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#1 BAIA MEOPV B LOVP MR

zeolite NaA membrane for water/organic mixtures

separation temp feed water Q a
system [K] [wt%]  [kg/(m2-h)] [—]
methanol (PV) 323 10 0.319 2,100
ethanol (PV) 348 10 1.691 10,000
(VP) 408 10 13.71 15,000
(VP) 408 5 8.403 30,000
(VP) 408 0.5 0.767 3,500
i-propanol (PV) 348 10 2.278 10,000
acetone  (PV) 323 10 0.816 5,600
dioxane  (PV) 333 10 1.091 9,000

T type zeolite membrane for water/organic mixtures

separation temp feed water Q a
system [K] [wt%]  [kg/(m2-h)] [—]
methanol (PV) 323 10 0.359 27
ethanol (PV) 348 10 1.43 2,100
(VP) 408 10 11.6 3,500
i-propanol (PV) 348 10 2 10,000
100 —
>< OT-type membrane
é 60
2
B 40
©
o
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% -1 ||
IPA EtOH MeOH 70wt%EtOH Water
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8
g Na
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2o 0
54 w5
5 % R SMeOH
23 %X oIPA [ |
5 2 & Chatt OEtOH
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Partial vapor pressure (kPa)
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BVEREETS C, T4/ — VIR 90 wt% T
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W E, BEGHDKER DN S Wiz, EElE
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GEBMED O EAE & BT 5712,
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B3B8 MIE ST % 0.133 kPa 2 L, #/EREES0 C
TI5wit% LY/ — VIKIER O MAGRITT) % 1 MPa,
0.1 MPa & HAZHE D B L L SR H 0¥+ 5
1 MEATEORA & SIS BT 5 PV 43
AT R R, OB X OGN OB E
TOEBIIRD SN ol TNSDRERENS,
Y+ T4 MEGTEIZER L1452 Bk img = A4
bLEF A D,

F2 BRI E AW TEEOWE TELIE L 72
NaARIY+ J 4 MESTEOPV 538k R %" $ . PV
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F2 RETALIERRIC T T NaA BIE 4 T A MROFILIL

K3 THEA T A MEOBRLEEREHRER D, (FHRKE

PSS 7 TN OEERT: T OERESRI LT HEEREZA L)

evaluation : PV with 95 wt% EtOH at 75 C evaluation: PV with 90 wt% EtOH at 75 C

Annefﬂ.ing Membrane Weight Q o Dipping Condition Q o

Condition lg] [kgm—2h—1] [—] [kgm—2h-1] [—]
As-synthesized 16.1251 1.10 5,900 pH4 acetic acid for 7days : before 0.95 530
200 C, 3h 15.9683 1.11 5,890 after 1.25 2,300
300C, 3h 15.9357 0.625 910 pH3 acetic acid for 7days : before 0.97 630
500 C, 3h 15.8985 0.306 26 after 1.19 1,300

Pe meate side
Permeate vapor

Dehwirated vapor ~Zeolite membrane tube

Schematic view of the long tubular type module

M5 FRIEHEE Y 2 — LV OEES X U, + 7 v a— VB KHZEGEREEY 2 — )L (84.8 wt% EtOH, 1,250 kg/h %

99.8 wt% L 11 2H5#L)
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BlAS G R 2 5P L 720 pH4 OFEERAIGATIIZ 24
B RIE S NaA TIB F 5 1 ML, S0EER S
/100 F2E F CIUT L, Z@im A 10 BEH L 72,
COFEFEDS, NaARUEIL, NaA RUES & MR, B
M EGT AN/ Yl

FRS 9L, SI/AL3 ~4 DT R % pH4 & 5\
133 DOFEEAEIICT HRIE L, ZOHifRTDOPV

SIHEREIERE AL B T FORERE T ITRT,
W B2 LU, BUIARE LWk BUB T VO
fife - BEBLAS, 1213 HE F TOBMREN ONE B #
NS L 05, TNDRITLE L7z L LTwn
%o Foil, RGBSV EBRET D720, SHE%
OB L, SS5IEHMAKICRESE, 20
B dokEte, RS LI U4t ORI R ER % 4T
o728 Zh, BRLDOMREELY, FEEKERD
ZIEAHZRCTTREO PV 55 EEERE I LIE, D5
Nhholz, VTR L, EORKERIL, TEE
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Feed 84 8wik E1OH *Prudlct 93 3wi% ErOH
Flow Rate 60kl /day

