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Abstract: Rare earth can improve the microstructure and properties of the laser cladding layer in laser cladding. In this
paper, the effects of rare earth Y,O; with a mass fraction of 1.0% on the microstructure and tribological properties of a laser
cladding Fe60 coating were studied. First, an Fe60 coating and Fe60-Y,0; coating were prepared on the surface of a 16Mn
substrate by laser cladding. Then, the microstructure of both the Fe60 coating and Fe60-Y,O; coating was analysed by
XRD, OM, SEM and EDS. Finally, the microhardness, tribological properties and wear mechanism of the two coatings
were studied by a Vickers hardness tester, friction and wear tester, 3D profilometer and SEM. The results show that
compared with the Fe60 coating, the secondary dendrite arm spacing of the Fe60-Y,O; coating is 2.925 wm, which is
reduced by 17.4%; the cross-section microhardness is 701 HV,;, which is increased by 9.5%; the friction coefficient is
0.312, which is decreased by 40.3%; and the volume wear rate is 2.36x10° mm?* (N-m), which is decreased by 30.8%.
Therefore, the Fe60-Y,0; coating with finer grains has a higher microhardness, lower friction coefficient and better wear
resistance.
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Tab.1 Chemical composition of 16Mn steel

ES Mn Ni Cr C

Si Cu P S Fe

Jo
GE 1.2~1.6 <03 <03 0.1~0.2

0.2~0.6 <025 <0.03 <0.03 Bal.
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Fig.1 Morphology of Fe60, Y,0; and Fe60-Y,0; powders
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Tab.2 Chemical composition of Fe60 alloy powder
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Tab.3 Main technical parameters of the CW laser

HARZSH K fH
WUE L R 1500 W
WO K 910~1 050 nm
g 0.1 mm-rad
JeLF AR 0.4 mm
Dy R A E 2%
/NGB HAR 0.7 mm

1.3 #RibEMRAE

RIS Fe B8 &M ARM Y0, M KT BT
ABREEHL (YXQM-2L,3SP2 1§ RALES ) ) 74k
A PR 2 TR (DZF-2020AB, iy —1H)
AT T AL TRA S 1Y Fe60-Y,0; By R Kl 1 Fr
IR WFEEERCR ] ZrO, P Bk BB LA 201, 75
400 r/min, BREEIHE] N 2 h, FHEIE N 80 C, T4
B R 2 he SOOGS0 A R L AL LR D) FIHL
PEATUIED, SR 5 A BE L HL(MTP-200, Jk 77 %5 fE B 4
AIRAH) LR SIC #4844 B 200# 4004 ,800# |
1200# ,1500# F1 20004 (57 474K A I o,
I 5 41 O 5 A iR IR TR TR TC K £ B L BE T R
5 min, fJa, AR 2 AT B A 40 5%
A, SR HNOs:HCI1=1:3 (1) /KO BE 2 i b1 7
Jé ke

K 624 B 1UB5 (OM, Leica DM4) Fil it 5  fig
%53 M AL (EDS,, 4 BN A% ) 19 37 & 4 4 H 7 i 1k
& (FSEM, MAIA3, [543 & ) Xf A 1 2% 1 8 53 1
TOWIE S 1T W48 . R A X 5F AT 54 4L (XRD, D8
advanced, 7% [ Bruker /A 7] )X i 2 0 P A 24 i 47
3T . X BFRATSHLS BT B AR A4 Sy Cu $8 HLIRL
30 mA, HLE R 40 KV, FH 4 A 4(°)/min, 24 £
B R 20°~90°, F| F Jade 6.0 K AEZEAT WA L XS, IF
0 5 VR SR AR ZEL N TR S22 1 S0 et R PR 2 [ B (4
B HVSA-1000A AN A7, 2607 8 0.3 kg, P4 fir
BFEIA 15 s, B REAE R 3 vk D 6 1) - S50 SR FH Ay 4
(] 54 B8 2 J3% 5 56 HL(MPX-3 X, 18 JE 3R 56 AL 1 1 A
BN ) A7 FEE 88 4 A, X B BR O 4% 6.35 mm
) ALO, P ER , 27 A 50 N, #% 3 4 300 r/min, JB
AT R 30 min, BEHEEAE O 4 mm, BEAEE S 00

J&i , 2R 3D TS (DSX1000 , B8 A 1 357 ) i) & 2 4
Fm IR,

2 LBEREITR

2.1 BRHAR

TERTIIHOGIEE T 2R 0366 b i S B0t
IEBEOETIR A 1200 W, 53534 24 400 mm/min,
R R 6 g/min, ¥R N 50% , L HE H AR K
3 mm, &M 10 L/min,

K2 Bk A TN Y,05 () Fe 3 & £ %2
() XRD 3%, & T, 2 80 48 i i 5 i % A
B, X RO VR A AR [ R vh S R A, B R
A AR AR AT S K A AR | 3 LR 22 ) AR AT S I Y
&, Fe60-Y,0; Ik JZ TS AL T Fe60 I3 2 1Y
AT W 1) A IR AL, o A PA% A7 S SR AT AT S A 1)
G , b i ] AR /)N | A% 5 B0 55 Ak TR 2
PR ATT S3 06 3 Ai 2L, 2 BH W e J2 1) A L B AH L, 32
FH o-Fe 2 a-(Fe,Cr)[# % & # | (Cr,Fe),Cs ., Cr-
FeB fifi it A F11 y- (Fe,Ni) Sy AHAL W, tE4bh, 75
Fe60-Y,0; WZ TR KB T Y,0, AT S, U8R
JE TR BRI Y05,

B2 /TN Y,05 1 Fe 54 41 2 10 XRD &
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Fig.3 OM images of Fe-based alloy coatings with/without Y,O; addition: (al~a3) without Y,0;, (b1~b3) with 1%Y,0;(mass fraction)
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Fig.4 SEM images of Fe-based alloy coatings with/without Y,0; addition: (a) without Y,0;, (b) with 1%Y,0;(mass fraction)
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Tab.4 EDS analysis of Fe—based alloy coatings
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RSB/IEZFEMY 0, Fe EGEREZXRB BB HE
Tab.5 Secondary dendrite arm spacing in Fe—based alloy
coatings with/without Y,0; addition
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Fig.5 SEM images of dendrites in Fe-based alloy coatings with/without Y,0; addition: (a) without Y,0;, (b) with 1%Y,0;
(mass fraction)
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Fig.6 Microhardness distribution and average microhardness of Fe-based alloy coatings with/without Y,0; addition: (a) microhardness
distribution curve of the substrate and coatings, (b) average microhardness of substrate and coatings
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Fig.7 Friction coefficient curve and average friction coefficient of the substrate and coatings: (a) friction coefficient curve, (b) average
friction coefficient
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Fig.8 3D wear scar morphology and volume wear rate: (a) substrate, (b) without Y,0;, (¢) with 1%Y,0;(mass fraction),
(d) volume wear rate
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Fig.9 Wear topography: (a~b) substrate, (c~d) without Y,0s, (e~f) with 1%Y,0;(mass fraction)
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