The specimen shall consist of 1.000 + 0.001 g of thelpropellant, which has been dried
previously for 16 hours in a desiccator containing an indicating desiccant (duplicate specimens shall

be processed for each test).

HEATING
BLOCK

GLASS BEADS
{AS REQUIRED)

B

TO GAS
INFUSION-
EVACUATION
SYSTEM

MERCURY
RESERVOIR ——

MEHCURVI
MANOMETEH,{T'

A ',,
¥/ STOPCOCK

JOINT

CONNECTING
TUBE

usncunv/

LEVEL
ADJUSTMENT

Figure 1. Tafiani test apparatus.
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3. APPARATUS
3.1 Tailiani test apparatus {figure 1), consisting of the following:
a. Heating block, maintained at required temperature to within + 0.1°C.
b. Helix, consisting of a coiled 2mm capillary having a volume of approximately 0.75 mi.
c. Connecting tube, containing a three way stopcock.
d. Gas infusion-evacuating system, consisting of a vacuum pump with a modulating control, and
a gas supply with a flow control (pressure gage, needle valve, and bubble counter containing
dibutylphthalate). Connect the vacuum line and gas supply to the connecting tube (item C) by a two
way stopcock.
e. Manometer (with mercury level adjusting device}.
f. Heating tubes, 6 ml.
3.2 Buret.
4. PROCEDURE

4.1 Set up the apparatus as shown in figure 1, using silicone stopcock grease for all glass to
glass icints. Adjust the mercury level in the manometer so that it is just below the stopcock.

4.2 Standardize the apparatus as follows:
a. Make a fiducial {reference) mark on the helix just above the ball joint.
b. Remove the helix from the apparatus, and determine its volume from the heating-tube end to

the fiducial mark by filling it with mercury or water {clean, distilled) from a burel. Also determine the
volumes of the heating tubes to be used in the test.

c. Adjust the total volume of the heating tube and the helix (up to the fiduciai mark) 1o exactly 6
ml by placing an appropriate number ot 3mm glass beads into the heating tube.

d. Reconnect the helix to the apparatus.
NOTE: The average volume of the beads in a lot can be calculated by placing 100 beads (ten at a
time) in a buret partially filled with softened water, noting the water displacement, and dividing by 100.
Also check the uniformity of the lot by noting the displacement of each ten beads.
a:

3 Prepare the propellant specimen by grinding or rasping to a 10 to 40 mesh.

4.4 Transfer duplicate specimens to the heating tubes, connect the tube to the helix, and heat it
in the heating block. .

4.5 Adjust the three way stopcock in the connecting tube so that the helix and heating tube are
connected to the gas infusion evacuation apparatus.

METHOD 406.1.2
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4.6 Evacuate the tube and helix to a pressure of 5 mm of mercury. Then allow gas to enter the

PO S I ]

tube and helix at such a rate that bubbies will form in the bubble counter {para 3.1 (d)) foo rapidiy io
be counted but slow enough that they will not agitate the liquid.

4.7 Repeat the evacuation and gas infusion (step 4.6) four times more. At the end of the fifth
infusion, adjust the stopcock to seal the helix and heating tube. Disconnect the infusion-evacuation

system.
NOTE: The gaé in the system should be at approximately atmospheric pressure.
4.8 Allow the tube and helix to remain sealed for 15 minutes, while continuing the heating.

4.9 Atthe end of 15 minutes, release the pressure from the helix by opening the stopcock, and
quickly closing it again. ‘

4.10 With the stopcock turned so that the helix is sealed and the manometer is open to
atmosphere, raise the level of the mercury until the stopcock is tull of mercury. Then turn the
stopcock to close the system to atmosphere and open the manometer to the helix. With the stopcock
in this position, adjust the mercury leveling device until the mercury rises to the fiducial mark. Note
the reading on the manometer. (This reading is the zero reterence point from which all further

Ly T T T N P HE

4.11 Atter 30 minutes, readjust the mercury level fo the fiducial mark, and record the
corresponding manometer readings. Also record the barometer reading.

4.12 Determing the absolute pressure of the system by adding any changes in barometric
pressure to the new manometer reading, and subtracting the zero reference readings (para. 4.10).

4.13 Repeat the readjustment of the mercury level and record the manometer readings every 30
minutes until the mercury has risen 150 mm above the zero reference point, or for a maximum of 6
hours,

NOTE: The pressure for duplicate tubes of a propelfant lot should agree within 4 mm in the 0 to 50
mm range, within 6 mm in the 50 to 100 mm range, and within 8 mm above 100 mm.

4.14 Average the readings for the two specimens.

4.15 Prepare a graph, if required, on a linear graph paper with time in minutes on the abscissa
and the average pressure on the ordinate.

4.16 Report the desired data or report the slope at 100 mm and at 100 minutes, and the time to
100 mm.
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5. CALCULATE AND REPORTING

5.1 Average the readings where duplicate samples are used.

5.2 Plot a graph of time in minutes versus pressure in mm of mercury and draw the best straight
line or two lines, if necessary, through the points. if the plotted graph is curved, the siope is
computed from the best straight line drawn tangent to the curve.

OR

Select a point above and below positions where slope is desired and geometrically calculate
slope of line joining the two point.

Difference in pressure from fower to upper point in_mm mercury
Difference in time from lower to upper point in minutes

SLOPE =

Geometrically determine the time to 100mm pressure based on the slope at the pressure.
-5.3 I;ieport the following data:

1. Time in minutes to reach 100-mm pressure.

2. Slope of line at 100-mm pressure.

3. Slope of line at 100 minutes.

5.4 Figures 2,3 and 4 are examples of typical stability curves.

METHOD 406.1.2
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Figure 2. Taliani graph indicating a break in siope.
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Figure 3. Taliani graph indicating a sharp slope and sample instabiity.
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Figure 4. Taliani graph indicating a fow slope and sample stability.
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METHOD 407.1

coe L, e .. ~~SURVEILLANCE TEST (65.5°C)
. SCOPE

1 1 In general this melhod is mtended for the evaluation of the stability ¢f small armpropellants,
artillery propellants as welI as rocket propellanls

2. SPECIMEN
2 1 For small gram propellants Use a 45 gram portion of the sample

2.2 For propellant for 10 inch or larger cannon. Use a test sample of five (5) propellant grains or
as many as can be inserted in the bottle.

2.3 For rocket propellants - small diameter sticks. Cut a sufficient number of 3 inch lengths to
obtain a 45 gram sample.

2.4 For rocket propellant - large diameter sticks (up to and including 1 3/8 inches). Cut a
sufficient amount from the length to obtain a 45 gram sample.

2.5 Forrocket propeilant - large cylindrical sticks greater then 1 3/8 inches. Cut a longitudinal
section through the center, 1 inch wide on the grain surface, 1 3/8 inch in depth and of sufficient
length of obtain a 45 gram sample.

2.8 For rocket propellant - larger cruciform sticks. Cut a longitudinal section from one arm, 3/4
inch wide on the exterior grain surface and 3/4 inch deep on the recession and of sufficient length to
obtain a 45 gram sample.

NOTE: Include lateral inhibitor if present.
2.7 For sheet powders. Cut sufficient lengths, 2 1/2 inches wide to obtain a 45 gram sample.

NOTE: Coil the sample before placing it into test bottle

RIS LAV AL v

3. APPARATUS

3.1 An 8 ounce glass stoppered bottle having a wide mouth with a velvet ground mushroom
stopper which provides an essentially air-tight seal. The bottle should be etched or ground on the
side so as to be suitable for fabeling and must be made from a special resistance glass which has
practically no color and an alkalinity of not more than 0.02% (calculated as potassium hydroxide).
Determine the alkalinity of the glass by placing a 10 gram sample of ground glass in a boroxsilicate
glass flask, addmg 20 mL of N/20 hydrochlonc acid, allowing to stand for 24 hours, and titrating with

ALIAA o on

N/20 sodium hydroxide, using phenoiphthaiein indicator.

NOTE: The bottles may be obtained from the Wheaton Glass and Plastic Co., Millville, NJ (or
equivalent source).

METHOD 407.1
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4. PROCEDURE

4.1 Using the sample prepared as described in paragraph 2 above, place about 45 grams ot the
sample in an 8 ounce glass stoppered bottle.

4.2 Place the bottle and contents in a chamber maintained at 65.5 + 1.0°C., the air in which is
preferably maintained in constant circulation,

4.3 Reseat the stopper after the bottle and contents have been heated for 24 hours.

4.4 Make daily observations of the appearance of the bottle and contents. Note the number of
days required to cause the liberation of visible reddish fumes of oxides of nitrogen.

METHOD 407.1
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METHOD 408.1.1
REACTIVITY TEST (90 and 100°C)

1. SCOPE

1.1 This method is used to determine the reactivity of propellants with contact material.

2. SPECIMEN

2.1 The specimen shall consist of 5 g of the propeflant and 5 g of the contact material. A2.5g
portion of the materials is tested as received except in the case of solvent containing contact
materials (paints, adhesive, etc.) which would in normal usage be in the dry state. In this case the
materials are air dried on glass plates and removed in the form of films for testing. The remaining
portion of the propellant and contact material are reduced to a practicable finess for intimacy of
contact. Propellants are rasped or milled to a fineness of passing through 12 mesh screening sieve.

3. APPARATUS

3.1 The apparatus used in this method is identical with that used in Method 403.1.3.

4. MATERIALS

4.1 Contact materials as specified in the applicable method or specification.

5. PROCEDURE

5.1 Standardize the vacuum stability measuring apparatus as described in Method 403.1.

5.2 Place weighed portion of 2.5 g of the propellant in one heating tube, and 2.5 g of contact
material in a second heating tube.

5.3 In a third tube place a 5 g portion of a 50/50 mixture of the contact material and propellant.
5.4 Determine the volume of gas evolved as specified in Method 403.1.

5.5 Determine the amount of gas preduced by the mixture of contact material and the
propellants in excess of the amount of gas evolved by the materials themselves, as follows:

R= C- (A+B)
Where:

C = amount of gas evolved by the 50/50 mixture of the contact material and the propellant.
A = amount of gas evolved by the propellant.

B = amount of gas evolved by the contact material.

R = extent of reactivity, or volume of gas generated by the mixture in excess of the controls.

METHOD 408.1.1
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5.6 Report the reactivity from the following table:

; I I i tivity rati

From 0.0 to 3.0 cubic centimeter ...............covv. (Negligible)
iFrom 3.0 to 5.0 cubic centimeters ....ccc..co..ocvvvee. iioderaie
More than 5.0 cubic centimeters .....cooevvvvvverieren e Excessive

NOTE: The empirical adjective rating of reactivity was devised as a criterion for the purpose of
reporting and classifying data. With the complete data available, the investigator will evaluate its
significance as it applies to his particular problem. 1n general, the first condition {less than zero)
occurs when the amount of gas generated by the controls is in excess of that generated by the
mixture. Since the Vacuum Stability Test is sensitive only to the first place, minus values of low order
{0.10 - 0,30) may be accented as essentially indicative of no reactivity. Minus values of higher order
may indicate a stabilizing of blanketing effect produced by the contact materials upon the propeliant
and should be taken into account by the investigator in evaluation of the data. Since the test is
severe, reactivity up to and includifng slight is considered acceptable. Use of a moderately reactive
material should be justified by further testing with modifications of existing procedures to more closely
approximate the iniended use; or a iess reaciive substiluie materiai may be sougii. This iatier action
is normally taken upon establishment of excessive reactivity.

METHOD 408.1.1
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METHOD 409.1.1
NITROGEN OXIDES EVOLUTION PROFILE (NEP) TEST

1. SCOPE

1.1 This method established the procedure to obiain an NEP (nitrogen oxides evolution profile)
of a single-base cannon propellant with the prototype AADCO propellant stability analyzer. The NEP
value obtained from the profile is a measure of the chemical stability of the propellant. The NEP
values are indirectly attected by the quantity of stabilizer (diphenylamine) present and measures the
effectiveness of the stabilizer. . .

2. SPECIMEN

2.1 The specimen shall consist of approximately 1.0 gram of propellant (whole or crushed
grains) weighed within 0.1 g.

3 APPARATUS
3 1 AADCO Propellant Stabrlrty Analyzer {figure 1 and 2), Model 580.
4, MATERIAL

4.1 Nitrogen (carrier gas).

4.3 Oxygen (gas for ozonator)

4.4 Span gas (or calrbratron gas), 300 to 400 ppm nrtrrc oxide {NO) of known concentratron
45 Recorder, 10 inch, 10 mv full scale. '

5. PROCEDURE

5.1 Test Condltlons :

Function Switch . " Auto operation

a.

b. Furnace {or oven) temperature 140+ 0.3°C

c: Detector temperature _ See note below

d. Sample holder temperature (initial) 40°C

e. Sample holder lemperature during operation 138.5°C in less than 5 min

& maintain 140 + 0.5°C
f -Switching valve variac setting at rear of

instrument : -80 (140°C)

g. Thermal converter ON

h. Carrier gas (N2) pressure S 40 psig

i. Carrier gas (N2) rotameter 45(150 cm/min)
j. Oxygen pressure 25 psig

k. Oxygen rotameter 4.5 (150 cm?/min)
1. Air, compressed 55 psig

m. Span gas pre:ssure (for calibration) 40 psig

METHOD 409.1.1
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n. Span gas rotameter (for calibratior) 45150 cmslmin}
©. Sample carriage drive train Auto
p. Recorder input 10 mv
q. Recorder chart speed 0.25 in/min
r. Recorder range-calibration 50
Iarge propellant grains 50
small propellant grains 20
s. Analysis time 30 min (or as required)

NOTE: Detectortemperature is factory set at subambient temperature. Level is not lmportant but
should remain relatively constant during testing.

NOTE: 1 psi=6.9kPa

5.2 Verify that camrier gas pressure and flow are in accordance with conditions above. Carrier
gas should remain on while instrument is on.

5.3 Verify that the oven, detector and sample holder are stable at the above temperatures. (The
sample holder operating conditions can be verified by operating the instrument through a time cycte
with no sample present.)

5.4 Verify th at the thermal converter is on. {Approximately 2 hours are required for the
convertor to reach the operating temperature and stabilize).

5.5 Check switching valve variac setting in back of instrument.

5.6 Turn on oxygen supply to ozonator. Verify pressure and rotameter settings.

5.7 Switch on ozonator. Wait a minimum of 5 minutes before operating detector.

5.8 Veriiy that compressed air io sampie hoider drive mechanism is on and at 55 psig.
5.9 Sample carriage drive train switch must be in Auto position.

5.10 Place tunction switch on face of instrument in Auto Operation position.

5.11 Set recorder conditions as specified above. With recorder range switch on instrument at
50, zero recorder with span gas off.

5.12 Turn on span gas and sel pressure and rotameter setting (flow rate) idential to those of the
carrier gas. Carrier gas can be left on.

5.13 Using the calibration knob on the recorder, calibrate the recorder so the maximum pen
response corresponds to the nitric oxide (NO} in the span gas and so that full scale recorder
response will represent 500 ppm NO (or NOx for sample.)

5.14 After calibrating the instrument (or recorder), turn off span gas and allow pen to return to
zero,
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5.16 Place the weighed sample of propellant in one of the thin walled sample tubes with the .
prowded screened plugs at each end to insure sample containment.

5.17 Heptace the blank sample tube in the sample holder with the one containing the test
sample.

~ 5.18- Seat the sample tube securely against the bottom wall of the holder for rapid heat transter.

5.19 Move the self locking leaf bolt to the lock position to set the sample tube ends against the
Teflon seals which are center pierced for passage of inert carner gas.

5.20 Press the START button.
5. 21 The unit will automatically sequence as follows: |
a. The sample carriage will drive the sample holder into the preheated oven
b The gas switching valve will rotate and direct preheated carrier gas through the sample tube

“ ¢. The sample holder will be rapidly heated to the preset temperature (140°C) and malntalned
through the lnteractlons of its own heater and heat radiating from the inside oven walls. .

d. NOx evolved from the heated sample is carried by the inert carrier.gas through the thermal
c0nverter where all oxides of nrtrogen are oonverted to NOQ. :

e.. The NO passes into the chemrlumrnescent detector and reacts with ozone to produce a S|gnal
whlch represents the quantity of NOx inthe stream ) .

