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1. Mitchell 6. Solution casting

2. Sintering

3. Stretching

4. Track etching

5. Phase separation
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9. Poly ether ether ketone

10. Poly imide
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3. Poly(dimethylsiloxane)

4. Cu-4,4-bipyridine-bexafluorosilicate

5. Diblock copolymer

Farayandno



f- c)wﬂ\qw)&slpfwk‘saamuu@s

10000

|
# Permselectivity
H2/N2
1000

Polymer & MMMs

100 +—pp——

10

1 100

Permeability (Barrer)

03939 Gilw (A jo s, )5 & salie liso glgil gl HL/N, povuw 50 Trade-Off oo ¥ JSCi

S pioball codlbgu Sy yue glalie andl oo F
aS adlosls lis 095 3l laep,Se e Jlie o 1) (gogusls
sllic o Slae el 00 c)L’Z;‘ Le‘j O el C‘«’L;"’ 5
Ol Sl sy Sl o g (2090 B Sl oo (5 eudy
b gl osas Colae (6 peuds slalic aSLT s el 009
1 58 Pl @bt 5 (Sl ol (Sl plSo]
G0 a8 3l yig 00 (gilulas plalie fplo Sloe aiJl
500l il slalie il o pogllas )8 anST g0 wile
Sloass JuSis JT e g JT 5 90 51 a5 o Lalisee are;
8 sls pl Jold o> gosgazme jo 1 (60,Slee Ll

il oo odmlive BB S o as wslass )3

www.ifp.com
http://www.engineeringtoolbox.com
www.energyindependencenow.org

Bl e

el 00l VS o lalie glgl 6l wH/N,
SrhRlil gl oo oualie TUSL 5l a5 ol e
Sl 00l 9o (s0500YL glalie (YL 25 9. 5 g0l
AL plody s s Shoe 5l 5 5Vb elans o lalae 1l
s Job g (SonSlslalic nl (VL s e Lol i oS
slolic 05,5 o o (oS 5l mile cegoVl slalis olseS
i silwlaz ald o1y osllae o Slee 15 S
S8 o balae ol (oYL L gais jo Lol dlosls Lis 595 5l
JraS bl lalae ) pun 0 a5 MU 5 (Souss
Srdpgs Szl Qlzes w)ls S92y Sl sojll
o b cllogu (S pune S5 lalie I (g0

ol b (35,58 4 S OF b 6y Sl Lol cosg

&b

G.Q. Lu, J.C. Diniz da Costa, M. Dukec, S. Giessler, R. Socolowe, R.H. Williams e, T. Kreutze. Inorganic membranes

Farayandno



" °) ) (e s seler saasdilad

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

for hydrogen production and purification: A critical review and perspective. Journal of Colloid and Interface Science
314, 2007, pp.589—603.

Lu Shaoa, Bee Ting Lowa, Tai-Shung Chunga, Alan R. Greenbergc. Polymeric membranes for the hydrogen economy:
Contemporary approaches and prospects for the future. Journal of Membrane Science 327, 2009, pp.18-31.

N.K. Acharya, Vaibhav Kulshresth, Kamlendra Awasthia, A.K. Jaina, M. Singha,Y.K. Vijaya. Hydrogen separation in
doped and blend polymer membranes. International Journal of Hydrogen Energy 33, 2008, pp.327 — 331.
Tzu-Hsiang Weng, Hui-Hsin Tsengb, Ming-Yen Weya. Preparation and characterization of PPSU/PBNPI blend
membrane for hydrogen separation. International Journal of Hydrogen Energy 33, 2008, pp.4178-4182.

A. Brunettia, S. Simoneb, F. Scuraa, G. Barbieria, A. Figoli, E. Drioli. Hydrogen mixture separation with PEEK-WC
asymmetric membranes. Separation and Purification Technology 69, 2009, pp.195-204.

Lu Shao, Cher-Hon Lau, Tai-Shung Chung. A novel strategy for surface modification of polyimide membranes by
vapor-phase ethylenediamine (EDA) for hydrogen purification. International Journal of Hydrogen Energy 34, 2009,
pp-8716-8722.

Shin-Kun Ryia,b, Jong-Soo Parkb, Sung-Hyun Kima, Sung-Chang Honge, Dong-Won Kim. Development of porous
nickel membrane made by uniaxial pressing for hydrogen separation. Elsevier Science Publisher.Desalination 200,
2006, pp.213-215.

