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SUIÏMARÏ 

The immediate objective of the investigations carried on 

under this contract has been the improvement of currently 

available silicone elastomers so that they can be used in 

preparing a rubber serviceable at extremely low temperatures. 

Our approach has been directed along two fundamental lines: 

we have, first of all, sought to secure the maximum reinforce- 

mont of the silicone gums now produced commercially, and 

secondly, have studied methods of modifying these elastomers 

chemically to obtain a base polymer with improved physical 

propertieso 

Pigment Studies 

In previous reports we have outlined physical test 

results indicating the reinforcement obtainable by incorporat¬ 

ing a series of pigments as received and after treatment. 

Other variables that were studied were loading conditions, 

mixtures of pigments and curing agents. All such previous 

results were based on stocks compounded on a conventional 

rubber mill. We are here reporting results obtainable by the 

use of the liquified silicone gum as the base polymer - rein¬ 

forced by Ce lite 505,.. The essential features of this method 

of incorporating pigment involve the following steps: 

1. Liquifaction (depolymerization) of shredded silicone 

gum by exposure to dry HC1 (or other acids) for approximately 

12 hours. 

SSäSBSa®®*'' 
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2. Dispersion of the pigment in sufficient solvent»,, 

(carbon tetrachloride) to permit an intimate mixing of 

pigment and liquified gum in a suitable mixing apparatus 

(Waring Blender). 

3. Addition of the required quantity of depolymerized 

gum with vigorous mixing (5 minutes). 

4. Regeneration of the elastomer - pigment mixture, 

after solvent removal, by gentle heating. 

Summarized below are physical test results of compounds 

prepared by the above technique and cured with benzoyl 

peroxide. These investigations have all been carried out 

using General Electric silicone gum 9979-G as the base polymer 

This gum is the only currently and commercially available 

uncompounded silicone elastomer which shows promise as a 

starting material in preparing silicone rubber compounds. 

Hence, this is tho only silicone polymer which has been sub¬ 

jected to our program of chemical modification. The physical 

properties of representative compounds follow.?! 

Compound 
Mill 

Compounding 

75 parts Colite Tonsils Strength psi 
5C5 per 100 parts Elongation, %' 
gum Hardness, Shore A 

58 parts (25 vol) Tensile Strength.psi 
Celite 505 per Elongation, % 
100 parts gum Hardness, Shore A 

SCO 
100 
55 

220 
120 
46 

Liquid 
Dispersion 

540 
110 
65 

425 
155 
50 

The above results indicate that the technique of incorpor 

ating the pigment into the gum has a marked effect on the 

physical properties of the resulting stocks. The same pigment 

vii 
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whan dispersad in the liquified gum gives confounds having 

twice the tensile strength of milled compounds. 

Electron Microscope Studies 

Electron micrographs have been taken of nearly all the 

pigments used in the compounding program in order to determine 

the role of particle size, particle shape and degree of 

agglomeration in silicone rubber reinforcement. Pictures of 

cured rubber specimens have been taken using thenvulcanisatioh 

technique" and comparison studies with hydrocarbon rubber 

compounds have been made. Prom our work up to this point the 

following facts appear to be of significance: 

1. On a microscopic scale the dispersion of pigment 

particles in the silicone rubber is by no means uniform. 

2., Agglomeration of pigments is the rule rather than the 

exception. 

An important line of attack on the reinforcement problem 

will be electron microscope studies of samples having improved 

physical properties due, very probably, to a better dispersion 

of the pigment when it is incorporated into the depolymerized 

gum. 

Electrostatic Studies on Silicone Rubber 

The study on the electrostatic properties of silicone 

rubber has been undertaken in collaboration with Dr, R. S. 

Havenhill of the St. Joseph Lead Company. Samples of a large 

number of silicone rubber stocks have been supplied for this 

work and Dr. Havenhill expects to have a detailed report of 

his findings for our next Progress Report. 

viii 



getting oy IKlsgeralng Agents 

A number of compounds have been incorporated into the 

depolymerized silicone gum or have been used in v/ater 

solutions as the hydrolysis media for diraethyldichlorcsilane 

to ascertain whether the reaction products might have useful 

properties as a watting or dispersing agent in bonding pig¬ 

ment 'to tho silicone matrix. In general these compounds 

should have a siloxane backbone v/ith polar terminal groups* 

The products of these reactions were tested by being 

compounded in standard stocks in concentrations of one to 

five percent of tne weight or une silicone gum. Of the 

materials tes-eJ those containing glycerol appeared to givo 

the most promising improvement in tho physical properties 

of the cured scocky0 

Chlorination o 

By passing dry chlorine into tho dopolymsrizod silicone 

gum in the presence of ultraviolet light; hydrogen acorns 

have been replaced by chlorine atoms,. Tho degree of halo¬ 

génation was controlled so as to vary tho amount of chlorine 

introduced. After regeneration these stocks were compounded 

v/ith Celite 505^ The physical test results on these stocks 

show an increase in tensile strength, along with an increase 

in hardness. These increases are accompanied by coirrespond- 

ing decreases in elongation. Curing studies made on various 

stocks indicate that a much less severe oven cure is 

necessary to develop the optimum physical properties. The 

heat aging characteristics of these stocks probably suffer as 

a result of this faster curing. 

: : 
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The Action of ftTOionia on Dapolytaerlaed Gum 

Tha ÍJitroduction of ammonia into dapolymerized silicone 

gum with the subsequent removal of ammonium chloride results 

in an oily product which has properties differing appreciably 

from the liquified gum. This oil is quito stable compared to 

the dopolymerizad gum used as the starting material. The 

ammonia - stabilized liquid readily reverts to a gum in the 

presence of acidic reagents such as dry HC1, thionyl chloride 

and benzoyl chloride. The heating of this liquid under 

pressure yields a sticky gum vfith excellent adhesive proper¬ 

ties. 

Silicone - Polyvinyl Alcohol Mixtures 

Tough films are formed from the hydrolysis of dimethyl- 

dichlorosilane in mixtures of polyvinyl-alcohol and water. 

The slurry from this hydrolysis yielded thin films op air 

drying. These films resist aromatic solvents and carbon 

tetrachloride. They char at 212°? and crack at ~40°Pj 



INTRODUCTION 

.Sone .Çon^^oratlong^ BearinB on tho Low ¡Tensile stren^th of 

the Sillcono Elaatoaera, 

Silicone rubber is an elastomer composed of a backbone 

silicone polymer which, when compounded with a reinforcing 

filler and cured with a suitable cross-linking agent, yields 

stocks retaining their rubber-like properties at temperatures 

200 Fa higher and 30°F„ lowor than currently available hydro¬ 

carbon rubbers. 

