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SUMMARY
Purpose
To analyse and evaluate a sample of Soviet produced thiokol fuel tank sealant.
Factual Data

The sample was received as an inclosure with report number ATIC 61102. The
information included in that report was as follows:

1. A specimen of the sealing material used in the fuselage integral fuel
tank of the Soviet Type 150 experimental aircraft built by former Junkers persomnel
was obtained and was forwarded for evaluation.

2. Information from other reports on the Type 150 aircraft indicate that it
is a two Jet engine swept-wing bomber. A large honsycomb type tark is located above
the bomb bay (see Figure 1 appendix I). The interior of the tank is constructed
with vertical aluminum tubes (see Figure 2 appendix I). Some difficulty was re-
ported in sealing this tank.

The sample as received was stuck between layers of cloth and separation
from the cloth was not deemed advisable. It was suggested that a similar sisze
sarmple of U, S. Thiokol be stuck tetween layers of similar cloth and comparison
tests for low temperature flex be run on both samples.

Discussion

The sarple of Soviet produced rubber desigated as "thiokol" was a graygrean
material, Its soft and owwmy texture indicated that it was uncured. The sample
as received was stuck betwsen layers of cloth.

In order to derive as much information as possidble from this very small sample,
the following text procedure was used:

1. TDetermine the type of polywmer and composition by chemical and infra-red
spectrographic analysis.

2. Cetarmine the swell characteristics of the elastowmsr in 100 octane gasoline.

3. Compare qualitatively the low temperature flexibility of the Soviet
elastomer with a typical U. S. thiokol.

These tests showed that the polymer had an ether linkage similar to U, S.
thiokol B or thiokol D and that an ester type of plasticiser was used. The sample
showed a swell of 5.6 per cent cfter seven days in 100 octane gasoiine. Further,
the sample was stiff at -;0°F and brittle at -65°F. The samples of U. S. thiokol
showed approximatély the same percent ¢f swell in 100 octane gasoline for seven
days. The U. S, samples were flexible at -LO°F and -65°F,

Conclusions
The Soviet thitokol had inferior low temperature flexitilitv when compared with
111 53-813
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U. S. composition used for similar purposes. The Soviet sample was very stiff
at =4O°F and brittle at -65°F, while the U. S. sealants are flexible at these

tures. It is expected that below -li0°F the Soviet sealant would tend to
orack with the possibdlity of lsikage resulting.

Infra-red and chemical analysis indicates the Soviet composition to be similar .
to a U. 8. type thiokol which has the polymer structure

G, O, OCH, OHp B2- .

There is evidence that an ester type fhaticim is present. The U, S,
thiokol used for aircraft sealant is LP-2 -cnzcnaocnecnzsz-mzs

trichloropropans.)
The Soviet sample was equal to the U. 8, compositions in resistance to high
octane gasoline.

{
i
l
'
t

The Soviet sealant appeared to be in an uncured state. In the U, S. these
sealants are applied in an uncured state and then allowed to air cure. Sealants
80 cured are tougher and less vulnerable to damage.

753-813 iv
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SECTION I

The low temperature flexibility of the Soviet thiocelastomer was compared with
that of three U. S. -produced thioelastomeric products, Thiokol LF-2 (Thiokol
Corporation) and sealants EC-801 and BC-712 (Minnesota Mining and Manufacturing
Company). LP-2 i3 the raw Thiokol polymer used in making the sealants. The results
(see Table I) showed that the Soviet material was very stiff at -40°F and brittle
at <65°F. The three U. S. products were flexible at both temperatures.

e —

The Soviet material was found to have good resistance to swell. The results
in Table I indicate a value of 5.6 per cent when the material was aged in 100 octane
gasoline for a period of seven days at 75°F. This value compares satisfactorily
with that reported for U. S. -produced thiokols.

Infra-red analysis made from the acetone extract showed that the Soviet thio-
slastomer had an ether linkage simdlar to that of Thiokel D (.CH?, OCHy ° s8-)
which is made from thiokcl B by treatment with sodium hydroxide.# It is possible
that the Soviet material is a mixture of these two thiokols. In addition to an
ether linkage, there is evidence of carbonyl absorption (possibly an exter). There
is no evidence of hydroxyl, nitrile, or carbon-to chlorine linkages.

Thioslastomers are prepared by condensation of alkali polysulfides such as
sodium polysulfide and various dihalides typified by (1) ethylens dichloride,
(2) dichlorodiethyl sthers, and (3) dichlorodiethyl formal. The infra-red data
indicate that the Soviet product was probably prepared by condensation of sodium
polysulfide or sodium sulfide and dichlorodiethyl ether. -

The evidence of carbonyl, possibly an ester grouping, indicates that a plas-
ticizer was probatly used in the thio-rubber; however, the size of the sample did
not permit positive identification of this material.

