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Abstract . The self-vulcanization, defined as a vulcanization which occurs without any curative, bet-
ween ENR(epoxidized natural rubber) and CSM(chlorosulfonated polyethylene) was tested for a
wide range of the blend(ENR/CSM) composition. Results from Rheometer(maximum torque, tan §,
and optimum cure time) showed that 70/30(ENRE/CSM by weight) blend is subjet to a most effective
crosscure. Viscoelastic properties determined from a Rheovibron generally showed two glass transi-
tions(T,) for the blends, each indicating Ty of the uncured(lower one) and cured rubber(higher

one). In 70/30 blend, a single T, corresponding to that of cured rubber was observed.

INTRODUCTION

It has been known for many years that chemical
modification of natural rubber(NR) can alter their
physical properties quite significantly.! ENR(epo-
xidized natural rubber) is derived from the partial
epoxidation of the natural rubber molecule resul-
ting in a randomly distributed epoxy groups along
the natural rubber backbone. The incorporation of
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epoxy group in NR gives substantial changes. For
example, a linear relationship is obtained between
the degree of epoxidation and glass transion tem-
perature, i. e., with every 1 mole % epoxidation
approximately 1T rise in T, occurs, the oil resista-
nce increases, and gas permeability decreases?
ENR of 50 mole % epoxidation(hereafter called
ENR-50) has similar oil resistance to medium nit-
rile rubber and the gas permeation property of
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ENR-50 is equivalent to that of butyl rubber.

Polyethylene(PE), being as a commodity poly-
mer, is a hard crystalline material at room tempe-
rature. PE can be converted into an elastomer if
crystallization is prevented by suitable substitu-
tion. As a means of introducing structural irregu-
larities, random chlorosulfonation onto PE molecu-
les is employed. CSM(chlorosulfonated polyethy-
lene) was first applied in the rubber industry, and
was introduced in 1952 under the name of Hypa-
lon. The chlorosulfonic groups attached to the PE
are reactive and facilitate vulcanization.

A prime objective of this work is to examine the
curing ability of one rubber by the functional
group of another rubber in ENR/CSM blends.
With crosscure between ENR and CSM, a block or
graft copolymer will be obtained in situ, and this
should act as an effective compatibilizer. In addi-
tion, the polar nature of the two types of rubbers
would contribute to the enhanced compatibility to
some extent.® In this paper, the viscosity, cure be-
havior, dynamic mechanical characteristics and
mechanical properties of the blend are studied.

Table 1. Formulation of ENR/CSM Rubber Mix

Composition(wt %)

Materials A B C D T

ENR-50 90 70 50 30 10
CSM-610 10 30 50 70 90
Total 100 100 100 100 100

Table 2. Cure Characteristics of ENR/CSM Blends

EXPERIMENTAL

Formulations of the rubber mix are given in Ta-
ble 1. ENR-50 with 50 mol % epoxidation(Epoxyp-
rene) of natural rubber was used. CSM, Hypalon-
610(du Pont), was employed in this experiment.
Blends were prepared as follows. First ENR-50
was masticated in a two-roll open mill{14X6 in.)
for 6 min, followed by adding Hypalon-610 and mi-
xed for another 10 min.

Rheographs were determined at 160 and 180T
by a Monsanto Rheometer MRD 2000. Vulcaniza-
tion was done during molding at 160C for 60 min.
Tests were made using specimens prepared by co-
mpression molding at 160T, 150 kg/cm®. Dynamic
characteristics were determined using a Rheovib-
ron(DDV II, Toyo Baldwin). Measurements were
done at 11 hz from — 100 to 60C, with liquid nitro-
gen purging. Tensile tests were done using a
Quick Reader MX(Ueshima) following ASTM D
412. The above tests were done at room tempera-
ture, and at least five runs were made to report.

RESULTS AND DISCUSSION

The cure characteristics of ENR/CSM blend are
shown in Table 2. The blend contains ENR/CSM
in the ratio of 10/90, 30/70, 50/50, 70/30 and 90/10
parts by weight. Rheographs of the blend are given
in Fig. 1. It is generally seen that the torque value
increases with time, except 90/10 blend. Since tor-

Stocks Condition A B C D E
Tan 6 MH 160C X1 hr 0.667 0.007 0.064 0.113 0.245
ts;(min : sec) - 2:18 3:03 3:44 24 740
teo™(min : sec) 19: 25 39 :02 46 © 41 47 . 48 47 40
MH®(1b - in) 042 7.14 6.35 4.98 3.30
Tan 6 MH 180C X1 hr - 0.017 0.076 0.136 0.360
ts;(min : sec) — 1:15 1:11 2:33 16 : 54
too(min : sec) — 22:10 33:12 38:07 40 : 57
MH(Ib - in) - 7.09 6.16 4.74 2.29

