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SUMMARY

The entire problem of determining carbon black and graphite in
nitrocellulose~base propellants was investigated, It is shown that
available methods for the determination of carbon black leave much
to be desired, especially if carbon black and graphite are both pre-
sent. A new spectrophotometric method for the determination of
carbon black in propellants is proposed that depends upon the yellow
color obtained when carbon black is dissolved by boiling with nitric
acid. Channel blacks aad smaller size furnace blacks (the usual
carbon blacks found in nitrocelliulose-base propellants) require 3
hours of boiling, while larger size furnace blacks and fine thermal
blacks require 5 hours boiling. The color is due to polycarboxylic
acids with cyclic nuclei, It is suggested that an absorptivity
factor be established by the use of the same type of carbon black
as was used in the propellant. The absorptivity factors obtained
for different types of carbon blacks are tabulated. Before the

development of the color, the carbon black is separated by dissolution

of the propellant iun morphcline and filtration through a sintered
porcelain crucible containing an asbestos mat. The residue is
washed with acetone, hot water, and hot hydrochloric acid. The
range of the spectrophotometric method is 0 to 0.5%. Carbon black
in the range of 0.15 to 10% can be determined gravimetrically after
the morpholine separation., Graphite does not interfere with the
spectrophotometric method for carbon black but does interfere with
the gravimetric method, If both carbon black and graphite are to
be determined, the total of carbon black and graphite is detex-
mined gravimetrically after the morpholine treatment, the carbon
black is determined spectrophotometrically by treating the com-
bined residue with nitric acid, and the graphite is calculated by
difference, Improved gravimetric procedures are proposed for the
determination of graphite in nitrocellulose-base propellants by
the morpholine, nitric acid, and nitric-hydrochloric acid methods,
Also described is an improved procedure for the determination of |
graphite and tin on the same sample, The results obtained for

all the methods for graphite are compared.
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I. SUMMARY

The entire problem of determining carbon black and graphite in
nitrocellulose~base prcpellants was invescigated. It is shown that
available methcds for the determinaticn of carbon black leave much to
be desired, especially if carbon black and graphite are both present,
A new srpectrophotometric method for the determi...tion of carbon black
i propellants is proposed that depends upon the yellow color obtained
when carbor black 25 dissclved by boiling wicth nitric acid. Channel
blacks sand smaller size furnace blacks (the usual carbon blacks found
in nitroceliulcse~base propellants) require 3 hours cof boiling, whiie
larger size futnace blacks and fine thermal blacks rejuire 5 hours
boiling, The ccicr {8 due tc polycarboxylic acids wich cyclic nuclei,
It 13 scgpested that an abscrptivity factor be established by the use
of the same type cf carbon black as was used {2 the propeilant. The
absorptivity factors obtained for different types of carbon blacks
are tabulated, Before the development of the coler, the carbon black
18 separated by dissolution of the prcpellant in morpheline and file-
tration through a4 sintered porcelain crucible ceatalning an asbestes
mat., The residue is washed with acetone, hot water, and hot hydro-
chloric acid, The range of the speztrophotemetric methed is 0 to
0.5%. Carbcn black in tke range of 0,15 to 10% can be determined
gravimetrically after the mcrpholiine separaticn., Graphite does not
interfers with the spectrophotometric method for carbom black but
does interfeve with the gravimerri: methed., If both carbon black
and graphitz are to be dertermined, the total of carbon black and
graphite {3 decammined gravimetrically after the morpholine treatment,
rhe carb:n black 15 determined spectrophotometrically by treating
the combinsd residue withk nitric acid, andthe graphite is calculated
by dirffereace, Improved gravimetxyic procedures are proposed for the
determination of graphite in nitrccelluicse-base propellants by the
morpholine, nitric acid, ani nitric-hydrochloric acid methods. Alsc
described is an improved procedure for the detexmination of graphite
and tin 31 the same sample, The results obtained for all the methods
for graphite are compared,

I1. RECOMMENDATIONS

It is recommended that the improved procedures for carbon black
and graphite be incorporated intc the militaxry specification for
propellants (MilL-STD-286A, Miiitary Standard, Propellants, Solid:
Sampling, Examination, and Testing).

*»

IR | s




III, INTRODUCTION

Carbon black is frequently added to propellants to improve the
burning characteristics ard decrease the heat radiation to the inte-
rior of the grain, Graphite is added to propellants tc modify its
burning characteristics or is applied as a glaze to act as a lubri-
cant and prevent the accumulaticn of static electricity. Some
prcpellacts contain both carbon black and graphite.

The methods presently used foxr the determination of carbon
black and gcaphite leave much t> ba desired. This is especlally
zrue for caerbse black. This arsenal, therefcre, uadertcok an in-
vestigaticn ~m the sntire problem of determining carben black and
graphite irn propellants with the view of developing improved pro-

cedures,

IV, STUDY

A, FPREVIOUS METHODS FOR THE DETERMINATION OF CARBON
BLACKR AND GRAPHITE

1. Carbon Black

Catrbon black in propellants has been determined by the following
metheds:

a. Digestisn with concentrated nitric acid =2r 1 to 1 nitric
acid at gentlie heatr, filrratisn thriugh a Gooch crucible,washing with
acetsne (:r a mixturz of ether and acetone). drying at 120° to
130° C., weighing, heating at 600° t- 650° C., and taking the loss
in weight to be carbon black (15, 24).

b. Dissoluticn In scdium hydroxide solution and hydrogen
peroxide, filtration, and proceeding as in a (19).

¢. Dissclution ir sulfuric acid and hydrogen peroxide,
filtration, and proceeding as in a {20).

d. Spectruphotometrically by measurement of the black
color {at 540 millimicrons) produced by the suspensiin of the carben
black when the propellaat is dissolved in a mixture of acetone and

acetic actd (16).




2. Graphite

Graphite in propellants has been determined by the following
nethods:

a. The szme as method a for carbon biack (15); however,
the temperature for the nitric acid digestion is not cxitical (14).

b. The same as method b for carbon black (19).
¢. The same as method ¢ for carbon black (20).

d. Dissolution of the sample in morphcline, washing suc~
cessively with water, 3N hydrochloric acid and ether, drying at
100° C., weighing, ignition at 600° to 650° C., and taking the loss
in weight to be graphite (12).

e. Graphite and tin can be determired on the same sample
by digesting with nitric acid, filtering off the graphite and
metastannic acid by means of a Gooch crucible, drying at 350° C.
to obtain the weight of graphite and tin dioxide, ignition at
800° C., calculation of the loss in weight as graphite, and calcu~
lation of the tin by difference (13).

