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ABSTRACT: The work aims to prepare favorable CrCN coatings by magnetic filtered cathodic arc deposition and study the ef-
fects of acetylene/nitrogen gas flow rate and substrate bias on structure and composition of the films. CrCN composite films
were deposited by filtered cathodic vacuum arc deposition technique at different C,H,/N, mixed gas flow rates ranging from 20
mL/min to 100 mL/min. Phase structure and morphology of the films were analyzed by X-ray diffraction, field emission scan-
ning electronic microscope, transmission electron microscope, scanning probe microscope, X-ray photoelectron spectroscopy
and transmission electron microscope. The amorphous degree of the films increased gradually as the gas flow rate increased,;
TEM showed that a large number of nanocrystallines immersed in amorphous composition of the CrCN composite films; SPM
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showed that the surface roughness of CrCN thin films increased from 0.345 nm to 4.38 nm as the substrate bias from increased
—200 V to -150 V; XPS, TEM and XRD data showed that the Cr element in the films mainly existed as pure Cr, CrN and Cr3C,.
The CrCN composite films prepared by virtue of the magnetic filtered vacuum cathodic arc deposition technology have
amorphous-nanocrystalline mosaic structure. The surface roughness of CrCN films is related to the negative bias of the sub-
strate. The increase of gas flow rate of mixed gas has little effect on the change of film composition.
KEY WORDS: CrCN; structural analysis; magnetic filtered cathodic arc deposition; FCVAD; XPS
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Tab.1 The parameters and the surface roughness of the CrCN films fabricated by FCVAD technique

. Rt Z Mttt R WICHE RIS,
/(mL-min™) /(mL-min™) /(%107 Pa) N /nm
N,-C,H,-20 10 10 1.8 —200 0.345
N,-C,H,-60 30 30 3.7 —200 0.582
N,-C,H,-80 40 40 4.9 -150 4.38
N,-C,H,-100 50 50 7 -150 2.10
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Fig.1 Cross-section FESEM images of N,-C,H,-100
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Fig.2 The three-dimensional SPM images of the coatings
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Tab.2 Comparison of gas flow rate, substrate bias
and film surface roughness

AR

v S RIS
i

/(mL-min~%) v S./nm
N,-C,H»-20 20 —200 0.345
N,-C,H,-60 60 —200 0.582
N,-C,H,-80 80 -150 4.38
N,-C,H,-100 100 -150 2.1

K 2c, d) R—PNECES . SCIR[1L]H A BT g4 Ik
SHECRM %% T Cr-C-N - JBEAISTHR [61H] I A MU AR 2
ARl & T CrCON IR, AR i R 1A T ORI
R, AT /N2 368 5 i 2 B A S ) ) 9 S
AR RS ROEHT, ARSI B e, iR R
few o

FUEBORLRE B m 0, el — R, AR AL
Py, 2 HDHURE B LA TC AR, T 25 2R L fi s 4
RIS, SRR LA . X2 T il i T D e
TR, B TREREIE S, BER LI —E MR R
mr R, DURURL TR RS AL RE, (AR A K
HEMBCERIA

3.2 HIRMIE S
3.2.1 XRD ##h

& 3 R XRD AT i . AR /N,
M CrN R Cr ShiRZAERL, RABMMEMYE C
TCE AT . B R3S K, CrN fif
SgETGEfl, SREZEES, 48 Cr BT BNk,
R T AR A AL o TR AT L, AR A Y AR AR X
CrCN i CrN My ER L o2, ¥ 5 (200)
PRI . 256 XPS $4la vl 0, C Fe i by 2L
FAEH R Z—H CrsCy, CrCo ARV E, CIN
LA, HEHIRTE, C IR FARERUL CrN

K3 Wiy XRD &l
Fig.3 XRD patterns of CrCN coatings
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Fig.5 XPS spectrogram of Cr,p
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Fig.6 The XPS C1s spectra of the films
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Fig.7 The XPS N1s spectra of the films
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Fig.8 The TEM images of N,-C,H,-60

4 L5k

N FCVAD il £ () CrCN &4 il 22 T AR
U AE, F T RURE B AG, FeA{L 0.345 nm, JiE
EH5E0E, SRR A RAF. B2 RS 322
HEKAEA X, SRAKKRERAT L, K
k1 200 Vil £ B4 T RORLRS B Fb 7 150 VA Y
il 1A EE ., MERGSRE MG, WY
Ak AL R L B T . CrCN 42 4 i I vy K i 42
FE LA K B L4 K B9 ok ik 87 I 2 R BT
o 7 CrCN Hiffidh, Cr JuZ A CrN., CrsC, 1 Cr
HUR I AE e, BIRA AR & A7 )
ALK,

S 30k

[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

RZEPIEJEWSKA-MAYSKA K, PARLINSKA-WOJTAN
M, WASMER K, et al. In-situ SEM Indentation Studies of
the Deformation Mechanisms in TiN, CrN and TiN/CrN
[J]. Micron, 2009, 40(1): 22—27.

