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Abstract
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The research was to study of effect of sub-zero treatment process on microstructure and mechanical
properties of JIS M-SKD11 and JIS SKS3 tool steels by using 12 different treatment conditions. The
experiment on sub-zero treatment unit was found that cooling rate could be controlled to be 0.5°C/min
from ambient temperature to the temperature of liquid nitrogen, and maintained for 35 hrs, and the heating
rate could be controlled to room temperature at 0.25°C/min. The as-received JIS M-SKD11 specimens had
ferrite matrix structure, hardness of 13 HRC and absorbed energy of 12.7 J. After hardening and sub-zero
treatments, the microstructure was changed from ferrite to martensite. The hardness was increased but the
adsorbed energy was decreased. At higher temperature treatment conditions, i.e., 250°C, 530°C and
530°C for 100 min, the martensite structure could not be clearly identified by optical micrographs so the
XRD technique was used to identify the position shift of 2-theta peak from martensite to ferrite. This could

be used to explain the reason why the hardness was decreased and absorbed energy was slightly increased.

In JIS SKS3 tool steels, it was also found the matrix structure of ferrite. Its hardness was approximately 13
HRC, and its average absorbed energy was about 24.64 J. After hardening and sub-zero treatment and
heating up to IOOOC, the microstructure was transformed to martensite, which could be clearly identified

by optical micrographs and XRD-techniques. The hardness was increased to 68 HRC and absorbed energy
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was significantly lower. After increasing the temperature to 220°C and 220°C for 180 minutes, the
martensite becomes unclear upon the micrograph examinations, but the tendency of 2-theta peak was
shifted to ferrite in the XRD-examination. In this research, the results from wear resistance test could not
be concluded. The error must come from improper indenter ball because of lower hardness than that of the

specimens.
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