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Simulation on the Rapid Solidification Process of Titanium
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Abstract: Gas atomization is the most widely used and mature technology to prepare spherical titanium alloy powders. The
formation process of the powders, especially the breakup mechanism, has been revealed by the computational fluid dynamics
approach. But for the gas atomization process, metal droplets rapidly solidify and form powders under the forced cooling of
high-speed gas flow, which primarily determined the microstructure and properties of the powders. In this study, Fluent soft-
ware was used to simulate the heat transfer process between the gas flow and the droplet to reveal the rapid solidification
process. The results indicated that, for the present atomizer, with the increase of atomization pressure, the maximum gas ve-

locity on the central axis increased from 190 to 290 m +s™'. The solidification rate of titanium alloy droplet reached 10° ~
10* K +s™" under the action of different gas velocity. With the decrease of droplet size or the increase of gas velocity, the so-

lidification rate increases gradually. In the rapid solidification process, the gas flow leads to the uneven heat transfer on the
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surface of the droplet, resulting in the heterogeneous solidification process inside the droplet.
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Fig. 1 Schematic diagram of gas atomization
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Fig.2 Model diagram of the atomizer and its mesh grid: (a) model diagram and boundary condition of the atomizer, (b) mesh grid of

the computation domain, (c) details of the mesh grid at nozzle
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Table 1 Thermophysical properties of Ar
Density/ Specific Thermal Viscosit/  Molecul
ensi
(K }:3 ) heat/ conductivity/ ( rlns;osny ) © e.crnar
+m _ _ a s weig
i (- (kg =KD (W (m-K)™)
Ideal-gas 520. 64 0.0158 Sutherland  39. 948
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Fig. 3 Model diagram of the solidification process of titanium alloy drop-
let and its mesh grid: (a) model diagram and boundary condition
of the computation domain, (b) mesh grid of the computation

domain, (c¢) details of mesh grid at the interface
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Table 2 Thermophysical properties of Ti-6Al-4V alloy at different temperature!®~'?/
Temperature Density Specific heat Thermal conductivity Viscosity Latent heat Solidus Liquidus
/K /(kg-m?)  /(J-(kg-K)™") /(W- (m-K)™") /(mPa - s) /(T kg™h) temperature/K  temperature/K
<1700 4425 714 24.6 —
1877 4189 759 28.4 4.86
295 610 1877 1923
1923 3920 1007 83.5 4.55
2000 3886 831 83.5 4.07
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Fig. 4 Distribution of the gas velocity formed by the atomizer with different atomization pressure: (a) 2 MPa, (b) 4 MPa, (c¢) 6 MPa, (d)
8 MPa, (e) 10 MPa
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Fig. 5 Gas velocity distribution along the central axis ( Y-axis in

Fig. 2a) under different atomization pressure
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Fig. 6 The temperature distribution (a) and solid-liquid phase distribution (b) at different time of titanium alloy droplet with

diameter of 100 pwm under the condition of gas velocity of 150 m +s™

7 25 1 T AN TRDREAR B 8 18 AN i) R AT
AR AR R i e T T S AR A A |
[, [EAHVSED 3 ANBr B, ARFSE [ 5 Bl 5 -5 i ) 228 A AL
HER AR RO BEIE AR NS 3 s, ATLUR Y, BkG @
I E R AERFFE 107~ 10" K -5 Z00], Bl SR

2100

1

S, IR A, BEFRAEC, fEl— A
T 300 m - AU 0K HBEIR % £ R R
32 s BEH02 A BERRAIAIN, B0
I BERLEARAE, fECRHIN , 045 wm 6
E R LT D250 pm KEW 10 11,

3 2100 5 2100 S
2000 2000 2000
1900 | 1900 [ 1900
x 1800} x 1800} x 1800f
® 1700 | @ 1700 ® 1700}
= =] =}
B 1600} B 1600} & 1600}
2 1500} 2 1500 2 1500}
5 1400} & 1400 E 1400}
F 1300} F 4300} PP = 1300}
1200 [—— v=32 m/s, D=45 1200 [ V=150 m/’s D=100ppm 1200 | —— v=32 m/s, D=250 ym
100l v=150 m/s, D=45 p 1100 V=300 m/sl D=100 ym 1Mook —— v=150 m/s, D=
1000 L v=300m/s, D=45pm \ | 1000 R - 1000 —— v=300 m/s, D=250'y )
01 23 456 7 8 9 101 0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100

Time/ms

K7

Time/ms Time/ms

AN RPRLAS R S T TE A [F) RO T IR AR . ()45 wm, (1) 100 pm, (¢)250 pm

Fig. 7 Temperature variation of titanium alloy droplet with different particle sizes under different gas velocity: (a) 45 pm, (b) 100 pm, (¢) 250 wm
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Table 3 Solidification rate of droplets with different particle sizes and gas velocity

Diameter/ pm 45 100 250
Velocity/(m « s71) 32 150 300 32 150 300 32 150 300
Solidification rate/ (K + s™')  1.42x10*  2.35x10*  2.53x10* 5.28x10°  8.25x10°  1.01x10* 1.36x10° 2.09x10° 2.64x10°
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Fig. 8 The cross-section microstructure of gas-atomized titanium alloy powders with different particle sizes:

(b) 45~74 pm, (c) less than 45 pm
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