V. Gepert, M. Kilgus, T. Schiestel, H. Brunner,G. Eigenberger, andC.Merten. Ceramic Supported Capillary Pd
Membranes for Hydrogen Separation: Potential and Present Limitations, Fuel Cells. ReceivedMay 10, 2006; accepted
October 2.

MEMS (Micro — Electro — Mechanical Systems) and Nanotechnology Cleaning House, MEMS thin film deposition
processes. htpp://www.memsnet.org/

Shin-Kun Ryia, Jong-Soo Parka, Sung-Hyun Kimb, Dong-Won Kimc, Kyu-Il Choc. Formation of a defect-free
Pd—Cu—Ni ternary alloy membrane on a polished porous nickel support (PNS). Journal of Membrane Science 318,
2008, pp.346-354.

Mostafa Zahedi, Boshra Afra, Mostafa Dehghani-Mobarake, Majid Bahmani, Preparation of a Pd membrane on a
WO3 modified Porous Stainless Steel for hydrogen separation, Journal of Membrane Science 333, 2009, pp.45-49.
Suraj Gopala krishnan, Jodo C. Diniz da Costa. Hydrogen gas mixture separation by CVD silica
membrane. Journal of Membrane Science 323, 2008, pp.144-147.

N. Agoudjila, S. Kermadia, A. Larbotb. Synthesis of inorganic membrane by sol—gel process. Desalination 223, 2008,
pp.417-424.

M. Nomura, H. Aida, S. Gopalakrishnan, T. Sugawara, S. Nakao, S. Yamazaki, T. Inada, Y. Iwamoto, Steam stability
of a silica membrane prepared by counter-diffusion chemical vapor deposition, Desalination 193, 2006, pp.1-7.

D. Lee, L. Zhang, S.T. Oyamaa,, S. Niuc, R.F. Saraf. Synthesis, characterization, and gas permeation properties of
a hydrogen permeable silica membrane supported on porous alumina. Journal of Membrane Science 231, 2004,
pp-117-126.

Suraj Gopala krishnan, Yasushi Yoshino, Mikihiro Nomuraa, Balagopal N. Nair, Shin-Ichi Nakaoa. A hybrid
processing method for high performance hydrogen-selective silica membranes. Journal of Membrane Science 297,
2007, pp.5-9.

Yudai Ohtaa, Kazuki Akamatsua, Takashi Sugawaraa, Aiko Nakaob, Akira Miyoshia, Shin-Ichi Nakaoa. Development
of pore size-controlled silica membranes for gas separation by chemical vapor deposition. Journal of Membrane
Science 315, 2008, pp.93-99.

Yunfeng Gul, Pelin Hacarlioglu, S. Ted Oyama. Hydrothermally stable silica—alumina composite membranes for
hydrogen separation. Journal of Membrane Science 310, 2008, pp.28-37.

Jong-Ho Moona, Ji-Han Baea, Youn-Sang Baea, Jong-Tae Chunga,b, Chang-Ha Lee Hydrogen separation from
reforming gas using organic templating silica/alumina composite membrane. Journal of Membrane Science 318,
2008, pp.45-55.

Doohwan Lee, S. Ted Oyama. Gas permeation characteristics of a hydrogen supported silica membrane. Journal
of Membrane Science 210, 2002, pp.291-306.

Farayandno




T oo A s g i o e s L e —

24. Yasushi Yoshino, Takehiro Suzuki, Balagopal N. Nair, Hisatomi Taguchi, Naotsugu Itoh. Development of tubular
substrates, silica based membranes and membrane modules for hydrogen separation at high temperature. Journal of
Membrane Science 267, 2005, pp.8—17.

25. M. Pakizeh, M.R. Omidkhah, A. Zarringhalam, Synthesis and characterization of new silica membranes using
template—sol—gel technology, International Journal of Hydrogen Energy 32, 2007, pp.1825-1836.

26. Xiaochun Xu, Yun Bao, Chunshan Song, Weishen Yang, Jie Liu, Liwu Lin. Microwave-assisted hydrothermal
synthesis of hydroxy-sodalite zeolite membrane. Microporous and Mesoporous Materials 75, 2004, pp.173—18]1.

