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APPENDIX A

CURE CURVE OF NR COMPOUNDS
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Figure A-8 Cure curve of N776 filled NR compound with 30 phr
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at different curing temperature

119



10
8 - 140°C
150°C
— 6
£ 160°C
=
= 170°C
o 1 180°C
=
'_
el
o I ) 1 1 I
0 10 20 30 40 50 60
Time (min)
Figure A-11 Cure curve of N990 filled NR compound with 30 phr
10 at different curing temperature
—— 140°C
8-
150°C
€ 64 160°C
=
= 170°C
@ 180°C
= 44
=
'_
2 -
0 L 1 1 I 1
0 10 20 30 40 50 60
Time (min)

Figure A-12 Cure curve of N990 filled NR compound with 40 phr
at different curing temperature
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Figure A-17 Cure curve of N330 filled NR compound cured at 130°c with various loading
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Figure A-18 Cure curve of N330 filled NR compound cured at 140°C with various loading
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Figure A-30 Cure curve of N776 filled NR compound cured at 170°C with various loading
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Figure A-32 Cure curve of N990 filled NR compound cured at 130°C with various loading
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Figure A-34 Cure curve of N990 filled NR compound cured at 150°C with various loading
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APPENDIX

CROSSLINK DENSITIES OF NR COMPOUNDS
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Table B-1 Crosslink densities of gum NR vulcanizates

Crosslink density (mol/m3)
Sample

e < M
1 79.9 66.8 485
2 7.1 65.2 49.2
3 80.8 67.7 49.3
Mean 80.0 66.5 66.5
0.86 1.26 1.26

Tahle B-2 Crosslink densities of N330 filled NR vulcanizates at tc®

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 67.6 925 117 114 182
2 67.5 %4.1 116 123 184
3 66.9 92.5 120 140 186
Mean 67.3 93.0 117 126 184
0.36 091 0.96 581 2.15

Table B-3 Crosslink densities of N330 filled NR vulcanizates at tc 10

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 68.9 91.0 123 133 186
2 68.9 911 12 135 1%
3 68.5 91.6 200 135 186
Mean 68.7 91.2 122 135 189

0.23 0.34 159 110 540
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Table B-4 Crosslink densities of N330 filled NR vulcanizates at tc100#20 min

Crosslink density (mol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr

1 508 66.8 818 113 146
2 511 67.8 82.6 112 156
3 479 0.2 85.7 113 146
Mean 68.8 91.2 12 134 189
SD 0.23 0.34 159 110 540

Table B-5 Crosslink densities of N550 filled NR vulcanizates at tcgp

Crosslink density (mol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr
1 67.3 85.5 112 137 164
2 65.6 85.7 113 139 170
3 65.9 85.8 112 142 169
Mean 66.3 85.7 112 139 167
0.90 0.18 043 3.33 4,02

Table B-6 Crosslink densities of N550 filled NR vulcanizates at tc10

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 61.8 89.7 112 145 168
2 60.4 89.5 110 142 172
3 61.9 88.8 109 136 168
Mean 614 89.4 110 4 170

0.85 0.47 114 6.05 3.39
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Table B-7 Crosslink densities of N550 filled NR vulcanizates at tc200+20 mrl

Crosslink density (mol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr
1 44.5 629 82.2 103 134
2 445 63.1 82.7 100 128
3 438 63.0 82.5 104 128
Mean 44.3 63.0 82.5 102 131
SD 041 0.10 0.29 0.54 4.26

Table B-8 Crosslink densities of N776 filled NR vulcanizates at tc®

Crosslink density (mol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr
1 64.6 86.9 98.8 123 142
2 66.9 84.6 100 120 147
3 63.7 83.7 97.2 120 146
Mean 65.1 85.0 98.7 121 145
1.62 1.66 0.95 2.00 2.16

Table B-9 Crosslink densities of N776 filled NR vulcanizates at tc10

Crosslink density (mol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr

1 62.5 4.3 94.3 117 146
2 624 21 939 116 150
3 621 2.8 94.3 117 150
Mean 624 131 %41 117 148

021 114 0.32 0.57 1.9%



Table B-10 Crosslink densities of N776 filled NR vulcanizates at tc100+20min

Sample

10 phr
1 49.6
2 485
3 48.6
Mean 48.9
SD 0.61

Crosslink density (mol/m3)

20 phr

55.1
55.6
55.6
55.6
0.06

30 phr

68.3
69.6
69.5
69.1
0.72

40 phr

85.2
88.5
83.7
85.8
247

Table B-11 Crosslink densities of N990 filled NR vulcanizates at tc®Q

Sample

10 phr
1 5.1
2 56.4
3 55.0
Mean 55.5
0.75

Crosslink density (mol/m3)

