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Abstract

This study compares three types of hot work tool steels (H13, DHA-World, and Dievar) to
investigate the influence of alloy composition on oxidation and thermal fatigue resistance at 600°C.
The study reveals that higher levels of the heavy element Mo in the alloy effectively reduce the
diffusion coefficient of alloy elements, leading to a decrease in the rate of oxide layer formation on
the material surface. As a result, Dievar with the highest Mo content (2.16%) exhibits a lower rate of
oxidation. On the other hand, the higher V content (0.92%) in H13 alloy promotes the generation of
vanadium carbides in the microstructure. Such carbides are prone to oxidation, thereby increasing the
rate of weight gain. Furthermore, this study suggests that the material's oxidation resistance and
mechanical strength are crucial for thermal fatigue resistance. Microstructural analysis reveals that
fatigue cracks mainly initiate and propagate along the oxidation zone generated along the grain
boundaries from the material surface. Due to its excellent oxidation resistance, Dievar reduces the
formation of oxide regions and inhibits surface crack initiation, resulting in the lowest average crack
length and maximum crack length of 22.84 pm and 94.25 um, respectively. The study also indicates
that higher high-temperature yield strength of the material enhances resistance to crack propagation
during thermal cycling. The yield strength of DHA-World is 603 MPa, lower than Dievar and H13
by 180 MPa and 114 MPa, respectively, which leads to lower resistance against thermal fatigue cracks
and more significant fracture occurrence. The average crack length and maximum crack length for
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DHA-World are 30.25 um and 159.21 pum, respectively. These findings contribute to the design of
advanced tool steel materials with superior properties for future applications.

Keywords: Alloy composition, thermal fatigue test, oxidation behavior, high temperature strength,
alloy design
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