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Abstract: Cermet coating has different properties from diamond-like carbon coating. In practical applications, the two coatings can
not be used interchangeably, which is a defect for coating applications. To overcome the above defects and combine the excellent
properties of cermet coating and diamond-like carbon coating, a cermet composite self-lubricating carbon coating is proposed. Taking
the ternary TiCN coating as the object, the effects of the relative content of carbon with self-lubricating characteristics on the
microstructure, mechanics and friction and wear properties of the coating are studied by SEM, EDAX, XRD, Raman, XPS, Vickers
hardness tester, indentation test and friction and wear test. The results show that the coating surface becomes more compact and
smooth with the increase of carbon content, and the main constituent phases of the coating are TiN, TiC, TiCq3Ng7and TiCq7Ng3z. The
Ti-N and Ti-C bonds in the coating increase first and then decrease with the increase of carbon content. When the C content is

31.24at.%, the C gradually precipitates from the crystal, and a cermet composite carbon coating of nc-Ti(C, N)/a-C is formed. At this
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time, the highest hardness of coated stainless steel is HV¢51052.2, and the coating shows good adhesion, low friction factor and wear

rate. When the C content is 43.85 at.%, the friction factor of the coating is low, fluctuates below 0.1, and the wear rate reaches the

15 143

minimum value of 3.31x10~~m® / (N « m), but there are microcracks around the indentation. The above research explains the influence

mechanism of self-lubricating carbon on the properties of cermet coatings, and provides theoretical guidance and experimental basis

for the preparation of high-performance coatings.
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Table 1 Parameters of coating preparation

. Current/ A Gas flow / (cm?/ min) . L .
Coating - Bias/V Temperature / 'C Coating time / min
Ti target N, C,H,
Ti transition layer 120 - - 2
TiN layer 120 80 - 100 300 5
TiCN layer 120 80 10, 15, 20, 25, 30 60
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Table 2 Element composition and content of coatings with different C,H, flow rates (at.%0)

Element

C,H, flow / (cm®/ min)

10 15 20 25 30
Ti 42.70 42.98 38.32 38.29 30.94
10.18 12.83 19.97 3124 43.85
47.12 44.19 41.72 30.46 25.22

*3 AF CH, RETABRRBHAENSIREE (at.%)

Table 3 Element composition and content of coating droplets with different C,H, flow rates (at.%6)

Element

C,H, flow / (cm®/ min)

10 15 20 25 30
Ti 37.82 49.87 49.34 27.75 37.44
20.46 25.57 26.32 38.75 40.39
41.73 24.56 24.34 33.49 22.17
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Table 4 XPS characterization of C and N contents in Ti-C and Ti-N chemical states of coatings

C,H, flow/ (cm®/ min)

Chemical state Element
10 15 20 25 30
Ti-C Cc 2.29 297 4.39 3.17 1.50
Ti-N N 49. 81 51.28 57.34 54.81 41.91
z 2 z
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Fig.5 Cls peak fitting diagram of TiCN coatings, (a) - (e) represents C,H, flow rates of 10-30cm®/min
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Fig. 6 N1s peak fitting diagram of TiCN coating, (a) - (e) represents C,H, flow rates of 10-30 cm®/min



166 b B X @ L &

2022 4

22 HEENFREBERIEL

AT Z AR A ) O3 2 7
e WRIZIEHEHER LRSI RIS,
PN TS B RON AL R YU TR
S0, LI ] Py 7E AR TR O T B
IR R

0.80r

Wear section

Substrate

Coating thickness / pm

Coating surface —_

0.45— - .
10 15 20

C,H; flow rates / (cm? / min)
7 ANIA] CoHy W T I 1K) TICN 32 1 )5
Fig. 7 Thickness of TiCN coatings prepared with