. The concentratron ot NOx vs time is oontrnuousty momtored by the recorder to produce an
NEP‘ . .

g. Upon conclusion of the cycle, all functions revert o their original':status.
h. The sample heater cuts off.
i. The gas switching valve directs ambient carrier gas through the sample holder.

j. After 30 second COCL period, the sample holder is retrieved automatically from the oven a
READY light comes on, and the sonic buzzer notifies the operation that the cycle is completed.

5.22 After the sample holder temperature has decreased to less than 40°C, remove and replace
the sample tube with a tube containing the next test sample or with an empty (or blank) tube.

NOTE: The sample holder temperature cool-down may be hastened by turning on the fan located
immediately below the sample holder. The fan should be off during sample testing.

5.23 When testing is completed, turn off recorder, turn off ozonator, turn off oxygen at main

cylinder valve (for Safety), turn off compressed air, switch drive mechanism to MANUAL, shut off
span gas cylinder valve 10 prevent loss of span gas, and leave carrier gas on.

METHOD 409.1.1
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5.24 Determine and record the NEP Value "A" as shown in Figure 3.

H
RTINS R PRI o L

Figure 1 . AADCO Pr'obé!fah“f Sréb}}}'t'j}ﬂnal}zer.
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METHOD 501.1.3
DUST AND FOREIGN MATERIAL

1. SCOPE

1.1 This method is used for determining the dust and foreign material content of propeliants
whose surface is not disintegrated by water.

2. SPECIMEN

2.1 The specimen shall consist of two portions of approximately 50 grams each of propellant as
received, taken for a 1 quart sample reserved for the dust determination. Each portion should be
weighed to within 1 g.

3. APPARATUS

3.1 Test assembly (figure 1) consisting of two 750 ml Erlenmeyer flasks {A and A1), for holding
duplicate samples, a 500 ml bottle (B) filled with glass wool to filter air, a 1 liter suction flask (C) used
as a pressure regulator, and a glass tube (D) used as a pressure indicator.

3.2 Filter crucibles, glass or porcelain, of desired porosity.

3.3 Oven.

4. PROCEDURE

4.1 Carefully transfer {to prevent loss or alteration of the dust content) the accurately weighed 50
g portions of the propellant to each of two Erlenmeyer flasks (figure 1) containing 200 ml of distilled
water.

A
COLORED
- ) oy r—,rv!ﬂinl‘(’!'@ '!Lf! f—t—3~ WATER
+ AlR PRESSURE
114 INCH FILTER REGULATOR
(APPROX)

Figure 1. Test assembly.

METH
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o
3
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NOTE: If smali grain propellant is being tested, add two drops of wetting agent (Nikal N.S., Antara

4.2 Assembly the test assembly shown in figure 1.

4.3 Connect a iow pressure air supply to the air inlet assembly, and adjust the air pressure 1o
raise the water in the pressure indicator tube to 26 inches above the surface of the liquid. Allow the
air to agitate the propeilant mixtures for 10 minutes. Swirl the contents of the flasks occasionally.

stoppers from the Erlenmeyer
the washings in the flasks.

ruuter LR AR LI

4.5 Swirl the flasks, and quickly decant the liquid into separate one liter beakers.

4.6 Add 150 ml of distilled waler 1o the propellant in the flasks, and repeal the swirling and
decantation untit no more dust particles are visible on the liguid.

NOTE: A total of 650 to 800 m! of water is normally. required.
4.7 Filter the dust particles from the liquids, using filtering crucibles.
4.8 Dry the crucibles in an oven at 100°C for one hour. Cool in a desiccator, and weigh.
4.9 Calculate the percentage of dust and foreign matter in each specimen.
4.10 Calculation:

Percent dust and foreign matters = “—1\,%0'A

Where:
A = Increase in weight of the crucible, g
W = Weight of specimen, g

411 Report the average percentage of two specimens as the percentage of dust and foreign
matter in the propellant,
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METHOD 502.1.1
‘BULK DENSIfY |
" 1. scope -
- 1.1 This metheod is used to determine the bulk grawmetrlc densny of propel!ants by utilizing a
duPont densimeter.

NOTE: The bulk {gravimetric) density of the propellant is defined as equal to the apparant specific
gravity multiplied by 1000. The apparent specitic gravity is the ratic of the weight of a given volume of
propellant to the weight of the same volume of water at a temperature of 70°F (21.1°C).

2. SPECIMEN

2.1 The specimen shall consist of approximately 400 g of the propellant,

3. APPARATUS

3.1 DuPont Densimeter (figure 1) or Triple Beam Platform Batance.

WEABURING CUP
YOLUME » 288 GC ¢ 1 OC A¥ 20" C
CAFACITY - 234.0 & .+ QRAMY OF

AlDER
WATER AT 3o C IMDICATON GubE

L[5 [ e e
13

1 [ scacwy
.m_/ ;::,;:1 % sean

SCALE EATENAION

/_.lll ML[H‘“ ot Ntﬂlﬁ'\:u J STAND

e e ~ "
_— o A}

Figure 1. DuPont densimeter.

3.2 Flowing Cup for DuPont Densimeter.

NOTE: The hopper opening should be 1/2 inch. However, a 3/8 inch opening may be used but must
be reported in the analysis statement.

4. PROCEDURE
4.1 Store the propellant at the temperature of the test for 24 to 36 hours prior to testing.

NOTE: The temperature range is critical in this determination.
4.2 Close the hopper valve, and fill the hopper level with 350 to 400 ml of the propellant.

4.3 Quickly open the valve completely, permitting the propellant to fill the cup until it just
overflows. Close the valve.
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MIL-STD-286C

4.4 Remove the hopper. Run a straight edge across the top of the cup to strike off the excess, .
then tap the cup gently to settle the contents and prevent spilling.

4.5 Place the cup on the batance of the densimeter, and adjust the balance weight. The reading
on the scale beam is the bulk (gravimetric) density for the propellant.

NOTE: If the temperature of the propellant is not 70°F, add 0.001 to the reading for every 2° above
70°F, subtract 0.001 for every 2° below 70°F.
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METHOD 502.2.1
BULK DENSITY (POUNDS PER CUBIC FOOT)
1. SCOPE

1.1 This method is used to determine gravimetrically (in pounds per cubic foot) the bulk density
of propellants.

2. SPECIMEN

2.1 The specimen shall consist of approximately 450 cc of the propellant.

3. APPARATUS

3.1 Cyiinder, approximateiy 6 inches long and 2 5/16 inches iD.
NOTE: A 1000 ml graduate severed at the 400 ml mark has been found suitable.

3.2 Counterpoise, equal in weight {o the cylinder.

4. PROCEDURE

4.1 Allow the specimen to attain approximately room temperature.

4.2 Weigh the empty cylinder on a trip balance, and record the weight.

4.3 Fill the cylinder with distilled water, weigh on the balance, and record the weight. Empty the
cylinder and dry.

4.4 Fill the cylinder completely with the propellant, permitting the propellant to overflow, run a
straight edge across the top 10 strike off the excess, then tap the cylinder gently to settle the contents
and prevent spilling in handling.

4.5 Weigh the filled cylinder on the balance and record the weight.

4.6 Calcutate the bulk density.

4.7 Calculation:

Bulk density (Ibs. per cu. ft) = Gg'SA

Where:
A = Weight of specimen, g.

B = Weight of water, g.

METHOD 502.2.1
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METHOD 502.3.1
. ‘PACKING DENSITY -
..1." SCOPE

1.1 This method is used for determlmng the packlng dens:ty of base graln powder for cast rocket
propeltant. . Do . -

2 SPECIMEN
21 The specrmen shaII conS|st of approxlmately 545 grams of base graln powder

2.2 The size:of the base grain powder for the apparatus contalned herein are for base grain
powders having Ihe followmg d|menS|ons o . R

h. PIIN

Lo - Typed L 0030+.003 - .- - 0.030£.003
;i.Typedl.. 0350+.002 - 0.035+.003

3. APPARATUS " - LT L e

3.1 A standard packing density determination assembly, figure 1. Fagures 2 through 7 present
details of all components for this assembly. . | . CL .

3.2 Abase leveling plate, figure 8, or equivalent.
3.3 A brass bar, figure 9. -~ -

3.4 Analuminum splllage pan (Fed spec RR- P 54) or equwalent Substltute must be
nen-sparking metal. o

3.5 A circular spirit level, Sargent-Welch, Catalog No. 5-4436, or equal)

3.6 Spouted container, such as a Griffin beaker, low form, 600 ml Teflon, FEP. (Nalgene Catalog
No. 1500-0600}, or equal.

4. CONDITIONING

4.1 The sample of base grain powder as well as all the apparatus specified in paragraph 3 shall
be conditioned to a constant temperature of 70 + 5°F (21.1 + 2.8°C) for 18-24 hours. The base grain
powder does not have to be conditioned for humidity provided the moisture content of the sample is
between 0.1 and 3.0 percent and the test is made in a room having a relative humidity between 30
and 80 percent.

5. PROCEDURE

5.1 The empty 500 ml container shall be tared.

5.2 The apparatus for standard packing density determination shall be assembled as shown in
figure 1.

. METHOD 502.3.1
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5.3 The spillage pan shall be grounded to a cold water pipe with a grounding cable. .
5.4 The base leveling plate shall be placed inside the spillage pan.

5.5 The circular spirit level shall be placed on the base leveling piate. The leveling screws shall
be adjusted until the plate is level and solid.

5.6 The standard packing density determination assembly, figure 1, shall be placed on the base
level plate in the seat provided therein. A ground cable shall be attached to the hopper.

E 7 Tha
L F G

o

out.

5.8 The propellant shall be dumped into the hopper in one motion. When all the propellant has
run through the column, all parts of the apparatus above the 500 mi cylinder shall be removed. This
shalii be accompiished by hoiding the boiiom cyiinder firmiy and lifting off ihe other sections as units.
The excess propellant, shall be struck off by using the brass bar with a 1/4 inch edge held flush with
the top of the cylinder and with a slow constant movement across the cylinder top toward the
operator. The excess propellant shall be removed with the brass bar. The cylinder shall be removed
from the base plate and any propellant that may be clinging to the sides of the container brushed off.

5.9 The propellant and cylinder shall be weighed and the weight recorded.
5.10 The screen loading density shall be reported in grams per cubic centimeter. It shall be

determined by subtracting the tared weight of the container from the gross weight of base grain
powder and container.

This difference in weight, in grams, shall be divided by the volume in cubic centimeters, of the
container. The volume of the container shall be determined from its dimensions stamped on the
bottom. The volume shall be determined by using the formula in 5.11.

5.11 Caiculation:

V= =nrh
Where:

V = Volume, cubic centimeters

h = Height, centimeters




NOTES:

Figure 1. Standard packing density determination, assembly.
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Figure 2. Hopper.

. SPEC MIl.-A-2250 applies.

Material - brass, any type, except soft.
Surface finish Y125 all over.
This item may be made from an optional No. of pieces. (See note 5)
Braze construction permitted.
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Figure 3. Top Tube.

1. SPEC MIL-A-2550 applies.
2. Material - Brass, any type, except sofi.
3. Surface finish ¥125 all over.
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Figure 4. Distributor Plate.

1. SPEC MIL-A-2550 applies.
2. Material - Brass, any type, except soft
3. Surface finish Y125 all over.
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Figure 5. Center Tube.

NOTE: 1. SPEC MIL-A-2550 applies.
2. Material - Brass, any type, except soft.
3. Surface finish ¥125 all over.
<« ——»=| 12 SPACES @
156 BSC -’H"_M STOCK
SIZE
p 4 ‘
4 ‘ 2. 150 -
9 003 DIA
s Y|
\\ . .‘, ’I' v
N — [ ¥
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Figure 6. Screen.

1. SPEC MIL-A-2550 applies.

2.
3.

Material - Brass, any type, except soft.
Surface finish V125 all over.
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Figure 7. Comtainer.
NOTE: SPEC MIL-A-2550 applies.

Material - Brass, any type, except soft.

Surface finish ¥125 all over.

Optionat two piece braze construction permissible.
The dimensions should be determined at 70 + 5°F. .

oo

The exact internal diameter and internal length
shall be stamped on bottom of container.

1 —_ BRASS
T BAR
tEve. o5
80 DIA l SQUARE
J EDGES
¥
EEE 2*5 L
BAASS !:" 5.0 e
=)
i
' L ‘ ]
Figure 8. Base Leveling Plate. Figure 9. Brasss Bar.
NOTE: 1. SPEC MIL-A-2550 applies. NOTE: 1. SPEC MIL-A-2550 applies.
2. Material - Brass, any type, except soft. 2. Material - Brass, any type, except soft.
3. Surface finish V125 ali over. 3. Surface finish V125 all over.
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METHOD 503.1.3
HYGROSCOPICITY, SMALL ARMS PR_ORELLANTS

1. SCOPE

1.1 The hygroscopicity is estimated by determining the amount of moisture gained or lost when
propellant is exposed to high and low relative humidities. .

2. SPECIMEN

2.1 Two specimens shall be analyzed; each shall consist of 10 to 15 gof thé propeilant, weighed
to within 0.2 mg. : B L - Lo

3. APPARATUS
3.1 Two glass weighing bottles with ground glass covers.

3.2 Desiccator containing sulfuric acid-water solution (59.2 + 0.5 weight percent) for producing a
20 percent relative humidity at 30°C.

3.3 Desiccator containing sulfuric acid-water solution (18.6 + 0.5 weight percent) for producing a
90 percent relative humidity at 30°C.

3.4 Oven.
3.5 Desiccator containing an indicating desiccant.
4. PROCEDURE
4.1 Process the two specimens as follows:
a. Place the specimens in separate glass weighing bottles.

b. Place one bottle (minus glass cover) in the desiccator containing the 20 percent
humidity-producing solution.

¢. Place the other bottle (minus glass cover) in the desiccator containing the 90 percent
humidity-producing solution,

d. Place both desiccators in an oven maintained at a constant temperature of 30 £ 29C.

4.2 Remove the bottles from the oven after 2 days, cover each bottle with its ground glass cover,
cool in a desiccator containing the indicating desiccant, and weigh.

4.3 Reweigh the bottles at 2 day intervals until the change in weight (of each bottle) between the
weighings is no greater than 0.2 mg.

NOTE: This process usually takes 6 or 7 days.

4.4 Determine the percentage of moisture lost or absorbed by each specimen in its respective
storage (relative humidity) condition.

METHOD 503.1.3



MIL-STD-286C

4.5 Calculation:

100A

Percent hygroscopic moisture = V(\]I

Where:

A = loss or gain in weight of weighing botile and contents at relative humidity
(storage condition) used.

4.6 Calculate the hygroscopicity of the propellant by adding the percentages derived in
para4.4 & 4.5.

METHOD 503.1.3
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METHOD 503.2.2

HYGROSCOPICITY, CANNON PROPELLANTS
(EQUILIBRIUM METHOD)

1. SCOP E

1.1 This hygrascopicity of cannon propellant is estlmated by determmmg the amount of mcusture
that will be absorbed if the dry propellant is exposed 1o’ "high hunidity. . -

2.1 Two specimens shall be analyzed; each shall consist of approximately 100 g of the
propellant, weighed to within 0.2 mg.

3.1 Two glass weighing bottles with ground glass covers.

3.2 Desiccator, 10 liter capacny, contalnmg one liter of sulfurlc acid-water solution (18.6 £ 0.5
weight percent) for producing a 90 percent reiative humidity at 30°C.

3.3 Desiccator containing an indicating desiccant.
3.4 Oven.
4. PRCCEDURE
4.1 Process the two specimens as follows:
a. Place the specimens in separate glass weighing bottles.

b. Place each bottie {minus glass cover) in the desiccator containing the 20 percent
humidity-producing solution.

¢. Place the desiccator in an oven maintained at a constant temperature of 30 + 2°C.

