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Abstract: The silicon carbide ceramic membrane F—
support bonded by mullite (3A1,03:2S10,) which MMOE;HE“MT\.
. AL O Al

formed by in situ reaction has good thermal shock no, I oo:’,;:;;lf“"s“’"“a“"“'
resistance, however, few studies have been made - pY - ;‘*\. m /a-ALO,

. . . d)
for in situ reaction by adding p-AlOs. In this p-AL0y e N ‘ 1300°C
paper, the porous SiC membrane support using w.
black silicon carbide as aggregate, and by adding . fsio,

25 C \ L ._ Oxide layer / Al ,0,

different content of p-Al,Os, was prepared by the J

3AL,05°28i0, Mullne
{ SiSi* Si* Si*" Cristobalite

@ Silicon Carbide
#Mullite
Cristobalite

reaction of AlbOs; and SiO, which produced by
the oxidation of the SiC particles surface under
pressureless sintering at 1430 °C for 3 h in a
muffle furnace. The effects of p-Al,O; addition
on the phase composition and properties of

Pore
Neck formation

1430°C

silicon carbide support were studied. The results showed that the mullite content in the bonding phase increased with

the addition amount of p-Al,O3 powder increased, and the cristobalite content decreased relatively but could not be
completely eliminated. The interconnected pores of support were produced mainly by SiC coarse particles (150~180
um) packing. The surface of SiC was oxidized to amorphous SiO; that further crystallized to form cristobalite during
sintering at higher temperatures in air. Meanwhile, pre-added p-Al,O3 eventually converted into highly activated o-
AlLOs after a series of crystal transformation with increasing temperature. The mullite was formed by in sifu reaction
between the obtained cristobalite and a-Al,O3 at higher temperature. SiC particles were strongly bonded by mullite and
oxidation-derived SiO; to obtain porous SiC membrane support. The open porosity of the samples decreased from 37.4%
to 34.8% with the amount of p-Al,O3; powder increasing from 3wt% to 15wt%, and the air permeability of the samples
dropped from 1127.8 m*-cm/(m*-h-kPa) to 210.4 m*-cm/(m*-h-kPa) with median pore diameter reduced, accordingly.
However, the bending strength increased at the first stage and then decreased with the increase of p-Al,O3 powder
addition. The support with the flexural strength of 25.1 MPa and air permeability of 372.7 m*-cm/(m*-h-kPa) were
developed by adding 9wt% p-Al,Os. The porous SiC membrane support could meet the needs of high temperature gas
filtration under normal pressure.
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1. ANERHIT LS BEAR A i e S KRR T H A SR &, bR 100081
2. hEBABL R TR Z MR ARG EFEALRE, Jbut 100190

B = DEBEABARENER, BINAREER p-ALOs, £ 1430°C. LEFKMET, MAmibmEREELER Sio: 5§ ALOs &
L 4 22 LA IS B A, BT T p-AlOs ¥ INER X B A Bk AR 45 AR LA 2 M R IR 5 o 45 SRR B, p-ALOs MR I B 3wit%
HE] 15wi%eht, SRR E RGP SRR A 2, AT AR RETE AR, SRR B AR, FLRREAD, BX
FEH 1127.8 m*-cm/(m?h-kPa) F R3] 210.4 mP-cm/(m?-h-kPa); SZIEARPTE 08 B Je 38 K5 FRAE, p-ALOs I INEN Iwtdoltt, 74%
PRF S SR )y 25.1 MPa, 7SN 372.7 m3-ecm/(m*>h-kPa), STIEAREILEEPE RS 2 miR &R SR v R R .
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KR BRREZ ALMRE; BESCHEAR; p-ALOs; JRALIM; BERATH; AL

FESES: TQ174.75 HEAFRIRES: A

1 " &

iR MR R AR 20 el 80 AR R
— SRR EOR, EiRSE . LT K AR
B4 i TSR 5 i Tolloky AR Bl AR AL 5]
[ S S5 e 0 B AR A T R A S T s 2 4L
W) 5 5% e I S A 2 v T M B IR A oM R 2 —, Bk
HHE(SIC) 2 FLI BRI U M RE o o e e PR AN o5 Tk
B, Tz AT RS AR, Fi SR .

