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Abstract  

The aim of this work is to analyze the process of obtaining and thermal treatment on the 

grain size of copper microalloyed with iron and phosphorus (0,003 wt%Fe i 0,014 wt%P). 

Microalloyed copper was obtained in two ways: by melting cathode copper and prealloys CuFe0,1 

and CuP6,42 in an induction furnace followed by the casting of the same raw materials and the 

up-casting process, followed by extrusion. The samples obtained in this way were subjected to 

thermomechanical treatment, which involved cold plastic deformation by rolling with 70% 

reduction, followed by annealing at 470°C for 80 minutes. Based on the microphotographs and the 

ImageJ software, the average grain size and grain size distribution were determined for each 

tested sample. The results showed that the average grain size of the extruded sample was smaller, 

and the microstructure was more uniform and had a higher degree of recrystallization, which can 

be attributed to severe plastic deformation (extrusion). 

Keywords: extrusion, microalloying, "up-cast" process, microstructure.  

1. INTRODUCTION  

Research in the field of severe plastic deformation (SPD) has grown significantly in 

recent years due to the numerous properties that can be achieved in different materials [1]. 

The main goal of the severe plastic deformation (SPD) method is to achieve a unique 

combination of high strength and ductility [2], as well as to achieve ultrafine-grained 

materials with improved properties [3].  

Copper represents an ideal model of material for studying deformation processes and 

microstructure development due to its low cost, unique FCC structure, medium stacking fault 

energy and long history of research on this material. 

Many researchers have studied the mechanical and structural properties of pure copper 

in the extrusion process [4-6]. Shalini et al. [7] conducted microstructural analyzes of copper 

products before and after deformation (extrusion). Their results showed that the hardness of 

the extruded products is higher and that finer and more uniform grains are obtained during 

extrusion. Zhao et al. [8] studied the effect of strain rate on the microstructure and mechanical 

properties of AA6063 during a continuous extrusion process. Their results showed that 

variations in the speed of the extrusion wheel directly affect the deformation of the material 
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and significantly affect the maximum extrusion temperature. They concluded that there is an 

optimal wheel speed for extrusion that produces products with good mechanical and 

structural properties.  

In this work, the microstructure of samples from the same alloy obtained by different 

technological procedures will be analyzed, as well as the confirmation that the extrusion 

process has a significant influence on the grain size. 

2. EXPERIMENTAL 

Experimental research included the production of cast samples from micro-alloyed 

copper with 0.003 wt%Fe and 0.014 wt%P obtained by different procedures.  

The first sample was obtained by melting, in an induction furnace, cathode copper of 

purity 99.99% (GRADE A quality produced by AURUBIS) and pre-alloys CuFe0.1 and 

CuP6.42 under a layer of charcoal as a covering agent, followed by casting in a graphite 

mold. After hardening in the mold, the casting was removed from it and tempered in a 

mixture of water and alcohol. The second sample was obtained by melting the same raw 

materials and casting with the "up-cast" process, followed by extrusion. The samples thus 

obtained were subjected to thermomechanical treatment, which involved cold plastic 

deformation by rolling with 70% reduction, and then annealing at 470°C for 80 min.  

The metallographic preparation of the samples was performed on a device for 

electrolytic polishing and etching. An aqueous solution of phosphoric acid and alcohol was 

used as an electrolyte for polishing the samples, and for better structure development, the 

samples were also etched with a solution of ferric chloride. Microstructural analysis of the 

prepared samples was performed using optical microscopy, and the average grain size, profile 

diagram and grain size distribution were determined using ImageJ software.  

3. RESULTS AND DISCUSSION 

Figure 1 shows optical microphotographs of microalloyed copper obtained by different 

methods, after thermomechanical processing. The grain distribution shows that there is a 

visible difference in grain size between the sample that was extruded (Figure 1b) and the one 

that was not (Figure 1a). 

In the case of the extruded sample, the grains are visibly smaller with clearer 

boundaries, and the inconsistency in grain size is reduced, resulting in a more homogeneous 

structure. 

       

Figure 1. Optical microphotographs of samples after rolling with 70 % deformation and annealing for 

80 min at 470 °C a) obtained in an induction furnace, b) obtained by "up-cast" process and extrusion 
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Average grain sizes, profile diagram and grain size distribution for the tested 

samples were obtained based on optical microphotographs, using ImageJ image analysis 

software. The grain size was measured along the longest axis, and in both samples the 

average grain size was determined in three fields of view. Figure 2 shows the average 

grain size and grain size distribution of samples obtained by different methods. It can be 

seen from the picture that the microstructure of the extruded sample is much finer and 

more uniform with an average grain size of 15.96 μm. 

   

Figure 2. Average grain size dsr and grain size distribution for sample a) obtained in an induction 

furnace, b) obtained by "up-cast" process and extrusion 

The extrusion process is realized under the influence of active friction processes that 

occur between the workpiece and the working wheel. By rotating the wheel, the rod is pulled 

into the filling chamber, where due to high compressive stresses and shear deformation, the 

metal is heated and the temperature in the deformation zone reaches 450-600°C, so the 

extrusion process takes place without pre-heating the bar. During extrusion, thermal 

deformations of the bar were achieved, during which dynamic recrystallization occurred. 

