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Since the ban of aromatic oil by the 
European Commission in 2010, the use 
of high Tg oligomeric materials to com-
pensate the loss of wet traction in pri-
marily passenger tires has spread out 
considerably.1

The use of resins has gained a lot of 
interest and has become quite common, 
which is observable in the patent litera-
ture. Between 2010 and 2015, around 30 
to 40 patent applications were published 
per year. Since then this number has 
increased significantly to up to 100 per 
year or more.

Resins to improve primarily wet trac-
tion are mentioned and claimed in com-

bination with a vast variety of other 
polymers, fillers and rubber chemicals. 
This constitutes a paradigm change of 
utilizing additives known since decades 
for another purpose.2

Background
The effect of resins on the viscoelastic 

properties of primarily passenger car 
tire tread compounds has been the sub-
ject of several publications.3 New resins 
are being developed to address the con-
tinuously more stringent need for in-
creased wet traction combined with a 
reduction in rolling resistance.4

Because the elastomers are character-
ized by their composition of monomers—
including functional groups, macro- and 
micro structures, molecular weight and 
its distribution, and synthetic process—
numerous elastomer grades exist global-
ly. As with elastomers, resins also differ 
in their monomer composition, molecu-
lar weight and distribution, and poten-
tial functionalization, and as a conse-
quence there also are a vast number of 
resins available globally. Considering 
the large number of combinations of 
elastomers and their blends with the 
resins interacting with the elastomers 

and other rubber compound constitu-
ents, the pairing of elastomer system 
and resin selection targeting specific 
performance attributes can be very 
cumbersome.

In order to assist in choosing an opti-
mal resin for an application, various ap-
proaches have been carried out to gain a 
better understanding of the interaction 
between these oligomeric high Tg mate-
rials and elastomers.4 Solubility has 
been considered experimentally by gen-
erating phase diagrams of binary poly-
mer-resin systems5 in which the Tg of the 
combined system is being followed.

Matching against the Fox equation6 

should provide information on the misci-
bility of both components. This approach 
has been reviewed recently7 and found 
not to be useful for the description of 
phase behavior of simple polymer resin 
systems because of the fact that only in 
small dosages the requirement of the 
Fox equation—no interaction  between 
polymers—are matched. At higher dos-
ages of the resin solved in a polymer the 
deviation from the prediction indicates 
that there are interactions between res-
ins and polymers which are currently 
not understood.

Another way to address solubility is 
the calculation of the Hildebrand or 
Hansen solubility parameter δ which 
was also reviewed7 and found to be not 
helpful because of the fact that results of 
the calculations are not precise enough 
to predict the phase behavior of the resin 
polymer systems. As long as the resin 
molecular structures are not deter-
mined, the solubility parameter calcula-
tions for the resins are merely based on 
assumptions derived from the monomers 
used to synthesize the oligomeric resins.

The entity of spatial arrangement of 
the resin molecules is missing in these 
calculations, but it is exactly this feature 
which influences the interaction be-

tween resin and polymer. In so far, the 
usefulness of determining solubility pa-
rameters is rather limited.

In order to close this knowledge gap 
and to gain information of the polymer 
resin interaction on viscoelastic proper-
ties, a method was proposed to reduce 
rubber compounds to simple polymer 
resin blends which are subjected to Dy-
namic Mechanical Analysis.2,4,7

By casting these simple mixtures out 
of solution, any influence of distribution 
and dispersion generated by thermo-me-
chanical mixing is avoided. Earlier, the 
influence of the styrene and vinyl con-
tent of solution SBR was studied.4 But 
also data on the behavior of selected 
resins in an immiscible polymer system 
SSBR-NR was provided earlier.3,8

Compounds based on matrices com-
prising polymers of different types in 
different ratios are very relevant for the 
manufacture of passenger car tire treads. 
The corresponding polymer systems were 
studied by DMA of solvent cast polymer 
resin blends to elucidate how the interac-
tion changes in presence of another poly-
mer. Therefore, the polymer resin inter-
action of matrices based on two and three 
different polymers blended with three 
different resin types were studied. 

Experimental description
Materials

For rubbers and resins used,  see Ta-
bles 1 and 2, with characteristic prop-
erties, toluene p.A. and Melinex Polyes-
ter film.

Equipment
• Roller bench: Stuart SRT9D, Stuart 
Sc., Cole Palmer, Staffordshire, United 
Kingdom;
• Film coater: K202 control coater, bar 
No. 8, RK Print Coat Instruments Ltd., 
Herts, U.K.;
• Drying oven: Universal Oven UF110,  
Memmert GmbH & Co K.G., Schwabach, 
Germany; and
• DMA: Ares G2 rheometer , TA Instru-
ments, Delaware.

