Fat ESM
2016 4F 8 A

wHEERMMSIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.45, No.8
August 2016

YBIKIME TN RFIERE CrCN SERE S

B omY MEGY, EXR?, FeR’, ARE",

LS

2

(1. VCVEEE T K%, YLV #M 341000)
(2. FHEBFR T EEARS TRV, Wi T3 315201)

W E: FHZIEFHEARLE 3161 AEE4A R S EE L& 7B TURIBAEE CreN #i, BT X 4 2R AT (XRD). #
LA (SEM) . X B 66 HL TR A (XPS) 9K EIRA . 273A Hifb2: T 1Eu . Revetest ¥R IR 2 S5 Fl &2 Th G FE 4% g%
RIS I SO G A . F7 A M BE L TR ik B R RE R M BRI AT RAE . SRR B T CrON I, 6
& CrCN P 35 ORI /N, CroCa(421) I I 45 W T v, J MBI s (EW/KIRIE N, BAE CreN i 7 BE 4 7
o LG AR I YT TR SO HIE T, B AN KB E, RO RIS R 5 WC AR R B X S i
TR RS BRRBAR, BRI, R RIS R

FE42iE: MR CrCN i, HHRF CreN M, MWLM WoKIIE, B

hEESHS: TH117.3 XHERFRIREE: A

X E4S: 1002-185X(2016)08-2036-05

H A, SEUR R G5 A6 IR o fa AL 2036 N 28t &
(O, T VR T AR o M ER R ARG 71%, 2
EFEE RS TR, 2RI gk R R 5
B RE. —RIEEITRN CEEOFEG7 EEHRE
s M, N TR B b — e e B R R
AR, WE. WERS. W, Wi, BORIZE, A
B 5 K Befh, o 150 e S g R ) T A AR 2 A
)R JEE I B AR i B 4, 5 5 5 e B R L R
23N, BRI S A Bt DT 5 517 65 ik J2 o LA A2 X e 75K

RIEWRZ R T H S, SRR, (KERERE
HOM BT Itk 2 R g PR, A8 B 4 I e 2% 1F T N
Iz, BB ER R CrN M . BRI, 7E A A
HOR L CrN 7 R 458 2R B v, A i e o 1 HA R R
HME DL A& DRE IR BE K o Bl TG 2 — b R T A R
BA R R E N T3 — 5 2 CrN Mg,
WF9E 3 2R 76 CrN i 45 2% C T & . 101 Hu Pengfeil®
S NCRFH PG AR P G 3% D S DU CrCN S, 221
FLRK L CrCN i B A BLUT (T BE 1 Re . 3 A T 3%
. BERERGTZ R RZHEIELBIE S,
5 038 £ B R 5 A 4 A A 1) A A 1k BB DL R
n A. Gilewiczan 3@ i3 % E CrCN/CrN+ta-C £ & 1% 2
22 R B, CrCN/CrN+ta-C Hi /5 iR 2 B i
) 7 2 T B AN B 22 P e

TE ORI A, JE e o () — ol S 1 0% AR
SKAFEFURA ORI B (R B U0 D AR Sz B0 3 3 B 9 3 o

It HEA: 2015-08-05

BhJEE CreN S5 JIEE 1) folg XL £ A R A0 W /K R 58 T ) JBE 4
1708, SRV G e X v R B 45 A M RE IR S T 22 57
I M AEHE AR PR BT (1 AR EE

1 % I

¥ Fl Hauzer Flexicoat F850 £ i 55 14 JIEE 5 4%,
ERSMOBENRE S, Bk sl Cr §
(99.99%)7E 316L NG5 EX AT i ek B 44 L i FY CrCN i
JE o ORISR, A2 VLT P IR 8 P O Uk 10
min 5, WEHBNEAEE . A #E 350 C,
A B4 FE il & 4107 Pa, 33 7€ 900, 1100 A1 1200
V iR B A S B AR AR O EEARIE B 2 min, BUE
W 2 THD (1 S8 A0 B Fe V5 e o TR CreN I 2 i
FUIREEL 05 um (9 Cr i 2, UIRERE S
JEE 2 IF) ) 45 A 5 i 5 FRIE N Z R4 <. (400 mL/min),
TRFFEE LU 60 A, B8 i A 70 V, PR BT CrCN
HER 2 EH 2N 40 mL/min, JIFREREE CrCN
FEE N 2 B i B9 5~40 mL/min AfRE AR AL .

