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FOREWORD

This investigation was conducted by the Organic Materisls Branch
under Project No. 7340, "Rubber, Plastics, and Composite Materials",
Task No. 73404, "Synthesis and Evaluation of New Polymers", formerly
RDO No. 617-11, "Synthesis and Evaluation of New Polymers", and was
administered under the direction of the Materials Laboratory, Direc-

torate of Reseasrch, Wright Air Development Center, with Mr. Fred W.
Knobloch acting as project engineer.

This report covers work conducted from 25 August 1954 to 20
October 1954,
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ABSTRACT

Elastomers have been prepared from an experimental liquid polymer
formulation derived from & condensation product of mercaptoacetic acid
and triethylene glycol. Two general types of these elastomers are dis-
cussed; one was obtained by reaction of the liquid polymer with organic
and inorgenic peroxides, the other by reaction of terminal mercapto
groups with unsaturated aldehydes.

Selected specimens of each type of elastomer were successfully
compounded and vulcanized using conventional rubber processing equip-
ment., The behaviour of these vulcanizates in fuels and synthetic ester
bese oils has been studied along with the effects of aging at elevated
temperatures. The vulcanized dithiopolyesters showed excellent resist-
ance to the swelling action of 70/30 iso-octane/toluene fuel mixtures.
Ester base oils of the MIL-L-78084 type were found to cause shrinkage.
Eleveted temperatures (350°F) consistently brought ebout rapid deteri-
oration of both vulcenized and raw polymer stocks.

PUBLICATION REVIEW
This report has been reviewed and is approved.

FOR THE COMMANDER : <,

M. R. WHITMCRE
Technical Director
Materials Laboratory
Directorate of Research
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I. INTRODUCTION

The Air Force's continuing search for elastomers with exceptiochal
thermal stability combined with superior fuel and oil resizstance has
led to the investigetion of many new polymers of novel chemicel com-
position and structure (Ref. 1). This report describes studies relating
to the development of one such experimental polymer belonging to the
general class of dithiopolyesters.

The preparation of polyester elastomers has long been plagued with
the progressive difficulty of forming new ester links as the chain
length of the polymer increases. However, the development of the
Vulcollan type rubbers (Ref, 2), which utilize diisocyanates to react
with and extend the polymer chains, has provided a useful tool for the
preparation of high meoleeular weight condensation polymers,

The present investigation involves & similar extension of the
molecular weight which is asccomplished by somewhat different approaches
than are employed in the Vulcollan process. Some of these pnew elas-
tomers were first prepared by the Coast Paint and Chemical Company*
under Contract AF 33(600)-19202 (Ref. 3a). The present study is a
continmmation and expansion of the original contractual effort. The
elastomers described herein all originated from condensation of 1 mole
of triethylene glycol with 2 moles mercaptoacetic acid; the diester
product was then oxidized with hydrogen peroxide and finally heat
treated at 200-225°C for one and one half hours to yield an amber,
viscous flowing oil. This oil was obtained from the Coast Paint and
Chemical Company and is designated PE 26H.

In the present investigation, two methods were employed to convert
the PE 26H polymer to elestomers. These methods ere discussed under
Section II and depend upon further reaction of terminal mercapto groups.
The elastomers obtained by the first method are designated for conven-
ience as the peroxide type; elastomers prepared by the second method
are designated as the thicacetal type. FElastomeric rroduct= obtained
were vulcanized and finally evaluated with respect to possible Air
Force applications.

D A Y - . v d -

* Presently: The Coast Pro-Seal and Manufacturing Company
1507 Grande Vista Avenue
Los Angeles 23, California
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II. RESULTS AND DISCUSSION

Preparation of Peroxide Type Elastomers.

