REFERENCES

O’Haver, J.H., Harwell, J.H., Evans, L.R., and Waddel, W.H. (1996) Formation of
Poly(tetrafluoroethylene) thin films on alumina by admicellar polymerization.
Journal of Applied Polymer Science, 59, 1427-1435.

Thammathadanukul, V., O’Haver, J.H., Harwell, J.H., Osuwan, S., Na-Ranong, N.,

| and Weddell, W.H. (1996) Admicellar polymerization modified silica via a

continuous stirred-tank reactor system: comparative properties of rubber
compounding. Journal of Applied Polymer Science, 59, 1741-1751.

Bunsomsit, K., Magaraphan, R., O’Rear, E.A., and Grady, B.P. (2002) Polypyrrole
coated latex by admicellar polymerization. M.S. Thesis, The Petroleum and
Petrochemical College, Chulalongkorn.

Rosen, M.J. (1989) Surfactants and Interfacial Phenomena. 2"ed. New York:
Wiley & Sons.

Xin, W., Andrew, D.W., Walter, A., and Grady, B.P. (2003) X-ray photoelectron

spectroscopic studies of hydrophilic surfaces modified via admicellar

polymerization. Journal of Colloid and Interface Science, 264, 296-300.
Arayawongkul, S., Nithitanakul, M., Kitiyanan, B., and O’Haver, J.H. (2002)
Characterization of polystyrene produced by admicellar polymerization.

M.S. Thesis, The Petroleum and Petrochemical College, Chulalongkorn.

Wu, J., Harwell, J.H., and O’Rear, E.A. (1987) Two-dimensional reaction solvents:

surfactant bilayers in the formation of ultrathin films. Langmuir, 3(4), 531-
537.

Esumi, K., Watanabe, N., and Meguro, K. (1991) Polymerization of styrene
adsolubilized in polymerizable surfactant bilayer on alumina. Langmuir,
7(8), 1175-1178.

Weddell, W.H., O’Haver, J.H., Evans, L.R., and Harvell, J.H. (1995) Organic
polymer-surfactant modified precipitated silica. Journal of Applied Polymer
Science, 59, 1741-1750.

Funkhouser, G.P., Arevalo, M.P., Glatzhofer, D.T., and O’Rear, E.A. (1995)

Solubilization and adsolubilization of pyrrole by sodium dodecyl sulfate:

polypyrrole formation on alumina surfaces. Langmuir, 7(8), 1175-1178.



52

Sakhalkar, S.S., and Hirt, D.E. (1995) Admicellar polymerization of polystyrene on
glass fibers. Langmuir, 11(9), 3369-3373.

Kitiyanan, B., O’Haver, J.H., Harwell, JH.,, and Osuwan, S. (1996)
Adsolubilization of styrene and isoprenein cetyltrimethylammonium bromide
admicelle on precipitated silica. Langmuir, 12(9), 2162-2168.

Pongprayoon, T., Yanumet, N., and O’Rear, E.A. (2002) Admicellar
polymerization of styrene on cottoin. Journal of Colloid and Interface S'cience,
249, 227-234.

See. H.C.,, and O’Haver, J.H. (2003) Atomic force microscopy characterization of

ultrathin polystyrene films formed by admicellar polymerization on silica
disks. Journal of Applied Polymer Science, 89, 36-46.

Kawahara, S., Kawazura, T., Sawada, T., and Isono, Y. (2003) Preparation and
characterization of natural rubber dispersed in nano-matrix. Journal of
Applied Polymer Science, 44, 4527-4531.

Srinarang, V. (2004) Admicellar polymerization of polystyrene on natural rubber
particles. M.S. Thesis, The Petroleum and Petrochemical College,

Chulalongkorn.
Pongprayoon, T., Yanumet, N., Edgar, A., O’Rear, E.A., Walter, E.A., and Daniel

E.R. (2004) Admicellar polymerization of styrene on cotton. Journal of
Colloid and Interface Science, 281(2), 307-315.
Issa Katime, Jose R. Quintana and Colin Price. (1994) The formation of butyl-

rubber modified polystyrene. Materials Letters, 23, 173-175.

Wu, J., Harwell, J.H., and O’Rear, E.A. (1987) Polymerization of styrene-isoprene
on Glass cloth for use in composite manufacture. Langmuir, 3(4), 531-537.

Issa Katime, Jose R. Quintana and Colin Price. (1994) Influence of the
microstructural morphology on the mechanical properties of high-impact

polystyrene. Materials Letters 22, 297-301.

