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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 and smaller size furnace blacks (the usual
carbon blacks found in nitrocellulose-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 in morpholine 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 deter-
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 morpholinel 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.

iii

----



TABLE OF CONTENKS

Page

I. Summary . . . . .I . . . .. . 1

II. Recommendations ....... . ...... 1

III. Introduztion ... ... .. . .,0 2

IV. Study

A. Previous methods for the Determination of

Carbon Black and Graphite . . ... . .. . 2

B. Errors in Previous Methods for the Determination
of Carbon Black and Graphite . . . . . . . . 4

C. Characterization of Carbon Blacks . ° . . . 5

D. Study of the Color Produced by the Reaction
of Carbon Black and Nitric Acid .. . . . . 7

E. Application of the Spectrophotometric Method
to the Determination of Carbon Black in
Nitrocellulose-Base Propellants .. . . . . 11

F. Recommended 'Method f'=r the Determination of
Carbon Black in Witrocellulose-Base Propellants 13

G. Results for Carbon Black (and Carbon Black and
Graphite) in Nitrocellulose-Base Propellants 16

H. Determinamtion of Graphite by Morpholine Method 17

I. Determination of Graphite by Nitric Acid and
Nitric-Hydrochloric Acid hethods .. . . . 17

J. Determination of Graphite and Tin Together by

Nitric Acid Method 0 . . .0. . . .. 18

K. Results for Graphite by Mc.rpholine, Nitric
Acid., Nitric-Hydrochloric Acid, and Combined

Graphite-Tin Methods, and Results for Tin by
Combined Graphite-Tin Method ....... 19

V. Acknowledgments ... 20

VI. Bibliography 0 * 0 ........ * 21

VII. Tables . 0 . 23

iii



I. SUMM4ARY

The entilre pro~blem of determining carbon black and graphite in
nitrocellulose-,base propellants was investigated. It is shown that
available methcds for the determination of carbon black leave much to
be desired, especially if carbon black and graphite are both present.
A new spectrophortometric method for the determL. ..tion of carbon black,"
in propellants is proposed that depends upon the yellow color obtained
wben carbox blace, . a dissclved by boiling with nitric acid. Channel
blacks and smaller size furnace blacks (the usual carbon blacks found
in nitrocellulcs6-base pr.,pellants) requ!.re 3 hours of boiling, while
larger siz E ftcnac:e blacks and fine thermal blacks requilre 5 hours
boiling. The ccicIr ia due to p--lycarboxylic acids with cyclic nuclei.
It is suggested that an abso~rptivity factzr be established by the use

- ttie 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 colcr, the carbon black
is separated by dissolution of the propellant in morpholine and fil-
tration thrr~agh a sintered porcelain crucible centaining an asbestos
mat. The residue is washed with acetone, hot water, and hot hydro-
chloritc acid. The range of the spectrophotometric method is 0 to
0.5%. Carbca black lin the range of 0.15 to 10% can be determined
gravimetrically after the morpholine separatit-un. Graphite does not
initerfere with the spectrophotometric method for carbon black but
does interfere with the gravimerri-- method. If both carbon black
and graphite are to be determined, the total of carbon black and
graphite '13 decarmlined gravimetrically after the morpholine treatment,
the z-arb.-n black is determined spectrophotometrically by treating
the combined residie with nitric acid, and the graphite is calculated
by differerj e. 1mpr t:Ived gzavimetric pr-ocedures are proposed for the
determinar1.3n of graphite in nitrecelluiese-base propellants by the
morpholine, nitric azid, and nitric-hydrochloric acid methods. Also
described is an improved procedure for the dete~zrdnation of graphite
and tin :in the same sample. The results obtained for all the methods
for graphite are com-npared.

tEj. REC0MMENDAI0S

It is recomwended that the improved procedures for carbon black
and graphite be tnc:orporated into the military specification for
propellants (MIL-STD-286A, Military Standard, Propellants, Solid:
Sampling, Examination, and Testing).



Caron lac isfrequently added to propellants to improve the
burning characteristics and decrease the heat radiation to the inte-
rior of the grain. Graphite is added to propellants to modify its
burnin~g characteristics or is applied as a glaze to act as a lubri-
cant and prevent the accumulation of static electricity. Some
propellarnts contain both carbor, black and graphite.

