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The Fe3O4 powder was mixed with Co-ferrite powder then sintering in argon atmosphere at temperatures 
between 1000 °C and 1250 °C for 4 hours. Effects of the sintering temperature, microstructure and  
Co-ferrite content on the magnetoresistance of the sintered ferrite of the mixture powder were investi-
gated. The Co-ferrite content in the sintered ferrite was between 0 mol% and 32.28 mol%. It was found 
that the Co ions were dispersed uniformly in all sintered samples by the analysis of Co element mapping 
of the scanning electron microscopy. The maximum magnetoresistance ratio at room temperature is about 
7.45% when Co-ferrite content was 4.26 mol% and sintering temperature was 1200 °C. 
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1 Introduction 

Fe3O4 is one of the most common oxides which studied over past 50 years due to its unique and interest-
ing magnetotransport properties [1–5]. Recent researchs were focused on the magnetotransport proper-
ties of the Fe3O4 due to its potential for applications in memory storage devices. The magnetotransport 
properties in the Fe3O4 of different forms including powder, films, and magnetic tunnel junctions with 
Fe3O4 electrodes had been intensively studied [6–8]. However, to get large MR ratio of Fe3O4 at room 
temperature was difficult. In this work, we mixed the Fe3O4 powder with Co-ferrite powder then sinter-
ing at various temperatures and investigated the effects of sintering temperature on the microstructure 
and MR ratio of the sintered ferrite. 

2 Experimental procedure 

The Fe3O4 powder was mixed with various amounts of Co-ferrite powder (0 ~ 30 mol%). The mixed 
powder was compressed into a 10 mm diameter, 1 mm thick pellet under a pressure of 3757 kg/cm2, and 
then sintered in argon atmosphere at temperatures between 1000 °C and 1250 °C for 4 hours. Fe2+ and 
Fe3+ ions contents of the sintered sample were examined by the chemical titration method. Microstruc-
ture and elements mapping of the sintered sample were examined by the scanning electron microscopy. 
The MR ratio of the sintered sample was measured with the four-probe method at room temperature and 
the applied magnetic field was parallel to the direction of current. The maximum applied field was 
8.8 kOe. 
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Table 1 Co-ferrite content in the mixed powder and sintered sample, and the Fe2+ and Fe3+ ion contents 
in the sintered sample. 

content in sintered sample Co-ferrite content in mixed powder 
(mol%) 

Co-ferrite 
(mol%) 

Fe3O4 
(mol%) 

Fe2+ 
(at%) 

(Fe2+/ 
Fe2+ + Fe3+) 

 0  0 100 27.82 27.82% 
 2  1.84  98.16 21.60 21.73% 
 3  4.26  95.74 33.75 34.24% 
 5  6.06  93.94 18.53 18.91% 
10 11.52  88.48 35.18 36.58% 
20 19.98  80.02 29.64 31.75% 
30 32.28  67.72 37.52 42.04% 

 

3 Results and discussion 

Table 1 shows the Co-ferrite content in the mixed powder and sintered sample, and the Fe2+ and Fe3+ ion 
contents in the sintered sample. The (Fe2+/total Fe) value of pure Fe3O4 is 33 mol%. If the (Fe2+/total Fe) 
value is lower than 33 mol%, some nonstoichiometric Fe3O4+X ferrite will form during sintering. This 
indicated that Fe3O4 and CoFe2O4 phases coexisted with Fe2O3 in the sintered sample. When  
the (Fe2+/total Fe) value is higher than 33 mol%, some nonstoichiometric phase of CoFe2O4–X ferrite will  
 

(a) (b)

(c) (d)

 
Fig. 1 SEM micrographs of the sintered samples with various sintering temperature at (a) 1000 °C,  
(b) 1100 °C and (c) 1200 °C, and (d) is the Co element mapping of (c). 
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form in the sintered sample. For pure Fe3O4, the (Fe2+/total Fe) value is lower than 33 mol% after sinter-
ing, as shown in Table 1. This means that some Fe3O4 were oxidized to Fe2O3 during sintering. 
 Figure 1(a), 1(b), and 1(c) show the SEM micrographs of the sintered samples with different sintering 
temperatures and Fig. 1(d) is the Co element mapping of Fig. 1(c). The Co-ferrite content is 6.06 mol% 
for all samples. We can see that the average grain size and densification of the samples have been in- 
creasing with sintering temperature. The average grain sizes of Figs. 1(a), 1(b), and 1(c) are about 
1.3 µm, 6.5 µm, and 12.5 µm respectively. From Fig. 1(d), it can be seen that the Co ions disperse uni-
formly in the sintered sample. This means that the Co-ferrite is uniformly dispersed in the sintered sample. 
 Figure 2 shows the variations of the MR ratio with sintering temperature of the sintered samples with 
different Co-ferrite contents at room temperature. We can see that the maximum MR ratio is obtained 
around 1200 °C for all samples. The maximum MR ratio of about 7.45% can be obtained after sintering 
at 1200 °C as the Co-ferrite content is 4.26 mol%. The MR curve of this sintered sample is shown in  
Fig. 3. Negative MR has been observed at 8.8 kOe. 
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Fig. 2 Variation of the MR ratio with sintering 
temperature of sintered samples with various Co-
ferrite contents. 

Fig. 3 MR curve of this sintered sample 
with 4.26 mol% Co-ferrite. 
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Fig. 4 I–V curves of the sintered samples with (a) 6.06 mol%, and (b) 32.28 mol% Co-ferrite. 
 
 In Fig. 2, the lower MR ratio of the sample sintered below 1200 °C is related to more pores in the 
sample, as shown in Fig. 1. As the sintering temperature is higher than 1200 °C, the decrease of MR 
ratio is due to the larger grain size. The sintered samples with more pores or larger grain sizes both will 
reduce the spin-dependent interfacial scattering and exhibit the lower MR ratio [9]. 
 Figure 4(a) and (b) show the current (I) versus voltage (V) curves of the sintered samples with 
6.06 mol% and 32.28 mol% Co ferrite respectively. These two I–V curves are deviated from Ohm’s law 
as the voltage is higher than 0.3 Volt. Both of them show nonlinear relationship. This suggests that the 
magnetoresistance mechanisms in these sintered samples are the spin-polarized tunneling effect [10] 
where the electron flow through insulating barrier of Fe2O3, CoFe2O4, or CoFe2O4–X. 

4 Conclusions 

The effects of the Co-ferrite content and sintering temperature on the magnetoresistance of the sintered 
ferrite of the mixture of Fe3O4 and Co-ferrite powder were investigated. The grain size of sintered sam-
ples is increased but number of pores is decreased with increasing sintering temperature. The electron 
transport in the sintered samples is a spin-polarized tunneling effect. The maximum MR ratio is about 
7.45% at room temperature. 
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