different C,H, flow rates

Ve 2 R P I A 2 S R B TR NI B
Syo BRVR S REEE, R A A 2 T IR
FE B AXAS CANK RS K (¥ S0 . i Y 45
SRR, R, VR AE SEbE Tl b kg
KRG EE AETILE . ik, %t
TR A T P 1 O M S v
ST SE A TR B (K 50 . IR | R4 I A
JEBE Z M R A 8 FiR, BEAS Z MR
W, AR RIS RN R, R BRI S
(K BRI 5 C 3B 8 N S 304 2 B 4> G e
A I AR BB TE AR 6P, 2 e 4 25 em® / min
I, R AEN R AR R K, HVoes
1052.2, 44 XRD. Raman A XPS KILZ M A
25cm’/min W, MR E O BT H B

15 ¢cm” /min

10 cm” /min

Indentation

VRTS8 AR 2 1 e R e e 5
VR R A S AE ISR . LR E
30 cm® / min I, ¥4 2 T RS 2 1 Ak i TR SPP-C
KA, BRI SR, DR
G C W RAR SRR, FTLL, M 2Bk
30 cm® / min I, AR IFRAIA, IR/

1200
1100
1 000
9001
8001
700F
6001
5001
4001
300

T

Vickers hardness / HV

0 15 20 25 30 35
C,H, flow rates / (cm3 / min)
8 V&2 ILARM S AR B BE £ B B AR AL
Fig. 8 Variation of the composite hardness of

coating and substrate with C,H, flow rates changing

ATV ARAE JC 1 T2174—2013 4 M &
R A A ERERIG Tk ¥ BRI ) B ¥ J5 VR AE
WRIZ LG BE AR LB A 1F T 4% 1 TiCN
WE R SIS 9 fivr. ZKefiE Sl 10~
25cm’ / min, V2 5 AN AN I (R A BT
BRI, HOR S BRI B4 2480 2 e 1 9
W%, ZWmER 30 cm¥min, R A SEE
B R METERTRIN S, IR AR . RIS
PLHH C & ik 31.24~43.85 at.% Al 5= —{f I, %
JE IR Py 3K B AS 2 AR RRIR AR 2 I 4
ek, TR EARRT R AL 22, g5 G PEReks
%, AR5 2 N R . 25 3E— 0 K S
WA AT T, BT g I T AR e 4
TR,

K9 Rl CoHy it I ifil 4511 TICN ¥ 21K 4 i R IR TE 30
Fig. 9 Surface indentation morphologies of TiCN coatings prepared with different C,H, flow rates



52 1

W i, SR SRR ne-Ti(C, N)E& BT B R 10 i A fig 167

h—BRA T B EEB IR AT N, TR E W RER
(1 JEE 4 DR K il 2 A 1] 10 T o Bl 2Bt B 184
I, VRJE AR EN, BRI RO, R
Bt e s AL, TE T . K 10 RYIE
JE T RICE T BUR 2 ARG AL, TTHREAEL
B Jg 25 cm® / min B A LI, R A R G
iR, AR TR 2 O R D B AR A
PR RS, AT JEAR SR 3 R 2 R
PR ZE Lk TICN ¥R =, (REESE N %(0.2 LR D) ne-Ti
(C, N) /a-C ¥R)= e e Hh B (Rl 1 D o

—10cm®/min  —15cm®/ min
—20c¢m?/min  —25 cm® / min
0.5 —30 ¢cm” / min

"'”*‘FI Wiy _,.;'II 1 'l-
e

Friction factor

B4 R e
$Mbﬁwnmiﬂwrau.lwy-v.nm-.-mwﬂ-

Time / ks

10 AN[F] CoHy i T 41 TICN
VR AR B AR T PR DR i 2k
Fig. 10 Friction factor curve of TiCN coating samples
prepared with different C,H, flow rates
TR R ASCGRAL U R R A — U B
PESRER 25 AT T H B s B 11 s SR
4 25 cm® / min, 30 cm® / min 4 T 4 v Bt
TRE KD PR 453 5 JE 0 B 0% R P S W S AR T AR At S BRI
A NI REE A FE T origin BHUG B
SRR 10~30 cm®/ min ZHu 41
N R R R B AR S B S R s 12
e BEAE SHRGERIHTIN, U JE R AT B R
HRKIRIE 3 S . (£ LPARALT 25 cm® / min

