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Table 1 Making process of the mould with 2 surface layers
Slurry
L No. t
ayer 50 Binder Filler Organic solvents Stucco
. 40%BaZrO;(+325mesh)+60% 0.3% wetting agent,
! Yitrium sol BaZrO3(+200-325mesh) 0.05% anti-foam BaZrO3(+50-100mesh)
. 40%BaZrO;(+325mesh)+60% 0.3% wetting agent, .
2 Yttrium sol BaZrOs(+200-325mesh) 0.05% anti-foam BaZrOs(+40-80mesh)
. 40%BaZrO;(+325mesh)+60% 0.3% wetting agent,
3 Yitrium sol BaZrO3(+200-325mesh) 0.05% anti-foam Al205(60mesh)
B . . 0.3% wetting agent,
4~7 Silica sol Fused Mullite(+325mesh) 0.05% anti-foam Al O3(24mesh)
- . 0.3% wetting agent,
8 Silica sol Fused Mullite(+325mesh) 0.05%anti-foam -
R2 ARHERZHEILZ
Table 2 Making process of the mould with 4 surface layers
Slurry
L No. St
ayer o Binder Filler Organic solvents ueeo
. 40%BaZrO3(+325mesh)+60% 0.3% wetting agent,
! Yitrium sol BaZr05(+200-325mesh) 0.05% anti-foam BaZrOs(+100-200mesh)
2 Yittrium sol 40%BaZrOs(+325mesh)+60% 0.3% wetting agent, BaZrO;(+50-100mesh)+
BaZrO;(+200-325mesh) 0.05% anti-foam (+100-200mesh) (1:1)
. 40%BaZrO;(+325mesh)+60% 0.3% wetting agent,
3 Yitrium sol BaZrO;(+200-325mesh) 0.05% anti-foam BaZr05(+50-100mesh)
. 40%BaZrO;(+325mesh)+60% 0.3% wetting agent,
4 Yitrium sol BaZrO;(+200-325mesh) 0.05% anti-foam BaZrO3(+40-80mesh)
. 40%BaZrO3(+325mesh)+60% 0.3% wetting agent,
> Yttrium sol BaZrOs(+200-325mesh) 0.05% anti-foam ALO3(60mesh)
_ .- . 0.3% wetting agent,
6~9 Silica sol Fused Mullite(+325mesh) 0.05% anti-foam Al,0O3(24mesh)
o -
10 Silica sol Fused Mullite(+325mesh) 0.3% wetting agent, -

0.05% anti-foam
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Bl 1 B4 5 K BaZrOs Biog
Fig. 1 BaZrOs; mould after sintering

Kl 2 BaZrOs; & & 58 B K3

Fig.2 Section morphologies of the BaZrOs; composite mould:

(a) 2 layers and (b) 4 layers

IEAh, MIE 3a F1 3b kI BaZrOs )2 5 ALO; %
MR A AE B 53 85 91V 1 5 FE AN S TR) B2, 15 B T
2575 2 (RORG 45 E 55 2k — P oG, R 2 AL .
SRAEEPVEIIT T Y,05-AL0s FLIHI RN . 45 LS
it 1650 °C, fRilh 6 h 455, ALO; XA Y,05 )2 TE
BT BUR FER R AR N AT R 2, xSt R
NZESILT Y,0; 25 ALO A R ir4s&. Bl 44
M dr 2 EFmEMRELE 4 ZH)ZBEEN
Al,03/BaZrO; 51l SEM 5 iU L1 v & EDS Jt &
44 - B 4a vhn] LU % 3 Ba JC % A 11 /277 (ALO;
MBS, Al STTREARBRGY H, Ba iz KA
M~ B F1 Al JTCEAFAE)EEZ) 300 pm HEEX
. NI, BaZrO; 2 & AlLOs FEAA 8] T il i o R /Nt
By, JEREZ) 300 pum PRGNS, (R S XA
ey S B )2 5 RAR S G RS . 1 A ] BaZrO,
HIFN ECI5(250 pm) b & BHE i J )=, Ait—4
PE LI E A S, fE SRR LAk —)2 BaZrO;
WA ECO5(700 um)Hib kL. MKl 4b v LUE H, Ba.
Al JTCEY BE S JE T LUAE] 1200 pm /247, 51
AR, HAE RGO, BORAA i = BaZrO; [f)2
5 ALO; T JZBIRE ik, SEILT BaZrOs )25 ALO; HEfE
R4 G, A SRIRE I 51 2 ALO; Bk
RAR I RETE . (HRBR T B ISR IR E 5 HAk 2 ]
W AIUELAT BB IR 45 SR T AL, I 0 20 FE AR 2 A K
JERE . DA R i 2 B R 2 T B ST s A R 2 R R
FEAR . PrLL, ARAGTHT SEBR BT 2R BER 700 um Ao
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3 BaZrO; BL5c i SEM JE 3
Fig.3 SEM sectional morphologies of the BaZrO; composite mould: (a) 2 layers, (b) 4 layers, (c) enlarged scale from Fig.3a, and

