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Fig.1 Morphologies (a, ¢) and particle size distribution (b, d) of as-received Stellite 6 (a—b) and Y,0, (c—d) powders
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Table 1 Chemical composition of Stellite 6 (Wt%)

C Cr Si Ni Mn W Mo Fe Co

1.15 29.00 1.10 3.00 0.50 4.00 1.00 3.00 Bal

#2 Stellite 6 $HEAETY,0, S AMKRULFERS
Table 2 Chemical composition of Stellite 6 cobalt-based alloy and
Y,0, composite powder (wt%)

Sample Stellite 6 Y,0,
0Y,0, 100 0
0.3Y,0, 99.7 0.3
0.6Y,0, 99.4 0.6
0.9Y,0, 99.1 0.9

B3R N 50%, 2 18074 HIE (] 120 s, S80S & & 3% ) 78
100 pL/L LA, B2 PR 2 B BE 0.5 mm. 4578 2 44 10
2, A 70 mm>40 mmx5 mm KR

AT 25 TR 5 F Uk 2 R T~ 3R AT VDR, 56 FH 4
R HLEEIR , 20 ) FH 400#. 10004+ 1500# 20004 2500415
ARFTBE , SR AT IO 5 6 ok, T B K (RS FR: 3R R
=1:3), JE i A] 100 s, SR Zeiss Vert. A1 5624 i k4
ML % T REVEAL RS Zeiss-EVO 10 BT H T B i
MEEARF Y,0, & B R G SR, He X AR 4 AT
SRt BURE R B 3 BT .

185 FH FM-310 S i XK FH 200 g #iif 4k 15 s,
PR 2 I R AT A BE . 3 A CFT-1 24 ARk T 1
RELR A M OO AT BE J52 BE A S50 , BE PRI ROV 2984, 471
AT 20 N, A2 IRECH 120 t/min, £ HKE N S mm,
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SER AR, BETTTAR E 1 S5 ok P R JRe 1>

N T E B VAL RLAEAL R ROR S J8 I Image T & T
12 R RS I e ) RO AR L, &I 8 o - BE
Y,0, & G, 25 dh R RS 2 3 H S e i
A, M 0Y,0, KA1 160.8 um F£{K % 0.6Y,0, ik FE
54.6 pm. SRRLRST AL T 66.0%.

9 s A [ Y,0, & & R 1 4 4 i B T T s
0Y,0, AF IR 2 1 EZ bR B fh . (HAZTERINT Y,0,
5 VR Z R AR PR U RS A I P S XA
RPN PN T A G T E iRy e e
o W 9c B7R,0.6Y,0, 5UFE ik J2 I i 25 44 B S5 240
1, S SRR B E B/, 9F H 0.6Y,0, R 28 4l
JIT i Bl fe i o EDS 23 #r 45 SRwnE 10~13 B, B

200

160.8+22.4

—_
W
(=}

69.2+8.6 75.8£10.2

54.6+5.6

W
(=}

Average Grain Size/um
)
S

0
0Y,0; 0.3Y,0; 0.6Y,0; 0.9Y,0,
Sample

K8 A Y,0, B il B B~ 4 ok T

Fig.8 Average grain size of samples with different Y,O, contents



510 1

MIBEIEZE: YO, ININEXT 17-4PH AN K H Stellite 6+Y,0, WOLIE B 24 415 1 R A 82

* 2557

K19 4FiAE Y,0, & E A 1 SEM HE v
Fig.9 SEM images of four samples with varying Y,0O, contents: (a) 0Y,0,, (b) 0.3Y,0,, (c) 0.6Y,0;, and (d) 0.9Y,0,
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Fig.10 SEM image and corresponding EDS element mappings of the coating on 0Y,0, sample
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Fig.11 SEM image and corresponding EDS element mappings of the coating on 0.3Y,0, sample
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Fig.12 SEM image and corresponding EDS element mappings of the coating on 0.6Y,0, sample
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Fig.13 SEM image and corresponding EDS element mappings of the coating on 0.9Y,0, sample
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Fig.15 Specific wear rate (a) and cross-sectional profile curves of the worn tracks (b) of samples with different Y,0O, contents
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Fig.16 SEM images of the worn tracks for samples with different Y,0, contents: (a) 0Y,0,, (b) 0.3Y,0,, (c) 0.6Y,0,, and (d) 0.9Y,0,
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Fig.19 Polarization curves (a) and corrosion potential and corrosion current (b) of different samples in 3.5wt% NaCl solution

1B, 2R B0 T Tl 1 B8 208 KB st b4, 181 20¢
R RIAR A R S TR M 5% . B NIARDE M FOR R I
FLS R, X TR A ) v SR T FELA ()R SR 189, AT A
TR RAAR B IE . I 202 1115, 0Y,0, AR &L
AR /N, T JE Dk A 22 , AFR VRN Y, 0, 0 i 30K
M PTIEAE B A8 K, X R B Y,0, o 34 SE 0 A 42 1
JE ek R E IR THER .« B 20b~20c 1 B 2 A 5 B
UM 5 55 /NI AR 1 9 0.6Y,0, TR FEEL AT BT f i 65 ok
PERE.
3.8 BHMRESH