20 phr

64.2
63.6
63.5
63.8
0.36

30 phr

142
4.6
1
4.6
0.26

40 phr

854
84.3
83.3
84.3
0.75

Table B-12 Crosslink densities of N990 filled NR vulcanizates at tc,0

Sample

10 phr
1 56.2
2 56.6
3 56.7
Mean 56.5

0.29

Crosslink density (mol/m3)

20 phr

67.6
68.0
67.3
67.6
0.36

30 phr

80.1
3
221
8.7
2.03

40 phr

83.9
85.6
85.2
84.9
091

140

50 phr
112

EEE

0.67

50 phr
102
101
105
103
185

50 phr
103
107
101
104
3.15
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Table B-13 Crosslink densities of N990 filled NR vulcanizates at tc100420 ml

Crosslink density ( ol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr

1 42.5 50.1 574 65.7 79.6
2 434 4.7 5.5 65.1 71
3 43.2 50.2 51 65.6 759
Mean 43.0 50.0 57.3 65.5 715
0.50 0.26 0.24 0.32 251

Table B-14 Crosslink densities of gN330 filled NR vulcanizates at tc%

Crosslink density ( ol/m3)
Sample

10 phr 20 phr 30 phr 40 phr 50 phr

1 5.2 64.8 4.1 83.2 98.7
2 51 67.3 145 85.3 98.7
3 5.1 64.8 749 84.1 97.3
Mean 57.2 65.7 4.7 84.2 98.2
0.09 143 0.08 148 0.80

Table B-15 Crosslink densities of gN330 filled NR vulcanizates at tc 10

Crosslink density ( ol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 58.7 66.0 4.2 87.9 96.5
2 5.8 67.1 76.3 86.1 97.6
3 56.9 67.2 76.0 859 91.7
Mean 584 66.8 5.2 86.6 97.3

1.46 0.70 144 112 0.64
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Table B-16 Crosslink densities of gN330 filled NR vulcanizates at tc100#20mn

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 435 49.9 5.1 62.0 736
2 424 48.9 56.9 62.7 710
3 40.3 48.7 55.9 63.8 69.5
Mean 421 49.2 56.3 62.8 713
D 163 0.68 0.52 0.92 2.88

Table B-17 Crosslink densities of gum NR vulcanizates with thermal aging at tcg

Crosslink density (mol/m3)

Sample
tcd o L0
1 83.6 83.6 60.3
2 83.5 835 60.8
3 83.6 10.7 62.3
Mean 83.6 19.27 61.1
0.06 0.06 1.03

Table B-18 Crosslink densities of N330 filled NR vulcanizates with thermal aging at tc9

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 84.0 21 160 207 262
2 86.6 122 163 191 250
3 87.2 120 160 214 235
Mean 85.9 2 161 204 249

168 1.23 184 477 8.06
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Table B-19 Crosslink densities of N330 filled NR vulcanizates with thermal aging at tc10

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 932 126 173 197 267
2 93.7 125 173 1% 269
3 93.2 127 173 197 266
Mean 934 126 173 196 267
D 0.27 0.55 0.02 147 1.28

Table -20 Crosslink densities of N550 filled NR vulcanizates with thermal aging at tcgp

Crosslink density (mol/im3

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 90.4 21 161 203 243
2 88.4 121 163 206 254
3 87.2 120 161 202 253
Mean 88.7 2 162 204 21
D 161 081 101 0.69 4.14

Table -21 Crosslink densities of N550 filled NR vulcanizates with thermal aging at tc1D

Crosslink density (mol/m3

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 83.7 119 158 212 254
2 811 116 156 213 244
3 84.0 121 158 209 246
Mean 82.9 119 157 21 249

158 2.51 0.85 2.13 1.04
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Table B-22 Crosslink densities of N776 filled NR vulcanizates with thermal aging at tc%

Crosslink density (mol/m3

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 85.1 113 140 174 217
2 86.4 ik} 140 146 225
3 8.1 113 142 172 226
Mean 85.9 112 4 164 223
D 0.68 0.97 1.28 0.97 5.87

Table B-23 Crosslink densities of N776 filled NR vulcanizates with thermal aging at tc1D

Crosslink density (mol/m3

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 8.1 102 138 172 216
2 83.8 103 134 174 216
3 81.2 108 137 178 214
Mean 83.0 104 136 175 215

158 3.65 242 3.14 0.94

Table B-24 Crosslink densities of N990 filled NR vulcanizates at with thermal aging tc®

Crosslink density (mol/m3

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 730 86.2 101 114 145
2 41 84.0 101 115 146
3 739 85.8 104 117 145
Mean 13.7 85.3 102 115 145

