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INVESTIGATION OF THE PHASE TRANSITION IN CuozFe2.50~ BY DTA 

Z. SIMSA and P. HOLBA 

Institute of  Solid State Physics, Czechoslovak Academy of  Sciences, Prague, Czechoslovakia 

(Received May 21, 1970) 

The DTA curves of the quenched ferrites Cu0.~Fe2.~Oa+ r displayed both an exo- 
thermic peak at 500--740 ~ and an endothermic peak at about 1000 ~ while slowly 
cooled samples showed only the high-temperature endothermic peak. It was con- 
firmed by X-ray diffraction studies that the exothermic peak is due to the decompo- 
sition of the ferrite at these temperatures into hematite and delafossite. On the other 
hand, the endothermic peak was found to be caused by re-formation of the ferrite 
above 1000% A tentative phase diagram of the ferrites Cu0.zF%.504+ v is presented. 

Data on the existence and stability regions of the ferrite CuozFez.50~ are 
rather controversial. In some papers [1 - 4 ] ,  this ferrite is considered as a member 
of the solid solution series between magnetite, FezO4, and copper ferrite, 
CuFe20 ~. In other papers [ 5 - 7 ]  this ferrite is treated as a definite compound, 
CuFesOs~ possessing specific physical properties. Although some authors con- 
sider Cu0.sFe~.504 to be constituted primarily from Cu 2+, Fe e+ and Fe z+ 
ions [1, 2, 8] others claim that only Cu 1+ and Fe a+ ions are present [3, 5 - 7 ] .  

Recently, by a simultaneous investigation of the electrical and magnetic prop- 
erties [9] and by X-ray investigation [10], the distributions of cations and their 
valencies in the quenched samples of the ferrites Cu0.52Fe2.~sO ~ were established. 
On heating samples to higher temperatures irreversible changes in the tempera- 
ture dependences of electrical [8, 9J and magnetic [11 ] properties were observed. 
The anomalous changes were attributed to the decomposition of the ferrite 
into delafossite, CuFeO~, and hematite, ~-Fe~O3. This decomposition, originally 
proposed by Bertaut and Delorme [1 ], was later doubted by Gadalla and White 
[4], but was confirmed by Wiedersich et al. [12]. 

It seemed worth while to study the decomposition of the ferrite Cu0,sF~2.50~ 
by means of  DTA and X-ray diffraction methods in order to obtain new infor- 
mation on the phases and processes involved. 

Experimental 

Polycrystalline samples of  the ferrite with a final chemical composition 
Cu0zzFe2AsO4+~ were prepared from mixtures of pure CuO and Fe20 3 by the 
usual ceramic procedure. The first sintering at 800 ~ in air for 20 hours was fol- 
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lowed after grinding and pressing into pellets by a second firing under the condi- 
tions shown in Table 1. After the firing the samples were quenched in water or 
quickly taken out of the furnace and cooled in air. With these samples the oxygen 
content expressed be means of the oxygen non-stoichiometry parameter ~ was 
determined by a modification of Gorther's method [13, 14]. 

The differential thermal analysis of the polycrystalline samples was performed 
in static air by means of the apparatus described in [15]. The temperature was 
usually raised at a rate of 5 - 10~ but no substantial changes in DTA curves 
were observed with different heating rates. The apparatus permitted the sampler 
to be taken out of the furnace at any desired temperature and quenched in water. 
Phases in quenched samples were determined by the Debye-Scherrer powder 
technique using Fe K~ X-radiation. Some of the samples were also investigated 
with a metallographie microscope. 

Results 

Typical DTA curves for some of the samples of the ferrite Cu0.52Fe2.4sO~+ ~ 
are represented in Fig. 1. On heating the quenched samples, exothermic peaks 
with maxima between 500-740 ~ and endothermic peaks with maxima at 1000 ~ 
are observed (see curve 1 in Fig. 1). The areas of both peaks are practically the 
same. 
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Fig.  1. D T A  curves of  the  ferr i te  Cu0.s2Fe~.~sO ~. Curve  1 : o r ig ina l  s a m p l e  No.  2 quenched  
f r o m  1255 ~ . Curve  2: s ample  s lowly coo led  f rom 1250 ~ . Curve  3: s a m p l e  quenched  f r o m  

1050 o 

On the other hand, the slowly cooled ferrites or the ferrites quenched from 
the temperature region between the exothermic and the endothermic peaks 
(i.e. between approx. 500-1000 ~ display only an endothermic peak at 1000 ~ 
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(see curve 2 in Fig. 1) and in some cases also a much smaller endothermic peak 
at 660 ~ (The origin of the endothermic peak at 660 ~ is not fully understood. It 
might be due to the transition from the antiferromagnetic to the paramagnetic 
state of the precipitated hematite.) However, once the temperature of the ferrite 
is raised above 1000 ~ and the ferrite is quenched to room temperature, the low 
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Fig. 2. Position of the low-temperature exothermic peak as a function of the quenching 
temperature Tq 

temperature exothermic peak (at 500-740 ~ reappears on the DTA curve (see 
curve 3). The position of the maximum of the low-temperature exothermic peak 
is influenced by the quenching temperature and this dependence is represented 
in Fig. 2. Here the temperatures of the maxima of the exothermic peaks are 
plotted since they can be determined more accurately from DTA curves than 
can the temperatures of the beginnings of the peaks which are some 50-60  ~ 
lower and which would correspond better to the real decomposition temperatures. 

