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Abstract— The electrodes for phosphoric acid fuel cell were fabricated from the mixture of activated carbon fiber(ACF)
and carbon black as an existing electrode constituent. The performance of the electrode was measured through a half cell
at 190°C, 100 % phosphoric acid electrolyte. Pt particles loaded on ACF were highly distributed below 30 A, which in-
creased reaction surface area. When the ratio of ACF to carbon black was 30 %, the electrode performance showed the
value of 928 mA/cm’ at 700mV and the Tafel slope of 123 mV/decade, which proved the enhanced electrode charac-

teristics in comparison with 145 mV/decade of the electrode composed of carbon black only.
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Fig. 1. Schematic diagram of carbon fiber activating apparatus.
1. Flow meter 6. Activation furnace
2. Peristaltic pump 7. Thermocouple

3. Steam generator 8. Sample pot

4. Gas mixing and 9. Temperature controller
preheating mantle and recorder

5. Quartz tube 10. Absorber

Table 1. Physical properties of carbon

Particle BET  Electrical
Source Size [nm]  surface  resistivity
e Dx1) arealmlg] [Q-m]
Denka Acetylene Spherical 40 65 46-66
black black
Activated Chungnam Cylindrical (10-10%x 1,000 600
carbon fiber  Univ. (10*-10%)
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Fig. 2. Process flow diagram for the preparation of Pt/C or PYACF
catalyst by colloidal method.
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Fig. 3. Schematic diagram of the half cell.
1. Oxygen 7. Working electrode
2. Flowmeter 8. Counter electrode
3. Water removal trap 9. Reference electrode

4. Cell 10. Back pressure trap
5. Potentiostat & Galvanostat  11. Electrolyte
6. IBM-PC
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Fig. 4. TEM photographs of platinum particles on (a) carbon black
and (b) ACF.
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Fig. 5. SEM photograph of the electrode including ACF(cross sec-
tion).
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Fig. 6. SEM photographs of the surface of the electrode including
ACF.

(a) magnification: x 2,000 (b) magnification: X 20,000
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Table 2. Porosimeter data of each electrode with different weight
ratios of activated carbon fiber to carbon black

Total cummulative Pore
volume(mm’/g) Macropore(%)  Micropore(%)
0% ACF 540.86 71.78 22.22
10% ACF 724.51 74.19 25.81
20% ACF 698.07 75.76 24.24
30% ACF 713.08 72.73 27.27
40% ACF 846.37 81.69 18.31
50% ACF 815.97 82.67 17.33
100% ACF 493.61 94.12 5.88
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Fig. 7. Pore size distribution of the electrode having different weight
ratio of ACF to carbon black.



Fig. 8. Schematic internal structures of (a) conventional and (b)
ACF containing electrodes.
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Fig. 9. The comparison of the acid amount absorbed to each elec-
trode after 50 min.
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Fig. 10. The cathode performances of each electrode at 700 mV.
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Fig. 11. The cathode performance curves of each electrode at 190 °C,
H,PO,.

Table 3. Electrode kinetic parameters of each electrode with dif-
ferent amount of ACF

ACF(%) b(mV/decade) R(Qcm’)
0 145.3 463.2
30 122.9 209.3
100 193.0 546.5
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a : parameter in Eq. (3)
b : Tafel slope {mV/decade]
E : cell potential [V]
E, : thermodynamic reversible cell potential [V]
F : faraday constant, 96489 (A s)/(equival. weight)
i : net current densities [A/cm’]
ip : exchange current densities [A/cm’]
n : number of electrons involved in electrode
R : gas constant [J/(mol K)]
T : absolute temperature [K]
Ja2|0jA 2Kt
o : transfer coefficient

n : overpotential [V]
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