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Nano-level optimization of tire materials is enabling the latest products
to play an important role in developing a more sustainable transport system
By ALEX GRANT

I

nnovations in the tire supply chain have
long strived to expand the ‘magic triangle’
of performance attributes, but it’s a polygon
gaining extra sides. Environmental pressures
are extending not only to encompass particulates
in use, but also from manufacturing and disposal.
Developments in materials for next-generation tires could
be as significant as in the connected, autonomous
and electrified vehicles they are fitted to.
According to Grand View Research, OEM efforts to
reduce fuel consumption meant that in 2018, low rolling
resistance tires accounted for 45% of global demand, up
from 15% in 2011, which has made the industry a major
consumer of silica. But volumes are also growing; a recent
Smithers report predicted a 20% rise in raw material
use to 54.5bn tons, between 2017 and 2022. Reduced
environmental impact throughout the life cycle can
make a big difference.
Dr Roland Krafczyk, VP global applied technology
tire and rubber at Evonik, cites the introduction of silica/
silane as the biggest recent industry trend, and says R&D
is addressing both improved abrasion resistance and
processing during manufacture. The company recently
launched a silane-modified liquid polybutadiene, which

“

In 2018, low
rolling resistance
tires accounted for

45%

of global demand

Left: Air retention
is a critical factor in
a tire’s performance,
ExxonMobil highlights
Right: Evonik’s silicas
and silanes are said
to expand the typical
operating remit of a tire

The challenge is the cost
of bio-based raw materials
and sustainable energy sources,
compared to low prices for
crude oil and natural gas”

Dr Roland Krafczyk, VP global applied technology tire and rubber, Evonik

enables reduced rolling resistance tread compounds
and partial oil replacement during production, and it’s
incorporating more sustainable feedstock too.
“Evonik already uses mainly bio-ethanol for the
production of all rubber silanes. The company’s goal is
to use 100% bio-ethanol in the near future. The challenge
is the cost of bio-based raw materials and sustainable
energy sources, compared to low prices for crude oil
and natural gas,” Krafczyk explains.
“The other challenge is the performance of recycled
materials from end-of-life tires. One solution is Evonik’s
Vestenamer, [a] polymer [which] acts as a compatibilizer
for different rubber grades and improves the recyclability
of rubber from end-of-life tires.”
Sumitomo Rubber Industries began using sugar canederived liquid farnesene in 2016 and recently claimed
a world-first application of cellulose nanofiber (CNF)
– a micro-refined wood pulp. Dr Bernd Lowenhaupt,
managing director at Sumitomo Rubber Europe says
molecular-level research and simulation is enhancing
on-road attributes, but close attention is being paid
to production too, including reduced odor emissions
from raw natural rubber and the type and amount of
materials used.
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A 40%
reduction
in permeability
provides a

He notes, “We continuously analyze and optimize
the manufacturing processes and components used to
produce Falken tires. This includes the NEO-T01 process,
which enables us to produce more consistent tires
that use less material, [as well as] advanced research
into biosynthetic mechanisms that extends into the
nanostructure level of the tire’s structure. This research
is making it possible to produce natural rubber using
environmentally-compatible methods.”
These efforts are creating new alliances. Birla Carbon
for example, revealed a new masterbatch at the start
of 2020, co-developed with Brazilian biotech company
GranBio. It combines carbon black with a lignin-coated,
easily-degradable hydrophobic nanocellulose derived
from wood, forestry and agriculture waste. The material is
claimed to contribute to reduced rolling resistance as well
as increasing the share of renewable raw materials used.

30%

improvement
in IPLR

Performance improvements during usage are also critical.
Sujith Nair, senior market developer, specialty elastomers
and butyl at ExxonMobil, says tires typically have an
inflation pressure loss rate (IPLR) of between 2.5% and 3.5%,
calculated monthly, and that consumer awareness of this
is low. This can offset some of the performance, efficiency,
comfort and durability improvements the industry has
worked toward, and external factors are contributing to
the issue.
“Advances in engine technologies and synthetic
lubricants have significantly extended the service
intervals of vehicles, which acts as a correction point
for underinflated tires as well,” he says. “With radical
shifts happening in the mobility sector – connectivity,
autonomous vehicles, sharing concepts and electrification
– on the near horizon, it would be highly beneficial to
have maintenance-free tires with the lowest possible air
loss rates.”
Nair reveals that studies have focused on the tire
inner liner, with internal research showing the biggest
improvements in retention delivered through materials.
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Air-retention

Right: Sustainable
masterbatch tech has
been introduced by
Birla and GrandBio
Below: A novel
microscope analysis
technique from SRI
revolutionizes the
study of materials

“

Sometimes both
material and
structural changes are
required to achieve
the optimal result”

Theo Al, global director of technical service,
reinforcement materials, Cabot Corporation
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 HEAVY GOING
Despite very different performance requirements,
heavy-duty tires are facing similar environmental
pressures with big potential for improved materials.

