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Agency Performing waork: Picatinny Arsenal, pover, New Jersey

Agency Authorizing .1ork: ORDTU

Project No.: TU2-4C

DOA Priority Designation: 2 A

Project Title: Stability of Rocket Propellants -

Effect of Metals on Double-Base Propellanits

OBJECT

*To determine the effect of metals and plastics on the stability and
ical characteristics of double-base propellent powders.,

SUMMARY

ests have been made to determine the degree of reactivity between the
112, M7, M13 and T7 Propellants and aluminum, magnesium, stainless steel,
tin-plated steel, zinc-plated steel and phenol formaldehyde varnish-coated
sheet steel. Two sets of test conditions were employed. First, ground
mixtures of propellan and metal or phenol formaldehyde varnish were stored
for six months at 50ob and ambient humidity. Second, grains of each pro-
pellant were storgdin contact with each of the surfaces mentioned for
six months at 32 C and 90% Relative Humidity.

Both 120 Heat Test and 90 C Vacuum Stability Test results indicate
-- hat no decomposition occurred during storage of the ground mixtures.

Microscopic examination of the propellent grains indicates the followin
(4) the propellants, in order of decreasing compatibilitytare: 7, M.113, m2
and T7, and (Z.) the contact surfaces in order of decreasing compatibility
are: stainless steel, phenol formaldehyde varnish, aluminum, tin, zinc
and n a

The standa d JAN compression test did not show any significant difference
for grains of an one propellant stored with any of the contact surfaces.

CONCLUSIONS

The degree of reactivity between propellent grains and contact surfaces
was determined by microscopic examination.

On this basis, Pluminum, stainless steel and this particular phenol
formaldehyde coating are less reactive than tin, magnesium and zinc.
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RECOUMEN DAT IONS

It is recommended that authorization be given for the use of aluminum

or phenul formaldehyde varnish-coated steel as liners for containers for
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INTRODUCTIX :

1. The Department of the Air Force has reported instances of physical
deterioration of double-base propellants in contact with their storage
containers (Rer A). Observations of reduction in tensile strength, decrease
in stability and non-uniformity of the contact metal surfaces have been
reported. The British have reported deterioration and embrittlemen of
double-base powder stored in zinc-coated containers (Ref B). Information
was, therefore, desired on the type of metal or metal coating which would be
most effective for use as containers or liners for containers for the
storage of double-base propellent powders.

2. At the request of the Office, Chief of Ordnance (Ref C), all
previous pertinent research was reviewed and an investigative program
prepared which was designed to provide additional and more complete
information on this subject. This research peogram comprised an investi-
gation to study the effect produced on the M2, M7, M13 and T7 propellants
when stored in contact with aluminum, magnesium, stainless steel, tin-plated
steel, zinc-plated steel and phenol formaldehyde varnish-coated sheet steel
under accelerated conditions of temperature and humidity.

3. The investigation re ported herein was divicied into two principal
parts, as follows:

a. Cylindrical grains of each propellent powder were stored in
contact with each metal and plated or coated metal at 3200 (900 F) and 90%
Relative Humidity. Control samples on glass under these conditions and
also atdesiccated humidity were studied for comparison.

b. Ground mixtures of each of the four propellent powders with
each of the five metals and the phenol formaldehyde varnish, as well as
controls consisting of individual samples of each propellant, metal and
varnish, were stored at 500C and prevailing humidity.

4. This report gives the detailed results of stability and physical
property tests made at the end of both three and six months' storage under
the above conditions. Work on this project has been concluded and no
further report is to be issued.

RESULTS:

5. The results of both the 1200C Heat Test and the 900C Vacuum
Stability Test indicated that no significant reaction occurred between
ground, intimate mixtures of any of the propellants with any of the metals
or the varnish luring storage for six months at 500C and ambient humidity.
Initial test values and those obtained at the end of three and six months'
storage are given in Table II.

5
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RESULTS: (contd)

6. Microscopic examination of the propellants and metals after storage
for three months at 320C and 90% Relative Humidity indicated the following:

a. The propellants, in order of decreasing compatibility are:
M, M13, M2 and T7.

b. The contact surfaces, in order of decreasing compatibility are:
stainless steel, phenol formaldehyde varnish, aluminum, tin, zinc and
magnesium.

