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APPENDICES
Appendix A Calculation of Percent Weight Polystyrene in Admicelled PS-NR

Weight of PS = [conc. Of styrene monomer x 104.5 x total volume]/ 1000 ml
Example The calculation of wt % PS in admicelled PS-NR with 50 mM-styrene
Weight of PS =[50 (mM) x 104.5 (g/mol) x 1000 m1]/1000 ml

=5225¢g
Total weight of admicelled PS-NR =50 + 5.225=55.225 g
wt.% of PS  =(5.225 x 100)/55.225 =9.46 %

Table A1 wt.% of PS in admicelled PS-NR with different concentrations of styrene

monomer
Calculated PS | Admicelled Wt % of PS
Samples NR used (g)
(2) PS-NR (g) (%)
50 mM-styrene 50 5.225 55.225 9.46
100 mM-styrene 50 10.450 60.450 17.29
200 mM-styrene 50 20.900 70.900 29.48
300 mM-styrene 50 31.350 81.350 38.54




Appendix B Data of Protein Contents Measurement
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Table B1 Protein contents of admicelled PS-NR by using modified lowry method

Samples Water soluble protein (pg/g)
0 mM-styrene (NR) 15
50 mM-styrene 14
100 mM-styrene 12
200 mM-styrene 13
300 mM-styrene 15
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Appendix C Data of Molecular Weight Measurement

Table C1 Molecular weight of admicelled PS-NR measured by GPC method

Samples Mn Mw
50 mM-styrene 1,501 42,419
100 mM-styrene 7,953 120,482
200 mM-styrene 57,660 451,630
300 mM-styrene 115,627 453,652

Figure C1 Extrudate photos of 30 phr-silica filled admicelled PS-NR with different

concentrations of styrene monomer using circular die.



Appendix D Chemicals Amount used for Synthesis of Admicelled PS-NR

- Total volume of 1 batch synthesis = 1,000 ml

- Molar ratio of styrene to initiator = 1:0.04 (S:I)

- CTAB concentration used = 2,8000 ym

Table D1 Chemical ingredients for admicelled PS-NR
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Admicelled PS-NR
Ingredients 50 mM- | 100 mM- | 200 mM- | 300 mM-
styrene styrene styrene styrene
NR Latex 50g 50¢g 50g 50g
CTAB (20,000 uM) 140 ml 140 ml 140 ml 140 ml
Styrene (8.62 M) 5.80 ml 11.6ml | 23.20ml | 34.80 ml
V50 (250 mM) 8 ml 16 ml 32 ml 48 ml

Water with pH 8

Fill to make solution volume til11,000 ml
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Appendix E Data of Rheology
Table E1 Die swell data of pure NR
L/D ratio

10 135 | 104 | 109 | 102 | 105

50 136 | 110 | 170 | 96 79

05 100 151 | 131 [ 118 | 105 | 95

® ' 300 188 | 171 | 154 | 114 | 111
600 183 | 170 | 158 | 136 | 119
1000 240 | 206 | 165 | 133 | 128

10 173 | 70 72 99 65

50 96 82 58 62 54

5 100 110 | 87 81 69 53

300 136 | 163 | 82 77 68

600 173 | 140 | 110 | 86 73

1000 176 | 147 | 122 | 100 | 82
10 76 60 60 61 | 122

50 68 89 54 56 46

20 100 77 70 62 61 52

30 92 88 71 62 49

600 114 | 102 | 80 72 58

1000 125 | 112 | 85 76 65

@
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Table E2 Die swell data of pure admicelled PS-NR with 50 and 100 mM-styrene

Styrene
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concentration L/D ratio

10 170 | 153 | 133 | 120 | 122

50 181 | 148 | 147 | 148 | 138

ok 100 170 | 158 | 154 | 151 | 146
: 300 189 | 185 | 180 | 171 | 163
600 193 | 179 | 178 | 178 | 163

1000 | 195 | 194 | 182 | 179 | 174

10 90 | 106 | 96 | 100 | 95

50 106 | 109 | 97 | 99 | 99

100 120 | 115 | 112 | 99 | 93

=0m . 300 133 | 118 | 110 | 108 | 102
600 136 | 122 | 114 | 112 | 104

1000 | 135 | 128 | 119 | 121 | 119

10 84 | 72 | 72 | 64 | 63

50 81 | 72 | 76 | 71 | 54

- 100 88| 73 | 73 | 73 | 63
300 104 | 93 | 92 | 77 | 77

600 100 | 95 | 93 | 91 | 83

1000 | 116 | 103 | 102 | 92 | 88

10 136 | 132 | 132 | 141 | 121

50 139 | 134 | 111 | 126 | 118

ol 100 149 | 136 | 127 | 131 | 118
b 300 154 | 144 | 135 | 142 | 123
600 166 | 158 | 152 | 150 | 141

