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ABSTRACT

The physical properties of rubber compounds containing silica and siliane coupling agent in

order to replace the carbon black and prepare for environmental regulation showed improved

dynamic properties(rebound, heat build-up, 60 °C ten §), but the abrasion resistance did not im-

prove compared with the compounds containing carbon black. Also, curing retardation because

of coherent structure of silica improved by the addition of DEG, but the mixing step change of

activators did not so much improve the static and dynamic properties of the compounds contain-

ing high synthetic rubber, the status of mixing and dispersion showed that the compounds con-

taining carbon black was much better than the compounds containing silica by TEM investiga-

tion.
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Table 1. Test recipe for each experiments

Unit . phr

Item A B C* D¥ E F* G*
S-SBR 60.0
NR 40.0
40MS 2.0
ZnO#S* 3.0
S/A* 1.5
0il 11.0
Sulfur 1.9
Cure-NS 1.0

CB 52.0 32.0 32.0 32.0 22.0 220 22.0

Silica — 20.0 20.0 20.0 30.0 30.0 30.0

DEG - - - 20 - - 30

Si-69 - 35 35 35 5.25 525 525

* . Indicate the activators
“** : Indicate the test recipe for the change of mix-
ing step by activators
CB : Carbon black
S/A : Stearic acid
Si-69 : Coupling agent
DEG : Diethyleneglycol
Cure-NS : Accelerator
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Table 2. Mechanical properties of rubber com-
pounds with silica loading

ITEM A B E
Unaged
Hardness[J I S] 63 64 68
300% modulus[kef/cm?] 113 98 114
Tensile strength[ kgf/cm?] 189 187 146
Elongation at break[kgf/em?] 446 507 368
Aged*
Hardness[ JIS] 68 68 73
300% modulus[kgf/cm?] 139 138 —
Tensile strength[ kgf/cm?] 188 198 135

Elongation at break[kgf/cm?] 389 411 251

* : Aged at 1057, 1 day

A : Carbon black only

B : Carbon black/silica(32/20)
E : Carbon black/silica(22/30)
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A
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g
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Time(min).

Fig. 1. Rheographs of rubber compounds contain-
ing silica, silane coupling agent.
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Fig. 2. Abrasion resistance according to silica and

coupling agent loading
A : Carbon Black Only
B : Silica/Si69(20/3.5)
E : Silica/Si69(30/5.25)
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Fig. 3. Rebound ane heat build-up accnrding to sili-
ca and coupling agent loading
@ : Rebound[ %] < :Heat build-up(9%)
A :Carbon black only
B:Silica/Si-69(20/3.5)
E:Silical/Si-69(30/5.25)
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Fig 4. 0 and 60°C tan ¢ according to silica and sil-
ane coupling agent loading
®:0C tand O:60Ctand
A :Carbon black only
B:Silica/Si-69(20/3.5)
E:Silical/Si-69(30/5.25)

Table 3. Mechanical properties of rubber com-
pounds with silica loading and DEG

ITEM C|D|7 |G
Unaged
Hardness[ JIS] 64| 64| 57| 65
300% modulus[ kgf/ecm?) 991101104 99

Tensile strength[ kef/cm?] 185(189 (174|179
Elongation at break[kgf/cm?]|487 | 431 | 456 | 480

Aged*
Hardness[JIS] 69| 69| 72| 70
300% modulus[ kgf/cm?] 140|148 |150 (137

Tensile strength[ kgf/cm?] 1751177 154|166
Elongation at break[kgf/cm?]|365 | 353 | 308 | 358

: Aged at 105°C, 1 day

. Silica 20 phr

. Silica 20 phr, DEG 2 phr
. Silica 30 phr

: Silica 30 phr, DEG 3 phr
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FTHEER V1A g Eoly ofuly T3 2
BHAE Arhsto] o] WA= ¥ ATAME
DEG(Diethyleneglycol) & #4(C, D, F & G)3}
of 2t7e}) £4& AEs Y 135N, UnlRE
A, ubdebd 9 WA EA fap 0+ Fig. 5-84
AEAL Table 3o 77 Jehugich,

