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Part V. Functional Polymers for Energy

Applications
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Fuel Cell

o Introductions for Fuel Cell

o Basic Principle & Structure of Fuel Cell
o Types of Fuel Cell

a2 DMFC

o Application Field
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‘Global Climate Change
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Instrumental Temperature Record from 1860-1999 indicates a global warming
over the past century, with many peaks and valleys suggesting the natural year-to-year
variability of climate (Hadley Centre for Climate Prediction)
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FUEL USE AS A % OF TOTAL ENERGY CONSUMPTION
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‘ Energy Source vs. Carbon Issue
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‘ Basic Principle DMFC
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Anode: CH,OH + H,O => CO, + 6H* + 6¢"

Cathode: 3/20, + 6H* + 6e"=> 3H,0

Overall reaction: CH;OH + 3/20, => 2H,0 + CO, (E =1.21V)
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‘ Basic Principle PEMFC

PEM |Proton Exchange
Membrang|

Oxidant Fuel Flow Field Plale . .
Flow Field Plate * A fuel cell produces electricity, water,
Exhaust "~ Fuel to Recirculate and heat using fuel and oxygen in the air
Watar Vapor
(Mo Pallution) Low Temperature

Electrochemical ) . o

Process (90°C) » Water is the only emission
Heat (80°C)+_~ when hydrogen is the fuel

Air T = Fuel (Hydrogen)

PEMFC schematic

Anade : IHI — 4H" + 4e
Cathode : 'D_,_ +4H" + 4o — IH_,_'D

Overall : 2H, + O, — 2H,0 + Electrical Energy + Heat Energy
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Structure PEMFC
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‘ Structure
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‘ MEA (Membrane Electrode Assembly)

Membrane Electrode Assembly ' patmas o talyzed
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Bipolar Plate
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\ Cell Structure

Liquid Supplying Layer

K%

Do
e

Liquid Diffusion Electrode

>

r

'5tek= | Oxidation Catalyst Layer

0l=2# 2 | Proton Conducting Membrane

=/ot= ] Reduction Catalyst Layer
Alr lefu3|0n Electrode T

1]
[0

e
AeZ23

Air Breathing Layer

= . |
@ 2u s o+ H12{ul Prof. Jin-Heong Yim

M Kongju Mational Univeraity



20| M2

® : Direct Methanol Fuel Cell HIEt21 0|52 A4 MI|IEIBISE Sl MIIE L™MAII= X
° (HIEH2 ASIBIS O 2 40|20 XD 2= W=
Catalyst layer 2t Liquid diffusion e lectrodeZ 24T US

® AT SA0IR Y MNE CHU EZ2 BRAH=E M3

Catalyst layer2}t Air diffusion electrodeZ & T 0 US
o) - Anodelll A ZME +=A0|28 Cathodeg ML == DX IEXA &
e : Membraneldt =2 & Xl (Membrane Electrode Assembly)Z Cell2 J|E2 &t
® HENE )M HMHZTE M= MLl F= S
® SINSYUAETIICZ MG =S
® ;02 B2 Cell2 222 HZ0lKH |ots £ 2 ot X
® : Membrane LHOIA =20|22 8EEZ S/cm 2 HA
® : MethanolO| anodegtS0l Z#HSHAl 212 membrane Sl cathodeZ E0Jt= & &

(&4& Nafion membranelfl CH8t ATIXIZ EJI)
® : MEA HH|HE Y E30=2 W/icm? EAl (0.3 V I|&E)
® : Cell Pack(HE2ME&)| 28) 2 £= 21 & HUEHXZEH22 M Whikg £= Wh/LZ HA|
@ wFFUUD Prof. Jin-Heong Yim

e Kongju Mational University



Technology Roadmap
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es of Fuel Cell

[Types of Fuel
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‘ PEM (Proton Exchange Membrane)

The primary candidates for light-duty vehicles and buildings and
potentially for much smaller applications such as replacements for
rechargeable batteries in video cameras.

It operates at relatively low temperatures (about 200 degrees F), It
has high power density, can vary their output quickly to meet shifts in
power demand, thus is suitable for applications. such as in automobiles
where quick startup is required.

It operates at relatively low temperatures (about 200 degrees F).
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‘DI\/IFC (Direct Methanol Fuel Cell)

These cells are similar to the PEM cells in that they both use a polvmer
membrane as the electrolvte.

The anode catalvst itself draws the hvdrogen from the liquid methanol,
eliminating the need for a fuel reformer.

Efficiencies of about 40% are expected with this type of fuel cell.

Typically operating at a temperature between 120-190 degrees F.

Higher efficiencies are achieved at higher temperatures.
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PAFC

The most successfully developed commercial type of fuel cell.

It is already being used in diverse applications such as hospitals, nursing
homes. hotels, office buildings. schools, utility power plants, and airport
terminals.

It can also be used in larger vehicles, such as buses and locomotives.

It generates electricity at more than 40% efficiency -- and nearly 85%

if the steam produces from this fuel cell is used for cogeneration - 30%o
efficiency for the most efficient internal combustion engine.

Operating temperatures are in the range of 400 degrees F.
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MCFC

It promises verv high fuel-to-electricity efficiencies and the ability
to consume coal-based fuels.

This cell operates at about 1,200 degrees F.

The first full-scale molten carbonate stacks were built in California in
1996 for testing.
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SOFC

It is used in high -power applications including industrial and large-scale central
electricity generating stations.

Some developers also plan solid oxide to use in motor vehicles (a 100-Kilowatt
test in Europe and two small, 25-kilowatt units, in Japan)

Power generating efficiencies could reach 60%b.

A solid oxide system usually uses 2 hard ceramic material instead of a liquid
electrolyte, allowing an operating temperature to reach 1.800 degrees F.
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AFC

Long used by NASA on space missions.
Power generating efficiencies of up to 70 percent.

Alkaline potassium hydroxide as an electrolyte.

Until recently they were too costly for commercial applications, but
several companies are examining ways to reduce costs and
improve operating flexibility.
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Comparison

Ny T FUYwW

by Konglu Hatlonal Unkversliy

Fuel cell Electrolvte ﬁpm‘ﬁting Electrochemical Reactions
Temperature("C)
Wikt et ILiquid p].:!nsph-:-rit acid soaked » Anode:H, .—}2 t+2e
(PAFC) In a matrx 175-200 Cathode:120,+2H™+2¢ —H,0
Cell:H,+1/20, -H,0
fete e .| Liguid solution of lithium, Anode:H,+CO," -H,0+C0,+2¢
e Eﬁ"“m sodium and/or potassium 600-1000 Cathode:1120,+C0,+2e »CO,>
_fM : ) carbonates, soaked in a matrix Cell:H,+1/20, —H,0
: : Solid zirconium oxide to which Anode:H,+0" —-H,0+2¢
Sold Oxide a small amount of ytrria Is 600-1000 Cathode:1/20,+2e” 0%
(SOEC) added I HI-1720.
Cell:H2+1/20, —-H,0
s .iquem%s solution c.'f pumssiym Anode:H,+2(0OH) —-2H,0+21¢
(AFC) hydroxide soaked in a matrix 00-100 Cathode:1/20,+H,0+2e »2(0OH)
Cell:H,+1/20, -H,0
Polvmer Electrolyte | Solid organic polymer Anode:H,—2H +2¢
Membrane poly-perfluorosulfonic acid 60-100 Cathode:1/20,+2H™+2¢ —H,0
(PEM) Cell:H,+1/20, -H,0
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