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SELERD A AN
zeolite layer  support

X2 SEM images of the prepared MFI-type silicalite
membrane; (a) is the surface view and (b) is the cross-

sectional view.
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[XI3 Normalized PFG-NMR spin-echo attenuation curves
for methane at 173 K. The values inside the graph
list the values of A.
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[X]4 The relationship between the estimated diffusion
coefficients of methane and the diffusion time at

various temperatures.
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%1 Comparison of self-diffusivity of methane in silicalite
membrane with that in single silicalite crystal.
Long- and short-time D; were calculated from the

attenuation plots at A=7 ms and A= 1.5 ms,

respectively.
method Temperature Dssh((l::i.-::;e/

(K] [X 109 m?/s]

This work PFG NMR 173 2.2/5.0
193 2.4/5.4
223 2.9/6.4
243 3.1/7.6
301 3.7%/8.8*

Jobicl® QENS 250 4.8

Caro et al.l PFG NMR 300 11~14

June et al.'2 MD 300 16

Single crystal
membrane 323 4.1
(diffusivity along c-axis)

Talu et al.l¥»

*extrapolation.
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XI5 The relationship between the estimated diffusion
coefficients of methane and the root mean square
displacement (RMSD) at various temperatures.
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— Short time diffusion
— Long time diffusion

Zeolite crystal

|6 Tanner's model.
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%2 Estimated D, a and p in Tanner's model.

Temp. Do a 14
K] [10-9 m%s] [um] [10-4 m/s]
173 2.20 5 6.1
193 2.44 5 6.6
223 291 5 7.7
243 3.14 5 8.0

w&mﬁf‘z
Length of mtercrystal region

X7 Picture of unit cell used in MD.
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10" R — e
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Length of intercrystal region [nm]

8 Calculated diffusion coefficient by MD.

9 Molecular trajectories of methane in the intercrystalline
region model obtained from MD calculations. (a) The
width of the intercrystalline region=0.5 nm, (b)
The width of the intercrystalline region= 1.0 nm.

8 i MD FHE 2 53k & W7 FIRR & Tl 2 H A~
DIEGRIE R L7z, 3R, FBs 52 LT
B LTV, IHERESEAS T 5ME[IE, PFG-
NMRIZEAEAERE R L TW5E, $721~1.5
nm O CIEREIIB/MEZ R U7z X9 138K
THAY VS TFOEHERRL2DDTH L, 5
BRI L7 Fid, —RERIBRICHER L 7o i ROl
DEFANEBALTWAE, T7-HBRIEAT1.0 nm D
BOHHFTIX, FBRIAES 5 FE CRELRTE S
STVBKFHRALONL, ZD ) IHEREEITE
BT b Z & THROEEE SRR bR, HRELT
RBRATINDIEREAME T L2 e Ex bhb, $72
SFHHBHE < FCHE L T B RMNERA S IR
FaEDZ A LD RERDALN, EBROKTIE,

ERER L &R L Q0 G FIRERANER~OBEE %
BOBELZFLEZZERL T DDEEZONS,
A Y YOFIMILPRBD R T ¥ v MYICRET
»Y, LA S BRI 513 F O EERIC
TR OLAINT - ETH S, FOIAI
F—rHHEEDO—RHThHLLEZLND,

8. HhhiC

YA T4 MEOEBTRED S HBHICRD SN
WER BRI EER DO DL ) b/ SV, L LRSS
FOREMIIONTE, BEHEORHEN K, T4
SRR R SR B L VI RABEMKT S
BRTHo:2ehh, DT RERLIEZENT
Zhdrolz, AEFR 41X, PFG-NMR &EEZHVWTT Y
A74 MEIZBITE XY L OWBAE Y EFEEL,
LiEiiEE T DOREICBIT B A &V OW RS
BOLDLN IR N/PENT EEEENITIRL,
%7z, Tanner DERmEZEAT 5 & T, WEBELZR
DI HERTH LEEROMREIMEL BT o5 L
IR A X TH BT LERL, STEHHEED
LI AR E SRR BT 85 2 L &R
L7zo STTHLNMAIGELZEHT, BEhokks
HRROEAI D VIET EEBIRERSRE 2B L %
BFHRLTVE, EBCRAOHT Y Ial—Ta v
L BFEE T, BEEEIE hVWEERERETOE
BREFE, BIRO 10U LETH B &I FERIHT
VW52, EEREORIME, MR LB
HREBSTOT, BEIA M2 TIFTratx e LT
DEFN R EE DR DB, €4 T4 MNEOM
BB, IZEPMLET AT TH D, Sk, B
EEHHTLHEMAEL, AT/ PORF VI Y
WERKRICRETEZ 8T 51 MNEFRREEShAZ
EEHIRELIV,

9. B/

AT B AR O RARATFKED
HERFERDOE T o FIKKIZIZPFG-NMR 2DV T
BB TEIHR CIEE T L7z, 372, AR TIddbE:
SRR DEE G ihEd% & RTLAERIB I S D 2 TE
EF L7z KBCIIBATEFRATLEN YIS
4 MRFONMRBETIE3 & L K4 ORFETHIS
TTWETI®, 31232 DB LD TR S
LETS



@ Vol.22, No.2 (2005) 35

X ®

1) S. Suzuki, H. Takaba, T. Yamaguchi, and S. Nakao,
J. Phys. Chem. B, 104, 1971 (2000).

