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Effects of Different Substrates on the Droplets and Adhesion Strength of TiN Films
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(1. School of Materials Science and Engineering, Central South University, Changsha 410083; 2. Institute of

Surface Engineering, Guangzhou Research Institute of Non—{errous Metals, Guangzhou 510651)

Abstract: TiN films were deposited on 4Cr5MoSiV1(H13) die steel, Crl18Ni9Ti(304) stainless steel, YG6
cemented carbide and Ti6Al4V (TC4) titanium alloy substrates, respectively, by vacuum cathodic arc ion
plating. Droplets on TiN films were observed and analysed by scanning electron microscopy (SEM) and the
adhesion strength of the coating was characterized by scratching tester. The results show that droplets’ densi-
ties and sizes on the film surfaces have evident difference among the four different substrates. From the statis-
tical analysis of the experimental results, the number of droplets on H13 steel and 304 stainless steel are much
more than that on YG6 cemented carbide and TC4 titanium, and the droplets’ densities on TC4 titanium is the
least. Adhesion strength of the films on the four substrates are also different. From the highest to the lowest,
the adhesion strength of films on different substrates are. in order, YG6 cemented carbide, H13 steel, 304

stainless steel and TC4 titanium.
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Fig. 1 Scheme of the arc ion plating system
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Table 1 The component of the different substrate materials (w/% )
Materials Elements/ %
C Si Mn Cr Mo A% P S Fe
H13
0.32~0.45 0.80~1.20 0.20~0.50 4.75~5.50 1.10~1.75 0.80~1.20 <C0.03 <0.03 Bal.
Cr Ni Ti C Si Mn P S Fe
304
18.0~20.0 8.0~10.5 0.50~0.80 <C0.08 <1.00 <2.00 <0. 04 <0.03 Bal.
Ti Al v Fe C N H O
TC4
Bal. 5.50~6.80 3.50~4.50 <C0.03 <0.01 <0.05 <0. 01 <0. 20
WwC Co
YG6
94 6
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Fig. 2 Droplets morphologies of the TiN films on TC4 ti-

tanium alloy substrate
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Fig. 3 SEM photos of different substrates after plating
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Table 2 The numbers and sizes distribution of droplets on different substrates

Materials Numbers of Number ratio of droplets Droplets/Film Mean droplet Maximum
droplets/ (10" mm™) less than 3 um/% area ratio/ % diameter/pm droplet size/pm
H13 7.53 98.13 3. 400 0.579 21.693
304 7.08 98. 98 3.383 0.618 25.538
YG6 5. 00 98.13 2.725 0.783 23.666
TC4 3.07 99. 08 1. 900 0. 803 20. 451
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Fig. 4 Distribution of droplets on different substrates surface after plating
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Fig. 5 Scratch morphologies of different substrates after plating TiN films
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