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ABSTRACT: A tire thread formulation for heavy-duty
trucks containing SBR/BR rubber blend and varying pro-
portions of silica/clay fillers including a silane-coupling
agent have been investigated. The various mixes were com-
pounded in a Banbury ‘O’ mixer and vulcanized using the
EV-system. Silica/clay (80/0) served as the control mix. The
oscillating disc rheometer (ODR) was used in determination
of cure characteristics. Substitution of silica (80 phr) with
china clay up to 40 phr increased the cure rate of the rubber
blend mixes as well as their maximum torque level (Tmax).
Tmax was observed to be highest at a filler blend ratio of
40/40 phr. Synergism between silica and clay at this filler
blend mixture is suggested to be responsible for the obser-

vation. The heat buildup was reduced from 43 to 20°C as the
clay content increased. Results also showed that the rubber
blend compound containing silica/clay (60/20) filler blend
in the stated ratio exhibited the best balance of properties in
the critical parameters such as the absolute torque level (69.5
dNm), heat buildup (39°C), and abrasion resistance (0.574
mg.loss/1,000 rev). The rate of depreciation of abrasion
resistance of rubber blend compound as the clay content
increased was found to be 0.035 mg loss/1,000 rev as silica
is substituted with one part of china clay phr. © 2004 Wiley
Periodicals, Inc. J Appl Polym Sci 94: 1024–1028, 2004
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INTRODUCTION

In modern heavy-duty truck tires of radial construc-
tion, the majority of precure thread fomulations are
based on SBR or SBR/BR blends as these have been
found to exhibit wear performance under low severity
(highway) conditions.1

Increasing attention is given to the use of precip-
itated silica as a reinfocing filler.2 However, its high
cost in relation to other fillers is of concern to the
industry. In this study, clay is used in a blend with
silica both as a cheaper filler and as heat buildup
depressant. Though the use of clays in the tire in-
dustry is relatively limited compared to carbon
black, it has been reported3–5 to have been used in
tire sealant and rubber lubricant formulations for
curing tires.

The objective of this work, therefore, is to determine
the influence of varying blend ratios of silica and clay
fillers on the physical properties of tire thread com-
pound.

EXPERIMENTAL

Mixing

Five mixes were prepared as shown in Table I. Mix 1
served as control. Mixing was carried out in a Banbury
‘O’ internal mixer (volume chamber 1,850 cc). Initial
temperature of the mixer was set at 80°C.

The mixing involved a two-stage operation as fol-
lows:

1. An initial incorporation of SBR, BR, 1⁄2 silica/
china clay, 1⁄2 silane, ZnO, stearic acid, oil, and
wax for 1.5 mins, followed by the addition of 1⁄2
silica/clay 1⁄2 silane and 6 PPD for a further 2.5
min.

2. Final dump of mix onto two-roll mill. Mix tem-
perature at dump was 160°C. This was allowed
to cool to 80°C before addition of CBS, DPG,
and sulfur on the two-roll mill for 2 min 20 s.

Cure behavior

The aptitude to vulcanization of raw stocks was de-
termined on a Monsanto Rheometer (model R 100S)
using a 3o rotor oscillating amplitude and frequency of
1.67 Hz. The cure rate index (CRI) and other parame-
ters characteristic of the cure were estimated from
rheographs of the respective compounds.
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Vulcanization procedure

Compounded slabs were compression molded at
150°C for 40 min using a steam heated hydraulically
operated press.

Characterization

The cure properties6 as well as mechanophysical char-
acteristics7–10 were determined and evaluated in ac-
cordance with British Standard Methods of Testing
Vulcanized Rubbers.

RESULTS AND DISCUSSION

The properties of the heavy-duty tire thread contain-
ing varying filler blend composition (Table I) are
shown in Table II.