1000 | 168 | 177 | 147 | 167 | 147

10 91 | 91 | 98 | 91 | 81

50 88 | 92 | 86 | 86 | 78

100 88 | 95 | 90 | 86 | 83

$0m » 300 104 | 104 | 92 | 99 | 84
600 114 | 110 | 109 | 103 | 100

1000 | 121 | 111 | 113 | 107 | 99

10 70 | 72 | 70 | 71 | 70

50 76 | 73 | 78 | 70 | 69

- 100 78 | 74 | 72 | 68 | 73
300 84 | 80 | 80 | 74 | 74

600 93 | 89 | 84 | 83 | 81

1000 99 | 93 | 92 | 86 | 82
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Figure E1 Consistency index of pure NR versus temperature using circular die at

different L/D ratios.
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Figure E2 Consistency index of pure admicelled PS-NR with 50 mM-styrene versus

temperature using circular die at different L/D ratios.
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Figure E3 Consistency index of pure admicelled PS-NR with 100 mM-styrene

versus temperature using circular die at different L/D ratios.
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Figure E4 Power law index of pure NR versus temperature using circular die at

different L/D ratios.
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Figure E5 Power law index of pure admicelled PS-NR with 50 mM-styrene versus

temperature using circular die at different L/D ratios.
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Figure E6 Power law index of pure admicelled PS-NR with 100 mM-styrene versus

temperature using circular die at different L/D ratios.
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Figure E7 Consistency index of 50/50 NR/admicelled PS-NR blends at 150°C using
circular die with L/D ratio of 7.5 (die length =15 and die diameter =2 mm).
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Figure E8 Consistency index of 30 phr-silica filled admicelled PS-NR at 150°C
using circular die with L/D ratio of 7.5 (die length =15 and die diameter =2 mm).
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Figure E9 Power law index of 50/50 NR/admicelled PS-NR blends at 150°C using
circular die with L/D ratio of 7.5 (die length =15 and die diameter =2 mm).
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Figure E10 Power law index of 30 phr-silica filled admicelled PS-NR at 150°C

using circular die with L/D ratio of 7.5 (die length =15 and die diameter =2 mm).
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Appendix F Data of Crosslink Density

The calculation of crosslink density was measured by using Flory-Rehner

equation as following:

Ve = pa /Mc = - [In(1-V;) + V, + u VEVIVA(Vi'>-Vil2))
and  V;=[Wa/pa/[(Wa/pa) + (Wy/ps)]

where:

ve = network chain density (mol;’cm3)

V; = volume fraction of polymer in a swollen network in equilibrium with
pure solvent

W4 = weight of dry rubber (g)

W; = weight of solvent adsorbed by sample (g)

p4 = density of dry rubber (g/cm3 )

ps = density of toluene = 0.867 g/ce

x1 = rubber-toluene interaction parameter = 0.391

¥, = molecular volume of toluene = 106.3 cm*/mol

M. = average molecular weight between the network crosslinks (g/mol)

Table F1 Crosslink density of cured admicelled PS-NR with different

concentrations of styrene monomer using Flory-Rehner equation

Samples Pd Wy W Ve Ve M,
0 mM-styrene (NR) | 0.9786 | 0.2982 | 0.9138 | 0.2243 | 1.90x10™ 5146
50 mM-styrene 0.9704 | 0.2831 | 0.8412 | 0.2312 | 2.05x10” 4740
100 mM-styrene 0.9597 | 0.2887 | 0.8951 | 0.2256 | 1.93x10™ 4967
200 mM-styrene 0.9483 | 0.2683 | 0.8469 | 0.2246 | 1.91x10™ 4962
300 mM-styrene 0.9670 | 0.2867 | 0.8821 | 0.2256 | 1.93x10™ 5003