D 0.58 117 167 1.65 0.46
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Table B-25 Crosslink densities of N990 filled NR vulcanizates with thermal aging at tcAD

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 73.1 91.6 109 120 146
2 76.5 90.6 109 120 142
3 74.4 90.6 107 120 145
Mean 74.7 90.9 109 120 145
1.70 0.55 0.38 0.38 2.21

Table B-26 Crosslink densities of gN330 filled NR vulcanizates with thermal aging at tc®

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 73.8 92.4 106 122 143
2 76.1 94.3 105 125 142
3 75.3 91.6 108 122 145
Mean 5.1 92.8 106 123 143
SD 1.16 1.35 1.29 0.10 0.81

Table B-27 Crosslink densities of gN330 filled NR vulcanizates with thermal aging at tc,®

Crosslink density (mol/m3)

Sample
10 phr 20 phr 30 phr 40 phr 50 phr
1 74.8 91.3 107 123 143
2 76.3 93.0 107 122 140
3 75.8 92.7 106 126 143
Mean 75.59 92.3 107 124 142

0.76 0.93 0.33 2.26 1.66
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APPENDIX C

TENSILE PROPERTIES OF NR COMPOUNDS
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Table C-1 Tensile properties of gum NR vulcanizates at tcgp

100% 200% 300% Elongation Tensile
Sample  Modulus  Modulus Modulus at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 0.68 1.10 1.65 21.0 740 25.2
2 0.72 1.15 1.66 20.3 712 26.5
3 0.75 1.17 1.55 20.6 724 254
4 0.73 1.16 1.68 21.0 740 26.2
5 0.71 1.14 1.64 20.7 728 23.9
Mean 0.72 1.14 1.63 20.7 729 254
0.03 0.02 0.05 0.29 11.8 1.00

Table C-2 Tensile properties of N330 filled NR vulcanizates with 10 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus  Modulus at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 0.80 1.37 2.30 18.5 640 24.2
2 0.90 1.54 2.47 195 680 25.6
3 0.78 142 2.35 19.0 660 23.5
4 0.90 1.54 2.47 18.3 632 25.0
5 0.79 1.45 2.30 18.7 648 26.1
Mean 0.83 1.47 2.38 18.8 652 24.9

0.06 0.07 1 0.08 0.47 18.8 1.06
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Table C-3 Tensile properties of N330 filled NR vulcanizates with 20 phr at tc®

100% 200% 300% Elongation Tensile
Sample  Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.15 2.28 4.11 18.5 640 27.7
2 1.10 2.27 4.14 18.5 640 29.7
3 1.13 2.27 3.86 18.8 652 29.1
4 1.04 1.91 3.29 18.0 620 28.7
5 1.11 1.89 3.49 16.0 540 21.6
Mean 111 2.12 3.78 18.0 618 27.4
0.04 0.20 0.38 1.13 45.3 3.31

Table C-4 Tensile properties of N330 filled NR vulcanizates with 30 phr at tcg

100% 200% 300% Elongation Tensile
Sample Modulus Modulus Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.48 2.92 S22 17.0 580 28.5
2 1.40 3.00 e 17.5 600 29.3
3 1.44 2.86 5.20 17.0 580 29.4
4 1.63 3.15 5.65 18.0 620 30.1
5 1.63 3.07 5.46 175 600 29.3
Mean 1.52 3.00 5.37 17.4 596 29.3

0.11 0.12 0.19 0.42 16.7 0.56
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Table C-5 Tensile properties of N330 filled NR vulcanizates with 40 phr at tcd)

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.78 4.52 8.16 16.0 540 30.8
2 1.99 4.45 8.68 14.5 480 314
3 1.76 3.97 7.75 16.0 540 29.1
4 1.94 4.30 8.32 16.0 540 30.3
5 2.01 4.99 8.76 15.5 520 30.2
Mean 1.89 4.45 8.33 15.6 524 30.4
0.12 0.37 0.41 0.65 26.1 0.84

Table C-6 Tensile properties of N330 filled NR vulcanizates with 50 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus Modulus ~ Modulus  at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.56 6.23 11.0 13.0 420 28.2
2 2.33 5.38 9.74 14.0 460 28.3
3 3.28 6.70 115 135 440 28.6
4 3.52 6.21 141 14.0 460 28.8
5 2.17 5.94 114 135 440 28.6
Mean 2.89 6.09 11.6 13.6 444 28.5

0.50 0.48 1.61 0.42 16.7 0.25
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Table C-7 Tensile properties of N550 filled NR vulcanizates with 10 phr at tc9)

