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ABSTRACT: The work aims to comparatively study the composition, microstructure and properties of TiSiN coatings prepared

by the two different methods, high power impulse magnetron sputtering and direct current magnetron sputtering, so as to
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provide the theoretical basis and experimental guidance for the preparation of hard coatings by different magnetron sputtering
techniques. The TiSiN coatings were prepared by HiPIMS and DCMS under the same power density. The structure and
morphology of the coatings were characterized by X-ray diffractometry, X-ray photoelectron spectroscopy, scanning electron
microscopy, transmission electron microscopy, surface profilometry, and scanning probe microscopy. The mechanical,
tribological and corrosion resistance properties of the coatings were characterized by nanoindentor, scratch tester, UMT-3
reciprocating friction and wear tester and electrochemical workstation, respectively. Compared with the TisiN coatings prepared
by DCMS, the TiSiN coatings prepared by HiPIMS technology demonstrated smoother surface and more compact structure. The
hardness increased by 10% while the stress reduced by 35%, so the coatings exhibited higher hardness but lower stress. The
toughness and coating-substrate adhesion also increased obviously. The coating-substrate adhesion was increased from 40 N to
50 N. The wear and corrosion resistance were also improved and the friction coefficient and corrosion current density were
reduced by 10% and almost one order of magnitude, respectively. Therefore, compared with DCMS, HiPIMS technology

presents significant advantages in the preparation of TiSiN nanocomposite coatings, and effectively improves the comprehensive
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performance of the coatings.
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Fig.1 Plasma emission spectra during the preparation of
TiSiN coatings by HiPIMS and DCMS
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Tab.1 Chemical composition of TiSiN coatings

at.%
Sample Ti Si N (0]
HiPIMS 38.61 3.69 49.9 7.8
DCMS 37.86 4.33 50.15 7.66
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Fig.4 HRTEM patterns and SAED patterns of TiSiN coatings prepared by HiPIMS (a) and DCMS (b)



<74 - *F m B R

2019 4F- 9 A

% 5 >4 HiPIMS il DCMS il 519 TiSiN &2 103
Il . #RIEF AFM JESIE . ME Sa, b ATLLEH, &
[ S5 AR I 4 B9 TiSIN IR 2 MRS Bk 2
5. HiPIMS #£%) TiSiN IR 2R mHOLHE . P& 1
575 T DCMS il £ 14k 2 2% 1 BOH RS, 23 P gt
EH. B AFM M ZE 3t — L] A1, DCMS il % 1
TiSiN ¥R Z M =48 5, BIRSASfL L HiPIMS il %
7 TiSIN WRJZHIE, AR RAEIN S, Uil it
TRZHORRE . HIPIMS 48519 TiSIN U )2 3R 10 RS B
(0.62 nm) fItF DCMS &2 (1.0 nm ). X FEZEH

F HiPIMS EbE 5, UIBR F P #UT a8 Ji5,
FEAT AR T IRIZ MR MGG, I H HIPIMS B &
T RN o, P A b U 2 R Tt R, B
TUBLRJZ 10 2R 100 B A YE TP U2 i A T 35 an /&
Sc. d Ui, WOLIRIZER B Z AL, 4 Ak TiSi it
JEZ (~200 nm ) Ml TiSiN )2 (~1100 nm ), JEitit
4 HiPIMS #1 DCMS JTF TiSiN 14 J2 B 35T A ik Ze 44 24
A 9 nm/min, 7] WLARR T2 24T ,HiPIMS 5 DCMS
MU A Y

5 HiPIMS FIl DCMS il 314 TiSiN iR 2 %M . #ImFl AFM JE 5
Fig.5 SEM morphology of surface and cross section and AFM images of TiSiN coatings
prepared by HiPIMS (a,c,e) and DCMS (b,d,f)
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Fig.6 Microhardness curves of TiSiN coatings
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Tab.2 Mechanical properties of of TiSiN coatings

H/GPa E/GPa H/E H3/E?
HiPIMS  33.2+1.19  335.9+£14.23  0.0989  0.304
DCMS  30.1£0.65 313.0£9.56 0.0969  0.26
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Fig.7 Scratch morphology of TiSiN coatings prepared by HiPIMS (a, ¢) and DCMS (b, d)
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Fig.8 Curve of friction coefficient (a) and wear scar cross-section morphology (b) of TiSiN coatings
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Fig.9 Polarization curve of substrate and TiSiN coatings
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Tab.3 Self-corrosion potential and current
density of substrate and TiSiN coatings

HSS DCMS  HiPIMS
Current density/(A-cm™>) 7.86x10™° 4.90x107° 4.78x107"°
Potential/V —4.23 -0.38 -0.36
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