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Abstract: Silica which is used for reinforcing filler in tire industry is widely known as eco-friendly material exerting CO,
reduction effect through decrease of rolling resistance and improvement of wet grip. Generally silica is classified as a highly
polar filler because it contains a large number of silanol (Si-OH) group on its surface. And also silica gives a lower rein-
forcing effect than carbon black due to its poorer rubber-filler interaction. Therefore silica is treated with silane coupling
agent or activator, then following the conventional rubber blend method, vulcanized sheets were prepared using a hot press,
and cure characteristics, mechanical properties and abrasion resistance of the test specimens were investigated. It was found
that with an increase in the silane coupling agent content the tensile strength, 300% modulus and abrasion resistance
increased while Mooney viscosity decreased and crosslink density slightly increased with an increase of activator.
Keywords: silica, rolling resistance, wet grip, silanol group, coupling agent
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Table 1. Properties of Materials
1) Natural rubber

Item M.V(ML1+4) PO PRI (%) Ash (%)
SIR 20 68 32 83 0.3
2) Silica
Item Moisture(%) pH SiO, content BET
surface area
VN3 GR 5.5 6.2 98% 175 m¥g
3) Silane
Average molecular .
Item Sulfur content . Density
weight
Si-69 22.5% 3.70 g/mol 1.10 g/em®
4) PEG 4000
Item Average sp. gr. viscosity flash point
molecular weight p- & (100°C) p
PEG 4000 3800~4200 1.212 90.8cps 268°C
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31, EAJA= Ex}Fo] 400021 KPX GREEN ChemicalA}
o] PEG 40008 ALS3T}. 7}l A|2E-E 88 0] 88 semi-
EV cure system& ARR3}E 7}wERIA] N-tert-butyl-2-
benzothiazoyl sulfenamide (TBBS)2} dibenzothazyl disulfide
(DM)& 7] Apgaheict

2. Al™ H=

Hig} formulation A Ak AESIYA 8i-69 o] ohE
283 E/4A PEG 4000 gl w2 7HA o] G 17

Table 2. Compound Formulation of NR Vulcanizates with Si-69 & PEG (phr)

Ingredient T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
NR 100 100 100 100 100 100 100 100 100 100
Silica 50 50 50 50 50 50 50 50 50 50
Si-69 - 2 4 5 6 4 4 4 4 4
PEG 4000 - - - - - - 1 2 3 4
Oil 5 5 5 5 5 5 5 5 5 5
ZnO KS#2 5 5 5 5 5 5 5 5 5 5
Stearic acid 3 3 3 3 3 3 3 3 3 3
RD 2 2 2 2 2 2 2 2 2 2
Sufur 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
TBBS 2 2 2 2 2 2 2 2 2 2
DM 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Total 172.8 175.2 176.4 177.6 178.8 176.4 177.4 178.4 179.4 180.4
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Figure 1. Mixing procedure.

AaA 2712 HEE 7HA AL AAE 3FEoH Table 2] 3#
ST, TIA TS Algk AZAA) Si-699] £ 5%
2 A7} 50 phr &S] 0%, 4%, 8%, 10%, 12% H]-&2l 0,
2, 4,5, 6 phr2 Urolx 75 AdPsta, TeolA T10
PEG 4000 S-12H24& 0 phrit#] 4 phi7ka] Al 0.2 o]
A B2 AWt

E A o)A 0]8F A|HL &} &2 (master batch stage)}
22} £3 © Z(final mixing stage) Uo] w3} gict. Figure
1l A Wl Eeg e =Asa 1
o A= &F 1.6 L banbury mixerE ©]-&3}to] 27| 2% 85°C,
HFTRE 155°CE FAI3HAA & 1027 £ 7 &
AL 30 F¢ Wi, o] A7t 123 oFF, LU=
W Sdetel 28 2 o EAT F, Aelv) 103 A A
BA| Si-69, PEG 40002 37 F4star mpx|ero g Akslo}
4, 2HotdA, =3P A|A| RDE £ 5t wAtHE A3 st
ftt. Silanization ¥H-3-3 FAMEQ] 4320 A|AE Y
155°C ©% ZA3o] 387 AL pmoR WAt 27}
steady state AJEjol|lA] 2|F PZ3HcH? 12} THELS A2
oA 24X17h WAFR] S8 44 AR AP 24 B3
2 60°C 2=l A 12} vitE} 7HA], 7t S2AAE £
Sh 1% 302 F 9EAA A3 e Az A5
vjgl A]H-L rheometer (Monsanto ODR 2000)E ©]-&3}4
ASTM D 208499] &3}y 150°Cof| A A 33} 21, Mooney

viscometer (Monsanto MV100)& 0]-&3}¢] 100°Cof| A F-$-
HE=E AR 150°Col A A 7H XIS 4HE8Ho] hot
presso| A ASAFHOE AAAAHS A xdt] EH4S 53

st}

|4 &35t AgE-S ASTM D 20840) F3lo] A
St L1, rtheometerE ARE-3Ho] FojRl 75412 442
st A 1Azl S71Rtel| whet R A E ) S F
AT A= F7H o2 A 7|= o 28T Y
et torqued] <24 LERA Zojtt. o] W 7}
torque= 7HFE=o] vl 5t thE 4 0838k

e

o

=

]

