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Table 1 Chemical composition of matrix material
4Cr13 (/%)
C Si Mn S P Cr
0.36~0.45 <0.60 =<0.80 =<0.030 =<0.035 12.0~14.0
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FEA% . 18 2 NAR[FEIE 2% Mo i CrMoN (1) B ik /& . w]
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JesBINJE /N, 1F Mo # &N 7.09% RT3 % FIRD
i, 458 KN 5T N, BRI (HV) ik 3H AH
29623 MPa.
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Table 2 Atomic percentage of the CrMoN coatings with
different Mo contents

. Content/at%
Time/s Hardness, HV/MPa
Cr Mo

10 29.93 69.92 0.15 21411
20 20.31 75.47 4.23 24160
30 10.05 84.81 5.15 24160
40 17.08 75.82 7.09 29623
50 17.82 69.92 14.26 25804
60 17.16 61.72 21.12 27105
120 24.77 44.15 31.08 24418
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Fig.1 Scratch resistance of CrMoN coatings with different

Mo contents
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Fig.2 Hardness of the CrMoN coatings with different Mo contents
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Fig.3 XRD patterns of the CrMoN coatings with different

Mo contents
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Fig.4 Cyclic polarization curves of samples with different Mo
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contents in H,SO, solution
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Table 3 Electrochemical corrosion parameters of samples
in H,SO, solution

Mo  Self-corrosion Self-corrosion Initial-passive Relative
content/ potential, Ex/ current density, current density, corrosion

at% mvV icor/MA €m?  i/mA em™? rate
0.15 —426 0.60030 1.21411 9.20
4.23 -468 0.26766 1.24577 4.10
5.15 -468 0.67331 1.37931 10.31
7.09 471 0.60378 1.21661 9.25
14.26 -451 0.06527 0.31850 1.00
21.12 —460 0.21487 0.86092 3.29
31.08 —452 0.48681 1.58391 7.46

2120 mV B, RAEECEE, WP BE S AL 4R HE
TEAR M E MR R, FIRARIR, Pl el 4B,
M Mo HEN 14.26% N, FEE R E E R NA
0.318 50 mA ¢m™?, X B ] & H 7E H,S0, I+, b
"B R e B A

232 7E NaCl BAREFTHEM
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4 R WHFELE NaCl WP I B Ak S i 2 4. Wi 5
M 4 fror, 16 NaCl ¥ A1 Mo & & 1f) CrMoN
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TR R RE Rl AT HOE R OR, U RE AN
BT A P S PR vk e R T8 4 Mo
HOH 4.23%0F, BB R AL Y-329 mV, i 24 Mo
RN 0.15%. 21.12%FM, B0 H S A AN
—-806. —794 mV, FHAEAHZEZ) 450 mV, Frll Mo &
A 4.23%0, WNIRIJEMEE, EAE NaCliE R i
i J&5 v BE EE Mo & 0.15%. 21.12% 1 B iR % .
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Fig.5 Cyclic polarization curves of samples with different Mo
contents in NaCl solution
F 4 WHEETE NaCl BB LERMSH
Table 4 Electrochemical corrosion parameters of samples
in NaCl solution

Self- Initial- .
Self- . . Passive .
. corrosion  passive Relative
corrosion current .
content/ . current  current . corrosion
potential/ . . density/
at% density/  density/ 2 rate
mV 2 > MA€m
mMA €m” mA €m
0.15 -806 0.00419 0.71160 1.67398 6.53
4.23 -329 0.00265 - - 4.12
5.15 -431 0.00064 - 2.17241 1
7.09 —-709 0.00142 - 2.24765 2.22
14.26 -479 0.00559 - 2.28997 8.72
21.12 -794 0.00155 - - 242
31.08 -375 0.00157 - - 2.44

21.12%. 31.08%Ff, "EAITHIAH XS JE i 2 5 G2 Mo
(5.15%) (] 6.53. 4.12. 2.22. 8.72. 2.42. 2.44 f%;
Bl A AR A L T o B — e R R, A 2R I
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6 1% 5 B, £ NaOH ¥ i H AN [F] Mo % & 1 CrMoN
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425 mV. 4 Mo & 270 508 14.26%), H J5 T L 2%
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HegaEn, WM 1~3 RAFRMAEERHK. 24 Mo
HES NN 0.15%. 4.23%. 5.15%. 7.09%. 21.12%.