Recent studies by the Bureau of Standards {!' on tho 

second order transition temperatures of various silicone : 1 

rubbers has shewn that whereas hydrocarbon rubbers are seldom 

useful below -70°?*, all silicone rubber samples undergo 

second order transition at temperatures about -194oF0 and are 

useful in the range -70¾ to -130° F. These studies showed 

that there was essentially no difference in second order 

transition temperatures among pure gum silicones, silicon- 

containing elastomers v/ith filler and curing agent incorporat¬ 

ed, and fully vulcanized stocks. In contrast to tho behavior 

of natural rubber (2)j fillers and vulcanization agents appear 

.,- Leser, W« H», and Wood, L« A»» "Crystal¬ 
lization and Second-Order Transitions in Silicone 
Rubbers", Technical Report No, 3 to the Office of 
?5va,1JQS9arch» Nation&l Bureau of Standards, December 
Ipj 1949- 

(2) Boyer and sp&vtfa*s;"Second-order Transition •2Tfefcta-in 
Rubber' and:Other High Polymers", Advances in Colloid 
palonees, yol, II, Chapter 1/ " 
Mor.K, Hj, and Whitby. G, s., Interseience Publishers, 
Inc,, New York (I946) 

4/4 .. - • - ; - .; /...-: 
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to have very little effect on the transition temperature 

below which the molecular motion responsible for the useful 

properties of silicone rubber ceases« 

Because of their remarkable low temperature perform 

anee, the silicone rubbers, originally developed for hi&h 

temperature applications, are potentially better for use 

under conditions of extreme cold than any other synthetic 

or natural rubber thus far studied. Hov/ever, as ordinar¬ 

ily made, their usefulness as rubbers has been limited by 

their low tensile strength and low abrasion resistance« 

In the early work on the silicones, the low tensile 

strength of the gums and rubbers had been ascribed to low 

molecular weight of the siloxane units. The process of 

forming the polymer usually involves a two-stage conden¬ 

sation in which cyclic intermediates aro opened to form 

long chain siloxane networks¿ There is possible a wide 

distribution in molecular weight of the units thus formed (3) 

Two independent measurements of the average molecule:: 

weight in silicone rubber havo shown, however, that very 

large molcculos indeed are involved« 

Scott (1(.) determined the molecular weight of a silicono 

elastomer by osmotic pressure measurements of a dilute ethyl 

(3) A source of weakness in the silicone elastomer is 
probably due to the presence, in the gum, of a certain 
amount of low molecular weight oil carried along as an 
impurity in the polymerization process. A definite 
improvement in the existing commercial gums could be 
effected by cleaning out such impurities through methods 
such as solvent fractionation or distillation with 
superheated steam., 

(k) Scott, D. YJ., Journal of American Chemical Society, 60, 

1677 (191+6) 
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acQtste solution contslnlns the silicone sa^nple. Rochow 

K^j:iow (3) rc-^cvten rioleculf-r 'Yof.cjht fin-:ir;rs on sili­

cone rubber bused on the techniouos of resinography; 

•fracturing a ceded silicone rubber specimen,, properinc a 

replica of the surface, sndthen studying the oise of the 

irregularities on the fractured surface by means of the 

electron microscope. The results of these investigations 

show that the average gram molecular weight of dimethyl- 

siloxane rr-bher is over JGC.OCO,

nochov; and Rochevv conclude that the ease of ndecular 

motion in the sil:,.con3S (characterised by ]ow tensile 

strength of the ciastoj-.er and low change in vlsccaity with 

temperature in silicone oils) is due not to low molecular 

weight, but rabher to lev/ dr.termciecvlar attraction between 

silicone noieo'alGs., This 1-ow in-i-ermolecd sr attraction 

becv/ccn s:;.io.v-..i,r- c'"".ina has been .n'-.'.ri :c ’n^ C’^.d-S v,-- 

able freedom of motion of dimethylsiloran,- units about the 

ionic -Si-0- bond -which, according to Roth (6;!, rs.-mlts in 

zones of interference, lowering the van der ^^aais inceraotlon 

between the molecules.
CII3 ^^3 CH-

I ^
- 0-->Si—0 -

"3 6h,
CII:

aglcT' dochow, s. Pr., Science,

(6) , Journal of .American Chemical Society,



One of the most important approaches to the problem 

of improving the tensile strength of silicone rubber then, 

is to seek methods of increasing the intermolecular attrac¬ 

tion of the siloxane units in the gum. V/ith a stronger 

gum as a starting material, concomitant improvements in 

reinforcement and vulcanisation might he expected to yield, 

a much tougher cured stock. 

Modifications of the polarity of the Side Groups 

Increasing the polarity of the elastomer chainn.-bjr 

suitable modification of the groups attached to the sili¬ 

cone atoms in the elastomer would tend to increase the 

intermolecular attraction between siloxane units. Possible 

polar groups are halogen, hydroxyl, amino,and carboxyl. 

There is, of course, danger in too great polarity in the 

chains, since the low temperature properties of the sili¬ 

cones would suffer from factors which promote résinifica¬ 

tion or crystallization. Another factor to consider in the 

modification of the silicone chains is the enhanced ten¬ 

dency for carbon-silicon cleavage in systems with appro¬ 

priately substituted polar groups. Por example, although 

the system -SÍ-CH2-CI is reasonably stable to hydrolysis, 
I i 

^-substituted halo-silanes -Si-CI^-CT^-Cl, cleave readily 

with hydrolytic agents to give the -Si-QH intermediate and 

GISCHT. A silicon elastomer with any polar group so 

substituted would be extremely susceptible to hydrolysis. 

The recent development by workers at the Connecticut 

Hard Rubber Company of a method for the liquifaction and 



repolymeriaation of the dltnethyleiloxane sum has made pos¬ 

sible the introduction of various polar reagents into the 

polymer backbone. Elsewhere in this report are described 

the techniques for depolymerization (or liquifaction) of 

the gum i the chemical reactions carried out on the gum in 

the transient liquid state and the reconversion of the 

reaction mixture to the gum state. 

While in the liquid state, it is possible to side- 

chain- hale gennte the gum and to incorporate oxidizing agents 

such aa selenium dioxide and chromic oxide which could 

accomplish the desired substitution cf polar groupings. 

CÏÎ-; 
I 

- 0 - Si 
I 
o:u 

uJP. 

CH 
3 

- 0 - Si - / HG1 

CTirCl c. 

