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Fig. 1 Schematic diagram of horizontal continuous casting:
1—Melt; 2—Tundish; 3—Graphite passageway; 4—Copper
mold; 5—Cooling water; 6—Drawing direction; 7—Casting

slab
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Table 1 Thermal parameters of (Cuy;ZrssAlg)ogsY 1 5

TY/K Tw/K T/K pl(g-em %)

1167 1065 700 6.802

132 HWHTZESH

HTAERE SR ERR, EARNIEL T, &
WORAR K Fe B AT e R AR %, TR AR SCR B
BT ENRAEIEARTE, WIS HWNE 2 fir.

£2 WHIESH

Table 2 Drawing parameters

Superheat/ Drawing-stopping Drawing Water flow/
K period/s speed/(mm-s ') (L-min ")
80-200 4-4 1-4 14

1.3.3  JiEARES I E

W R AR N 1050 C, KA H LR B
25 C, @it Ansys workbench /M s H st £ 52 iE
WOIRFE AT VR, B AR SAR L i 5 A
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Fig. 2 Specific heats and thermal conductivities of (Cuy;ZrysAlg)ossY s (a), Cu (b) and graphite (c) and viscosity of
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Fig. 3 Calculation results of Ansys workbench: (a) Mesh generation; (b) Temperature of passageway
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Fig. 4 Simulation results of mold filling for different time: (a) 5 s; (b) 22 s; (¢) 5555 (d) 95 s
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Fig. 5 Simulation results of temperature fields ((a) 17 s; (b) 34 s; (c) 72 s; (d) 100 s) and solid fractions ((e) 17 s; (f) 34 s; (g) 72 s;

(h) 100 s) at different drawing time
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Fig. 7 Solidification interfaces with different drawing speeds: (a)l mm/s; (b) 2 mm/s; (¢) 3 mm/s; (d) 4 mm/s
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Fig. 8 Temperature—time curves at different superheats: (a) 80

K; (b) 140 K; (c) 200 K

&3 80 K I AR 74 A A [A]
Table 3 Cooling rate and time at superheat of 80 K

Drawing speed/ e oty HKST)  tnads /S
(mm-s™) ¢

1 3.5 59.5 8.1 852

2 452 99.7 203 224

3 45.8 118.4 129 158

4 50.1 121.1 99 132
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4 140 K I 11974 2058 S I ]
Table 4 Cooling rate and time at superheat of 140 K

Drawing speed/

mmshy  VESD v s s
1 3.7 64.0 82.0 850
2 46.3 122.8 204 223
3 47.1 125.1 13.0 16.6
4 49.8 127.8 10.1 13.2

TS5 200 K b HAEZI 74 213 FAI ]
Table 5 Cooling rate and time at superheat of 200 K

Drawing speed/

( ) WEKS) Vil (KST)  tnads  IrfS
mm-S N
1 42 91.8 523 559
2 48.9 125.3 209 221
3 50.2 132.7 132 179
4 50.6 134.9 10.1 134
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Fig. 9 Embedded depths of graphite into mold: (a) 10 mm;
(b) 20 mm; (¢) 30 mm
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Fig. 10 Temperature—time curves (a) and instant cooling
rate—time curves (b) of graphite into mold with different
embedded depths
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Fig. 11 Macroscopic image(a), XRD pattern and metallograph (b), TEM and SAED images (c) and DSC curves of slab in

experimental verification
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Numerical simulation on fabrication of
Cu-based bulk metallic glasses by horizontal continuous casting

JIANG Bo-yu, ZHOU Bing-wen, WANG Ge, FANG Yuan, ZHANG Xing-guo

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: In this paper, the distributions of temperature fields and solidification interface in horizontal continuous casting
of (Cuy7Zr45Alg)9g 5Y 1 5 bulk metallic glasses (BMGs) slab were studied by ProCast. The results show that the mold filling
time in the tundish is 22 s, and the holding time in the tundish should not exceed 55 s. The slab undergoes two cooling
stages. In the first stage, the melt solidifies in the graphite passageway, the drawing speed is 1 mm/s and the cooling rate
is less than 10 K/s. In the second stage, the heat of the slab is directly transferred to the copper, and the cooling rate is
more than 50 K/s, which is sufficient for the critical cooling rate for CuZr based BMGs (20 K/s). The increase of drawing
speed and superheat can promote the solidification interface to move along the casting direction, so that the melt can
obtain a large cooling rate above 50 K/s near 7. By improving the mold structure and shortening the embedding depth of
the graphite, the time needed from 7; to 7, is reduced, which is conducive to obtaining amorphous microstructure. The
experimental verification reveals that when the daring parameters are drawing speed of 2 mm/s, superheat of 80 K and
embedded depth of 20mm, a BMGs slab with shiny metal luster can be obtained

Key words: horizontal continuous casting; numerical simulation; composite mould; cooling rate; solidification interface
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