
[1] Malay, K. Polyimides. New York: Marcel Dekker,1996.
[2] Ge, Z.Y., Yin, D.X., Liu, J.G., Fan, L. and Yang, S.Y. Novel Fluorinated

Polyimides for Microelectronics Applications. 2005 6th International 
Conference on Electronic Packaging Technology (2005):l-3.

[3] Simone, C.D. and Scola, D.A. Phenylethynyl End-Capped Polyimides Derived
from 4,4’-(2,2,2-Trifluoro-l- phenylethylidene)diphthalic Anhydride, 4,4’- 
(Hexafluoroisopropylidene)diphthalic Anhydride, and 3,3’,4,4’Biphenylene 
Dianhydride: Structure-Viscosity Relationship. Macromolecules 36(2003): 
6780-6790.

[4] Jingling Yan, Zhen Wang, Lianxun Gao and Mengxian Ding. Synthesis and
properties of polyimides from isomeric bis(dicarboxylphenylthio)diphenyl 
sulfone dianhydrides. Polymer 46(2005):7678-7683.

[5] Sroog, C.E. Encyclopedia of Polymer Science and Technology 11(1969):
247- 272.

[6 ] Volksen, พ . In Advances in Polymer Science, High Performance Polymers
117(1994): 111.

[7] Gibbs, H.H. Journal of Apply Polymer Science 5(1979):207.
[8] Barraud, A. and Palacin, ร. Langmuir-Blodgett Film 5. London: Elsevier

Applied Science, 1992.
[9] Tomoyuki Suzuki, Yasuharu Yamada and Yoshiharu Tsujita. Gas transport

properties of 6 FDA-TAPOB hyperbranched polyimide membrane.Polymer 
45 (2004): 7167-7171.

[10] Collin, R.E. Field theory of Guided Waves. New York: McGraw-Hill, 1960.
[11] Thomson, T. Design and Applications of Hydrophilic Polyurethane. New

Jersey: Technomic Publishing Company, 2000.
[12] Gunter Oertel. Polyurethane Handbook. Ohio: Hanser/Gardner, 1993.
[13] Min Zuo and Tsutomu Takeichi. Preparation and characterization of poly

(urethane-imide) films prepared from reactive polyimide and polyurethane 
prepolymer. Polymer 40 (1999):5153-5160.

[14] Miyasaka, T., Watanabe, T., Fujishima, A. and Honda, K. Nature. New York:



8 3

Marcel Dekker, 1979.
[15] Kazuhiro Yamanaka, Mitsutoshi Jikei and Masa-aki Kakimoto. Synthesis of

Hyperbranched Aromatic Polyimides via Polyamic Acid Methyl Ester 
Precursor. Macromolecules 33(2000): 1111-1114.

[16] Vishu Shah. Handbook of Plastics Testing Technology. England: John Wiley
&Son, 2003.

[17] Ward, I. M. and Hadley, D.w. An introduction to the Mechanical properties
of Solid polymer. England: JohnWiley&Son, 1993.

[18] Kevin p. Dynamic Mechanical Analysis. Florida: CRC Press LLC, 1999.
[19] Krzysztof Pielichowski, Bartlomiej Janowski and James Njuguna. Properties

and Applications of Advanced POSS Containing Nanocomposite 
Materials.London: School of Engineering and Mathematical Sciences, 
2000.

[20] Chyi-Ming Leu, Yao-Te Chang, and Kung-Hwa Wei. Polyimide-Side-Chain
Tethered Polyhedral Oligomeric Silsesquioxane Nanocomposites for Low- 
Dielectric Film Applications. Chemical Materials 5 (2003):3721-3727.

[21] Chyi-Ming Leu, Mahesh Reddy,G., Kung-Hwa Wei and Ching-Fong Shu.
Synthesis and Dielectric Properties of Polyimide-Chain-End Tethered Poly
hedral Oligomeric Silsesquioxane Nanocomposites. Chemical Materials 
15 (2003): 2261-2265.

[22] Mei-Hui Tsai and Wha-Tzong Whang. Low dielectric polyimide/poly
(silsesquioxane)-like nanocomposite material. Polymer 42 (2001): 4197- 
4207.

