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Abstract: Two membrane-related research projects are now being developed in Japan and their main target Is to de-
velop new inorganic membranes. The {irst project is the R & D of membranes for carbon dioxide recovery at high tem-
perature, conducted by the Japan Fine Ceramics Center (JFCC) and Japan Fine Ceramics Association (JFCA) under
the-supervision by the New Energy and Industrial Technology Development Organization (NEDO). The second one is the
R & D of membranes for petroleum refinery and chemical processes, conducted by the Japan High Polymer Center
(JHPC) under the supervision by the Petroleum Energy Center (PEC). Cooperating with these projects researchers in
many universities and research institutes have been publishing many interesting data of inorganic membranes manufac-

tured by various methods. Many such results are summarized and reported.

1. Introduction environmental problems. One of them is R & D on
High Temperature Carbon Dioxide Separation, Fixa-

Recently researches of various inorganic mem- tion and Utilization, included in “Development of
branes become vary active in the world. The causes Technology for CO, fixation and Utilization”. Tts ob-
of this trend are due to weakness of durability and jective is to develop an industrial technology system
selectivity of various polymeric membranes, which which can separate CO, from high temperature flue
limit application of membrane technology for wider gas and change it to useful substances. For this pur-
fields. This trend is also same in Japan. Two deve- pose membranes, which can separate CO, at 300 to
lopment projects of inorganic membranes are now 900°C, should be developed. The scheme of this proj-
underway, which will be introduced first. ect is shown in Fig. 1. The project was entrhsted by
The New Energy and Industrial Technology De- NEDO in 1992 to Japan Fine Ceramics Center
velopment Organization (NEDO) is conducting vari- (JECC), which is in charge of R & D, while Japan
ous R & D projects, which are related to the global Fine Ceramics Association (JFCA) is in charge of

11



12 Shoji Kimura

le feabranes

dirfesion

“ar
i high temperature
flan temperature g consenirated €02

10 concentrated 9y

3 higa Lemperature
and cancentraced ru

} deelonenent of '“, vition Techrique for deabrang

cragtouctaze of deabrane and Satalyst

dstanatization of Neduie by frocessing are ntagzation of Hemsrane Hater ials
[ng Trchque

suppart  sesdrane P,
| ; ~peraeats aas \

[ levelopesen: of Separation Systee {FC0)

seunterneasice
‘o mparities

i
| [ousing

sealing oart

T
bundle of hollow membranes

Develapenent of itiiizatin Technoiogy (P! I

L ?drlmn
frefuccion by n
hY
Ty | %]
S cc\
—! L e \
o He ’chcnlc: mauu oy
[

i —— CﬂLUl building
reducer ) _j’ RN [ | jLs ‘/ aaterials
/ =y ) 'E[:EDD

factlities ‘

ding naterials

t [ v
DAt e Ao olog

facilities fishing reef
of fixation

production
l of reduction of hydrogen

Integration of Jeveloverent Researches

j‘ L Research and Survey of darkel Adaptability (J°CA) [

I| - stinizing of Systen

“Protection of the Global £avironaent

Fig. 1. The total scheme of the Japanese national project on CO. senaration and utilization.

the survey research. Now various researchers in
universities, research institutes and companies are
cooperating with JFCC.

The Petroleum Energy Center, Japan, has been
cooperating mainly with OPEC countries to develop
new technologies related with petroleum refinery
and utilization industries. Initially R & D subjects
were on catalysts and biotechnology. From 1993 R
& D of membranes was entrusted to the Japan
High Polymer Center (JHPC). In this project the
real target is not so clear as the previous one,
although many possibilities exist for such applica
tions. So various researchers are now developing
new membranes which may be effective for separat
ing aliphatic from aromatics, paraffin from olefins,
or for other systems, seeking various possibilities.
Membrane materials are not limited to polymeric
materials and from the point of view of real applica-
tions inorganic membranes can be more suitable.

Since results of these projects will officially be re
ported at the end of each fiscal year, I will explain
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about results of new inorganic membranes pub-
lished in open journals in the following. Some of
them may related to the projects.

2. Membranes made by CVD method

The group of University of Tokyo has been work-
ing on manufacturing “molecular sieving” mem-
branes by reducing the pore size of porous Vycor
glass using CVD method[1]. The fundamental
scheme is to diffuse TEQS (tetraethylorthosilicate)
from one side of a glass and the diffuse ozone from
the other side to react them inside pores to form
Si0, and to reduce pore sizes. By controlling reac-
lion temperature, reactant concentration and reac-
tion time it was possible to manufacture a mem-
brane, whose separation factor for H,/N, reached to
950.

