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Abstract : CR(chloroprene rubber)/NBR(nitrile rubber) (25/75 by weight) blend was reinforced with
surface treated short aramid fibers(3 mm) using an open mill, and effects of fiber loading were exa-
mined. Scorch and optimum cure times were increased with increasing fiber loading. Anisotropy in
tensile modulus and strength was pronounced as the fiber loading increased, indicative of effective
fiber alignment at high concentration. Abrasion resistance, compression set, and heat buildup were
increased rapidly at low loading, and were kept almost constant at high loading. Upon aging, effect
of fiber loading and modulus anisotropy became less pronounced due presumably to the post cure
during aging test. Solvent swelling was reduced with fiber loading, especially at > 15%.

INTRODUCTION many industrial applications. Notably, such appli-
cations include the production of hose, V-belt, tire,

Reinforcement of rubber with short fiber combi- and complex shaped mechanical parts?~*
nes the rigidity of fiber with the elasticity of rub- Though it is not possible to attain the strengthe-
ber,! and the composites are of great interest in ning level of continuous fibers, short fiber reinfor-
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cement takes the advantage of processing, i.e., fi-
bers can be incorporated, as one of the ingredients
of rubber formulation, with rubber during the mi-
xing process. The orientation of fibers is achieved
along the direction of cylinder rotation in roll mill
operation.!

In order to obtain adequate reinforcement, uni-
form distribution/orientation of fibers in rubber
matrix, adequate interfacial bonding, and preser-
vation of an appropriate aspect ratio were of the
major concerns.’ ™7 Various fibers have in the past
been incorporated with natural and synthetic rub-
bers. However, studies on aramid fiber reinforced
rubbers, especially for rubber blends, are rare in
the open literature.

This paper considers the short aramid fiber(3
mm in length) reinforced CR/NBR(25/75) blend.
Fiber loadings up to 25 wt% were prepared in a
laboratory roll mill. Mechanical properties, both in
longitudinal (L) and transverse(T) directions, and
heat buildup of the vulcanized composites were
measured. Aging and oil resistance properties of
the composites were also determined.

EXPERIMENTAL

Formulations of the rubber mix used in the ex-
periment are given in Table 1. CR(Toyosoda R-10,
NBR(Nipol P-70), and first grade of other ingre-
dients were used without further treatments.

Compounding was done using a roll mill(150X
330 mm) following the polymer blending techno-
logy® Namely, the component rubbers were first
blended, followed by adding the ingredients to the
blend. CR latex treated short aramid fiber(Du
Pont, 6F517) were incorporated at the last stage
of compounding to minimize the breakage. It was
observed that the fiber orientation was mostly ob-
tained during the first several passages in roll mill
operation. Oil resistance test was done in ASTM
# 3 oil for 70 hrs at 100C, whereas aging was
done at 70°C for 96 hrs. Other tests including ten-
sile, tear, abrasion, hardness, heat buildup etc.
were made following the procedures described in
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Table 1. Formulations of Rubber Mixes

Sample Code A B C D E F

CR/NBR¥ 100 100 100 100 100 100
(25/75 by weight)

Kevlar® 0 5 10 15, 20 25
Stearic Acid 1 1 1
PAY 2 2 2 2 2 2
MgO® 1 1 1 1 1
SRF® 75 75 7% 75 75 75
A#20 15 15 15 15 15 15
Zn0O 5 5 5 5 5 5
Nay.® 025 025 025 025 025 0.25
DM™ 10 10 10 10 10 10
Sulfur 10 10 10 10 10 10

chloroprene rubber(CR), Toyosoda, R-10
nitrile rubber(NBR), Nipol, P-70
surface treated short aramid fiber(3 mm)
antioxidant
vulcanizing agent
' semi reinforcing furnace carbon
aromatic oil, processing agent
= accelerator

' dibenzothiazy! disulfide accelerator

our earlier report.9

RESULTS AND DISCUSSION

Cure Behavior

Cure behavior of the blend composite, determi-
ned from Curastometer and Rheometer, is given in
Tables 2 and 3. Viscosity and maximum torque of
the composites at low fiber loadings(< 10%) are
slightly lower as compared to fiber-free control,
and higher at high fiber loadings. Reduction of vis-
cosity at low concentration probably indicates rela-
tively poor interfacial adhesion at elevated tempe-
rature leading to interfacial slippage.!° However,
as the fiber loading is increased, viscosity would
increase as a bulk property.!!

