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Abstract: Ti-46A1-8Nb alloy was heated to 1650 C in a BaZrOs/Al,0; composite mould at different time. The microstructure and
the dissolution of mould after contacting the alloy melt at different time were analyzed by optical microscopy, scanning electron
microscopy, X-ray diffraction and inductively coupled plasma emission spectroscopy, respectively. The interfacial reaction between
the alloy melt and the mould was investigated. The results show that the dissolution reaction of the mould in the alloy melt results in
the different thicknesses of the erosion layer on the inner wall of the mould (i.e., 1510, 2476 um and 3 574 um) after the alloy is held
for 30, 60 min and 120 min, respectively. The erosion mechanism of the melt on the mould follows a dynamic model controlled by the
diffusion dissolution. The dissolution of mould refractory results in the increase of the contents of O, Zr, Y, and Si elements in the
alloy as the holding time increases, further leading to the increase of the microhardness of the alloy. After solidification, an adhesion
layer is formed on the alloy surface. Meanwhile, BaAl,O4 and Y4Al,O9 phases are formed in the erosion layer. Two typical inclusions,
i.e., (Ti, Zr)s(Si, Al); and Y4A1,0,, are formed in the alloy, and their contents increase with the increase of holding time.

Keywords: titanium aluminum alloy; barium zirconate/alumina composite mould; interaction mechanism; inclusion
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Fig. 1 Macropictures of the sidewall of the moulds before and after melting the alloy in the moulds at 1 650 “C for different time
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Table 1 EDS results of the adhesion layer in the alloy as show in Fig. 5(d)
Points Possible phase x(Ba)/% xX(Zr)/% x(Y)/% x(0)/% x(Ti)/% x(AD)/% x(Nb)/%

B Alloy 0.5 47.0 45.5 7.0

C Z10,5(Y,03) 19.9 12.6 65.3 1.3 0.8

D Y4ALOgy 26.9 583 1.1 13.8

E BaZrOs 23.7 20.2 56.1

F BaAl,O, 15.3 1.9 51.0 31.8

x—Mole fraction.
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Fig. 6 XRD patterns of the adhesion layer in the alloy after
melting at 1650 °C
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Table 2 EDS results of the inclusions as show in Fig. 8
Points Possible phase x(Ti)/% x(AD)/% x(Nb)/% xX(Z0)/% x(S1)/% x(Y)/% x(0)/%

G Y4ALOy 1.4 14.8 0.8 28.8 542
H (Ti, Zr)s(Si, Al)s 46.5 16.0 4.8 11.3 21.4

1 y-TiAl 389 539 4.4 3.0

J (Ti, Zr)s(Si, Al); 46.9 17.0 43 11.7 20.2

K v-TiAl 40.8 523 4.2 2.7

JEt Image J & AH 7 Bk AtFidt— 20 M R IR AN ]
N} 1) J5 B 4 PN S I e P AR R4, 45 TR B 4031
LRI 30 60 min A 120 min Ji5 J& 42T ¥R F 3 BOZ
i 0.06%F1 0.15%, 1428 0.43%, {HIKT Zhang
A0 Lapin ZP5UdH Y,05 BESELE A AE I A ]
TOEMEE TAL AR RIS E. M Y05
5%, BaZrO; BEFelE &St 5l N Jedeis 4l ge
JIBUK . (RSB I 5 BN REOUAZ 5, &
GRS P RE A, DR R
R, EERK SioTRGIAER T, RS
Ti—46A1-8Nb 1441 e N LA D> & 35 G o

