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Evaluation of Adhesion properties of Arc PVD coatings for
Micro Forming Die

J. M. Lee, D. C. Ko, K. D. Lee

Abstract
This paper was designed to assess the adhesive properties of hard coatings on non-nitrided and nitrided various tool
steels. Estimations of adhesion were done to scratch test which is mainly used in hard coating. The critical load(Lc)
between coating and substrate is defined through analysis of frictional load vs. normal load curve, signals of acoustic
emission and optical observations. Coatings employed in this study are TiN, CtN and TiAIN, tools as substrates are
STD11, STD6! and SKH51. It was classified to substrates with/without nitrided layer and hard coatings on substrate were
deposited by arc PVD. Results showed that harder substrates and coatings give higher values of critical loads.

Key Words : Arc PVD coating(°}Z PVD %), Scratch test(2= . & 2] E| 2 E), Nitride(2 3 2] &), Tool steel(F 3 7)
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Table 1 Dimensions of substrates and conditions of
gas nitriding treatment

Ion nitriding

Temp. 5007C

Voltage 500V

Gasratio | N:H=25L/hr: 25L

Time 2hr




Table 2 Surface hardness(Hv=100gf) of substrates
after and before gas nitriding treatment

Hardness SKD11 SKD61 SKHS5
Before 720 560 780
After 880 860 950

rote 23 o AFago] 7} da o]4y
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3 o] FAWE 01%0}04 dhebg Aol Y.
Table3 o] 52 =78 e ATt

Table 3 Deposition conditions of Arc PVD coatings

Items Values
Base power 150V
Target current 70A
Substrate temperature 400C

N, gas 200 SCCM
Deposition time 3br

22 AR AMEERE™ Ho)

Z-slide

Z-load cei

indenter

Fig. 1 The scratch test system
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Table 4 Vikers hardness(100gf) of each coating on
nitrided and untreated substrates

TiN CrN TiAIN

Coating thickness(¢m) 2~3 5 3~4
Ntri 1 2027 2099

STDIL trlfie:.d 880 0 09
Non-nitrided 1573 1575 1793
Ntrided 1994 1842 1985

STD61 =

Non-nitrided 1600 1586 1695
SKHST Ntrided 2589 2714 2758
Non-nitrided | 2041 2260 | 2318
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Fig. 2 Adhesive properties of each coating as results of scratch test
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Fig. 3 Comparisons of critical load of each coating on
substrates with/without nitrided layer
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Fig. 4 Failure modes of each coatings in scratch test
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