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Research on the Microstructure and Corrosion Resistance of Laser Cladding
Fe ;Co,,Cr,,Ni,sMo,Nb,W,Si,C, Composite Coatings
Zhao Shan, Lan Yuankuo, Guo Wenmin, Yu Songbai, Li Mengai
Mechanical and Energy Engineering, Shaoyang University, Shaoyang, Hunan 422000
Abstract : Marine engineering equipment has been subject to long—term corrosion, resulting in serious surface
damage to its key components. To address this problem, this study explored the effects of laser
power and height from the laser focus on the microstructure and corrosion behavior of laser cladding
Fe15C0,,Cr,NisMo,Nb;WSi,C, coatings based on laser cladding technology. The results show that
the laser cladding coatings present a typical dendritic structure, which is mainly composed of (Co, Cr,
Fe, Ni) FCC structure phase, eutectic carbide phase and phase. The three phase structures correspond
to the dendrite structure, interdendritic structure and precipitation phase in the cross—sectional
microstructure of the coatings. The study obtained the optimal laser cladding preparation process
parameters: laser power of 1000 W, height from laser focus of 3 mm, scanning speed of 10 mm/min,
powder feeding rate of 15 g/min, gas flow rate of 15 L/min, and overlap rate of 50%. The coating
prepared under the optimal process is dense and uniform. The electrochemical analysis results show
that the coating has excellent corrosion resistance, which is mainly attributed to the comprehensive
advantages of the passivation film on the coating surface, such as high stability, high impedance, low
sensitivity to anions in the solution, and low corrosion reaction rate.
Keywords : coating; laser cladding; microstructure; corrosion
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PR EE R SR G PR S . Cr 025 S AR S (AR 7 I B B B o AR rh itk , AT T BOOPURs ik fe . A, BB
£ CoCrFeNi &N Mo, Nb&5 T80 A I & ST Bk Ag ™ 2

B 5T AL TN RONT SR AL B AR,

7 CoCrFeNi3E & 17 & 4 o1 5% I Mo, Nb, W, Si, CHtfT# 4%,

Bit T —

Fe 5Coy,CryoNiy;Mo,Nb, W, Si,Co il AR R, #8598 THDA AR AR S (R ESE) SEDEHHN CoCrReNi L AR

TIPS ke PERE A SO, BTN T ¥ 2 TR Tl L

—. i

(—) #BR#tH

% JJ Fe. Co. Cr. Ni, Mo, Nb, W. Si, Ci& 4 1 Ji
(99.99% ) ¥y A MR, FERHZ IR 1 TR & s Gt Fias
FLRE HUAR H I S B s IR 15 i A ¥ A1 i & g (ZHOO1,
HEFREGEMEERAR, #IM, PE) . RASFAHRE
# (HERMIGA 100-30 V2ICC, #EFHHESMEAIRAT, %
M, HED) KaetEm, SR SRR E S HIETE
JERTGR AR . 24O 4 MPa.

%1 FeysCo,y CryoNiyMo,Nbs W, Si,C, KB AL AL2ERL5) (at.%)

Table 1 Nominal chemical composition of Fe 4Co,,CryNiy;Mo,Nby;W,Si,C,

aerosolized powder (at.%)

JtE | Fe | Co | Cr | Ni [ Mo |[Nb | W | Si | C JLE

f;i 18 | 24 | 20 | 23 7 3 1 2 2 f;i

(Z) wEHE

HE R 304N EE 4K, FE S RS 860 mm x 60 mm x 12
mm. 304 ANVEM AR N 2 R, FERIEIRIERT, #4304
R HER D AP P 2SS R R T R B2 RS

e Fe C0y,CraoNiyuMoNb, W SiL,C, By R ME R R, % &
4l Ar SR IO RS (Weld Star—-M3000, KIDFRREDE
BHEARAT, Kb, hE) 75304 NMEMWEHEF S A S0,
BRI ER S T E S5 0L 3R,

