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3lcw-Cut cf Rubkex Zlocxks Tue to Internal Heating
MooNL Zent and M. oHindl
Institute crf Polymer Sc.ence zxnd ?Polymer =Zngineering Center
The University > Akzon, AXren, Zh: 44323
1. Intrecducticn

vhen rubkber is defcrmed, part of the worx cf defcrmaticn i3
transicrmed into heat. Recause rubber is a rather goor ccnductes
of heat, the internal *temperature under receatedly-apsliad
deformaticons can reach hich values. especially for ochick
arvicles. Tire treads and tank track pads can Secome =0 hot La
the intericr +that thev exzlcde. This zhencmencn 1s «nCwWn 23
"bleow-out.” 2ut the mechanism of faillure is rnot well understocd
It has heen attributed to mechanical fatigue [1], and bilaxial
tensile fracture aggravated by high temperature {2,3]. In con-
trast, it is attributed here to high internal pressure of

volatile substances, sufficient to burst cpen the surrcunding
material. The wvolatiles are thought to be a product of thermal
deccroositicn. We show that tlow-out can he produced oy direct

heating of rukber compounds in a micrcocwave aoven, and to scme

extent Ly internal heating of rubber sheets Ly embedded

resistance heating wires, without any mechanical stressing.
2. ExXverimental dei !

Vulcanized rubber cylinders, 25mm hich and 17.3mm in

Ziameter, and sheets of varicus thicknesses were nmade 1n a ccm-~
rression mold using conventicnal recipes. A typical mix formu-
laticn was as followe. in rarts by weight: SBR 1502, 1007 carton

black (N330, wvulcan 3, Cabot Cerp.), S50; zinc cxide, I; stearic
acid, 2; processing oil (Sundex 7207, Sun fetroleum Co.), 5:

sulfur, 1; accelerator (Santocure MCR, “onsanto Co.), J.%.

ulcanizaticn was effected Ly heating for IJ min at 120°C.
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Values ¢f Young's modulus I were determined Ifrcm SIress

strain relaticns in compression, at emblent and elevated
temperatures.
Cylindrical specimens were subjectied to repeated compressicn

using a Goodrich FleXometer, as described in ASTM D623 - §7 tal.

-

The freguency cf loading was 30 Hz and the couble-amslitude oI

b

oscillation was 6.35mm. Static compressive loacs cof either 22 cr
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into the samrle immediately after klow-out.
Other samples were heated in 2 microwave oven without

lar to that chtained with

[N

£

imposing any deformation. Blow-out sim

. .

ess than one minuce.

[

the Goodrich Flexometer occurred in
Some vulcanized sheets, about 6émm thick, were heated by

.

passing an electric current through a

Hh

ine straight cctrper wire,
about 125mm long and 160 .m in diameter, embedded in the center

of the sheet pefore vulcanization. The power input was adii

n
ct
®
Cu

to heat the sample at about the same rate as in the microwave

oven, 3-5°C/sec. Internal temperatures were determined Ircm the
measured resistance of the wire and the temperature coefficient
of resistance of copper. At temperatures between 200 and 300°C,

the rubber sheet showed surface discoloration, followed scon

{

aftervards by avcpearance of a blister, which is ccnsidzred
ecuivalent to blow-out.

Thermocravimetric analysis was carried cut Ccn scme CCTpoOunds

vzed

-

and the volatiles released ky bhlow-out were 1isolated and ana

by cas chrematography and mass spectrometry.
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Rlow-out temperatures Zor samples subjected to direct

heating in the microwave cven were approximately the same, Table
1, and the appearance cI the Zailed samwples was @lso guite
simzlar, Figure 1. Thus, the critericn Icor Rlow-out seems 2 fe
2 simple cne: =—he intericr of the sample must reach a critical
temperature. Mechanical working is only a means cf generating

samples. Flexed samples became barral-shapszd, due to comcression

the mix formulaticon.

Two generzl features were noted. First, the »low-out
temperature was higher fcr harder materials. For example, com-
ccunds S3R2 and S€3R3 had different amounts of sulfur and accel-
eratcr, while S8Rl &nd 323R3 differed in carbon black centent,

S Tean - " . - - p— TN - - -
siving vulcanizates c¢f the fame polymer with markedly different

Ui
Fty
0
a1

. Blew-out took place at hicher temperature
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cw-out temperature are 1nc

ceneral conclusicn. Moreover, this Ifesature 1is consistent with

the proposed mechanicsm of hlow-out. The critical pressure at
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pressures without rupturing.

Some materials appeared to soften markedly at high tempera-
tures and underco hlow-mut at the same time. TFor example, butyl
rubber compounds turned into a soft, buttery consistency at the

olow-out temperature, about 180°C. in contrast, NBR and SER com-

'

ounds were found to be stiffer than others initially and to
retain their stiffness at high temperatures. They were found to
have higner blow-out temperatures also.

Natural rubber compounds became soft and sticky as a result
of thermal decormposition, whereas NBR and SBR compounds remained

relatively éry. 1In both cases, however, blow-out tcok place

(14

xplosively, especially for NR materials with C-C cor monosulfice
crosslinks (NR2 and NR4) which blew cut at relatively high
temperatures, Table 1.

Polybrtadiene compocunds éid rot undergo blow-out, even after
long periods cf heating in the micrcwave oven. Instead, the
samples softened, swelled, and became ctorcus in the interior,
Figure 2. Apparently, the vapor pressure cf the products ct
cecomposition is significantly lower for this polymer. "Blow-
cut" temperatures were tazken as the temperatures at which

-rcnounced swelling cccurred.

Thus, two factors appear to govern the suscepiibility of

|
l
{

o

rubber compounds to blow-out. The first is their propensity to

Wl

enerate high-vapcr-pressure volatiles. The seccnd is their

—————— e



(111) Pecssible nawure ¢f volatiles causing bicw-out

sures wouid Lbe generated at temperatures much above 100°C. 1In
order to test this pessibility, 0.5 percent ol salt was included

in several mix formulaticns and the vulcanized samples werc

n
O
by

aked In water Iocr szeveral davs before testing, so that they

abscroed 1-2% by weight of water. Blow-out tock place at
virtually the same temperature as for dry samples, indicating

that absorbed water is not the main cause o
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Another possible volatile ingredient o
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pounds is a hydrocarbon processing oil. Hewever, when an other-

wise identical formulaticn was prepared with no processing oil,

|
clow-out took place at about the sa

me temperature as befcre.
‘Thus, the precessing oil itself was nct responsible fcr blow-out,
Another possibility is dissolved air. Samples that had been
stored in vacuo for four weeks were found to have significantly
:higher blow-out temperatures, by about 30°C, Table 2. 0On exposing
them to air again for several weeks, the blow-out tfemocratures

were reduced almocst back to the original values. These results

,Sugcest that air is at least partially responsible for blow-out,

"y

repably by catalyzing thermal decompesition.
Different formulaticns are known to differ in susceptibility
to thermal cdeccmpcsition. For exarmple, wvulcanizates with poly-
{sulfide crosslinks will soften at lower temperatures than those

with moncsulfide cr with carbeon-carbon crosslinks because of the

NS

lower strength cf such linkages. 1If crosslink rupture is alco
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