SiC & —Fhat L ib A9, J@H FHAE 2000 °C LA
R N A BRI AR N SiC 2 LR R LR,
R TARIRAR AR, RIS R B IELE R I JEAT [ M
T8 BORE 285 AFRE B AR URL ZE [ R 45 K . SiC 2 ALM &
WO KL 45 M A 3Ok A (BALOs2Si0)M . H H A
(2MgO-2A1,05-55i0,)), S ALEE(SIO)E), FHIHAHEE .
Ho, Bk BA RGFRINIMREERE. R ITTAE. i
JE R ER AR E M, 5 SIC IR REEHIE, 42 SiC
2 FLW B RSP R B AR R S5 A . SR A4S SiC 240
Wi 55 J SC P A 3 LR FH AR VR P 5 [AL, AIN, ALOs I
Al(OH)315 SiC K H AT BT Si0, & AR JFEAL N AR A%
FORAE, BRE T AORHERE

SIC Wi Y88 5 S 43 A A 5 v Tk I 225 A BT RK 45 A T
FEAERREE, RS FH A e SCEER AU e A FH 7
e Alvin"BF 5L R, SiC ¥/ B LR+,
K285 A TG BUAH R AR 5 4l K SiC BIORE SR THI 7% B 11
S0 K AR ff L AR G R o B PRI A R B R R yd
o1 25 FL SiC P e B S P AA I el A FH 2 iy D 252 RS
SERAMIZ R, SRR K 46 A G e B RN SiC Bk R
THI5% BE 1) Si0, A

p-ALO; REMEN M —, EME— B K
REM A ERTERS, WA A E TR K BLEs &7 BT,
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RN p-ALOs 1EAFRAT 2 BLERJE I 45 Sk A 45 &
WAt Z LB ERRIE . A TAELL p-ALOs NERA R
SRR IR ) £ SR A S A IR IR SR, S 0-ALO;
1 AIOH)s &5 H & & 45 J5 B AT X b o SCHRU4DKE
ALO; BRI E R 8wt%, MANEIE p-AlLOs BRI X
FIT ) SCAEAAR M BE A RE M A o ASHIE 7225 S TR AN [F] & p-
ALOs XPRRAGEE SCHE R 12k RE . BAILR LB KB
SEEEYIEYERR R REI , LLHIRAS e i L s iR A DR
BER IR SCHEAR T £ T2

2.1 ZEGTERY

S SIC(LL R & WM B A IR A R RS
HRE, SiC F AN 98.89wt%, Fiff 150~180 um; SiC 4
/T 1.46 um 1915 50%, /T 2.80 um 115 90%. p-
ALO(HER BN T Bt N ETR, ALOs & &N 86.2%, /)N
F 12,42 um 115 50%, /NTF 1512 um 15 90%. BlikE
S8 550 2K R 85 [4MgCO5-Mg(OH),- SHLO Al il il 45
FIER CIGEE(PVA) Y E 28 AR B 71 7=
2.2 REEFIE

FREM SIC Bk & =N 98wt%, SiC ik & &1
A 2wt%, BREUERER BN IS A 1wt%, p-AlLOs Uk s
T4 5R 3wt%, 6Wt%, Owt%, 12wt% 1 15wt%. i)
10wt%H] PVA S AE N AR S 71 o

BT AR ERRL, O NI-160A 7K Jeid HhtHEHL(E
By AU R A FDEEL. JeinA SiC kLAl p-
ALO; WA TR 2 min, FRAIA SiC fokn AU R 85 1
78 3 min, 5 M 10% PVA ¥ 6Wt%, FHE 3 min,
BYEREER . BEREEN 120 mmx25 mmx25 mm
AN, 7E 50 MPa ) NS RNUESA . B s
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RFEE AT 240, B TR 110°C i 24h. BT
By %2 5°C/min BEETHREZE 1430°C, f#
i 3 h Bk
2.3 SthE*

SR FH B B K A HE AR 52 e 45 I lRE R 2 AL,
F DTQ B 2 Wi B3 =08 W 2 (NI T A 3R AR A PR
A A ) GB/T1968-1980 il & W FE M iE S, H
KZJ5000-1 2 H 4047 43 B A (PR BE RS T )il s ik
FEMIHIIT R, F] Hitachi SU8220 A4 i1 0 e
(SEM, HAHIZAR)MERFERIWT LB, H X'pert
Powder B X BFZRATHN(XRD, T =MHZNEA G HT
VI

