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Abstract: A large amount of particles on the roads is produced by friction between the vehicles and the road surface and
by inflow from outside. The type of these particles affects the abrasion behavior of tire tread. In this study, road dust col-
lected at a bus stop was separated by size, and the particles with sizes of 106-212 mm were analyzed. The particles were
separated by density using Nal and NaBr aqueous solutions with densities in the range of 1.10-1.80 g/cm® with the 0.10
g/cm’ interval. In the road dust sample, the following particle types were found: tire-road wear particles (TRWPs), asphalt
pavement wear particles (APWPs), plant-related particles (PRPs), road paint wear particles (RPWPs), and plastic particles
(PPs). The densities of TRWPs, APWPs, PRPs, and RPWPs were 1.20-1.80, >1.60, >1.10, and >1.40 g/cm®, respectively,
while PPs were found in all density ranges. Additionally, many small mineral particles were observed on the particles. Order
of the relative content of the particles was PRP > TRWP > APWP ~ RPWP > PP. APWPs that were stuck to TRWP could
be removed by chloroform treatment. The shapes of the particles were characterized using their magnified images.
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Introduction
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Figure 1. The wear particles generated by friction between tire tread and road.

Figure 2. Magnified image of the road dust sample of 106-212
um used in this study. The scale bar is 200 pm.
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Figure 3. Density separation process of road dust.

Table 1. Densities of the Aqueous Solutions Used in This Study
Salt Density (g/cm?)

1.10

1.20

Sodium bromide (NaBr) 1.30
1.40

1.50

1.60

Sodium iodide (Nal) 1.70

1.80

-2 Nal (Ducksan Co., Republic of Korea)E AR} T} NaBr
T} Nale] =t Zhzt 3213 3.67 g/lem®o|th. XS 70 mm,
1£0] 40 mme] ¥]o]Ao] of 50 mLe] WE S-gohg ¥ Y
Z=EYE 2Pt
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Ue YRS AFIste] SR, 33 AFste] AxAIXItH
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Az}
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Results and Discussion
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Figure 4. Magnified images of the particles separated by density
(< 1.10 g/cm®). The scale bar is 200 pm.
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Figure 5. Magnified images of the particles separated by density
(1.10-1.20 g/cm®). The scale bar is 200 pm.
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TRWP)&= 27 =] }ith(Figure 6). PRPETE PPO] 4ol H o
FstA UEbETh PRP= 53 H](aspect ratio)7} 2 ©|3FSATH
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= F71E Y= WA 3t
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Figure 6. Magnified images of the particles separated by density (1.20-1.30 g/cm?®). The scale bar is 200 um.
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Figure 7. Magnified images of the particles separated by density (1.30-1.40 g/cm?®). The scale bar is 200 um.
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Figure 10. Magnified images of the particles separated by density (1.60-1.70 g/cm®). The scale bar is 200 um.
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Figure 11. Magnified images of the particles separated by density (1.70-1.80 g/cm?®). The scale bar is 200 pm.
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Figure 12. Removing other components from TRWPs by chloroform treatment. (A) TRWP (1.60-1.70 g/cm®) and (B) TRWP combined
with APWP and other particles (1.70-1.80 g/cm?®). The scale bar is 200 pm.

Qo] ol AT E T2 ulR ¢]X}(asphalt pavement wear particle,
APWP)7} UFERLE7] A2k Th(Figure 10). APWPE AAM O
2 2367} 43 2k Fafol it o] UE Wl A uH
£ TRWPE 32 5% 7|ckek uhr) mopo] gich. w2k A} 3]
A4 o] RPWP 7} 67 A= Yl om, 5017 F4e] PPet 2
o] A3 AL W PP WA charet WAl 217]
9] PRPE HAH U

2% W] 1.70-1.80 glem’of|A]= APWPS} PRP 7} 22 1}
Bttt APWPE= mhRE Z7fof &7 (bitumen)o] -2 FE|
Aot OfATE ZAAofl= w2 YR ZATE FAHECIR
E 2 959 APWPY WA S Tadt Aoy, 9k ¥
1.70-1.80 glenr’e] PRP7} Tk wHAEl A& o] 9]o] Afol
t}. o] PRPY| W& 77|15 YA FAHE 7| oz s
A 4= Qith B3, IUEY] PPY EHE FU)E YA &
zho] 7]Q1%t Ao 2 oA o] Yk ¥ YolA| PRWPE
AR U=, PRWPEY 2] A& F7]& YA7E 2014
=7t S718 Ao = gad.

