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Influence of Glass Ceramic Coating on Alkali Resistance of Lightweight Mullite—SiC
Composites
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Abstract: Three kinds of mullite—SiC materials were prepared with homogenized bauxite aggregate, porous mullite aggregate and
glass ceramic coated porous mullite aggregate, respectively. The physical properties of the mullite—SiC materials sintered at 1 500 ‘C
were investigated. The structure and properties of the materials after alkali vapor attack at 1000 ‘C were analyzed. The influence of
glass ceramic coating on the alkali vapor attack resistance of material was revealed by thermodynamics analysis. The results show
that the strength of the lightweight mullite—SiC material is similar to that of the conventional mullite-SiC materials. However, the
lightweight mullite—SiC material has a poor alkali vapor attack resistance. A liquid phase formed in glass ceramic coating at a high
temperature promotes sintering, leading to a stronger bonding between aggregates and matrix and an increase in the strength for
coated lightweight mullite—SiC materials. Moreover, the glass ceramic coating can absorb a part of K vapor and generate a liquid
phase, thus protecting the porous aggregate from alkali vapor. The alkali vapor attack resistance of the lightweight mullite—SiC
material is better than that of the conventional mullite—silicon carbide material.
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Fy e B A R AR AR P R 1 S R 30, B s )
TER I BEBR 2R A 2 B it KPR 1 R A
1000 CAF T FHARECE 0.97 8 W/(m'K). Ren
L@ 51N Z LR B R S AL AR 50%~
100%3 L LB kL, il 2% (2 B Sk A B Al ik
MEHE 1000 C3 4 REONE G5k A -BrRAGEA R
(CARSARAIL B R ) 45 1) Bk A i AL RE AL BRI
77.0%~87.5%, 1% TAER RS SR A-RIFERM
BHE K B 25 b i) A A5 KR B A K e s 4
PR O BRTTREER AN, KU A I I A I K
MR EEZH. & MESSHS R, 2
J T BRI RIZH SR e A 5 453 B A b 52 3 9 5 T
KRR . RSO RY, &R T
B S BRAELH 5 32 BLE T S FLR NN KA R
WHESs 2 LB RS K2 il s i SRR
AR T Ak, FI R KR [R] A 7 Kb 3 [ A 72400 A
A3 B AT S BRI (B A A e,
SRR TR R 7 s SRR, 5 5
ok TSRS R Sy, Fw ke R K AR
SRA L. DRIG, G feT SO e i KR AR AR ok
i A 15 2 O .

SHRMST AT AR AAREL E
gl DI gl S iR A . Xu SRR
T B EHE K ZRMER T 2= 2B Xk
FIZIK I FEOTRL,  MREACMR BT FLAE mT 22
A A R IR i s A O SR AR
MORME T 5] N LA 4k, AR T AEHEP
BIFLAE, T H K 2SR AR R — 0 A

TAPRHE Y SAL, SR TR B R e A
WAL AT AR s R R, e K YR A 2 O IR
PR R 478 1) Li,0-ALOs-Si0, R I & iR)2
AT AP RIR TS AL, BHBT T K SRR
HEANMRIERIIRE, SELE T K SRR .
WTE Z AL B RER IR A B M B 2, R
KR AE T R [R1B) 3R A R 4 P42 b vk

