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APPENDIX A
Model Studies
Table A-1 Water contact angle d ickness of VDMS-Si.
Sample hickness (A) 04/0:r(°)

Clean Si-Surface = e 5 46/31
VDMS-Si ! N 54/47
58/43
, _ 60/52
2 _ 66/57
5 4G 75/68
e Al 6 80/70
1 G .0£1.26 82/75
9 93/84
J 7 94/88
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Table A-2 Water contact angle data and layer thickness of TVS-Si.

Table A-3 The thickness of >

Sample Time (h) Layer thickness (4) 04/0R(°)
Clean Si-Surface - 22.612.15 46/31
TVS-Si 0.083 11.2510.77 50/32
0.167 13.25140.82 55/41
0. .06x1.70 60/58
.85 79/68
1 82/73
83/77
= 85/73
g 90/80
% 93/81

at VDMS-Si/SqE interface as a

A
function of p-TsO | 6h.
p-TsOH : SqEi( ay@r thickness ()
- 0.25% 8.20+1.83
o L V)

ARV NI WIS

16.40£1.95
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Table A-4 The thickness of the crosslinked layer at VDMS-Si/SqE interface as a

function of SqE using p- TsOH 5% (mole/mole) at 40°C for 6 h.

% SqE in Toluene Layer thickness (A)
5 15.01%1.05
10 15.67+0.74
20 =\ 20.67+1.37
35 — j T 22.67£0.94
50 _ "Qzl 20£1.03
75 ////‘ “\\\k\ 21.70%1.03
A AN
% 100 SqA in Ii /E ’\\\\\ 6.40+1.28

Table A-5 The thickness of

Time (h)
150°C
1 £2.16 16.60£1.85
3 ¥430+1.30 @d7.80+2.31 23.25+0.83
6 ° 0; i ﬁﬂﬁaﬂﬁ 26.60+0.80
2 ¥ 25.20+1.89 ¢ 34508111 v -

+
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Table A-6 The thickness of TVS-Si/SqE interface using p- TsOH 5% (mole/mole).

Layer thickness (4)
Time (h)
40°C 70°C 150°C
1 10.00+1.73 12.40+1.10 18.60+1.35
3 15.75+1.38 15.50+2.44 23.20+2.31
6 23.60+ 30+1.09 26.75+2.77
12 30. .83 -
24 1 -
Table A-7 The thicknes$ of : E interfaces using sulfur
-ﬁu ‘
5% (mole/mole) at 150° ‘
rt s (A)
Time (h)
TVS-Si/SqE
1 ~18.80+2.48
3 } 22.20+2.92
6 25.88+2.11
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RN TUNRINIAY




88

APPENDIX B

Curing Behavior and Mechanical Properties of Natural Rubber Composites

Table B-1 Cure time (min) of natural rubber composites filled with silica.

Phr| Silica | VDMS-Si Si | Si-69 Pre V;).MS'.S"’
. / i169mix
0 8.50 8.5 . .5 rroav 0 8.50 8.50
5 9.47 8.4 .07 8.56 8.28
10 9.47 X / ‘ . 8.05 9.17
20 9.50 34N ; 12.20 6.43
30 7.29 12 \ 10.31 5.43
Table B-2 Scorch tim€ (mj @r‘%" uBb s filled with silica.
ki
Phr| Silica | VDMfSifl $i%9 1 $i-69 Pre | VOMS-Si+
, . Si69mix
0 5.32 5.32 r T : 5.32 5.32
5 6.22 5.48 = .58 451 4.53
10 6.13 5.00 TR 4.52 5.19
20 6.06 ' 15.44 3.37
30 4.15 ) 4.40 3.16

Table B-3 Mooney viscos}ty (MV) of natural rubber composites filled with silica.
L

="
. g I i . VDMS-Si+
0 39.16 39.16 39016 3966 39.16qs|  39.16
5 %ﬁ} > £34. . | 35.81
10 4 2 ] 7. 6! = 36.84
20 | 49.66 34.78 43.74 25.19 46.96 36.46
30 88.31 28.15 40.45 4451 27.25 45.35
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Table B-4 Hardness (Shore A) of natural rubber composites filled with silica.

