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INTIODUCTION

| Our previcus work with mixturos of p-quinonc dioxinw,
benzothiazyl disulfide and sulfur, as o vulcenizing combinction
for Butyl rubber compcunds, rovedl sd that suech a comulncotion
producud conpositions having (1) rapid ratc of curc without
sccrch at procescing tomporcaturcs, (2) = flat curing curve as
recgarde toencsils etrength vs, curing tinme, and (3) mrrked
eyporiority to eormvomiicnd il saivur-~curcd cunpusitions with

rogard tc hert rosistanco. .. fundgmental study of the over-
lapping vulcenizntion ncehanisns by meons of which such 2 com-
bination functions, wculd undcnirbly be- justificed and would offer
an alnoat'unlimiféd nﬁount «f thecoretical work to thosc disposcd
nd oquippcd to underteke it. Ve have folt however, since this
is, in the strict senso, a program of developmunt cnua application
rosoearch, that its objoctives might more quickly be attainoed by
an onpiriccl stuay of the criticel quantitics of cach ingredicnt
in the aforcrnicntionod combination., Such a study was undcrtakon
and completcd in the porfiod covorcd by this rcport.}

A masterbrteh bare stock consisting of Butyl rubber, zine
oxido, carbon black, ..né pl:isticizor, was first proparcd rnd
ugod throughout thce invostigation of vulennizing combinations,
Usc of the stock nmininigzed proceseing time cond incercased tho
uniforri ty of rosults., The amount of vech ingrediont of the
vulcanizing conmbination was vericd botweon precticoblo linmits

while kuoping the quantities of romaining componcnts constont,
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In no instance was tho anount of any ingrodicnt found to
bu oxcceptionally critical. Both p-quinone dicxime and bungzee
thiazyl disulfidc wore feund tu bo vssontial to vuleanization,
cince onission of cvithor componunt rusultced 1ln sevoercly under-
curcc conpositicns, but frcm 2 to 4 parts by weight per hundred
of rubter cculd bo usced without significant variation in phyeienl
proportics. Fror 2 to 3 ports of p-dﬁinone dicxime werc optirum,
wuilc 4 parts of bonzothlazyl disulfice gove bust recsults, The
amount of sulfur used in thce combination was found to be ovon
loss critical, but 1.5 parts was cf definitsc veoluc in speeding
up the ratc of curec, boosting ultinate tensile strovngth, and
incrcasing heat rosiatcnce.

Subétitﬁti?n of othur orgraic accclorators for benzothinzyl
disulfide in the combinaticn was quick to roveal tho importaonco
of such frccclorntors in tho quinoid-sulrur'curc. Thiazolc,
thiuram, nnd dithiocarbamntce accoclurctors were rll investigated
in this rogerd. .liccclorators such as diphonyl gucnidine when
substitut.d in compareble guantity for thc benzothinzyl disulfido
produced nc curc¢ nt all, orcaptobinzothinzole was cnly slightly
nors cffoctive. The cupric salf of morceptobenzothinzolo wns
modoratoly activeting, whilc zine dinthyl dithicearbanate was
comparablu to tho origincl bonzothiazyl disulfido. Totrancthyl
thiuram disulfido procuccs compositicns with good physical
propertioce, nnd the selenium and tollurium diothyl dithiocarbamatos
woro ospocially orrocfivo in producing o fest curing ratu and high
ultimato tcnsilo strongth, Ixporimontation indicates theot
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telluriun dictnyl ditidoc~rbamnte is slightly inferior to the
originnl bengzothiazyl disulfide in rogard tc heat resistence of
the vuleanizcd cempositivn, but tho curing rate and ultinate
tonsilc are nuch supcr:lm:_.].‘w("“'JL

The heet rosistance of quinoid-sulfur curud conpcesiticns
was found to be vitally affected by tho type of filler uscd.
Carbon blacks were v far tho most offective in this conncetion,
and considerable work was done with cohbipntions of cloy oand
carbon black tc obtain comnositicns with beth low tunpcraturc
flexibility ané sono mecsurc of hont rosistancee Thoe function
of carbon black in the quinoid-sulfur cure is not fully undcr-
stood, but it undoubtodly pleys e dual role of filler and
ncetivatcecr, Intrcasing the carbon black cunteont materially in-
creasced voth t£§m}§tcvnnd ultimato degree of curc. loduli of
over 2000 pounds por sqe. inch at 500 percent clcngation wore ob-
tained with carbon black filled compositions,.