4.2 Remove the bottles from the oven after 4 days, cover each bottle with its ground glass cover,
cool to room temperalure in a desiccator containing the indicating desiccant, and weigh.

4.3 Reweigh the bottles each day untii the change in weight (of each bottle) between weighings
is no greater than 0.2 mg.

4.4 Analyze a sample of the propellant to determine the total moisture content of the propeliant
as received. Any appropriate moisture method may be used.

e AT ralld

4.5 Calculate the hygroscopicily of the propellant.
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4.6 Calculation:
% hygroscopic moisture = A +B
Where:
A = percentage increase in weight of specimen subjected to 90 % relative humidity.

B = percentage of moisture in the propellant as received.
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METHOD 504.1.1
DIMENSIONS OF GRAINS

1. SCOPE

1.1 This method is used for determining the dimensions of granular propellant (figure 1).

SINGLE ’ MULT)
STRIP CORD PERFORATED PERFORATED ROSETTE FLAKE

Figure 1. Forms of propeflant grains.

2, SPECIMEN

2.1 The specimen shall consisl of approximately 30 grains of propellant selected at random.

3. APPARATUS

3.2 Micrometer.

3.2 Cutting tool (razor blade or hacksaw).

3.3. Magnifying instrument, such as a microscope or optical comparator, giving suitable
magnification (20-25X is usually satisfactory) and equipped with crosshairs, horizontal scale, and

vernier screw scale capable of measurement to at least 0.001 inch.

NOTE: The optical comparator must be used with reflected light, in the same manner as the
microscope.

4. PROCEDURE

4.1 Length. Measure the length of grains, using the micrometer. Calculate and report the
average of these lengths.

NOTE: When the ends of the propellant grains are irregular, determine the average length as closely
as possible.
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4.2 Grain diameter, perforation diameter, and web thickness. Prepare and measure the grains
as follows:

a. With the cutting tool, cut each grain partly through from opposite sides of the approximate
midpoint of the grain, and break the grain in two.

NOTE: Multiperforated propellant shoutd be cut so that when broken the narrow ridge left along the
line of breakage will pass through the centers of three perforations on the diameter of the grain.

b. Using petroleum jelly or double stick adhesive tape to hold the grains in position, mount one
of the halves of each grain on a glass slide so that the broken end of the grain is face up. Mount the
slide on the stage of the microscope so that the line of measurement aligns with the edge of the stage.

c. Using the vernier adjustment, measure (in a continuous series of readings along the diameter
of the grain) the thickness of the webs, the diameters of the perforations, and the diameter of the
grain. Record the individual measurements, and determine the average diameters of the grains and
the perforations. -

4.3 Length to diameter ratio. Using the average length of the grain (para 4.1) and the average
diameter of the grain {para 4.2), calculate the ratio between these averages. .

4.4 Length and diameter uniformity. Using the dimensions determined in paragraphs 4.1 and
4.2 calculate the mean variation of the individual dimensions from the mean dimension, and report
the variation as a percentage of the mean dimension.

4.5 Grain diameter to perforation diameter ratio. Using the averages from paragraph 4.2,
calculate the ratio between the average diameter of the grains and the average diameter of the
petforations.

4.6 Web measurements (type 1). Determine the relationship between web dimensions as
follows:

a. Using the web measurements obtained in paragrah 4.2, calculate the average thickness of
the outer webs (Wo, figure 2) and of the inner webs (Wi).

G

)

Figure 2. Propellant grain cross section dimensions.
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b. Using these average web thicknesses (Wo and Wi), calculate the average web
thickness (Wa).

c. Determine the difference between the average inner and outer web thicknesses (Wi and Wo),
and calculate the difference in terms of the average web thicknesses (Wa):

d. Calculation:

Percent Difference = 100 (va;_wn or 1% (vv\ga- el

4.7 Web measurements (type l). Determine the relationship between web dimensions as
follows:

a. Using the web measurements obtained in para 4.2, determine the median thickness of all

b. Calculate the average thickness of all webs above the median, and of all webs below the
median.

¢. Calculate the percentage by which each o
measurements (Wa).

4.8 Web calculation (Wc):

We= D-

E
Q.

X
Where:

D = outside diameter of grain

X = the number of webs measured in 4.2

d = the diameter of the perforation determined in para 4.2

W, = the calcutation web

METHOD 504.1.1
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METHOD 504.2.1

DIMENSIONS OF GRAINS AFTER QUICK SHRINKAGE
(SINGLE BASE PROPELLANTS)

1. SCOPE

1.1 This method is used for determining the dimensions of grains of single-base propellants that
have been pretreated in a vacuum oven and dried.

2. SPECIMEN

2.1 The specimen shall consist of at least 60 g of the propellant.
3. APPARATUS

3.1 Vacuum oven

3.2 Drying oven.

4. PROCEDURE

4.1 Air-dry the specimen for approximately 24 hours at a temperature of 30 2°C.

. 4.2 Heat the specimen for approximately 12 hours in a vacuum oven set at 55 + 2°C, with
vacuum maintained at 25 inches of mercury (635 mmHg)

NOTE: 1 inch of Hg (15.6°C) = 3.4 kPa

. - nO,

Dry the specimen in an oven set at 100 + 2°C

4.3
4.4 Cool the specimen in the open air to room temperature.

4.5 Measure the propellant grains and calculate the relationship between these dimensions in
accordance with procedures described in Method 504.1.1
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METHOD 504.3

DIMENSIONS OF SHEET PROPELLANT
(INCREMENT PROPELLANT)

1. SCOPE

1.1 This method is used for determining the dimensions of propellant sheets, including the
lengths of sides, thicknesses, perforation diameters, and distances between perforations.

2.1 The specimen shall consist of two sheets from each of several increments of the propellant
selected at random.

NOTE: Use the same sheets for all measurements and calculations.
3. APPARATUS
3.1 Scale, steel.
3.2 Micrometer.

3.3 Microscope, 25 diameters magnification, equipped with cross hairs, and having a horizontal
scale and vernier screw scale capable of accurale measurement to at least 0.001 inch.

4. PROCEDURE
4.1 Length of side. Select one of the sheets from each increment, and measure the lengths of
all sides of each sheet, using the steel scale. Calculate and report the average length of all sides

measured.

4.2 Thickness. Select two sheets from each increment, and measure the thicknesses, using the
micrometer. Calculate and report the average of these thicknesses.

4.3 Diameter of perforation. Select one of the sheets from each increment, and using the

. microscope, measure the diameter of the perforations along two axes at right angles to each other.

Calculate and report the average diameter of the perforations.

AA nict

4.4 Dis orations. Selact one of the sheets from each anrrpmpnf and uqmn the

Fho. Sl L i1 3 pop v B L=V LLE I P21

microscope, measure nce between the centers of double-perforated mcrements orthe
distance between the center of the central perforation and each cormner perforation of multiperforation
increments.

NOTE: The distance between “-ters may be calculated by adding the width of the web between the
perforations to one-half of the sum of the diameters of the two perforations.
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METHOD 504.4
CASTING POWDER DIMENSIONS
1. SCCPE

1.1 This method is used for determining the dimensions of casting powder granules through a
microscope with a calibrated ocular scale or with a moving stage micrometer.

1.2 Measurements are made on granule cut length and diameter. Cut length is that distance
between the two points of entry of the cutting blade. The cut length differs from the overali length of
the grain due to tails caused by a cut that is not perpendicular to the axis of the grain.

1.3 The approximate limitations for the instruments used to measure casting powder granule
dimensions are listed in Table 1. Casting powder granules greater than one half inch in length or
diameter can be measured with a micrometer. Granule dimensions of one inch or greater can be
measured by rule with 1/64 inch (0.015625 inches) divisions or by a caliper with 0.033 inch per
division.

2. SPECIMEN

2.1 Arandom sample of 100 granules shall be selected from a lot of casting powder. The
sample shall be mixed into a composite sample.

3. APPARATUS
3.1 Micro slides. Sciglaso, 75 x 25 mm or equivalent.

3.2 Microscope. Several types are capable of being used. Should have suitable scale eyepiece
or mechanical stage. Magnifications and range of measurements as shown in Table 1.

3.3 Micro-Projector. Bausch & Lomb llluminator Triple Purpose, Type 42-63-58, or equivalent,

3.4 Optical Comparator. Table or Pedestal Measuring Instrument, Magnification and range of
measurements as shown in Table 1.

4. CALIBRATION OF OCULAR SCALE

4.1 Microscope. Calibrated Ocular Scale. Mount the calibrated micro slide on the stage of the
microscope. Adjust the microscope to the magnification range per granule limitations shown in

Tahla 4
1aIe 1.

4.2 Calibrate the ocular scale in accordance with the following procedure.

4.2.1 While looking through the ocular eyepiece, position the micro slide in the field of view with
its calibrated markings paraiiei to but not overiapping those of the ocuiar scale.

4.2.2 Accurately align one end of the micro slide scale with the beginning of the ocular scale.
View the alignment several times to minimize error.

4.2.3 Then find the [ast visible line on the ocular scale which exactly coincides with a line on the
micro slide.
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4.2.4 The number of lines on the ocular scale that coincide with the calibrated micro slide is
dependent upon ihe magnification.

4.2.5 Carefully count and record the number of ocular scale divisions that exist between the two
alignments.

4.2.6 Calculate the value for each division on the ocular scale, calibration factor (F), as follows:

{No. of div.) {Value per div. of micro slide)
(No. of div. of ocutar scale)

Factor =

5. PROCEDURE

5.1 Randomly select a minimum of 40 granules from a composite sample of the casting powder
lot. Cover cne side of two micro slides with pressure sensitive tape or petroleum jelly. One of the
taped slides mount a minimum of 20 granules lengthwise for length measurements. On the second
taped side mount a minimum of 20 granules for diameter measurement. Place one of the slides on
the microscope stage using surface illumination. Position the first granule to be measurad directly
beneath the ocular micrometer scale. Focus carefully on the surface of the granule and record the
number of divisions the granule length or diameter covers on the ocular scale. Repeat this procedure
on the remaining granules, Calculate the lengths {L} and diameters (D} of the granules as follcws and

record:

LorD = NxF

1ar

Where:
N = Number of divisions observed cn the ocular scale.
F = Factor to which the ocular scale is calibrated.
L/D = Length to diameter ratio
Where:
L = Average length of the granules.
D = Average diameter of the granules.

5.2 Microscope. Mechanical Measuring Stage. Randomly select a minimum of 20 granules
from a composite sample of the casting powder lot, Place a glass microscope slide in the slide holder
of the microscope stage. Arrange the granules in a lengthwise position for length measurements.
Use surface illumination on the microscope stage. Focus carefully on the surface of the first granule
to be measured. Line up the reticule in the eyepiece with one of the edges of the granule by moving
the stage with one of the micrometer dials. Record the dial reading, Next, move the stage again with
the same dial until the reticule is lined up with the other edge of the granule. Record this dial reading.
The difference between the two dial readings is the granule length. Record lengths.

A second 20 granule minimum portion of the powder lot is randomly chosen tor the diameter
set on end by themselves, they can be set in vaseline or on some pressure sensitive tape. The
diameters are then measured in the same manner. Record diameters.
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5.3 Micro Projector. The micro projector is calibrated by placing a piece of wire, 0.035 inches
diameter, on the stage of the micro projector. Raise or lower the micro projector to a position where
the shadow of the wire covers thirty five divisions on the graph paper, eg., K & E No. 359-14, giving
the equivalent of 0.001 inch per division as the calibration factor. The micro projector set at this
position is ready to measure the casting powder dimension in the range as shown in Tabie 1.

Randomly select a minimum of 20 granules of casting powder from a composite sample
representing a lot. Place the granules, iengthwise, upon the slide coated with oii to prevent granule
movement. Place the slide in position on the projector stage and position the shadow of the first
granule to be measured upon the graph paper. If necessary make small adjustments to the micro
project focus lens to clearly define the granule shadow fringe. Adjust the graph paper so¢ that one axis
coincides with one side of the projected shadow. Read the length and diameter of the granule in
inches as indicated on the graph paper scale and record 1o three significant figures. Repeat
measurements on the remaining granules without making changes in position of the projector or
graph paper. Record lengths and diameters.

5.4 Optical Comparator. Perform the maintenance and operation of the optical comparator in
accordance with references 2a and 2b. Calibrate the instrument with the appropriate wire
dimensions, magnification setting, and the chart paper scale, in accordance with granule dimension
limits as shown in Table 1.

Randomly select a minimum of 20 granules from a composite sample of casting powder
representing a lot. Line them up end to end on the stage of the comparator. In measuring each
granule, first select the end which has the best cut and align its projected shadow with the reference
line on the projector screen. Measure granule length from reference line to cut length (L) by the
metric measuring stage or calibrated graph paper. Measure the vertical distance which best
represents the granule diameter (D). Proceed to measure and record the same dimensions on the
remaining granules.

5.5 Calculations:

a. Calculate average length and diameter
b. Caleulate L/D ratio
¢. Calculate the standard deviation of length and diameter

_ Za-x?
$= T T

Where:

s = standard deviation.

2 =Sum of squared differences.
X= Individual value.

x = Average of individual values.

n = number of individual values.
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5.6 References:

a. Microscope calibration. Photomicrography, pages 146-148, D. Van Nostrand Company, Inc.

Princeton, NJ.
b. Optical Comparator.

(1} "Precision Measurement in the Metal Working Industry”, Volume Two, Syracuse University,
Syracuse, New York.

(2) "Setting up and operating Instructions for PC-14 Optical Comparators®. Jones and Lamson
Machine Company, Springfield, Vermont.

(3) Catalog No. 401, Charts for Optical Comparators”, Jones and Lamson Company,
Springfield, VT.

TABLE 1. Granul s imitat

Length or diameter
Calibration Granule size, inches
Instrument Magnification wire (inches) Min Max
Micrometer 10 {caiibrated 0.500 1.000
Microscope micro slides 0.043 0.0430
or
28 mechanical 0.010 0.100
35 measuring
50 stage) 0.0086  0.0430
60
100 0.0043 0.0215
430 0.0001 0.0050
MicroProjector 100 0.035 0.001 0.150
Optical-Comparator 10 1.000 0.001 1.00
20 0.500 0.0005 0.500
31.25 0.320 0.0003 0.320
50 0.200 0.0002 0.200
62.5 0.160 0.0002 0.160
100 0.100 0.0001 0.100
125 0.080 0.00008 0.080
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METHOD 504.5.1
GRAIN DIMENSIONS OF FLAKE PROPELLANT
1. SCOPE

1.1 This method is used for determining the dimensions of flake propellant using a microscope
with calibrated eyepiece.

2. SPECIMEN

2.1 The specim_eﬁ shall consist of approximately sixty (60) grains (flakes) of propellant selected
at random. : '

3. APPARATUS

3.1 Magnifying intrument, such as microscope or optical comparator, giving suitable
magnification (20 to 25X is usually satisfactory) and equipped with crosshairs, horizontal scale, and
vernier screw capable of measurement to at least 0.0001 inch.

NOTE: The optical com[iérator must be used with reflected light, in thé same manner as the
microscope.

3.2 Double coated tape (scolch brand double stick tape, 1/2 x 250, ¢al. no. 136 or equivalent).
3.3 Fine tipped forceps. R ' |
3.4 Microscope slides.
4. PROCEDURE
4.1 Length (thickness).
a. Piace a strip of double coated tape on microscope slide.

b. Using a fine tipped forcep, place thinty (30) grains of flake propellant one at a time on edge
{i.e, the smooth or cut surfaces are positioned vertically). The flakes are evenly spaced in a row.

¢. Measure between the smoothly cut edges midway of each flake. (Care must be taken not to
measure jagged edges or shadows which may be around the cut edges of the flake). A-B (see
figure 1) indicates the location of the measurements.
4.2 Diameter.
a. Prepare a slide with double coated tape as for the length determination.

b. Using fine tipped forceps position thirty (30) grains of flake propellant on the tape with their flat
surfaces horizontal.

