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APPENDIX A
Experimental designs

Effect on tensile modulus

T Effect —J’1+y2_y3+y4—y5+.)’6—}’7_+J’8
C Effect =
N Effect =
B 78+2.78+4.43
TC Effect = TN PF )

e
|
uJ

+2.47- 31& 293+417+J'§ -3.78-2.78+4.43

CAUYINENINYING

TN Effect = 'a;] =Vt la=ye— y“*‘.)’s y7+y

ammﬂimumfmmaﬂ

+2.47-346+2.93-4.17-2.38+3.78—-2.78+4.43
4

CN Effect = +y1+yz-ys—y44-ys—y6+y7+ys

+247+3.46-293-4.17-2.38-3.78+2.78+4.43
4
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TCN Effect = “yn+J’z+y3-y44+ys—y6-y7+ys

—-247+346+2.93-4.17+2.38-3.78-2.78+4.43
4

All main and interaction effects are listed in Table A-1.

Table A-1 Estimated effect for 2" fa "‘-\ an on tensile modulus at 300

%elongation
Tensile modulus
Entry. T TCN | 300 %elongation
(MPa)
1 - - 2.47
2 * 5 3.46
3 - + 2.93
4 + - 4.17
5 - + 238
6 + —— Yyl - 3.78
7 - ; - 2.71
8 +_. et + | e + + 4.43
Estimated ﬂ o METYTS Tﬁ
effect 1.322 | 0.553 | 0.083 | 0.125 | 0.208 | -0.030 | -0.002
¢ o
ALY
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Table A-2 Calculation of standard error of estimated effect

Result from individual runs Estimated
Average )
Entry. variance at each
response value
1 2 3 set of conditions
1 252 2.24

. 2.66 2.47 0.05

2 3.51 2.82 3.46 0.37
3 3.27 2.93 0.09
4 4.02 4.17 0.04
5 2.35 2.38 0.06
6 4.18 _ NN 3.78 0.16
7 2.81 206 [ [, 4290, 2.77 0.02
8 5.01 b ) ;9& 4.43 0.28

l I ‘\\\\\ ¥ (variance) = 1.07

i Wy, J’ . "
L ek ' 12
) : ”, 1.07

Standard error of estimated effect () -Jf 2 e | W ( X7 4) = 0.149

3 7 FRE
s At e ol

G/ A
= r1aetorial

Table A-3 Estimated effe ar strength

é'{:‘ Tear

Entry. i 1 CN | TCN | strength

".h . (N/mm)

1 ﬂw . 'l C f: s 34.04

2 |+ | -] - F - | & | * et 44.80

3 'i] W ﬂﬂ | Al 33.67

4 N+ + = + A 5 = 47.22

S B z i + R = b 35.50

6 = § + = + 5 & 42.23

7 E + 2 > = i % 35.89

8 - + + + + + + 38.66

Estimated

effect | 8.453 | -0.283 | -1.858 | -0.295 | -3.705 | -1.305 | -1.686




Table A-4 Calculation of standard error of estimated effect

61

Result from individual runs Estimated
Average
Entry. variance at each
response value
1 2 3 set of conditions
1 36.50 35.01 30.60 34.04 9.41
2 4531 44.80 2:12
3 40.11 33.67 56.26
4 48.79 47.22 6.35
5 38.60 35.50 8.68
6 43.33 42.23 2.65
i 39.35 35.89 19.23
8 40.53 ﬁx \ 38.66 6.20
Ilﬂ'&z '\ R
‘ 110.89
Standard error of estimated ef] t (B = 1.520
; ( 2%24 )
Table A-5 Estlmated ect.f
Entry. 1 E TCN Hardness
1 - e - + 4 + + = 40.6
: SNPN b N L1 21 T
3 Y . . . + = + 41.5
¢ QRN IUNRNINLNRNE) |
] | =
5 q| - - + F - - * 41.2
6 + . =E = + - - 44.1
7 = + + = - + - 43.0
8 + + + + + + + 44 4
Estimated
effect 3.083 | 1.333 0.117 0.000 -0917 | -0.300 | -0.767
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Table A-6 Calculation of standard error of estimated effect

Result from individual runs Estimated
Average
Entry. variance at each
response value

