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Abstract: Amorphous ceramic membranes have been developed for gas phase separation and liquid phase separation
(water treatment, wastewater treatment and separation of organic solvent or compounds) because of their thermal stability
and solvent resistance. In this paper, ceramic membranes were categorized by membrane pore size and materials, and sum-
marized for hydrogen separation, carbon dioxide separation, membrane reactor, pervaporation and water treatment with mem-
brane structure and properties.
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Fig. 1. Relationship between pore size and permeation
mechanism.
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Fig. 2. Flow of molecules in a porous membrane.
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Table 1. Separation Factors by Knudsen Diffusion and Molecular Size

Separation factor, (A/B)" [-]

b
Molecular size

A B H, CO, N, CH, CsHs [nm]
H, - 4.69 3.74 2.83 4.69 0.26
CO; 021 - 0.80 0.60 1.00 033
N» 027 1.25 - 0.76 125 0.36
CH, 035 1.66 1.32 - 1.66 0.38
CsH;s 021 1.00 0.80 0.60 - 043

a. Separation factor by Knudsen diffusion, (A/B):[(]\/fw.)B/(Mw.)A]”2 in where Mw. is molecular weight.

b. Molecular size based on Lennard-Jones potential (Breck, 1974).
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Fig. 3. Architecture of an asymmetric composite mem-
brane.
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Table 2. Reaction Models for Membrane Reactor

Dehydrogenation | CoHoniz = CoHon + Ha
reaction
Cyclohexane — Benzene + H»
Hydrogen CH; + CO, — 2CO + 2H;
production
CH:0H — CO + 2H, (PEMFC)
nH,S — nH, + S,
Dehydration CO, + nH, = ROH + H,O (200~400°C)
CO, + 4H, — CHy + 2H,O (300~450°C)
ROH — C,H, + H,O (200~400°C)
Reactant CH; + 120, = CO, + 2H,
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Table 3. Some Reported Pervaporation Performance for Dehydration of Aqueous Alcohol Solutions by Inorganic Membranes

Water (A)/alcohol (B)

Temp.

Water flux, Q

Membrane (HO wt.%) °C] a = A/B [ke - m? - h']] Ref.
Si0,-Z10, H,O/TPA (10) 75 2,500 5.76 [67]
Si0,-Zr0, H,O/IPA (10) 75 > 10,000 2.16 [67]
SiO, H>O/EtOH (6) 70 10-500 0.3~0.8 [68]
Co-Si0, (M-350) H>O/EtOH (5.7) 70 65 1.2 [69]
Co-Si0; (M-450) H,O/EtOH (5.8) 70 346 0.788 [69]
Co-Si0; (M-550) H>O/EtOH (5.9) 70 1675 0.753 [69]
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