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Abstract— Effects of loading density of Pt and PTFE and operation temperature on the performance of carbun elec-
trode were studied by a half cell in 85 wt% phosphoric acid. As the Pt loading was varied 10 5, 10, 15, and 20 wt%, the
Tafel slope was changed to 221, 176, 170, and 148 mV/decade, respectively, and the exchange current density was
changed to 1.866 x 10-7, 1.307 x 107, 9.206 x 10-8, and 4.874 x 10-8 A/cm?, respectively. The optimum content of
PTFE was found to be 20-30 wt%, and the apparent activation energy of the cathode reaction was found to be approx-
imately 110 kJ/mol at the equilibrium potential, regardless of the electrode carbon materials.
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Fig. 1. Schematic diagram of the experimental

apparatus.

1. Oxygen 9. Personal computer
2. Hydrogen 10. Manometer

3. Valve 11. Back pressure trap
4. Flow meter 12. Thermometer

5. Water removal trap 13. Electrolyte

6. De-oxygen trap 14. Working electrode
7. Electrometer 15. Counter electrode
8. Measuring device 16. Reference electrode
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Fig. 2. Detailed diagram of the half cell.
1. Electrolyte 5. Reference electrode
2. Counter electrode 6. Oxygen inlet
3. Luggin capillary 7. Hydrogen inlet
4. Working electrode 8. Platinized platinum
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Fig. 3. Preparation procedure of Teflon-bonded
carbon electrode.
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Fig. 4. XRD profile for 15 wt% Pt supported on
Vulcan XC-72R with 30 wt% PTFE.

Table 1. Particle size of Pt with loading

Pt loading wt% Pt particle size A

5 180
10 210
15 170
20 190
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Fig. 5. Performance of cathode electrodes which
supported on Vulcan XC-72R containing
39 wt % PTFE in 85 wt% H,PO, at 413 K.
C5wt% Pt, +10 wt% Pt, O 15wt% Pt, & 20
wt% Pt

Table 2. Effect of Pt loading on the Tafel slope
and exchange current density

Pt loading  Tafel slope  Exchange current density
(wt %) (m V/decade) (A/em?)
20 145 1.866 x 10-7
15 170 1.367x 1077
10 176 9.206x 10-8
3 221 4.847x10°8
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Fig. 6. The relation between oxygen reduction
current at constant potential and Pt load-
ing variation for 30 wt% PTFE at 413 Kin
85 wt% H,PO, with Vulcan XC-72R.
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Fig. 7. The relation between oxygen reduction
current and PTFE wt% variation for 10
wt% Pt supported on Vulcan XC-72 in 85
wt% H,PO, at 403 K.
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Fig. 8. The relation between relative wettability
and PTFE wt% variation for 10 wt% Pt
supported on Vulcan XC-72 in 85 wt%
H,PO, at 343 K.
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Fig. 9. Temperature dependence of cathode per-
formance for 10 wt% Pt supported on Vul-
can XC-72 containing 30 wt% PTFE in 85
wt% H,PO,.
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Fig. 10. Temperature dependence of oxygen re-
duction current at constant potential for
10 wt% Pt supported on Vulcan XC-72
containing 30 wt% PTFE in 85 wt%
H,PO,.
O 0.6V, + 0.7V, 0.8V
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Fig. 11. Logarithm of oxygen reduction current
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Fig. 12. Potential dependence of apparent activa-
tion energy for electrochemical oxygen
reduction for 10 wt% Pt supported on
Vulcan XC-72 containing 30 wt% PTFE
in 85 wt% H,PO,.
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Fig. 13. Potential dependence of apparent activa-
tion energy for electrochemical oxygen
reduction for 10 wt% Pt supported on

Denka Black containing 30 wt% PTFE
in 85 wt% H,PO,.

4, A =

A AsARNA B ZEE P33 vk T A
AU EA Az e HAEL IS 4 i)

1, 140, 85wt% <Al Folld] ATo] Wi izt
o] 5, 10, 15, 20 wt% 2 Z7}3loll ule} Tafel 7147
+ 221, 176, 170, 145mV/decade & Z3¥AFLE =
1.866x 1077, 1,367X1077, 9.206X 108, 4,874X10-*
A/cm?=. Wi,

2. 85wt% alabA s Aol A
ghake 20-30 wt% o]},

3. WA Abasdurgel Ar|stebn g4}
MR E BT AHBol Ao Fsle] 1 e of
110kJ/mol o] <},

%4439 24 PTFE

# A

& AP F4E dAsked ATHE AUk FA
(&) F8l BAR=Ye,

REFERENCES

1. Appleby, AJ.: J. Electrochem. Soc., 117, 328
(1970).

2. Vogel, WM. and Lundquist, J.T.: J. Electrochem.
Soc., 117, 1512 (1970).




4y drAA deld A A5l vl A el A3 211

. Bregoli, L.J.: Efectrochimica Acta, 23, 489 (1978). troanal. Chern., 182, 193 (1985).

. Kunz, HR. and Gruver, G.A.: J. Electrochem. 8. Watanabe, M., Tozawa, M. and Motoo, S.:J. Elec-
Soc., 122, 12 (1975). troanal. Chem., 183, 391 (1985).

. Kunz, H.R. and Gruver, G.A.: Electrochimica Ac- 9. Watanabe, M., Tomikawa, M. and Motoo, S.: J.
ta, 23, 219 (1978). Electroanal. Chem., 195, 81 (1985).

. Giner, J. and Hunter, C.: J. Electrochem. Soc., 10. Watanabe, M., Makita, K., Usami, H. and Motoo,
116, 1124 (1969). S.: J. Electroanal. Chem., 197, 195 (1986).

. Motoo, S., Watanabe, M. and Furuya, N.: J. Elec-

HWAHAK KONGHAK Vol. 28, No. 2, April, 1990



