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Microstructure Design of Controlling Crack of Fe-based Laser Cladding Layer
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200240; 2. National Key Lab for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100071)

Abstract: A Fe-based cladding layer which is free of crack and has average hardness 850.3 HV (65HRC) was obtained by
microstructure design and laser cladding. The examinations of optic microscope (OM), scanning electron microscope (SEM),
transmission electron microscope (TEM) and X-ray diffraction (XRD) showed that the microstructure of cellular and dendrite
grains was observed in cladding layer, and a large number of granular particle reinforced phases dispersively distributed in the
cellular and dendrite grain. Moreover, the bulk retained austenite and carbides distributed along the grain boundary were
observed. The actual friction measurements also indicate that abrasive wear is the main mechanism for cladding layer, and the
surface of cold roll steel 9Cr2Mo are abrasive wear, adhesive wear and fatigue breaking—off. The analysis of the tensile
fracture surfaces reveal that laser cladding layers exhibit a mixture fracture mode of quasi—cleavage and dimple, and ductile
belt along the grain boundary were observed, which is the evidence that toughness is improved by grain refinement.
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Fig.1 Schematic representation of semi—solid range during

solidification

Fime LR PEEMEL (BIHHCR) )&,
TR [ R P A AR S AT LG, R
BREBWANAFAE, FEEEFE R ZERID A SE 240

< JeE VB[] 10 A rh A5 23 A 4 S Wi i 7 A
HERLSY, AP0 [ A 2% B A A o DR X B ClL JiE 3
A, A< A5 BEREA R AR, 4% 20 A e
T BB AR I ) KT LTI TR FE I, TRk ) 5k
BRI A B, L A A

M5 1L BE B S0 F R, 4 SR 1] IX TR AD i
BEVE MR, R4k A XBCHUAH BOBEAE , IR If
eI BE ] A A 3 ST AR BRGS0 T RE I
BE B AU 7 e o

T HEEA AR, S I A s AR
ABAERBEM XN BARBEESERITRER
JA 3 SRR X0, AR 36 A R B R — e
BRMAL, REHEFERIG ™ AT R, A&
TG 2R DAGEE 0 v AU 7 2 ARELEETTT 55, AL T
LA X B B S0 2 R D IRAR SRR IR,
BT 3L AL

BOCHER -2 SRR, WEME
AR I S RmAWOCMBERSER, 7
SR MEESER, Mg hREEmEE
SR AR ABVEL, AT R .
PG I 7 < v WS A e 32 3 ) T M A
RERM =R N, B IRSE BEE )e, SRR
SR AFAE/INT L ) 58 B S IR AL, AR AL
W R AT

MNP HMEEEEAR, AR RFEMR
QAR R R AP A, JECT RS B
55, WK RN AR, AN i G R
BRI R R A . WHZUEZS BRI, WObH
B ZUR — PP B8 18 P 5 S22 A EL RO
Jat, PO KA 0 1133 JRE — BOME AR B9 5 5 2 1l
R, BOCHB AR AT AR 4
W Im e R BERE R, SN RSB — A TR
T, 7S5 R AR AR A B T A/ D D o

AT BB R R R, HIERSE B Rk
IMEEAT, XA POR BRI REGHK -
LUP S INCE ¥ G o0 i B 2 NG e e oo v S 223
RE PRI L BT HIBURAR, KN =
RIS A B B, Bk — a0 B 19 2 % A
ARERL, At mT A R AR BELLE B2 Sy AR, AT )



76 2 @B x @ L &

2010 4

VB Z PRI o G SR/ L TR R B AR
R4 AL BRSO AR R 0% . T ROC I R
PEE, E I A AR, FER R R R AR LG
Fa@MILR, WMn. Niv Cu%s, IRAME IR 54
GRS, ARFFEE R o AR AR BRIRIA R AT T RERY
Wi B, SRS EAME ST, BEE
HHRGEMN : AR + B B PR + S A DR Y
SEAH , A R A S5 A A BTk A e v LG ARt
kirgsete, B4R AFe-C-Cr-Ni-Mo-W-V-Ti—Ce,

2 HEERE

P4 18 E TRUMPF /A w] % TCF15000 %I
CO, WOLAR, WO )E 7 I 2R FH 55 il [ 2536 6 7 =Ko
ISEAT R EBRSEEIRM R, & BB BRETR
BMSREEE SR R RHER 45 4, H4l
f R B 43 B R (%) @ 0.42~0.50C 5 0.17~0.37Si ;
0.50~0.80Mn; <0.035P; <0.035S ; <0.25Cr; <0.25Ni,
A Feo IRAER A 200 mm X 120 mm X 10 mm,
LMK DAITE WEERRT, RET
WSEIRT O L2508 - WOEThE 6 000 W,
4% BF 600 mm/min, BMAERR 65 mm, BHES
JBEEAER 5.0 mm, ZIEEEIEHERN 40 %.
T O 5 V) BEEZ, IR
BOmE E A S M AR, S R KA
(HNO;:HCI=1:3) i1 4 % MyRERRIEKG - SxAf AL
ZHZ M ZZAE Neopht21 Y2 BASEE A S300 44 HLBE
BT, FER S300 4 BRI Y AETEL (EDS)
HEATAS ) DX S0 45 40 4 2 o it o B SOG4 7
M, WEEESLYE 0.3 mm A, HURHEE
0.08 mm J5, FHHFNBHERIBGE FHEE (TEM)
WA, 7€ JEM-200CX & §f 7 BAEE ki H S
H5 . YA 4> Hi#E MDI/JADES 7 X S A 5L
(XRD) E#EfT, SRRl CuK, 8 (3K 1=0.254 nm) .
F HXD—-1000 HUAHE B 1t 25 5 14 S Auc et 2, ) 2
AR E A 1.0 kg, SN 50 s.

3 HEERSHN

3.1 BRAR

B 2 AE RS IEREEMHN, W45k 3
M AEBEX AaERAREEX. M
P X o SRR Y R AT, WEE R 1.0~
1.5mm, $EfE 5.0~6.0 mm,

Bl 2 B R M

Fig.2 Cross—section image of multi—pass cladding layer
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Fig.3 Microstructure of laser cladding layer (a) in the surface of the cladding layer (b) in the center of the cladding layer (c) in

the fusion zone between cladding layer and substrate (d) SEM magnification image of the surface cladding layer
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Fig.4 X-ray diffraction pattern of cladding layer
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Fig.5 TEM micrographs of cladding layer (a) equiaxed dendritic (b) residual austenite in interdendritic
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Fig.6 Hardness distribution of the cladding layer Fig.7 Friction coefficient of cladding layer and steel 9Cr2Mo
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Fig.8 SEM morphologies of the worn surfaces of (a) laser cladding layer and (b) steel 9Cr2Mo
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Fig.9 Fracture surface appearance of the tension specimen of cladding layer (a) macroscopic feature (b) radical zone
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