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THE BEGINNING : ~ 18505

Fuel Cell Origins

William Grove's drawing of an experimental
William Robert Grove "gas battery"” from an 1843 letter

Image from Proceedings of the Royal Society

https://americanhistory.si.edu/fuelcells/origins/origl.htm
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GEMINI SPACECRAFT : ~ 19605

Nafion ™
/

1962 January 23 - . electrolyte

+ Power sources for the Gemini spacecraft. - . Nation: USA. Spacecraft:
Gemini, Gemini Fuel Cell.

Manned Spacecraft Center completed an analysis of possible power sources for the %
Gemini spacecraft. Major competitors were fuel cells and solar cells. Although any [
system selected would require much design, development, and testing effort, the fuel 4
cell designed by General Electric Company, West Lynn, Massachusetts, appeared to

offer decided advantages in simplicity, weight, and compatiblity with Gemini
requirements over solar cells or other fuel cells. A basic feature of the General
Electric design, and the source of its advantages over its competitors, was the use of
ion-exchange membranes rather than gas-diffusion electrodes. On March 20, 1962,
McDonnell let a $9 million subcontract to General Electric to design and develop
fuel cells for the Gemini spacecraft.

http://www.astronautix.com/g/geminifuelcell.html
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NAFION™
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Power Supply

Chlorine gas (Clz) Hydrogen gas (Hy)

2H;0 + 2e°—»  H; + 20H"
(This reaction happens at the cathode)

33% Caustic soda
(NaOH/H;0)

(This reaction happens
at the anode)

Saturated brine
(H20 & HaCl)

30% Caustic soda
Hz0 & NaCl) {NaOH/H20)

e Non-permeable

fon exchange
membrane

Diluted caustic soda
(NaOH/H;0)

of Electrochemical Technologies at Scale.

soda (NaOH/H0)




Flowfield
channel

GEMINI FUEL CELL : BASICS
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— Platinum black

— Teflon

Reaction Zone

4 mg/cm?2 of Pt on each side
At today’s Pt cost, ~ S60/cell,
S6000 per stack, $100/kW
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LANL FUEL CELL EVOLUTION :~ 1990
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FUEL CELL PERFORMANCE CURVE

14 Typical polarization curve of a PEM fuel cell
Nernst potential
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FUEL CELL PERFORMANCE CURVE
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FUEL CELL ENGINE : EXAMPLE: MIRAI

Fuel cell technology explained

%)

FUEL CELL BOOST CONVERTER
A compact, high-efficiency, high-capacity
POWER CONTROL UNIT converter newly developped to boost fuel
A mechanism to optimally control both cell stack voltage to 650 V.
fuel cell stack output under various A boost converteris used to obtain an BATTERY
operational conditions and drive output with higher voltage than the input. A nickel-metal hydride battery

which stores energy recovered from
deceleration and assists fuel cell
stack output during acceleration.

battery charging and discharging.

@

HIGH-PRESSURE HYDROGEN

Motor driven by electﬁdty_gen erated pressure level of 70 MPa (700 bar).
by fuel cell stack and supplied by FUEL CELL STACK The compact, lightweight tanks

0 TANKS
Tank storing hydrogen as fuel. The
i e nominal working pressure is a high

battery. . z '

! ) Toyota's first mass-production fuel cell, feature world's top level tank
Maximum output: 113 kW (154 DIN hp) featuring a compact size and world top storage density.

Maximum torque: 335N+-m Jevel output density. Tank storage density: 5.7 wt%

Volume power density: 3.1 kW/L
Maximum output: 114 kW (155 DIN hp)

https://t1-cms-4.images.toyota-europe.com/toyotaone/gben/5 OperatingPrinciples_Detailed _OK_tcm-3060-554848.jpg
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BEV VS FCEV : ARE FUEL CELLS FOOL CELLS?

Fuel Cell Vehicle
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