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Pneumatic tires sometimes are intend-
ed for heavy duty use, such as for hauling 
and traveling over uneven ground when 
carrying heavy loads, which might be re-
ferred to as being off-the-road service. 
However, sometimes tires also are in-
tended for heavy duty service, to be driv-

en on diverse surfaces, including a combi-
nation of both roadways and 
off-the-road conditions, which present 
more severe uses.

A combination of such diverse and 
mixed service conditions presents sig-
nificant challenges for rubber composi-
tions for treads. A balanced combination 
of improving wear resistance properties 
for the tread rubber while maintaining 
other physical properties is sometimes 
difficult to obtain.

For a heavy duty tire tread, the pri-
mary elastomer used for rubber compo-
sition often is natural rubber (natural 
cis 1,4-polyisoprene). The tread rubber 
may contain a minor amount of cis 
1,4-polybutadiene rubber to promote re-
sistance to tread wear, resulting in a 
greater vehicular driving distance rela-
tive to depth of tread worn away. Such 
natural rubber-rich treads are in con-
trast to passenger tire treads for lighter 

intended duty, which are expected to be 
driven over dedicated roadways while 
experiencing lower workloads and which 
may typically be comprised primarily of 
synthetic rubber, such as SBR.

Rubber compositions for heavy duty 
mixed service should provide a relative-
ly low hysteresis, promoting reduced in-
ternal heat build-up during tire service, 
with a corresponding increased heat 
durability and reduction in rolling resis-
tance for better fuel economy. To de-
crease hysteresis, filler reinforcement 
may be obtained by introducing precipi-
tated silica, with a significantly reduced 
content of reinforced carbon black. 
However, such a reduction in carbon 
black content might be expected to pro-
mote a worsening of abrasion resistance 
and a consequent increase of tread wear. 

Moreover, heavy duty truck and large 
off-road tires often are subjected to 
rough road conditions that cause chip-
ping and chunking of the tread surface. 
The chip and chunk wear mechanism is 
much faster than abrasion for a typical 
OTR tread, so that tires in this type of 
service get only a fraction of the mileage 
of tires in long-haul usage. In this sense, 
high hysteresis is desirable, but must be 
reduced or compromised for treads of 
tires where high temperature genera-
tion is encountered. For example, recent 

trends in radial medium truck tires to 
reduce rolling resistance for improved 
fuel economy have sometimes resulted 
in treads that are more prone to chip-
ping and chunking, even when exposed 
to seemingly little gravel road service. 

Natural rubber has good chip and 
chunk resistance but generally poor wear 
resistance. Emulsion polymerized sty-
rene-butadiene-rubber (E-SBR) also has 
good chip and chunk resistance, but high 
heat build-up and easy crack propaga-
tion. Polybutadiene (BR) does not propa-
gate crack growth as readily as E-SBR 
but has poor chip and chunk resistance.

Thus, the necessary physical proper-
ties for superior OTR treads are not easi-
ly or simply defined. In this paper, blends 
of specially designed S-SBR are investi-
gated for targeting low hysteresis (rolling 
resistance, heat build-up) together with 
processability and wear resistance.

Besides performance requirements, the 
concept of sustainability is of growing im-
portance. From an environmental point of 
view, sustainability represents the system 
capacity (in this case the Earth) to support 
the impact of mankind’s activity on the 
environment, without putting at risk the 
future of the human race. From the de-
signer point of view, sustainable develop-
ment is about designing tools and materi-
als that use safe, efficient and renewable 
resources; it also is about social responsi-
bility and ethics.

According to future challenges, the 
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Pneumatic tire treads intended for severe service are traditionally comprised 
of carbon black compounds containing natural rubber as a major component. As 
working areas have expanded, tires have to deal with fuel consumption and 
wear that accompanies increased transport use for vehicles capable of being 
driven both off and on the road. It is known that the use of silica/silane systems 
is beneficial to many properties and the partial replacement of carbon black is 
becoming a useful strategy to achieve a convenient property trade-off.

To optimize dual filler formulations, low Tg S-SBR are recommended, togeth-
er with the presence of functional groups for improved filler-polymer interac-
tion. However, the use of high performance S-SBR increases compound stiffness 
and reduces hysteresis, with a detrimental effect on other important properties, 
such as tear, and chip and chunk resistance.