CH3 

0 - Si - 
I 
CH3 

Se02 •• 0 •• Si - 
I 
CHo0H 

- 0 - 

CH- 
I • 
Si 
I 
CH 
U 
0 

etc. 

The results of some of the photochemical halogénation 

work are described here, and more time will be devoted to 

this aspect of the problem in later months, The action of 

oxidizing agents other than selenium dioxide on the liqui¬ 

fied gum has not as yet been studied. It is planned to work 
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with chromic oxide, acid and alkaline permanganate, lead 

tetraacetate and other oxidizing agents.» 

Modification of the Siloxane Chains 

In the depolymerized state, the chain character of the 

silicone gum is also subject to fundamental modification by 

the substitution, at intervals, of linkages other than 

oxygen. 

The mechanism for the break-down of siloxane chains is 

postulated as a simple ether-like cleavage promoted by dry 

IÏC1 or other "Lewis" acids: 

CHt CIU 
I \ 

/ Iici -> 

™- I 
Si - 0 - Si — 

f'3 0f3 
- si — o — Si 

I I 1 /1 
GH0 CII-j Clh 1 I CH. 

-3 J H-^C1 

CH. 

I ' 
Si - OH 
I 
CH- 

CH. ■3 
/ Cl — Si - 

L3 

The resulting silanol or halosilane functions arc very 

reactivo and could either interact to regenerate the gum, or 

condense with water, ammonia, active hydroxy, carboxy, or 

sulfhydryl compounds. Thus, after reaction with ammonia, the 

recombination of chain fragments could give rise to units 

of the typo: 

CII. 
I ■ 

- Si 

CII. 

CH-, 
I 

CH- 

- Si - NH - Si - 0 - 

I I 
X CII- CH. 
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After reaction with analogous sulfur-contalnir.g compoundsí 

the -S&-SH moiety could recombino with the reactive -éi-OH 
1 II ¡ 

or -Si-Cl to form -SI-S-Sl units along the chain. The 

effects of introducing such periodic discontinuities along 

the siloxano chain are being studied. Gomo preliminary 

results on the ammonia treated gums are described in Section 

VI of this report. 

Outline of Research Program for the Period Covored by this 

Report 

The research program being carried out by the staff at 

the Connecticut Hard Rubber Company is outlined below. 

I. Studies on the reinforcing action of various pigments 

with special emphasis on the incorporation of the 

pigment into the dopolymerized silicone gum. 

Electron microscope studies on pigments and their 

dispersion in silicone rubber. 

Electrostatic studies on silicone rubber in collab¬ 

oration with Dr. n. S. Havanhill of the St. Joseph 

Lead Company, 

Synthesis and testing of various silicone base wetting 

agents for the pigment-silicone gum system. 

Chlorination of the silicone gum and curing studies 

on the resulting compounded stocky 

The evaluation of products resulting from the treat¬ 

ment of depolymerized gum with ammonia, 

The preparation of silicone gums from the cohydrolysis 

of monomors and pblyhydric alcohols. 

II 

III 

IV. 

VI 

VII 
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!.. STUDISS OF PIGMENTS 

The evaluation of various pigments for reinforcing 

silicone gum continues to be an important phase of this 

project. Mditional new pigments have been compounded at 

the 25>•••volume loading as received, for preliminary evalua¬ 

tion and at other loadings for further evaluation. One of 

the pigments previously studied had been coated with an 

orgsno-motallie 'salt in an attempt to improve its reinforc¬ 

ing properties. Mixtures of several pigments have been 

used with a single mixture of Alon II and Colite pOp being 

studied in the current period. 

The compounding of the pigment in the gum while it is 

in the depnlymorlsed liquid state has been carried out for 

a single pigment, Oolite 505, over a wide range of loadings. 

The details of these studies follows 

A. Pigments As•received, 25-Voluwe ^p.ading 

Six new pigments (various types of calcium carbonates), 

have been studied during the period covered by this 

Progress Report. Samples of these pigments have been 

furnished by the New England Lime Company for our test¬ 

ing. The results of the physical tests on the compounds 

are given in Table 1 and Figure 1. None of these stocks 

are particularly outstanding at this loading. Several 

of the stocks (those compounded with Type .183 end Type 

5950) show good values of ultimate elongation with low 

values of Shore hardness which would indicate that 

higher loadings might merit investigation. The results 
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FIGURE-1 PIGMENTS AS RECEIVED 
25VOLUME LOADING 

i 

CONNECTICUT HARD RUBBER COMPANY 

U.S. GOVERNMENT CONTRACT 
DA-44-109-QM-64 
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of these variable, loading studies are given in Part ,;C!! of 

this section. 

TABLE Jt 

Studios of Aa-recotve'dPigments at S5~volusia Loading. 

Pigment Compound Parts .pigment Hardness Tennile Elongation 
Ko. per 100 parts Shore A Strength % 

gum p¿i:L 

Precipitated 
Calcium 
Carbonate 
NELCO Tvpe S3 

1505 72 35 
35 

05 
05 

100 
ICO 

NELCO Type 113 1506 72 43 
3S 

115 
110 

100 
133 

NELCO Type 183 1507 7,2 31 
* i c/i. 

101 
93 

183 
138 

NELCO Typo 5950 15CB 

NELCO Type 5960 1509 

NÉLC0 Type 5970 1510 

72 

72 

72 

r; ¿y 
». 

57 
.10 

233 
117 

42 
55 

110 
79 

125 
117 

40 
40 

88 
136 

108 
125 

B. Pigments after Treatment with Aluminum Isopropoxlde 

In order to ascertain the effect of an organo-metallic 

salt on the surface of a pigment, Calite 505 was coated 

with aluminum, isopropoxido, The coating technique 

consisted of the following steps; 

(1) The aluminum isopropoxide was dissolved in sufficient 

benzene to wet the quantity of pigment to be treated. 

(2) The pigment and the benzene solution were stirred 

together until an intimate mixture was obtained and all 

of the pigment had been wet. 

,w:. 



10, 
(3) The benzene was then removed by evaporation in an 

oven at 212°P. for 16 hours. 

The pigments produced by this technique were compounded 

in the 25 volume loading with the gum and the usual 

2,0 parts of benzoyl peroxide. The physical test 

results on these compounds are given in Table 2 along 

with those for compounds in which the same quantities 

of aluminum isopropoxido were added directly to the 

compound on the mill. 

