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Effect of Carboxylated SBR Latex on silica dispersion and dynamic mechanical

properties of rubber composition for tire tread

Yu Seok Choi

Department of Polymer, The Graduate School,
Pukyong National-University

Abstract

In this study, by applying Carboxylated SBR latex was observed dispersion of
silica, mechanical'properties, dynamic characteristics.

By applying a small amount of Carboxylated SBR Latex improved dispersion of
silica. This was confirmed by the mooney viscosity, G, +AG! FE-SEM observation.
This effect was noticeably-when 3phr, 5phr apply.

Carboxylated SBR Latex by applying exhibited excellent mechanical properties.
This was confirmed by the hardness and mechanical strength, abrasion resistance.

3phr and 5phr Carboxylated SBR Latex by applying exhibited excellent dynamic
characteristics. This was confirmed by the high tan§ values at OC and low tan§
values at 60C.

Therefore 3~5phr Carboxylated SBR latex reduced filler—filler interaction of silica.
And were able to improve dispersion of silica, mechanical properties, dynamic

characteristics.
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Figure 1. Concept of interaction betwee

arboxylated SBR Latex and silica.
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2-1. 489 A=

A (SVR-3L), F-Efr]el :5(KBR 01), 2=€lol&ll FEft]el 1% (SBR
1502), Carboxylated SBR €2~ (KSL 106)<S AF&3l%it}. Table 19 e
o] 71& EAES YHE AT
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FFEEHT JQAA o] 15~20nme] L W] ZEH A o] 150~ 180m2/g(BET) A
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Table 1. Characteristics of Carboxylated SBR Latex

Carboxylated SBR Latex

Solid content (%) 50
Viscosity (cps) 190
Particle size-(A) 1700

Tg (T) -16




2-2. A3 AX
2-2-1. Kneader

AF compoundE A FRE7] Sl AdE  Moriyvamaite]  model

DS1-5MHB-E dispersion mixer @# 3 UG ZE AFE3F
2-2-2. Roll mill
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2-2-3. Hot press machine
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2-2-4. Oscillating disk rheometer(ODR)
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2-2-5. Mooney visco meter

A AAdHe A= WElE 54357 9@l DAEYUNG ENGINEERING A}
°] MOONEY VISCO METER(Model : DMC-200C)& A}F-8&3}31

2-2-6. Hardness tester



g 5437l flsted ASKER LTD.¢] XA (Type A)
& gt

2-2-7. Universal testing machine(UTM)

Az AEY 7A™ =4S FAH3S7] A%t Instron  LTD.<
UTM(Model : 3345)& A}-g3}dch

AR

2-2-8. Abrasion tester

a5 AFEH] UnERASE SHek7] st Y2 YAsuda Seiki LTD.¢]
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2-2-9. Dynamic mechanical analysis
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2-3. AlHF A=
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Table 2. Experimental formulations (Amount; phr)

Materials Ref. CSL1 CSL2 CSL3 CSL4
NR 20
BR 50

SBR 30 27 29 23 20

C-SBR Latex (solid content) - 6 (3) 10 (5) | 14(7) | 20 (10)
Carbon 'black 35
Silica O
Si-69 3
Additives 10
Accelerator 1.6
Sulfur 2




s i ! Filler : Silica/Latex cake Mixing speed : 35rpm
-ty B AAdit e
Matrix § Additive hon black Mixing ti : 15min

Mixing speed : 22rpm
Mixing time : 3min

‘i

160 °C x t90 by ODR
Pressure : 120kg/cm2

Figure 2. Procedure for preparation of compounds.
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2-4-1. Y A= (Mooney Viscosity)
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Figure 3. Shape of durometer type A hardness tester.
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2-4-2-2. AZFAE / A &Y / A& (Tensile strength / Modulus /
Elongation)

B 358 AYAL AFsgrt. UTM(Universal testing machine) g AF-&
& 1A%, 100% modulus, A1 &S =AF L AFdHL 5= H g

Haghe AT UeiA el FES AUk AFLE, A3 2 AFS
ya

= L
£, =ity e

Ept A& (%), Lo ¥4 Agl(mm), L2 ddE wo] FX4 Alo]e] Zo]
(mm)o| t.

0. elge
M, = Lx 3)

M2 93F-&Hkgf/cm® {(MPa}], F,& 54 AF& (%)M 35 [kef

_13_



o] ©@¥ A (cm®)olth.

