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Development of permselective polymer membranes that distinguishes the property
of gas molecules.

HASEGAWA, SHIN
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Hydrogen permselective membranes, which have high hydrogen permeability
(approximately 10E-8~10E-9 mol/(m2 s Pa)) with selectivity against steam and nitrogen, have been
developed by radiation-induced graft polymerization of an acrylic acid (AAc) monomer into porous
poly(vinylidene fluoride) (PVDF) films. The prepared porous AAc-grafted PVDF showed two orders of
magnitude higher hydrogen permeability than the target value (10E-6 mol/(m2 s Pa)). Thus, before or
after radiation-induced graft polymerization, the porosity of the membranes was controlled to a
range of 20-30% by hot press compression. The hydrogen permeability of the compressed AAc-grafted
PVDF is 10-7mol/(m2 s Pa) and showed permeability of hydrogen 34 and 4.5 time higher than those of
water vapor and nitrogen, respectively. The above results indicate that radiation-grafting of porous
films with a hot press process is a very effective method to obtain hydrogen permselective

membranes.
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. . Porosity
Graft Monomer Dose R;::::on R:_a;n:::n GD Porosity after heat
1x 10 Chains Solutions (KGy) b (%) (%) compression
mol/m? sec Pa o " (%)*
Substrate
(PVDF) 0 61
AAC/H0
PVDF (tosowwgye 160 30 1 25 60 36
AAC/HO 160 30 1 63 61 26
(AAC) Poly (20:80 wt%)*2
’ (AAC) AAC/Hz0
St dosoweye 10 30 01 76 61 39
(7Aogglxtﬁ)*z 160 30 02 92 61 36
(Ssgzg':i?/oe) 30 60 1 1 60 48
St/Toluene
Table 1 (50:50 with) 30 60 7 20 58 44
Poly (St) (ngzgl\jiz‘/oe) 30 50 1 43 53 33
AAC (231;?:22/:) 30 60 4 63 54 44
25-92% St 11- '
StToluene 30 60 4 82 54 44
82% (50:50 wt%)
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Table 2
6 100 1.0x 10°mol/sec m2 Pa
0.2
TMSS 1.0x 10° mol/sec m2z Pa
H2/N2, H2/O2, H2/CO2, H2/CHa4
1.0 VESI
H2/N2, H2/O2, H2/CO2, H2/CHa4
45,2.8,1.2,45 3-MPMDS
ETFE 29
H2/N2, H2/O2, H2/CO2, H2/CH4 2.8, 3.1, 2.8, 2.2
VESI, 3-MPMDS
Table 2 ETFE
lon Beam Gas Permeability(><10"° mol/sec m® Pa)
Monomer \rradiation GD(%) H,/N, H,/0, H,/CO, H,/CH,
H, N, 0, CO, CH,
- 0.19 0.069 0.081 0.13 0.036 2.8 2.3 15 5.3
- o - 41 08 12 08 3.9 0.2 0.2 0.2 0.0
TMSS o 1.9 0.73 0.17 0.26 15 0.098 1.1 0.7 0.1 1.9
VESI o 0.9 45 1 16 3.7 1 45 28 12 45
3-MPMDS o 2.7 119 43 38 42 53 2.8 3.1 2.8 2.2

[1] M. Kanezashi, et.al., J Am Chem Soc, 131, 414-415(2009)., X. L. Xu, et d., J. Appl. Polym.
Sci. 55, 99-105(1995). [2] K. Matyjaszewski et a., Chem. Rev., 101, 2921-2990(2001). [3] K.
Enomoto et al., J. Mater. Chem., 21, 9343-9349 (2011), Macromol. Chem. Phys., 213, 72-78
(2012). [4] R. A. Wech, et.d., Mater. Sci. Eng. B, 140, 81-89(2007). [5] S. Sawada, et.d.,
Salt and Seawater Science & Technology, 1 61-73(2021)



1 1 0 1

Hasegawa Shin, Sawada Shinichi, Azami Shinya, Hagiwara Tokio,Hiroki Akihiro, Maekawa Yasunari 4
Development of Hydrogen-Permselective Porous Membranes Using Radiation-Induced Graft 2020
Polymerization

Quantum Beam Science 23 23

DOl
10.3390/qubs4020023

2 0 2

S. Hasegawa, S. Sawada, S. Azami, T. Hagiwara, A. Hiroki, and Y. Maekawa

DEVELOPMENT OF HYDROGEN PERMSELECTIVE POROUS MEMBRANES BY USING RADIATION-INDUCED GRAFT POLYMERIZATION

14th Tihany Symposium on Radiation Chemistry

2019

Shin Hasegawa, Shinichi Sawada, Shinya Azami, Tokio Hagiwara, and Yasunari Maekawa

Development of hydrogen permselective membrane by using radiation-induced graft polymerization

the 2017 International Congress on Membranes and Membrane Processes

2017




https://ww.qgst.go.jp/
http://www.gst.go.jp/

http://www.gst.go.jp/

http://www.taka.qgst.go.jp/eimr_div/index_j.html

(Hiroki Akihiro)

(10370462) (82502)
(Maekawa Yasunari)
(30354939) (82502)




