
ON A MODIFIED FORM OF STABILITY TEST FOR
SMOKELESS POWDER AND SIMILAR MATERIALS

By H. C. P. Weber

Some time ago an investigation on the stability of nitrocellulose

plastics was undertaken at the Bureau of Standards, and the ques-

tion of the stability of these materials at normal and elevated

temperatures was one of the questions studied.

One of the stability tests employed in that investigation seems

of sufficient interest to warrant calling attention to it, especially

since it does not seem possible to carry the investigation further

at present.

The papers to which reference has been made in connection with

this subject are tabulated at the end of this paper and will not be

cited again in detail.

There is, perhaps, no need for going into details regarding all

the various tests proposed. While there are many of them, each

having its own particular advantage, only a few are at all generally

applied. The reason for adding to their number is that while this

test is an explosion test, and therefore simple and rapid, it is in

reality a determination of the change of decomposition velocity

with rise in temperature and, as such, a measure of stability.

Various investigators have touched upon the influence of the

rate of heating on the result, whether it be in the explosion tests

or in methods depending on the amoimt or rate of gas evolution.

For this reason the rate of heating in the explosion test is defined

within certain limits. The decomposition of nitrocellulose is auto-

catalytic, and when a certain surroimding temperature is attained,

say 135° C, nearly all samples of nitrocellulose will explode if kept

in surroundings of that temperature long enough. The tempera-

ture of the decomposing material may be a few or many degrees

above 135°. In the investigation of nitrocellulose plastics we have
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repeatedly seen differences of 30° and 40° between the temperature
of the surroundings and of the sample when the substance went

off. The amount of this differ-

ence depends on the mass of

the material and its heat con-

ductivity and on the heat con-

ductivity of the system used

for test. These factors enter

into the German 135° test as

well as into the ordinary high

temperature explosion test.

In the former the time will

vary with the heat insulation

;

in the latter the explosion

temperature will vary with

the rate of heating.

The apparatus used for the

test is shown in Fig. i. The
heating bath consists of a cru-

cible of iron or nickel, about

10 cm in diameter and of ap-

proximately the same depth.

The cover is of sheet metal,

about 3 mm thick, with a

flange that fits snugly into the

crucible and projects slightly

beyond the rim. One hole

through the center of the cover

is just large enough to per-

mit the thermometer to pass.

Symmetrically distributed
around the center of the plate

are eight openings 15 mm in

diameter. The heavy metal

supporting tubes are about 4
cm in length and about 1 2 mm internal diameter. The lower end

of the tube is flanged, so that the tube rests securely on the cover.

The test tubes are about 9 cm long and must be of such diameter
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that they will just slip freely into the supporting tubes. A num-
ber of extra caps are provided to cover openings not intended to

be used during the test. The heating liquid may be either par-

affin, glycerin, or similar inert liquid, which may be heated to

200° without boiling or fuming strongly.^

The test tubes should dip about 4 or 5 cm into the heated liquid,

so that their ends will be at about the center of the heated mass

and may readily be removed one at a time and replaced by fresh

ones. For each explosion a clean tube should be taken.

The thermometer is supported by a metal clip which rests on

the cover, the bulb being on a level with the lower ends of the test

tubes. The thermometer used was standardized. Since the mer-

cury thread projected but little above the highly heated zone, the

stem correction was found to be negligible. This should be checked

with each apparatus and thermometer for the various tempera-

tures when the apparatus is put together.

The heating bath is suspended in a conical piece of sheet metal

wrapped with asbestos. The metal shield (Met. Sh.) is cut so

that the crucible will hang securely in the upper smaller opening,

while its larger end rests in the flanged tripod rim. With this

apparatus and a small gas flame it has been easily possible to

maintain the temperatiure constant for 15 or 20 minutes within

half a degree. It is most convenient to have the burner set so

that there is a tendency for the temperature to fall and to use a

small accessory flame momentarily whenever necessary. With a

temperature regulator or with electrical heating the ease of manip-

ulation might, no doubt, be increased.

One or two stop watches ^ complete the equipment. When
the apparatus has attained equilibrium at the desired tempera-

ture, one or more of the test tubes is loaded by dropping in the

sample of powder, the stop watch is started, and a cork is dropped

into the mouth of the test tube. The time until the explosion

takes place is then noted.

The grains of the 6-pounder smokeless powder are of con-

venient size to use directly. Powders of larger caliber should be

cut into pieces weighing about 0.2 g each. Each sample of

1 This form of apparatus has been devised by C. E. "Waters ia connection with work on lubricating oils.

2 I have found the type of stop watch with two second hands, which may be stopped independently,

the most convenient form. With two of these at least four samples may be observed simultaneously.



122 Bulletin of the Bureau of Standards [Vol, 9

powder was tested at four temperatures, i6o°, 170°, 180°, and 200°.

For the present purpose at least three tests were made at each

temperature interval and a curve was drawn through the average

values.

