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ABSTRACT: The work aims to study friction and wear properties of chromium doped diamond-like carbon (Cr-DLC) films,
chromium aluminum nitride (CrAIN) films and chromium nitride (CrN) films prepared on the surface of GNiCr40AI3Ti alloy in

deionized water environment. Cr-DLC films were prepared on GNiCr40AI3Ti alloy in the method of ion source assisted
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unbalanced magnetron sputtering. CrAIN films and CrN films were prepared by multi-arc ion plating technique. The
microstructure and morphology of films were analyzed by scanning electron microscope, Raman spectrometer and X-ray
diffractometer. The hardness, friction and wear properties and two-dimensional profile curves of wear scar of the films were
tested by microhardness tester, tribo-tester as well as white light interference scanning profiler. In the 10 h continuous friction
process of deionized water environment, the CrN films had the lowest average friction coefficient of only 0.17, which was 54%
lower than that of the GNiCr40Al13Ti alloy. Compared with GNiCr40AI3Ti alloy, Cr-DLC films, CrAIN films and CrN films
reduced wear volume under deionized water environment. The CrN films exhibited the best wear resistance with wear volume of
0.017 mm®, which was only 0.18% of the wear volume of the GNiCr40AI3Ti alloy. The wear resistance of Cr-DLC films and
CrAlN films were not as good as that of CrN films, which was mainly caused by the microstructure of the films. The columnar
loose structure of the Cr-DLC film caused the film to be worn through prematurely, and the Cr phase in the CrAIN film caused

the hardness of the film to decrease, thereby reducing the ability to resist shear. CrN films have the lowest friction coefficient

and the best wear resistance in deionized water environment.

KEY WORDS: deionized water environment; Cr-DLC films; CrAIN films; CrN films; friction and wear

TR B ST RE . R . RS- IR
b RIS B E A, HAEE R B
TR 22 495 2 A R A I T o A e AR e B o (H TR
2 R 2T A 7K R v 0L A A 7 — B iR £ i DL (1)
[, WK AR, A5 EE 52 3% 1T =2 [E) I i 114 7K
JERE ARG R 2 — R E T2 —, i
DI B S5 A st R T o, DA s i 7™ g o
PRTRE 25 B 2501 AN, K (oK, i3k
BFK ) HARBRAE M, [0 48 AR
HoWEMmmEl, R E S EmA R N
T AR R K AR FE R A T R koM R,
PRI IRAS F i, FmisER ARSI AT R4,

FEH M D A AL BB | AR | PO R T bk
BAR . BHREL . SHUIRES, ST HREZEN
TG YLIREE | PR Z B TR | OGS R RS IR
FBHM E AL 2 I BUEE 2, BFFE N B & B AR DR
RO AR AT 2K A A YRR AR R
FALHERT . Ak . EAL R TR R AR SR ),
TE 7K IE T JEE 4% R 1 45 B B R I sF o 28019 O T A 3
LA (R DB EE BB AE T, AR 1 /K i 1 R 5 I A AR [l iz
SRE T REBTE

HAT, B4 S TR I 5T TAE 252
316 NEEANIE NIRRT IIAFST , & F GNiCr40AI13Ti
A A 3 T 1) S A A A M B T 9T R DL A DG A .
GNiCr40A13Ti & 42— M BB M A 4,
EAATCRE . Tk PrER . mil R E, FRRIE
AR R KA T AE R E B AR S kM ok, A
S, ERSERBR T AU Cansh I ) W,
GNiCr40AI3Ti & &M EMASR BB E I ER, e
L ARA FF ok o R SCET R 2B oK 0 T AR IS
fiF5¢ GNiCr40AI3Ti fli7& M4 L% Hi il % 1 Cr-DLC.
CrAIN il CrN =7 B &5 v B A SO 45 14  HLAME: fig
JEESE PR BE , 38 2 X IR A B WSS N A BT, FR AT

T HERRAE L B K IREE P R T, A U S i Bk
b AR 25 8 1 K BRI v AR T i ) 42 w8 RS2 B ) T
T O P 4 g bR 07 58

1 e

1.1 EHERHS &

LR B FH K IR 8 25 BT R AT o 1
GNiCr40AI3Ti &4, HEZAS (IR ESEGT)
K 40%Cr, 3%Al, 1%Ti, 4vE-N Ni, il B
WUE. TS, .