The tuning of hysteresis and stiffness may be achieved with a proper design of 
S-SBR blends, combining high performance grades with partial block materials, 
able to increase hardness, processability and energy dissipation. Furthermore, 
current trends require enhanced carbon footprint through the introduction of 
materials from renewable resources. Sustainability in OTR tires is addressed by 
replacing fossil process oil with a highly sustainable bio-sourced plasticizer, 
characterized by very low Tg and negligible interaction with the cure package.

The proposed green plasticizer, produced in a highly sustainable bio-refinery 
frame, offers several benefits, including enhanced environmental footprint and 
improved performance. This proposed novel plasticizer provides opportunities 
to extend the idea of green tires to OTR, including farm tires.
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focus of current and forthcoming re-
search involves sustainability and ener-
gy efficiency of material handling and 
conveying equipment, with the aim of 
developing a more complete LCA, to ob-
tain a more detailed review of environ-
mental properties and possible efficiency 
improvement. According to raw material 

Table 1: Properties of polymers used in agricultural tire tread compound.

Fig. 1: Bio-refinery block diagram and 
bio-plasticizer origin.

Table 2: Agricultural tire tread formulation.

Fig. 2: Linear viscoelastic response of the emulsion E-SBR 1500.
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suppliers, the silica/silane/S-SBR tech-
nology is able to significantly reduce 
emissions and environmental impacts in 
the basic scenario, in any analyzed im-
pact category considered relevant.

Consequently, the global warming po-
tential can be reduced over the whole life 
cycle, for example, by replacing carbon 
black and E-SBR with silica/silane and 
S-SBR. The use of S-SBR instead of 
E-SBR provides a further benefit in 
terms of environmental quality, due to a 
strongly reduced TVOC content of about 
one order of magnitude. Part of this ma-
jor challenge for the rubber industry is 
further represented by the replacement 
of process oils following the ground 
breaking legislation to ban polycyclic ar-
omatic hydrocarbons (PAH), which are 
toxic.

Referring to the tire business, sus-
tainable oils in S-SBR tread compounds 
show promising results for both physical 
and dynamic mechanical properties, in 
comparison with petroleum oils. In this 
frame, an important LCA improvement 
can be achieved by using a bio-refinery 
vegetable derivative obtained through 
bio-to-bio conversion technology, rather 
than a traditional vegetable oil.

Experimental
Natural rubber is a commercial CV60. 

Synthetic rubbers are Europrene com-
mercial grades from Versalis. Neocis 
BR40 is a neodymium-based, high-cis 
polybutadiene. SBR 1500 is a traditional 
dry grade from emulsion polymeriza-
tion. SOL R 71420 is a functionalized 
high performance S-SBR, designed for 
reducing hysteresis and obtained by 
batch polymerization. SOL 1205, also 
from batch polymerization, is a partial 
block S-SBR. The properties of polymers 
used in agricultural tire tread formula-
tion are summarized in Table 1.

The linear viscoelastic behavior of the 
investigated materials is obtained 
through a frequency sweep test in SAOS 
test conditions and torsional mode (the 
reference temperature is 110°C). During 
the test, strain is controlled in order to 
respect the linear viscoelastic regime of 
the material. Frequency sweep data is 
extended at very low frequency by ap-
plying a creep/recovery test in the SAOS 
regime. Creep/recovery data is convert-
ed into dynamic moduli by means of the 
Schwarzl relationships.1 Rubber com-
pounds for investigating the effect of oil 
type and concentration are prepared ac-
cording to ASTM D3185 (SBR 1500) and 
ASTM D3184 (NR). The agricultural 
tread formulation used as benchmark is 
reported in Table 2.

Compounding was carried out in three 
mixing stages using a laboratory inter-
nal mixer with Banbury rotors. Physical 
and mechanical properties of rubber 
compounds were measured according to 
ASTM, DIN or ISO standards. The roll-
ing resistance index on vulcanized speci-
mens was determined through strain 
sweep measurements using a torsional 
bar (5 percent strain, 10 Hz, 60°C). Tem-
perature sweep tests on vulcanized spec-
imens were carried out with torsional bar 
geometry at 1 Hz and 2°C/min.