Tho adcition of am2ll porcontages of polylsobutylone
(Vistancx) was also found to bu ¢f valuc in improving the heat
rosistanco of Butyl rubbor compounds. /A criticecl feoctor in this
offcct is the molocular woight of the polyiscbutyleno used, sinco
only the mntqrinl of cbout 100,000 moleculrnr weli ht was cffoctive,
liatorial of lowcr or highor’molcculnr wol _ht gave o negative

rosult,
Low tomporature .cvaluation of quinoid-sulfur curcd compo-
sitions indicatcd thoy weru nll capablo of passing the "Thiokol

bund" test, 9™ Jesignntion D736-46T,°at -55°9¢, and somc could
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survive this tost at -65 C. Nono could pass zt -70°C, it o
-..scussion butwocn the Squior Signal Laborctory and reoprescntatives
of this cumpany, it was agrcod that wu should continu. cur
cveluation ot low torpecraturos by noans of this simple flox toct,
The opinicn wee rmtually held that whilo many cunmplox testing
doviccs wurce known tu be capable of susplying informaticn n

o varicty of tncurotical proportics ¢f rubbor compeunds ot low*
tomperaturce, and whilec such infermntién wiuld be of fundenentcol
valuc, the boncsfit t. this program was not sufficicnt tu jJustify
th¢ required axponditurc »7 timo cnd mcnoy.

It was decided thorofcere, thot we would subnmit to the
Squicr Laboratory thuse compositiuns which we belicve to be of
rierit aftor such Initial tosting ns mentiuncd abouve, and that
they in turn will mald and curs thoe ccmpositions into such
practical itoms as grenmots end push button covers, #nd ovnluato
thesc from cn applicaticn standpoint in their locw tempeorature
roonse "o bolliove it is cssoential that we witnees nolding,
curing, enc tasting of thaso compounds at tho Squior Laboretory,
in crder thrt wo may c¢bsorve their bohavior at first hand, In
this way wc can corrclato our own tost results with thousce ¢b-
tained in tho luw tomporaturoe rooms,

3uch a practical ovaluation of the low tompornture por-
firmence ~f Butyl rubbér compounds will be, wo bolicve, nure

valuable tc¢ this prugrem than any numbor of thourotical tosts,
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EXPERII{TNT..TION

Polyigobetylonc {Vist-onox B100) in Butyl Rubber Compounds

Varicus progortions of polylsobutylenc having ¢ noleculac
wolght ot 100,000 woro incorporatod into crude Butyl Rabber
GH-I-Y15, rnd the resulting blonds conventionnlly compcunded and
surcd. 7ne polylsobutylounc wes added tc the GR-I-Y1E after the
lettor hod formec n thin bend on a warm two roll mill. Hixing
was cnsy aond roapid. The mill wes thon coolcd cnd the remaining
compounding lngredients added. No abnormnlitics in compounding
or miiling bohavior coula be observed. The conpounds were sub-
sequontly curced for 15 and 30 minutes at 2&7°P, anc their
physical propertios rccorded,

Incrouasing nmounts of polyisobutylinc wore obscrved to
cffect 2 reduction in curing rate snd an increcse in compression
gct commensurate with tho rccducticn in unsaturation. Toensilce
strungth was not  gpprociably nffectucd pr&viddd an adoquate curc
was obtaihod, but thc aoility c¢f Butyl rubber compounds to retajin
t ..ir tensile strength aftor cxposurc to alr at high temperaturcs,
was considorably improved. This latter effcect is shcvmn in Tuble I,
3cnplos werce cgped in o ventiloted nir oven ot 15097 for 48 hours.
They wore then allowod to romain at roem tempercturces for 24 hours
cnd their tensilos strongth compared with that of srmplus of the
same compound which ﬁad boon cgud at room tumporatuse for tho
samo poriod of time, Percent tonsile rotalnud was thon exprossed

&

% tensilo = 10Q};g
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TABLE 1
EFFFCT OF VIST.NEX B-100 ON HELT RESISY.ANCE®
Parts Vistanex 4 Tonsile Rotained
0 60
1 63
2 69
5 73
10 84
15 60
20 58

*3amples agod 48 hours in air at 150°C,

Baso Formula (by weight)

GR-I-Y15 100
Zinc oxide ]
Dioctyl sobacate 16
p-Quinone dioximo -2
Bonzothiazyl disulfide | 4
Sulfur | 1.5

vistanox (as shown)
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411 subecquent hent rosistance data in this sccetiuvn of the rep.rt

was su vbtained »nd 1s 20 ~xprcssod.

