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Table 1 Chemical composition of aluminium white copper
(mass fraction, %)
Ni Al Fe Mn Cu
6.66 6.82 2.42 2.06 Bal.
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Fig. 1 Schematic diagram of HCCM vertical continuous
casting: 1—Graphite stopper; 2—Graphite crucible; 3—
Thermocouple; 4 —Liquid metal; 5—Induction heating
device; 6—Graphite thermal mold; 7—Graphite casting
mold; 8 —Dummy ingot head; 9 — Crystallizer; 10—
Dummy bar
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Table 2 Technology parameter of HCCM vertical

continuous casting

Crucible Thermal - Cooling Casting
Technology model water
temperature/ speed/
No. C temperature/  flow/ (mm-s™)
C (Lh ™)
1 1300+5 125045 400 0.5
2 1300+5 125045 400 1.0
3 1300+5 125045 400 1.5
4 1300+5 1250+5 400 2.0
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Fig. 2 Macrophology of casting bar of aluminium white

copper
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Fig. 3 Optical microstructures of bar billets at different continuous casting speeds: (a) 0.5 mm/s; (b) 1.0 mm/s; (¢) 1.5 mm/s;

(d) 2.0 mm/s
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Fig. 4 Orientation maps of bar billets at different continuous casting speeds: (a) 0.5 mm/s; (b) 1.0 mm/s; (c) 1.5 mm/s;

(d) 2.0 mm/s
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Fig. 5 Mechanical properties of bar billets at different

continuous casting speeds
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Table 3 Chemical composition of Al-rich § phases (mass

fraction, %)

Cu Ni Al Fe Mn

57.1-75.8 94-212 94-155 1.6-29 2.8-3.8




%31 &N 6 FOBk, S8 EERGHUEAELHIA Y X HCCM SEARERRER AU HE A R RERISE IR 1479

6 AFEEEZ TR SEM &
Fig. 6 SEM images of bar billets at different continuous casting speeds: (a) 0.5 mm/s; (b) 1.0 mm/s; (¢) 1.5 mm/s; (d) 2.0

mm/s
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Fig. 7 Fracture morphologies of bar billets at different continuous casting speeds: (a) 0.5 mm/s; (b) 1.0 mm/s; (¢) 1.5 mm/s;
(d) 2.0 mm/s
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Fig. 8 Optical microstructures of bar billets at different continuous casting speeds and cold rolling reduction: (a) 0.5 mm/s,
20%; (b) 0.5 mm/s, 60%; (c) 0.5 mm/s, 94%; (d) 1.0 mm/s, 20%; (e) 1.0 mm/s, 40%; (f) 1.0 mm/s, 94%; (g) 1.5 mm/s, 20%;
(h) 1.5 mm/s, 40%; (i) 1.5 mm/s, 94%; (j) 2.0 mm/s, 20%; (k) 2.0 mm/s, 40%; (1) 2.0 mm/s, 94%
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Fig. 9 Mechanical properties of bar billets at different continuous casting speeds and cold rolling reductions: (a) Tensile

strength; (b) Elongation
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Fig. 10 Fracture morphologies of bar billets at different continuous casting speeds and cold rolling reductions: (a) 0.5 mm/s,
20%; (b) 0.5 mm/s, 60%; (c) 0.5 mm/s, 94%; (d) 1.0 mm/s, 20%; (e) 1.0 mm/s, 60%; (f) 1.0 mm/s, 94%; (g) 1.5 mm/s, 20%;
(h) 1.5 mm/s, 60%; (i) 1.5 mm/s, 94%; (j) 2.0 mm/s, 20%; (k) 2.0 mm/s, 60%; (1) 2.0 mm/s, 94%
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Fig. 11

aluminum white copper bars by conventional casting(a) and

Comparison of macroscopic morphologies of

HCCM vertical continuous casting(b)
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Effect of continuous casting speed and cold rolling on
microstructure and properties of aluminium white copper bars
produced by HCCM vertical continuous casting

LU Qiang"?, ZHAO Fan" >, LEI Yu™?, LIU Xin-hua" >’

(1. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,
University of Science and Technology Beijing, Beijing 100083, China;
2. Key Laboratory for Advanced Materials Processing, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
3. Beijing Advanced Innovation Center for Materials Genome Engineering,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The HCCM vertical continuous casting technology was used to prepare aluminum white copper bar
billets, and rolling with different reduction was carried out, so as to study the effect of continuous casting speed
and rolling deformation on the microstructure and properties. The mechanical properties of the bar under different
conditions were analyzed by tensile test. The microstructure and orientation of the bar were observed by OM,
EBSD, SEM and EDS. The results show that , when the temperature of the molten metal is (1300+5) °C, the
heating temperature is (1250+5) C, the cooling water flow rate is 400 L/h, and the continuous casting billet speed
is 0.5-2.0 mm/s, aluminum white copper bar billets with columnar crystal structure along the continuous casting
direction and excellent mechanical properties can be prepared. With the continuous casting speed increasing from
0.5 mm/s to 2.0 mm/s, the coarse columnar crystal structure gradually changes into the columnar crystal structure
with an angle to the continuous casting direction and equiaxed crystal structure, and the tensile strength tends to
increase in the range of 311-318 MPa, and the elongation decreases from 69.2% to 64.9%. In addition, the
aluminum-rich f# phases increase and the distribution becomes more uniform. With the cold rolling deformation
increasing from 0 to 80%, the tensile strength increases linearly. With the further increase of deformation, the
growth rate of tensile strength slows down. With the cold rolling deformation increasing from 0 to 40%, the
elongation decreases linearly. When the cold rolling deformation is in the range of 40%—94%, the elongation is
stable at about 5%, showing good sustainable processing performance of columnar crystal structure. However, the
influence mechanism of continuous casting speed and rolling deformation on columnar crystal needs to be further
verified.

Key words: aluminium white copper; HCCM vertical continuous casting; cold rolling; microstructure; mechanical

properties
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