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Abstract

Vanadis 4 Extra alloy steel (also known as V4 Extra) widely used in cutting tool and mold
making industry due to its high ductility, machinability and dimensional stability. In this study,
different ratios of ZrC (1, 3 and 5 wt%) and 3 wt% ZrC-TiC powders were added to V4 Extra powders,
respectively. The specimens were sintered from 1250°C to 1350°C by vacuum sintering for 1 h.
Furthermore, a series of heat-treatments (quenching followed by tempering) was performed. The
experimental results showed that good mechanical properties were obtained by the addition of 3 wt%
ZrC powders sintered at 1325°C for 1 h. Meanwhile, the apparent porosity was 0.08% and the TRS
and hardness reached 1616 MPa and 82.1 HRA, respectively. Additionally, the optimal sintering
temperature for the addition of 1.8 wt% ZrC-1.2 wt% TiC powders was 1350°C. It also revealed that
the apparent porosity was 0.02%, and that a TRS value of 1872 MPa and a hardness value of 82.5
HRA were obtained. Moreover, the TRS value slightly decreased to 1436.2 and 1598 MPa by the
addition of 3 wt% ZrC powders after heat-treatment and sub-zero treatments, respectively. The TRS
value was obviously enhanced to 2007.1 and 2010 MPa by the addition of 1.8 wt% ZrC-1.2 wt% TiC
powders after heat treatment plus sub-zero treatments and HIP treatment, respectively. There was no
significant change in the hardness value by adding ZrC and ZrC-TiC powders after heat treatment
and sub-zero treatments. However, the hardness value obviously increased to 83.4 HRA after HIP
treatments.
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