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PSR TR RS RO, st B K R AR TE A A T R RS KR B KSR B Ha O/ AR
J100:1, BE4E e ROH/APT 3% 5:1, R FIMEE HY /AP 3 0.07:1. BEMNEILRER S
B, KKEETERTRANE, RAXFFEREEHHHEHESRS, HXARM T EL
B EEMBBRE R 0.5~1.4mol AIOOH/L & i%, WMEEE <200mm, EESERKE .
WEFEREN SHEFEENTFFRKIE. B -AIOOH ¥ B XT3 1R — 2 f i 1l &
A AL EER, FEAERATEMBMRNEEE T EENIRE, 28T R R
NFHERREEERNAMHEEYREE. I8 aRENREN FHTYHERSIREER
ERE MR LILEMHEYN, MR TERBEREMERRERES, BER TG
SERE. UREHETILILER 0.1pm MEAEBYERE FBREN Y EZ Y 100nm
EEMPEAEE, MR TEREERE, REREET 400°C R MM X# v-ALO; BILE
% 3nm.

x @ A AXHFEAEE FE - B BRRERLE
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BT VLM AR Ry, the MALARERE Y, ER0 B B R A AR S A JE
FEY A, SIEAMNHEEER BATERLESATRRM AR REFAY
AR MR ER &N TN REEN A, TRABESKTRER. CVD 3%, HREL
ENER - SEREEE TR ELIR. B - BRERUAIM ISR ® VIR,
Rk Tr sk, EEENERBEEEKBAYIRF PR A KBRS, BRORENER
JE&E, BT RCET R H R BT IR - BERCERAETEMRIR T (29 400~600°C) il & H 4 i T
PLEE R, HIEE - SR S R B2/ (B9 AL nm) | AR E, X
5 F 3¢ 2 AL EMGET B R AN LR R MR, AR - SRR TR
INNHRH & LIMERNRERG IS U BB - BRERER  ZATELE. i
B SRS TOHLBE R & O, B XL SRR B R8E 6) RXCHRT K - B
JBE s il 4 R Xt B R AL 4B R

o
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2 SEISERSY

Bk RINEIE, HEK, RAM, R, WHER. WK, R, BRE/AEERE.
2.1 3B A (boehmite) AIOOH BK M HIE

DURFEEEAFEN BRERE ARABRLER) £ >50°C | SE 0T #EE
Kk, MA—ERBEHNREN, BEANKE=YE—SRETRE, ERIBA
(boehmite) AIOOH AR IF L, 1% B 1A TE M ZE MUF I A S A EN =, HEREEBRETH
B, 7E 80°C ZE A7 B 6~18h, k5 E A4 (boehmite)AIOOH B .

B 12184 (boehmite) AIOOH & JBZ 4 ] % o 14 -
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M1 Zhim e & R

Fig. 1 Schematic diagram of preparation of

M2 BERRERELZHE

boehmite sol Fig. 2 Schematic diagram of the rapid gela-

1. Condenser coil; 2. Contact thermometer; tion processing of .SOIS

3. Thermometer; 4. Hydrolysis reactor; 5. Appa- 1. Nozzle; 2. Spraying sols; 3. Supporter

ratus of heating and stirring

2.2 FAMFRELEROGE

PLE SR S E R BUE, SRR AR R U0, &, REmBBa
WRELRRTFERBRET L, BRLTRAMHSIERE, THRIGE >350°C &5, BATK
BAXHFALLEE

M2 RERRERENTZAE, FREEARELEEL, FEHFRERBIR
EEE L, RRERSBORER. FASERAEEIUE EEXBRRARS), BEDHN
0.2~0.6MPa, B % BH B <200mm. F5X F 7 kil 4 4 AL SR IR 28 B P ], A4 W RO VR BE Y
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R WEE R EE . SR ENZ D, BHEEN <0.lum BULE A um.
3 BR5TR

B - R S B AR R E AR AR, EXREET, B RE B E R
EXEMGHREE BTETRIBTEAEANER, IERBESEERE, WU
W, i BEBRE A LA R/ R TB R BB T 95 B P 0 46 0 M R R B DR L TR R AT RR
iy AR TR ) B BCR A/ IR E B B RE T, WM ERRERE. KA E
JG R BT R R v v A AR, T LA R A A AR AL R R, BN Bk AR 5 B RO
WCELRR B o B F AR SR T 2 B R _LAE MUAY A2 PRAR A B e 4. T ¥ G A 1 4%
FORE A A SR A /D R BRA R/ B TRE - RS SN B ERT
B TE BB B 0 BEREAR 2 (020) BB, 7E AR R R i ok AR R LA (020) AT TR
REREKA U BT EEET <020> 77 B8 SR MK B Loy XFRE B W &R
B B
3.1 HEFHXNHBVE AIOOH BRI M

i1 (boehmite) AIOOH ¥ JBE B4 B3 ¥ A ¥ JBORL T8 K/ LR gy 14 AIOOH #¢
B AN LR, BRI EA 2, FLIRE. 24 AIOOH ¥ K 2 < 4 A
BEATHR/AD ., BRERRTRABEHKERE. BBHGRHRKRESEH MG AIOOH
BRI & AR R 1~3 BRI B & A& 14 T 3R A5 I At