Appendix G Data of Tensile Testing

Table G1
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Tensile strength of admicelled PS-NR samples with different

concentrations of styrene monomer

] Tensile strength (MPa)
% Styrene Number of dumbbell specimens
& | concentration Median | S.D.
E 1 2 3 4 5
_ |OmM(NR) | 31.89 | 2542 | 22.62 | 2620 | 2146 | 2542 | 4.06
2 | 50 mM 27.59 | 2879 | 2237 | 1994 | 17.92 | 2237 | 4.73
g 100 mM 23.01 | 2022 | 19.86 | 2326 | 2529 | 23.01 | 227
5 | 200 mM 899 | 2474 | 22.07 | 22.98 | 2730 | 2298 | 7.12
“ 300 mM 25.16 | 2432 | 25.90 | 29.05 | 2635 | 25.90 | 1.79
_|omM®R) | 1232 | 1116 | 167 | 7.93 | 1485 | 11.16 | 5.08
! 2| 50 mM 13.84 | 1209 | 1280 | 1277 | 9.16 | 1277 | 1.78
g g’ 100 mM 1149 | 684 | 3.79 | 10.78 | 1097 | 10.78 | 3.35
§ 2200 mM 642 | 691 | 711 | 1127 | 1009 | 7.11 | 217
300 mM 864 | 824 | 1071 | 897 | 1436 | 897 | 2.52
0 mM (NR) 324 | 382 | 363 | 405 | 295 | 363 | 044
g g 50 mM 095 | 1.05 | 1.04 | 095 | 1.00 1.00 | 0.05
t;g "g 100 mM 143 | 120 | 1.11 | 146 | 140 | 140 | 0.16
= “|200mM 156 | 132 | 173 | 170 | 129 | 156 | 0.21
300 mM 343 | 297 | 310 | 337 | 3.04 | 3.10 | 020
0 mM (NR) 041 | 045 | 050 | 041 | 046 | 045 | 0.03
zg 7| 50 mM 033 | 035 | 032 | 037 | 037 [ 035 | 0.03
2 E 100 mM 036 | 028 | 037 | 036 | 032 | 036 | 0.04
& 21200 mM 026 | 032 | 035 | 031 | 039 [ 032 | 0.5
300 mM 057 | 046 | 038 | 052 | 048 | 048 | 0.07
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Table G2 Elongation at break of admicelled PS-NR samples with different

concentrations of styrene monomer

] Elongation at break (%)
% Styrene Number of dumbbell specimens
. | concentration Median | S.D.
§ I 2 3 4 5
_|OmM@NR) | 2594 | 2224 | 2269 | 2645 | 2242 | 2269 | 206
2 | 50 mM 2492 | 2348 | 2624 | 1707 | 1741 | 2348 | 430
g 100 mM 1821 | 1827 | 1714 | 1854 | 1907 | 1827 70
£ |200mM 752 | 1657 | 1411 | 1681 | 1957 | 1657 | 456
i 300 mM 1373 | 1143 | 1397 | 1424 | 1228 | 1373 | 122
_ |OmM@R) | 1562 | 1583 | 237 | 1253 | 1731 | 1562 | 605
2. 2 50 mM 1508 | 1511 | 1480 | 1406 | 1239 | 1480 | 114
g é’? 100 mM 1334 | 896 | 552 | 1185 | 1311 | 1185 | 331
3 Z | 200 mM 582 | 639 | 669 | 959 | 869 669 162
300 mM 485 | 525 | 612 | 525 | 790 525 122
OmM (NR) | 1331 | 1504 | 1624 | 1521 | 1548 | 1521 | 108
3 5| 50 mM 1444 | 1718 | 1545 | 1605 | 1684 | 1605 | 110
§ Té- 100 mM 1381 | 1325 | 1409 | 1438 | 1359 | 1381 44
= %200 mM 1346 | 1033 | 1295 | 1315 | 1086 | 1295 | 144
300 mM 1286 | 1135 | 1156 | 1257 | 1201 | 1201 64
0 mM (NR) 623 | 649 | 751 | 499 | 632 632 90
% 5| 50 mM 823 | 941 | 1058 | 917 | 1080 | 941 106
2 g 100 mM 829 | 658 | 605 | 821 | 586 658 117
& %1200 mM 552 | 698 | 753 | 440 | 723 | 698 | 133
300 mM 819 | 677 | 527 | 740 | 617 677 112
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Table G3 Young’s modulus of admicelled PS-NR samples with different

