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Hydration Damage Mechanism of BaZrQO;/Al,0; Composite Mold and Its Effect on
Directionally Solidified TiAl Alloy
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(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. Shanghai Special Casting Engineering Technology Research Center, Shanghai 201605, China)

Abstract: BaZrO3/Al,0; composite molds were prepared via sintering at 1 600 C for 8 h with BaZrOs as a surface coating
material and Al,O; as a backup coating material. The phase composition and microstructure of the interfacial bonding layer
between the face and back layers before and after hydration were investigated by optical microscopy, X-ray diffraction, and
scanning electron microscopy with energy dispersive spectroscopy. The hydration process and damage mechanism of the
interfacial bonding layer in the mold were analyzed. The effect of mold damage on the directional solidification of TiAl alloy was
also investigated via directional solidification tests. The results show that BaZrO; and Al,O;3 generate BaAl,O4 at BaZrO3/Al,05
interface during the high-temperature sintering process; and BaAl,0O,4 generates Ba(A1O(OH),),, Ba,Al4(OH);s and Bas(Al(OH)),
after hydration, leading to the grain volume change to destroy the intergranular bonding force, the generation of cracks in the mold
and the failure of the mold. In the directional solidification process, the generated cracks become a channel for melt penetration of
TiAl alloy, resulting in a melt leakage from the mold and the appearance of heterogencous crystals in the directionally solidified
TiAl alloy castings.
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&1 BaZrOyALO, E6HEFZHEITE
Table 1 Preparation process of BaZrO;/Al,O; composite mold

Slurry
Coat No. Stucco
Binder Filler Additives
. Wetting agent (0.3%)
1 Yttria sol BaZrO; Antifoaming agent (0.05%) BaZrO; (75-150 pm)
. Wetting agent (0.3%) BaZrO; (75-150 um) +
2 Yttria sol BaZrOs Antifoaming agent (0.05%) (150270 m) (1:1)
. Wetting agent (0.3%)
3 Yttria sol BaZrO; Antifoaming agent (0.05%) BaZrO; (150-270 um)
. Wetting agent (0.3%)
4 Yttria sol BaZrOs Antifoaming agent (0.05%) BaZrO; (180-380 um)
. Wetting agent (0.3%)
3 Yttria sol BaZrOs Antifoaming agent (0.05%) A0 (250 pm)
o Wetting agent (0.3%)
6-9 Silica sol AL O3 (44 pm) Antifoaming agent (0.05%) AL O3 (700 pm)
1 0,
10 Silica sol ALO; (44 pm) Wetting agent (0.3%)

Antifoaming agent (0.05%)

BaZrO; filler is graded according t0 #p,7:0, (62 um) * MBazr0, (18 um) = 3:2 -

1.3 Hm*FIE

KH VHX-1000C 2 7 0 5 Sk 85 W 52 A5 52 7K AL,
BTG T Z 515 2 AT 45 6 %30 DA K E v [ )5 1)
TiAl &4 % MIESH. H D8 advance, Bruker % X &t
AT O LSS HEAT AR 2347, THARSS 49 Cu—K»
KN 0.154 056 nm, TAEHE 40 mV, TAEHER
40MA, FHHAE 10°~90°, 5K 0.02°. | FEI Nova
Nano SEM 450 HY37 K 5434 i+ AR 75t L 52
BLSELER, (RIS FBC & 1 X S 2R RS 2 A A0 &
FER G R MRAEG & R B KAEDIEINLNT & 1A
e AT OIE], HRRETITES . P e AT

JEAIEE,  JE AR RR > B . HE:HNOs:H,O N
1:1:18.

2 ZR54%

KH VHX-1000C 700 254145 BaZrOy/
ALO; AT /KRG T ZE 515 2 S kb 22 0
MR 1 s, HE la iTRAEH, KAHTESEH
i) BaZrO; 55 ALOs 46 5%, A W7 B A
RGP A . T KA G RS R T R 5T 2 R
DR L, FR, WESEZHITHER
I

(a) Before hydration

(b) After hydration
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Fig. 1
coating and the backup coating
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Macrosturecture images of BaZrO3;/Al,O; composite mold before and after hydration at the interface between the surface
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Backup coating: Al,O;

(a) Backscattering images before hydration
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(b) Backscattering images after hydration

(c) EDS mapping scans of elements Al of Fig. 2(a)

—p | 686 um
BalL 500 um
[E

(e) EDS mapping scans of elements Ba of Fig. 2(a)

AIK 500 pm
| I

(d) EDS mapping scans of elements Al of Fig. 2(b)

931 um

(f) EDS mapping scans of elements Ba of Fig. 2(b)