For what is concerning process oil, the 
fossil reference is Clematis TD produced 
by Eni and classified as TDAE (treated 
distillate aromatic extract). It is a safe 
oil with a low content of polycyclic aro-
matic hydrocarbons (PAH), produced by 
solvent extraction from distillate aro-
matic extract (DAE). The high oleic 
sunflower oil used as vegetable reference 
is produced by Unigra (Italy). It is a 
glycerol fatty acid triester, typically 
containing the linoleic fatty acid C18:2 
(doubly unsaturated) and the oleic fatty 
acid C18:1. The minimum content of the 

oleic component is 77 percent.
The novel bio-sourced plasticizer is 

commercialized under the Matri-
lox-brand and produced through a bio-re-
fining process by Matrica, a joint venture 
between Versalis and Novamont, a major 
player in the bio-plastics market. The 
Matrilox family has been engineered to 
offer, when properly formulated, a high 
performance, non-toxic, eco-sustainable 
alternative to traditional plasticizers. 
The sustainability of this product not 
only is related to the bio-sourced feed-
stock (mainly sunflower oil), but to the 
fact that it is a typical case of waste valo-
rization, as the bio-refinery main product 
is devoted to other business areas.

The new Matrilox PF801E used in 

this work, characterized by a Tg of 
-90°C, has been designed specifically for 
the tire and rubber industry. Matrilox 
bio-plasticizer derivatives are based on 
a complex mixture of triglycerides and 
esters of polyols, comprising oligomeric 
structures of the type R4-[OC(O)-R1-
C(O) - O - CH 2- CH(OR 2) - CH 2]n- OR 3,
where R substituents are C2-C22 al-
kylenes, C6-C24 carboxylic acid residues 
and alkyl groups. Part of the residual 
carboxylic acid component is esterified 
with monoalcohols.2,3

Results and discussion
Linear viscoelastic behavior of raw polymers

Emulsion polymerized SBR (E-SBR) 
is used widely in rubber mixing, due to a 

good filler incorporation and efficient 
processing of the compound. However, 
the high hysteresis of emulsion SBR is 
caused by its macrostructure, i.e. its low 
primary-chain molecular weight and 
high degree of branching. On the con-
trary, it is well known that the high 
primary-chain molecular weight of 
solution SBR (S-SBR) provides a favor-
able balance of rolling loss, traction and 
wear performance when utilized in 
tread compounds.4

Figs. 1-3 report the linear viscoelastic 
behavior of the investigated SBR, to 
point out the effect of molecular archi-
tecture. The extreme width of frequency 
range covered by the linear viscoelastic 
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characterization is achieved by a proper 
combination of experimental techniques 
and related data processing. In particu-
lar, creep/recovery tests have been used 
to expand toward very low frequency the 
limited range typically covered with 
frequency sweep tests (100-0.01 rad/s). 
The result is a characterization that 
covers almost seven decades in frequen-
cy, obtained at a single temperature.

Time temperature superposition5 is in-
deed the typical technique used to expand 
the explored frequency range for polymer 
characterization. Nevertheless, its ex-
ploitation to explore lower frequencies is 
prevented by an upper temperature limit, 
which is the maximum temperature 
achievable without any degradation/cross-
linking of the material. For this reason, 
creep/recovery tests, conveniently post-pro-
cessed to be converted into dynamic-me-
chanical data,1 are advantageous for very 
high molar mass polymers featuring com-
plex structures, like the ones investigated 
in this work. 

In Fig. 2, the popular emulsion grade 
SBR 1500 is reported. It shows nearly 
parallel elastic and viscous moduli over 
the whole explored frequency range. 
This resembles the typical behavior of 
gel-like systems and denotes the pres-
ence of a very broad relaxation spec-
trum. This is typical of polydisperse and 
branched polymers, as each single 
branch possesses on its own a very broad 
relaxation spectrum.6 The likely pres-
ence of a multitude of branches with 
different lengths, together with hin-
dered chain segments, can easily give a 
very broad relaxation spectrum.

The high performance S-SBR, SOL R 
71420, shows a very different behavior 
(Fig. 3). This is a polymer with narrow 
polydispersity, mainly composed of two 
different chain populations: a linear 
polymer fraction and a star branched 
polymer fraction. The presence of these 
two well-defined fractions also is clearly 
visible in terms of viscoelastic response. 
The elastic modulus curve shows two 
distinct shoulders, one at higher fre-
quency for the linear polymer relaxation, 
and the other at lower frequency for the 
star polymer relaxation.

These two relaxation processes are 

separated by almost four decades of fre-
quency. This is sensible within the 
frame of distinct relaxation mechanisms 
related with the linear vs. star branched 
polymers. It also is important to under-
line that at very low frequencies, there 
is for SOL R 71420 a crossover between 
the elastic and viscous moduli, which is 
not observed for the E-SBR 1500.