Chemical Analysis. lNicrotechniques were used to determine the total sulfur,
carbon, hydrogen, nitrogen, and chlorine percentages in the Soviet thiokol (see
Table I). The sulfur determination was also checked using macroanalysis. The
oxygen content was obtained by calculation.  Since the chemical analysis was deter-
mined on the sampie as received, it was necessary to correct the values for the
filler content. Table II gives the percentages of the various elements present,
based on the total sample, i.e., elastomer plus filler; also, Table II shows the
values corrected to Lhe basis of the elastomer without filler. Table ITII shows
some U, S. thiokol fubbers and the calculated percentages of the constitutent
elements. From Tables II and III, it can be seen, on the basis of chemical analysis,
that the Soviet sample corresponds closest to the -CQHhO(’QHhOCQHh”:S- polymer unit.

e
nSynthetic Rubber®, by Barnes, R. B., Leddel, U., and Williams, V. 2., Industrial
and Engineering Chemistry (Analytical Edition), Vol 15, pp 83-90, 19L3.
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TARLE I. SUMMARY OF CHEMICAL ANALYSIS AND PHYSICAL
PROPERTIES OF SOVIET-PRODUCED THIOELASTOMER '

1

|

ooposzTIon(l) |

|

Rubbur content, per cent 59.8 |
Sulfur, per cent 3.2
Carbon, per cent 19.9
Oxygen, per cent(2) 15.7
Hydrogen, per cent 3.7
Nitrogen, per cent 0.2
Chlorine, per cent 0.1
Ash content, per cent .2

Acetone extract, per cent 7.0 -

PHYSICAL PROPERTIES
Low-temperature flexibility at:
-4;0°F Very stiff
65°P Brittle
Swell in 100 octane gasoline

after aging 7 days at 75°F
per cent - 5.6

(1) Percentages reported were calculated on the basis of the total sample, as :
received. |

(2) Per cent oxygen was calculated by subtracting the sum of the percentages of
constitutent elements from 100 per cent. *

753-813 2
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TABLE II. COMPOSITION DATA FOR SOVIET THIOKOL

Amount prosont(l) Amount proaont(a)
Constituent in sample as received, in elastomer omly,
per cent per cent
Carbon 19.9 28.9
Hydrogen 3.7 5.4
Sulfur 3h4.2 9.7
Oxygen -— 15.7(3)

(1) Elastomer plus filler.

(2) Values calculated by dividing per cent of constitutent present (on basis of
total sample as received) by the per cent of ash-free material.

(3) Per cent oxygen reported represents the difference found by subtracting the
sum of the percentages of constitutent elemsnts from 100 per cent.

753-813
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TABLE III. EXAMPLES OF UNIT POLYMERS OF SULFIDES
COMPARED WITH SOVIET THIOKOL

ety i A

Structure(l)  Carbon(2)  Hydrogen Oxygen Sulfur
Per Cent  Per Cent Per Cont  Per Cent  REMARKS
~CH,CR,0CHCH 36~ 2.0 4.0 8.0 6.0 Thiokol B
ss
~CH,CH,0CH,CH,S3-  35.3 5.9 1.7 47.1 Thiokol D
'c”z“uoczﬂz,"ceﬂuﬁ‘ 29.5 L.9 13.1 52.5 -
ss
Soviet Thiokol(” 28.9 Soh 1507 h907 —

(1) The structures shown were taken from a table of unit polymers of sulfides,
Martin, S. ¥, Fr. and Patrick, J. C., "Constitution of Polysuifide Rubbers®,
Industrial and Engineering Chemistry, Vol. 28, p 1144, 1936.

(2) The percentages indicated were caluculatad from the structural formula of a
unit of polymer.

(3) The percentags of each constitutent was calculated from the composition data
showm in Table 1.

733-813
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TABLE IV. SPECTROGRAPHIC ANALYSIS OF ASH SAMPLR
FROM SOVIET-PRODUCED THIOKOL

Ingredients(l) Azount Present in Ash,(2)
Per Cent

Silicon Lo ~60
Magnesium 20 -0
Iron 5 25
Aluminum 0.5 - 5.0
Calciwm 0.3 - 3.0
Zinc 0.2 - 2.0
Nickel 0.05 - 0.5
¥anganese 0,05 - 0.5
Chromium 0.05 - 0.5
Lead 0.0 - 0.2
Copper 0.02 - 0.2
Barium 0.005 - 0.05
Strontiwm 0.005 - 0.05
Titanium 0.002 - 0.02
Molybdenum 0.001 - 0,01
Tin ' ) 0.001 - 0.01
Antimony 0.001 - 0,01

(1) Ingredients were determined as oxides by spectrographic analysis, but are not
necessarily added to or preeent, as such, in the rubber,

(2) The figures reported throughout the table are ingredient percentage ranges on
the Basis of the ash.
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However, infra-red analysis shows that there were some ester groups present. The
presence of these groups would reduce the sulfur value and increase the oxygen;
the other groupings would change correspondingly. The presence of ester groupe
would tend to btring the structure closer to that indicated by infra-red anulysis,

i.0., -cn.‘,cu.‘,ocuzcnzgg-.

i= of Filler Material. A sample of the Sovist sealant material was
ashed % §om To contaln 31.2 percent ash. Table IV summarizes the spectro-

graphic analysis obtained on a very small ashed sample of the Soviet thioelastomer.
The principal fillers, reported as oxides, were found to be silicon and magnesium,
plus iron which may have bsen present as an imparity in the filler. These results
indicate that magnesium silicate or a clay material probably was used a3 the primary

filler.
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APPENDIX I
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Fig. 2 Drawing of Fuel Tank
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