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Abstract : Because of an emerging importance of clean energy, fuel cells are attract more attention due to their ability
to produce high efficient power without any harmful emission. Fuel cells are energy conversion device with directly
convert chemical energy into electrical energy by the chemical reactions, which have potential applications in auto-
mobile, spacecraft, stationary, industrial and home appliances. Recently there are gaining demand to develop an inter-
mediate temperature fuel cell and available proton conductors at 200~500°C, which promising operating temperatures
range for both material science and energy conversion processes. In this paper, we have reviewed electrochemical
properties and current technology of solid state proton conductors. In addition, development of intermediate temper-
ature fuel cell using the perovskite-type solid protonic conductor is also discussed.

Keywords : Solid state proton conductors, Intermediate temperature fuel cell, Perovskites.
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Table 1. Summary of major the fuel cell types."

Type Temperature (°C) Fuel Electrolyte Mobile ion
PEMFC?: polymer electrolyte membrane Fuel cell 20-90 H,, CH;0H Sulfonated polymers (H,0),H*
AFC: alkali fule cell 100-250 H, Aqueous KOH OH~
PAFC: phosphoric acid fuel cell 150-250 H, H;PO, H*
MCFC: molten carbonate fuel cell 500-700 Hydrocarbon, CO (Na, K),CO; COs>
SOFC: solid oxide fuel cell 700-1000 Hydrocarbon, CO (Zr, Y)Oos o*

 Also known as proton exchange membrane.

Table 2. Quantum jumps in the development of proton conducting membranes.”

Time Membrane Power density (kW/m?) Life time (thousand of hours)
1959-1961 Phenol sulfonic 0.05-0.1 0.3-1
1962-1965 Polystyrene sulfonic 0.4-0.6 0.3-2
1966-1967 Polytrifluorostyrene sulfonic 0.75-0.8 1-10
1968-1970 Nafion experimental 0.8-1 1-100
1971-1980 Nafion production 6-8 10-100

Table 3. DOE technical targets for membranes.®
Characteristic Units 2005 status 2010 target 2015 target
Operating temperature °C <80 < 120 <120
Inlet water vapor partial pressure kPa 50 <15 <15
Membrane conductivity at inlet water vapor partial pressure
Operating temperature Scm™! 0.10 0.10 0.10
Room temperature Scm™ 0.07 0.07 0.07
-20°C Scem™ 0.01 0.01 0.01
Oxygen crossover mA cm™ 5 2 2
Hydrogen crossover mA cm™ 5 2 2
Area specific resistance Qcm? 0.03 0.02 0.02
Cost $m> 25 20 20
Durability with cycling
At operating temperature 80°C h ~2000 5000 5000
At operating temperature > 80°C h Not available 2000 5000
Unassisted start from °C -20 —40 —40
Thermal cyclability in presence of condensed water Yes Yes Yes
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Fig. 1. Proton conductivity as a function of inverse temperture.?
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Fig. 2. Chemical structures of perfluorinated polymer electrolyte
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Fig. 4. Effect of different proton conducting membranes on PEMFC
performance. H2/02 reactants (E-TEK electrodes 20% Pt/C,
0.4 mg Pt/cm2), 95°C, P =5 atm.”
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Table 4. Physical and electrochemical properties of perfluorinated polymer electrolyte membranes.*?

Membrane Equiv. weight (g/mol) Thickness in dry state (um) Water content (%) Conductivity (S/cm)
Nafion®-115 1100 100 34 0.059
Aciplex®-S 1000 120 43 0.108
Dow 800 125 54 0.114
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Table 5. Fuel Cell performance of modified Perfluorinated sulfonic acid membranes.'

Membranes

Fuel Cell condictions (Tyuede/ Teel/ Teatode/ pressure)

Performance

Nafion 115-Si0,(6%)
Nafion -SiO, -PWA
Nafion-TiO,
Nafionl15-ZrP
Nafion-Mordenite
Nafion-Teflon-Zr(HPO,)
Nafion-SO,>-Zr0,(15%)

87/120/91 °C/ H,, Air

130/130/130 °C/3 bar, H,, O,
100/110/100 °C/1.4 bar, H,, O,

130/130/130 °C/3 bar, H,, O,
90/130/90 °C/latm., H, O,

110/120/110 °C/3 bar, H,, O,

0.4V, 1000 mA/cm?
0.4V, 540 mA/cm?
0.4V, 185 mA/cm?
0.45V, 1000 mA/cm?
0.6V, 80 mA/cm?
0.6V, 200 mA/cm?
0.6V, 1500 mA/cm?
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Table 6. Summary of inorganic-organic composite membranes.'”

Organic component Inorganic component

commnets

SPEK, SPEEK ZrP+(Si0,, TiO,, ZrO,) Reduced methanol crossover
SPEEK SiO,, ZrP, Zr-SPP 0.09 S/cm at 100°C
SPEEK HPA 107! S/cm above 100°C
SPEEK BPO, 5X 107" S/cm at 160°C
SPEEK SiO, 3~4 X102 S/cm at 100°C
SPEEK PWA 0.15 S/cm at 130°C
SPSF PAA 0.135 S/cm at 50°C
PBI ZrP+H;PO, 9X1072S/cm at 200°C
PBI PWA/SiW+H;PO, 3~4 X 1072 S/cm at 200°C
PBI SiWA+SiO, 22X 107 S/ecm at 160°C
PBI PWA+SiO,+H;PO, 1.5X 107 S/cm at 150°C
PVDF Si0,, TiO,, Al,O;, doping acids >0.2 S/cm at 25°C
PVDF CsHSO, 1072 S/cm at>150°C
PEO, PPO, PTMO PWA 1072 S/cm at 140°C
PTFE Zeolite DMEFC test
PTFE ZrP 4X1072S/ecm
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