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Selective Laser Melting Process and Mechanical Properties of Cu-Al-Ni-Ti Alloy

Tian Jian, Wei Qingsong”*, Zhu Wenzhi™, Dang Mingzhu, Wen Shifeng
State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University of
Science and Technology, Wuhan, Hubei 430074, China

Abstract Copper-based shape memory alloys Cu-13.5A1-4Ni-0. 5Ti with high relative density, high strength and
high hardness are fabricated by selective laser melting (SLM). The microstructures are characterized and the tensile
properties at room temperature and 300 °C are evaluated, respectively. The results show that the maximum relative

density of 99.5% is obtained when the laser input energy is 110 Jemm *

. The lath martensite extending in parallel
in the microstructure of the sample grows across the melting tracks and the average grain size is about 43 pm, The
grain size of the SLM-fabricated sample is smaller than that of the casting sample. The average tensile strength and
percentage elongation after fracture of the SLM-fabricated sample are (541+26) MPa and (7.63+0.39) % at room
temperature, respectively, and the tensile strength is increased to (611 =+ 9) MPa at 300 ‘C, and the percentage

elongation after fracture is increased to (10.78 +1.87)%. The SLM-fabricated alloy shows a good application

potential in the high temperature fields.
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Table 1 Chemical composition of Cu-Al-Ni-Ti
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Element Al Ni Ti
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Fig. 1 Cu-13.5A1-4Ni-0.5Ti alloy powders. (a) Microscopic morphology of powders; (b) surface morphology of particles
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Fig. 2 Size distribution of Cu-135. Al-4Ni-0.5Ti

alloy powders
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Fig. 3 Samples of Cu-13.5Al-4Ni-0.5Ti alloy repaired by SLM. (a) Cube samples; (b) tensile samples
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K4 ARITESHFESNBELERS., (09 P=250 W, v=600 mmes ';(b) P=250 W, v=2800 mm-+s ';(c) P=
300 W, v=800 mmes ';(d) P=300 W, =900 mme+s ';(e) P=310 W, v=1000 mm+s ';({) P=320 W, v=
700 mmes ';(g) P=2340 W, v=800 mm+s ';(h) P=340 W, v=900 mme+s ';())P =300 W, v=900 mme+s '

Fig. 4

(¢c) P=2300 W, =800 mm=+s ';
(f) P=320 W, v=700 mm=+s ';

Morphology of continuous melting tracks obtained at different process parameters. (a) P = 250 W, v =
600 mmes '; (b) P=250 W, v =800 mm=*s ';
900 mmes '; (e) P=310 W, v=1000 mme*s ';

(d) P=300 W, v=
(g) P=340 W, v=

800 mmes '; (h) P=340 W, v=900 mme+s '; (i) P=300 W, v=900 mm-es '
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Fig. 5 Relationship between laser energy density

and relative density
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Fig. 6 OM morphology of samples. (a) X-Y surface of sample A (77 Jemm *, 250 W and 900 mm=+s '); (b) X-Y
surface of sample B (107 Jemm *, 310 W and 800 mmes '); (c¢) X-Y surface of sample C (147 Jemm *, 310 W
and 600 mmes '); (d) X-Z surface of sample C (147 Jemm *, 310 W and 600 mm-«s ')
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Fig. 7 Phase composition of Cu-Al-Ni alloys. (a) Vertical cross section of Cu-Al-Ni ternary phase diagram at mass

fraction of 4% of Ni (red arrow shows solidification path and phase transition of Cu-13.5A1-4Ni); (b) X-ray
diffraction pattern of SLM-fabricated Cu-13.5A1-4Ni-0.5Ti sample (laser power of 310 W, scanning speed of

800 mmes )
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Fig. 8 SEM morphology of sample. (a) Microstructure on X-Y plane; (b) enlarged microstructure of

square area marked in Fig.8 (a); (c¢) martensite; (d) micro pore
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Fig. 10 Stress-strain curves of SLM-fabricated

Cu-13.5A1-4Ni-0.5Ti alloy samples at room temperature
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Fig. 11 Tensile fracture morphology of SLLM-fabricated Cu-13.5Al-4Ni-0.5Ti alloy at room temperature.

(a) Macro fracture; (b) microstructure characteristics; (c¢) cleavage feature; (d) gas pore and crack
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Fig. 13 Tensile fracture morphology of SLM-fabricated Cu-13.5A1-4Ni-0.5Ti alloy at high temperature of 300 °C.

(a) Local microscopic feature; (b) enlarged microstructure of square area marked in Fig. 13(a)
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