&

Elastomers and Composites

Vol. 56, No. 4, pp. 234~242 (December 2021) Print ISSN 2092-9676/Online ISSN 2288-7725

DOI: https://doi.org/10.7473/EC.2021.56.4.234

Wear Particulate Matters and Physical Properties of ENR/BR Tread Compounds

Introduction

with Different Ratio of Silica and Carbon Black Binary Filler Systems

Gyeongchan Ryu, Donghyuk Kim, Sanghoon Song, Hyun Hee Lee", Jin Uk Ha", and Wonho Kim'

School of Chemical Engineering, Pusan National University, Busandaehak-ro 63beon-gil, Geumjeong-gu,
Busan 46241, Republic of Korea
*Smart Materials R&D Center, Korea Automotive Technology Institute, 303, Pungse-ro, Pungse-myeon, Dongnam-gu,
Cheonan-si, Chungnam 31214, Republic of Korea

(Received November 25, 2021, Revised December 2, 2021, Accepted December 6, 2021)

Abstract: The demand for truck bus radial (TBR) tires with enhanced fuel efficiency and wear resistance have grown in
recent years. In addition, as the issue of particulate matter and air pollution increases, efforts are being made to reduce the
generation of particulate matter. In this study, the properties of epoxidized natural rubber (ENR) containing a silica-friendly
functional group were evaluated by considering it as a base rubber and varying the silica ratio in this binary filler system.
The results showed that the wear resistance of the NR/BR blend compound decreased as the silica ratio increased. In con-
trast, the ENR/BR blend compound exhibited an increase in wear resistance as the silica ratio was increased. In particular,
the ENR-50/BR blend compound showed the best wear resistance due to the presence of several epoxide groups. Fur-
thermore, we observed that for tan J at 60°C, higher epoxide content resulted in the higher 7, of the rubber, indicating a
higher tan J at 60°C. On the other hand, it was confirmed that increasing the silica ratio decreased the value of tan ¢ at
60°C in all compounds. In addition, we measured the amount of wear particulate matters generated from the compound
wear. These measurements confirmed that in the binary filler system, regardless of the filler type, the quantity of the gen-
erated wear particulate matters as the filler-rubber interaction increased . In conclusion, the silica filled ENR/BR blend com-
pound exhibited the lowest generation of wear particulate matters.

Keywords: TBR tire tread compound, binary filler system, wear resistance, low rolling resistance, wear particulate matter
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= m9Jate] SAE 4 9k H 2 silica filled ENR 7T}
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5+4 A3HS £33 filler-rubber interactionS 3FAMA| 7|1, £
L LR L ER TR PR

b 2 AFolxes Azt 28E #E71E T
ENRZ 0]-83}4] binary filler 7} Z-&% ENR/BR blend 1}
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Materials and Experimental Methods

1. Materials

H A3 o]|x&= base rubber 2 NR (Standard Vietnamese
Rubber SVR-10, dirty contents 0.1 wt%), ENR-25, ENR-50
(Epoxyprene 25, Epoxyprene 50, Muang Mai Guthrie Public
Co., Ltd., Muang Phucket, Thailand}& AF23}52H, BR
(NdBR-60, Kumho Petrochemical Co., Daejeon, Korea)
blend 3}o] ARE3}ITh. Silica (Ultrasil 7000 GR, Evonik
Industries AG, Essen, Germany, Brunauer-Emmett-Teller (BET)
surface area: 160-175 m?%g)@} carbon black (N234, OCI
Company Ltd, Seoul, KoreayZ binary filler 2 ARMESIHS
bis-[3-(triethoxysilyl)propyl]-tetrasulfide (TESPT, Si-69, Evonik
Korea Ltd., Korea)7} silane coupling agent 2 AREEiTt.
Activator2 ZnO%} stearic acid (both from Sigma-Aldrich
Corp., Seoul, Korea), AFSPYR A2 N-(1,3-dimethyl butyl)-
N'-phenyl-p-phenylenediamine (6PPD, Kumho Petrochemical
Co., Daejeon, Korea)o] compoundso] AREE At &3
crosslinking agent 2 sulfur (Daejung Chemicals & Metals Co.,
Siheung, Korea), cure accelerator= N-tert-butyl-2-benzothiazyl
sulfonamide (TBBS, Shandong Yanggu Huatai Chemical Co.,
Ltd., Liaocheng, China)@} 1,3-diphenylguanidine (DPG, 98%,
Tokyo Chemical Industry Co. Ltd.,, Tokyo, Japan), pre
vulcanization inhibitor2 N-cyclohexylthio phthalimide (PVI,
Shandong Yanggu Huatai Chemical Co., Ltd., Liaocheng,