The following series on powder A shows how closely duplicates

may be expected to agree

:

Av. Max. Var.

200° c. 1' 44"; 1' 48"; 1' 44"; 1' 48"; 1' 45" 1' 46" ± 2%
180° 2' 55"; 3' 05"; 3' 10"; 3' 04" -5%
170° 4' 17"; 4' 30"; 4' 28" 4' 25" -3%
160° 14' 20"; 17' 40"; 17' 34" 16' 35" -14%

In general the discrepancies appear to be greater at the lower

temperatures. This is to be expected, since the curves given

further on show to what extent the influence of small temperature

variations is magnified in the region of 160°. Furthermore, the

irregularities are more pronounced in the "poor " powders.

The following set shows what can be expected as to repro-

ducibility of the complete curve. The sample used was L and

the second test was made one month later than the first. The
averages only are given

:

200° C 180° C 170° C 150° C

I

II

1' 31"

1' 27"

2' 18"

2' 31"

3' 39"

3' 43"

7' 11"

7' 30"

The following table and Fig. 2 give the results obtained with

10 samples of smokeless powder and two samples of nitrocellulose.

The samples were obtained through the Navy Department, and I

am indebted to the courtesy of G. W. Patterson, powder expert at

Indian Head, for the selection of three classes, good, fair, and

poor, and for the description of these samples, which I quote for

comparison with the explosion periods

:

Nitrocellulose A.
—

"Specially prepared. Heat test, potassium-iodide starch, at

6595 C, 4 minutes; German test at 135° C, 9 minutes for litmus red."

Nitrocellulose B.
—"Heat test, potassium-iodide starch, at 6595 C, 42 minuces.

German test at 135° C, 38 minutes for litmus red."

Powder Sample A.
—

"Six-pounder. Diphenylamine as stabilizer. German test

at 135° C, litmus red, 2 hours 35 minutes, explosion 5 hours plus. Surveillance test

at 80° C, 87 days; at 6595 C, 307 days."

Sample B.
—"Medium caliber. Diphenylamine as stabilizer. German test at

135° C, litmus red, 2 hours 17 minutes, explosion 5 hours plus. Surveillance test

at 6595 C, 271 days."
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Sample C.
—

" Large caliber. Diphenylamine as stabilizer. German test at 135° C,

litmus red, 1 hour 25 minutes, explosion 5 hours plus. Surveillance test at 6595 C,

245 days plus."

Sample D.—"Large caliber. No stabilizer. Rosaniline as indicator. German
test at 135° C, litmus red, 2 hours, explosion 5 hours plus. Surveillance test at

6595 C, 60 days."

Sample B.
—"Medium caliber. No stabilizer. Rosaniline as indicator. German

test at 135° C, litmus red, i hour 35 minutes, explosion 5 hours plus. Surveillance test

at 6595 C, 74 days."
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Fig. 2

Sample F.
—

" Six-pounder. Contains rosaniline and diphenylamine. German test

at 135° C, litmus red, 2 hours 25 minutes, explosion 5 hours plus. Surveillance test at

6595 C, 375 days; at 80° C, 64 days."

Sample H.—" Manufactured in 1901 . When last tested it gave German test at 135°

C, explosion in 41 minutes. Surveillance test at 6595 C (1907), 79 days."

Sample I.
—"Manufactured about 1901. When last tested, it gave German test at

135° C, explosion in 2,2> minutes; surveillance test at 65.5° C, 82 days."

Samples K and L.
—"These are both in ver}^ poor condition, giving only one day

surveillance test
.

"

The explosion periods obtained on these samples are as follows.

The value underscored is the average value.
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Explosion Periods

IVoLg

Temperature 200° C 180° C 170 ° n 160° C

Nitrocellulose: min. sec. min. sec. min. sec. min. sec. min. sec.

33 5 20 30+ 30+

A
58

37

6 11

6 56

1 6 19

33 4 06 16 00 30+

B
42 5 55 17 30

34 6 06 16 45

36 5 22

Powder:

_
1 44 2 58 4 30 14 20

1 48 3 06 4 17 17 40

A..
1 44 3 10 4 28 17 34

1 48

1 45

3 04 4 25 16 36

1 46

1 54 3 37 5 23 5 44 14 20

1 15 3 54 5 26 6 02 13 45

. 1 65 3 44 5 36 5 53 17 7

1 32 3 27 5 28 5 57 14 57

B
1 33 3 57

1 41 3 44 168°

1 37

1 27

1 25

1 36

2 04 4 05 6 17 17 45

C ».
2 04 3 15 6 28 18 25

2 10 4 50 6 55 18 18

2 06 4 05 6 34 18 09
•

1 45 4 20 6 15 7 00 19 00

1 47 4 03 5 53 6 50 26 49

2 4 08 5 57 6 56 28 30

D 1 58

2 10

4 10 6 6 56 24 46

2 30 172° 171°

2 00

• 1 35 3 55 6 10 10 15

2 10 4 06 5 58 10 24

2 10 4 18 6 08 10 29

E 2 05

2 10

4 06 6 05 10 23

2 10
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Explosion Periods—Continued
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Temperature ..... 200° C 180° C 170°C 160* C

Powder—Continued min. sec. min. sec. min. sec. Tnin. scs. min. sec.