The possibility of increasing the molecular weight of the PE 26E
polymer by oxidation of terminal mercapto groups with various peroxides
was first investigated. Lead peroxide and benzoyl peroxide were found
to be particularly effective for the conversion of liquid FE 26H to
elastomeric products. On the other hand, elastomers prepared with
hydrogen peroxide, when not further purified, reverted to viscous oils
after standing at room temperature for approximately 12 hours. There
were indications that PE 26H elastomers prepared with benzoyl peroxide
were also slowly breaking down after standing at embient temperatures
for several months. Occurrences of similar polymer degradation have
been reported with other peroxide-formed disulfides (Ref. 4); however,
this phenomenon was never observed with raw stocks prepared with lead
peroxide or with any vulcanized samples.

The polymers initially obtained by oxidation of PE 26H were soft
and in sll cases hed low extensibilities. Further efforts were direc-
ted toward the preparation of raw polymers with improved elongations.
Some degree of improvement was atiained by reduction of the smount of
percxide employed. The most extensible polymers were produced with
three parts of benzoyl peroxide per 1CO parts of FE 26H, These obser-
vations and general reaction conditions are sumnarized in Tsble I,
(Experimental details are presented in Section 1I1.)

Vulcanization of Peroxide Type Elastomers

Like many new and unconventional rubbery polymers, the soft, tacky
FE 26H peroxide elastomers initially presented serious processing
difficulties. Preliminary compounding studies indicated that fillers
such as CaCO, , Santocel-C*, and ZnO failed to give the polymer suffi-
cient body for easy processing. Much improved handling characteristics
Wwere obtained with moderate carboan black loadings of between L0=50
parts per 100 perts of polymer.

411 of the PE 26H peroxide elastomers adhered firmly to the mill
rolls during compounding. Coating the rolls with & film of stearic
scid prior to milling greatly facilitated the removal of the compounded

- W . -

* Sgntocel-C: Monsanto Chemical Company.
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rubber; nevertheless, except when Fb0, was employed, the uncured rubber
compounds could only be removed from the mill rolls by scraping. In
milling samples compounded with Fb0,, the handling characteristics were
found to be greatly improved; this was attributed to rapid reaction of
the lead peroxide and partiel curing of the rubber during milling oper-
ations. Various substances are known which can be used to retard such
precuring (Ref. 3b) but investigetions in this area were not undertaken,

Initial vulcanization studies sought to cure the PE 26H elastomers
with residual peroxides which presumably were present in the rubber (see
Table II), Consequently, no additional curing agent was used in these
studies. Although this proved largely ineffective at molding tempera-
tures, it is considered significant that compounded stocks left at room
temperature showed evidence of some curing after a period of two hours
(this was especially apperent when the stock contained carbon black
fillers).

Blowing, or ges bubble formation in the molded compounds, was fre-
quently observed. It could generally be eliminated by employing lower
molding temperatures but even vulcanized samples were found to blow
considerably if heat aged at 350°F for as little as one hour.

. Table II presents data asnd observations of interest in connection
with the compounding of these polymers.

Several of the rubber compounds listed in Table II exhibited good
elongation, flexibility and tensile strength combined with excellent
resistance to fuels and oils at room temperature. However, one serious
shortcoming scon became apparent; the elastomers herdened gquite rapidly
at elevated temperatures. It was obvious that the heat susceptibility
of these FE 26éH-peroxide type elastomers would have to be greatly im-
proved before they could be considered to possess a definite potential
for use in Air Force applications.

It hac been found that the most effective curing systems for the
peroxide derivatives of PE 26H inveolved the use of FoQ, . The use of
this metallic oxide, however, was suspected of being one of the factors
contridbuting te the thermel sensitivity of the resulting vulcanizates.
Other independent investigations by the Materials Laboratory have indi-
cated that with certain amine cured acrylates, the incorporation of
metallic oxides in the curing recipe resulted in products of lower
thermal stability than were otherwise obtained. In addition, it has
been pointed out that in analogous cures accomplished with Thiokol-type
polymers, the fellowing steps are involved (Ref. 5):

(1) 2 HS-R-SH + FbQ, — HS-R-SS-R-SH + PbO + H,0
(2) 2 HS-R~SS-R-SH + Pb0 - H,0 + HS-R-SS-R-S5-Pb-S-R-SS-RSH

WADC TR 55-117 A
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At temperatures as low as 250°F, lead sulfide was found to slowly split
from the chain. Subsequent elastomer preparations attempted to eliminate
the use of PbO, and the further formstion of disulfide linkeges.