%1 REKWRR EHIE 0B

Table 1 Appearance and viscosity of the sols at different temperatures

Temperature/°C Room temperature 60 70 80 84 89
Viscosity/lO‘apa.s — 9.371 6.360 2.953 3.019 4.211
Appearance of sol Opaque White Clear Clear Clear Clear

H,0/A13+=100:1, ROH/AI13t=5:1, H* /A13*=0.07:1, 1h hydrolysis

% 2 AR H20/APY 103 B e Rs B K/ Rtk
Table 2 Viscosity of the sols prepared at different H,O/A1** (mol ratio)

H2O/APt  Viscosity/107%Pa.s Appearance of sol L(g20)/nm Diameter of colloidal particles/nm

50:1 — Too thick — -
100:1 2.370 Clear sol 2.8 108
125:1 1.805 Clear sol 2.6 98
150:1 1.494 Clear sol 2.0 70
175:1 1.915 Clear sol 3.1 110
200:1 2.534 Clear sol 4.2 124
*50:1 23.709 White sol 8.4 180
*100:1 3.738 Clear sol 6.2 135

Hydrolysis temperature: 84°C, ROH/A13t=5:1; Ht/AI3+=0.07:1 * without isopropanol
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B3 RENYEROES
Table 3 Characteristics of the sols prepared with different concentrations of peptizant acid

Type of acid HY /AP Viscosity /10" *Pa.s Loz0) Appearance of sol
HCI 0.03:1 — —_ Appear precipitates
HCI 0.07:1 2,370 2.8 Transparent sol
HCI 0.1:1 2.724 3.2 Transparent sol
HNO, 0.07:1 9.533 3.6 Clear sol
H2504 0.07:1 = = Opaque sol
CH3COOH 0.07:1 3.274 . 38 White sol

Hydrolysis temperature: B4°C; H20/A13+=100:1; ROH/AI3+=5:1; Hydrolysis time: 1h

X F 50°C (K MEIRBE . (100~150):1 97K4B H . 5:1 BOBK4S H A0 0.07:1 OB VK E RIS
AR R E BB -AIOOH MRA A EM & &£ AHEAGFTHENSHBA BB MG LR
MK 4% lam ZER, BROBRERZLY S 100nm.

3.2 78 oY Heom B

EBRENREBRETES, BESELEEAANKEERTHE 10, XAXRSTF
WMUEMBRASENBREELY AN, FETIAWEINERNEYN SFLE EEEL
ERONLFRESEEME, BERERE TEERNBCELBRRTHE -KXMAE, X
ANTEREKRSD, AT T SERERERATRAKNS, FURAIHMERELHR
B REEE, BRRERTR)OTLAMEE Y, A EGRBT L ER M TR B LM AR TAER
BEELE 9BERTFHERY, EXA&FRAMEORHOBRRAKRLARS, ERHK
AW E Y.
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B 3 REREENEOSHNERERK
Fig. 3 SEM of 4-AlIOOH gel membrane prepared by rapid gelation (cross-section)