100% 200% 300% Elongation Tensile
Sample ~ Modulus ~ Modulus  Modulus at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.52 3.88 8.37 125 400 13.9
2 1.72 3.89 8.14 12.0 380 8.49
3 1.42 3.14 7.20 13.0 420 121
4 147 341 6.94 12.0 380 9.03
5 1.48 3.46 7.05 13.0 420 12.7
Mean 152 3.56 7.54 125 400 113
SD 0.11 0.32 0.66 0.50 20.0 2.37

Table C-8 Tensile properties of N550 filled NR vulcanizates with 20 phr at tcg

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus  Modulus at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.26 5.98 12.3 11.0 340 12.8
2 2.36 6.54 12.0 10.5 320 12.5
3 2.12 6.12 N/A 9.50 280 9.60
4 2.40 6.59 12.0 10.5 320 12.6
5 2.05 5.96 N/A 9.50 280 11.3
Mean 1.34 2.99 6.31 18,5 642 27.0

0.20 0.20 0.24 0.51 20.5 0.76
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Table C-9 Tensile properties of N550 filled NR vulcanizates with 30 phr at tc%)

100% 200% 300% Elongation Tensile
Sample Modulus Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.63 4.39 9.48 16.7 568 25.8
2 1.82 4.63 9.89 16.3 552 26.4
3 1.96 5.10 9.24 16.6 564 25.8
4 211 6.79 10.9 16.7 568 26.0
5 1.99 4,98 10.1 16.4 556 25.9
Mean 1.90 5.18 9.92 16.5 562 26.0
0.18 0.94 0.63 0.18 1.2 0.24

Table C-10 Tensile properties of N550 filled NR vulcanizates with 40 phr at tcgo

100% 200% 300% Elongation Tensile
Sample Modulus Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.65 7.28 13.7 14.2 468 26.2
2 2.44 1.87 13.4 15.1 504 25.6
3 3.09 141 13.5 14.9 496 25.7
4 2.88 731 14.2 14.9 496 25.6
5 2.88 6.95 13.2 15.3 512 25.9
Mean 2.79 7.36 136 14.9 495 25.8

0.25 0.33 0.36 0.41 16.6 0.23
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Table C-11 Tensile properties of N550 filled NR vulcanizates with 50 phr at tcgp

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 4.04 113 17.9 128 412 24.2
2 3.72 9.82 16.8 143 472 25.5
3 3.87 9.66 177 131 424 23.9
4 3.78 104 17.2 141 464 25.5
5 3.75 9.76 16.4 13.6 444 23.9
Mean 3.83 10.2 17.2 13.6 443 24.6
SD 0.13 0.67 0.64 0.64 25.5 0.86

Table C-12 Tensile properties of N776 filled NR vulcanizates with 10 phr at tcg

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 0.95 2.01 3.02 18.2 628 18.7
2 1.01 2.07 3.24 18.9 656 24.5
3 1.01 2.01 3.29 20.2 708 27.6
4 0.99 2.00 3.32 20.0 700 25.8
5
Mean 0.99 2.02 3.22 19.3 673 24.1

0.03 0.03 0.14 0.94 317 3.85
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Table C-13 Tensile properties of N776 filled NR vulcanizates with 20 phr at tcd)

100% 200% 300% Elongation Tensile
Sample Modulus  Modulus Modulus at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.25 2.30 5.07 18.8 652 26.5
2 1.38 2.12 4.70 18.6 644 26.2
3 1.32 251 4.78 18.3 632 25.0
4 1.36 2.43 4.69 18.2 628 23.3
5 121 2.36 4.82 17.9 616 234
Mean 1.30 2.46 4.81 18.4 634 24.9
SD 0.07 0.16 0.15 0.35 14.0 150

Table C-14 Tensile properties of N776 filled NR vulcanizates with 30 phr at tc%

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.67 3.42 7.70 16.8 572 25.5
2 1.78 3.61 7.68 17.0 580 24.9
3 1.69 3.76 8.02 16.0 540 22.4
4 1.96 3.58 8.05 173 592 25.8
5 1.64 3.99 7.02 16.2 548 22.6
Mean 1.75 3.67 7.69 16.7 566 24.2

0.13 0.22 0.41 0.55 218 161
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Table C-15 Tensile properties of N776 filled NR vulcanizates with 40 phr at tcd)

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.98 441 103 16.8 572 26.6
2 1.98 5.50 10.6 16.9 576 27.2
3 1.98 5.22 108 16.6 564 26.1
4 2.05 5.40 10.7 16.1 544 25.1
5 1.86 4.29 8.00 17.1 584 25.4
Mean 1.97 4.96 10.1 16.7 568 26.1
SD 0.07 0.57 1.17 0.38 15.2 0.84

