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Abstract : The mechanical properties of ENR(epoxidized natural rubber) blends with CR(chloroprene
rubber) were measured for both unaged and aged vulcanizates. Upon heat aging, hardness increased,
and tensile strength, modulus, and elongation at break decreased. Tensile strength and elongation
at break also decreased upon aging in oil, hardness decreased due to the oil swell into the rubber.

INTRODUCTION

In our earlier report,! cure characteristics, dyna-
mic properties, resilience, flex and ozone crack re-
sistance were reported for the ENR(epoxidized
natural rubber) blends with CR(chloroprene rub-
ber). The blends showed a single tan & peak,
which monotonically moved toward the lower tem-
perature as the content of CR increased, and con-
sequently an increase in room temperature resilie-
nce resulted. It was found that the ozone crack re-
sistance of ENR was significantly improved upon
blending with a small amount(10%) of CR. In this
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paper, we report the tensile properties and comp-
ression set of the blends, together with the air and
oil aging properties.

EXPERIMENTAL

Experimental details with rubber formulation
are decribed in our earlier report.! Basic formula-
tions are given in Table 1. ENR of 50 mole % epo-
xidation was used in this experiment. Blends were
prepared in a laboratory banbury at 120* 5C, fol-
lowed by maturing for the next 12 hr. The master
batch compounds were then fed to an open mill
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Table 1. Formulation of ENR/CR Rubber Mix

. PHR

Materials N y B C > 3 F G i
RSS# 1V 100
ENR-50? 100 90 80 70 60 50 30
M-41(CR)¥ 10 20 30 40 50 70 100
S/AY 2 2 2 2 2 2 2 2 2
SRF® 50 50 50 50 50 50 50 50 50
ZnQ® 5 5 5 5 5 5 5 5 5
MgO” 0.5 1.0 1.5 2.0 2.5 35 5
P#3 Oil® 10 10 10 10 10 10 10 10 10
TT® 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
czwo 05 0.5 0.5 0.5 05 0.5 0.5 0.5 0.5
Nag,"! 0 0 0.1 0.2 0.3 04 0.5 0.7 1.0
Sulfur 1.0 10 10 1.0 1.0 10 10 10 10
Total 169 169 169.6 170.2 170.8 1714 172 1732 175

1) Natural Rubber

2) Epoxidized NR(Epoxy cont. 50 mole% )

3) Chloroprene Rubber(Denka Japan)

4) Stearic Acid

5) Semi Reinforcing Furnace Carbon(Lucky)
6) Zinc Oxide

7) Magnesium Oxide

8) Paraffinic oil, Processing Agent

9) Tetramethyl Thiuram Disulfide
10) N-Cyclohexyl-2-2-Benzothiazyl Sulfenamide
11) (Ethylene thiourea) 2-Mercapto-imidazoline-EU

with crosslinking agents. Crosslinking was done at
165C for 5min, as determined by a rheometer
(Monsanto MRD 2000). Air aging and oil resista-
nce tests were done at 100T for 50 hr following
ASTM D573-81 and D471-79(in ASTM #3 oil),
respectively.

Tests were made using specimens, compression
molded at 165C, 150 kg/cm® Tensile tests were
done using a Quick Reader MX(Ueshima) follo-
wing ASTM D412. Hardness(Shore A) was mea-
sured accroding to ASTM D2240. The above tests
were done at room temperature, and at least five
runs were made to report. The compression set
was measured at 70, 100, and 120C following
ASTM D359-85, method B. The compression set
(Cg) was obtained as the percentage of original
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deflection by the following formula :

1t

tO— tn

B=

X100

where t, and t; are respectively the original and fi-
nal thickness of specimen, and t, is the thickness
of the spacer bar,

