21

21

Fuel In

Depleted Fuel and
Product Gases Out -"-

[2.3]

Anode J

21

2@'

Load

Y

Positive lon

)
or

—
Negative lon

A~

Electrolyte
(lon Condictor)

Oxidant In
140-
1
H,0
Depleted Oxidant and
-} - Product Gases Out
t Cathode
[3]
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(High - energy conversion efficiency)

1) (Alkaline fuel cell)
)
(Proton exchange membrane fuel cell)
3) (Direct methanol fuel cell)
4) (Phosphoric acid fuel cell)
) (Molten carbonate fuel cell)
6) (Solid oxide fuel cell)
21
21 1 2]
Co
OH 50-200
H+ 30- 100
H+ 20-90
H+ -220 200
cod -650

0z 500- 1000
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.. 1960
( )
( )
( )
( )
21
2 > H+ o+ 2 (2.1)
2.2
V02 + 2H+ + 26 - H.0 + Heat (2.2)

(Cooling system)
1

(Membrane Electrode
Assemblies, MEAs)
(Bipolar plate) 22



2.3

Fnd-pMe

Flow field plate
Seal
J Membrane Electrode Assembly

Stack of Celte

2.2 (PEM fuel cell stack) [4]

60- 100

(Bipolar plate) [4- 8]



(Plate topologies)

(Serpentine)
(Internal manifold)

23

Bipolar plates

Non — porous graphite plates
— Non — metal] ———

Stainless Steel

— Metals Metal plates
Metal
— Composite based
Carbon
based

— Non - coated——— ~ Austenitic
- Ferritic
Coated Bases | | Coating
- Aluminum Carbon based
- Titanium - Graphite
- Nickel - Conductive polymer
- Stainless Steel - Diamond — like
carbon
- Graphite, - Self — assembled
polycarbonates, monopolymers
stainless steel Metal based
- Noble metals
- Carbides
- Nitrides
Resin
Thermoplastics Fil
- Poly(vinylidene fluoride) bt _
- Polypropylene - Carbon /graphite
- Carbon black
- Polyethylene :
Thermosets - Coke — graphite
- Epoxy resin

- Phenolic resins
- Furan resin
- Vinyl ester

Fiber

23

- Cellulos

- Carbon /graphite

- Cotton flock

€

bl
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231 (Non - porous
graphite plates) ' ,

Meissner
[6] (Compression molding)
(Binder)
(Heat treatment) '

2.32 2

(Metallic plates) |

(349™) (A1S1446)

AlS1446 (Contact
resistance)

(Coated metallic plates)

22
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22 [5]
(ITO) .
(Pb02) .
(Sic) .
(Ti- A)  «
(TiN)
(CrN) /
233 (Composite plate)
2
Los Alamos
2

(Continuous phase)
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24 - 655

11

(Discontinuous phase)

U

2.3

b

( PAN)
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24

B

b
>100
104

<0.016
2

12



24 (Graphite composite bipolar
plate) [8]

.. 1960

(Percolation network)

(Ohmic)
(Expanded graphite)
241 [9-10]
(Hexagonal)
(Rhombohedral symmetry)
(Sectile)
(Hardness) 1- 2 (Moh scale)
2.26
3,500
3
(Amorphous graphite) (Crystalline lump) ! (Vein)
(Flake graphite)
4
3
1 2 2
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24

o:
.;

“

Hay,
Y

[11]

(binder)
(BET

20

10

11

surface)



plane electrical conductivity)

242

(Isotropy)

(Thermoplastic)

pH 4)

90

(Aspect ratio)
)

(Through

(Binder component)

(Thermosetting plastic)



)
(
)
2.5
2.5
8]
I
(
PVDF)
(LCPr) - I
(PPS) - I
( 230°C),
(PP) :
LCP  PPS
( 200°C)
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(Cross - linking)

25

25 [12]

(Polyester resin) [13]
(Anhydride)
(Dihydric alcohols)
(Unsaturated polyester)
(Styrene), (Vinyl toluene), (Diallyl phthalate)
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(Methyl methacrylate)
200- 2000 (Initiator)
(Cross - linking reaction)

2 )
26
’ (Ortho resin), (Iso resin),
(Bisphenol A (BPA) fumarates), (Chlorendics)
(Vinyl ester)
(cu,g)" (CHi-¥),, -
~POLYESTER POLYESTER @ POLTESTER
T=a
(cHy =)
© Hy=CH=1
2z -0H),
© s
OLY(SXU/
26 4]
200
(Chlorinated hydrocarbon) (Chloroform)
(Ethyldichloride) (Trichloroethylene)

(Ethyl acetate) (Acetone)



(Epoxy resin) [14]

(Curing agent)

(Toughness)
(Creep) (Fatigue)
(Additives)
[15]
)
2
(Antioxidation)

stabilizer)

19

(Heat
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(Reinforcement)

1) (Titanium dioxide) 1
(High reflactive index)

2) (Carbon black)
3) (Carbon fibers)
(Amorphous carbon) (Crystalline graphite fibrils)
35
(Lubricity)
(Mold release agents)
(Aging)

1) (Silicones) (layer)

260
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» tynowiMjg" * 8188 I'

2) (Metallic stearates)

(Liquid dispersant)

(Slurry)
( )
(High shear)
(Cold mixing)
1 (Dry mixing)
(Kneader)
(Extruder)
(Double - screw extruder)
(Preheat)
( 30 )
(Extruding)
(Compression molding) (Injection molding)

(Compression molding) 2T



10-50
(Curing)
CNC - driven milling machine
21 [16]
25
Kuan [17]
188 (BMC, Bulk Moulding Compound)

250
149 18
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60 80 110 14
1000-177 53
5%
177- 1000
5.82X108
37
Vovchenko [18]

(TEG, Thermoexfoliated graphite)

2
4-73
(Pc) (pa)
(Four - probe method)
0 A 10
2-3
Novak  Krupa [19]
2
KS6  KS15 99.9
0.1 90
KS15 15 KS6 6
( )
(Hardener) 21
(Percolation concentration) (Filler)

2
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/ KS6
/ KS6
Wolf [1]
liquid crystal polymer (LCP)
LCP 60
24 LCP
microcompounder 310 extrudate
(Granules) 3.5-44
T2F
296 50
160
5
MF 70 milling cutter
100-200 LCP
50
20
Huang [20]
(Wet- lay)
1
3
(Direct molding) / (Wet/dry lay)

(Skin - core laminate)



[21]

190
100 1

2
3
40
33
10
5phr
40

5.006

25

30
20
10

40

3 phr
10
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