K2 BaZrOyALOs E A H5E/KALHT A 2 515 )2 F 0 45 15 4b 1 HIUH T f o ok Tl 43 40 14

Fig. 2 Backscattering images and the corresponding EDS mapping images at the interface between the surface and backup coatings

of BaZrOs/Al,0; composite molds before and after hydration
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Fig. 3 XRD patterns at the interface between the surface and
backup coatings of BaZrOs;/Al,O; composite molds
before and after hydration
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(c) Schematic diagram of the sintered mold after hydration

4 BaZrOy/AlLO; E A F /KR E R

Fig. 4 Schematic diagram of the hydration process of

BaZrO3/Al,O3 composite mold
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(a) Schematic diagram of the experimental
setup for directional solidification
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(b) Macrosture image of the unhydrated mold after
the directional solidification experiment

(c) Macrosture image of the hydrated mold after
the directional solidification experiment

B 5 KA AR BESEAE RE [va Aok 18] S 06 I £ 2 LR

Fig. 5 Macrosture images of hydrated and unhydrated molds after directional solidification experiments
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(a) Schematic diagram of the sampling position of the image
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(b) Backscattering image of the back layer section of the
composite mold before h dration

(c) Backscattering image of the back layer section of the
composite mold after hydration

K6 I Bt ] S50 Jm B2 A A 50 1 T AT 1) 1 IO LT

Fig. 6 Backscattering images of composite mold back layer section after directional solidification experiment

*2 TEREERESREEREXELE 6bFE 6c)HI EDS

DR

Table 2 EDS analysis results of the back layer region (see
Fig. 6(b) and Fig. 6(c)) of the composite mold after

directional solidification x/%

Zone Ti Al Nb Ba Zr O Si C
A 533 5.3 383 3.1

B 17.3 1.1 81.6
C 54.1 45.9

D 49.2 5.4 430 24

E 186 05 809
F 52.8 472

G 427 465 51 2.5 32

x—Mole fraction.
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B 7 W LUE Y, A KA T E A it [ ] 6 14
TiAL & BB A 32 5 Akt B &, T B 2 RIS 17
i 2] B (1 AR T Sk EL AT O B d KT P 2 o (1

RIE AL BRI T AL, TeA i, BT R
17 (2/3 MR ) 7o (0 5 AE T 4 B i i ]
RS T A S, ML T 7a P TiAL &
S MRS AT N, AR5 (K KA I 1l R 5 SR
A28 BB o M BLE R FIL %, T ERENT 1 TiAl
LRI A

3 &

1) LA BaZrOs AT JZ, ALO; N )Z, 1EmikE
4l #% BaZrOy/ALO; HEHSEN, HESHEER
45 &K BaALOy, I LML AT A SR i
FERFE

2) BaALO, 7E /KA H AE 1 Ba(AIO(OH),) -
Ba,Al,(OH) ¢ 1 Bas(AI(OH)g),, i3 f bk fl & £
AR AL E5 5 7y, SEEEN)E ST )R
ghE AR IS

3) fd F AR KAL) BaZrOs/AlLO; H AT E A
&L TIAl & IR MBS, € m kRS2 1
Jo A% dm 1) TIAL ZE 58 o 1 KAk J5 B 52 BT IS
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Growth direction

/

/ 10 mm
| |

(a) Macro section image of the directionally solidified TiAl alloy

using the unhydrated BaZrO,/Al,0; composite mold

<—

(a) Macro section image of the directionally solidified TiAl

alloy using the hydrated BaZrO,/Al,O, composite mold

K7 BaZrOyALO; E & HE57E5E FIBEIE TIAL £ <510 2 LA i A
Fig. 7 Macro section images of the directionally solidified TiAl alloy using BaZrO;/Al,05 composite molds

SEHk:

(1]

(2]

B3]

[4]

(3]

(6]

(71

(8]

APPEL F, CLEMENS H, FISCHER F. Modeling concepts for
intermetallic titanium aluminides[J]. Prog Mater Sci, 2016, 81:
55-124.

SONG L, XU X J, YOU L, et al. Ordered a, to w, phase
transformations in high Nb-containing TiAl alloys[J]. Acta Mater, 2015,
91:330-339.

BEWLAY B, NAG S, SUZUKI A, et al. TiAl alloys in commercial
aircraft engines[J]. Mater High Temp, 2016, 33(4-5): 549-559.

BBt BRI SR R S PR ). R AER, 2015, 51(2):
129-147.

YANG Rui. Acta Metall Sin (in Chinese), 2015, 51(2): 129-147.