¢. Measure the diameter of each flake. {Avoid measuring round (jagged) edges or shadows
appearing at the circumference). C-D figures 1 indicates the location of measurements,
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5.0 CALCULATION

5.1 Determine the average value for the 30 length and 30 diameter measurements.

LENGTH DIAMETER

Figure 1. Dimensions of Flake Cross Section.
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-METHOD 504.6.1
DIMENSIONS OF GRAINS (IMAGE ANALYZER)
1. SCOPE

1.1 This method is used for determining the dimensions of granular propellant (figure 1).

SINGLE MULT!
STRIP  CORD PERFORATED PERFORATED ROSETTE FLAKE

Figure 1. Forms of propellant grains.

2. SPECIMEN
2.1 The sample shall consist of a minimum of 30 gra.ins of p.ropellanl selected at random,
3. APPARATUS
341 Mlcrometer capable oi measuring to 0.001 inch or better.
3.2 'Cutting tool (razor blade or hacksaw).
- 3:3 Magnifying instrument consisting of one of the following (or equivalent).

a. Microscope or optical comparator with suitable magnification (20 - 30x is usually satisfactory)
and equipped with cross halrs horizontat scale, and vernier screw scale capabie of measurement to

“at least 0.001 inch.

NOTE: The optical comparalor must be used wslh reflected light, in the same manner as the

- mmrecr\nno

Uw'.ru

b. Animage analyzer with closed circuit television (TV) system such as the Leitz Simplex
measurmg microscope, distributed by the Leltz Co ,Rockleigh, NJ which contains the following parts

-or subassemblles (or equwa!ent)

METHOD 504.6.1
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(1) Microscope base (part no. 800-202) with post (part no. 812-920), measuring stage (part no.
812-319), Simplex tv tube (part no. 900-206), objectives (1X, 2X, 3X or as required), non-focusing
eye-pieces (6.3X, 10X or as required}, and surface illuminater.

(2) ITP 113A Tele-microscope |l monitor {part no. 916-000).

{3) ITP 142A electronic micrometer (part no, 916-050), capable of measuring to 0.001 inch.
(4) ITP 148A Tele-microscope 1l closed circuit TV (part no. 916-019).

(5) ITP 150C-29mm image rotator (part no. 916-063) with ITP 125B control unit (par no,

916-062).

(6) Hewlett-Packard HP9810 or HP9825 desk computer (or equivalent).

4.1 Length. Measure and record the length of ~~~ing to0 0.001 inch using the micrometer.
Calculate, record, and report the average and stanc..  Jeviation of these lengths.

diameter, and web thickness. Prepare and measure the grains
as follows:

a. With a cutting tool, cut each grain partly through from opposite sides at the approximate
length midpoint of the grain, and break the grain into two sections.

NOTE: Multiperforated propellant should be cut so that when broken the narrow ridge left along the
line of breakage will pass through the centers of three perforations on the diameter of the grain.

b. Using petroleum jelly or double coated tape to hold grains in position, mount one of the halves
of each grain on a side so that the broken end of the grain is face up for obtaining measurements.

¢. Mount the slide containing the prepared grains on the microscope stage so that the line of
measurement aligns with measuring device: eyepiece scale, vernier adjustment or measuring lines
on the TV monitor.

d. After selections of magnification, calibrate the equipment using the calibrated microscope
stage micrometer. Recalibration will be required if either eyepiece or objective is changed.

NOTE: 1f the Simplex measuring microscope with closed circuit TV system is used, select evepieces
and objective combination to provide the largest possible image of the grain cross section on the TV
monitor without exceeding 2/3 of the screen width.

e. Measure (in continuous series of readings along the diameter of the grain) the thicknesses of

the uunhc the diameters of the pnrfﬁrnhnne and the diameter cf the grnnr‘ ';O 0 0(\1 InCh Pewrd i“h.e

mdmdual measurements or enter into the programmed computer (if applicable), and determine the
average and standard deviation of the diameters of the grains and the perforations.
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4.3 Length to diameter ratio. Using the average length of the grain (para 4.1) and the average
diameter of the grain (para 4.2), calculate and report the ratio between these averages.

4.4 Length and diameter uniformity. Using the dimensions determined in paragraph 4.1 and 4.2
calculate and report length and diameter unitormity according to the equation below:

a. Calculation:

__(Std dev) {100)
Average Value

Uniformity =

4.5 Grain diameter to perforation diameter ratio. Using the averages from para 4.2, calculate
and report the ratio between the average diameter of the grains and the average diameter of the
perforations.

4.6 Web measurements (type 1). Determine and report the relationship between web

dimensions as follows:

a. Using the web measurements oblained in para 4.2 calculate the average thickness of the
outer wehs (Wo, figure 2) and of the inner webs {Wi).

b. Using these average web thicknesses (Wo and W1}, calculate the average web thickness
(Wa).

¢. Determine the difference between the average inner and outer web thickness (Wi and Wo),
and calculate and report the percent difference in terms of the average web thicknesses (Wa).

d. Calculation:

Percent difference = 100 (Wo -W)) or 100 (Wi - Wo)
Wa Wa

4.7 Web measurements (type [l). Determine and report the web uniformity as follows:

a. Using the web measurements obtained in paragraph 4.2 determine the average thickness and
standard deviation of all webs.

b. Determine the web uniformity according to the equation below,
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¢. Calculation:

(Std dev) (100)
Average web thickness

Web uniformity =

S

Figure 2. Propellant grain cross section dimensions.
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METHOD 505.1
COMPRESSIBILITY OF GRAINS
1. SCOPE
1.1 This method is used for determining the percentage of compressibility of propellant grains. It
consists of removing both ends of several grains, compressing the center portions until disintegration
begins, and calculating the average percentage of compression.

2. SPECIMEN

2.1 The specimens shall consist of ten grains that are representative of the sample. They must
be normal in shape, and must contain no obvious flaws.

NOTE: Atotal of 30 grains should be tested where results are indeterminate.

L=1 1R LRV ] = & L3 SRR

3. APPARATUS
3.1 Propellant holding device.

CAUTION: The holding device must not score or otherwise leave any visible marks on the central
portion of the grain.

3.2 Hand-operated press with parallel jaw surfaces (hydraulic or equal).

3.3 Micrometer caliper (.25 inch diameter jaws).

3.4 Hacksaw.

3.5 Abrasive (sandpaper, or equivalent).

4. PROCEDURE

4.1 Cut off the ends of each grain so that the length of the central portion is equal {within 0.01
inch) to the diameter of the grain, and so that the ends are perpendicular to the side within 2 degrees.
Use the following procedure:

a. Using a micrometer caliper, measure the diameter of the grain.

b. Grip the end to be discarded in the holding device, and cut the grain straight across, using the
hacksaw.

¢. When both ends have been cut off, grip the central portion with the fingers and slowly rub the
end of the grain against an abrasive surface, such as sandpaper.

NOTE: Cutting may be done with a lathe. The cutting tool, however, must not become so warm that
it cannot be held with comfort against the back of the hand. Any burr remaining on the grain must be
removed by means of an abrasive or a file.

4.2 Allow the grains to reach room temperature within the range of 60 andl100°F (15.6 to
37.8°C). (A temperature of 70 to 80°C is recommended).
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4.3 Measure the length of each grain to the nearest 0.001 inch, using the micrometer caliper. .

4.4 Center the ends of the grain on the jaws of the press, and slowly compress the grain
between the parallel surfaces, increasing the load stowly, until the first crack appears.

NOTE: Cracks can be detected by directing a light beam across the surface of the grain so that the
beam is perpendicular to the crack. The first crack, which will appear as a dark line, will probably be
in the first light colored area to form as the pressure is increased.

4.5 When the first crack appears, release the pressure, and immediately measure the
compressed length to the nearest 0.001 inch.

4.6 Calculate the average compressibility of the grains.

4.7 Calculation:

A-B
Percent compressibility = _1_00_(A____)

Where:
A = Average length of uncompressed grains.

B = Average length of compressed grains,
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METHOD 506.1
GRANULATION

1. SCOPE

1.1 This method is used for determining the percentages of the various size granules comprising
a sample of propellant.

2. SPECIMEN

2.1 The specimen shall consist of 50 g of the propellant.
3. APPARATUS

3.1 Set of U.S. Standard sieves with receiving pan.

3.2 Mechanical shaker, geared to produce 300 + 15 gyrations and 150 + 10 taps of a striker per
minute.

4. PROCEDURE

4.1 Superimpose the sieves of the meshes required by the propellant specification, and attach
the receiving pan to the bottom.

4.2 Place the 50 g specimen in the top sieve, mount the assembly on the shaker, and operate
the shaker for 5 minutes.

4.3 At the end of 5 minutes, weigh the granules retained in each sieve and in the pan and
calculate the percentages of each.
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METHOD 507.1
DENSITY OF LOADING
1. SCOPE
1.1 This method is used for determining the density of propellant as loaded in cartridge cases.
2. APPARATUS
2.1 Funnel.
3. PROCEDURE

3.1 With the cartridge case in a vertical position, fill the case with a propellant charge of the
weight and at the velocity required by the applicable specification.

NOTE: In the absence of specific requirements, pour the propellant very slowly through the funnel
mounted so that the bottom end of the funnel stem is 2 inches from the mouth of the cartridge case,
being careful that the propellant strikes the side of the case as little as possible.

3.2 Note the volume of the propeilant in the case; empty the case, and weigh the propellant
charge.

3.3 Fill the cartridge case with a volume of water at 70 + 2°F (21.1 £ 1.1°C} equal to the volume
of the charge.

3.4 Divide the propeliant weight (in grams) by the volume of water (in milliliters), and report the
result as the density of the propellant charge.
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METHOD 508.1.3

AIRSPACE

1.1 This method is used for determining the airspace (in linear inches) for a specific cartridge
after a weighed charge has been poured into the case.

2. APPARATUS

2.1 Airspace gage (figure 1) appropriate size for ammunition caliber, preferably made from
aluminum. All the dimensions are in inches. The graduations are read with a magnifying glass that
may be attached to the gage. The apparatus as used for small caliber ammunition is shown in

figure 2.

_.-b-ql———

BRONZE ROD
(HARD)

SPACE GRADUATIONS
(0.008 WIDE, 0.01 DEEP)

AE RR
Uu.ua Arani

FILL WITH BLACK ENAMEL

Il

CASTING
CALIBER A B C D
.22 13/64 2 172 1 5/8
30 19/64 3 112 3/4
(CARBINE)
.30 19/64 3 %4 2 1/4 34
.45 2764 2 1/2 1 1
.50 29/64 512 4 1
.60 9/16 5 1/2 4 1

Figure 1. Airspace gage.

-k
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3. PROCEDURE
3.1 Set the cartridge case in a vertical position.

3.2 With the stem of the funne! 2 inches above the open end of the case, very slowly pour the
weighed propellant charge through the funnel into the case, being careful that the propellant strikes
the sides of the-case and funnel as little as possible.

3.3 With the cartridge case still in a vertical position, carefully insert the air space gage into the
mouth of the case until it rests lightly on the propellant charge. Note the depth of insertion indicated
by the graduations on the side of the gage. Use a magnifying glass to read the graduations.

" 3.4 ‘Determine the seating depth of the bullet.

Figure 2. Typical airspace gage used for smaller caliber ammunition.

METHOD 508.1.3




MIL-STD-286C

METHOD 509.3
PREPARATION OF PROPELLANT SAMPLES
1. SCOPE
1.1 This method is used for preparing sheet and granular propeliant for analysis.

WARNING: Procedures involving grinding should not be used for propellants containing potentially
hazardous oxidants, such as chlorates and perchlorates.

2. SPECIMEN

2.1 The specimen shall consist of a portion of propellant selected in accordance with the
applicable propellant specification, and weighed in accordance with the test method used.

3. APPARATUS

3.1 Laboratory mill {(Wiley, Standard Model No. 2G, or equivalent), equipped with a shield and
an explosion-proof motor {class 2).

3.2 Beryllium alloy shears or a razor blade.

3.3 Powder cutter (modified papercutter, preferably with a beryllium alloy blade).
3.4 Glass bottle, stoppered.

4. PROCEDURE

4.1 Sheet propeilant. Cut sheet propellant into pieces approximately 1/8 inch square, using
razor blade or shears. Place cut propellant immediately in a stoppered giass bottle.

NOTE: If grinding of sheet propellant is specified, the propellant must be brittle. Soft and pliable
sheet can be made brittle by chilling the propellant container in an ice bath. Grind sheet propeliant as
prescribed for small grains (para 4.2).

4.2 Small grain propellant. Grind small grain propellant (0.2 g or less) in the laboratory mill as
follows:

a. Prepare the mill for grinding by placing the 20 mesh screen between the grinding chamber
angd the receiving container, and firmly clamping the rotor cover plate in position.

b. Place the shield in proper position.

c. With motor running, grind a few grains at a time, checking the temperature of the machine
between grindings.

WARNING: Allow sufficient time for the rotor and blades to cool before grinding additional samples of
the propellant.

d. Place ground propellant immediately in a stoppered glass bottle.

METHOD 509.3
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4.3 Large grain propellant. Cut large-grain propellant (grains larger than 0.2g) into slices .
approximately 0.17 mm thick, using the powder cutter. Cut these slices into pieces approximately 1/8
inch square. Place cut propeilant immediately in a stoppered glass botlle.

NOTE: For solvent extractive matter determination, grind the slices as prescribed for small grains
(para 4.2).

METHOD 509.3
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METHOD 510.1.1 .
SPECIFIC GRAVITY (PYCNOMETER METHOD)
1. SCOPE ‘

- 1.1 This method is used for determining the specific gravity of propellants by comparing the
density of the propeliant with the density of water at 15.6°C using a pycnometer.

NOTE: This method contains instructions for analyzing propellants with water insoluble components.

Propellants containing water soluble components can be analyzed by substituting for the water

medium an appropriate liquid medium in which the propeitant components exhibit little or no solubility.

However, the specific gravity of the substitute medium at 15.6/ 15.6°C must be known or determined.
2. SPECIMEN

2.1 The specimen shall consist of approximately 10 g of the propellant, weighed to the nearest

milligram.

3. APPARATUS

3.1 Pycnometer, 50 ml.

3.2 Sou'rce df vacuum

3.3 Rubber tubing {suitabie for vacuum iine use).

4, PRbCEDURE |

4.1 Determine the weight of the pycnometer filled with distilied water at 15.6°C as follows:

a. Cool the pycnometer by filling it with recently boiled distilied water that has been cooled to
approximately 10°C.

b. Empty the pycnometer, and refill it with more of the cooled boiled distilled water.

¢. Insert the thermometer into the pycnometer, using a slow steady motion so as not to trap air
bubbles, and so that the capillary in the side arm is full of water, and the level of the water is flush
with the ground top of the side arm. Remove any excess water with a piece of filter paper.

d. Allow the pycnometer to stand at room temperature until the thermometer reads exactly
15.6°C. During this period, wipe the assembly dry several times with absorbent paper to remove
condensation.

NOTE: Avoid direct contact of the hands with the assembly.

e. When the thermometer reads exactly 15.6°C, place the overflow on the capillary side arm.
Wipe the entire assembly dry, paying particular attention to the depression at the rim of the
thermometer joint. Weigh the assembiy to the nearest milligram.

4.2 Repeat step 4.1 until two weighings agree within 3 mg. Use the average of these two values
for the weight of the pycnometer and water.

METHOD 510.1.1
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4.3 Determine the weight ot the pychometer containing the specimen and distilled water at
15.6°C as follows:

a. Place the specimen in the empty pycnometer and add hot. (preferably boiling) distilled water
until the pycnometer is approximately three fourths full,

b. Maintain the elevated temperature of the pycnometer contents by immersing the assembly in
a vessel containing hot water.

¢. Using a rubber tube, connect the neck of the pycnometer to a source of vacuum at
approximately 20 inches of mercury (508 mmHg).

d. With vacuum applied, intermittently close off the side arm opening with a finger until no more
air is removable from the grain perforations. Disconnect the tubing.

NOTE: If desired, the air bubbles may be removed from the grain perforations by placing the
pycnometer and contents in a vacuum desiccator.

e. Carefully fill the pycnometer with additional hot water, and chill the pycnometer and contents
to approximately 10°C.

