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Abstract — Hydrogen was separated from hydrogen/nitrogen/carbon dioxide mixture gas by electrochemical method using
proton exchange membrane. Separation characteristics, product hydrogen purity and power efficiencies were obtained under
different operating cell temperatures and feed pressures. The purity of hydrogen was enhanced using two-staged separation
process, and the permeation of nitrogen and carbon dioxide was studied. Cell characteristic, hydrogen purity, flux and efficien
cies was increased as cell temperature was raised. The increase of feed pressure caused rising of flux and efficiencies, but
dropped hydrogen purity. In all cases, power efficiency had the maximum value at 300ntAgtnpurity, 97.39%, can be
achieved from low purity feed, 33%, through two-staged separation process at 10?niAemermeability of carbon diox-
ide was larger than that of nitrogen, so the purity of hydrogen was more affected by carbon dioxide than by nitrogen.
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Fig. 1. Schematic diagram of electrode reaction for gas separation.
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Fig. 2. Preparation of M&E(membrane and electrode) assemblies.
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Fig. 4. Schematic diagram of H separation test apparatus.
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Fig. 5. Overpotential characteristics with different cell temperatures ) S
(1 atm, feed H, purity 50%). Fig. 7. Product flux vs. current density with different cell temperatures

(1 atm, feed H, purity 50%).
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Table 1. Current efficiency and voltage efficiency with current density at different temperature

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

(mA/cn?) 30°C 50°C 70°C 30°C 50°C 70°C
100 70.87 72.16 74.74 96.56 96.63 96.77
200 84.54 85.87 87.19 93.80 94.07 94.95
300 91.10 92.40 94.13 90.90 91.58 93.26
400 91.35 92.66 94.64 87.60 88.88 91.44
500 92.38 93.96 94.75 84.84 86.73 89.49
600 93.45 94.54 95.41 82.28 84.16 87.60
700 93.46 95.34 96.09 79.25 81.06 85.38
800 94.50 95.49 96.15 75.20 78.03 83.29
900 94.97 95.84 96.28 70.28 74.73 81.60
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Table 2. Current efficiency and voltage efficiency with current density at different pressure

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

(mA/cn) 1 atm 2 atm 3atm 1 atm 2 atm 3 atm
100 74.74 79.89 83.76 96.77 98.11 98.85
200 87.19 89.83 91.15 94.95 95.82 96.83
300 94.13 96.30 97.17 93.26 93.60 94.68
400 94.64 96.61 97.27 91.44 91.91 92.32
500 94.75 97.13 97.66 89.49 89.82 90.16
600 95.41 97.38 98.25 87.60 88.01 88.61
700 96.09 98.72 99.10 85.38 86.25 86.73
800 96.15 98.95 99.61 83.29 83.89 84.16
900 96.28 99.05 99.78 79.58 79.78 80.19
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Fig. 11. Product purity vs. current density with different feed pressures
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A : permeating area [cfh
D : diffusion coefficient [criYsec]
e . electron
E : reversible voltage [V]
E' : voltage of working electrode [V]
F : faraday constant [96484 C/mol]
i : net current densities [A/cth
L : thickness of membrane [cm]
n : mole [mol]
n : molar flow rate [mol/min]
P : total pressure [atm]
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3'0

: permeability coefficient [ch* cm/cn? + sec: cmHg]
: amount of permeating gas [§m
: gas constant
: time [min]
. absolute temperature [K]
: volume [L]
: partial molar volume of species i [L]
'if'ea' : product ideal volumetric flow rate [L/min]
- product real volumetric flow rate [L/min]
: number of electrons involved][
: current efficiency f]
: power efficiency f]
: voltage efficiency f]
: overpotential [V]
: activation overpotential [V]
: concentration overpotential [V]
: resistance overpotential [V]
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