3. Carbon Black and Graphite

The following methods have been used to determine carbon black
and graphite when both are present in the propellant:

a, Dissolution in concentrated nitric acid, filtration by
meauns of a Gooch crucible or sintered porcelain crucible containing
an asbestos mat, drying at 120° to 130° C., weighing, treatment of
the crucible and contents with nitric acid for 3 hours under a re-
flux condenser to dissolve the carbon black, filtratiom, drying at
120° to 130° C., calculation of the carbon black by loss in weight
from the nitric acid treatment, and calculation of the graphite by
loss in weight on heating at 600° to 650° C, (14).

b. Dissolution of the sample in 1 to 1 nitric acid, file
tration, and determination of the total of carbon black and graphite
by drying at 120° to 130° C., weighing, igniting at 600° to 650° C.,
and weighing again. A second sample is heated under reflux with
1 to 1 nitric acid for 3 hours to dissolve the carbon black, the
solution is filtered, the graphite alone is determined, and the
carbon black is calculated by difference (24),

i WM”




2

o

-

B, [ERRORS IN PREVIOUS METHODS FOR THE DETERMINATION OF
CARBON BLACK AND GRAPHITE

The gravimetric methods for carbon black are subject to the
following errors:

a. Attack of the carbon black by the dissolution agent,

b, Lcss of carbon black as a colloid during the filtra-
tiomn,

. Conatamination by materials that are not completely
soluble in the dissolution agent or washing sclution, Nitro-
celluisse and tin are importaant interferences in this respect.

It has been suggested that tir be held in solution by adding some
hydrcchloric acid with the nitric acid (15), but this increases
the danger of dissolution of carbon black.

d., Change in weight of the asbestos between weighing
due to volatilizaticn of impurities in the asbestss.

The spectrophotometric (nephelometric) method for carbon black
1s subject tc¢ the following errcrs:

a., The color is dependent on the particle size of the
carbon black. To eliminate this error it is necessary to use the
identical carbon black for the standard as is present in the sample
/16\

18 .

b, The other ingredients present in the propellant influ-
ence the zolar, It 1s recommended that the same ingredients be
added to the s.andard as arzs preseat in the sample (16); however,
the interferen.e of graphite aad certain other dark colored
materials cancot be eliminated ia this manner,

The methods for graphite are subject tc the following errors:

a. Contamination of the graphite by materials that are
nct ccmpletely soluble in the dissolution agent or washing solution.

b. Change in weight of the asbestos between weighings,
due to volatilization cf impurities in the asbestos.

c. Failure to burn off the graphite completely before
making the second weighing.




d. Absorption of some oxygen or nitrate by the graphite,
forming so called "graphitic oxide" or graphitic nitrate™ (3).

e. Conversion of impurities im the graphite (such a2 fron
and silicon) to solid oxides on igniting the zraphite, This error
would ordinarily be significant only if natural graphite were used
in the propellant. The maximum permisgsable ash conteat of natural
graphite used in propellants is 6%, while the maximum permissable
ash content of artifical graphite used in propellants is 0.5% (5).

The methods for determining both carben black and graphite are
subject to the following errors:

a. In determining the total of the carbon black and graphite
the same errors are encountered as i{in the determination of carbon
black and graphite alone (attack of the carbon black, less of
carbon black as a colloid, contamination, change in weight of
the asbestos, and absorption of oxygen or nitrate by the graphite).

b. In determining the carbon black by calculating the
loss in weight caused by the dissolution of carbon black in nitric
acid, ap important error is the failure of the carbon black to dis-
solve completely after the 3-hour refluxing with nitric acid. As
will be shown later, some types of carbon black will only partially
dissolve after 3 hours boiling with nitric acid,

C. CHARACTERIZATION OF CARBON BLACKS

There is some confusion in the literature on what comstitutes
a carbon black. The most generally accepted designation is that
carbon blacks include three classes of materials, namely, channel
black, furnace black, and thermal black (9, 21, 22, 25), Lamp-
black, acetylene black, charcoal, bone black, and graphite are
generally not considered to be carbon blacks (9, 21, 22, 25),

To throw 1ight on the characterization of carbon blacks, the
methods used tc manufacture the above materials will be considered
briefly. Channel black is made by impinging a flame of burning
natural gas against a cooler iron surface and scraping t! deposited
carbon, Furnace black is made by burning natural gas or vaporized
aromatic hydrocarbon oil in a closed furnace with about 50% of the
air required for complete combustion, followed by the separation
of the carbon black by cooling with a water spray. The furnace
black produced from natural gas is called gas furnace black while
that produced from aromatic hydrocarbon oil is called oil furnace
black. Thermal furnace black is made by thermal decomposition of

1l




C e - e

ot ot 8,

natural gas by passing {t through a heated brick checkerboard
network. Lampblack is made by burning oil in a frae flame and
collecting the carbon s¢ produced away from the flame, Acetylene
black is made by the thermal decompositlon of acetylene., The
decomposition of acerylene is exothermic im comntrast to the de-
composition of natural gas which is endothermic, censequently

the properties of acetylene black and thermal black are quite
different. Charccal is made by the destructive distillation

of vegetable substances such as wood. Bone black is made by the
destructive distillation of bones, Artifical graphite is made

by heating coke in an electric furnace at a vexy high temperature,
Natural graphite i8 a mineral,

The above macerials differ in their properties in many
respects. One difference of importance to the present investi-
getion is the percentage of carbon. The following are typical
percentages of carbon: channel black, 85 to 95; furnace black,
+99; thermal black 95 to 99.5; lampblack, 90 to 99; charcoal
50 to 95; bone black, 10 to 20 (the remainder is chiefly calcium
phosphate); synthetic graphite 91 to 99; natural graphite, 78 to
92. The impurities present in carbon black are for the most
part oxygen and moisture,

Another important difference between the above materials is
particle size, The particle size ranges (millimicrons) of the
following materials as produced commercially are: channel black,
8 to 30; furnace black, 18 to 80; lampblack, 65 to 100; acetylene
black, 40 to 50. Thermal black is produced in two grades, namely
fine thermal black which is about 160 to 190 millimicrons and
medium thermal black which is about 450 to 500 millimicronms,
Charcoal, bone black, and graphite are usually ground to a de-
finite mesh size, such as 325 mesh.

There is a difference in surface area between the abgve
materials, The finer the particle size, the greater the surface
area., Charcoals have a very large surface area because of their
porosity.

There is also a difference in structure, Graphite is a
definitely crystalline material in which carbon atoms are arranged
in sheets of regular hexagons. Carbon black, lampblack, acetylene
black, and charcoals are microscopically crystalline im character
and are made of crystallites with graphite structure oriented in
random fashion (3, 8). Usually, the higher the temperature of
formation of carbonaceous black, the greater will be the resembl-
ance to the true graphite structure., For this reason acetylene
black and thermal black have the greatest resemblance to graphite
in structure while charcoals have the least resemblance.