150~
—10 cm? / min
100} ——15 ¢m? / min
—20 cm? / min

——25cm? / min
—30em’/ 1.,’/ a

ém
\/

Z-axis displacement / pm

7

0 2 a 6 8
X-axis displacement / mm
11 R[] CoHo it i il 44 1 TICN 23R R B 1 50
Fig. 11 Wear profile of TiCN coating samples

prepared with different C,H, flow rates

AT A R R i B PR e g B ZA N T
VR RRE A . Z ARl 25 cm® / min LA,
R P 4 B B A AR R Ak . BT, TR
WM A R SRR, R R A S i R
BIEREM.
5.0
4.5

7.0

—&— Wear volume 6.5
=== Wear rate i

4.0k 6.0
3.5

3.0F

5.5
13.0

{4.5
2.5

2.0k

4.0
3.5

Wear rate /(10 153 /(N=m))

Wear volume /1 079 m®

1 L 1 L 1 3.0
5 10 15 20 25 30 35

C2Hs flow rates f(cm3 /min)

K12 AN CoHy Yt T il 45 (K TICN 3 =188
PG AR B LU PR 5%
Fig. 12 Wear volume and wear rate of different coating

samples prepared with different C,H, flow rates
3 45

T8 3 B B L I I T LR A ) £ AN [ Bl 7 £
(1) TICN ¥RJ=, WIS B TR 2 RT3
LR J12E R R RR R BE R RE (s, 22
iR

(1) Bf%E TICN W2 s, WwEx
T SE PRI, OB el WE RS R
31.24 at.%lMf, IRJEMIEEEENEE S 0.2 LIR, R
TN 43.85 at.%lf, WREMEEERRIEE S 0.1 LR,
HEEBR A M 2~ . BEhIEEE N, R R
TEEAE

(2) BRMURIHT, ¥R)Z 4L A 2 TiN, TiC.,
TiCo3No7 M TiCo7Nos, HATHIIETRIESS, ki ]~}
AN, R ZE, CURGR Dl 31.24 at.% I, R RS
O T EWARE, T AERDR, JER ne-Ti
(C, N) /a-C 4505 )2

(BBt AT Hh A B AR S22 1) 1 Pk R,
Moy 31.24 at. %], RIEANEEAN IR K,
3 1052.2 HVoos. ¥ J2H C & KT 31.24 at. %0,
WIZIN BN 8K, 30 S EOR 2 W 248 1
BT, Ao kReRE .

(4) ¥R 210 BB 45 e B A T 5 0 PR 39 o v PRI
TR 2 A b AR SR A K ne-Ti(C, N) / a-C &%
FIERZRS, IRBEAF N EBESOR TGRS, it
LGB, VR AR R T R i BE OGN R 2 —,



168

b =B X W L =

2022 4F

URIZ I AL SR P R Tt B et R A

FLE S
& £ x
[1] KONG D J, ZHANG D H. Microstructure and friction-

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[°]

[10]

wear performances of cathodic arc ion plated TiAISICN
coatings on YT14 cemented carbide cutting tools[J].
Industrial Lubrication and Tribology, 2018, 70(4):
578-588.

ZHAOJF , LIU Z Q. Influences of coating thickness on
cutting temperature for dry hard turning Inconel 718 with
PVD TiAIN coated carbide tools in initial tool wear
stage[J]. Journal of Manufacturing Processes, 2020, 56:
1155-1165.

BOBZIN K, BROGELMANN T, KALSCHEUER C,
et al. Thick HS-PVD (Al, Cr),05 coatings for challenging
cutting and die casting applications[J]. Thin Solid Films,
2018, 663: 131-142.