Prof. Kusakabe and his group of Kyushu Univer-
sity has been working on various inorganic mem-

branes using porous alumina, whose pore size is
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150nm, as substrate. Usually pores of this substrate
should be reduced by some methods before coating
the final layer. Recently, however, they succeeded
to form hydrogen-permselective SiO; membranes di-
rectly in macropores of alumina substrate by ther-
mal decomposition of TEOS[2, 3]. The important
point is to plug pore by flowing TEOS through them
by evacuating the inside of a substrate tube.

3. Zeolite membranes

Prof. Sano and the group of the National Institute
of Materials and Chemical Research at Tsukuba
succeeded to prepare pure silicalite membranes on
porous supports of sintered steel or alumina discs
by using traditional hydrothermal synthesis method
[4]. This membrane has alcoholpermselectivity
against water and a separation factor was 60 at
5% aqueous ethanol solution at 30°C in pervapora-
tion. From adsorption experiments of ethanol and
water on silicalite, it was found that the high
permselectivity is due to the selective sorption of
ethanol to silicalite membrane. This membrane also
shows selective permeation of acetic acid against
water[5].

Prof. Okamoto and his group of Yamaguchi Uni-
versity have recently been working on various zeo-
lite membranes besides many polyimide membranes
they used to manufacture. They made A-type zeo-
lite membranes on porous alumina substrate tube,
whose pore size is 1 micrometer, by using the
hydrothermal method[ 6]. This membrane is water-
permselective and has a very large separation fac-
tor for the ethanol-water system, which is compara-
ble to that of GFT membrane, while permeation
flux is larger than that of GFT membrane. They
are now working on Y-type zeolite membranes.

Dr. Matsukata and the group of Osaka University
have been also working on various zeolite mem-
branes. Their manufacturing method is not based on
the usual hydrothermal method, but one based on
the vapor phase transport method[ 7], which was in-
itiated by Dong et al.[8, 9). Recently they succeed-

ed to manufacture defect-free mordenite mem-
branes on alumina support tubes, whose pore size is
0.1 micrometer[10].

4. Carbon membranes

Dr. Haraya and his group made carbon mem-
branes by carbonizing Kapton polyimide membrane,
which show molecular sieving nature by adopting
proper carbonizing temperature[ 11]. For practical
applications the capillary form is considered to be
better, and they developed carbon capillary mem-
branes by casting asymmetric polyimide membranes
on the surface of PTFE tube and then by
pyrolyzing them under same conditions used to
make flat membranes[ 12].

A similar membranes were made by the Prof.
Kusakabe's group by casting Kapton membranes on
porous alumina substrate tube and then pyrolyzing
them{13).

5. Membranes made by the sol-gel method

Many researchers have been working on inorgan-
ic membranes by the sol-gel method, which is fun-
damentally simple and is considered to make defect
~free ones easily. Since it is difficult to summarize
all of these results, two interesting works will be in-
troduced here.

Prof. Kusakabe and his group tried to manufac-
ture CO, permselective membrane by coating porous
alumina substrate with BaTiO,, which is considered
to be a very good adsorbent of CO,[14]. This idea is
same as one listed in Fig. 1 as “Surface Modified
Membrane”. The separation factor for CO,/N, was
112 Y 1.2, Although this is still small, it 1s remark-
able that this is larger than 1.

Prof. Asaeda and his Hiroshima University group
have been successfully manufactured silica mem-
branes by the sol-gel method. Initially they made
them by using silica sol, made®f TEOS, H,0 and
HNO, and by dip coating on alumina substrate
tubes, whose pore size is 0.1 micrometer. This mem-
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brane showed a very large separation factor for the
H,/N, system[15]. Then they adopted a spray coat-
ing method at 160 to 180°C instead of the dip coat-
ing. They reported a very large separation factor
for the C;Hs/C:Hy system, which is larger than that
estimated from the adsorption experiment[ 16, 17].

6. Condclusion

Many new inorganic membranes are introduced
in this report. Some of them may have the “molecu-
lar sieving nature”, while the other show the inter-
esting effect of adsorption. It is important to know
true transport mechanisms as well as to develop
new membranes.
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