
REFERENCES

Athawale, A.A., Katre, P.P., Bhagwat, S.V., and Dhamane, A.H. (2008) Synthesis of 
polypyrrole nanofibers by ultrasonic waves. Journal of Applied Polymer 
Science, 108(5), 2872-2875.

Antonio Castro Neto, F.G. and Nuno, M.G. (2006) Drawing conclusions from 
graphene. Physics World. 19(11), 33-7.

Ayatollahi. M.R.. Shadlou, ร., Shokrieh, M.M., and Chitsazzadeh, M. (2011) Effect 
of multi-walled carbon nanotube aspect ratio on mechanical and electrical 
properties of epoxy-based nanocomposites. Polymer Testing. 30, 548-556.

Bandaru, P.R. (2007) Electrical properties and applications of carbon nanotube 
structures. Journal of Nanoscience and Nanotechnology. 7, 1-29.

Bower, c ., Rosen, R., and Jin, L. (1999) Deformation of carbon nanotubes in 
nanotube-polymer composites. Applied Physics Letters, 74, 3317-3319.

Bar-Cohen, Y. (2004) Electroactive Polymer (EAP) as Artificial Muscles: Reality, 
Potential, and Challenges, 2nd ed. Bellingham, Washington: SPIE Press.

Bae, Y.H., Okano, T., Hsu, R„ and Kim, ร.พ. (1987) Thermo-sensitive polymers as 
on-off switches for drug release. Macromolecular Rapid Communications, 
8,481-485.

Belfiore, L.A. (2010) Physical Properties of Macromolecules. New Jersey: John 
Wiley.

Bigi, A., Cojazzl, G., Panzavolta, ร., Rubini, K., and Roveri, N. (2001) Mechanical 
and thermal properties of gelatin films at different degrees of 
glutaraldehyde crosslinking. Biomaterials. 22. 763-768.

Bigi, A., Panzavolta, ร., and Rubini, K. (2004) Relationship between triple-helix 
content and mechanical properties of gelatin films. Biomaterials, 25, 5675- 
5680.

Balandin, A.A., Ghosh, ร., Bao, พ., Calizo, I., Teweldebrhan, D., and Miao, F. 
(2008) Superior thermal conductivity of single-layer graphene. Nano 
Letters, 28, 902-907.



148

Boo, พ..1., รนท, L., Warren, G.L., Moghbelli, E„ Pham, H., Clearfield, A., and Sue,
H.J. (2007) Effect of nanoplatelet aspect ratio on mechanical properties of 
epoxy nanocomposites. Polymer, 48, 1075-1082.

Calvert, p.. and Liu, z. (1998) Free form fabrication of hydrogels. Acta Materialia, 
46,2565-2571.

Carpi, F., C'hiarelli, p., Mazzoldi, A., and De Rosii, D. (2003) Electromechanical 
characterization of dielectric elastomer plannar actuators comparative 
evanluation of different electrode materials and different counterloads. 
Sensors and Actuators A: Physical, 107, 85-95.

Chandrasekhar, p. (1999) Conducting Polymers; Fundamentals and Application: A 
Practical Approach. Boston: Kluwer Academic.

Chatterjee, ร., Bohidar, H.B. (2005) Effect of cationic size on gelation temperature 
and properties' of gelatin hydrogels. International Journal of Biological 
Macromolecules, 35, 81-88.

Chen, H.Y., Stepanov, E.V., Chum, S.P.. Hiltner, A., and Bear. E. (2000) Linear 
stress relaxation behavior of amorphous ethylene-styrene interpolymers. 
Macromolecules, 33, 8870-8877.

Cohen, Y.B., Xue, T., Joffe, B.. Lih, ร.ร., Shahinpoor, M., Simpson, J., Smith, J., 
•and Willis, p, (1997) Enabling Technologies: Smart Structure and Integrated 
Systems. Paper presented, at The SPIE International Conference, Smart 
Structures and Materials Symposium, San Diego, USA.

Collins, P.G., èradley, K., Ishigami, M., and Zetti. A. (2000) Extreme oxygen 
sensitivity of electronic properties of carbon nanotubes. Science, 287, 1801- 
1804.

Cole, C.G.B. (2000) Encyclopedia of Food Science and Technology, 2nd ed. New 
York: John Wiley.

Cuchi, T. Boschi. A., Arosio, c., Bertini, F., Freddi, G.. and Catellani, M. (2009) 
Bio-based conductive composites: Preparation and properties of
polypyrrole (PPy)-coated silk fabrics. Synthetic Metals. 159, 246-253.

Cuenot, ร., Demousteir-Champagne, ร., and Nysten, B. (2000) Elastic modulus of 
polypyrrole nanotubes. APS Physics, 85, 1690-1693.



1 4 9

Dai, H., Wong, พ., and Lieber, C.M. (1996) Probing electrical transport in 
nanomaterials: Conductivity of individual carbon nanotubes. Science, 272, 
523-526.

Dai, C.A., Kao, A., Chang, c., Tsai, พ., Chen, พ., Liu, พ ., Shih. พ ., and Ma, C'.C.
(2009) Polymer actuator based on PVA/PAMPS ionic membrane: 
optimization of ionic transport properties. Sensors and Actuators A: 
Physical, 155, 152-162.

Diaz. F. and Hall. B. (1983) Mechanical properties of electrochemically prepared 
Polypyrrole films. IBM Journal of Research and Development. 27, 342-347.

Duchet, J., Legras, R., and Demousteir-Champagne, ร. (1998) Chemical synthesis of 
pyrrole : Structure-properties relationship. Synthetic Metals. 98, 113-122.

Du, c. and Pan, N. (2007) Carbon nanotube-based supercapacitors. Nanotechnology 
Law & Business, 4, 569-576.

Du, J., Pei, ร., Ma, L., and Cheng, H.M. (2014) 25th anniversary article: Carbon 
nanotube- and graphene-based transparent conductive films for 
optoelectronic devices. Advanced Materials. 26. 1958-1991.

Evingur, G.A. and Pekcan, o . (2012) Temperature effect on elasticity of swollen 
composite formed from polyacrylamide (PAAm)-multiwall carbon 
nanotubes (MWNTs). Engineering. 4, 619-624.

Ferry, J.D., Grandine, L.D., and Fitzgerald, E.R. (1953) The relaxation distribution 
function of polyisobutylene in the transition from rubber-like to glass-like 
behavior. Journal of Applied Physics, 24, 911-916.

Ferry. J.D. (1980) Viscoelastic Properties of Polymers. 3rd ed. New York: John 
Wiley.

Fileding-Russell, G.S., and Fitzhugh, R.L. (1972) Time-temperature superposition of 
a stylene-butadiene-stylene block copolymer cast from organic solvents. 
Journal of Polymer Science Part A: Polymer Chemistry. 10, 1625-1629.

Flory. P.J. and Rehner, J. (1943) Statistical mechanics of cross-linked polymer 
networks. II. Swelling. Journal of Chemical Physics, 11, 521-526.

Fraga, A.N. and Williams, R.J.J. (1985) Thermal properties of gelatin films. 
Polymer, 26, 113-118.



150

Fried, J.R. (2003) Polymer Science and Technology, 2nd ed. Englewood Cliffs: 
Prentice Hall.

Fukushima, H. and Drzal, L.T. (2003) A carbon nanotube alternative: graphite 
nanoplatelets as reinforcements for polymers. Annual Technology 
Conferrence of Society and Plastic Engineering, 61, 2230.

Fukae, R., Maekawa, A., and Sangen, 0. (2005) Gel-spinning and drawing of gelatin. 
Polymer. 46, 11193-11194.

Goenka, ร., Sant, V., and Sant. ร. (2014) Graphene-based nanomaterials for drug 
delivery and tissue engineering. Journal of Controlled Release. 173. 75-88.

