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Fig.1 Morphologies of power raw materials for SEBM process: (a) polyhedral pure tungsten powder; (b) spherical pure tungsten powder;

(c) nano size niobium powder; (d) mixed W-Nb alloy powder
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Table 1 Process parameters of SEBM

Material Beam current/mA Scan speed/m s
Pure W 12 0.1
W-3.5Nb 9 0.3

Kl 2 KypRAS 7 3D FTEISE W B2 W-Nb & 4 i B4 2
Fig.2 Microstructures of pure W (a) and W-Nb alloy (b) fabricated
by SEBM
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Fig.3 EBSD grain size distribution of pure W (a) and W-Nb
alloy (b) fabricated by SEBM
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Fig.4 Grain misorientation angle distribution of pure W (a) and

W-Nb alloy (b) fabricated by SEBM
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Fig.5 Substrate temperature of pure W and W-Nb alloy fabricated
by SEBM
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Fig.6  Substructure of W-Nb fabricated by SEBM
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Fig.7 Grain orientation spread of pure W (a) and W-Nb alloy (b)
fabricated by SEBM
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Fig.8 Microstructures of pure W (a) and W-Nb alloy (b) fabricated
by SEBM before corrosion



- 4346 -

Mol @A RS TR

50 %

Nanopores

1 pm

B9 W-Nb &< A# I 40K LR
Fig.9 Nanopores of W-Nb alloy fabricated by SEBM
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Fig.10 Schematic diagrams of nanopores formation process
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Microstructure and Cracking Mechanism of Pure Tungsten and W-Nb Alloys
Fabricated by Selective Electron Beam Melting

Yang Guangyu, Tang Huiping, Wang Jian, Jia Wenpeng, Jia Liang, Liu Nan

(State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Pure tungsten and solid solution strengthened W-Nb alloy were fabricated by selective electron beam melting (SEBM). The
microstructure and crack defects of two tungsten based materials were analyzed. The results show that columnar crystal structure along the
building direction of SEBM forms both in the pure tungsten and W-Nb alloy. The addition of Nb reduces the average size of columnar
crystals from 109.78 pum to 25.10 pm. No significant cracks form in the pure tungsten, but microcracks along the grain boundaries are
found in W-Nb alloys. The rapid solidification, rapid cooling and holding at elevated temperature process in SEBM cause recovery and
recrystallization of W and W-Nb alloys, so that the accumulated stress during the forming process is released. The cracking of W-Nb alloy
is mainly formed during solidification, that is, because the liquid metal cannot feed the dendrite in a very short time during the
solidification process, nanopores form and gather at the grain boundaries, which causes cracks along the grain boundary under the action
of small stress.
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