Kl 21 BoR T % R FE 7 3.5wWt%NaCl ¥ ¥ 1 H14k 2%
JE RS . B 21a 0] LAE H L 0Y,0, BFEJE ih
5oL &, KA AR R R LB KEN
FLIA FATUIT, 2 B R A T ™ B I AUk e Tk ) AE A
il 2 THT AR 28 B o, D0 380 T el P 3R R T R R
SR S A X N (AT R R 17 R 7 N T
71. B, 0Y,0, R FF 28 30 H 80 22 IR T J85 kPR A . A
FEZ R BN Y, 0, R 2 1 R 30K 36 [ 1) 7% 5
FLIA  0.3Y,0, B FF [ 22 T UL 52 31 J5) &6 47 £E (1 11470 F1

FLIR , H LB % 5 T 0.9Y,0, 3R AE (5 FL IR % 15 580
0.6Y,0, il FF 19 3% T A M %2 3 /s 10 191 5t F0 AL
0.9Y,0, 1A 2 T J=) 0 X 45k K] %5 4 43 A0 14 Jig ok L R g
SR, 5 0.3Y,0, IFEAH L, LI 2 B 2 1Ok,
HARMIE S E MR . 0 Y,0, il R T Ae 8 A 2L
0] JE3 b A e LA R RS BH B UK T
Jo3 5 A R A B N DT 9k 555 J6 e R AT JE ol e
It RO
4 iR

Y, O, BURL IR I ik 25 204K T Stellite 6 £ 42 ¥ dib R &5
Mo LTI Y0, BU0RL, (R 3E 1 5450 4 /N 1) 2 Al
TR BEAN, dRLI A0 A BY T4 m R | PRI 451 3 A
SO T RE . TEFTE AR, 0.6Y,0, I FER I H B
R T B 451 5 S PR R E . E R R B R R
Y0, BIURLAH A it 45 ) 4 v A 52 RS ok A ) PRI B
TN
4.1 FRHNY,0,%t Stellite 6 & & SR LEHBI R0

v R RS RIS 25 A2 42 HhI U [ o R 485 1) [ R A RRALE

50 = ——ov,0, @ 5 b 20 c
—=—0.3Y,0,
40 Ret
% —e—0.6Y,0, o
5 —+—0.9Y,0, g _
G 30 Fitting line 2 >
S S 3 2
— \l\_]/ <
<20 E =
N 2
10
1
0
0 10 20 30 40 50 2 -1 0 1 2 3 4 5 2 -1 0 1 2 3 4 5
Z'/x10° Q-cm? 1g(f/Hz) 1g(f/Hz)

120 UFELE 3.5wt%NaCl ¥ ¥ Nyquist #1125, Bode EIHIAR 1 5]
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Fig.21 Surface morphologies of samples with different Y,O, contents after electrochemical corrosion in 3.5wt% NaCl solution: (a) 0Y,0,,
(b) 0.3Y,0,, (¢) 0.6Y,0;, and (d) 0.9Y,0,
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Fig.22 Schematic illustration of grain structure control induced by Y,0O, particle entrapment: (a) particles entrapped by Marangoni convection,

(b) particle layer acting as a solute diffusion barrier, and (c) excessive Y,0, particles agglomeration
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Effect of Y,0, Content on Microstructure and Properties of Stellite 6 +Y,0, Laser
Cladding Layers on Surface of 17-4PH Steel

Shang Xiaofeng'?, Zhu Qingyong'?, Jia Ye**, He Chen’, Zhao Yuhui’, Zhao Jibin’

(1. School of Mechanical and Electrical Engineering, Shenyang Aerospace University, Shenyang 110136, China)
(2. Key Laboratory of Rapid Development & Manufacturing Technology for Aircraft, Shenyang 110136, China)
(3. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China)

(4. Guangzhou Institute of Industrial Intelligence, Guangzhou 511400, China)

Abstract: In this study, wear-resistant and corrosion-resistant cobalt-based Stellite 6 coating were fabricated on 17-4PH steel by laser cladding
with varying Y,0, content (0wt%, 0.3wt%, 0.6wt%, and 0.9wt%). The effects of Y,O, addition on the microstructure, microhardness, wear
resistance, and corrosion resistance of the laser-cladded Stellite 6 samples were investigated. The results indicate that the addition of Y,0, changes
the grain structure from coarse columnar grains to fine, uniform equiaxed grains. The sample with 0.6wt% of Y,0, exhibits an average grain size
of 54.6 um, representing a maximum grain refinement of 66.0% compared to the sample without of Y,0, addition. Furthermore, Y,O, particles are
mainly dispersed in the interdendritic regions of the Stellite 6 alloy samples, forming a particle layer in front of the dendrite grains, which inhibits
grain movement and solute atom diffusion. The sample with 0.6wt% of Y,0O, addition shows the highest microhardness, with an average value of
532 HV. Due to the smallest grain size and spacing between Y,0, particles, it also demonstrates the best wear resistance and corrosion resistance
performance. Compared to the sample without Y,0, addition, the maximum microhardness increases by 22.6%, the wear rate decreases by 72.2%,
the corrosion potential increases by 25.6%, and the corrosion current density decreases by 39.8%.

Key words: Stellite 6; laser cladding; surface strengthening; grain refinement
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