Guo, z., Sadler, P.J., and Tsang, s.c. (1998) Immobilization and visualization of 
DNA and protein on carbon naotubes. Advanced Materials. 10, 701-703.

Haider, ร., Park, S.Y., Saeed, K., and Farmer, B.L. (2007) Swelling and 
electroresponsive characteristics of gelatin immobilized onto multi-walled 
carbon nanotubes. Sensors and Actuators A: Physical. 124, 517-528.

Hao, T. (2005) Eleetrorheoiogical Fluids the Non-aqueous Suspensions. Amsterdam: 
Elsevier.

He, C., Yang, c., and Li, Y. (2003) Chemical synthesis of coral-like nanowires and 
nanowire networks of conducting polypyrrole. Synthetic metals, 139, 539- 
545.

Hiamtup, p., Sirivat, A., and Jamieson, A.M. (2008) Electromechanical response of a 
soft and flexible actuator based on polyaniline particles embedded in a 
cross-linked poly(dimethyl siloxane) network. Materials Science and 
Engineering: A. 28, 1044-1051.

Hoffman, S.A. (1987) Applications of thermally reversible polymers and hydrogels 
in therapeutics and diagnostics. Journal of Controlled Release. 6, 297-305.

Honerkamp, .1. and Weese, .1. (1993) A nonlinear regularization method for the 
calculation of relaxation spectra. Rheologica Acta, 32, 65-73.

Ionita, M., Pandele, M.A., and Iovu, H. (2013) Sodium alginate/graphene oxide 
composite films with enhanced thermal and mechanical properties. 
Carbohydrate Polymers, 94, 339-344.



151

Jang, K.S., Lee, H., and Moon, B. (2003) Synthesis and characterization of water 
soluble polypyrrole doped with functional dopants. Synthetic Metals, 143, 
289-294.

June, R.K. and Fyhrie, D.p. (2010) Temperature effects in articular cartilage 
biomechanics. The Journal of Experimental Biology, 13:3934-3940.

Kaewpirom, ร. and Boonsang, ร. (2006) Electrical response characterization of 
polyethylene glycol) macromer (PEGM)/chitosan hydrogels in NaCl 
solution. European Polymer Journal, 42, 1609-16.16.

Kenneth, K.c. Lee., Nigel, R. Munce., Tina, ร.. Luc, G. Charron., Graham, A. 
Wright., John, D. Madden., and Victor. X.D. Yang. (2009) Fabrication and 
characterization of laser -micromachined polypyrrole-based artificial 
muscle actuated catheters. Sensors and Actuators' A: Physical. 153, 230- 
236.

Kiefer, R., Chu, S.Y., Kilmatin, P.A., Bowmaker, G.A.' Cooney, R.P., and Travas- 
Sejdic, J. (2007) Mixed-ion linear actuation .behaviour of polypyrrole. 
Electrochemica Acta. 52. 2386-2391.

Kim, S.Y., Shin, H.S., Lee. Y.M., and Jeong, C.N. (1999) Properties of 
electroresponsive poly(vinyl alcohol)/poly(acrylic acid) 1PN hydogels under 
an electric stimulus. Journal of Applied Polymer Science. 73. 1675-1683.

Kim, S.J., Lee, K.J., Kim, ร.F, Lee, Y.M., Chung, T.D., and Lee, S.H. (2002) 
Electrochemical behavior of an interpenetrating polymer network hydrogel 
composed of polypropylene glycol) and poly(acrylic acid). Journal of 
Applied Polymer Science. 89, 2301-2305.

Kim, J. and Seo, Y.B. (2002) Electro-active paper actuators. Smart Materials and 
Structures, 11,355-360.

Kim, S.J., Park, S.J., Kim, I.Y., Shin, M.S., and Kim, ร.I. (2002) Electric stimuli 
response to poly(vinyl alcohol)/chitosan interpenetrating polymer network 
hydrogel in NaCl solutions. Journal of Applied Polymer Science, 86, 2285— 
2289.

Kim, H.S., Li, Y., and Kim, J. (2008) Electro-mechanical behavior and direct 
piezoelectricity of cellulose electro-active paper. Sensors and Actuators A: 
Physical. 147. 304-309.



1 5 2

Konyali, H., Menceloglu, Y„ and Erman, B. (2008) Long time stress relaxation of 
amorphous networks under uniaxial tension: The Dynamic Constrained 
Junction Model. Polymer, 49, 1056-1065.

Koyama, K., Minagawa, K., Watanabe, T., Kumakura, Y., and Takimoto, J. (1995) 
Electromagneto-rheological effects in parallel-field and crossed field 
systems. Journal of Non-Newtonian Fluid Mechanics, 58, 195-206.

Krause, ร. and Bohon, K. (2001) Electromechanical response of electrorheological 
fluids and poly(dimethylsiloxane) networks. Macromolecule. 34, 71-79-89.

Kunchomsup, พ. and Sirivat, A. (2012) Physically cross-linked cellulosic gel via 1- 
butyl-3-methylimidazolium chloride ionic liquid and its electromechanical 
responses. Sensors and Actuators A: Physical, 175, 155-164. .

Kuilla, T., Bhadra, ร., Yap, D., Kim, N.H., Bose, ร., and Lee, J.H. Recent advances 
in graphene based polymer composites. Progress in Polymer Science, 35, 
1350-1375.

Kujawski, M., Pearse, J.D., and Smela, E. (2010) Elastromers filled with exfoliated 
graphite as compliant electrode. Carbon. 48, 2409-2417.

Kunanuruksapong, R. and Sirivat, A. (2007) Poly(p-phenylene) and acrylic elastomer 
blends for electroactive application. Materials science and Engineering: A, 
454-455,453-460.

Kunanuruksapong, R. and Sirivat, A. (2011) Effect of dielectric constant and electric 
field strength on dielectrophoresis force of acrylic elastomers and styrene 
copolymers. Current Applied Physics, 1-10.

Kundu, ร. and Crosby,' A.J. (2009) Cavitation and fracture behavior of 
polyacrylamide hydrogels. Soft Matter. 5, 3963-3968.

Kwon, I.C., Bae, Y.H., and Kim, ร.พ. (1991) Electrically erodible polymer gel for 
controlled release of drugs. Nature, 354, 291-293.

Kwon, W.J., Suh, D.K., Chin, B.D., and Yu, J.w. (2008) Preparation of polypyrrole 
nanoparticles in mixed surfactant system. Journal of Applied Polymer 
Science, 110, 1324-1329.

Lakes, R.s. (1998) Viscoelastic Solids. Washington, D.C: CRC Press.
Larson, R.G. (1999) The Structure and Rheology of Complex Fluids. New York: 

Oxford University Press.



153

Le, H.H., Lupke, T., Pham, T., and Radusch, H.J. (2003) Time dependent 
deformation behavior of thermoplastic elastomers. Polymer. 44, 4589-4597.

Lee, c., Wei, X., Kysar, J.W., and Hone, J. (2008) Measurement of the elastic 
properties and intrinsic strength of monolayer graphene. Science, 321, 385- 
388.

Lehman, J.H., Terrones, M., Mansfield, E., Hurst, K.E., and Meunier, V. (2011) 
Evaluating the characteristics of multiwall carbon nanotubes. Carbon. 49, 
2581-2602.

Liang, J„ Huang, Y., Zhang, L., Wang, Y., Ma. Y., Guo, T., and Chen, Y. (2009) 
Molecular-level dispersion of graphene into poly •' (vinyl alcohol) and 
effective reinforcement of their. nanocomposites. Advanced Functional 
Materials, 19, 1-6.

Li, H., Wang, D.Q., Chen, H.L., Liu, B.L., and Gao, L.z. (2003) A novel gelatin- 
carbon nanotubes hybrid hydrogel. Macromolecule Bioscience, 3, 720-724.