China) 7} AM&-E] i)

2. Measurements

ENRQ] epoxide contents &73-& 93l proton nuclear
magnetic resonance spectroscopy (‘"H NMR; Varian, Unity Plus
300 spectrometer, Garden State Scientific, Morristown, NJ,
USAYE AFE3}%t. ENR samples2  deuterochloroform
(CDCl;, Cambridge Isotope Laboratories, Inc., Andover, MA,
USA)S 22 3} 5 mm NMR tubeo] 15 mg/mL S22
oA

NR % ENRY] glass transition temperature (T,)E differential
scanning calorimeter (DSC-Q10, TA instruments, USA)E ©¢]
23] =43}t Rubber sample (3-6 mg) heating rate
10°C/minE Z-g3}e] -80°Co|lA 100°C7H7] =4 35HT}.

A= 9] FUH = =Mooney viscometer (Vluchem IND
Co., Seoul, Korea)E ©]-&3] =43}t Rotor] 3| AEE =
2 ipm, 2=+ 100°CE At 13279 9E o] % 427t
rotorg &HA|A torqueE S5t

Bound rubber contents %2 $]3} Ist stage mixing 2] &
T2 0.2+£0.01g2 filter papero] Wil 25°CoflA 64 59t
toluene 100mlef] ZZ|A]#A unbound rubberE &3}t 1
T, toluene2 acetonelE A|&Ast T AZR3}I¥ETE Bound

rubber contents= A3 AT FAE A5t A4St

W | — L
/4 1 m/+mr
Bound rubber contents (%) = %100 )
w,| 2 }
t
mstm,

wg: weight of the filler and gel
wy: weight of the specimen
my: weight fraction of the filler in the compounds

m,: weight fraction of the polymer in the compounds

HIL-E=9] cure characteristics moving die rheometer
(MDR, Myung Ji Co., Seoul, Korea)& o]&3sle AF =
s1°, £ 150°CE A3 Aol 308 B AEsgon,
minimum torque (Ty,;;), maximum torque (Ty,.), scorch time
(tig) L] 3L optimal cure time (to)S S5}

Il e 713HE AlHL 10 mm x 10 mm x 2 mmZ &
H]3]| tetrahydrofuran (THF, 99%, Samchun Chemical Co.,
Seoul, Korea) I} n-Hexane (95%, Samchun Chemical Co.,
Seoul, Korea)o]| 2z} 25°Col| A 197F ARAA|A AJH Y+
71 A7 AASHAT. I &, A HY FAE ST+
2o 197 27 Gl A JAAZ|L F-&H A HE
EAE &435}9, Flory-Rehner equation 4% 53f] 72l =

£ At
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v: Crosslink density (mol/g)

M,: Average molecular weight between crosslink points (g/
mol)

V.. The volume fraction of rubber in the swollen gel at
equilibrium

V,: The molar volume of solvent(cm®/mol)

p.: The density of the rubber sample (g/cm?®)

x: The polymer-solvent interaction parameter

71AA EA &9 93l universal testing machine (UTM,
KSU-05M-C, KSU Co., Ansan, Korea)2 ©]-&35}o] ATSM D
4126] wek AZE 100 mm (Zol) x 25 mm (Ju])2] o}
P AJEL 500 mm/min®] H=2 ZAsHg )

a2 A 52 Deutsche Industrie Normen (DIN) UFREA|E
712 olg3to] DIN 535160 whet Z4sheich. AHS 27
16 mm, 57 8 mmel AHAHEF S 2 A&t L, 40+1 rpm e
2 A3 Y= Y453 =Fo| 22 abrasive sheet BH
o 5 N9 loadE 7}t Al HE 40 m FPA|7| 1L HaH AF
= 43t

