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SUMMARY

The preparation of snonge propellants by jnclusion of a chemical blowing
agent in a nitrocellulose-solvent system was invesiigated. Using fibrous
nitrgcellvlose very poor grains were obtained due to the difficvlty in removing
the solvent. The use of nitrocellulose in the form of ball powder nermitted
the inclusion of all the ingredients with suitable (non-explosive) vlasticizer
in & mold and thorough dispersion of tie blowing agent in the mix, The grains
were then formed by simultaneor sly foening and curing at 120°C.

Altl.ough a certein degreg of porosity was cbteined the finished grains
were unsctisfectory due to the rnresonce of large voids within the matrix.
Limited closed bomb data indicated that $orosity had no apparent effect on
the burning rate. The thermal stabilit;- obtained by the 134.5°C Heat Test was
unsatisfactory. This has been atiributed tc the high temperature to which the
grairns were stvbjected during the foaming and curing process.

-

k)

., GOnCLUSICILS

& v

The prepars icn of nitrocellulose~tase spenge vropellsnts by the vse of
blowing agents is not :romising. It anpcers o be ¢ifficult to obtain sponge
grains having a uniform pore structure. In addilion extensive work weuvld have
to be done to evaluete blowing agrnts wlich arc compztible with nitrccellulose
an¢ which have blowing action ¢t a relstively low temperature, .

RECONIZIIDATICLS

It is recormended iret werl: on the preparation of nitrocellulose~base
sponge ponellant grains by *the use of blowing sgerts be terminated.
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o INTRODU STION

Under Contract DAI-33~019-~ORD-(P)-23 the Defense Research Division of
the Firestone Tire and Rubber Company investigated various methods for the
preparation of a nitrocellulose-base sponge propellant. As the name indi-
cates this type of propellant deals with a composition that has been given
a cellular structure similar to sponge rubber. The obvious objective in
using sponge propellant for fast burning is the utilization of the large
exposed surface area. For the adjustment of this surface area, control of
the size and type of cell is required.

The objectives of this project were:
¢ (a)e The development of a sponge propellant with uniformity of]
pore structure and composition, a density above O, 70 g./cc., and reproduc;-
bility of burning characteristics. o ; . .

(b)e The development of means of varying and controll1ng the

"apparent burning" rate of the sponge propellant. .

Various methods for producing a sponge structure in cellulose nitrate
were evaluated as follows (Ref 1):

. +(1)e Incorporating a water soluble material in a nitrocellulose~
sglwsent system and extracting the water soluble material and solvent by
means of a leaching bath. .

(2)e Dissolving a kas or low boiling liquid in a nitrocellulose-

anTlwant qu"‘ﬂm nnr'l f‘f\ﬂ'm%hn 'h-lr -nnfqnn-snn- +'no pnacon“a ~v a«wﬂ-nn-nn+-.nr- -
-0 =) g

o4 apcrating the
1iqu1do &
@
(3). Entrapping air in a nitrocellulose-solvent system by means
of a rapid mixing such as used in some commercial foaming techniques. .

(4)e Using bifunctional agents such as tolylene diisocyanate to
achieve a molecular cross-linkage of a gelled nitrocellulcse matrix while
simultaneously entrapping a gas.

(5)e The inclusion of a chemical blowing agent in a nitrocellu-
lose-golvent system which on heating decomposes with the evolution of a gas
to produce a cellular structure.



Techniques for foaming nitrocell®losq are Jimited because of the jinherent
properties of thris maverial, For example, nitrocellitloss is not thermoplastia
and the decomposition temperature is relatively Jow. Initial surveys of the
above methods resulted in the selection off & salt-solvent system as the most
promising method of producing the desired produgt.

A procedure was developed by Firestone for preparing sponge grains by *
the "nitrocelluvlose-salt-solvent" system (Method 1) using sodium chloride as
the selt and acetone as the solvent. Ballistfc and stability evaluation of
the sponge grains were carried out by Picetinny Arsenal. The restlts obtaine
ed jhave been reported elsewhere and need not be repeated here (Ref 1, 2, 3).