Sample Preparation
The sample is a mixture of pure poly-

mer and resin, without any other addi-
tive. The pure mixed is then measured 
on a DMA. The details of the preparation 
and measurements are proprietary to 
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Results and discussion
For the investigation of the influence of 

polymer blends on the interaction with 
resins, a typical non-functionalized 
SSBR, SSBR-A with styrene content of 
20 percent and a vinyl content of 45 per-
cent was selected. Three resins repre-
senting different resin classes were se-
lected: Sylvatraxx 4401, a versatile pure 
aromatic resin; Sylvatraxx 4125, a poly-
terpene resin made from a terpene 
monomer blend comprising D-limonene;  
and Sylvatraxx 5216, a modified polyter-
pene resin with a high softening point.

All are available from Kraton Chemi-
cals. These resins have significantly 
different glass transition temperatures 
Tg, i.e., 39, 75 and 97°C, respectively. 
The resins were added in two concentra-
tions to the polymers, for example 15 
and 30 percent. 

The addition of a resin to a polymer 
results in a shift of the tan δ transition. 
Because the glass transition tempera-
ture Tg of a resin is higher than the one 
of the polymer, the shift is directed to-
ward higher temperatures. For the 
characterization of these shifts, the dif-
ference ∆T of the temperatures at the 
maximum tan δ between the neat poly-
mer or polymer blend and the corre-
sponding polymer resin blend are calcu-
lated according to the equation 1 shown 
in the subsequent tables.

∆Ttanδmax = Ttan δmax(resin – polymer blend) 
– T tanδmax(pure polymer (blend))1

In general, it is expected that higher 
Tg’s of resins would translate to larger 
shifts of the tan δ transition provided 
that both materials are miscible with 
each other. However, in the polymer SS-
BR-A at low resin concentration of 15 
percent, the three TEA’s have almost 
similar ∆Ttanδmax despite their significant-
ly different Tg (Table 3). This can be in-
terpreted by assuming that the pure aro-
matic resin has the better miscibility 
than the other two tread enhancement 
additives in SSBR-A. Only at a higher 
resin concentration of 30 percent, the 

Table 1: Rubber properties.

Table 2: Tread enhancement additive properties.

Table 3: Difference of transition shifts ∆Ttanδmax between the position of the transitions of the single polymer SSBR-A and its 
polymer blend with Nd-BR mixed with TEA.

Executive summary
Numerous polymers with varying macro and micro structures are offered by 

the rubber industry for a large variety of tire applications. In order to improve 
the understanding of the achievable performance, tread enhancement additives 
from different chemical classes have been studied by investigating their behav-
ior toward a variety of polymer blends being relevant for the design of tread 
compounds.

This paper will describe the phenomenology of the interaction of tread en-
hancement additives with these polymer systems and characterize the magni-
tude of performance improvements.
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higher Tg’s of the resin translate into a 
higher ∆Ttanδmax of 17.0, 20.0 and 22.1°C. 
This seems to indicate that their miscibil-
ity is increasing with increased dosage so 
that the Tg’s differences and the corre-
sponding shifts are becoming more visible.

By replacing 30 phr of SSBR-A with 
Nd-BR the transitions of the 15 percent  
dosage shift with an increment of 2.9, 
1.0 and 3.0°C, respectively, compared to 
the single polymer blends. It is surpris-
ing that with the SSBR-A - Nd-BR re-
placement the pure aromatic resin 
shows a much larger shift than the 
polyterpene. When the chemistry and 
polarity is taken into account, the other 
way around was expected. It seems that 
the interaction between pure aromatic 
resin and the SSBR-A part in the poly-
mer blend is strong, so that its lower Tg 

still translates into a larger shift. At the 
higher dosage of 30 percent, the shifts 
are again more in line with the Tg’s of 
the resins.

 In Table 4 the shifts of the immisci-
ble polymer matrix SSBR-A/IR are 
compared to the single SSBR-A blend. 
There are two transitions in the immis-
cible binary polymer blend: Transition 1 
is linked to a polyisoprene (IR) related 
transition, and Transition 2 to the SS-
BR-A transition.