The types of carbon blacks used in propellants include channel
black, furnace black, and firne thermal black. Medium thermal black
and acetylene black axe not used in propellants, Lampblack is
apparently not used in presznt day propellants; however, it was a
common constituent of Europesn propellants around 1850,

There are two limited ccordination military specifications
for carbon black used in Ordrance, namely MIL-C-Q0306A for carbon
black used in rocket propellants (i0) and MIL-C~11403 for carbon
black used in "burning-type munitions" (11). A definite type of
carbon black is not speciffed in MIL-C~00305A (channel black was
specified in JAN-C~306(4) which MIL-C~00306A superseded). Furnace
black {s specified in MIL~C-11403,

D, STUDY OF THE COLOR PRODUCED BY THE REACTION OF CARBON
BLACK AND NITRIC ACID

Reaction of Nitric Acid with Different Carbonaceous Materials

It wasz found that a yellow color was produced when carbon black
was dissolved in nitric acid by prolonged boiling., It was decided
to apply this coler to the determination of carbon black in pro-
pellants,

Portions (5 to 25 mg) of samples of channel black of particle
size 9, 10, 12, and 17 millimicrons were treated with 145 ml of
nitric scid in covered 500-ml tail form beakers and the solutions
were boiled down to a volume of 50 to &0 ml over & period of 3
hours. The solutions were diluted, filtered through Whatman No. 42
filter papers, cocoled, and diluted to 250 ml. The colors were read
at 400 millimicrons with a spectrophotometer set at 100%Z trans~
mittance with the reagent blank. Straight line calibration curves
were obtained,

The same experiment was repeated with samples of furnace
hlacks of 23, 26, 28, 42, 50, 70, 78, and 80 millimicrons, thermal
black of 180 and 470 wmillimicrons, lampblack, acetylene black,
wood charcoal, and bone black (50 to 200 mg portions of the last
named material was used because of its low carbon content).

The charceal and bone black dissolved in 2 hours and gave
straight line calibration curves. The furnace black of particle
size 23 to 50 millimicrons dissolved in 3 hours and also gave
straight 1line calibration curves. The furnace black of 70 to 80
millimicrons, fine thermal black (180 millimicrons), and lampblack
dissolved in 5 hours and likewise gave straight line calibration
curves. The medium thermal black {470 millimicrons) and acetylene
black were only about 25% attacked (as judged by filtering two
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samples through a Gooch, drying, and weighing) at the end of

5 hours. Graphite was not attacked at all at the end of 5 hours
and gave a colorless solution (after filtration) which showed no
absorbance at 400 millimicrons.

A very slight black residue always remains after disssolution
of carbon blacks in nitric aclid even after heating for 5 hours.
The residue 13 probably graphitic in nature (it has been noted
that & smal)l amount of graphite is found in carbon blacks (2, 3)).

Why do some carbonaceocus blacks dissclve more readily in
nitric acid cthan do others? There are apparently three important
factors involved, namely particle size, structure, and surface
condition. The effect of particle size is readily seen from the
fact that smaller sfize carbon blacks (all channel blacks and
smaller diameter furnace black) dissolve in 3 hours. The blacks
of medium particle size such as the larger size furnace black,
fine thermal black (180 millimicrons), and lampblack require
5 hours of heating. Very large size blacks (thermal black of
470 millimicrons) do not dissolve even after 5 hours heating.

The structure and surface condition of acetylene black helps

to explain why this material is not dissolved after 5 hours
heating, even though it has a relatively small particle size,
The surface condition (porosity) of charcoal and bone black ex-
plains why these materials are dissolved in 2 hours.

The nitric acid that was used in all experiments for the
spectrophotometric determination of carbon black was BRRS
reagent grade concentrated nitric acid (70% HN03). This aci
is a constant boiling mixture that does not change significantly
in composition during prolonged boiling (although there is some
decomposition to nitrogen dioxide, oxygen, and water) (7). The
boiling point of concentrated nitric acid is 121° C.

During the initial boiling of the nitric acid with the
carbon black, the color may seem more intense because of the
nitrogen dioxide produced.

The color once developed is very stable and does not change
on standing overnight,




Spectrophotometric Curxve

The spectrophotometric curves (wave length vs. percent trans=-
mittance) obtained with different carbonaceous blacks seemed the
same, The curve obtained for a sample of channel black over the
range 400 to 700 millimicrons is shown in Figure 1. The curve con-
firms that 400 millimicrons is a satisfactory wave length for reading
the color.

Calculation of Absorptivity Factor

The absorbance obtained will vary somewhat with the carbon
black. A study was therefore made of the abscrptivity factors
obtained for different carbon blacks, We shall define the absorp~
tivity factor as follows:

absorptivity factor = absorbance
mg of carbon black per 250 ml

Somewhat less absorbance was obtained when the carbon black
was carried through the morpholine extraction procedure, than
vhen the sample was treated directly with nitric acid and the
solution filtered. It is possible that the morpholine (and acetone
used as a wash) dissolves out some color-forming material. It is
recommended, therefore, that the absorptivity factor be calculated
by carrying the carbon black through the procedure.

The absorptivity factors for different carbon blacks, de-
termined in duplicate, after first drying the samples at 105° C.
for 2 hcurs, are shown in Table I. Also, shown are pertinent
data on the various properties of the carbon blacks., The average
absorptivity factors for the different types of carbon blacks
were as follows: channel black (3 hour boiling), 0.0221; furnace
black of 50 millimicrons and less (3 hour boiling), 0.0267;
furnace black greater than 50 millimicrons {5 hour boiling),
0.0245; fine thermal black (5 hour boiling), 0.0150, If it is
not possible to obtain a sample of the identical carbon black
used in propellant a fairly reliable result could be obtained
by using the above factors for the general type of carbon black,

The lower percentage of carbon in channel black (Table I)
might explain the fact that this type of carbon black gives a
lower absorptivity factor than furnace black.
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samples through a Gooch, drying, and weighing) at the end of

5 hours. Graphite was not attacked at all at the end of 5 hours
and gave a colorless solution (after filtration)} which showed no
absorbance at 400 millimicrons.

A very slight black residue always remains after disssolution
of carbon blacks in nitric acid even after heating for 5 hours.
The residue is probably graphitic in nature (it has been noted
that a small amount of graphite is found in carbon blacks (2, 3)).

Why do some carbonacecus blacks dissolve more readily in
nitric acid than do others? There are apparently three important
factors involved, namely particle size, structure, and surface
condition. The effect of particle size is readily seen from the
fact that smaller size carbon blacks (all channel blacks and
smaller diameter furnace black) dissolve in 3 hours., The blacks
of medium particle size such as the larger size furnace black,
fine thermal black (180 millimicroms), and lampblack require
5 hours of heating. Very large size blacks (thermal black of
470 millimicrons) do not dissclve even after 5 hours heating.

The structure and surface condition of acetylene black helps

to explain why this material is not dissolved after 5 hours
heating, even though it has a relatively small particle size.
The surface condition (porosity) of charcoal and bone black ex-
plains why these materials are dissolved in 2 hours.

