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Abstract: Steam methane reforming is currently the most widely used technology for producing hydrogen, a clean fuel.
Hydrogen produced by steam methane reforming contains impurities such as carbon monoxide, and it is essential to undergo
an appropriate post-purification step for commercial usage, such as fuel cells. Recently, membrane separation technology has
been gaining great attention as an effective purification method; in this study, we evaluated the feasibility of using commer-
cial polysulfone membranes for biogas upgrading to separate and recover hydrogen from a hydrogen/carbon monoxide gas
mixture. Initially, we examined the physicochemical properties of the commercial membrane used. We then conducted per-
formance evaluations of the commercial membrane module under various conditions using mixed gas, considering factors
such as stage-cut and operating pressure. Finally, based on the evaluation results, we carried out simulations for process
design. The maximum H, permeability and H,/CO separation factor for the commercial membrane process were recorded at
361 GPU and 20.6, respectively. Additionally, the CO removal efficiency reached up to 94%, and the produced hydrogen
concentration achieved a maximum of 99.1%.
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Fig. 1. Scheme illustrating the bench-scale gas separation
membrane evaluation system: (a) Out-in mode and (b)
In-out mode.
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Table 1. Experimental Conditions Used in Membrane Testing for Gas Separation Evaluation

Parameter

Experimental conditions

Retentate flow rate

250, 500, 1000, 2000, 3000 mL/min

Pressure difference 0.2, 0.5, 1.0 bar
. . H, 85%
Mixture gas composition
CcO 15%
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Fig. 2. Physical and chemical characteristics of the membrane module: (a) The exterior of a hollow fiber membrane module
(b) The cross section of a hollow fiber membrane module (c) The cross section of a hollow fiber membrane (d) Enlarged
cross section of the hollow fiber membrane (e) Tensile strength and elongation of the hollow fiber membrane (f) FT-IR re-

sults of the hollow fiber membrane.

Table 2. Specification of Commercial Polysulfone Hollow Fiber Membrane

Previous study[11] This study
O. D. (nm) 0.30 0.28
I. D. (mm) 0.18 0.16
Number of hollow fiber membrane (ea) 1,500 1,400
Effective length (mm) 100 100
Effective membrane area (m?) 0.14 0.123
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Table 3. Performance of H/CO Gas Mixture Separation Using a Commercial Polysulfone Hollow Fiber Membrane Module

Feed Side Permeate side Retentate side )
Pressure Recovery Stage Separation CO removal
(bar) Flow H, Flow — H, B Flow — H:  amount . ft factor efficiency
rate. Conc. rate' Conc. Permeability rate' Conc. (%) (H2/CO) (%)
(mL/min) (%)  (mL/min) (%) (GPU) (mL/min) (%)
546.3 300.1  89.8 57 2462 79.1 58.1 0.55 1.56 32
795.5 3054 924 60 490.1 80.4 41.7 0.38 2.15 49
0.2 1356.5 85 316.5 942 63 1040.0 822 259 0.23 2.87 61
2395.6 3386 972 70 2057.0  83.0 16.2 0.14 6.02 81
3320.9 3569  99.1 75 2964.0 83.3 12.5 0.11 20.6 94
1256 995.0 884 187 261.1 722 823 0.79 1.34 22
1531 1041.0  90.0 199 490.1 744 72.0 0.68 1.59 33
0.5 2068 85 1073.0 922 210 9948 772 56.3 0.52 2.09 48
3092 11283 9438 227 1963.3 794 40.7 0.36 3.24 66
4168 1149.3 964 235 30183  80.7 313 0.28 4.70 76
1899 1653.7  87.6 308 2450 672 89.8 0.87 1.25 18
2135 16503  89.1 312 485.1 712 81.0 0.77 1.44 27
1.0 2686 85 1692.7  91.0 327 993.7 748 67.4 0.63 1.78 40
3724 17523  93.1 347 19713  77.8 51.5 0.47 2.38 54
4708 1800.0 943 361 2908.0 79.2 42.4 0.38 2.90 62
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Fig. 6. Axial profiles of the permeate and retentate flow rates and Ho/CO concentrations within a hollow-fiber membrane
module for the (a) two-pass and (b) two-stage process configurations.
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Fig. 7. Flow rates and H,/CO concentrations of permeate and retentate for (a) two-pass and (b) two-stage process

configurations.
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