Ol ol w i s ozl AYAY ole o ¢ conds i o 0,505 o )l
28. [28] Zhenkun Zheng & Vadim V. Guliants &£ Scott Misture. Sodalites as ultramicroporous frameworks for hydrogen

separation at elevated temperatures: thermal stability, template removal, and hydrogen accessibility. J Porous Mater
16, 2009, pp.343-347.
(5l by o] J 55 31 o8aal b illoges el L oL 15 (59 et i RIS s gmehh g o sl 51 e o Lasls ol sama Y4
Ol eI« e Sy oSl AYAY olo s gl (g )5lid 5 pole sy (sla ol )15 5 tolo (el " (5 520gil ubiiie o ]

30. Sheida Khajavi, Freek Kapteijn, Jacobus C. Jansen. Synthesis of thin defect-free hydroxy sodalite membranes: New
candidate for activated water permeation. Journal of Membrane Science 299, 2007, pp.63—72.

31. Anelia van Niekerk, Jaco Zaha, Jaco C. Breytenbach, Henning M. Krieg. Direct crystallisation of a hydroxy sodalite
membrane without seeding using a conventional oven. Journal of Membrane Science 300, 2007, pp.156—164.

32. Sung-Reol Lee, You-Hwan Son, Anne Julbe, Jin-Ho Choy. Vacuum seeding and secondary growth route to sodalite
membrane. Thin Solid Films 495, 2006, pp.92 — 96.

33. A. Julbe, J. Motuzas, F. Cazevielle, G. Volle, C. Guizard. Synthesis of sodalite/a-Al203 composite membranes by
microwave heating. Separation and Purification Technology 32, 2003, pp.139-149.

b ol M, ,0em bslie 3l 5 0em s3lolaz 1o T 8 Shas oy 5 (g sl gl s slals i (gm0 I Y

VAN ¢ sonds miiges (DAL (i sinto olBils o )| bl IS

35. B. Bayati, A. A. Babaluo, P. A. Namini, Synthesis and Seeding Time Effect on the Inter Crystalline Structure of
Hydroxy-Sodalite Zeolite Membranes by Single Gas (H2 and N2) Permeation, Iranian Journal of Chemical
Engineering, 28, 2009, pp.1-12.

36. Hailin Cong, Maciej Radosz, Brian Francis Towler, Youqing Shen. Polymer—inorganic nanocomposite membranes
for gas separation. Separation and Purification Technology 55, 2007, pp.281-291.

37. Dan Li, Huai Yong Zhu, Kyle R. Ratinac, Simon P. Ringer, Huanting Wang. Synthesis and characterization of
sodalite—polyimide nanocomposite membranes. Microporous and Mesoporous Materials 126, 2009, pp.14—19.

38. Changfeng Zenga, Lixiong Zhangb, Xinhua Chengb, HuantingWangc, Nanping Xub. Preparation and gas permeation
of nano-sized zeolite NaA-filled carbon membranes. Separation and Purification Technology 63, 2008, pp.628—633.

39. Deger Sen, Halil Kalipcilar, Levent Yilmaz. Development of zeolite filled polycarbonate mixed matrix gas separation
membranes. Desalination 200, 2006, pp.222-224.

40. Zhen Huang, Yi Li, Rui Wen, May May Teoh, Santi Kulprathipanja. Enhanced Gas Separation Properties by
Using Nanostructured PES-Zeolite 4A Mixed Matrix Membranes. Published online in Wiley InterScience (www.
interscience.wiley.com).

41. Sangil Kim, Todd W. Pechar, Eva Marand. Poly(imide siloxane) and carbon nanotube mixed matrix membranes for
gas separation. Desalination 192, 2006, pp.330-339.

42. Yanfeng Zhang, Inga H. Musselman, John P. Ferraris, Kenneth J. Balkus Jr. Gas permeability properties of Matrimid®
membranes containing the metal-organic framework Cu BPY-HFS. Journal of Membrane Science 313, 2008,
pp.170-181.

43. Rajkumar Patel, Jung Tae Parka, Hyun Pyo Hong, Jong Hak Kim and Byoung Ryul Min. Use of block copolymer as
compatibilizer in polyimide/zeolite composite membranes. Published online in Wiley InterScience: 2009.

Farayandno