Scorch time(T,,) of the composite, regardless of
concentration, is longer than that of fiber-free con-
trol, and the optimum cure time(T,) increases
with the increase of fiber loading. The retarded
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Table 2. Cure Characteristics of the Blend Composite
(Curastometer Data)

A B C D E F
MV#(dN - m) 8 6 6 10 8 8
MTY(dN - m) 48 46 46 56 54 60
w0 (minisec) 1:10 1:30 1:30 1:30 1:40 1:30
Ty (min:sec) 2:00 2:20 2:20 2:20 2:30 2:20
CR(min:sec) 0:50 0:50 0:50 0:50 0:50 0:50
ML, 4(100C)’ 98 91 92 107 112 119
(dN + m)

¥ minimum viscosity
b

maximum torque

[

time for torque=0.1X maximum torque
@ time for torque=0.9X maximum torque
® cure rate

b Mooney viscosity

Table 3. Cure Characteristics of the Blend Composite
(Rheometer Data)

A B C D E F
ML®(dN-m) 105 95 95 110 115 125
Ty (min:sec) 1:36 2:10 2:30 2:20 2:30 2:23
’I‘c<90)(‘)
(min: sec) 3:07 4:25 4:50 5:25 5:35 5:35

MH¥(@N - m) 44 435 435 475 475 515

¥ Mooney viscosity low
b)

scorch time
¢ optimum cure time
9 Mooney viscosity high

rate of cure is perhaps due to the increased visco-
sity at high concentrations.

Physical Properties

Hardness(Fig. 1) and modulus(Table 4) of the
composites increase with increasing fiber concent-
ration. Modulus in L-direction, except 5% loading,
is approximately one order of magnitude higher
than that of T-direction. A significant anisotropy of
modulus is achieved, indicating sufficient fiber
orientation.

Tensile strength in L-direction(Fig. 2) increases
with fiber loading, and slightly decreases in T-di-
rection(Fig. 3). Dilution effect often observed in
hybrid composite and fiber reinforced rubber is
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Fig. 1. Hardness vs. fiber loading for virgin(Q), after
aging(A), and immersion in oil([7J).
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Fig. 2. Longitudinal tensile strength vs. fiber loading

. same symbol with Fig. 1.

not seen.!*!3 It is obvious that the anisotropy in
tensile properties becomes significant as the fiber
loading increases. This clearly indicates that the
fiber orientation is more feasible at high concent-
ration, as observed by earlier investigators.!
Elongation at break of the composites(Figs. 4
and 5) drops drastically with the addition of fibers
at 5% loading in T-direction, and up to 10% in L-
direction, beyond which the drops are not sharp in
both directions. At low fiber loading, anisotropy in
elongation at break is not significant, like in modu-
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Fig. 3. Transverse tensile strength vs. fiber loading
for virgin(@), after aging( ), and immersion in oil
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Fig. 4. Longitudinal elongation at break vs. fiber loa-

ding : same symbol with Fig. 1.

lus and strength. However, at high fiber loadings,
the anisotropy becomes also significant, ie., elo-
ngation at break in T-direction is approx. 4 times
of L-direction.

Tear strength(Fig. 6) gradually increases with
fiber addition. Up to 15% loading, tear strength
in L-direction increases to a less extent compared
to that in T-direction.’ Beyond 15% loading, tear
strength in T-direction decreases, and the anisot-
ropy effect is produced. Following the litera-
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Fig. 5. Transverse elongation at break vs. fiber loa-
ding : same symbol with Fig. 3.
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Fig. 6. Abrasion and tear strength vs. fiber loading in
longitudinal(y¢ and A ) and transverse(% and 4)
directions.

tures,>*7 tear strength increases with fiber loading
by obstracting the tear path and preventing it from
proceeding in a straight path. However, at high fi-
ber loading, strain amplification between closely
packed fibers can promote tearing parallel to the
fiber directon. Tear path is parallel to the transve-
rsely oriented fiber, and perpendicular to the lo-
ngitudinally oriented fiber, and hence the obser-
ved results would occur.

Din abrasion resistance(Fig. 6) shows a rapid in-
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creases with 5% fiber loading and is kept almost
constant beyond that concentration with no signifi-
cant anisotropy. Qualitatively, the result is in ag-
reement with short silk fiber reinforced natural
rubber, reported by Setua and DE.!°

Compression set(Fig. 7) in both directions inc-
reases with the increase in fiber loading up to 10
%, beyond which it remains almost constant, and
the compression set in L-direction is higher than
in T-direction due probably to the buckling in L-
direction.!*

Heat buildup(Fig. 8) increases with the increase
of fiber loading, rapidly at low(< 10%), and slo-
wly at high concentration. The extent of heat ge-
nerated by cyclic compression in the Goodrich
Flexometer depends on the interactions between
rubber and fibers, but the fiber length has no sig-
nificant effect.”’ In general, heat buildup becomes
significant above 10 phr loading.!’

