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Fig. ! Chemical structure of cellulose
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Fig. 2 Mechanism of cellulose dissolved by NMMO
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Fig. 3  Schematic diagram of gas humidification performance test
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Table 1
(CHFM) after being naturally dried

Dimension shnnkage of cellulose hollow fiber membrane

Out dimeter( od)  Inside dimeter{ id}  Length({}
Membrane
(nm}) (mm) {(mm)
As-spun 2.00 1.25 100
Dried naturally 0.95 0.59 as
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Fig. 4 SEM images of cross-section of the naturally dried CHFM
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Fig- 5 Influence of water temperature on the length
owelling degree{ LSD) of CHFM
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Table 2 Influence of water temperature on the swelling equilibrium of
dry CHFM

Equilibium Dry Wet CHFM Wet CHFM Wet CHFM Wet CHFM
parameters CHFM  (20C) (407C) (60°C) (80°C)
Time (min) 16 12 8 5
WWR (%) © 84.5 70.2 60.2 50.8
ISD{%) © 23.3 20.8 19.2 16.7
od (mm) 0.95 1.22 1.19 1.16 1.13
id (mm) 0.59 0.79 0.78 0.76 0.74
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Fig. 6 Influence of test temperature on the gas

permeation rates of CHFM
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Fig. 7 Influence of waler temperature on the water

permeation flux of CHFM
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Fig. 8 Influence of water-gas pressure difference on

water permeation flux of CHFM
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Fig. 9 Influence of gas flux on the humidifscation performance

of CHFM
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Fig. 10 Influence of gas flux on water piekup ability
after being humidified by CHFM
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GAS HUMIDIFICATION PERFORMANCE OF CELLULOSE
HOLLOW FIBER MEMBRANES

JIE Xingming, LIU Jianhui, CAO Yiming, YUAN Quan
{ Datian Instisute of Chemical Physies , Chinese Aeademy of Sciences, Dalian  116023)

Abstract With deionized water as bore fluid and tap water as external coagulant, cellulose hollow fiber membranes
(CHFM) were prepared from a dope composed of cellulose/ N-methylmorpholine- N-oxide (NMMO)/H, O using a
wet spinning process. The prepared CHFM showed dramatic dimension shrinkage after being naturally dried and the
resulted dry CHFM possessed a homogeneously dense structure that could ensure the water permeation stability
during the humidification process. The swelling performance of CHFM in water at different temperatures was tested
and it was proven that increasing temperature would inhibit cellulose swelling in water. Also its permeation rates in
“water-swollen” state for gases such as H, and O, were measured that could help 10 make sure only little gas leakage
would happen during the humidification process. Influence of water-gas pressure difference and water temperature on
the water permeation flux of CHFM was investigated. The results show that the water permeation flux of CHFM
increased with both the water-gas pressure difference and water temperature. With water-gas pressure difference at
0.2 MPa and water temperature at 80°C , its water permealion flux could reach as high as 0.63 L/( m’+h). The
preliminary experiments were carried out to test its humidification ability for reacting gases of proton exchange
membrane fuel cell (PEMFC). With the self-made humidification module, the relative humidity of gases could be
increased to over 9% under certain conditions. All these results show that the humidification ability of CHFM is
excellent, which means that it is suitable to be used in the humidification system for PEMFC.

Key words Proton exchange membrane fuel cell, Gas humidification, Cellulose hollow fiber membrane, Gas

penmeation, Swelling