The nitric acid that was used in all experiments for the
spectrophotometric determination of carbon black was e
reagent grade concentrated nitric acid {70% HNO3). This acid
is a constant boiling mixture that does not change significantly
in composition during prolonged boiling (although there is some
decomposition to nitrogen dioxide, oxygen, and water) (7). The
boiling point of concentrated nitric acid is 121° C,

During the initial boiling of the nitric acid with the
carbon black, the color may seem more intense because of the
nitrogen dioxide produced.

The color once developed is very stable and does not change
on standing overnight.
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Spectrophotometric Curve

The spectrophotometric curves (wave length vs. percent trans-
mittance) obtained with different carbonaceous blacks seemed the
same, The curve obtained for a sample of channel black over the
range 400 to 700 millimicrons is shown in Figure 1. The curve con-
firms that 400 wmillimicrons is a satisfactory wave length for reading
the color,

Calculation of Absorptivity Factor

The absorbance obtained will vary somewhat with the carbon
black., A study was therefore made of the abscrptivity factors
obtained for different carbon blacks., We shall define the sbsorp-
tivity factor as follows:

absorptivity factor = absorbance
mg of carbon black per 250 ml

Somevhat less abzorbance was obtained when the carbon black
was carried through the morpholine extraction procedure, than
when the sample was treated directly with nitric acid and the
solution filtered., It is possible that the morpholine (and acetone
used as a wash) dissolves out some color~forming material., It is
recommended, therefore, that the absorptivity factor be calculated
by carrying the carbon black through the procedure,

The absorptivity factors for different carbon blacks, de-
termined in duplicate, after first drying the samples at 105° C.
for 2 hours, are shown in Table I. Alsc, shown are pertinent
data on the various properties of the carbon blacks. The average
absorptivity factors for the different types of carbon blacks
were as follows: channel black (3 hour boiling), 0.0221; furnace
black of 50 millimicrons and less (3 hour boiling), 0.0267;
furnace black greater than 50 millimicrons (5 hour boiling),
0.0245; fine thermal black (5 hour boiling), 0.0150. If it is
not possible to obtain a sample of the identical carbon black
used in propellant a fairly reliable result could be obtained
by using the above factors for the general type of carbon black.

The lower percentage of carbon in channel black (Table I)
might explain the fact that this type of carbon black gives a
lower absorptivity factor than furnace black.

Z

I
- ~\"~’¢-‘&=| .



A
= e

It was found necessary after the morpholine filtration, to
wach the carbon black with acetone to remove residual mitro-
cellulose and other organic contaminants, then with hot water to
remove soluble salts (nitrates, perchlorates, sulfctes, etc.),
and finally with hot hydrochloric acid to remove carbonates,
organic lead salts, barium chromate, nitroguanidine, and other
materials, Organic lead salts will cause slightly high results,
if they are not removed while barium chromate will cause very
high results, RDX and oxamide are not completely removed by
the above washings but the amount that remains does not inter-
fere with the carbon coler.

After the treatment with nitric acid to develop the color,
vater is added and the soiution {s filtered through a filter
paper. A filtering crucible should not be used for this fil-
tration since the rubber adapter of the suction flask will be
attacked by the nitric acid, producing an interfering color.

The recommended range for the spectrophotometric method
is 0 to 0.5%.

Carbon black in the range 0.15 to 102 can be determined
gravimetrically after the morpholine separation. The gravi-
metric method, of course, is not applicable in the presence of
graphite. For the gravimetric method,the crucible and pre-
cipitate are washed with hot morpholine, acetone, hot water,
hot hydrochloric acid, water, and acetone in that order. The
hydrochloric acid wash must always be used when determining
carbon black (or carbon black plus graphite) gravimetrically
irn order to ensure the dissolution of calcium carbonate. Accorde
ing to observatioms in this laboratory, calcium carbonate is
frequencly found in propellantésuivie..,

If tin is present in the propellant and the determination
for carbon black is to be performed gravimetrically, then hydro-
chleric acid containing a small amount of antimony trichloride
(500 ml of hydrochloric acid and 0.1 gram of antimony trichloride)
should be substituted for the hydrochloric acid. The antimony
trichloride acts as a catalyst for the dissolution of the tin,

Too much antimony trichloride will cause high results for carbon
black because of the precipitation of metallic antimony,

RDX and oxamide will cause somewhat high results for the
gravimetric determination of carbon black. Propellants containing
RDX and oxamide would ordinarily contain less than 0.5% carbon
black (hence, the determination could be run spectrophotometrically
in any case),

12
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If graphite and carbon black are both to be analyzed, the
total of graphite and carbon black 1s determined gravimetrically
after the morpholine separation,the combined residue is treated
with nitric acid to develop the carbon color, and the graphite
is calculated by Jdifference, Propellants that contain both carbon
black and graphite ordinarily do not contain more than 0.5% carbon
black.

For both the spectrophotometric and gravimetric techniques,
it is essential that the asbestos recelve a pricr treatment that
consists of digesting with hydrochloric acid at about 95° C. for
about 13 hours. This treatment dissolves impurities that would
othexrwise dissolve duriang the boiling with the nitric acid, causing
erratic results for the s ectrophctometric method from colored
impurities in the asbestos. The treatment also dissolves impurities
that would otherwise dissoluet in the washing with het hydrochloric
acid, causing erratic results with gravimetric method.

A sintered porcelain crucible of fine porosity containing an
asbestos pad 1s used for the filtration of the morpholine solution
of the propellant. A Gooch crucible is not satisfactory since it
will not retain fine carbon black. The filtering crucible con~
taining the pad must be ignited at 800° C. for 40 minutes before
it can be used., This ignition removes organic matter from the
asbestos that may react with the nitric acid. Also, it removes
particles of graphite that may have become imbedded in the pores
of the frit during the boiling with nitric acid in a prior deter-
mination.

The spectrophotometric method is primarily designed for the
determination of carbon black in nitrocellulose-base propellants.
No recommendations are made concerning the possible application of
the method to non-nitrocellulose types of propellants because of
the varied nature of these propellants. Ordinarily, the use of
morpholine as a solvent would offer no particular advantage in the
analysis of non~nitrocellulose type propellants,

F, RECOMMENDED METHOD FOR THE DETERMINATION OF CARBON BLACK
IN NITROCELLULOSE-BASE PROPELLANTS

Apparatus_and Reagents

Spectrophotometer, A Beckman Model B spectrophotometer was
used in this laboratory,

Coor No. 4A sintered porcelain crucible,

13
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Treated asbestos., Add about 35 grams of a good grade of
asbestos to a l-liter beaker and add hydrochloric acid to within
an ioch of the top of the beaker. Place .on a steam bath or the
edge of the hot plate and heat at about 95° C. for 8 hours with
occasional stirring., Decant and discard most of the hydrochloric
acid, add a second portion of hydrochloric acid, and digest at
about 95° C., for 5 more hours, Decant, add hot water, filter
through a large Buchner funnel containing a Whatman No. 41H filter
paper (tc hoid the fines), and wash thoroughly with hot water.
Transfer to a bottle and add water.