The pure aromatic resin causes a 
large shift of Transition 2 while Transi-

tion 1 is barely affected. The higher shift 
of Sylvatraxx 4401 in the blend com-
pared to the pure SSBR-A blend can be 
interpreted with the concentration of 
the resin in the SSBR phase only, effec-
tively increasing the dosage of the resin 
in this phase, while it is almost not 
present in the IR phase.

Opposite to this, the polyterpene resin 
is broadly distributed between these two 
phases, showing a small shift in Transi-
tion 2 and a large shift in Transition 1. 
The behavior of the modified polyter-
pene lies in between both cases, high-
lighting its hybrid nature. These effects 
occur in both dosages.

Table 5 shows the results of the shifts 
when 10 phr of the SSBR-A in a SSBR/
BR blend are replaced by 10 phr of IR. 
The shift of the pure aromatic resin 
drops by 2°C, while it is expected that 
its shift should be larger due to the re-
placement of polymer with affinity to 
the resin with a polymer which is not 
accommodating the pure aromatic resin 
so that the concentration of the resin in 
the remaining SSBR/BR entity should 
be higher and therefore shift more. The 
same feature is observable with the 
modified polyterpene, although the shift 
drops by 1°C. The shift increase of the 
polyterpene can be explained by its 
higher affinity to IR so that its high Tg 

translates into a slightly larger shift.
For the higher dosage of 30 percent it 

is interesting to note that for the pure 
aromatic and modified polyterpene the 
shifts do not change. It seems that 
amount of resin is so large that a varia-

tion of 10 phr more or less SSBR does not 
play a role which could be associated to 
resin saturation in that phase.

What has been observed for the pure 
aromatic and the modified polyterpene 
resin at a lower dosage is now occurring 
for the polyterpene resin. The shift is 
reduced by 3°C, which can be explained 
that the compatibility starts to drop as a 
result of the high dosage combined with 
a high Tg, which indicate higher molecu-
lar weight. 

When 10phr of SSBR-A are replaced 
by BR in an immiscible SSBR/IR sys-
tem, the resultant transitions become 
more complex. (Figs. 1 and 2).

Replacing 10 phr of SSBR with BR in 
the polymer system SSBR/IR 70/30 re-
sults in an expected move of the major 
transition (SSBR/BR) to lower tempera-
tures. The position of transition of IR is 
not affected by this modification, but be-
cause of the increased proximity of the 
major SSBR/BR transition, the IR transi-
tion is now not separated anymore.

The following tables represent the 
shifts of the SSBR/BR transition (Table 
6a) and those of the shifts associated 
with IR transition (Table 6b). At the low 
dosage level of 15 percent, the shifts of 
all resins of the SSBR/BR transitions 
are remarkably increased going from 
the SSBR/IR system to the one in which 
10 phr of SSBR are replaced by BR.

Despite the reduction of the SSBR 
moiety for both pure aromatic and the 
modified poyterpene resin, the shifts 
are equally high exceeding the one of 
the polyterpene resin. The same se-

quence of shifts is visible in the immisci-
ble SSBR/IR systems so that it can be 
assumed that the presence of the BR 
does not change the compatibility differ-
ence between the resins, it only gener-
ates higher shifts.

At the higher dosage of 30 percent, the 
same can be said but at a very much high-
er level. The shift differences are relatively 
smaller, which could be explained by a re-
duced compatibility because of the larger 
resin amount present.

Table 6b shows the shifts of the IR 
transition, which are mainly shoulders 
and not discrete transitions. As said be-
fore, the replacement of SSBR by BR 
does not affect the shifts of the resins 
with the exception of the pure aromatic 
resin. The small shift reduction from 1 
to 0°C suggests that all of the resin is 
present in the SSBR/BR phase. If this is 
the case, then it seems that the pure ar-
omatic resin’s affinity to BR is higher 
than to IR.

When the dosage of the resins in-
creased to 30 percent,  some remarkable 
changes take place. The polyterpene 
resin absorbs the polymer matrix entire-
ly resulting in a single transition. A 
shoulder or a separated IR transition is 
not observable.

For the pure aromatic resin close to 
the IR transition, a third transition is 
visible at -42°C. Whether there is a shift 
difference of the IR transition is not 
clear because the determination of the 
∆Ttanδmax of the shoulders is imprecise. 
Most interesting is the behavior of the 
modified polyterpene. It also does not 
show a transition which could be associ-
ated with an IR signal. But it generates 
a transition which could be associated to 
BR instead. It seems that the affinity of 
the modified polyterpene to the SSBR/
IR phase is so large that it pushes out 
the BR to form its one phase. 