D. J. Hourston and J. Romaine. (1991) Modification of natural rubber latex lIl.
Natural  rubber-polystyrene composite latexes synthesized using
azobisisobutyronitrile as initiator. Journal of Applied Polymer Science, 43,
2207-2211.




53

Bhat, N.V., Geetha, P., Pawde, S., and Nallathambi, R. (1995) Preparation of
poly(vinylidine fluoride)-polypyrrole composite films by electrochemical
synthesis and their properties. Journal of Applied Polymer Science, 280,
509-516.

Chen, J.H., Huang, Z.P., Wang, D.Z., Yang, S.X., Li, W.Z., Wen, J.G., and Ren, Z.F.
(2002) Electrochemical synthesis of polypyrrole films over each of well-

aligned carbon nanotubes. Synthetic Metals, 125, 289-294.

Cooper, G.P., and Vincent, B. (1989) Electrically conducting organic films and
bead based on conducting latex particles. Journal of Physics D: Applied
Physics, 22, 1580-1585.

Liu, Y.C,, and Tsai, C.J. (2003) Enhancements in conductivity and thermal and

conductive stabilities of electropolymerized polypyrrole with caprolactam-
modified clay. Chemistry Materials, 15, 320-326.

Makhlouki, M., Morsi, M., Bonnet, A., Conan, A., Pron, A., and Lefrant, S. (1992)
Polymer matrix composites: conductivity enhancement through polypyrrole
coating of nickel flake. Journal of Applied Polymer Science, 44(3), 443-446.

Tangboriboonrat, P., Suchiva, K., and Riess, P. (1999) Novel method for
toughening of polystyrene based on natural rubber latex. Journal of Applied
Polymer Science, 36(4), 781-785.

Zhao, J., and Brown, W. (1995) Adsorption of alkyltrimethylammonium bromides

on negatively charged polystyrene latex particles using dynamic light
scattering and adsorption isotherm measurement. Langmuir, 11(8), 2944-
2950.

Zhao, J., and Brown, W. (1996) Alkyltrimethylammonium bromide adsorption on
polystyrene latex particles studied by dynamic light scattering and adsorption
isotherms: effect of the surface polymer layer and modified aromatic amino

group. Langmuir, 12(5), 1141-1148.



APPENDICES

Appendix A Calculation of percent weight polystyrene in admicellar modified

natural rubber

Weigit of PS = conc. of styrene monomer x 104.5 x total volume
1000 ml ~
Ex. Conc. of styrene monomer = 50 mM and total volume = 20 ml.
Total volume 1000 ml weight of PS = 50 mM x 104.5g/mole
50 ml weight of PS =50 mM x 104.5g/mole x 20 ml

1000 ml
=104.5 mg
Total weight of admicellar modified NR = 2 + 0.1045 = 2.1045 g
%wt of PS = 0.1045 x 100 = 4.97 %wt

2.1045
Appendix B Data of Gel Permeation Chromatography

8
i ’? -4
i) %
QL g -
2 0\‘\
S e
§ 5 \
£ 4 e
o | y =-0.4548x +9.3232 T ,
B R® =0.9837 ¢ '

2 ey f—t f— i

5 7 9 11 13 15

Time (min)
Figure B1 Calibration curve of styrene standard solution by Gel Permeation

Chromatography.



Table B1 Data of calibration curve

Retention time (min) Molecular weight

1 6.444 3440000
2 6.604 2170000
3 6.686 1340000
4 7.48.5 575000
5 8.763 202000
6 10.411 54100
7 11.034 30500
8 11.753~— 13800
9 12.736 2960
10 13.123 1300
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Appendix C Data of Dynamic Mechanical Thermal Analysis

Table C1 Storage modulus, loss modulus and tan & of aged and unaged modified

natural rubber at 30°C

Results
Sample E’ (MPa) E” (MPa) Tan &
NR 0.5499 0.05715 0.1039
NR,A 0.1829 0.02578 0.1409
SR100mM, CTAB 0.1812 0.02795 0.1543
SR100mM, CTAB,A | 0.3548 0.1109 0.3126
SR200mM, CTAB 0.3473 0.05450 0.1569
SR200mM, CTAB,A | 0.3885 0.09315 0.2398
SR300mM, CTAB 0.2305 0.03511 0.1523
SR300mM, CTAB,A | 0.4453 0.1062 0.2385
SR100mM, SDS 0.6518 0.2209 0.3388
SR100mM, SDS,A 0.5193 0.2239 0.4312
SR200mM, SDS 0.2792 0.06500 0.2328
SR200mM, SDS.A 0.3597 0.09721 0.2702
SR300mM, SDS 0.4150 0.1020 0.2459
SR300mM, SDS,A 0.2600 0.1027 0.3949