The same relative order of propellants and contact surfaces were noted at
the end of six months' storage at 320C and 90% Relative Humidity. However,
the adverse effects were all generally accentuated. The results of the
microscopic examinations made of the propellent grains and contact surfaces
stored under this condition are given in Tables III, IV, VI and VII.

7. Microscopic examination of the propellants and contact surfaces
after three and six months' storage at 320C and desiccation indicated very
little reaction to occur, except the case of T7 propellant stored on zinc.
This latter combination did appear to undergo some reaction. The results
of all the microscopic examinations made for this storage condition are
given in Tables V and VIII.

8. Photographs representative of the changes noted by microscopic
examination are included, Figures 1, 2, 3, 4 and 5.

9. Standard JAN compression tests on samples stored at (a) 320C and
(b) 320C and 90% Relative -Humidity (Tables IX - XII and Figures 6 - 13 incl)
showed the following:

a. No one contact surface showed a particularly deleterious effect
on anj propellant. Surface effect differences noted in microscopic exami-
nations were not generally reflected in compression test values. One ex-
ception to this was the case of the T7 propellant. In this case, the
values for the work to produce failure were somewhat lower for those grains
which had been stored with magnesium, tin and zinc (Figure 13).

b. 1'Jither desiccated nor 90% Relative Humidity storage with any

of the diffe- it contact surfaces had any apparent or uniform effect on the
compressive properties of the M2 propellant.

DISCUSSION OF RESULTS:

10. As compared with previous investigations (Ref D) of this nature,
the study reported herein had several different features. First, the use

6
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DISCUSSION OF RESULTS: (contd)

of dynamic test conditions for the storage of the propellent grains. This
was accomplished by employing a Tenney Temperature-l1wiidity Test Chamber
to maintain the desired conditions of temperature and humidity within
one per cent, with uniformity of chamber conditions assured by continuous
air circulation. Previous studies have been conducted principally under
static chamber conditions which have not proven uniform. Secondly, mixtures
of ground propellant and ground metal were made on the basis of equal
areas of surface contact as calculated from the respective particle sizes.
Previous studies have been made principally on an equal weight basis which
did not result in valid comparisons in cases where the densities and
particle sizes of propellant and metal differed significantly.

11. Mixtures of ground propellant and metal were used in this investi-
gation to establish, by the use of elevated temperature storage, whether any
reaction would occur. Examination of the data given in Table II would
indicate that under these storage conditions, no change took place. Further,
these tests showed no decomposition that could be correlated with the results
of visual and microscopic examination of the propellent grains.

12. The detailed microscopic examination of the propellent grains
are given in Tables III through VIII and need little explanation. It
should be noted that under the conditions of high humidity, corrosion of
both propellant and metal was very evident even after only three months.
Continued storage for an additional three months only served to accentuate
the corrosion process. The T7 propellant was the most affected which may
be due to its nitroguanidine content. Undoubtedly, under prolonged storage
at these conditions, this propellant would have eventually deteriorated
to the point of complete physical breakdown. This might ultimately happen
to other propellants also, but in the case of the T7, the process would be
more rapid. While the surface effects were not reflected by changes in
the compressive properties, it is considered likely that this corrosion
process would adversely effect the physical properties of the propellant,
should the conditions of high temperature and humidity prevail for pro-
longed periods of time.

13. The physical property data, in a sense, were somewhat disappointing
in that no correlation was found to exist between the surface effects
noted by microscopic examination and the compressive properties of the
grains. Only in one case, that of the T7 propellant, was there any evidence
of a possible correlation (see Figure 13). Values for "work to produce
failure" plotted against storage conditions gives some slight evidence of
the deleterious effect of zinc, magnesium and tin, in that the values for
this property are somewhat lower for the grains of T7 propellant stored in
contact with these three metals. The values at 1% compression for all pro-
pellants are not graphically illustrated since the largest experimental