TRWP & th2 A7 20 = AR Hol= 4= %
L 27)E E2 2 Z(chloroform)2. 2 X &3tgen, 1 A=
Figure 120 Yeh gt U&= 1.60-1.70 g/em® ¢ 2] TRWP
o 222&FS WS U0l % 5ol Halrt yehubA] &
¢k o U (Figure 12(A)), W& 1.70-1.80 g/cm® ¥ €] 9] TRWPY]|
SEEEFS TS 97H 20U d tE AR dAEol
BEYEE AL E 4 9Irh(Figure 12(B)). Y%= 1.70-1.80 g/cm®
Hele] TRWPE S22F A2t 21k, 24 o849 ¢
A= APWPE @ Eglow, SEEES FES| 7IsHd
APWPo|| Z3tE 22 T o] dHoA £2E A &
o Qloh 3 SE2EE AP o3 TRWPY 28 4= &
QI8 4= glglen, Wx 1.70-1.80 g/em® HE|o] TRWPE &
o|&tA| Z=txl FE et

A H9 1.10-1.80 g/em’Q YAEQ] WE Bzl JHefpe
Table 20]] A 2|3ttt 106-212 um Z7]9] E2HA] F A&
W4 1.10-1.80 g/lem’?d YRS FHFS 6% FEom,
94% Ar = B7)1E At U= M9 1.10-1.80 g/lem®Q]
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Table 2. Weight Percentages of the Particles Found in the Road
Dust Sample According to the Density Range (wt%)

z‘cﬂg TRWP APWP PRP RPWP PP  Sum
1.10-120 - - 0.20 - 003 023
120-130 0.8 - 021 - 003 052
130-140 033 - 0.39 - 0.14 086
1.40-1.50 022 - 036 008 003  0.69
1.50-1.60 033 - 027 008 007 075
1.60-1.70 001 018 077 024 003 123
170-1.80 001 045 099 021 008 174

Sum 118 063 319 061 041 602

Table 3. Density Distribution of the Various Particles in the Road
Dust

Particle Density range (g/cm®)
TRWP 1.20-1.80
APWP > 1.60

PRP > 1.10
RPWP > 1.40

PP all ranges

MP > 1.80

A}So= TRWP, APWP, PRP, RPWP, PP7} 9Jitt. &} &
=9 g &A= PRP > TRWP > APWP ~ RPWP > PPZ,
PRP 3Hego] 71 &8kom PP gHgo] 71 Rokch. PP gHf
o] 0.4%2 7P FAE, S2tAE JRo] YR fFYdE A
olB® 22 ZatAE xzbo] ERo| EAgitte AL e
ol g3l st E FdE 5 Jlen= ThsjA = ok A
ke g2 ofAXIth TRWP dheFo] APWP 3kt =l af
A Elolo] EFE upml ofATE T} =2 nfET ¢ &
Al dojdtiaie= & 4 glok I ol 90% ol FrlE
PR+ F G FEo| ofATE A F ZAY uhre] 9
3 WS AY 4= 7] ol