The grains formed by Method 2, 3 and 4, had cells or voids which vere
irregular and difficult to control and, on removing the solvent, a distorted
{and frequently degraded) grain was obtafned. The development of a sponge
propellant by these methods did not appear feasible and work was abandoned.

The incorporation of a blowing agent in a nitrocellulose-solvent system
(Method 5) shcwed some merit. A blowing teghnique as compared to salt ex-
traction would be faster. "It would permit a greater range of product density,
and it would provide a choice of closed cell structure or open, connected cell
structure., This technique was extensively evaluated.and forms the subject of
this report. : :

RESULTS AND DISCUSSION

The use of a blowing agent tu uruvduce a cellular siruclure wilinin a
nitrocellulose grain introduces two problems. The, process utilizes the
evolution of pas by some material on heating or other activation method.
Due to the low thermal stability of nitrocellwlosae i% is essential that the
activation energy of the blowing agent be as Jow as possible. - The segond
problem is that both the blowing agent and its decomposition produets must
be compatible with nitrocellulose and any exp1031ve plaut1c1zer which may
be used.

Most cormercial blowing agents have & fairly high activation energy,
and are, therefore, not svited for wse in a nitrocellulose sysiem. Lowever,
two compounds, N,N'-dimethyl-N,N'-dinitrosoterephthalamide (BL~353) and
benzene dlsulfohydra21de {Porofor 13/CE) were found which showed strong
blowing action at 95~100 °¢ in about twenty minvtes.



To determine the effect of these twe blowing agents on the skability
of nitrocellulose, compatibility evalvattion was garried out bj®* Picatinny
Arsensl using samples of theseblowing agent obtained from Firestone (Ref 43.
Nitrocellulose films were prepared (from acetone solution) containing 1%
bloulng agent, with and without stabiliger, and evaluated by the standard
134 .5°C Heat Test.» The data reported in Table ] shows that the products
remaining after decomposition of the BL-353 Were compatible with nitrocellu-
lose, while the residue from Porofor 13/CP had a garked degrading effect on
the nitrocellulose. . In this evaluation it was assumed that the temperature
of the Heat Test (134.5° C% was high enough to ins®re complete blowing of the
compounds under investigatlion. Subsequenl work by the contrezctor and this
Laboratory showed that this was not trve, and that the blowing action in
simple films was gujte unvredictable, - .

a8

BL-353 CN N'-dimethyl-N, N'—dlnltrosoterephthalamade) is a blowving agent
that decomposes on heating to give gaseofts prod®cts consisting of 9% nitro-
gen plus some carbon dioxide (Ref 5,6). * The compound is considered a weak
ignition explosive, and is somewhat sensittve to impaet and friction. For
use &s a blowing agent it is coated with approximately 30% bj weight of
white mineral oil which adequately desensitizes it with minimal lowering of
storage stability or its blowing nerformance, In the course of the blowing
action*in an inert mediim the decompositi-n takes the following douvrse:

0 o 0 0
n n n n

. heat
ONwN—~C=C.H, =-C~N-NO CH,0=C~C.H, -C~0CH + 2N
FeR T T T MY, 3 2

CH.. CH..
2 2

- )
The solid prodvet remsining after blowing, methyl terephthelate, would not
.be expected ‘to cavse instabilit" of nitrocellulose or other nixrate esters,

The natﬂ;e of the product2 forred during blouing of Porofor 13/CP
(benzene ulsulfohydra51de) are tnknown to the writere. Eowever, on the
basis oi its structural formula, CeHy(SOoNNHo)o, it is believed that these
decomposition prcduets would be acidic compounds of stlfur. Such cownounds
are known to be incompdtible uith nitrate esters. ' Therefore, no further
work was carried ovt with this blovinz agent,



As previowsly sta®ed, 3 ttrccellilose Sl etelies vt BI-353 &4 w=3
difficelh to comtrod the blovwing agbion tHich vas quite migrslictadle. Thesg
£ilms weye prepared by dlssolving the nilrogellwlose in a selvenb, pouring
®he visco®s solytion on & glass plate, and evaporating the solwvent at ambiend
tempevat®re, The ges®lts indicsted that the blowing actiom was gosh d&ing
dgying of the golvenh Lrom the film. An attempt was Ther made te tse Nigh
botling pointe sodven®s sdch as the cellosclves and carbitols. A preceddre
%as devised dn vhick the ingredients were thorowghly colloided in a Balreg-
Perkins Mixer, and then molded in a polyethylene-lined glass cylinder. Afteg
removing the sample from the mold it was pleceq in a boiling waker bath to
dnitiate the blowing action, This technique res®lted in the prepara%ior of
a porous grain, but it was difficult to prevent distortion of the grain.