The results appear to be veby inconsistent among them¬ 

selves, some very high and some low values being obtain¬ 

ed in each of the two highest concentrations of alum¬ 

inum. isopropoxide. The high values of tensile strength 

were obtained when the stocks were compounded very soon 

after the coated pigments were prepared, while the low 

values corresponded to those casos in which a long 

period of time (over one month) elapsed between the 

pigment preparation and its compounding. This change 

is probably due to the alow atmospheric hydrolysis of 

the aluminum salt, Considering only the results on the 

batches in which the coated pigment was freshly made, it 

may be seen that as the quantity of aluminum isopropoxide 

for a given quantity of pigment increases, the tensile 

strength increases up to 400 pounds per square inch for 

a compound containing 25 parts of aluminum isopropoxide 

to 100 parts of feilte 505,with no accompanying increase 

in hardness or decrease in elongation. The specific 



effect of this alumiimm salt cannot readily be explained. 

Further etudy raay give a logical, answer as t.-o why this 

extra reinforcing action takes place, 
: 

,, ■ ■ -, 
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Go Variable Volume Loading 

The six types of calcium carbonate studied at the ^5- 

volume loading have been studied at loadings up to 60 

volumes of pigment per 100 volumes of gum. Even at the 

higher loadings the maximum tensile strength of any of the 

compounds is approximately 200 pounds per square inch. 

The physical test results on all of the compounds are 

given in Table 3 and presented graphically in Figures 2 

and 3. Tensile strengths equal to or better than the 

maximum obtained at any loading with these calcium car¬ 

bonates have been obtained with other pigments at much 

lower loadings. None of this series of pigments can be 

called outstanding in its reinforcing properties. 

D. Mixtures of Pigments 

A mixture of two pigments which have shown promise as rein¬ 

forcing agents alone has been tried at total volume load¬ 

ings which should yield moderately high tensile strength 

values. The two pigments used wero Colite 505 and Alón II 

at a total loading of 75 volumes. The physical proper¬ 

ties of the resulting compounds are given in Table 4 and 

Figure 4. These properties are very nearly a linear 

function of the relative quantities of the two pigments 

as can be easily seen from Figure 4. It is also apparent 

that no great gains over using Gellte 505 alone can be 

achieved by using any of the mixtures tested. 
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B« Incorporation of Figments 

To give a better pigment dispersion and intimate mixing 

of the silicone polymer and the pigment, Colite 505 has 

beep compounded with the HC1 depoiymerized silicone 

gum utilizing a Waring Blendor (a small high-speed lab¬ 

oratory mixer) to do the mixing. It vías hoped that more 

intimate mixing might be obtained than can be done in 

conventional compounding on a 2-roll rubber mill. The 

technique used in the laboratory follows: 

(1) The pigment was placed in the Waring Blendor with 

sufficient carbon tetrachloride to form a thick paste. 

This paste was mixed for five minutes after which the 

depoiymerized gum was added and the entire mixture was 

mixed for five more minutes. This resulted in a thin 

paste of very uniform consistency. 

(2) This paste was heated on a hot plato to remove the 

bulk of the carbon tetrachloride with the last traces 

being removed in an air circulating oven at 212°P. 

(3) The compound was thon milled; with the benzoyl 

peroxide being added at this stage * 

Compounds containing a wide range of loadings of Colite 

505 have been prepared and the physical test results on 
I 

those compounds are given in Table 5 along with those 

obtained with the same loadings using conventional mill 

compounding. The same comparison is presented graphic¬ 

ally in Figure 5. 

At the standard 25-volume loading the tensile strength 

has been doubled with a small increase in elongation and 
* 
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approximately a 5 point increase in tho hardness<, At all 

loadings the tensile strength obtained on compounds made 

in the Waring Blendor is well above that obtained by mill, 

compoundingp The spread between the hardness curves 

appears to increase as the loading increases. The values 

of elongation at the higher loadings are substantially 

the same by both compounding techniques, 

A partial explanation of the increase in tensile strength 

can be found in improved dispersion of the filler in the 

gran while it is in the liquid state. The electron micro¬ 

scope should be a very valuable tool in determining the 

quality of tho dispersion in this phase of the investiga¬ 

tion« Another contributing factor may be a better wotting 

of the pigment by the liquid depolymerizod gum than can 

be obtained with the standard gum. 

Investigations are in progress on the compounding of other 

pigments with the depolymerized gum in the Waring Blendor 

which should furnish more evidence on the nature of the 

compounds obtained by this intimate mixing of the pig¬ 

ment and the polymer. As mentioned above, it is planned 

to use the electron microscope extensively in this in¬ 

vestigation to assist in the analysis of some of tho 

results obtained« 

■émüüMéÍÉÉÉéMm héüÉI —.,,—--- mam tiÜMNI 
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II. ELECTRON MICROSCOPE STUDIES 

Electron microscope studies of pigments and cured rubber 

specimens have been continued as outlined in previous reports 

(see particularly Progress Report, Dec. 5, 1949 to March 4, 1950). 

The general purpose of this work has been to provide some 

additional clues as to the fundamental nature of pigment rein¬ 

forcement in silicone rubbers and to aid in the interpretation 

of the results of other parts of the program. The electron 

micrographs taken fall into two groups: 

(1) Pictures have been taken of nearly all of the pigments 

use’d in the compounding program in order to gain a better know¬ 

ledge of their size, shape and degree of agglomeration as 

received. The latter may be important inasmuch as it appears 

that in many cases these agglomerates are not broken up In the 

milling process with a resultant detrimental effect on the 

reinforcing properties of the pigment. 

(2) Pictures of very thin sections of cured rubber specimens 

have been taken using the "vulcanization technique" previously 

describod. In this method an extremely thin specimen of rubber 

is prepared by press curing small disk samples in special molds 

under pressures of the order of 100,000 pounds per square inch. 

A large number of electron micrographs of silicone rubbers have 

now been taken and some representative samples are reproduced 

In Plates 2-5. Plate 1, a picture of carbon black in hydro¬ 

carbon rubber, is for comparison purposes. We intend making 

further comparison studios of hydrocarbon rubbers in the hope 

that some clues as to reasons for the much higher quality of 

■.. ,-- ÉÜftmiki 
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hydrocarbon rubbers over their silicone counterparts can be 

found. 

In the pictures taken so far, certain interesting facts 

emerge. On a microscopic scale the dispersion of the pig¬ 

ment particles in the silicone rubbers is by no means uni¬ 

form. Agglomeration is the rule rather than the exception. 

This is true to a varying degree of all the compounds so 

far observed. To make accurate quantitative comparison of 

the degree of dispersion in different samples many more 

pictures are necessary in order that the results may have 

statistical reliability. Wo hope to be able to say more 

on this matter at a later date when a much larger number 

of pictures will have been taken. 