1. Cautiously insert the thermometer into the pycnometer, using a slow steady motion so as not
to trap air bubbles, and so that the capillary in the side arm is full of water, and the level of the water
is flush with the ground top of the side arm. Remove excess water with a piece of filter paper.

g. Allow the pycnometer to stand at room temperature until the thermometer reads exactly
15.6°C. During this period, wipe the assembly dry several fimes with absorbent paper to remove
condensation.

h. When the thermometer reads exactly 15.6°C place the overflow cap on the capillary side arm.

Wipe the assembly dry, with particular attention to the rim of the thermometer joint. Weigh the
assembly to the nearest milligram.

4.4 Calculale the specific gravity of the specimen.
4.5 Calculation:

Specific gravity at 15.6 /15.6°C = AF
A+B-D

A = Weight of specimen.
B = Weight of pycnometer and medium.
D = Weight of pycnometer, specimen, and medium.

F = Specific gravity of medium at 15.6 /15.6°C.

METHOD 510.1.1




MIL-STD-286C

METHOD 510.2.1
SPECIFIC GRAVITY OF LIQUIDS (WESTPHAL METHOD)
1. SCOPE

1.1 This methed is used for determining the specific gravity of liquids by comparing the density
of the liquid with the density of water at 20°C, using a Westphal balance.

2. SPECIMEN

2.1 The specimen shall consist of approximately 200 ml of the tiquid, or sufficient liquid to fill the
cylinder.

3. APPARATUS

3.1 Glass cylinder, approximate diameter 25mm, length 150mm, or equivalent container suitabie
for use with Westphal balance.

3.2 Ice bath (or other suitable coolant).
3.3 Westphal balance.
4, PROCEDURE

4.1 Shake or stir the specimen thoroughly to ensure a uniform consistency, and transfer i to the
glass cylinder.

4.2 Place a thermometer in the cylinder, and suspend the assembly in an ice bath unlil the
thermometer reads approximately 19°C.

4.3 Remove the cylinder from the ice bath and place the cylinder on a Westphal balance. When
the thermometer reads 20.0 + 0.5°C adjust the balance, and record the reading.

4.4 Conduct the standard specific gravity determination of water at the same temperature, and

2.5 WV UWL UG Sl Qi Sl A Li—g=1=}

compare the value obtained with the value for specific gravity of water at 20°C cited in the standard
tables. (The difference between the two values is the correction factor).

4.5 Algebraically add the correction factor to the value obtained in para 4.3 for the specific
gravity of the liquid at 20 /20°C.
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. ' METHOD 510.3.1

DENSITY (AIR PYCNOMETER METHOD)

1. SCOPE

1.1 This method is used for determining the density of propellants by comparing the density of
the propellant with the density of air, using a pychometer.

2. SPECIMEN
2.1 The specimen shall consist of approximately 25 g of sample weighed to the nearest 0.01 g.

3. APPARATUS
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4. MATERIALS

4.1 Solid objects of known volume for calibration of the pycnometer.
5. PROCEDURE

5.1 Determine the volume of the weighed specimen as directed by the operating instructions
supplied with the air pycnometar.

5.2 Calculate the density of the sample.
5.3 Calculation:

Density = Where: M = Weight of the specimen, g.
. ensity = V = Volume of the specimen, ml.

2z
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METHOD 511.1
GRAINS PER POUND
1. SCOPE
1.1 This method is used for calculating the number of grains per pound of granular propeiiant.

TABLE 1. Grain count

Grains to
Single grains, grams be weighed
0.001t0 1.0 200
1.0105.0 100
5.01010.0 50
10.0t0 20.0 25
20.01040.0 10

2. PROCEDURE

2.1 Weigh a single grain of the propellant to the nearest milligram.

22 Onthe basis of the single grain weight, count out the number of grains prescribed in Table 1.
2.3 Weigh the grains to the nearest miiligram.

2.4 Calculate the number of grains per pound of propellant.

2.5 Calculation:

Grains per pound = _.."'_5“?&

Where:
A = Number of grains weighed.

W = Weight of number of grains weighed, grams.

METHOD 511.1
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METHOD 601.1.1

TITANOUS CHLORIDE (0.2N STANDARD SOLUTION)

1. SCOPE

1.1 This method is used for the preparation of a 0.2N sténdard solution of titanous chloride,
using as a base either a titanous chloride solution or titanium hydride.

2. APPARATUS

2.1 Storage system (figure 1) consisting essentially of:

a. -Solution botile, clear borosilicate glass
painted black.

. b. Kipp generator for maintaining a protective
atmosphere of carbon dioxide.

NOTE: A cylinder of inert gas may be used. However, a
special pressure release valve must be installed so that the
pressure on the buret and on the storage boltle is
approximately equal to prevent gassing of the solution in the
buret.

. . ¢. Buret, 50 ml.

2.2 Titration flask, (figure 2).

2.3 Filter paper, Whatman No. 41 ,iflutéd.
2:4 Hbtplate in a well ventilated hood.

3. MATERIALS

3.1 Titanous chloride, 20 percent solution or titanium
hydride.

3.2 Hydrochloric acid, 38 percent solution.
3.3 Inert gas (carbon dioxide o nitrogen), highest

purity, oxygen-free.

3.4 Potassium dichromate, Néltional Bureau of
Standards Sample No. 138, dried for two hours at 100°C.

|

KPP OLUTION
GENERATOR STORAGE
BOTILE

RUBBER 1

STOPPER
- 10 SOURCE TITRATION st
OF INERT FLASK
GAS
-—
GAS
*“BUBBLER

Figure 1. Storage system.

4 (ID)

l | 8(0D)

l jt= 70 ]
<«—=110 (OD) ~—»-

PYREX GLASS FLASK
BULB CAPACITY - 500ml|
ALL DIMENSIONS IN MILLIMETERS

Figure 2. Titration flask.

METHOD 601.1.1



MIL-STD-286C

3.5 Sulfuric acid, 10 percent solution.

3.6 Barium diphenylamine sulfonate indicator solution, as specified in Method 708.1,
NOTE: Sodium diphenylbenzidine sulfonate indicator solution, specified in Method 707.1, may be
used as an alternative, and will produce essentially the same end-point color in the titration process.
However, in case of dispute, use the barium diphenylamine sulfonate solution.

3.7 Ammonium thiocyanate indicator solution, 20 percent, as specified in Method 706.1

4. PROCEDURE

4.1 Prepare the 0.2N solution from 20 percent titanous chloride solution as follows:

NQTE: The proportions given in the following procedure will yeild one liter of solution. Normally 18
liters are prepared at one time.

a. Mix 150 ml of the 20 percent titanous chloride solution with 100 mt of 38 percent hydrochloric
acid. Dilute to 1 liter with distilled water.

b. Mix the solution thoroughly by passing a current of oxygen free inert gas through it

c. If necessary, filter the solution through No. 41 Whatman filter paper until the fiitrate is
completely clear.

d. Agitate the solution thoroughly with the inert gas for a few minutes, and store the solution in
the black bottle. Maintain the inert atmosphere during storage, using the apparatus shown in figure 1.

4.2 Prepare the 0.2 N solution from titanium hydride as follows:

a. For each liter of solution required, warm 100mi of 38 percent hydrochloric acid to 70 to 80°C
on a hotplate in a well ventilated hood.

b. For each liter of solution required use 12 g of titanium hydride.
CAUTION: This reaction must be conducted in a hood. Add the titanium hydride to the acid in small
portions to avoid excessive frothing. Remove all sources of heat since hydrogen is evolve which is
flammable and explosive. External heat is unnecessary since the heat of the reaction will maintain
the desired temperature.

¢. Add approximately 250 mi of oxygen free distilled water, and mix the solution thoroughly for 5
to 10 minutes by passing a current of oxygen free inert gas through it.

d. Filter the solution through the filter paper until the fitrate is completely clear.

g. Add 100 ml of the 38 percent hydrochloric acid dilute the solution to one liter with oxygen free
distilled water.

f. Agitate the solution with the inert gas, and store as described in para 4.1.

METHOD 601.1.1
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4.3 Standardize the solution as follows:
a. Attach the source of inert gas to the titration flask, and allow the gas to flow for 5 minutes to
displace the air in the flask. Continue the flow of gas through the flask throughout the entire titration
procedure.

b. Transfer to the titration flask 0.3 to 0.4 g of potassium dichromate, weighed to within 0.2 mg
and dissolve in 100 ml of distilled water.

¢. Add 50 ml of 10 percent sulfuric acid solution.

d. Titrate the solution with the 0.2N titanous chloride solution, until near the end point, as shown
by the change in color to green.

NOTE: The change in color is from brownish purple to purple, and to a distinct green.

e. Add five drops of the barium diphenylamine sulfonate indicator solution, and continue the
titration until the end point is reached, as shown by the appearance of a light green color, which does
not change to a light blue color for at least 30 seconds.

NOTE: The light green color will change to light blue upon standing.

4.4 Make a blank determination to correct for the presence of iron as follows:

a. Add 5 mi of the 20 percent ammonium thiocyanate indicator solution to the flask. If iron is
present, a ferric thiocyanate complex will form and the solution will change from light blue to deep red.

b. Back titrate the ferric thiocyanate complex with the 0.2N titanous chloride until the fight blue
color reappears.

4.5 Determine the milliliters of titanous chloride solution required to complete both the titration
and the back titration. Add the two values and apply buret and temperature corrections.

4.6 Calculate the normality of the titanous chloride solution.
4.7 Calculation:

Normality of titanous chloride = 0.04¢ 0&'54' B

Where:

A = Potassium dichromate, g.

METHOD 601.1.1



MIL-STD-286C

METHOD 602.1

SODIUM THIOSULFATE (0.2N STANDARD SOLUTION)
1. SCOPE |
1.1 This method is used.for the preparation of 0.2N standard solution of sodium thiosulfate.
2. APPARATUS
2.1 lodine titration flasks, 250 mi
2.2 Solution bottle, low actinic borosilicate glass (or clear borosilicate glass painted biack).
2.3 Buret, 50 ml.
3. MATERIALS
3.1 Sodium thiosulfate pentahydrate.
3.2 Sodium cabonate.
3.3 Hydrochloric acid, IN solution.
3.4 Potassium iodide, 15 percent solution (iodate free}.

o3.5 Potassium dichromate, National Bureau of Standards Sample No. 136, dried for 2 hours at
100°C.

3.6 Starch indicator solution as specified in Method 701.1.
4. PROCEDURE
4.1 Prepare the 0.2N solution of sodium thiosulfate as follows:

a. For each liter of solution desired, dissolve 52 g of sodium thiosulfate pentahydrate and 0.1 g
of sodium carbonate in sutficient treshly boiled and cooled distilled water to make one iiter.

b. Allow the solution to stand for at least 24 hours before standardization and use.

4.2 Standardize the solution as follows:

a. Dissolve 0.20 to 0.23 g of the potassium dichromate (weighed to within 0.2 mg} in 60 m1 of
distilled water.

b. Add 10 ml of the potassium iodide and 20 m! of the 1 N hydrochloric acid solution.

c. Stopper the flask, swirl the contents for a few seconds, and allow the flask to stand in the dark
for 10 minutes.

d. Titrate the contents of the flask with the sodium thiosulfate solution (swirling continuously)
until a light greenish brown color appears.

METHOD 602.1
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e. Add 5 ml of the starch indicator solution, and continue the titration until the deep blue starch .
iodide color changes to a pale bluish green.

4.3 Apply buret and temperature corrections, and calculate the normality of the sodium
thiosulfate solution.

4.4 Calculation:

. . . . A
Normality of sodium thiosulfate solution = 5754004 8
Where:

A = potassium dichromate, g.

B = Sodium thiosulfate, ml.

METHCD 602.1
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. METHOD 603.1 -

FERRIC AMMONIUM SULFATE
(0.15N STANDARD SOLUTION)

1. SCOPE
1:1 This method is used for the preparation of a 0.15N standard solution of ferric ammomum

sulfate. (The normality of this solution remains constant indefinitely).

2. APPARATUS : ' ) )

- -
2.1 Beaker, 600 ml. T l JOINT

o T . . .70
2.2 Cylinder graduated, 1000 ml, 1!
2.3 Filter paper, Whatman No. 1 or equivalent. I :

' ' 15
2.4 Titration flask (figure 1).
4 (ID)
2.5 Buret. l 8 (OD)
2.6 Solution bottle, borosilicate (part no MS536548-3). I
- |a= 70 --l
3.1 Hydrated ferric ammonium sulfate. BBIE%(A%%SI%F}?%%
ALL DIMENSIONS IN MILLIMETERS

3.2 SuMuric acid, 95 percent. Figure 1. :

Figure 1. Tiiration fiask.
3.3 Hydrochioric acid, 15 percent.

3.4 Ammonium thiocyanate, 20 percent solution as specitied in Method 706.1.
3.5 Titanous chloride, standard 0.2N solution as specified in Method 601.1, freshly standardized.
3.6 Inert gas {carbon dioxide or nitrogen), highest purity, oxygen free.

4. PROCEDURE

a. Pour 400 mi of distilled water into a 600 mt beaker, and add 75 g of hydrated ferric ammonium
sulfate and 25 m! of the 95 percent sulfuric acid solution.

b. Transier ihe soiution to a 1000 Ciliz C \
. water. Mix thoroughly by passing a current of air through the solution.

METHOD &03.1
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¢. Filter the solution through the Whatman No. 1 filter paper.

4.2 Standardize the solution as follows:

a. Atach a source of inert gas to the titration flask, and allow the gas to flow gently for 5 minutes
to displace the air in the flask. Continue the flow of gas through the flask throughout the titration.

b. Transfer an accurately measured portion of 40 to 45 ml of the ferric ammonium sulfate
solution to the titration flask. : .

c. Add 15 m! of the 15 percent hydrochloric acid solution.
'd. Titrate with newly standardized 0.2N titanous chloride solution until near the end point.

e. Add 5 ml of the ammonium thiocyanate solution, and continue the titration until the red color
just disappears. -

4.3 Apply temperature and buret comrections to the observed readings, and calculate the
normality of the ferric ammonium sulfate solution.

4.4 Calculation:

AN

Normality of ferric ammonium sulfate = B
Where:

A = Titanous chloride solution, ml.

B = Ferric ammonium sulfate solution used, mi.

N = Normality of titanous chloride solution.

METHOD 603.1
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. L0 - .1 2. . METHOD604.1.1-

FERROUS ‘A_.h_IIMONIUM SULFATE (0.7N SOLUTION)
1. SCOPE o S '
1.1 This method is u.sed tor thé preparation of ao. 7N solution of ferrous ammonlum sulfate
-2. APPARATUS
2.
a. Solution bottle, clear borosoiicg»teglass painted black.

. b. Kipp generator.

i . . L 7 Gc? & "gén'
B
~.C. Buret, 50ml. | -}0 _ | | -— ST
2.2 Tltratlon flask (flgure 1} - : i ’ ’/\; 20
2.3 Reﬂux condenser ) _ /\ 20
: C | 157 7/ ‘
2.4 Hotplate, three heat control
Y 4 (D)
\ 2.5 Pipette, 25 mi L l \ 8 (0D)
3. MATERIALS - T o : |
|4— 70 --l
3.1 Ferrous ammonium sulfate hexahydrate. -—— 110 {OD) —»
. . g . PYREX GLASS FLASK
3.2 Sulfuric acid, concentraled (1.84 specific gravity). BULB CAPACITY - 500ml
: ALL DIMENSIONS IN MILLIMETERS
3.3 Inert gas (nitrogen or carbon dioxide).

3.4 Ironfilings. Figure 1. Titration flask.

3.5 Hydrochloric acid, 15 parcent solution.

3.6 Glacial acetic acid.

3.7 Ammonium thiocyanate, 20 percent solution as specified in Method 706.1.
3.8 Titanous chloride, 0.2N standard solution as specified in Method 601.1

4. PROCEDURE

4.1 For each liter of solution, dissolve 275 g of ferrous ammoenium sulfate hexahydrate in
approximately 800 ml of distilled water, add 70 mi of the concentrated sulfuric acid and dilute to one
liter with distilled water.

