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Abstract: CrN, gradient coatings were deposited on Si(100) and WC cemented carbide disks using enhanced
cathodic arc magnetron sputtering. The phase structure and morphologies of CrN, coatings were analyzed and
observed by X-ray diffraction (XRD) and scanning electron microscope (SEM). The electrochemical preper-
ties of CrN, coatings and tribological properties of CrN,/Al, O; in simulated body fluids and sea water were
studied using CHI660D electrochemical workstation and ball —on—disk tribometer. The results show that the
CrN, coatings exhibit more excellent corrosion resistance in sea water. However, the friction coefficient of
CrN, coatings in simulated body fluids increases gradually with increasing normal load in simulated body fluids
(0.23—0.33). On the contrary, the friction coefficient in sea water first increases and then decreases with in-
creasing load (0.26—0.30). The tribopairs show lower wear rate in simulated body fluids under lower normal
load, whereas exhibit similar wear degree under a normal load of 12 N in both lubricants.
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Table 1 Proportioning of the simulated body fluids

Deionized NaCl/ NaHCO,/ KCl/ K,HP, « 3H,0O/ MgCl, « 6H, 0O/ HCl(1mol/L)/ CaCl,/ Na,SO,/ (CH,OH),;CNH,/

water/ml. g g g g

mlL g g g

750 7.996 0.350 0.22 0.228

0.305 40 0.278  0.278 6.057

#z2 AIigkpyERLk (g- L")

Table 2 Proportioning of the sea water (g« L")

Substance NaCl MgCl, MgSO, CaCl, NaHCO, KCl NaBr
Content/(g « L") 26.726 2.26 3.248 1.153 0.198 0.721 0.058

Substance H;BO; Na, SiO; NaSiO, H,; PO, Al, Clg NH; LiNO;
Content/(g « L") 0.058 0.002 4 0.001 5 0.002 0.013 0.002 0.001 3
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Fig. 1 XRD analysis of the CrN, coatings
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Fig. 3 OCP curves of the CrN, coatings in two solutions
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Table 3 Kinetic parameters of the CrN, coatings in different aqueous solution

Solution B B Low /(1078 A) Eeu/ V R,/ kQ
Simulated body fluids 3.27 3.68 9.11 -0.15 8 252.75
Sea water 7.26 7.98 4. 86 -0.14 33 963. 33
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Fig. 7 Wear scar morphologies of the CrN, coatings under different load in simulated body fluids
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Fig. 8 Wear scar morphologies of the CrN, coatings under different load in sea water



14 WRid 25 45 CrNL A BE WIS AN [ K98 0 0 J6 ok B B8 2 2 5 1 69
A (8] RIBBK, SR, SiJkJRmEyE I ATl & CrN Wi ) 2 1P
3 &5 it FLSAERYM LT]. T EA 68, 2011, 2106):

(1) CrN, o Ji T 5 A8 g /K b 3¢ B0 1 o 4 5%
(BB T R L L B R Pl A —0. 15 VL il
Tk 1.62X107° A, AL N 33 963. 33 kQ.

(2) FEABEAY T Jy A5 400 A VB0 I o B 482 R 4 i 2
o B4 184 00 T 8 KL B /N A 3 NCFIR 0. 23, T AE T
7K H TR A5 DRSO U] B 2 AT 1 4 S 3 R RS )
/N 3 N BT 0. 26,

(3) CrN, A6 B2 T R AE N AR HDLAC I o 17 I 4t
RPN /N 2.98X 107 mm®/Nm;
T A P25 T o AL O 3K I S 45 49 i 280 £ 11 38
Jon T A ke 7

2% Uk

[1] Zhou F, Chen K M, Wang M L. Friction and wear proper-
ties of CrN coatings sliding against Siz N, balls in water and
air [J]. Wear, 2008, 265(7/8): 1029-37.

[2] Malyska K R, Wojtan M P, 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.

[3] Zhang Z G, Rapaud O, Allain N, et al. Microstructures and
tribological properties of CrN/ZrN nanoscale multilayer coat-
ings [J]. Applied Surface Science, 2009, 255(7): 4020—6.

[4] (RHEM. AT Cr/CN/CENC/CrC/Cr—DLC B i IR
MWEE (1], b F0m TR, 2007, 20(3): 34-38.

(5] JAPCHI, Fopi . 00 B 1 2 5 i ] o 0 e £k 2 Mk e BF Y
[J]. #iA7 4@ bk 5 TR . 2004, 33(6): 666-668.

(7] Bh#e. /i, BR UK. Cr/CrN 2 )2 5 B 45+ K 8 pl vk fig
Wize [J]. %5, 2009, 46(6): 22-25.

1367-72.

[917 ChenZ Y, Li Z Q, Meng X H. Structure, hardness and
corrosion behavior of a gradient CrNx thick coating applied
to turbine blades [J]. Applied Surface Science, 2009, 255
(16): 7408-13.

[10] Zhang M, Li M K, Kim K H, et al. Structural and me-
chanical properties of compositionally gradient CrNx coat-
ings prepared by arc ion plating [J]. Applied Surface Sci-
ence, 2009, 255(22): 9200-5.

[11] Zhou Q G, Bai X D, Chen X W. Corrosion resistance of
duplex and gradient CrN, coated H13 steel [J]. Applied
Surface Science, 2003, 211(1/2/3/4): 293-299.

[12] Chen Z Y, Zhao J, Meng X H, Evaluation of fatigue resist-
ance of a gradient CrN, coating applied to turbine blades [J].
Materials Science and Engineering A, 2010, 527 (6): 1436
—43.

[13] Tait W S. An introduction to electrochemical corrosion tes-
ting for practicing engineers and scientists [ M] . Racine,
Wisconsin: Pairodacs Publications, 1994 39.

[14] Tz, BRUIDL, W@E&ETT. WK 445 % A v 4 RE 0 52
my [J]. V¥ 58, 2011, 36(11): 1-5.

[15] Wang Q Z, Zhou F, Wang X N, Comparison of tribological
properties of CrN, TiCN and TiAIN coatings sliding a-
gainst SiC balls in water [J]. Applied Surface Science,
2011, 257(17). 7813-20.

EF M : VLI R Rt XAEE A 29 45
(R IR PPN N
Tel: (025) 8489 3083(J# &)

210016

E-mail: fzhou@nuaa. edu. cn

(SEAE 2 B8 3 48



