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APPENDIX B
Experimental designs
Effect on tensile modulus
T effect:
T effect = (y4+y5+y6+y7)/4 - (yl+y2+y3+y8)/4

/ 867+2.015+2.091+2.380)/4
N effect:

N effect =
2.015+2.611+2.798)/4
G effect:

G effect =

TN effect:

TN effect =

TG effect:

TG effect ﬂﬂﬁjﬁbﬁwﬁqﬂﬁz 702+2.380)/4
o ARAININENIANENAY

NG effect (yl+yd+y5+y8)/4 - (y2+y3+y
(1.867+2.611+2.964+2.380)/4 — (2.015+2.091+2.702+2.798)/4

TNG effect:

TNG effect (y2+y3+y4+yS)/4 - (yl+y6+yT+y8)/4
= (2.015+2.091+2.611+2.964)/4 — (1.867+2.702+2.798+2.380)/4

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

31
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Table B-1 Estimated effect for the 2° factorial design on modulus at 300% elongation

{ Tensile modulus
No. T N G TN TG NG TNG

300% (MPa)
ED1 - - - + + + - 1.867
ED 2 . F * + - - + 2.015
ED 3 - . - - + - + 2.091
ED 4 + = * = = + + 2.611
EDS ¥ + + 2.964
ED 6 + " - 2.702
ED7 - - 2.798
ED 8 . * - 2.380
Estimated o681 0212 0,017
efiect
Table B-2 Calculation of standard eirc
Sample Results from individual runs Standard deviation of

No. A each run (SD)

1 1.844 0.0011

5 1.958 207 m 0.0064

3 2.142 2.040 2.091 0.102 0.0052

‘a w
¢ = APEEINYNINYINT o
5 2.841 al 3.086 2.964 0245 0.0300
¢ o o/

o RRIFUNIWHRTIINY QY™

7 2.834 2,762 2.798 0.072 - 0.0026

8 2414 2.346 2.380 0.068 : 0.0023

- TSD= 0.0626

Standard error of estimated effect = {(Z SD)/ 2(N)"? = (0.0626 / 32)'? = 0.044
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Effect on tensile strength

Table B-3 Estimated effect for the 2° factorial design on tensile strength

. Tensile strength
No. T N G N TG NG TNG (MPa)
ED 1 - = - + + + - 15.87
ED2 s 5 ¥ + - - + 16.22
ED 3 - ¥ + 17.76
ED 4 ¥ . + 23.48
ED 5 w s 4 24.90
ED6 o i - 22.07
ED 7 = - - 24.63
EDS$ - v 4 ,‘ | - 18.80
Esimsted  cof b : m &\\\
effect
Table B-4 Calculation of standard err o estin
Sample  Results from individual runs Standard deviation of
No. 1 each run (SD)

1 16.40 0.57

2 15.56 1688 ¢ 16.22 1.32 0.87
e FREINENTNEINT o

4 25.84 21.12 2348 A7 ol 14

s zammmmmmwmay

6 2327 20.86 22.07 241 2.90

7 24.96 24.30 24.63 066 B %)

8 20.19 1740 18.80 2.79 3.89

ZSD= 29.45

Standard error of estimated effect = {(E SDY 2(N)}'? = (29.45 / 32)'? =0.96



Effect on tear strength
Table B-5 Estimated effect for the 2* factorial design on tear strength
Tear strength
No. T N G TN TG NG TNG (N/mm)
ED 1 ' - - + + + - 33.57
ED2 . . # + . . 2 3229
ED3 - + s 32.59
ED 4 * - + 36.44
ED5 + + = 37.81
ED6 * * - 37.98
ED 7 + = £/ N ] 4095
ED S8 - + o _ | . 34.20
Biontnd 538,  Ha3 9 » -1.89
effect ;
Table B-6 Calculation of standard error of ¢s
Sample Results from mdmdual runs o -. 7 age f . ~  Standard deviation of
No. 1 T response 75____ each run (SD)
\Z Ry
1 32.80 34.@ 53 m 117
2 31.34 33.24 ¢ a 3229 1.81
L se ANEAINENSNBANG
4 606 368 3644 076 o 02
. ATAN TN A B
6 39. 5 36.44 37.98 -3.08 474
7 41.95 39.94 40.95 -2.01 2.02
8 3541 32.99 3420 242 . 293
XSDh= 14.78