T BRI A D
TR IR () Z T RE B FHEE R G b7, TEAR RS
Hh, BHR 2 S U 2 TR 3R A B TR R
TR 25 o R e RN SR A S AL o R ) ) e AR
BB B P AL BRI () GNiCr40AI3TI &4 A K
7325, T EZS % 2x107° Pa, SRJG7E—800 V 1 E
RSB AR B R T 30 min, & BT E TR
YPRBEE 2 kW, R EN 200 mL/min, ZJ5 fiE
TR AT AR . Horh Cr-DLC S 114 11 4% R FH B - U5
0y B A ST A 0 4 D B 1) T R A T A 4%, CrAIN 8 R
CrN R 200 T8 k045 . R-IG 4 CrAl
2 (Cr Ml Al IR OCR At 30 7) Fidd
Cr $0/E AHEH . Cr-DLC MBEAYT & T 2350k 1
7R, CrAIN Fl CrN B il 25 T 2S8R 2 s .

&1 CrDLC #HEWH&ETZSH

Tab.1 Preparation process parameters of Cr-DLC films

Film Total gas Gas  Current/A Bias/V T1rr_16/
process  pressure/Pa min
CrN layer 0.3 Ar+N, 12 -120 60
Cr-DLC From 12
layer 0.4 CHs  gowntos 30 150
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Tab.2 Preparation process parameters of CrAIN and CrN films

Film  Total gas N, flow/  Current/ Bias/ Time/

type pressure/Pa  (mL-min") A \Y% min
CrN 1.5 1000 100 -80 180
CrAIN 4 2000 120 -100 150
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Fig.1 Surface and fracture morphology of films on the surface of GNiCr40AI3Ti alloy: (a) surface morphology of Cr-DLC films;
(b) fracture morphology of Cr-DLC films; (c) surface morphology of CrAlN films; (d) fracture morphology of CrAlN films; (e)
surface morphology of CrN films; (f) fracture morphology of CrN films
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Fig.3 XRD spectra of CrN film and CrAIN film: (a) CrN film;

(b) CrAIN film
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Fig.7 Two-dimensional profile curves of wear scar: (a)
GNiCr40AI3Ti alloy, (b) films

it — 243 M7 GNICra0AI3Ti A 4 J 3% 1Hi v i
TE LB TR B EAL , R 4 4 58 UL 2R
SRS R BSRIE S, WKl 8 R, WILLAE
GNiCr40AI3Ti & & B IR 3R 10 2 IIRE A — A,
XS KA GNiCr40A13Ti & 45 SisN Bk Z M &4 T AL
PG A FERE S, NI = A T B34 5 1T HLAE GNICrd40AI13Ti
B E B PR AEAE R R PE BT, X AT RESE N
GNIiCr40A13Ti 5 4 75 2 85 F /K PR 5% o B8 401 50 il
FU, b AR A R TR SisNg BRI GNiCrd0AI13Ti
BERAERE , G S sy UIRT R T Bk R
7% . Cr-DLC N Z85 10 h (UBE )5 B 29l o
JIT ATE B IR 1 B R AT A7 AR YRR A, TR E YA 1
WA, BIZEINHE GNICr40A13TI & 4 HH 7] B B
PUERIF . 3% F R Cr-DLC 5 5 SR A B AR bR
GERE, KAy TR AR N IR 45 2 R A2 N
FHfH Cr-DLC ¥ 7 7K BRI o JBE 82 i T 5 ol i 3R
CrAIN 8B 9 B IR P 30 h A7 A Je 000 1Y) 1 B g 7
MG, X5 CrAIN A B i o B O 4K DL B il 45 25
CrAIN oI5 2 T A7 7F 09 L BRI AH G o B F CrAIN
WEERE G, 7EEE S AR R R BE ) 25 L BUBT I BE
F155, MIMFEAR T HBUEB W EE S . CrAIN 3%
AT FLBR IR , A2 3k B R 2% 1 A7 7 3R V% Tl bt