This agglomeration gives encouragement to efforts 

toward improving the dispersion of the pigment in the rubber 

matrix. It might well be possible, for exemple, to obtain 

a substantial improvement in the quality of a Hi-Sil sili¬ 

cone rubber by suitably dispersing this very fine pigment 

in the rubber. Two approaches that have considerable 

promise are now being made to this dispersion problem. 

(1) By depolymerizing the gum with dry HCl it is put into 

a liquid state, which allows a thorough dispersion of the 

pigment in the liquid gum by use of a Waring Blondor. This 

approach is described in feetion I and has shown remarkable 

promise, giving an improvement in tensile strength by a 

factor of two in the case of Colite £05’ compounds. 

Reliable electron microscope checks on the change in 

dispersion of the pigment in the rubeei as a result of this 
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dispersion technique are not yet available. This is being 

checked and the results will help determine whether this or 

some other hypothesis accounts for the success of this 

compounding process. 

(2) The second approach involves treatment of the pigment 

before compounding. Earlier it was mentioned that a con¬ 

siderable degree of agglomeration exists in the pigments 

as received. This agglomeration presumably occurs during 

the process of formation of the pigment and could perhaps 

be reduced considerably by coating of the pigment with a 

suitable substance during the manufacturing process before 

the pigment has settled. Dr. Havenhill of the St. Joseph 

Lead Company is now attempting to prepare some silicone 

coated zinc oxide pigment for use in our testing of this 

hypothesis. This coating is being applied at the Monaca, 

Pennsylvania, plant by spraying the finely divided zinc 

oxide dust with silicone oil as it is formed in the oxida- 

tion process« 
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Plate 1 

Electron Micrograph of P-33 Carbon Black 
in Cured G.R.S, 

Magnification 53,000 X 

Composition 

G.R.S. 
P-33 
Zinc Oxide 
Bardol 
Pine Tar 
Sulfur 
Santocure 

100.00 
50.00 
5.00 
4.50 
3.00 
1.80 
1.00 
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Plate 2 

Electron Liierograph of Titani'jm Dioxide 
and Gellte 505 in Silicone Rubber. 

Magnification 66,000 X 

Compound No. 1066 

Composition 

Silicone G\.im 9979<-G 100.00 
Celite 505 100.00 
DuPont R510 TiOg 75.00 
Benzoyl Peroxide 2,00 

Compounding 

Standard milling technique. 

! 
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Plate 3 

Electron Micrograph of Zinc Oxide 
in Silicon© Rubber, 

Magnification 80,000 X 

Compound No* 1479 

Composition 

Depolymerized Silicone Gum 100.00 
AZ0-Z2Z-66 Zinc Oxide 152.00 
Benzoyl Peroxide 7,80 

Compounding 

The HCl depolymerized silicone gum was diluted 
in CCI4 anc^ roiled with the pigment in a Waring Blendor. 
After repolymerizing the mixture by heating, the benzoyl 
peroxide was added on the mill. 

/ —....,... . ...... . . - 



PLATE - 3 
80,000 X 



Plate 4 

' 

Electron Micrograph of Alón 
in Silicone Rubber. 

Magnification 30s000 X 

Compound No# 1477 

Composition 

Depolymerized Silicone Gum 100o00 
Alon 98<,00 
Benzoyl Peroxide 2#00 

Compounding 

The HC1 depolymerized silicone gum was mixed with 
the pigment in a Waring Blendor. After repolymerising 
the mixture the benzoyl peroxide was added on the mill. 
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HI • ELECTROSTATIC STUDIES ON SILICONS RUBBER 

A study of certain electrostatic properties of sili¬ 

cone elastomers is bein^; undertaken in collaboration with 

Dr. R. S. Ilavenhill and his associates at the St« Joseph 

Lead Company« Havenhill, ot al• 9 (7* 8, 9) have proposed 

a general theory of electrostatic reinforcement of rubber 

and at the suggestion of Dr. C. C. Vogt the application 

of these ideas to the problem of silicone rubber reinforce¬ 

ment is being explored? 

The electrostatic measurements are being made by 

Havenhill at thé St. Joseph Lead Company with the silicone 

rubber samples supplied by The Connecticut Hard Rubber 

Company. A detailed report on this work will be included 

in the next Progress Report* 

(7) Havenhill, R. s., O'Brien, H. 0., and Rankin, J. j., 
Journal of Applied Physics, 1¿, 73I (1944) 

(8) Havenhill, R. S., O'Brien,'H. 0., and Rankin, J. j., 
Journal of Applied Physics, 1?, 33O, (194.6) 

(9) Havenhill, R. 2., Carlson, L. Hi, and Rankin, J. J., 
Rubber Chemistry and Tochnolocy, 22, 477 (1949) 



29 > 

IV. WETTING OR DISPERSING AGENTS 

A number of compounds have been incorporated into the 

depolymerized silicone gum or have been used in water sol¬ 

utions as the hydrolysis media for dimethyldichlorosilano. 

to ascertain whether the reaction products might have useful 

properties as a wetting or dispersing agent in bonding 

pigment to^ the silicone matrix. 

In general, tho molecules which were incorporated pos¬ 

sessed hydroxyl or amino functions (to condense with tho 

active -OH or -Cl present in tho liquified gum) and other 

functional groups such as carboxyl, cyano, amino, etc., to 

impart polarity to tho condensation product. The compo¬ 

sition of the resulting oil, gum or solid would then be: 

HO - R 

/ [H2N - R] 

CHo 
I 

0 - Si - OH 0 - Si - OR etc. 

Incorporation of glycerol could, for example, produce a 

polymer of the following structure as Vieil as cross linked 

reaction products involving the third hydroxyl. 

Reaction with ethylono cyanohydrin H0-CH2-CH2-C5N, followed 

by hydrolysis, could result in a polymer having a siloxane 

backbone with carboxyl groups as terminals. 

CII3 

Si - 0 _CH2-CH2-C0CH 

-- --- ... 
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Pour substances havo been incorporated with the 

liquified ¿na71 and five have been used with v/ator as hydrol¬ 

ysis media. The following tabulation indicates the reaction 

combinations that have been used: 

Reacted with 
depolymerized gum 

Used with water for 
hydrolysis of (Cl^pSlClg 

Glycolic acid 

Ethylene cyanohydrin 

Decanol 

Glycerol 

Glycolic acid 

Ethylene cyanohydrin 

Ammonia 

Glycerol 

Triethanolamine 

Tho products resulting from these various reactions 

were tosted as wetting agents in the following manner. One 

to five parts of the substance to bo tested (oil, gum or 

solid) per 100 parts of gum were added on the mill to a 

compound containing volumes of Oolite $0% as a filler 

and cured using benzoyl peroxide. The physical properties 

of the resulting cured compounds wore compared with those 

of control batches containing no wotting agent. 

