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A Basic Study on the Generation of Tire & Road Wear Particles by
Differences in Tire Wear Performance
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In this study, in order to observe the change in the amount of Tire and Road Wear Particles and the ratio of tire
components in it according to the tire wear resistance performance, carried out the evaluation by varying the vulcanization
reaction design of the tire tread rubber. In addition, in order to improve the reliability of the evaluation of Tire and Road
Wear Particles, the evaluation was performed indoor laboratory test equipment that simulates the condition on real driving
to exclude various environmental influences including minerals, driver’s habits, road surface, weather, tire structure and
pattern designs. After the evaluation in closed space, it is estimated that the amount of collected Tire and Road Wear
Particles is 84% compared to 100% of the tire and road wear loss weight, of which 96.4~97.7% was around the road and
2.3~3.6% was in the air. As a result of analysis of the collected Tire and Road Wear particles, the tire component existed
63~75% in the Tire and Road Wear Particles depending on the wear resistance performance of the tire.
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2 Ao M2 BHE 17 HAS st 17 ATHEM
NR(natural rubber)@ STR—-10K Z, Standard Thai Rubber,
TSR Grade 10, Latex 100%(unsmoked sheet 100%)2! F2|%10]
2E(Tg)7t & -70°COl MANTE AZaIRACH BUMZE AL
Tl= CB(carbon black)= Orion Engineered CarbonAte]
CORAX® N-330, ZIASAEHX BET(m?/g) 7891 7t=S2d
AZSIFICH 7= sulfur powder(sulfur, Daejung), 7t&E
XM= sulpheneamidei| stSt22M 24 oA 8l 712M0|
L4510 HE 7S EE 2= N-tert—butyl-2—benzothiazole
sulfenamide(TBBS, TCI)S AtE5I$, 7|E} BiEKE stearic

acid(SA, Daejung) 2! zinc oxide(ZnO, Daejung)E AFESIFILE.
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Table 1. Formulation of sulfur/accelerator blends(unit : phr)

°
<
O
I'D
O|F
>
=)
=2
10
ron
m
<
<
|:|

Sulfur/accelerator
Type Sample
0.30 0.64 0.95 1.71 3.20
NR 100 100 100 100 100
CB 50 50 50 50 50
MB
SA 1 1 1 1 1
ZnO 3 3 3 3 3
Sulfur 0.8 14 1.8 24 32
FM
TBBS 2.7 22 1.9 14 1.0
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Fig. 3. The pictures of abrasion tester : (a) DIN, (b) PICO, (c) FPS, (d)
RTMs
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Fig. 4. The pictures of analysis tester : (a) Freezer/Mill, (b) SEM-EDX,
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Table 2. Curing characteristics of sulfur/accelerator blends
Type Sulfur/accelerator
0.3 0.64 0.95 1.71 3.2
MH(dNm) 26.94 25.57 25.15 24.68 23.45
ML(dNm) 6.03 5.60 5.48 5.24 5.11
AM(dNm) 20.91 19.97 19.67 19.44 18.34
t2(min) 0.39 0.97 1.48 1.93 3.84
t90(min) 6.72 7.26 7.69 7.98 9.80
CRI(min™) 15.81 15.839 16.12 16.52 16.79




Table 3. Measurement result of the crosslinking density of sulfur/
accelerator blends

Sulfur/accelerator
Type
03 0.64 0.95 171 32
| 2887 x | 2109 x | 1.631 x | 1.128 x | 0.621 x
fmono 10° 10° 10° 10° 10°
i 1466 x | 0615 x | 0296 x | 0.185 x | 0.096 x
10° 10° 10° 10° 10°
v | 4207|5420 | 6082 x| 6525 x| 6917 x
poly 10° 10° 10° 10° 10°
ol | 8360 % | 8144 x | 8009 x | 7.838 x | 7.634 x
o 10° 10° 10° 10° 10°
S= SH617| Yot0 A2 26,5°Co| AlLHO|A DINZ} PICO, FPS
OtR ©X(2| 28 RISIQICt 5749 AlHo| Chst ot22k X
2 M2 AN, 1 HWrHgfel Auls Table 40f LIEHARACH
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Ulfah et al. 2015; Kim and Jeon 2000), AME OtE2 Al
Al TR A ATHEQ! A2E &4(g), AMew= AR 7HRA
of Al ™ ZEH(g), AMeE A" 7IFAIES Al & 2EHg)

ofoficy,

mo r& o

AM= M, , —M @

Table 4. Wear performance of sulfur/accelerator blends

Sulfur/accelerator
0.3 0.64 0.95 1.71 32

Loss weight(g)

Ef0|0{ Dt

DIN Abrasion 0.105 0.118 0.127 0.134 0.142
PICO 0.051 0.054 0.058 0.061 0.064
CUT/CHIP 2.248 2.358 2.464 2.727 4.184
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Fig. 5. The pictures of TRWP by the SEM measurement : (a) X50, (b)
X250, (c) X350, (d) X1,000
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Table 5. Result of the RTMs evaluation