Table C-16 Tensile properties of N776 filled NR vulcanizates with 50 phr at tc9

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 231 6.72 133 145 430 23.8
2 2.54 5.87 12.4 144 476 22.8
3 2.82 6.96 12.5 1522 508 23.8
4 2.34 1.20 13.0 143 472 22.7
5 2.68 .77 137 14.9 496 24.2
Mean 2.54 6.90 13.0 14.7 486 23.5

0.22 0.70 0.55 0.38 151 0.69
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Table 017 Tensile properties of N990 filled NR vulcanizates with 10 phr at tcp

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus  Modulus at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.00 1.63 2.60 20.5 720 25.2
2 0.87 1.58 2.46 20.6 124 25.9
3 0.96 1.57 2.58 21.3 752 26.9
4 0.72 1.35 2.33 20.5 720 25.3
5 1.01 1.81 2.61 21.1 744 28.3
Mean 0.91 1.59 2.52 20.8 732 26.3
0.12 0.17 0.12 0.37 15.0 1.29

Table 018 Tensile properties of N990 filled NR vulcanizates with 20 phr at tcgp

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 0.88 1.87 3.29 19.8 692 26.5
2 1.06 1.93 o010 19.7 688 21.1
3 0.88 1.83 gaiil 20.6 124 26.9
4 0.93 1.73 2.97 20.3 712 25.6
5 1.05 1.75 3.21 20.2 708 26.9
Mean 0.96 1.82 3.17 20.1 705 26.6

SD 0.09 0.08 0.18 0.37 14.8 0.62
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Table C-19 Tensile properties of N990 filled NR vulcanizates with 30 phr at teg

100% 200% 300%  Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.10 2.13 3.89 18.7 648 25.4
2 1.19 2.14 3.94 18.6 644 26.8
3 113 1.93 391 19.1 664 26.6
4 1.03 2.01 3.87 18.3 632 25.0
5 1.05 2.00 3.79 19.0 660 25.3
Mean 1.10 2.04 3.88 18.7 650 25.8
SD 0.06 0.09 0.06 0.32 12.8 0.82

Table C-20 Tensile properties of N990 filled NR vulcanizates with 40 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.13 2.34 4.79 18.4 636 22.6
2 131 2.62 4.43 185 640 24.3
3 1.22 2.27 4.58 17.9 616 22.7
4 1.31 2.46 4.63 18.5 640 24.9
5 1.25 2.39 481 18.1 624 23.2
Mean 124 2.42 4.65 18.3 631 23.5

SD 0.07 0.13 0.15 0.27 10.7 1.04
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Table C-21 Tensile properties of N990 filled NR vulcanizates with 50 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.37 291 5.86 18.3 632 22.8
2 1.34 2.94 6.22 17.7 608 22.2
3 1.35 2.93 5.79 17.3 592 22.0
4 1.46 2.84 5.64 17.7 608 23.6
5 1.53 2.95 6.17 17.3 592 22.4
Mean 141 291 5.94 17.7 606 22.6
0.08 0.04 0.25 041 16.4 0.62

Table C-22 Tensile properties of gN330 filled NR vulcanizates with 10 phr at tcgp

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus®  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 0.73 1.39 2.19 20.5 720 25.2
2 0.83 141 2.36 21.5 760 25.6
3 0.80 1.38 2.10 22.0 780 24.0
4 0.83 1.37 2.00 22.5 800 217.2
5 0.82 1.41 2.08 21.5 760 24.2
Mean 0.80 1.39 2.15 21.6 764 25.2

0.04 0.02 0.14 0.74 29.7 1.28
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Table 023 Tensile properties of gN330 filled NR vulcanizates with 20 phr at 9

100% 200% 300% Elongation Tensile
Sample Modulus Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 0.93 1.55 241 25.0 900 28.7
2 1.02 1.73 2.48 22.0 780 28.2
3 1.08 1.68 2.46 23.0 820 28.0
4 0.99 1.53 2.49 21.0 740 21.1
5
Mean 1.01 1.62 2.46 22.8 810 28.0
0.06 0.10 0.04 171 68.3 0.69

Table 024 Tensile properties of gN330 filled NR vulcanizates with 30 phr at tcg

100% 200% 300% Elongation Tensile
Sample Modulus Modulus'  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.07 1.98 2.96 20.5 720 25.2
2 1.27 2.11 3.38 21.0 740 28.5
3 1.03 181 2.12 22.0 780 28.5
4 1.23 1.94 3.02 19.0 660 26.6
5 1.24 2.02 2.89 195 680 29.7
Mean 1.17 1.97 3.00 20.4 716 21.7

