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Effect of fiber concentration on the physical properties such as tensile strength, tear
strength and elongation at break, flexing resistance, heat buildup, compression set,
permanent set, hardness, resilience and aging resistance of natural rubber filled with
treated short glass fiber has been studied. The effect of carbon black on the physical
properties and processing characteristics of the fiber-rubber composites has also been
studied at different fiber concentrations. Scanning electron microscopy studies have
been made in order to assess the failure criteria.

INTRODUCTION

Recently'™ we have reported the results of our studies on short jute
fiber reinforced natural rubber composites and the effect of particu-
late fillers on short jute fiber—natural rubber composites. Glass
fibers have found a wide range of uses in plastics and in certain
rubber products such as tires. But as a short fiber, glass fiber is
found to be inefficient because of high modulus which leads to
breakage during mixing.> In the earlier studies® it is reported that
short fibers act as reinforcing fillers only when they are added
beyond a certain volume loading. It is also important that the fibers
must have some critical aspect ratios for reinforcing the rubber
matrix.” In this paper we have studied the effect of fiber concentra-
tion vis-a-vis fiber breakage on the physical properties of the rubber
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composites. Reinforcing carbon black is added to the mixes in order
to study its effect vis-a-vis the effect of short fibers. Scanning
electron microscopy has been used to assess the dispersion and
bonding of the fibers to the rubber matrix.

EXPERIMENTAL

Treated glass fiber as supplied by M/s. Fiberglass Pilkington Ltd.
was used.

Mixing was done on a 150 mm X 330 mm open mixing mill with a
nip gap of 0.25 mm. During mixing care was taken to ensure that in
all mixes fiber orientation was the same in grain direction. Mixes
were vulcanized at 150°C at their respective optimum cure times, as
obtained from Monsanto Rheometer R-100. The method of prepa-
ration of the vulcanizates was the same as reported earlier.® Tensile
testing and tear testing were done according to ASTM methods
D412-52T and D624-54 respectively. Flexing was carried out at 70°C
in a De—Mattia flexing machine according to ASTM D430-73. Heat
buildup and permanent set measurements were made with a Good-
rich flexometer according to ASTM D623-61, method A. Compress-
ion set measurements were made according to ASTM D395-61
method B. Shore A hardness was determined according to ASTM
D676-57. Resilience was measured at 35°C using a Dunlop Tripso-
meter. Abrasion resistance was measured with a Croydon Akron
Abrader and the samples were abraded for 500 cycles. The orienta-
tion of the fibers was maximum along the grain direction. All the
tests except abrasion, resilience, and hardness were carried out both
along and across the grain direction.

Green compounds (unvulcanized) were dissolved in benzene and
the fibers were extracted. The measurement of fiber length distribu-
tion was done under an optical microscope. Green strength was
measured using the method developed by Foldi.® The compounds
were pressed at 120°C to remove tack and the strength at yield point
was taken as the green strength. Mill shrinkage was measured
according to ASTM D1917-62T.

The dumbell shaped specimens were aged at 100°C for 48 h and
the physical properties of the aged samples were determined for
studying the aging resistance.
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The samples were made to fail under tensile and tear tests and the
failed specimens were kept carefully in a desiccator without
touching the surface. The fracture surfaces were sputter coated with
gold within 72 h. of testing. The scanning electron microscopy (SEM)
studies were made using a Philips 500 model.

RESULTS AND DISCUSSION

Table I gives the formulations and physical properties of the mixes A
to G. In mixes B to G fiber concentration was varied. As in the case
of other fibers, glass fibers also exhibit a minimum concentration of
fibers'*” below which no reinforcement can be achieved using glass
fibers. In the present case, the minimum concentration of glass
fibers is 25 phr which is higher than that for jute fibers.! This high
value of the minimum loading for glass fiber may be due to their
severe breakage and poor bonding with rubber matrix. The anisot-
ropy in tensile strength is observed only beyond 25 phr loading
which again confirms that these fibers act as reinforcing fillers
beyond 25 phr. Both the value of elongation at break and tear
strength provide similar conclusions. Mixes (Gyg, Gzs5, G75) consist-
ing of different fiber concentrations have been chosen for further
study. Control stocks Gy, and Fy, both with and without black, have
also been included in the studies.

