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Copper cladding aluminum composite materials with rectangle
section fabricated by horizontal core-filling continuous casting
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Abstract: Copper cladding aluminum (CCA) composite materials with the section dimensions of 50 mm X 30 mm and
the sheath thickness of 3 mm were fabricated by horizontal core-filling continuous casting (HCFC) technology. The
effects of the crystallizer length, withdrawing speed, mandrel tube length and flux of the primary cooling water were
studied. The results show that when the crystallizer length is 150 mm and the mandrel tube length is 125 mm, the rational
withdrawing speed is 75-90 mm/min. Too low withdrawing speed leads to the discontinuous filling process of liquid
aluminum, which causes shrinkage or cold shuts. Conversely, too high withdrawing speed results in serious interface
reaction between copper and aluminum. At the withdrawing speed of 75 mm/min, the rational primary cooling water is
700 L/h. The flux of primary cooling water above 1 000 L/h leads to the discontinuous filling process of the liquid
aluminum, but the flux of primary cooling water below 400 L/h leads to severe interface reaction. The filling behavior of
the liquid aluminum and the stability of the continuous casting can be controlled by monitoring the temperature variation
of the graphite mould at the position corresponding to the outset of the mandrel tube.
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Fig. 1 Schematic diagram of HCFC processing principle for fabricating CCA composite materials with rectangle section: 1—
Molten aluminum holding furnace; 2—Liquid aluminum; 3—Thermal couple; 4—Stopper; 5—Liquid copper; 6—Molten copper
holding furnace; 7—Runner; 8—Crystallizer; 9—Solidification front of liquid aluminum; 10—Secondary cooler; 11—Pinch rolls;
12—Composite casting rod; 13—Mandrel tube; 14—Solidification front of liquid copper; 15—Composite mold; 16—Runner; L—

Length of crystallizer; L,—Distance between second cooling water and outlet of crystallizer; L,—Length of mandrel tube
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Table 1 Effect of crystallizer length on continuous casting process and quality of CCA rods

Experiment No.

Parameter
1 2 3 4
Crystallizer length, Z/mm 150 100 150 100
Mandrel tube length, L,/mm 125 125 125 125
Primary cooling water flux, O;/(L'h™") 1 000 1 000 1 000 1 000
Withdrawing speed, v/(mm'min ') 60 60 90 90
Continuous casting processing Unstable Stable Stable Unstable
Liquid Al core-filling Discontinuous Continuous Continuous Continuous
Erosion in Cu sheath No No No Serious
Flaws in Al core - Cold shut No -

B2 ANFEGE & KRR Pl MR GRS A R . AT I 0 2 B3
Fig. 2 Transverse ((a), (c)) and longitudinal ((b), (d)) section morphologies of CCA composite materials fabricated at different
crystallizer lengths: (a), (b)L=150 mm, v= 90 mm/min; (c), (d)L=100 mm, v=60 mm/min
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Table 2  Effect of withdrawing speed on continuous casting process and quality of CCA rods

Experiment No.

Parameter

1 2 3 4
Crystallizer length, L/mm 150 150 150 150
Mandrel tube length, L,/mm 125 125 125 125
Primary cooling water flux, O;/(L'h ") 700 700 700 700
Withdrawing speed, v/(mm'minfl) 60 75 90 105
Continuous casting processing Stable Stable Stable Stable
Liquid Al core-filling Discontinuous Continuous Continuous Continuous
Erosion in Cu sheath No No No Serious
Flaws in Al core Cold shut No No Crack
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Fig. 3 Transverse ((a), (c), (e), (g)) and longitudinal ((b), (d), (f), (h)) section morphologies of CCA fabricated at different
withdrawing speeds: (a), (b) v=60 mm/min; (¢), (d) v=75 mm/min; (e), (f) v=90 mm/min; (g), (h) v=105 mm/min
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Table 3 Effect of mandrel tube length on continuous casting process and quality of CCA rods

Experiment No.

Parameter
1 2 3

Crystallizer length, Z/mm 150 150 150

Mandrel tube length, L,/mm 110 125 140

Primary cooling water flux, O;/(L'h ") 700 700 700

Withdrawing speed, v/(mm'min ) 75 75 75

Continuous casting processing Stable Stable Stable

Liquid Al core-filling Continuous Continuous Discontinuous

Erosion in Cu sheath Serious No No

Flaws in Al core Crack No Cold shut
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Fig. 4 Transverse ((a), (c), (e)) and longitudinal ((b), (d), (f)) section morphologies of CCA fabricated at different mandrel tube
lengths: (a), (b) L,=110 mm; (c), (d) L,=125 mm; (e), (f) L,=140 mm

R4 AR HK RS R IR S P R R (5 R

Table 4 Effect of primary cooling water flux on continuous casting process and quality of CCA rods

Experiment No.

Parameter : 5 3

Crystallizer length, Z/mm 150 150 150

Mandrel tube length, L,/mm 125 125 125
Primary cooling water flux, O;/(L'h™") 400 700 1 000

Withdrawing speed, v/(mm'min ') 75 75 75
Continuous casting processing Stable Stable Stable

Liquid Al core-filling Continuous Continuous Discontinuous
Erosion in Cu sheath Serious No No

Flaws in Al core No No Cold shut
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Fig. 6 Temperature—time curves at outlet of crystallizer in

horizontal continuous casting process of CCA under different
continuous casting conditions: 1—Erosion of copper sheath;
2—Discontinuous filling process of liquid aluminum; 3—

Stable continuous casting process
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