METHOD 604.1.1



MIL-STD-286C

4.2 Mix the solution thoroughly with a current of inent gas, and store in the black coated bottle
(para 2.1) under an inert gas atmosphere.

4.3 Before storing the solution (and daily thereafter) run a blank determination on 25 ml of the
solution for the presence of ferric ion. If more than 0.5 mi of 0.2N standard solution of titahous
chloride is necessary to reduce the ferric ion present, add iron filings and warm the solution. The
blank determination is conducted as follows:

a. Attach a source of inert gas to the titration flask (figure 1) and allow the gas to flow genlly for 5
minutes to displace the air in the tlask. Continue the flow of gas through the flask throughout the
remainder of the determination.

b. Add accurately measured portions of 25 mi of the 0.7N ferrous ammonium sulfate solution, 25
ml of the 15 percent hydrochloric acid solution, and 25 ml of glacial acetic acid.

c. Attach the flask to the reflux condenser, and beil the solution gently for 5 minutes on the
hotplate. Then, without disconnecting the condenser, remove the flask from the hotplate.

d. Increase the current of inert gas (to keep air from entering the flask during cooling), and cool
the solution to room temperature by immersing the flask in cold water. Then disconnect the
condenser.

e. Add 5 ml of 20 percent ammonium thiocyanate solution, then titrate the contents of the flask
with 0.2N titanous chloride solution until the deep red color of the ferric thiocyanate complex
disappears.

NOTE: This volurhe of titanous chloride solution {usually 0.3 to 0.5 ml) must be subtracted from
subsequent titrations involved in the standard volumetric determination of a nitrate ester.

METHOD 604.1.1
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I METHOD 605.1

POTASSIUM BROMATE-BROMIDE SOLUTION

1. SCOPE

1.1 This method is used for the preparation of 0.2N and 0.5N standard solutions of potassium
bromate-bromide.

NOTE: These solutions are used in the determination of such propeliant constituents as ethyl

centralite, diphenylamine and 2 nitrodiphenylamine by volumetric bromination. The 0.2N solution is
also used for the periodic standardization of 0.1N standard solution of sodium thiosuifate.

2.0 APPARATUS
2.1 Borosilicate, glass bottle, 1 liter.
3. MATERIALS
3.1 Potassium bromate and Potassium bromide.
3.2 Sodium thiosulfate, 0.2N standard solution as specified in Method 602.1
4. PROCEDURE
. . 4.1 Prepare a 0.2N standard solution of potassium bromate-bromide as follows:

. Dry the potassium bromate in an oven for 2 hours at 100°C

o

o

. Place 5.6 g of the potassium bromate in a borosilicate glass bottle.

. Add 30 g of potassium bromide, and enough distilled water to dissolve the bromate.

(1]

d. Dilute the solution to one liter with distilled water.
e. Standardize the solution with a newly standardized 0.2N solution of sodium thiosulfate.
4.2 Prepare a 0.5N solution of potassium bromate-bromide as follows:

a. Dry the potassium bromate in an oven for 2 hours at 100°C.

o

. Place 13.9 g of the potassium bromate in a borosilicate glass bottle.

. Add 75 g of potassium bromide, and enough distilled water to dissolve the bromate.

Q

d. Dilute the solution to one liter with distilled water.
e. Standardize the solution with a newly standardized 0.2N sclution of sodium thiosulfate.

NOTE: The 0.5N standard solution of potassium bromate-bromide can be kept indefinitely.

METHOD 605.1
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METHOD 606.1.1
POTASSIUM PERMANGANATE (0.1N STANDARD SOLUTION}

1. SCOPE

1.1 This method is used for the preparation of a 0.1N standard solution of potassium
permanganate.

2. APPARA'_I'U"-S :
2.1 Beaker, 600 mt.
2.2 Hotblate.
2.3 Filter crucible chemical porcelain, filter disc if desired, porosity (ignited).
2.4 Buret, 50 ml.
2.5 Solution bottle, low actinic borosilicate glass (or clear borosilicate glass p_air]ted black.)
3. MATERIALS
3.1 Potassium permanganate.
3.2 Sodium oxalate, National Bureau of Standards Sample No. 40, dried fo} 2 hou'rs at 105°C.

3.3 Sulfuric acid solution prepared by adding 50 ml of concentrated sulfuric acid to 950 ml of
distilled water, boiling on a hot plate for 10 to 15 minutes; and cooling to room temperature.

4. PROCEDURE
4.1 Prepare the 0.1N solution of potassium permanganate as follows:

a. Dissolve 3.2 to 3.3 g of the potassium permanganate in approximately 300 mt of distilled
water for each liter of solution desired.

b. Boil the olution vigorously on the hotplate for 30 minutes.
c¢. Filter the solution through the ignited filter crucible.
d. Dilute the filtrate to the required volume with freshly boiled distilled water.

e. Let the solution stand at room temperature for at least 12 hours before standardization and
use,

4.2 Standardize the solution as follows:

NOTE: This precedure is essentially the method described by Fowler and Bright in The Journal of
Research, National; Bureau of Standards, Vol. 15 (1935), page 493.

METHOD 606.1.1
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a. Place 0.3 gm of sodium oxalate in the 600 ml beaker. Add 250 ml of the sulfuric acid solution .
(para. 3.3) and stir until lhe Oxalate has dlssolved

b. Add 39 to 40 ml of the 0. 1N potassnum permanganate solution to be standardnzed at a rate of
25 to 35 ml per minute, while stirring slowly.

¢. Allow the solution to stand until the pink color disappears {(approximately 45 seconds).

d. Heat the solution to 80 to 90°C., and complete the titration by adding potassium
permanganate solution drop by drop, allowing each drop to become decolorized before adding the
next. The titration may be considered complete when the faint pink coloration persists for 30 seconds.

4.3 Run a blank determination using exactly the same volume of solutions, omitting the sodium
oxalate.

4.4 Calculaie the normality of the potassium permanganate solution.
4.5 Caicuiation
‘ o - A ‘
Normalnv of potassium permanganate = = ——-=7n -~
v = Udo/bib-4y)

Where:

A= Sodium oxalate a.

B = Potassnum permanganate solutnon reqmred for the determmatlon ml.

C = Potassium permanganate solution reqmred for the blank, m.
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. METHOD 607.1

SILVER NITRATE (STANDARD SOLUTIONS)
1. SCOPE
1.1 This method is used for the preparation of 0.1N and 0.05N standard solutions of silver nitrate.

2. APPARATUS

3. MATERIALS
3.1 Silver nitrate, dried for 2 hours at 120°C.

4. PROCEDURE

4.1 Dissolve 16.989 g of silver nitrate in distilled water for 0.1N and use half this weight
for G.05N.

4.2 Transfer this solution quantitatively to the volumetric flask, and dilute to the required volume
with freshly boiled distilled water.

METHOD 607.1
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METHOD 608.1
POTASSIUM THIOCYANATE (STANDARD SOLUTION)

1. SCOPE

1.1 This method is used for the preparation of 0.05 N and 0.1N standard solutions of petassium
thiccyanate.

2. APPARATUS

2.1 Volumetric flask, one-liter.

3. MATERIALS

3.1 Potassium thiocyanale.

3.2 Silver nitrate, 0.05 N or 0.1N standard solution as specified in Method 607.1,

4. PROCEDURE

4.1 To prepare a 0.05N solution, dissolve 4.86 g of potassium thiocyanate in distilled water,
transfer to the one liter volumetric flask, and make up to volume with distilled water. A 0.1N solution

is prepared in exactly the same manner, except that 9.72 g of potassium thiocyanate is used.

4.2 Determine, by titration, the milliliters of silver nitrate solution equivalent to one millifiter of the
potassium thiocyanate solution of the same normality.

METHOD 608.1
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METHOD 6021

IODINE (0.02N STANDARD SOLUTION)

1. SCOPE

1.1 This method is used for the preparation of a 0.02N standard iodine solution.
2. APPARATUS
2.1 Borosilicate (or black giass bottle, 5 liter capacity minimum).
NOTE: A colorless borosilicate glass bottle painted black may be used.
3. MATERIALS

3.1 Resublimed iodine.

3.2 Potassium iodide (iodate-free).
3.3 Sodium thiosulfate, 0.2N standard solution as specified in Method 602.1.
3.4 Starch indicator.

4. PROCEDURE

4.1 Place 12.69 g of resublimed iodine in the pyrex amber glass bottle, and add a 256 mi solution
consisting of 15 g of potassium iodide and distilled water.

iturate the mixture until all the iodine has been dissolved.

4.3 Dilute the mixture to 5 liters with distilled water.

4.4 Standardize the solution with standardized 0.2N sodium thiosulfate solution using a starch

METHOD 609.1
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METHOD 701.1
STARCH INDICATOR SOLUTION

1. MATERIALS

1.1 Mercuric iodide.

1.2 Soluble starch (suitable for icdometry). 2g.

1.3 Water, freshly distilled.

2. PROCEDURE

2.1 Mix 2 g of the starch and several milligrams of the mercuric iodide (as a preservative) with a
litle distilled water. Add the mixture slowly to 500 mi of boiling distilled water. Allow the liquid to boil

for 5 minutes, then cool to room temperature.

NOTE: This solution should be stable for several weeks.

METHOD 701.1
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METHOD 702.1
METHYL RED INDICATOR SOLUTION
1. MATERIALS
1.1 Methylred, 0.1g
1.2 Ethyi alcohol, 95 percent 100 ml.
2. PROCEDURE
2.1 Dissolve the methyl red in the ethyl alcohol, while stirring.

NOTE: This solution is quite stable and should be effective for several months. For the average
titration involving 200 to 400 ml of solution, 3 to 4 drops of this indicator are used.

METHOD 702.1
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. METHOD 703.1

PHENOLPHTHALEIN INDICATOR SOLUTION
1. MATERIALS
1.1 Phenolphthalein, 0.1 g.
1.2 Ethyl alcohol, 85 percent 100 ml.
1.3 Sodium hydroxide, 0.5N solution.
1.4 Hydrochloric acid, 0.5N solution.
2. PRCCEDURE
2.1 Dissolve the phenoiphthalein in the ethyt alcohol.
2.2 Neutralize the acidity of the alcohiol by adding 0.5N sclution of sodium hydroxide, drop by

drop, until a faint pink ¢olor develops, then adding one drop of 0.5N hydrochloric acid solution until
the color is just discharged.

METHOD 703.1
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METHOD 704.1
METHYL ORANGE INDICATOR SOLUTION
1. MATERIALS |
1.1 Methyl crange 0.1 g.
1.2 Water freshly distilled: 100 ml.
2. PROCEDURE
2.1 Dissolve the methyl orange in the distilled water.

NQTE: This solution should be stable for several months.
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METHOD 705.1
FERRIC AMMONIUM SULFATE INDICATOR SOLUTION
1. MATERIALS
1.1 Ferric ammonium sulfate 20 g.
1.2 Nitric acid, 70 percent 25 ml,

W

1.3 Water, freshly distilled 300 m|,

2. PROCEDURE

2.1 Dissolve the ferric ammonium sulfate in the distilled water.
2.2 Heat the solution to boiling then add the nitric acid.

2.3 Filter the solution, and store in a borosilicate glass bottle.

METHOD 705.1
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METHOD 705.1
FERRIC AMMONIUM SULFATE INDICATOR SOLUTION
1. MATERIALS
1.1 Ferric ammonium sulfate 20 g.
1.2 Nitric acid, 70 percent 25 ml.
1.3 Water, freshly distilled 300 mi.
2. PROCEDURE
2.1 Dissolve the ferric ammonium sulfate in the distilled water.
2.2 Heat the solution to boiling then add the nitric acid.

2.3 Filter the solution, and store in a borosilicate glass bottle.

METHOD 705.1
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METHOD 706.1
AMMONIUM THIOCYANATE INDICATOR SOLUTION (20-PERCENT)
1. MATERIALS
1.1 Ammonium thiocyanate 20 g.
1.2 Water, freshly distilled: 80 ml.
2. PROCEDURE
2.1 Dissolve the ammonium thiocyanate in the distilled water.

CAUTION: This solution must be colorless for use as an indicator.

METHOD 706.1
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METHOD 707.1
SODIUM, DIPHENYLBENZIDINE SULFONATE INDICATOR SOLUTION

1. MATERIALS

1.1 Sodium diphenylbenzidine sulfonate 0.5 g.
1.2 Water, freshly distilled: 100 ml.

2. PROCEDURE

2.1 Dissolve the sodium diphenylbenzidine sulfonate in the distilled water.
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METHOD 708.1
BARIUM DIPHENYLAMINE SULFONATE INDICATOR SOLUTION
1. MATERIALS
1.1 Barikum diphenylamine sulfonate 0.32 g.
1.2 Water, freshly distilled: 100 ml.
2. PROCEDURE

2.1 Dissolve the barium diphenylamine sulfonate in the distilled water.

METHOD 708.1



MIL-STD-286C

METHOD 709.1

BROMTHYMOL BLUE INDICATOR SOLUTION
0.1 WEIGHT/PERCENT IN ETHANOL

1. MATERIALS
1.1 Bromthymol blue, 0.1 g.
1.2 Ethyl alcohol, 1:1, 100 ml.

2. PROCEDURE

2.1 Dissolve the bromthymol blue in the ethyl alcohol and filter if necessary.
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METHOD 801.1.2

QUICKNESS AND FORCE MEASUREMENT OF PROPELLANT
(CLOSED BOMB METHOD)

1. SCOPE

1.1 This method is used for determining the quickness and force of a test propellant, by a
relative or an absolute procedure. The relative quickness (RQ) value is defined as 100 times the
average of at least four ratios obtained from the rate of pressure rise of the test propellant divided by
that of the reference popellant calculated at prescribed pressure points (figure 1). The relative force
{RF}) is 100 times the ratio of the maximum pressure developed the test and by the reference
propellant. When several reference test combinations are fired, the RQ and RF mean, and range are
reported. T

s+ DPIDT vy
40 200 ] (MPams) (voLTs)
30 1.50 - |
|
Lo
20 1.00 - b
|
L
10 0.50 4 | ! I
| I |
A
/ S \/vx (max)
| i ] | .
. b1 : V.
¢ o T T Y T T T T ™ X
0. . 05 1.0 1.5 $ 2.0 PRESSURE (VOLTS)
0 54 B0 106 132 200 PRESSURE (MPa)’

Figure 1. Rate of Pressure Rise {(dp/dt) vs Pressure (p).

1.2 Absolute quickness (AQ) and absolute force (AF) do not involve a reference propellant and

closed bomb, dp/dt vs p curve. AF is expressed in MPa and is the maximum pressure attained. For
several firings, the AQ and AF mean, and range are reported.

2. SPECIMEN
2.1 Peak pressure developed by a test specimen in the closed bomb depends on the loading
density, defined as the weight of the sample divided by the volume of the closed bomb. This

pressure generally correponds to peak pressures in actual gun systems. The foillowing values are to
be used as a guide for propsllant.- All propellant sample weights shall be accurate within + 0.05 gram.

METHOD 801.1.2
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Loading Density

(grams per cubic Peak Pressure
i — (megapascals, MPa)
0.1 100 — 140
02 200-275

(One megapascal equals 145.037 pounds per square inch)
3. APPARATUS

3.1 Closed Bomb. Standard bombs are constant volume, thick-wailed cylindrical vessels
(capable of withstanding gun pressures) with inside diameter from 4.4 to 5.1 cm for the 200 and the
700 cm® bombs, and from 7.6 to 8.9 ¢m for the 2400 cm® bomb. The bombs shall be equipped with
firing electrodes to effect ignition, a pressure transducer, a gas release valve, and a thermocouple.
The bombs shall be surrounded by a temperature controlled water jacket to maintain the required test
temperature.

3.2 Data Acquisition system.

3.2.1 The data acquisition system shall consist of a calibrated pressure transducer, an analog to
digital converter, and a digital processor. Analog and digital filters wherever employed shall not
distort the pressure trace or its derivative. Further extension of the system can include a
differentiating circuit, an oscilloscope, and equipment for photographing the dp/dt vs pressure trace.