ARTAES Ak Z L5 A B R
ARG B F PR B IR 2 1 2 LBk A B R A F R
Bl #1453 FhER A -ALEEM RE, RGUE T RHE
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1.1 #HmblE
EEERN: BB BRI GRiE N BA, 5~
3mm. 3~1mm. 1~0mm fI<0.088 mm, KF%
¥ 3.25 glem’). ZALZERAFRIGRCHN LA, 5~
3mm. 3~ 1 mm, AR 1.52 g/em®). BIREER (<
0.045 mm). | 7HAYE(<0.074 mm). a-ALOs ek
(2um). BEIEP LR ZERN<65 um, H T A
¥ BRAE . TTREATR. T a-ALOs Sk Al
SiO, ok L BE1R EI, bridh Z15), i JERH 32
2 B o IR 1o ¥ 3 35 B 5 0 J2 D R T o) Bl
@3 mmx3 mm A5 (AT AR B B A ), R
TA-Z16B  HY5' 27 0725 4 ik #4743 T 53¢ 3 35 o) 2
FERTOIRBER B 2810, MR A A5 W
Wi ERE N 1500 C, FHEEZE N 10 C/min, 3
VR ERE L AE 1123 CA A RAE T, £ 1500 °C
T 39 355 o) A 1) = BE PR T 16.7% (B 1) B M)
B R BN % 8 F KR fEAT B EREE L 3R
30 min (300 r/min)fi| & H & 8N 30% K58, F il

F1 ERMESULER

Table 1 Chemical compositions of raw materials wi%
Raw material SiO, Al O3 Fe,O3 K,O Na,O TiO, 7Zr0O, Si SiC
Homogenized bauxite aggregate 20.5 73.1 1.2 0.4 0.1 2.8
Porous mullite aggregate 26.0 70.1 1.0 2.8
High grade bauxite 3.0 86.0 1.7 1.9
SiC 98.0
Guangxi clay 62.4 32.6 22 0.4 0.1 3.0
Silicon powder 98.0
a-Al, O3 powder 99.0 0.3
Glass ceramic coating (Z15) 56.6 19.8 0.8 0.5 0.3 19.2

w—DMass fraction.
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B TE PR & IR Z 1 2 LR A BHCA).

TR A-TRACEEM BHZ R 2 R bL kT T
B, 5 B A TR AR BT B B s B Bl 2
BRESURAO-EM B LA il CA HFHRER
BA, HARFIBARE N 50%, F£ 5 73 AFR 12 8 R M-50
A M15-50, KR ELF AR E 2 E R E 12h,

fE 150 MPa & 77 F J& il B 50 mmx50 mm #
#50 mm>20 mm [ [FAEFE &, HP ¢50 mmx20 mm #
i FH TR0 (KO 28 SR P (B k) S5 36 e AR
TN 110 CHEIR THRAE 1 24 h, JE7E 1500 CTH
ARFE 3 h, {5 EHIE A 5 C/min =R TFE 1000 C;
3 “C/min 7+ % 1200 “C; 2 ‘C/min F+Z 1500 ‘CH-A%
15 3ho

(a) Initial state,50 ‘C

(b) Intermediate state,1 123 'C

(c) Final state,1 500 C

1 BB R R i AR B 2 A2 AL 1

Fig. 1

Shape change of glass ceramic sample with temperature

x2 TEHGHISERSGR
Table 2 Experimental formulations of different specimens

. Homogenized bauxite Porous mullite Coated porous High grade Guangxi  Silicon 0-Al O3
Raw materials . . i Al(H,PO4)3
aggregate aggregate mullite aggregate  bauxite clay powders powders
Practical size/mm 5-3 3-1 1-0 53 3-1 5-3 3-1 <<0.088 1-0 <<0.045 <<0.045 2 Liquid
R 20 30 8 17 10 8 3 4 3
M-50 10 15 8 4 7 17 10 8 3 4 3
M15-50 10 15 8 4 7 17 10 8 3 4 3

1.2 HmERE

A GB 2997—2000 PR i 1 S AL Ak
N, $% I8 GB/T 5072.2—2004 JGEE Fh B Ja
T i s 58 DA KA e FE 2684k 2R s L X pert
pro 2 X B 26T 5 (X (X-ray diffractometer, XRD), 7
MrRE b e fa AR R, TAERIE 40 kV, TAEH
it 30mA, RABESAIE, 20 ARTERDY 50~
90°, FHFEHEFE A 15.24 (°)/min. 1] ISM-6610 %
HHHHF W% (Scan electronic microscope, SEM)
MEERE L AR, TAEHE 20 kV.e XF&HE