(N}, A= A%

i)
=)

_14_



ot

=R

¢ mm

138 2328 358
120 100 100
5,25, 40 . 40 525,20, 40 5,.25..20, 40
8 Yy
k25 i oy R25 Sl RN QT,’ Wy
=l N =] i |
B S
ka) % Rl % j
ey
458 55 8 6 58

2

0

100 ,
1,449 ;‘ 20, 4

Figure 4. Standards of Tensile strength specimen.
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2-4-2-3. A €A =(Tear strength)

aE RS
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2-4-2-4. Yul 2 E A (Abrasion resistance : NBS, Akron)

7}. Testing Method for Abrasion of Vulcanized Rubber(NBS Method)

KS M 6625 i+ZA°] &3t F77F 6.3mm, 3 We] ZAo]7} 254mmel A A

AP oz AU Axsto] SAHSAY. AFAY = e 1 FdgS S

sttt
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AlgH o] UnpR &2 o3 2o et Al4ksES Tt

Wk (%) = -

A7l A T Agae] Ad d A (g), T Adda Ad & 239, o
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, =2 B E G, tan §) 3= S35 95k
H7tx271S &S (frequency) 10Hz, &% 60T, 0.25%FH 55% strain'H
A%< (frequency) 10Hz, strain mode, 2<% 37C/min

150 CH-E 100C 2 2= lolA =AY
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3-1. ¥y A=

FUAEE A3 4A3E Table 37 FigureGoll YEFATE AA Aoz
Carboxylated SBR #8l~7} A8% compound”} Ref.o| #w]3le] Ax=7F A
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2ol wE A A ok AR AlsETh

CSL1ell A CSLA7HA] epell 2~ ghafo] S7hghell wheh E4Hd 7 &E3es 4
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& fillerhe] YPAZFel, T2]ar gpd o] FRo ok Aerte] S &gl

71018k o2 AlmHT

_20_



CSL4

ML1+4 87.4

_21_



Mooney (M) Temperatunre (T}
1E0LD 150.0

14400 1200

105D

! - : L 1 i
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Figure 6. Mooney viscosity of rubber compounds.
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3-2. Payne effect
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dell 7113 AL E AlsHH
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w2} Ref.¢} fFAFSEAW S7let= 21 9& Hof 10phr ©]4ke] #tel~ H§&
Ae7ke] £ TR I AT Al = Ao ATy, ol EAA
o] £& 9 nFo| wE filler 1+ PA o, Lgla gt 2o Fio] ¢
g Aelrtel AN VIR o2 AlSE T
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Table 4. Go’ and AG(Gy'-G') of rubber compounds

Ref. CSL1 CSL2 0N & CSL4
Go’ 16.072 15.606 1 16.099 16.544
AG' 13.820 B2 13.241 13.862 14.287
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Figure 7. G’ vs strain curves of rubber compounds.
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Figure 8. Hardness of rubber compounds.
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Table 6. Mechanical properties of rubber compounds

Ref. CSL1 CSL2 CSL3 CSL4

Tensile strength 122 140 140 138 130
10026 modulus 30 35 34 Ry 31
Tear strength 55 61 60 59 59
Elongation 250 290 280 290 270

_30_



Tersile srength [lgfiar#]

160

150

140

130

120

110

100

Ref CSiA ca 2 ca3 csl4

Figure 9. Tensile strength of rubber compounds.
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Figure 10. 1009 modulus of rubber compounds.
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Tear strength [koffand

Ref Ccs1 ca2 ca3 ca4

Figure 11. Tear strength of rubber compounds.
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Figure 12. Elongation of rubber compounds.
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Table 7. Abrasion resistance of-rubber compounds

Rl ol CSL2 CSLE3 CSL4
NBS 320 360 340 330 330
Akron 0.24 022 0.23 0.23 0.23

_36_



NBSaxasion[%4
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Figure 13. NBS abrasion resistance of rubber compounds.

_37_



Acon aossion[ccloss]

0.26

0.25 -

0.24 -

0.23

L 3
»

0.22

0.21

0.20 T T T T T

Ref (&5 Byl ca 2 ca3 ca4

Figure 14. Akron abrasion resistance of rubber compounds.
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3-4. 3 &4
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Table 8 Tan § of rubber compounds at 0 C and 60 C.

Ref. CSL1 CSL2 CSL3 CSL4
tan § (0C) 0.1283 0.1421 0.1469 0.1367 0.1303
tan § (60C) 0.0974 0.0943 0.0948 0.0981 0.1005
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Figure 15. Tan 6 versus temperature curves of rubber compounds.
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(d) CSL3 and (f) CSLA4.
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