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Basic Principle of Battery
"

YZn/ Z
~ Anode Cathocls — SIS A0/ CU )
) (+)
S t Anode: Zn — Zn?%t* + 2e- E° = +0.761V
i s Cathode : Cu = Cu2* + 2e- E° = -0.340V
7N CLu Total : Zn + Cu?* > Zn?* + Cu
. Ec = 1.101V
Daniell Cell

Anode: Electrode where oxidation reaction occur
Cathode: Electrode where reduction reaction occur
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Volta EE= Galvani X X|

- Volta M X|(voltaic cell) EE= Galvani X|(galvanic cell)
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Fuel cell? (A& N X|)
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, Battery or Cell
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Device converting the original energy of material to
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electrical energy using its chemical or physical change
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History of Fuel Cells

1. William R. Grove (1842) : “Gaseous voltaic battery” (H2™X|) &7

= -
Philosophical Magazine and Journal of Science, 1843
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History of Fuel Cells

2. Rideal and Evans (1922) : “fuel cell”O|2}= HA Al

3. 1950ELCH 0|2 X| 77t AMCH7t X|SE|HA H=zHX|0f
CH3t BHAIO| X 3}
4. Apollo Space Mission (1966-1972); &= 4 Gl & MAE Al
Alkaline fuel cell (AFC) by Pratt & Whitney Aircraft
Three 31-individual fuel cell units, 27-31V, 1.4kW

PFocking mechanism
I

I Main parachutes (3) Drogue parachutes (2)

I
Tower jettison motor

Side hatch

Aft compartment
(tanks, reaction
control engines,

Crew compartment

Launch escape motor

LAUNCH | wiring, plumbing) comMMAND

ESCAPE Electrical power system . MODULE

ASSEMBLY radiator panels (8) : S DT T Ty
Fuel cells (3) I'LI" ?ﬂ%%\l’}IEE

Helium tanks (2)

Reaction control .l-ﬂ 3
thruster assembiy
LAl i 3 4 )

o
®

Cryogenic oxygen and
hydrogen storage tanks

Reaction control
VHF scimitar antenna (2)

system assembly

) ' (4 locations)
Environmental control system

radiator panels (2)

Launch escape tower
I
Forward boost "§-\
protective cover "’f &
Aft boost
protective cover

Service propulsion
system tanks (4)

Service propulsion
engine nozzle

. ‘ High-gain (deep space) antenna

APOLLO COMMAND AND SERVICE MODULES
AND LAUNCH ESCAPE SYSTEM




History of Fuel Cells

. OIAF A(PAFC : Phosphoric Acid Fuel Cell)
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6. Fuel Cell Powered Electric Vehicles (1970)

[0

Alkaline Fuel Cell Vehicle by Dr. Karl Kordesch (Union Carbide) :

300km driving range
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History of Fuel Cells

7. 28 EIAMIAS (MCFC : Molten Carbonate Fuel Cell)
1980 ALCHO| 7|= 70 E 2M|Cf HEMX|E CHABRH L,
OIMECHX[CHFAHZS E4 ¥ Moo= 0|8
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8. 11 X| A2 S (SOFC : Solid Oxide Fuel Cell)
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History of Fuel Cells

9. Polymer Electrolyte Membrane Fuel Cells (PEMFCs)

- Grubb and Niedrach at General Electric (1960) :
Cross-linked polystyrene sulfonic acid

- Gemini Space Missions (1965-1966)

- New polymer electrolyte, Nafion membrane by du Pont (1972)
- XFSK0| HE 22 =M O SHALLEAQ A4 53 (1980'ELH)

Gemini Fuel Cell Unit



History of Fuel Cells

10. Fuel Cell Vehicles with PEMFCs
- General Electric and Los Alamos National Lab (1982) :
PEMFCS X322 X0 =¢
- Ballard Power Systems and Daimler-Benz (1994) :
NECar (New Electric Car)E A H ol

NECar 1 (1994)

50kW Ballard PEMFC stack
81 miles range
Hydrogen fuel



1992, Jet Propulsion Lab, Solid polymer (Nafion) 0|
Direct Methanol Fuel Cell (DMFC) & &

1980E 0}, st=, A & X HAIE
1972, DuPontOil Al Nafion & &

1966—-1972, Apollo Space Mission0fl AFC AL

1967, GMAL, Fuel Cell powered Electrovan Xi&: ® 1967, Pratt & Whitney AircraftAt
Phosphoric Acid Fuel Cell (PAFC) &4

1960, GEA}, Polymer Electrolyte Membrane Fuel Cell &%

1946, Davtyan, Molten Carbonate Fuel Cell (MCFC) F §
& Alkaline Fuel Cell (AFC) &% .‘

1937, Baur & Preis, Solid Oxide Fuel Cell (SOFC) &%
1922, Rideal & Evans, “fuel cell” %4’;‘,"‘)\}%

1842, William R. Groved&
“Gaseous voltaic battery” &2
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AZMX| 2l

HFZ X = Hol| & (electrolyte) i} & 72| ™= (electrode)0| ME 2| X| K= FEI|
O U= YEE MAQf AV 440 Mmooz EZE I, M7|et € 121
=0| '.’_%01 ZIC}.
HE K 0| HOATIA, HIEHE, 7143 SO ChUst A= vt ALRE[OJT £ s
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) H, 5 2H* + 2e- Eo = 0.0V
3): 30, +2H*+2e~ 5§ H,0 o =

H, + 30, S H,0 + Electricity + Heat E° =1.229V

H}%\!lhgﬁ.‘
- ___ “External load

(Sas

Anode Gas Diffusion Diffusion
collector Layer Membrane Layer Cathode
plate den feed collector

plate

Heat

1120, + 2H* + 2e- —> H,0

hydrogen feed
Catalyst layers
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Rt Acid electrolyte W Acid electrolyte by

Electrolysis Fuel Cell



IEHX| EX

LTS
SESS
" 600 Internal combustion o
%OHEE HH% ?:I-_Jlk_ engine () Ups.tream emission
i q . £J Vehicle operation
ags (oUx] 24 1) 500 |
oIMAR O|E T X
$ 400 -
BE A M £ o
~ ) uel cell engine
El-gbl:ol_l- EE +JE_II.I*O-I .§ 300 -
é
8N 200
100 -
Q)
A\‘ o la ’, | | |
0 . % &

Source : Canadian Fuel Cell: Commercialization Roadmap, 2003
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