2.1 2]

(Christian Friedrich Schoenbein) . .1839

(Sir William Grove) 1

(Carnot cycle)

L (Alkaline Fuel Cell, AFC)

20

85



«

60-120
(Phospharic Acid Fuel Cell, PAFC)

AFC
200

200
(Proton Exchange Membrane

Fuel Cell, PEMFC)

120

(Direct Methanol Fuel Cell)

PEMFC

(Molten Carbonate Fuel Cell, MCFC)

(LiAI0)
650



D, (Solid Oxide Fuel Cell, SOFC)

650-1000

' BMW

SOFC
1-2
Sulzer Hexis Ceramic Fuel Cells Limited

Siemens Westinghouse

2.2 ta . (Proton Exchange Membrane Fuell
Cell, PEMFC) [4-5]

(Solid Polymer Fuel Cell, SPFC)
General Electric (GE)
(lon Exchange Membrane Fuel Cell, [EMFC)

(Proton Exchange Membrane Fuel Cell, PEMFC)
60-100

(NASA)
(High power density)



2.1

(Cooling system)

02 + 4H+ + de

2H2 + 02

A

*

2H+ + 2¢

2H2

2HA +

(Humidified gases)

2.2



21 [6]

L

2.

3.

4, (Gas diffusion layer)

)

6.

1. (Gas flow field)

8.

(Single
cell) (Fuel cell stacks)

2.2



Bipolar-Plate with Flow Field

Gas Diffusion Layer with Catalyst

End Plate

2.2 U
[8-1]
(Machine)
2.3 (Bipolar plate manufacturing) [8-11]
L (Non-porous graphite plate

fabrication)

(Crystalline graphite) (Additive) (Binder)

(Compression molding) (Heat treatment)

(Non-
porous graphite bipolar plate) (Aluminium oxide)



(Zircon dioxide)
(Titanium dioxide)

300-800
(Glucose)
(Oligosacchacaride)

(Aluminium)

2.1 2.2

4]

10

(Silicon dioxide)

(Silicon carbide) (Powdered coke)

(Carbohydrate) (Fructose)
(Galactose) (Mannose)
(Sucrose) (Maltose) (Lactose)
(Metallic plate fabrication)
(Passivation)"
(Stainless) (Nickel) (Titanium)
(Alloy)
(Coating)

(Contamination)

(Cr) (Fe) (Ni)
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3. (Composite plate fabrication)

3.1 Metal-base
Metal-base composite bipolar plate Los Alamos National
Laboratory ' (Porous graphite) (Polycarbonate)
(Stainless Steel)

(Stainless steel layer) (Shearing) (Stamping)

(Compression molding) (Injection molding)
(Conductive adhesive)
(Screen-print method)
(Hot-press)
Metal-base composite hipolar plate

3.2 Carbon-base

Carbon-base composite hipolar plate
(Polypropylene) (Polyethylene) (Poly (vinylidene
fluoride) (Phenolics resin)



(Epoxy resin)

(Vinyl ester resin)
(Carbon composites)
2.3 2.3
Carbon-hase composite bipolar plate

12
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(Coating method)

(PbO /P02

(2) n-Type
(2)

(Coating materials)

(TN)

[11]

Al

13



2.2

(Coating method)

14

(Coating process for metallic plates) [11]

(Coating process)

(Physical vapor deposition ,PVD)

(chemical vapor deposition, CVD)

(electroless deposition) Ni -Ph alloy
PVD
PVD (closed-field, unbalance, magnetron sputter ion
plating) anodization/oxidation
RF-

R ()



2.3

Reichhold 24-655

J

[11]

(PAN-Based)
/

15
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2.4

(Aramid fibers)

17

[12-17]

(Polymer composites)

(Particulate composites)

(Laminar composites)

(Fibrous composites)
(Carbon fibers) (Organic fibers)
(Glass fibers) (Natural fibers)

(Matrix phase)
(Continuous phase)
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(Reinforcement phase)

(Discontinuous phase)

(Fibers)

2.4

..\\w\\\.\/\\ﬂ\f\
.|./ i ol /l.\\/qi
R /\\\\ \\
/ N \/\

""""""""
llllllllllll
lllllllllll
llllllllll
lllllllll
lllllllll
llllllllll
llllllllll
lllllllll
llllllllll

e I ——

{d}

i)