The liquid-like region (G’’>G’) is 
therefore achieved for S-SBR, though at 
very low frequencies. SOL R 71420 
therefore has the characteristics of a 
very elastic material within a well-de-
fined frequency range. Its narrow molar 
mass distribution and well-defined 
structure are key features for its contri-
bution to high performance, especially 
when reduction of vulcanized compound 
hysteresis is desired.7

As in the case of most polymers with 
narrow molecular mass distribution, 
processability can be harder compared to 
more polydisperse and branched grades, 
as previously reported by Tokita and 
Pliskin.8 SOL 1205 is a particular type of 
S-SBR in which styrene is partial block 
and partial random. It is obviously not 
specifically designed for a direct use in 
tire applications, since PS blocks are 
detrimental to hysteresis and modulus at 
high temperature. However, below the 
softening point (around 90°C), polysty-
rene blocks are acting as filler, increasing 

hardness and abrasion resistance.
It is then possible to use such a poly-

mer at low concentration to enhance 
processability and to properly adjust the 
property trade-off of the S-SBR based 
compounds. In line with the high perfor-
mance S-SBR, this is a polymer with 
narrow polydispersity and an easily de-
tectable crossover point at 5 rad/s (Fig.  
4). The liquid-like region is then reached 
about two decades earlier than the high 
performance S-SBR. In the investigated 
frequency range, a second crossover oc-
curs at lower frequency (around 0.1 
rad/s), avoiding the drop of storage 
modulus, so that the terminal relaxation 
is not approached, due to the phase sep-
aration of hard polystyrene blocks. At 
very low frequency, moduli are parallel 
to the X axis accounting for an incom-
plete relaxation caused by the rigid 
block structure.

Bio-refinery plasticizer
Bio-sourced plasticizers offer a high 

performance, non-toxic, eco-sustainable 
alternative to traditional plasticizers. 
However, replacing a fossil oil with a 
bio-based one involves key technical is-
sues, including compatibility with the 
rubber matrix, interaction with com-
pounding ingredients and tuning of cure 
packages. In this paper, a novel bio-
sourced plasticizer (PF801E, Tg -90°C), 
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Fig. 4: Linear viscoelastic response of the partial block S-SBR SOL 1205.

Fig. 3: Linear viscoelastic response of the high performance S-SBR SOL R 71420.

Fig. 5: Compound viscosity and curing efficiency as a function of oil type and oil concen-
tration (E-SBR 1500).

Fig. 6: Vulcanization curves of NR- and E-SBR 1500-based compounds with different oil types.

Fig. 7: Loss tangent plot of NR-based compounds, comprising 25 phr of different process 
oil types.

Table 3: Tread compound properties, comparison between selected formulations and NR 
reference. All compounds contain TDAE oil.

OTR
Continued from page 15
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obtained through a bio-refinery produc-
tion technology from vegetable feed-
stock, is compounded as a potential re-
placement of fossil oil. Earlier versions 
of this product were already tested in 
passenger tread recipe,9 light truck for-
mulation,10 and conveyor belt applica-
tion,11 revealing to be a promising drop-
in alternative to traditional fossil oil. 
The low unsaturation level, together 
with a specifically designed chemical 
modification at the bio-refinery stage, 
provides an overall positive perfor-
mance, avoiding major changes in the 
cure package, often required while using 
pure vegetable oils.

Model ASTM compounds with carbon 
black at various oil concentration (0-25 
phr) were prepared, using E-SBR 1500 
and NR as the rubber matrix, to investi-
gate the impact of fossil oil replacement 
on plasticization and vulcanization. Re-
sults are reported in Figs. 5 and 6,
where data of a compound containing 
high oleic sunflower oil is reported as 
vegetable reference.

It generally is accepted that the torque 
difference (MH–ML) calculated from 

the cure curve is proportional to the ex-
tent of crosslinking in the rubber vulca-
nizate. Fig. 5 reports the reduction of 
Mooney compound viscosity as a func-
tion of oil concentration vs. dry com-
pound, together with the curing efficien-
cy MH-ML.

A major Mooney compound reduction, 
possibly due to a better plasticization or 
a more efficient filler dispersion, is de-
tected for Matrilox, while the lowest ef-
fect of crosslinks is observed for sun-
flower oil. The shortest scorch time (Fig. 
6) is observed with Matrilox, and the 
longest with sunflower oil, for both NR 
and E-SBR polymer bases.