[23] Yuan-Jyh Lee, Jieh-Ming Huang, Shiao-Wei Kuo, Jian-Shing Lu and Feng-Chih
Chang. Polyimide and polyhedral oligomeric silsesquioxane nano
composites for low-dielectric applications. Polymer 46 (2005): 173-181.

[24] Lizhong Jiang, Jiugui Liu, Dezhen พน , Hangquan Li and Riguang Jin. A
methodology for the preparation of nanoporous polyimide films with low 
dielectric constants. Thin Solid Films (2005).

[25] Rozhanskii, I., Okuyama, K.and Goto, K. Synthesis and properties of polyimides
derived from isomeric biphenyltetracarboxylic dianhydrides.Polymer 41 
(2000):7057-7065.

[26] Shu-Hui Xie, Bao-Ku Zhu, Ju-Biao Li, Xiu-Zhen Wei and Zhi-Kang Xu.



84
Preparation and properties of polyimide/aluminum nitride composites. 
Polymer Testing 23 (2004):797-801.

[27] Panagiotis Maroulas , Sotiria Kripotou , Petr Sysel 5 Radka Hobzova , Jiri Kotek
and Polycarpos Pissis. Molecular dynamics in hyperbranched polyimides 
cross-linked with ethylene glycol diglycidyl ether. Journal of Non- 
Crystalline Solids 352 (2006): 4800^1803.

[28] Leu, C.-M., Shu, C-F., Teng, C-F. and Shiea, J. Dendritic poly(ether-imide)s:
synthesis, characterization, and modification.Polymer 42 (2001) 2339- 
2348.

[29] Borah , J. and Karak, N. Synthesis and characterization of a novel hyperbranched
polyether. Polymer International 53 (2004): 2026-2030.

[30] Hawker,Craig J. and Frechet,J. M. J. Preparation of Polymers with Controlled
Molecular Architecture. A New Convergent Approach to Dendritic 
Macromolecules. Journal American Chemical Societyll2 (1990):7638- 
7647.

[31] Jyotishmoy Borah, Sibdas Singha Mahapatra, Diganta Saikia and Niranjan Karak.
Physical, thermal, dielectric and chemical properties of a hyperbranched 
polyether and its linear analog. Polymer Degradation and Stability 
91(2006): 2911-2916.



APPENDICES



APPENDIX A
THERMOGRAVIMETRIC ANLYSIS (TGA) 

CHARACTERIZATION

A-l TGA diagrams of polyimide and hyperbranch polyimide

Figure A-l Thermogravimetric analysis of polyimide at rate 10cC/min, inN 2

Figure A-2 Thermogravimetric analysis of hyperbranch polyimide (PI-L3) at rate 
10°c/min, in N2
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Figure A-3Thermogravimetric analysis of polyimide at rate 10°c/min, in O2

Figure A-4 Thermogravimetric analysis of POSS-polyimide at rate 10°c/min, in O2
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Figure A-5 Thermogravimetric analysis of hyperbranch polyimide (PI-L2) at rate
10°c/min, in O2

Figure A-6  Thermogravimetric analysis of hyperbranch polyimide (PI-L3) at rate 
10°c/min, in O2



APPENDIX B
DYNAMIC MECHANICAL ANLYSIS (DMA) 

CHARACTERIZATION

B-l DMA diagrams of Polyimide
These DMA diagrams showed E’, E”, and tanD at various frequencies of each 

sample.

Figure B-l DMA diagram of pure polyimide

Figure B-2 DMA diagram of hyperbranch polyimide (L3)



9 0

VITA

Miss Bongkoch Somboonsub was bom on June 20, 1983 in Prachinburi, 
Thailand. She received the Bachelor’s Degree in Chemical Engineering from 
Department of Chemical Engineering, Faculty of Engineering, Srinakharinwirot 
University in March 2005, She entered the Master of Engineering in Chemical 
Engineering at Chulalongkom University in June, 2005.


	REFERENCES
	APPENDICES
	APPENDIX A
	APPENDIX B

	VITA