{figure 2.)

GAGE
ABSOLUTE
CALIBRATOR
DIGITIZED
ANALOG- _Ipn:ssun:
ol OIGITAL ol DISITAL OP/DT VS P
. FRULEIIUK An. AF
CONVERTER 'lnu. RF
PIEZ0-ELECTRIC
GAGE | .
ELECTRON1C
BIFELRENS 0SCILLOSCOPE
CALISRATOR ——pf J1TERE —! D7/DT ¥S P R
CIRCUIT TRACE
——
T
CALIBRATOR

Figure 2. Closed Bomb Data Acquisition.
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3.2.2 The constant time sampling interval for the pressure signal shall be chosen such that the
pressure rise between any two successive samples shall not exceed 10.0 MPa (for 0.2g/cm3 loading
density}. Numerical method shall be used to both smooth and differentiate the pressure data. The
resulting pressure and dp/dt data shall be equivalent to the input to the oscilloscope, thus providing
backup in case of equipment failure.

3.3 Pressure transducer.

3.3.1 The pressure transducer shall be piezo-electric type with a frequency response of at least

25 kilohertz and a response to applied pressure which is linear over the test range (0-275 MPa). The
transducer shall he calibrated neriodically (at least once a month) with a dead weighi tester and

(e LT L e MR G e T Pt eat [E=t 1wty e ol PR CS =t

readout device with an accuracy of Q. 1% If significant changes in gage sensrtfwty are noted, its use
should be discontinued. :

3.4 Ignition system.

3.4.1 For the 200 cm® bomb, the samples shall be ignited with an electric squib and 0.5 - 1.0
gram of black powder, or a fuze wire with guncotton and one gram of CBI. Heavier charges are used
in the larger bombs. A variant ignition system may be substituted subject to the approval of the
government.

4. PROCEDURE

4.1 The volume of the closed bomb shall be determined periodically or whenever any
component parts are changed. This can be accomplished by filling with water and measuring the
volume of the water.

4.2 The bomb and the propellant to be tested shall be conditioned to 21 + 1°C or to a variant
temperature subject to the approval of the government.

4.3 The loading density shall be selected to produce peak pressure in the closed bomb
comparable to that obtained in actual gun systems. All propeiiant sample weights shall be accurate
to within + 0,05 gram. (paragraph 2.1).

4.4 A warm-up shot shall be made prior 1o the start of the firing series. At least three firings of
both the reference and the test samples shall be used for computations. The closed bomb shall be
swabbed after each shot. .

5. CALCULATIONS

5.1 RQ and RF values by an analog oscilloscope trace shall be obtained by choosing the
sensitivity settings of the recording instruments so that the maximum pressure value (Vx max) lies
between 1.75 and 2.00 volts. The Vx max {(maximum pressure} is the maximum voitage attained
along the abscissa. The Vy measurements shall be made at Vx values of 0.50, 0.75, 1.00, and 1.25
volts. Vy is the voltage ordinate reading on a dp/dt vs pressure trace (figure 1). When the traces of
the reference and the test propellant are similar in shape, the RQ can be calculated directly from the
ratio.of the Vy values, and the RF from the ratio of the maximum abscissa voltages.

METHOD 801.1.2
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A sample calculation is shown for 3 reference and 3 test firings:

m
RF = _100 % |, Tpmaxi
m =1 (Rpmaxi)

Where:

m = number of reference or test firings.

n = number of data points per firings = at least 4.

Tii = dp/ct test propellant value of ith firing and jth data point.

Rij = dp/dt reference propellant value of ith firing and jth data point.
Tpmaxi = fesi propeiiant maximum pressure for ith firing.

Rpmaxi = reference propellant maximum pressure for ith firing.

100 , 15.065 +_21.264 + 28.717 + 35.694

RQioristfiing = =3~ (J4'985~ 21167 28110 35.088 ) = 101.270

100 ,15.382 + 21.381 + 28.841 + 35.763
a2 qa845 21174 27896 36370 ) - 102273

RQ for 2nd tirings =

. 100, 14.872 + 20988 + 28.544 + 35.639
RQfor drdtirings ~ —3= (3563 20.871 27600 a5.i77) = 101440

The above values are averaged to obtain the mean relative quickness, RQ = 1001.66.
The RQ range is 1.00.

RF for 1st firings = 100 (%;%%%%) = 102.989

ans EnN
« s [AVE R*IAY]
RF for 2nd tirings = 100 {__——}196.789 = 102.583

RF for 3rd firings = 100 (S3222%.) _ 102,559

The mean relative force becomes, RF = 102.71. The RF range is 0.43.

5.2 RQ and RF values by the direct digital process shall be obtained by the formulas of 5.1, with
the four pressure or voltage points chosen to correspond with those used for the oscilloscope. These
shall be at approximately 27, 40, 53, and 66% of the peak pressure or peak voltage measured for the
reference propellant. Data is smoothed and differentiated as in 3.2.2.

METHOD 801.1.2
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. 5.3 For analytical investigation of burning properties of propellant lots, an optional reporting
method consists of listing the rate of pressure rise in engineering units (MPa/ms) at the following tive
discrete pressures:

MPa: 7, 14, 21, 28, 35

For the higher pressure range, the average pressure time derivative is given over each of the
following 35 MPa intervals:

35-70 175 - 210
70-105 210245
105 - 140 245 - 280
140-175 e

METHOD 801.1.2
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METHOD 802.1
HEAT OF EXPLOSION (COMBUSTION) (ADIABATIC CALORIMETER METHOD)
1. SCOPE

1.1 The quantity directly measured in this bomb calorimeter procedure is the total or gross heat
of explosion or combustion of solid propellants. .

1.2 The method can be used to determine the calorific value of the following types of exothermic
reactions: -

1.2.1 Explosion of self-oxidizing solid propellant formulations in a nitrogen atmosphere.
1.2.2 Combustion of solid or fiquid substances requiting an oxygen atmosphere.

1.3 The method involves the burning of a weighed sample in a nitrogen or oxygen filled bomb
submerged in a measured quantity of water, all held within an adiabatic chamber.

1.4 The quantity of heat emitted from the bumning of the sample is measured by recording the
temperature of the water at the beginning and end of the experiment. By accurately measuring the
temperature rise in the water, and knowing the water equivalent of the calorimeter, the number of
heat units liberated can be calculated. The individual measurements are reproducible to within + 6.9
calories per gram at 95 present confidence limits.

2. SPECIMEN

2.1 Select a sample weight to give a-1 to 3°C rise in temperature. Weigh the sample to the
nearest 0.2 mg into a tared combustion cup. Recommended quantities are, 5.4 grams for double
base propellants and a 3 gram load for high energy composites.

3. APPARATUS"

Equipment Description

3.1 Calorimeter Series 1200 or 1241, Parr
Adiabatic Oxygen . Instrument Co., Moling,
bomb-type and retated Ifinois, or equivalent
equipment or equivalent

3.2 Calorimeter, Series 2900 or 1680, Parr

master controller Instrument Co., Moline;
' - llinois, or equivalent.

3.3 Calorimeter, bucket Accuracy £ 0.2 ml with

tilling system : . temperature control of
: +0.5°C, Parr No. 1561
or equivalent.

METHOD 802.1
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3.4 Thermometer,
ditferential or electronic

Differential 5°C range, 0.01°C
graduation, Beckman Instrument
Co., or equivalent.

Electronic 10°C range, 0.001°C
resolution, Parr Instrument
Co., Moline, lllinois or

equivalent.
3.5 Bafance torsion : 0.2g sensitivity, 5 kg capacity
3.6 Screens No. 20 and 50, USA Standard
. Sieves
4. MATERIAL
4.1 ‘Nitrogen Purified, maximum 0.01
‘ : percent oxygen
4.2 Oxygen Pﬁre
4.3 Benzoic acid pellets Calorific Standard Quality

1.0 or 0.2 gram size pellets;
Parr No. 3413 or 3414, or
equivalent.

5. CALIBRATION

5.1 The energy or water equivalent of the bomb calorimeter system is determined by measuring
the temperature rise produced in the system by the combustion of a known quantity of standard
benzoic acid.

5.2 Accurately weigh to 0.1 mg a specimen of benzoic acid in a tared combustion cup. Place
the cup in its holder on the bomb head and bring the fuse wire in contact with the specimen using the
procedure described in the manufacturer's manual. Place the assembled bomb head, along with one
m! of distilled water in the bomb and screws on the retaining cap.

5.3 Volumetrically fill or tare the calorimeter bucket and fill with 2000 + 0.2 g of distilled water.
Pressurize the bomb with 25-30 atmospheres of oxygen and then submerge it in the calorimeter
bucket and attach the ignition wire to the firing terminal of the bomb. Observe the submerged bomb
for gas leakage as evidenced by bubbles. Do not fire the bomb if it is leaking.

5.4 Place the calorimeter bucket inside the calorimeter jacket, close the cover and lower the
thermometers in position. Turh on the automatic teperature controller and allow ten minutes to

establish temperature equilibrium between the bomb bucket and the calorimeter jacket. Record the
initial temperature. Fire the charge.

METHOD 802.1
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5.5 Allow the temperature in the calorimeter to equilibrate with the temperature in the-bomb
bucket. (Adiabatic conditions may also be maintained by manual manipulation of the hot and cold
water supplies). Record the final maximum temperature when three identical readlngs have been
made at one minute intervals. .

5.6 Measure the unburned fuse wire so that the measured heat of combustion may be corrected
for the heat contributed by fuse wire. Calculate the water equivalent using the equation given below.
Calibrate each calorimeter system monthly. , i .

E = (6318) (m + (C) + (e1)
aT

Where:
E= \n‘rater equivalent of-celorimeter in ealories per degree centrigrade.
6318 = heat of combustion of standard benzoic acid in calories per gram.
m = weight of standard benzoic acid sample in grams.

‘ . C = eorrection for combustion of fuse wire in calories.

T = temperature rise, in degrees centrigrade, corrected for thermometer error.and emergent
stem correction.

= correction for the heat of formation of nitric acid in calories.

5.7 Ahernate Method. Activate Parr Master Control Systems for high precision reference
methed as specified in ANSIFASTM standard method D2015 with the following steps:

5.7.1 After the operator phshes the start button and enters the three pieces of data needed to
start the run, the Master Control shifts to the Pre-period mode and holds in this mode for § minutes to
obtain a stable temperature in the calorimeter. .

5.7.2 At the end of the 5 minutes pre-period the Master Control starts to take and compare
temperature readings at 30 second intervals.

5.7.3 When it finds that the temperature has remained constant within 0.001°C for two minutes
(5 consecutive readings) it fires the bomb and records the average of these five readings as the initial

temperature.

‘5.7.4 It then checks the temperature 50 seconds after firing. If it observes a temperature rise of
at least 0.05° during this period, it assumes that ignition was obtained, and the system then shifts into
the Post period mode.

5.7.5 The Master Control now looks for a new equilibrium temperature, again taking the
comparing readings at 30 second intervals.

- 576 When the temperature has remained constant within 0.001°C for two minutes (5

consecutive readings) it averages these five readings and records the average as the final
temperature. This completes the test.
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6. PROCEDURE

6.1 Cut high energy cast propellant and high energy propellant into 1/8 inch cubes. (Casting
powder will not be ground for this test). Prepare double base propellants in accordance with Method
509.3

6.2 Attach a 10 centimeter length of fuse wire to the elecrodes in accordance with the
manufacturer's instructions.

6.3 Select a sample weight to give a 1 to 3°C rise in temperature.
6.4 Weigh the sample to the nearest 0.1 milligram into a tared combustion cup.

6.5 Place the combustion cup in the holder beneath the bomb head and bring the fuse wire in
contact with the sample.

6.6 Place the bomb head in the bomb cylinder and screw on the retaining cap.

6.7 Tare the bomb bucket and fill with 2000 £ 0.2 grams of distilled water. Assemble the bomb
which has been twice purged with nitrogen and then pressurized with 25 atmospheres of nitrogen.

6.8 Inser the bomb bucket into the calorimeter jacket and submerge the bomb in the bomb
bucket and attach the ignition wire to the bomb.

6.9 Observe the submerged bomb to determine if gas leakage is occurring as evidenced by
bubbies.
CAUTION: DO NOT FIRE BOMB IF IT IS LEAKING.

6.10 Close the cover and if using a differential thermometer, lower the thermometars into
position.

6.11 Turn on the automatic temperature controller and allow ten minutes to establish
temperature equilibrium between the bomb bucket and the calorimeter jacket. (Adiabatic conditions
may be established and maintained by manual manipulation of the hot and cold water supplies.)

6.12 Record the initial temperature. Fire the charge.

6.13 Allow the automatic temperature controfier to equilibrate the bomb and jacket temperatures
after firing.

6.14 Record the final maximum temperature when three identical readings have been made at
one minute intervals.

8.15 Alternate method. Activate Parr Master Control Systems for high precision reference
method as specifed in ANSI/ASTM Standard Method D2015 with the following steps.

6.15.1 After the operator pushes the Start button and enters the three pieces of data needed to
start the run, the Master Control shifis to the Pre-period mode and holds in this mode for 5 minutes to

stable temperature in the calorimeter.
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6.15.2 Al the end of the 5 minute pre-period the Master Control starts to take and compare
temperature readings at 30 second intervals.

6.15.3 When it finds that the temperature has remained constant within 0.001°C for two minutes
(5 consecutive readings} it fires the bomb and records the average of these five readings as the initial
temperature.

6.15.4 It then checks the temperature 50 seconds after firing. If it observes a temperature rise of
at least 0.05°C during this period, it assumes that ignition was obtained, and the system then shifts
into the Post Pericd mode.

6.15.5 The Master Control now looks for a new equilibrium temperature, again taking and
comparing readings at 30 second intervals.

o

onstant within 0.001°C for two minutes (5

s and racords the averane as the final

6.15.6 When the temperature has remamed

[H Air
"Gr"eculi'\r‘e readaing |9a} it averages these five rea

temperature. This completes the test.

6.16 Remove the bomb from the calorimeter, release the pressure into a hood, disassemble and
clean. Calculate the heat of explosion.

6.17 Calculation:

(E) (aT)

Heat of Explosion {Q) = m
Where:

Q = heat of explosion in calories per gram.

E = water equivaient in calories per degree centigrade.

aT = Temperature rise in degrees centigrade corrected for thermometer error and
emergent stem correction.

m = weight of sample in grams.

METHOD 802.1
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' 'METHOD 803.1.1

LINEAR BURNING RATE OF PROPELLANTS
(STRAND BURNER METHOD)

o1,

1. SCOPE

1.1 This method is uséed to determine the linear burning rate of propellants by the strand burner
technique. The data is obtained as designated pressures and temperatures. It is used to determine
whether specific lots of rocket propefiants fuffrH the rate and performance requirements. This method
is difficult to use when the burning rate exceeds 3inches per second. (All test temperatures will be-
considered in degrees Fahrenheit ( F) and the pressures in pounds per square mch {psi}.

.2, SPECIMEN

2.1 The specimen under test is characierized by the raies obtained ai'the various pressures and .
temperatures. Specimens that are cylindrical in shape, 6" to 7" long, with a diameter of 1/8" to 3/8"
are preferred, but need not necessarily be round or symetrical. The length requirements is not
absolute, but should be a minimum of three inches. For the best results, the burning rate should be
obtained overd Iength of 5 rnches and must be made to-burn vemcally

2.2 Specimens should be fired at 200 psi rntervats {or Iess) at a minimum of three pornts above
and beldw the required pressiire range.” Firings should be made at low, lntermedral and high
temperatures or as specitied in the applicable propellant specification.

2.3 At each pressure level single tests are conducted, unless otherwise requested, or the
operator.on observing his pressure vs. buming rate plot, detects a questionable rate. Single tests are
usually adequate; in critical regions of pressure and temperature dupllcate resutt may be advrsable

-3 APPARATUS
3.1 Bomb (Test cell and holder) The bomb is a Crawford type Strand Burning Rate Bomb. ltis
made of type 303 stainless steel, and has a volume of approximately 60 cubic inches. It has an
0- Rlng closure anda 5000 psi workrng pressure Each unit must be hydro- statrcally tested for 30
[T i ] me e g e 2 Py TPy 1y | T e | Alamteinnl taidrimm AAantasts far

minuies at IU 000 |Jb| pressure. Ille [S10 10018 stiall be gqiiipped with electrical wuulg, LUliauid Wi
ignition and timing, and an opening for pressurizing and exhausting gass.