As already described, Matrilox and 
sunflower oil have a different chemistry 
with different impacts on cure kinetics. 
This activating effect depends on the 
chemical nature of the plasticizer and on 
the compound composition. It is not al-
ways present, but the shorter scorch 
time observed for compounds containing 
Matrilox is in qualitative agreement 
with results reported by Flanigan and 
co-workers12,13 using various vegetable 
oils, and further supported by Petrovic,14

observing that soybean oil can exhibit 
faster scorch vs. fossil reference in a 
wide range of concentration. 

Curing results in line with the present 
work already were re/ported for an S-SBR/
BR silica passenger tread.9 Other studies 
suggest that during vulcanization of rub-
bers, oils of vegetable origin containing 
unsaturation could possibly be co-vulca-
nized to the rubber matrix, and the sulfur 
may be consumed, most probably through 
the presence of double bonds.

This consumption of curatives results 
in a decrease of the state of cure.15-18

Moreover, Bezerra et al.19-20 and da Costa 
et al.21 observe that unfilled rubber com-
positions containing just 3 phr of highly 
unsaturated vegetable oil show reduced 
scorch time and lower cure vs. a reference 
compound based on stearic acid, in a 
conventional vulcanization system.

Through the use of a kinetic model, it 
is argued that the vegetable oil inter-
feres with the mechanism of sulfenam-
ide and ZnO accelerated curing. Now, 
iodine numbers can be used as an indi-

cator of available unsaturation or sites 
for bonding opportunities within a 
chemical ingredient, with higher iodine 
value representing higher unsaturation. 
Reported iodine numbers for the investi-
gated oils provide a ranking from high 
unsaturation to high saturation. Sun-
flower oil is characterized by 90-100 
gI2/100g (supplier data). Matrilox, due to 
its bio-refinery origin, show a much 
lower unsaturation level, around 15 
gI2/100g.

The double-bond concentration of TDAE 
oil is close to zero, as reported in the liter-
ature.22 According to the previously de-
scribed effect of oil unsaturation, it can be 
argued that the lower cure modulus of 
sunflower oil, not supported by a superior 
plasticization (according to Fig. 5), should 
have a chemical origin. Due to the low io-
dine number, it seems that the use of 
Matrilox does not require a significant 
cure package adjustment, for an easier 
drop-in replacement of fossil oil.

In terms of dynamic response of the 
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Fig. 8: Curing behavior of selected tread compounds.

Fig. 9: Loss tangent plot of agricultural tire tread compound based on different SBR and 
different process oil.

Fig. 10: Dynamic moduli plot of agricultural tire tread compounds based on E-SBR rubber 
and applying different process oil types. For the elastic and loss moduli dashed and con-
tinuous lines are used, respectively.

Fig. 11: Dynamic moduli plot of agricultural tire tread compounds based on S-SBR rubber 
and applying different process oil types. For the elastic and loss moduli dashed and con-
tinuous lines are used, respectively.

Fig. 12: Agricultural tire tread compound properties after heat aging (air, 72h@100°C).

Table 4: Tread compound properties, comparison between E-SBR and S-SBR and effect of 
process oil.

See OTR, page 18
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cured compounds, the replacement of 
TDAE with Matrilox or sunflower oil 
brings about a shift of the loss tangent 
peak to lower temperature values. For 
readability purposes only, we show loss 
tangent curves for NR compounds com-
prising a plasticizer content of 25 phr 
(Fig. 7). It can be observed that curves 
are very close for compounds containing 
Matrilox and sunflower oil. Similar re-
sults were found also in compounds 
based on synthetic rubber (E-SBR 1500). 
The shifting effect of the loss tangent 
peak is related to the lower glass transi-
tion temperature of the considered plas-
ticizers (Tg≈ -90°C vs Tg≈ -50°C).

Case study: Agricultural tire tread com-
pound

As farms have expanded, tires have to 
deal not only with the typical off-the-
road requirements, but also with the 
wear that accompanies increased high-

way and transport use. The reference is 
a multipurpose agricultural vehicle ca-
pable of being driven both in the fields 
and on roads. Experimental studies 
were carried out in the past to identify 
materials for improved farm tire tread 
performance.23-27

It was found that the use of precipitat-
ed silica in NR and SBR agricultural 
tread compounds is beneficial to many 
properties, including the resistance to 
chipping and chunking. In particular, 
the optimum mixing cycle for silica/si-
lane recipes requires three stages and 
an increase of mixing temperature and 
silane reaction time leads to an increas-
ing ratio of filler/rubber to rubber/rub-
ber bonds that improves properties im-
portant for an OTR tread (for example, 
modulus and abrasion resistance). 

