FmFEAR 2 Hi3
- 276 - SURFACE TECHNOLOGY 2023 43 A

QB BERMIRESEBERE
NaCl BB BIEMmITA

REE, E2WE°, ®AE°, B, XUH-

(=N a BRI L2308t b. B3 TIE5kt, =N 730070)

WE: Bey RRMOL. 8 T BERAREARARIT LB F SRR iR &, 35408 R4 & M 6 it ik
Mak, Fik @AMk, SR ik, ALK, TR RRRAERES A 3.5%49 NaCl %
®P Ry B ARAT A . AR OM. SEM. EDS #= XPS 447 8 4R iX AR A @ . A 69 HILLL 8 A0 B 4R = 0 5 o
R RAMK, FETHEBEERATHARN R, RBER. LEWALWKE, LEIERIFY
WEMREE S ; FBTBEEGREAR TSR ZEREEY S, @), e (CruCs. CriCy ), M
ety (CrB) SR EREG T RBEWAE, st THRARA ERBAER, XGRS A S S TFIRE
B> s B >R Rk E AR R AR, R ORI R R B TSR R B 55 A 0.182 9,
0.125 6., 0.102 7 g/(m*h), MW E A S, SEEEE (—05034V), FEFHELE (-05466V) 498
ik Aig TR (-0.8584 V) X AT EH, Kk, MABEE. B FEEEN A BIRLAEESF
7 0.074 9, 0.0358, 0.0033 A/m*, ABALFMRERSE, FEFHRELOEIINFRRK, $OLBEENY
RZ, KRR REER A AL B IO ER A £, ClBIRT RERTGANIE, FE&TH AL
KR, EARBE—F B, AR E P ey EA KRS NIt Cr R R, AR T Cr(OH);. Ni(OH),, Cr(OH);.
Ni(OH),, #—FBRE, 4R Cry05. CrOs. NiO, s &, SRR Bk = E, [FFT
Bk ClLFE R ThEE20RERT, RETREARME, &8 HhELAK RN ARREZE
Ak = AT R AR AL R T My EE AR AR

KR Q235 )F4%; WOLME & FHTHEE; Ni60 & E; BirITA

FESES: TG1744 XEFRIE: A XEHS: 1001-3660(2023)03-0276-11

DOl : 10.16490/j.cnki.issn.1001-3660.2023.03.025

Corrosion Behavior of Nickel-based Alloy Cladding L ayer
on Q235 Weld in NaCl Solution

CHAI Ting-xi?, YAN Li-gin? XU Hong-tong?, JIANG Kai®, LIU Peng?

(a. School of Bailie Mechanical Engineering, b. School of Electronic Engineering,
Lanzhou City University, Lanzhou 730070, China)

WRREH: 2022-01-28; fEITHHA: 2022-06-24

Received: 2022-01-28; Revised: 2022-06-24

HELWH: ¥4 aAHFA%E (20JRI0RA281 ); HH 4 HFFAHFAE (2020A-128)

Fund: Natural Science Foundation of Gansu Province (20JR10RA281); Gansu Province Research Projects of Higher Education Institutions
(2020A-128)

TEEBN: REE (1986—), F, B+, sl#Rk, TLMATAAFBEFRFBEIEERR, BEVEREGY, SR,
Biography: CHAI Ting-xi (1986-), Male, Doctor, Associate professor, Research focus: plasma arc welding and cladding technology, corrosion
and protection of welds, grain boundary engineering.

IR s, FWE, hEW, F. Q235 FAELAMMASLEE ELE NaCl ik P69 BT A1), A @EK, 2023, 52(3): 276-286.
CHAI Ting-xia, YAN Li-qina, XU Hong-tong, et al. Corrosion Behavior of Nickel-based Alloy Cladding Layer on Q235 Weld in NaCl
Solution[J]. Surface Technology, 2023, 52(3): 276-286.



