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Table 1 Chemical composition of 38CrMoAl alloy (wt%)

Mo C Si Mn Cr Al Ni Fe

0.20 0.35 0.32 0.45 1.40 0.80 0.20 Bal.
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Fig.1 Schematic diagram of laser cladding process using preplaced

powder method
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Fig.2 XRD patterns of LC1, LC2, and LC3 specimens
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Fig.4 OM (a—c) and BSE (d—f) images of LC1 (a, d), LC2 (b, ), and LC3 (c, f) specimens
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Table 2 EDS point analysis results of marked points of LC2 and LC3 specimens in Fig.5 (at%)

Specimen Point Al Si Co Cr Fe Ni Nb
1 2.19 0 13.54 12.22 60.64 12.41 0
LC2
2 2.63 0 10.46 8.46 69.95 8.50 0
3 8.45 13.21 6.71 7.72 40.01 8.20 15.70
LC3 4 0.44 0.63 1.84 3.00 12.06 1.70 80.33
5 12.30 12.70 7.03 7.85 38.60 9.03 12.49
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S NPIRE R I AE BE Bl R v, N UK ] [l 22 R A 98
PEIL A =R GRS S50, B AL 280 R T Nb itk
1 TiAl & &Pt m iR B E iy . 25, LCl.
LC2.LC3iX 3 Fh & A ik )2 I BE 401 26 43 ) O 241.73 %1072
143.31x107%, 115.73x 10" mm*/(N-m), bt 3 14 [ B= 1 %

325.16x10"mm*/(N-m) 73 F) B & T 25.7%- 55.9%-
64.4%, it B VEAS B TR R$EF . EAE R Z LCL A
LC2 R 2 BIRE BEAH 24, 7393 9 612.67 F1524.92 HV, (1]
7a) , {H LC1 i J2 IR B 1 45 2 , B 40 22 B 2 1 T~ LC2



%4 1 i 5 )R WO CoCrNi 2 HH i £ < (K BE RS LA “A PR RERIT 7T * 989 ¢

900 3 —e—LCl
2800 ﬁ\ /§ —e—LC2
S F —e—LC3
= ¥ \ﬁ/i\ri\
< 700f, .
wn 5 L3
S 600}, % \
-g . \(5\ e
< A % i\ < /.\\S:\ *~s 5
e W _ — 9 Substrate
§ 400+ \§/ —% L \.\§ %03 o i
g 0.2 —LC2
300 F N - Ve —LC3
220HVy ] Seettegy 017
200 F
0002040608 1012 1.4 1.6 1820 %% 10 20 30 40 50 60
Distance from Coating Surface/mm Sliding Time/min

T L 2 M AR ) S DR FEE A1 HA 2 A A 2R M £

Fig.7 Microhardness distribution curves (a) and coefficient of friction curves (b) of cladding coatings and substrate
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Fig.9 Polarization curves (a), Nyquist plots (b), Bode plots (c), and equivalent circuit model (d) of claddings coatings and substrate

®3 MUHZIMELZRBB B L FSH

Table 3 Electrochemical parameters of polarization curves
obtained by extrapolation
) E /V
. Scanning 1./ R/
Specimen . vs. Ag/ 5 -
speed/mm-s pHA-cm Q-cm
AgCl
Substrate 3 -0.6081 8.310 3349
LC1 3 -0.3807 1.812 18 567
LC2 3 —0.4432 2.445 15171
LC3 3 -0.3392 0.472 850 760

H S5 Z A IEAZ (90° AR ) 1 73 FIMEAE 5 & . Nyquist
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FEREE , R B I E AR s A IR AR IOR , 5 <5 10
BEL B sy, 150 T RS ok M R AT, LC3 B HL AR I AR i