Li, M.. Guo, Y., Wei, Y.. Macdiarmid. A.G.. and Lelkes. P.I. (2006) Electrospinning 
polyaniline-contained gelatin nanofibers for tissue engineering applications, 
Biomaterials, 27, 2705-2715.

Li, Q., Li, Y., Zhang, X., Chikkannanavar. S.B., Zhao, Y,,' Dangelewicz, A.M., 
Zheng, L., Doom, S.K., Jia, Q., Peterson, D.E., Arendt, P.N., and Zhu, Y.
(2007) Structure-dependent electrical properties of carbon nanotube fibers. 
Advance Materials, 19, 3358-3363.

Lindsey, c.p. and Patterson, G.D. (1980) Detailed comparison of the Williams-watts 
and Cole-davidson functions. Journal of Chemical Physics. 73, 3348.

Liu, J. and Wan, M. (2001) Synthesis, characterization and electrical properties of 
microtubules of polypyrrole synthesized by a template-free method. 
Materials Chemistry, 11, 404-407.

Liu, B. and Shaw, T.M. (2001) Electrorheology of filled silicone elastomers. Journal 
of Rheology. 45, 641.

Loeb, G.I. and Saroff, H.A. (1964) Measurement of the relaxation time of water 
protons in ion exchanger-water systems. Biochemistry, 3, 1819-1826.

MacDiarmid, A.G., Chiang, J.C., Halpern. M., Huang. พ.ร., Mu. S.L., Somasiri.
N.L., พน, W.Q., and Yaniger, ร.I. (1985) Polyaniline: interconversion of



154

metallic and insulating forms. Molecular Crystals and Liquid Crystals. 121, 
173-180.

Mao, R., Tang, J., and Swanson, B.G. (2000) Relaxation time spectrum of hydrogels 
by CONTIN analysis. Journal of Food Science, 65, 374-381.

Mar, W.M._(1982) Gelatin/carbohydrate interactions and their effect on the structure 
and texture of confectionery gels In Phillips, G.O., Wedlok, D.J., and 
Williams, P.A. (eds) Gums and Stabilizer for The Food Industry: 
Interactions of Hydrocollioids: Proceedings of An International Conference, 
Oxford: Pergamon Press.

Marois, Y., Chakfe, N., Deng, X., Marois, M., How, T., and King, M. (1995) 
Carbqdiimide cross-linked gelatin, a new coating for polyester arterial 
prostheses. Biomaterials. 16, 1131-1139.

Martin, C.R. (1994) Nanomaterials: A membrane-based synthetic approach. Science, 
266, 1961-1966.

Martron, A., Elvidge, J.A.. and Inczedy, J. (1980) Measurement of relaxation time of 
water protons in ion-exclrange-water system. Journal of Chromatography A. 
201,79-84.

Macdonald, R.A.-, Laurenzi, B.F:, Viswanathan, G., Ajayan, P.M., and Steqemann, 
J.p. (2005) Collagen-carbon nanotube composite materials as scaffolds in 
tissue engineering. Journal of Biomedical Material Research A, 74, 489-96.

Merkulov, V.I., Lowndes, D.H., Wei, Y.Y., Eres, G., and Voelkl, E. (2005) Patterned 
growth of individual and multiple vertically aligned carbon nanofibers. 
Applied Physics Letters. 76, 3555.

Martucci, J.F., Ruseckaite. R.A., and Vazquez. A. (2006) Creep of glutaraldehyde- 
crosslinked gelatin films. Materials Science and Engineering: A, 435-436, 
681-686.

Matsuoka, ร. (1992) Relaxation Phenomena in Polymers. New York: Oxford 
University Press.

Mayer, M. and Chawla, K.K. (2009) Mechanical Behavior of Materials, 2nd ed. New 
York: Cambridge University Press.



1 5 5

Manoharan, M.P., Sharma, A.. Desai, A.V., Haque, M.A., Bakis, C.E., and Wang,
K.w. (2009) The interfacial strength of carbon nano fiber epoxy composite 
using single fiber pullout experiments. Nanotechnology. 20, 1-5.

Mckinney, J.E. and Goldstein, M. (1974) PVT relationships for liquid and glassy 
poly(vinyl acetate). Journal of Research National Bureau of Standards, 78a, 
331.

Meera. A.P., Said, ร., Grohens, Y., Luyt. A.S., and Thomas, ร. (2009) Tensile stress 
relaxation studies of Tiff and nanosilica filled natural rubber composites. 
Industrial & Engineering Chemistry Research, 48, 3410-3416.

Mirfakarai, T., Madden John D.W., and Baughman, R.H. (2007) Polymer artificial 
. - muscles. Materials Today, 10, 30-38.

Mitra. ร., Chattopadhyay, ร., and Bhowmick, A.K. (2011) Dynamic stress relaxation 
behavior of nanogel filled elastomers. Journal of Polymer Research, 18, 
489-497.

Miyata, T., Asami. N., and Uragami, T. (1999) A reversibly antigen-responsive 
hydrogel. Nature. 399. 766-769.

Novoselov, K.S., Geim, A.K., Morozov, S.V., Jiang, D., Zhang, Y., and Dubonos,
s .v . (2004) Electric field effect in atomically thin carbon films. Science, 
306, 666-669.

Nguyen, T.H. and Lee, B.T. (2010) Fabrication and characterization of cross-linked 
electro-spun nano-fibers. Journal of Biomedical Science and Engineering, 3, 
1117-1124.

Niamlang, ร. and Sirivat, A. (2008) Dielectrophoresis force and deflection of 
electroactive poly(/>phenylene vinylene)/polydimethylsiloxane blends. 
Smalt Materials and Structure, 17, 1-8.

Nieto. A., Lahiri, D., and Agarwal, A. (2012) Synthesis and properties of bulk 
graphene nanoplatelets consolidated by spark plasma sintering. Carbon, 50, 
4068-4077.

Onogi, ร., Asada, T., Fukui, Y., Fujisawa, T. (1967) Time-temperature superposition 
of time-dependent birefringence for low-dendity polyethylene. Journal of 
Polymer Science Part A-2: Polymer Physics. 5. 1067-1078.



1 5 6

O k a n o ,  T .,  B a e ,  Y .H . ,  J a c o b s ,  H .,  a n d  K im , ร . พ .  ( 1 9 9 0 )  T h e r m a l ly  o n - o f f  s w it c h in g  

p o ly m e r s  fo r  d r u g  p e r m e a t io n  a n d  r e le a s e .  J o u r n a l o f  C o n t r o l  R e le a s e , 11 , 
2 5 5 - 2 6 5 .

P a la d e ,  L .L .,  V e r n e y ,  V . ,  a n d  A tta n e , p . ( 1 9 9 5 )  T im e - t e m p e r a t u r e  s u p e r p o s i t io n  a n d  

l in e a r  v i s c o e l a s t i c i t y  o f  p o ly b u t a d ie n e .  M a c r o m o le c u le s ,  2 8 ,  7 0 5 1 - 7 0 5 7 .
P a r k , T .G . a n d  H o f f m a n , A . s .  ( 1 9 9 2 )  S y n t h e s i s  a n d  c h a r a c t e r iz a t io n  o f  p H -a n d /o r  

t e m p e r a t u r e - s e n s i t iv e  h y d r o g e ls .  J o u r n a l o f  A p p l ie d  P o ly m e r  S c ie n c e . 4 6 ,  
6 5 9 - 6 7 1 .