Vulcanizates®] Hetyd EAS &91sl7] Y3l dynamic
mechanical thermal spectrometer (DMTS, EPLEXOR 500N,
GABO, Ahlden, Germany)E ©]-83] 2% 60°C, 10 Hz frequency
ol A strain 0.5%-E] 10%7}A] strain sweep 5}9] tan 65 =
A3} 1, dynamic mechanical analyzer (DMA QS800, TA
Instrument, USA)E ©]-83}4 strain 0.2%, 10 Hz frequency®]|
Al -80°C H-E] 100°C7}A] temperature sweep S}9] storage
modulus (E’), loss modulus (E”), tan & &A3}I Tt

Eolo] EA= Al ulHEA 2L Ed= AHS v}
HA]Z)|HA] aerodynamic particle sizer (APS, TSI 3321, USA)
£ A48l A e Aok, 4 BE D YHREES S48
i} A19] ALEE Figure 13} 20 Uepsict. k2 Al g
718 ARgated A mhEAlo] Sahs mlA A S 253
oF. AETALE WES AT Al A Aol 2
o2 20 N9 352 75k, ARE HEE 20 m/min®] 4=
2 I-AA A HS vtRAIF T AR M EE )= 80 AN
skl & AFolA= olojBE (filtered air supply, TSI
3074B, USA)SH STFEE| (ULPAYE: o] &-3te] 2 2 =7}
= TS AZRSE Z7)E $A (flow meter, TSI 5300,
USA)Z Z43te] 94 9 (5 Uminyo.2 v )2 Zg5
Ak HZH 02 AR vhm A HYSHS U] A ZAPSES
o] €38te] ©F | Limin®. 2 0.37~20 um H 9] Y= 274
sheict

Filter & Flow Meter

'“'H‘
|
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U
Air Compressor

Test Equipment APS

Figure 1. Schematic of the tire wear tester and the measurement
set up.
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Figure 2. Schematic of the tread specimen set up.

3. Preparation of compound

A5}2= wiFELE Table 10] VERY ST Mg ES vlero
2 I Z317](300cc, Mirae Scientific Instruments Inc.,
Gwangju, Korea)g ©|-83}o AuLEE A XLt Fill
factort= E37] $3Fe] 80%2 AHsIlon, £ wels
parts per hundred rubber (phr) 2 rubberE 7|£0.2 T4 5
it g "Xl= Table 29 YERJRA L, Z} stage?] initial
temperature:= 100°C2} 50°C, dump temperaturer= 150~155°C
2} 80~90°CE control 3}t Z} stage?] mixing ©] T &
o= two-roll mill& ©]-&3}o] Hu}-LEEE sheet 3} 5} T). 0]
27 A 23 HuhE == MDRE o]-&3}0] 150°Coj|A] optimal
cure time 213k % 150°CS] ST 20A 2 718 A
&St 7hRsto] 7S Alzshsih

Results and Discussion

1. Analysis of rubber
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Table 1. Formulation of the Compounds (phr)

NR / BR blend

ENR-25 / BR blend

ENR-50 / BR blend

Unit: phr

N 35 N 20 E25 35 E20 EO E50 35 E50 20 E50 0
NR 70 70 0 0 0 0 0 0
ENR-25 0 0 70 70 70 0 0 0
ENR-50 0 0 0 0 0 70 70 70
BR 30 30 30 30 30 30 30 30
Carbon black 35 20 35 20 0 35 20 0
Silica 20 30 20 35 55 20 35 55
TESPTV 1.6 2.8 1.6 2.8 4.4 1.6 2.8 44