Therefore, the grain is significantly refined during the extrusion process [9,10]. 

The extrusion process proved justified in terms of grain comminution, because the 

finer the grain before deformation, the finer the recrystallized grain will be. A smaller 

starting grain causes a higher accumulated energy and density of dislocations during 

deformation, so that conditions are created for the formation of nucleus in many more 

places inside the grain. The extrusion process, in combination with rolling and heat 

treatment, proved to be justified in the tasks of forming a fine-grained structure, whereby 

the set of mechanical properties of the material is improved. 

4. CONCLUSION 

The paper presents the results of the influence of the obtaining procedure on the grain 

size of micro-alloyed copper. Based on the obtained results, it can be concluded that the 

extrusion process proved justified in terms of grain comminution. During extrusion, thermal 

deformations of the bar were achieved, during which dynamic recrystallization occurred, and 

therefore the grain was significantly refined during the extrusion process. The combination of 

extrusion and cold rolling not only reduced the grain size, but also reduced the heterogeneity 

of grain distribution in the workpiece. 

  

0 10 20 30 40 50 60 70
0%

10%

20%

30%

dsr=22,80 µm

 

 

F
re

q
u
e
n
c
y
 (

%
)

Grain size (µm)

0 10 20 30 40 50
0%

10%

20%

30%

dsr=15,96 µm

 

 

F
re

q
u

e
n

c
y
 (

%
)

Grain size (µm)



The 55th International October Conference on Mining and Metallurgy 

15 - 17 October 2024, Kladovo, Serbia 

https://ioc.irmbor.co.rs 

 320 

ACKNOWLEDGEMENTS  

The research presented in this paper was done with the financial support of the 

Ministry of Science and Technological Development and Innovation of the Republic of 

Serbia, University of Belgrade, Technical Faculty in Bor, with Contract No. 451-03-65/2024-

03/200131 and Mining and Metallurgy Institute Bor with the Contract No. 451-03-66/2024-

03/200052.  

REFERENCES 

[1]   R. Z. Valiev, K. Islamgaliev, V. Alexandrov: Prog. Mat. Sci. 45 (2000), p. 103. 

[2]   S. A. A. Akbari Mousavi, A. R. Shahab, M. Mastoori, “Computational study of Ti–

6Al–4V flow behaviors during the twist extrusion process”, Mater Des., Vol. 29, 

(2008), pp.1316-329. 

[3]   S. Qu, X. H. An, H. J. Yang, C. X. Huang, G. Yang, Q. S. Zang, Z. G. Wang, S. D. 

Wu and Z. F. Zhang, “Microstructural Evolution and Mechanical Properties of Cu-

Al Alloys Subjected to Equal Channel Angular Pressing”, Acta Materialia, Vol. 57, 

No. 5, (2009), pp. 1586-1601.  

[4]   P. Kral, M. Kvapilova, J. Dvorak, P. Ponizil, O. Sedivy, K. Helisova. et al. 

“Quantitative characteristics of inhomogeneous microstructure in UFG copper”. in 

IOP Conf. Ser.: Mater. Sci. Eng., 63 (2014) 012137. 

[5]   T. Sheppard, H. L. You. “Microstructure and properties of some extruded copper-

phosphorus alloys”. Metal Sci. 18 (1984) 439–447. 

[6]  B. Bazaz, A. Zarei-Hanzaki, S. M. Fatemi-Varzaneh. “Hardness and microstructure 

homogeneity of pure copper processed by accumulative back extrusion”. Mater. 

Sci. Eng. A 559 (2013) 595–600. 

[7]  S. Kumari, A. K. Rai, D. K. Sinha, R. C. Franci. “Deformation Behavior and 

Characterization of Copper Alloy In Extrusion Process”. International Journal of 

Mechanical Engineering and Technology, 6(7), (2015), pp. 72-78. 

[8]  Y. Zhao, B. Song, J. Pei, C. Jia, B. Li, G. Linlin. “Effect of deformation speed on 

the microstructure and mechanical properties of AA6063 during continuous 

extrusion process”. J. Mater. Process. Technol. 213 (2013) 1855–1863. 

[9]  Investigations and applications of severe plastic deformation. T.C. Lowe, R.Z. 

Valiev (eds.), Kluwer, Dordrecht, 2000. 

[10]  S. Qu, X. H. An, H. J. Yang, C. X. Huang, G. Yang, Q. S. Zang, Z. G. Wang, S. D. 

Wu and Z. F. Zhang, “Microstructural Evolution and Mechanical Properties of Cu-

Al Alloys Subjected to Equal Channel Angular Pressing,” Acta Materialia, Vol. 57, 

No. 5, 2009, pp. 1586-1601. 

 

 
  


