TARERRA AR, O 46 35, 55 3 M0]: 470-479, 2024 4F 3 J]
Chinese Journal of Engineering, Vol. 46, No. 3: 470—479, March 2024
https://doi.org/10.13374/j.issn2095-9389.2022.12.12.001; http://cje.ustb.edu.cn

15 4 Das FHA SR 4 38 T AR FREAR 1y 22 e BUIR

E 0, KA, BARED, BEAE, KR

1) 6T 2 LR K F AT BR2= B AR BIH 58 B, dbat 100089 2) b i 25 i K K2 7 B QBT IR 5E B, 77 0% 315000 3) bt Bl K226 4
S TR, LA 100089
BRI {5 /F#, E-mail: xurunsheng@ustb.edu.cn

W E HOL REEARTER SRS EN B AR E R, ARG &0 RSB AR RE W 2, (H RS
B RBE S R AOE 2R & 4 1Y 22 TH A0 BR B R B BR AR DGR IR B AR SCERIR T HERE A AR L BT R N
B A Sk =R OCHING AR T I 19 22 IR OB 2 DL B i 4 L SR SRR L RIIATE . O B G 4 B LR R
AL IRBE AR TR G 4 2 T oM U A I 55 2 R IR, % LU A3 Ar 1 LA 2 T A 3G R A DR a5, I X i & M ORMEESR & 4 R 1
SR AL U N 1T TR FERHTAIRIZMOEL . AR T A DL R A R BOR, W OB R A S R R 2
HORIE A, RIIR AL FREARTE NG 55 T 6 & B A 2 A0 BTl s FH 64 7T B Jr o).

KB RARE WAL R AR AR BOCHAR; SAHTUEAR

NES TG174.4

Development status of surface treatment technology for copper and its alloys for

metallurgical equipment

WANG Fangfang", ZHANG Hongxu", LIAO Yimin®, XU Runsheng®™, ZHANG Hu"

1) Research Institute for Frontier Science, Beihang University, Beijing 100191, China
2) Ningbo Institute of Technology, Beihang University, Ningbo 315800, China
3) School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China

DM Corresponding author, E-mail: xurunsheng@ustb.edu.cn

ABSTRACT Copper and its alloys have various applications in the metallurgical industry due to their good thermal conductance.
Continuous casting mold, blast furnace tuyere cooler, and converter oxygen lance’s nozzle are the core components to ensure normal
steel production. With increasingly severe service conditions and the goal of long component life, there is an urgent need to improve the
surface properties of copper alloy components to curb premature component failure due to surface abrasion, corrosion, or oxidation.
Therefore, the effective surface treatment of copper alloy parts is of great significance to the development of the steel industry, which
combines the high thermal conductivity of copper alloys and the high strength, heat resistance, or corrosion resistance of the protective
layer. There have been numerous attempts to apply surface technologies to metallurgical equipment and more reports on surface
treatment technologies for copper and copper alloys. However, fewer reports have systematically sorted out the failure forms of key
metallurgical components of copper alloys and the current state of research on surface treatment technology for copper alloys. Therefore,
this paper first reviews the main surface failures of three key copper alloy components, namely the continuous casting crystallizer, the
blast furnace air outlet bushing, the converter oxygen lance head, and the current technical methods to improve the overall performance

of these components. Second, this paper reviews the current research and development status of several surface treatment technologies in
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the field of copper alloy surface modification, such as electroplating, thermal spraying and cold spraying, surface fusion coating, laser

treatment, and alloy co-infiltration. Moreover, it highlights the emerging thermal spraying, cold spraying, surface fusion coating

technology, and laser surface treatment technology; contrasts and analyzes the advantages and disadvantages of these surface treatment

technologies; and provides an overview of the physical vapor deposition refractory high-entropy alloy film technology. The potential

application of physical vapor deposition of refractory high-entropy alloy films in surface strengthening of copper alloys is prospected.

Developing new coating materials, optimizing the physical vapor deposition technology coating process, and combining various surface

treatment technologies (such as laser surface treatment and surface coating technology) are possible directions to improve surface

properties and bond strength. They will enable a longer life of copper alloy components for metallurgical equipment.

KEY WORDS metallurgical equipment; copper alloys; surface treatment technology; laser technology; vapor deposition technology
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Table 1 Comparison of hardness and strength of the
co-infiltrated alloy layer with the base pure copper ™  N-mm™=-MPa™

. Hardness Hardness .
Material (HB) (HV) Elastic modulus
Co-permeable alloy layer 421.6 447.7 1482.4
Pure copper 59.8 67.9 196.1
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Table2 Mass of specimens before and after frictional wear **!

Sample Before wear test/g ~ After wear test/g  Weight loss/g
Pure copper 26.1492 24.7741 1.3751
Cr,03 coating 26.5030 26.6025 —0.0995
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Table 3 Oxidation rate of pure copper and co-infiltrated copper “*)

Pure copper

Penetration copper

Oxidation time/h
Oxidiation rate/(g-m >-h %)

Oxidiation resistance

Oxidiation rate/(g-m >-h?) Oxidiation resistance

5 15.4
10 14.2
15 13.3
20 20.9

25 21.6

1

1

1

6.7 2.30
3.1 4.58
1.6 8.31
1.3 16.08
1.2 17.60
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