(o)

2.4

[16]
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2.4.1
(Carbon Metrices) (Ceramic Metrices)
(Glass Metrices) (Metal Metrices) (Polymer Metrices)
2
L (Thermoset)

(Crosslinking)

2.5

(Polyester resin)

(Condensation polymerization)
(Poortemperature
capabilities )
(Epoxy resins)

(Adhesion)
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2.5 [17]
(Polyimide resins) (Polybenzimidazole
resing)
(Specific compound)
, (Phenolic resin)
2. (Thermoplastic)
2
(Amorphous thermoplastic) (Semi-crystalline

thermoplastic)



AB U

1!
21
2.6
2.6 [ [17]
2.4.2
L ‘ (Carbon fiber) (Glass fiber)

E (Electrical) glass (High - strength) glass
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(Cellulose)
(Hemicellulose) (Lignin)
2.5 (Composite fabrication) [18-19]
(Fabrication)
(Hand layup)
(Spray up) (Pultrusion) (Filament winding) (Injection
molding) (Resin transfer molding)

(Reinforced reaction injection molding, RRIM)

251

(Injection molding)

(Injection molding machine)
(Hopper) (Barrel)

(Screw)

(Mold)
(Eject)
2.1



23

Mold

Barrel
2.1 [18]
25.2
(Compression molding)
(Sprues)
(Runners) (Gates)
(Molding pressure)
2.8
3
1 (Charge preparation and placement)
(Plies) (Sheet molding compound, SMC)
(Prepreges) “Charge”
SMC
2, (Mold closing)

SMC



24

3. (Curing)

(Residual stresses)

Composite materia

ae Hydraulic press

28 [18]

2.5.3

(Pultrusion)
(Tube) (Rod)
(Continuous process)

(Extrusion)

(Die) (Haul off)



(Saw cutter)
2.9

.........
.........

.........

........

.........
.........

.........
.........

.........

........

2.54

vessels)

fiber roving)

(Mandrel)

(Tension)

25

Eyelet
Heated die Puller Cut-ofoW
13
yyYIWYVY\éWW thW Y\N/YyW Ny oy
Y.y y-TITIT.T*TiT.TAT" le ™Tiy ViT T yly TrY”"
Resin bath
2.9 [18]
(Filament winding)

(Pipes) (Pressure
(Continuous
(Glass fibers) (Glass tape ribbon)

(Filament guides)

(Winding angle)

2.10



Motor Mandrel
@ R I
RTM)
" (Preform)
(Mat) 211

(Wettability)
(Entrapped air)

26

Resin bath” |-

.....
......

[18]

RTM (Resin Transfer Molding,

(Transfer)

(Flow rate)

(Vacuum assisted resin

injection, VARI Vacuum resin transfer molding, VRTM)



THE RTM PROCESS

( RESIN

2.11

2.6 [20]

2.12

— [CH2— CH]J ri~w™
CHs

2.12

26.1

24

21

LOADING

INJECTION

CURE

DEMOULD

[19]

[20]
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2.4 L [20]
108 /
& O@ |
1 0.9-1.5

25-40

0.9 /
100-120 (x 106)/
0.1-0.2 /
130-170

. 1950

(Ziegler-Natta catalysts)

L (Isotactic)

(Titanium(1l1) chloride)
(Organoaluminium)

(Diethylaluminium chloride)
2.13

----- [CH2—CH—CH2— CH]—
CH3  CHa

2.13 [20]



(Syndiotactic)
2.14

?Hi:l
- [CH2— H;CHZ“ CH3E~
h

2.14 [20]
(Atactic)

(Organometallic)
2.15

93 CH3
[CHz_(é||:||3—CH2—CH—CH2—CH]|~~

2.15 [20]

29



2.6.2

20

(Homopolymer)

(Random copolymer)

(High impact copolymer)

(Atactic polypropylene)

30



3l

2.7 (Carbon fiber) [12, 14, 21-22]

1 3
L. Polyacrylonitrile (PAN)-Base Fibers
2. Pitch-Based Fibers
3. Rayon-Based Fibers