7
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DISCUSSION OF RESULTS: (contd)

error would occur within the early stages of the compression. A study of
the data obtained gives no complete correlation regarding the effect of
storage materials on the compressive properties. Likewise, no rule can
be made regarding the effect of desiccated and 90% Relative Hdmidity
storage on the physical properties of the grains. However, in the cases
of stress at 5% compression of the 17 and 113 and stress at rupture of the
T7 propellants, there is a decided increase in stress after storage at
90% Relative Humidity. This would seem to indicate some effect of the high
humidity on these propellants. This raising of stress is contrary to the
results usually obtained, as water normally acts as a plasticizer and as
such increases the deformation and lowers the strength of the materials.
While visual examination of the grains revealed variable degrees of
corrosion at the surface of the propellants, this had not penetrated deeply
enough to have any appreciable effect on the compressive properties. It
is probable that the compressive test will not indicate the effects of
surface corrosion, but would be more indicative of the functioning of the
grain as a unit.

14. Work similar to that reported herein has also been done at the
Naval Powder Factory (Ref D). Part of this research emforaced a study of
the effect produced on the physical properties of propellent grains stored
in contact with various metal surfaces. Specifically, it involved a study
of grains of 3"/50 cal "NH" and Cordite N propellants stored for six
months on steel, brass, zinc-coated steel, zinc-coated steel-chromate
treated steel and steel .coated with phenolic lacquer at three different
conditions; namely, (a) 920 F and ambient humidity, (b) 150°F desiccated and
(c) 150°F and 100% Relative Humidity. The last two conditions were much
more severe than those used in the present study and any degradation would
be more accentuated by these conditions than those used in this report.
The grains of "N" and "NH" were severely affected, particularly under the
conditions of high temperature and humidity and stored in contact with
zinc and brass. The NPF used the side impact test for brittleness to
establish effects on physical properties (Ref F). This is in contrast
to the compressive test used in this program. The conclusion reached in
the NPF report was that, of the contact surfaces tested, a phenol lacquered
steel had the least effect on the propellants.

15. In view of ll the above, it would seem advisable to use in
practice those metals or protective coatings which show the least effect
on propellants. From the observations made herei stainless steel, aluminum
and phenol formaldehyde varnish-coated steel are ihdicated to be less
reactive than zinc, magnesium and tin. Orr the basis of both studies, it
is recommended that consideration be given to the use of the three best
materials as liners or. protective coatings for containers where such are
to be used for the storage of propellants for prolonged periods of time,

8
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DISCUSSION OF RESULTS: (coatd)

possibly under extreme climatic conditions. Stainless steel is now being
employed as liner for propellent containers for small arms propellants.

EXPERIMENTAL PROCEDURE:

16. The propellent powders used (see Table I) in the mixtures were
ground in a hand grinuer to pass through a 12 mesh sieve. Magnesium, alurtinum,
zinc and tin were atomized to approximately the same size, 168 microns,
145 microns, 124 microns and 171 microns, respectively as determined oy the
air permeability method (Ref E). The stainless steel was obtained in 75
miL.ron size. The phenol formaldehyde varnish was prepared by painting this
material on polyethylene sheets and scraping it off. A final drying of the
varnish was made in vacuum. The mixtures of ground propellant and metal
were made on an equal surface area basis according to the calculations of
Gooden and Smith (Ref E).

17. The mixtures of ground propellant and metal, subjected to 5000
and ambient humidity, were stored in loosely cork-stoppered glass bottles
in electrically heated, thermostated ovens, Model 1250, manufactured by
the Precision Scientific Company.

18. The ground mixtures were subjected to 1200C Heat Tests and 900C
Vacuum Stability Tests in accordance with the procedures described in
Picatinny .Arsenal Technical Report No. 1401, Revision 1.

19. The storage of the propellent grains was made in a temperature-
humidity test chamber, Model 36TR, manufactured by the Tenney Engineering
Company, Incorporated, Newark, New Jersey. The grains subjected to 320C
and 90% Relative Humidity were placed end-wise on 6", x 6, squares of metal
varnish-coated metal and glass (control) in the test chamber. The grains
and test surfaces subjected to 320C and desiccated humidity were placed
in glass desiccators using "Desicchloral as the drying agent and the
desiccators were placed in the same test chamber.

