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Fig.1 SEM morphologies of porous spherical tungsten powders: (a) particle size of 15~106 pm, (b) mean particle size Dsp=63 um, and

(c, d) maximum pore size of 1 um
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Fig.2 X-ray diffraction patterns of sintered samples
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Table 1 Pore parameter measurement results of samples under different process

Temperature/'C  Porosity/%

Closed porosity/% Closed porosity/% Average pore size/um

Pore size distribution/%

<1 pm 1~10 yum  >10 pm
1450 38.62+0.40 37.42+0.12 1.2 7.64 3 95 2
1500 36+0.32 34.44+0.29 1.6 5.34 5 94 1
1550 35.4+0.17 33.66+0.16 1.74 4.97 5 94 1
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@) (!
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Sintered pores Sintered pores=——"

Primary pores

-
L)

Sintered pores /O

1 pm

K3 pedilie A O 41Z! SEM B
Fig.3 SEM images of internal microstructure of samples sintered at 1450 ‘C (a, d), 1500 ‘C (b, €) and 1550 ‘C (c, f)
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Fig.4 Compressive stress-strain curves of sintered samples
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Table 2 Sintering neck size (x) and particle radius (a) of samples sintered at 1450, 1500 and 1550 ‘C for 5 min

X/pum a/um xla
1450 C 1500 C 1550 'C 1450 'C 1500 'C 1550 ‘C 1450 C 1500 C 1550 'C
1.47 2.03 2.54 3.24 4.54 5.38 0.45 0.45 0.62
151 1.19 1.54 3.29 2.55 3.37 0.46 0.47 0.71
1.92 2.08 2.18 4.71 4.06 4.11 0.41 0.51 0.96
2.06 1.34 2.48 3.72 3.66 371 0.55 0.37 0.94
1.59 1.94 1.99 3.89 3.69 3.14 0.41 0.53 0.82
1.84 1.89 2.58 4.65 4.89 3.48 0.40 0.39 0.83
1.59 2.09 3.56 4.74 4.34 4.85 0.34 0.48 0.65
1.18 3.17 1.76 3.00 5.76 4.39 0.39 0.55 0.60
1.72 3.02 2.27 4.04 4.61 5.24 0.43 0.66 0.55
1.21 1.82 3.24 2.83 3.76 3.97 0.43 0.48 0.52
1.21 2.22 1.90 3.58 4.20 6.48 0.34 0.53 0.49
1.45 1.74 2.24 4.87 3.64 3.12 0.30 0.48 0.67
1.21 2.87 2.19 3.43 3.78 5.09 0.35 0.76 0.46
1.58 1.95 2.68 3.27 4.03 2.87 0.49 0.48 0.89
1.58 2.24 2.32 4.29 3.61 5.38 0.37 0.62 0.62
1.15 2.60 2.59 3.12 3.58 3.37 0.37 0.73 0.71
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Research on the Densification Behavior and Compression Performance of SPS
Prepared Tungsten Skeleton with Hierarchical Pores Structure

Yang Xin', Wang Ben®, Gu Wenping?, Liu Gang®, Liang Shuhua®, Wu Tao?, Liu Shifeng®
(1. Shaanxi Key Laboratory of Electrical Materials and Infiltration Technology, Xi’an University of Technology, Xi’an 710048, China)
(2. School of Electronics and Control Engineering, Chang’an University, Xi’an 710061, China)
(3. School of Metallurgical and Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: W skeleton with high strength (347.8 =10.6 MPa, 407.4+14.2 MPa, 543.9+8.7 MPa) and hierarchical pores structure (3~10
um/200~500 nm) was prepared by sparking plasma sintering (SPS) at different sintering temperatures (1450, 1500, 1550 <C) and at axial
constant pressure (40 MPa) for 5 min using porous spherical agglomerate W powder with the particle size distribution of 15~106 pm as raw
material. The densification behavior, microstructure changes and mechanical properties of W in SPS process were systematically
studied by XRD, SEM and universal testing machine. The results show that SPS can produce W skeleton which have developed sintered
neck and hierarchical pores structure with no significant change in phase before and after sintering and porosity of 30%~40%. The
sintering densification process of W skeleton with hierarchical pores structure by SPS can be divided into four stages: the first stage is the
pressure increase stage in which the relative density of sintered sample increases rapidly with the increase of pressure; the second stage is a
typical particle rearrangement stage; the third stage is a typical sintering metaphase in which the relative density of sintered sample
increases with the increase of temperature, when temperature is higher than 1000 <C; the fourth stage is the end of sintering, and the
densification degree is further improved due to high temperature creep inside the sintered body. The densification mechanism of the porous
spherical W powder is determined as pure diffusion densification by the high temperature creep model. Furthermore, the densification
mechanism is determined to be volume diffusion as the main mechanism and grain boundary diffusion as the auxiliary mechanism by the
neck length equation.

Key words: tungsten-copper composite; tungsten skeleton; SPS; hierarchical pores structure; densification behavior
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