R 16.0m2(5504) x 64L/Unit % 2Unit

X6 Bik77 v rEREE

<> Fe ed pump

Product Tank 9 wg }’

o B
Mo

@@ @ ; Tempe rature indicator

Pressure control vahe

Wy

Product condenser

X7 BiAk7I v 7oz ro—

4. HEREFS1 MEED 2L

g, BRI D O T TEMICFIHT 2720
OEDPI=y FHEEY 21—V Thb, DHELil
HoOZBAGREE Y 2 —Vix, L v AP HIPA
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B+ 74 MEEY 2 — Vs, HHEEETKH 12
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WLRRAGHEE T4 MEEY 2— VA, VP4
HERCBHZE S 7z M EMREREE Y 2 — v L[]
CTHh 575, MEIHEE Y 2 — )V T2 W

SEFICELATINTODEDIHT L, 2SR
LREEGDLETELAIN TS, M5I1EINA T
5 7 — VKR S 7z VP R R PR
EV -V EFORET, BF 54 MEAIS550
K/ET2—), 6FEY 12— THEEINTVEID,

BV 2= VA XADPRKRECDOT, BEFERTY A
FTIEY 2= VO A FIZF v N=p%IF 5
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99.9%
100.0% 9308 999%
98.9% 99.5% 99.7% 99.8%
980% 98.7%
971%
96.1% ;
g 96.0% ‘ —2— Design data < Actual data ”
2
5 94.0%
'.E ] 97.8%0
t 920% A2.3%
8 r
[ =
8 L
- 90.0%
g Design Actual
—. BBO% EtOH/Water = 84.8/15.2wt% |-{ EtOH/Water = 85.6/14.4wt%
§ Feed temperature 135 °C Feed temperature 125 °C
Flow rate of feed 1250 kg/h | | Flow rate of feed 1440 kg/h
86.0% 6 modul |6 modul
856! 84.8%
240% .
0 1 2 3 4 5 6

[ Module number ]

8 uXufT b4 k 7 7 v ]‘Liﬁ?‘_‘ y@ﬂ:@t

41 U7
Z18)

ZTDERA—H—ICHTBHEKTOE

FETT 2 MIIINaA R Z W72 VP 71 A%

s n, VP 7O A TR, RNOFEHEEZ
Pz, BEHEZAROBHEAR R = & CRFEL, 20
WEV 2= VRIEREET HEY 2 — IEDTE R &
Nh, ZD70, AIHIOERMEREE Y 2 — LS,
BH &N, BRk7av A5MH Tk, EREEY 2
—)VIZlE, ¥4 T4 MESSOR DA T NEY
2= )VEhER0.7, BERIOPHWON, 7Tk
Z6FEDEY 2 — )L = EFIALE, 135 COERLRE
2L ) 84.8 Wt% DINA F L5 ) — )% 99.8 wt% LA
Fofmkry 2 —1 30,000 kg S H#ETEX5 L9
ICRERT SN2 COBKT T v bR ERE 70
A7 —=%K6, TIIRY . JREY 2 —Vid2 4/
AT—=VDIAT =T oh, =¥ ) — VIS
1 A7 =3 (No.l, 2V 2—)V) T84.8 wt% 75
96.7 wt% F Tigfi s, 2 A7 — (No.3, 4
Ta—)b) T99.5wt% F Tigfia S 7otk ik
3 AT —C99.8 wt% Pl EIHEE SN A ETETH
bo EWPTEINL, FNENDAT — I3 Uil
BN RSS20, 3 BMOBIERANE S
NTHEY, L RERIIEAKEDAT OIS &) 1253%
HEn, cokEnvial—va VERRNS
R Y

#4 NAFTy )= VEERILTT Y MERET— 4

unit Design Operation
in Mar., in Sep.,
2005 2006
Feed concentration H,0 wt% 15.2 14.4 14.4
Product concentration — H,O wt% 0.2 0.1 0.2
Permeate concentration H,O wt% 75 99 99
Feed flow rate kg/h 1,250 1,440 1,250
Module inlet temperature K 408 398 418
Permeate pressure kPa 4 7.5 4

42 TT bEERER

RawmAkry ) - VEET SV O%EHE,
2005 4E3 H OMEEEE T — 7 3 X UN20064£9 H D7
— ¥ ERT,

MERE R T, £ DRV EIRREE T b A
Dok y ) — Vx84 2 L05TE, ER
HEMEY 2 - VOREI09I L ETHLH T & ER
BLTWwWh, LA L, 200649 A7 —4 T, &
T a— VIR0 REF CIRT L2 L AR L
7otz BV a— VERDI T, BIURIE 1L
B4 5729, No.l1 EV2—)LEN03IEY 2— LD
AL ZVREEZ IR o