1 2 3 set of conditions
1 41.6 38.3 419 40.6 3.99
2 43.7 43.8 2.26
3 423 41.5 0.52
4 46.9 46.2 0.97
5 41.9 41.2 2.36
6 46.0 44.1 2.7
7 44.6 43.0 2.72
8 46.5 44 4 3.90

Z (variance) = 19.51

e—’ ‘I
1 . 2 v|
Standard error of estimated effect (J ’_

_LTRIIA

2*24

JES T
= ( ) = 0638

7

-I! 4]
i i
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APPENDIX B

Table B-1 The tensile modulus at 300 %elongation of NR-silica vulcanizates

Sample 1 2 3 Average
NR/10 phr TEOS | 2294024 | 2.59+0.19 : 2441021
NR/10 phr TEOS/

I phr TESPT 252047 | 2.66 +0.24 2.47+0.22
NR/10 phr TEOS/ | .

5 phr TESPT 326+ 2.79 +0.22 2.93 +0.29
NR/10 phr TEOS/ : _

10 phr TESPT | +02 3.0+ . 3.57+0.65
NR/50 phr TEOS | 2. 9 . 3334 0.90
NR/50 phr TEOS/ -

1 phr TESPT B2 A +0.18 3.46 +0.61
NR/50 phr TEOS/ ; B

sphr TESPT | %% 4020 \ 409 +0.22 4174020
NR/50 phr TEOS/ - \

10 phr TESPT 5.60 + DUl .8 A B 533+0.38

F E’f..\
J"‘ }u ‘L-"'
7
Table B-2 The tear str »

Sample jﬂ ]B 3 Average
NR/10 phr TEOS | 3277£145 | 36343121 34.56 +2.53
R0 e Tooe| 1 ebod B B oo WEHES

I phr TESP o 0#£2 0 9.51 34.04 +3.07
NRS”?, phie 150 40.11+6.71 § 2543+630 | 3546+59% | 33.67+7.50
NR/10 plir TEOS/ [ .

NR/S0 phr TEOS | 35.88+131 | 4122195 . 38.55+3.78
NR/50 phr TEOS/

I phr TESPT 4531+£2.12 | 43.16+4.13 | 4593+185 | 44.80+ 145
NR/50 phr TEOS/

5 phr TESPT 4879+7.63 | 4431+483 | 4855+6.11 | 47.22+252
NR/50 phr TEOS/

10 phr TESPT 40.96 + 3.92 45.78 £3.94 = 43.37 +3.40




Table B-3 The hardness of NR-silica vulcanizates

Sample 1 2 3 Average
NR/10 phr TEOS | 4094059 | 42.5+0.53 5 417+ 1.13
NRI/L(l)“.p’l;;E;I;:’?S/ 41.6+0.64 | 383+0.70 41.9+0.76 40.6 2,00
e ;gr"%g?s’ 423+023 67 41.1£0.69 415+0.72
NR/10 phr TEOS/

DT | g : 4424134
NR/50 phr TEOS | 42. 438 + : 4274092
le]/igf¥;£§195/ 3720 4£120 4384150
N%’iﬁr"%gg?y 46, 463+ 1+0.87 46.2+0.99
NR/50 phr TEOS/ | A

g P % . 4754127

- e
- ’E i
27
Table B-4 The swelling ratio of N¥R*si ica* zatcs
LIIN Y,
Sample A Average
NR/10 phr TEOS 04 319.26 + 1.46
L] AT
N'}’Lgr"%g?s’ 28262 278.54 76.12 279.09 +3.29
a ‘ ;

NR/10 phr TE 177 Q ' la 255.83 + 1.94
5 phr TESP 1 J zj'a y | ﬂ’ﬁ ' '
N%':h‘r’hT’ETS‘?g 24637 |, 24569 245.57 245.88 + 0.43
NR/sOphe 3] WM’] V15154 § Flers 57207
Nﬁ’iﬁf&gg?y 268.14 260.48 269.72 266.11 + 4.94
Nl;’;grp,'}g{f?y 228.30 232.15 235.77 232.07+3.73
N%SShf“T’é%(%S/ ST 21822 204.14 21243737
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