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Abstract; Six sets'of brake syslems were tested using & blake dvnamometer and the brake wear particles (BW Ps).and volatile organic compounds (VOCs) were tollected
diring:the brdr(mg process.* Tn total, 39 elements, 12 water-soluble jons, 7 carbon gémponents, and 18 polyeyclic aromatic hydrocarbons (PAHs) in BWPs were extracted and
detected, and 74 VOGs'in gas samples were analyzed. The ayerage mass fraetions, o_f.fl“Q morganic elements (i.e., Sh, Mg, Cu, Zn, Ti, Ca, Si, Zr, K, Ba, Al, and Fe)
with higher conténts in PM, & and PM,, were 43.4% and 40. 3%, respectively, and the average mass fraction of Fe was the highest, accounting for 16.6% and 13. 1% of
PM, ; and,PM,,, respectively. The average mass fractions of the 12 water-soluble ions in PM, ; and PM,, were 16.5% and 12. 6%, respectively, and NO; , SO~ and
Ca®* wete the ions with high contents. The average mass fraction of total carbon (TC) in PM, 5 and PM,, were 21.9% and 18. 1%, respectively, and the average mass
fraction of organic carbon (OC) was approximately five times that of elemental carbon (EC). There were six types of PAHs with a detection rate greater than 50%, among
which naphthalene (Nap) was the most abundant. The average mass concentration of 74 VOCs was 316. 04 ug=m >, of which the aromatic hydrocarbon had the highest mass
concentration. The compositions of BWPs and VOCs emitted by the six sets of brake systems were quite different, which was mainly determined by the brand and raw materials
of the brake pads.

Key words: brake wear; particulate matter; chemical component; size distribution; volatile organic compounds ( VOCs)

AR, TS A BRI R I RS RO TR B 10 L A8 BORE ) P87 T 23 1.
JiEE R T I T IR R PR 2T ORIk AR R W], BWPs iR A E PM,, 1Y 16% ~
WA R, MLEh EHE B 2 O T BRI I 5500, A8 AR P, 9 1% ~21% 4~ R R &
FORR, FE AR —RIG YR B GRRIMEX  mp mR Ak
K TTRRAN ORI T R SUHET, 3 A8 T 42 iR 1 BWPs (4 1k 2% 41 43 & 2 o T 50 4 F- i 44
RSB SR R UHE. BEE VLB NB B R0 HA SR R 2 2 2 i ) A 2
(EIVI)ﬁFﬁﬂ?Yf‘FE"Jiﬁ@ﬂ:‘ﬁﬁﬁE?ﬁﬁiE‘thj]?’ﬁ“ ,\in%ﬂﬁl' HWIT R, BWPs Zil B L4 15
AR R e Xt R TR ey o R o AP Y 0 fe L L
ACHETR Y

il 2l B 4 UK ) ( brake wear particles, BWPs) RS EEE: 2021-12-13; 1&ITHHA: 2022-02-13
BEEWMB: KRl ARSI H (18JCYBJC23700) ; KiEtmiF

SR 4 R/ AR A 4/ 8 0 R A PR A2 1Y) BWPs HeiH13 H (19YFZCSF00960, 18PTZWHZ00120) ; 1 9
/ - PRt 1 L R EEARBHIFL 45 9% (63213074, 63211075)
RLIAT 35% ~ 5% RREMA 2T HRIIIW e 1 Cioon )58, W EaF0, 329707 b1
A e ) Bhs 2 i s T AR e i L. BEE LS AT ﬁﬁ%ﬂﬁ’tm’“ 8265 ) HEHCTS B, Email: zhengyu_men@
otmail. com

EE , *IE I}HB/‘J %ﬁ*ﬁ%é%ﬁﬁ%ﬁ*&ﬁi , ﬁﬁi%i@ﬁ]% I i@ E/:J # JAAHEVE# , E-mail  zhangjing_gogo@ 126. com; dr. wu@ msn. com



10 341 ITIEFEE . LBl 40 Sh BB 5 OB S A5 e AT ML ) 20 43 REAE 4349
Ba, Mg, Mn, Ni, Sn, Cd, Cr, Ti, K #l Sb &0k L lR i % ELPI + ( Dekati, 10 L-min~") Al
¥ITE BWPs EP%M%E,W Jkt% EHEBRAN T 6 nm~10 um BEUR 2K 14 2%, 45 9008 i 2 0 4%
BWPs HRAL A0 & B S5 R B R A PR (0C) &l D25 mm BIUENE, F T4 ki A U 48 URL D RE s R

