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Fe-Based Composite Coating Prepared by Laser Cladding and Its Heat and
Corrosion Resistance
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Abstract To solve the problems of the use and protection of existing deck anti-skid composite coatings under special
service conditions such as high-temperature and high-speed air erosion, we prepared a 316L stainless steel corrosion-
resistant bottom layer and 316L+ (ZrO,-8% Y, O, ) anti-skid top layer on a Q235 carbon steel surface using the laser
cladding technology. Corrosion electrochemical analysis was carried out to investigate the corrosion electrochemical
behavior of the coatings in a marine environment. Furthermore, the microstructure and the internal structure of the
coatings were characterized via the modern analytical testing techniques, including X-ray diffraction and scanning
electron microscopy. At different temperatures (200 “C, 400 °C, and 1000 °C), the heat resistance and
microstructures of the coatings were compared. The results show that the novel Fe-based composite coating exhibits
good corrosion resistance, which is two orders of magnitude higher than that of the carbon steel matrix. At the
high-temperature condition of 1000 ‘C, there was no obvious peeling and cracks on the surface of the Fe-based
coating, indicating good high-temperature resistance.

Key words laser technique; laser cladding; Fe-based coating; corrosion resistance; high-temperature resistance
OCIS codes 310.1515; 310.3840; 350.3390

JEE N R SR S AT N A R H A

Ll H S R AT AT () 0 S B 0 2 EL 3
3 9 U — LT 5 R T B T B Bk T A T A T T B R £ R
T B 10 T 45 T 10— P ELA 151 3 R B T T T ———

WFE HE: 2020-03-10; f&E B HA: 2020-04-28; FHBHI: 2020-05-26
HEWH.: IWEAEESHAKITR(2017GHY15108) LR A 5855 0 . F S ditd -+ 5 8 i m g

" E-mail: b14040127@s. upc. edu. cn

1002001-1



th i

i ot

B AR MEARN B TR T £ R B B R R L BR T
it B AR R B T AR REON  EH E A A R
L FR T B b P BE L BT 5% Hh 2k 28 Ak 1 B R 9 I Ak
PERE L 10 ELR T B DX 38 By o U R A T LA
(X8RO U i o SN T IS R SN R RS i D4 S A
B

KA LA, [ A S0 R A By 98 4% J2= 4 0T o] 3 2
S R AE B S RE B T ORI L X R T O A
REA 6 12 R 22 MO A R B4 97 3 280K ELZ IR T2 1Y
T ey M REAR 22 . 7 Mg =0 XTI e R A e U 1Y
W R B R A D EC R DT 3 % B R LA
Xt TR i RE B T R = L 4 T A I T R R A R 4 DR
BRE  HA & A F A PLE R L BUESS Sk (8
i 24 i S, UG A B0 el o A T T B AT T AR
B G AN S LAY B 4 3 T R AT 4 )R
SR IR 2 TS, B S & ANLE A B B
B T A7 o ik A% P RE L 38 B AT BAR I B HL Bk S
A b U2 AN UEAT B A i B 4R A I8 BLAT R E AT
P AU 5] 25 B I SR A A R 3
JZ2 USRI 4 L A

PO A D — b S kv A0 R T OB R
5 IR HOAR A He L B ATV B0 R R Z AL R
& TR /N L R 5 T 9 A s A S5 L. R
TS A BRI G S U2 ) DL 35 3 4w bR
ST PR REE L 6% JEE TR R 463 S e <5 1 i T Lok £
TR YR G AR P A ST R A 1], ELAT T A R
ARG LA A8 (6 P PR R o2
5 ) < Ja B 7 T R JE A T AL BT I T R R A ]

-' .

it ok P B A 1 A5 S B ORI L U 2 R K PR AR 22, I
I, 75 B & — Tl i 1 Tt v IR R S ek ) R 3 R A
SR BT TR

AR SR BOCIEEH R AR Q235 fii M9 L 1R 3=
4 T 3161 NN EJZ R Z A 316 L+ (ZrO,-
8%0Y, O BUZLERI I B A 1R )Z - SR 5 XU J2 1 i 44
PERE LA R J65 oot BB AT T K A0 M . I 98 AN
A A R 4 B B v U 2 A T R RN FH R I A
it o 3T LA Sy I8 T ) SHE 00 P T ol 7 3 T v R e ok
PR TR AL L Atk B Hi L T AR A SR G R A i 4
PEHAREREZ L,

2 AR OT

2.1 E##

ASCRT ] 316 L ANEE 848 AR B JL o7 8 A4 BB I
A B2 mI 4R AL L 3208 R 2 R F AR 55 1k il 55 15
F AR K BRI R, oAk 2 A3 (Bt 4 85, Vo)
19.50 Cr.10. 74 Ni.1.63 Mo.1.04 Si.Fe A1,
1Ca) 7R 2 3161 ANGE 4 #3 oK 1 491 4 L 458 (SEMD &
& AT LA L BRI UKL 43 A A5 53 50 . A b 8K
8 AN R DN R, K 22 BOWURL R AR R (66 215) pum,

T2 56 T PR 5 oG A Bl s AU Sk A Ak A R e AL
(J5 2k PR5221,7Zr0,-8 %Y, 0,) , B 5 1 5 B JK 25
RIS UR AR AT R 2 B4R AR 1, Ak 2 Bl A3 (O A 43
$.%) 4 0.77 C.28.93 0.68.7 Zr,11.60 Y, &l 1
(D) IR N 2r0,-8 %Y, O, #rAK M SEM E{% .
AL ZrO,-8 %Y, O, ¥y AR MORE 5 23 3RO 25 44, i
KRR ARV — 35~ 465 pm.,

&) Q‘; q.»»

O®

B 1 I B AR SEM BEA, () 316L AEMF A (b) Zr0,-8%Y, 0, HHK
Fig. 1 SEM morphology of experimental powders. (a) 316L stainless steel powders; (d) ZrO,-8% Y, 0, powders
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Fig. 2 SEM images of the coatings surface. (a) Single-layer coating; (b) double-layer

composite coating
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Fig. 3 Cross-section morphology of substrate and double layer composite coating samples after polishing and etching.

(a) Substrate; (b) double-layer composite coating
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Fig. 4 SEM images of single-layer coating sample at different temperatures. (a) 200 °C; (b) 400 °C; (c¢) 1000 °C
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Fig. 5 SEM image and element distributions of single-layer coating sample. (a) SEM image; (b) element surface
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Fig. 6 Electrochemical impedance spectroscopy of single-layer coating sample immersed in seawater

for different time. (a) Nyquist diagram; (b) Bode plots
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Fig. 9 SEM images s of corroded surface of single-layer coating sample immersed in seawater for 720 h
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Fig. 10 SEM images s of corroded surface of double-layer coating sample immersed in seawater for 720 h
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