TABLE I
Physical properties of mixes
Mix® A B C D E F G
Glass fiber 25 0 5 15 25 50 75
Optimum cure time, min 10.5 9.5 95 100 100 100 9.2

Tensile strength, MP, L 16.18 21.68 18.71 13.67 9.38 1029 11.73
T — 2145 18.12 13.15 932 7.89 7.00

Elongation L 500 600 550 450 200 100 90

at break, % T — 600 520 450 350 380 150

Tear Strength, kN/m L 39.16 3222 36.88 41.10 33.87 31.14 41.76

T — 30.12  36.28 42.15 40.73 43.90 40.73

2 Base recipe: NR 100, ZnO 5, Stearic acid 2, Resorcinol 3, Silica 5, Hexa 3.2,
Sulfur 2, CBS 0.8.
b Mix A does not contain bonding agents, (silica, resorcinol, hexa).
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TABLE II
Processing characteristics®
Glass fiber (Phr) 0 10 25 75 0 10 25 75
Carbon black (Phr) 0 0 0 0 20 20 20 20
(N 330)
Mill shrinkage, % 57 354 218 12.7 48 26.8 126 18.7
Green strength, MPa 0 0 — 024 — 0.22 — 0.51

2 Base recipe: NR 100, ZnO §, Stearic acid 2, Silica 5, Resorcinol 5, Sulfur 2, CBS
2. Hexa 3.2.

Processing characteristics

Processing characteristics of the composites are reported in Table II.
Mill shrinkage is decreased continuously with the increase in fiber
loading in the absence of black. But in the presence of black up to a
loading of 25 phr mill shrinkage decreases and at higher loading
(mix Fs5) there is slight increase in mill shrinkage due to high
compound viscosity which results in fiber breakage. Green strength
is improved by the addition of black as observed in the case of jute
fiber reinforced composites.” The mill shrinkage is higher and green
strength is lower for glass fiber reinforced composites as compared
to jute fiber reinforced composites. Distribution of fiber length after
mixing is shown in Figure 1. Fiber breakage is very severe in case
glass fibers and fiber length decreases from 9 mm to 0.75 mm in the
case of G;g and to 0.45mm in the case of G,5 and G75. With the
increase in fiber loading from 10 to 25 phr, due to the increase in
compound viscosity, the breakage is increased and beyond that no
more breakage of fiber occurred. The addition of carbon black
further enhances the breakage of fibers and the fiber length in the
case of black filled compounds is lower than that of corresponding
mixes without black (Table II). It is interesting to note that fiber
diameter has dropped down during mixing from 0.33 mm to 0.01
mm. It may be because the fiber was treated with a bonding agent
and the coating increases the diameter. Subsequent mixing removes
the coating and the diameter decreases. As discussed later, this may
be the reason for not observing any difference in technical prop-
erties between treated and untreated fibers. The diameter of untre-
ated fiber is 0.01 mm, which is very close to the diameter of the
treated fiber after mixing. In the case of black filled compounds
fiber diameter could not be measured accurately as the fibers are
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FIGURE 1 Histogram showing the fiber length distribution after mixing.

covered with a carbon black layer even after several hours of
extraction. It is also interesting to note in all the cases two distribu-
tions of fiber length were observed. The distributions of fiber length
are given in Figure 1.

Physical properties

Variation of tensile strength with volume loading of fiber in case
black filled composites is similar to the observations made by us
earlier? for carbon black filled jute fiber rubber composites. In the
case of mix F;s because of severe fiber breakage there was no
improvement in the tensile strength value measured in longitudinal
direction. As the values of tensile strength in transverse direction
does not depend much on the fiber length there is not much
difference in these values.

Tear strength is improved by the addition of fiber but is mostly
independent of fiber concentration and orientation. It was explained
earlier' that the improvement in tear strength is due to the fact
that fibers obstruct tear paths from proceeding straight.
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TABLE III
Physical properties of the mixes
Mix® Gy Gy  Gxs Gy Fo Fio Fas Fs
Glass fiber (Phr) 0 10 25 75 0 10 25 75
Carbon black (N 330) (Phr) 0 0 0 0 20 20 20 20
Tensile Strength, MP, L 2168 1568 938 11.73 13.59 10.03 11.71 10.89
T 2145 1522 932 7.00 1516 927 800 879
Tear Strength, kN/m L 3222 3864 33.67 4176 30.40 3536 3587 29.31
T 30.12 4246 40.73 40.73 38.44 3418 37.08 28.12
Elongation at break, % L 600 380 200 90 450 300 200 70
T 600 380 350 150 450 350 320 220
Hardness, Shore A — 45 52 60 75 55 65 70 82
Flex resistance, L 405 125 7.7 1.0 344 8.3 1.6 1.1
(kilo cycles) T 405 220 7.7 24 344 8.3 3.6 1.8
Compression set, % L 372 251 264 336 378 328 307 42.1
T 359 283 264 382 377 342 306 42.6
Resilience, % — 73.0 735 702 597 3564 61.1 S04 518
Heat buildup (AT°C) L — 10 — 29 15 19 22 39
T 10 10 — 30 14 17 21 41
Permanent set, % L — 074 — 2.5 1.8 2.0 2.7 7.1
T 078 045 — 1.2 1.7 1.4 0.9 3.6
Abrasion Loss, cc/500 rev. — 054 089 141 141 048 079 1.04 1.32
Percent tensile strength
retained after aging L 55 124 304 431 179 331 381 54.3
Percent tear strength
retained after aging L 222 241 389 455 279 368 456 6l1.1
Percent elongation at break
retained after aging L 43 736 750 777 511 600 450 715

