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Are nano-tire wear particles (nTWPs) 
a problem?
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• Overview of the topic
• Recent literature investigations
• Our recent measurements
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Gieré R, 
Dietze V Tire-
Abrasion 
Particles in 
the 
Environment
Adv. Polym. 
Sci. 118 12 
(2022).
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of Microplastics in the Environment Int. J. Env. Res. Pub. Health 14 1265 (2017).

Weight is distributed lower in the vehicle, cornering is sharper 
Torque is significantly greater especially from a dead start

Chevy Bolt (micro commuter car) 0-60 in < 4 seconds
EV tires may contain more silica

8

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Kole PJ, Löhr AJ, Van Belleghem FGAJ, Ragas AMJ Wear and Tear of Tyres: A Stealthy Source 
of Microplastics in the Environment Int. J. Env. Res. Pub. Health 14 1265 (2017). 9

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Kole PJ, Löhr AJ, Van Belleghem FGAJ, Ragas AMJ Wear and Tear of Tyres: A Stealthy Source 
of Microplastics in the Environment Int. J. Env. Res. Pub. Health 14 1265 (2017). 10

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Evangeliou N, Grythe H, Klimont Z, Heyes C, Eckhardt S, Lopez-Aparicio S, Stohl A Atmospheric 
transport is a major pathway of microplastics to remote regions Nature 11 3381 (2020). 11

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Evangeliou N, Grythe H, Klimont Z, Heyes C, Eckhardt S, Lopez-Aparicio S, Stohl A Atmospheric transport is a major 
pathway of microplastics to remote regions Nature 11 3381 (2020).

12

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



13

Greg Beaucage Univ. Cincinnati beaucag@uc.edu

Laboratory studies of TWPs



OPC optical particle counter
APS aerodynamic particle sizer
CPC condensation particle counter
FMPS fast mobility particle sizer
MPS mini-particle sizer

Kim G, Lee, S Characteristics of Tire Wear Particles Generated by a Tire Simulator 
under Various Driving Conditions Environ. Sci. Technol. 52 12153-12161 (2018). 14
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Kim G, Lee, S Characteristics of Tire Wear Particles Generated by a Tire Simulator 
under Various Driving Conditions Environ. Sci. Technol. 52 12153-12161 (2018).

Most particle emissions occur on cornering and breaking
This type device does not these conditions

15

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



16



APS is limited to particles larger than ~1 µm
Mass/volume emphasizes large particles
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Li Y, Shi T, Li X, Sun H, Xia X, Ji X, Zhang J, Liu 
M, Lin Y, Zhang R, Zheng Y, Tang J Inhaled tire-
wear microplastic particles induced pulmonary 
fibrotic injury via epithelial cytoskeleton 
rearrangement Env. Int. 164 107257 (2022). 19
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APS aerodynamic particle sizer
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Institute of Energy and Transport  Science and Policy Reports: Publications Office of the European Union, Luxemborg (2014).

VTI = Swedish National Road and Transport Research Institute (VTI), SE-582 95 Linköping, Sweden23
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Alves CA, Vicente AMP, Calvo AI, Baumgardner D, Amato F, Querol X, Pio C, Gustafsson M 
Physical and chemical properties of non-exhaust particles generated from wear between 
pavements and tyres 224 117252 (2020).  Used VTI simulator.

APS Aerodynamic 
Particle Sizer

SMPS Scanning 
Mobility Particle 
SizerSMPS Scanning 

Mobility Particle 
Sizer (electric 
mobility with 
DMS and CPC)

APS Aerodynamic 
Particle Sizer
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Kim J, Yang SI, Moon H, Hong J, Hong J, Choi W, Son H, Lee B-
C, Kim G-B, Kim Y Potential release of nano-carbon black from 
tire-waer particles through the weathering effect J. Ind. Eng. 
Chem. 96 322-329 (2021).

The Weathering Effect

Aggregation/Agglomeration
Breakup

To what extent is bound rubber separated 
from nano-filler materials

26

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Kim J, Yang SI, Moon H, Hong J, Hong J, Choi W, Son H, Lee B-
C, Kim G-B, Kim Y Potential release of nano-carbon black from 
tire-waer particles through the weathering effect J. Ind. Eng. 
Chem. 96 322-329 (2021).

The Weathering Effect

Grind the surface of a passenger car tire (Nexen CP21 
145R13C, Nexen tire, Korea) using a steel grater with ca. 100 
mm holes. 

Fragmentation of the TWP was conducted by abrasion through a 
mechanical process using a high-energy ball mill (planetary 
mill, Fritsch). 

