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Fig.1  Rietveld refinement of the XRD result for the fused  
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 binary phase diagram (a); changing of the calculation 

of Gibbs free energy for the solid solution region (b) 

 

�3�a�"Z�F��=�
��>st Y*+¥

êëÆ BaZrO

3

��t�Zr*+�¥êëÆ Y

2

O

3

��

t�Y*+(0.090 nm)��¨~ Zr*+��(0.072 nm)"

�i«���W3s4V 

2dsinθ=nλ                               (2) 

4t�d ���Ã��θ �ÇW X W[�M-���

@��n��WË0�λ� XW[��Â" 

Y*+ÆÇ BaZrO

3

���¥^_���0�¨�

d ���X¬ Zr *+¥^_ Y

2

O

3

���0���

� d��¨" 

m 4�hiC�$Õ����W%+(BSE)�P"

^m 4a t[�o£�hi}��c���� B ��

�c���� C	C"² 1t EDS�l
n��� B

� Zrêë� Y

2

O

3

M�Y�� C�� Yêë� BaZrO

3

M�Z� XRD ª��lM�_"m 4b �m 4a t A

 ¡�¢¨m"^mt[�y�α-Y

2

O

3

� Y îA

BaZrO

3

�M��=hit�ª«§4£
�¤"ñ~

α-Y

2

O

3

��Yd��£
���¥£y"ñ Y îA

BaZrO

3

��Yd�·ª«$~¦�ª«�§4�wô

£y£
���y§"Z[u�F��BaZrO

3

	�!

�`¨»���·'©b Y

2

O

3

	�!����=��

>st Y

2

O

3

��íÃsª;��Y^_ Y

2

O

3

��«

¬  BaZrO

3

���BÂ"·z�}~ ZrO

2

�êël

Æ Y

2

O

3

�k�  Y

2

O

3

	�!����uÜ" 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¹ 3  PQFG./ XRD ¹d¶ 27.5°~32.5°ÈÉÊË�¹ 

Fig.3  XRD pattern of the crucible refractory (a); magnified   

pattern between 27.5°~32.5° (b) 
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Fig.4  SEM-BSE image for the crucible after heat treatment (a); 

magnified image for the area A in Fig.4a (b) 
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Fig.5  Macro-picture for the TiAl alloy ingot obtained from the 

composite crucible (a); XRD pattern of the TiAl ingot 

obtained from the composite crucible (b) 
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Fig.6  BSE image of the TiAl alloy ingot after melting (a); 

magnified image of the area D in Fig.6a (b) 
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= +

                                           ( 6 ) 

1.5

[Y wt%]

from dissloved content

[O wt%]= M 1.5

from YO oxygen

M

yttrium

× ×

   (7) 

2

[Zr wt%]

from dissloved content

[O wt%]= M 2

from ZrO oxygen

M

zirconium

× ×

 ( 8 ) 

[O wt%]=0.065wt%

from master  alloy

              (9)
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Table 4  Measured values for yttria, zirconium and oxygen 

elements in the TiAl alloy ingot and the calculated 

value for oxygen element (ω/%) 

Yttrium 

(Y) 

Zirconium 

(Zr) 

Measured 

oxygen (O) 

Calculated 

oxygen (O) 

0.031 0.07 0.0986 0.0979 
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Fig.8  BSE image of the inner wall of the crucible after melting (a); 

magnified image of the area G in Fig.8a (b) 
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Table 5  EDS results of the points H, I and J in Fig.8b (at%) 

Point O Al Y Zr Ba Ti Possible phase 

H 49.5 33.84 0.30 1.28 15.08 0.00 BaAl

2

O

4 

I 36.20 0.97 44.09 7.97 9.01 1.75 Y

2

O

3

(ZrO

2

) 

J 61.35 4.00 2.50 14.48 17.67 0.00 BaZr

1-x

Y

x

O

3-δ
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Fig.9  XRD pattern of the inner wall of the composite crucible 

after melting the TiAl alloy 
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Abstract: The composite refractory crucible was fabricated after sintering at 1650  for 24�  h using the fused BaZrO

3

 and Y

2

O

3

, and then 

induction melting of TiAl alloy was carried out in the crucible. By the X-ray diffraction, scanning electron microscope combined with the 

energy disperse spectroscopy, inductively coupled plasma atomic emission pectrometry and O/N analyzer, the phase composition and 

microstructure of the composite refractory were investigated as well as the interaction between the composite crucible and TiAl alloy melt. 

The results reveal that the composite crucible is composed of Y doped BaZrO

3

 and Y

2

O

3

(ZrO

2

) phases, and the introduce of Y

2

O

3 

helps to the 

improvement of fused BaZrO

3

 refractory. Dissolution-erosion is responsible for the interaction between the refractory and TiAl alloy melt, 

while the Al

2

O

3

 in the melt reacts with the BaO, leading to the generation of reactant BaAl

2

O

4

 which attaches to the inner wall of the crucible. 

The oxygen concentration for the prepared TiAl alloy ingot is about 0.0986wt%, which is consistent with the calculated value for the TiAl 

alloy. It also meets the criteria for the industrial TiAl alloy ingot, indicating that the BaZrO

3

/Y

2

O

3

 composite refractory is the candidate for 

induction melting of TiAl alloys. 

Key words: fused barium zirconate; yttria; induction melting; TiAl alloys; interfacial reaction 
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