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Fig.1 Microscopic morphology of tungsten powder
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Fig.2 Pure tungsten samples prepared by selective laser melting
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Table 1 Preparation parameters of tungsten samples with

different relative density

Laser Laser Hatch Layer . .

. Density  Relative
power speed space thickness Jorem®  density/%
/W /mm-s™ /mm /mm & yize
180 550 0.24 0.03 14.4557 74.9
200 500 0.24 0.03 15.4046 79.8
300 500 0.24 0.03 17.2322 89.3
300 200 0.24 0.03 18.4784 95.7
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Fig.3 Low magnification morphologies of different samples with relative density of 75% (a), 80% (b), 90% (c), and 95% (d)
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Fig.4 High magnification morphologies of samples with relative density of 75% (a), 80% (b), 90% (c), and 95% (d)
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Fig.5 Low magnification microstructures of samples with relative density of 75% (a), 80% (b), 90% (c), and 95% (d)
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Fig.6 High magnification microstructures of samples with relative density of 75% (a), 80% (b), 90% (c), and 95% (d)
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Table 2 Mechanical property of tungsten samples with

different relative density

. . Bending Microhardness,
Relative density/%
strength/MPa HV/MPa
75 - 3379.3
80 60.15781 3526.2
90 95.44152 3608.3
95 128.35163 3696.2
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Fig.7 Microstructure of sample with low relative density
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Fig.8 Microstructures of samples under different heat treating conditions: (a) without heat treatment, (b) 1000 ‘C, (c) 1400 C,

and (d) 1960 ‘C
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Fig.9 Mechanical properties of samples with different treating

temperatures: (a) bending strength and (b) microhardness
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Fig.10 XRD patterns of different samples: (a) tungsten powder,
(b) the sample of 95% relative density, and (c) the
sample after heat treatment at 1960°C for 2 h
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Table 3 XRD peak and FWHM of different samples

FWHM of first

Samples 20/(°) strong peak
Standard W
sample 40.264 58.274 73.195 87.021
(PDF#04-0806)
a 40.261 58.26 73.16 86.979 0.215
b 40.159 58.12 73.079 86.88 0.263
c 40.2 58.16 73.1 86.92 0.298
3 % it
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Properties of Pure Tungsten Produced by Selective Laser Melting

Zhang Menghan', Jiang Guosheng', Wang Pengwei’, Jiang Jingyu', Wu Huabo'
(1. Central South University, Changsha 410083, China)
(2. Hunan Farsoon High-Technology Co., Ltd, Changsha 410205, China)

Abstract: Pure tungsten powder with intensively distributed particle size was processed to different samples by selective laser melting
(SLM). Then, the samples were heat-treated at temperatures of 1000 °C, 1400 °C and 1960 °C for 2 h. The mechanical property and
microstructure of the samples with different densities and different heat treatment temperatures were studied. The morphology and
microstructure were characterized by SEM and XRD, respectively. Results show that the density ratios of the pure tungsten sample vary
from 75% to 95%. Bending strength and microhardness increase with the rise of the density, but the microstructure difference between
these samples is not obvious. After the heat treatment at different temperatures, the mechanical property of the sample after 1400 °C
treatment is better than those of other samples. Under 1960 °C heat treatment, the grain size of pure tungsten sample rises, thus leading to
the decrease of mechanical property. The XRD result demonstrates that the grain structure of the pure tungsten sample does not change
after 1960 °C heat treatment.

Key words: tungsten; selective laser melting (SLM); heat treatment; mechanical property; microscopic structure
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