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Hydrogen: A National Initiative

“Tonight I'm proposing $1.2 billion in research funding so
Ilm America can Ioad the world in developing clean,
gen-p bil With a new national
our scientists and engi will
obstacles to taking these cars from laberatory to
showroom, so that the first car driven by a child born
today could be p d by hydrogen, and pollution-free.”
President Bush, State-of the-Union Address,
January 28, 2003
“America is addicted to oil, which is often imported from
unstable parts of the world,"
“The best way to break this addiction is through
technology..”
“,.better batteries for hybrid and electric cars, and in
pollution-free cars that run on hydrogen’
President Bush, State-of the-Union Address.
January 31, 2008
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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

Metal or Ceramic with pore size
from 1-20 n
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Molecule Kinetic sieving diameter (nm)
He 0.260
H, 0.289
NO 0.317
Cco, 0.330
Ar 0.340
o, 0.346
N, 0.364
(00] 0.376
CH, 0.380

3. %2 BFol o149 5 Yt THEH e &

2

et A7) gk 2] 54 A7) e vt 22 2710] nkEE ofof gk, £ 1) Wbl o3k

£33 &% S, i) 23 (defect or pin hole) ©] §l+ FA 2] 8%, il U X, iv) 53 Aol A9 ¢l

 AAA, v) W74 343H] A o] 87T o3 271S s A FAlOl EE5Y] 71A1A B B

5}7] vJUH E]’“” Z] A (Dorous support) °ﬂ t'ﬂ“j#:a: i‘%‘?‘f}@] 5313} sl Ao] YnkA 015} °l”ﬂ A DLTJr Al X]
o

2] 2] A 9k %ﬂ i‘%]‘j—'.'% A% M“ﬂoﬂﬁ £°‘i} Al 1—t— Sl i o

3.1 X|=22to|Enf-

AlEetel B &4 7570l oF 0.3~ 1mel #3718 725 2 Al-Si-0 249} Aol Alsee| Ex
7VA A A7)0 7182 7] Wil QAR 7 IAE A o2 SRR webA AlE e B vl wee A
of| Zg-5] o)A giek. AAHA] 7 o] P AL 9lE AlEeto| B 719 ZSM-5 E= Silicaliteo] ™, L Hlel

P2l A, fereie S 1, £ A= $/1°8) $85 2210 2 g 2ol S 17
W S A S8, ) A B gl E AT RAY B8 AR S 2 AR wef Ak
A2 29 AEATE R Bl 9 4 BUAAL 1o AT J4 AT AZAT
A WA gl

Aot dubA o 2 yga} whof] w]sl 7Y ATE A= 5 o, A T2 2715
< 7Pk Rk o} S A 72 AlERto| B ol Ak Si/AL W&} o] &agke] wiet A

82 7|7 =& /2007 - 12



FEAO] G2 % 9, Alelo|= vl Suf SHAL £YY 4 9k 5 ol Iz g
Shef. Al&elo| £ AlgTat | AQAARE 3 A90ef o]27] 74 Tl A
2| £ A5 ALl E 2] e ASeelE 9| A W] GAZ ol 4]
£9) W0 2 EAof Al Leto|E who 24 249 4 ek ALeo)E e e A

7
Aol ot Alete] glo} ef2lsrel glowm] A= whuke] FA % vl 579 Fahgo] @

32 eiafaye
Alg|7} ek Ate)/4EH, £, CVDH ¥ F7] 384k G2 Az =9, microporeE 7H AE
A S ke dRruet Akl 917164 715 Al
st B B Bt 3 o o D P = s s i s e IR B B o
NE7ks 1 7 2E Al S Al 20E 2AToRA Ao 715l wiitel] 7)A e Rte = A gt
./]:ZHO]E]-. %l‘i'}ziﬁi?— nlo| 28 7154 AlR)7} ek oA A AA el ook Wl e ® ”"47}“ = ZHYAA
7IAA ZreE Alggie. 274 el glojA Alg)r) ek wia g 7]
T % ”]"} FHo| ‘3}0]5’- If—”ﬂi TR - EFuU S5 TR dojzl E3F A A A & L°ﬂ =2
A7t 5 TR RA AxE o] Aok 29 A7} 52 2- v 400~800Col|4 shasw ofu Al2)7}
7 =9 ‘1‘7/1]b ok 50~100nme]t}. A7} &2 TMOS, TEOS 5 4=A]Al9 el (alkoxysilanes) & S22 A