31.08%H, B AT AH X P d R 4 5l & Mo (14.26%)
] 6.74. 5.29. 1.49. 2.82. 2.57. 7.25 f%. Ll I,
AR Mo MIE T8N 14.26%0, & 174
NaOH & ¥ (1T Ji b v ek B e, M E R 2
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Fig.6 Cyclic polarization curves of samples with different Mo

contents in NaOH solution
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Table 5 Electrochemical corrosion parameters of samples

in NaOH solution

31.08 —754 0.00256 - - 7.25

Self- Initial- .
Self- . . Passive .
. corrosion  passive Relative
corrosion urrent .
content/ otential/ current current densitv/ corrosion
at% P density/  density/ mA cn):'z rate
mA em?  mA em?
0.15 -436 0.00238 -2.313636 - 6.74
4.23 -766 0.00187  —2.33897 - 5.29
5.15 -558 0.00053 - - 1.49
7.09 -800 0.00100 —2.20292 - 2.82
14.26 -375 0.00035 0.859979 -0.09801 1
21.12 -668 0.00091 - - 2.57

Bt /0 S Ao VB JE b e AR 2

22 I T AR 4% (10 T AN T G 1 2 A AR VR
BRI LA R R R, RRIS S N R T4,
B S A e T 10, 5250 FH (R Cr B Mo #E,
FTLAL RS & & Mo. Cro BT 7T /e 51 28 i,
FREAE TR T, R REMCIR R A A, P DL SR A -
VS 11 5 bk P 0y A 2 T R SR P 77 A R I T
AR S A, 5 7 A B TR A7 AR LR, Al
Gy AN LB R SR BB ok, R B DR S )R
T RA BB, W 7 foR, HEREAET /ML
JE ok, e R A A TR I JR) 8 X3, 3 BRI ] T A

B7 A Mo B4R FEAE HS04. NaCl. NaOH VA ¥ H 1 J& i 55
Fig.7 Surface corrosion morphologies of the samples with different Mo contents in H,SO, solution (a, b), NaCl solution (c, d)
and NaOH solution (e, f): (a, ¢, €) 0.15%, (b) 14.26%, (d) 5.15%, and (f) 14.26%

MRS E (7as 7e. 7d), SRARIANEY R, B
223G B AL, R S o T Hoh C R,
KRR E NaCl s, Wil i & 51 (CID
5 T DA PR T, 3k T I SR s SR 1

3 #

1) 24 Mo MR T %A 7.09%, 454a 118Kkl
57N, SfEEE (HV) &3 KH 29 623 MPa.

2) CrMoN & & #iETE i 7 LA NaCl 24 1.0 37 77 CrN
SERINFERETI(Cr, MO)N 2544, 24 Mo & &1A5% 21.12%
i, 76 (2000 A I MoN FIfTE G, I
HHIL T CrMoN. CrN 1 Mo,N #H 45 ¥ 3517 175 0«

3) 7E 1 mol L™ H,SO, Wi, 4 Mo & &4 il
0.15%. 4.23%. 5.15%. 7.09%. 21.12%. 31.08%lH,
BT AR JE i 2 43 ) 2 Mo(14.26%) 1) 9.20.4.10.
10.31. 9.25. 3.29. 7.46 f%.

4) 7£ 3.5% NaCl & H, 24 Mo & &4 1128 0.15%.
4.23%. 7.09%. 14.26%. 21.12%. 31.08%H}, ‘&A1)
A X TS e R 43 51 & Mo(5.15%) 1 6.53. 4.12. 2.22.
8.72. 2.42. 2.44 1%,

5) 7 1 molL™* NaOH Wi+, 4 Mo &N
0.15%. 4.23%. 5.15%. 7.09%. 21.12%. 31.08%lH,
BT AR R JE i 2 40 ) 2 Mo(14.26%) 1) 6.74.5.29.
1.49. 2.82. 2.57. 7.25 f.
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Modification of CrN Film by Mo Element Doping

Song Yize, Gao Yuan, Wang Chenglei, Peng Kai
(Guangxi Key Laboratory of Information Materials, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: CrMoN coatings with different Mo contents were deposited on 4Crl13 stainless steel by multi-arc ion plating (MAIP). The
binding force, hardness and corrosion resistance properties of CrMoN coatings were investigated by adhesion scratch tester, hardness
instrument, and electrochemical measuring instrument, respectively. The electrochemical corrosion property was studied in 3.5% NaCl
solution, 1 mol L.™* NaOH solution and 1 mol L. H,SO, solution. The results indicate that NaCl-type fcc-phased (Cr, Mo)N is observed in
the CrMoN composite coatings; when the Mo content is 31.08%, diffraction peaks of Mo,N are observed in the direction of (311) and
(111), with the coexisting of CrN, (Cr,Mo0)N and Mo,N. When the Mo content is 7.09%, the largest binding force 57 N and micro-hardness
(HV) 29623 MPa are obtained; when the Mo content reaches t014.26%, the corrosion resistance of CrMoN coating is the optimum in 1
mol L£.* NaOH solution; when the Mo content is 5.15%, the corrosion resistance of CrMoN coatings is the best in 3.5% NaCl solution.
Corrosion mechanism of the coatings is mainly pitting corrosion with crevice corrosion and galvanic corrosion.

Key words: MAIP; CrMoN; corrosion resistance
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