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Abstract: The present investigation is concerned with the structural spinodal decomposition 

and study of changes in properties of copper-based alloys after solution treatment and fast 

quenching. The copper-based alloys are chosen due to the low-cost shaping possibilities. 

Cu- alloys were cast and then aged at 550 °C. Transmission electron microscopy and 

studies clearly show the occurrence of spinodal decomposition. The various properties and 

microstructure with ageing was carefully investigated. The relationships between 

mechanical properties and microstructure therefore concluded. 
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1. Introduction 
Copper becomes hard and brittle when mechanically worked, but it can be made soft again by proper heat 

treatment preferably annealing at a temperature between 370°C and 480°C. One drawback experienced in annealing 
copper is that it fractured suddenly as soon as reaching 480°C, this is called ‘hot shortness’; it is due to losing of 
tensile strength by copper at high temperatures. This way copper alloys display interesting hardening behavior with 
annealing. 

Miscibility gap is a range of temperature and composition on the phase diagram where a phase that is stable 
at higher temperatures decomposes into two or more phases. There are two modes of phase separation inside the 
miscibility gap, nucleation and growth and spinodal decomposition, distinction between which has both theoretical and 
practical importance [26]. There has been much work on the effect of former mechanism on mechanical properties [2, 
3]. Room temperature hardness measurements were performed to survey the mechanical properties. Whereas, it 
deserves much effort how the mechanical properties are affected by the long-range coherent composition fluctuations 
resulting from spinodal decomposition. 

Experimental studies have reported that microstructures resulting from spinodal decomposition change near 
the boundary in some alloys, such as Cu-Ni-Fe [4], and Cu-Ni-Sn [5] alloys. Recently, different numerical approaches 
have been developed for the prediction of spinodal decomposition with boundary effects. 

2. Experimentation 

2.1. Sample preparation 

The required alloy sample elements were procured in the commercial market in pure form. The sample is a 
commercial Cu-based alloy of following composition by weight %: 

Cu - balance C - 0.014%, 
Ni - 28.9% Ti - 0.051% 
Cr - 2.84% Si - 0.091% 
Mn - 0.55% Fe - 0.32% 
Zr - 0.22% 

The alloys were melted in electric arc furnace with water-cooled copper mold under argon atmosphere. 
Specimens were melted four times to ensure mixing. The temperature within the hot zone of the furnace was 
controlled to an accuracy of ± 5%. Homogenization was carried out at a temperature above the miscibility gap. The 
alloys were cooled down from the melt in 1-2 minutes to avoid the cracking caused by rapid quench. Subsequently 
annealing was performed at 550 °C in air for up to 72 hours. Aging heat treatment was carried out after the specimens 
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were subjected to solution heat treatment. The microscopic examinations were conducted using Carl-Zeiss 
metallurgical microscope. 
 
2.2. Hardness Testing 

To study the hardness of prepared alloys the hardness of the entire alloy specimens were measured using 
micro-hardness tester of HMV G21. Numerous readings were taken at different position for each specimen and a 
typical value was calculated. 

3. Results and Discussion 

3.1. Transmission electron microscopy:  

The study of Transmission electron microscopy exposed that the alloys have a periodic coherent 
microstructure, which suggests the occurrence of spinodal decomposition [6, 7]. In the latter, the relatively rapid 
decomposition leads to a metastable two-phase structure [6, 8]. Such segregation of spinodal decomposition involves 
a very low coherency strain barrier and, hence, can proceed much more rapidly than phase separation by nucleation 
and growth [9].  

 
          Fig. 1 (a). Dense particles of small size 

 
      Fig. 1 (b). Increase in particles size with wavelength 
    

 
          Fig. 1 (c). Increase in wavelength with aging 

 
Fig. 1 (d). Big size wavelength 

The wavelength and amplitude are the two characterization factors of spinodal decomposition. From the 
Transmission electron microscopic images shown in Figs. 1(a-d), the wavelength can be easily determined. From the 
investigation it is clear that the wavelength increases with ageing time. This indicates that spinodal decomposition 
considerably develops as aging proceeds.  

While examination of the microstructure of the Cu-alloys with annealing and precipitates throughout the 
material, the images found in Transmission electron microscopy are shown in Fig. 2.  

 
                Fig. 2 (a). Irregular α1  

Fig. 2 (b). Grain boundary surrounded with small particles 
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In the annealing the shapes of α1 particles appear as irregular dots and the grain boundaries were influencing 

the particle size in the surrounding regions Fig. 2 (a). In Fig. 2 (b), clear grain boundary is shown, and the particles 

close to it have a smaller size compared with the particles which are away from the grain boundary. 

3.2. Mechanical Properties 

From the present investigation it is found that the hardness dependence on annealing time and it is shown in 
Fig. 3. This alloy displays the early hardening and then softening clearly. Hardness increases from 540 Kg/mm2 
without annealing to 590 Kg/mm2 with 1 hour annealing. But hardness decreases to 538 Kg/mm2 with 5 hour 
annealing. Further anneal increase the hardness again. Significant rapid strengthening has been observed in 
spinodal materials by heat treatment has been attributed to the amplitude increase of the composition waves and the 
associated strain field [10-11]. 

 

 
 

Fig. 3. Hardness Vs annealing time 
 

4. Conclusion 

Spinodal decomposition of Cu-alloys was clearly observed with Transmission electron microscopy. It proves 

the Cahn’s model of spinodal decomposition for the hardness behavior. In microstructures that are losing coherency 

the interaction between slip and interfacial dislocations is a minor one, and does not produce a noticeable change. The 

microstructure of the spinodal initially consists of rod-like blocks separated by diffuse interfaces which develop as the 

wavelength enlarges. 
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