20. The following contact surfaces were used in this investigation:

a. Aluminum: 16 gauge, 112, half-hard
b. Magnesium: 0156n, U.S. Army Specification 57-157, Class 18,

annealed
c. Stainless steel: 1/611, #50lz, Type 18-8
d. Tin-plated steel: 0.0125 = 30 gauge, Type 2, Grade 2
e. Zinc-plated steel: 16 gauge, Federal Specification qQ-L-696
f. Phenol Formaldehyde Varnish, "Bakelite" XV 1657, 12 gallon

tung oil, phenolformaldehyde, Navy specification NAVORD

No. 1433, Type A. This varnish was coated on:
Sheet steel: 1/6", Federal Specification QQS-11A

9
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EXPEDI ENTAL FROCEDUatE: (cofitd)

21, The mieu .d of compression testing employed was that given in
Ref G. The swmples were tested under standard conditions (77 0 F / 20F
and 50p Relative Humaidity / 2% Aelative Humidity) following temperature
conditioning. Compresbion testing was dine on an Instron Tester with an
adjustable speed control so that the rate of crosshead travel could be
varied among specimens to give the desired .,10 inch per minute per inch
of specimen height. i sub-press and compressometer in conjunction with
a Baldwin stress-strain recorder were used to assure axial loading and
accurate measurement of the amount of compression (Photograph M-38451).
The outside diameters and heights were measured by micrometer, However,
the perforations were so small that the only satisfactory n.ethod of
measurement was to insert wires of known diameters and assume this
diameter to be equal to the diameter of the perforation. Due to excessive
amounts of corrosion found in some of the perforations, it aas felt that
a microscopic determination of the diameters would be extremely difficult.
The above method was, therefore5 used.

REFERENCES:

.. o Department of the Air Force
0.0. 471.86/129(c), 22 January 194.

B. British Ordnance Board Proceedings
No 34585 (11 July 1947)
No 35907 (13 September 1949).

C. 0.0, 471-86/135(c), ORDBB 4715/3387, 29 January 1948.

D. Naval powder Factory, Technical Ateport No. 32, dated 10 August 1950,
"Compatibility of Zinc and Other Coatings for Steel with Double-
Base Propellants. "

E. "Measuring Average Particle Diameter of powders.," by Gooden and
Smith; :nalytical Edition, Industrial and Engineering Chemistry,
Volume 12. pages 479-482, 15 August 1940o

F. OSRD Report Nc 5592.

G. JAIN Panel on Physical Properties of Solid Propellants - Method for
Determining the Compressive Properties of Solid Rocket Propellants -
Approved 24 January 1950.

INCLOSURES:

Tables I - XII incl

Figures 1 - 13 incl
Photograph I-38451

10

CONFIDENTIAL

I



CONFIDENTIAL

REPORTBY

J. E. Abel
Chemist

A ilbnick
Chemist

E McAbee
Materials Engineer

d. LeMastre
Major, Ord Corps
Mil Ch, Chemical Research Section

/Gilman

r hief Plastics Research Section

Asst Ch, Tecnnical Division for
Research and Chemistry

APPROVED:
C. R. DUTTON
Col, Ord Corps
Chief, Technical Division

CONFIDENTIAL'



CONFIDENTIAL

TABLE i

CU",FNOITI,', .-NT GRAIN DIMh-tSIUNS UF FR(2PELLANTS USED

Type W 147 U13 T7

Lot Number RAD-9713 RAD-51045 SUN-18577 DP-6285

Nitrocellulose, % 76,26 54,29 57,04 41; 78
Nitroglycerine /

Dinitrotoluene, d 20-52 35 32 40,23 17.28
Potassium perchlorate, % - 7.98 - -
Barium Nitrate, % 1,54 -

Potassium Njitrate, % 0,82 - - -

Potassium Sulfate, % - - .61 -

Graphite, % 0 26 - - -

Carbon Black, % - l31 - -
Diphenylamine, % 0M60 - 019 -

Ethyl Centralite, % - 1.10 0.93 5o42
Nitroguanidine, % - - - 54,93
Cryolite, % - - - 0,25

Total Volatiles 1,85 039 0.88 017

Height of Grain, in 3/16 3/8 7/8 5/16
Diameter of Grain, in 3/16 3/8 7/8 5/16
Tolerance, in $ 0,005 0,007 _/ 0009 _ 0,004
(as measured)

REGRADING DATA CANNOT BE r:-'---
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TABLE II

