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NERAL NaX ¥ BRBYH & 5 3RAE

é% ;é\ ?

IAR

CRIEBL TR S TEH U ST, LT KIE 116012)

W E: o DU A B AR, SR AT SR T 20, KSR AR A B i e /N R
NaX 7> I, &40 mE b A Si0,:AlL05=3.85~4.2, Na,0:Si0,=1.2~1.5, H,0:Na,0=40~60, JHIHiHEs. X 2efirit

SET-BOM AT AT 1 3RAE, T LU 207 0 AR A kLA /)

AT B PRIM R /NE 500~800 nm, AR KCEUR AT,

Waaoed, WUEZ 10 pm. /MR NaX b A IR Hy 8B %0 2.45x10°° mol-m?/(s-Pa), H,/N, [ FRAH /> B R 50k 5]
4.21, Hy/CsHg M HIAR /> BS R HOA T 7.56, HEILXT MV %A% HUE 3.74 A1 4.69.

KHEIR: NaX Whalls; KA G kb
FESES: TQ028.8 XERFRIRED: A

1 ® &

A A LRERR R A, BT 5 — 20 T HARAH
ML, LR S 4TI SR A ] LA E i 5 A e
A, CER TR A MBS P 5 2. NaX
WA IEALAR N 0.74~0.78 nm, {70 B Kor T 34K A3
ZER IR RS WA S 5 T AR L N T R 55, BRIt
33N T E PN AMEF T Z B, SR PR T
R, Li S5 i df P i ey —AL O B ZE A 1Y A 2
[ T WA 5, Coutinho 252 FOE A S I Sl b
(177 XAE 2 AULAF N A Bk EE s NaX 34,
EA 2488 7, Rk, Kita 250B7E £ fLa—AlLO,; 2k
ARCT NaX JhAE, N KR S RER AP o
B, Nikoakis 25M] ZSM—2 15y i b, Bk 571
TEA fA7E4ME FAE B HIa—ALOs i LA E NaX #hAq
JE, FEREAT T A1 S AR CH AL SR &4 55
I8 B BRI B IV SR R R T X
SR 1010/ SR (B

R FLEMA(Lho—ALO; b ) b4 Bt A i Ay
A KIOAMESE, BARIIFLAR D A ANIA), W A8 L 20
KEJUHOKRZ 0], FRIEBARMIFLAR AT, AR A
KN NI U I A K — 2 L DL AR N — 885 A
i, IXFERED B P, Piera ZEPWRBHAT T AR
Pk R A e b e A g DR 2, R/ 23 R A
AT ARG, ORI AR G T AR, AR SR
HT A R NaX b A7 IR AR e 2 um DAL, E[E
Coutinho 2514 sl Y 1 NaX 347 AT 244477 4. H iy
N IR AT /INBURL NaX i A7 5525 i (1 AH s, AT
FORH S ABERAE AR E, R B R R 7, B

gt H#A: 2004-09-02, f&[E HER: 2004-11-01

XEHS: 1009-606X(2005)04—-0403-04

HI A BB B A I T30, e bt T R it
JEHE T /INBIERE NaX A 5, Gk K/ 500 nm Ze Ay,
I FC A A SR  BERITES . RSB TEREEAT T 3RAL.

2.1 NeX i#A 5o FiFhRa Sl &

S K F a—AL Oy i 8 by B FE IS (0 1 e 3¢ T
WK2), AME 12 mm, W28 mm, K 120 mm, T
fLAEA 3~5 pm, ~FIJFLBRE A 30%~50%. Kk fAzid
400", 6007, 800" WP ALHT = V¥t I » HI 1 mol/L ) #h R A
FALEN VG G 2B 24 h, BRI 258 TOK RS pH=9,
HEF-25 H.

ANFIORE A A . DU REER (AR, dbnti
WA AT ERER(26%, 0, FSHEHEL T ). SEML
BIAR., TRFR TR =) )Rk B K R R, 4%
Si0,:Al,05=4.2, Na,0:Si0,=1.5, H,0:Na,0=40(/# /K Lt,)
IR R, SRZIEEEE 24 h, BN 1L 28 (7 200
mm, N2 25 mm), 76 2B J) R 95~105 C dhfk 24 h.
R a=l, HESFKEaP e, Jrnra
FIRI4% K 500 nm e A5 ) S,

PR IE TR ARl BRI (26%, o, TR
T YRR N2 Si0, 10%( o) (MW, H— & TR E
H/NBTRL NaX A0 270 i AR 5350, Ie il sr+
A E R 0.5% () I SR ERIFIR, 4 P i 4 PRI 804
InF#AZ 150°C, ARG E T Fik @37 o A 3R 30
s, WUBEEEE T HARTE 24 h, RJEE TSI
BL 1°C/min (R THE S 400°C, K5keffk 2 h 5 E%K
AHIR .