X H D8 Advance X 4f £k fit % 1X (XRD) .
Alpha-Step 1Q X [ #& B L (& M 1)
AXISUTLTRADLD £ Tjfig X 4% i ¥ fE 1% X
(XPS). FEI Quanta FEG250 ¥ & S HAHi 5 (SEM)
o P RO 45 # i3E AT R AE s SR A MTS-Nano G200 44
KN AT & DL 252 W R 325 00 e 3 B 1) s R 5
PERE & I RIIR 455 77 H CSM revetest Ik {3 3k

EETH: HR ERBIE4S (51161008, 51202261); ITER i%]%E 35 (2011GB110002); VI.VG4 M & A B vE i RI35 H (KILD12072)
ey : Bk 0, 59, 1978 4R, LR, #0%, B T RFEMERNF S TSP, T8 1 341000, E-mail: chenhao_168168@163.com



%8 5

S M KIASE T 2 BURIBEEE CreN I BE J5 2 P RE T - 2037 -

35 SR 273A HLAL S T AR S RAEH AR KA BT
i J&5 ik E fE s SR A€ CETR A4 K UMT-3 £
Ty B R 43 B 1 A 30 LR AT PR R S 0G, fEMK B T,
HF 7T 2 b 8 R AE AN [A) 4% (2 Hz/5 Hz/10 Hz) AN [R] 1o
(10 N/20 N) T [ BE 2 22 1t i o R 8 8 0 30 2% 11 19 -
WEER E(19£3) C, MXEE(7T5+£5)%, KRHAEE
=35 3, W6 I 1E] 30 min, BEJR K BN 3 mm, @=3 mm
(1 WC A it & < BRAE Dy BE 52 150 1) o ) B 2 TH 56 3% A AN
48 5 T v S 1 B IR T S5 3 AT I 43 T

2 HERSHMH

2.1 WML

i D8 Advance X £ AT S AR ALY ot A E
CrCN 1) XRD Kk, Z5RunE 1 fis. KSHER
FHAR4E Ka 5F28(1=0.154 04 nm), FHEJEHZ 305
90 X FHIF CrCN i, Cr,C4(421). CrN(220)%7
SHUEsRIE AR, AR, SmREER, SRR
Ko B CrCN i EAESS i CrCN ¥ i 1) 6tk £, 7=
AT 3ANETRIATSIE, 432 CrN(111). CrN(200)F1
C3Ny(311), kB £ B ift & 7E B B AR AL i 72 b o ) -
CrN(111). CrN(200)H1 C3N,(311) 4 K.

FAMIFFER A, 2RI o AR A A 1 I 1) S
P ERLRSE R B o M SCHRARIE ™, R SRR ST i
N R T 32 iR 2 0 S S R (), A2 &
WiZd B 77; B CrCN i JIEE o (R B AR B 1l (6 45 A2 75 T
R 5 FEE I FLRR B ke T S 1, HEE AR RBE
T FE5 et A SR VB 3 TSR o T R A 1 5 R ) TS B 45
REJIH —EHIKEL, C T35 NS B A 1R
T, TR E B E AR, BB A . CrCs & —Fi A}
J7 i R I SRAL AT, CoNg AHBEE s, AT A0 77 A o
CrCN ¥ 77 22 MEREH BUR I B o X T (421) dn I
(gs SR, B SRR AR, (421)
(25 & R B T, U T B T R ) ) e
2N, PR R E AR S R AL