——
. . I. . I. . KlCO}
o. e o o o, +
Testing N o Carbon black
specimens '- . o (mass rate 1:1)

Graphite crucible

(a) Graphite crucible

HEAT AR i Sz 06 . DUREEE N 1:1 1 K,COs(fh 24t
FIR BB(N220) IR G MR A BT, FEK iR A
JRARE R R Ty 11 E T A SR, e
FaA SR IO I R R o AR R (1] 2), 49l
£ 1 000 CHHE FHALEE 3 h A1 10 h, FHEERN
5 °C/min. WEEE SR AT 5 = B AR AL B AR AL A
KRFERFER, SRR BT B WS 1R
TCRI, 45 & QUANTAX 20030 7 Ha fill ¥4 A 14X
(Electronic data switching, EDS)Z T4 T % AH
X E R, TAER AN 20kV.

Alumina crucible

(b) Graphite crucible was put in alumina crucible embedded by coke

2 iR MURE A

Fig. 2 Schematic diagram of the alkali exposure test
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2.1 HACIBEHEMEER. MUESER BN
BES T

3 AFERARARERE 1500 C #b 35 (1)
XRD i, HE 3 A0, 3 AR ARREL, HE
i AH 3 A W AR (Corundum) « 525K A5 A (Mullite) 5 i
RER(B-SIC); Afdh R HERAM G =T HE 2
HFE, 5FES M-50 FIFE 5 M15-50 1 LA fi1 CA
B 50% BA %,

4 541 500 “CHMEER f5 A & 1) B 45 SEM
. tHE 4 TRLEH, & R+ BA SR
GEOARRIES, FEM M=50 th LA 53ER 454 %%,
FEdh M15-50 1 CA SR &5%, KRR
BB R IR Z

= 3 NFRA-BRAEERE & 1500 CHAbERHT
(12 AR Ak 2 K e Jo A i IR R S (BD) B S FLER
(AP) 5% RN E5R T (CCS). M3 3 WA, 3 Hff
MR WRAIZEAK, N LA BIFES M-50 FIfE
il M15-50 A8 A0 23 L B2 DA BAE N B RBHIAE S R
LI, GIREE G RERARE 2 R ) E R
Fli& LA F1 BA FLEHIATF. BL LA B4R 50% A

BA B, Fffh M=50 [ARFUE BT 52 8%, WAL
KM 16.9%; LA RERERHEEERZS,
FEdl M15-50 MAR% A Bt s, RS FLE
MIPEE 13.5%. K& LA KI5/ T BA, (HFER
M-50 S5FEdh R F IR ESREA Y, FER LA £
HARE R TAUR, AR TS5EREMLES. LA
RGN EREG, PSP ERE A
BRI, CA 5N ST NE®,
FEA M15-50 18 IR 582 =ik 127 MPa; 54
il M=50 ARG, FHRREEEG N 13k 34%.

* Mullite

* Corundum ¥ B-SiC
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B3 1500 CHAETE FIRE i b XS XRD %
Fig. 3 XRD patterns of the center of specimens fired at
1500°C

(@R

(b) M-50

(¢) M15-50

K4 R 1500 CHAULHE S K SEM [T
Fig. 4 Microstructure of the specimens fired at 1 500 ‘C
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Table 3 Linear change, bulk density, apparent porosity and cold crushing strength of the specimens

Sample No. Linear change ratio/% Bulk density /(g-cm ™) Apparent porosity/% Cold crushing strength /MPa
R 1.2+0.1 2.89+0.00 11.8+0.0 98+4
M-50 0.6+0.1 2.67+0.02 16.9+0.4 95+3
MI15-50 0.8+0.4 2.77+0.01 13.840.0 127+3

2.2 WRIEFESRAVIIMELERL . NFIE R IRt BE
K 5 ABEIREh 3. 10 h JERE S IE .
1000 ‘CHEAZ 1 3 h J5(1& 5a), FEdh R R B
MRS, S M=50 5K M15-50 RH RS
o PEER A ZE K E 10 h(& 5b), FEA R FTH
MUK RRL, W& XKIRBE A, Ff M-50 U

