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Abstract: Boron-substituted MFI (B-MFI) zeolite membranes were synthesized on low-cost porous mullite tubes by
secondary growth. The as-synthesized membranes and powders were characterized by X-ray diffraction (XRD),
fourier transform infrared spectroscopy (FTIR), Inductive coupled Plasma Emission Spectrometer (ICP-AES), (FTIR)
"B magic angle spinning nuclear magnetic resonance ("B MAS NMR) and scanning electron microscope (SEM). The
effects of ny/ng,_ ratio in gel, feed temperature and concentration on pervaporation (PV) for acetone/water mixtures
through B-MFI zeolite membranes were also investigated. The results of characterization verified BO, substituted

SiO, in MFI framework. ng/ng ratio in gel took great effects on the microstructure and PV performance of B-MFI
zeolite membrane. B-MFT zeolite membranes could permeate selectively organics from water with acetone and

ethanol separation factors of 260 and 70 for 5% (w/w) acetone/water and 5% (w/w) ethanol/water binary feeds at 60

°C, which were higher than those through a silicalite-1 membrane prepared under the same synthesis condition.

Key words: boron-substituted zeolite MFI; secondary growth; pervaporation

S GG MRS R BRI BB Rk ST B AT BE IR AR DL A HLRRE AN 2R &0 A
JEE 3 e SRl IR G Wy ik B BRAE SR IR O B2 VR AT 28 H T8 38 Ak (Pervaporation, PV) 73 2511
WSk H 91 .2011-08-14, Wois ks B W1.2011-12-30,

FE K A SR BF #3542 (No.20906042 Fl 20966003) K2 FH 4438 “863 7 Al E I 75 7E (No.2009AA034801 Fl 2010DFA34440)%% B H |
FEIRIE R A . E-mail ; cxs66cn@jxnu.edu.cn ; Tel ; +86-791-8120533




%5

J 2 AR S MFL 2403 1 ) 4 598 18 IR PR BE T 943

SR, A5 LA A6 14 5 V5 I RIAS T oo ek 567 dfe 2 17 B
il 7 FCR R SRR, 43 BB 0 VR AR N R
EPTEANIIBK S, SRR RS LTA A4S FAU
FRUGTUR] T FYIS9153 -G 5 3% 90 HR A 5 1) 43 25 Pk, H
AR = R 4L T 1997 4R3I NaA #4)
T Ui B TE £ RS PR IO /K ) Tk o R B 7K
MFT %Y 3 -0ii FEE 43 25 A B KR A P i 2 30
X A AL e R | AT LD ARE o 1 A L K VA TR
B ALY, Lin 7 2B A LRl T
A1k MFI B (silicalite-1)73 5 i 5, i JH T 60 °C 5%
(A5, R TR)) B R 7K I TR 35 05 38 1 L
K43 =35 0.90 kg-m2-h™ Fl 106,

FE 5 B 1 A B MFT 283 43— i B 5L AT AR
5 1B B RAL AR 3 B HE BB Tuan S0 31
B-MFI #(B-MFI)3 -0 B AE 53 15 T Jot S AL AR 00 43
5 HEE K VARS LG AL-MFT F silicalite-1 43— i i .
HEL B EEETE . Bowen FEIE Monolith A1k
BRSCEEAR LA T SRR A B-MFT 28 4310 fst | X
PR e B PR B 220, BHE & T silicalite-1 43
T B L Dong SEMIR AU Ak AE 2 FL B 20k
AT B-MFI BT i Xt N,/ 0, 7 B R R 3%
B e i v Lin™SAT NobleiF 53 /N 4H A 1 1)
B-MFT #4307 B8 78 43 35 %t — H 28 /48 — H Rk R
B 43 8 R 20 ) = ik 55 F 60, 347 T silicalite-1
F1 AL-MFI B2 £ 5, Deng S5UTE 25 41 4t 46 Ak
BRSCEIR A T B-MFI #l AI-MFI %4 4 i B |
[FIAE  B-MFT 43 i J55 Fb AL-MFT #8437 i 158 ¢ 20
HE T R T R R