Standard error of estimated effect = {(Z SD)/ 2(N)'2 = (14.78 / 32)'* = 0.68
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APPENDIX C

Table C-1 Cure time (min) of NR-silica composite

Silica content (%) Mechanically mixed silica In situ silica
0 9.45 ' 6.96
2 11.04 6.48
3
7
10
13
16
19
Table C-2 Mooney viscosity (MV) o
Silica content (%) In situ silica
» . il W ey
0 j ; ‘,ﬁ%ﬂ'
2 : :J .04

20557 30.91

. f U ARENTNYIRS
§ qmmnﬁﬁuummﬂ 8

16 53.50 36.00

19 65.88 40.38




Table C-3 Tensile modulus at 300% elongation (MPa) of NR-silica composite

Silica content (%) ~ Mechanically mixed silica In situ silica
0 1.749 + 0.084 1.812+0.117
2 1.884 +0.181 2,071 +0.159
5 2257 +0.333 2.243+0.178
7 2277+0.184 2,446 +0.139

10 2.315 2.651+£0.138

13 2.762 + 0.249
| —
16 33106 £ 0.211
19 _ . 26 + 0.292
Table C-4 Tensile strength ica don ‘ A
Silica content (%) Hiked sili 1&\‘ situ silica

0 07 0 13.69%131

2 16.88 +2.78
w91 954099——————F404 1.12

> Y ¥

7 2@0 +0.78

10 4.17+1.07 22.83+0.83

. AULINENTNYAAS.

“anasisilamddEiR




Table C-5 Tear strength (N/mm) of NR-silica composite
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Silica content (%) Mechanically mixed silica In situ silica

0 29.96 + 1.26 31.68 + 1.54

2 29.73 +0.51 33.24+1.20

5 32.33+1.07 32.97+1.88

7 33.75+3.00 35.10+ 2.24

10 32.09 \\& '/// 36.43 +2.54

13 é 39.94+ 1.95

16 [ o seos£129

19 40.57 +2.50

Table C-6 Stress (MPa) and strai s in experimental designs
Stress at noffelg o;u;; _,} ; | . Tensile
Sample = ‘ . B Etmim;n strength

100% | 200% 400t :F" o §00% | abreak C6) | \pa)
ED1 | 074 1211_,13 1.89 287 | ' :i;:f 685 15.33
ED2 | 084 137 o 207 | 662 16.88
ED 3 0.85 138 | ¢ 204 299, ,| 418 737 15.54
ED4 | 104 hku 3.] 268 | | 'ﬂﬁ W 736 | [ | a4 21.12
ED 5 112 7 466 #7.09 728/ | 2488
ED 6 1.03! 0 W 20.86
ED 7 1.10 1.79 2.83 4.61 7.97 717 24.96
ED 8 0.99 1.57 2.35 3.61 6.77 696 17.40




Table C-7 Stress (MPa) and strain (%) value of NR-silica composites
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_ Stress at n% elongation (MPa) Blongation Tensile
Sample strength
at break (%)

100% | 200% 300% 400% 500% (MPa)

10 0.81 1.27 1.81 2.55 3.74 718 13.96

2 0.84 1.37 2.07 W 4.97 711 16.88

15 0.89 1.47 2. 89 687 20.10

17 0.93 1.55 y 3.94 04 705 23.40

110 0.99 1.64 40\ | 7S 743 22.83
f ‘.1.-.11 '

113 1.03 1.71 e 809 24.30

‘ -

116 1.16 0.91 i/ 708 24.40
i __("': r

119 1.32 2.24 73 A8, 679 24.26

S :

MO 0.74 1.21 17550 3.97 706 12.71
| e

M2 0.80 1.2¢7=— 1288 ).7: 767 17.58

M5 0.93 1.50 ' 2 5454 740 21.95

M7 24.60

M10 24.17

M13 23.69

M16 1.00 1.60 2.48 3.96 6.43 794 23.44

M19 0.99 1.53 2.43 3.73 6.04 812 22.44
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