It also was reported that synthetic 
elastomers like E-SBR bring an increase 
in the stiffness of the tread composition 
vs. NR, which unfortunately is generally 
accompanied by an increase in the hys-
teresis and thus in the internal tem-
perature of the tire during working. The 
investigated tread formulation reported 

in Table 2 is a dual filler recipe, con-
taining a small amount of high-cis-BR.

Part of NR is replaced by E-SBR or 
S-SBR. The target is a multipurpose 
agricultural vehicle capable of being 
driven both in the fields and on the 
roads. Table 3 compares important 
tread properties of the NR-based recipe 
with the widely used formulation con-
taining E-SBR/BR and the new proposal 
of S-SBR/BR. Compounds contain 
TDAE oil.

The replacement of part of NR with 
synthetic rubber increases stiffness (G* 
@ 60°C) and reduces hysteresis (loss 
tangent @ 60°C), with a positive effect 
on abrasion and rolling resistance indi-
cators. The increase of modulus at high 
temperature also is beneficial to wear 
resistance.

Furthermore, TDAE oil is compared 
with the already introduced bio-refinery 
plasticizer. Properties of tread com-
pounds containing SBR 1500 or the high 
performance S-SBR are summarized in 
Table 4. In agreement with the previ-
ously discussed data, the Mooney viscos-
ity is lower in the presence of the bio-
sourced Matrilox plasticizer for both 
E-SBR and S-SBR containing mixtures. 
The curing time t90 is shorter for S-SBR 
vs. E-SBR, because the non-rubber hy-
drocarbon component (soap residue) is 
altering the cure behavior according to 
the literature.4

The scorch time is shorter with Matri-
lox, according to previously reported data, 
in the case of E-SBR. No significant dif-
ference is observed for S-SBR. It must be 
pointed out that the chemistry involved in 
such a complex formulation should be ad-
dressed using a much more detailed ap-
proach. In addition, bio-sourced oils con-
taining functional groups may interfere 
with the silica-silane system.16

The vulcanization curves are reported 
in Fig. 8. The replacement of E-SBR with 
S-SBR is acceptable in terms of mechan-
ical properties, with the S-SBR based 

compound being more stiff in terms of 
tensile behavior. As expected, hysteretic 
properties (rolling resistance predictor = 
loss tangent @ 60°C, heat build-up and 
rebound) are better using the high per-
formance S-SBR and further enhanced 
with Matrilox bio-oil. Temperature sweep 
data is depicted in Fig. 9 (loss tangent 
curves). The curve shift of the bio-based 
compound toward slower temperature 
values is clearly observed and, as already 
discussed above, related to the lower Tg 
of Matrilox vs. TDAE.

Focusing on Fig. 9, a low temperature 
shoulder is observed in the loss tangent 
peak for the E-SBR/TDAE compound at 
approximately -50°C, accounting for a 
worse phase morphology of the immisci-
ble NR/SBR blend. This shoulder in no 
longer present after replacing the TDAE 
oil with the bio-plasticizer, probably due 
to a better mixing.

The loss tangent curve peak has a 
more uniform shape for compounds 
based on S-SBR, together with higher 
maximum and higher temperature at 
maximum. Since the Tg of E-SBR and 
S-SBR are comparable, these differenc-
es are related to better filler dispersion 
and different filler distribution in the 
polymer phases when using the high 
performance S-SBR.

The use of the bio-refinery plasticizer 
brings about an overall beneficial effect on 
both S-SBR and E-SBR based compounds. 
The introduction of the green-sourced 
Matrilox as process oil for the S-SBR 
compound makes the overall behavior 
very similar to that of the traditional one 
based on E-SBR and TDAE. This is a sig-
nificant advantage in terms of sustain-
ability and environmental impact, because 
an ingredient from renewable feedstock is 
introduced and because the TVOC is re-
duced through S-SBR technology.

In Figs. 10 and 11, the effect of the 
plasticizer on the dynamic moduli is 
shown for E-SBR and S-SBR-based 
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Fig. 14: Dynamic response of tread compounds containing high performance S-SBR and 
various contents of block S-SBR.

Fig. 15: Loss tangent plot of agricultural tire tread compound based on fn-S-SBR and 
bio-plasticizer at various contents of partial block S-SBR.

Fig. 16: Storage modulus of agricultural tire tread compounds. Comparison between the E-SBR/
TDAE reference compound and the formulation containing the S-SBR blend and the bio-plasticizer.

