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Introduction 

When a Cu-based Cu-Fe-Co alloy is aged, spherical 

fcc Fe-Co particles precipitate coherently with a Cu 

matrix. The phase stability of the fcc Fe-Co particles in 

the diamagnetic Cu matrix are known to be strongly 

dependent on the Fe:Co atomic ratio [1]. It has been 

well known that an applied magnetic field affects phase 

stability in ferromagnetic materials [2,3]. According to 

these studies, we can expect that a phase equilibrium 

between ferromagnetic fcc Fe-Co and Cu under a 

magnetic field is different from that in magnetic 

field-free condition. In this study, we apply a strong 

magnetic field during aging of a Cu-Fe-Co alloys and 

investigate the effects of the applied magnetic field on 

solid solubility of Fe and Co in a Cu matrix during the 

precipitation of the ferromagnetic fcc Fe-Co particles. 

 

Experimental 

 Cu-1.10Fe-0.73Co, Cu-0.82Fe-0.82Co and Cu-0.76Fe-1.34Co (at%) 

polycrystalline specimens were solution treated at 

1323K for 2h and quenched into cold water. The 

specimens were subsequently aged at 973K for 4h with 

a magnetic field of 7.96 MAm-1 (10T) in a furnace 

equipped with a superconducting magnet. Aging 

without the magnetic field was also conducted 

separately. The aging treatment produced coherent fcc 

Fe-Co particles. Since the Fe:Co atomic ratio in Fe-Co 

precipitate particles is known to be almost the same as 

that in a given Cu-Fe-Co alloy [4], the Co content in 

the Fe-Co particles precipitated in Cu-1.10Fe-0.73Co, 

Cu-0.82Fe-0.82Co and Cu-0.76Fe-1.34Co are expected to be 

approximately 40at%, 50at% and 64at%, respectively. 

The total solubilities of Fe and Co in the aged 

specimens were estimated by measuring the saturation 

magnetization using a vibrating-sample magnetometer 

(VSM) at room temperature (RT). The microstructures 

of the specimens aged without magnetic field were 

observed in a JEOL JEM2011 transmission electron 

microscope (TEM) at an accelerating voltage of 

200kV. 

 

Results 

Figure 1 shows the magnetization curves of 

specimens aged at 973K for 4h with and without a 

magnetic field of 10T. As can be seen, the saturation 

magnetization of the all specimens aged under the 

magnetic field is apparently greater than that of the 

each specimen aged without the magnetic field. 

Dividing the respective values of the saturation 

magnetization of aged specimens for that of bulk 

Fe-Co at RT [5], we can estimate the total amount of 

Fe and Co to form the particles in each specimen. Table 

1 shows the values of total solubility of Fe and Co in 

the Cu matrix of the aged specimens with and without 

the magnetic field. The result implies that the Fe and 

Co atoms are additionally absorbed into the magnetized 

Fe-Co particles during the aging with the magnetic 

field.  

Figure 1. Magnetization curves of 
specimens ((a) Cu-1.10Fe-0.73Co(b) 
Cu-0.82Fe-0.82Co and (c) Cu-0.
76Fe-1.34Co) aged at 973K for 4h
with (solid line) and without (dotted 
line) an applied magnetic field . 



 

Discussion 

The Gibbs free energy change G  at 973K (aging 

temperature) due to the magnetic field can be written as 
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where, M is magnetization of Fe-Co particle at 973K, 

H is magnetic field strength and χ is the paramagnetic 

susceptibility of Fe-Co particle at 973K. Table 2 shows 

the calculated Gibbs free energy change induced by 

applied magnetic field. It is found that the total Gibbs 

free energy of Fe-Co particles decreases by the applied 

magnetic field. Therefore, we can conclude that the 

applied magnetic field affects the phase equilibrium 

between the ferromagnetic Fe-Co particles and the Cu 

matrix in the aging process. 

 

Conclusions 

The effects of applied magnetic field on the total 

solubility of Fe and Co in a Cu matrix during aging 

process were investigated. The applied magnetic field 

induces an additional absorption of Fe and Co atoms 

into the Fe-Co particles during the aging, and 

resultantly the total solubility of Fe and Co in the Cu 

matrix is suppressed by the magnetic aging. 

Future work Table 1. The total solubilities of Fe and Co in the aged 
specimens with and without magnetic field. In future work, we will investigate the shape 

evolution of fcc Fe-62at%Co particles in the Cu matrix 

using Cu-Fe-Co alloy single crystals.  The 

size-dependent favorable shapes of the Co-Fe particles 

will be discussed by considering both the interface 

energy and the elastic strain energy. 
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