Of the irmterials tested;those containing glycerol 

showed most promise in improving the physical properties. 

These results are being subjected to further confirmation 

and the full details of this experimental program will be 

presented In the next Progress Report. 

,.. - --- . - -.¿ÉüMMiaaiiÉÉÉi 
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V, CITLORINATIOH OP SILICONE GUK 

Tho possibility of introducing polar halogen groups 

into the siloxane side groups has been investigated further, 

By bubbling dry chlorine into the liquid depolyrnorized 

silicone gura under tho catalysis of strong ultraviolet 

light, hydrogen atoms have been replaced by chlorine atoms* 

Tho halogonation has boon controlled so as to vary substi¬ 

tution by chlorine according to this schorao: 

CH3 CII2CI 

- Si - 0 -_- Si - C - / HC1 
I 
CHo 

Í 
CH3 

uv 

In tho work described here, the ratio of chlorine to 

silicon has been varied, with the maximum ratio being 

After halogénation was completed, tho liquified gum 

was reconverted to the elastomeric state by gentle warming* 

Physical tests have been run on cured comoounded stocks 

containing a 25-volumo loading of Celite 5^5> and 2t0 parts 

of benzoyl peroxide as curing agent * The testing results 

show a definito increase in tensile strength with increas¬ 

ing chlorine content (Figure ó). The tensile strength 

increased from an average value of 220 pounds por square 

inch with no chlorine incorporated to values of [¡.00-500 

pounds per square inch when the Cl:Ci ratio was 0*25# 

On the other hand, tho hardness on the Shore A scale 

rose from a value of lj.5 to values in the range of 8O-9O 

with corresponding decrease in the values of the ultimate 

elongation from 120^ to 30$. 

u 

a 

;;1 



It is possible that the increase in hardness of the 

halogenatod stocks may in part be due to an additional 

curing action taking place during the chlorination. The 

chlorine radicals produced during the UV-initiated decom 

position of chlorine gas could promote cross linking re¬ 

actions in a manner analogous to the action of benzoyl 

peroxide (see Section A in the Appendix)-, 

CH, 
I ^ 

/ Cl"_> - Si - 0 - / ÏÏC1 

i , 
ch2 

Si - 0 

CH, 

! J 
Si - 0 - / Si - 0 - T?* — Si - o - Si - 0 

ch2 

The above cross linking reaction could, if carried on 

to any degree, increase the hardness, as vieil as the tensile 

strength of the product. 

In order to cut down on the total amount of euro to 

which these chlorinated gums are being subjected (assuming 

cross linking during the halogénation as well as during the 

regular peroxide catalyzed cure), the time and temperature 

of the final oven cure was gradually decreased and the 

effect of the less severe curing conditions on tensile, 

elongation and hardness determined. The sample chosen had 

an approximate Cl:Si ratio of 1:0. The results of this 

study are summarised in Table 6. It appears that the ten¬ 

sile strength of the stock has not varied appreciably over 

the wide range of curing conditions, but as the cure becomes 



less severe, the values of the elongation have increased 

and the hardness decreased* 

The above results indicate that the chlorinated sili¬ 

cone polymers reo.uire a much less seigere cure to develop 

the optimum tensile strength. Under these faster, milder 

conditions of cure^ however, the heat rging characteristics 

of the rubber may suffer« 1/Ve shall report further on the 

results of these studies * 
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VI. THE ACTION OF AMMONIA ON DEPOLYMERIZED GUM 

Introduction of ammonia into the HG1 depolymerized 

gum and subsequent removal of the by-product ammonium 

chloride by washing with water, results in a residual oily 

product which has properties differing from the original 

liquid polymer. The product is stable to air and can be 

maintained in the liquid state for long periods of time* 

This ammonia-stabilized liquid gum appears to be a mixture 

of silazine and siloxane chains, the -Si-NH-Si- linkage 

being formed during the ammonolysis. 

If the process of depolymerization, as pictured, re¬ 

sults in labile -Si-OH and -Si-Cl groupings distributed 

throughout the siloxane matrix, then reaction of the active 

chloro functions with ammonia would yield periodic -Si-NIIg 

groupings, which could then condense with -Si-OH units to 

eliminate ammonia, thus forming siloxane links or water to 

form silazine links. During the removal of ammonium, chlor¬ 

ide by washing with water, hydrolysis of -Si-NH-Si- group¬ 

ings could tako place to regenerato the siloxane type of 

link. 

The following observations on the ammonia-stabil!zed. 

liquid are significant? 

(1) In contrast to the original starting gum (9979 G) which 

is depolymorized by the action of HOI, the ammonia-treated 

liquid forms a gum readily on treatment with 1101/ It has 

also been possible to obtain gums from ammonia-treated 

liquids by the action of acidic reagents such as thionyl 

chloride and benzoyl chloride. 
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(2) Caustic fusion of the purified ammonia-stabil.!zed 

liquid has yielded ammonia gas - indicative of the presence 

of -NH- linkages in the polymer chain, 

(3) Heating the ammonia-stabilized gum in an autoclave at 

300°C. yields a sticky gum which has excellent adhesive 

properties. 

Experimental Procedures 

In a typical preparation, 200 grams of HC1 depolymer- 

ized gum was dissolved in an equal volume of carbon tetra¬ 

chloride. A slurry of Celite $0$ (approximately 1$ grains) 

in CCD, was added to the gum and stirred until a homogeneous 

mixture was obtained. The mixture was filtered through 

glass wool on a Buchner funnel until a clear, slightly 

yellow solution was obtained. 

Gaseous ammonia was bubbled into the solution until it 

turned an opaque white. Tho reaction mixture was washed 

several times with water to remove ammonium chloride and 

then pieced over calcium chloride to dry, After drying, 

the carbon tetrachloride was evaporated from solution, care 

being taken to avoid excessive heating. The resultant 

product is a slightly cloudy gray oil. 

It has bean possible to obtain gums with excellent 

adhesive properties through a ropolymcrization, under heat 

and pressure, of the ammonia-stabilized liquid, 

A sample of stabilized gum (90 grams) was placed in an 

electrically heated autoclave. The vessel was heated to 

300°C. and maintained at this temperature for one hour. 

mâSÊá WÊÊÍÊÈÊi*ÈÈÊimmÊÊm mm .. • -■•■■ ■■. 



