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Friction and Corrosion Properties of (CrNbTiMoZr)C Coating in
Artificial Seawater
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Abstract: High entropy alloy carbide (HEAC) films have high hardness, good wear resistance and corrosion resistance, which have a
broad application in the field of material protection in frictional corrosion environment. However, there are few studies on the
frictional corrosion behavior and the interaction between corrosion and wear of HEAC films. In order to promote the application of
high entropy alloy carbide films in seawater environment, reactive DC magnetron sputtering technology is used to prepare
(CrNbTiMozr)C thin films, and the microstructure and mechanical properties of the films are characterized. The tribological
corrosion behavior of the as-prepared thin films under different loads (1 N, 2 N, 4 N) in artificial seawater environment is studied. The
results show that the (CrNbTiMoZr)C thin films exhibit good corrosion and wear resistance under all load conditions. The total
corrosion wear rate (T=0.1587 mm>.d™) is only 1/ 3 of the 304L SS even under high load (4 N). The interaction analysis shows that
the ratio of corrosion accelerated wear rate (AWc) to the total corrosion wear rate (T) is the largest (about 80 %), indicating that
corrosion has a more obvious promoting effect on wear. Theory and data support is provided for promoting the application of
(CrNbTiMoZzr)C film in the field of material protection in seawater environment and analyzing the interaction of friction and
corrosion.
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Tablel CrNbTiMoZr HEA target composition table

Composition Cr Nb Ti Mo Zr

Atomic percentage / at. % 20 20 20 20 20
Weight percentage / wt. % 13.68 2447 1264 2526  23.95
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Fig. 1 Reciprocating corrosion friction and
wear tester test principle diagram

KH Gamry 3000 Hi Ak 2% 1A Sl 0l 3 A i A
304L SS HLAALE TG EEYESCAT N BT g ph itk e EAT 7
BT o RN = AR 2R, BORE CREETA L em®)
Tk TAERAR, Pt CREETIR 4 cm® E i
W (CED, HMIAIH K HAMAE NS LR (RE). X%
ESEPEFFEEA. 1 he M5, e sz E A
10mV, 7 10°~107 Hz My, Mtk
AL E PTG . SR JGFE-1.5~+1 VBN, KA
0.4 mV /s [FFIHGE A, SRR SH S AL A0 ih 2k 12t
AT BT B F A I S AR A SR N AT, A
NG, BENARE 2D BRI IR
13 LR

KRS SIGMA HDTM (137 & 54313 s 7
BT (SEM) S 8 I 11 2 17 S AT JE S A T WL 5%
I G & 1) RE vl 7 A (EDS) XA fh K 11 T
FN AT T R AT (Bruker, GT-K)
I3 HTEE IR I = 4R B B L S . SR
K EJRAL (Agilent, Nano Indenter G200) S fifb. 4
VL (R Rl St MR R AT R AE, R R IR
PRI FEE 4228 FRIE S S JEE FEE 1 1/ 20, DA IRE H ik JE 3ot 3k
SR

2 PSR
21 NSNS NS

K 2 BoRT#-200 V B FIURRII(CrNbTi
MoZr)C i fii(a) i 1f1 A1 (b) % 1 JE 3 - (CrNbTiMoZr)C

(b) Surface morphology
K2 (CrNbTiMoZr)C i) SEM K%
Fig. 2 SEM images of (CrNbTiMoZr)C coatings
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Table 3 Electrochemical parameters of (CrNbTiMoZr)C
coatings and 304L SS

Samples 304L SS (CrNbTiMozr)C
Open circuit potential Eoc/ mV -170 -93
Corrosion potential  Ecor/ mV -189 -144
Corrosion current densit;
o A oy 0.283 0.147
Polarization resistance R,/ kQ 144.1 167.3
Protective efficiency Pe/ % - 15.294

