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Compact processing of containing CuAlINi alloy pipes with
continuous columnar crystals

LIU Xue-feng, LI Wei-he, XIE Jian-xin

(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Cu-14.3%Al1-4%Ni (mass fraction) alloy pipes were prepared by vacuum melting and argon-shield vertical
continuous unidirectional solidification process. The effects of process parameters on the solidification forming were
investigated and the microstructure and properties of the pipes were analyzed. The results show that Cu-14.3%Al1-4%Ni
alloy pipes with 10 mm in diameter and 1.8 mm in thickness smooth surface and continuous columnar crystal structure
can be continuously and stably fabricated under melting temperature 1 280 , drawing speed 38 mm/min and cooling
water flow rate 900 L/h. Cu-14.3%A1-4%Ni alloy pipes with tensile strength of 540 MPa and elongation of 13.7% show
excellent mechanical properties.
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10. Schematic diagram of experimental equipment for
D Figl Schematic di f experimental equi f
vacuum and argon-shield vertical continuous unidirectional
solidification: ~1—Vacuum furnace; 2—Molten metal;
2) 3—Crucible; 4—Heater, 5—Runner; 6—Heater; 7—Mould;
8—Thermal baffle; 9—Cooling tube; 10—Cooling water block;
3) 11—Secondary cooler; 12—Cast pipe; 13—Dummy pipe;
14—Haulage gear
4
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1) 1073 Pa Cu-14.3%A1-4%Ni
CuCl, 8g 25% 100 mL
2) GB/T228—2002
D/max-RB12 kW X
(CuK,)
2
1.3

Cu( 99.9%) Al(  99.9%)
Ni( 99.99%) ( 0.1 g) 2.1
15%A1-4%Ni 1.5 kg
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Table 1  Process parameters and results of continuous /min)
unidirectional solidification .
1 280 38 mm/min
Temperature/ Drawing 900 L/h 31
P speed/ Result
(mm'min ") Cu-14.3%AI1-4%Ni 10
1210 5 Failure mm> 1.8 mm) 3
1230 5 Easy failure and not steady
1230 9 Easy failure and transversal cracks
1250 9 Less transversal cracks and more
and more smooth surface
1250 25 Less transversal cracks and more
and more smooth surface
1250 25 Less transversal cracks and more
and more smooth surface
1280 9 Less transversal cracks, smooth
surface and steady
1280 25 Smooth surface and steady 3 Cu-14.3%A1-4%Ni
1280 38 Smooth surface and steady Fig.3 Photo of Cu-14.3%Al-4%Ni alloy pipes fabricated by

2 Cu-14.3%AI1-4%Ni
Fig.2 Photos of surface appearance of Cu-14.3%Al-4%Ni
alloy pipes prepared under different conditions: (a) 1 210 ,5
mm/min, failure; (b) 1 230

and transversal cracks; (c) 1 280

, 9 mm/min, with tensile failure
, 9 mm/min, with less
transversal cracks and steady; (d) 1 280 , 38 mm/min,

smooth

continuous unidirectional solidification process

2.2
1 280 38 mm/min
900 L/h 31
Cu-14.3%AI1-4%Ni
4
CuAINi
s 560 565
B p—aty
5~6  /min 5
38 mm/min CuAINi
38 mm/min
( ) 1280
100 4.5 min
5~6 /min 5
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4 Cu-14.3%AI1-4%Ni
Fig.4
fabricated by

Microstructures of Cu-14.3%AI1-4%Ni alloy pipes

continuous  unidirectional  solidification:

(a) Cross sectional microstructure; (b) Longitudinal section

microstructure
* (022) e —a-Cu
2 — 1-CugAl,
* — f'-AlCu;
«(110) = — y-CuAlINi
@0 3D (720,221
10 30 50 70 90 110
20/(%)
5 38 mm/min XRD

Fig.5 XRD pattern of Cu-14.3%Al1-4%Ni alloy pipes drawn
by 38 mm/min
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(110
a1 s —x-Cu
2 — 1-CugAl
* — f'-AlCu;
(022)
600 (721)
o ©00)
10 30 50 70 90 110
20/(%)
6 5 mm/min XRD

Fig.6 XRD pattern of Cu-14.3%Al1-4%Ni alloy pipes drawn
by 5 mm/min

Y2
V2
5 mm/min
CuAINi 0.2%
2.3
38 mm/min
Cu-14.3%AI-4%Ni
2 Cu-14.3%Al-
4%Ni 13.7%
Cu-13.57% Al-4.26% Ni 4~6
2 Cu-14.3%Al1-4%Ni
Cu-13.57% Al-4.26% Ni
Table 2 Comparison of mechanical properties between

Cu-14.3%Al1-4%Ni alloy pipes fabricated by this work and
Cu-13.57% Al-4.26% alloy pipes fabricated by swage

Allo w(Al)/ oy/ o/ Materials
Y % MPa % state
Cu-13.57%Al- Founded by
13. 1 2~
4.26%Ni 357 30 3 swage
Cu-14.3%Al- Founded by
4%Ni 143 540 137 this work
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7 Cu-14.3%Al-4%Ni
Fig.7 Tensile stress—strain curve of Cu-14.3%A1-4%Ni alloy
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Fig.8 Electron diffraction patterns of martensite of

Cu-14.3%A1-4%N:i alloy pipes: (a) Untensiled; (b) Tensiled

38 mm/min
( )
7' aty;
5 mm/min 7’
aty,
7 300 MPa
V1'—’ ﬂl"(lSRz )
400
MPa ﬂ] " all
[16]
3
1)
1 280 38
mm/min 900 L/h 0.2~1 Pa
10 mm 1.8 mm
Cu-14.3%A1-4%Ni1
2) Cu-14.3%A1-4%N1
Cu-14.3%AI1-4%N1
3) Cu-14.3%A1-4%Ni
540 MPa 13.7%
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