56



Table C2 The dynamic loss modulus (£) and max tan 8 of aged and unaged
modified natural rubber in CTAB and SDS surfactant

Sample Result

Max. tan delta T: (O
1L.NR 2.317 -47.40
2.NR,A | 1.795 -44.50
3.SR100mM, CTAB 1.799 -51.40
4.SR100mM, CTAB,A 1.692 -43.90
5.SR200mM, CTAB 1.697 -51.10
6.SR200mM, CTAB,A 1.721 -51.10
7.SR300mM, CTAB 1.545 -50.50
8.SR300mM, CTAB,A 1.490 -49.90
9.SR100mM, SDS 2.200 -46.50
10.SR100mM, SDS,A 1.884 -47.00
11.SR200mM, SDS 1012 -50.80
12.SR200mM, SDS,A 1.554 -50.00
13.SR300mM, SDS 1.926 -47.30
14.SR300mM, SDS,A 1.647 -43.40
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Table D1 Stiffness of pure polystyrene and blended sample with modified natural
rubber in CTAB surfactant

Sample Stiffness (N/m)
Information Unaged Aged

PS SR100 | SR200 | SR300 | PS SR100 | SR200 | SR300
I 210.63 | 159.44 | 186.16 | 159.73 | 301.56 | 178.96 | 204.97 | 237.37
Il 238.03 | 201.16 | 204.67 { 192.44 | 261.79 | 179.86 | 107.49 | 216.26
I 220.87 | 185.73 | 166.77 | 175.90 | 255.88 | 187.89 | 203.86 | 195.67
v 258.11 | 200.63 | 189.74 | 192.37 | 240.95 | 191.40 | 228.81 | 206.55
\ 198.57 | 190.89 | 190.01 | 162.71 | 269.95 | 176.13 | 211.01 | 165.18
Average 225.24 | 187.57 |'187.47 | 177.43 | 266.02 | 182.85 | 203.83 | 204.21
S.D. 2338 [19.04 |13.58 |16.71 |22.59 |6.48 21.14 | 26.68

Table D2 Young’s modulus of pure polystyrene and blended sample with modified

natural rubber in CTAB surfactant

Sample Young’s Modulus (MPa)
Information Unaged Aged

PS SR100 | SR200 | SR300 |PS SR100 | SR200 | SR300
I 1560.20 [ 1315.98 | 1476.72 | 1207.64 | 1727.99 | 1240.36 | 1362.35 | 1286.75
II 1531.18 | 1185.28 | 1382.62 | 1493.34 | 1545.99 | 1480.05 | 1456.04 | 1594.85
I 1567.81 | 1052.39 | 1469.15 | 1204.08 | 1425.84 | 1453.35 | 1224.50 | 1545.24
1\ 1567.74 | 1217.42 | 1218.67 | 1185.34 | 1590.22 | 1134.95 | 1374.33 | 1662.81
\' 1726.70 | 1130.58 | 1220.43 | 1367.68 | 1407.47 | 1232.34 | 1070.92 | 1404.80
Average 1590.73 | 1180.33 | 1353.52 | 1291.62 | 1539.50 | 1308.21 | 1297.63 | 1498.89
S.D. 77.49 98.29 127.76 | 134.62 | 130.86 | 150.81 | 151.58 | 151.72
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Table D3 Stress at break of pure polystyrene and blended sample with modified

natural rubber in CTAB surfactant

Sample Stress at Break (MPa)
Information Unaged Aged

PS SR100 | SR200 | SR300 | PS SR100 | SR200 | SR300
1 36.77 |36.41 |34.23 [30.16 |42.56 |33.83 |30.19 [24.73
I 38.54 |30.19 [27.89 |3536 |44.99 |2833 [31.44 [33.16
11 31.31 [27.59 |34.42 |28.27 |31.77 | 1588 [2098 |[1.79
vV 43.29 |[35.75 |25.18 |27.06 |45.45 |28.63 |22.37 |31.89
A% 42.34 3096 [28.13 |33.47 |3594 [24.19 [27.11 [1.32
Average 38.45 |[32.18 }29.97 |30.86 |40.14 |26.17 |26.42 |[18.58
S.D. 4.80 3.78 414 1349 16.03 6.69 4.63 15.87

Table D4 Strain at break of pure polystyrene and blended sample with modified

natural rubber in CTAB surfactant

Sample Strain at Break (mm)
Information Unaged Aged
PS SR100 | SR200 | SR300 | PS SR100 | SR200 | SR300

