FmFEAR A8 K 4
- 168 - SURFACE TECHNOLOGY 2019 4F 4 A

CrC FRIEKREEX CrC/a-C : H
HAEME DN

BEE, e, NRE mE’
C1ORMNERE AR =SB, $73T SR 325035; 2.8 A, EN 430072)

H E: Be) REGAFELBBEENHE S, FARARAZL CrC PR E ZAT CrC/a-C : H A EW &
NWGFew ., Tk RS R MR H 45 A4 9R PECVD 7 i1 & CrC/a-C : H % &, @il CH, % E (0. 10,
20. 30 mL/min) /£ &k MAEM ERF LA REHAE CrC PIE &M CrC/a-C : Hik B, AERERXRE
MEBARBEOWRES, FREZRE. RTHARBME., BREERIRERE FESRERTRIE, £ |
& W) & CrC A 03 m, KB A ¥ mE o)y, % CH, % E % 20 mL/min &, CrC/a-C : H % E
AARKGWE SN, RIBEMAE A K 705N, ERIE A HFL, sLblR BE6GrEEH 23.4 GPa, A @HEEA
RMS36.9 nm, it &7 Es35 2 B33 Ip/lg A 0.54, GH¥ALF 4 15359 em™ . AR E R k&
W, CrCl/a-C : H ik BA BmAP R R&E, BpEHM/CrC P ER @S CrC P18 &/a-C : H ARG, FiHE
CrC AAKRB LM, a-C- HTMEAKIBE, &% CC P E#AE CrC/a-C: HAEVMHWE N A B ER
oy, BAGERSTH CrC PRIEAM TRIRENRE S, Y45% LN, PHOEAHHSHTAE
BE, AR TFTAERAT aC-HMEMWEREAR S, F58 CrC/a-C: HAEWEH A TR, CrC/a-C : H
B F R ERR A CrC ¥ 1A B/a-C : H TRER @, CrC W e Bax A2 % CrC/a-C - H R BWLFE,
ME a-C: HRBELLEMT, RBRELABIFOME N,

XK§EFE: CrC; a-C - H; Y RE; W& AN, #idzst4; PECVD

FESHES: TG1744 XERIEEE: A XEHS: 1001-3660(2019)04-0168-07

DOI: 10.16490/j.cnki.issn.1001-3660.2019.04.024

Effect of Carbon Content of CrC Interlayer on the
Adhesion of CrC/a-C . H Coatings

HUANG Zhi-hong', YANG Dou?, FU De-jun?, YANG Bing’

(1.Wenzhou Vocational and Technical College, Wenzhou 325035, China; 2. Wuhan University, Wuhan 430072, China)

ABSTRACT: The work aims to improve the adhesion of hydrogenated amorphous carbon coating on substrate and study the
effect of CrC interlayer with different carbon contents on the adhesion of CrC/a-C : H coating. The CrC/a-C : H coatings were
prepared by reactive magnetron sputtering combined with RF PECVD. The C,H, flow rate was adjusted (0, 10, 20, and 30 mL/min) to
obtain CrC/a-C : H coatings with different carbon contents in the CrC interlayer. The adhesion of the coating was measured by
indentation and scratching. The coatings were characterized by Raman, AFM, SEM and Nano-indentation methods. With the

increasing of the C content in the CrC interlayer, the adhesion of the coating first increased and then decreased. When the C,H,
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flow rate was 20 mL/min, the CrC/a-C : H coating had the highest adhesion force; the scratch adhesion force was 70.5 N and

the indentation adhesion force was HF 1. At this point, the hardness of the coating was 23.4 GPa and the RMS surface roughness

was 36.9 nm. The |/l obtained by Gaussian curve fitting Raman map was 0.54 and the G peak position was 1535.9 cm™'. The

SEM image showed that the coatings had two clear observable interfaces, the substrate/CrC interlayer interface and the CrC in-

terlayer/a-C : H top layer interface. The CrC interlayer of the CrC/a-C : H coating was a columnar crystal structure and the top

layer a-C : H was amorphous. The carbon content of CrC interlayer has a significant effect on the adhesion of CrC/a-C : H

coating. The appropriate carbon content of CrC interlayer helps to improve the adhesion of the coating. When the carbon content

is too high, the interlayer will change from crystalline to amorphous, which is not conducive to carrying the internal stress of the

film from a-C : H top layer, resulting in a sharp decline in the adhesion of CrC/a-C : H coating. The adhesion failure of

CrC/a-C : H coating mainly occurs at the interface of CrC interlayer/a-C : H top layer. The carbon content of the CrC interlayer

affects the roughness of the CrC/a-C : H coating. The adhesion of the coating is linearly related to the roughness. With different

CrC interlayers for the same a-C : H layer, smoother CrC/a-C : H coatings have higher adhesion force.
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Tab.1 Process parameters for the deposition of CrC and a-C : H

Process Ar flow C,H, flow Cathode . .
parameters Pressure/Pa rate/(mL-min~") rate/(mL-min~") power/(W-cm™) Bias voltage/V Time/s
CrC 0.3 30~50 0, 0~10, 0~20, 0~30 20 -50 (DC) 2400
a-C * H 1.2 200~250 -600 (RF) 7200

1.2 RN R AR R
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Fig.1 Raman spectroscopy of CrC/a-C : H coatings:
(a) Raman spectra, (b)lp/lg and G peak postion
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Fig.2 Nanohardness analysis of CrC/a-C : H coatings:
(a) typical nanoindentation curve of the CrC/a-C : H
coatings, (b) hardness of the of CrC/a-C : H coatings
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Fig.3 Scratch adhesion analysis of CrC/a-C : H coatings: (a) scratch image of the
CrC/a-C : H coatings, (b) adhesion of the of CrC/a-C : H coatings
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Fig.4 Indentation adhesion analysis of CrC/a-C : H coatings
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Fig.5 AFM analysis for surfacemorphologies of CrC/a-C : H

coatings: (a)AFM image of CrC/a-C : H coatings, (b) RMS
and mean cluster of CrC/a-C : H coatings
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Fig.6 Cross-sectionmorphologies of CrC/a-C : H coatings
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