Cure curves obtained using the oscillating disc rhe-
ometer (ODR)6 are shown in Figure 1. Wolf11 has
stated that ODR is a convenient technique for the
evaluation of fillers for their reinforcing potentials.
The all-silica filled compound (mix 1 and control sam-
ple) had the highest minimum torque (Tmin � 27
dNm). Tmin for compounds loaded with silica/clay

TABLE I
Mix Formulation for the Heavy-Duty Truck Tire Thread

Ingredients

Mix No.

1 2 3 4 5

SBR/BRa 75/25 75/25 75/25 75/25 75/25
Silica/clayb,c 80/0 60/20 40/40 20/60 0/80
Silane 7.0 7.0 7.0 7.0 7.0
Aromatic oil 32.5 32.5 32.5 32.5 32.5
Stearic acid 1.0 1.0 1.0 1.0 1.0
Zinc oxide 2.5 2.5 2.5 2.5 2.5
Wax 1.5 1.5 1.5 1.5 1.5
6PPDd 2.0 2.0 2.0 2.0 2.0
Sulphur 1.4 1.4 1.4 1.4 1.4
CBSe 1.9 1.9 1.9 1.9 1.9
DPGf 2.0 2.0 2.0 2.0 2.0

a SBR (solution SBR), BAYER AG, BR (KUMHO, equivalent of Takzene 1220).
b Silica, Zeosil 1165 MP from BAYER.
c Clay, China clay - supreme.
d 6PPD©, C6 p-phenylene diamine.
e CBS, cyclohexyl benzothiozole sulfenamide.
f DPG diphenyl guanidine. (All chemicals were supplied by EEC International (Sales) Ltd., UK.

TABLE II
Properties of Heavy-Duty Truck Tire Formulations with Varying Filler (Silica/Clay) Blend Compositiona

Mix number

1 2 3 4 5

Silica/clay 80/0 60/20 40/40 20/60 0/80
Rheometer at 150°C (arc � 3)
Maximum torque, Tmax (dNm) 75.0 75.5 78.5 63.9 52.0
Minimum torque, Tmin (dNm) 27.0 15.1 9.2 7.0 6.0
�T 48.0 60.4 69.3 56.9 46.0
Optimum cure, t90 (0.9 �T) 43.2 54.4 62.4 51.2 41.4
Absolute torque level (T90 � Tmin) 70.2 69.5 71.6 58.2 47.4
Cure time (min) 13.5 9.3 9.8 9.3 9.1
Scorch time, ts1 (min) 3.8 3.6 3.7 2.1 2.4
Cure Rate Index, CRI 10.31 17.54 16.39 13.89 14.93
Vulcanizate properties: cured at 40 min/150°C
Hardness, IRHD 70.6 66.0 64.3 54.3 48.7
M100 (Mpa) 3.2 3.0 3.0 2.4 2.2
M200 (Mpa) 6.5 6.2 6.0 5.4 3.8
TS (Mpa) 11.84 11.80 10.09 9.75 8.2
Elongation at break (%) 320 360 410 400 310
* Temp. rise °C 43 39 31 23 20
Akron abrasion mg. loss/1,000 rev. 0.0083 0.574 1.352 2.128 2.776

a Tread mix: Rubber [SBR/BR (75/25) blend] 100 : silane 7.0; aromatic oil 32.5.
* Heat (Goodrich flexometer) buildup.
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(60/20), silica/clay (40/40), and silica/clay (20/60)
were 15.1, 9.2, and 7.0 dNm, respectively. Since Tmin is
a measure of effective viscosity of unvulcanized mix,
the results show that stiffness as well as the viscosity
of the uncured compound is reduced as the clay com-
ponent of the blend is increased.