Table B-5 Tensile streng

=

Phr| Silica | VDMS-Si | Si-69 mix | TVS-Si | Si-69 Pre v;)il;gsn;isf
0 406 206 206 206 206 40.6
5| 389 2.0 39.9 393 | 46.0 453
101 400 2.0 413 414 6.7 455
20 397 46.7 6.1 458 49.0 9.6
30 | 439 500 511 51.4 55.1
N

natliral Qes filled with silica.

Phr| Silica : Si-69 Pre V;).MS'.S”
i69mix
0 [23.48+2.05|23 5 3.48+2.05| 23.48+2.05
5 [22.29+2.65(25.3340.1 ‘ 19.00+1.12 | 17.49+3.63
10 |26.05+1.11 | 2008+ 14754 15.0 ( 3.1943.61 | 20.66+0.59
20 [25.56+2.13]27.79 4 8. 24.05+4.59 | 27.99+2.03
30 |18.4241.13[29.55+ 41 29.92+0.87 | 31.1140.46
J#:ﬂij;q:‘l

Table B-6 Tear strength (N, offatura composites filled with silica.
Phr| Silica 5i-69 Pre VD.MS-.SH'
- Si69mix
0 [36.97+4.40 7£4.40 | 97+4.40 | 36.97+4.40
5 |37.10£1.67 [ 33.94+1 +4.70189.67+1.35 | 36.30+2.14
10 |34.66+1.85 | 35.18+1.24 [ 39.10+2.09 | 41.20+2.00137.13+4.53 | 31.76%3.06
20 |37.22+1.47 | 40.58%26hd | 59.27+5.74 139.22+1.22 | 52.26+4.21 | 48.14+9.85
30 |26.72¢1 4% g'u_i fggw%s% 630285 | 80224221

Tab'“?IW"T AT TINNA TN B e

Phr

lllca

VDMS-Si

Si-69 mix

TVS-Si

Si-69 Pre

VDMS-Si+
Si69mix

0

0.959+0.07

0.9591+0.07

0.95910.07

0.95940.07

0.9594+0.07

0.95910.07

3

0.836+0.07

0.958+0.19

0.977+0.23

0.987+0.92

1.278+0.27

1.33140.06

10

1.081+0.29

0.910+0.17

1.181+0.17

1.25140.38

1.355%0.12

1.309+0.14

20

0.95110.10

1.169+0.08

1.43610.16

1.315+0.18

1.384+0.06

1.39940.18

30

0.952+0.04

1.274£0.05

1.76310.19

1.590+0.14

1.519+0.13

1.77810.11
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Table B-8 Tensile modulus (M300) of natural rubber composites filled with silica.

Phr| Silica | VDMS-Si | Si-69 mix | TVS-Si | Si-69 Pre V;).Ms'.s”

169mix
0 | 2.3940.17 | 2.39+0.17 | 2.3940.17 | 2.3940.17 | 2.390.17 | 2.39£0.17
5 |2.337+0.37] 2.691+0.31 | 2.834%0.30 | 2.698%0.23 | 4.61620.75 | 4.2240.42
10 | 2.78140.44 | 2.703£0.44 | 3.810+0.61 | 3.548%1.10 | 4.37820.56 | 3.579+1.10
20 |2.550+0.30 | 3.00420.30 [4.031+0.72 [ 5.92540.35 | 5.166£0.35

30 ]2.89140.27|3.71340.25 [6.5 :’_. 6.08840.68 | 6.212+0.50
B W1

Phr Silica 3 l//? !Aﬁ \\‘ " Si-69 Pre Vgg;i;lsxﬁ

0 [707.1+47.0| 70, J’J;yf F\ ﬁt_n_‘v'(_. 707.1447.0 | 707.1+47.0

5 [713.1469.9 | 917.98564 | 513.5%157 | 588.1%26.6/.530.7429.9 | 513.3+41.9

10 |1390.0+746|1048.0485280 32414 ,IE\\\: 71478.4+48.9 | 249.9+44.3

20 |721.0+72.2 | 760.085048 | 849 67496, 297.02645Y 573.9+62.5 | 1518.0+403

30 |718.7+49.2 | 760.636. 14 6543483 f}_\‘th‘ 656.7+38.9 | 1046.0+566
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Figure B-1 Elemental scan of natural rubber composites without silica.
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Figure B-5 Elemental scan of natural rubber composites filled with TVS-Si.
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