0.11 0.11 0.24 1.19 47.8 1.80
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Table C-25 Tensile properties of gN330 filled NR vulcanizates with 40 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.42 2.36 3.54 21.0 740 25.4
2 1.37 2.30 3.76 21.0 740 25.7
3 1.33 2.14 3.10 21.0 740 26.1
4 1.26 2.21 3.81 21.0 740 26.9
5 1.47 2.45 3.76 20.0 700 26.2
Mean 1.37 2.31 3.60 20.8 132 26.1
0.08 0.11 0.30 0.45 17.9 0.58

Table C-26 Tensile properties of gN330 filled NR vulcanizates with 50 phr at tc9

100% 200% 300% Elongation Tensile
Sample Modulus Modulus*  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.7 2.70 4.29 20.0 700 24.8
2 1.62 2.64 o9 20.0 700 25.3
3 1.73 3.02 4.27 20.0 700 25.1
4 1.73 2.74 4.18 20.0 700 25.9
5 1.65 251 3.81 19.5 680 25.2
Mean 1.69 2.12 4.07 19.9 696 25.2

0.05 0.19 0.24 0.22 8.94 0.40
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APPENDIX

THERMAL AGING PROPERTIES OF NR COMPOUNDS



Table D-1 Thermal aging properties of gum NR vulcanizates at tcd)

Sample

Mean

Table

Sample

Mean

100%
Modulus
(MPa)
1.7
1.57
1.69
1.76
1.68
0.08

200%
Modulus
(MPa)
4.33
3.64
3.90
3.97
3.96
0.28

300%
Modulus
(MPa)

Elongation
at break
(cm)
8.50
12.5
10.0
9.50
10.1
1.70

% Elongation

240
400
300
280
305
68.1

161

Tensile
strength
(MPa)
10.7
10.5
121
11.8
11.3
0.80

-2 Thermal aging properties of N330 filled NR vulcanizates with 10 phr at tc9

100%
Modulus
(MPa)
17
1.57
1.69
1.76
1.80
17
0.09

200%
Modulus
(MPa)
4.33
3.64
3.90
3.97
4.41
4.05
0.32

300%
Modulus
(MPa)
N/A
N/A

Elongation
at break
(cm)
8.50
12.5
10.0
9.50
6.00
9.30
2.36

% Elongation

240
400
300
280
140
212
945

Tensile
strength
(MPa)
5.37
9.74
9.33
7.66
5.04
7.43
2.18
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Table - Thermal aging properties of N330 filled NR vulcanizates with 20 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.13 6.44 N/A 10.0 300 10.6
2 2.26 6.53 N/A 8.50 240 8.66
3 2.43 6.56 N/A 8.00 220 7.53
4 2.61 6.50 N/A 9.00 260 11.9
5 . ; ] . ; .
Mean 2.36 6.51 N/A 8.88 255 9.67
021 0.05 N/A 0.85 34.2 1.96

Table D-4 Thermal aging properties of N330 filled NR vulcanizates with 30 phr at tc%

100% 200% 300% Elongation Tensile
Sample Modulus Modulus Modulus  at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 4.27 115 N/A 9.00 260 15.8
2 3.72 9.87 N/A 8.50 240 12.5
3 431 115 N/A 7.50 200 12.1
4 3.95 10.2 N/A 8.50 240 14.0
5
Mean 4.06 10.7 N/A 8.38 235 13.6

0.28 0.85 N/A 0.63 25.2 1.70
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Table D-5 Thermal aging properties of N330 filled NR vulcanizates with 40 phr at teg

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 4.87 N/A N/A 8.50 240 15.9
2 5.49 N/A N/A 7.50 200 15.7
3 5.20 N/A N/A 8.50 240 18.5
4 5.01 N/A N/A 9.00 260 18.3
5 - - - ; -
Mean 5.14 N/A N/A 8.38 235 171
0.27 N/A N/A 0.63 25.2 1.50

Table D-6 Thermal aging properties of N330 filled NR vulcanizates with 50 phr at tcgp

100% 200% 300% Elongation Tensile
Sample Modulus Modulus = Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 7.37 17.2 N/A 8.00 220 18.9
2 7.15 15.0 N/A 6.50 160 155
3 7.02 16.4 N/A 7.00 180 16.9
4 6.51 N/A N/A 6.00 140 13.9
5 7.31 15.7 N/A 7.50 200 16.3
Mean 7.07 16.1 N/A 7.00 180 16.3

0.34 0.97 N/A 0.79 31.6 1.83
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Table D-7 Thermal aging properties of N550 filled NR vulcanizates with 10 phr at tc®

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.56 2.99 741 17.5 600 13.5
2 1.30 3.43 7.11 13.0 420 12.5
3 1.39 3.40 6.48 14.0 460 18.3
4 1.50 3.51 6.90 14.0 460 19.4
5 . . i ; .
Mean 1.44 3.33 6.97 14.6 485 15.9
0.12 0.23 0.39 1.97 79.0 3.40