THERMAL STABILITY DATA OF
MIXTURES OF -ROUND PROPELLANT .INJ METAL

0 90 0C Vac Stab
120 C Heat Test cc gas/40 hrs

Initial Values 3 months 6 months 0 3
Pro- SP RF EXPL SP RF EXPL SP RF EXPL

pell±..t Metal min min Uin min min min min min min mos umos :.os

T7 rin 95 300/ 3W0/1120 300/ 3WA/ 80 300/ 300/ 0.62 0 55 0.41-
M9-3 " 70 300/ 300i 100 240 300/ 90 250 300/ 0.73 103 0.9(
w it 100 300/ 300/ 110 300/ 300/ 80 275 300/1 0,86 0O.64 0.54
M2 " 95 300/ 300/! 90 250 300/ 10 260 3O/ 0.16 0.40 1,32

T7 Zinc 95 250 300/ 150 485 300/ 105 280 300/ O.4 0.81 0 6L
M13 , 60 200 300/ 105 475 300/ 85 200 300/ 049 1.0o 0.83
M7 ,, 85 210 300/ 105 280 300/ 95 275 300/ 0.57 0.51 O.e6

2 100 300/ 300/ 110 285 300/ 85 290 300/ 0,55 0.69 6A5

T7 Aluminum 70 140 3UU/- 95 240 3500, 8U TbU 300/ 1Ov U.93 Uvc
tf3 " 65 210 300/ 60 150 300/ 65 125 300/ l04 1,19 1.23
M7 " 70 220 300/ 80 210 300/ 75 150 300/ 1.14 O.b1 0,8o
M2 " 85 220 300/ 65 150 300/ 70 105 300/ 0.78 1.23 1,77

T7 Magnesium 100 300/ 300/ 90 175 300/ 85 250 300/ 1.38 1.28 1.19

M13 " 55 120 300/ 55 125 300/ 70 200 300/ 1.41 1.45 1,41
M7 " 65 180 300/ 95 250 300/ 80 175 3007 1.27 1,31 114
M2 " 90 110 300/ 100 210 300/ 70 250 300/ 1.14 1.58 1,89

T7 Bakelite 65 150 300/ 65 140 300/ 70 100 300/ 3.32 1.08 .1.27
1113 " 50 150 300/ 60. 130 300/ 60 80 300/ 3.24 1.43 1.39
M7 " 70 180 300/ 65 130 300/ 65 110 300/ 2.71 1.03 1.19
U2 ,, 65 180 300/ 65 145 300/ 75 155 300/ 3.02 1.25 1.46

T7 Stainless Steel 75 300/ 300/ 120 300/ 300/ 100 290 300/ 0.69 0.64 0.56
M13 " 50 210 300/ 65 210 300/ 70 110 300/ 0.88 0.76 0.87
M7 " 90 300/ 300/ 90 210 300/ 100 175 300/ 0.86 0.52 0.60
IQ 80 300/ 300/ 95 250 300/ 95 250 300/ 0.68 091 1.05

T7 - 40 90 300/ 55 105 300, 60 100 300/ 2.95 3.01 3.2C
M13 - 40 65 300/ 55 90 300/ 55 60 300/ 2.99 3.87 3.95

7- 40 80 300/ 55 90 300/ 55 65 300/ 2.60 2°27 2,62
M2 - 45 85 300/ 50 90 300/ 50 55 300/ 2,67 3.79 4.06
- Tin - - - - - - - - 0.22 0.15 -
- Zinc - - - - - - - - - 031 0.57 -
- Aluminum - - - - - - - - - 0.34 0,17 -
- Magne sim - - - - - - - - - 0.24 0,20 -

tBakelite .- .- - - - O- - 30 060 -
- Stainlte - - - - - - - - - 017 0.618 -
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TABLE V

TABULAR EVLLUaTION BY MICHUSCOPIC EXAMINATION OF PROPELLENT
GRAINS STuRED FOR THREE MONTHS aT 32°C UNDER DESICCATIUN

Propellant Surfaces _

A B C D E

All Others

M13 - S. Steel
T7 - Zinc

M7 - Zinc

4
Z

to

4

* Same Ratings Used as Given in Table III
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Metal Surfaces (Interface) *
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!tetal. Surface* (Interface)
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