DPG 0.384 0.672 0.384 0.672 1.056 0.384 0.672 1.056
TDAE oil 5 5 5 5 5 5 5 5
ZnO 4 4 4 4 4 4 4 4
Stearic acid 3 3 3 3 3 3 3 3
6PPD 2 2 2 2 2 2 2 2
T™Q 1 1 1 1 1 1 1 1
Sulfur 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
TBBS 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
PVI 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

The amount of silane coupling agents was calculated as 8 wt% of the weight of silica.
Table 2. Mixing Procedure
Time, min:s Action

0:00 - 1:30 Add Rubber (initial temp.: 100°C)

1:30 - 2:40 1/2 (Silica + silane) + 1/2 (Carbon black + oil)
Ist stage 2:40 - 3:40 1/2 (Silica + silane) + 1/2 (Carbon black + oil)

3:40 - 5:30 ZnO, St/A, 6PPD, TMQ

5:30 Ram up

5:30 - 7:30 Extra mixing and dump (dump temp.: 150-155°C)

0:00 - 0:30 Master batch from 1st stage (initial temp.: 50°C)
2nd stage .

0:30 - 2:30 Curatives and dump (dump temp.: 80-90°C)

( AZ7

mol % of epoxide = 10—t~

)

(¢) ENR-50 |

(b) ENR-25 fj\ . A

55 53 ) 49 ar a5 43 a 39 a7 as B Y] 29 27

25
ppm

Figure 3. "H NMR spectra of (a) NR, (b) ENR-25, and (c) ENR-
50.

Table 3. Epoxide Contents and T, of Rubber by 'H NMR and DSC
"H NMR results DSC results

Rubber -
Epoxide contents (%) T, (°C)
NR 0 -61.5
ENR-25 253 422
ENR-50 46.2 -25.2

Base rubber2 AF&3F NR, ENR-25, ENR-502] 'H NMR
spectrum- Figure 30 UEFHIL, epoxide contents I T.=
Table 3¢ Yehfgich 'H NMR spectrum 5.1 ppmol|A]
olefinic methine protons®]] &J3}] == rubbero] A] signalse]| L+
Elgkar, 2.7 ppmo]| A= epoxy methine protonse] 2]3j] ENR-
25, ENR-500)| A4} signalso] YEFGTE. 3.6 ppmo]| A= adjacent
epoxide groups?] ring opening©. 2 WA H five cyclic ether 7¢
Z 2 QI3 signalso] WERGTE? 5.1 ppm} 2.7 ppmof| A 9] &=
peak HAL 0]L3| epoxide contentsS AAFsFITH>** NR,
ENR-25, ENR-502] T,= DSCE £ 43} epoxide
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Figure 4. Compounds cure characteristics by MDR at 150°C.

contents7} Z7}3}o]| w} chain mobility7} A|$HE] o] rubber2]
T/t 271 th>* ENRE| T= epoxide contents 1 mol%
T 0.75~0.81°C A= 271315

2. Cure Characteristics and Mooney Viscosity

Mooney viscosity & bound rubber 2% Z1}2} moving die
rheometer (MDR)E ©]-&3}] %3t cure characteristics 21}
Figure 4, Table 40] YeF 1t} CB/Silica H]-&©o] 35/2021 A
-2 Eo]4 NR/BR blend HI}-&E= NR9| & EAFF o
WA} QXA R Q5] FAE NRE network® <135 ENR/BR
blend HupE =R} =2 FUHE 9} =2 bound rubber 3
& Uebict 277 CBe) §3o] 74842 NR/BR blend 75}
£T = CB-rubber interaction®] Z}4A =2 L2 bound rubber
F= UEaL, 9bHo] ENR/BR blend Hube-E= A g7t 2
3l #57121 epoxide groupol ofsf A2z} FHegFo| St
of w2} silica-ENR interaction Z7}2 bound rubber g&Fo] =
Hetgen, 12 s BUHEsL 2k AnkE Uy
t}.28 Cure characteristic A a7} 8] & 0] Z7}3}| wa} Al
7o) 22 H2o R 98 tyo] Z7keke ATE Ul
11, epoxide group ©] W24~E base rubber?] o|EZA% 4~ 7