Table D-8 Thermal aging properties of N550 filled NR vulcanizates with 20 phr at tc9

100% 200% 300% Elongation Tensile
Sample Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.38 6.40 124 10.5 320 15.5
2 2.39 6.37 11.9 12.0 380 14.6
3 2.39 591 12.8 12.5 400 18.1
4 2.36 6.61 12.5 12.5 400 19.7
5 2.46 6.83 12.2 12.0 380 16.0
Mean 2.40 6.42 124 11.9 376 16.8

0.04 0.34 0.36 0.82 32.9 2.09
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Table D-9 Thermal aging properties of N550 filled NR vulcanizates with 30 phr at tc9

100% 200% 300%  Elongation Tensile
Sample  Modulus ~ Modulus  Modulus  at break 9% Elongation ~ strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 3.09 105 177 110 340 193
2 3.74 9.53 164 9.50 280 175
3 3.60 10.7 185 110 340 20.6
4 3.35 103 NIA 9.50 280 164
5 399 9.10 168 110 340 195
Mean 3.56 100 173 104 316 187
sD 0.35 0.67 093 0.82 329 1.70

Table D-10 Thermal aging properties of N550 filled NR vulcanizates with 40 phr at tcgp

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 4,82 129 NIA 9.50 280 20.0
2 4.74 123 194 10.0 300 20.0
3 4.58 129 20.0 10.0 300 20.7
4 373 116 NIA 9.50 280 191
5 5.02 14.6 NIA 9.00 260 232
Mean 4.58 128 19.7 9.60 284 20.6

0.50 1.09 040 042 16.7 1.58
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Table D-11 Thermal aging properties of N550 filled NR vulcanizates with 50 phr at ted)

100% 200% 300%  Elongation Tensile
Sample  Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 758 183 N/A 750 200 186
2 1.34 164 NIA 8.50 240 191
3 6.77 157 NIA 9.00 260 20.7
4 8.35 174 N/A 8.50 240 198
5 .67 168 NIA 9.00 260 197
Mean 154 169 NIA 8.50 240 196
057 0.98 N/A 061 245 0.82

Table D-12 Thermal aging properties of N776 filled NR vulcanizates with 10 phr at tc®

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 144 3.23 6.12 162 548 219
2 153 342 583 155 520 164
3 1.35 2.78 539 149 496 165
4 147 3.07 555 152 508 163
5 148 2.96 4.88 16.7 568 20.7
Mean 145 3.09 555 157 528 184

0.07 0.25 047 0.74 29.5 2.12
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Table D-13 Thermal aging properties of N776 filled NR vulcanizates with 20 phr at tcp

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.80 387 8.76 14.2 468 192
2 191 4.42 8.86 152 508 22.3
3 172 4.83 8.56 14.3 472 232
4 167 431 9.79 145 480 201
5 187 4.32 851 148 492 199
Mean 1.79 4.35 8.90 146 484 20.9
0.10 0.34 0.52 041 16.3 172

Table D-14 Thermal aging properties of N776 filled NR vulcanizates with 30 phr at tc®

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation ~ strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.55 5.62 115 120 380 165
2 2.33 5.92 126 137 448 217
3 2.88 6.36 123 135 440 20.7
4 2.17 5.68 113 138 452 21.0
5 2.53 5.89 125 137 443 22.9
Mean 261 5.89 120 133 434 20.6

0.22 0.29 0.58 0.76 30.3 245
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Table D-15 Thermal aging properties of N776 filled NR vulcanizates with 40 phr at tcgp

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 359 8.72 154 116 364 191
2 3.09 881 16.0 114 356 183
3 3.28 1.66 153 124 3% 211
4 3.07 8.88 162 122 388 2.1
5 2.46 9.18 16,6 118 312 20.2
Mean 3.10 8.65 159 119 315 198
041 0.58 0.55 041 16.6 1.09

Table D-16 Thermal aging properties of N776 filled NR vulcanizates with 50 phr at tc®

100% 200% 300%  Elongation Tensile
Sample  Modulus ~ Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 359 115 N/A 8.30 232 14.0
2 361 113 NIA 8.60 244 130
3 4.44 121 181 10.0 300 184
4 379 113 2.1 104 316 20.3
5 353 109 N/A 8.10 224 158
Mean 379 114 191 9.08 263 16.3

0.38 041 141 1.05 419 3.04



169

Table -'17 Thermal aging properties of N990 filled NR vulcanizates with 10 phr at tc9)

100% 200% 300%  Elongation Tensile
Sample  Modulus ~ Modulus  Modulus  at break % Elongation ~ strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 141 2.30 4.06 15.0 500 193
2 12 231 4.21 145 480 187
3 117 248 4.32 150 500 195
4 1.24 2.52 4.72 16.0 540 178
5 122 2.33 451 145 480 153
Mean 1.25 2.39 4.35 150 500 181
0.09 0.10 0.27 0.61 245 1.69

