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CONFIDENTIAL Marshall Laboratory

July 15, 1954

MEMORANDUM REPORT NO. M~715
PREPARED BY: H. E. EASTLACK

"ADIPRENE" AS A COATING POLYMER

Introduction.

) The writer visited the Jackson Laboratory on July i ,
to develop further information on the possibilities of "aAdiprena”
for coating purposes. Persons interviewed were:

J, W. Libby, Jackson Laboratory
Eric Barthel, . "
J. A. Nelson, " .
E. K. @Gladding, " "
J. S. Rugg, Rubber Laboratory
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. Prom the information obtained, it seems doubtful that
it will be possible to prepare coatings frowm Elastowmer K solutions
that have all the properties of "Adiprene” rubber stoek, unless
elaborate precautions ave teken to rigidly exclude water, not maly
- from the materisls used, but also during ¢the curing operation.
Nevertheless, films ecured in contset with atmospheric moisture msy

8t11l be sufficiently tough and sbrasion resistant to be of interest
for coatings.
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- A more likely approach to coatim isha'c san be appu.@d
by practical means appears to lie in the use of the "prepolymer”,
~ or a recently developed latex. Tough, abrasion resistant rilus
~ecan be prepared by rather sﬁple techniques from the pmmlmr.
- Such films cure by reaction with water in a humid atmosphere, or
they can be cured by passing through & diamine bathi. The latex
deposits a film which is similar chemically to uncured Elastomer
N, but higher in molecular weight. Tough, rubbery films sre ob-
gg%mgdtgithout curing, or they may be cuved by passing thmug,h a
aeite

Action:‘

1. H. G. Stauffer anﬁ the wmter will undertake i:o character-
izg f£ilums from solutions of Elasbomer N, the prepolymer, and the
atex. »

: 2. Newbuz'gh"s attention is called td the possibimw of
using the prepolymer or the latex for fabric or webb coating.

" Discussion: : |
Chemistgg of "Adiprene” (Confidentisl):
The first step in producing Elastomer N (“Adipmn@”
Ru‘bher Stock) is to prepare a "prepolymer” by reacting toluenag di-

isocyanate {TDI) with a polytetramthylene glycol having’a melecular
vaeight of about 3000:

K

CHg CHg - CHy
NCO ' oCN,/” NGO
e} _ : :
NCO | | . HG-0 [(cae)g,,'clc N
: - ~ Ho * 0B

.?mpolymer (raT)

The prepolymer (OCN-P-NCO) is then reacted with waler to
extend the ehain length and to produce an unstablized poiymers

ocz«[z»-:m-co«m»r} *NH*CO*NH- P-HCO
L n
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) This 1s stabilized by terminating the chain with
piperidine to produce Elastomer N (mol. wt. 30,000), Elastouer
N, contains 1% of phenyl /4 naphylamine {"Neozone" D) as sn anti-
oxidant. Other elastomers can be prepared by using different
polymeric glycols, and by extending the prepolymer chain length
with diemines. However, Elastomer N (water extended) appears to
be the cne on which Orchem 1s concentrating most of thelr effort.

. Curing of Elastoﬁér,N with DI takea place by reaction
of the -NCO groups with the - groups. Under anhydrous con=
ditions the reactlion may be repPesented as fololws:

wrr NH*CO'NH v e NeGO-NH v
W0 e
P — B
NCO ~ T
NH

' ¢o

v NH°CONH ~— . N+CO*NH
wawvn ‘} WoAA Y

In the presence of water, some of the TDI reacts with
itself to produce longer crosslinking chains, e.g.,

| : I
,_1';5'(:0 '.‘_NH"T'NH'CO‘NH°T°m'co~NH°T'NH‘c0'1‘Y
The polymeric structure obtained in the presence’éf water is there-

fore different from that obtained under anhydrous conditions.
Preparation of Films from Elastomer N Solutions:

Elastomer K picks up 1-2% of water under normal storage
condit¢ions and should therefore be dried before use, by wiliing
for 10-20 minutes on a 2-roller mill. :

The disappointing results of Marshall Laboratory work
with films sprayed from solutions of Elastomer N in dimethyl
formamide (DMF), may have been due to (1) the fact that the Elsstoumer
was not dried, (2) the effect of atmospheric moisture, (3) the DIMF
wss not redistilied to remove traces of amines, and () Dwr rescts
W .