&2 A3 o] solv= AHE UElTh E]F ENR/BR
blend HI-E+= 150°C ZZA 9| A] silica-ENR interaction2 &
Aol wek epoxide groupo] BEA-E E AT gHE b
ot}
AT

3. Mechanical Properties, Crosslink Density and DIN
Abrasion Loss

Mechanical properties ZI}+= Figure 52} Table 5¢f YEM
9131, crosslink density A3}= Table 59| YERJ 1Tt NR/BR
blend FI-EE+= A7} H&o] S71gt ol w2t A7ty &
AA| Z&37} CB-rubber interaction®] ZHARE QI8 ¥e 7}a
4= vehgitt. ENR-25/BR blend AI-EELE silica-
ENR-25 interactiono] 2] A2]7} =5 A] 7tnHE9o] ZHAa
7} NR/BR blend Aog=of H|s| ZFrem, ENR-50/BR
blend A1} E L= =2 silica-ENR-50 interactiono]] 2]3] A2]
7t Sl whet Ztn i =7t 7bEE 23E v ok
&= 9] moduluse 7Fal W =9} filler-rubber interaction®]
SF2 vr-g|, silica-rubber interaction®]] 2]%t modulus SFA}HE.
t} CB-rubber interaction®] ]3] 3FA} == modulus7} =T}l
BT Heb g7t v St et e sta
T £ veld NR/BR blend ZHu}-2-E=29 ENR-25/BR blend &

300

— NR_35
----NR_20
250 4 —— E25_35

|

200 +

150 +

Stress (kgf/cm?)

100 +

50

T T T T T T
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Figure 5. Stress-strain curves of the vulcanizates.

Table 4. Cure Characteristics and Mooney Viscosity of the Compounds

NR / BR blend
Compounds

ENR-25 / BR blend

ENR-50 / BR blend

N35 N20 E25 35 E25 20 EO0 0 E50 35 E50 20 E50 0

Mooney viscosity (ML;+4@100°C) 82.3 81.3 73.8 77.8 84.0 73.3 82.5 86.5
Bound rubber contents (%) 38.7 32.6 31.1 32.1 34.5 373 39.5 41.9

tgo (min:sec) 8:00 9:30 8:12 9:21 12:32 9:06 11:01 12:37

Tiin (N-m) 0.28 0.27 0.24 0.25 0.32 0.23 0.26 0.29

Tmax (N-m) 1.40 1.41 1.58 1.58 1.75 1.60 1.69 1.83

AT (N-m) 1.12 1.14 1.34 1.33 1.43 1.37 1.43 1.54
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Table 5. Mechanical Properties of the Vulcanizates

NR / BR blend

ENR-25 / BR blend

ENR-50 / BR blend

Compounds

N_35 N_20 E25 35 E25 20 EO 0 E50 35 E50 20 E50 0

Mioo% 21.6 20.7 294 27.9 26.0 34.8 34.9 33.9

M;000 99.0 86.3 119.3 110.6 100.5 134.5 1354 129.8
Elongation at break 630 650 610 630 620 570 540 490
Tensile strength 277 272 272 278 256 261 257 227
Crosslink density 9.08 8.43 10.97 10.72 10.21 12.52 13.51 14.78

DIN abrasion loss 42.7 53.7 36.7 35.0 29.0 28.3 23.0 20.3

= A7t BlE 571 Al %2 modulusE UERA Gl ~ 10

ENR-50/BR blend ot =+ A g7} v|& 7o) ot 2
ZH =S Vel golE H]$3 modulusE YERHTH
DIN abrasion tests F3l Au-*E=9] Yot 5 H7}s}
9, W7h AT Table 5o Liebith W7} A3} NR/BR
blend ok == Al2j7ke] vlgo] 27}kl ue} g4 CB-
rubber interactiono]] &J3) &gt ot A5 eI,
5hglo] ENR/BR blend A3t =i Aej7} vlg Z7po] we}
BFAFE silica-ENR interaction©. 2 213} WuliAl5o] 7/HAl 5
L A= Jebioh 3 epoxide groupo] WS4E &
silica-ENR interaction-& 7]-X] A=R=4 ENR—SO/BR blend FHu}-&

