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MECHANISM AND KINETICS OF
SINTERING PROCESS FOR
a—Al,O3; MICROFILTRATION MEMBRANES
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(Department of Materials Science and Engineering,
University of Science and Technology of China, Hefei 230026)

ABSTRACT a-Al;03 microfiltratin membranes (MF) were prepared on tubular a-Al;O3 porous
supports by using slip—casting technique. The performances of MF sintered under different condition
were studied, and the mechanism of sintering process for MF was discussed. The sintering model were
employed to calculate the rate constant and the apparent activation energy.
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LN 3.5um FFLBRE N 42% WX ALAMBEI G EABRRNTRRE, TRERRS
£33 a-AlO3 UMK, BEH 15~30um, BRFEHELHRK Tnax A 1623K.

SRR P v S R O R LR AN K 4. ) Archimede BRI EAE B IOFLERER, BIKE )
ZNBFHETENE EBEEREXRGEE, 25X RBRAREFNTRESE, WEfFan
FLBEXK (GB1966-80 LA MEBTILEK. FERBRT ).
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2.1 BEREMBENIIEXNRIBENTM

AE 1 ATAE N, SAEMIERNTHILERESRENFRTHEA. X5 ALarbot?
A.F.M.Leenaars % Bl g B0, (HER 1) WA FE VU 7L B3 3 B8 e 45 1R BE 1 7 i g o
&, MEFHLBED. BE5EHEAR, ERE3BP 5 XHEEMON FERLAZEZ
BAAAR, TNEGEMR IS EHEMKSE MRS W23 EmEmpEh, B
MR E R R EARA RN, XMERS IREANILRE, ARMNEERSAE X P, R
BEERA, BEEFRNONFEEEEIEERN, BEEEREN, BN S5EE SRR
o, EPFLERE/N MR NN, TRAEEES AR, KT RRBEXRAREREE
¥, gREAKRTFEBEEL, XN XEEEEOBLNEFERRBRD, BRABELLREKR. KB
R, HRNERBBERS, RANBEEENR, RE 20pm £4, BWSZEEREREK;
1P aBEREERENABRT PR ALER D HE, XRENES a FTHKKF
RN, ARAMERS, AMBEERRXA, BEREAR, HTHRGEKERRLX; L
FHEBRRERAERILBMEILEEN A FHBE AR Z &, FRFRBEZRS
BRERER/D, HMmELE RS TFiEH.
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2~3pum ing time ¢

Fig.1 Relation between mean pore diameter
d and sintering temperature T' (sinter-
ing time: 5h). (a) particle size less than

1pm; (b) particle size of 2~3um
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ANERENRERENBEOARSFHERKOER. TS 2, BERSRENHT
", BASAHBRR, X REREARES RS TR FEIRERENRBER, WAL
PAFERFEAL TSGR RLURERON TR, SBRAEALRZXE R,
LESHBERET.

2.2 REREXEHILEXDHRM

BRI P 3% L4 B RO 1 [ 3 B A S (B 2), TR M9 AL/ R %8 (B 3). it Coble 2
R O MM RES MEK R R SRR EX RN AL/ L o t3/5, ] LU 58 45 5 B A (6] 4
TR ECT R, BIE—ERARET, BANEEEERSNEAOEREFETRE. BTH
BH e E MR R, AR T P4, B 3 hRRgR R 1h 38 im3) sh, FEALER
WARAN; FHSMNE 3 ATLLE Y, FEBRKIBEEIREE (0.67Tmax) T EHKKE S it 1A T 6 FL42 4 7 22
%, WHEERNTES G LY TREER.

AT, WETEXHBROIBRRERSIEPKZRW (B 4). FEEEKF 50 RIR N E
KA BR R A, IMRESESEMRERY, LRRXEEEARAREIBI R FREAITK
RIFHBE AR T ESAKSE, RANSARBHTRE. B4 PHEERGBEOA R, LR
R R A A R RNE R, EARGRBRE, ARV EAEX, BAREKHER
e dn R 7 BB A ).
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Fig.3 Pore size distribution of the MF mem- Fig.4 Plot of relative density vs sintering

brane vs sintering time at 0.67Tiax time of unsupported membranes

L ERTRBR AR X HORRR A R K, T BE S B B R BN, X T a-ALOs 3R
B, RORFBRE RS, FRTHAIFYARAD, 20%LILRER NS REBIEBE; Fan
BB TS R E, —MRE 1~2h FF FREWHSIM, RBTBRERLRER R w3
EEE.

2.3 TEXMBHBEORMFLENITH
#&#% W.S.Young il LB.Culter H1% R [, Be R G, W, HEXRN:

dp/dt = A-exp(—AE/RT)-T7'- f(p)-d™™ (1)
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A=CyV?3/R (2)

(1), dp/dt &t HEKBEAER, dRNE, AE RREENENLEE T ERHAN
FRE, RESHHEE, ARSd. THpERKHHSH, flo) RINSEHEERNEL,
RAERE n RIBRAHERE, YRETBOVER, n=3; I BHNER, n=4 X @), C
AEH, yREEE, V ABERBR.