Road samples were also collected.
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The Weathering Effect

Kim J, Yang SI, Moon H, Hong J, Hong J, 
Choi W, Son H, Lee B-C, Kim G-B, Kim Y 
Potential release of nano-carbon black from 
tire-wear particles through the weathering 
effect J. Ind. Eng. Chem. 96 322-329 (2021).
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The Weathering Effect

Kim J, Yang SI, Moon H, Hong J, 
Hong J, Choi W, Son H, Lee B-C, 
Kim G-B, Kim Y Potential release 
of nano-carbon black from tire-waer
particles through the weathering 
effect J. Ind. Eng. Chem. 96 322-
329 (2021).
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The Weathering Effect

Kim J, Yang SI, Moon H, Hong J, Hong J, Choi W, Son H, Lee B-C, Kim G-B, Kim Y Potential release of nano-
carbon black from tire-waer particles through the weathering effect J. Ind. Eng. Chem. 96 322-329 (2021).

10 µm

1µm

100nm
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The Weathering Effect

48 h 48 h

12 d 14 d
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The Weathering Effect

Wagner S, Klöckner P, Reemtsma T Aging of tire and road wear particles in terrestrial and freshwater 
environments – A review on processes, testing, analysis and impact Chemosphere 288 132467 (2022).32
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Calculation of adhesion energy for various particles

Waquier L, Myles BS, Henrard L, Vautard F 
Pappas CM, Feneon B, Delaitre C, Mehlem JJ, 
Khripin, Quantitative measurement of 
nanoparticle release from rubber composites 
during fabrication and testing J. Nanopart. Res. 
22 251 (2020).
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Calculation of adhesion energy for various particles

Sphere

RodPlate

Waquier L, Myles BS, Henrard L, 
Vautard F Pappas CM, Feneon B, 
Delaitre C, Mehlem JJ, Khripin, 
Quantitative measurement of 
nanoparticle release from rubber 
composites during fabrication and testing
J. Nanopart. Res. 22 251 (2020).

Condensation Particle Counter (CPC, 
Model 3007 TSI Inc.) and Mini Particle 
Sampler (MPS, Ecomeasure Inc.) 
connected to a calibrated pump (GilAir
Plus, Sensidyne Inc.)
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Mechanisms:

35

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Mechanisms:
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Mechanisms:

Campinas Brazil 37
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Mechanisms:
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What problems need to be addressed?

Some simple questions are not answered:

o What is the mechanism for release of nanoparticles?
o Extent of occluded rubber in nascent and aged TWPs
o What is the impact of silica versus carbon black filler?
o State of static charge on TWP, and the charge distribution with particle size?
o Is such a mechanism optimized for nanoparticles (the most toxic)?
o Are there optimal tire rubber compounds (beyond wear reducing elastomers Lanxess) for 

minimization of TWPs or for tuning TWPs for simple removal?

39

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Preliminary work

Nanoparticles electrostatically deposit on the surface of tread
Particle collection using scotch tape from passenger car tires
Particle collection from the work-space and from the surface of abraded tire rubber samples
Particles were measured using:

ultra-small angle X-ray scattering, XRD, APS, SMPS, TEM, SEM, TSI Dust Trak
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Preliminary work
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Preliminary Work
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Preliminary work

44

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Preliminary Work
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Tire Dust From 
Actively Used 
Consumer Tires

• Some samples show 
micron size 
agglomerates (3, 4, 7)

• Some show nano-size 
aggregates (2, 5, 6)
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Preliminary work
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Preliminary work
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Li Y, Shi T, Li X, Sun H, Xia X, Ji X, Zhang J, Liu 
M, Lin Y, Zhang R, Zheng Y, Tang J Inhaled tire-
wear microplastic particles induced pulmonary 
fibrotic injury via epithelial cytoskeleton 
rearrangement Env. Int. 164 107257 (2022).
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Preliminary work
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Summary

• How large of a problem are nano-tire wear particles (nTWPs)?
• Preliminary data indicates significant number density of nanoparticles.
• These particles seem to be electrostatically adhering to the tire in some cases 

which may be selective for small particles.
• The nanoparticles may serve as vectors for various chemicals in the tire such as 

thiols, 6PPD (Washington State study)

49

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



50

Greg Beaucage Univ. Cincinnati beaucag@uc.edu



Preliminary Work
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Comparison of Tire 
Compound/Dust in 
the Lab Near 
Abrader/N550 CB 

• Significant differences
• Lab dust is larger and 

simpler, mostly CB
• Lab dust has variability
• Compound has at least 

two structural fillers
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