Preparation of Thioacetal Type Elastomers

The liquid FE 26H polymer was also converted to elastomeric mate-
rials of interest by reaction of terminal mercapto groups with unsatu-
rated aldehydes in the presence of acid catalysts.

A complex series of competing reactions with the reactants under
consideration was realized. These included addition of mercapto groups
across unsaturated groups of the aldehydea, homopolymerization of alde-
hydes in the presence of strong acids and the desired thiocacetal forma-
tion. Elucidation of the reaction or reactions which occurred was
beyond the scope of the present investigation and it was presumed the
reaction was mainly that of thicacetal formation. This presumption was
not without some basis, however, since Marvel et al have recently described
the HCl-catalyzed preparation of polythicacetals (Ref. 6), and Holuberg
has reported the preparation of mercaptals (thicacetals) from cinnamal-
dehyde and 2-furaldehyde using conc. HCl as a catalyst (Ref. 7). Szabo
and Stiller have a&lso reported the preparation of cimnamaldehyde dibenzyl
mercaptal from the corresponding aldehyde and mercaptan (Ref. 8).

The desired thicacetal reaction is outlined below:

0
0

HS—EPEEéH}SH"‘ [I ]—cl ”H"'BS—EPE26H}SH—-—>-

HS-EE26H}S-—CH—S—EPEZéH}SH‘PHzO

N

Elastomers were readily produced by this method using several
aldehydes, nsmely 2-furaldehyde, cinnamaldehyde, and crotonaldehyde
(See Table III). Unsaturated aldehydes were selected because of the
probable value of their unsaturation in connection with vulcanization
reactions.

The first elastomers of this series were prepared by reacting PE 26H
with 2-furaldehyde, Catalytic amounts of ferric chloride were found to
effectively promote the reaction. Likewise elastomers were readily

WADC TR 55-117 6



fermed when smell emeunts of cencentrated hydrochleric acid were empleyed.
A reaction alse progressed, altheugh much more slowly, in the absence
of added catelyst.

Table III summarizes the preparation of elastomers of this thio-
acetal type from liquid FE 2¢é H polymer.

Vulcanization of Thiocacetal Type Elastomers

The presence of unsaturated groups in these polymers appeared to
have little if any effect on cures with benzoyl peroxide; some cure was
neted with a sulfur recipe but the cured stock cracked and broke readily
upon flexing. It was found necessary te revert back to FPbC, to induce
a final cure during molding; exceptionally good elastomers resulted
which appeared teo be superior to all other elastomers produced in this
investigation. Pertinent compounding and vulcanization data areprovided
in Table IV.

Oven sging at 105°C resulted in a decrease in viscosity of the
uncompounded thicacetal type elastemers. The cause of this was not
determined but it will be recalled that a similar situation was encoun-
tered with some of the peroxide prepared elastomers and was found to
occur in some cases even at reom temperature.

Evaluation Studies with Dithiopelyester Elastomers

Physical Data. The vulcanized PE 26H elastemers, particularly
these prepared with aldehydes, compared very well in "feel" to other
commen rubbers. The tensile strengths, although quite lew, could
presumably be improved with a more intensive compounding study than
was undertaken in connection with this investigation. Finer bdlacks,
for example, were found to incresse tensiles considerably. Represen-
tative physical data obtained with two of the best experimental
per¢xide type pelymers are presented in Table V.

Resistance ef these compounds to the swelling section of 70/30
iso-octane/toluene fuel mixtures was excellent. Also, in synthetic
diester base engine oils (MIL~L-7808A), the axpected large swell of
the ester rubber wes not realized--on the contrary, consideratle
shrinkege was in evidence., Table VI summarizes swelling dats obtained
with these peroxide type FE 26H elastomers.