P a r k , S .J .,  C h o ,  M .S . ,  N a m , J .D . ,  K im , I .H . ,  C h o i ,  H .R . ,  K o o ,  C .J . ,  a n d  L e e , Y .
( 2 0 0 9 )  T h e  l in e a r  s t r e tc h in g  a c t u a t io n  b e h a v io r  o f  p o ly p y r r o le  n a n o r o d  in  

A A O  te m p la te .  S e n s o r s  an d  A c tu a t o r s  B : C h e m i c a l , 1 3 5 , 5 9 2 - 5 9 6 .
P a r k , J .U .,  C h o i ,  Y .S . ,  C h o ,  K .S . ,  K im , D .H . ,  A h n ,  K .H . ,  a n d  L e e ,  S .J . ( 2 0 0 6 )  T i m e -  

e le c t r i c  f i e ld  s u p e r p o s i t io n  in  e l e c t r i c a l ly  a c t iv a t e d  p o l y p r o p y le n e / la y e r e d  

s i l i c a t e  n a n o c o m p o s i t e s .  P o ly m e r , 4 7 ,  5 1 4 5 - 5 1 5 3 .
P a t te r s o n , G .D .  a n d  L in d s e y ,  c . p .  ( 1 9 8 1 )  P h o t o n  c o r r e la t io n  s p e c t r o s c o p y  n e a r  th e  

g la s s  t r a n s it io n . M a c r o m o le c u l e s . 1 4 , 8 3 - 8 6 .
P a r a d e e , N .  a n d  S ir iv a t ,  A .  ( 2 0 1 4 )  S y n t h e s i s  o f  p o l y ( 3 ,4 - e t h y l e n e d i o x y t h i o p h e n e )  

n a n o p a r t ic le s  v ia  c h e m ic a l  o x id a t io n  p o ly m e r iz a t io n .  P o ly m e r  ln t e m a i o n a l , 
6 3 ,  1 0 6 - 1 1 3 .

P e r l in e ,  R .E . ,  K o r n b lu h , R .D . ,  a n d  J o s e p h ,  J .p .  ( 1 9 9 8 )  E le c t r o s t r ic t io n  o f  p o ly m e r  

d i e l e c t r ic s  w i t h  c o m p l ia n t  e l e c t r o d e s  a s  a  m e a n s  o f  a c tu a t io n .  S e n s o r s  a n d  

A c t u a t o r s  A : P h y s i c a l ,  6 4 ,  7 7 - 8 5 .
P e t c h a r o e n ,  K . a n d  S ir iv a t ,  A . ( 2 0 1 3 )  E l e c t r o s t r ic t iv e  p r o p e r t ie s  o f  t h e n n a lp la s t ic  

p o ly u r e t h a n e  e la s t o m e r :  E f f e c t s  o f  u r e th a n e  t y p e  a n d  s o f t - h a r d  s e g m e n t  

c o m p o s i t io n .  C u r r e n t  A p p l ie d  P h y s i c s , 1 3 , 1 1 1 9 - 1 1 2 7 .
P r a s h a n th a , K .,  S o u le s t in ,  J ., L a c r a m p e , M .F . ,  R r a w c z a k ,  P .G .,  D u p in ,  G .,  a n d  C la e s ,  

M . ( 2 0 0 9 )  M a s te r b a tc h -b a s e d  m u l t i - w a l l e d  c a r b o n  n a n o t u b e  f i l l e d  

p o ly p r o p y le n e  n a n o c o m p o s i t e s :  A s s e s s m e n t  o f  r h e o lo g ic a l  a n d  m e c h a n ic a l  

p r o p e r t ie s .  C o m p o s i t e  S c ie n c e  a n d  T e c h n o l o g y , 6 9 ,  1 7 5 6 - 1 7 6 3 .
P r is s a n a r o o n , พ . ,  R u a n g c h u a y ,  L ., S ir iv a t ,  A . ,  a n d  S c h w a n k ,  .1. ( 2 0 0 0 )  E le c tr ic a l  

c o n d u c t iv i t y  r e s p o n s e  o f  d o d e c y l b e n z e n e  s u l f o n i c  a c id - d o p e d  p o ly p y r r o le  

f i lm s  to  S O  - N  m ix t u r e s .  S y n t h e t ic  M e t a l s . 1 1 4 ,  6 5 - 7 2 .



157

P r is s a n a r o o n -O u a j a i ,  พ . ,  P ig r a m , P .J ., J o n e s ,  R .,  a n d  S ir iv a t ,  A .  ( 2 0 0 8 )  A  n o v e l  p H  

s e n s o r  b a s e d  o n  h y d r o q u in o n e  m o n o s u l f o n a t e - d o p e d  c o n d u c t in g  

p o ly p y r r o le .  S e n s o r s  a n d  A c tu a t o r s  B : C h e m i c a l . 1 3 5 , 3 6 6 - 3 7 4 .
P r o t s e n k o ,  D .S . ,  H o , K .,  a n d  W o n g ,  B .J .F . ( 2 0 0 6 )  S t r e s s  r e la x a t io n  in  p o r c in e  s e p ta l  

c a r t i la g e  d u r in g  e le c t r o m e c h a n ic a l  r e s h a p in g :  M e c h a n ic a l  a n d  e le c tr ic a l  

r e s p o n s e s .  A n n a ls  o f  B io m e d ic a l  E n g in e e r i n g , 3 4 ,  4 5 5 - 4 6 4 .
P u v a n a tv a t ta n a . T . ,  C h o tp a t ta n a n o n t ,  D . .  H ia m tu p . p . ,  N ia m la n g ,  ร . ,  S ir iv a t . A .,  a n d  

J a m ie s o n ,  A .M . ( 2 0 0 6 )  E le c t r ic  f i e ld  in d u c e d  s t r e s s  m o d u li  in  

p o ly t h i o p h e n e /p o ly i s o p r e n e  e la s t o m e r  b le n d s .  R e a c t iv e  a n d  F u n c t io n a l  

P o ly m e r s , 6 6 ,  1 5 7 5 - 1 5 8 8 .
Q ia n ,  D . a n d  D i c k e y ,  E . c .  ( 2 0 0 0 )  L o a d  tr a n s fe r  a n d  d e f o r m a t io n  m e c h a n is m s  in  

c a r b o n  n a n o t u b e - p o ly s t y l e n e  c o m p o s i t e s .  A p p l ie d  P h y s i c s  L e tte r s . 7 6 ,  
2 8 6 8 - 2 8 7 0 .

R a f i e e ,  M .A . ,  R a f ie e ,  J ., W a n g ,  z., S o n g ,  H .,  Y u , Z .Z . ,  a n d  K o r a tk a r , N . ( 2 0 0 9 )  

E n h a n c e d  m e c h a n ic a l  p r o p e r t ie s  o f  n a n o c o m p o s i t e s  a t . l o w  g r a p h e n e  

c o n t e n t .  A m e r ic a n  C h e m ic a l  S o c i e t y  N a n o . 3 .  3 8 8 4 - 3 8 9 0 .  .. -
R a s h a d , M „  P a n , F ., T a n g , A . ,  a n d  A s i f ,  M . ( 2 0 1 4 )  E f f e c t  o f  g r a p h e n e  n a n o p la t e le t s  

a d d it io n  o n  m e c h a n ic a l  p r o p e r t ie s  o f  p u r e  a lu m in u m  u s in g  a  s e m i- p o w d e r  

m e t h o d .  P r o g r e s s  in  N a tu r a l  S c ie n c e :  M a t e r ia ls  I n t e r n a t io n a l . 2 4 ,  1 0 1 - 1 0 8 .
R ic h a r d , T . w .  ( 1 8 9 8 )  T h e  r e la t io n  o f  th e  ta s te  o f  a c id s  to  th e ir  d e g r e e  o f  d i s s o c ia t io n .  