Zinc Oxido Contunt of Buty! Rubber Compounds

Fion 2 to 80 parte of zinc oxide (érctox 166) wcr: in-
corporated into Butyl rubbor compounds. .t loast 2 pnrts were
csscntial t¢ curo nand ~t lcoet 5 parts were required to obtein
a maxirum rote of oure., 8omo slight improvemcnt in hont rosis-
tenco was noted with highor amounts ¢f zinc oxide and this
offcct is shown in Table 1I

Componont Ingrodients in tho Quinoid Typc Cure
The p~quinone dioximo-bcnzothin?yl disulfide~sulfur curing

combination for Butyl rubbor was thoroughly investigatod to
determine the part played by oach of tﬁe ingrcdients in the
vuleaenization nechanism.  In order to facilitatoc the investigeticn,
rnd tc insuro uniformity of rosults, is’pounds of a mastoerbatch
¥cre proparcd containing tho rolloﬁingabnso stock:

GR-I-Y15 3100 parts

Zinc oxide ]

Fino thormal bleck (~-33) 50

| Dioctyl sebaceato 15

Portions of this mastorbateh woro thon'uggd to proparc tho
dosirod compouth'By édding tho curing'ingredionta cn a cold two
roll rmill until thoy wore completely disporsed. The mnstorbatch
was kopt at room temperature in the laﬁdintory over a thrco

month poriod with no detocteble chaonge in propertics,
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T.BLE I1
EFFRCT OF ZIRC OXIDE ON HE.T RESISTLNCE*
[ rarta 2ins Oxide ¢ Tensil. Retaincd
: 2 19
. 5 60
: 1¢ 62
20 63
E ‘ 50U 83

%Samplcs agod 48 hours in air at 150%¢.

AR N

Fep

Basc Formula (by weight)

y GR-I-Y15 100
Dioctyl uscbacats 15

p-Quinonc dioxime 2
b Benzothinzyl Cisulfide 4

= Sulfur 1.5

1 zinc oxide {ns shown)
nE
/

{ .

—

0 r—w—, e .
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The amount o p-quinone dioxime in the compound wngs variced

from zoro to 4 parts per hundrecd of rubver hydrccarben (RHGC).

T ')ﬁ\ﬁ!ﬁ“i‘;‘@},,’f"v%lﬂﬁﬁ’3»"'.;','v_& R

The offoect of this variaticn is shown in Tavlo IXII. .t lonst

R

cne part of tho cdioxime appears to be esscential to cure but
cbove tnnt the amount is not critical. 2 cr 3 parts scenm tc

give cptimun physical propertios and meximum ratc of curc,

B N L ST D
o Speren ey

she amount of benzothiazyl disulfice in thoe compound wnas

e

varicd from zerc to 8 parts. The sffeet of this variation 1s

shuwn in Toble IV, 4 parts procucce optirmur pnysical properties
end maximum rat. of curc,
The amcunt of clcemental sulfur in the compound was varied

from zoro to 3 parts. The offcct of this variation is shown

in Table V., This substancc is nct csscntinl to curc but ite

2 WA A K D

inciusion improves ultimate tensile strength ~nd speeds up the

y rat: of cure. The amcunt used dees not appeer to be critieel

4 ~but 1.5 parts were solected as optirmum., 2 parts or mure proe

F. :

% duced an appreciczble bloonm.

e
E g; 4 further stucy of the part playcd by component ingocdionts
1 § in ths quineid type ours was mede by substituting various cther
5 §' accolerators for benzothiazyl dlsulfide 1n the curing combination,
Q" .Lecelorators so substituted were (1) diphenyl guanidine, (2)

tectramothyl thiuram disulfide, {3) morcapbtobenzothiazele, (4]
cupric salt of merecaptcbenzothiazole, {5) zine dicthyl dithii -
i ’ carlzmate, (6) tellurium cicthyl dithicearbamate, and (7) scicnium
‘ disthyl dithliccarbamatc., 4 parts per hundrcd of rubbe— hydre-