3 &RE51T®

3.1 p-ALOs RIMEX THEAMLERE K R &ML

=AU

VAT 52 B 5K 485 5 B AR S AR PR TR 425 A 7
A FE A R4 (1) SiC FURLAE 1000 C LA L sid R
RABNA BT ER Si0,; (2) Si0, £E 1200 °C A LR
NEASNATEM; (3) £ 1300°CLLEEETR, #Hnm
ALOs 5 SiOy KAEJFEA R TEE R A, #4 SiC Bk 7
&5 AfE—i. RMNISFRMT:

SiC+20,—=1%%C 80, (Amorphous)+CO, (1)

SiOz(Amorphous)ﬂﬁiO2 (Cristobalite) 2)

3A1,0,+28i0, ——B%C ,3A1,0, - 28i0, 3)

H p-ALOs Tk N ER AL ALOs K, p-ALO3
TEREA R TRl K 2 B R KIGTE K AI(OH)s A1 AIO(OH)
VROV, BT S, G PR R — R B
BRNEIETE 0-ALOs, Z 5 M(3). 1430°CF &l
HSiC REEMILLT Si0, J2EE KBNS, HliT
p-ALO; ININEAN], 23 5 M hk 25 AH 41 B A & A PR AR G
TR AR p-ALO; B AFE 1430 °C R4 5 1) XRD
WEOLE 1. HERTRUE H, SR R B R A0
L FORAMMNI B AR . 24 p-ALOs U A IR A
3wt%It, AN B ZRAWE, X2 BT RM(3)H ALO;
B, ERFCRAREAD. BT SO HEED, A
TEAHUE TR L B0 2 p-ALO; YN INE I INE] 6wt%lT, £
MBNSRAUE, RN Si0, HFEE IR, A JoAH WSS
p-ALO; TR IR NN Owtelt, BERAT MG RIG R, 1
AR BER FE 3 — 25 BRI p-ALOs Uy I I & BT+ 2 12wt%
i, IR A RIAT A, SRR BL3)H ALO; HFaaid
Pl p-ALO; AN INEIE 2 15w, NIEAHLHR, H

A PEIEOREE — s SR A R £ 1430 CRESSIRE T,
SiC BURL R AMZEUR , ALOs P55 4 3 1 e 4 Z
ABRAEIRLRNL, EWEAIES ALOs Z IR MREERK
Az BEERAREIE, ALOs M LB SR AR5 i
WIERTERNL . T35, ALOs ANHT i 5E e WA AE SiC i
KR . Bk, HEMEE ALOs BRI T, WAREE
AV FETR B TE SIC UKL T ) A1 9EAH .
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Fig.1 XRD patterns of support with different amounts of p-
A2Os3 powders sintered at 1430°C for 3 h

Ib4h, BE p-ALO; ok EHIIN, A1 DA R SE B R AR
SHICRIET, LU B AR X BB F A X P . SiC i
L EH A0 21 A A A T P R (R AR B M SRk (B ) 1Y)
AN, SABEIER B STEAA A, ATiiE
ETAEL, AAE N Z T HEE, I Si0, 45 &t FEAR XY
BARBL ARG BRI, ATSHIE SR F. B p-ALOs
Wy EIEm, SMNEASAHIRE RS, B RS S RN
(1N 2 Si0a, 75U FH AR SR BE A5 A XS i F o

ANAl p-ALO; WS I 1 SCHE A T RS LI 2.
HERT I, BE p-ALOs WSINEIIIN, TSR
W IXREHET p-ALO; 4 =GN, SR SiC i
L[] PO ST030 DX AR AR K S R R T B JE 1, A fL
B A IR/ o BRUMTE B R AR R B L R, p-ALOs ¥
W, SCHEARMSILILEEN, SILRBK. mETE
AL, p-ALOs IRIIE/NT Owt%Hf, SiC FikiR A
BAEMNIRBIRIG: p-ALOs TRINEIL 12wt%HH,
SiC HIURL R THI R4t /NSO TSR 2 . X2 T i & 1)
ALOS7E 1430 C FARETE S 5B, R AEAH H8 5 5
FLR I peghfE—#E. L, p-ALO;RINEAET L, &
WAAT T3P R4 e BB AL, 2R
SCHEARFLIR SR M BTIE M, S SR B A BE
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Fig.2 Fracture morphology of the supports adding different amount of p-Al2O3 powders
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Fig.3 Flexural strength of the supports adding different amounts
of p-Al203 powders after sintering at 1430 C