Hydrochloric acid - antimony trichloride solution. Dissolve
0.1 gram of antimcny trichloride ian 500 ml of hydrochlorxic acid.

Spectrophotomerric Procedure for Carbon Black (Less than 0,5%)

Prepare a filtering crucible by pouring a fairly thick suspension
of asbestos in water into a Coor Mo, 4A crucible, applying suction
until the water has drained, and then repeating the treatment with
another portion of asbestos, so as to form a pad 1/4 inch thick.

Wash with water and ignite in a muffle at 800° C. for 40 minutes.

Transfer 5 grams of the propellant tec a 250-ml beaker and
add 60 ml of morpholine, If the propellant is extremely finely
divided, cool the morpholine in an ice bath before adding it in
order to prevent a possible vigorous reaction. Cover with a watch
glass, insert a stirring rod, and warm on an electric hot plate
under a hood with occasional stirring until the sample is in solution
(approximately 15 to 30 minutes), Heat to incipient boliling (white
fumes will appear) and filter while hot through the filtering
crucible (it is essential that the solution be filtered hot). Wash
the beaker and crucible with hot morpholine, then wash well with
acetone and hot water. Empty the suction flask and add about 200 ml
of tap water (to act as a trap for hydrogen chloride in the next
step). Wash with hot hydrochloric acid (temperature about 80° C.)
poured from a beaker and then wash with hot water.

Detach the pad from the crucible with a sharp instrument,
transfer the pad and crucible to a 500-ml tall form beaker {with
a 1lip), and then wash down the end of the instrument with about
1 ml of water from a wash bottle, If the carbon black is furnace
black of particle size of 50 millimicrons or less (the information
on the particle size 18 furnished by the manufacturer) or any grade
of channel black, add 145 ml of nitric acid. If the carbor black
is furnace black of particle size greater than 50 millimicromns, or
fine thermal black, add 170 ml of nitric acid. Cover with a tight=-
fitting watch glass, heat to boiling, and boil moderately for 3 hours

14




if 145 ml of nitric acid has been added,or 5 hours if 170 ml of
nitric acid has been added, Swirl cccasionally during the boiling.
The volume at the end of the boiling period should be 50 to 70 ml.
If the volume is greater than 80 ml at 1 hour before the end of
the boiling period, remove the watch glass (there is no danger of
loss because of the tall form beaker).

Dilute to about 175 ml with water, insert a stirring rod and
filter through a Whatman No, 42 filter paper into a 250-ml volu-
metric flask., Wash the crucible, beaker, and filter paper with
1 to 9 nitric acid.

Measure the absorbance at 400 millimicrons with a spectro-
photometer that has been set to 100% transmittance with water.

Determine the absorptivity factor for the type of carbon
black present in the propellant by drying a sample of the carbon
black at 105° C., weighing out a 12 to 16 mg portion to 0.1 mg
(using the catch weight technique), and carrying the sampie
through the entire procedure.

Calculate the absorptivity factor from the standard as
follows:

absorptivity factor = absorbance of standard
mg of carbon black in 250 ml

Calculate the percent carben black in the propellant as
follows:

% carbon black = absorbance of sample
absorptivity factor x grams of sample x 10

Notes:

To clean the crucibles, fill them with water and rub the bottoms
with a stiff brush made by cutting the bristles of a lettering brush
(1/4 inch diameter) so that the length of the briatles are 1/4 inch.

Do not heat the crucibles over an open flame, since such treat~
ment may cause them to crack.

Gravimetric Procedure for Carbon Black (0.15 to 10%)

Prepare a sintered crucible with an asbestos mat as described
above, but after the ignition at 800° C. cool in a desiccator and
weigh, Use a 5-gram sample for 0.15 to 1% carbon black and a 2-gram
sample for 1 to 10% carbon black. Proceed with the dissclution in

15
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morpholine and filtration as described above, Wash with hot
morpholine, acetone, hot water, and hot hydrochloric acid as
described above, If tin is present, substitute the following
treatment for the hydrochloric acid wash, Fill the crucible
with hydrochloric acid-antimony trichloride sclution {that has
just previously been heated to an incipient boil) and allow to
stand for several minutes without suction until the effervescence
ceases, Repeat this treatment twice more.

Finally wash the crucible with water and then with acetone.
Allow the acctone to drain off completely, dry at 200° C. for
40 minutes; cool In a desiccator, and weigh.

Calculate as fcllows:

% carbon black = grams of precipitate . jgq
grams of sample

Procedure When Both Carbon Black and Graphite Are To Be
Determined

Proceed as in the gravimetric method for carbor black. After
drying at 200° C,, weigh the combined carbon black and graphite,
and calculate the total percent of carbon black plus graphite.
Transfer the asbestos pad and crucible to the 500-ml beaker, treat
with nitric acid, develop the color as described, and calculate
the percent carbon black., Calculate the percent graphite by de-
ducting the percent carbon black from the total percent of carbon
black plus graphite,

G. RESULTS FOR CARBON BLACK (AND CARBON BLACKX AND GRAPHITE)
IN NITROCELLULOSE~BASE PROPELLANTS

The results obtained for carbon black (and carbon black and
graphite) on three actual propellants are shown in Table II. The
first sample; which contained about 0.27% carbon black and no graph-
ite, was analyzed for carbon black by both the spectrophotometric
and gravimetric methods. The other two samples contained both
carbon black and graphite., The results obtained for carbon black
spectrophotometrically in the first sample checked the results
obtained gravimetrically. All results showed good precision.

The recoveries obtained for carbon black on synthetic samples
using the spectrophotometric method are shown in Table III. The
recoveries obtained for carbon black and graphite op synthetic
samples using the spectrophotometric method are shown in Table IV.
The recoveries in both cases were satisfactory.

16
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The recoveries obtained for carbon black by the gravimetric
method are shown in Table V. These recoveries were also satisfactory.

H. DETERMINATION OF GRAPHITE BY MORPHOLINE METHOD

The gravimetric morpholine method for graphite is the same as
the gravimetric morpholine method for carbon black, except that a
Gooch crucible can be used in place of the sintered porcelain crucible
with an asbestos pad.