A AAA ALl A7 gHAE AuEd
Fig. 59] 7}3542 Aelsl Wgad $7H20 & 30
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Fig. 5. Rheographs of rubber compounds by DEG.
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Fig. 6. Abrasion resistance according to silica and
coupling agent loading
C : Silica/Si69/DEG(20/3.5/0)

: Silica/Si69/DEG(20/3.5/2)

: Silica/Si69/DEG(30/3.25/0)

: Silica/S169/DEG(30/3.25/3)
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Fig. 7. Rebound ane heat build-up according to sili-
ca and coupling agent loading
@  Rebound[%] < : Heat build-up[ ‘C]

C : Silica/Si69/DEG(20/3.5/0)
D : Silica/8i69/DEG(20/3.5/2)
F : Silica/Si69/DEG(30/3.25/0)
G : Silica/S169/DEG(30/3.25/3)
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Fig. 8. 0 and 60°C Tan & according to silica and sil-
ane coupling agent loading
®:0CTand < :60C Tan &
C : Silica/Si69/DEG(20/3.5/0)
D : Silica/Si69/DEG(20/3.5/2)
F : Silica/S169/DEG(30/3.25/0)
G : Silica/Si69/DEG(30/3.25/3)

F7bete A0Z byt

Fig. 7 & 89 $HEAL 718 A w47} w
JEA 2 f21 §(0 & 60C)o] HME Auts)= o
FE vlAT Q&S Boln glek it 20 phr(C
& D) #FAAE Bdo] 782 60C fan o
ARG v 0C tan 0 7Hash9on), gt 30
phr(F & G) #E-e %4 2 0C Tan 0 4A
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Table 4. Mechanical properties of rubber com-
pounds with silica loading and mixing
step change

ITEM C|D|F |G
Unaged
Hardness[ JIS] 64] 64| 68| 67
300% modulus[ kgf/cm?] 98| 99(114(104

Tensile strength[ kgf/cm?] 197 (185|146 |174
Elongation at break[kgf/cm?]| 507 | 487 | 368 | 456

Aged*
Hardness[JIS] 68! 69| 73| 72
300% modulus[kgf/cm?] 139,140 — [150
Tensile strength{ kgf/cm?] 198(175(135| 154
Elongation at break[kgf/cm?®]{411|365|251|308

: Aged at 105°C, 1 day

. Silica 20 phr

: Silica 20 phr, mixing step change by activator
. Silica 30 phr

. Silica 30 phr, mixing step change by activator
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Fig. 9. Rheographs of rubber compounds by mixing
step change of activators.
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Fig. 10. Abrasion resistance according to s:lica and
coupling agent loading.

. Silica 20 phr, same mixing

. Silica 20 phr, separate mixing

. Silica 30 phr, Same mixing

. Silica 30 phr, separate mixing
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Fig. 11. Rebound ane heat build-up according to
silica and coupling agent loading.
@ Rebound[ % ] < : Heat build-up [C ]}
B : Silica 20 phr, same mixing

C : Silica 20 phr, separate mixing
E : Silica 30 phr, Same mixing
F : Silica 30 phr, separate mixing
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Fig. 12. 0 and 60°C tan & according to silica and
silane coupling agent loading.
@®:0C tan 8O 1 60C tan 8

. Silica 20 phr, same mixing

. Silica 20 phr, separate mixing

: Silica 30 phr, Same mixing

. Silica 30 phr, separate mixing
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Fig. 13. Dispersion state of carbon black only(x
30,000)
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Fig. 14. Dispersion state of silica loading 20 phr
(x30,000)

Fig. 15. Dispersion state of silica loading 30 phr

(x30,000)
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