A9 FE M

Fstets . GNiCr40AI3Ti & 4: %1 Cr-DLC. CrAIN #l CrN W 7E 6 8 T K 3R Es v (g BE S BB 3 Mk i - 217 -

AN Z —, RO SLBUSC K 7128 ARS8 , i
1 R A e R PR By et T A L BT M
5T, [RIAEAG RN FOK BT AL FAEATE , ik
T BT SR d A48 55 R 7 o CrN IS A9 S RO 00
U ) B L PR A0 A0, EL T 8 I 7 3 ARG ) 3% THT 34

20.0kV-14.9mm x200 SE(M)

a GNiCrd40AI3TiE4:

¢ CrAINWE

PRI C 2 goe e kB, ZKRRY CrN A AE
S5 IR, WA BE e A P R T OO A AR P L
LB T KB RVERTT BEEESE 0%, B JE RpE
B TR B L BRI, 7R EE R 2 (8] 5% B 5 | dR R
i, TEBIRR Y R

20.0kV.15.2mm x200 SE(M)

b Cr-DLCH#E

20.0kV 15.2mm x200 SE(M)

d CrN#iE

K8  GNiCr40AI3Ti A4 S HA I BERE 5
Fig.8 Morphology of wear scars on GNiCr40AI3Ti alloy and its surface films: (a) GNiCr40Al3 Ti alloy; (b) Cr-DLC films; (c) CrAIN

films; (d) CrN films

3 #it

1) 78 10 h #LL0 2B TR T
GNiCr40AI3Ti &4 1l CrAIN T i - 24 B8 42 22 B0 (il
WAHZEAR K, 43910 0.36 F1 0.34, Cr-DLC 3 [l ) B2
5 22 50t JEE A o T] ) JE T4 K, CeN R 1 1 $59 FE
BERBURAME, UM 0.17, o GNiCrd0AI3Ti A 4 A%
T 54%,

2) 5 GNiCr40A13Ti A4 LM e, HEmHl &
f) Cr-DLC. CrAIN Fl CrN W5 AE 25 B /K PRES R 52
S TN T R R R, Hop, CrN R B A
BFETRES R, BEUAR R 0.017 mm®, {4 GNiCr40AI3Ti
HEBEBRIETR 0.18%.

3) W BRSO AT LIS, R T KA
Bith, GNiCrd0AI3Ti £ 4 MBS HIE X 32 LR BLM Kl
B ERL B, Cr-DLC MR W s 28, 16 BR
BRAN I 5 GNICr40A13Ti 44 A1 1] 1 KL 25 B 4
FERL SR, CrAIN MR BN R 55 #1175, CiN
THE JIBS A Bl %) S T S 36

SE M-

[1] NOSONVSKY M, BHUSHAN B. Green tribology[M].
Berlin: Springer Publishing, 2012: 347-391.

[2] LIAO MY, XIN B, LI Q B. Study on friction and wear
properties of water lubricated rubber bearing[J]. Applied
mechanics and materials, 2013, 423-426: 920-924.

[3] WANG Y X, WANG L P, XUE Q J. Controlling wear
failure of graphite-like carbon film in aqueous environment:
Two feasible approach[J]. Applied surface science, 2011,
257: 4370-4376.

[4] ZHANG X L, YIN Z W, JIANG D, et al. Comparison of
the lubrication performances of water-lubricated and oil-
lubricated plain journal bearings[J]. Applied mechanics
and materials, 2015, 711: 27-30.

[5] s AT/KMEE TR CrSiN 9PRE A L S
PERBRFSE[D]. 20: 2SS K%, 2014.

WANG H X. Microstructure and properties of CrSiN
nanocomposite films in water environment[D]. Lanzhou:
Lanzhou Jiaotong University, 2014.

( FH:58 244 77)