GAHWHZEAIMG, MFEM M15-50 KA ™49
B

Bl 6 iz 1M 3. 10 h J5 #F i A0 XS M A
B 6 vl L, BALHEE 3h 5, FEdh M=50 .0 X 35
HHEM KAISiOy FHHE B, MEE S R S5
M15-50 FHTCHH &1 KAISiO, A H BL(E 6a FI1E
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6b); 121 10h 5, FEdh R S5FE5 M-S0 #H B T
KAISiO, A HAE 5 R H KAISiO & & E &, [H
ISFEERE i M15-50 HA5 G B 2 KAISiO4 AH(E 6c
FIAE 6d).

Bl 7 AR 3 h JE i an R 4 X A
R R o HIE 7 AL, AR N S R 5% 3 K A

MI15-50

...)mm

(a) Picture of specimens after alkali corrosion for 3 h

BRAEAE T R S 32 H(B 7a), Bk
EERRIL, BA AAE RER/NRG (A Tb),
&8 EDS 2 #HT (I 7c)If45 & XRD 45 RiEsLH N
KAISiO, Hl o 35 b th 5 00 52 2357 T ik 5
B R MR G(E 7d), BOKHE R LY R X,
RIUK B R S 7= (] Te)s

M-50 M15-50

. . . 10mm

(b) Picture of specimens after alkali corrosion for 10 h

5 BARJE AR A R AR T

Fig. 5 Pictures of specimens after alkali corrosion
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Intensity
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(a) Alkali corrosion for 3 h (26 =15°—85°)

(b) Picture of of Fig.6(a) (26 =28.4 °—29.0 °)

Intensity

e Mullite % Corundum V¥ B-SiC ® KAISiO,

L

® KAISIO,

<

[

wn

[
Intensity

e
A\
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26/(°)

(c) Alkali corrosion for 10 h (26 =15°—85°)

28.4 28.829.0
20/(°)
(d) Picture of Fig.6(c) (20 =28.4 °—29.0 °)

K6 el f=im i b XS XRD 3

Fig. 6 XRD patterns of the center area in the specimens after alkali corrosion
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(a) SEM image of bauxite aggregates (BA)

(b) SEM image and EDS spectrum

SN HAENOON B

Mu JL; A
0 1 2 3 4 5

Energy/keV
(c) EDS spectrum of Fig.7(b)

of part 4 in Fig.7(a)

(d) SEM image of matrix

(e) SEM image of part B in Fig.7(d)

7 BRALEE 3h fE R FEGE A

Fig. 7 Microstructure of specimen R after alkali corrosion for 3h

Kl 8 kel M=50 55 M15-50 1204 10 h J&
WX SEM I F 5 EDS REig st . HIK
8 I UL, AHELFES R, F 5 M-50 55 M15-50 EJ
=M 100 f5, HiAZIXIEE SEM f 7 5 EDS 45
FR B KAISIOq FHAIREREUE b, Hof i 3 IARFAE
SRS BRI IS R R &5 A sE L, WO W R
HHL. AR, M-50 FF 5 LA 5385 g K& 1)
K o2 (14 8a 1 8b); MMFFA: M15-50 H1 CA W K
JLER B ERUE RN, 5RAGERH K oERk
TR . 22 ) (K 8¢ A 8d).

