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Effects of Substrate Temperature on Microstructure and Corrosion Resistance of
Reactive Magnetron Co-sputtered TiN/Ni Nanocomposite Films
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(Liaoning Provincial Key Laboratory of Advanced Materials, Shenyang University, Shenyang 110044)

Abstract: In order to study the effects of substrate temperature on the microstructure and corrosion resistance of TiN/Ni
nanocomposite films, these films were deposited at 100—400 °C by reactive magnetron co-sputtering Ti and Ni targets.
Microstructure, corrosion resistance and adhesion strength of the deposited films were investigated by XRD, XPS, AFM,
FESEM/EDS, electrochemical technologies and scratch tests, respectively. Results show that the TiN/Ni films consist of fcc
TiN and Ni phases, and their preferential orientations change from TiN (111) to (200) reflection with the increase of the
substrate temperature. When the temperature increases, the grain size and root-mean-square roughness of the nanocomposite
films firstly decrease and then increase, reaching at the smallest values at 200 °C, while the adhesion strength firstly increases
and then decreases with the maximum value at 300 °C. The nanocomposite films exhibit excellent corrosion resistance. The
film deposited at 300 °C has the lowest corrosion current density, which is about one order of magnitude smaller than that of
the 304 stainless steel substrate. It is found that increasing the Ni content can improve the corrosion resistance of the composite
films. The corrosion form of the composite films is the local film detachment, associated with structure defects such as through
film pores and pinholes present in the films.
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Table 1 Deposition process of the TiN/Ni nanocomposite films

Process parameters Values
Base pressure/Pa 6x10™*
Working pressure/Pa 0.6
Substrate to target distance/cm 7
Ar flow rate/(mL-min™") 40
N2 flow rate/(mL-min ") 16
Substrate temperature/'C 100—400
Substrate bias/V —-120
Ti target current(DC)/A 0.2
Ni target power(RF)/W 35
Depositing time/min 60
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Fig.1 XRD patterns of the TiN/Ni nanocompisite films deposited
under different substrate temperature
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Fig.5 AFM images of the TiN/Ni nanocomposite films deposited under different substrate temperature
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Fig.7 Cross-sectional morphologies of the TiN/Ni nanocomposite films deposited under different substrate temperature
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Table 2 Tafel fitting results obained from polarization curves in
Fig. 9

Sample Leorr / (NA-cm™?) Ecorr / mV Epit/ mV
AISI 304 164.1 -197 351
100 'C 44.8 -115 309
200 C 20.9 =90 420
300 'C 12.7 11 388
400 C 32.0 5 447
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Table 3  EIS fitting results for the TiN/Ni nanocomposite films

Sample Rs/(Qem?)  OrYo/(uF-cm?) nr Rpore / (10°Q-cm?) Qa-Yo/ (uF-cm™) ndi Ret / (MQ-cm?)
AISI 304 12.75 0.133 0.9527 0.1115 2.39 0.969 1 0.7879

100 'C 10.35 0.197 4 0.934 3 1.41 3.248 0.7355 1.427

200 C 10.63 0.214 0.9347 3.01 3.278 0.793 0 1.412

300 'C 7.875 0.1937 0.880 4 7.515 6.028 0.774 1 5.623

400 C 9.324 0.150 3 0.927 6 36.99 5.721 0.799 5 6.091
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11300 °C & A RSN i PR R A2, A TR AN B A 4
LR L B G R NG S,
TiN/Ni G0k 5 A I it bk 2 B 5

(5) B4 R0 JE by 2 500 20 Jmy 0 v LS 7%
408 Ni BIINAFF AR TIN A JE b, £14L
AL AR 45 F B S R IR ST TIN/NIgK & & i
JEE IR AR AR A AL
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