(1) A8

In(T'dp/dt) = —AE/RT + In[f(p)] + InA — nlnd (3)

BER 3) PHEZTRRNKEBEZRALKHEE, WL In(Tdp/dt) X 1/T #£HE, ATHMARR
BIRWEMNGE AE. & BB EN E RS I, ARG EE T X EEME o/ps ZHAK (NE
4), ZERRIA 1h MIBRT, BEEEH 0.67Tnax FE 1.00Tmax, %8B 0.400 324 0.431,
FEMRBESREREAN, HEMKERHEE, XA SEM KBS WK NERBIIESL, HETLZ
& 3X (3) oS =R IE B I AR AL B R .

T 4 A 3 IREERR AR A R, HFHA M MK Lk, Bl dp/di(t Ll h
i), ERINTFE 1.

® 1 ZFEEREMBETEH dp/dt &
Table 1 Values of dp/dt of the MF membrane sintered under different conditions

dp/dt

T (0.67Trmax) T2(0.82Tmax) T53(1.00Timax)
t1(1h) 0.0175 0.0295 0.0905
t2(2h) 0.011 0.0246 0.0721
t3(5h) 0.0046 0.0197 0.0536

RI\BARX 3) ¥ In(Tdp/dt) 5 1/T EEFSHATERMER A KB REY 1h . 2h Fl 5h
EMIEILEE S BIA 69.1kJ/mol . 77.7kJ/mol F1 98.7kJ/mol. {#IR 1h F1 5h BERIBEL HEALEEE
R, REAMMEERENERER, pENBESHM dEHTLYE 3) RPE =TI MR
XK. BEMBENENTEELES o-AlLO; AN KBF A, I W.S.Young % [ J#&HH
AR TEALBE R (480+42)k] /mol, J. Wang!®! 25 #1824 (440+40)kJ/mol. BEAHKHBELE T+ T
R BN R BAY, MAPLRIMFIEERSE, TGN 4l 00% MREY & ° AR TES
HF, SBURSEMELEERD, EHMERSEZNMN, BTAFAREENN, XRRELRE
WK, T, YBEEBEN, HEWNELEN SRR RENEL ST —
.
2.4 WERHNREMRESRWFLEDITR

AT HRBIB R BB S, 51 Scherer IR (101 Scherer ¥it T —A BARL T A4 BAE 44
TR RIS, AUBREEAHENMESE IR, WE S5 Fin. BEPE
BT AR A |, BERN o, EX = = o/l, HEMBER K4 RAXEE D <0.942 B,
z <0.5; XAMBIRIN T X4 B EE SR, REEAZBEoMEH 12 4 DMe
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KFXATEEN, BEADEMEE, SATHASI, XA MS &R U8 3t F 34k bl
B BES%, ARHE Scherer AT LLG H A F R A

D = p/ps = 3nz*(1 — cz) (4)

kdt = (6/(37)/3)(n — 23/22) /(n + 2%/22)/(z*/*(1 — cz)'/?)dz (5)

- RF p/ps AR AERE, c=8x21?/3r ~12 AWH. B (4) AAB—EDETH
Bl O6) ARSTURE—ERETHREERNEREE k. ATHERNRGHNFESH, B
B I 6 A N 2 36 P AR SR PR A A T OSBRI AR, O R SRS SRR
SRR, EMNEEHEERL M. HE 4 R ENBETHSEEROHHEERIITE 2.

% 2 A Scherer HAURHBLLE S K P H R H M

Table 2 Rate constants of sintering reaction calculated with Scherer model

Relative density/%

t1(1h) t2(2h) t3(5h) k/10-6s~1
T3(0.67Tmax) 0.400 0.417 0.431 3.904
T2(0.82Tmax) 0.411 0.441 0.500 9.066
T3(1.00Tmax) 0.439 0.530 0.691 2.275
1057 4E=61.6k)/mol
~
~ 1151
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5 Scherer #AURRE (% %501 B A& B 6 [ Scherer MEE K In(k) 5
KA I, B¥RA o) 1000-T7* W% R
Fig.5 Schematic diagram of Scherer model Fig.6 Relation of the In(k) and 1000-T~! us-
(unit—cell characterized by edge length ing Scherer model

l and cylinder radius a)

ARYEE 2 M Arrhenius AR k = Aexp(-~AE/RT), H&RE T k 5 1/T R KRB L
HRWENEE, WA 6 PR, XE 6 KtHRME T ~ T BERXEA, o-ALOs BELHE
W HE AL BE A 61.6kT/mol, X AMEFI B 447 RABIKEL 1h i RWIEALAE 69.1kT /mol ABFF &,
W Scherer #IRY B ARIFHIERAYE. 2pe%m E M E Sh, J0 TR I R L5 b REAR DL 34 n 2
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98.7kJ /mol, BT MB KIS LE R K. BB i) D H R H B R IEAL B 5 AR e 4 it

MBEAERKA, RENBOGLSHESERSINTESNE, TEHEFSOELED
ANTFHEYBIERE, X530 (15] K#6E .
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1. 3 o-AlLO; AWK EREE /N (15~30um) B, REESEE, B FHILRK, AR
AHRRE; MEBKKBEERE 1173K) TEKELRE, WALREN, ABHIHEE.

2. RABKEBERES, RBEYNETUAEFHILED, LEHHGEBHEMILBEEREK
BRE a-AlOs BB

3. BEBIFHPLF Scherer BB R M REMIERPL L 3 /12, BB RS RRUE S HkAE
HERA R Kb it
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