KOVAC H, BOZKURT Y B, YETIM AF, et al. Corrosion
and tribocorrosion properties of duplex surface treatments
consisting of plasma nitriding and DLC coating[J].
Tribology International, 2020, 156: 127-135.

WU J, WU G Z, KOU X L, et al. Probing tribological
behaviors of Cr-DLC in corrosion solution by tailoring
sliding interface[J]. Tribology Letters, 2020, 68(3): 1-12.
HUANG B, ZHOU Q, ZHANG E G. Effect of thickness
on tribological behavior of hydrogen free diamond-like
carbon coating[J]. Coatings, 2020, 10(243): 1-9.

SUI XD, LIUJY, ZHANG ST, etal. Microstructure,
mechanical and tribological characterization  of
CrN/DLC/Cr-DLC multilayer coating with
adhesive wear resistance[J]. Applied Surface Science,
2018, 439: 24-32.

WANG JJ, MAJ J, HUANG W J, et al. The investigation

improved

of the structures and tribological properties of F-DLC
coatings deposited on Ti-6Al-4V alloys[J]. Surface and
Coatings Technology, 2017, 316: 22-29.

GOTZMANN G, BECKMANN J, WETZEL C, et al.
Electron-beam modification of DLC coatings for

biomedical applications[J].  Surface
Technology, 2017, 311: 248-256.
WRacae, Bk, BRk, 5. BT IR R
TIAICN/TIAIN/TIAL 525 1A 5 JE 1l X BESR2EPERELD]. 4
A, 2020, 69(10): 38-48.

CHEN Shunian, LIAO Bin, CHEN Lin, etal. Corrosion

properties of TIAICN /TiAIN / TiAl

and Coatings

and tribological

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

composite system deposited by magneticfliter cathode
vacuum arc technique[J]. Acta Physica Sinica, 2020,

69(10): 38-48. (in Chinese)

FITIE, EREA, B4R, 4 Cr B HAGYLE =R
Xt TICN SREPERERZ ). b B & T2, 2017,

30(2): 56-62.

LI Fangzheng, WANG Kunlun, ZHAO lifeng, et al.
Effects of interlayers based on Cr and its compound on
properties of TIiCN coatings[J]. China

Engineering, 2017, 30(2): 56-62. (in Chinese)
FREEAR, DM, SO0, S5 JTRB ARG NI
FESEAVEREM SEMA[I]. v R ST TR, 2021, 34(4):

19-29.

GUO Peilin, JIA Qian, MENG Shuwen, et al. Effect of

Surface

element doping on the tribological properties of
diamond-like carbon films[J]. China Surface Engineering,
2021, 34(4): 19-29. (in Chinese)

LI GD,SUNJF, XUY, et al. Microstructure, mechanical
properties, and cutting performance of TiAISiN multilayer
coatings prepared by HiPIMS[J]. Surface and Coatings
Technology, 2018, 353(15): 274-281.

CAOFY, MUNROEP, ZHOU ZF, etal. Influence of
substrate  bias on  microstructural evolution and
mechanical properties of TiAISIN thin films deposited by
pulsed-DC magnetron sputtering[J]. Thin Solid Films,
2017, 639: 137-144.

XIAO J K, ZHANG W, ZHANG C. Microstructure
evolution and tribological performance of Cu-WS 2
self-lubricating composites[J]. Wear, 2018, 412-413:
109-119.

WANG B, LIU Y, LIUY, et al. Mechanical properties and
electronic structure of TiC, Tig7sWg25C, Tig75Wo25
Co.75No2s, TiCq75Ng05 and TiN[J]. Physica B: Condensed
Matter, 2012, 407(13): 2542-2548.

