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Table 1  Making process of the mould with 2 surface layers 

Slurry 

Layer No. 

Binder Filler Organic solvents 

Stucco 

1 Yttrium sol 

40%BaZrO

3

(+325mesh)+60% 

BaZrO

3

(+200-325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

BaZrO

3

(+50-100mesh) 

2 Yttrium sol 

40%BaZrO

3

(+325mesh)+60% 

BaZrO

3

(+200-325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

BaZrO

3

(+40-80mesh) 

3 Yttrium sol 

40%BaZrO

3

(+325mesh)+60% 

BaZrO

3

(+200-325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

Al

2

O

3

(60mesh) 

4~7 Silica sol Fused Mullite(+325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

Al

2

O

3

(24mesh) 

8 Silica sol Fused Mullite(+325mesh) 

0.3% wetting agent, 

0.05%anti-foam 

- 
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Table 2  Making process of the mould with 4 surface layers 

Slurry 

Layer No. 

Binder Filler Organic solvents 

Stucco 

1 Yttrium sol 

40%BaZrO

3

(+325mesh)+60% 

BaZrO

3

(+200-325mesh) 

0.3% wetting agent, 

0.05% anti-foam 
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3

(+325mesh)+60% 
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0.05% anti-foam 
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4 Yttrium sol 

40%BaZrO

3

(+325mesh)+60% 

BaZrO

3

(+200-325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

BaZrO

3

(+40-80mesh) 

5 Yttrium sol 

40%BaZrO

3

(+325mesh)+60% 

BaZrO

3

(+200-325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

Al

2

O

3
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6~9 Silica sol Fused Mullite(+325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

Al

2

O

3

(24mesh) 

10 Silica sol Fused Mullite(+325mesh) 

0.3% wetting agent,  

0.05% anti-foam 

- 



Þ3550Þ                                       ßSà$%&'(                                              � 48� 

a 

Al

2

O

3

 

BaZrO

3

 

1000 µm 

Al

2

O

3

 

BaZrO

3

 

3500 µm 

b 

4hM 180 >/7.2 MPaùg4 20 min7g4Ê��

Mhd�~iÊ�D� ECF1 �"(%jklmRn

opy¥qr7st·H¸	uÔÕi°���Y

T�qr(%� 1600 >7rÂv�FRST���

wx 1yz7 

FRSTnM Bridgmano�y¥�<{	�Åo

9|Æh� 0.03 Pa�}Ê�"~��d 3VÊ�6�

0.4 Pa7A� BaZrO

3

����M<{(% 1550 >��

(�	 25 min�|�-%� 1 mm/min��ùy¥

TiAl��FRSTP+�/0�����_©MA

�Î��1-7 

�3rÂ?DFRSTÊ�����~�'�

��7éÎ��Í��(OM)����Ê���©?

D�����_©���o���R�Í��(SEM)

/2� EDS �����©/��	!Ê BaZrO

3

�

�pì©y¥��/�//0�RÇ��3���i

����(ICP)/�,�(IGI�LECO TC-436)�F��

��ðñ���X����(XRD)� ���Ð�/�

¡¢.ZéÎ£�¤¥»1��7 

2��������

2.1  BaZrO

3

�������� 

x 2� BaZrO

3

�����©¦m7�xZ\�o

� 2Ð©ÐLr��ù©Ð§%¨� 1000 µm�¡

o� 4Ð©ÐLr���§%©<�¨ 3500 µm7

x 3 � BaZrO

3

���© SEM��7ªx�Z?«�

Ë¬n 2Ð(x 3a)£n 4Ð(x 3b) BaZrO

3

©ÐP

QS&®¢¼¯#Â�&:JS&e6°��

�&:S&�����@�?c�±={2²�³

��$%7x 3a/ 3b� A!BaáCJx 3c/ 3d

�Ì)-Ê��©ÐS&_	¡¢´µ¶)-	ÌÍ

[���å.c"�·Å a[\��������

c"��&¸�.7  

 

 

 

 

 

 

 

 

 

 