J o u r n a l o f  th e  A m e r ic a n  C h e m ic a l  S o c i e t y , 2 0 ,  1 2 1 - 6 .
R ic h a r d , c., B a l a v o i n e ,  F .,  S c h u lt z ,  P ., E b b e s s e n ,  T .W . ,  a n d  M i o s k o w s k i ,  c. ( 2 0 0 3 )  

S u p r a m o le c u la r  s e l f - a s s e m b l y  o f  l ip id  d e r iv a t iv e s  o n  c a r b o n  n a n o tu b e s .  
S c i e n c e . 3 0 0 .  7 7 5 - 7 7 8 .

R o la n d ,  C .M . a n d  N g a i ,  K .L . ( 1 9 9 2 )  S e g m e n t a l  r e la x a t io n  a n d  th e  c o r r e la t io n  o f  t im e  

a n d  te m p e r a tu r e  d e p e n d e n c ie s  in  p o l y ( v in y l  m e t h y l  e t h e r ) /p o ly s t y r e n e  

m ix t u r e s .  M a c r o m o le c u l e s . 2 5 ,  3 6 3 - 3 6 7 .
R o s s - M u r p h y ,  S .B .  ( 1 9 9 2 )  S tr u c tu r e  a n d  r h e o lo g y  o f  g e la t in  g e l s :  r e c e n t  p r o g r e s s .  

P o ly m e r , 3 3 ,  2 6 2 2 - 2 6 2 7 .
R u a n g c h u a y ,  L „  S ir iv a t ,  A . ,  a n d  S c h w a n k , J. ( 2 0 0 4 )  E le c t r ic a l  c o n d u c t iv i t y  r e s p o n s e  

o f  p o ly p y r r o le  to  a c e t o n e  v a p o r :  e f f e c t  o f  d o p a n t  a n io n  a n d  in te r a c t io n  

m e c h a n i s m s .  S y n t h e t ic  M e t a ls . 1 4 0 .  1 5 - 2 1 .
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R u b in s t e in ,  M . a n d  C o lb y ,  R .H . ( 2 0 0 3 )  P o ly m e r  P h y s i c s . N e w  Y o rk : O x fo r d  

U n iv e r s i t y  P r e s s .
S a to ,  T . ,  W a t a n a b e , H . ,  a n d  O s a k i,  K . ( 1 9 9 6 )  R h e o l o g ic a l  a n d  d i e l e c t r ic  b e h a v io r  o f  

a s t y r e n e - i s o p r e n e - s t y r e n e  tr ib lo c k  c o p o l y m e r  in  n - te tr a d e c a n e . 1. 
r u b b e r y - p l a s t i c - v i s c o u s  tr a n s it io n . M a c r o m o le c u l e s , 2 9 ,  6 2 3 1 - 6 2 3 9 .

S i e g e l ,  R .A .  a n d  F ir e s t o n e ,  B .A . ( 1 9 8 8 )  p H - d e p e n d e n t  e q u i l ib r iu m  s w e l l i n g  

p r o p e r t ie s  o f  h y d r o p h o b ic  p o l y e le c t r i ly t e  c o p o l y m e r  g e l s .  M a c r o m o le c u le s . 
2 1 . 3 2 5 4 - 3 2 5 9 .

S in g h ,  V . ,  J o u n g ,  D . ,  Z h a i ,  L .,  D a s ,  ร . ,  K h o n d a k c r , ร . I ., a n d  S e a l ,  ร . ( 2 0 1 1 )  

G r a p h e n e  b a s e d  m a te r ia ls :  P a s t ,  p r e s e n t ,  a n d  fu tu r e . P r o g r e s s  in  M a te r ia ls  

S c i e n c e . 5 6 ,  1 1 7 8 - 1 2 7 1 .  •-
S c h w a r z l ,  F . a n d  S t a v e r m a n , A .J . (-1 9 5 2  ) T im e - te m p e r a tu r e  d e p e n d e n c e  o f  l in e a r  

v i s c o e l a s t i c  b e h a v io r .  J o u rn a l o f  A p p l ie d  P h y s i c s , 2 3 , 8 3 8 - 8 4 3 .
S c h w a r z l ,  F .R . ( 1 9 7 5 )  N u m e r ic a l  c a lc u la t io n  o f  s t r e s s  r e la x a t io n  m o d u lu s  fr o m  

d y n a m ic  d a ta  f o r  l in e a r  v i s c o e l a s t i c  m a te r ia ls .  R h e o l o g ic a  A c t a , 14 . 5 8 1 -  

5 9 0 .
S l i d ใ in p o o r ,  M .,  B a r - C o h e n .  Y . ,  S im p s o n ,  J .O ., a n d  S m it h ,  J. ( 1 9 9 8 )  I o n ic  p o ly m e r  

m e t a l  c o m p o s i t e s  ( I P M C s )  a s  b io m im e t ic  s e n s o r s ,  a c tu a t o r s  a n d  a r t if ic ia l  
m u s c l e s — a r e v i e w .  S m a rt M a te r ia ls  a n d  S t r u c t u r e s , 7 ,  1 5 - 3 0 .

S h a d ie r ,  L .S . ,  G ia n n a r is ,  S .C . .  a n d  A ja y a n , P .M . ( 1 9 9 8 )  L o a d  tr a n s fe r  in  c a r b o n  

n a n o t u b e  e p o x y  c o m p o s i t e s .  A p p l ie d  P h y s ic s  L e t t e r s , 7 3 ,  3 8 4 2 - 3 8 4 4 .
S h e n ,  Y . a n d  W a n , M . ( 1 9 9 8 )  In s itu  d o p in g  p o ly m e r iz a t io n  o f  p y r r o le  w ith  s u l f o n ic  

a c id  a s  a  d o p a n t . S y n t h e t ic  M e t a l s . 9 6 ,  1 2 7 .
S h e n ,  M .Y . .  C h a n g ,  T .Y . .  H s ie h ,  T .H .,  L i .  Y .L . ,  C h ia n g ,  C .L . .  Y a n g .  H .. a n d  Y ip .  

M . c .  ( 2 0 1 3 )  M e c h a n ic a l  p r o p e r t ie s  a n d  t e n s i l e  f a t ig u e  o f  g r a p h e n e  

n a n o p la t e l e t s  r e in f o r c e d  p o ly m e r  n a n o c o m p o s i t e s .  J o u rn a l o f
N a n o m a t e r ia l s , 2 0 1 3 ,  1 -9 .

S h ig a ,  T . ( 1 9 9 7 )  D e f o r m a t io n  a n d  V i s c o e l a s t i c  B e h a v io r  o f  P o ly m e r  G e ls  in  E le c t r ic  

f i e l d s .  A d v a n c e s  in  P o ly m e r  S c i e n c e . B e r lin :  S p r in g e r - V e r la g .
S h ig a ,  T .,  O h ta , T .,  H ir o s e ,  Y . ,  O k a d a , A . ,  a n d  K u r a u c h i ,  T . ( 1 9 9 3 )  

E l e c t r o v i s c o e l a s t i c  e f f e c t  o f  p o ly m e r ic  c o m p o s i t e  c o n s i s t in g  o f



1 5 9

p o l y e l e c t r o l y t e  p a r t ic le s  a n d  p o ly m e r  g e l .  J o u r n a l o f  M a t e r ia ls  S c i e n c e , 2 8 ,  
1 2 9 3 - 1 2 9 9 .

