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Microstructure and Properties of Laser-cladding CX Stainless Steel Coating
on 45 Steel Surface

WANG Fan

Jiangsu Yuanfang Power Technology Co., Ltd., Changzhou 213000, China

Abstract: To improve the wear and corrosion resistance of 45 steel components, a CX stainless steel cladding layer was fab-
ricated on the surface of 45 steel using laser cladding technology. By optimizing process parameters (laser power 320 W,
scanning speed 750 mm/s), a defect-free cladding layer with good metallurgical bonding to the substrate was obtained. The
microstructure of the cladding layer and substrate was analyzed using optical microscopy, scanning electron microscopy
(SEM), electron backscatter diffraction (EBSD), and X-ray diffraction (XRD). The results show that the cladding layer pri-
marily consists of fine lath martensite, with a significantly finer grain size (average <5 pm) than the substrate. Martensite
formed in the heat-affected zone due to rapid heating and cooling. However, microstructural inhomogeneity was observed
within the cladding layer, attributed to the fast cooling rate and uneven distribution of Cr and Ni elements. Hardness tests in-
dicated that the cladding layer hardness reached approximately 650 HV, substantially higher than that of the substrate (ap-
proximately 197 HV). This enhancement is mainly attributed to grain refinement strengthening, solid solution strengthening,
and martensitic transformation strengthening. Electrochemical corrosion tests revealed that the cladding layer exhibited a
higher corrosion potential (-0.53 V) and a lower corrosion current density (3.48%10°° A/cm?) by an order of magnitude com-
pared to the substrate (-0.67 V, 5.7x107° A/cm?), indicating significantly improved corrosion resistance. This improvement is
primarily due to the higher Cr and Ni content in the cladding layer, which promotes the formation of a dense passive film.
This study confirms that SLM cladding with CX stainless steel can effectively enhance the surface hardness and corrosion re-

sistance of 45 stee.
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Table 1 Chemical composition of 45 steel (wt. %)

C Mn Si Cr Ni Cu
0.42~0.50 0.50~0.80 0.17~0.37  0.2~0.25 0.2~0.3 0.2~0.3

R2 CXAFWHULZERS (RESHE, %)

Table 2 Chemical composition of CX stainless steel (wt. %)

Cr Ni Mo Al Mn Si C
11.0~13.0 8.4~10.0 1.1~1.7 1.2~2.0 <0.04 <0.04 <0.05

1.2 REFHE

7£ BRL-M300 6 1 X Ak 38 44 i v 3% 45
HEAT IR RO IR . SRAMELE I T 22
BOROCYI% 320 W, SR B 750 mm/s, OGIEGE
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XPAAEAT B OG5 7 b b B 6 b 8 B
/%M :FeCl; 4~6.5 g, ¢ HC1 10~20 mL . H,0 50 mL,
JEhf ] 15 s, {8 ] Axiolab 5 4 4H i i#4% . Gemini
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Fig. 1 Schematic diagram of the laser cladding process
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Fig.2 Microstructure of the Substrate
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Fig. 3 Cross-sectional microstructure of the cladding layer and

substrate
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Fig. 5 EDS elemental mapping results
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Fig.4 Cross-sectional SEM microstructure
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Fig. 6 XRD diffraction pattern
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Fig. 7 EBSD results of the substrate and cladding layer
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Fig. 8 Variation trend of hardness at different locations
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Fig. 9 Potentiodynamic polarization curves of the substrate and clad-

ding layer

R3 MU LA EIR

Table 3 Experimental data of potentio dynamic polarization curve

Rt FUSI ALYl R/ (A om™)
ok (45%) -0.67 5.70x107°
IR (CXREM) -0.53 3.48x10°

X2 T PIRPRR Y A SUR ), S 250 fE
PPEREUL AR . TERE IR AR BT B, SRR 45 4
(B A2 Sk R R AR BROL Ak B, AL 2280,
T TSN (b AR FEL T, T FEA 2 A O 1 o A L
N A )ZE RS RO DI, 2% Ak 2
[ £ RS2 22 550/ 0N , DRI IR ok K 50 52553 , e 7 = A
XIANEEGWE . TEIE TS Y], 45 50 b foh
RIEFRR, JE 7=y A AR AN 2], P AR
FRY PRI 7 o T A T2 R D R [ T e e R A 2
AN JE b 7 ) AR ARG 24 5 DR ke 7 A B I ek
Wy AT B W BOE A S, G N B A5
R R T Cr &GS, BESAER I 1A
2 HEUE 1 B A LA It A T 8 i, HL
W PR NUTEAT B T AR BEALIEE , R =



552 1]

T Bk 45 SERIHOCHEL CX ANEHIZHSIERENT ST 95

RIS ok P AR T AR 2

3 it

=

(1)7E 45 80T R FH OGB4 CXOR
AT ) TEROEYI 320 W, H13E E 750 mm/s
AN IEE)Z N TCHH S

(2) FAGEm IX RO IS A DRt 20 % A
FR AR ) 5 AR A 55 AR | s 78 2 2 B2y P 2 ok R
/NT5 pm B /IS S ERAARHA B, Stk 2 AL AR G
ET R A EZ NN LURE S I8 T
IR S S B Cr NiTTE Y B 7843 M Ak
AR BEAN , XRD 5 EBSD 3 M iiE 52 Cr Ni gt 2
) 1A A A 2 )25 s o B R A 28 Ak, d Ak /b
i Fe,C B ML 584K C TR AT A K.

