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Critical Membrane Layer

Separative layer, typically metal
oxide including silica, alumina, etc.

Primary Layer

Needed to bridge between support
and separative layer.

Porous Support

3| Fors 5iz9: 0.0050.5 ym
Thickness. 1-20 um

Metal or Ceramic with pore size
from 1-20

1
0
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Table 3. Ciet SHO| ofsh XIZE Alzf5t d=zyolo] 4~

2 MENAS HLLL1927)

m?,ﬁgr:;e <x?§%ﬁm§’§f§a—u Selecivy Hydrothermal stabilty Reference
CVD TEOS 08998 >1000 Hy/N, 7% moisture no degradation Yan et al.
CVD TEOS 2 10230 HyN, Hwang et al.
CVD TEOS 5 1250 HyN, Hy/N, dropped to 800 after 15 h Nomura et al.
CVD Si0, 0342 1272 HyN, Flux 60% lower Wu et al.
Colloidal silica 130 70 Hy/CO, Naito et al.
Sol-gel TEOS 200 40-200 Hy/CH4 de Vos and Verweij
Sol-gel TEOS 10 1265 Hy/CH, Kusakabe et al.
Sol-gel 100 15 /N, Collins et al.
Sol-gel (two-step) 2 24 Hy/CO Stable over 200 h Duke et al.
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Table 4. M22] E2|2to| SBHS| U 2R x| ©

& 0f S U - oERtel
AL S8 clarification, stenhzatlon concentration, membrane emulsification Nonon Cemver Osmonics
74 59 hydrogen separation, coal gasification, flue gas separation, nitrogen/oxygen Air products, Praxair, Dutch Energy Center,
= enrichment, removal of carbon dioxide Teijin Limited
a7 removal of precipitated radionuclides, waste water processing, dewatering Ceram Fillre, Notton
of hazardous wastes
AEF-8A ok concentration, purification, separation/removal SPEC, NGK insulator, Osmonics
Ar3}st waste-oil hydrogenation process, catalytical dehydrogenation, coal gasification Du Pont, Alcoa, SPECBP, Litton Life support
=44 removal of impurities, separation of oils from o/w emulsions Coming Glass
. o decomposition reaction, dehydrogenation, hydrogenation, dehydration, synthetic gas . .
e e production by POX Ieactiori combustion e ” Chemicals, Praxair, Ceramioe

Table 5. ZiZ2| Al2ie] S2[2k2 0j25t $AHIE iy Z=ME 5iaf”

= 7} AFo ™ ISR o HWEA
DOE Hydrogen program Az WBgoS ol4dt YEE FAAR AX A SiCer xMxOM BaCel M54
o= y Aleke] JEel {71 o8 F A7, WIS P4 4 /g

POE Vision 21 Erergy Plan £4% 322 A4, 584 RS A

<2 NEDO SiM-O
S R&D Project on Highly Efficient IEE I A ZrM-O
* | Ceramic membranes for high Temp. | 2|2 A2 SiC
Separation of Hy SiBCN
Table 6. N2felsts| Bulletine] =4 22|19t £53: Bulletin of the Ceramic Society of Japan, vol.41 No.11 2006
M (48 H =

Shin-ichi Nakao (The University of Tokyo) Using Ceramic Mermbranes

Progresses in Ceramic Membranes for Hydrogen Gas Generation Hygrogen Production Technologies

Mikihiro Nomura (Shibaura Institute of Technology) | Development of Hydrogen Permselective Silica Membranes prepared by a Counter Diffusion

Shin-ichi Nakao (The University of Tokyo) Chemical Vapor Deposition Method

Masahi Asaeda (Hiroshima University) Development of Metal-doped Silica Membranes for Hydrogen Separation and Application to
Toshinori Tsuru (Hiroshima University) Membrane Reactor

Yuji Iwamoto (Japan Fine Ceramics Center) Novel Ceramic-based Nanocomposite Membranes for High-temperature Separation of Hydrogen

Yumi H. Ikuhara (Japan Fine Ceramics Center)
Hiroshi Mori (Japan Fine Ceramics Center)

Evaluation of Hydrogen Affinity of Hydrogen Separation Membrane Materials at High Temperature

Ryuji Kojima (NOK Corp.) Development of Capillary Type Module for High Temperature Hydrogen Separation

Yasushi Yoshino (Noritake Co., Limited) Development of Tubular Silica Membrane Module for Hydrogen Separation at High Temperature

Takurou Nishimura (The University of Tokyo),

Kimito Funatsu (The University of Tokyo), Development of a Support Technology for Design of Membrane Module in Hydrogen Separation

Hiromitsu Takaba (Tohoku University)

Nobuhiko Mori (NGK Insulators, Ltd.),

Osamu Sakai (NGK Insulators, 1td), Efficient Hydrogen Production System Using Highly Hydrogen-permeable Membrane

Naoyuki Ogawa (NGK Insulators, Ltd.)

Wataru Ito (Nippon Steel Corp),
Toru Nagai (Nippon Steel Corp.)

Oxygen Separation from Compressed Air Using Mixed Conducting Perovskite Oxides

Koji Saito (Nippon Steel Corp.) Structural Analysis Of Various Inorganic Oxides Materials Using Recent Solid State NMR Techniques

Hitoshi Takamura (Tohoku University) Hygrogen Produstion from Methane by Using Ceria-based Oxygen Permeable Ceramics
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TDK DYNACERAM® Zi0y/ALO; ~10nm Tube o ERel) =4 P Eie R i
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MICEROFILTREX® | SS 02~lgm | Tube/plate 99.99%° w4g BT T Uz wWhed
Osmonics HYTREX® Ag/none 02~5¢4m Tube/plate X(—)L% )b]-ﬁ 3kstsich
CERATREX® Ceramicsiceramics | 0.1gm L
Ceramen Ceramics/ceramics | 005~054m | Honeycomb AE o] A ebe 3] ol A Y7HE = 2006
Trdeltafiltration ALOJALO; 0.1~7pm . Tubefmon. A 1193 “Bulletin of the Ceramic Society
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Steenecker ALO; 04sm Tube of Japan” Ade] ERTEM 4 Eajut
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