3.2 Temperature conditioning bath. Three conditioning chambers with the followrng ranges and
capacities as necessary. . .

3.2.1 Het?"'Range'from130~to 210°F controliable to + 1°F. -

il

3.2.2 Ambient: Range from 50 to 105°F controllable to + 2°F.
3.2.3 Cold: Range from -85 to +30°F controllable 1o + 2°F.

Each conditioning chamber should contain one burning rate bomb and one conditioning
chamber. The tow temperature bath is cooled by mechanical refrigeration. The ambient temperature
bath has both mechanical refrigeration and electrical heating. The hrgh temperature bath has
electrical heaters.
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3.3 Electrical system. The electrical system consists of the following:

3.3.1 Ignition, timing and control unit containing timing clock, relay circuits, ignition transformer,
and electrical continuity check.

3.3.2 Temperaiure contro of unit for nhtarnma the required test temperatura.
3.3.3 Pressure control unit set to regulate compressor at preset pressures.

3. 4 Gas storage system and compressor. The gas storage system shall consist of a storage

nle Tha
tank of Gppl'oxilllﬂ“;l’ one half cubic fool. The gas compressor shall have g capacily of 14 scfm at

2200 psi suction nitrogen, and 1 sctm at 300 psi suction nitrogen . Minimum discharge pressure §000
psi All connections, fittings, and tubing shall have a minimum rated capacity of 10,000 psi and made
of type 304 stainless steel. The tanks shall be rated at 7,500 psi operating pressure and be
hydrostatically tested to 10,000 psi. The system shall have all necessary controls and instruments to
automaticaily maintain a constant supply oi nitrogen gas oi 500 psi.

NOTE: 1 psi=6.9kPa

3.5 In addition a bank of nitrogen cylinders shall be available and connected in a suitable
manner to supply sufficient gas directly to the test chambers and to the compressor.

3.6 Allfittings and connectors from test chambers, control board, compressor storage system
and nitrogen cylinder bank shall be rated at the 10,000 psi working level.

3.7 Gages. Pressure gages necessary for this operation are as follows:

3.7.1 A calibrated gage of 5000 psi capacity graduated in 10 psi. This gage is used to observe
and control the pressure at which the strands are burned.

3.7.2 One surge tank and one storage tank gage, each of 6000 psi capacity, graduated in 50 psi.
These are used to indicate the amount of nitrogen gas in these tanks.

3.7.3 One anlfold tank gage of 3000 psi graduated in 50 psi. Thig gage indicates the pressure
T b -.:u.-.._.. PR frnda mmm sdirantha tha tnet nlharaba nA aten tn tha amnracenr
Iy e run yb'll byllllub’l Wlllbll 1OTUD yaos UIIUUII,’ tU I.IIG [3-1= 19 ¥ ] |ﬂlI|UGID ﬂl N RISV LW AW uv VI sl

4. MATERIALS
4.1 Nitrogen gas of 99.9% purity.

4.2 Compound bituminous, solvent type, black, {see 5.1.1). Polyvinyl alcohol solution and
polyvinyl chloride may be used as an alternate coating inhibitor.

4.3 Nichrome wire No. 26 gage.
4.4 Fuse wire 0.50 ampere.
4.5 Fuse wire 0.25 ampere.

4.6 Fuse wire 1.0 ampere.
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5. PROCEDURE
5.1 Preparation of strands:

5.1.1 Strands shall be approximately seven inches long and 1/8" diameter. The strands are
clamped at the top by clips an into a bath of the Bituminous Compound (4.2), which is maintained at
75°F. They are then suspended in racks and air dried. This operation is repeated three times or until
an adequate inhibiting coat is obtained. The Bituminous Compound (4.2) may be thinned with
gasoline if required. The compound dries in about three hours. A good coating is needed to assure
vertical burning. Any other inhibitor may be used provided that it does not react or dissolve the
propellant or interfere in any way with propellant burning.

5.1.2 The inhibited strand is placed in a jig which has three holes. One is 1/4" from the top of
the strand and 1/4" above a second hole. A third hole is drilled exactly 5" below the second hole. All
holes are drilled with a No. 80 drill bit. Four inches of nichrome wire {4.3) is threaded through the top
for ignition, and four inches of fuze wire (4.4 or 4.5) depending on the flame tempaerature and the
burning rate of the propellant, is threaded through the two holes which are exactly 5" apart. These
fuse wires are the timing wires. They start and stop the timing circuit as the strand burns. The jig
holds the strand firmly and assures the accurate and reproducible drilling of each hole. See figure 1
for alternate test specimen setup.

5.2 Test method. The required number of
strands shall be prepared. The conditioning
baths shail be checked for temperature and
temperature control.

5.2.1 The bomb head shall be then placed [w— 1/8

into the body and screwed into position.
[l 26 GAGE ALUMEL OR

== CHROMEL WIRE

M= 42 OR 1
AMP FUZE WIRE

5.2.3 The connector from the timing and
control unit shall be attached to the bomb and
each bomb shall be tested to assure the proper
electrical continuity. 2

) | Ly

5.2.4 The bombs in each of the three (e 1/2 OR 1
conditioning baths, which are in series with each 7 12 T AMP FUZE WIRE
other, and the surge tank shall be pressurized to

the required level and the strands shall be 2.00
conditioned to the bath temperature. (This takes *
approximately 10 minutes). The three bombs T V2 0R T e
and the surge tank shall be isolated from the rest | A pRes
of the system by closing the proper valves. 2-f°
5.2.5 The clock shali be reset to zero and ~ }—1/2 OR 1
the firing switch to one of the bembs shall be ° Y v AMP FUZE WIRE
closed. As the strand burns, gas is exhausted in mmanog. 2 COATS PVC
order to maintain the original pressure (x 10 psi). AND 3 COATS PVA
(The surge tank acts, therefcre, as a ballast).
The times of burning (between the two fuse
wires) shali be recorded, converted to a burning Figure 1. Typical inhibited burning-rate strand,

rate, and plotted as a function of pressure. The

METHOD 803.1.1
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calculation shall be made as soon as possible in order 1o determine whether a rerun is necessary.

5.2.6 After all three bombs have been fired, they are isolated from the rest of the system as the
gases are exhausted. The heads shall be then cleaned and new strands shall be mounted in position.

6. CALIBRATION

6.1 Gages. The surge tank, manifold, and storage tank gages shall be calibrated at least twice a
year. The precision gage used to measure and monitor the exact pressure in the bomb shall be
calibrated at least once every three months.

6.2 Thermometers. All thermometers used shall be checked once a year.

7. CALCULATIONS

7.1 The conversion of time of burning to the burning rate is obtained by the direct division of the
length of strand burned (usually 5 inches) by the time of burning in seconds.

NOTE: "When ulilizing alternéte test specimen setup, the three incremental burning times shall be
averagéd prior to conversion.

7.2 The rate of burning at a given temperature is then plotted against the pressure in psion
log-log paper. All three temperature curves are usually plotted on the same graph.

13 A nomograph can also be sed The tim

__________ A ALl alee ml

e in
corresponds to the Uumlug ate when properly alligne

seconds is etched on the straight edge, and
d onthe lo g log pap"r

7.4 The average bummg rate, ro, of each measured length of strand between fuse wires is
determined for each strand to the nearest 0.001 in/sec and the resulls averaged. Provided that three
clocks and three equal increments of strand length are used in the testing of each strand, the
foliowing procedure may be used for accepting or rejecting data and providing a basis for partial
retesting it such appears desirable. The burning rates for each of the three increments of length are
recorded for each strand. The burning rate for the slowest burning increment of each strand is
subtracted from the burning rate for the fastest burning increment of the same strand. Wherever this
difference exceeds a value, ro, defined in the applicable specification, the reported value of average
burning rate, ro may be determined by averaging the burning rate . However, if no two burning rates
of the three increments of a strand agree to within a specified value, ro, of one another, a second
strand may be burned to replace the unsatisfactory data. If failure of one of the three clocks should
occur during burning of a strand, the average burning rate may be determined from the rates.
calculated from the other two clock readings provided that these two burning rates do not differ by
more than ro. If failure of more than one clock should occur, another strand shall be burned to
replace the unsatisfactory data. The strands required for any desired replacement of unsatisfactory
data shall be taken frcm extra strand provided for in the ¢riginal test sample.

7.5 Detailed computation procedures for each type of rocket propeltant powder are included in
the applicable specification.

METHOD 803.1.1
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. : : METHOD 804.1

QUICKNESS AND FORCE MEASUREMENT OF PROPELLANT
(ALTERNATE CLOSED BOMB METHOD}

1. SCOPE

1.1 This test method is used to obiain data for determining the relative quickness (rate of
pressure rise) and relative force (maximum pressure) of test propellant under varying conditions of
pressure, loading density and temperature.

1.2 Relative quickness (RQ) is defined as the ratio of dp/dt in psi‘sec of the test propellant to the
dp/dt of the standard propellant taken at the same pressure, initial temperature and loading density in
the same closed bomb. (figure 1.)

DP/DT Vy

30 1.50 ~

- e — e = — e -

{
i
|
10 0.50 + |
- |
| i Vx (max)
Ly
|
o o0 v : Y ,—-vx
0 0.5 1.0 1.5 $ 2.0 PRESSURE (VOLTS)
0 54 80 106 132 200 PRESSURE (MPa)

--------------

Figure 1. Rate of Pressure Rise (dp/dt) vs Pressure (P).

1.3 Relative force {RF) is defined as the ratio of the maximum pressures developed between the
test propellant and standard propellant when tested in the same closed bomb, at the same loading
density and same initial temperature.

2. SPECIMEN

2.1 The peak pressure developed by a test propellant in the closed bomb is dependent on its
loading density g/em®, defined as the weight of the sample divided by the volume of the closed bomb.
. This pressure generally corresponds to peak pressure in actual gun systems. The following loading

METHOD 804.1
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density values are to be used as a guide for propellant testing. Propellant sample weight shall be
accurate within 0.05 g.

Loading density Peak pressure
¢ ) ( ls. mPa)
0.1 100 - 140
0.2 200-275

(One megapascal equals 145.037 pounds per square inch)
3. APPARATUS
3.1 Closed bomb

3.1.1 Standard bombs are constant volume, thick-walled cylindrical vessels (capable of
withstanding gun pressures) with inside dlameler from 4.4 10 5.1 cm for the 200 and the 700 cm?®
bombs, and from 7.6 to 8.9 cm for the 2400 cm® bomb. The bombs shall be equipped with firing
electrodes to effect ignition, a pressure transducer, a gas release valve, and a thermocouple, The
bombs shall be surrounded by a temperature controlled water jacket to maintain the required test
temperature.

3.2 Data acquisition system.

3.2.1 The data acquisition system shall consist of a pressure transducer, a calibrated electronic
circuit for pressure, an analog to digitat converter of at least twelve bits, and a digital processor.
Analeg filters employed shall not degrade the pressure trace. Further extension of the system may
include a calibrated electronic circuit for dp/dt, a cathode ray escilloscope, and equipment for
photographing the dp/dt vs pressure trace.

3.2.2 The constant time sampling interval for the pressure signal shall be chosen such that the
pressure rise between any two successive samples shall not exceed 10 MPa (for 0.2 g/cm3 loading
density). Numerical methods shall be used for both smoothing and differentiating the pressure data.
The resulling pressure and dp/dt data shall be equivalent to the input to the oscilloscope, thus
providing backup in case of equipment failure.

3.3 Pressure transducer

3.3.1 The pressure transducer shall be piezo-electric type with a frequency response of at least
25 kilohertz and a response to applied pressure which is linear over the test range (0-275 MPa). The
transducer shall be calibrated periodically (at least once per month) with a dead weight tested and
readout device with an accuracy of 0.1%. f significant changes in gage sensitivity are noted, its use
should be discontinued.

3.4 Ignition System.
3.4.1 Forthe 200 cm® bomb, the samples shall be ignited with an electric squib and 0.5 - 1.0
gram of black powder, or a fuze wire with guncotton and one gram of CBIl. Heavier charges are used

in the larger bombs. A variant ignition system may be substituted subject to the approval of the
government.

METHOD 804.1
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4. PROCEDURE

4.1 The volume of the closed bomb shall be determined periodically or whenever any
component parts are changed. This can be accomplished by filling with water and measuring the

volume of the water.

4.2 The bomb and the propellant to be tested shall be conditioned to 32.2 + 2°C or to a variant
temperature subject to the approval of the government.

4.3 The loading density shall be selected to produce peak pressure in the closed bomb
comparable to that obtained in actual gun system. All propellant sample weights shall be accurate to

within + 0.05 gram. (para 2.1).

4.4 A warm-up shot shall be made prior to the start of testing. Firings of reference and test
propellants shall be made and records of the results for RQ and RF shall be retained; at least 3 firings
of both the reference and the test samples shall be used for computations. The closed bomb shall be

swabbed after each shot.
5. CALCULATIONS

5.1 Calculations (A typical sample calculation is show for 3 reference and 3 test firings):

™3
=
o
Iz B=]
2=

1
™ol e
m -
T L (o
Where:
m = number of reference or test firings.
n = number of data points per firings = at least 4.
Tij= dp/dt test propeliant value of ith firing and jth data point.
‘Rij = dpy/dt reference propellant value of ith firing and jth data point.
Tpmaxi = test propellant maximum pressure for ith firing.
Rpmaxi = reference propellant maximum pressure for ith firing.

. 100, 17.26 + 23.76 + 29.76 + 35.76
RQforlstfiings = ~4~(7575 2326 2926 3550/ = 10189

g 100 17.00 + 2376 + 29.76 + 36.00.
RQforendfiings = ~4~(J576 2326 2000 3528 =

102.07

g 100, 17.26 + 23.76 + 29.76 + _36.36
RQfor3rdfiings = —3(g75 23650 2926 35.26! = 10216

METHOD 804.1
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The above values are averaged to obtain the mean relative quickness.
RQ = 102.04
The RQ range is 0.27

RF for Ist firings = 100 (y'gag ) = 100.00

1.838

RF for 2nd firings = 100 (m) 101.38

It

RF for 3rd firings = 100 ( 11'%3%’

100.65

The mean relative force becomes RF = 100.68. The RF range is 1.38.

An alternate method may be used by averaging the individuat voltage steps from a minimum of 3
standards and computing as follows:

roris s - -5 S B B - o

g 100 17.00 + 23.76 + 29.76 + 36.00
RQfor2ndfiings = 4= (757 2334 29.17 a534) = 10178

100 17.26 + 23.76 + 29.76 + 3626, .. ..

RQfor3rd firings = =4 (7576 2334 29.17 35.34) =

The above values are averaged to obtain the mean relative quickness.

RQ = 102.04

The RQrange is 0.57

- e

RF for Ist firings = 100 (—%o—) = 100.44

RF for 2nd firings = 100 (1188?3% = 100.44

RF for 3rd tirings = 10 (%%—) =101.09

The mean relative force becomes RF = 100.66. The RF range is 0.65

METHOD 804.1
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5.2 RQ and RF values by the direct digital process shall be obtained by the formulas of 5.1 with
the four pressure or voitage point chosen to correspond with those used for the osciiioscope. These
shall be at approximately 27, 40, 53 and 66% of the peak pressure or voltage measured for the
reference propellant firings. Data is smoothed and differentiated as in 3.2.2.

—E—> CALIBRATED
[ PRESSURE
z AND dp/dt

CIRCUITRY

ANALOG-

caLlaRATION [—J

- DIGITIAL
DIGITAL PROCESSOR
CONVERTER
BACK-UP RQ
OSCILLOSCOPE| ____o.
dp/dt vs {FQ
P TRACE

Figure 2. Closed Bomb Data Acquisition.
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