YANG Y, LU H, YU C, et al. First-principles calculations
of mechanical properties of TiC and TiN[J]. Journal of
Alloys and Compounds, 2014, 485(1-2): 542-547.
AKINRIBIDE O J, OBADELE B A, AKINWAMIDE S
O, et al. Sintering of binderless TiN and TiCN-based
cermet for toughness applications: Processing techniques
and mechanical properties : Ceramics
International, 2019, 45(17): 21077-21090.

ZHANG F Y, LIC, YANS, et al. Microstructure and

A review[J].

tribological properties of plasma sprayed TiCN-Mo based
composite coatings[J]. Applied Surface Science, 2019,
464(15): 88-98.



F2H Brooam, 45 LBME nc-Ti(C, N)YEG I FIRIZR& LR 169
[20] KUMAR T S, JEBARAJ A V, SHANKAR E. 1339-1344.
Metallurgical and  mechanical  characterization  of [27] RODRIGUEZ RJ, GARCIAJA, MEDRANOA, etal.

[21]

[22]

[23]

[24]

[25]

[26]

TIiCN/TIAIN and TiAIN/TiCN bilayer nitride coatings[J].
Surfaces and Interfaces, 2019, 15: 256-264.

GUO F F, Bl Y H, LI C, et al. The crystallization
behaviours of reactive-plasma-sprayed TiCN coatings
with different Ti/ graphite powder ratios[J]. Ceramics
International, 2020, 46(15): 23510-23515.

LIJL, ZHANG S H, LI M X. Influence of the C,H, flow
rate on gradient TiCN films deposited by multi-arc ion
plating[J]. Applied Surface Science, 2013, 283: 134-144.
LEIZF, ZHU XD, LIYH, etal. Characterization and
tribological behavior of TIAIN/TIAICN multilayer
coatings[J]. Journal of Tribology, 2018, 140(5): 051301.
ZENG Y Q, QIU Y D, MAO X Y, et al. Superhard
TIAICN coatings prepared by radio frequency magnetron
sputtering[J]. Thin Solid Films, 2015, 584: 283-288.
CHEN S N, LIAO BI, CHEN L, et al. Corrosion and
TIAICN / TIAIN / TiAl

composite system deposited by magneticfliter cathode

tribological ~ properties  of
vacuum arctechnique[J]. Acta Physica Sinica, 2020,
69(10): 38-48.
DREILING |, STIENS D, CHASSE T. Raman
of TIiBCN,
deposited by low pressure chemical vapor deposition[J].
2010, 205(5):

spectroscopy  investigations coatings

Surface and Coatings Technology ,

[28]

[29]

[30]

Tribological behaviour of hard coatings deposited by
arc-evaporation PVD[J]. Vacuum, 2002, 67(3-4): 559-566.
AL-BUKHAITI M A, AL-HATAB KA, TILLMANN W,
et al and mechanical
Ti/ TiAIN / TIAICN nanoscale multilayer PVD coatings
deposited on AISI H11 hot work tool steel[J]. Applied
Surface Science, 2014, 318: 180-190.

KUPTSOV KA, KIRYUKHANTSEV-KORNEEV PV,

SHEVEYKO A N,
electrochemical and impact wear behavior of TiCN,

TiSiCN, TiCrSiCN, and TiAISiCN coatings[J]. Surface
and Coating Technology, 2013, 216: 273-281.

XIAN G, ZHAOH B, FANHY, etal. The structure and

Tribological properties  of

et al , Comparative study of

adhesion of Zr/TiAIN coatings on high-speed steel and
cemented carbide substrates[J]. Applied Mechanics and
Materials, 2014, 459: 46-50.

EZEN: BRok, 5, 1991 fFEMAR, Wid:, SEEf. HERFETOS 0 A
AREEN K PVD 32 MEHRAMT .

E-mail: chengiang2019@yeah.net

it GafEERD , 5, 1973 S, WhE, B, mEersik
Sl FERFSIT A EAEAOK PVD ¥RZE . MU FbRE 2800

E-mail: zhangeg@yeah.net



