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Establishment of Advanced Hybrid Treatment Process Composed of Surface Modification
and Heat Treatment
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This study was conducted to establish the advanced hybrid treatment processes
which contribute for improving the functionalities and the energy efficiency of mechanical products. To
accomplish the purpose, we comprehensively accumulated the academic knowled?e concerning the combination
effect of various surface modification and heat treatment methods such as plasma nitriding, gas
nitriding, DLC coating, fine-particle bombarding and short-time duplex heat treatment. In the above
hybrid treatment processes, each treatment was considered a component and some of the treatments were
suitably combined to produce the required functionalities depending on the usage and materials. As a
result, we have proposed the processes which can simultaneously improve the friction-wear properties,
mechanical properties and fatigue strength of alloy steel and titanium alloy.
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*1 Quenching (1123 K, 1.8 ks, water quenching)
—tempering (903 K, 3.6 ks, air cooling)

*2  Plasma nitriding (823 K, 3.6 ks)

*3  Gas nitriding (793 K, 216 ks)

*4 FPB (SiC particle, diameter 75 pum, pressure 0.3
MPa)

*5  DLC coating (523 K, 3.6 ks)

#* 2 BEM OMR] (Ti-6A1-4V 54)
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*1  Annealing (1023K,3.6ks, furnace cooling)

*2  Plasma nitriding (1023 K, 14.4 ks)

*3  Short-time duplex heat treatment (1223 K, 60 s,
Li quenching—823 K, 40 s, Li cooling)

*4 FPB (high-speed steel, diameter 69 um, pressure
0.6 MPa—Al,O; particle, diameter 61 pm,
pressure 0.4 MPa)
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(a) SEM image Cross section of wear track
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Mechanical properties

(b) Young’s  Yield Tensile . Reduction Residual
SEM image C Cross section of wear track Material modulus strength strength Elongation in area stress
g g (%) (MPa)
(GPa)  (MPa) (MPa) (%)
UN 209 1003 1158 13.8 50 -299+12
DLC 209 1004 1146 14.2 51 -167+7
PN 205 1007 1154 13.3 53 -166+13
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GN 213 1138 1144 1.6 29 -304+28
GN/DLC 218 1143 1148 1.4 2.3 -403+21
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