WAL, X 3 MR IR AR BT R B

IS TR R G & m R, HARLRAM
FEMRE, Ul B RV AR e A ) R A I
DRl o X6 S 2% 0 A AR 43 5000 43 i i — 25 U B,
Ti—46A1-8Nb & < M AR 570 IR V45 A i Pl i [ 48
KMRFSEIAT o 256 1 SO ST ONL K L T= 4 (1) o
M, BB FE AT S AR 9 s m B I ERIE
RESE LR IE NI 38, [R] RS2 ) R A VA A S
BB e RN IR . BT RE T, TR
&S mHERMNATH, —# 5 ME T kR R
JAE, B—#oTEEE B RIEY. BEE,
053 B Joi A 0 2 () R RHRIORL B 5 T xR T
BRI EE . FR, AaREEgE, S8R s s,



5055 12

£ %: BaZrOy/ALO; B &7 5 Ti-46A1-8Nb 474 7 I S AL EE . 3321 -

RS, TR T Si0, Mgk gk, I H.
HAEBRMHSFFE M, 7 Ti-46A1-8Nb J& A+

W R AR N .. B, S 2 E 3R T It
KA ] S10, ki o

© BaZrO,
® 710,(Y,0,)

® Sio,

® BaAlO,

® Y,ALO,

® Y,ALO,

© (Ti, Zr)(Si, Al),

K19 BaZrOyALO; H & H55% 5 Ti-46A1-8Nb i 4 5 i S S ik
Fig. 9 Schematic illustration of the interfacial reaction between BaZrOs/Al,O; composite mould and Ti—46A1-8Nb melt

3 &%

1) BaZrOs/ALO; H & 1585% 5 Ti-46A1-8Nb 54
FERAE 1650 °C 4 AR 3060 min A1 120 min 5
J& PRAR S e T 2 S TR R 2, IR 430
1 510, 2 476 pm # 3 574 pm, RHHLFEG S
w=185.53¢"% 3 B i AL 42 1 RO 30 ) 2 B Y

2) BRI SEM S EAE S O Ztn Y
N Si ErEmpE ORI g, B S sE
& W RN EEE&RE, O BAFEHA SN
I HORG E R AE I DX B 2T 120 pm B8 (1) e A
FEIX

3) HE—PE XA SR TG B SRR B
LT, AR SR S SRR S5 S R I AR
PR R R ARV AR L, B B 52 0 R HENJE R,
B &SR MR EZ, 72 i XA ik
BaAl,O4 1 Y4AL Oy, [FIB £ 4 34425 BT, Zr)s(Si,
Al 1 Y4ALOo W, I H AT RITR S &,
W J2 T2 P % e Z AR AR 4y ) B T T R SR AT 1T
Fraesm. #2, BaZrOyALO; HEH%E Tie
46 A1-8Nb JAMATE A A i A2 v, R R
TP S5 R e Ay Rase ik, T3 A T AN R s %
(A 7 ot [R) AN []) T P S [ ] S5

SE

[1] CHEN Y, DAVE C, CHENG X, et al. The influence of polymer
content and sintering temperature on yttria face-coat moulds for TiAl
casting[J]. Eur Ceram Soc, 2012, 32(16): 4041-4049.

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

[3] JOHNSON D R, INUI H, MUTO S, et al. Microstructural development
during directional solidification of a-seeded TiAl alloys[J]. Acta Mater,
2006, 54(4): 1077-1085.

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

[5] KUANG J P, HARDING R A, CAMPBELL J. A study of refractories
as crucible and mould materials for melting and casting y-TiAl
alloys[J]. Int J Cast Met Res, 2001, 13(5): 277-292.

[6] CUIY S, TANG X X, GAO M, et al. Interactions between TiAl alloy
and different oxide moulds under high-temperature and long-time
condition[J]. High Temp Mater Processes, 2013, 32(3): 295-302.

[7] JIA Q, CUI Y Y, YANG R. A study of two refractories as mould
materials for investment casting TiAl based alloys[J]. J Mater Sci,
2006, 41(10): 3045-3049.

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

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

[10] LI C H, HE J, WEI C, et al. Solidification and interface reaction of
titanium alloys in the BaZrO; shell-mould[J]. Mater Sci Forum, 2015,
828: 106-111.