S h ir a z i ,  L .,  J a m s h id i ,  E . ,  a n d  G h a s e m i,  M .R . ( 2 0 0 8 )  T h e  e f f e c t  o f  S i / A l  ra io  o f  Z s m -  

5 z e o l i t e  o n  it s  m o r p h o lo g y ,  a c id i t y ,  a n d  c r y s t a l  s i z e .  C r v s tr a l  a n d  R e s e a r c h  

T e c h n o l o g y , 4 3 .  1 3 0 0 - 1 3 0 6 .
S k o t h e im ,  T .A . ,  E ls e n b a u m e r ,  R .L ., R e y n o l d s ,  J .R . ( 1 9 9 8 )  H a n d b o o k  o f  C o n d u c t in g  

P o ly m e r s , 2 nd e d . ,  N e w  Y o r k : M a r c e l  D e k k e r .
S p in k s ,  G .M .,  X i ,  B . ,  T r u o n g ,  V .T . ,  a n d  W a l la c e ,  G .G . ( 2 0 0 5 )  A c t u a t io n  b e h a v io r  o f  

' la y e r s  c o m p o s i t e s  o f  p o ly a n i l in e ,  c a r b o n  n a n o t u b e s  a n d  p o ly p y r r o le .  
S y n t h e t ic  M e t a l s . 1 5 1 , 8 5 - 9 1 .

S tr e e t , G .B . ,  L in d s e y ,  S .E . ,  N a z z a l ,  A .I . ,  a n d  W y n n e ,  K .J . ( 1 9 8 5 )  T h e  stru c tu re  a n d  

'm e c h a n ic a l  p r o p e r t ie s  o f  p o ly p y r r o le .  M o le c u la r  C r y s t a ls  a n d  L iq u id  

C r y s t a ls , 1 1 8 , 1 3 7 - 1 4 8 .
T a n a k a , T . ,  F i l lm o r e ,  D . ,  รนท, s.T .,  N i s h i o ,  I., S w i s l o w ,  G .,  a n d  S h a h , A . ( 1 9 8 0 )  

P h a s e  t r a n s i t io n s  in  io n ic  g e l s .  P h y s ic a l  R e v i e w  L e t te r s . 4 5 .  1 6 3 6 - 1 6 3 9 .
T a n a k a , T . .  N i s h i o ,  I ., ร น ท , S .T .,  a n d  U e n o - N i s h i o ,  ร .  ( 1 9 8 2 )  C o l l a p s e  o f  g e l s  in  an  

. e le c t r ic  f ie ld .  S c i e n c e , 2 1 8 : 4 6 7 - 4 6 9 .
T a n g b o r ib o o n ,  N . ,  S ir iv a t ,  A . ,  K u n a n u r u k s a p o n g , R . ,  a n d  W o n g k a s e m j i t ,  ร . ( 2 0 0 9 ) .  

E le c t r o r h e o lo g ic a l  p r o p e r t ie s  o f  n o v e l  p i e z o e l e c t r i c  le a d  z ir c o n a te  t ita n a te  

P b ( Z r 0 .5 ,T i 0 .5 7 0 3 - a c r y l i c  r u b b e r  c o m p o s i t e s )  M a t e r ia ls  S c ie n c e  a n d  

. E n g in e e r in g :  c , 2 9 ,  1 9 1 3 - 1 9 1 8 .
T h o n g s a k ,  K . ,  K u n a n u r u k s a p o n g , R .,  S ir iv a t ,  A . ,  a n d  L e r d w ij i t ja r u d , พ .  ( 2 0 1 0 )  

E le c t r o a c t iv e  s t y r e n e  i s o p r e n e - s t y r e n e  t r ib lo c k  c o p o ly m e r :  e f f e c t s  o f  

m o r p h o lo g y  a n d  e le c t r ic  f ie ld .  M a te r ia ls  S c ie n c e  a n d  E n g in e e r in g :  A , 5 2 7 ,  
2 5 0 4 - 2 5 0 9 .

T i m o s h e n k o ,  S .P . ,  a n d  G o o d ie r ,  J .N . ( 1 9 7 0 )  T h e o r y  o f  E l a s t i c i t y . 3 rd e d . A u c k la n d :  

M c G r a w - H i l l .
T o b o ls k y ,  A . v .  ( 1 9 5 6 )  S t r e s s  r e la x a t io n  s tu d ie d  o f  th e  v i s c o e l a s t i v  p r o p e r t ie s  o f  

p o ly m e r s .  J o u r n a l o f  A p p l ie d  P h y s i c s , 2 7 ,  6 7 3 - 6 8 5 .
T o b o ls k y ,  A . v .  ( 1 9 6 6 )  P r o p e r t ie s  o f  l in e a r  e l a s t o m e r ic  p o ly u r e t h a n e s .  J o u rn a l o f  

A p p l ie d  P o ly m e r  S c i e n c e . 1 0 , 1 8 3 7 - 1 8 4 4 .
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T u n g k a v e t ,  T . ,  P a t ta v a r a k o m , D . ,  a n d  S ir iv a t ,  A . ( 2 0 1 2 )  B i o - c o m p a t i b le  g e la t in  ( A la -  

G ly - p r o - A r g - G ly - G lu - 4 H y p .- G ly - P r o - )  a n d  e l e c t r o m e c h a n ic a l  p r o p e r t ie s :  

e f f e c t s  o f  t e m p e r a tu r e  a n d  e l e c t r i c  f i e ld .  J o u r n a l o f  P o ly m e r  R e s e a r c h . 1 9 , 
9 7 5 9 .

T u n g k a v e t ,  T .,  S e e t a p a n ,  N . ,  P a t ta v a r a k o m , D . ,  a n d  S ir iv a t ,  A . ( 2 0 1 2 )  I m p r o v e m e n ts  

o f  e l e c t r o m e c h a n ic a l  p r o p e r t ie s  o f  g e la t in  h y d r o g e ls  b y  b le n d in g  w ith  

n a n o w ir e  p o ly p y r r o le :  E f f e c t s  o f  e le c t r ic  f i e ld  a n d  te m p e r a tu r e . P o ly m e r  

I n te r n a t io n a l ,  6 1 .  8 2 5 - 8 3 3 .
W a g h u le y ,  S .A . ,  Y e n o r k a r , S .M .,  Y a w a le ,  ร .ร . ,  a n d  Y a w a le ,  s . p .  ( 2 0 0 8 )  A p p l ic a t io n  

o f  c h e m ic a l l y  s y n t h e s iz e d  c o n d u c t in g  p o l y m e r - p o ly p y r r o le  a s  a  c a r b o n  

d i o x id e  g a s  s e n s o r .  S e n s o r s  a n d  A c tu a t o r s  B :  C h e m ic a l ,  1 2 8 ,  3 6 6 - 3 7 3 .
W a g n e r , H .D . ,  L o u r ie ,  o . ,  F e ld m a n , Y . ,  a n d  T e im e ,  R . ( 1 9 9 8 )  S t r e s s - in d u c e d  

f r a g m e n t a t io n  o f  m u lt iw a l l  c a r b o n  n a n o t u b e s  in  a  p o ly m e r  m a tr ix . A p p l ie d  

P h y s ic s  L e t t e r s , 7 2 ,  1 8 8 - 1 9 0 .
W a n , c . ,  F r y d r y c h , M ,  a n d  C h e n , B . ( 2 0 1 1 )  S t r o n g  a n d  b i o a c t i v e  g e la t in /g r a p h e n e  

o x id e  n a n o c o m p o s i t e s .  S o f t  M a t te r , 7 , 6 1 5 9 - 6 1 6 6 .
W a n g , FF , L in , T .,  a n d  K a y n a k , A . ( 2 0 0 5 )  P o ly p y r r o le  n a n o p a r t ic le s  a n d  d y e  

a b s o r p t io n  p r o p e r t ie s .  S y n t h e t ic  M e t a l s , 15 .1, 1 3 6 - 1 4 0 .
W a n g , พ . ,  W a n g , z . ,  L iu , Y „  L i, N . ,  W a n g ,  พ . ,  a n d  G a o , J. ( 2 0 1 2 )  P r e p a r a t io n  o f  

r e d u c e d  g r a p h e n e  o x id e / g e la t i n  c o m p o s i t io n  f i lm s  w i t h  r e in f o r c e d  

m e c h a n ic a l  s tr e n g th . M a te r ia ls  R e s e a r c h  B u l l e t in , 4 7 ,  2 2 4 5 - 2 2 5 1 .
W ic h ia n s e e ,  พ .  a n d  S ir iv a t , A .  ( 2 0 0 9 )  E le c t r o r h r o lo g ic a l  p r o p e r t ie s  o f  

p o l y ( d i m e t h y l s i lo x a n e )  a n d  p o l y ( 3 ,4 - e t h y l e n e d i o x y  t h io p h e n e ) /p o ly ( s t y r e n e  

s u l f o n i c  a c i d ) / e t h y le n e  g l y c o l  b le n d s .  M a t e r ia ls  S c ie n c e  a n d  E n g in e e r in g  c . 
2 9 ( 1 ) ,  7 8 - 8 4 .