U ,., ... . ... —,—--—- •' ' 

37. 

After cooling, tlio proscuro was released and a dark; sticky 

Sum was obtained* This siim> after compounding with TiO^ 

(Dupont H5’10) and benzoyl peroxide, is an extremely effec¬ 

tive bonding agent for cured silicono stocks0 

In more recent experiments, it was possible to obtain a 

gum by heating at atmospheric pressure. Samples of tho 

stabilized gum were heated until a slight darkening (decompo¬ 

sition) occurred. These samples repolymorized on standing 

for short periods> The gum is similar to that obtained 

from the autoclave but the method of preparation involves 

a high loss of product through evaporation* 

Other gums havo been formed by treating the ammonia- 

stabilized gum with acidic reagents* A sample of stabilized 

gum was treated with dry KC1 gas. An immediate incroase 

in viscosity was noted and in approximately £ minutes the 

sample was a solid white gum. 

Samples of tho stabilized gum have been treated with 

thionyl chloride and bonzoyl chloride. These reagents wore 

added in a ratio of 10,¾ by weight to tho stabilized gum. 

As in the reaction with dry HC1 gas, there was.an immediate 

increase in viscosity, followed by gum formation. 

¿s mentioned previously, it is likely that the washing 

of the stabilized gum to remove ammonium chloride brings 

about a hydrolysis of silazine bonds. A sample of highly 

purified stabilizod gum was fused with sodium hydroxide to 

determine whether the hydrolysis was complete. 

The odor of ammonia was detected during fusion and the 

presence of tho basic gas verifiod with litmus. Apparently 
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the hydrolysis of silasinos is not as complete in the higher 

molecular weight compounds as it is in the lower members of 

the series (10), 

The available physical test data on the compounded 

gums prepared are tabulated below: 

Gum 

Stabilise cl gum heated in 
autoclave 

Stabilized gum treated with 
dry HOI 

Stabilised gum heated at 
atmospheric pressure 

Tensile 
Strength Elongation Hardness 

p* s ♦ i« /a Shore A 
». 

52 227 

3&4 

39» 
38b 

100 

lt|.2 

100 
142 

51 

61 
56 

All compounds contain 25 volumes Celite 5^5 p-nti 2.0 parts of 

benzoyl peroxide , 

(10) Sauer, I?. 0,, Journal of the American Chemical Society, 
68, 21,.1 (1948) 
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VII. TES RS/CTIOÏÏ OF DIFBT^LDIC^ILOEOSILAIIB WITH 

POLYVINYL ALCOHOL - WATER MIXTURES 

The possibility of forming condensation products which 

could combine' the useful properties of both polyvinyl alco¬ 

hol films and silicone polymers was investigated in a 

cohydrolysis study. 

The reactants used were: Dimethy1dichiorosi1aner 

designated as component (S), Dupont 'Elvonol" polyvinyl 

alcohol grade 72-51, designated as component (P), and water, 

(W). 

Tough films are formad by exposing various hydrolysis 

mixtures to air. The best and most rapidly forming film 

resulted from a S 10 grams, P 5 grains, W 50 grams hydrolysis. 

It resists aromatic solvents and carbon tetrachloride, but 

becomes brittle when heated with anhydrous pyridine and ace¬ 

tone, probably because of the greater affinity for water 

possessed by these solvents. On re-exposure to air after 

being heated with solvents, the film regains its original 

properties. It is stable to dry HC1 but breaks down almost 

completely in concentrated HCl. It is sensitive to sharp 

humidity changes—water softens and swells it. The film is 

tough, but not very elastic; it cracks at -).|..0°F. and chars 

at 212°F. 

Experimental Procedures 

Polyvinyl alcohol (PVA) was dispersed in cold water, 

warmed on a hot plate, any Imps being broken up, and cooled 

to room temperature. Overheating causes darkening with the 
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formation of a hard film. Dimethyldichlorosilane was added 

dropv/iso (1 gram/in imito ) from a dropping funnel accompanied 

by vigorous mechanical stirring. HC1 gas was evolved and 

allowed to escape* and the hot reaction mixture was cooled 

in a water bath or in on ice bath when necessary^ Stirring 

was continued for 20 minutes after the reactants were mixed, 

in order to remove as much I-1C1 as possible--a problem to be 

solved is that of removing completely the HOI, which together 

with the boat of reaction breaks down the mixturec A por¬ 

tion of the resulting slurry was spread out to dry in air on 

a watch glass. 

The results of a series of experiments are appended in 

Table ?. In general, with varying proportions of S, P, and 

wV, either 

(1) a film formed, while ether extraction of the slurry 

yielded a small amount of light oil; or 

(2) two layers separated on standing, an oily layer which 

did not cure well when heated with ferric chloride and a 

viscous layer which formed no film and could not be cured, 

though ether extraction of this second layor removed a small 

amount of gummy material which became a horny solid in air. 
\ 

The results do not indicate the relation between the nature 

of the film and the SP’JV ratio, beyond establishing that the 

most efficient ratio is S 10 grams, P 5 sraras; and W 50 grams. 

A comparative study was made of the effect of combining 

100 grams of water and 10 grams of PVA with each of the 

following: 

m* - ---- •- 



(1) 20 grams Silicone Oil GE8III9 

(2) 20 grams Silicone Oil GE998l“LT“^- 

(3) 20 grams oil obtained by hydrolysing dimethyldichloro- 

silane 

([{.) 20 grams diraethyldichlorosilane 

In cases (1), (2) and (3), no reaction appeared to occur; 

no heat was evolved and in each case the resulting white 

slurryj when spread out, formed a brittle film similar to a 

PVA film, and an oil separated out« The slurry obtained 

from the reaction of case (I|) was neutralised with ammonium 

hydroxide; half of the neutral portion was dried over the 

hot plate and left to settle into a rubbery mass which was 

broken up on the mill, washed repeatedly with water to 

remove ammonium chloride and dried with carbon tetrachloride 

and a stream of air. The resulting fragments were' found to 

shrivel in the oven, and no compounding was possible^ The 

other portion was extracted with ether; the extract yielded 

a small amount of oil, and the remaining portion was warmed 

on the hot plate and allowed to stand. A rubbery mass formed, 

from which a few drops of water oozed slowly over a period 

of days. Again, a sample piece soon became shrivelled in 

the oven and no compounding was possible« 

Since the resulting film or gum formed during tho co¬ 

hydrolysis is to some extent elastic, it is likely that a 

compound is formed, rather than a mixture such as results 

from the oils (mixtures (1), (2) and (3))# and that this 

polymeric compound incorporates water during the hydrolysis 

stage. 