, The work described abeve was carried out wsing either fibrous military
grade (12.6 3H) or lacquer grade (11%/ %N) nitrocellulose, Attentfon was then
directed *6 the use.of nitrocellulose in the form of single-base ball powder.,
It was proposed that this form of nitrtcellulose night be foamed by a methed
similar to tha* used with commercial plastics. This technique would permit
the ingiwsion of all the ingredients with suitable plasticizers in a poly-
ethyléne~-lined mold and thorough dispersion of the blowing agent throughout
the fluid mix. Since the curing step involves heating 1t would be possible
to foam the mixturc dvring the curing phase. The simultaneous gas evolution
and curing of the nlastisol particles would result in encapsulation of gas

" tells providing a foamed struecture.

. Using this technique the Firesitone Company prepared a number of grains
and submitted them te Picetimny Arsenal for closed bomb evaluation, measures
ment of pore size distribution, and stability determination. Although these
foamed samples were prenared with inert plasticizers resulting in poor thermo-
chemical pPropor Wes,y 1t was aullicipeied lbal  in felure work ilhe ineri plasti-
cizer would be replaced, at least in part; by high energy plasticizers such
as mtroglycerin to permit their adoption as propellants. The compositiem of
these grains is®given in Table II. It is evidenl from a consideration of the
data thab a wide variety of foam densities can be obtained by judicious se-
lection of nlasticizer system and concentretion of blowing agent,

Closed Bomb Evaiuation:

As explained above the grains were prepared with inert plasticizers.
This was necessary for reasons of safety, and until operating procedurec and
stability parameters could be cvaluated, Therefore, these grains were not
expected to have fevorable thermoshenical properties. lowever, closed bomb



evaluatsion was eax#ed o9t to dedergine the eflect, if any, of grain norosity
apd %o havae dala for corparison with® crains prepared witl explosive plasti-

glzers,

Table III gives data for the closed bomb evaluation of propellant grains
o, &2 and 63 dn comparison wikh standard M-10 propellant. In view of the
high percentage of wnoxidized carbon in the sponge grains, it is not sur-
;miqlng that the relative force is so Jow. No valid data is available for
comparison, but &t appears that the vorosity of the grains had no merked ef-
Lect on the burning rate.

-

Pore Size Distribution: B

)

- In order to determine the pore size and homogeneity of tge preopellant
samples.Grains ifo. 64 and 65 were cross scctioned into increments approxi-
nately 1/8 inch tiick. From these cross-sectimed slices wafers, 0,55 inch in
dimeter, were cut with e cork borer and examined microscopically. FPhoto~
graphs of representative samples of these wafers are shown in Figura 1.

The microscopic examination revealed a grain composed of a combination
of open and closed pore striicture. Though 1rreau1ar the geometry and distri-
bution of the small pores were similar throughout any one grain, .However,
both grains contalned a number of widely scattiered large volds up to approxi-~
mately 1/4 x 1/8 inch in size. Similar voids were observed in other grains
(Table IV). Vhether these voids were formed during the blowing process or
by entrapped air during casting is unknown. It is possible that the gas pro-
duced during the blowing action migrated into pockets forming large fissures

" rather than the desirable uniformly encapsulated gas cells, -

Each of the grains examined contained a cons 1Jerable amount of green
eolored impurity having a meltlng point range of 110-120°C, (Iten 4y Fig 1),
The nature of this impurity is unknown. Methyl terephthalate, the solid
product formed by the thermel decompositicn of BL-353, has a melting 001nt
of 140 Co

Thermal Stabilitvy:

The thermal stability data for the sponge propellant grains, as de-
termined by the standard 134.5°C Heat Test, are given in Table V. It is
interesting to note that the date falls into two distinet groups. One set
of gpgins (Mo, 63=65) showed 20 minutes to Salmcn Pink and about 130 minutes



to Red Fumes. %The other grain® showed 25 @lnutes to Salmon Pink and 30 mimztes
to Red Tumes. The drimary difference is that grains No. 63-65 had a lower per-
centage of plasticizer than the othegx grains. The nature of the plasticizer,
or the concentratien of the blgwing agent, appeared to have no effect on the
stability, ’

For standayrd eingle-base propellents containing 1% diphenylemine as
stabilizer, the minirmum test period to Salmon Pink at 134.5°C is 40 minuies.
Therefore, on the basis of their low Salmon Pink value (20-25 mimutes) the
sponge propellant grains are gonsldered unstable, even though there was no
explosion+in 300 minutes. The low stability data for these grains was sur-
prising since prior work in this Laboratory (Table I) had shown that nitro-
ceJlvlose films containing 1% BI~-353, with or without stabilizer, were stable
at this elevated temperatire. The grains were prepared by Pirestone without
the addition of stabilizér (Tsble II), ¥However, the ball powder used in these
gralns contained 2% nitrodivhenylamine, which is equivalent to 1.5% stabilizer
in the finished propellant grain.

To resolve the discrepancy in the stability data between the simple
nitrocellulose films and the sponge propellant grains a few experiments were
- carried out to evalmate 'the stability of ball powder in contzect with the blow-
ing agent at 135°C. The results are listed in-Table VI.

Since BL-353 is classified as a weak initiator, its incompatibility with
ball powder in the dry state 1s nct unexpected. When the ingredients are dis-
persed in acetoue and - cast into a film, satisfactory stability is obtained at
a low concentration of the blowing agent., Substitution of.s.high boiling
point plasticizer for acetone males 1t possible to increase the BI-353 con-
centration up to 30% without deleterious effect on the Salmon Pink value. The
data thus indieates that hall novder and BL-352 ore compdiible over a wids
range of concentra'ions previded ther are dispersed in a suitable metrix, It, -
- therefore, appcars that the JTow Salmon Pink value for the sponge propellant
grains is inherent in the propellant system and not due to the composition.

The sponge propellant grains were prepsred by curing at either 100°C for
one-heur or at 120°C for 30 minutes. They were then subjested to the elevated
temperature {134.5°C) of the heat test, It is probable that thie initial heatw
ing period,, required for efficient blowing action, caused soeme degradation of
the nitrocellrlose. The standard ea¥ test was, therefore, carried out on a
- propellant grain in whieh the ritrocellulose was partly degraded. Therefore,
the 20-25 minutes Salmon Pink value is not realistic, since the propellent
grains were subjegted to 'much more strenuous heating. conditions than is re-
quired by heat test specifications, Therefore, due to the necessity of cur%ng



the sponge propellant grains at sn elevated temperature, a tertain degrec of
instability will be present in all grains prepzred by thls pgfogedere.

Although plastisol nltrocellﬁlose propellant grains e¢an be cured a%
60°C., a temperature of at least 100°C 4s necessary to inswre decomposition
of the blowing agent. Therefore, mless a Hlow1ng agent (or activador) can
be obtained which has a pronounced bléwing action at low temperatures, it
does not appear possible to obtain M"stable™ nitrocellmlose sponige propellant
grains by this procedure. The few known blowing agents whigh decompose at%
low temperatures (Ref 10) do so with the liberation of armonia which will
canse fast decomposition of the nitrocellulose.



EXPERIIENTAY, PROCEDURE

Preparation of Grazins: (Ref 7)

The plasticizer and blowing agead were thoroupghly mixed in & beaker
after which the ball pouder was added and the ingredfients thoronzhly mixed
by hand. Depending on the consistency, the final mix was efther molded o¥
povyed into a polyethylene lined aluminum tabe and curede Grains Hos. 103
and 104 which were very f£lwdd were cest into a glass molde. Grain Mg, 87
was kept at room tewnerature for one hovr and then oured for gne hour at

100°C, All the other grains were gured at 1?0 C for 30‘minutes.