528 3

SRAEAS, 4§ Q235 MRUERINBIL G S ELZ E NaCl il i kA5 =277 -

ABSTRACT: The work aims to prepare Ni60 nickel based corrosion resistant coatings on the weld surface of Q235 low
carbon steel by laser cladding technology and plasma cladding technology. Corrosion resistance of the sample in 3.5%
NacCl solution was tested by weight-loss corrosion and electrochemical corrosion tests. The microstructure morphology,
chemical composition, coating phase and electronic structure of corrosion product film on the surface of the corrosion
sample were tested by OM, SEM, EDS, XRD and XPS, so as to reveal the corrosion resistance mechanism of Ni60
corrosion-resistant coating.

The results showed that the Ni60 corrosion-resistant coating with good formation, low porosity, dense and smooth
and no macro crack can be prepared on the surface of Q235 weld by laser and plasma cladding technology. The grain size
of plasma cladding coating was smaller than that of laser cladding coating. This was because the laser cladding coating
was a multipass lap coating, and the cladding area was heated twice during the cladding process, which lead to the
temperature rise of the previous cladding coating and grain growth. Microstructure near the fusion line in the laser
cladding coating was plane crystal, and the cladding layer was columnar crystal. The phase of laser cladding coating was
composed of y-(Ni, Fe), Fe;Ni,, CrB, FeNiy, Cry3Cq, Cr,C;. The microstructure of plasma cladding coating from fusion
line to cladding layer was planar crystal, equiaxed crystal, equiaxed crystal and dendrite mixed zone. The phase of plasma
cladding coating was y-(Ni, Fe), FeB, CrB and FeNij;.

The precipitation of carbides, borides and solution strengthened austenitic matrix in the coating improved the
hardness of the coating, which had a positive effect on improving the pitting resistance of the coating. Corrosion rates of
matrix, laser cladding coating and plasma cladding coating were 0.182 9, 0.125 6 and 0.102 7 g/(m*-h) respectively. From
the polarization curve, it can be seen that the self-corrosion potential of laser cladding layer (—0.503 4 V) and plasma
cladding layer (—=0.546 6 V) was positively shifted compared with that of the matrix (—=0.858 4 V). The self-corrosion
current densities of the matrix, laser cladding layer and plasma cladding layer were 0.074 9, 0.035 8 and 0.003 3 A/m?
respectively. Compared with the matrix, the self-corrosion potential of the coating was high, the self-corrosion current
density was low, the capacitive arc radius was large, and the corrosion resistance of the coating was significantly
improved. The immersion corrosion of the sample in 3.5% NaCl solution was consistent with the electrochemical test
results. The order of corrosion resistance was olasma cladding coating>laser cladding coating > matrix.

Corrosion mechanism of Ni60 coating in 3.5% NaCl solution was as follows. Corrosion was characterized by the
dissolution of the metal anode at the initial stage. The passivation film on the surface of the coating was destroyed by Cl-
in the solution and forms pitting pits. With the further development of the pitting process, the bound water in the corrosion
product film reacted with Ni*"and Cr’* and formed hydroxides(Cr(OH); and Ni(OH),), and then the Cr(OH); and Ni(OH),
were dehydrated and decomposed into oxides (Cr,O3, CrO;, NiO). Corrosion products covered the surface of the coating
and formed a corrosion product film, which was composed of oxides (Cr,O;, CrO;, NiO) and hydroxides (Cr(OH)s,
Ni(OH),). The corrosion product film has a protective effect and separates the solution from the coating, which prevents
Cl from penetrating through the corrosion products to the coating surface and reduces the corrosion rate. The pitting pit is
difficult to nucleate and grow, which improves the overall corrosion resistance of the coating.

KEY WORDS: Q235 weld; laser cladding coating; plasma cladding coating; Ni60 coating; corrosion behavior
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Fig.1 Macro morphology of cladding sample: a) laser cladding coating;
b) plasma cladding coating
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Fig.2 Microstructure of cross-section of sample: a) LCC joint surface; b) LCC central region;
¢) LCC joint surface; d) PCC central region
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