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Abstract— Electrodes for gas separation using palladium catalyst were fabricated and hydrogen was separated from
hydrogen/nitrogen mixed gas by an electrochemical separation method. The effect of temperature and pressure on the elec-
trode performance, purity and efficiency was investigated, and the optimal operating condition was determined. The increase
of cell temperature enhanced the electrode performance, purity of hydrogen and power efficiency. The pressure of feeding
gas increased the electrode performance and hydrogen product, but it dropped the purity of hydrogen because of increasing
permeation flux of nitrogen. The purity of hydrogen showed the highest value of 99.82 % at 80 °C and 1 atm, and the power

efficiency was maximum at 300 mA/cm>
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Fig. 1. Schematic diagram of electrode reaction for gas separation.
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Fig. 2. Fabrication procedure of Pd/C electrode.
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Fig. 3. Schematic diagram of single cell for gas separation.
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Fig. 4. Schematic diagram of gas separation test station.

Table 1. Operating conditions of gas chromatograph

Contents Conditions

Detector Thermal Conductivity Detector(TCD)
Column Molecular sieve 5A
Injection temperature 180°C

Column temperature 120°C

Detector temperature 150°C

Carrier gas He

Carrier gas flow rate 30 mL/min
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Fig. 5. Cell potential curves with cell temperature at 1 atm.
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Fig. 6. Hydrogen purity with current density at different cell tempera-
tures(l atm).

Table 2. Current efficiency and voltage efficiency with current den-
sity at different temperatures

Current density ~ Current efficiency(%) Voltage efficiency(%)

(mA/em’) 50°C  70°C 80°C 50°C 70°C 80°C
100 70.18 7153 7506 9427 9623 96.63
200 82.89 8420 8834 89.02 92.05 93.40
300 80.82 9022 9229 8356 87.60 89.62
400 9246 9312 9351 77.09 8248 84.50
500 93.46 9424 9474 7123 7729 80.66
600 9433 9463 9498 6449 7123 7574
700 9458 9493 9565 57.08 6584 70.55
800 9491 9543 9564 -50.00 59.43 65.16
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Fig. 7. Power efficiency with current density at different cell tempera-
tures(l atm).
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Fig. 8. Cell potential curves with pressure at 70 °C.
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Fig. 9. Hydrogen purity with current density at different pressure(70
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Fig. 10. N, permeation flux through Nafion® membrane with current
density at different pressures.
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Table 3. Current efficiency and voltage efficiency with current den-
sity at different pressures

Current density  Current efficiency (%)  Voltage efficiency (%)
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Fig. 11. Power efficiency with current density at different pressures
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Fig. 12. Permeation volume of N, with time at 80 °C(3 atm).
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100 7153 80.05 8132 9623 97.84 9852
200 8420 9221 9265 9205 9339 9407 Table 4. Permeatlon, diffusion and solubility data for nitrogen in Na-
300 9022 9723 9745 8760 89.08 89.95 fion® 115
400 9312 9810 98.86 8248 8383 84.57 Temperature Permeability coefficient Diffusion Solubility
500 9424 9835 99.14 7729 79.65 80.32 ) (x10°cm? coefsﬂcizent (Xs 10°cm’/
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700 9493 9894 9997 6584 6786 68.80 70 4.7 6.20 7.6
800 9543 99.67 99.90 5943 61.19 62.13 80 6.9 10.0 6.9
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: permeating area [cm’]

< >

: diffusion coefficient [cm’/sec]

: electron

: voltage of working electrode [V]
: Faraday constant [96484 C/mol]
: current densities [A/cm®]

mm e

: thickness of membrane [cm]

: mole [mol]

: molar flow rate [mol/min]

: pressure {atm]

: permeability coefficient [cm® - cm/cm” - sec - cmHg]
: amount of permeating gas [cm’]

: gas constant

: solubility [cm’/cm’ - cm Hg]

: time [min]
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: absolute temperature [K]

: volume [L]

: ideal volumetric flow rate of product [L/min]
: real volumetric flow rate of product [L/min]

: number of electrons involved
: current efficiency

: power efficiency

: voltage efficiency
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