4. Dynamic Viscoelastic Properties

Dynamic viscoelastic propertieso]| 4] tan & at 60°C Ft-2 tire
9] rolling resistance (RR)E YEMf &= X FEZ2A], 11 Fro] &
S42 fuel efficiency7} SAAE Tt & A Uk Loss
modulus (E”) at 0°C Zk-2 tire2] wet grip A5 UEM&= A
Fo|H, I o] F25F wet grip 50| Ficta &
EER LRk

Figure 63} Table 60] FHI2=9] dynamic viscoelastic
propeies 23 gl 27 YHEEE T, 3ol
rubber chain®] hysteresis 2 Q18] =2 tan § S Vehdch?
FESF YUl 0 7 du)Ad59] 2] E ¢ tan § at 60°C ZH-2 rubber
9] hysteresis 2t} fillere] A% U wz]of 2]3t hysteresis

Table 6. Viscoelastic Properties of Vulcanizates

Tan &

=== NR_20 ---- E25_20 =-=- E50_20
\
------- E25 0 wweeeee E50 0

Temperature (°C)

Figure 6. Temperature dependences of tan & for vulcanizates.

FFS A w=th ueby 1R} 38 AgS =
ssilica?} SCA= carbon black°ﬂ H]3] Mol 93t hysteresis
£ 29 4 Qo] ST AL el Ao JA
ek et e asesa deistel gel 27K

£ tan § at 60°C Zro] Polx= AL sy}, shA|qr
ENR/BR blend FH3--E= epoxide contents”} 715 wet
%'I‘—% TS Yely Ae=9] tan § peake] NR/BR blend
<20 v A Uehts AS Slstinh. 2o wet
ENR-2 epoxide contents”} 57135 2obd T,0 dFO =2
tan § at 60°C gto] &4 Ueht E23t fuel efficiencyE L}
Uit B¥hH wet grip A5 XF2Ql E” at 0°C 32 E=olA

NR / BR blend

ENR-25 / BR blend

ENR-50 / BR blend

Compounds

N 35 N_20 E25 35 E25 20 EO0 0 E50 35 E50 20 E50 0
Peak of tan & 56.9 547 353 335 335 -18.9 162 151
E” at 0°C (MPa) 132 130 3.9 3.33 273 14.78 17.36 17.44
Tan & at 60°C 0.062 0.056 0.079 0.060 0.056 0.125 0.102 0.076
(D]\};g SS‘t’:ai?lOOCS% 0.119 0.106 0.138 0.119 0.107 0.176 0.151 0.123

. D70
Tan § at 60°C 0.150 0.132 0.175 0.146 0.127 0210 0.177 0.142

(DMTS, Strain 5%)
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Table 7. Amount of Wear Particulate Matters Generated by Rubber Compound Abrasion

NR / BR blend ENR-25 / BR blend ENR-50 / BR blend
Compounds
N 35 N 20 E25 35 E25 20 E0 0 ES0 35 ES0 20 ES0 0
PM2.5 (mg/m®) 0.77 1.33 0.76 0.62 0.33 0.61 0.24 0.10
PM10 (rng/rn3) 1.82 3.84 1.27 1.24 0.78 0.96 0.56 0.28
: 2 NRe] ohueh 427} 18kg B571E JHRE ENRADS,
%, PMm25 o 3 : 2] )
35 B0 ENR-50-2 ARE35}4] binary filler systemo]| A Alg]7} H]Eo]

Particle Mass (mg/m?)