I. DETERMINATION OF GRAPHITE BY NITRIC ACID AND NITRIC-
HYDROCHLORIC ACID METHODS

Some methods for the determination of graphite in propellants
by the nitric acid method specify a 10-gram sample (14, 24), The
use of this large size sample was fcund to cause erratic results,
because of the large amount of nitrocellulose that must be dissolved.
The filtration was also slow, The use of a S-gram sample (15) is
advisable,

It is recommended that the sample be dissolved by treatment
with 75 ml of nitric acid at about 90° to 100° C., followed by the
addition of 30 ml of water and boiling for 10 minutes to drive off
the oxides of nitrogen. The dilution with 30 ml of water prevents
possible attack of the graphite and permits the solution to be
filtered while hot,

If tin 1s present in the sample, it is recommended that 15 ml
of hydrochloric acid and 60 ml of nitric acid be used for dis-
solving the sample., The hydrochloric acid should be added first,
since metastannic acid, once precipitated, does not readily dissolve
in hydrochloric acid.

Consideration was given to the desirability of eliminating the
nitric acid method and using the nitric-hydrochloric acid attack
for all samples. It was decided not to do this, however, since the
nitric-hydrochloric acid method requires about 15 minutes more for
dissolution of the sample than does the nitric acid methed. Also,
the nascent chlorine and nitrosyl chloride generated by the mixed
acids makes the nitric-hydrochloric azid method somewhat moze
troublesome to work with.

It is recommended that the temperature for drying the graphite
be 200° C. and the temperature for ignition of the graphite be 800° C.
An ignition temperature of 600 to 650° C. which is used in one method
for graphite (12) is definitely unsatisfactory.

17
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The recommended nitric and nitric~hydrochloric acid methods for
the determination of graphite are as follows:

Prepare a Gooch using the specially treated asbestos. Wash the
Gooch with water and heat it in a muffle at 800° C. for 40 minutes,

Transfer a 5-gram sample to a 250-ml beaker. If tin is present,
add 15 ml of hydrochloric acid and 60 ml of nitric acid; otherwise
add 75 ml of nitric acid, Cover with a tight-fitting watch glass and
heat at about 90° to 100° €. until the sample is in solution (30 to
45 minutes)., Add 36 ml of water and boil for 10 minutes, Filter
while hot through the Gooch crucible and transfer and wash with het
water., Discard the filtrate (Caution: mnitric a:id will produce a
violent reaction with acetone to be used in the next step). Wash
thoroughly with acetone, Allow the acetone to drain off completely.
Dry at 200° C. for 40 minutes, cool in a desiccator, and weigh.
Ignite in a muffle at 80U° C. for 1 hour, cool in a desiccator, and
weigh,

Calculate as follows:

% graphite = 10ss in weight of crucible, grams y 140
grams of sample

J. DETERMINATIOM OF GRAFHITE ARD TIN TOGETHER BY NITRIC
ACID METHOD

As was noted at the begianing of this report, it is frequently
customary t¢ determine graphite and tin on the same szample after
dissolving the propellant in nitric acid. However, the results for
tia by this method may at times be very low. This was noted by
John R. HNess of the du Pont Company and confirmed by this laboratory.
The cause of the difficulty as traced in this laboratory wags due to
failure to boil the solutien to precipitate the metastannic scid
(several minutes of boiling are required). The directions in
MIL-STD-286A(13) do not specify boiling. They state "allow the
solution to simmer until the propellant is completely decomposed and
the scolution i8 reduced to 10 =ml". The word "simmer", as defined
by the dictionary, means "to be on the point of boiling". If chis
is the interpretation taken, then the results for tin will be very
low, since vigorous boiling is essentisl. The tin is precipitated
as metastannic acid on boiling in either a concentrated or dilute
nitric acid soluticn., It is recommended that the propellant be dis-
solved in concentrated nitric acid by digesting at 90° to 100° C.
and that water then be added and the sclution boiled vigorously for
15 minutes,

i8
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The modified nitric acid method for the determination of graphite

and tin is as follows:

Prepare a Gooch crucible with a fairly thick pad, using the speci-
ally treated asbestos, Ignite at 800° €. in a muffle for 40 minutes,

2 desiccator, and weigh.

cool in

Transfer a S~gram sample to & 250-ml Leaker, add 40 ml of nitric
aclid, and cover with a tight fitting watch glass,
to 100° C. until the sample is in solution (about 1 hour).
of water, heat to bolling, and boil vigorously for 15 minutes with the
Filter while hot through the Gooch crucible and
Discard the filrrate (Caution: nitric
acid will cause a viclet reaction with acetone to be used in the next
Wash thoroughly with scetone and allew the acetone to drain
Dry at 350° C. in a wuffle for 40 minmutes, cool in
Ignite at 800° C, in a muffle for 1 hour,

watch glass in place,
transfer and wash with hot water,

step),

off completely,
2 deslccator, and weigh.

cool in a desiccator, and weigh.

Caleculate as follows.

where A

K.

% tin = 18:17 (C-A)
v

% graphite = locw B-C

weight of crucible, grams.

= weight of crucible plus precipitate after heating at
350° C., grams,

= weight of crucible plus precipitate after heating at
800° C., grams.

= grams of sample.

RESULTS FOR GRAPHITE BY MORPHOLINE, NITRIC ACID, NITRIC-
HYDROCHLORIC ACID, AND COMBINED GRAPHITE-TIN METHODS,
ARD RESULTS FOR TIN BY GRAPHITE-TIN METHOD

The results obtained for graphite in three propellants by the
morpholine, nitric acid, nitric-hydrochloric acid, and combined
graphite-~tin methods are shown in Table VI. The methods checked
each other reasonably well, The recoveries obtained for graphite
in synthetic samples, using the morpholine and nitric acid methods
are shown in Tables VII and VIII, respectively. The morpholine
method seems to give comewhat better recoveries than the nitric
acid method.

19

Heat at about 90°
Add 20 ml

]

¥

Ay

e



Ao M e

£ g, 4o 4

T e T T ——— W= = =

Wy —ltV. &0y 2Rt L B wr s

On the basis of all the results for graphite it can be concluded
that all the methods described for graphite are satisfactory. The
choice of & method for a particular sample is a question of judgement,
The nitric acid method is probably the most convenient &nd most rea-
sonable method for the usual sample. When tin is present one of the
other three methods must be used. It will be recalled that the mor-
pholine method is not applicable to samples containing RDX or oxaride,

The results for tin by the combined graphite-tin method are
shown in Table IX, Also shown are the results obtained for tin by
the umpire volumetric method using granulated lead as the reducing
agent and potassium iodate as the titrant (1, 17, 18). The results
for tin by the combined graphite-tin method averaged 0.065% lower
than the results for tin by the umpire volumetric methcd. This
amounts to an error of =9.2% which would be acceptable only for
very routine control work. It might be desirable to multiply the
result obtained for timn by the empirical factor 1.1l.
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VII. TADBLE

