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Abstract Laser cladding is introduced as a process for preparing stainless steel —carbon steel metal laminated
plates by cladding stainless steel powder on the carbon steel plate. The material properties, such as
microstructure element diffusion, micro hardness and tensile fracture morphology, are analyzed through the
metal material performance tests. The results show that laser cladding preparation of laminated plates can

1

obtain dense and uniform layer; elements of Fe, Cr, Ni, et al. have a gradient diffusion around the combined

gradi
surface and the diffusion region is about 12 pm, which indicates that combination of different materials by laser
cladding belongs to metallurgical diffusion; micro hardness decreases from cladding layer to matrix, which

OCIS codes 140.3430; 160.3900; 160.3380

makes a smooth stress transition between cladding layer and matrix, then enhance its overall mechanical
Fracture morphology of matrix and diffusion zone belongs to ductile fracture and cladding layer is brittle

properties; the yielded strength reaches 405 MPa and exceeds that of rolling laminated plates (326 MPa)

fracture, further show that the interface of laser cladding laminated plates has a good combination performance
=]

Key words laser cladding; laminated plates; microstructure; interface; element diffusion; fracture morphology

B = 2 A R DU BN o 52 N LR AN Ok L 2l R R 1Y 5
CRLNT

Wi B #

N
:
EE BN

(YN LWFA
NS
T B 2 W IS e 2% A B 5 ) £ A F2 R 15 —— 28 & 2% KR 18 b 1 HE VD B0 A A R

M B8 % 7843 2 ¥ AN 55 A 00 T 6 ok T S T PGSR P B [ B SR AL Al B ) R R 0 TR KRR AR AN 2
Soa] DL
S h

i B
—ER IR b T LR 2/3 DAL Cr N ST G R 10 RE , LA K FE 2

RN —A

T 230 &
IF H AR DR IR R DL R 2 (0 SR T3 T, B AR T 2B 77 A, DR B )32 0 A AR BE 14 ATk A
HE4£WH

2014-03-03; Y EI & 275 H HA: 2014-03-13; F 4% H AR B #5: 2014-06-06
[ % [ SRR 54 (51375073 ,50975041)
E-mail: wbzzd@dlut.edu.cGHIFEE & N)

R (1986—), L, A - oE A, M IOG K J m Y AESE . E-mail: 1842219026@qq.com
F LR (1960—), 5, ¥ 4%, i+ S, 3558 0 35 5 45 i 145 J7 OB 9% .

071603-1



51, 071603(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

ST B BTAT R R 0 B0 R SR PR A AR LA R R AT A P e D R AR 2

TE AN G5 B 52 AR A 7 AR B T B2 v e 225 L8 g 2 00 B S OIS RS M o i 2 Rk E
R 2 A BT ST B — A T T 1), A A T DXCCR U A OB A U T2 A B R B G T E AR
T 52 5 A4 RE ) 45 G T 5 DA 22 T Ak 2 1o A S AR A Y R R I 45 6 B9 B A 1 3 A A RN IX
Mo WA Sl E F T S AR AR OO 5 LR M I AR A RE IR A TR R S R R .
W 712 K 24 v S WS ST 7 <5 TR A% T )l R R v <6 e AR PN TR B B AR R R B TR g, R 2 R A JRg A 2 4
AT M S 6 A G (ATERE R G R BRI T K W B RE 2 S S BUNM Jy S b BT Ak
Jot A AL 45 2 SCIR , Ty 24 RE LA RS il v BE BT B, SR PR RE S AL Ve AL A Il TR A IR T AR
AL & , 23" LR TR B, FORG 4 ot BE ARG, o <6 s D i 85 ~F- 4 02 8 1 B Bk A I 0™ BAEL TR B AR
0 R b FHLE B L o R R T AR B N TR A B T BRI AR T R TR MY, L SR
Pt K Ak B 38 38 e ) P 8 0 T g o LS I o R < i A B P AT 2R R 45 R R AR S
FR (6] B 4 S M- 3 o i FH O B AN 5 B R S B 1 A2 J2 MR IR 2 8] R A 0 4 I 2 1 A 4
L b 20 5 T 1R B 114 A1 SIE A BRASE i R R, DR R A o A R | BRI R A L T AR TAR R B . X
HR [7]2R FH R 2l 23 A AE SO A RN 1] 526 W5 Wi 0 6 22 TR N B A, 0 A T i A S RO B R B ROV A R L RS
R MERERI R o SCHER[8-10)WF T 1 HOLE B 2 b, T XS 8O 18 I PO BE L L oML 4 U 52 0