Thermal Stadility. The most obvieous shortcoming ef both the

PE 26H peroxide and the thiocacetal type of elastomers was their
decided lack of thermal stability. Their weight loss on heat aging

WADC TR 55-117 7
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at 300°F was appreciesble, and as shown in Figure 1, the compounded
stocks investigated were considerably worse in this respect than the
uncompounded, The observed weight loss at LOO°F was particularly
severe,

Aging in air for as little as four hours at 300°F caused the
compounded stocks to become leather-like and erack on flexing., Semples
aged for 90 hours at 300 had increased in hardness to such an extent
that & measurement could not be obtained with a Shore A Durometer.
However, the aged polymers, although hard and nonflexible, could be
struck e fairly sharp blow with a hammer without being crushed.

The elastomers obtained by reaction of liquid FE 26H polymer with
various unseturated aldehydes also exhibited poor thermel stability;
like the peroxide type elastomers, they hardened rapidly when air aged
at elevated temperatures. Representative resulis compering the increase
in hardness on heat aging of the two types of elastomers are presented
in Table VII.
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FIGURE |I.

AIR AGING OF PE 26H POLYMERS AT 300°F
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II1. EXPERIMENTAL PROCEDURES

Typical procedures for preparing end vulecenizing the modified
PE 26H polymers are presented below:

Preparation of the Peroxide Type Elastomer

To = 30 mi. beaker equipped with a power stirrer, 10.0 gm. of
liquid FE 26H polymer were added. Finely powdered benzoyl peroxide
(0.30 gm.) was then added and thoroughly dispersed by stirring at room
temperature. The mixture was then slowly heated, with continued stirring,
to 130 C. As the viscosity of the reaction mixture increased, stirring
became ineffective due to the adherence of peclymer to the stirrer, The
polymer was removed to a Petri dish (where it could be mixed by hand)
and the heating continued on & hot plate for two hours at 125-l50 C.
A tacky elastomer having fair elongation was obtained as a typical
product.

Vulcanization of the Peroxide Type Elastomer

Compounding wes accomplished on a small 14 inch rubber mill. The
rolls were coated with stearic acid to lessen sdherence of the elastiomer.
The polymer (100 parts) was milled with 50 parts of HAF (Philblack 0).
Lead peroxide (3 parts) was then gradually edded. Some precuring wes in
evidence which improved milling chearacteristics and allowed the polymer
to be sheeted from the rolls.

Molding and vulcanizetion were accomplished in a press cure at
2h0°F for 25 minutes.
Preparaticn of the Thicecetal Type Elastomer

To 3.0 gm. of ligquid FE 26H polymer in a 30 ml. beaker equipped
with stirrer, 0.3 gm of crotonaldehyde was added, The mixture was
heated with stirring to 150°C.

A stirring rod wet with concentrated HCl was momentarily injected

into the agitated mass. The reaction mixture was converied to an
elastomer in several minutes,
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Vulcanization of the Thioacetal Type Elastomer

To 100 parts of polymer, two parts HAF (Philblack-0) were added
during milling., Lead peroxide (3 parts) was then introduced with
continued milling. The compounded stock handled as easily as conven-
tional rubbers at this stage, banding and sheeting readily. Molding
and vulcanization were accomplished simultaneously in a press cure at
240°F for 30 minutes.
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1V. CONCLUSIONS

This investigation has demonstrated that elastomeric dithiopoly-
esters can be quite readily hendled with conventional rubber processing
equipment end can be vulcanized to yield interesting rubber compounds.
Exceptionsl resistance to the swelling ection of 70/30 iso-octane
toluene fuel mixtures was exhibital by the vulcanized dithiopolyesters.
All of the elastomers exhibited poor thermal stability in various
enviromments at 350°F,

Attempts to improve the thermal stability of the dithiopolyesters
without substantially changing the base polymer formulation would appear
likely to yield at most only marginal improvements. Further study of
these dithiopquester systems would probably contribute most to the
ultimate development of useful elastomers if such study were directed
towards elucidation of the specific nature of their thermal degredation,
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