Further experiments aro being performed to investigate^ 

the quantitative nature of the water present as plasticizer, 

under varying conditions of exposure and temperature a:.a 

the effect of using a plasticizer such as distearin with the 

cohydrolysis product■> 

As a modification of the procedures described, DuPont 

tLudox' colloidal silica suspension was substituted fox- 

water as the solvent for PVA» S 10 grams, P 2<$ rjeams, 

Ludox 25 milliliters, gave an almost solid mixture which 

was of no apparent value. Reducing the amount of Ludox to 

5 milliliters in [¡.5 milliliters of water gave a rubber film, 

although the colloidal suspension was apparently broken, and 

air bubbles decreased the strength of the film. This 

modification deserves further_ study. 

In a second modification, 8,7 grams of fibrous asbestos 

was stirred into a batch of S 10 grams, P 0 grams, W 50 gram 

in an attempt to prepare a suitable gasket material. Inis 

proved to be far too much asbestos, and the lilm haa no 

rubbery properties at a3.1* 
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A. The Role of Benzoyl Peroxide In Silicone Rubber Curing 

The best picture of the mechanism by which dibensoyl 

peroxide effects the curing of rubber seems to be that pro¬ 

posed by Parmer and collaborators (11, 12,).-. 

To study the behavior of benzoyl peroxide in this pro¬ 

cess, Farmer examined the action of the peroxide on a typi¬ 

cal olefin, cyclohexene (analogous to the unit» -Cïïg-CH-'CH- 

in rubber) and found that: 

(1) The peroxide decomposes thermally to give free radicals 

by either fashion (a) or (b). 

(a) Fh’CO’OOCO'Ph—Ph"CO" Ch / COg / Ph* 

(b) PhrC0°0'’0"C0c'Ph —>2 Ph-CO'C0 

(2) These radicals as shown below, lead to the linking of 

olefin molecules and the formation of (benzoyl) derivatives 

of both the simple and polymeric olefins« 

(3) The attack on the olefin molecules seems to be directed 

principally at the ¿s-methylene groups» 

Parmer proposes that cross-linking or vulcanization 

taking place during the curing of rubber seems to be due to 

a similar -methylene attack by the peroxide fragments; 

where the radicals initially formed serve to continue the 

process in a chain type reaction as follows: 

CH, CH3 
I ^ I 

-CHs-C-'CH- / Ph-COO*-—^--CÇ-CrCH- / Ph"C050“H 

(11) Farmer, et al», Transactions of the Faraday Society, 
¿0, 31(.0, 31)-8, 356 (1942) 

(12) Farmer and Michael, Journal of the Chemical Society, 
1&, 513 (19)+2) 



LA¬ 

CH- 

■CHo-C-'CH- / Ph'CO ’0' 

or 

CH-s 
1 -5 

-CH-C'-CH- / H1 
\ 
0-CO'Ph 

Substitution 

CH CH CH 

-CJi-C=CH- / -CHg-C^CH- -CH-C"CII- 
C r o r. ?■ T.I ÍT) i t.i. n p 

/ K- 
-CH-C-CH 

i 
I 
CÏÏ3 

It was pointed out by Parmor (13) that in orner to 

avoid intercombination of any free radicals Initially formed, 

the ratio of uncured rubber to peroxide (or ether vulcan¬ 

izing agent) must be largo (thus, radicals would bo more 

likely to attack the "parent molecule" and continue hue 

chain, rather than attack another free radical), 

The mechanism of *A-methylene attack established for 

hydrocarbon rubber and supported by other evidence (14)., 

can be applied to the peroxide initiated cross-linking of 

silicone chains if it is assumed that there is sufficient 

activation of the i<-CH3 group of the unit -Si(CK3/o-w- to 

permit a similar attack by free radicals, with subsequent 

formation of -Si-è-cii- bridges as by the following rcac- 
i III 

tion scheme (l£) ! 

(13) Farmer, et al„, loe» eit» 

(Ik) Bell Teleuhone Company Patent, Chemical Abstraeos, 

42, 5? 14 
Farmer and Michael, loe* cit» (15) 



mi 

ch3 

1. Ph‘CO‘0* / -Si-O- 

CH-j 

gh3 
/ 1 ph-co-o* / -sí-o- 

I 
CH3 

Ph*C0*0»(5tÍ2 
I 

-Si-O- 
I 
CIÍ3 

or 

f3 , 
-Si~0~ / Ph: COf'OH 

I 
GHÕ 

CH3 
1 

2c -Si-O 

Clin ch3 

/ •Si-0 

CH-j 

1 I > -2Í--0- -Si-O- / K3 
i I I 
CÍI3 ch2-ch2 

Phis picture of the cross linking would anticipate that 

(as in tbs case of hydrocarbon rubber) other compounds 

which break down spontaneously, or on besting, to give 

free radicals would have a curing action on silicone 

chains analogous to that promoted by dibensoyl peroxide 
H 

Thus, diazocompounds of the type. R-K-th-N-P., such as 

diazoaininobenzene might serve as active vulcanizing 

agents by breaking up into free radicals, viz: 

Ph - IT = IT - ITK -• Ph Ph- / N2 / PhITH’ 

This type of curing agent is reported (l6) to give 

transparent vulcanizates which age well, but which are 

sometimes porous clue to evolved nitrogen* 

do) Stiehler and Wakelin, Industrial and Engineering 
Chemistry, 39s 1^-7 (1947) 



D» Personnel employed on U« S» Government Contract 

During the period of June 5 - September If, 195>0 

Fraction of 
time spent on 
_Contract_ 

H. H. Wasserman* PhoD. 

B. J. Humphrey, Ph^D« 

H# A. Fairbank, Ph^D« 

C. A« Welker, DoEng# 

A. Pfenninger, 3.E* 

N • A• Dulce, M»Z5a 

T. S. îloroney, HoS# 

D. layman, B.S# 

H. Conca, B.S» 

H« Zimmerman, B.S* 

A. Glime, B.S* 

L. Corbo 

F. Taragowski 

P# Blanchard 

Project Director one-half 

Consultant Chemist one-fifth 

Consultant Physicist one-fifth 

Consultant Chemical 
Engineer one-fifth 

Chemical Engineer one-fifth 

Rubber Technologist full 

Chemist full 

Chemist full 

Chemist full 

Chemist full 

Laboratory Tech¬ 
nician full 

Laboratory Tech¬ 
nician full 

Laboratory Tech¬ 
nician full 

Stenographer one-third 
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