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Design and Preparation of Y3;Als0,,—Al4SiC4 Composite Refractory

DENG Xiaobing', DENG Chengji', XING Guangchao', DING Jun', WANG Zhoufu', MA Beiyue?, ZHU Hongxi', YU Chao'
(1. The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China;
2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: Y;Al;0,,—Al1,SiC, composite refractory was prepared via pressureless sintering with Al4SiC, as a raw material and Y,0j; as
an additive. The effect of Y,0; addition (i.e., 0-5% in mass fraction) on the phase composition, microstructure and mechanical
properties of the composite was investigated, and the effect of Y** ions on the surface energy of Al,SiC, different crystal faces was
calculated via the DFT simulation. The results show that the addition of Y,05 can form an eutectic liquid phase with anintrinsic oxide
layer on the surface of Al;SiC, at a high temperature, Y3Al;0;, and a small amount of Y,SiOs appear at the grain boundary of the
composite. The addition of Y,0; promotes the growth of Al1;,SiC, grains along the two—dimensional plane and the transformation from
irregular to hexagonal flakes due to the reduction of surface energy of different crystal faces of Al,SiC, by Y** in the additive,
according to the DFT results. The flexural strength of the composite first increases and then decreases with the increase of Y,0;
addition. At theY,0; addition of 3%, the hexagonal lamellar A1;SiC, grains with a uniform size form a staggered skeleton structure,
and Y3Als0;, dispersesat the grain boundary of Al4SiC,, which is conducive to the improvement of the mechanical properties of
Y;Als0,,-Al,SiC4 composite. The bulk density, apparent porosity and flexural strength of the composite are 2.44 g-cm >, 20.15% and
52.7 MPa, respectively.
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Fig. 1 Phase composition, microstructure and particle size distribution of Al;SiC, powders



5155 6

AL & Y3A100-ALSICy H AT KRS H S & « 1557 -

FEfgn T SRR 1, /e R A DL
ToK LBEN BN FAEAT R EWLH LA 300 r/min
TR IR A 6 h, SRJG AN 4% FA [ P4 By IS A i (i ik
RKY) 36%)HIRE L], LL 10 MPa B K /1 i E A
R~ 8 mmx8 mmx40 mm K 44FE 5, T 180 MPa
(5 A R AR R A . BB R RERRZ 110 C T4
24 h, BEE TSR HERS N 2 C/min
TE 600 CHE 2 h HEATHER B . SRR
Rasik, BTN EE FTRAEENH, U
10 “C/min FHEZ 1000 °C, FFLL 5 ‘C/min 48S2 G
%1800 CrRid 3 h, B4 H 2 = 1S B
Y3Als0-AlLSIC, E AT kAR

1 HRESSERER

Table 1 Batch compositions of starting materials w/%

Sample AlSiCy Y,03
YO 100 0
Yl 100 +1
Y3 100 +3
Y5 100 +5

W—Mass fraction.
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Fig. 2 XPS spectra of Al4SiC, powders



+ 1558 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(6): 1555-1564

2023 4F

(B 2a), 43 BINTR. ALSICy B Al—C F8FT ALO;
(¥ Al—O B> 177 Si 2p S 7E 99.8 eV A1101.8 eV
WA 2 AN 2b), 43 5l 8L ALSICy 1) Si—C
1 Si0, ) Si—O 424, X B ALSIC, ¥R L H
BAALETSEE. EREMD. N TS
WAEE, EdAEEATIAE O TR EEN
1.23%. 4555 S8 XPS 40T P K ALSiC, BB 4
B ALSICy A RIEEER HIE A ALO; A1 Si0, & & M
AT 2.27%F0 0.30%. HIEE 1 ATH,  ALSICy &
Bl XRD 70 25 BRI AR AN E] ALO; 5 Si0, X B[
TS, XAIRERH T EKT XRD kil fRE
B ST wea o

K] 3 NI E & & Y,05 FIEESRZ 1800 C14#
I 3 h #AEFRJEH XRD . HIE 3 WAL, RN
Y,0; HIFES YO EMAETI N ALSIC4(JCPDS 00—
035-1072), [FIEfFEME] SiCJCPDS 01-073-1663)
XL HIRT U, U B AR SIS 21 N E ALSIC, 17
RIS, X5 Lee UM yu M%) ALSIC,
R e PE R T 245 AT . 4N 1%Y,0; B,
FEam P I8 L Y3ALsO(JCPDS 01-079-1891)%f
N IATSIE, BB Y05 A EEH T ALO;
I RAERRL . BEE Y,0; FEEINE 3%M 5%,
Y3AlsO0y, FRHSS AT B 0 5 BE IR T 8 5, (H S AAS I
BRI A A . X R AT R R S i
e i KD B LR S E . Bk, fEART
VERIERRZME T Y205 5 ALSICy ki 22 1 [H 4 %4k
PETI Y205-ALOs-Si0, H b oA, [ iy
1 Y3A1500, A& Y,Si0s, H S anak3)M4)
Fizm. WeAh, T w s # i 5 ik ol e fE o —
ANHITCS 5 WA B, 0 T30 Ok &b A8 1
B s, S bR A S B SRR AT BE I R 52 BB T )
oM ECE RN . RIUE, B ALOs BRI
EE T E(2.27%), 2 Y,05 S8 A 3.02%M fE%
SERLIA] Y3ALsOp F AL ON, SEFRER 4 Y,05 i 2
5 Si0,(0.3%) X B4 B AF Gh A Y,Si0s I3 A W #E
SEA

