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Abstract: The effect of the amount of vinyltriethoxysilane (VTEOS) in precipitated silica filled silicone
rubbers was extensively investigated in terms of the change of mechanical properties, heat resistance,
oil resistance, compression set, resilience, and curing characteristics. As the content of VTEOS increased
from O to 2.0 phr, the hardness of the silicone rubber increased, however, tensile strength, elongation
at break, and tear strength decreased. From heat resistance test, the change of mechanical properties
was pronounced for silicone rubber treated with more VTOES. The best heat resistance was achieved
at 2.0 phr VTOES. In addition, oil resistance was proportionally improved with VTEOS content. From
oll resistance test, it was found that the decrease in hardness and maximum elongation was reduced
for VTEOS—added systems. Finally, resilience, compression set, degree of cure and crosslink density
were significantly enhanced with the amount of VTEOS.
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Figure 1. Silanol groups on silica surface.
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M2, AgE 1F= #|Z37] 918 Grace Continental Ltd.ollA] A
Z% T5 TM(molecular weight, M, : 6X 10° g/mol, vinyl content
0.16 mol%) Al Ba-(silicone gum) S A3l o, A& 11
- BAA| 241 RhodiaolH Az 2421711 Zerosil 1425 At
|33t AP 0] TEAIR AREE el Slol=SA TIF
£ 7K A 2248 Grace Continental Ltd.olld #A|ZE A—89 2
2= 2 (OH content: 13 mol%, viscosity: 20 cPs) & AF-315T]
71 AZRHARJ] v dEZ A EAILTHVTEOS) Evonik Degussa
AFS ARESISTE A8E2 15 UF o]&8A= Grace Continental
Ltd.olq Az8 THP—10(zinc stearic acid) S ARE-813th vi=|2k
o 2 Aol ARE f71IEHES Akzo NobelolA] #1z¥
2,5—bis (#=butylperoxy) 2,5—dimethylhexane (DBPMH, purity
92%) = ARE3ISITE BIERSAVITHVTEOS) £35S AlList 2+
Z}o] Ajmo] TR B s Y8k, VTEOSS] #4920, 0.5, 1.0,
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2 AABIS oM, ApAgE AR TR Ak A A uldegS 24
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7HZerosil 142) 40 phr& T3 o, E3-3 BolskA ap7] Slst
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Table 1. Formulation of Silicone Compounds

Mix symbol
VTEOS VTEOS VTEOS VTEOS VTEOS

Ingredients

Ophr 0.5phr 1.0phr 1.5phr 2.0 phr
Silicone gum (T 5TM)¢ 100 100 100 100 100
Silica(Z-142)" 40 40 40 40 40
Silicone oil (A=89)¢ 2.5 2.5 2.5 2.5 2.5
VTEOS? 0 0.5 1 1.5 2

Zinc stearic acid(THP-10)° 0.3 0.3 0.3 0.3 0.3

“Vinyl content : 0.16 wt%, Molecular weight : 6 X 10° g/mol, Grace Con—
tinental Ltd. *Particle size : 50 um, Surface area(BET) : 200 m%g, Loss
on drying 2 h at 105 C : 5.2%, Rhodia. “OH content : 13 wt%, Viscosity : 20
¢Ps, Grace Continental Ltd. “Vinyltristhoxysilane, Evonik Degussa.
‘Release Agent, Grace Continental Ltd.
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Table 2. Comparison of Mechanical Properties of Silicone Rubbers
after 1% Cure and Post Cure

« VTEOS Loading (phr)

1% Cure test results 0 05 L0 15 20
Hardness (Shore A) 48 50 53 54 55
Tensile strength (Kg;/cm?) 93 91 86 80 77
Elongation at break (%) 492 411 358 321 302
Tear strength (Kg;/cm) 29 25 24 23 22

VTEOS Loading (phr)

Post cure test results 0 05 10 15 20
Hardness (Shore A) 51 52 54 55 55
Tensile strength(Kgi/em? 95 90 84 82 80
Elongation at break (%) 402 353 322 291 282
Tear strength (Kg;/cm) 28 27 25 23 21
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Figure 2. Bonding silicone rubber to silica with VTEOS.