W il l ia m s ,  G . a n d  W a t t s ,  D . c .  ( 1 9 7 0 )  N o n - s y m m e t r ic a l  d ie l e c t r ic  r e la x a t io n  

b e h a v io u r  a r i s in g  fr o m  a s im p le  e m p ir ic a l  d e c a y  f u n c t io n .  T r a n s a c t io n s  o f  

th e  F a r a d a y  S o c i e t y , 6 6 ,  8 0 - 8 5 .
W o r tm a n n , F .J . a n d  S c h u lz ,  K . v .  ( 1 9 9 5 )  S tr e s s  r e la x a t io n  a n d  t im e /te m p e r a t u r e  

s u p e r p o s i t io n  o f  p o ly p r o p y le n e  f ib r e s .  P o ly m e r , 3 6 ,  3 1 5 - 3 2 1 .
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Y a k im e t s ,  I ., W e l ln e r ,  N . ,  S m ith , A .C . ,  W ils o n ,  R .H .,  F a r h a t , I ., a n d  M it c h e l l ,  J.
( 2 0 0 5 )  M e c h a n ic a l  p r o p e r t ie s  w ith  r e s p e c t  to  w a te r  c o n t e n t  o f  g e la t in  f i lm s  

in  g la s s y  s ta te .  P o ly m e r , 4 6 ,  1 2 5 7 7 - 1 2 5 8 5 .
Y a n g ,  X .J . ,  Z h e n g , P .J .,  C u i, Z .D . ,  Z h a o , N .Q . ,  W a n g , Y .F . ,  a n d  Y a o ,  K .D . ( 1 9 9 7 )  

S w e l l i n g  b e h a v io u r  a n d  e la s t ic  p r o p e r t ie s  o f  g e l a t in  g e l s .  P o ly m e r s  

I n te r n a t io n a l , 4 4 ,  4 4 8 - 4 5 2 .
Y a n g ,  Y .  a n d  W a n , M . ( 2 0 0 1 )  M ic r o tu b e  o f  p o ly p y r r o le  s y n t h e s iz e d  b y  an  

e l e c t r o m e c h a n ic a l  t e m p la t e - f r e e  m e th o d . J o u r n a l o f  M a te r ia ls  C h e m is t r y , 
1 1 , 2 0 2 2 - 2 0 2 7 .

Z a r e ie ,  H '.M ., B u l m u s ,  E .V . ,  G u n n in g ,  A .P . ,  H o f f m a n ,  A .S . ,  P is k in ,  E .,  a n d  M o r r is ,  
.V .J . ( 2 0 0 0 )  I n v e s t ig a t io n  o f  s t im u l i - r e s p o n s iv e  c o p o l y m e r  b y  a t o m ic  f o r c e  

m ic r o s c o p y .  P o ly m e r . 4 1 ,  6 7 2 3 - 6 7 2 7 .
Z h a n g , Y . ,  M a t s u m o t o ,  E .A . ,  P e te r , A . ,  L in , P .C . ,  K a m ie n ,  R .D . ,  a n d  Y a n g , ร . ( 2 0 0 8 )  

O n e - S t e p  N a n o s c a l e  A s s e m b l y  o f  C o m p l e x  S tr u c tu r e s  v ia  H a r n e s s in g  o f  a n  

E la s t ic  I n s t a b i l i t y .  N a n o  le t t e r s .  8 . 1 1 9 2 - 1 1 9 6 .
Z h a n g , Y .Z . ,  V e n u g o p a l ,  J .. H u a n g , Z .- M ..  L im , C .T . ,  a n d  R a m a k r is h n a , ร .  ( 2 0 0 6 )  

C r o s s l in k in g  o f  th e  e le c t r o s p u n  g e la t in  n a n o f ib e r s .  P o ly m e r , 4 7 .  2 9 1 1  - 2 9 1 7 .
Z h a n g ,. Q .M .,  B h a r t i ,  V . ,  a n d  Z h a o , X .  ( 1 9 9 8 )  G ia n t  é le c t r o s t r i c t io n  a n d  f e r r o e le c t r ic  

b e h a v io r  in  e le c tr o n - ir r a d ia te d  p o l y ( v in y l i d e n e  f lu o r id e  t r i f lu o r o e t h y le n e )  

c o p o ly m e r .  S c i e n c e . 2 8 0 ,  2 1 0 1 - 2 1 0 4 .
Z h a n g , L .,  W a n g , z., X u ,  c., L i, Y . ,  G a o , J ., W a n g ,  พ . ,  a n d  L iu , Y . ( 2 0 1 1 )  H ig h  

s tr e n g th  g r a p h e n e  o x i d e / p o l y v i n y l  a l c o h o l  c o m p o s i t e  h y d r o g e l .  J o u r n a l o f  

M a te r ia ls  C h e m is t r y , 2 1 ,  1 0 3 9 9 - 1 0 4 0 6 .
Z h a o . X., H u e b s c h .  N.. M o o n e y ,  D .J . .  a n d  S u o ,  z. (2010) S t r e s s - r e la x a t io n  b e h a v io r  

in  g e l s  w ith  i o n i c  a n d  c o v a le n t  c r o s s l in k s .  J o u r n a l o f  A p p l ie d  P h y s i c s , 1 0 7 .  
063509-5.
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N a m e :  M r. T h a w a t c h a i  T u n g k a v e t
D a t e  o f  B i r t h :  D e c e m b e r  3 1 ,  1 9 8 3
N a t i o n a l i t y :  T h a i
U n i v e r s i t y  E d u c a t i o n :

2 0 0 2 - 2 0 0 6 B a c h e lo r  D e g r e e  o f  E n g in e e r in g  ( B .E n g .  
P e t r o c h e m ic a ls  a n d  P o ly m e r i c  M a t e r ia ls ) ,  F a c u lt y  

o f  E n g in e e r in g  a n d  In d u s tr ia l  T e c h n o lo g y ,  
S i lp a k o r n  U n iv e r s i t y ,  N a k l io n  P a t h o m , T h a ila n d  

( G P A 2 . 6 7 )
2 0 0 8 - 2 0 1 0 M a s te r  D e g r e e  o f  S c i e n c e  

( M . s .  P o ly m e r  S c ie n c e ) .  T h e  P e t r o le u m  a n d  

P e t r o c h e m ic a l  C o l l e g e ,  C h u la lo n g k o r n  U n iv e r s i t y ,  
B a n g k o k .  T h a ila n d

W o r k  E x p e r i e n c e :
M a r / 2 0 0 5 - M a y /2 0 0 5 P o s i t io n :  S tu d e n t  T r a in e e

C o m p a n y  n a m e :  P a c i f i c  C o lo u r  ( T h a i la n d )  C o . ,  ltd
A u g / 2 0 0 6 - F e b / 2 0 0 8 P o s i t io n :  P r o d u c t io n  E n g in e e r

C o m p a n y  n a m e :  H a n w h a  C h e m i c a l  ( T h a i la n d )  C o . ,
ltd