P 3 f& 7-AlOOH BB B /G X4k E R EREM I, FEMEKH 7-AIOOH T BB
MRENEERMR . A SEM R LR S, FXF 704 00 SER RS 4T



538 PP 1R S 13 %

PR JBE R 5 1 4 B Bl S A o O AR 5 WY 0 BE R WY % [B] A0 B B VR R Y MR BE A O
oM o ct/d®

Hom RESBOERENERE, cRRIBAERAEE, ¢ REBREE, 4/_Q%m88
WHE, £LEIEH d <200mm. & &R BB K E N 0.5~1.4mol AIOOH/L . HREHIAS
FEMBEBROFLRRAERKRYER, IEhENBERELEE FAXEE SENER
KB L <25x1073Pas H1E.
3.3 BRENAZHAMHREACEENTZ®
LAMAERETHTHEREEREXONRTLARHE YN, MR TERERT
WBEBRIREREE, BERCHREHMAILNHIEKE, R4 HTEHESEREXTY
B JLIL B M AR TR 22 A TR X R . MR RERTRETILIL
BT K T AR A T R, YBRet i, BEWELH, BB MBR LT
EBNTERBERE THWAAN, EXRFBIGER, SBFKRENMEHILEBEREEL, EFE
HEEREOILGH, MBTKBREE, RNEREEENERREESEERHE,
MERAZREEBG - TRIR PRNVERRESEREROHEWRSL A HkE, H
EERELSEAXNEIALR. AEREROWHEVILAARENTFHERBRENFHERM, B
BARREMME FERE L ERNENEARE, TRENERBESEFREHNE. 4
ERERERFILARHRXTRERBEAN FHERN, BREEEREREAE. YEK
REERILARERBEREN FHERAYN, EEFRERTRERS, 6k &R
EEREROEGRE, KEENAKEXRENIXTHREHER, 4. 5 BANHEA
HEBEINNEFEERFRRBEMNAMBERSE, IRRER TFHERAN 100nm 1
PMOBRE, EERBEEHRATILILGSH 0. lum HEFRE LR EREE R TER., Tk
PRI BEREBL, T 400°C e BRI B2 4N 3nm MR HRELBE. UAHBE4ERE
B U2 Vefd, 78 BB AR R TR LA AR SRR E AL AR A 9 N, B B 7 0.3MPa B, TJE
60m3/m?-h, CHy/N, B B AN LIAERT).

R4 BRRNMNSIERBREIA 2K BN T

Table 4 Influence of size of sol colloidal particles and supporter pores

Mean diameter of the colloidal particles of the sols/nm
Pore size of supporter/um

70 98 108 112 124 154 166
2.6 N N N N N N N
0.22 N N Y Y Y Y Y
0.18 N Y Y Y Y Y Y
0.1 Y Y Y Y Y Y Y
0.05 Y Y N N N N N

Note: N: the crack-free film can not be deposited on the supporter stably

Y: the crack-free film can be deposited on the supporter stably
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B 5 AxsRE LSRRI SEM
Fig. 5 SEM of asymmetric alumina membrane

M 4 PHlEsEERY TEM
Fig. 4 TEM of boehmite gel membrane

(cross-section)

4 &

LURARENES, SHAOKEBENTFET, £>0°CHEBERETARURGREE
BRI AENENSBABE. EEMNKELL H,O0/AP % 100:1, 843 1k ROH/APY
Jg 5:1, BRBEVE IR py o BE HY /AT 3 0.07:1 (BE/R EL).

2. R SEB R, KRS TR TRAATE, KA XF LS 5 & REY
5, AR s . 8 B 5B B 0.5~1.4mol AIOOH/L % B, Wi ZFE @ <200mm,
EESHEEERE., HENBRIEL SWEERHF L.

3 UMBOBEENRARTHFIERS IRGFERMEAN R J/ILALBA L, B
RTERRBENRRBRERES, PR LA 5 SERM. LLEE 57 R &
BILALE % 0.1um R LB E F BN IR, FARBEBRRFEHERY 1000m Z2 476 8 5§
AR, SMETERMIE, REBES T 400°C 5 RE A # 1-AL0; BAB4 N

3nm.
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Preparation of Asymmetric Alumina Membrane by Sol-Gel Techniques

HUANG Xiao-Rong HUANG Zhong-Tao
(Chemical Engineering Department, South China University of Technology = Guangzhou 510641 China)

Abstract

The clear stable sols were obtained above 50°C with about 100:1 suitable H,O/Al**mol ratio,
5:1 ROH/H*, 0.07:1 H* /AI3* concentrations of peptizant acid. Crack-free alumina membranes
were obtained by rapid gelation processing of sols in shorten gel time. The suitable concentration
of the sol was between 0.5~1.4 mol AIOOH/] sol, the suitable spraying distance shorter than
200mm. The pore size of the membrane was influenced by the size of boehmite grain, the pore
size of v-Al;O3 prepared by the boehmite sol with 3 nm grain size was about 3nm. Asymmetric
alumina membrane was obtained by further modifying alumina supporter by using the clear stable
sol. When the mean diameter of the colloidal particles was equivalent to the most pore size of the
supporter, the crack-free gel film can be stably deposited on the supporter. With 0.1um of the
most pore size as the supporter, the y-Al;O3 membrane of 3nm pore size was obtained by using

the spraying sol of 100nm colloidal particles.

Key words asymmetric alumina membrane, sol-gel technique, rapid gelation processing