ZHANG Z G, RAPAUD O, ALLAIN N, et al. Micro-
structures and Tribological Properties of CrN/ZrN Na-
noscale Multilayer Coatings[J]. Applied Surface Science,
2009, 255(7): 4020—4026.

E, K%, EF. @JRE AN CrN iR R 251y
Ko PEAE BRI PR RE AU S A [J]. R EF 58, 2005, 33(5):
30—32.

WANG J, ZHANG G A, WANG L P. The Influence of
Metal Alloyed on the Structure and Wear Properties of
CrN Coatings[J]. Lubrication Engineering, 2005, 33(5):
30—32.

KNOTEK O, LOEFER F, KREME G. Substrate and
Interface Related Influences on the Performance of Arc
Physical Vapour Deposition Coated Cemented Carbides
in Interrupted Cut Machining[J]. Surface and Coatings
Technology, 1992, 54: 476—481.

WARCHOLINSKI B, GILEWICZ A, KUKLINSKI Z, et
al. Arc-evaporated CrN, CrN and CrCN Coatings[J].
Vacuum, 2008, 83(4): 715—718.

WARCHOLINSKI B, GILEWICZ A, RATAJSKI J, et al.
An Analysis of Macroparticle-related Defects on CrCN
and CrN Coatings in Dependence of the Substrate Bias
Voltage[J]. Vacuum, 2012, 86(9): 1235—1239.

HU P, JIANG B. Study on Tribological Property of
CrCN Coating Based on Magnetron Sputtering Plating
Technique[J]. Vacuum, 2011, 85(11): 994—998.

TONG C, LEE J, KUO C, et al. Effects of Carbon Content
on the Microstructure and Mechanical Property of Cathodic
Arc Evaporation Deposited CrCN Thin Films [J]. Surface
and Coatings Technology, 2013, 231: 482—486.
FUENTES G G, DIAZCERIO M J, GARCIA J A, et al.
Gradient CrCN Cathodic Arc PVD Coatings[J]. Surface
and Coatings Technology, 2008, 203(5/7): 670—674.
ZHANG X, WU Z, WU X, et al. Structure and Proper-
ties of Tetrahedral Amorphous Carbon Films Implanted
with Ti lon[J]. Surface and Coatings Technology, 2007,
201: 5219—5222.

EUN Y C, MYUNG C K, DONG H K, et al. Compara-
tive Studies on Microstructure and Mechanical Proper-
ties of CrN, Cr-C-N and Cr-Mo-N Coatings[J]. Journal
of Materials Processing Technology, 2007, 187—188:
566—570.

CONDE A, NAVAS C, CRISTOBAL A B, et al. Charac-
terisation of Corrosion and Wear Behaviour of Nanos-
caled E-beam PVD CrN Coatings[J]. Surface and Coat-
ings Technology, 2006, 201(6): 2690—2695.

VYAS A, SHEN Y G, ZHOU Z F, et al. Nano-structured
CrN/CN, Multilayer Films Deposited by Magnetron
Sputtering[J]. Composites Science and Technology,
2008, 68(14): 2922—2929.

JRERWI, FURE, B/, S8 B AR B IR Y i &
HLALAPERERI T 0], #ifT 4@ b kLS T A%, 2004(6):
666—669.

ZHOU Q G, BAI X D, CHEN X W, et al. Preparation
and Electrochemical Properties of Gradient CrN, Coat-
ings on HI3 Steel[J]. Rare Metal Materials and Engi-
neering, 2004(6): 666—669.

MIHA C, MARIJAN M, DARJA K M, et al. Properties
of Cr(C, N) Hard Coatings Deposited in Ar-C,H,-N,
Plasma[J]. Thin Solid Films, 2003, 433: 174—179.