Hardness Elastic 3, =2
Sample H/GPa modulus H/E H/E Ref
E / GPa
CrC 7.6 138 0.06 0.02 241
TiC 18 210 0.09 0.13 24
DLC 14.1 152 0.09 0.12 291
HEAC 17.4 211.7 0.08 0.12  This paper
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Fig. 3 Dynamic potential polarization curves of 304L stainless

steel matrix and (CrNbTiMoZr)C coatings in artificial
seawater environment at room temperature
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Table 4 Equivalent circuit fitting data of EIS for
the coatings and 304L SS

Samples 304L SS (CrNbTiMozr)C
Solution resistance Ry / (Q + cm?) 18.52 16.90
Admittance Yo/ (Q* - cm™2 - s 3.985x107° 2.022x107°
Dispersion index n 0.870 0.805
Polarization resistance 01106 2465

Roo/ (MQ + cm?)
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Fig. 5 Dynamic potential polarization curves of
(CrNbTiMoZr)C coatings and 304L SS during friction
corrosion under different loading conditions
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Table 5 Table of Electrochemical parameters

Corrosion potential Corrosion current density

Load F/N

Ecor/ V leorr/ (A * cm™)
1 02124 7.297
2 -0.2832 38.79
4 -0.2707 87.13
4(304L SS) -0.196 3 115.8
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Fig. 6 Open circuit potential of (CrNbTiMoZr)C coatings

under different loading sliding conditions as a function of time

1.or ——304L SS-4N
09+ (CrNDBTIMoZr)C-1N
08k —— (CrNbTiMoZr)C-2N
ok —— (CtNbTiMoZr)C-4N
. ©
Z 06
&
£ 05
2 04
[
0.3 e
0.2 B TS
.-—“—'“'ﬁ'l?('\\f\..' /! f A | w‘-, /
0.1 /N VN
1 1 1 1 1 J

0 0.5 1.0 1.5 2.0 25 3.0
Test time ¢ / ks

(a) Variation curve of friction coefficient with time

PE R IR AT 5 AR5
2.3.3  ARUAT T i PEE AR 2 ) R

T ERGUAN R B A o (CrNDTIMOZr) C i it i 2
LVEREIREM, A SCIR AT IR T 7 S R B
ANTRI AT (0 B3 TRV K B P ) A f e i 2, i 28 ]
7 . MKl 7Ta rTLLE H, (CrNbTIMoZr)C [ R4
DRI 23R 0t B B e s I %, 302t T J e
BERUE R, RS R T S A R R )
NAEPEBERIAE ) N bR X R ™= M) AN A=
RS RS e B A BT EER I R, 3
o B 45 1o o R R 5t 2 e B ) S vk 3 PO i
B

TR 7a R R R AL I REAT O
B, BRSNS BT R I, KR
& 7o P, AL, K8 (1N 4%
7, (CrNbTiMoZr)C B KR AR (0.14), X
T B TARERAT A 5 FF S T A B g k= B4
JEE PR 5 (CrND TIMoZrn) C s R) EL e, M TTiiie
B ARPEBE ) ME ] B WSS 1 N3 hn s
2N, B BRI N B AT T, AN R (3 i 2>
S R A PR R . IRANE T RS R,
(CrNbTIMOZr)C IS (1 B 5 IR 5024y 304L SS AR
173, BARMIEEEEREEE T (CINDTIMOZr)C A4
FL R A TG )RR A PR RE

(CrNbTiMoZr)C coating ——  —=—304L SS
0.8

0.7+
0.6k 0.576
0.5F
0.4

03F

Average friction factor

02  0.14

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
0.1} |
|
|

0 1 2 3 4
Load /N

(b) Relationship curve between average friction factor and load
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Fig. 7 Friction factor of (CrNbTiMoZr)C film and 304L SS substrate during tribological corrosion in artificial seawater environment
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Fig. 8 Three dimensional morphology of wear surface of samples under different loads in artificial seawater environment
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Table 6 Corrosion wear interaction parameters of

samples under different loading conditions

Volume loss rate / (mm?® « d?)
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