(d) enlarged scale from Fig.3b
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HA H A0 BaO-ALOs Fl ZrO, A= ko 7k itk 1Ml e i 3L
EEYA A BaAlOy, FFAFAE DB ZrO,. BaAlLO, &
TR, RAAREAEH, B iEik 2376 C, #
FoE YRR LE, il B PSR R, 5 BaZrO; Al ALO;
LRIk REAHT . Dk, Dadivs H1 i 72 v )2 e g A
FERUFIISE S, Ao R,
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Bl 5 2 BaZrOs A5 52 M1 J22 % M M 45 1) SEM i
DA T PR ASE 576 T J2 0K 2 8] A7 AE AR 22 AN RRFL BRI AS
TAERBHMIA, FLBEREN 8~10 um. 465 H)Z
BA G2 K E 1 SR B LR, AL,
LB EA N 2~4 pm. SRALETAHLL, 04k BaZrO;
WORLSE A /N Ay A8 5), FbLER R R %, BUEE
BB m, HRKRIKRGORA NI S T HALBR
K 17.3%FE4 13.5%. JREBBOCE Sb F1 5d 5 B
1600 °C T it e 45 n] AT AR 53 e 45 il 5 , BaZrOs FkE
ey — Ak BB R A e —ile, HAE AT 2 ) T2 i
B 22 PR 4l X8R, 33X R AR5 1) it R A . 75 B4 v o
FLBR R kD K RSF kA7 B T3 BaZrOs A
TS AL ST . S b, e DR AL

WAFAERIAE T, AE5E 1 BEE L R P, BaZrO; BE7E )
AR VS KA A, E R DR A R BT BHLAS 4
P, BaZrOs #5876 e 8 DB 32 Jai) 24 FR il AR Ak, IX

Bl 4 ARALHTE B2 ALOs/BaZrOs SH1H SEM 75}
S AP U ) EDS 0 R T4
Fig.4 SEM back scatter electron images and EDS elements
mapping of Al,O3/BaZrO; interface before (a) and after (b)

optimization
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Tl PRUAAE5E B FE o, AR v A LIS A
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VEARIREE n RURSIERIIA) 20 A0 (1) DO R
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e AT TR A i B E (1823 K) R, o 0. KT
Ti-46A1-8Nb JAAJEEHER, L X r Flt 53R, WK
X (2) Fios:
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T
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K 5 BaZrO; [ 2= HOW 45 Ky

A, 4K 0. cosO. 12y EAFIF TR Fril, ZEN
) 5 e 4R, sk /N FLBR P42 ] BLYsk 2D v2 3% v
JE, M BaZrOs #5550 X £ & (R 8 ook o DAk,
NI 63 sk 1) 55 2% RS, B8 /INFLIBUR (1) BaZrO5 B 72 O 45
Py ELAG S B PR 1 e

Xt 300 um B2 2 34T EDS JCE I, WiE
7 FioRe RILFEZEA S0 FE RN KA R G R RA AT
10, HEW G AL 1T RE P AR B R N o K R N Rk
1T XRD i, 550wl 8 fizn, BT BaZrOs; 24k,
WAEE BaALOyo UEHI I ZMRLS & S b5 B T
FEABIE I GIE Y BT B B RN )

Kl 9 e g T SR N R SEM JES. A
Bl af DUE o ) TR E R 1 BaZrOs ki
S H A5 SE R, 5 [n) Bk ] J5 4S5 A T tober HH IR RR
RSN 3%, FORCR 251 R A4F, KRHIRL. 517
TR ASE 5 PN 2R T B, 8 T 8 ] 5 5 P 3 1 9T AN F
ANG e W EEE AT A%, A BaZrOs )25 TiAl 4
7R 53 F il B 0N S, H. BaZrOs 71 i
Pl G Sl e AR . R, BaZrOs )2 (1
b RS 7E A & I R LR 2 2 M R AR B R- DL
AL 573X, BaZrOs IR BaZrOs kL1 25 14 Al
SEAMEREIR, 320 3 BazrO; J2 %2200, BT LIS
PR AN T3 (E L I0RE A SR AH EORG 45 A0 —ik2,  (hfiE
A A R AR e R 22 1 ALO; AM2 5 TiAl & &k
B, B ALOs 5 TiAl Z AL 2 N, k543t
B 1102 30 R4 Eoat ek > & AR 2 LR K25
FIRILAEH .

