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Fig.1 Densification curves of the W-Fe-C sample sintered at 1400 °C
for 3 min under 40 MPa
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Fig.2 Instantaneous relative density of W-Fe-C composites versus

holding time at different temperatures
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Fig.3 XRD patterns of W-Fe-C composites sintered at different

temperatures
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Fe,W,C,EDS 45 R & B W ki A 3 [ 12> & Feo &
5b4h IR, FER S 5 A AL 45 A B, HL S I Ab
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Fig.4 Microstructures of W-Fe-C composites sintered at different temperatures: (a) 1100 °C, (b) 1200 °C, (c) 1300 °C, and (d) 1400 °C
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Fig.5 TEM analysis of W-Fe-C composites sintered at 1400 °C: (a) bright-field image and corresponding EDS mapping of the W-Fe-C composite;

(a,, a,) SAED patterns of the second phases; (b) HRTEM image of the matrix-second phase interface
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Fig.6 Compression curves of W-Fe-C composites sintered at different

temperatures
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Fig.7 Compressive fracture morphologies of W-Fe-C composites sintered at different temperatures: (a) 1100 °C, (b) 1200 °C, (c) 1300 °C, and

(d) 1400 °C
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Fig.10 Relationship between the densification rate and relative density
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Fig.11 Apparent activation energy Q, of sintered W-Fe-C composites
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Low-Temperature Densification Mechanism and Mechanical
Properties of W-Fe-C Composites

Zhang Jian'?, Cheng Yu'?, Li Jiagi"?, Wei Qingin'"?, Ouyang Di"?, Luo Guogiang"*
(1. State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, China)
(2. Hubei Technology Innovation Center for Advanced Composites, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The W-Fe-C composites were prepared using spark plasma sintering at various sintering temperatures, and their sintering behavior,
phases, microstructure, and mechanical properties were characterized. The densification mechanism was also analyzed. The results show that as
the temperature increases, the reinforcement phase in the composite transitions from Fe, W C to Fe;W,C, and finally to Fe,W,C. After sintering at
1400 °C, the sample achieves a relative density of 99.2%, with an ultimate compressive strength of 2455.15 MPa and a deformation rate of
25.42%. During the holding stage, the W-Fe-C composite exhibits a unique creep recovery stage, where the densification rate is nearly zero. When
the effective stress exponent () is approximately 1 and 2, the estimated activation energies are 341.27 and 1005.73 kJ/mol, respectively, which are
higher than those of pure tungsten. However, because the in-situ reaction promotes diffusion, the relative density of the W-Fe-C composites
exceeds that of pure tungsten. This study provides a new approach for the low-temperature fabrication of tungsten-based composites.

Key words: W matrix composites; densification mechanism; low-temperature sintering; compressive properties
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