Table 5: Tread compound properties, effects of partial block S-SBR at various concentrations. Mix-
ture D is the reference compound with fn-S-SBR only. All compounds contain the bio-plasticizer.

Fig. 13: Hysteretic properties as a function of block S-SBR concentrations.

OTR
Continued from page 17

See OTR, page 19
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compounds, respectively. The position of 
the loss modulus curve peak is related to 
the Tg of the compound. Both Figs. 10 
and 11 show the effect on Matrilox on 
lowering the compound Tg with respect 
to TDAE. This effect has been widely 
addressed in the section pertaining to 
ASTM compounds.

Furthermore, Figs. 10 and 11 show 
lower values of the elastic modulus in 
the temperature range from -40 to -10°C. 
This effect can be a very important ef-
fect when designing tires, as lowering 
the low temperature stiffness of the 
cured compounds can be a desired prop-
erty, for example in winter tread and, 
more generally, in tread compounds re-
quiring an overall balance of properties. 
Together with the most suitable process 
oil, the cited balance can be achieved by 
combing different S-SBR types with 
specific traction resins.

The potential lower compatibility with 
the rubber matrix, expected for a polar 
bio-sourced oil like Matrilox, does not 
produce any significant worsening of heat 
aging resistance if compared with TDAE. 
Results are summarized in Fig. 12.

This fact probably is related to a de-
crease of the plasticizer diffusion coeffi-
cient due to the average larger size of 
Matrilox molecules, as a result of the 
bio-refinery process technology. Moreover, 
there is also a possible chemical interac-
tion of residual double bonds and function-
al group with polymers, fillers and com-
pounding ingredients, leading to a 
reduced migration in the rubber matrix.

The use of high performing low sty-
rene S-SBR, together with a silica/silane 
system, reduces hysteresis, resulting in 
lower rolling resistance for what is con-
cerning the use of agricultural tires on 
normal road. This is detrimental to 
wear resistance in the off-the-road ser-
vice, as it is known that compounds with 
higher hysteresis are best in the reduc-
tion of chip and chunk.28 In order to opti-
mize this property trade-off, it is possible 
to use a combination of S-SBR polymers. 

As already introduced, partial block 

S-SBR is able to increase hysteresis and 
hardness at the tire service tempera-
ture. The effect of various concentrations 
of SOL 1205 is reported in Table 5, re-
ferring to the formulation containing 
the high performance S-SBR and the 
Matrilox bio-plasticizer (Table 2).

From Table 5, it is noticed that the 
partial block S-SBR increases the com-
pound processability by decreasing the 
Mooney viscosity. In this case, this par-
ticular S-SBR acts as vulcanizable pro-
cessing aid. As expected, after curing, 
when increasing the content (phr) of 
partial block S-SBR, hardness is in-
creased and tensile stiffness decreased, 
with a significant advantage in terms of 
abrasion and tear resistances.

On the contrary, hysteresis is in-
creased, due to the worsening of rolling 
resistance predictor, lower rebound and 
higher heat build-up. In Fig. 13, loss 
tangent and heat build-up properties 
are plotted as a function of the block 
S-SBR content (phr). A clear trend in the 
data can be observed when increasing 
the phr of S-SBR SOL 1205. 

Fig. 14 shows the dynamic-mechani-
cal response of the cured compound. The 
glass transition temperature of the par-
tial block S-SBR (the one related to the 
random styrene-butadiene component) 
is lower than that of fn-S-SBR, causing 
a shift of compound Tg toward lower 
values. That also affects the position of 
the loss tangent peak position.

A comparison between the traditional 
formulation based on E-SBR and TDAE 
oil and the new one presented in this 
work (blend of S-SBR polymers and 
bio-plasticizer) is depicted in Figs. 15
and 16, in terms of storage modulus. The 
high temperature region is comparable, 
while the low temperature region shows 
lower stiffness and, then, better cold be-
havior (i.e. cold flexibility) for the more 
sustainable green formulation. A tuning 
of various compound properties, also in 
terms of dynamic viscoelastic response, 
is possible through a proper dosing of the 
partial block S-SBR polymer.

Conclusions
In this work, the introduction of 

S-SBR polymers in OTR tires is ex-
plored, together with sustainable plasti-

cizer (Matrilox) in replacement of tradi-
tional fossil based oil (TDAE).