Table X. Absorptivity Factors for Carbomn Blacks

Particle Benzene :
Time of Type of Sizes Surface Fixed Volatile Extract-
Carbon Absorptivity Boiling Carboun itle- Area® Carbon Moisture Ash Matter able {
Black Factor (br) Black Yors microuns Y (2% ()b (z) Macter () .
Carbolac 1 0.0217, 0.0209 3 Channel Fluffy 9 950 84.0 6.37 0.03 16.0 0.0 g
Ave. 6.0213
R. Spsctra  0.0224, 0.0228 3 Channel Fluffy 10 1700 84 .4 3.52 ---- 15,6 0.0
Ave, 0,0226
Carbolac 2 0.0224, 0.0221 3 Chamel Fiufty 12 850 87.0 3.39 ---- 13,0 0.0
Ave, 0,0223
Monarch 74 Q,0224, 0.0218 3 Chanmsl Fluffy 17 320 95.0 1,510 «=e-- 5.0 0.0
Ave. 0,0221
Huber-ISA¥ 0.0265, 0.0255 3 Furnace Beads 23 115 ———- 1.58 -~--- <¢1,0 ————
Ave. 0,026C
Regal 300R 0.0259, 0.0266 3 Furnace Piufty 26 84 $9.0 0.53 ---- (1.0 c.10
N Ave, 0,0263
“  Huber-HAF  0.0259, 0.0264 3 Furnace Beads 28 78 cee= 2,35 --== (1.0 —
Ave, 0.0262
Ruber-FE¥ 0.0282, 0.0299 3 Purnacs Beads 42 48 ~e—— 0.45 ---- <1.0 ———-
Ave, 0,0292
Huber-GP? 0.0254, 0,0260 3 Purnace Beads 50 30 ———— 0.35 0.20 (1.0 ———
Ave. 0.0257
Molacco H 0.0246, 0,0253 5 Furnace Pluffy 70 28 99.4 0.26 ---- 0.6 ———-
Ave. 0,0250
Huber-SRF 0.0220, 0.0230 S Furnace Beads 78 23 ——— 0.15 ---- (1.0 ———-
Ave. 0,0225
Sterling R 0.0252, 0,0265 5 Furnace Fluffy 80 23 99.0 0.10 0.35 1.0 0.10
Ave. 0,0259
Sterling F* 0.0146, 0.0131, S Fine Thermal Fluffy 180 13 99.5 0.11 0.02 0.5 1.75
0.0153
Ave, 0,0150
2 Manufacturstr's analysis.
b Analysis performed in this laboratory
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(16) 1Ibid., Method 309.2.2.
(17) Military Standard MIL-STD-286A, "Military Standard Propelliants,
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(21) Payne, K. F., “Organic Coating Technology", Vol. Z, pp. 906 to
923, Wiley, New York, 1961.
(22) Rose, A., and Rose, E,, "Condensed Chemical Dictionary”, pp. 12,
218, 248, 521, 650, 1131, Reinhold, New York, 1956.
(23) Ruof, C, H., Entel, J., and Howard, H. C., Fuel, 35, 409 (1956).
(24) Welcher, ¥, J., "Standard Methods of Chemical Analysis"”, Vol. 2B,
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Table III, Results for Carbon Black in Synthetic Samples of Propellants

Carbon Black Carbon Black
Sample Added (%) Found (%)
5 g. IMR2 0.05 (M74) 0.04
5 g. MR 0.06 (M74) 0.05
5 g. MR 0.13 (M74) 0.11
5 g. MR 0.24 (H-GFF) 0.26
Sg. IR 0.23 (RS) 0.23
5 g. IMR 0.26 (BrS) 0.26
Sg. MR 0.25 (H-GPF) 0.27
5 g. IMR 0.38 (M74) 0.38
5 g. IMR 0.50 (M74) 0.47
5 g. DBP 0.24 (H-GPF) 0.23
5 g. MR 4+ 0.25 g. Pb Stearate 0.26 (H-GPF) 0.27
5g. BR + 0.25 g. Pb Stearate 0.27 (STFF) 0.27
S g. DR + 0.25 g. Pb Stearate 0.25 (H-GPF) 0.28
5 g MR + 2 g. nitroguanidine 0.25 (H-GPF) 0.27
Sg. IMR + 2 g. nitroguanidine 0.24 (H-GPF) 0.25
5 g. A-1-5n® 4+ 2 g. nitroguanidine 0.46 {(C-1) 0.49
S g. IMR + 0.05 g. Sn 0.25 (H-GPF) 0.24
o Sg. BR + 0.05 g. Sn 0.22 (RS) 0.22
W 5 5. MR + 0.05 g. Sn 0.32 {H-FEF) 0.34
5 z. DR + 0.15 g. Pbq0, 0.25 (STFF) 0.24
5 g. MR + 0.15 g. PbyQy 0.25 ZA-GPFY) 0.23
5 g. MR + 6.15 g. Pba0y 0.22 (BS) 0.23
5 3. MR 4 0.05 g. m:wmﬁ.. 0.24 (H-GPF) 0.25
S g. IMR + 0.05 g. sulfur 0.22 (STFF¥) 0.24
$ g. IR + 0.15 g. PbCro, 0.25 (RS) 0.23
5 g. IMR + 0.15 g. PbCxly 0.34 (H-FEF) 0.37
5 g. IMR + 0.2 g. oxamide 0.24 QM) 0.23
5 g. MR + 0.2 g. oxamide 0.25 (H-GPF) 0.2s5
S g. DR + 0.2 g, oxamide 0.272 (®S) 0.26
S g. ™R + 0.2 g, RIX 0.23 (Mu) 0.24
5g. IR + 0.2 g. RDX 0.24 (H-GPF) 0.25
5 g. MR + 0.2 g. RDX 0.26 (H-GPF) 0.28
a contains (Z): 90.3 nitrocellulose, 8.0 dinitrotoluene, 0.7 diphenylamine, 1.0 potassium sulfate.
b Contatns (L): 76.7 nitrocellulose, 19.42 nitrogylcerin, 1.53 ethyl centralite, 1.45 caleium carbonate,
0.92 potagsium nitrate.
€ Contains (Z): 92.9 nitrocellulose, 5.55 dinitrotoluene, 0.79 diphenylamine, 0.76 potassium sulfate.
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Table II. Results for Carbon Black and Graphite in Actual Samples of Propellants Using the Spectrophotometric liethod

LY
> R

Carbon Black Found Carbon Black Found
Sample Gravimetrically Graphite Found (7.3
82393,b 0.21 0.18 -—--
0.18 0.19
0.21 0.18
0.18 0.20
0.18 0.18
0.19 0.17
Ave, 0.19 Ave, c.18
Std. Dev, 0.015 Std. Dev. 0.011
8238%,¢ 0.17 ——-- 0.24
0.17 0.23
0.13 0.23
0.16 0.22
i 0.17 0.24
0.18 0.24
Ave. 0.17 Ave. 0.23
Std. Dev. n.011 Std. Dev. 0.009
32413,4 0.08 - 0.10
0.10 0.09
0.10 c.08
0.10 0.10
0.11 0.08
Ave, 0.10 Ave, 0.09
Std. Dev. 0.911 Std, Dev, 0.019
a4  Carbon black present was Spheron 6 (a channel black). i
b contcins (%): 92.7 nitrocellulose, 5.7 dinitrotoluene, 0.65 diphenylamine, 0.93 potassium sulfate. X
M Contains (%): 92.5 nitrocellulose, 5.7 dinitrotoluene, 0.65 diphenylamine, 0.92 potassium sulfate, &