Sulfur/accelerator
speed | StiP | Run 03 0.64 095 171 320
(knvh) ‘(22;’ tz‘;‘; Weight|_Colleced weight@ |\ o | Collected weightte) |0 | Collcted weight(e) |y o | Collected weight@® |y | Collected weighite
1055(2) | Ground | Ceiling | Total | 1055(2) | Ground | Ceiling| Total |1055(8) | Ground | Ceiling| Total |1055(2) |Ground | Ceiling| Total |1055(2) |Ground| Ceiling| Total
Day 1| 60 10 1| 0572|0463 | 0.018 | 0.481 | 0.617 | 0.506 | 0.014 | 0.52 | 0.703 | 0.578 | 0.016 | 0.594 | 0.753 | 0.632 | 0.014 | 0.646 | 0.897 | 0.75 | 0.022 | 0.772
Day 2| 60 10 1| 0561 | 0453 | 0.018 | 0.471 | 0.603 | 0.495 | 0.013 | 0.508 | 0.693 | 0.571 | 0.017 | 0.588 | 0.745 | 0.624 | 0.014 | 0.638 | 0.896 | 0.749 | 0.023 | 0.772
Day 3| 60 10 1] 0559 | 0453 | 0.017 | 0.47 | 059 | 0.489 | 0.014 | 0.503 | 0.684 | 0.575 | 0.017 | 0.592 | 0.741 | 0.621 | 0.015 | 0.636 | 0.887 | 0.738 | 0.026 | 0.764
Day 4| 60 10 1| 0552|0446 | 0.017 | 0.463 | 0.595 | 0.488 | 0.013 | 0.501 | 0.68 | 0.564 | 0.014 | 0.578 | 0.735 | 0.616 | 0.016 | 0.632 | 0.875 | 0.724 | 0.027 | 0.751
Day 5| 60 10 1| 055 | 0447 | 0.015 | 0.462 | 0.594 | 0.485 | 0.016 | 0.501 | 0.68 | 0.569 | 0.013 | 0582 | 0.733 | 0.615 | 0.014 | 0.629 | 0.873 | 0.725 | 0.024 | 0.749
Total 2794 | 2262 | 0.085 | 2.347 | 3.005 | 2.463 | 0.07 | 2.533 | 3.44 | 2857 | 0.077 | 2.934 | 3.707 | 3.108 | 0.073 | 3.181 | 4.428 | 3.686 | 0.122 | 3.808
Table 6. Result of component of the collected TRWP, TP, RP by using the TGA and EDX analysis equipments
Standard samples Collected TRWP samples
Sulfur/accelerator
TP RP 0.3 0.64 0.95 1.71 32
Organic(%) 4.3 1.6 4.1 4.6 4.8 49 5.1
TGA Polymer(%o) 61.8 4.1 42.8 46.4 47.1 50.4 511
Carbon black(%) 304 3.6 20.9 22.9 233 24.9 254
Ash(%) 35 90.7 322 26.1 24.8 19.8 18.4
O(%) 22.3 493 42.6 40.6 40.8 39 28.8
Si(%) 0.6 242 20.9 20.3 19.9 18.9 11.9
Al(%) 6.3 5.4 5.4 53 5 33
Fe(%) 4.5 35 3.6 33 3.1 2
7n(%) 72 114 14.8 14.6 18.6 39.2
EDX Ca(%) 1.3 9.8 8.2 7.8 7.8 7 4.7
S(%) 1.4 0.5 2.1 1.6 2 2 1.5
K (%) 1.5 23 2 2 2.1 2.1 1.6
Na(%) 1.3 2 1.8 24 2.6 53
Mg(%) 1.5 1.4 1.5 1.4 1.4 1.2
Ti(%) 0.4 0.3 0.3 0.2 0.2 0.5
P(%) 0.9 0.2 0.2 0.2 0.2 0.2
Table. 7. Calculation result of component of the collected TRWP, TP, RP by using the Equation (3), (4)
Sulfur/accelerator
Type Standard 0.3 0.64 0.95 1.71 32
TP RP Tire Road Tire Road Tire Road Tire Road Tire Road
Organic(%) 0.73 0.27 2.99 1.11 335 1.25 3.50 1.30 3.57 133 3.72 1.38
Polymer(%) 0.94 0.06 40.14 2.66 43.51 2.89 44.17 293 47.26 3.14 47.92 3.18
Carbon black(%) 0.89 0.11 18.69 221 20.48 242 20.83 247 22.26 2.64 22.71 2.69
Ash(%) 0.04 0.96 1.20 31.00 0.97 25.13 0.92 23.88 0.74 19.06 0.68 17.72
Total(%) 63.01 36.99 68.31 31.69 69.42 30.58 73.83 26.17 75.03 24.97
9| Sl0| UAasks A2 LIEIHCH EoF TGA B4 Al HE ME = EHO[0] DI RUXE L EfOI0] 22l 2H HIE, R2 E2 &2
BN ZIE 2AZ ofod Al (3), (4)0il w2t EfO[0] Ot=2 YAt o] =3 HIE, CR2 Ef0[0] #&E dZ9| ol 74 d&29 4,
& HEat ALS At BA] ZkE Table 70 LIEHACT CR2 =2 & ME9 sl 729 4, TRWP= Ef0|0f Ot
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