Compound properties are explored in 
reference formulations (that is, E-SBR 
and NR ASTM recipes), where increas-
ing amounts of plasticizers are added. 
Properties of Matrilox are compared 
with TDAE and sunflower oil. When 
adopting Matrilox, independently of the 
polymer type, lower Mooney viscosity is 
found with no affection in the crosslink 
density after curing (MH-ML parame-
ter). Due to different chemistry, Matrilox 
and sunflower oil have different curing 
kinetics. 

In the frame of increasing the sus-
tainability of OTR tires, an agricultural 
tire tread compound is proposed as a 
case study, with the purpose of matching  
compound performance by the introduc-
tion of functionalized S-SBR and partial 
block S-SBR in replacement of E-SBR. 
This approach represents a promising 
tool for reducing TVOC content and 
overcoming the typical trade-off be-
tween mechanical properties, hysteresis 
and chip and chunk-related parameters.

The introduction of wise amounts of 
partial block S-SBR in the formulation 
brings about several advantages. The 
partial block S-SBR acts as an excellent 
vulcanizable processing aid able to in-
crease hardness, abrasion resistance 
and tear resistance. With a further ef-
fort in terms of go-green strategy, the 
replacement of fossil oil with a bio-refin-
ery plasticizer (Matrilox) provides per-
formance enhancement and LCA bene-
fits at the same time.
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Conti unveils bias-ply General-brand OTR tires
INDIAN WELLS, Calif. —Bias is back in the earthmover 

segment for Continental Tire the Americas L.L.C.
The tire maker, which re-entered the OTR market in 

2016, unveiled its first General-brand V.ply earthmover 
tires during a brief ceremony at its tabletop booth at 
the recent Tire Industry Association Off-The-Road Tire 
Conference.

The 65th annual conference was held at the Indian 
Wells Renaissance, a few weeks before the country was 
shut down because of the coronavirus pandemic.

Bias tires work well in applications such as earth-
mover tires, according to Shawn Rasey, Continental 
A.G.’s director of global business development for 
earthmover tires.

“It’s essentially at a very high cord angle for bias 
construction, which results in less squirm,” Rasey said 
of Conti’s proprietary “V.ply” construction. 

“As the tire goes through its footprint, if you end up with 
a cut in one of these tires, there’s a tendency for there to be 
less movement ... as the tire moves through its rotation.”

The tire maker said it has up to 22 layers of high-re-
sistance polymer fiber, aligned in a V-pattern and em-
bedded in up to three wire beads to deliver a sturdy tire 
construction.

Rasey said the tire is a “great fit” for L5 loaders, 
among other applications.

“They’re looking for more stability,” he said. “In a 
radial tire, you tend to get a little bit of a different ride 
characteristic than you would with bias tires.”

He said the price point is right for the cost-conscious 
mining industry.

“They want a quality tire that will give them years of 
good service,” Rasey said. “So that’s what the potential 
market is for this.”

Conti displayed the General TE188, which is a multi-
purpose earthmoving tire for use on articulated dump 
trucks, rigid dump trucks, loaders and scrapers.

The other five tires in the line are:
• General TE65: A low aspect-ratio, wide-base tire 

for wheel loaders and dozers operating in heavy-duty 
dig and load operations;

• General TE191: Heavy-duty wheel loader tire for 
dig and load operations;

• General TE6: L3 tire ideal for compact loader appli-
cations;

• General TE132: A wide-base non-directional tire de-
signed for dump trucks in harsh off-road conditions; and

• General TE11: Rugged tire design primarily used 
for grading services up to 6 mph.

Conti said the V.ply technology features multiple 
cords arranged in a recognizable V-shape, combining 
“robustness and tire stability with rim seat, force 
transmission and steering response in demanding ve-
hicle operations.”

Rasey said between 20 and 25 sizes will be available 
initially, with the complete lineup set by early summer. 

He said the new line completes a three-pronged ap-
proach for the tire maker: It now offers lines for indus-
trial, ag and construction.

“There are so many options today in the OTR tire 
space, with tires coming from all over the world, includ-
ing India, China, Thailand, Vietnam,” Rasey said. “One 
of the things that is nice about this is our dealer base 
has the ability to offer a competitively priced tire with a 
name that America knows and loves.”

He noted the General brand dates back to 1915. “It 
makes it an easier sell for them when they go to a cus-
tomer, since it has a more recognizable identity,” he 
said. Conti will manufacture the tires at its plant in 
Malaysia.

Shawn Rasey, Continental’s director of global business devel-
opment for earthmover tires, shows off the General TE188, a 
multi-purpose earthmoving tire for use on ADTs, RDTs, load-
ers and scrapers.

By Don Detore
Tire Business