TAUB A, FLEISCHER R.
high-temperature structural use[J]. Science, 1989, 243(4891): 616-621.
CHEN R R, WANG Q, ZHOU Z C, et al. Microstructure, tensile

Intermetallic  compounds  for

properties and creep behavior of high-Al TiAINb alloy using
electromagnetic cold crucible continuous casting[J]. J. Alloys Compd,
2019, 801: 166-174.

YAMAGUCHI M, JOHNSON D, LEE H,
solidification of TiAl-base alloys[J]. Intermetallics, 2000, 8(5-6):
511-517.

JIN H, JIA Q, XIAN Q G, et al. Seeded growth of Ti—46A1-8Nb

et al. Directional

polysynthetically twinned crystals with an ultra-high elongation[J]. J

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Mater Sci Technol, 2020, 54: 190-195.

LAPIN J, GABALCOVA Z. Solidification behaviour of TiAl-based
alloys studied by directional solidification technique[J]. Intermetallics,
2011, 19(6): 797-804.

ZHANG H R, TANG X X, ZHOU C G, et al. Comparison of
directional solidification of y-TiAl alloys in conventional Al,O3 and
novel Y,0s-coated Al,O5 crucibles[J]. J Eur Ceram Soc, 2013, 33(5):
925-934.

B, TR, HEg, F TIAlL A S e R R S A R
M S S NI FLLT]. A R RLS TAE, 2009, 38(8): 1441-1445.
LUO Weizhong, SHEN Jun, MIN Zhixian, et al. Rare Met Mater Eng
(in Chinese), 2009, 38(8): 1441-1445.

LAPIN J, GABALCOVA Z, PELACHOVA T. Effect of Y,0; crucible
on contamination of directionally solidified intermetallic Ti-46A1-8Nb
alloy[J]. Intermetallics, 2011, 19(3): 396-403.

KA, Rl XU, %, BaZrOs HIRAHI# K 558G &E A
FHIISSET]. RERR #h 24K, 2013, 41(9): 1278-1283.

ZHANG Zhao, ZHU Kailing, LIU Lanjie, et al. J Chin Ceram Soc
2013, 41(9): 1278-1283.

KR, DEB, ZFEH, 4. CaZrOs M KA RIS I H k&4
PR SR BE(T]. RERR #h 241, 2009, 37(12): 55-59.

GAO Yonghui, PANG Wei, LI Chonghe, et al. J Chin Ceram Soc, 2009,
37(12): 55-59.

B, BUEE, FUIRH, 5. BaZrOs i kMK TIAL & S8R S



25055 3 1 AeE s 5

="

BaZrOs/A1,05 & 515 FE /K AR BB H K HLNS 7€ [ B ] TiAL 5 <6 )R .

827 -

[16]

[17]

[18]

JON[T]. oA 4R AR, 2015, 25(6): 1505-1511.

HE Jin, WEI Chao, LI Mingyang, et al. T Nonferr Metal Soc (in
Chinese), 2015, 25(6): 1505-1511.

FROGHE, FRiash, ERAR, 5. siE s S BaZrOs i kAR5
TR SALERT]. BERR 52441, 2016, 44(6): 890-895.

CHEN Guangyao, CHENG Zhiwei, WANG Shusen, et al. J Chin
Ceram Soc, 2016, 44(6): 890-895.

CHEN G Y, LAN B B, XIONG F H, et al. Pilot-scale experimental
evaluation of induction melting of Ti-46A1-8Nb alloy in the fused
BaZrOj; crucible[J]. Vacuum, 2019, 159: 293-298.

=W, skik, TRAR, 5. BaZrO; R A HI50E MEEHE Ti-46Al-
8Nb A& I ZT 7T [I]. h Tk, 2016, 33(3): 18-23.

LI Mingyang, ZHANG Hao, WANG Shusen, et al. Titanium Ind Progr

[19]

[20]

(21]

(in Chinese), 2016, 33(3): 18-23.

ek, MG, BROGHE, . AlOy/BaZrOs XU & ST O 4 4Lk
KAVER[I]. AU ERLEAR, 2017, 32(8): 819-824.

ZHANG Hao, GAO Pengyue, CHNE Guangyao, et al. J Inorg Mater
(in Chinese), 2017, 32(8): 819-824.

ik, FRAR, £4%, & —HRONE SAUKARED]. M
2R, 2018, 39(1): 69-72.

LI Jinglei, WANG Zhoufu, WANG Xitang, et al. J] Ceram (in Chinese),
2018, 39(1): 69-72.

25, WRPUK IR & R BSEETT L D). B BB R
%, 2018.

LI Jinglei. Research on the preparation and cementitious behavior of
barium aluminate cement (in Chinese, dissertation). Wuhan: Wuhan

University of Science and Technology, 2018.



