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Table 1. Commercial Porous Ceramic Membranes [ 5]
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Company Memb:;r:ziitllpport Pore size Configuration*
Alcan/Anotec Alumina/alumina 0.02~0.24m D
Alcoa Alumina/alumina 40 A —5um I MT

Zirconia/alumina 500—1000A
Asahi Glass Glass 40A—10m D, T
Bolt Technical Alumina 1—40/m T
Ceramics Silicon carbide
CARRE/DuPont Zirconia/ss,carbon 40A —0.1m T
Ceram Filtre Silicon carbide 0.15—8um .M
CeraMem Alumina/cordierit 0.1—-0.2/m M
Zirconia/alumina/cordierite] 200—300 A
Coors Ceramic 0.5-108,m
Corning Glass 40A T
Cordierite, mullite 2.6—4.9pm M
Dupont Alumina, mullite, l 0.06—1.0pm T
silica, cordierite 1
Fuji Filters Glass  40A-1.2sm T
GFT Carbon 40A~1.04m | T
Mott SS, Ni, Ag, et al 0.5—100pm ' D.TR
NGK Alumina/alumina 0.2—13um . T M
Silicon carbide/SiC |
Norton/Millipore Alumina/alumina 0.2—1.0m P T
Osmonics Silver 0.2—5¢m D
Ceramic 0.3—25pm I DT
Poretics Silver 0.2—5zm D
Ceramic( Al, Si) 0.3—25um D
Schott Glass Glass : 100A —0.1m . T
SepTech/PPG Glass | 60—-300A F
SFEC Zirconia/carbon 1 40A—0.1mm T
TDK Zirconia/alumina i 100A T
Toyobo Glass 1 200A T
Union Carbide Zirconia/carbon © 30A T

* D—disk, T-tube, M-monolith, R-rod, F-hollow fiber.
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Industry/Field

Use

Food and beverages

Biotechnology/
Pharmaceutical

Clarifies and sterilizes fruit juices and vinegar, concentrates and homogenizes milk
and eggs ; separates constituents in whey ; removes phenols, tannins, colors, and
heat-unstable proteins for wme membrane emulsmcatlon

Concentrates vaccines and en7ymes punfles amino ac1ds vitamins and orgamc
acid ; removes wiruses from culture broths

Gas Separation
operations

Removes hydrogen from refinery stream, and carbon dioxide and hydrogen sulfide
from natural gas; nitrogen/oxygen enrichment;

methane recovery in mining

Environmental control

Petrochemical

Removes precipitated radionuclides ‘and metal oxides, wastwater processing and
dewatering of hazardous wastes, recyclmg of machmmg coolants, degrades PCBs

Waste—oil hydrogenatlon process (Regelube) catalytical dehydrogenation of large
molecules at low temperature and pressures ; coal gasification

Metal refining

Electronic

Removes impurities and undesirable metal oxides for molten aluminum, magnesium,
and superalloys ; removes oils in o/w emulsions

Purification for water, acids, solvents, and organic compounds

Catalytic membrane reactor|

Hydrocarbon oxidation ; hydrogenation ; hydrogen production

Photocatalytic membrane
reactor

THM and TCE

Oxidation of carbon monoxides, cyanide, sulfite ; decarboxylation, dehalogenations of
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Table 3. Who is Doing What Ceramic Membranes [4]

Company Product
Norton T CERAFLO
Coring Glass | Cordierite-mullie CELIEX
N | fiter
V_Ceravefr_ o 2 Hollow ~alumina honeycomb
SPEC o Hollow carbon—z1rcoma

Alumma

* NGK Insulators

—Hollow system

industries

Multichannel system

Apphcat:on

" Food and | beverages, envrronmental and ir mdustnal o

Remo;é; slags' and dross from melted iron, oxides
from molten aluminum and magnesium

Food and beverag&, blotechnology

Food and beverag& blotechnology, petrochemrcal
processing
Bacteria removal
filtration
Recovery of hydrogen from crude oil refinery and
petrocherrucal~process SS gases

Petrochermcal pharmaceutrcal

in brewenes gas

and fluid

~and biotechnology

Food processing, biotechnology .
High~temperature gas separation of hydrogen from
methane, carbon dioxide from natural gas, and

pollutants from hot flue gases

Removal of hydrogen sulfide from coal gas for clean
gas combution in a turbine
Purification for  water and Jorggniro;;afsfe‘ﬁta‘
treatment, food and beverage processing

Table 4. Total World Ceramic Membrane Market

others Tatal
(Million § }| ( Million $ )

: 32
(1800)*

| 432
32 | (4000)*

* Total market including polymeric membranes
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Table 5. Materials for the Manufacture of
Ceramic Membranes

‘Component ~ Materials
' ' a-ALO,  Silica glass, Mullite,
Support Cordierite, Clay, Stainless steel,
Ni, Si;:N,, SiC
T TCALD, SiOw Zr0, TiO., ZnO,
Membrane | Fe.Os, RuQ, Mullite, Cordierite,
Layer Silica glass, Aluminosilicate,
Zeolite, Si;N,, SiC
Dopping MgO ZrQ,, Ca0, V.0, NiO,
i Co0, La:0y, Ag
Sealing PbO-B.Os glass SlOz"Ban‘KzO

glass, CuAlQ,, Ag—Cu system
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Table 6. Preparation Techniques of Porous Ceramic Composite Membranes

Technique " Approximate average B Application =~ o
pore size
Extrusion 0.1~10pm Support, MF
Slip—casting 0.1~ lwm Support, MF
Tape—casting 0.1 ~10gm Support, MF
Dynamic deposition 40~1000 A UF, RO
Anodic oxidation 10~200nm MF, UF
Pyrolysis 4~1000nm MF, UF
Phase separation and leaching 10~1000 A UF, GS, RO
Sol—gel coating 10~1000 A UF, GS, RO
‘Thin film vapor Reduction of pore Modification of pore size
deposition size and charateristics
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Fig. 1. SEM photegraphs of membrane prepared by the sol-gel dip coating : (a)support surface, (b)
membrane surface, and (¢} membrane fracture surface [7]
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Fig. 2. SEM photographs of membrane prepared by the pressurized sol-gel coating : (a) membrane
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