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Tablel Thermal physical propertiesof TC6 alloy
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Fig.2 Physical properties of TC6 alloy at different temperatures: (a) thermal conductivity, (b) dynamic viscosity, and (c) specific heat
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Fig.3 Typical temperature filed distributions in the entire process under different radiation heat transfer coefficients (A): (a) 1 W/(m*K),

(b) 100 W/(m*K), and (¢) 300 W/(m*-K)

25k —— Inside surface g 25k b

t — = Outside surface -

| N £=52 min, Li(M)=0.316

: : ——— (=146 min, LiM)=1.114,

2k 20 :
£ i
£ i
5 i) -
3 1.5 i 1.5 r
s | i
en t -
= I B
£ 1
S L

&
S I
3 I
= -
s
2 0.5F
[ B
0 -
I AR SRR
300 350 400 500 1000 1500 2000

Mold Surface Temperature/K

K 4

Ingot Surface Temperature/K

2.5 —— Insidesurface ¢ | 2 51 d
o == Outside surface o
2_ -
1.5H =52 min, Li(M)=0.316 o min, Li(M)=0.316
’l =146 min, Li(M)=1.114 [ , Li(M)=1.114
o =24 I
H |-
1
0.5
0
I R R I S A A ST
300 350 400 500 1000 1500 2000

Mold Surface Temperature/K Ingot Surface Temperature/K

A TR S 45 A R B () T VAR K o B 3 80 B 2 TR 2 23 A7

Fig.4 Temperature distributions of the mold (a, c¢) and ingot (b, d) surfaces in the VAR process under different radiation heat transfer

coefficients (f,): (a-b) 1 W/(m*-K) and (c-d) 300 W/(m*-K)
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Fig.5 Solidification process under different radiation heat transfer coefficients (4;): (a) 1 W/(m*K), (b) 100 W/(m*-K) and

() 300 W/(m*K)
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Fig.6 Simulation results of distribution of Cr concentration in TC6 alloy after the VAR process under different heat transfer coefficients:

(a) 1 W/(m*K), (b) 100 W/(m*-K), and (¢) 300 W/(m*-K)
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Fig.7 Schematic diagram of the cutting positions of analyzed

samples from the TC6 alloy ingot
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Fig.8 Longitudinal section macrostructures of the TC6 alloy ingot under different cooling conditions: (a) conventional crucible with wall

thickness of 30 mm, (b) irregular crucible with wall thickness of 25 mm, and (c) irregular crucible with wall thickness of 20 mm

1.8 1.8 1.8
—=—7r,=0 mm (center) a —=—r=0 mm (center) b —=—7o=0 mm (center) Y
—o—r;=160 mm —o—r=160 mm —eo—1p=160 mm
L7 1.7+ 1.7¢
& 79=320 mm (surface) —4—7,=320 mm (surface) —A—7,=320 mm (surface)
38
= L6} 1.6 1.6+
S
S
1.4} 1.4+ 1.4+
1.3 - . . - . — 1.3 1.3
100 200 300 400 500 600 700

Ingot Height/mm

100 200 300 400 500 600 700
Ingot Height/mm

100 200 300 400 500 600 700
Ingot Height/mm

B9 ARIEHOIRE T Hl %1 TCo &b i Cr & &

Fig.9 Longitudinal Cr content of TC6 alloy ingots prepared under different cooling conditions: (a) conventional crucible with wall

thickness of 30 mm; (b) irregular crucible with wall thickness of 25 mm; (c) irregular crucible with wall thickness of 20 mm
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Effect of Cooling Conditions on the Temperature Field and M acrosegregation of Cr
Element of TC6 Alloy Ingot

Wang Yangyangl, Liu Xianghongl’2’3, Xia Yongl, Zhao Xiaohua', Wu Wei', He Yongsheng1
(1. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(2. National & Local Joint Engineering Laboratory for Special Titanium Alloy Processing Technologies, Xi’an 710018, China)
(3. Xi’an Key Laboratory of Special Titanium Alloy Processing and Simulation Technologies, Xi’an 710018, China)

Abstract: The influence of cooling conditions on the temperature field and macrosegregation of Cr element of TC6 alloy ingot was
investigated by the multi-field coupling remelting technique software MeltFlow-VAR. In order to validate the agreement between the
model and experiment results, a full-scale TC6 ingot (2640 mm) was prepared. The simulation results show that with increasing of the heat
transfer between ingot and crucible, the depth of molten pool and mushy zone of ingot becomes shallower, and the whole ingot is solidified
in a bottom-up sequence, which leads to the reduction in segregation area and range of Cr element. The experimental results show that the
solidified macrostructure is composed of full-columnar grains by the irregular crucible with reduced wall thickness, which is beneficial to
reduce segregation and obtain high quality ingot.

Key words: TC6 alloy; cooling condition; temperature filed; solidification macrostructure; Cr segregation
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