4 RS AR 3 h AT 10 h AT 4R
BAE, RN KRR, R 4 00,
B A5 A2 Tl (] R ZE K, B 22 1) K Z8 S AAPRLA L,
3 MR R RS E B, K ZRENESM
B2 2 SN AR Y KAISIO, #H, I sk — & 12
MBS, FEAEL IR A S, 3 3 B0 k)
IR ik b, MRURE IS, HoEE T
2., M2 R, SR 50% LA SR RE% BA
i, FE il M50 121k 3 h Ji5 BT E 3G g N TAE R,
1M 10 h 4205 ot =38 I s i A BT s (R 2K 35
ELRESL R /e FESH M50 521k 3 h JE 5@ R AR
BRI Re 50 K ZEANZILERINE . R
B AR R R O¢: BiR ML 10h 5, ZFE
RSO, AR R RF RN 54.0%. 24 LA

IR E IR BEIRIZ G, FEfh M15-50 )5t &3
TR 227 LA b M50 /)N s B i M15-50 582 1k 3 h
JG, SREERAZETA BTie s, R0 10 h JE RS SR
TREFZR s XML A 5 R B T B M &
BZBHAS Y K 22530 CA 4, ATt 538 M
BREE K S MR BA K.
23 itig

LA FHBEF P B0 2 1 5N B A AR A
BHOBUIRIR b 5 7= A4 F B . HH 5] N LA J5,
FEd M=50 7EALHL K 2854210 3 h 2600 RTEM BN
rht X B 82 KAISIO, M, (B2 HL Ak B R
TG ERA-BRACKER KL, BRI E BE LR IFZ A 40T
K. WK SR w0 S AL
THARAEL BEf M=50 B FLE S TSRk A
WALREA R, NSRRI AL T SRR . A5
M-50 B2 1 51 77 25 1 RE 3R TS T A% Qe 5 R Ak
eRERRE, EEERY: —R Mkt LA 53R
SiE L, MR TE SIS T, s
AR T S A B, T = e /N T A%
G BER A —FRALEERDRE: R LA 7E42 0 B RE 8
WG4 K 225, B AR R KAISiOqAH, AN A2 AT
PR B~ AR R ST S . (2, B RN
[ PAEK, B2 0 K 2N BIFE S M=50 . 3
JRE N & TAE S SR A - iEA R, KALSIO, 17
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(c) SEM image of sample M15-50

CA MIFE S M15-50, BIMEFERIL K 28512 1h 10 h
Je, HPER AL A NN, SR AR R A
s R P B PR Tt R

(b) Elemental mapping of Fig.8(a)

(0]

(d) Elemental mapping of Fig.8(c)

8 FEMBRIZ R 100 J5 (1) SEM U A1 EDS fEi
Fig. 8 SEM and EDS results of specimens after alkali corrosion for 10 h

F4 HEEERMATEEELER. RETURIBERTE

Table 4 Linear change ratio. mass change ratio and strength retention ratio of specimens after alkali corrosion

Linear change ratio/%

Mass change ratio/% Strength retention ratio/%

Sample No.

3h 10h 10h 3h 10h
R 1.9+0.8 6.5+0.3 3.1£0.2 7.2+0.7 70.7+6.3 60.5+7.2
M-50 0.8+0.4 4.6+0.1 2.740.1 7.8+0.3 91.249.5 54.0£6.2
M15-50 0.4+0.2 2.9+0.6 1.5£0.4 5.9+0.7 104.1£5.2 64.3+4.4

it — IR PR W B IR J2 5 AR A BB
Tl RS AL, K] Factsage %% 6.2 o' Equilib
PUERIES T 1000 TR K 25 (BLFFEIFR K)
5 g2 RN B R R E 40t 1500 C
/iR 3 h, BRIRIZEE S H 5 R RPN, ] Fe 5
Rl I A 3 AR e s BRI, THSR R 1 2 F
PeIEB RS — P RERIREEEN 15 g,
1500 CHUZIRE H S H 0 RN, RN 1S EIE
WAid N T(2.32 g (LiO)ALO3)(SiOy)s~ 136 g
AlgSix013+ 3.00g ZrO, LA K% 8.13 g iAH); 1 —ii

WA 10 g IRIZF S g FeJiid% 2:1 78 1500 C KA,
5 305 A B TM(1.66 g (Li,O)(ALO3)(SiO2)4