carbon wore used in overy casc. The compound containing ¢iphenyl

~/ t - PO oS R L —_ .
Ti © e~ s ra— - s .
: L o, P A

1
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T.BLE 111
EFFECT OF

P-QUINONE DIOXI MFE ON PHYSIC..L PROPERTIES

Curo® Tensilo Elong Modulus Hardneas
Parts Dioxime Minutss 1ib,/sq.in., __ % 500% ___Shore
o 15 430 1000 ncgligible £8
S0 450 1000 negligible 28
1 15 1090 990 250 33
30 1810 850 810 34
5 15 1290 710 360 36
30 1440 780 80 38
15 1470 890 320 10
3 3C 1420 710 600 41
16 1280 870 425 42
4 30 1300 780 590 42
Fag7°p
Base Formula (by weight)
GR~I~Y1H 106
Zine oxide 5
Dioctyl =obacato 156
PR Carbon 50
Benzothiazyl dalsulfide 4
Sulfur’ 1. 5
p-Quinor~ diox.nme (ns shuwn)

?{.tﬂ%'.‘e’tﬁww.on.w.,,. PR
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Bunwuthliagyl disnlfide

' EFFECT OF BENZOTHIAZYL DISILFIDE ON PHYSIC.L PROPERTIES
Curo® Tensile sleng Mclulus Hrrdn.ss
Parts Disulfdo Minutos 1b./sq.in. % 500¢ Shoro
0 15 450 1000 negligible 35
30 710 98¢ 130 37
1 15 830 310 250 37
30 1300 870 400 36
o 15 1260 860 310 37
' 30 1420 85¢C 180 39
' 15 1500 800 580 41
4 30 1530 760 640 i2
18 1310 750 600 32
| 8 30 1300 770 520 i
! 1
, ¥2g7"F
] Bosc Forrmlie (bv wolght)
‘ GR-I-Y15 100
i Z2inc oxlide 5
| Dioctyl scbrents 1&
[ P33 Coroon ao
r-Quincng ¢ioxime 2
a Sulfur 1,8
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T.BLE ¥

IR RALIN IR NGNS T g

BPFECT OF SULFUR ON PEYSIC.L PROFERTIES

Curo® Touslie
Parts Sulfur Minutes 1b,/sq,in.
0 15 960
30 150¢
| 15 1500
Oed 30 1590
15 1510
2.0 30 1610
s 15 1700
* 30 173C
15 1550
3.0 30 1600
%pa7°p

Elcng  Mcdulus Hardncss
% 500% Shore
860 280 36
880 330 £l
853 380 2
875 400 12
850 400 <2
850 480 45
78C >80 8
760 84" =8
730 590 Lo
770 220 £

Boa. Formule (by woight)

P~Quinun. @4 xing
Bengothlaryl S{aslot g

W llur

100

2
N
1 &
Fe
AN
PesR:
"~

4

o

‘¢

{~s sh_wn;
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guqnidino would nut cure at 287°P., Tho compound containing
nercaptobonzothiazole showed only pnrfinl curo. Tho physical
proportics of c mpounds incorporating thc accolerators listcd
abovo are shown in Table VI,

Carbon Dlack-Cley Fillor Combinations in Butyl Rubbur Compcunds

Cerbon black,'roprasented by Philblack i, cnd Clay,
represonted by Thititex, were combined in various pruportions
and added tc Butyl rubber stocks so that their tctal weight
équallcd 80 parts per 100 of rubber hydrocesrborn, The fillor
combinetions were added to the crude rublLser on a two roll mill,
Zinc oxicde was then addod, followed by dioctyl sobacate, and

finally by the curing agoents. The basc formula was as follows:

GR-I-Y15 100
Piller Combination® 60
Zinc oxide 10
Dioctyl sobacato 15
p~Quinonoc dioxime 2
Tellurium diethyl dithiocarbamato 4
Sulfur : 1.5
* 4 B C D _E _F
Clay (Whititox) 60 48 36 24 12
Carbon (Philblack ..) 0O 12 24 36 48 60

Physical propertics of compounds containing those filler
combinations aroc shown in Table VII. The.offoct of these filler
combinqtidnz on the physical proportics of tho saeme compounds
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T.BLE VI

ORG.NIC ..CCELER..TO3S IN DIOXII'E CJRE™

;ccclcratof +0 parts Tcensile Elonge.
lb.ésg.in.