2 304 AEHTRLMRMRHIAL k4>

Table 2 Chemical composition of 304 stainless steel matrix material

jtE| C | Si|Mn| P S | Cr| Ni |Mo| N |Fe
ok
0.017 [0.45[1.12]0.030] 0.002 [16.72| 10.09 | 2.03 | 0.046 | 4%
(wt.%)
R WOCIHE TS
Table 3 Laser cladding process parameters
s WE | EESE | TENERE | HEeR | BhE | /PR
’ (W) (mm) (mm/s) (%) (g/min) | (L/min)
1 900W 3
2 1000W 3
3 1100W 3
4 1000W 2
10 50 15 15
5 1000W 3
6 1000W 4
7 1000W 5
8 1000W 6
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spectroscopy, EIS) F13f i (i #2 fL #h 28 ( Potentiodynamic
polarization curve, PDP ). M EZEIR (25° C) ik
170 WA EEFE FIFT 8 AL (OCP) 29 30 438l DI
ERERERLE . PDP HZHHATEES —0.5 Veer 2 1.5 Ve vs.
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> E1 MRSEAREN XRDEE. (a) Bk, HFRFFEN XRDEIE; (b) FEBEES
ERHTREN XRDE; (c) TREBGLIESHTRER XRDEE.
> Figure 1 XRD patterns of powders and composite coatings. (a) XRD patterns of 304
stainless steel, alloy powders and coatings; (b) XRD patterns of coatings at different

defocus heights; (c) XRD patterns of coatings at different laser powers.

( =) Fe15C0,,CraoNixMo,No,W Si,C, i& BHIEAL5R

1. WIS TR E ORISR Y 5

WE B A EN3 mm, 432k H 900 W, 1000 WHI1100
WSO R S0A NN R I & T & 2B, H22ERM
BOETh R T H 41 Fe,sCoyCraoNiyMo;Nb, W Si,C, 1 F I ZH
A, WME 2R, FEEFOCHEEM 900 WHEATE 1100 W, HRER
PR RERTR, BT m AR A R R R R
E2 (dve) JERTHENMEN. WENSIMEL R, H
HRBAA XA A2, T A B AL, D BT A
R IR A SUIR IO AT AR . 2 (g~1) =R RES
IIHTE R, IR L (P& ) 3284 Fe, Co. NificCr,
RO T A ERAM, H Cr & B R THA=RT
o HENERAHAL (P2,5) FEEF Crfl MoytE, kM
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> B2 TEBYCHZFFM TR AT RENHWAAER. (a,d) BEHER00W; (b,e) #
FWERF 1000 W; (¢, f) BMATHER1100W;  (g~i) B2(e)H Py P, P, (IERIAEED
DIEESN
> Figure 2 Micromorphologies of laser cladding coatings under different laser power
conditions. (a, d) Laser power is 900 W; (b, ) Laser power is 1000 W; (c, f) Laser power is

1100 W; (g~i) Energy spectrum analysis results of positions P1, P2 and P3 in Figure 2 (e).
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_dE_ 1 Bk
di Lo 2.303(B+5.)

H B0 B ATHEAANEAR Tafel IZEATRER

(€Y

Sum |

> B3 FEBEBSERMG FARERENHWER. (a,a1) BESER2mMM; (b, b1)
BESEA3IMM; (c,c1) BESERImM; (d,d1) BESEAREMM; (e e1) B
BER6MmM; (f, 1) BESEART7 mm.

> Fig. 3 Microstructure of laser cladding coating at different heights from the laser focus.

(a, a1) The height from the laser focus is 2 mm; (b, b1) The height from the laser focus
is 3 mm; (c, c1) The height from the laser focus is 4 mm; (d, d1) The height from the
laser focus is 5 mm; (e, e1) The height from the laser focus is 6 mm; (f, f1) The height

from the laser focus is 7 mm.
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> B4 TRIBMCTIESM FRIEAIBLAEIRER 304 TERAEIR MR
> Fig. 4 Potentiodynamic polarization curves of 304 stainless steel and laser cladding
coatings prepared under different laser power conditions.
&4 KUl 304 RN SRR PDP IZAUA1FRI0 il 24240
Table 4 Electrochemical parameters obtained by fitting the PDP curves

of 304 stainless steel and coatings.