Testing of Grains:

The grains were cut lonzitudinally and transversely £or visval ez~
aminztion of vore sive distribotion. Shavings obtained from the gut sur-
. faces were submitted for stability and close¢ bomb determination.

" The 134,500 Heat Test was caryied owt in accardzace with standard
procedures used for single-base.propellants (Ref gy

The eloscd bomb dekermination (Ref 9) was carsied gut by £iring the
standagd end snonge propellants vnder the Jane condiifons, The burning
time and pressures-wgre obtained from presgore-time traces maing & Baldwlin
‘Strain Gavge as the nrescure transdvcer. A piczoelealris gavge Was vsed
for obtaining the relgtive force and relative cuickness valees. Both sets
of data were obtained simulfaneowsly. -
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TABLE T

COMPATIBILITY CF NITROCELLULOSE WITH BLOWING AGENTS

Forrmlation No, 1 2 3 L 5 6

Nitrocellulose {13.,15%N), # 99.0 99,0 99.0 99.0 99.0 95.0"

BL~353, % 1.0 1.0 1.0 - - -
Porofor 13/CP, % - - - 1.0 1.0 1.0
Diphenylamine (added) - 1.0 - - 1.0 -
Ethyl Centralite (added) - - 1.0 - - 1.0

134.5°C Heat Test, min to:

Salmon Pink L5 L5 L5 o L0 #

Explosion 300+ 300+ 300+ 10 65 18

_ *Sample exploded before methyl violet paper turned Salmon Pink,
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Grain
Number

72

85
87
103 |

104

TABLE IV

MICROSCOPIC EXAMINATION OF SPONGE PROPELIANT GRAINS

Top

Voids 1/16" in
diameter and
greater, More
porous than -
center or bottom.

More porous than -

bottgm. No large
voldse :

Much more porous
than bottom. -

Numerous voids
1/16" diameter
and largere.

Voids 1/16", 1/8"
and 1/4" diameter,
depth 1/8" °

Center

Voids 1/16" in
diameter.

Voids 1/8" x
1/16" and
smaller,’

One larger void,
/40 x 1/8" x
3/8“. )

Voids 1/16" and

- greater.s Very

pOTOUS «

Same as 103

Bottom

Small voids 1/32"
in dismeter,

Void 1/2" x 1/2" x
1/4" found 1/8"
from end of grain,

Hollow cavity
towards the center
of the grsin.

Voids larger than
1/16" present
near end of - grain.

Same as 103

NOTE: The terms Top end Bottom refer to different ends of
A1l measurements are only appro¥i-
mate., A green colored imperity (m.p. 110-120°C)

was present in verylng degree in all grains.

the same grain.



TABLE ¥

l34.5oC HEAT TEST DATA FOR SPONGE PROPELLANT GRAINS

Grain
Number

63

65
72
85
87
103

104

NOTE:

Minutes to:
Salmon Pink _Red Fumes Explosion
20 110 300+
20(20) 130(135) 300+(300+)
20(20) . 135(135) 300+(300+)
25 30 300+
25 30 300+
25 , 30 300+
25 30 300+
25 30 300+

With Grains No. 64 and 65 duplicate tests were made
with samples taken from the end and eenter of the

grain. With the other grains the samples used for
testing were randomly selected.

15
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2
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TABIE VI

COMPATIBILITY OF BALIL POWDER WITH BL-353 AT 135°C.

Systenm
Bl~353

Mixture:
Ball powder
BI~353

Film cast trom acetone:
Ball powder
BL~-353

Film cast from acetone:
Ball powder

BI~-353

Gel:

Ball powder
Dibutylphthalate
BI~353

Gel:
Ball powvder
Ethvlene glveol

BL~-353

Sponge grain cast into
filim from acetone solution

ﬁ Composition

16

Remarks
Deflagrated immediately.

Deflagrated immediately.

No deflagreation. Time to
Salmon Pink -~ 45 minutes.

Deflagrated immediately.

No deflagration. Time to
Salmon Pink - 50 minutes.
Ball powder in solution
but no blowing action.

No deflagration., Time to
Salmon Pink - 55 minutes.
Blowing action obtained.

No deflagration. Time to
Salmon Pink -~ 25 minutes.
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