The metho3da presently used for the determination of carbon
black and graphite leave much ti' ba desired. This is especially
true for carb. v black. This, arsenal, therefcre, uadertook an in-
vestigation i.n tl--e entire problem of determining cazbcu black and
graphite iz, preopeilants with the view of developing improved pro-
cedures.

IV. STUDY

A. PREVIOUS IMTHODS FOR THlE DETERMINATION OF CARBON
BIACK ANM GRAPHITE

1. Carbon Black

Carbon black in propellants has been determined by the following
methcds:

a. Digestion with concentrated nitric acid :or 1 to 1 nitric
acid at gentle hea., filtratiari thr:ugh a Gooch crucible,washing with
acetone (zr a mixtura cf ether and acetone), drying at 120' to

130* C.,. weighing, heating at 600' fs 650* C., and taking the loss
in weight to be carbon, black (15,t 24).

b. Dissolution in sedium hydroxide solution and hydrogen
peroxide, filtration, and proceedin~g as in a (19).

c. Disaclution in sulfuric acid and hydrogen peroxide,
filtration, and proceeding as in a (20).

d. Speottcaphortometrically by measurement of the black
color (at 540 millimicro.-s) produced by the suspensi~n of the carbon
black when the propellant is dissolved in a mixture of acetone and
acetic acid (16).
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2. Graphite

Graphite in propellants has been determined by the following
methods:

a. The same as method a for carbon black (15); however,
the temperature for the nitric acid digestion is not critical (14).

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

c. The same as method c for carbon black (20).

d. Dissolution of the sample in morpholine, washing suc-
cessively with water., 3N hydrochloric acid and ether, drying at
1006 C., weighing, ignition at 600' to 6500 C., and taking the loss
in weight to be graphite (12).

e. Graphite and tin can be determined 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
8000 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
meaus of a Gooch crucible or sintered porcelain cracible containing
an asbestos mat, drying at 1200 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, filtration, drying at
1200 to 1300 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 6000 to 6500 C. (14).

b. Dissolution of the sample in 1 to 1 nitric acid, fil-
tration, and determination of the total of carbon black and graphite
by drying at 1200 to 130* C., weighing, igniting at 600' to 650' C.,
and weighing again. A second sample is heated undex reflux with
1 to I 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).

3



B. ERRORS IN PREVIOUS METHODS FOR THE DETERMINIATION OF
CARBON BIACK 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. Ls of carbon black as a colloid during the filtra-
tI on.

c. Contamination by materials that are not completely
soluble -n the dissolution agent or washing solution. Nitro-
cellut*1.e and tin are important interferences in this respect.
It has been suggested that tin be held in solution by adding some
hydrochloric 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 volatilization of impurities in the asbestos.

The speztrsphotometric (nephelometric) method for carbon black
is s4bjec.t to 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).

b. The other ingredlents present in the propellant influ-
ence the :olor. It is recommended that the same ingredients be
added to the 3,andard as are present in the sample (16); however,
the interfezene of graphite and certain other dark colored
materials :anrat be eliminated in this manner.

The methods for graphite are subject to the following errors:

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

b. Change in weight of the asbestos between weighings,
due to volatilLzatton of imptrities in the asbestos.

c. Failure to burn off the graphite completely before
making the second weighing.
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d. Absorption of some oxygen or nitrate by the graphite,
forming so called "graphitic oxide" or graphitic nitrate" (3).

e. Conversion of impurities in the graphite (such as iron
and silicon) to solid oxides on igniting the graphite. This error
would ordinarily be significant only if natural graphite were used
in the propellant. The maximum permissable ash content of natural
graphite used in propellants is 6%., while the maximum permissable
ash content of artifical graphite used in propellants is 0.6% (5).

The methods for determining both carbon 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 in the determination of carbon
black and graphite alone (attack of the carbon black, loss 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, an 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 constitutes
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 light on the characterization of carbon blacks, the
methods used to 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

5
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natural gas by passing it through a heated brick checkerboard
network. Lampblack is made by burning oil in a free flame and
collecting the carbon so produced away from the flame. Acetylene
black is made by the thermal decomposition of acetylene. The
decomposition of acerylene is exothermic in contrast to the de-
composition of natural gas which is endothermic, consequently
the properties of acetylene black and thermal black are quite
different. Charcoal 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 very high temperature.
Natural graphite is a mineral.