In contrast, the position of the endothermic peaks is found to be independent 
of the preparation conditions. The beginnings of the peaks are at 950_+ 20 ~ 
and the maxima at 1000 _+ 10 ~ 

The above mentioned DTA investigation seemed to support the earlier suggested 
decomposition of the quenched ferrite Cua.hFe2.50r into hematite and delafossite 
[I, 8, 9]. To confirm this decomposition scheme a series of X-ray diffractograms 
was taken of suitably heat-treated and quenched samples. In Fig. 3a is shown a 
schematic representation of the main diffraction lines of the original sample 
No. 2, together with its decomposition (Figs. 3b, 3c and 3d) into hematite (Fig. 
3e) and delafossite (Fig. 3f). It should be noted that the X-ray patterns of our 
samples of quenched ferrite, hematite and delafossite are in full agreement with 
the ASTM data for these compounds. 

From Fig. 3 it can be seen (and the photometry of the respective diffraction 
ines confirms it) that after t 5 minutes of annealing at 730 ~ approx. 60 % of the 
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original spinel has decomposed. Similarly, annealing for 75 minutes and 22 hours 
respectively at the same temperature leaves less than 5 % of the spinel phase 
unchanged. 
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Fig. 3. Schematic representation of the main diffraction lines of a) original quenched sample 
No. 2, b) sample No. 2 after 15 minutes' heating at 730 ~ in air, e) sample No. 2 after 75 
minutes' heating at 730 ~ in air, d) sample No. 2 after 22 hours' heating at 730 ~ in air, e) 
hematite (commercial pure Fe2Oa), f) delafossite (prepared from a mixture of CuO and 

F%Oa by firing for 65 hours at 1100 ~ in argon, and quenched) 

A metallographic examination of the polished and etched surfaces of the 
annealed samples revealed a lamellar structure (characteristic of a eutectoid 
decomposition in accordance with the recent results obtained by Yamaguchi 
and Shiraishi [16]. 

D i s c u s s i o n  

DTA curves presented in Fig. 1, together with X-ray and metallographic 
examinations, confirm previous ideas on the decomposition of the ferrite 
Cu0.a F%.504 [1, 9, 16]. In the samples quenched from high temperatures a me- 
tastable cubic spinel structure is retained. On heating this metastable ferrite to 
higher temperatures, the spinal starts to decompose; 

2 Cu0.sFe2.50~ (spinel) ~ 2 F%O3 (hemat i te )+  CuFeO 2 (delafossite) (1) 

This process is accompanied (at 500-740  ~ by a release of heat which is indi- 
cated by an exothermic peak on the DTA curves. When the temperature is raised 
further, the two phases (hematite and delafossite) coexist until 950 ~ Here the 
opposit reaction (from right to left in Eq. (1))  begins which leads to the re-for- 
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mation of the ferrite Cu0.sFezzO ~. This reaction, however, requires the absorp- 
tion of  heat causing an endothermic peak on the DTA curve. As the same sub- 
stances play a par t  in both  reactions the heat changes involved should be the 
same. The latter conclusion was confirmed by experiment. 

In Fig. 4 is a tentative phase diagram of  the ferrites studied which represents 
a join in the system C u - F e - O  corresponding to the ratio Cu : Fe = 1 : 5. 
Above 1000 ~ there are three regions: spinel + delafossite, spinel, and spinel + 
hematite, in agreement with the results of  Bergstein [17]. Below 1000 ~ a 
three-phase equilibrium region of  spinel + delafossite + hematite exists. The 
presence of the three-phase region can be understood if one admits that the 
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Fig. 4. Tentative phase diagram of the ferrites Cu0..~2Fe~:804+ ,. The oxygen non stoichiom- 
etry parameter ~, of our four samples (@) was found by chemical analysis (see Table 1) 
while the other values (�9 were determined from the quenching temperature and the isobar 

(air) drawn in the diagram according to our data and in good agreement with [4] 

invariant point of  the eutectoid decomposition is shifted outside the join plane. 
In this case the decomposition (or recombination) in an isolated ternary system 
may occur in a certain temperature interval (causing a broad DTA peak). This 
latter conclusion is also supported by the decomposition curves given by Yama-  
guchi and Shiraishi [16] where the fact that the ferrite Cuo.sFe~.504 does not 
decompose even after several hours of  heating at 980 ~ can be explained on the 
same basis. 