SMOER, 1 A7 —Y (No.l, 2FV2—)b)
DOIEFHABEYE DN TV, FRZ, TV
— VDAL ANVAILATROBE L L, %
LS BO LN, ZOMDO AT — TV TlE,
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BAFIRE % 145 CIZEH$5 2 2 T20064E12 H
(e B2 4E) FoIn Lz, 20k, #1
27— (No.l, 2EV 2—)) DOEIH LW HIC
AR SN720 A [/ ZVAsBz T B S H
SN, FNLAHINaA B S, 77 > M
HE S CTH D KT Y/ — VBT 7% <R
B TH b,

5. Hhh)IC

WA F 28 7 — VRIHIEKD 2, b
KREGZBEHBELETLEL T MEEY 2 — U
74 ¥ 7 ¥ FStl Ay Qe SRR A k= 5
—VELET T MO SNz, U T 2T O8E
CEBE, ERMGEBEEY 2 -V RHEN, 75
Y MEEF T A MELTOAR K, §FEDEY 2— )b
ZEHIELE, 135 COBERRREIZ L D 85 wit% D31
FIy ) —)%99.7 wth Lok y ) — )
126,000 kg /HEETE 5 L) IZEFF SN T 5,
ZOTT ML, BERK7 4 TN T 0T T
v FIZEERR, 2008 4E4 A IIEEG T ETH S,
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Present Condition of Zeolite Membranes used in Bio-ethanol Plant

Masakazu Kondo
Past Mitsui Engineering & Shipbuilding Co., Ltd.

Vapor permeation (VP) properties of commercially available zeolite membranes (dimensions
of 12 mm o.d., 9 mm i.d. and 800 mm length) were examined in the water/ethanol systems,
which were distilled by lab-scale column, before equipments to produce anhydrous bio-ethanol
were designed. The membranes displayed extremely excellent water-permselective performance
for the water/ethanol systems in VP. The repeated experiment of ethanol dehydration by VP
with a zeolite NaA membrane was carried out using bio-ethanol liquid which was distilled
by lab-scale column. The distilled ethanol hardly influenced the NaA membrane performance
in VP. The dehydration equipment which can dehydrate 60,000 kg day —! of ethanol at less
than 0.2 wt% water from 84.8 wt% ethanol at 135 C was designed for bio-ethanol
production plant in Lithuania. This equipment was consisting of 6 long tubular type
modules, which was composed of 550 zeolite membranes. In the initial operation result at
125 C in March, 2005, the ethanol was dehydrated over the designed value of 135 C. By
the lowering of membrane performance by the fouling included in the feed vapor, the operating
temperature of the plant was raised to 145 C in September, 2006, and then the plant was
operated until December, 2006. Membranes in stage 1 (No.l and 2 modules) were replaced
in December, 2006. T-type membranes were applied near the entrance nozzle and NaA
membranes were used except for there. Then anhydrous bio-ethanol in this plant has been
produced without a hitch up to the present.

Keywords; Vapor permeation, Zeolite membrane, Long tubular type module, Dehydration, Bio-
ethanol
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Solid-State NMR Study of Dynamics of Molecules Confined in a Nanospace of Porous Materials

Shigenobu Hayashi
Research Institute of Instrumentation Frontier,

National Institute of Advanced Industrial Science and Technology (AIST)

Behavior of molecules confined in a nanospace is much different from that of the bulk
state, and affects the function of porous materials. This article presents our solid-state NMR
research results on dynamics of molecules confined in a nanospace of porous materials. Solid-
state NMR is a microscopic technique at atomic and molecular levels, and is very useful to
study local structures and dynamics. It can cover a wide dynamic rage from subnanoseconds
to seconds, and can give us information unavailable by other techniques. The melting point
lowers when liquid is introduced in mesopores. By utilizing this phenomenon, NMR observation
of the unfrozen water and benzene in FSM-16 gave us pore size distribution and properties
of the inner surface. We studied dynamics of p-nitroaniline molecules confined in ZSM-5,
AIPO4-5 and FSM-16, which have different pore sizes with each other, and determined the
motional mode and rate. The motions of the guest molecules are affected by the pore size,
the properties of the inner surface, extra-framework cations and coexisting molecules. We
studied dynamics of basic molecules such as acetonitrile in AIPO,4-5, and determined the
motional mode and rate. This study suggested the presence of the adsorbed sites for acetonitrile
molecules on the inner-surface of AIPO,4-5. In summary, detailed information on dynamics
of molecules confined in a nanospace of porous materials have been obtained by applying
solid-state NMR techniques.