The above materials differ in their properties in many
respects. One difference of importance to the present investi-
gation 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 aost
part oxygen and moisture.

Another important difference between the above materialx 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 millimicrons,
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 above
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 in 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

4in structure while charcoals have the least resemblance.
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The types of carbon blacks used in propellants include channel
black, furnace black, and fine thermal black. Medium thermal black
and acetylene black are not used in propellants. Lampblack is
apparently not used in present day propellants; however, it was a
common constituent of European propellants around 1890.

There are two limited coordination military specifications
for carbon black used in Ordnance, namely MIL-C-00306A for carbon
black used in rocket propellants (10) and MIL-C-11403 for carbon
black used in "burning-type munitions" (11). A definite type of
carbon black is not specified in HIL-C-00306A (channel black was
specified in JAN-C-306(4) which KIL-C-00306A superseded). Furnace
black is 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 was found that a yellow color was produced when carbon black
was dissolved in nitric acid by prolonged boiling. It was decided
to apply this colcr 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 acid in covered 500-ml tall form beakers and the solutions
were boiled down to a volume of 50 to 60 ml over a period of 3
hours. The solutions were diluted, filtered through Whatman No. 42
filter papers, cooled, and diluted to 250 ml. The colors were read
at 400 millimicrons with a spectrophotometer set at 100% trans-
mittance with the reagent blank. Straight line calibration curves
were obtained,

The same experiment was repeated with samples of furnace
blacks of 23, 26, 28, 42, 50, 70, 78, and 80 millimicrons, thermal
black of 180 and 470 millimicrons, 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 charcoal 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 line 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 4as not attacked at all at the end of 5 hours
and gave a colorless solution (after filtration) which showed no
absorbance at 400 millisicrons.

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 carbonaceous 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 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
reagent grade concentrated nitric acid (70% HN03). 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 1210 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 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 absorptivity 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
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 calculatea
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. 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.

9



samples through a Gooch drying, and weighing) at the end of
5 hours. Graphite *as 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 carbonaceous 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 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
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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
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During the initial boiling of the nitric acid with the
carbon black, the color may seem more intense because of the
nitrogen dioxide produced.
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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 millimicrons is a satisfactory wave length for reading
the color.

I

Calculation of Absorptivity Factor

The absorbance obtained will vary somewhat with the carbon
black. A study was therefore made of the absorptivity 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
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
reco mended, 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 1050 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.

9
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It was found necessary after the morpholine filtration, to
wash the carbon black with acetone to remove residual nitro-
cellulose and other organic contaminants, then with hot water to
remove soluble salts (nitrates, perchlorates, sulfrtes, 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 color.

After the treatment with nitric acid to develop the color,
water is added and the solution is 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 10% can be determined
gravietrically after the morpholine separation. The gravi-
metric method, of course, is not applicable in the presence of
graphite. For the gravimetric methodD 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
in order to ensure the dissolution of calcium carbonate. Accord-
ing to observations in this laboratory, calciun carbonate is
frequently foun it, propell

If tin is present in the propellant and the determination
for carbon black is to be performed gravimetrically, then hydro-
chloric 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 is determined gravimetrically
after the morpholine separationjthe combined residue is treated
with nitric acid to develop the carbon color, and the graphite
is calculated by difference. 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 recei--e a prior treatment that
consists of digesting with hydrochloric acid at about 95* C. for
about 13 hours. This treatment dissolves impurities that would
otherwise dissolve during the boiling with the nitric acid, causing
erratic results for the sectrophotometric method from colored
impurities in the asbestos. The treatment also dissolves impurities
that would otherwise dissolvo in the washing with hot hydrochloric
acid, causing erratic results with gravimetric method.

A sintered porcelain crucible of fine porosity containing an
asbestos pad is 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 reconnendations 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.
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Treated asbestos. Add about 35 grams of a good grade of
asbestos to a 1-liter beaker and add hydrochloric acid to within
an inch of the top of the beaker. Place .on a steam bath or the
edge of the hot plate and heat at about 950 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 950 C. for 5 more hours. Decant, add hot water, filter
through a large Buchner funnel containing a Whatman No. 41H filter
paper (to hold the fines), and wash thoroughly with hot water.
Transfer to a bottle and add water.