Contains (Z): 87.9 nitrocellulose, 0.94 diaitrotoluene, 0.88 potassium sulfate, 0.75 tin,



Table V. Results for Carbon Black in Synthetic Samples by Gravimetric Morpholine Method

Sample Carbon Black Added Carbon Black Found (%)

- 0.16 (RS) 0.17

- 0.40 (C-1 0.39

———— 0.76 (RS) 0.78

- 1.0z (c-1) 1.01

———- 1.02 (M74) 1.03

———— 1.04 (MH) 1.03

5 g. OGX2 1.00 (c-1) 1.02
5 g. OGK 0.99 (M74) 1.03
5 g. OGK + 0.15 g. PbCrO, 1.01 (C-1) 0.99
3 5 g. OGEK + 0.15 g. PbCrQ, 1.00 Q74) 1.01
3 g. nitrocellulose + 0.4 g. KC10, + 0.05 g. ethyl centralite 1.20 (C-1) 1.17
3 g. nitracellulose + 0.4 g. KC10, + 0.05 g. ethyl centralite 1.20 (M74) 1.21

a Ccontains (%): 57.2 nitrocellulose, 25.1 nitroglycerin, 1.7 2-nitrodipbenylamine, 9.4 triacetin,
3.3 dioctylphthalate, 3.3 lead stearate,
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Table IV. Results for Carbon Black and Graphite in Synthetic Samples of Propell..ats

Graphite wphite
Carbon Black Present Carbon Dluclt H‘oc.sn
Sample Added (%) %)2 Found (%) %

5 . MR 0.24 (RS) 0.19 0.24 0.22
5g. DR 0.26 (RS) 0.19 0.26 .22
5 g. DR 0.25 (RS) 0.19 0.28 0,21
5 g. DX 0.23 (H-ISAF) 0.19 0.23 0.19
5 g. IMR 0.23 (C-2) 0.19 0.20 0.316
5 g. IMR 0.24 (H-ISAF) 0.19 0.24 0.17
5 g. IMR 0.48 (H-ISAF) 0.19 0.50 0.13
5 g. MR + 0.25 g. Pb Stearate 0.24 (H-GPF) 0.19 0.23 0.22
5 g, A~1-Sn + 0,25 g. Pb Stearate 0.49 (c-1) 0.25 0.51 0.25
5 5. MR + 2 g. nitroguanidine 0.24 (RS) 0.19 0.25 0.22
5 g. IMR + 2 g. nitroguanidine 0.25 (H-GPF) 0.19 0.24 0.20
5. DR + 2 g. swnnomcbsggm 0.31 (H-FEF) 0.19 0.28 0.21
5g. BR + 0.05 g. Sn 0.24 (MH) 0.19 0.23 0.16
5g. DR + 0.05 g. Sn 0.24 (RS) 0.19 0.24 0.23
S, DR + 0.15 g wvuob. 0.15 (STFF) 0.19 0.17 0.16
523. A-1-Sn 4+ O, u.m [ m.oucb 0.46 (C~-1) 0.23 0.49 0.20
5 3. R + 0.05 g. sulfur 0.22 (MH) 0.19 0.22 0.20
5g. MR + 0.05 g. sulfur 0.52 (RS) 0.19 0.52 0.17
5 g. MR + 0.15 g. wvon.o» 0.26 (GPP) 0.19 0.24 0.22
5g. DR + 0.15 g. PbCr0y 0.24 (C-2) 0.19 0.26 0.20

2 Average of results by three methods (sce Table VI),
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Table VIII. Results for Graphite in Synthetic Samples by Nitric Acid Method

Sample Graphite Added (%) Graphite Found (%)
~——— C.29 0.31
-——- 0.53 0.55
-—-- 1.00 1.02
5 g. nitrocellulose 0.25 0.27
5 g. nitroceliulose 0.50 0.54
5 g. nitrocellulose 0.97 0.93

Table IX. Results for Tin by Combined Graphite-Tin Method

Tin Found by Tin Found by
Graphite-Tin Umpire Volumetric
Sample Method (%) Method (%)
A-1-8n 0.60 0.66
0.59 0.67
0.57 0.66
0.63 0.66
0.59 0.66
0.59
Ave. 0,60 Ave. 0.66
Std. Dev. 0.021 Std. Dev. 0.005
T-2-Sn 0.71 0.75
C.63 0.76
0.60 0.76
0.73 0.75
0.73 0.75
0.70
Ave., 0.68 hAve. 0.75
Std, Dev., 0.055 Std. Dev. 0.007
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T-ble ¥I. Qesults for Graphite fn Propellants by Morpholine, Nitrie Acid, llitric-Hydrochloric ficid, and
Combined Graphite-Tin letheods

|
¢
! Nitric-
N lerphoiine Nitric Acid lydrochloric Graphite~Tin ve. of All
A 5. aple Method (%) Hethod (%) Acid Mothod (%) Method (%) Methods (%)
: P11 0.22 0.20 0.19 ——— c.1¢
« 0.21 0.21 0.16
0.22 0.19 0.20
i 0.20 0.16 0.21
0.21 0.16 0.20
¢ 0,21 0.16 0.19
Ave. 0.21 Ave. .18 Ave. 0.19
' Std, Dev. 0.008 Std. Dev. 0,023 Std. Dev. 0.017
a~=1-8n 0.22 - 0.28 0.23 0.23
0.22 0.27 0.24
. 0,23 0.23 0.23
0.22 0.22 0.23
0.21 0.24 0.23
0.23 0.22
Ave. 0.22 Ave. 0.25 Ave. 0.23
Std. Dev. 0,007 Std. Dev, 0.027 std. Dev. 0.006
3 T-2-5n 0.21 ———- 0.21 0.18 0.19
' 0.19 0.20 0.18
0.19 0.20 0.19
0.20 0.17
0.19 0.17
0.21 0.17
Ave. 0.20 Ave, 0.20 Ave. 0.13
, Std. Dev.  0.010 Std. Dev. 0.007 Std. Dev.  0.009

.

®

“ Table VII. Results for Graphite in Synthetic Samples by Gravimetric Morpholine Method

i

} Sample Graphite Added (% Graphite Found (7
5 5. nitrocellulose + 0.15 g. Pb stearate 0.32 0.33

o 5 . nitrocellulose + 0.15 g. Pb stearate 0.49 0.50
5 g. nitrocellulose + 0.05 g. Sn 1.02 1.02
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Figure 2. Infrared Spesctrum of Colored Complex
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