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Abstract: To improve the surface properties of high-strength steel, two types of copper-based cladding layers with different
added alloys were prepared on the surface of X80 steel using arc cladding technology, namely Cu-Ni-Fe-Nb-W and Cu-Ni-
Fe-Ti. The effects of Nb-W and Ti alloy elements on the microstructure and properties of Cu-Ni-based cladding layers were
studied using instruments such as OM, SEM, EDS, microhardness tester, friction and wear tester, and electrochemical work-

station. The results show that the microstructure of the two groups of Cu-Ni-based cladding layers from bottom to top are

planar crystals, cellular crystals, dendritic crystals, and equiaxed crystals, and both Nb-W and Ti have the effect of refining
the Cu-Ni cladding layer structure. The average hardness value of the Cu-Ni-Fe-Nb-W cladding layer is 161.9 HVO0.1, and
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the average hardness value of the Cu-Ni-Fe-Ti cladding layer is 176.4 HVO.1. The friction coefficient and wear amount of
the Cu-Ni-Fe-Ti cladding layer are lower than those of the Cu-Ni-Fe-Nb-W cladding layer, indicating that the addition of Nb-
W and Ti can improve the mechanical properties of the cladding layer, and the effect of adding Ti element is better than that
of Nb-W element. Electrochemical tests show that the corrosion resistance of the Cu-Ni-based cladding layer with added al-
loy elements is significantly better than that of X80 steel, and the corrosion resistance of the Cu-Ni-Fe-Ti cladding layer is
better than that of the Cu-Ni-Fe-Nb-W cladding layer.
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Table 1 Chemical composition of welding wire alloy (wt. %)

S22 C Ti Fe Ni.Si.Mn Cu Nb w
1# — — — 13~16 Bal. 2.0 2.0
21 — 3.0 10~13 Bal. — —

R2 XSOMEMLMUER S (BB, %)

Table 2 Chemical composition of X80 steel (wt. %)

C Ti Fe Si Mn Cu
0.053 0.014 Bal. 0.20 1.84 0.01
Nb fEInER Cr Mo Al \%
0.084 <0.003 0.35 0.19 0.035 0.036

1.2 REHE

% H Panasonic %! TIG #EHLZE X80 84X 2 11 #E47
AR R 2% BRSO SRR IR 150~160 A,
JRPEHLE 16~18 V, JE U 180~220 mm/min , {44
S (99.99%Ar R, i i 15 L/min, 277X X80 Y
R HEATHUIAT I | 25 B 2% 481k je SR o,
SRR 1R, 82 RS 50 mmx60 mm , 1457
EHCh2)Z.

S DT EILAE R A 20 mmx
10 mmx5 mm [ Il £ AR o (5 FH R ik
7 (25 g FeCl:+25 mL HCI1+100 mL H,0) J& i k¢
J&i , A H Olympus U527 i U5 X HRAE #6174 AH 40
ZUIEE i 1 A RE T 20 AT (EDS) 1Y VEGA3 XMU
AU L S AU BE R AR A 4 R B A AT B
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Fig. 1 Schematic of cladding process
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Fig.2 Schematic of electrochemical testing
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Fig.3 Microstructure of 1# and 2# cladding layers
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Fig. 4 Interface morphology and element diffusion of cladding layer
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Fig. 5 SEM analysis results of 1# cladding layer
PETHI ., X FEIE M T Feou R IHAMAIGEZ Yy Ak sl B s AT AR D (5 2 B 2 O A
B H G2 R EE R AR SR 28 2 BN PR O H 2 B 2 00 P R R R T 140
PR B (B s o A R BRI IR 2 e 2 X TR S R ST e o i A G
BT Nb Ni Je R H R & P, 51 7 a 1 8 Sy 14 240 7 22 U PR HERE LIS 45 2R , 14,
BB B0 17 240 78 2 £ B Cu—Fe—Ni [BIVERIE 206 2 B-F- X BE 8 2 5053001 R 0.822 F110.662 , 2#

'mn—ummﬁﬁ—wuaml



.ﬁBHE%I*%ITiﬁ—E‘s‘“H%H.

14 K R

2024 4F:

R3 IHBRBERY KIS EDS S TER (RESE, %)

Table 3 EDS analysis results of micro area of 1# cladding layer (wt. %)

P Cu Fe Ni Nb W
a 83.1 125 4.1 0.2 0.2
b 16.0 67.7 13.6 1.1 1.6
¢ 53.6 35.8 93 0.9 03
d 72.7 163 5.2 5.6 0.1
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Fig. 6 SEM analysis results of 2# cladding layer
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Table4 EDS results of micro area of 2 # cladding layer (wt. %)

[X Ja Cu Fe Ni Ti
e 34.1 334 31.9 0.6
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Fig. 7 Interface hardness of cladding layer
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Fig. 8 Friction and wear test results of 1# and 2# cladding layers
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Fig. 9 Wear morphology of 1# cladding layer and the element

distribution
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Table 5 Element content in the wear morphology of 1# cladding layer
(wt. %)

[X 3§ 0 Nb Fe Ni Cu w Ti
a 6.8 0.8 20.1 126 547 49 —
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Fig. 10 'Wear morphology of 2# cladding layer and the element

distribution
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Table 6 Element content in the wear morphology of 2# cladding layer

(wt. %)
[X 45 0 Nb Fe Ni Cu w Ti
b 228 — 32.6 3.9 406  — 0.1
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Fig. 11 OCP curve of X80 steel, 1# and 2# cladding layers
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Fig. 12 Tafel test curve of X80, 1# and 2# cladding layers
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Table 7 Tafel parameters of X80 steel, 1# and 2# cladding layers

Sample E NV I./(A-cm™)
X80 4K IR -0.661 1.55%107°
IR -0.428 1.73x107°
2 ) -0.315 4.97x10°°
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Fig. 13  EIS fitting diagram of X80 Steel, 1# and 2# cladding layers
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Table 8 EIS fitting parameters of X80 steel, 1# and 2# cladding layers

A R/(Q+cm®) C/(F+em?) R/(Q+cm?) CPEI-T/(F+em®)  CPEL-P/(Frem’)  R/(Qecm’) R/(Q-cm’)
X80 5.13 4.297 6x107* 95 1.822 7x107 6.559 2x107" 258 353
1# 5.23 2.503 8x10~° 1956 1.259 9x107* 7.391 8x107! 1875 3831
2# 5.26 9.239 3x10° 1732 7.059 7x10° 7.000 9x10°* 2651 4383
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Fig. 14 Bode diagram and phase angle diagram of X80 steel substrate and 1# and 2# cladding layers
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