“

We continuously
analyze and optimize
the manufacturing processes
and components used
to produce Falken tires”

Dr Bernd Lowenhaupt, MD, Sumitomo Rubber Europe

Whereas halving the inner liner’s end to toe distance
offers a 10% improvement in IPLR, a 40% reduction in
permeability provides a 30% improvement in IPLR.
“Generally, permeability is reduced by minimizing low
molecular weight materials such as oils and eliminating
secondary polymers such as natural rubber. However,
these modifications come at the expense of processability
and productivity. Decreasing permeability without
adversely affecting processability requires a new polymer
with intrinsically low permeability than halobutyl rubber,”
he explains.
“Also, if the limits of these ingredients have already
been reached – for example, if an inner liner compound
already has almost no oils or secondary polymers and low
amounts of resins, then [a less permeable polymer is]
the only way to reduce air loss further.”
ExxonMobil Exxpro elastomers use a process
of carbocationic polymerization of isobutylene and
para-methyl styrene followed by halogenation, which
eliminates the use of isoprene and produces fully
saturated carbon-carbon bonds as a molecular backbone.
The company says this offers reduced potential for
cracking and splitting due to oxidation and heat, with
greater chain stiffness and higher packing density making
it harder for oxygen molecules to pass through.
For an inner liner, Nair claims one-third greater
stretch resistance of the uncured compound on the
building drum (green strength) and a similar reduction in
shrinkage when compared to bromobutyl, which results
in more dimensional stability. The resulting material is
claimed to be resistant to degradation (reversion) from
long-term heating and 20-30% less permeable, which
he says provides a 20% improvement in IPLR. Because

Dilip Vaidya, president and
director of technology at BKT
Tires, says the company is working
towards integrating Russian
dandelion (Taraxacum kok-saghyz)
as a latex alternative. Its TKS
supplier-partner, Kultevat, claims
a two and a half times higher
yield per acre, with much shorter
cultivation times and highlyautomated harvesting.
Vaidya adds, “We have
also done much research and
experiments into graphene.
It is considered the thinnest,
the strongest, and the most
conductive material in the
world in terms of both electricity
and heat [providing] increased
wear and puncture resistance,

Main: ExxonMobil is
developing solutions
to improve air retention
Above: Graphene is
top of the agenda for
Indian tire maker BKT
in its materials work

higher tensile strength as well as
improved rolling resistance, and
extraordinary durability.”
Cabot Corporation introduced
a range of engineered elastomer
composites solutions earlier this
year, designed to improve the
durability of heavy-duty tires.
The supplier claims that the
materials also enable fewer and
50% shorter mixing stages, and at
lower temperatures, to minimize
environmental impact during
manufacture. Tires containing the
material also run cooler, extending
lifespans by 15-30%, cutting waste
and reducing costly downtime.
“New materials can help with
expanding ‘the toolbox’ that tire
makers have at their disposal in
order to address the changing
demands,” says Tom Miller, VP
and general manager. “And it’s
not just about breaking trade-offs
regarding performance, these new
materials need to break trade-offs
in manufacturing as well.”

crosslinking occurs via substitution of benzylic bromide
groups, the curing process is sulfur-free.
Cabot Corporation also sees air retention as a key
industry issue, particularly as electric vehicles become
more commonplace. Theo Al, global director of technical
service, reinforcement materials, says the company is
investigating material changes using particle morphology
and new composites and compounds that are designed to
be compatible with manufacturers’ existing equipment.
“Sometimes both material and structural changes are
required to achieve the optimal result,” he says. “We have
an array of products that can help tire manufacturers
with substantially reducing air permeability of their inner
liners. [These] can be used to either improve air retention
or to allow a thinner inner liner, which has many benefits:
use of less materials, [reduced] costs, weight saving, and
reduced rolling resistance.”
Already recognized as a linchpin of vehicle safety
and efficiency, tires could play an equally vital role within
the automotive industry’s ongoing sustainability efforts.
Material changes here may be invisible to the naked
eye, but they’re no less significant than more obvious
evolutions to the vehicle they’re fitted to. 
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