Journal of the Korean Crystal Growth and Crystal Technology p-ISSN 1225-1429
Vol. 28, No. 6 (2018) 250-255 e-ISSN 2234-5078
https://doi.org/10.6111/JKCGCT.2018.28.6.250

Complex heat-treatment effects on as-built CoCrMo alloy
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Abstract The CoCrMo as-built alloys prepared by 3D-printing process are studied on tensile strength, wear resistance,
crystal structure and microstructure after complex heat-treatment including HIP. In this study, HIP treatment for removing
micropores, ambient heat-treatment for formation of metal carbides, and solution heat-treatment for homogenization of the
created metal carbides were tried and characterized for applying to artificial joint. The complex heat-treatment effects of the
CoCrMo as-built alloys prepared by 3D-printing process were owing to the densification during HIP, formation of metal
carbides and homogenization of the created metal carbides. The effects of the complex heat-treatment were confirmed by
XRD, FE-SEM and EDS.
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Table 1
Heat-treatment processes of CoCrMo alloy

Samples Heat-treatment process

#1 As-built sample

#2 As-built + HIP"

#3 As-built + HIP + heat-treatment (700°C)”

#4 As-built + HIP + heat-treatment (800°C)”

#5 As-built + HIP + heat-treatment (900°C)”

#6 As-built + HIP + heat-treatment (900°C) + solution heat-treatment”

I)HIP 1150°C, 4 hrs, Ar 100 atm, furnace-colling.
Heat treatment: in air, 20 hrs, water-cooling.
“Solution heat-treatment: 1200°C, Ar 1 atm, water-cooling.

Table 2
Atomic concentration of CoCrMo samples analyzed by WD-XRF
Samples Co Cr Mo C Ni Si Mn Fe Lu N
#1 63.40 28.80 5.38 0.77 0.16 0.47 0.45 0.27 0.28 -
#2 62.10 29.90 5.81 0.87 0.08 0.31 0.30 0.19 0.34 -
#3 62.90 29.00 5.80 1.07 0.11 0.30 033 0.15 - -
#4 63.00 29.40 5.89 0.88 - 0.32 0.29 0.18 - -
#5 62.90 29.50 6.01 0.79 - 0.31 0.30 0.14 - -
#6 65.40 26.50 543 0.99 0.14 0.40 0.28 0.54 - -
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Fig. 1. Tensile strength and elongation rate of the CoCrMo alloy
samples.
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Fig. 2. Vickers and Rockwell hardness of the CoCrMo alloy
samples.
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Table 3
Wear resistance properties of the CoCrMo alloy samples

Weight Weight Weight Wear
Samples befogre © afterg © lossg(mg) factor
#1 2357182 2357181  1.0x10° -
#2 2670814 2670782  32x10" 32x10°
#3 2673937 2673909 28x 10" 27x10°
#4 2626751 2626748  3.0x10° 3.0x107"
#5 28.28205 2828201 4.0x10° 35x107"
#6 2436986 2436983  3.0x10° 3.9x107"
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Fig. 3. XRD results of the CoCrMo alloy samples.
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C Co Cr Mo Si
(a) 7.52 59.24 27.59 3.88 1.78
(b) 28.88 11.54 53.40 6.18 1.35
(c) 11.31 54.49 27.79 5.36 1.03

Fig. 5. FE-SEM and EDS results of the CoCrMo alloy sample #1 and #2.
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