FELI TG, ATE T m SRR
silicalite- 1USFT TS-113F-Fii J . A SCR HH B-MFI #4
oy F 0 m RS S 2 LBk A LI T e
B-MFI %4> F i 5 IESE T B JBF LA BO, BB A7
EFAIARES T BT B-MFI # silicalite-1 43
5 Ui B AE TN R /7K R 2 BEOK R R B 0B Tk
PERE,

1 SEIHES

11 SFHERMEE &

W TR AL DU TR 4 (43 AT 2, b 3 %A R A 1k 2
FEI) AR AN (A BT Al D9 S AL T BR A
A REW S (30% Si0,, F 5 AL A BRA A) 6l
T (1261 245 4 AT A 2 370 A B 2 ) A2 8 1 /K A =5
TIRA BEFE 1 h RIS R v R, S M B IR A

B ngo s g, o T po, Mo =1:0.25:0.15:0.03:45
EAk 24 h 5 IR A A B U R M S A Y R
N2 FE 130 °CF BN 20 h, VEH HAs AT
PR 14 95 S FH 11l 2% silicalite-1 20 F- i . RV 58 )5,
FEKIG VI A B0 08 4 B ARTE 100 CHYHE
bR, RIETES Y 550 C TR BE 6 h
DA BRAAR R, & L

1.2 SDFIFRMS &

HE A N Nl 11151 Il 11 Rl 1 A N | I (B S
silicalite-1 Al B-MFT 4T i A9 S A . B 10 em
1) Z L5 A SR (SME R 12 mm, JEE R 1.5
mm, F¥FLER 1.0 pm, FLEIFE N 43% Nikkato
Corp.) B 75 15 Ut 2 min, 1 TG R A HIETE 8
g L AR FIOK ISR IR 2 W, BIREFTE R 30 s, 42
PN 1 em-s™, WA AP SCEIR TGS,
TR (99% , Sigma-Aldrich) | U N & U AL B2 (209%~
25% K% W, Tokyo Kasei) H1PUZ A SEHERE (98%,
Sigma-Aldrich) K A 2 25 8 77K T8 Bl EE R i
FEON ngo, maonip po, 0 =1:0.17:(0~0.1):120 1 %
JiE, MR B-MFI 25307 5 B-3 B9 B e & o 72
H K 151 g IRV T 16991 g KB Tk SR )5
JIA 11.01 g TPAOH KB W, #iFE 15 min, fe 5 1%
17.57 g TEOS IAMEW , FEZ R FHFE 8 h Bk
JEE IR A T VR, K TR RS B R U R S Mk
JEAT AN B SN 8 T, 1 A AR A Bk A S A
T B TR K O 28 E O 180 C T I Y
HEFF KB 10 h, Fe b Ak 58 42 BCH B8 7
K AIE G 2 WK, BURIE R 2 h, TR R R
1) E g 500 °CF K5 20 h, T il TR L 23
N 0.4 °C-min',

1.3 SFHEHMRSENRIE

28 X-9F A7 L (XRD ,BRUKER D8 ADVACE)
FAE A B 3 U A0 53— 07 RS ot A 45 44y, 0 2% 1
H Cu Ka WAEST A SBPAL TR 40 LV, HHR
50 mA, 2 & H oot 2 4b % 3 {X (FTIR,, PERKIN
ELMER SPECTRUM ONE) FRAEA R 5t 1 21 40
TEJE1E LA KBr Fe R, 7E 4 000~400 em™ 5 45070 il 4
HEATIN A2 A 3 A SR A A L T W BUBE (FE-SEM,
FEI QUANTA 200F) > Wi Jir & J 43 ~F- i B 119 A 0
TR R FH A5 B R A5 65 I (ICP-AES,, VARIAN
725-ES)% B-MFI # A #1750 % 20 B3 BT, R A
4RI (ADVANCE I 400 WB,BRUKER) il & "B
MAS NMR i &, 4R 4% % 128.9 MHz, BF;-OEt,