92l (chlorosilane) 2. 2 H-€] A==t}

10

H 3. CHst 3Fof ofsl M EE Me|7t HEg|olo| a4 MEHY H|W"?"
Type of H2 permeance - Hydrothermal
membrane (X10®molm™?s'Pa™") Sl stability SIS
CVD TEOS 08998 Y1000 HN, | [ mostureno Yan et al,
degradation
CVD TEOS 2 10 — 230 Hy/N, Hwang et al.
H./N, dropped to
1250 H,/N 2 )
CVD TEOS 5 LN, 900 after 15 h Nomura et al
CVD SiO, 0.34-2 12—72 Ho/N, Flux 60% lower Wu et al.
Colloidal silica 130 70 H,/CO, Naito et al.
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e e emulsification Osmonics
. — . Air products, Praxair,
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714 2e : ) o Dutch Energy Center,
nitrogen/oxygen enrichment, removal of carbon dioxide L
Teijin Limited
_ removal of precipi radionucli r .
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processing, dewatering of hazardous wastes
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decomposition reaction, dehydrogenation, hydrogenation, i )
=nUoF HLo , . . . Chemicals, Praxair,
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combustion
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(hydrogenation), =43} (dehydrogenation), =43} — 4k} (oxidation) ¥Hg-ol 5-8-3F3ich 19900 o] 3-oj
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CO/Nz #28] 2} 2] A 2837} 27] Aol Hoje¢la, 1990 deell =] 7714 2] &4 A=
A et oA COo/N: £2]4 Alehd 22kl thgh 7|2 A5 383k A o] di-telch 200010l A oj5H
A 3 71A 2] 24 7] FaA o] AlAE ] Her|e o] 57 A ATAL W 21C ZEE] o] A7 AR
o] Y4gko 7 e yA7ledTY, A, d=rststd T4, A )e AT SollA Pervskite Ao &
£31 O #2)1} Al 2o E AAE 243 COp 222 ) 22t vh2-7] (catalytic membrane reactor) ¢l th&k
AP AFH o R F= 3 ek 53], FHEEusE AL 20004 0]F 122 18] A4 7] digh d77) £
2 A AfEak ofu 2}t 25 W A AEISL 7] Aete] 7| A Q] AF-7F A= 1 ek Aotk
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Q3 NGKAF A= Alhe] o2 22 4)2] THel 24 Pd 8-S wlulkslsl wlu gl De|E Aoksle] 1&
& a7t A QAL BB el £a)7)2 b gAketa ot} =3k MRT Technology Aol Al #ln #|o] w72
olg-3te] WlEl R ] 99.99%2) S AT 4 g ST AL Alalshedek
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Bulletin of the ceramic society of Japan, vol.41 No.11, 2006

49 (25

M=

Shin—ichi Nakao (The University of Tokyo)

Progresses in Ceramic Membranes for Hydrogen Gas
Generation Hygrogen Production Technologies Using
Ceramic Membranes

Mikihiro Nomura
(Shibaura Institute of Technology)
Shin—ichi Nakao (The University of Tokyo)

Development of Hydrogen Permselective Silica
Membranes prepared by a Counter Diffusion
Chemical Vapor Deposition Method

Masahi Asaeda (Hiroshima University)
Toshinori Tsuru (Hiroshima University)

Development of Metal—doped Silica Membranes for
Hydrogen Separation and Application to Membrane
Reactor

Yuiji Iwamoto (Japan Fine Ceramics Center)

Novel Ceramic—based Nanocomposite Membranes for
High—temperature Separation of Hydrogen

Yumi H. lkuhara (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),
Hiromitsu Takaba (Tohoku University)

Development of a Support Technology for Design of
Membrane Module in Hydrogen Separation

Nobuhiko Mori (NGK Insulators, Ltd.),
Osamu Sakai (NGK Insulators, Ltd.),
Naoyuki Ogawa (NGK Insulators, Ltd.)

Efficient Hydrogen Production System Using Highly
Hydrogen—permeable Membrane

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

Oxygen Separation from Compressed Air Using Mixed
Conducting Perovskite Oxides

Koiji 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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Manufacturer Trade Name Material Pore Geometry
USF/SCT MEMBRALOX® Zr02/Al20s3 20~100nm Monolith
Al203/Al203 5nm~12em
CERAFLO® AlOs/Al203 0.2~1.0em Monolith
TECH-SEF CARBOSEF® 2r02/C 10~300kD Tube
TiO2/C 0.14um
KERASEP®) TiO2/AI203+TiO2 0.1~0.454m Tube
TiO2/AI203+TiO2 15~300kD Monolith
Le Carbone C/C 0.1~1.4um Tube
Lorraine CERASIV
Al203/AlOs 0.1~1.2um Tube/Mon.
Al203/Al20s3 5~100nm
+Ti02/ZrO2/Al0s3
NGK Al203/Al203+Si02 0.2~0.5¢m Tube/Mon.
Whatman ANOPORE®) AlQOs 20nm~0.2¢ m Disk
Gaston Country UCARSEP® 2r02/C 4nm Tube
Du Pont/Carre Zr(OH)4/SS 0.2~0.5¢m Tube
TDK DYNACERAM® Zr02/AlOs3 ~10nm Tube
Alz03/Al203 50 nm
ATECH SiC/SiC 0.05~1.0um Tube/Mon.
AlO3
Asahi Glass Glass 0.1~1.4um Tube
Fuji Glass Glass 4~90nm Tube
Glass 0.25~1.2um
Fairey SRRAT-PORE® Ceramics/ceramics | 1~10¢m Tube/plate
MICEROFILTREX® | SS 0.2~1£m Tube/plate
Osmonics HYTREX® Ag/none 0.2~5em Tube/plate
CERATREX® Ceramics/ceramics | 0.1 m
Ceramen Ceramics/ceramics | 0.05~0.5¢m Honeycomb
Trideltafiltration AlOs/Al203 0.1~7em Tube/mon.
Hoogovens Al203/AlOs 01~Tgm Tube
Steenecker Al203 0.4¢em Tube
NOK Al203/Al203 0.2~61m Tube
TOTO Al203/Al20s3 0.1~0.2uem Tube
Zr02/Al20s 5~30nm Monolith
Carre Z2r02/SS Tube
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Number of Patents
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Year
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