Table 3. Physical Properties before and after Heat Resistance
Test

VTEOS Loading (phr)
0 0.5 1.0 15 2.0
Hardness (Shore A) 51 52 54 55 55
Tensile strength (Kgi/em®) 95 90 84 82 80
Elongation at break (%) 402 353 322 291 282
VTEOS Loading (phr)

0 0.5 1.0 1.5 2.0
47(-4) 49(=3) 51(=3) 53(-2) 54(-1)
66 68 67 69 71
(=31%) (=24%) (=20%) (-16%) (-11%)
301 289 276 268 257
(-25%) (=18%) (=14%) (-8%) (=9%)

Post cure test results

Heat resistance test results

Hardness (Shore A)

Tensile strength (Kg;/cm?)

Elongation at break (%)

60
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Figure 3. Hardness as a function of VTEOS content before and
after heat aging resistance test.
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Figure 4. Tensile strength as a function of VTEOS content before
and after heat aging resistance test.
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Figure 5. Elongation at break as a function of VTEOS content
before and after heat aging resistance test.
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Table 4. Physical Properties before and after Oil Resistance
Test

Post cure test results VTEOS Loading phr)
0 0.5 1.0 15 2.0
Hardness (Shore A) 51 52 54 55 55
Tensile strength(Kge/emd) 95 90 84 82 80

Elongation at break (%) 402 353 322 291 282
Test results of resistance to fluid
VTEOS Loading (phr)

0 0.5 1.0 1.5 2.0
Hardness (Shore A) 4(-7  47(-5)  49(=5)  51(-4)  52(-3)
Tensile strength (Kg:/em?)  86(-9%)  86(=4%) 85(+1%) 81(-1%) 80(0%)
Elongation at break (%)  305(=24%) 275(-22%) 267(-17%) 257(-12%) 246(-13%)

VTEOS Loading (phr)
0 0.5 1.0 15 2.0
Hardness (Shore A) 35(=16) 39(-13) 40(-14) 42(-13) 45(-10)
Tensile strength (Kgi/em?) 54(~43%) 39(=34%) 40(=30%) 42(-29%) 45(~30%)
Elongation at break (%)  246(-39%) 226(-36%) 228(~29%) 223(~23%) 219(~22%)

ASTMNO. 101l

ASTMNO. 3 01l

Eg|H, #3548 A43, 2011
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Figure 6. Hardness as a function of VTEOS content before and
after oil resistance test.
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Figure 7. Tensile strength as a function of VTEOS content before
and after oil resistance test.

450
—#— Post Cure
--&--- ASTM NO. 1 Oil Resistance test
(Post Cure/150 C X 70 hrs)
4004

—w— ASTM NO. 3 Oil Resistance test
(Post Cure/150 C X 70 hrs)

Elongation at break(%)

200 ! L !
0.0 0.5 1.0 1.5 20

VTEOS Loading(phr)

Figure 8. Elongation at break as a function of VTEOS content
before and after oil resistance test.
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Figure 9. Volume change (%) as a function of VTEOS content
before and after oil resistance test.
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Figure 10. Compression set as a function of VTEOS content.
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Figure 11. Effect of VTOES loading on resilience of silicone rubber
tested using rebound pendulum.
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Figure 12. Effect of VTOES content on curing characteristics
of silicone rubbers.

Table 5. Test Results of Curing Characteristics of Silicone Rubber
Using DMR

VTEOS Loading (phr)

ltems 0 05 10 15 20
ML(N - m) 032 027 028 034 026
MH(N - m) 249 256 289 310 317
ATOMH-ML) (N -m) 217 229 261 276 291

ML: Minimum torque. MH: Maximum torque. A7> MH—ML.
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Figure 13. Crosslink density of silicone rubber filled with silica
treated with different amounts of VTEOS.
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