[11] LICH, LIM Y, ZHANG H, et al. Fabrication of Y,O3 doped BaZrO;
coating on Al,Os applied to solidification of titanium alloy[J]. Surf
Coat Technol, 2017, 320: 146-152.

[12] LI K, XIONG F H, CHEN G Y, et al. Directional solidification of
Ti-46A1-8Nb alloy in BaZrO; coated Al,O; composite mould[J].
Intermetallics, 2018, 102: 106—113.

[13] KUANG J P, HARDING R A, CAMPBELL J. A study of refractories
as crucible and mould materials for melting and casting y-TiAl
alloys[J]. Int J Cast Met Res, 2001, 13(5): 277-292.

[14] SMALLMAN R E, BISHOP R J. Metals and materials: science,
processes, applications|[M]. Great Britain: Butterworth-Heinemann Ltd,
1995: 180-183.

[15] SAHA R L, NANDY T K, MISRA R D K, et al. Evaluation of the
reactivity of titanium with mould materials during casting[J]. Mater Sci
Bull, 1989, 12(5): 481-493.

[16] CUI R J, GAO M, ZHANG H, et al. Interactions between TiAl alloys
and yttria refractory material in casting process[J]. J Mater Process
Technol, 2010, 210(9): 1190-1196.

[17] 3K%0, RYLE, XURGE, 25 BaZrO; HIRAIHI & K 5% & &5k 0
TR NT]. BERR R4, 2013, 41(9): 1278-1283.



3322 - CRERR Sh2230)

J Chin Ceram Soc, 2022, 50(12): 3314-3322

2022 4

(18]

[19]

[20]

[21]

[22]

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

kt, MG, BROGHE, . AlOy/BaZrOs XU & ST O 4 4Lk
LML), TEHUM R, 2017, 32(8): 819-824.

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

SAHA R L, NANDY T K, MISRA R, et al. On the evaluation of
stability of rare earth oxides as face coats for investment casting of
titanium[J]. Metall Trans B, 1990, 21(3): 559-566.

TRETE, SR, XUMEE. WOLPOH A BEALOS Y AGHE ) M %2 (11 4
HHAI). AT HR KR, 2007, 33(7): 846-850.

SU Haikun, ZHANG Jun, LIU lin, et al. J Beijing Univ Aeronaut
Astronaut (in Chinese), 2007, 33(7): 846-850.

SUSUMU M, MASATOSHI W, TAKAYUKI N, et al. Deoxidation of
NiTi Alloy Melts Using Metallic Barium[J]. Mater Trans, 2008, 49(2):
289-293.

SCHAFFONER S, ANEZIRIS C G, BEREK H, et al. Corrosion

behavior of calcium zirconate refractories in contact with titanium

[23]

[24]

[25]

[26]

[27]

(28]

aluminide melts[J]. J Eur Ceram Soc, 2015, 35(3): 1097-1106.
CHENG X, SUN X D, YUAN C, et al. An investigation of a TiAlO
based refractory slurry face coat system for the investment casting of
Ti-Al alloys[J]. Intermetallics, 2012, 29: 61-69.

KOTVAL P S, CALDER R W. In situ identification of the silicide
phase in super-a titanium alloys[J]. Metall Trans, 1972, 3(5):
1308-1311.

CHEN X F, REVIERE R D, OLIVER B F, et al. The site location of Zr
atoms dissolved in TiAl[J]. Scr Metall Mater, 1992, 27(1): 45-49.
YUAN C, CHENG X, HOLT G S, et al. Investment casting of
Ti-46A1-8Nb-1B alloy using moulds with CaO-stabilized zirconia
face coat at various mould pre-heat temperatures[J]. Ceram Int, 2015,
41(3): 4129-4139.

DE F A C R, FLOWER H M. Microstructure and phase relationships
in Ti—Al—Si system[J]. Met Sci J, 1999, 15(8): 869-877.

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.