Conclusion
The interaction of resin with binary 

and ternary polymer matrices is form-
ing complex phase morphologies. The 
driving force can not only be associated 
with dipol-dipol interactions because 
they would only occur in the presence of 
the aromatic components in the polymer 
and resin.

For the non-polar components in poly-
terpenes and in BR or IR, only Van der 
Waal’s interactions are thinkable. Be-
cause of the weakness of these forces, 
small changes in the polymer matrix, 
but also in the architecture of the resin 
can generate drastic changes of the 
phase morphologies resulting in chang-
es of the viscoelastic properties. Because 
of the complex behaviors of these sys-
tems a generalization is deemed to be 
impossible so that modeling of phase 
morphologies seems to be far out.
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Table 4: Difference ∆Ttanδmax between the positions of the transitions of the single polymer SSBR-A and its polymer blend with 
IR mixed with TEA.

Table 5: Difference ∆Ttanδmax between the positions of the transitions of the binary SSBR-A/BR blend and corresponding ternary 
polymer blend SSBR-A/BR/IR mixed with TEA SSBR-A/BR/NR.

Fig. 1: Tan δ as f(T) of tread enhancement additives in a ternary polymer system 
SSBR/BR/IR, resin dosage 30 percent.

Fig. 2: Tan δ as f(T) of tread enhancement additives in a ternary polymer system 
SSBR/BR/IR, resin dosage 15 percent.

Resin
Continued from page 13

See Resin, page 16





16  Rubber & Plastics News  •  January 13, 2020 www.rubbernews.com

SPECIAL REPORT Process  Oils

Acknowledgement
The author thanks J. Vervelde, for the 

contributions and the management of 
Kraton Corp. for the permission to pres-
ent the paper.

References
1. V. Null; “Safe Process Oils for Tires with Low 
Environmental Impact,” KGK 52(12), 799, 1999.
2. W. Pille-Wolf, “Resins as Viscoelastic Modifiers 
in Tread Rubber Compounds—A Paradigm Change 
in Passenger Car Tire Tread Formulation,” Tire 
Technology International, March 2017, http://www.
tiretechnologyinternational.com/articles.php?Arti-
cleID=2084.
3. Citations in: W. Pille-Wolf, “Rubber Process and 
Tire Performance Additives from Trees, 188th 
Technical Meeting, ACS Rubber Division, Paper 
No. 32, 2015.
4. W. Pille-Wolf, “The Interaction of Sylvatraxx 
Performance Additives with Elastomers,” Tire 
Expo 2017, Hanover, Germany.
5. G. Thielen, R.H. Schuster, M.L. Hallensleben, 
“Model Resins Leading to a Controlled Polymer 
Phase Morphology,” KGK 46(4), 263, 1993.
6. T.G. Fox, Bull. Am. Phys. Soc. 1, 123, 1956.
7. W. Pille-Wolf, “Performance Improvements with 
Sylvatraxx Tread Enhancement Additives—In-
fluence of the Selection of Polymers and Polymer 
Blends, 192nd Technical Meeting, ACS Rubber Di-
vision, Cleveland, Ohio, October 2017.
8. W. Pille-Wolf, “Tailored Sustainable Products for 
the Tire Industry, Tire Technology Expo 2015, Co-
logne, Germany.

Table 6a: Difference ∆Ttanδmax between the positions of the transitions of the binary SSBR-A/IR blend and corresponding terna-
ry polymer blend SSBR-A/BR/IR mixed with TEA, SSBR related Transition 2.

Table 6b: Difference ∆Ttanδmax between the positions of the transitions of the binary SSBR-A/IR blend and corresponding terna-
ry polymer blend SSBR-A/BR/IR mixed with TEA, IR related Transition 1.

Resin
Continued from page 14

BKT to expand manufacturing footprint in India
By Don Detore

Tire Business

LAS VEGAS—Balkrishna Industries Ltd. (BKT) 
approaches business a little differently than most tire 
manufacturers.

Case in point: Instead of searching the globe for a 
carbon black supplier, BKT builds its own plant.

“We are different,” Arvind Poddar, the company’s 
chairman and co-managing director, said at the recent 
Specialty Equipment Market Association Show in Las 
Vegas.

The company’s recent decision to suspend plans to 
construct its first U.S. factory—citing “business uncer-
tainties” related to difficult macroeconomics and the 
“volatile” climate conditions—would seem to indicate 
the company will curtail investment until market con-
ditions indicate otherwise.