B,

BT MURL 20 3 1 TR ATT , S S TR R B T R
UGG HOR T B AR, B i L3 4 HEL
BWPs 2H 73 (1) 1 i i A8 58 53, 5 ) 2 X ik 26 43 Fll
Z I8 75§ (polyeyclic aromatic hydrocarbons, PAHs)
FORITSEEL /D, St UL AT 3 A i 2l e v 48 1A AL
¥ (volatile organic compounds, VOCs) f#RiE. 3T
e AWFFER RSB RS0 5, REE T 6 FhRA Y
AR EERURURL Y, T W T Bl R i AR
i, LAWIRAS S8 8 1Y) BWPs 1840 il VOCs F.

1 MEEFE

1.1 SLEdeE 5 RE
ABFFCRI A TS102B H I Sh AL S 36 5 X 42 47
WED BT, IF B T —A L(500 mm) x W
(600 mm) x H 1000 mm ¥ 3£ RREAS , SRFESE L
A1 JR. SREEAR f1 AR I iiﬁwﬁ
%% UL/J@%?(HEPA H13), Wﬂi”‘ﬁ??ﬁf‘ 7
Wi ;K arumg,f;ﬁ%wf,ﬂ % W o T '*T“TIJZEJ#
) R ¥ P IR B 1 6 i 5FIJJ£4

HY- _,1oows 7 Epﬁlbiﬁﬁ%%(ij% fra {100 /
L- mm )53\ U.Vk% PM“*H PMm%ﬁ*J‘% Wﬁ’f%f

E’J%ﬁﬁ%%jﬁ'ﬂx%fﬁy&ﬂﬁm [, @90 mm YA
BLRE (PR, @90mm) b, T A [6) 26 43 4 43 #7 5

l
L

TEH 2347 I 4T IF Summa B (ENTECH ) 3181
SRAESMRE . AETI BTG |, 73 30 R HE R AEA P ORL
PR AUARE T I0 S AR ISR

é\F

KA -~
‘---"-\_\_ f:_}‘J. . :
25 7| R Summai
i g
ik
R o
= A4 4l
FHEH
ELPI+ HY-100WS ]
E 1 mﬁ—z‘tﬁ—r = y 4 =
Fig. 1 Schemal,l(‘ diagram of sampling dewces ,.-'"
.‘j
\ o ~
1.2 %B’Aﬁénn '354%{}!‘ A

*E%Eﬁﬁ%ﬁ@? A BRGEREE T IEIFE%J: e
BRI 5 7 450 ( mdel ~ model5 ) 3t -6 Eﬁj zj}%

% (typel Tty 6,4 ZMM)EE’TT%EA X 5 $}Fuﬂj7§l
HIAIR SN, b model5 1 model6 iz zjﬂFU % %

P HABEDN B . b SRR 1 PR, il 3h 5%
P NI 0 =60 km-h ™" KEJE o' =0, Ik
JEa=-2m-s, HlSPIE T =100C. 5.9 3h R
e SRR 100 K.

®1 HHIRFEHSH

Table 1  Parameters of the brake systems
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Fig. 2 Six sets of brake pad samples
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. A . P
THE TTHE

PM, 5 PM,, PM, 5 PM,
Li 5.74 5.75 La 4.23 5.59
p 371.79 434.27 W 6.48 6.68
Mn 1260.00 1182.28 Bi 215.68 153.76
As 211. 60 265. 61 Sr 507.08 541.10
Mo 232. 66 168. 63 Na 1393.48 1536.97
Cs 0.78 0.76 \4 103. 09 114. 69
Sm 0.96 1.12 Ni 83.90 80. 48
Pb 89. 61 110. 30 Y 41.01 50.98
U 10. 84 12.35 Sn 1747.95  1193.24
Be 0.22 0.21 Ce 7.24 8.98
Se 116.33 19. 06 Tl 0.67 0. 66
Co 11.55 11.26 Th 5.55 7.05
Rb 13.53 13.98 Cr 591.61 575.90

Cd 44.30 31.58
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FRPREAR AP AT AR — B Tijima 2570 R FH 228 2%/ N
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ZESMR R R T R4 R TR AR AN ] i) R S5
WA K.
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2.4 PAHs
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R R = 50% 1Y PAHs L4 6 F, ik 4 Fis.
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