RESULTS AND DISCUSSION

Fig. 1 shows the hardness of the blends. The
hardness of ENR is much higher than that of NR
due primarily to the higher T, of ENRZ® In ble-
nds, hardness shows a negative deviation from the
additivity rule with minimum in ENR-rich blends.
Modulus at 300% elongation(Fig. 2) is smaller in
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ENR than in NR. This probably is due to the reta-
rded strain crystallization of ENR.2 In blends, mo-
dulus increases with CR. Tensile strength(Fig. 3)
of ENR is again smaller than that of NR, as expec-
ted. NR undergoes low-temperature crystallization,
with the maximum rate occuring at —26C%. Ho-
wever, epoxidation even at low levels significantly
retards the rate of crystallization, and crystalliza-
tion of ENR is not expected in most practical si-
tuation at temperatures around and above room
temperature. In fact, higher hardness, but lower
modulus and lower tensile strength of ENR than
NR is expected. In blends, it shows a smooth sy-
nergism with a maximum. With the reduction of
hardness, elongation is increased in ENR-rich ble-
nds(Fig. 4). It is generally observed that the me-
chanical response of the blend is closely related to
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Fig. 1. Hardness of unaged and air aged blends.
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Fig. 2. Modulus of unaged and air aged blends.
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its compatibility, and synergistic effect is often ob-
tained with miscible or partially compatible blends.
5 In compatible blends, especially when the mor-
phology is sensitive to the composition, larger sca-
tter of data is often reported. The mechanical pro-
perties of ENR/CR generally vary smoothly with
composition, and this would imply certain level of
compatibility.5”

Upon aging in air, hardness(Fig. 1) increases, in
proportion to the aging temperature. Epoxidation
provides NR with increased T, in simple terms, by
1T for every mole % epoxidation? which augme-
nts the hardness. ENR is crosslinked by any cure
system used for unsaturated polymer, but a sulfur
based system is preferred. During heat aging, sul-
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Fig. 3. Tensile strength of unaged and air aged ble-
nds.
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Fig. 4. Elongation at break of unaged and air aged
blends.
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furic acid attack of the epoxy group can lead to
ring opening and crosslinking whick leads to un-
due stiffening of the elastomer.>8° CR has longer
cure time than ENR, and in fact curing in CR pro-
ceeds infinitely. Therefore hardening of CR during
aging is a natural consequence. In blends hardness
increases regardless of its composition due to the
reason described above.

It is seen that tensile properties(modulus(Fig.
2), strength(Fig. 3), and elongation(Fig. 4)) are
significantly reduced upon aging in air, especially
at 100 and 120C. Modulus at 300% elongation de-
creased upon aging, however, the initial modulus
(not measured) would show similar tendency with
hardness(Fig. 1). The property-composition curve
at different temperatures give no trend in com-
mon, and this would come from fact that the sam-
ples are blends of elastomers with different heat
resistance characteristics.

The compression set measured at three diffe-
rent temperatures shows very consistent trend
with composition(Fig. 5). The compression set is
reduced below the additivity rule with exception
at 90/10(ENR/CR). The reduction in compression
set is an indication of improved rebound resilence,
the result qualitatively agreed upon with our ear-
lier report.1

Fig. 6 shows the increase of specimen volume
upon immersion in oil. The epoxidation of NR re-
sults in a considerable increase in oil resistance
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Fig. 5. Compression set of unaged blends.
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and reduction in gas permeability.? It is seen from
the figure that oil resistance of ENR is favorably
compared with CR. Compositional variation of
swell at different temperatures is also smooth.
This relatively smooth variation may imply the si-
milar solvent interaction of ENR and CR.1° Howe-
ver, partial miscibility implemented by interfacial
crosslinking would contribute more. Though not
directly verified, the sign of interfacial crosslinking
was verified from a single tan & peak of the blends
located between the two peaks of ENR and CR.!

With solvent swell, the elastomer blends become
softened (Fig. 7), however, the variation with com-
position is again smooth.

Tensile strength(Fig. 8) and elongation at break
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Fig. 6. Volume change during oil aging test.
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Fig. 7. Hardness of oil aged blends.
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Fig. 8. Tensile strength of oil aged blends.
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Fig. 9. Elongation at break of oil aged blends.
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(Fig. 9) decrease upon immersion in oil. The va-
riation of mechanical properties with composition,
however, is not smooth.
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