1 40 2 47 3 33 15 16

1 41 2 45 3 23 15 47

1 48 2 49 3 31 17 40

F 1 45

1 45

2 47 3 29 16 14

1 38

1 43

1 15 3 32 4 45 6 47

1 29 3 35 4 17 6 48

1 10 3 28 4 44 6 50

H 1 15

1 38

3 32 4 35 6 48

1 22

1 28

2 04 3 05 3 50 6 13

2 10 3 05 3 49 6 00

2 02 3 20 3 56 6 17

I 2 00

2 05

3 10 3 50 6 10

2 05

2 04

2 05 3 29 5 55 11 12

2 05 3 30 5 22 11 8
'

2 14 3 50 5 15 12 38

K 2 17

1 50

3 36 5 51 11 00
'

12 28

1 52 13 00

2 04 11 54

1 31 2 13 3 38 7 02

1 22 2 18 3 33 7 12

1 27 2 22 3 47 7 20

L 1 35 2 18 3 39 7 11

1 30

1 40

1 31

K, at 183°, 3-20, 3-29; at 160°, 12-43, 13-20 minutes and seconds.

F, at 178°, 3-00, 3-13 minutes and seconds.

A, atl99M-47; at 198°, 1-53; at 197M-52; at 195°, 1-56; at 193.5°, 2-12 minutes and seconds.

The curves embodying these results are given in fig. 2. The
curve marked ''theoretical cm^e" is obtained on the assumption

that the reaction velocity doubles for every 10° C. While the

82208°—13 9
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curves obtained from the explosion periods are of the same gen-

eral type, it is apparent that the relation is not so simple as that

shown b}^ the "theoretical curve." What influence the stabilizer

has upon the direction of the curves it is difficult to say with the

data at hand. It does not follov^^ that the stabilizer will affect

the explosion test in the same manner as it does the heat test or

the surveillance test. The stabilizer, while it removes the prod-

ucts of decomposition, may of itself act as a positive or negative

catalyzer. If the decomposition be considered as the dissociation

of an ester, the presence of a substance removing the products of

decomposition will increase the rate. This has been noticed by
Mittasch ^ for nitrocellulose with various basic additions and has

been confirmed by myself in the case of pyroxyline plastics

containing zinc oxide.

That the curves do actually represent the stability of the

powder with changing temperature and are not accidental is

shown by the reproducibility of the various points along the

curve, as shown in the table; by the fact that the curve having

been determined by four points, determinations made at varying

temperatures are found to fall on the curve; and by the fact that

the complete curve can be reproduced at widely varying intervals.

(See curves W and L''.) The curves are undoubtedly character-

istic for the sample. The deviations for individual points are

not large enough to affect the general trend of the curve. What
temperatures are chosen must probably be left to individual

requirements; 190° would perhaps be preferable to 200°. At
150° we should have the apparent advantage that the differences

between various samples become greater and the disadvantage

that the test becomes slower and the results are more subject to

accidental influences. The bend of the curve between 180° C
and 160° C is, perhaps, its most characteristic portion.

The curves fall into three distinct groups for the samples tested,

corresponding to their general classification of good, fair, and

bad. The stable powders have a pronounced bend, while the

ratio of explosion periods at 200° C and 160° C is at least 2:9.

In the unstable samples this ratio falls as low as 2:3, and the

points do not fit a smooth curve so well. The curves for the two

3 Loc. cit.
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samples of raw nitrocellulose are somewhat peculiar, being much
flatter and corresponding more nearly to the theoretical curve.

The powders do not always fall in exactly the same order by
this explosion test as they do by the surveillance or the heat test,

but I think this is true to the same extent for the 135° German
explosion test and the ones mentioned. This appears by com-

parison of the customary tests on samples D and H

:

D, German test 135° litmus red 2 hours, explosion 5 hours ; surveillance 60.

H, German test ; explosion 41 minutes ; surveillance 79.

From the results given it is evident that one explosion tem-

perature, even if time is considered, does not give much informa-

tion, while the determination of the characteristic ctirve does

yield definite and specific information.

On account of the complexity of the conditions the test can

hardly be expected to tell all that is to be known, but I believe

that with sufficient data it may even be made to throw some
light on the actual effect of the stabilizer on the natural decom-

position velocity of the powder, as distinguished from the length

of time before the decomposition products become noticeable.

CONCLUSION

The proposed method gives more accurate determinations of

the explosion temperature than the method of heating w^ith rising

temperatiure.

It gives a better comparison of the relative stability of explosive

substances.

The test is in effect a determination of the rate of change of

decomposition velocity with change of temperature and is as such
characteristic for each sample.

Washington, June 22, 19 12.
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