) Scorch time
b Optimum cure time
9 The highest Mooney torque value
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que is directly proportional to the viscosity, which
on the other hang IS proportiona] to the molecy]ar
weight of the rubber, the increase of torque with
time clearly indicates that self—vulcanizations do
occur. Torque of 90/10 blend does not vary with
time, i ¢, se1f~vu1canization is insufficient, due

W ENR/CSM{90/10) at 160
A ENR/CSM(70/30) at ) oo a
A ENR/CSM(70,/340) at ;goec
® ENR/CSM(50,/50) at 1600
o] ENR/CSM(50,/50) at 1907
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A E.\Jk/m.\usu,’:u: at 160
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Fig. 1. Rheographs of ENR/CSM blend - (a) 90/10, 79
/30 and 50/50 blends, (b) 30/70 and 10/90 blends.
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Fig. 5. From the figure, it s Seen that torques at
180T js 8enerally higher than thys of 160C. Thijs
is probably dye to the rapid rate of cure at higher
temperature.

Fig. 2 shows the variation of maximum torque
values with blend composition. The highest Jeve]

this composition, a regylt consistent with the ma-
Ximum torque obtained at this composition,

Maximum tm'qup(Ml,H})(Ibin)

4} 20 40 80 80 100
CSM(WUZ)

Fig. 2. Maximum torques of ENR/CSM blends.
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Fig. 3. Tan 6 of ENR/CSM blends.

Figs. 4 and 5 show scorch and optimum cure ti-
mes for the blends. The scorch time slowly increa-
ses with CSM up to 70% CSM in the blend. Ho-
wever, scorch time increases abruptly at 90%
CSM. The abrupt increase in scorch {ime is due
to the delayed cure which is caused by significant
unbalance between epoxy and SO,C! group in the
blend. On the other hand, the optimum cure time
(Fig. 5) asymptotically increases with CSM conte-
nts. As is often the case with rubber vulcanization
process, scorch as well as optimum cure time is
reduced when the temperature rises.

Figs. 6 to 8 show the viscoelastic properties of
the blends determined using a Rheovibron. The
amorphous nature of rubber blends clearly defines
glass-rubber transition(T,) with a significant drop
in modulus. At and above room temperature, the
storage modulus(E’) generally increases with the
decrease of CSM content in the blends. It is also
noted that most of the blends show double transi-
tions(Figs. 7 and 8), lower one at about —20TC,
and higher one at about 40C. However, in 70/30
blend only a single transition about 35C is obser-
ved. In rubber, T, increases significantly with the
increase of crosslinking density.? The lower T, ob-
tained for 50/50, 30/70, and 10/90 blends should
correspond to the T, of uncured rubber, and the
higher one correspond to the crosslinked rubbers.
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Fig. 4. Scorch time of ENR/CSM blends.
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Fig. 5. Optimum cure time of ENR/CSM blends.

In incompatible rubber blends, double T, is gene-
rally observed.5” However, when crosscure, i. e.,
cure between unlike components of the blend, oc-
curs a single T, is often repor‘[ed.m9 It should be
mentioned that the T, of uncured rubber is also
increased in the blend. This is most likely due to
the restricted motion of the uncured rubbers by
the crosslinked rubbers around. In this regard, the
single T, of 70/30 blend is understood. As discus-
sed earlier, most extensive crosslinking is obtained
at this blend composition, and due to the insignifi-
cant fraction of the uncured rubber, the T, of un-
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Table 3. Mechanical Properties of ENR/CSM Blends

Stocks Condition A B C D E
Tensile strength(kgf/cm?) 160C X 1 hr - 67.5 74 96.5 -
100% Modulus(kgf/cm?) - 29.9 35.7 377 -
Elongation( %) — 213.0 2220 317.2 -
Tear strength(kgf/cm) — 30.8 33.8 44.5 -
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Fig. 5. Storage modulus vs. temperature of ENR/CSM
blends(11 Hz) : B=70/30, C=50/50, D=30/70, E=
10/90(ENR/CSM).
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Fig. 7. Loss modulus vs. temperature of ENR/CSM
blends(11 Hz) : B=70/30, C=50/50, D=30/70, E=
10/90(ENR/CSM).

cured rubber is not observed.
The mechanical properties of the blends were
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Fig. 8. Tan 8 vs. temperature of ENR/CSM blends(11
Hz) : B=70/30, C=50/50, D=30/70, E=10/90(ENR
/CSM).

measured for a limited compositions(30/70, 50/50,
and 70/30)(Table 3). For 10/90 and 90/10 blends,
the crosslinking was insufficient and hence the te-
nsile specimens were not successfully prepared si-
nce they were unable to carry a measurable load.
It is seen that tensile and tear strength, modulus
and elongation at break monotonically increase
with the CSM content in the blends. This regular
behavior may arise from the significantly improved

compatibility of the blends via crosscures.'’
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