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Study of the enhanced impact and wear resistance of cold work die steel
using atmospheric pressure plasma rapid nitriding process
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Abstract

JIS SKD11, also known as cold working die steel, is widely used in medicine mold ~ coinage
mold ~ deep drawing molding mold ~ turning tools, and other industries. However, metal fatigue or
wear fracture often occurs in the process, reducing the mold’s service life. This study uses
atmospheric pressure plasma jet (APPJ) nitriding the die steels surface to improve the mechanical
properties and service life. Compared with the traditional nitriding process, the APPJ system doesn’t
need a vacuum system - toxic gas, and a long process time. This study can also achieve the surface
treatment of cold working die steel under atmospheric pressure ~ short process time, and low energy
consumption.

Investigated the effect of rapid nitridation treatment on the service life of JIS SKD11 by different
APPJ power. Use Vickers hardness tester (HV) to measure surface hardness ~optical microscope (OM)
to observe the metallographic structure, and X-ray diffractometer (XRD) to confirm nitriding results.
Ball-on-Flat Sliding Wear test and impact wear test to determine the failure of the mold, to analyze



the difference between APPJ nitriding and pristine materials. The working gas of this study is
2%H>/N2 hybrid gases. The result shows that the power setting is 500 W, the surface hardness can be
increased to more than 1200 HV0.05, and the nitride layer thickness is about 66 um. Because the
plasma temperature is too high and the ionic bombardment, the surface hardness decreased
significantly at the power of 600 W, and the Ball-on-Flat Sliding Wear test is used to simulate the
mold's friction behavior and impact wear to simulate the stamping behavior. Therefore, atmospheric
pressure plasma nitriding provides a short-term green process and new technology for the surface
treatment of mold steel in the future.

Keywords : Cold work die steel ~ Atmospheric pressure plasma jet ~ Rapid nitriding ~ Wear test ~
Impact wear test
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