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Abstract:
With the rapid development of the automotive industry, 
particularly the widespread adoption of new energy 
vehicles and intelligent driving technologies, higher 
demands have been placed on tire performance in terms of 
safety, fuel efficiency, and comfort. Traditional tire often 
fails to balance the critical “magic triangle” of properties: 
low rolling resistance, strong wet traction, and high wear 
resistance. In response, nanotechnology has emerged as a 
breakthrough, where materials such as nanocarbon black 
and nano-silica enhance performance via their unique 
interfacial interactions and network structures. This article 
reviews the reinforcement mechanisms and real-world 
applications of these nanomaterials, citing industrial 
examples where they significantly improve mechanical 
strength, reduce rolling resistance, and increase wet grip. 
However, obstacles related to dispersion homogeneity, 
production scalability, and eco-compatibility remain. 
Looking forward to future, emphasis should be placed 
on eco-friendly production techniques, multi-functional 
nano-fillers, and innovative surface treatments to promote 
the development of high-performance, sustainable, and 
intelligent tires.

Keywords: Nano-reinforced tire materials; nanocarbon 
black; nano silica.

1. Introduction
As the only component of the car in contact with 
the road, the performance of tires is directly related 
to the safety, fuel economy and driving comfort of 
the vehicle [1]. With the rapid development of the 
automobile industry, especially the popularization of 
new energy vehicles and intelligent driving technol-

ogy, higher requirements have been put forward for 
tire performance. Traditional tire materials face sig-
nificant challenges in meeting the „magic triangle“ 
performance balance, optimizing rolling resistance, 
slip resistance, and wear resistance at the same time, 
prompting researchers to seek new material solutions 
[2].
The rise of nanotechnology offers new opportuni-
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ties for innovation in tire materials. Nanomaterials show 
great potential in improving tire performance due to their 
unique dimensional, surface, and quantum effects [3]. 
Among them, nano carbon black, as the most mature na-
no-reinforced filler, has been widely used in the tire indus-
try [4]. In recent years, new nanomaterials such as nano 
silica, carbon nanotubes, and graphene have also shown 
excellent enhancement effects and functional characteris-
tics [5,6].
In this paper, the application of nanomaterials in tire re-
inforcement is systematically reviewed, focusing on the 
enhancement mechanism, performance characteristics 
and industrial application cases of nano carbon black and 
nano silica [7]. By comparing the enhancement effects of 
different nanomaterials, the advantages and challenges of 
nanofillers in improving the comprehensive performance 
of tires are discussed. Finally, the future research direction 
and development trend are prospected, to provide theoret-
ical reference and technical guidance for the research and 
development of high-performance tires [8,9]. Research 
shows that the rational application of nanomaterials can 
not only break through the performance limitations of 
traditional tires materials but also promote the transforma-
tion and upgrading of the tire industry in the direction of 
green and intelligence [10] .

2. Nanotech in tires

2.1 Nanocarbon black strengthen tires

2.1.1 Mechanism of Nano Carbon Black Enhancement 
and Performance Improvement

Nanocarbon black (particle size 10-100 nm) significantly 
enhances tire performance through a unique interfacial 
enhancement effect and a three-dimensional network 
structure [3].  Its high specific surface area and surface-ac-
tive functional groups form strong interfacial bonds with 
rubber molecules, creating a ‚bonded rubber‘ layer that in-
creases tensile strength by 20%-30% while simultaneously 
improving tear strength and wear resistance. The three-di-
mensional network built by carbon black aggregates opti-
mizes the Payne effect to balance the performance of the 
tire’s ‚magic triangle‘: reducing hysteresis heat generation 
by 15%-20% to decrease rolling resistance, maintaining 
a high loss factor (tan δ) to enhance grip on wet surfaces, 
while suppressing the propagation of wear cracks. In ad-
dition, the high thermal conductivity of nanosheet carbon 
black can reduce the temperature of tires during high-
speed driving by more than 10°C, significantly enhancing 
durability. Typical cases show that Zhongce Rubber uses 
carbon nanotube/black carbon hybrid materials, reducing 

the hysteresis loss of bus tire rubber by 15% and improv-
ing wear resistance by 20% [1].
2.1.2 Industrial application cases and development 
prospects

Industrial practices have confirmed the enhancement ef-
fects of nano carbon black. The Degussa Ecorax series 
of nano carbon blacks reduces rolling resistance by 20% 
and improves wet grip by 10% when blended with silica 
through controlling the aggregate branch structure. The 
modified carbon nanotubes/black carbon aggregates of 
Zhongce Rubber (adding 45-60 parts) improve disper-
sion through high-temperature jet treatment, significantly 
reducing heat generation while maintaining anti-wet slip 
properties [1]. The current challenge lies in high costs 
of decentralized processing, consistency in mass pro-
duction, and environmental compatibility. In the future, 
focus should be on surface functional modification (such 
as silane coupling agent treatment), multidimensional 
compounding with graphene/carbon nanotubes, and de-
veloping regenerated nano carbon black (such as EN660) 
to achieve green manufacturing. These directions will 
drive the innovative application of nanocarbon black in 
high-performance tires.