Hardly. According to Poddar, BKT—which produces 
agricultural, industrial and OTR tires at four plants in 
India for the global market—is in the process of invest-
ing between $500 million and $550 million in a series of 
expansions, including:

• A chemical plant on the grounds of the Bhuj factory 
complex in northwest India for manufacturing carbon 
black; 

• A new plant in Waluj, Maharashtra State, to re-
place a 30-year-old farm/industrial/OTR tire plant 
nearby; and 

• Modernizing plants in Bhiwadi and Chopanki, lo-
cated in India’s northern Rajasthan State. 

Phase 1 of the carbon black plant project at the Bhuj 

factory is complete, Poddar said, and Phase 2 to expand 
capacity will be completed by March. Once that hap-
pens, he said, the company will look to expand again.

Rated at 140,000 metric tons per year at full capacity, 
the plant supplies BKT’s Indian facilities, at an annu-
alized rate of 60,000 metric tons and will increase to 
80,000 once Phase 2 is complete. 

“We wanted to see how we can get a good quality, 
constantly,” Poddar said. “Carbon black is a very crucial 
ingredient for producing the tire. What we have seen is, 
by using our carbon black, the quality of the tire has 
improved.”

According to Minoo Mehta, president of BKT USA 
Inc., flue gas from the carbon black plant provides fuel 
for the adjacent tire plant.

“It makes us more green, more sustainable,” said 
Doug Kershaw, vice president of BKT USA. 

In Waluj, in west-central India, BKT is building a 
new facility on a 40-acre greenfield site, about 2.2 miles 
from the older plant, which sits on a 10-acre plot, Pod-
dar said. The new factory will have 80 percent new 
equipment. 

Poddar said both plants will operate concurrently for 
a time to maintain current production levels, but once 
the new plant is completely onstream—the target is the 
third quarter of 2020—the older plant will be shut.

The plant in Bhiwadi produces radial tires for agri-
culture and bias-ply tires for agriculture and earth-
moving applications as well as for the industrial sector, 
while the nearby Chopanki facility specializes in the 
production of steel radial tires for the industrial and 

OTR sectors.
“We decided to modernize both plants after seeing 

the result of the Bhuj plant, our latest plant (which 
opened in 2013), and the benefits we’ve seen,” Poddar 
said. “The other main focus is always not quantity but 
quality. We always are looking to improve the quality, 
continuously.”

The target date for completion of those projects is 
June 2020, Poddar said.

BKT, the 36th largest tire maker worldwide based on 
fiscal 2018-19 sales of $798 million, isn’t content with 
just those investments. Buoyed by the success of its 
large earthmover tire plant in Bhuj—which is being 
expanded to 400 acres—Poddar said the company is on 
track, so to speak, to enter the rubber track market, as 
well as produce 57-inch OTR tires at that facility.

The first rubber track products are expected to be 
released in March or April, Poddar said, “but the com-
plete range will take some time,” perhaps not before 
year-end 2020. 

The venture into tracks was a natural progression for 
BKT, according to Poddar.

“We are always looking for what else we can offer,” he 
said. “This is the area we thought we can go into.”

He said customers asked for the product. “We carried 
out some studies and realized we can do it. ... We’re very 
confident in it.”

Poddar said BKT’s customers, for the most part, 
adapt to the tire maker’s practice of producing tires 
only that are ordered, and thus plan accordingly. But if 
there is a miscalculation, the company does store some 
product at its U.S. and European warehouses.

The formula seems to work. Poddar reported growth 
of 3 percent to 3.5 percent in ag tire sales this year and 
40 percent growth in OTR sales.

“We don’t think about taking market share from 
Company X or Company Y,” he said. “We have to grow. 
That’s what our policy is.” 

The North American market—which represented 15 
percent of the firm’s global sales last year, or roughly 
$120 million—is a big part of that growth plan, and 
Poddar said plans for building a U.S. plant will be re-
visited “in a year or so.”

“(The plan) is not dropped,” he said. “It is on hold.”
BKT’s sales in North America last year were 41 per-

cent ahead of 2017-18, the firm’s financial statements 
show. 

Poddar said BKT doesn’t react—or overreact—to 
evolving market conditions. Quality takes precedence, 
followed by long-term planning.

“We are preparing ourselves for the surge that will 
come,” he said. “All this is a long-term thought process. 
We are very, very bullish on the future of our industry.”BKT tires on the Scooby-Doo truck at SEMA.

Tire Business photo by David Manley

Arvind Poddar, chairman and managing director of 
BKT, stands in the BKT booth at SEMA.




