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H. R. Alinaghian’, S. A. Sadough Vanini', S. M. Monir Vaghefi?
1- Department of Mechanical Engineering, Amirkabir University of Technology, Tehran, Iran

2- Department of Materials Engineering, Isfahan University of Technology, Isfahan, Iran
(Received 8 December 2019 ; Accepted 9 June 2020)

Abstract

The surface of continuous casting moulds with high number of castings may be worn or destructed. As result, an
approach for increasing these moulds life is necessary. In this project, the goal is the restoration of the DHP copper
sample. In this project, the destruction of the copper sample is done by creation of groove using a CNC machine. The
restoration of the sample is done using OAW and filler to fill groove area. In this project, the effect of preheating
temperature, filler type and heat treatment of welding area on hardness, microstructure, chemical analyses of welding
area and thermal conductivity of the weld are investigated. The preheating temperature range of 300 to 450°C was
selected. The Cu-P and Cu-Ag-P fillers were chosen to fill the groove of the weld area. The scanning eectron
microscope (SEM), energy dispersive x-ray spectroscopy (EDS), micro hardness tester, optical microscope and thermal
conductivity meter were employed for evaluation of the results in this project. The results showed that the increase of
preheating temperature creates oxide layers and the decrease of preheating temperature causes the incomplete filling of
the welding area. Finally, the preheating temperature of 400 °C was a proper choice considering the above mentioned
factors. The stress relieving operation to decrease stress and preserve the mechanical properties in the temperature of
250 to 400 °C and duration two hours was carried out. The result demonstrated that the selected temperature causes no
unwanted decrease on the hardness. It was also found that increasing the annealing duration, decreases the hardness of
weld for Cu-P filler for Cu-Ag-P filler increasing the annealing duration, first decreases the weld hardness and then
increases the weld hardness. The Cu-P filler was compared with Cu-Ag-P filler. The results showed that the Cu-Ag-P
filler has less hardness (around 10 percent) than the filler without silver. On the other hand, the thermal conductivity of
the Cu-Ag-P filler was around 10 percent more than the thermal conductivity of the Cu-P. It is obviousthat the selection
of thefiller type depends on the type of base metal and its geometry. The results showed that the segregation in the Cu-
P filler with 7.2 percent phosphorous, because of the proximity of the weld structure to the eutectic point, has dightly
happened; while, the selection of the Cu-Ag-P filler with 6 percent silver caused severe segregation of silver to 90
percent silver at the center of weld at the non-dendrite area.

K eywords. DHP copper, Repair of failing, Welding filler, Micro-hardness, Microstructure, Annealing
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Units Conc At;}mlc Int(i/nsty Line Elt. A 5,00 gahais
wt.% 100.00 100.00 1,176.31 Ka Cu 1
Total wt.% 100.00 100.00 1
Units Conc Atf;/';mc Int(zl;ty Line Elt. BUHESPRT VY
wt.% 9.96 15.81 275.06 Ka Cu 2
wt.% 90.04 84.19 2,682.18 La Ag 2
Total wt.% 100.00 100.00 2
Units Conc Atf;/';mc Int(zl;ty Line Elt. BUHESPRT VY
wt.% 100.00 100.00 1,478.84 Ka Cu 3
Total wt.% 100.00 100.00 3
Units Conc Atf;/';mc Int(?;ty Line Elt. BUHESPRT VY
wt.% 75.01 83.59 1,052.56 Ka Cu 5
wt.% 24,99 16.41 373.70 La Ag 5
Total wt.% 100.00 100.00 5
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Units Conc At;}mlc Int(i/n;ty Line Elt. A 3,50 g4k
wt.% 100.00 100.00 1,176.31 Ka Cu 1
Total wt.% 100.00 100.00 1
Units Conc At%)/znlc Int(?;ty Line Elt. A 350 Gelal
wt.% 9.96 15.81 275.06 Ka Cu 2
wt.% 90.04 84.19 2,682.18 La Ag 2
Total wt.% 100.00 100.00 2
Units Conc At%)/znlc Int(?;ty Line Elt. BERSTNCE S
wt.% 100.00 100.00 1,478.84 Ka Cu 3
Total wt.% 100.00 100.00 3
Units Conc Ati)/znlc Int(?;ty Line Elt. A 350 Selal
wt.% 75.01 83.59 1,052.56 Ka Cu 5
wt.% 24.99 16.41 373.70 La Ag 5
Total wt.% 100.00 100.00 5
((14) JSs b Glls) oS 1 b g e cilies 150 53 obe doys =3 Jsir
Units Conc Atomic Intensity Line Elt. S 5 ge ala
% (cls)
wt.% 100.00 100.00 1,226.95 Ka Cu 1
Total wt.% 100.00 100.00 1
Units Conc Atomic Intensity Line Elt. i s g0 4k
% (c/s)
wt.% 8.52 16.04 453.72 Ka P 3
wt.% 91.48 83.96 1,739.54 Ka Cu 3
Total wt.% 100.00 100.00 3
Units Conc Atomic Intensity Line Elt. i sy g 4k
% (c/s)
wt.% 3.98 712 99.14 Ka P 4
wt.% 96.02 92.88 1,392.54 Ka Cu 4
Total wt.% 100.00 100.00 4
Units Conc Atomic Intensity Line Elt. i sy g 4k
% (c/s)
wt.% 6.60 12.66 272.67 Ka P 5
wt.% 93.40 87.34 1,393.72 Ka Cu 5
Total wt.% 100.00 100.00 5
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