=2 A HAHE thFet YAES U EXE Table
30 A2|5lgct. TRWP, APWP, PRP, RPWP7} Wt W=
W ol 77k 1.20-1.80, > 1.60, > 1.10, > 1.40 g/em® ©|]c}.
1.80 g/em’ Bt} W7t & PRS2 & F7|E0]3ict. PP
£ 1.10 g/em’ u]¥HRE 1.80 g/em™7HA] A 7ol A WA
At W Zetag £ Wxr =& AOF PET (poly-
ethylene terephthalate)s 5 4= =], PETS] W=+ 1.38 g/
cm’ (20°C)elct. Mg Setag o Wwrt aokR] 2] 2 A
< At A9l Axtat & 4= Qltt. o]= ¢A| PP &
o ARZloA] Hof & 5 glRo] ®Ho| 22 FU|ES0] &
ZtElo] glojA U&7t F71s Aeg A9 ¢ it

TRWP7} AE = HE 1.20-1.80 g/em’2 ¢ Thof
act. Q9 glolo] Ed = wigEo] &7t 1.20 glem’ 1]
Tl AL 15t TR AAE, o] TWPY &2 #

71&e] 7190 Zolttk. TWPo| 2 F7|& ol S7He+
£ TRWPS] Wrl Z7kgith ofARE ZgA e 4R %
80% olio] F71EQ AR o|Fojfom A9 W
2.0 g/lem’B o} =t} APWP7} 2HAE UEl 1.60 g/em® ©]A¢
O 2 HA ofATE ZAA O YK} uf-g YWt} o= 1.80
glem® o|3to| A WAE APWPolE= ZA| 2ot A2 AN
k= g0l FAELE EAst= AL s, U A|
A FEE virEo] R71E YA FHE EAct= AR
T

U & AJE<] PRPE 110 glem® o] AR E HAE] 9]
o, L) 74 ARe] whe WEAE QAT R B
Ro 2 2|2 skl ujetd® PRPS| Wil rebuct
AAEA vz Izl RPWPE W= 140 glem® o] 4HRE
A=A A G =R @M 2 A 2 2 poly(methyl
methacrylate) (PMMA)E AME-35HAL 9l o, ot o] Q)of F7|
2 32049 2% WAL BElo] WAt vl d ot %
AE E5 FAHE T U7 H2 PMMAS Hx= 118 g/
em’ olc. RPWPE 9j3te] 5712 QJA7} ol £245
=7} 7kt

ek

ox rr

Conclusions

T 2o A WAt b mtR YRS U MY 1.10-1.80
glem’of| A 0.10 g/em’?] 7HA 0 2 Ba|ste] A U ¥
oF F4, oL S AT WA Rl A A
E2HZA] 2 106-212 pm 279 YRS A 2 AeEtS
ot 4% H9 1.10-1.80 g/em®o|A] Elolo]-=E mlm i}
(TRWP), o})AZE &2 ul 2 QIH(APWP), Al &3 nprg)
AHPRP), A =AY ohE IZHRPWP), 1831 E2kAE 2t
(PP7} LA E Q. o] 59 FF2 6% FEHon, Uz
£ Ux 1.80 glem’S 235t B8 YAE g8l g)
ot ol F71E A= 9F FdE AT R ot ATE
T 27} upEEo] Whgg A R YAl Ao wE
TRWP, APWP, PRP, RPWP2] W& ¥l zkzt 1.20-1.80, >
1.60, > 1.10, > 1.40 g/cm® o|t}. PP 1.10 g/em® m|THEE|
1.80 glem™7tA] A F7bof| A BEAE it TRWPE vl choF
g FEHe FHHE 2= AR ERIEGen, APWPY}
RPWP= Fubgh gAtat 2k F3u|E 7H5th dE H9
1.10-1.80 g/em’®Q]l JAFS9] d=F &A= PRP > TRWP >
APWP ~ RPWP > PPo|t}. Elojo] EF B¢} ofATE &2
FHIO| whzho] o3 TRWPRF APWPE| A2 EE0|1L,
QRN FUE AE 7o FetiE x7to] ¢ AA K
AA 22 AAE AT B3 Elolo] EYES A &
Ao} mhztof| &3 RPWP7L At 2 of| A LAggk 2+
T A 1= Her 9L ol = A2 E YA &

Ao A7} 2] gield.
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