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Abstract: Al-based amorphous coatings were prepared by laser cladding combined with liquid nitrogen-assisted cooling
technique on the surface of S355 offshore steel. The surface-interface morphologies, chemical element distribution, phase
compositions and the effects of liquid nitrogen-assisted cooling on the properties of the as-prepared coatings were analyzed by
using SEM, XRD and electrochemical workstation. The corrosion behaviors of the coatings and substrate immersed in 5%
NacCl solution for 10, 20, 40 and 80 days were also investigated. Results show that there exist a small amount of amorphous
AlFeNi phases in the coatings after liquid nitrogen-assisted cooling. A good metallurgical bonding between the coating and the
substrate is formed. On the surface of the coating, the microstructure of the coating is fine with reinforces phase TiC uniformly
dispersed. The cracks and pores are less in the coating as well. The micro hardness of the coating surface increases by 15%.
The residual stress in the coatings prepared by laser cladding combined with liquid nitrogen-assisted cooling is basically the
same as the coatings prepared by only laser cladding, both of which are tensile stress. The corrosion resistance of the coating is
also significantly improved.
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Table 1 Chemical composition of S355 steel (Wl%)
Element C Si Mn P Cr
Content 0.17 0.55 0.94  0.035 0.065
Element S Ni Mo Zr Fe
Content 0.035 0.065 030 0.15 97.69
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Fig.1 Schematic of laser cladding process
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Table 2 Parameters of laser cladding process

Parameter Value
Laser power / kW 1.5
Laser scanning rate / (mm-s™) 6
Powder feeding rate / (g'min™") 8
Argon gas velocity / (L-min™) 15
Spot diamteter / mm 3
LN2 working pressure / MPa 0.5
LN: velocity / (kg's™) 0.1
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Fig.2 Cross-sectional morphologies and EDS analysis results of the coatings prepared by different methods
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Fig.3 XRD patterns of the mixed powder and cladding coatings
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Fig.6 Surface residual stress analysis of the coatings prepared by different methods
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Table 3 EDS analysis results of the substrate immersed for

different time (w/%)
Time / d Fe (6] C Cl
10 73.3 124 14.0 0.3
20 86.6 10.2 2.8 0.4
40 81.7 12.5 3.7 2.1
80 80.6 15.6 33 0.5
A Al vALO, 1 7000 4
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Fig.9 XRD patterns of LC+LN: coating after immersion
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Table 4 EDS analysis results of LC+LN2 coating immersed for
different time (W/%)

Time / d Al (6] C Cl Fe Ti Na

10 83.7 4.8 6.0 0.7 1.3 3.1 0.4

20 66.9 7.3 2.8 7.3 2.7 105 25
40 555 183 7.2 6.5 2.9 5.5 4.1
80 509 173 7.6 121 1.5 39 5.7
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Fig.11 Corrosion cracks changes on the cross-section of the
coatings prepared by different methods
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Fig.12 Potentiodynamic polarization curves of the substrate and
coatings in 5%NaCl solution
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Table 5 Fitting data of polarization curves related to substrate and

coatings

Sample  Ecor  Jeorr/ (Aem®) Ba/mV B/ mV Rp/ (Q-cm?)

LC -0.55062 6.221x107 68.5 182.8 30543
LC+LNz —-0.451 74 1.091x107  202.6 340.0 50532.8
Substrate —0.801 72 2.770x10°  108.2 314.5 1294.7

TEVCA WA BV J A6 F T il 2 iR 2 B )
P, H—0.550 61V, AR H AN
6.221x107 A-em ™, IRZFRMUWH I T HIEILS
DO TIRERE AW T — 2P0 ALOs, TR
W 5 R IUR 2 Ecorr A1 Teorr EREME T34, BT
WEEA KRS TIiC, BEREHEMA A8,
A RS 2 E AN, G TR ol e AR

250
= S355
— Fitting result
200
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o
<)
= 100
N
50
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7'/ (Q-em?)
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W& R . fEL AR A T &1
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WRBHEEZ, o N 1.091x107A-cm 2, FAY
T B AL FEA LR )2 . HALFBE Ry HH Stern-
Geary 3175 :
& - B, - B.
P 2303 oo (Ba + Be)
FARBIALHLRE Ry 7y 1294.7 Q- cm?, ZEEAIL
TIRB AL, H A AR A BRI
R BH A AR HTRZ A 1.8 4%, 8 H A
) Teorr, B0 Ecorn FELEIIY Ry B IR 1R
25 A B R b, X T IRE S RZER
Icorr. Ecore Fl Ry, WRJZWHEMAAL, HIEA
Ui, WA BHAR AL TR 1 3 2 MR, X
At AN T 2 B IO X S355 ARGt ot A A
PP EVERT, H 2 A 24 T k2 it ik
PERERE,
13 IR S5IR)2HE 5%NaCl ERIR AR
i [a] B N A BRI BHBTIE ] (Nyquist [#), Hirh 228
FHPTSEHS, Z AFHPTERS, FHPUREIZIH — T2
X9 &ithi:

(®)

|Z| — ‘,Z’Z +Z//2 (9)

TEE A, FARR) Nyquist BB T P2
YUk, FEm BN AEHUIEREUN, AR 25450
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BT — AR AR, AW A TR
JEAPUICERRR, mit e (WA 13(b)).
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Fig.13 Nyquist plots of EIS of substrate and coatings
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Fig.14 Equivalent circuits of the EIS plots for substrate and coating
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Table 6 Fitting data of EIS related to substrate and coatings

Sample Rs/ (Q-cm?) Op/10°(Q"s™em™?)  Np R/ (kQ-cm?) 0:/107° (Q"s™cecm™?) M Ri/ (kQ-cm?)
Substrate 16.26 106.9 0.8 0.685
LC 12.91 2.417 1 10.84 4.433 0.8533 23.32
LC+LNz 11.11 5.355 1 4.817 2.083 0.8417 40.31
3 & g (3) S355 SRR B 1l =) 32 %2 & FeOOH, )i

(1) WA HG, BOCEHEIRER AR
% B/ B S ALFeNi A, W2 4141 55 40
b, HE5EAH TiC BAIREU i fEIR AR, R)2
BRI — LG, SRARRIFR S A

(2) LA HG, BOCEHERER S
TUAE S 976 HVo.2, o HAREEHIGRIZE = H
15%, EEARE 2.6 f5; WRIZRMBEARN 1 RHHL
RiF, K/ 1433 MPa, WRARGES H EH ARG EII
25 WREM S R BT, S R [
SRISENRIZ 172, HHEAAR/N 3 B .
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