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Fig.1 Morphologies of Ni-based cladding layer (a~c) and Ni-based+0.5% RE cladding layer (d~f) at different areas: (a, d) surface,

(b, e) near the middle, and (c, f) interface
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Fig.2 XRD patterns of Ni-based and Ni-based+0.5% RE alloy
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Table 1 EDS analysis of regions in Fig.1e (/%)

Regions Ni Cr Si Fe
A 78.40 5.41 8.25 3.46
B 10.23 62.48 1.13 3.12
C 37.83 32.39 2.19 6.58
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Fig.3 Microhardness of two laser cladding layers

e IR 5 55 38 K, T JeE R e R (1 38 KA R 1l PR B
Y,0; FIIMAN4IL T Ni SEGamEEAL, SEUsE
SRR S A ORI I, A S B, FHLAG
TSI B R sh ANE R, LR AR AT
IR BE g 14O, AT E— 20 B vy T A 2 ) R A
23 NiEBLIEEHABEERZHTIHELE

&l 4 24 Monel 400 & < & H AR T 2 B Ni HE 5 480
HHS B ZAE 3.5% NaCl ¥ i 1 23 185 ok sl 7 2% ih
2. T4, 250 300 min 5, Monel 400 &4
Ni &R Ni JEHG & i A2 10 SRR T 5 43 il Ay
44.5, 6.8 Fl 5.2 mg; 3 FOARIAIT3 TR0 5k
0.148, 0.022 #10.017 mg/min. Ni 3£ +& & HEE
(1) SRR i M- 38) K T R R fIK . 2 Bl Ni 5 0
JE43 1 120 min 2% T R R IGAC T R S LAY R 47
i} 2 b M BE Y] FeNiCrBSiNbW 4575 2 (il 2 h K
#0.13 mg/min) P, 5 Ni &S EE 2, Ni
i T p 7 2 s e e 2 3L 1.29 £%, 295 Monel
400 S &FEH Y 8.7 fi5. Ni FE e Ni B+ & &K E 2
(1) 1 35 2 Bl R BE 43 S ko 8440 A 9040 MPas; fi
FeNiCrBSiNbW #5722 ' Sl il B2 2 8 9190 MPa. HHilb
R, M 1) A O B AR L S R R B R L,
U B A RS AN A2 S R S s i R ME— R 3R . 1E Y
(1) 05 78 )2 Al FE A7 By 1 AR B A 7™ T 0 25 il A R R 32 3
07 By, DN B i A Rk R i = il 7 i



* 1520

Wit e mA RS TR

47 %

Bl 5 o4 NiJE & Ni A T A G0 78 J2 2 ok il 3%
M. TLESR, 20h 30 min i, Ni E&SHE
JE R EAEWARI TR E il SKER T, 2k
P05 MR A S 8 B p-Ni [ oA ST A T afy,
p-Ni [ AR ST 4 52 P8 U A, 5 78 2 3R T T 4R 7%
FURE, I/ 4l /Nl . 25k 60 min (& Sc o),
Ni FE A 4005 7 2 2 T il e RAH Ak vy R it 386 o, T
Uy HH 0 S g A S 9 7 AR IR R, T N 6 A 4
YR JE A h 30 min (B 5b FTs), M 2RI
PR . Al 60 min (] 5d Frar), Ni M 646
A 2 IF AR H DL B P e ANV A . 5l 120 min (&)
Se IR, Ni 26 E&BE)Z MGt RS, SRR
(RSP8I0 254k 300 min, Ni JEA SR 2 AL

50 , ,
—m—Ni-based+0.5% RE laser cladding layer
—e—Ni-based laser cladding layer
on —A—\onel 400
£40
5
2 30|
<
=
220
g
g 10F /
Q  —)
50 100 150 200 250 300

Time/min

K4 Monel 400 & Ni 2 & @ BOLKBLZ 2 1hsh 1124 R E
iiiE24

Fig.4 Cumulative mass loss of Monel 400 alloy and Ni-based
alloy laser coating samples as a function of cavitation

erosion time
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Fig.5 Surface morphologies of Ni-based (a, c, e, g) and Ni-based+0.5% RE (b, d, f, h) cladding layers after cavitation erosion for
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Fig.6 Cross-section morphologies of the Ni-based (a) and Ni-based+0.5% RE alloy (b) cladding layers after cavitation erosion

for 300 min
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Cavitation Erosion Properties of Ni-based RE Alloy Coating on Monel Alloy
by Laser Cladding

Zhang Song', Wu Shiqi', Cui Wendong?, He Siwen', Zhang Chunhua', Guan Meng’
(1. Shenyang University of Technology, Shenyang 110870, China)
(2. Nuclear Power Pump Industry Co. Ltd., Shenyang Blower Works Group Corporation, Shenyang 110869, China)

Abstract: Ni-based RE alloy cladding layers were prepared on Monel 400 alloy by a laser cladding technique. The microstructure, phase
structure, microhardness, cavitation erosion properties and failure mechanism of the cladding layer were investigated by SEM, EDS, XRD,
microhardness tester and ultrasonic cavitation erosion tester. The results show that the addition of Y»O;3 can refine the microstructure of the
cladding layer, which is mainly composed of y-Ni solid solution, Ni;B and the high-hardness carbides (Cry;C¢ and Cr;Cs). The average
hardness of the cladding layer can reach 9040 MPa. The cavitation erosion resistance of the Ni-based RE cladding layer is 8.7 times larger
than that of the Monel 400 alloy. The failure mechanism of the cladding layers is mainly the erosion peeling of the dendrite. Grain
refinement strengthening and the net structure blocking grain boundary are the key to improve the cavitation corrosion resistance of the
cladding layer.

Key words: Monel 400 alloy; laser cladding; Ni-based RE alloy; cavitation erosion

Corresponding author: Zhang Song, Ph. D., Professor, School of Materials Science and Engineering, Shenyang University of Technology,
Shenyang 110870, P. R. China, Tel: 0086-24-25494578, E-mail: songzhang sy@163.com