K5 BRI RS 1 f -

P 9c JiE 7 IR A2 FEAACRN 3 P ik 2 7E 3.5wt% NaCliE i
P R RS T BT AT A i 28 . LC1 A0 LC2 FRIAH £ A0 BH H A
BBE SRR A AR AL . ZEARAT X, LC1.LC2 A1 LC3
BIRF 4K, IF H LC3 Bor M BHPTBAUE 5K, LC1 g K
T LC2,1X 5 Nyquist 14518 — 5. LC1 FLC2 7E ¥ % 1)
AR B N B R AR A AE 75°0A b FEAERAIX (10°~10" H2) ,
AH AL LC3LC2. LC1 HIMR 7 9. [R ik £ 17—
S5 R R AR B R AR BIS 2l 41 9d B, LA 45 R
RAFR. (E5SOEB R, RR AR, 4y HARE
BE B Ak 5 P SELARN AT 4 A LR . 006 1 Nyquist B4R 5
S 45 RW G R AT, 3 W5 Rk AT DA SO L Ak
IR, BT REALS, H A G (CPE) # FH RARE
ZiHL%¥ . CPE, fll CPE, 43 5 it B2 0 Ak 5% A0 0 Fi £ )2 )
AR FR AR FE 2S00 B, Ho Yo n & B4k CPE JE R AH H1 54T
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Table 4 Equivalent circuit fitting values of LC1, LC2, LC3, and substrate

CPE, CPE,

Speci R/ Y/ R/Q-cm’ Y/ R
ecimen cm

P Q-cm? . 0 5 n, / . 0 ) n, Q-cm?
Q -em " Q -em "

Substrate 0.01 3.97x107* 0.85 1578 1.41x10°° 0.8087 10.09
LC1 291 1.61x10°° 0.83 10.34 3.66x10°° 0.8431 2.88x10*
LC2 3.93 8.90x107° 0.838 13.19 3.35x107° 0.8770 2.69x10*
LC3 4.66 5.85x10°* 0.78 22.99 2.53x10°° 0.7739 8.57x10*
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Tribological and Electrochemical Properties of CoCrNi-Based Medium and High
Entropy Alloys Prepared by Laser Cladding

Meng Yichen"*, Chu Yinrun'**, Shi Yuelin, Liu Xiaomei®, Wang Liang"***, Zhang Qunli"**, Yao Jianhua'**
(1. Institute of Laser Advanced Manufacturing, Zhejiang University of Technology, Hangzhou 310023, China)
2. College of Mechanical Engineering, Zhejiang University of Technology Hangzhou 310023, China
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(5. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

Abstract: In this work, medium and high entropy alloy coating was prepared on the surface of 38CrMoAl by laser cladding technique. The effects
of adding elements such as Al, Si, Fe, and Nb to CoCrNi series alloys on the phase, microstructure, and element distribution of the alloy coating
were studied. The hardness, wear resistance, and electrochemical properties of the coating were analyzed and characterized. The results indicate
that CoCrNi alloy has a face-centered cubic (fcc) crystal structure, and the addition of Al and Fe promotes the formation of body-centered cubic
(bee) phase. After the addition of Nb and Si elements, a Laves/bce eutectic+Nb-riched composite phase is formed in the septenary-element-alloy
coating, and the microstructure is significantly refined. The comprehensive performance of CoCrNi-based medium and high entropy alloy coatings
is superior to that of 38CrMoAl substrate. Compared with CoCrNi and AICoCrFeNi alloy coatings, the hardness, wear resistance, and corrosion

resistance of AlISiCoCrFeNiNb coatings have been significantly improved: the surface hardness is 713.3 HV, ,, which is 3.24 times higher than

0.1°

that of the substrate. The wear mechanism is mainly slight abrasive wear and adhesive wear, with an average coefficient of friction of 0.52 and a
wear rate of 115.73x10™"* mm*/(N-m), reduced by 64.4% compared with that of the substrate. The self corrosion potential (£, ) is —0.3392 V, and

self corrosion current density (7 ) is 0.472 pA-cm .

Key words: laser cladding; wear resistance; corrosion resistance; high entropy alloy; eutectic alloy
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