Hardness(Fig. 9) and compression set(Fig. 10),
respectively increases and decreases upon cyclic
compression in the Flexometer, and the property
change increases with the increase of fiber loading,
more in L-direction and less in T-direction. With
fibers oriented perpendicular to the compression
stroke, fibers would subject to recoil and buckling
leading to breakage and debonding from the mat-
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Fig. 7. Compression set vs. fiber loading in longitudi-

nal((Q) and transverse(@) directions.
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rix.*15 The result is to lose the elasticity of the
composite.

Aging and Oil Resistance

Hardness of the fiber-free blend increases upon
aging and decreases after immersion in oil(Fig. 1).
With fiber loading, hardening is retarded during
the aging test, keeping essentially the same value
with fiber-free blend, and increases in oil with the
increase of fiber concentration. These results im-
ply that the reinforcement is more pronounced

8
36+

324
30

A Temperature(C)

26}t

-

24

A

0 5 10 15 20 25
Keviar PHR

Fig. 8. Heat buildup vs. fiber loading in longitudinal
direction.
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Fig. 9. Hardness change upon heat buildup test : lo-

ngitudinal(() and transverse(@) directions.
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Fig. 10. Compression set change upon heat buildup
test . longitudinal(O) and transverse(@) directions.

with week matrix.

Modulus(Table 4), both in L- and T-directions,
is increased upon aging, however, is almost inde-
pendent of the level of fiber loading. Upon immer-
sion in oil, modulus in L-direction increases at 5%
loading, and decreases below the virgin composite
level as the fiber loading increases. In T-direction,
the modulus increases with fiber loading, however,
is lower than that of virgin composite when com-
pared at the same fiber loading.

The longitudinal tensile strength(Fig. 2) increa-
ses upon aging, and decreases upon immersing in
oil, as compared to the virgin composites at the
same fiber loading. However, the transverse ten-
sile strength(Fig. 3) is almost independent of fiber
loading, and slightly higher than that of the virgin
composite. Maximum anisotropy is noted from the
aged sample at the highest concentration(25% ).

Elongation at break(Figs. 4 and 5) of the fiber-
free control is significantly reduced upon aging
treatment, and is almost independent of the level
of fiber loading. Upon immersion in oil, elongation
at break of the fiber-free control is reduced to
about half, and decreases as the fiber loading inc-
reases.

When the above aging properties are combined
together, it seems that cure proceeds during the
aging test. With post cure, rubber matrix becomes
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Table 4. Modulus of the Blend Composite(kg/cm?*) :
(a) Longitudinal

A B C D E F
5% 27 153 125 170 226
Before 10% 47 170 165 228 —
Aging 20% 104 185 ~— - -
100% 128 176 ~— - - -
After 5% — 280 281 285 297
Aging
After 5% 109 102 70 95 82
Oil 10% 132 129 119 157 -—
Resist. 20% - 156 - - —
(b) Transverse
A B C D E F
5% 175 21 26 30 40
Before 10% 183 27 34 38 53
Aging 20% 33 39 52 51 73
100% 128 130 — 125 — —
After 5% 115 89 105 93 110
Aging 10% 147 114 127 112 132
20% - 149 -~ - —
After 5% 13 13 17 17 20
Oil 10% 19 17 27 30 30
Resist. 20% 31 30 41 39 40
100% 123 115 128 — —
18 18
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Fig. 11. Volume( A V) and weight( 8 W) increase
upon immersion in oil (ASTM #3 oil, 100T, 70
hrs).
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hard and rigid. As the matrix becomes rigid, fiber
reinforcement becomes less effective, ie., the ef-
fect of fiber loading and anisotropy become less
pronounced compared to the virgin composite.

Reduced hardness, modulus in general, and si-
rength in L-direction upon immersing in oil direc-
tly come from the penetration of oil into matrix. In
swelled composite, interfacial stress acting perpe-
ndicular to the fiber surface should increase,'® and
this would give slightly higher tensile strength in
T-direction over the virgin composite. The comp-
ression effect would also give plausible explanation
on the effect of fiber loading on transverse modu-
lus. That is, as the fiber loading is increased, the
effect should pronounced.

Volume and weight increase upon immersing in
oil(Fig. 11). However the degree of increase is re-
duced with the increase of fiber loading.
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