2) R. Nagumo, H. Takaba, S. Suzuki, and S. Nakao,
Micropor. Mesopor. Mater., 48, 247 (2001).

3) R. Nagumo, H. Takaba, and S. Nakao, J. Phys.
Chem. B, 107, 14422 (2003).

4) J. Karger and D. M. Ruthven, Diffusion in Zeolites and
Other Microporous Solids, Wiley, New York (1992).

5) E. O. Stejskal and J. E. Tanner, J. Chem. Phys., 42,
288 (1965).

6) Z. P. Lai, G. Bonilla, I. Diaz, J. G. Nery, K. Sujaoti,
M. A. Amat, E. Kokkoli, O. Terasaki, R. W. Thompson,
M. Tsapatsis, and D. G. Vlachos, Science, 300, 456
(2003).

7) M. C. Lovallo and M. Tsapatsis, AICKE J., 42, 3020
(1996).

8) T. Sano, H. Yanagishita, Y. Kiyozumi, F. Mizukami,
and K. Haraya, J. Membr. Sci., 95, 221 (1994).

9) H. Takaba, A. Yamamoto, K. Hayamizu, and S. Nakao,

10)

11)

12)

13)

14)

15)

16)
17)

18)

J. Phys. Chem. B, in press.

H. Jobic, M. Bee, and G. J. Kearley, Zeolites, 9, 312
(1989).

J. Caro, M. Bulow, W. Schirmer, J. Karger, W. Heink,
H. Pfeifer, and S. P. Zdanov, J. Chem. Soc. Faraday
Trans., 81, 2541 (1985).

R. L. June, A. T. Bell, and D. N. Theodorou, J.
Phys. Chem., 94, 8232 (1990).

O. Talu, M. S. Sun, and D. B. Shah, AICKE J., 44,
681 (1998).

P. P. Mitra, P. N. Sen, and L. M. Schwartz, Phys.
Rev. B, 47, 8565 (1993).

0. Geier, R. Q. Snurr, F. Stallmach, and J. Karger,
J. Chem. Phys., 120, 367 (2004).

J. E. Tanner, J. Chem. Phys., 69, 1748 (1978).

E. von Meerwall and R. D. Ferguson, J. Chem.
Phys., 74, 6956 (1981).

H. Takaba, A. Yamamoto, K. Hayamizu, Y. Oumi,
T. Sano, E. Akiba, and S. Nakao, Chem. Phys. Leit.,
393, 87 (2004).

Diffusion in Polycrystalline Zeolite Membranes Investigated by 'H PFG NMR

Hiromitsu Takaba, Atsushi Yamamoto, and Shin-ichi Nakao

Department of Chemical System Engineering, The University of Tokyo

The mass transport in membrane pore is of fundamental in zeolite membranes. There has
been reported many studies on mass transport in zeolite single crystal, however, a few
report has been reported on mass transport in zeolite membranes that shows a crystal aggregation
structure. In order to design and analyze membrane performance, information on mass transport
in zeolite membranes with consideration of intercrystal region is necessary. In this study we
carried out 'H pulse gradient-field spin-echo (PFG) NMR and molecular simulation to study
the diffusion phenomena in polymeric membranes. PFG NMR is used to reveal the relationship
of diffusion coefficient and diffusion time. We also apply a Tanner's restricted diffusion model
to evaluate the structural parameters of intercrystal region. Measured diffusion coefficients
show strong decay with increase in diffusion time. This means that diffusion coefficients
decrease with increase in diffusion length, and suggests the existence of a diffusion barrier.
This trend agrees with the MD results. Observed diffusion coefficients approach to certain
values, and those values can be concluded diffusion coefficients of methane in silicalite
membrane. Those are by a factor of four smaller than the diffusion coefficient in single crystal.
Fitting by Tanner's equation gives 5 um for the distance between diffusion barriers. This
value corresponds with the size of crystal unit consists of the membrane revealed by

scanning electronic microscopy.

Keywords: diffusion coefficient, !H pulse gradient-field spin-echo (PFG) NMR,

silicalite membrane