FE A AR Pl AR B JE B A5 1k 2 AR, BT & 8 JZ AR A B R I G TR S AR
S MUBE B 5E P A R LD R T 250 FEROUL 2 2\ 495 45 i 88 L R SR TR RS2 00 o TG . fole 2 2R B E AT R RE A
L TR 7R JZ A5 AR BB R 5 B OV A 2 A5 4 0 A 5 A g 22 o BT 4 R o AR SCRLBOE R
] A A5 A - BB R O T S O T T S AR A DX, DT A DR S T RE RS IR IR 2 A DL A &
JGER 3 A Y4950 T U 30 3 Xk T 5 A S R SR B2 A LA K AR BT 0 B AT A, ORI AN 5 4 4 B
T 1 3~ SR S AL T T M ot 1 A 1) B AR b e i ) S R BURR AR AR BERE AT IR A2 BT, 48R
LU BN RO A5 K 55 25 WL ) 2 PR o, b T O B il 48 2 A Al i ) 2 TR — E 9 48 5 8 o

2 AR AR g A

K VO B W) 20 3% 0k e e B B Al IS B AN S O R o 7R O Ve BRVE T R ok 5 A fa) i A7
AP B ARG — B R E N AEWE)E, E)Z R RO T 2 SBOR L, X5 B AR AR
B T AR S 3 HE 19 Q235A Bl Y, FL Ak 2% 4 W 3% 1 i, RSE 28 60 mmx40 mmx 1.5 mm, & )2 #1822
PN F6 A T BE M RET A2 7= 1 304 ANEE IR K , B BE K /A 45~90 pm |, HA 22 o W22 2 FroR o WO
T T BN AR A AT AL BRSO e T IR R R TR LR S R st . AR A
BB 1 2F R BEAR ME B SR N 3T /R o 7E GB/T 8165—-2008( A 45 40 & & BB AN Vb o b, 12 A B A 20 R TR
JE 4 0.8~ 6 mm, UK 4578, R IJK1002 8 % 2 NA:YAG B EOE & , S MR SR ks T4 2
Bk BOETF 550 W, 148 400 mm/min, #5825 0.3, 2683 i 2 g/min, 2800 A T AL AR R S
S5 7E B4 5E 1 0.2 MPa Al 5 L/min,

1 Q235A ML A (ML, %)
Table 1 Chemical composition of Q235A steel (mass frcation, %)

Elements C Mn Si S P Cr.Ni,Cu
Content 0.14 ~ 0.22 0.30 ~ 0.65 <0.30 <0.05 <0.045 <0.03

F22 304 NG BR A MY 1b 24 B oy (T & 4348, %)
Table 2 Chemical composition of 304 stainless steel powder (mass fraction, %)

Elements C Si Mn P S Cr Ni
Content <0.07 <1.00 <2.00 <0.035 <0.03 17.00 ~ 19.00 8.00 ~ 11.00

#3 AEWE G W EERE bR

Table 3 Mechanical properties standard of stainless steel laminated plates

Yield strength /MPa Tensile strength /MPa Elongation /% Coating thickness/mm
standard values 235 370 20 >0.16
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Table 4 Thickness specification for stainless steel laminated plates

Total nominal thickness of laminates/mm Layer thickness of not less than /mm
0.8 0.09
1.0 0.12
1.2 0.14
1.5 0.16
2.0 0.18
2.5 0.22
3.0 0.25
3.5~6 0.30
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Fig.1 Microstructure of laminated plate. (a) Macro morphology; (b) martensite structure; (c) ferrite and pearlite structure
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Fig.2 Microstructure of cladding layer. (a) Bottom and middle; (b) top
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Fig.4 Micro hardness distribution of depth. (a) Hardness distribution curve; (b) hardness distribution zone
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Table 5 Tensile test results of laminated plates

Yield strength /MPa Tensile strength /MPa Elongation /%  Coating thickness /mm

Q235 plates 235 235 20 —
Single cladding laminate 410 405 21.5 0.24
Double cladding laminate 395 375 20 0.40
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Fig.5 Fracture morphology. (a) Cladding layer; (b) diffusion zone; (c) heat affected zone; (d) matrix
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