Morcaptcbenzothirzole
Cupric salt moreaptobenzothiazcle 1440 1050
Benzothiazyl disulfide 1680 830
Tetramothyl thiurem disulfide 2280 780
Zinc diethyl dithiocarbamate 1670 880
Tcllurium cdictnyl dithiocarbamate 2300 740
Sclenium dicthyl dithliocarbamate 2160 790

Diphonyl gueanidine

# 15 ninutes at 287°P

Bese Formula (by woight)

GR-I-Y15 100
<inc oxide 5
Dioctyl scbecate 15
P33 Cerbon 50
p-Quinonc dioxime 2
Sulfur 15

Leccelerator 4,0

Mocuulus

270
510
520
470
585
500

no approciable curo

50077
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T.BLE VII

Piller per 100 g, RHEC

Thititex Philblack .,

60ge --

48, © 128

368, 24g,

248 36ge

12g. 48g.

- 60ge
* o

Curd* Tensile Elonge Modulus Hard,
Mine. 1b./squin, £ 5004 Shore
15 2070 870 330 35
30 210 560 690 38
15 1950 ° 860 4£0 38
30 1710 660 940 41
15 1990 770 840 14
30 2030 630 1380 +4
15 2030 730 1120 46
30 a4 50 630 15680 18
15 1990 700 1320 50
30 2130 570 1900 52
15 1690 640 1390 51
30 2120 500 2060 56
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when heet aged &s shown in Teble VIII, cnd thelr effect on tensile
strength rotenticn is graphicrlly fllustratec in Fig. 1.

;.11 of the cumpounds in this serios passed the Thlckol
pend test, _.STM designation D736-46T, ;t -65°C. Ail fatlcd at
-70°¢. rnual exaninetion of the samplos indicatcd houwever,

that flcxibiliiy deercascd with incroasing carbon black content,
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TBLE VIII

EFPECT OF CL..Y ..ID C..RBON FILLER ON H%..T RESIST..NCE

Filler por 100 g. RHC Cure® ..ged 48 hours in .air ot 150°¢C

Whititex Philblack &  Min,  Tensile  FElong,  Hamdnoss
6o 15 395 500 35
&« == 30 " 310 490 34
1o 15 450 470 44
8g. g. %0 370 480 41
2e 15 560 450 49
368, 8. 30 490 460 47
S 15 730 390 53
: 24g. 36g. 30 610 390 54
1 12 . 15 940 350 62
3 8 8 30 710 370 63
- 15 1010 320 65
- 60g-. 20 910 320 72

. * 287°%

A
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PROGR:.M_PROSPECTUS

vork carricd out provious to this writing has rcsulted in
the formulation of Butyl rubboer copounds pcsscssing propertices
which, in a majority of instances, equal or surpass spcecificatice
sot forth by th: Signal Corps in the original contract. Com=-
pounds havo bcon preparcd which (1) are flexible bulow -55%C,
(2) havc lcss thon 32 porccnt compression sot ot constant do-
floction, and (3) have adequatc tcensile strongth and clongation.
These samo compounds rutain 709 of their original tensile gstroength
after agouing in eir at 150°C for 48 hours. This lattor figure
is, of courso, not sufficiocent to moet the specification of
stability at 200°C. Moreovor, tho Shorc hardnose c¢f thesu com-

pcunds oxcoods 60 at -55°C, ns comprrod Lo the specification

figurc of 50,
Wo boliove, howover, that further improvemont in both low

and high tomperaturce performance is entirely possible, Vierk is
now uncdor way tc =educe fho extreme hardicss of thesc rompcunds
bolow -55°¢C by the introducticn of non veolatile "plasticizers"

~such as thormally rovortecd crude Butyl rubber,

Low tomporature performancu expeclally, is vitally affocted
by dogrco or “tightness" of cure, and hoat rosistancce hns proved
sub joct tc drastic variutionqwhon the mechanism of vulcanization
is altered. Consoquontly furthor refinement of the quincid-
sulfur curc will be ur.dortaken, and offorts will bo mode to obteir

a highor dogroo ef cur: in the shorteéf possible curing time,

———————
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In connoction with curc studics, a nmeothod for the cvaluation of

scorch by mcans of solvent swell will be sot up.

Hoat rosistence may conceivebly be incroascd by the use cf
cortein antioxidents ancC inhibitors. It is our intention to

investigate this possibility fully.