á 1  ¿y�Y BaZrO

3

qr  

Fig. 1  BaZrO
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 mould after sintering 
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Fig.2  Section morphologies of the BaZrO
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 composite mould:   

(a) 2 layers and (b) 4 layers 
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Fig.3  SEM sectional morphologies of the BaZrO
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 composite mould: (a) 2 layers, (b) 4 layers, (c) enlarged scale from Fig.3a, and  

(d) enlarged scale from Fig.3b 

 

Í�)-ÊPQ©Ð§%ZÌ 2300 µm7«¬���

�A�Î������_©ª�Ð
���¡iN-

¦ª��y�Ý�Ì©Ð§%©<×�Ó�7 

stðñ�Æ�/�Z?Ø�·�aá`M 1 �

Ùf���� Baðñ/ Alðñ�¼7Chen3

[14]

ÔÕÂëÍz�"(ù BaZrO

3

/Al

2

O

3

iNª��

Ä �¼ BaO·Al

2

O

3

/ ZrO

2

N�7¹Ú3

[15]

{ìÌ�

`�Û¼� BaAl

2

O

4

�Ä`M\� ZrO

2

7BaAl

2

O

4

 ¾

�¿p^Ü�� Ý^OÂÃ��4"Ì 2376 ��{

EF.¶6�&"(¢$%¶"�� BaZrO

3

/ Al

2

O

3

�ÞßÜW¼î7«¬�à-~iÎ��Ð	2�

á56Â���¨/�/âã7 

2.2  BaZrO

3

�	
�� 

x 5� BaZrO

3

��©Ðì©��ÂÃ SEM¦m7

)-	��©ÐS&_	`Mef��ä¡¢/�

våiæ^_�¡¢
:� 8~10 µm7)-Ê©Ð

� våiæ^_/W�¶\¡¢�d¡.Î;�

¡¢
:� 2~4 µm7�)-	¼#�)-Ê BaZrO

3

S&÷@�¢/ç9I�S&è�1üéå��å%

ÌÍc"�¢Úi°Jãê/@��ãê7¡¢¡¢

.� 17.3%Î;� 13.5%7ë�CJx 5b / 5d �Ì

1600 �ù"(rÂZ?A��rÂ�ö�BaZrO

3

S&

�rÂ���¢éå#ÂM�ì�ÄMíî_	��

÷f��aá�·ìÌ��$%¼�bü�c"7

¡¢W�[\D´µ[� ï�c" BaZrO

3

�

���ð���&¸�.7ñP@�`M\�¡¢ 

{`M�I���MFRSTÎ���BaZrO

3

��

ù�à-~i/òó�@�/�áÎ{Änôòó7

«¬�BaZrO

3

��ÎÏaõö÷ø(%1-�· 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

á 4  ÌTÍ�qrY Al

2

O

3

/BaZrO

3

¶s SEM{ã 

�*§äå� EDS��s�� 

Fig.4  SEM back scatter electron images and EDS elements 
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Fig.5  SEM images of BaZrO
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 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 
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Fig.7  EDS element mapping of interfacial reaction layer 
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Fig.8  XRD pattern of interfacial reaction layer 
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Fig.9  Inner surface of the mould before (a) and after (b) 

directional solidification 
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Table 3  Contaminant content in the alloy (µg/g) 

Alloy Ba Zr O 

1 89 16800 7586 

2 28 4760 3690 
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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

3

 composite mould was prepared 

by self-synthesized BaZrO

3

 powder as the surface layer (yttrium sol as a binder), Al

2

O

3

 as a back layer (silica sol as a binder). The 

influence of BaZrO

3

 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 µm (2 layers) to 3000 µm (4 layers). The 

thickness of the adhesive layer between the BaZrO

3

 surface layer and the Al

2

O

3

 back layer is increased from 300 to 1200 µm, and the 

adhesion is also enhanced. The interface penetration layer between the optimized mould and alloy is reduced from 900 to 300 µm, 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 µg/g. 

Key words: TiAl alloy; BaZrO

3

; compactness; interface penetration layer 
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