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Brake wear particle emissions are typically associated with vehicle traffic. We determined brake friction 
works and brake wear particle emissions under realistic vehicle driving and braking conditions using 
currently used brake systems. We used commercially available brake systems and performed regression 
analysis between brake friction works and PM10, PM2.5, SPN (Solid Particle Number), TPN (Total Particle 
Number) [1]. Nanoparticle PM (Particle Mass) emissions tended to increase slightly with lower brake 
friction works, however, they did not contribute significantly to the overall PM percentage. We found that 
the phenomenon of emission of high concentrations of nuclei mode particles (<20 nm in diameter) 
occurred under high temperature and high brake friction work conditions (Figure 1). We found that PN 
has a different emission behaviour compared to PM, suggesting that the nuclei mode particles are 
generated from gases emitted by combustion or evaporation of the brake friction materials. 

 
Figure 1 Comparison of speed, brake temperature, PM10, TPN, and distributions of numbers of airborne 

particle sizes measured in Runs 4 and 5 in FMPS during brake events #294 (15,086 s) and #295 (15,457 s) 
of the WLTP-Brake Cycle (Data Source : PM data added by author to reference [1]). 

 
Acknowledgments: This work was supported by the Japan Society for the Promotion of Science (JSPS) 
KAKENHI Grant Number JP 22K03895.The author would like to thank co-workers who supported the set-
up and operation of the dynamometer and the measurements. 
 
[1]  H. Hagino, Atmosphere, 2024, 15, 75. 

140

70

0Sp
ee

d 
[k

m
/h

]

1560015540154801542015360153001524015180151201506015000
Elapsed Time [s]

300
200
100
0

Brake Tem
p [°C

]
Brake Event [-]

105 
107 
109 

1011

PN
 [#

/s
]

0.001
 

0.1
 

10

PM
 [m

g/
s]

10

100

M
ob

ilit
y 

D
ia

m
et

er
 [n

m
]

10

100

10x103

8
6
4
2
0

dN
/dlogD

p [#/cm
3]

# 295# 294

Run 21

Run 22

 Speed  Brake Event Number  Run 6  Run 7  Run 8  Run 21  Run 221 2 3 4  5         

4  

5


