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Effect of Heat Treatment on Microstructure and Microhardness of
CoCrW Alloys Processed by Selective Laser Melting
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Abstract  Well formed bulk CoCrW alloys are fabricated by selective laser melting (SLLM) and the effect of the heat
treatment process on the phase composition, microstructure, and microhardness of the CoCrW alloy is studied. The
equilibrium phase diagram of CoCrW alloy is simulated and calculated by JMATPro software, and the X-ray
diffractometer, scanning electron microscopy, and microscopic hardness tester are used to test the phase
composition, microstructure, and microhardness of the CoCrW alloy before and after heat process. Results show
that the original SLM sample mainly comprises ¥ phase and a trace amount of € phase. After heat treatment, a large
portion of ¥ phase is transformed into e phase, and the lump- and strip-like precipitate phases are produced. The size
of the precipitated phase at the fusion line is large under low temperature heat treatment, and it is clearly different
from those of other regions. The grain boundary and grain size of the precipitated & phase grow with the increasing
heat treatment temperature. Simultaneously, the difference in the precipitated phase size at the fusion line

decreases. The microhardness of the CoCrW alloy decreases after heat treatment, especially for heat treatment at
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1100 °C followed by water cooling.
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Table 1 Chemical composition of CoCrW powder

Element Cr W Mo

Si O N C Co

Mass fraction /% 27.88 7.56 6.75

0.42 0.046 0.024 0.007 Bal.

22 SLMIE

KR DGR BOGRHE A R A W 5 VL
4 T35 7l B R W 9 B 3 (6] A & i M280 A SLM
WAl CoCrW & 4 HUIR A , SLM 3 #8511 L
Jtas ok M IPG500W Al FL LG 2F JOt % . SLM 1k
oS80 o A IR 41 A0 0 2 OO 58 5 0 19 B X

CoCr &M B T 2S5,k 2 Pimx,

(AW N R R W | R o =R W DR N A
BRFFAE 100X 10 ° RUTF iU TB HiJ 8 56 Al 791 &2
80 C ., H i AN S RLIE A . 7EAH R S WL
KLZANSTH N 10 mmX 10 mm X 10 mm [ /h
bk,

#2 SLM EETZLBH
Table 2 Main parameters of SLM

Laser power /W Slice thickness /pm

Scanning interval /pm

Scanning speed /(mmes ') Spot diameter /mm

350 30 70

1850 0.1
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Fig. 1 Morphology of CoCrW alloy powder obtained by

radio frequency plasma spheroidization
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Fig. 2 Calculation result of equilibrium phase

diagram of CoCrW alloy
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Table 3 Content of each element in each phase of CoCrW alloy at 300 ‘C

Mass fraction /%

Phase
Co Cr Mo Si C N
Y 98.09 1.77 0.05 0.05 0.04 <C0.01 <C0.01
€ 68.83 34.57 0.60 0.21 0.79 <20.01 <0.01
) 45.82 47.76 3.46 2.96 <C0.01 — —
M,; Cs 3.29 71.24 0.06 20.28 — 5.13 —
Laves 37.21 0.93 48.57 10.52 2.77 — —
4000 e JEUky SLME R Hf A S 068 £ 558 32 8 75 T e A
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Fig. 3 XRD pattern of CoCrW alloy in different states
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Fig. 4 SEM photographs of alloy in different states. (a) SLM-AS; (b) 1100 °C, WC; (c¢) 1000 C, WC;
(d) 1100 °C, FC; (e) 1000 C, FC
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Fig. 5 EDS point analysis results of CoCrW alloy after 1100 °C WC. (a) SEM image of sample after 1100 'C WC;

(b) EDS point analysis of P ;
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