5.37g AlsSiO3+ 2.00 g Zr0O, LLJ% 4.76 g Wikl). £
UEEEA b, AR EAE S T TM 5 K IR,

BEALFR & L Alpha & SN K 285 51X 2 FpA: sl i
ittt X4 Alpha 1 B, FoR K 54 A8 T
W RAERN, FESERILE 9. mEl 9a vk,
Bi#& Alpha =130, & (Li;0)(ALO;)(Si0,)s #
THFE I B KAISi,O6, Alpha AN 0.58 /£ A3 N I
LHHEL KAISiO, AH, BEEF KAISIO, A&, 24



« 2758 - CRERR Sh2230)

J Chin Ceram Soc, 2021, 49(12): 2751-2759

2021 4

Alpha IN% 1.00 247, &AH KAISiO4 i8/b - H B
WA, B KAISiO, 45 #EH LAUAR T UL K /b
F KAIO, f77E. XF K 54 TM BRI, B
# Alpha =R, FHH (LiO)(ALO;)(SiO,),
AlSi045 [FIFEHE T FEAE B KAISi, O, H /2 KAISi,Og
(1 5 AR o B 3G N B AL R TE 2 1 KAISiOss 4
Alpha N 1.65 /i A A UG IS HRAH, Bl
Bl KALO 4 F1 KyAl 09 (B 9b)e Bk #1241 R
B B A )5 K 28 SR BRI I 2 — e AR B,
B TR B TR S S M R 2 S R B T N R )
B AR OB, PR A AR R T BRESZ AT
WELE AR HE— 2. EIR IR AT R A s
R 2] KAISiO, FHIY B, [F] B A HE R 2> 2 1)
KAIO,+ KAlyOys S WIAH ARG R I Ko HH A,
PRSP B E RIS T E Ay K 28R, R T B A 3
Wi T U S 1R B B R A — B AT A ) i T R 1)
2, [\ R RS 2 AL R A B2 K 2SR T

2.00

1.00 Slag |

Z104(s)

\ KAIO(s,) 4

KAISi.O (s,) KAISIOLs.)

lg (m/g)
(=)
S

-1.00 s @ o
S < <
2= <
N} 4 .‘:Z
-2.00
0.00 050 1.00 150 200 250  3.00

Alpha

(a) K and T(T, 2.32 g (Li;0)(ALO3)(Si02)s+ 1.36 g Al¢Si,013+ 3.00 g ZrO,
and 8.13 g Slag)

2.00

-

1.00 | - sl
KAISi,O (s, RAISIOS:) 28
A

ALSLO(s)

(L OXALO)(SIO:)u(s)

0.00 0.50 1.00 1.50 2,00 250 3.00

(b) K and TM(TM, 1.66 g (Li,0)(ALLO3)(SiO2)s+ 5.37 g AlgSi,O43+ 2.00¢g
ZrO, and 4.76 g Slag)

B9 KHEBWIE 1000 CHA: T BRI
IR
Fig. 9 Thermodynamic calculation of phase evolution at
1000 °C for the reaction

PRI, SRR B IR = M SN AT s R SR A -
BRACTER LRI TR T P RE

3 £

1) AHEETF DAL A 8 b i 2% 1 4% Gt 5ok
AT AR, i H I AN Z AR A B R T
13 31 (1) 55 2 TR AR AU TEM BHMA R 2 B R BE, B
FLER BRI, FEm R E AR BT K&
SER I Z LR A BRI O FLEEAM R P 5
SRRl s N A AP KALSIO,, BR8] 55
Fim, KAISiO4 75 2 FLE KA H R FLF Ui, 1Y
INZ LSRR A B R BN, B R AR
o} 55 B O 7 4 R KT, B ok B TR) SE K 22
10h I KAISiOf R FRANAE IR, 2 L3R A E
BTN, 58 SR A DR A E R ) 8 5 32 el B
B, BE R B M BUIR ki B .

2) M2 LR R R R T B M R R 2
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