944 I oH ot F % R 55 28 4
TERFEI S BTG R T AR BN B SR e, K
PELEA B OK AR R il g 8 BV AL e B iE I18F— 2@ ICP-AES JTTE M E TR ng/ny 18,
PUCRE MSCERIT S, IS BIEIERER B E np/ngo, O 0.01,0.03,0.05 H1 0.1 B 45 s 9 X5F B iy
B R ENT o MASEERR BEEE TR BRI ng/ny L4514 120 85,80 il 75,3X 5

718 AT R ) P 958 375 3 Aok B A7 T RS ) 4 JB L o
J=M/(At),M RFEILH 5y 5 5w A N ¢
BAERT R B R kgem bt Ay BT RA R
a=(Y Y )l(X i/ Xe)o HH Y, 5 v, 0 RIFRRIEBEY
A5 B WA R EE X, 5 X, a0l RN
RN T A 5 B PR 4L 2 19 I E A Lk B
ERA T BT PSI=J- (@-1), 470 kgm2-h™,

2 GRS

2.1 B-MFI &4 F i & 4 Fif R A RAE

TE ny/ ngo, E62A 0.03 B 7 5 HC b Hh 43 50 6 1 T
B-MFI #4531 i PR B-MFT #5370l 5k
SCPEAAR SRR RN 4 0 A XRD B A E 1 TR
MEE AT LA BT A BRI HE 20 2 7.9°
8.0°F 8.9°4k K 23.0°~25.0°Z A EA7 B & iy MFI %Y
I3 F IR AR | SR WTE LA AR B MFT B 224540

(b)

A (@)
o ] SESSSES
5 15 25 35 45

20/ )

* Indicates the characteristic peak of mullite support
K1 XRD B (a) 52K A7 3KHEAK ; (b) B-MFI S F
(c) B-MFI % 43~ it
Fig.1 XRD patterns of (a) mullite support, (b) B-MFI

seeds (c) B-MFI zeolite membrane
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Fig.2 FTIR spectra of bottom powders of zeolite MFI
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Fig.3 "B MAS NMR spectrum of B-MFI powder
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Fig.4 Surface and cross-sectional SEM images of (a), (b) silicalite-1 membrane and B-MFI membranes prepared

by ng/ng, ratios of (c), (d) 0.03 and (e), (f) 0.1, respectively
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Table 1 PV performance of MFI zeolite membranes prepared by various ng/ng, ratios in gel

Membrane ng/ ng, ratio Flux* / (kg-m?-h™) o' PSI/ (kg-m™-h™)
B-1 0 0.85 100 85.0
B-2 0.01 0.68 180 122.4
B-3 0.03 0.70 260 182.0
B-4 0.05 0.63 205 129.2
B-5 0.08 0.62 200 124.0
B-6 0.1 0.60 190 114.0

Note: * 5%(w) acetone/H,0 mixture at 60 C.
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Fig.5 PV performance as a function of feed temperature
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Fig.6 PV performance as a function of feed concentration
through membrane B-3 at 60 C
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Table 2 PV performance for 5% organic/water mixtures through zeolite membranes at 60 °C

Membr./Support Feed Flux / (kg*m™-h™) « PSI / (kg-m™-h™) Ref.
Silicalite-1/Mullite tube Ethanol/water 1.05 65 67.2 This work
Acetone/water 0.85 100 84.2
B-MFI/Mullite Ethanol/water 0.85 70 58.7 This work
Acetone/water 0.70 260 181.3
B-MF1/ Stainless steel tube Ethanol/water 0.025 9 0.2 12
Acetone/water 0.16 440 70.2
B-MFI/Alumina monolith Ethanol/water 0.18 24 4.1 13
Acetone/water 0.22 220 48.2
Silicalite-1/ Mullite tube Ethanol/water 0.90 106 94.5 10

3 & it
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BB N 0.70 kg-m2-h™', WA 532 P R
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o T AR AV, 308 Al Rk R PN T 5 6 344 Jon i B

B, 5 silicalite-1 43 F 0 B L ¢, B-MF1 #4430
JIEEAE PR I /KA 22 B T B S IR B R
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