Silica is known to exhibit a cure retarding effect
when incorporated as filler in mixes cured using the
efficient vulcanization system.12 The extent of vulca-
nization is measured by maximum torque (Tmax). Sub-
stitution of silica (80 phr) with china clay up to 40 phr
increased the cure rate of the rubber blend mixes as
well as their Tmax. Tmax was observed to be highest
(78.5 dNm) at a blend ratio of 40/40 phr. Synergism
between silica and clay at this filler blend mixture is
suggested to be responsible for the observation (Fig.
2). Synergistic reactions are observed in combinations
of antioxidants and in combination of carbon black
filler with certain antioxidants. For example, mercap-
tobenzimidazole is of special interest as a synergist for
other antioxidant types.13 It is also thought14 that
some network bound antioxidants such as those con-
taining sulfur-bearing phenols15 and prepared via free
radical mechanism are autosynergistic.

The all-silica mix exhibited the characteristic rein-
forcing property of silica fillers (Table II). In general,

the tensile properties were found to decrease as silica
is substituted with china clay.

Tires are continuously stressed and abraded when
in contact with road surfaces in service life. During
this cyclic process, part of the energy is dissipated as
unwanted heat (heat buildup). Thus, they are com-
pounded to resist wear and this property of tires,
known as abrasion resistance,9 is of immense impor-
tance. Similarly, heat buildup10 must be kept as low as
possible to guarantee good performance and appre-
ciable longevity. The substitution of silica with china
clay was observed to have improved heat buildup
properties: the temperature rise in oC (measured using
a Goodrich flexometer10) was reduced from 43°C for
silica/clay (80/0) to 20°C for silica/clay (0/80). On the
other hand, abrasion resistance deteriorated with an
increase in the blend ratio of china clay in the afore-
mentioned filler blend spectrum from 0.083 to 2.776
mg loss/rev. These results from the study clearly
show that, while the substitution of silica with china
clay improved the heat buildup in polymer com-
pound, it had an adverse effect on the abrasion resis-
tance. Thus, in trying to minimize excessive heat
buildup through the substitution of silica with china
clay, care should be taken to avoid sacrificing its abra-
sion resistance, which is a vital property of truck tires.

Figure 1 Rheographs at 150°C (arc 3) of varying filler blend compositions. �, Silica/clay 0/80; }, silica/clay 20/60; Œ,
silica/clay 80/0; F, silica/clay 60/20; ■, silica/clay 40/40.
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The use of precipitated silica in truck tires has been
reported16 to improve abrasion resistance on bad
roads. The particle size of china clay is larger than that
of silica; hence the decrease in abrasion resistance as
the blend ratio of china clay is increased. As the par-
ticle size of fillers in a polymer compound is de-
creased, its resilience is decreased while the abrasion
resistance and heat buildup are increased.17 Heat
buildup depends on hysteresis and resilience, but in a
complex way, since these properties determine the
heat–generation behavior.18 In general, fillers, which
increase the hysteresis energy of rubber compounds,
such as silica, increase heat buildup. By inference and
based on results of this study, increased in the filler
blend ratio of china clay could be said to have lowered
the hysteresis energy of polymer compound, hence the
reduction in heat buildup.

We estimated the rate of depreciation of abrasion
resistance of the polymer blend compounds as the
level of incoporation of china clay was increased. This
was achieved by plotting a graph of abrasion loss in
the various mixes versus filler loading (Fig. 3). The
resulting slope (0.035), obtained from the line of best

fit, was a measure of the rate of abrasion loss (in
mg/1,000 revolutions) as silica is substituted with one
part of china clay phr.

CONCLUSION

Of the five filler blend mixes that were incorporated in
the polymer blend and studied, the silica/clay (60/
20)–loaded compound exhibited the best balance of
properties in the critical parameters such as the abso-
lute torque level (69.5 dNm), heat buildup (39°C), and
abrasion resistance (0.574 mg loss/1,000rev). China
clay has acted as both abrasion resistance and heat
buildup depressant in the silica/clay filled polymer
composite.
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Figure 2 Synergistic effect of silica/clay filler blend on Tmax.
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Figure 3 Effect of silica/clay filler blend on abrasion properties of neoprene vulcanisate.
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