I 1.29 1.20 1.30 1.49 1.34 1.13 1.19 1.26
II 1.36 1.19 1.22 1.29 1.57 0.99 1.16 1.17
11 1.21 1.24 1.14 1.24 1.35 0.32 1.08 0.04
IV 1.44 1.26 1.24 1.22 1.56 1.04 1.06 0.85

A% 1.38 1.89 1.01 1.49 1.49 0.94 1.20 0.03
Average 1.34 1.19 1.18 1.34 1.46 0.89 1.14 0.67
S.D. 0.09 0.05 0.11 0.13 0.11 0.32 0.06 0.59
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Table DS Stiffness of pure polystyrene and blended sample with modified natural

rubber in SDS surfactant

Sample Stiffness (N/m)
Information Unaged Aged

PS SR100 | SR200 | SR300 | PS | SR100 | SR200 | SR300
[ 210.63 | 185.99 | 163.53 | 208.64 | 301.56 | 163.38 | 163.07 | 182.09
I 238.03 | 166.78 | 175.29 | 167.43 | 261.79 | 178.76 | 175.58 | 189.81
I 220.87 | 154.61 | 159.26 | 187.96 | 255.87 | 150.95 | 192.71 | 200.13
vV 258.10 | 167.41 | 182.02 | 200.61 | 240.94 | 170.26 | 149.16 | 211.59
\' 198.57 | 139.05 | 170.28 | 161.99 | 269.95 | 139.29 | 196.39 | 231.22
Average 22524 ( 162.77 | 170.07 | 185.33 | 266.02 | 160.53 | 175.39 | 202.97
S.D. 2338 (1737 |9.08 20.30 (2252 |15.64 |19.88 |19.30

Table D6 Young’s modulus of pure polystyrene and blended sample with modified

natural rubber in SDS surfactant

Sample Young’s Modulus (MPa)
Information Unaged Aged

PS SR100 | SR200 | SR300 |PS SR100 | SR200 | SR300
| 1560.20 | 1154.69 | 1071.90 | 1199.35 | 1727.10 | 1011.51 | 1131.18 | 1254.45
11 1531.18 | 1109.80 | 1105.20 | 1120.68 | 1545.10 | 1163.78 | 1145.18 | 1277.99
111 1567.81 | 1092.48 | 1067.70 | 1198.45 | 1425.84 | 1103.45 | 1333.84 | 1339.58
v 1567.74 | 1063.03 | 1167.70 | 966.32 | 1590.22 | 1053.58 | 1087.84 | 1128.63
\% 1726.70 | 1087.34 | 1176.93 | 1077.92 | 1407.47 | 1111.45 | 1316.70 | 1338.07
Average 1590.72 | 1101.47 | 1117.89 | 1112.54 | 1539.50 | 1088.75 | 1202.95 | 1267.75
SD. 77.49 34.13 51.87 96.90 130.86 | 58.23 113.81 | 86.23




61

Table D7 Stress at break of pure polystyrene and blended sample with modified

natural rubber in SDS surfactant

Sample Stress at Break (MPa)
Information Unaged Aged

PS SR100 | SR200 | SR300 | PS SR100 | SR200 | SR300
I~ 36.77 |35.13 |3632 | 3591 (4256 |30.10 |31.57 |30.56
II 38.54 | 3435 |3593 |[3496 |44.99 |37.35 |26.64 |26.51
11 3131 |36.97 |24.63 |34.45 |31.77 (3574 |32.11 |36.55
v 4330 |36.10 |3540 |[2747 |4545 |34.62 |34.65 |32.48
\Y 42.34 |38.01 [30.73 [3247 |[3594 |30.94 |27.01 |36.31
Average 3845 |36.11 |32.60 |33.05 |40.14 |(33.75 |30.39 [32.48
S.D. 4.80 1.45 4.99 336 |6.03 3.12 3.47 4.20

Table D8 Strain at break of pure polystyrene and blended sample with modified

natural rubber in SDS surfactant

Sample Strain at Break (mm)
Information Unaged Aged
PS SR100 | SR200 | SR300 | PS SR100 | SR200 | SR300

I 1.29 185 1.37 1.28 1.34 127 1.20 1.07

II 1.37 1.28 1.34 1.25 1.57 1.31 1.07 0.99
III 1.21 1.37 1.07 1.19 1.35 1.30 0.78 1.21
v 1.44 137 1.28 1.17 1.56 1.32 1.29 1.21
v 1.38 1.40 1.16 1.19 1.49 1.20 0.58 1.25
Average 1.34 1.35 1.24 1.22 1.46 1.27 0.98 1.14
S.D. 0.09 0.05 0.13 0.05 0.11 0.05 0.30 0.11
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