Tetrahydrofuran (THF) is a better solvent for Elastomer
K then DMF, particularly when mixed with elther chloroform or di-
chloroethylene. The THF should be absolutely dry, free from pere
oxides, and the stabllizing agent present in the material as sup-
plied by Eichem must be removed.
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‘ TDI-urea (OCN*T'NH'CO°NH'T'NCO) i3 a better curing
agent than TDI, producing tougher films, but is insoluble in
THF. It was suggested that we try both T0I (in solution) and

. gglsgﬁea (%n suspension), using 4 and 8 parts per 100 parts of

Blastomer N. ' -

, Knife ecoating was suggested in preference to brushing
or spraying to minimize contact wlth atmospheric moisture. Flash
drying should also be carried out under conditions involving
- minimum exposure to molisture. ' -

Curing for 15, 30, and 60 minutes at 130°C. and 5-15
minutes at 110°C. was suggested (shorter curing time results
in a2 higher modulus). Films should be aged 1-2 weeks at >50%
R.H. before testing, to allow for "after curing". Note: TDI
is very toxic- (maximum safe coneentration: 0.1 p.p.m.). Hence
it should be handled with extveme care, and curing ovens chonid
be vented to the outside.

Reinforcing agents may yield tougher, more sbrasion re-
sistant films. EAF carbon black, and Cab-0-Sil (810,) are best.

From 15 to 30 parts per 100 parts of Elastomer N were suggested.
The Elastomer should first be warmed up on a rubber mill before
adding the extender. The stock is removed from the mill a2t inter-
vals, allowed to cool and the operation repeated until a cut sur-
face is glossy. : g : o

The Tabor abrasion test does not measure resistance to
abrasion as related to tire wear., A1l Jackson Lsboratory tests
for this service are made by road-testing tires. :

Use of "Prepolymer” as a Film Former:

The prepolymer, as descrlbed sbove, reacts rapidly with
water and must therefore be kept absolutely dry until used. Jackson
Laboratory will supply samples blanketed with dry nitrogen in sealed
botg%es.rGOQee opened the entire sample should be used immediiately
oy discarded. .

The prepolymer (TGT) is a liguid having about the con-
sistency of honey. It contains some free TDI, Films can be made
by knife casting without dilution. It is readily miscible with
THF, or with a 50/50 mixture of toluene asnd either MEK or WMIBE.
From 10-20 parts of solvent should be sufficient to reduce TGT to
brushing consistency; 20-30 parts, to spraying consistency. The
latter two methods of application will, of course, involve wmore
contact with atmospheric moisture before the film is laid down,
than knife coating.

Films of TGT cure in 1-4 days at 50% R.E. and 80°F., but
at least 7 days should be allowed before testing the £ilm. Such
films are comparable with nylon in the Tzbor abrasilon test. TGT
filus can also be cured by contact with dismines, ¢.g., m-phenyléne

diamine,
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"sdiprene" Latex:

A latex hss been prepared by dispersing the prepolymer
in water. Reaction of the water with the terminal - NCO groups
extends the chain to form a polymer similar chemically to un-
cured Elastomer N, but higher in molecular weight. When this :
polymer is separated from the latex by filtration, washed to re-
move water soluble dispersing agents, and dried at room or siight-
1y elevated temperatures, a tough rubbery £film is obtained. It
can be cured, if desired, by dipping in a solution of TDI.

It should be possible to prepare films from this latex
by casting on glass, or spreading on fabric or other substrates.
A sample is being obtained for evaluation along this line,  The
film forming properties of this latex are sald to be much better
than those of the amine-extended latex of which we previously
had a sample. ‘

H. E. EASTLACK
HEE :AUB
T-14-54
P.S.

The following two reports have been received and turred
over %o the Masrshall Laboratory Library:

v Haskell Laboratory: "Report on the Tbxiqity of Toluene -
2,4-Diisocyanate {(TDI1)",

Rubber Leboratory: "A Procedure for Determining the
Concentration of TDI and TDI-Urea in Alp®,
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