AN

. 7

N_20 E2535 E2520 E250 E5035 E50 20 E500

AN
A

Figure 7. Amount of wear particulate matters generated by
rubber compound abrasion.

epoxide contents7} Z7}g o wha} 43 wet grip 52

BRI AT

5. Amount of wear particulate matters generated by
rubber compound abrasion

Figure 72} Table 7] A2 v A] MASHE )47
24738 ek oA ke Yele g5 $A)
g Z%Fo] UEhstth. NR/BR blend Hut2 =+ A7} &
Z7}o| Wt ZF4~% CB-rubber interaction® 2 13} 2] 8H )
/g5 it B Eo] nlA|HA] IR B3 SRR S 2 Tt
Sk whE ENR/BR blend A5h-S = 4127} )& 2710
Z} S YefrAdSE e, silica®t ENRO] chemical
interactiong £33+ 73t filler-rubber interaction & A3}17] )
2ol PAHA] By Fo] FaHR e E HoET. dFos
733} filler-rubber interactionS 7}A] = silica filled ENR-50
SheEolH 7P W wAHA BAkS Uehyic

Conclusions

TBR tire tread A= 53 Yolt2AdS=2 93] BR
< blend 3} ARSI, FZofl= 423t fuel efficiency”} &
T¥of wg} carbon black YE-E silicaZ A= A+7}
o|FA| 2L Ut SFAITE NR A=A 7H2 5 dHE 4
272 thAeHH Ar]de2 ZiAe] HARE Yt dss &
gsitts @l ok 2o wEh 2 Aol A= base rubber

02 Aot B4 Bty

o= vk F7} A3k, NR/BR blend HI-EE+ A7t
H|-& Z7} A] CB-rubber interaction®] ZFA=Z *2& bound
rubberS e} 1, oAl filler-rubber interaction®. 2 Wju}
/85 0] B854 UEkth ¥ ENR/BR blend= A 2|7}
H]-& =7} A] silica-ENR interaction® 2 213} %= bound
rubber ¢} filler-rubber interaction®] 34O 2 YulrA5o|
MAdEE &dstATh. wWEhA epoxide group o] &2
ENR-50/BR blend Zu}-&Eof| 4] =& filler-rubber interaction
o2 Qs 44 o detm s ek,

ERYEA NN A7} vl & 57} A BE AT
Au] o] AAES SISk, epoxide groupe] o] %
SZ base rubber?] T, F7}=2 Q13| tan § at 60°C Ffo] 3
7V8f &3t fuel efficiency YeFATE 3HA|9 T, A5 02
913} B at 0°C Zhe %) LFERE 53t wet grip 453
S glskint

o Hz] 2rAEES. AHute = 9] filler-rubber interactiono]]
w2t Yehd A o= gekE) 79 w2k ENR/BR blend #
1}-8- == ENRO| carbon black 2t} A2]7}7} 733} interaction
< P57 "ol A7t vl F7tol whet ulAHA] Ay
Fol o=t

H Lol A= NRQJ epoxidation©] silica filled 7 3}-2-E 9]
filler-rubber interaction 3FA}F © 2 YulR A =20] 7 A o= o &
B0 AL skt AT %2 epoxide contents=
AL T, F5o 2 3l EE3 AvldsS el
t}. 3t NR9| epoxidation® 2 <I3t filler-rubber interaction
9] S mAIHA TS A7 AR wdErt
ZA1}A 6 2 ENR-25/BR blend ZH1}-2 == ENR-50/BR blend
ATLE W AulAsol B gigosi, Aeivt ulg
o] F7tekel wet An|dE, Wt ds, AR A Aol
WA= et webA] silica filled ENR-25/BR blend 3=
+ 7]Z29] NR/BR binary filler system A= Kt} L3
et A, wet grip, fuel efficiency, -2 u]|A|HA] TFAIFHS
Uer)] B} X137 A2 TBR tire tread?] 7i@o] 7s3sltt.
£ A5 AxH= TBR tire tread 7= 2] E4Jof| epoxidation
o] )X = FFL PlA|HA] WA gt S Aoz &
€2 & & Aotk
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