A c a d e m i c  E x p e r i e n c e :
S e p t e m b e r ,  2 0 1 0 T e a c h e r  A s s i s t a n t s h ip  ( T .A . )  P o ly m e r  P h y s ic s  c l a s s  

o f  2 0 1 0 . 2 0 1 3
T h e  P e t r o le u m  a n d  P e t r o c h e m ic a l  C o l l e g e ,  
C h u la lo n g k o r n  U n iv e r s i t y

P u b l i c a t i o n s :
1. T u n g k a v e t ,  T .; P a t ta v a r a k o m , D .;  a n d  S ir iv a t ,  A .  ( 2 0 1 2 )  B io - c o m p a t i b le  g e la t in s  

( A la - G l y - P r o - A r g - G l y - G l u - 4 H y p - G ly - P r o - )  a n d  e l e c t r o m e c h a n ic a l  p r o p e r t ie s :  

e f f e c t s  o f  t e m p e r a tu r e  a n d  e le c t r ic  f i e ld .  P o ly m e r  R e s e a r c h . 1 9 . 9 7 5 9 - 3 .
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2 . T u n g k a v e t ,  T .;  S e e t a p a n ,  N .;  P a t t a v a r a k o m , D .;  a n d  S i l iv a t ,  A . ( 2 0 1 2 )  

I m p r o v e m e n t s  o f  e l e c t r o m e c h a n ic a l  p r o p e r t ie s  o f  g e la t in  h y d r o g e ls  b y  b le n d in g  

w ith  n a n o w ir e  p o ly p y r r o le :  e f f e c t s  o f  e le c t r ic  f i e l d  a n d  te m p e r a tu r e . P o ly m e r  

I n te r n a t io n a l , 6 1 ,  8 2 5 - 8 3 3 .
3 . T u n g k a v e t  T .;  S e e t a p a n ,  N .;  P a t t a v a r a k o m  D .;  a n d  S ir iv a t ,  A .  ( 2 0 1 3 )  S t r e s s  

r e la x a t io n  b e h a v io u r  o f  ( A la - G l y - P r o - A r g - G l y - G l u - 4 H y p - G ly - P r o - )  g e la t in  

h y d r o g e ls  u n d e r  e l e c t r i c  f ie ld :  T i m e - e le c t r i c  f i e l d  s u p e r p o s i t io n .  P o ly m e r , 5 4 ,  
2 4 1 4 - 2 4 2 1 .

4 . T u n g k a v e t ,  T .;  S e e ta p a n ,  N .;  P a t t a v a r a k o m , D .;  a n d  S ir iv a t ,  A . ( 2 0 1 4 )
E le c t r o m e c h a n ic a l  p r o p e r t ie s  o f  m u l t i - w a l l e d  c a r b o n  n a n o t u b e /g e la t in e  h y d r o g e l  

c o m p o s i t e s :  E f f e c t s  o f  a s p e c t  r a t io s ,  e le c t r ic  f i e l d ,  a n d  t e m p e r a tu r e . U nder  
re v ie w e d  M a te r ia l  S c i e n c e  a n d  E n g in e e r in g  c

5 . T u n g k a v e t ,  T .;  S e e ta p a n ,  N .;  P a t ta v a r a k o m , D .;  a n d  S ir iv a t ,  A . ( 2 0 1 4 )
G r a p h e n e /g e la t in e  h y d r o g e l  c o m p o s i t e s  w it h  h ig h  s to r a g e  m o d u lu s  s e n s i t iv i t y  fo r  

u s in g  a s  a c tu a to r  a p p lic a t io n :  E f f e c t  o f  s u r f a c e  a r e a  a n d  e l e c t r i c  f i e ld  s tr e n g th . To 
be s u b m itte d  P o ly m e r

P r e s e n t a t i o n s :
1. T u n g k a v e t  T .;  P a t ta v a r a k o m  D .;  a n d  S ir iv a t  A . ( 2 0 1 1 ,  O c t o b e r  2 0 - 2 1 )  E le c t r ic a l  

R e s p o n s e  o f  N a n o  w ir e  P o ly p y r r o le /G e la t in  a s  a n  A c tu a t o r .  P a p e r  p r e s e n te d  at 

T h e  2 nd P o ly m e r  C o n f e r e n c e , B a n g k o k ,  T h a ila n d .
2 . T u n g k a v e t  T .;  S e e t a p a n  N .;  P a t ta v a r a k o m  D .;  a n d  S ir iv a t  A .  ( 2 0 1 2 ,  J u n e  1 0 - 1 4 )  

N a n o w i r e  P o ly p y r r o le  a n d  G e la t in  H y d r o g e ls  B le n d  f o r  E le c t r o a c t iv e  

A p p l ic a t io n .  P a p e r  p r e s e n t e d  a t 4 th I n te r n a t io n a l  C o n f e r e n c e  S m a r t  M a te r ia ls  

S tr u c tu r e s  S y s t e m s , T u s c a n y ,  I ta ly .
T u n g k a v e t  T .;  S e e t a p a n  N .;  P a t ta v a r a k o m  D .;  a n d  S ir iv a t  A .  ( 2 0 1 3 ,  A p r il  2 2 )  

E f f e c t  o f  e le c t r ic  f i e ld  a n d  c r o s s l in k in g  r a t io s  o n  s t r e s s  r e la x a t io n  b e h a v io r  o f  

g e la t in  h y d r o g e l .  P a p e r  p r e s e n te d  a t 1st A n n u a l  S y m p o s i u m  o f  C o n d u c t iv e  a n d  

E le c t r o a c t iv e  P o ly m e r s , B a n g k o k , T h a ila n d .
4 . T u n g k a v e t  T .;  S e e t a p a n  N .;  P a t ta v a r a k o m  D .;  a n d  S ir iv a t  A .  ( 2 0 1 3 ,  J u n e  2 5 - 2 6 )  

E le c t r o m e c h a n ic a l  p r o p e r t ie s  o f  b i o c o m p a t ib le  g e la t in  a s  a c tu a to r . P a p e r
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p r e s e n te d  a t 3 rJ I n te r n a t io n a l  C o n f e r e n c e  o n  E le c t r o m e c h a n ic a l lv  A c t iv e  P o ly m e r  

( E A P )  T r a n s d u c e r s  &  A r t i f i c ia l  M u s c l e s , Z u r ic h , S w it z e r la n d .
5 . T u n g k a v e t  T .;  S e e t a p a n  N . ;  P a tta v a r a k o r n  D .;  a n d  S ir iv a t  A . ( 2 0 1 4 ,  J a n u a ry  2 4 -  

2 7 )  E f f e c t  o f  E le c t r ic  f i e ld  an d  M u l t i - w a l l e d  c a r b o n  n a n o tu b e  c o n c e n tr a t io n  o n  

T h e  b e n d in g  d is t a n c e  a n d  d ie le c t r o p h o r e s i s  f o r c e  o f  M u l t i - w a l l e d  c a r b o n  

n a n o tu b e  w i t h  g e la t in  b le n d e d . P a p e r  p r e s e n t e d  at T h e  1 4 th In te r n a tio n a l  
S y m p o s iu m  o n  B i o m i m e t ic  M e te r ia ls  P r o c e s s in g , T a k a y a m a , J a p a n .

6. T u n g k a v e t  T .;  S e e t a p a n  N .;  P a tta v a r a k o r n  D .; .a n d  S ir iv a t  A . ( 2 0 1 4 ,  A p r il 2 2 )  A  

s tu d y  o f  e l e c t r o m e c h a n ic a l  p r o p e r t ie s  o f  g e la t in  f o r  a c tu a to r  a p p lic a t io n .  P a p e r  

p r e s e n te d  at T h e  2 0 th P P C  S y m p o s iu m  o n  P e t r o le u m . P e t r o c h e m ic a l ,  an d
P o ly m e r s , B a n g k o k ,  T h a ila n d .
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