concentrations of styrene monomer

2 Young’s modulus (MPa)
% Styrene Number of dumbbell specimens
e. | concentration Median | SD.
g 1 2 3 | 4 | s
_|OmM@®R) | 123 | 1.14 | 1.00 [ 099 | 096 | 1.00 | 0.12
2 |50 mM 111 | 123|085 | 1.17 | 1.03 | 111 | 0.15
g 100 mM 126 | 1.11 | 116 | 125 [ 133 | 125 | 0.09
£ | 200 mM 120 | 149 | 156 | 137 [ 139 | 139 | o0.14
“ 300 mM 1.83 | 213 | 1.85 | 204 | 215 | 204 | 0.15
_|omM@®R) | 079071 | 070 | 063|086 | 071 | 0.09
%_gﬂ 50 mM 092|080 | 086|091 | 074 | 086 | 0.08
: g’ 100 mM 0.86 | 0.76 | 0.69 | 0.91 | 0.84 | 0.84 | 0.09
& 2| 200 mM 1.10 | 1.08 | 1.06 | 1.17 | 1.16 | 1.10 | 0.05
° [300mM 178 | 157 | 175 | 171 | 1.82 | 175 | 0.10
OmM(NR) | 024 {025{022]027|019]| 024 | 003
B 4| S0mM 0.07 | 0.06 | 0.07 | 0.06 | 0.06 | 0.06 | 0.00
‘5 ? 100 mM 0.10 | 0.09 | 0.08 | 0.10 | 0.10 | 0.10 | 0.01
= %200 mM 012 [ 013|013 | 013|012 | 013 | 0.01
300 mM 027 | 026 | 027 | 027 | 025 | 027 | 0.01
OmM(NR) | 0.07 | 0.07 | 007 | 0.08 | 0.07 | 0.07 | 0.01
E 2| 50 mM 0.04 | 0.04 | 0.03 | 0.04 | 0.03 | 0.04 | 0.00
2 g- 100 mM 0.04 | 0.04 | 0.06 | 0.04 | 0.05 | 0.04 | 0.01
& @200 mM 0.05 | 0.05 | 0.05 | 0.07 | 0.05 | 0.05 | 0.01
300 mM 0.07 | 0.07 | 0.07 | 0.07 | 0.08 | 0.07 | 0.00
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Figure G1 Stress-strain curves of cured admicelled PS-NR with different

concentrations of styrene monomer.

14 -
12
10
g
S 8-
w
o 6 ~ 0 mM-styrene (NR)
n = 50 mM-styrene
4 - 100 mM-styrene
2 -+ 200 mM-styrene
- 300 mM-styrene
0 4 e : ; :
0 5 10 15 20
Strain

Figure G2 Stress-strain curves of cured admicelled PS-NR with different

concentrations of styrene monomer under aging condition.
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Figure G3 Stress-strain curves of 30 phr-silica filled admicelled PS-NR with

different concentrations of styrene monomer.
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Figure G4 Stress-strain curves of 50/50 NR/admicelled PS-NR blends with different

concentrations of styrene monomer.
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Appendix H Data of Hardness

Table H1 Hardness of admicelled PS-NR samples with different concentrations of

styrene monomer measured by shore A durometer

@ Hardness (shore A)
% Styrene Position of determination
8. | concentration Median | S.D.
E 1 2 3 | 4| s
_ |omM(NR) 48 | 49 | 49 | 49 | 47 49 0.9
2 |50 mM s2—4=520] 38=}>51 | 53 52 12
§ 100 mM s ¥V 58\ oS82 | 53 52 0.5
5 | 200 mM 59 | 58 | 57 | 59 | s8 58 0.9
“ [300mM 65 | 65 | 62 | 65 | 63 65 1.4
_ |omM @R 49 | 49 | 49 | 50 | 50 49 0.3
e, 2| 50 mM 52 Jlostitr4=a2 | 52 | 55 52 1.4
g E" 100 mM 53 | 52 | 53| s4 | 51 53 13
5 5 [ 200 mM 58 | 58 | 58 | 59 | s8 58 0.5
° [So0mM 65 | 67 | 64 | 67 | 65 65 1.3
0 mM (NR) 48 | 50 | 48 | 48 | 49 48 0.9
B ,|S0mM A2 0NGXORN UINIVERSITY34 32 0.9
g Té— 100 mM 39 | 42 | 40 | 40 | 41 40 1.1
= “|200mM 43 | 44 | 38 | 40 | 44 43 2.7
300 mM 60 | 63 | 65 | 64 | 60 63 2.3
0 mM (NR) 25| 24 | 24 | 25 | 25 25 0.5
% 5| S0 mM 19 | 18 | 21 | 20 | 20 20 1.1
L g- 100 mM 20 | 18 | 20 | 20 | 20 20 0.9
& 1200 mM 22 | 23 | 24 | 24 | 25 | 24 | 11
300 mM 23 | 26 | 27 | 27 | 27 27 1.9
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