IN

>

4 2o o M 3 X

mh
Ay o

50, |
=

Degree of crosslinking(%) = T(t)—Tin/(Tmax—Tmin) % 100
(1)

Tax © 2] torque gt (Newton'm)
Toin : H4 torque Ft
T(t) : 7FFAIZE tof| A 9] torque ZF

32 7|71 S8

=3t A7 =3t § AFEALL ASTM D 412¢] wz}
dumbbell die CE AFE-3s}o] AR TH 32 AL 125°C 2
Z5tof A kBRI 7S 24A17F Bt e Fofl A skl
Al3lo]| A ARRE tensometer (Instron 3312)= 25°C 3}o| A
500 mm/min®] crosshead <=2} 100 kgf load cell 27 of A
=41t AEE A% 4] ZEA (Shore A)E AHEBIA 5
A3sict.

oL

3.3 OoiE EM

ot 54 A¥E Akron typedt NBS types 22 K
M66243F KS M6524¢] E3to] At om AHgH A
Figure 20| YeRH AT &1 ufrEA S-S v wsty] 9
A Al A - Fo Al BARAE A5t ohEat 2ol
HEL 2 RS S HelA B EE 3HZE 3
#S A5kt

opil 2A18-(%) = (To—Ta)/To x 100
To : AHHY AAA AF (2)
Ty : AIEHE A RS E%F (2)

95]

Ll

Akron type Al Z AL nhEZHE 25° (LE Aw3} AvkA



162 Hae Gil Lee et al. / Elastomers and Composites Vol. 50, No. 3, pp. 159-166 (September 2015)

Figure 2. Pictures of Akron & NBS abrasion testers.
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Figure 3. Variation of Mooney viscosity as a function of Si-69 and
PEG content.
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Table 3. Mooney Viscosities and Cure Rates of NR Vulcanizates with Si-69 & PEG

Item T1 T2 T3 T4 TS T6 T7 T8 T9 T10
Tmin? 15.7 11.4 11 8.8 8.9 9.2 10.7 9.2 8.6 10.1
Tmax" 41.2 44.7 45.6 43.8 45.1 44.6 475 46.2 45.7 473

ts19 6:11 6:01 5:56 6:31 5:50 5:57 6:02 5:57 5:09 4:32

909 13:55 13:05 13:03 13:35 13:28 13:17 12:36 13:05 13:12 12:28

MV 82.4 69.6 67.4 60.1 61.2 66 59.1 53.1 50 51.2

Yminimum torque value (Ib-in)
Ymaximum torque value (Ib-in)

9scorch time (min:sec)

Doptimum cure time (min:sec)

©Mooney viscisity, ML1+4(100°C)(dn.m)
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Figure 4. Variation of delta torque as a function of Si-69 & PEG
content.
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Table 4. Physical Properties of NR Vulcanizates with Si-69

Item T1 T2 T3 T4 TS5
Hardness® 62 65 66 67 67

Before Modulus® 61 99 130 141 148
Aging  Ts9 225 260 264 278 293
Eb? 619 569 549 495 485
Hardness® 65 66 69 70 72

After Modulus® 32 41 48 58 69
Aging  Ts? 130 140 162 167 177
Eb? 388 363 325 249 198

YHardness : Shore A

YModulus : Before aging : 300% Modulus (kgf/cm?)
After aging : 100% Modulus (kgf/cm?)

9Ts : Tensile strength (kgf/cm?)

9Eb : Elongation at break (%)
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Figure 5. Variation of hardness and 300% modulus of unaged
and aged as a function of Si-69 content.
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Table 5. Physical Properties of NR Vulcanizates with Si-69 & PEG

Item T6 T7 T8 T9 T10
Hardness® 66 67 68 66 65
Before Modulus”? 131 133 136 129 123
Aging  Ts® 288 289 295 265 263
Eb? 543 536 525 543 548
Hardness® 69 70 71 70 70
After Modulus® 48 51 53 46 41
Aging  Ts® 172 173 179 158 151
Eb? 327 317 304 308 301

YHardness : Shore A

®Modulus : Before aging : 300% modulus (kgf/cm?)
After aging : 100% modulus (kgf/cm?)

9Ts : Tensile strength (kgf/cm?)

9Eb : Elongation at break (%)
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Figure 7. Variation of hardness and 300% modulus of unaged
and aged as a function of PEG content.
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