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Abstract—For a fuel cell electrode, pore structure and gas diffusion were studied with different electrode

fabrication methods and with different carbon papers used as catalyst layer support. And the fuel cell perfor-
mance of each electrode was examined in the phosphoric acid half cell. Experimental results showed that
the gas flow approached to Knudsen flow relatively more in the hot pressed electrode than in the air sintered
electrode and that the higher oxygen flux permeated in the electrode gave the better cathode performance.
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Fig. 1. Schematic diagram of permeability measurement
apparatus.
1. Oxygen 5. Back pressure regulator
2. Flowmeter 6. Three way valve
3. Pressure gauge 7. Wet testmeter
4. Cell 8. Bubble flow meter
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Table 1. Properties of different carbon papers

Properties TGP-0.30 TGP-120 E-715

Thickness(mm) 0.10 0.37 0.37

Bulk density(g/cm?) 0.40 0.46 0.36

Porosity(%) 77 74 60-80

Flexural strength 200 200 43-60
(kg/cm?)

Electrical resistivity 0.01 0.01 0.15-0.2

in plane(? cm)
Thermal conductivity 2X1073
(cal/cm sec T)

2X107* 2.78x107?

Fig. 2. SEM photograph of E-715 carbon paper.
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ing.

Fig. 5. SEM photograph of TGP-1.20 electrode by hot
pressing.
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Fig. 6. Pore distribution of E-715 electrode by air sinter-
ing.
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Fig. 7. Cumulative intrusion diagram of E-715 electrode
by air sintering.
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Table 2. Percentage of macropore and micropore

Range Above 10ym  Below 1um
Electrode (%) %)
TGP-0.30 air sintering 67.27 32.73
TGP-1.20 air sintering 79.19 20.81
E-715 air sintering 83.53 1647
E-715 hot pressing 81.40 18.60
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Fig. 8. Permeability coefficient of different carbon papers
for oxygen.
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Table 3. Characteristics of different electrodes
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Fig. 9. Permeated flux of oxygen for different electrodes.
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Thickness Mean pore Porosity Permeability .
Electrode (mm) radius(um) (%) at 0.3 atm Tortuosity
TGP-0.30 sintering 0.18 1.1089 38.52 0.4152 1.0085
TGP-1.20 sintering 044 15.8729 54.71 0.7848 24873
E-715 sintering 0.44 19.3548 41,65 0.6365 25560
E-715 hot pressing 0.40 9.0620 7157 0.0804 7.9002
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Fig. 10. Permeability coefficient of different electrodes by
air sintering.
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Fig. 13. Effect of surface diffusion on permeability coeffi-
cient with E-715 electrode by air sintering.
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B, :geometrical factor of membrane [ml cm/cm’
atm]
D  :diffusion coefficient [cm?/sec]

K  :permeability [ml cm/cm? sec atm]

K, :permeation rate of Knudsen [m! cm/cm? sec
atm)

k  :mass transfer coefficient [cm/sec]

L  :thickness of membrane [cm]

M  : molecular weight [g/gmol]

q : tortuosity factor

R :gas constant [J/gmol K]

T  :temperature [C]

to  :time lag (sec]

r :pore radius [cm]

J2{0|A& X}

€ : porosity

n  :viscosity of gas [g/cm sec]

HoEE

1. Bockris, J. O'M. and Srinivasan, S.: “Fuel Cells:
Their Electrode Chemistry”, McGraw-Hill, N.Y.
(1969).

2. Berger, C.: “Handbook of Fuel Cell Technology”,
Prentice-Hall, N.J.(1968).

3. McDougall, S.: “Fuel Cells”, John Wiley & Sons,
N.Y.(1976).

4. 271%, FAY, 447, odl3] : 5533, 28, 208
(1990).

5. Watanabe, M., Makita, K., Usimi, H. and Motoo,
S.: J. Electroanal. Chem. 195, 197(1986).

6. Lu, C. and Dalil, A.A.: NASA CR-174722, U.S.
Department of Energy(1984).

7. Tanioka, A. and Ishikawa, K.: /. Applied Polymer
Science, 29, 583(1984).

8. Leenaars, A.F.M. and Burggraaf, A.].: . Mem-
brane Science, 24, 245(1985).

9. Yasuda, H. and Tsai, J. T.: J. Applied Polymer Sci-
ence, 18, 805(1974).

10. Masahoro, N., Haruhiko, O. and Yoshinori, T.: [
Membrane Science, 39, 301(1988).

11. Shian-Cherng Yang's Ph.D paper: The University
of Connecticut(1988).

12. Giner, J. and Hunter, C.: J. Electrochem. Soc., 116,
1124(1969).

13. Michael, C.K. and Ralph, E.W.: | Electrochem.
Soc., 137, 2510(1990).

14. Pehr, B.: Electrochemica Acta, 32, 115(1986).

15. Gidaspow, D.: Department of Energy and Environ-
ment(1980).

16. Mohammad Farooque Energy Research Corpora-

HWAHAK KONGHAK Vol. 32, No. 1, February, 1994



120 olgAl - AN - A&7 - ol

tion : NASA-CR-168298, U. S. Department of Ener- trochim. Acta, 34, 703(1989).

gy(1983). 19. Bungay, P. M., Lonsdale, H. K. and de Pinho, M.
17. Yang, S. C. and Cutlip, M. B.: Electrochemica Acta., N.: “Synthetic Membranes; Science, Engineering

34(5), 703(1989). and Applications”, D. Reidel Publishing Co.(1983).

18. Yang, S.C, Cutlip, M. B. and Stonehart, P.: Elec-

siapaet H32A 13 1994 28