Fig.5 SEM images of BaZrOj; coating before (a, b) and after (c, d) optimization
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Fig.6 Interface reaction layer after directional solidification before (a) and after (b) optimization

Kl 7 FL RN JZE EDS JtE b

Fig.7 EDS element mapping of interfacial reaction layer
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K8 Ftim S B JE ) XRD &4
Fig.8 XRD pattern of interfacial reaction layer
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ﬁ@ﬁiﬁi BaO il Zr0,, BaO i) ﬁﬁmﬁi‘%ﬁ%ﬁﬂ:‘:‘, Fig.9 Inner surface of the mould before (a) and after (b)
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irectional solidification
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Table 3 Contaminant content in the alloy (ng/g)

Alloy Ba Zr (0]
1 89 16800 7586
2 28 4760 3690

T2 FEMALSE 1Y ,05 B AE 52 ) e 1] % TiAl &
s Y05 M KAF R R FE 245 R0 il 2 i 5 B0 38 52
B, R R

Y05 (solid)=2Y (in melt)+30 (in melt) (3)
Saha S-S Y ZrO, 75 B fA o (K9 A 7 P«
Z10; (s)=Zr(in melt)+20 (in melt) (4)

BROGRESTHE BT BaZrOs M KM RLE SR 1 Hp (15 1
Ji AR

BaZrO; (solid)=BaO (in melt)+Zr (in melt)+

20 (in melt) (5)

R, 5 A RS 5 rh ) & ST, T KM )
PG YDl T E TE VR B G, X 2 B [R5 5 )
B S G TS g0 % Bay Zry O RGN, &
SR 3 WJEBCEIIE, W5k 3 from. & AR AR AR
FoE MBEE R GG 4 1, AR R ) B[
JEWEE NG 2. &4 1 Bay Zr. O WRS =L
89. 16800 7586 ng/g, 42 M Bay Zr. O %
B RN 28, 4760, 3690 pg/g. JX -t WA T U M
& 7y RE A2 /D Tif KM BHE i i s A T v i, R
A R A R R N i R g A (ORI

3 & it

1) 4R JE UL iR 2 1 BaZrO; 5445852 1 2
JEEEWTIA 3500 pm, ¥RZE N R ISLR SRR, R
N, ALBRERH 17.3%F8 R 13.5%;: 138 )2 55
200 pum #1200 pm, BaZrO; [fiJ2 5 ALO; 15 )2
gibEt .

2) AR JEBORLAE R E BT S A & A B
3% )7 ML TT IR 900 pum FEAIKR 300 pm, & &HET
BIBEWRBIER )R, EAEBRBAYE)E.

3) JE B GG G ItE Bay Zr, O 1
SR 89 16800, 7586 pg/g I/ A 28+ 4760, 3690
ng/ge
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Compactness and Corrosion Resistance of BaZrO; Composite Mould for Directional
Solidification of TiAl Alloy

Li Kai', Xiong Fuhao', Chen Guangyao®, Zhang Rulin®, Lu Xionggang'*, Li Chonghe'*
(1. State Key Laboratory of Advanced Special Steel & Shanghai Key Laboratory of Advanced Ferrometallurgy & School of Materials
Science and Engineering, Shanghai University, Shanghai 200072, China)
(2. Materials Genome Institute of Shanghai University, Shanghai 201900, China)
(3. Shanghai Dianji University, Shanghai 201306, China)

(4. Shanghai Special Casting Engineering Technology Research Center, Shanghai 201605, China)

Abstract: Chemical reaction of different degrees can occur for TiAl alloys with traditional refractory materials due to the high activity of
TiAl alloys, which restricts their application in directional solidification castings. In this paper, the BaZrO; composite mould was prepared
by self-synthesized BaZrO; powder as the surface layer (yttrium sol as a binder), Al,O; as a back layer (silica sol as a binder). The
influence of BaZrOs particle size on the compactness of the mould, the morphology of penetration layer after directional solidification of
the alloy, and the contaminant content in the alloy were investigated. The evolution of the microstructure of the surface layer and porosity,
the interaction between the mould and the alloy, the morphology and composition of the interface, and the contaminant content of the alloy
were investigated by an optical microscope (OM), scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS),
X-ray diffraction analysis (XRD), Archimedes’ principle, Inductively Coupled Plasma (ICP) and Nitrogen and oxygen analyzer (IGI,
LECO TC-436). The results show that the surface of the mould using fine-grained particles as the coating is denser and smoother after
sintering at high temperature, the number of pores between particles is reduced and the size decreases, the porosity of the surface layer
decreases from 17.3% to 13.5%. The surface layer thickness of the optimized mould is from 1000 um (2 layers) to 3000 um (4 layers). The
thickness of the adhesive layer between the BaZrOs surface layer and the Al,O; back layer is increased from 300 to 1200 pm, and the
adhesion is also enhanced. The interface penetration layer between the optimized mould and alloy is reduced from 900 to 300 pm, the
penetration of the alloy melt is limited within the surface layer, and no exudate is observed in the back layer. The content of Ba, Zr, O in
the alloy are reduced from 89, 16800, 7580 to 28, 4760, 3690 pg/g.
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