E.e feore Ba Be R,

mv) | (A +em™® | (V dev) | (V - dev) | (Q +cm)
304 —485 | 513%x10° 0.293 -0.216 10541
900 W | —-335 | 1.08x10°° 0.115 -0.16 26898
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E corre B B. R,

mvV) | (A ~em™ | (V -dev) | (V - dev) | (Q - cm)
1000 W | —401 | 2.8x10° 0.378 -0.224 21829
1100 W | =510 | 1.74x10° 0.28 -0.191 28516
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> E5 REBFEHZRFMA FHIEAGRE 304 AHNAVBAZIEMNIL. (a) EISIEGRIEE, (b)
Nyquistl, (c, d) BodeEl.
> Figure 5 Electrochemical impedance spectras of 304 stainless steel and coatings
prepared under different laser power conditions. (a) EIS fitting circuit diagram, (b)

Nyquist plots, (c, d) Bode plots.
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Table 5 Electrochemical parameters obtained by fitting the electrochemical impedance spectras of the coatings and 304 stainless steel

Rs O~ Y, Ry 04~ Y, R, 2
o 2 -n Qi1 2 4 0 Oun 2 X
(Ohm-cm) (Q em s (Ohm-cm”) (Q em 58 (Ohm-cm®)

304 0.39 1.3x10° 1 7.56 5.63x107° 0.81 3.5x10" 3.6%x107°
900 W 4.74 2.74x107° 0.87 1.97x10° 1.43x10™ 0.59 8.79x10° 1.74x10°°
1000 W 8.95 4.15%x107° 0.9 5.07x10" 2.39%x 107" 0.66 5.53%10° 5.39x 107"
1100 W 8.58 2.76x107° 0.86 2.28x10° 1.03x10°° 0.58 7.9x10° 6.94x10"
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> E6 TRBESE FHERIRER 304 FENAIEIR R LELE
> Fig.6 Potentiodynamic polarization curves of 304 stainless steel and coatings
prepared at different heights from the laser focus.
F6 RARZ I 304 MBI PDP AL S8 22 24
Table 6 Electrochemical parameters obtained by fitting the PDP curves

of the coatings and 304 stainless steel.

Ee feorr B Be R,
mV) | (A ccem?) | (Veodev) | (V dev) | (Q - cem)
304 -485 | 5.13x10°° 0.293 -0.216 10541
2mm | -524 | 3.93%x10° 0.293 -0.203 13695
3mm | -401 | 2.8x107° 0.378 -0.224 21829
4mm | -474 | 2.36x10° 0.327 -0.208 23410
5mm -516 | 2.44x107° 0.253 -0.285 23849
6mm | -501 | 248x107° 0.27 -0.251 22771
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> E7 TEBESESM FEIEMREN 04 RENNBAFETIE. (a) EISGRIEE, (b)

Nyquist&, (c, d) Bode&l.
> Figure 7 Electrochemical impedance spectra of 304 stainless steel and coatings
prepared at different heights from the laser focus. (a) EIS fitting circuit diagram, (b)

Nyquist plots, (c, d) Bode plots.
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F TG Z 5 304 NN B AR A 1SR R UL A S AL

Table 7 Electrochemical parameters obtained by fitting the electrochemical impedance spectras of the coatings and 304 stainless steel.

R, Oin—Yo Rim 0.~ Y, R, i
(Ohm-cm) (Q em®s™ Qim0 (Ohm-cm?) (Q em s ™ Qan (Ohm-cm?) X
304 0.39 1.3x10° 1 7.56 5.63x107 0.81 3.5% 10" 3.6%x107
2 mm 9.47 2.48x107° 0.89 2.53% 10" 2.24x107° 0.74 4.37x10° 1.08x107°
3 mm 8.95 4.15x107° 0.9 5.07x10" 2.39x107° 0.66 5.53x10° 5.39x107"
4 mm 10.81 455%x10° 0.84 2.47x 10" 1.26x10° 0.69 2.23%10° 52x107"
5mm 7.136 3.19%107 0.72 2.14x10° 3.72x107° 0.63 4.23x10° 7.81%x10™
6 mm 7.54 2.36x107 0.82 2.23x10° 43%10° 0.59 7.84x10" 465%x10"
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FEARLAR I b ST R AR AT

(3) AW A T2 FHI 5 FesCouyCryNiypMo,Nby W,
Si,C, R EAE A U R F LA s i b, AR AU
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