On further inspection of the phase relations in Fig. 4 we can see that at low 
temperatures a metastable single-phase cubic spinel is retained when samples 
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are quenched from high temperatures. The transition from the metastable phase 
into a two-phase region is accompanied by an exothermic peak on the DTA 
curves. This transition was found to be dependent on the quenching temperature 
(see Fig. 2). It seems to be reasonable to ascribe this dependence to the influence 
of the oxygen content in the samples. Taking into account Gadalla and White's 
results [4] of the equilibrium oxygen content as a function of the firing tem- 
perature in air for Cu0.53Fe2A704+y and also our data (see Table 1), we can 
transform the dependence as represented in Fig. 2 into a dependence of the posi- 
tion of the exothermic peaks as a function of the oxygen content 7. In Fig. 4 
the lower hatched area (instead of a single boundary) represents the temperature 
intervals in which metastable spinel changes into the two phases. 

Table 1 

Firing conditions and oxygen content of the samples 
Cu~.52Fe~.4aO4 +~, 

Sample Firing temp., Firing arm., Firing time, 
No. ~ % 02 hours Y 

1250 
1255 
1245 
1250 

2 
21 (air) 
21 (air) 

100 

20 
22 
14 
18 

-0.013 
+0.033 
+ 0.040 
+0.055 

Further, it is expected that the oxygen content corresponding to the maximum 
temperature of  the exothermic peak should be the same as that corresponding 
to the lowest temperature of the homogeneous spinel region. For other composi- 
tions the presence of traces of a non-spinel phase (delafossite or hematite) formed 
in samples during firing at high temperatures or during quenching promotes 
the decomposition of the metastable spinel phase, thus decreasing the transition 
temperatures. 
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Rt~SUM/~ -- Les courbes d 'ATD des ferrites tremp6es, de type Cu0.~Feg.~Oa+~ pr6sentent 
un pic exothermique ~t 500-740  ~ et un autre, endothermique, vers 1000% Seul ce dernier 
pie apparaR dans le cas d'6chantillons refroidis lentement. D'apr6s les 6tudes par diffraction 
de rayons X, l'effet exothermique est dfi ~t une d6composition de la ferrite en h6matite et en 
deIafossite. L'effet endothermique correspond it une nouvelle formation de ferrite an-dessus 
de 1000 ~ Essai pour repr6senter le diagramme de phase des ferrites Cu0.~Fez.~O~+~. 

ZUSAMMENFASSUNG -- Die DTA Kurven von schnell abgekiihlten Ferriten der Zusammen- 
setzung Cu0.sF%.sO~+e enthielten die exothermische Spitze zwischen 500--740 ~ sowie die 
endothermische Spitze bei ungef/~hr 1000 ~ w/ihrend langsam abgekiihlte Proben nut  die 
letztere aufwiesen. Die RSntgendiffraktionsanalyse zeigte, dab die exothermische Spitze 
durch Umlagerung des Ferrits in H/imatit und Delafossit, die endothermische Spitze hinge- 
gee durch die Neubildung des Ferrits bei ungef~ihr 1000 ~ hervorgerufen wird. Es wurde ein 
Versuch zur Darstellung des Phasendiagramrns der Ferrite des Typs Cu0.sF%.sO~+~ unter- 
nommen. 

Pe3~Me - -  Ha fl, TA KpnB~,Ix 6bIcTpo oxna:~enm,~x ~eppHTOB Cuo,sFezsO4+ ~, nMeewca ~Ba 
3K3oTepMH~e0K~X nHI~a 1]pt,[ 500--740 ~ ~ 3n~oxepvm,~ecz(~ rink OKOJ~O 1000 ~ B cs~y,aae ;~e 
Meg.rleHHO OXJIaTK~eHrLbIX o6pa3tIOB 06Hapymea TOZrt~O BbICOKOTeMrrepaTypHbl~ 3H~oTepMAf- 
�9 iecKa~ m~K. MeTo~ora ~mqbqbpaKt~riH peaTreHOBCKrrx ay'~e~ nO~Bep~)Xeao, ~ITO 3K30TepMI/- 
hectare r r ~ n  npOaBYmrOTC~ B pe3yJmTaTe npeBpameHaa qbeppnTa B xeMaTHT rI~eJ~aqboccl~T, 
KOTOpOe npoHexo~RT np~ BbrtuecKa3aHH]blX TeMnepaTypax. ~H~oTepMIJIr-lecKH~ iTI'IK yI(a3blBaeT 
aa o6pa3oBaHne noBoro B~za qbeppaTa BI, ime 1000 ~ HoKa3ana AnarpaMMa qba3si qbeppriTa 
Cu0.aF%,zO~ + r 
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