3.2 p-ALOs RINE XS TR E M REAI RN

TAE p-ALO; B SCHEMEFE 1430°C R R4S
BT 9 R DL 30 B T AT, 7ESEEGTE LA, B p-ALOs
INIIEREIN, SCHAARLE 1430 °C R4 )G FIPTHTamE 2%
B0 JE AR R, p-ALOs U INE R Iwt%l), 58
1, A 25.1 MPa; p-ALOs EIINE] 15wi%if, HiEim
FEREZ 16.5 MPa. fLATsR I M2 H T RS S RG22
FRGEE RN SR A S B2 M5 Pui s R R 2
T ALO; I FIKS, Z5GAHPRIEMEZ, HY SiCH
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Fig.4 Apparent porosity, median pore size and permeability of
the supports by adding different amounts of p-Al2O3 powders

MK RBE R, ERFRRRSE Sy BN R b 5 7= AR A
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N SCHEARI T2 e R N B . ARSEES Y p-ALOs N
BN Owt%RT, ORI R IR T S M R B .
3.3 p-ALOs FRINEXT STIEMIE S M BERIFZ T

4 ] AR p-ALOs 13 A TRFE I 2 A AL %
AL SOE S . HEIWT L, p-ALO; YsINE H 3wt%
WA 15wt%, FAFLAEH 55.1 um A 36.3 um, &S
LR 1 37.4%I8 % 34.8%. p-ALO; it = A I E A 15wt%,



2 W

D EHE: p-ALOs NI JEL S NS5 & BRAKE I SCEEARTE RE K2 411

ANRESE A HHFT ORI A (W FLBR . AERALE /IR, SiC ik
) A e e, oR L HE AR TR B B K AL B B R AN %
p-ALO; TR 2 . p-ALOs b 5t £ ff JURE 7] 3513 [X 3k K
PORLR T AL 2 R RN, B FLBRAA AR N, S8
BRI AL LRI, R ILER B 2 PRI

B 4 mTAN, SCREA S LRI 51 RS 13 SRE BRI
MEFEIR Ko p-ALOs S INEN 3wt%hf, SR ESFLE
N 37.4%, WAL LA 551 um, ESEN
1127.8 m*-cm/(m?-h-kPa); p-ALO; mIEINE] 6wt%, 7
RESILEN 36.8%, WEBASLHALFLAEN 51.3 um, R
WA S PR S AL R S LR RE S IR K, U8B
PERERS, p-ALO; WA /D kLT .
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K=458V5/(D*Apt)=11.45160/AAAp) 4)

Ao, VORI R SR SRR (mL), ¢ @S [E(s), D
NRAE B AR (ecm), SAHTREEE E (cm), 4 ARFETI A (cm?),
Ap IRFEP I I K 22 (Pa), O N BAr I a] 8 L RE <
PRI E (mL/s), 5 E A A 5ol
Q=ASv (5)

X, ANEEL S=(n/4)2d? NEAEES I (cm?),
di NSALE R (em), v NPT E (cm/s) .
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4 %

WEFR T I 3wt%, 6wt%, Iwt%, 12wt%Al 15wt%
p- Al O3 X sk A Fiok P 8 S P A 8 5 AR 2EL A 0 2 PR
L. BAILEIIESERE W, FHT 4R

(1) B p-ALOs ¥RINEIG N, SCHEAARRIURL A 45 &
FHAR SR AT B N, A S A B E AN RE 58 4T
Bk o p-ALO; TN INEA Owt%lt), 454 Ao et ALO;,
TR A R R, UKL ST S B A A I, AR OB
SEA A/ INEURL A1 2R D

(2) B p-ALOs I I8 I, SCHEAR BT 38 St
KIGPREAK, FALALARDN, RS FLRBEAG . FORLIR] 2R
DX 3 Ak FR R SR 2% T 6 5% 2 B 448 o 5 O AR S
LR FLRAR N RS SRR EZ R A

(3) CHEMAIESE FEZSAAAEM, AL
AR 2R B p-ALOs BN INEA Owt%lif, S7i%
HIESE N 372.7 m*em/(m2-h-kPa), FiHrsRE AN 25.1
MPa, i /2 5 e i 08 S A P B R S A AR R
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