KA LA REEEAR., JEstb 2l A ).

EFE T Bh3A977-), Lo IWAREETA, Wit SF7 A RSB A R S Ee R, IR, E-mail: wangjinqu@hotmail.com.
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5%

TR (26%, 0, T S T)) . SAMAR., ik
BT = )£ B F K R, #% Si0AlLOs=
3.85~4.20, Na,0:5i0,=1.2~1.5, H,0:Na,0=40~60(/% /X Lt)
G SR (60 mL), SREUHERE 2~12 h(lk Iy hnFAdi ¢
ax), BTN EALZE(F 200 mm, AR 25 mm)T,
M 28I b3 A B P B A 9 S 8 R TN S8 T, 100°C
b 48 h % NaX 7 F i, BEJCK G U IR H
ZBTKMPEE R, 7E 100°C FHT 24 h, BRG]
N X B AT BB IR, DARA e B 2 5 0, G SR
BRI B, 5 RSB RS AR, HE
AN L L C/min (13 #4300 C AT K e,
HARAH, e BIEAWEEFLAR M E S NaX b4 i
2.2 NaX B ABRAYRAE

FHH AP B XD-3A Y X 528 AT S HE 3 £ i
(IFRE s F H AL T4 7] 7% JEM—1200EX 24714 i 5 WL
DU A FEE PRI TS0 B 2R AR s ) 70 i v 00 4 28
Ha, No H1 CoHg 13532 52, 1 R AL M (101235 A 53 B PE R
P B R ath T a=FiF, H R, Rl
N, HAL SR RB3E % [mol-m/ (s-Pa)].

3 ERXRitib

3.1 BAERFhEFRSR
FRMEA 5 12 AR A i e e 50 °C24k 5 h,

T 95~105C T itk 48 h, /KIE L 5 UG, il % (1) NaX
WA AN XRD &K 1 pos. WEF T LE
I EATFRE NaX 547 Flla—Al,O3 B A (1 RFE AT 5 i

W HILE o—ALOs 3K LA T NaX 41 ik,

o ° AI203
1500 + o NaX
o o
w Tl e °
[ ]
(o]
S 1000 - oo | .
> W
@ [ Zeolite NaX membrane
[7)
£ 500
Pure NaX zeolite
0 L | L | L | L | L |

0 10 20 30 40 50 | 60
20()
Kl 1 9% XRD %
Fig.1 XRD patterns of products
P 2 S BRI . AT SRR R B TR it i 5 A

K SEM [E. WERTLUE H, NaX #hfr B Rar,
B T AE 0.5~0.8 um, LS8 A B RL5E W) 5.
Hi &l 2(a) PT LLA 21, £E 5 G Bn BRI 58 24 NaX
WA E o, REUE . ek, LT AR AR,
JESZ T SR AN /N, 76 0.5 um ZeAq. A 2(b) il LA 25X

(b) Cross section

(c) Powder

(d) Surface section of tube after seeding

2 NaX A7 JBEF T AT LA SR A H) SEM ]
Fig.2 SEM images of NaX zeolite membrane from different observations
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FHEL AL - /NARRE NaXX b A I 4 1 6 15 R AIE 405

WA 2 SRR RS, BN RER, LRd
3~5 pm. WA JEEL 10 um, WA JEREE L A — i
PEXIRZ) 2~3 pm, FBERAGEMAEI 2GRy, BAS
WA EIFEECE, X RO EA L i IR INaX A
AIFRHRDUEAC I, B R A KE AR, 2t
R AL B AR B R, I BRI R R A e
e Bk K, ARk NaX whar, —F LR T
—AN . B 2(d) R R BUE TR Sl A S IR R
SEM K, ] LAE 3] 5 il b M sd R/ A 500 nm e a5
SO IR Sl A AL, W LA H Sl S 255 Hh 23 A 7
B0, SR T DU WG st f o 431 0 (1) A
3.2 NaX B ARRANZIE%RE

I 3 FH, Hy Bl 538 KA 25%10°
mol-m?/(s-Pa) /i A, Fifids s AR A AT By, BE0T H, 38
If NaX RS Ao Rh PRI RS R O RV P R 45 3
N Fil C3Hg [958 R FEARH [k 1284k, B #4 5.8x107
mol-m?/(s-Pa) =47, JE# A 3.3x107" mol-m?/(s-Pa) = 4.

