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ABSTRACT

ypothesis: Dehumidification of a gas stream was carried out by one of the

newest separation techniques. Different processes have been proposed for gas

humidification such as absorption process using an absorbent and adsorption
process with higher capital and operating costs than the former. The former process
is more common.
Methods: For humidification/dehumidification process two hollow fiber membrane
contactor modules were made using polyetherimide hollow fiber membranes. At
first, the dry inlet gas was humidified in the first contactor module and then, the
dehumidification process was performed by the second module. In dehumidification
process, monoethylene glycol (as the absorbent) was allowed to flow through the
shell side of the contactor while the wet gas flowed through the fibers. The different
Keywords: operating parameters such as the pressure and flow rate of the wet gas were studied in
relation to the performance of dehumidification system.
Findings: The results showed that by increasing the wet gas flow rate from 1 SLPM
(standard liter per minute) to 3 SLPM, the water vapor absorption flux increased by
133%, indicating that the effect of decrease in gas phase mass transfer resistance
in dehumidification process overcomes the effect of reduction in humidity content
of the inlet gas to the dehumidification system. Furthermore, by increasing the gas
pressure from 1 bar to 5 bar, the water vapor absorption flux decreased by 55% which
showed that drop in humidity content of the inlet gas to dehumidification system (due
to the pressure enhancement) affects the water vapor absorption process. Therefore,
the operating conditions of the dehumidification process should be selected based on
the effective parameters.
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Fig. 2. The cross flow regime [7].
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Fig. 1. The countercurrent flow regime [7].
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Table 1. The physical properties of some humidity absorbents [8].

TN cosb, Ol glad e 2 (SOd ool ) Jsdr

Boiling point at Freezing point Vapor pressure at 20°C Viscosity at
Absorbent
760 mmHg (°C) (°C) (mmHg) 20°C (cP)
MEG 197.2 -13 0.1 20.9
DEG 244.8 -10.5 0.01 35.7
TEG 287.4 -7.2 0.01 47.8
LiCl (40%) 133 -3 33 12.87
CaCl, (40%) 120 16 6.8 8.5
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Fig. 3. The schematic of hollow fiber membrane spinning
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system [18].
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Table 2. The characteristics of polyetherimide hollow fiber membrane.

No. of fiber in the Fiber inner Fiber outer
Fiber length (mm) | Mean pore size (nm) | Porosity (%)
module diameter (mm) diameter (mm)
21 180 7.1 84.9 0.405 0.715
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Fig. 7. Effect of inlet gas flow rate on the water absorption flux at different gas pressures.
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Fig. 8. Effect of inlet gas flow rate on the reduction of relative humidity at different gas pressures.
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Fig. 9. Effect of inlet gas pressure to humidification module on the water absorption flux at different gas flow rates.
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Fig. 10. Effect of inlet gas pressure to humidification module on the reduction of relative humidity at different gas flow rates.
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Table 3. The comparison of the results of this study with other researchers results in gas humidification process by membrane contactor.

Absorption flux .

(mole/mmin) Operating parameter Absorbent Membrane structure Ref.
0.015-0.025 Increasing gas humidity LiCl Porous PVDEF- hollow fiber Zhang et al. [3]
0.027 - 0.034 Increasing absorbent flow rate LiCl Porous PVDF-hollow fiber Zhang et al. [6]
0.03 - 0.043 Increasing gas flow rate LiCl PVDF-hollow fiber Zhang [7]
0.015-0.021 Increasing gas flow rate Saturated LiCl PP-hollow fiber Chiari et al. [11]

0.01 - 0.06 Pressure difference LiCl PEI-hollow fiber Peinemann et al. [12]

0.012-0.038 Increasing gas flow rate TEG PDMS-spiral wound Usachov et al. [13]
0.06 - 0.095 Increasing gas flow rate MEG PEI-hollow fiber This research

(b)

o)l 25 (0) 5 whaie mhaw (@) 1wl SI L J= 5 SUI slis 51 SEM S, )Y IS
Fig. 11. The SEM micrographs of polyetherimide hollow fiber membrane: (a) cross section and (b) wall.
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