3Y,0,+5A1,0, = 2Y,AL0,, (3)

Y,0; +Si0, = Y,SiO0; (4)
22 BN

B 4 NI & 8 Y,0; 748 1800 ‘CHRHE 3 h
AR SRR R T 2 AOE S SEM . HIE 4a
AL, RS YO 1 ALSICy @ 2 A BORCR,
KRS — 18 E . B9l 1%Y,0; 5, FEi Y1
o ALSIC, fRK R, RIS SR AR R 7S 7 A

REAR (K 4b)e Y205 UNINEN 3%, ALSICy Al
TESURI R ~H TR RN 2 — , K4 75 5 AR 9+
MEAZH#EAKE 4c), XFE B A TR
T BRI IR T (HBE Y05 MR I &3 n =
5%, FF i Y5 H 7> ALSICy fbbn RS #E — B 1,
fn RIS 5 ST 35— MR 2 BRI (] 4d). Bhah,
KR G227 EAE S YO~FE 5 Y5 AL,SiCy
kL R ALRLAR 2 BN 15.40 18.24 31.1. 19.5 um,
MREEL 22 %08 0.29. 0264 0.15. 0.18, I&ilF 1 H:
LT A AN 5 S/ €

(a) 20°-80°

B3 A Y05 SIS & ) XRD %
Fig.3 XRD patterns of samples with different Y,O; additions

(b) 32°-34°

ALSICy J& T /577 i & (a=0.327 71, ¢=2.167 60),
2 [AFE A P6sme(No. 186), FHafALE 4 ml LA N
ALC; BUFI7NTT SiC BUZER SR ITIY © iy 1) 28 B HE
B MR ALSIC, (K AL, i NILELH JCPDS
RH N 00-035-1072, % JCPDS KA ALSICy 5
SERATHFIERT RL(101) SR THT,  UCHEAT XS RE(0010) 5
(110)EATHT, 2 A& THIAH B 38 B FLAT S 065 BE AR [A] o
ALSiC,y iR T 3B kAR ] o T ) 2 K e g 9

B 5 ARESIRAEERE 1 0910, / 170, AT IR
PEAE . FHIEL S AT g1, / 150y FT5T V652 LU B
Y,0; W nE g i R FEAGES, M 1.80 FFKE
1.15, RPFLERLEXMETIAN Y05 HET
ALSiCy AR b T A K, RS ALSICy dfhL
WP A K.

RMEAERM BAEKNRER L —, RARE
PRI I T DUIE S SR T RE /NI, 38 SR AR T
B/, AR B, R I R D AR KL
(Rrgemi, {4 DFT &40l i15 ALSiC, f11(0010)5(110)
SHTEZE Y R R R TR AR W 6 From -



FES51EF 6 AL F: Y3ALO—ALSICy AT KM R R 54 ¢ 1559
(a) YO b)Yl
(©)Y3 Y5

Bl 4 ANF Y0, BN FE i 1R 1 SEM T
Fig. 4 Surface SEM images of samples with different Y,05 additions

|—Intensities of corresponding diffraction peak.
B 5 R Y505 TEIHERER: Loowoylao LA
Fig. 5 Variations in the radios of ligig/l(110) of samples with
different Y,0; additions

2 9 ALySiCy AN [R] i TH R THI B8 - FH 3R 2 1] %1,
(110)FhTH F AR T, R ALE(0010) 5 TH A%, H
FE Y R (170 ) 5% T 22 1 A H1—-0.82 J/m > [
#-0.86 J/m>, Y05 MR INEEAK 7 (170 )5 i 1%
MR, 5 LR RMEYE. 456 XRD i
SEM &5 #r (B 3~ 5), 1E ALSIiCy H 5l N

Y205 )5, i B AE X ALSICy da kL ¢ Bl
Jr K EAREER, 3SR R A
WPR 77 R A&, RIMH BRI . S8
M, 24 Y,0; iINEA 5%, i &l S 80 R
RSP 35 5] 1128 2

6 A AlLSICy TR Y
Fig. 6 Crystal face of Al,SiC4 adsorbed Y**
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Table 2 Surface energy of different face of AL,SiC,

Surface Surface energy/(J-m 2)
(110) -0.82

(110) adsorbed Y** -0.86

(0010) 4.05

(0010) adsorbed Y** 3.90
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(j) EDS elemental mapping of Al, Si, C, O in Fig. 7(e)

(h) EDS spectrum of point C (i) EDS spectrum of point D
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Fig. 7 BSE images and EDS analysis of samples
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Table 3 Linear shrinkage, apparent porosity and bulk
density of samples after treatment

Sample Linear Apparent Bulk
No. shrinkage/% porosity/% density/(g-cm™)
YO 2.61 47.81 1.58
Y1 10.20 30.05 2.13
Y3 12.89 20.15 2.44
Y5 15.05 12.97 2.64
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Fig. 8 Flexural strength and elastic modulus of samples
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Table 4 Apparent porosity, bulk density and mechanical properties of different materials

. . Apparent Bulk Compressive Flexural
Material Compositions . . B References
porosity/% density/(g-cm )  strength/MPa strength/MPa
From GB/T 23293—2021(L-DGT) SiC, SizNy <17 =2.65 150 =40 [53]
From GB/T 23293—2021(T-SLT) SiC, Sialon <16 =2.65 150 [53]
Y3Al1501,—Al14SiC4 composite refractory Y3Al501;, Al4SiCy 20.15 2.44 52.7 This work
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Fig. 9 Schematic diagram of reaction mechanism of Y3Al;0,,—Al4SiC, composite refractory
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