2.2 Nano silica reinforced tires
Pirelli’s Cinturato P7 tires incorporate a dual silane mod-
ified nano silica formulation originating from CNRS re-
search [6]. By employing a blend of γ-MPS and C18TES 
silanes, a distinctive interfacial architecture is formed 
between silica and the rubber matrix, which elevates wet 
grip performance by 15%, as evidenced by tanδ measure-
ments at 0°C. The modification further ensures consistent 
rolling resistance properties at 60°C, supporting high effi-
ciency across diverse driving environments. According to 
road tests, the improved interfacial flexibility contributed 
by the alkyl-based silane layer reduces operational stress, 
leading to a 22% enhancement in tread durability.
Similarly, Continental’s ContiSportContact 5 tires lever-
age an identical dual-silane functionalization strategy to 
achieve multifaceted performance gains. The treated nano 
silica achieves homogeneous dispersion within the com-
pound, which enhances vehicle control on low-friction 
surfaces. Evaluations under wet conditions demonstrate 
a 14% reduction in breakdown relative to conventional 
tires. Technology also imparts superior abrasion resistance 
under cyclic loading, contributing to an approximate 20% 
increase in service life. This case underscores how molec-
ular-scale silane engineering enables a balanced optimi-
zation of safety, efficiency, and longevity in modern tire 
development [5,6].
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2.3 Application of nanofillers
In the work by Zhang et al. on natural rubber (NR) com-
posites, both silica and coal fly ash were initially modi-
fied with the silane coupling agent KH-570 via grafting. 
[5] These functionalized fillers were then incorporated 
at varying ratios into NR. As the proportion of CFA in-
creased indicated by a reduction in ΔG′ from 339.7 kPa to 
88.05 kPa. This suppression was attributed to improved 
filler dispersion facilitated by CFA. Mechanical properties 
sch as tensile strength and elongation at break initially im-
proved and subsequently declined, reaching an optimum 
at silica ratio of 30/10. Additionally, the tanδ values mea-
sured at 0 degrees and 60 degrees decreased, suggesting a 
reduction in both wet traction and rolling resistance.
In a separate study by Zhou et al. focusing on solution-po-
lymerized styrene-butadiene rubber (SSBR) composites, 
carbon nanotube bundles (CNTBs) and silica were em-
ployed as reinforcing fillers [2]. Among three types of 
CNTBs evaluated, GT205 exhibited the most favorable 
orientation and dispersion within the rubber matrix, the 
incorporation of 2 phr GT205 significantly enhanced the 
static mechanical properties, yielding at 12.3% increase in 
tensile strength and a 23.5% improvement in tear strength. 
Moreover, the GT205/SSBR composite displayed a vol-
ume resistivity of 1.37x107Ω•cm, which is 6055 times 
lower than that of the reference sample, satisfying the an-
tistatic requirements for tire tread applications. All CNTB 
variants formed continuous filler networks, resulting in 
a noticeable Payne effect. Notably, GT205 induced the 
smallest rise in tanδ (only 4.4% at 7% strain), demonstrat-
ing superior dynamic behaviors.

3. Outlook
In the future, efforts should focus on designing new mul-
tifunctional nano-fillers, achieving synergistic enhance-
ment of performance through precise control of the fillers’ 
surface chemical properties, morphological structure, 
and size distribution. For example, developing core-shell 
structured nanofillers, hybrid materials to simultaneously 
optimize the mechanical properties, dynamic perfor-
mance and functionality of tires. Innovation in surface 
modification technology is particularly crucial, requiring 
the exploration of new coupling agents and green mod-
ification processes, to further enhance the interaction at 
the filler-matrix interface, reduce hysteresis losses, and 
improve the dispersion stability of fillers in rubber. In ad-
dition, Carbon nanotubes and graphene are two new types 
of nanofillers, and the innovative functions of tires such as 
antistatic properties and high thermal conductivity are due 
to them. However, challenges such as the high cost of the 

dispersion process persist in industrialization. Future ef-
forts should prioritize green manufacturing processes and 
the development of multifunctional nano-fillers.

4. Conclusion
This study systematically explores the application of 
nanomaterials in tire performance optimization, focusing 
on the enhancement mechanisms, industrial practices, and 
future directions of nanocarbon black, nano-silica, and 
other nanofillers. The findings confirm that nanomaterials 
have become a core driving force for breaking through the 
performance limitations of traditional tires, particularly in 
balancing the “magic triangle” of low rolling resistance, 
strong wet grip, and high wear resistance.
Nanocarbon black, as a mature and widely used nanofill-
er, improves tire mechanical strength and reduces rolling 
resistance by constructing a three-dimensional network 
structure and relying on interfacial enhancement effects—
industrial cases. Additionally, innovative applications of 
nanofillers further expand the functional boundaries of 
tires, such as enhancing antistatic properties and reduc-
ing hysteresis loss, providing diversified solutions for 
high-performance tire development.
However, the industrialization of nanomaterial-reinforced 
tires still faces three key challenges: high costs of nano-
filler dispersion processing, difficulty in ensuring consis-
tency during mass production, and the need to improve 
environmental compatibility of manufacturing processes. 
To address these issues and promote the sustainable de-
velopment of the tire industry, future research should 
focus on three directions: first, developing multifunctional 
composite nanofillers to achieve synergistic optimization 
of mechanical, dynamic, and functional properties; sec-
ond, innovating green surface modification technologies 
to strengthen filler-matrix interface bonding while reduc-
ing environmental impact; third, exploring regenerated 
nanomaterial technologies to lower production costs and 
realize circular economy in the tire industry.
In summary, the rational application of nanotechnology 
not only solves the long-standing performance trade-off 
problem of traditional tires but also paves the way for the 
transformation of the tire industry toward high perfor-
mance, greenness, and intelligence. With the continuous 
advancement of material design, process innovation, and 
industrialization technologies, nanomaterial-reinforced 
tires will play a more critical role in supporting the devel-
opment of new energy vehicles and intelligent transpor-
tation systems, contributing to safer, more efficient, and 
more sustainable mobility.
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