2.7.1
L PAN-Based Fibers (Polyacrylonitrile, PAN)
(Precursor) (Thin filament)
250
1000-1500
(Carbonization)
3000
(Graphitization)
(Van Der Waals forces)
(Tensile strength)
PAN-based fiber 2.16
2. Pitch-Based Fibers (Polyvinylchoride, PVC)
(Coal tar) (Petroleum asphalt)
PAN-Based Fibers
400-450

liquid-crystalline (Mesophase)
PAN-Based Fibers
Pitch-based fiber 2.17



Riyeizin | chimiy
Spinning CH,.CHCN

PAN Preguysor Fiber

Carbonization | -------- > Graphitizaon 1 ~YTYVYY "0
110000 °c 0J V w
SurfaceTreatment
‘ Carbon Fiber '
2.16 PAN-based fiber [22]
Pitch Purification
Chrmd&Y
Mesophase Formation
Spinning
— f
Pitch Precursor Fiber
cee
Stabilization L @
Carbonization Graphitization
SurfaceTreatment
Seing
Carbon Fiber (O\‘N/\HblMM|

2.17 Pitch-based fiber [22]



28 [23-25]

(Carbon black)

(Incomplete combustion) (Thermal cracking)
2
1
2.
L (Ultraviolet Protection)
(Bumper)
(Visible) (Infrared)
(Light Energy) (Heat)
2. (Decomposition Protection)

(Free Radical)

33



34

(Free Radical Trap)

3 (Pigmentation)
(Shade)
4, (Reinforcement)
( inked Polyethylene) (PE Cable)
(EVA- Copolymers) (Polyurethanes)
(Ploysulfides)
2.18 2.19
(Grape-like structure) “ ; (Aggregates)
(Fuse) 1 " (Nudules)
(Graphitic
layer planes)
(Graphite) ( 3.5°A)
10 to 100 nm £0 to 5C0 nm P
>

Primary Particle ° %D
graphitic zones
liites) and Aggregate Agglomerate

crysha
armorpnous carpon.

2.18 [25]
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S

E—=—

Carbon Blfck:
non-parallel layer plants

5

2.19 [25]
29 2]
(Graphite)

1415 pm
154 pm
134 pm
02
2.20

2.20 [26]

221

U AG64
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221 [26]
2.10
Kuan [3]
(Vinyl ester resin) ~ kneader 30
(Hot-pressing) 140 5
60 80
2000 5.8 (Flexural
strength) 38.47 21.3
(Flexural modulus) 9016 6621
(Corrosion current)
(I-V performance, I-P performance)
6 (6-cell stack)
Heinzel [27] [
(Carbon compound)
(Twin screw extruder) 200 -250
30-60 (Injection molding)
16 |

(Specific bulk conductivities) 5-150 /
200



Cho 28]
(Unsaturated polymer)

(Composite A)

(Compression molding)

(Flexural strength)
500
Koncar [29]
(Phenolic resin)
(Compression molding)
(psi)
717.5-87.5

(Wetting agent)

(Internal resistance)

10 12.5

[30-31]

(Composite B)

37

(Hot-pressing)

(Bulk resistivity)

(Collector plate)

400 1000
12.5 0-10

2.5

(Carbon nanotube, CNT) 12

(Polyethyleneterephthalate, PET)

11

( 12 )

) 0.059

(Polyvinylidene fluoride, PVDF)

(Injection molding)

0.25 /
( 6
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6
/ ( 6
) 0.059 |
( 6 ) 0.0023 /
/
(Short circuit)
/
( 6 )
( 6 )
/
( 6 ) (Tensile strength)
(Elongation)
( 6 , CNT-filled PET
(6 vol %CNT)) 36 320
Thongruang [32]
(HDPE) G) (CF)
/
(High-temperature mechanical integrity)
0.1 / 50
5 / 10 ' 18 /
50 1 10
[HDPE/(G+CF) : 40/(50+10)]
Taipalus [33] ' / /
1 / 2
/ 3 / 4
/ ( )
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6.3 1 10, /
8.4 2
43 10" /
6.6 3
2.7
5x10~6 / 3.2 4
1.8 3
42,63 8.4
1.8 4
8.4
0.7

(Fiber-contact model) Weber Kamal
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