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Abstract: Titanium alloy continuous casting technology is highly important for achieving efficient and low-cost production
of high-performance titanium alloy materials and promoting their large-scale application in high-end fields such as
aerospace, medical, and other advanced sectors. To investigate the effects of continuous electron beam melting and
solidification process parameters on the solidification structure of titanium alloy ingots, numerical simulations were
conducted for the temperature field, flow field, and solidification structure during the continuous casting process. The
impacts of titanium liquid superheating and the casting withdrawal rate on the internal shrinkage porosity and solidification
microstructure of continuously cast titanium alloy plates were investigated. The results indicate that reducing the degree of
superheating and decreasing the withdrawal rate lead to grain refinement; reducing the degree of superheating and
increasing the withdrawal rate causes an increase in shrinkage porosity defects in the ingot, thereby reducing the quality of
the ingot. When the withdrawal rate is 10 cm/min, the volume fraction of shrinkage porosity is 2.01% . This study
demonstrates that when the withdrawal rate is 5 cm/min and the superheating rate is approximately 100 ‘C, it is possible to
simultaneously achieve fine-grained, low-defect TA2 alloy continuous casting slab ingots.
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1.5 10 cm/min 3 s
2 TA2 4
Tab.2 Main physical parameters of the TA2 alloy °
Parameters Value 4
Melting point 1650 °C Tab.4 Continuous casting process scheme
Growth factor (a) 2242 173%10° Casting Overheating Pulling speed
Program No. . 5 .
Growth factor (a) 1733 66410 temperature/ C /C /(cm-min™)
Gibbs-Thompson 2x107 1 1750 100 1
DT, 6K 2 1750 100 5
Volume nucleation DT, 05K 3 1750 100 10
GMy 5x10° 4 1700 50 5
DT, 0.5 5 1 800 150 5
Surface nucleation DT, 0.1 6 1850 200 5
GM,, 1x10° 2
1.2.2
, 24 ,
3 000 W/(m?-K); 2m ,
3 000 W/(m?-K)!'", )
, - 2a ,
, 1.77 cm; 2b
) ) TA2 ,
i R 1.68 cm,
, 5.1%,
100 W/(m?-K), )
3 R . , ProCAST CAFE
TA2 o
3
Tab.3 Boundary condition settings 3
Parameters Value
Draw length 4m 3.1
Fluid pressure 1 bar
Initial crystallizer temperature 20 C N Ja~c ,
Initial temperature of spindle plate 250 C
1.3
TA2
: 50,100,150 200 °C 4 ’ 10 cm/min
2 TA2 :(a) ;(b) CAFE

Fig.2 TA2 continuously cast billets: (a) actual acid-etched grain structure; (b) CAFE-simulated grain microstructure diagram
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Fig.3 Temperature field and shrinkage pore distribution of the billet at different drawing speeds: (a~c) temperature field;
(d~f) shrinkage pore distribution

4 100 C, 5 cm/min :(a) ;(b)
Fig.4 Solid phase rate distribution at a superheating degree of 100 ‘C and a drawing rate of 5 cm/min: (a) early stage of continuous
casting; (b) stable drawing stage
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. 3d~f , 5
, . Tab.5 Average grain diameter of the billet at different
. . drawing speeds
s 1 cm/min 5cm/min
Pulling speed Average grain Growth rate
0.84%  1.09%, 0.25%; ProgamNo. " | : (
(cm-min™) diameter/cm 1%
1 cm/min 10 cm/min 1 1 1.63 )
0.84% 2.01%, 1.17%, , 2 5 1.68 3.1
N 3 10 1.75 7.3
) o 1 cm/min 10 cm/min ,
o 7.3%, ,1 cm/min
3.2 5 cm/min
5 6 , S5 6
, 5 o , 10 cm/min
s s 1 5 cm/min
, 3.1 ) ,
5 CAFE :(a) 1 cm/min; (b) 5 cm/min; (¢) 10 cm/min

Fig.5 CAFE simulated cross-sectional grain microstructure of the billet at different drawing speeds: (a) 1 cm/min; (b) 5 cm/min;
(c) 10 cm/min

6 CAFE :(a) 1 cm/min; (b) 5 cm/min; (¢) 10 cm/min
Fig.6 CAFE simulated longitudinal-sectional grain microstructure of the billet at different drawing speeds: (a) 1 cm/min; (b) 5 cm/min;
(c) 10 cm/min
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Fig.7 Temperature field and shrinkage pore distribution of titanium solution at different superheats: (a~d) temperature field;

(e~h) shrinkage pore distribution
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g
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4 1.10¢ Tab.6 Average grain diameter of continuously cast billets
E1.05¢ at different superheats
7 L
1.00 Overheating Average grain Growth rate
0.95} Program No.
0.90 J l . . ‘ \ . . /C diameter/cm 1%
40 60 80 100 120 140 160 180 200 220 4 50 151 R
Overheating/'C ) 100 168 56
8 TA2
Fig.8 Relationship between the superheating of the TA2 alloy 3 150 1.89 138
continuous casting solution and the shrinkage porosity rate 6 200 2.07 19.4
9 CAFE :(a) 50 C; (b) 100 C; (c) 150 C; (d) 200 'C

Fig.9 CAFE simulated cross-sectional grain microstructures of continuously cast billets at different superheats: (a) 50 “C; (b) 100 C;
(c) 150 °C; (d) 200 C
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10 CAFE :(a) 50 C; (b) 100 C; (c) 150 C; (d) 200 'C
Fig.10 CAFE simulated longitudinal-sectional grain microstructures of continuously cast billets at different superheats:(a) 50 C;
(b) 100 C; (c) 150 C; (d) 200 C
11 o

2.1

’

y=(1.315+0.014 23)

9 ok H0.00378+1.03923)X 10" s s
=
3 1.9 5 ©
<]
é 18 ( ) ’
E 1 77 b b
S , 50 C
1.6+
1.9 mm,
40 60 80 100 120 140 160 180 200 220 (3) .
Overheating/C 3 ,
11 TA2 . 0
. S . . . ~5 cm/min ~100 C
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