T

o 25f+

e —

= 20

o

£ r —m—H,
o 15| —o—N,
g L —A— CsHs
2 10l

g R
o) @

S -— - .
8 A - a—1 ‘

0.08 0.10 0.12 0.14 0.16
Pressure (MPa)
Pl 3 NaX il A1 5 L2 3 UGB 5 2 Bt I ) AR 4L
Fig.3 Single gas permeance as a function of pressure across
NaX membrane

3.3 /NE@AL NaX HBAIES R AIFME ZE 5

HEr, SCERATA R NaX A R0 R~ 3
SRHRAE 2 nm BAE, R AT /N RE NaX A 5 T (4
T8, ARSI A B RSTAE 500 nm Ze A7) ik NaX
AT B B R LA LA 7 T

(1) FRYERERE. BRI RS W 4 1 LA SR
A A B O &R, KB SOk B 2 1 88058 40
TR (Nap AL O ) Tl fl £F 1R A (NaAL O )81, ke A7 JT 57
AT T A O B 5 P A S R . A S0 SR T S N AR
(CoHa ALONE M50, IMANEEAN G, A Ak
B WA B K. S A — P HLE A
FEGURIRIE b o H PV 2 B ), 8 BE St vh ke
BT RN, 2B R R A B R 3 A 4
L AT SRR R RO,

(2) Ztdr s, Li 20 weh S5MSR A T
1224k 773, Coutinho 252 sz 4t 22 4k 147 10 min,
FTAS e ARBURIISTE 2 pum Lk ARSEZEGSR 240 75
X, ZARFRIC IR 12 h, {0k [ (R iR i 24 5
SR AN 5 P AR AR LS, T AN 2 5 7 KO .

(3) diAk T A s, KB 43 SCik A R ]
THEAEMI T ARSI R e ik 7 2, BRE
RNV ZZTRNTE AN, Dh— P e, fRFFEN
WPERS], SR T KT B A B E AR A 2 5 7 A P
B AR PR 2126 1 AR 0L, AN TR T/ INRORE ) A2 K
B —E MAEH.

4 & %

DA S P P B R JR R AR AT AR, R D
KL, T HGRBUE TR ST, HIK G BGE e ditk,
FESAA R BRSNS T b A R T /N NaX 71
G L. AR BT N R RUA 21 201 0 I A R i bz 4
N, AT BRI K /NAE 500 nm A AT, AR ) K
10 um. %/ NaX i A7 15 B A8 e V22 3 4 A o3
BRI, H, (13835 % 2.45%107° mol-m?/(s-Pa), 3 Hy/N,
A HolCoHg HI AR 73 1 R HIL 5] 4.21 M1 7.56, L%
(55 2R HUE 3.74 A1 4.69, iFWIFT& LI IE g HAT
o> 1IR3 T RE.
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Preparation and Characterization of Ultrafine Crystal NaX Membrane
HAN Ling, WANG Jin-qu
(Institute of Adsorption and Inorganic Membranes, Dalian University of Technology, Dalian, Liaoning 116012, China)

Abstract: Continuous ultrafine crystal NaX membrane was synthesized hydrothermally on the outer surface of a-alumina tube support
(12 mm o.d., 8 mm i.d.). Surface-modified tubes were seeded with ultrafine zeolite X crystals prior to the membrane synthesis. The
molar composition of the starting gel of NaX membrane was SiO,:Al,05=3.85~4.2, Na,0:Si0,=1.2~1.5, H,0:Na,0=40~60. The outer
surface of the tube was completely covered with zeolite crystals, which were about 500~800 nm in size and about 10 um in thickness of
the membrane as judged by a scanning electron microscope (SEM). The tests on permeation of H,, N, and CsHg were carried out to get
the ideal separation selectivity of Hy/N, and Ho/C3Hg systems. The measured permeability of H, was about 2.45x107® mol-m?/(s-Pa) and
the ideal selectivity of H,/N, and H,/CsHg was 4.21 and 7.56, which are higher than the respective Knudsen diffusion ratios of 3.74 and
4.69.

Key words: NaX zeolite membrane; hydrothermal synthesis; seeding