Hydrochlotic acid - antimony trichloride solution. Dissolve
0.1 gram of antimony trichloride in 500 ml of hydrochloric acid.

SPectrophotometric 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 No. 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 to a 250-mi 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 boiling (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 800 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 lip), and then wash down the end of the instrument with about
I 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 is furnished by the manufacturer) or any grade
of channel black, add 145 ml of nitric acid. If the carbon black
is furnace black of particle size greater than 50 millimicrons, 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



I
if 145 ml of nitric acid has been added:or 5 hours if 170 ml of
nitric acid has been added. Swirl occasionally 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-mi 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 sample
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 carbon 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 bristles 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 dissolution 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 solution (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 acetone to drain off completely, dry at 200* C. for

40 minutes. cool Ln a desiccator9 and weigh.

Calculate as follows:

7 carbon black = grams of precipitate x 100
grams of sample

Procedure When Both Carbon Black and Graphite Are To Be
Determined

Proceed as in the gravimetric method for carbon black. After

drying at 2000 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 BLACK 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 0.2% 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 on synthetic
samples using the spectrophotometric method are shown in Table IV.
The recoveries in both cases were satisfactory.

16



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 blacky except that P,
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 5-gram sample (15) is
advisable.

It is recommended that the sample be dissolved by treatment
with 75 ml of nitric acid at about 900 to 1000 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 is 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 method. Also,
the nascent chlorine and nitrosyl chloride generated by the mixed
acids makes the nitric-hydrochloric acid method somewhat more
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.
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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 1000 C. until the sample is in solution (30 to
45 minutes). Add 30 ml of water and boil for 10 minutes. Filter
while hot through the Gooch crucible and transfer and wash with hot
water. Discard the filtrate (Caution: nitric 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 800* C. for I houlr, cool in a desiccator, and
weigh.

Calculate as follows:

Z graphite = loss in weight of crucible, grams x 100
grams of sample

J. DETERMINATION OF GRAPHITE AND TIN TOGETHER BY NITRIC
ACID METHOD

As was noted at the beginning of this report, it is frequently
customary tc determine graphite and tin on the same sample after
dissolving the propellant in nitric acid. However, the results for
tin by this method may at times be very low. This was noted by
John R. Ness of the du Pont Company and confirmed by this laboratory.
The cause of the difficulty as traced in this laboratory was due to
failure to boil the solution to precipitate the metastannic acid
(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 solution is reduced to 10 ml". The word "simmer". as defined
by the dictionary, means "to be on the point of boiling". If this
is the interpretation taken, then the results for tin will be very
low, since vigorous boiling is essential. The tin is precipitated
as metastannic acid on boiling in either a concentrated or dilute
nitric acid solution. 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 solution boiled vigorously for
15 minutes.
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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* C. in a muffle for 40 minutes,
cool in a desiccator, and weigh.

Transfer a 5-gram sample to a 250-mi beaker, add 40 ml of nitric
acid, and cover with a tight fitting watch glass. Heat at about 90"
to 1000 C. until the sample is in solution (about 1 hour). Add 20 ml
of water, heat to boiling, and boil vigorously for 15 minutes with the
watch glass in place. Filter while hot through the Gooch crucible and
transfer and wash with hot water. Discard the filtrate (Caution: nitric
acid will cause a violet reaction with acetone to be used in the next
step). Wash thoroughly with acetone and allow the acetone to drain
off completely. Dry at 350* C. in a muffle for 40 minutes, cool in
a desiccator, and weigh. Ignite at 800* C. in a muffle for 1 hour,
cool in a desiccator, and weigh.

Calculate as follows.

% tin - 78,77 (C-A)w

Z graphite -100 (-C)

where A - weight of crucible, grams.
B - weight of crucible plus precipitate after heating at

350' C., grams.
C - weight of crucible plus precipitate after heating at

8000 C., grams.
W- grams of sample.

K. RESULTS FOR GRAPHITE BY MORPHOLINE, NITRIC ACID, NITRIC-
HYDROCHLORIC ACID, AND COMBINED GRAPHITE-TIN METHODS,

AND 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 zomewhat better recoveries than the nitric
acid method.

19 -

I.



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 a method for a particular sample is a question of judgement.

The nitric acid method is probably the most convenient and 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 oxamide.

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 method. 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 tin by the empirical factor 1.1.
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