T 76 3% A7 7E T 2XORT T8 168 1) B 2 PR e LR AR OK
Mg, i 2 fros, ¥JFAIREE CreN MK C 1s
KN 1s Fi. &0 ral %1, C 1s Eik+ 283 eV
30T ) U o S T 5 Sy C-Cr, 4354 5 i W] S0 % N2 1) R K9
Cr,Cqo LA 285 eV [Tl K, C Jtam K
G52 sp? BRI sp® SRR ARAEAE, KRB RE 40 A
284.6 fi1 286 eVI™M, JEILXF N TR IMA DT,
Jii CrCN i JEh N 1s WAL G B 1 4~ N-Cr U, Xf
(K148 % A 396.6 eV 12, Bh 1% CreN B R (1) N Ls Uée
A AR A R 3 N, 430 N-Cr, N-C, N=C, X}
(B RS 4> )M 396.6, 399.1 FiI 400.5 eV,

CrC,
CI,N(421) Gradient CrCN coating

Intensity/a.u.

Jl Uniform CrCN ccjt\ij\g

30 40 50 60 70 80 90
26()

Bl 1 ¥yFAES R CrCN iR 1Y) XRD EiE
Fig.1 XRD patterns of CrCN coatings

PESCERC D), C LR BB R AL R 3 B
SRSy, — S Cr LR AR, B34
TR AL i (sp® B AT sp? #).  sp® 4 A5 AL AH (CrsCy)
HAEREWRER, TR MK sp? # B A R 1
EEA B HESH Clsish RIS E (R &
B, #AE CrCN M sp? BEA1 sp® B S B W T
5 CrCN i

Gradient CrCN coating

SP’C-CIC-N
SP°C-C/C-N

Intensity/a.u.

Uniform CrCN coating
crCc sP’c-C

752 T a—

5

Gradient CrCN coating b

N-Cr
N-C
N=C
__

Uniform CrCN coating

Intensity/a.u.

393 396 399 402
Binding Energy/eVV

Bl 2 YRIEREE CrCN #ifRTY C 1s Al N 1s [
Fig.2 C1s (a) and N 1s (b) spectra in CrCN coatings



+ 2038 -

Wit ERMES TR

i 45 %

1 ClslghsEE2
Table 1 Calculated concentration of C 1s in CrCN coatings (%)

Concentration ~ C-Cr sp? sp® c=0
Uniform 43.9 49.8 3.7 2.6
Gradient 37.9 55.6 5.24 1.26
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Fig.3 Surface (a, b) and section (c, d) morphology of CrCN coatings: (a,c) uniform CrCN coating and (b,d) gradient CrCN coating
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Fig.4 Potentiodynamic polarization curves of CrCN coatings
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Table 2 Adhesion, hardness, H/E and H¥/E? of CrCN

coatings
CrCN Adhesion/N  H/GPa H/E (H¥/E®)IGPa
Uniform 38 18 0.06 0.065
Gradient 80.2 22 0.068 0.104
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gradient (b) CrCN coatings under dry and water conditions
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Tribological Properties of Uniform and Gradient CrCN Coatings in Seawater

Chen Hao'?, Ye Yuwei'?, Wang Yongxin?, Li Jinlong?, Zhou Shengguo’, Lu Xia?
(1. Jiangxi University of Science and Technology, Ganzhou 341000, China)
(2. Ningbo Institute of Material Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: In order to improve the tribological properties of sea frictional key components, uniform and gradient CrCN coatings were
deposited on 316L stainless steel and single crystal silicon by a multi arc ion plating technique. The microstructures, mechanical
performance, corrosion resistance and tribological properties in seawater were investigated by XRD, XPS, SEM, Scratch test system,
nano-indentation, 273 A electrochemical workstation and ball-on-disc tribol-meter. The results show that the gradient CrCN coating
possesses smaller grain size, higher crystallinity of Cr;Cs(421), better mechanical performance than the uniform CrCN coating. Therefore,
in the seawater the gradient CrCN coating can suppress the initiation and propagation of cracks, and inhibits the penetration of seawater;
thus it exhibits good corrosion resistance. Friction coefficient and wear ratio in seawater of the gradient CrCN coating are lower than those
of the uniform CrCN coating, which indicates the tribological properties of the gradient CrCN coating are superior to those of the uniform
CrCN coating.

Key words: uniform CrCN coating; gradient CrCN coating; microstructure; seawater; tribological properties
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