(3) H1 T 40 S A Fn [ A s AL VE IS 2 1
5 8 i TR 45 K5 Ll F Cr Ni oo 2 1 L R 4E
FH e 2 POt J iR R e T3 1R 45 49

SE 3k

(1] BT, SRRCR, EHEBL, 25 . OCKB BR BB B TR JZ A
RS YERERTFE [T ], HARAL, 2024, 54(7) :20-25
YIN M,GUO Z L,PANG Y Q, et al. Laser Cladding of
Iron-Chromium Gradient Coatings: Interface Regula-
tion and Performance Improvement[J]. Electric Weld-
ing Machine, 2024 ,54(7) :20-25.

(2] FEBHE . 45 PR TETHOCH B Ni B SR 20 T2 K%
JEAGIEVEREDTFE (D ] TR - Il R B TR, 2022,
DONG L L. Study on technology and tribological prop-
erties of Laser Cladding Ni matrix composite coating
on 4[ D ].Henan: Henan University of Technology,2022.

[3] SiSH,Yuan X M,LiuY L,et al. Effect of Laser Power
on Microstructure and Wear Resistance of WCP/Ni Cer-
met Coating[J]. Journal of Iron and Steel Research, In-
ternational 2006, 13(3) : 74-78.

[4] WengF,YuH, Chen C,et al. Microstructures and wear
properties of laser cladding Co-based composite coat-
ings on Ti-6A1-4V [J]. Materials & Design, 2015, 80:
174-181.

(5] HEREN, 2R, THRT . 45 IRIHOGE B LIRZH
GUS R TERERTTE[ V). I HIHOE, 2022,42(2) :41-47.
CAO W P,LI'Y B, WANG Z Y. Study on Microstruc-

ture and Properties of Wear—resistant Coating on 45

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Steel Surface by Laser Cladding [J]. Applied Laser,
2022,42(2):41-47.

Wang X, Zhang M, Du B, et al. Microstructure and wear
properties of laser clad composite coating[J]. Surface
Review & Letters,2012,19(5):1-10.

TRIESE , EEON IR, A L B AR RO AL
CX Hy [CAR I OANEE B e PR WF o [T ], v RO
2021,48(22):193-207.

ZHANG L L, WANG M J,ZHANG J Q, et al. Effect of
Defocus Distance on Formability of CX Maraging Stain-
less Steel by Selective Laser Melting[J]. Chinese Jour-
nal of Lasers,2021,48(22):193-207.

AR, SRR W], 22 UL AL BT X0 3D AT ED
WY CXANFEWH LG PERERISZ [T ] AP RHIFSE 5 0
JH,2023,17(3):559-566.

LI J K,GUO L M, MAI H Q. Effect of Heat Treatment
Process on Microstructure and Properties of 3D Printed
CX Stainless Steel[J]. Materials Research and Applica-
tion,2023,17(3) :559-566.

Wu Z,Li T, Li Q, et al. Process optimization of laser
cladding Ni60A alloy coating in remanufacturing [J].
Optics & Laser Technology,2019,120:105718.

HPHH X H T PRSI0, S5 MO E Fe-SiiRIERY
AERTAMZE[T ], BJR =4, 2008(02) : 188-192.
DONG D Y, LIU C S, CHEN S Y, et al. Hyperfine
Structure of Laser Cladding Fe-Si Coating [J]. Acta
Metallurgica Sinica,2008(02) : 188-192.

S, 2 AR, B, 45 Cr, Mo, Ni 7F a—Fe (C) 1 i
AL A VRS B a ARV Y5 — PRI R SELT . 9
H%4,2014,63(19) : 280-287 .

WEN P,LI C F,ZHAO Y, et al. First principles calcula-
tion of occupancy, bonding characteristics and alloying
effect of Cr, Mo, Ni in bulka—Fe (C) [J]. Acta Physica
Sinica,2014,63(19) :280-287.

L TR R FN, 5 S IARB RO SN R
BURLT]. F3EH,2003,24(3) : 1-5.

JIANG Y,YIN Z D,ZHU J C, et al. Development Sta-
tus of Maraging Stainless Steel[ J]. Special Steel, 2003,
24(3):1-5.

MRIL, 5% TS . 25 B AR AN O Bl A S T T
PRPERELT . LIRSS RS2, 2000(08) : 1014-1017.
LIN F,ZHANG S Z,SHI R H. Passive Film and Corro-
sion Behavior of High Cr-Ni Stainless Steel[J]. Jour-
nal of Shanghai JiaoTong University,2000(08) : 1014
1017.

i ML : http : //www.71dhj.com



