Contents

ADSTFACt (ChINESE). ..o ettt e e e e e e e e e
Abstract (English) ...
(O0] ] (=] 01 1 PP
FIQUIE Caplion. ... et e e e e e e e e e et e e e
Chapter LINtroduCtion...........o i e e e e
L L P aCE. et
1.1.1 Classification of Fuel Cells..........cccooiiiiiiiii e,

1.2 Background of the STUAY ...... ..o e e e
1.3 Literature Review of Carbon based Nanomaterials...................cccooeeen.
1.3.1 Carbon NanOtUDE. ........ .y m e ee e eee e e et e e aenaes
1.3.2 Carbon Nanofiber. ... o B e e
1.3.3 Carbon Nanocoil. ..« .o i
1.3.4 Carbon Nanoflake. .o« . i i

LA MOTIVATION ... e,
Chapter 2.Fundamentals of PEMFC and Carbon Nanomaterials..............
2.1 Principle of PEMFC..... e
2.2 Growth of Carbon Related Nanomaterials................cc.ccoviiiiiienes
2.2.1 Growth Method. .......oooniie e
2.2.2 Growth MechaniSmM........couuieiiie e e e
Chapter 3.Experimental Procedures ............ooooiiiiiii i e,

3.1 Fabrication of Carbon Based Nanomaterials on Silicon...................

3.1.1 Fabrication of Carbon Based Nanomaterials by Bias-assisted

Microwave Plasma-Enhanced Chemical Vapor Deposition

(MPECVD) ..o,

13

...... 19

19

...... 21

.25

.24



3.1.2 Bias-assisted Microwave Plasma Chemical Vapor Deposition.......... 25

3.2 Fabrication of Carbon Nanomaterials on Carbon Cloth........................ 28
3.3 Dispersing of Pt on Prepared Carbon Cloth....................coiiiin . 28
3.4 Analysis INSTrUMENTS. .. ... .oe e e e e 30
3.4.1 Scanning Electron Microscopy (SEM)........ccooiiiiiiiiiiiiiiiie, 30
3.4.2 Transmission Electron Microscopy (TEM)........cccoviiiiiiiiiiiiiniinnnns 31

3.4.3 Raman SPECIIOSCOPY ... vuvuin vt tree v it eaee et eiee e aerieneaeennen e Ol
3.4.4 Brunauer Emmett and Teller (BET) Isotherm.................coiiiin 33
3.4.5 Four Point Probe...........ccooiiiiiii 034
B B E D X e 35

3.4.7 CV (Cyclic Voltammetry).......ccoov e e e, 35

Chapter 4.Results and Discussion

4.1 Analysis of carbon based Nanomaterials-by depositing with different
O Lz 1 0 12] =] e PP 37
4.1.1 Negative Bias EffeCt..........cooiiiiii i el 37
4.1.2 Positive Bias EffeCt..........cooviii i 41
4.1.3 CompariSon TEST.........ueuiieiiieieeie e ieee e e e e e e e een D0
4.1.4 Growth model hypothesis Of CNF..........cccooiiiiii i, 55

4.2 Basic Analysis of Prepared CNT and CNF on Carbon Cloth...................56
4.3 Two methods of Dispersing Pt............ccooeiiiiiii i en0.D9
4.4 Cyclic voltammetry experimental results..............c.oooiii i, 63
4.4.1 Cyclic volammetry measurement..........c..vevieieereiiiiiieiieiieenanns 63
4.4.2 Effect of carbon nanomaterial on the electrocatalytic properties of Pt

NANOPANTICIES. ... 64

4.4.3 Effect of Pt loading by chemical solution..................ccocvviviinenn .. 65

v



4.4.4 Effect of Pt loading by SPULLEFiNG........c.oiieiii e,

Chapter 5. CONCIUSIONS. .. ...ttt e e e e e e e e e

] =] (=] (02

.66