Keywords: Solid-state NMR, Dynamics, Porous materials, Nanospace, Guest molecule
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Local Structure and Intermolecular Interaction of Xenon Confined in Nanospace as Studied by

High-Pressure Xenon-129 NMR Spectroscopy

Takahiro Ueda™**, Hironori Omi**, and Taro Eguchi***
*The Museum of Osaka University, Osaka University,
**Department of Chemistry, Graduate School of Science, Osaka University,

***Faculty of Engineering, Chiba Institute of Technology

In-situ high-pressure 129Xe NMR spectroscopy revealed new aspects of the local structure
and the intermolecular interactions for xenon confined in the typical zeolite compounds with
alumino-silicate frameworks. Assuming the local structure of xenon confined in the
nanospace as Xe,-clusters, the dependence of the 29Xe chemical shift value on the filling
of pore volume with xenon led to the population of Xe,-clusters on the xenon adsorption
process. Furthermore, the 29Xe chemical shift showed the linear relation with the effective
xenon density in the nanospace in the low density region. Applying the virial expansion of
the chemical shift with xenon density to the density dependence of the chemical shift, the
slope gives the second virial coefficient, J,, which is affected by xenon-xenon interactions.
We found that 6, depends on the reciprocal pore size as well as pore types. In the plot of
8, against the reciprocal pore size, micropore and mesopore gave the separate curves with
the different slopes. These aspects suggest that the xenon-xenon interaction given by the
129Xe chemical shift is a useful probe to investigate the local structure of the confined
xenon as well as the pore structure. In this article, we review our recent studies on
molecular sieves SA, 13X and ZSM-5 zeolites and propose the new possibility of characterization
on the porous materials with in-situ high-pressure NMR spectroscopy.

Keywords: in-situ high-pressure 129Xe NMR, 129Xe chemical shift, local structure,
intermolecular interaction, porous materials
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First Circular
International Symposium on Zeolites and
Microporous Crystals 2009
(ZMPC2009)
August 3-7, 2009, Tokyo, Japan
Organized by Japan Association of Zeolite

Invitation

The Organizing Committee cordially invites you
to participate in the International Symposium
on Zeolites and Microporous Crystals (ZMPC2009).

It will take place during Aug. 3-7, 2009 at Waseda,
Tokyo, Japan. The Japan Association of Zeolite (JAZ)
has organized a series of symposia as CMPC
(Chemistry of Microporous Crystals) 1990 (Tokyo),
ZMPC 1993 (Nagoya), ZMPC 1997 (Tokyo), ZMPC
2000 (Sendai), and ZMPC 2006 (Yonago). The
past symposia have earned a good reputation as a
series of international symposia on zeolites and

microporous crystals.

Scope
The symposium aims at promoting the fundamental
and applied studies on microporous, mesoporous, and
layered materials. The major topics of the symposium
will be:
1. Mineralogy and Crystallography
. Synthesis
. Post-synthetic Treatment
. Characterization
. Ion Exchange
. Catalysis
. Adsorption and Diffusion

eI B R A ]

. Membranes and Films

9. Computational Chemistry
10. Layered Materials

11. New Porous Materials
12. Novel Applications

13. Industrial Applications

Scientific Program
The scientific program will consist of plenary
and keynote lectures, and oral and poster presentations.

Plenary Lectures
Gion Calzaferri (University of Bern)
Susumu Kitagawa (Kyoto University)
Alexandra Navrotsky (University of California,
Davis)
Miki Niwa (Tottori University)
Clément Sanchez (Pierre and Marie Curie
University)
Rutger A. van Santen
(Eindhoven University of Technology)
Stacey 1. Zones
(Chevron Energy and Technology
Company)

Proceedings

The proceedings of the symposium will be published
after a scientific review as a special issue of
Microporous and Mesoporous Materials including the
lectures (plenary and keynote) and the oral papers,

which is under consideration.

Registration
The registration fee is to be announced on the web
in Nov., 2008.

Key Dates
Nov. 30, 2008 Deadline for extended abstracts
Feb. 28, 2009 Notice of paper acceptance
Apr. 30, 2009 Deadline for early registration
Aug. 1-2, 2009 Pre-symposium near Mt. Fuji
Aug. 3-7, 2009 ZMPC2009
Aug. 8-9, 2009 Post-symposium in Hokkaido
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Correspondence
E-mail: zmpc2009 @list.waseda.jp
Prof. Tatsuya Okubo
Secretary, ZMPC2009
Department of Chemical System Engineering
The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
Fax: +81-3-5800-3806

Organizing Committee
Chair: Kazuyuki Kuroda (Waseda Univ.)
Vice Chair: Jun Fuchigami (JGC Catalysts &
Chemicals Ltd.)
Secretary: Tatsuya Okubo (Univ. of Tokyo)
Treasurer: Atsushi Fukuoka (Hokkaido Univ.)
Program & Publications: Masahiko Matsukata
(Waseda Univ.), Yoshihiro Kubota (Yokohama
National Univ.), Norikazu Nishiyama (Osaka Univ.)
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