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Table 1 Chemical composition of ZTC4 titanium alloy (ω/%)

Al V Si Fe C H O Ti

6.19 4.18 0.010 0.059 0.009 0.003 0.177 Bal.

 2  2'()*+(,-.

Table 2  Two casting techniques for casting samples

 Materials ZTC4

Ceramic mold

Mold

Graphite mold

Pouring temperature/� 1730

Preheating temperature/� 400

Pouring time/s 5

Pouring method Gravity pouring

¤ 1  45
��NO¥¦§¨¤©Eª¤

Fig.1  Tensile specimens of titanium alloys: (a) schematic size of 

specimens and (b) physical drawing of specimens
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Fig.2  Three-dimensional solid modeling of sample
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Fig.3  Mesh modeling of titanium alloy sample body
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Fig.4 Thermophysical parameters curves of ZTC4 alloy:

(a) density, (b) conductivity, (c) enthalpy, and (d) 

fraction solid
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Fig.5  Solidification time of castings in two casting modes:

(a) ceramic mold and (b) graphite mold
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Fig.6  Cooling curves of castings in two shell casting modes: 

(a) ceramic mold and (b) graphite mold
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Fig.7  Cooling speed of different casting shells 

�

��

�

­®V�ÝeZrO

2


Y

2

O

3

����ª�� @å,�

EFG�H6!g��+yz{pb|Ò�óôíî

ï	��ÄÅï	��öÕóô�¡!<Q 

ª«V�V�×ST�5 10�	�.e5 10aX

x-y1¾2�×ST�5 10bXx-z1¾2�×STQ`

5 10 d��ª«Vëì2�¡�³�αÁð«Ó³�

CEÓd��ðβ×Ód��5 6d��v/wx�ª

«�Vpó����¬È:ÄÅï	o��¬-�Ví

îï	��óô�¡¢£/�CEÓd��ðβ×ÓdQ 

Gª«VuÝ×l�­®V�;�ðÁtα¤��

"EÓØ�«�Ó���ð�_β×Ód�v/­®�

V2|p��íîï	��ÄÅFð<����;2

K�ST�¡Ó�Q�/�ÖE�Ý¬Þ�jkZTC4

����S�Q 

§éÄÅé�2üpT	d���@�¬H,à

ÖE2VÝF��¬2p&§éH×�¬
Å×�¬


�¬-�Ý½1r�V|Òï	/ÖEQ5 11 /�¬

H,à�V�üp	�5�­oüó
£0
�� 3

��ä|pé�

[28]

QähåGH��­®Vrª«V

£ëì2lâST2¤¥�¬?��¬��2ÄÅü 

 

 

 

 

 

 

 

 

 


 8  ���� !"�# 

Fig.8  Sampling observation direction of castings 
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Fig.9  Metallographic microstructure of ceramic mould in different directions: (a, b) x-y surface and (c, d) x-z surface 
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Fig.10  Metallographic microstructure of graphite mould in different directions: (a, b) x-y surface and (c, d) x-z surface 
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Fig.11  Heat transfer diagram of molten metal after castingI
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Fig.12  Temperature distribution of metals during solidification 

in non-metallic castingsI
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Fig.13  Tensile properties of castings in two shell casting modes: 

(a) yield strength, (b) tensile strength, (c) reduction of 

area, and (d) elongation 
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Fig.14  Hardness of castings in two shell casting modes 
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Abstract: The effects of different casting molds on the microstructures and mechanical properties of ZTC4 titanium alloy were studied. 

The effects of cooling rate, solidification rate and solidification time on the microstructures and mechanical properties of ZTC4 titanium 

alloy were studied by numerical simulation and experimental analysis. The results show that compared with the ceramic sample, the 

graphite sample has better heat dissipation effect, faster cooling speed and higher solidification speed, which makes the microstructure of 

the sample be fine lath martensite α produced by quenching, with smaller grain size, more orientation and larger solidification thickness. 

The yield strength, tensile strength and hardness of the mechanical properties are increased by 6.7%, 2.6% and 4.2%, respectively, but the 

elongation and section shrinkage are decreased by 11.62% and 34.5%, respectively. Besides, different positions of the same mold have 

some influence on the cooling rate. The cooling rate at different positions of the sample is in the order of middle > bottom > top. 

Key words: titanium alloy; ceramic mold; graphite mold; cooling rate; microstructure; mechanical properties 
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