# Base recipe: NR 100, ZnO 5, Stearic acid 2, Silica 5, Resorcinol 5, Sulfur 2, CBS 2, Hexa 3.2.

Elongation at break drops down with the increase in fiber concen-
tration and anisotropy of this property is observed when the fiber
loading is beyond 25 phr both in the presence and absence of carbon
black.

- Flexing resistance drops down with the increase in fiber loading.
Flex resistance is higher in the transverse direction since the stiffness
becomes higher in the longitudinal direction. These observations
are similar to our earlier observations with jute fiber-rubber
composites.’

Heat buildup increases with the increase in fiber loading. The
variation of heat buildup is similar to the variation of hardness with
fiber loading. Heat buildup is lower in the case of composites with
fibers oriented transversely as expected.

Permanent set increases with the increase in fiber loading in the
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case of composites both with longitudinally oriented and transverse-
ly oriented fibers. However, permanent set is higher for the compo-
sites with fibers aligned longitudinally. The higher values for the
composites aligned longitudinally may be due to the buckling that
takes place invariably when the closely packed fibers are compress-
ed in the direction of their alignment. When the samples were
observed visually after the testing the wrinkles were observed on the
surface of the samples with fibers aligned longitudinally, while the
samples with transversely aligned fibers failed, forming deep cracks
on the surface. However, compression set remained almost indepen-
dent of fiber loading. Resilience as expected decreases with the
increase in fiber loading. Carbon black further reduces the resilience
values.

Abrasion resistance, as in the case of jute fiber, decreases with
the addition of fibers, while the addition of carbon black increases
the abrasion resistance. The higher abrasion loss in glass fiber
reinforced composites is mainly due to the loss of fibers.!” The
increase in abrasion resistance in black filled mixes is due to the
reinforcement offered by the carbon black.

Percent retention of tensile strength and tear strength values after
aging at 100°C for 48 h increases with increase in fiber concentra-
tion. Comparison of the values after aging of the composites indi-
cates that the effect of fiber on the aging retention property is
dominant. In the case of fiber-rubber composites, fibers carry the
load and rubber matrix transfers the load to the fibers. As fibers do
not deteriorate by aging it is expected that fiber-rubber composites
exhibit better aging resistance.

SEM studies

The scan areas and fracture surfaces are shown in Figure 2. Figure 3
gives the scanning electron micrograph of the tensile fracture of mix
A containing no bonding agent. In this case debonding is obvious,
with long stems of fiber protruding out of the rubber matrix. These
observations are similar to our earlier observations with untreated
glass fiber with bonding agent.!’ Figure 4 shows the photomicro-
graph of tensile fracture of mix Gjs containing 25 phr fiber and
bonding agent. There is an improvement in the bonding as the holes
made by the detached fibers are not always circular indicating the
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FIGURE 2 Fracture surfaces and scan areas.
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FIGURE 3 Photomicrograph of tensile fracture surface of mix A (200 x).
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FIGURE 4 Photomicrograph of tensile fracture surface of mix G,s (200 X).

removal of a certain amount of rubber along with the fiber. Some
rubber compound can also be seen on the detached fibers (Figure
4). Tear fracture surface is shown in Figure 5. There are cracks on
the surface. Figure 5 shows the crumbled matrix surface between
the cracks. This observation is in contradiction to our earlier
observation with jute fiber reinforced composites but is similar to
that with untreated glass'® fiber rubber composites. It is apparent

FIGURE 5 Photomicrograph of tear fracture surface of mix G, (200 x).
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that bonding between glass fibers and natural rubber matrix is not
complete as is the case with jute fiber and natural rubber. In the
latter case tensile failure is mainly due to the fiber breakage.!

CONCLUSIONS

The following conclusions can be drawn from the above results and
discussion

1) Short glass fibers show anisotropy in technical properties only
when added beyond a loading of 25 phr.

2) Processing properties like mill shrinkage and green strength
are improved by the addition of fibers and addition of carbon black
further improves the properties. Fiber breakage is very severe in the
present case. Addition of carbon black enhances the fiber breakage
and consequently some technical properties are not improved by the
addition of carbon black.

3) Fiber dispersion is good. There is some improvement in bond-
ing between fibers and rubber matrix by the addition of bonding
agents, (hydrated silica, resorcinol and hexa).
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