Table D-18 Thermal aging properties of N990 filled NR vulcanizates with 20 phr at tc®

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus  Modulus  at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.49 3.00 6.34 16.0 540 213
2 1.30 2.60 6.00 164 556 238
3 147 2.83 5.68 169 576 26.7
4 1.32 2.75 6.08 168 572 24.7
5 1.32 2.68 579 16.2 548 249
Mean 1.38 2.11 593 165 558 24.3

0.10 0.15 0.26 0.38 154 1.96
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Table D-19 Thermal aging properties of N990 filled NR vulcanizates with 30 phr at tcd)

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 - - - - - -
2 1.59 321 714 149 496 220
3 1.38 357 6.94 165 560 22.1
4 146 351 6.98 16.0 540 20.0
5 1.59 351 12 159 536 239
Mean 150 345 7.07 158 533 22.2
0.10 0.16 0.13 0.67 26.8 163

Table D-20 Thermal aging properties of N990 filled NR vulcanizates with 40 phr at tc®

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation ~ strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.80 4.78 9.17 159 536 238
2 1.84 4,06 8.97 145 480 20.3
3 L7 4.35 9.39 153 512 22.6
4 1.86 4.13 8.71 147 483 204
5 194 4.38 8.70 164 556 236
Mean 1.84 4.34 8.99 154 514 2.1

SD 0.07 0.28 0.30 0.80 32.0 1
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Table D-21 Thermal aging properties of N990 filled NR vulcanizates with 50 phr at tcgp

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.26 5.25 104 14.2 468 195
2 2.53 5.04 101 14.6 484 193
3 2.17 540 108 141 464 186
4 242 544 10.7 145 480 193
5 2.02 4.78 110 132 428 17.2
Mean 2.28 518 106 141 465 188
0.20 0.28 0.36 0.55 22.2 0.95

Table D-22 Thermal aging properties of gN330 filled NR vulcanizates with 10 phr at tc9

100% 200% 300%  Elongation Tensile
Sample  Modulus ~ Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.04 1.88 2.94 19.0 660 22.9
2 1.16 1.89 2.84 185 640 22.6
3 0.92 1.84 2.70 185 640 24.2
4 1.06 1.90 341 19.0 660 233
5 1.15 191 287 19.0 660 24.8
Mean 107 1.88 2.95 188 652 236

0.10 0.03 0.27 0.27 110 092
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Table D-23 Thermal aging properties of gN330 filled NR vulcanizates with 20 phr at tcgp

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 127 2.20 4,09 145 480 176
2 122 243 387 16.0 540 20.7
3 1.27 2.32 3n 175 600 26.0
4 114 2.23 3.65 19.0 660 249
5 142 2.36 382 185 640 239
Mean 1.26 231 3.82 171 584 22.6
0.11 0.09 0.17 1.85 740 344

Table D-24 Thermal aging properties of gN330 filled NR vulcanizates with 30 phr at tc®

100% 200% 300%  Elongation Tensile
Sample  Modulus ~ Modulus  Modulus  at break % Elongation strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.50 291 5.05 175 600 235
2 179 3l 5.13 180 620 218
3 149 310 5.20 175 600 233
4 153 297 5.20 140 460 155
5 1.66 3.05 4,95 170 580 254
Mean 159 3.03 510 16.8 572 231

0.13 0.08 011 1.60 64.2 4.63
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Table D-25 Thermal aging properties of gN330 filled NR vulcanizates with 40 phr at tc%)

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus ~ Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 1.86 3.26 5.84 16.0 540 22.2
2 221 3.94 6.68 16.0 540 20.7
3 1.79 3.24 542 16.0 540 20.2
4 1.89 4.13 6.84 15.0 500 217
5 1.88 317 129 17.0 580 243
Mean 1.93 3.66 6.41 16.0 540 21.8
0.16 0.40 0.77 0.71 28.3 1.60

Table D-26 Thermal aging properties of gN330 filled NR vulcanizates with 50 phr at tc®)

100% 200% 300%  Elongation Tensile
Sample  Modulus  Modulus  Modulus  at break % Elongation  strength
(MPa) (MPa) (MPa) (cm) (MPa)
1 2.05 4.09 6.96 165 560 198
2 221 4,07 6.69 160 540 20.7
3 2.45 4.96 7.95 160 540 188
4 2.36 4.38 6.88 16.0 540 19.0
5 2.55 4.72 1.39 16.0 540 212
Mean 2.32 4.44 .17 16.1 544 199

0.20 0.39 0.50 0.22 8.94 104
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