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The paper presents the results of calorimetric study of characteristics of ferromagnetic
transformation, and heat capacity at standard temperature Cp(298.15) for the complex oxides
Co1xZnyFe204 with spinel structure (x=1, 0.2, 0.4, 0.5, 0.6, 0.8). The Curie temperature (Tc) and
enthalpy of magnetic anomalies at the region of magnetic transitions (AHm) are the principal aim of
the study. The investigation of AHm was carried out by using the high-temperature differential
scanning calorimeter. Heat capacity at standard temperature Cp(298.15) was established by the high-
temperature drop calorimeter and by DSC. The variation of magnetic characteristics (Curie
temperature and enthalpy of ferromagnetic transition), and standard heat capacity in the CoFe204 —
ZnFe204 isomorphic system is illustrated. The correlations of thermal characteristics with the
saturation magnetic moment (Ms) and lattice parameter (a) are overviewed. © 202/ Bull. Georg. Natl.
Acad. Sci.
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In recent decades, new complex oxide problem, the estimation of influence of cation

compositions with special magnetic, electrical and

mechanical properties have been intensively
developed. The area of practical application of
multicomponent oxides is constantly expanding,
especially after the development of new methods
for their preparation by nanotechnology [1]. A
targeted selection of new advanced compositions
and predicting their properties is connected with the
most urgent problem of revealing the effect of
cationic substitution on certain physical properties

in mixed oxide systems. In the frame of this

variables on thermal and magnetic characteristics in
the isomorphic series Coj.xZnxFe;Oy4 is the purpose
of presented research.

In the ternary oxide system CoO—-ZnO—-Fe;0;
the compounds with spinel structure with general
formula Co;xZnsFe;O4 are of particular interest.
Cobalt ferrite is known to belong to the group of
hard ferrites and is mainly applied for recording
devises. However, the magnetic properties of Co
ferrite can be modified if Co and Fe ions are

replaced by cations of other metals which

© 2021 Bull. Georg. Natl. Acad. Sci.
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contribute to their use in microwave and other
technology [1-3]. It has been shown also that the
gradual substitution of zinc ions for cobalt ions
leads to the modification of structural and some
magnetic characteristics of cobalt ferrite reducing
the Curie temperature, and increasing the lattice
parameters [3—5]. The Co/Zn cation ratio and their
distribution over the octahedral and tetrahedral
sublattices in the spinel structure significantly
affects the magnetic structure and properties
(magnetization, magnetic disordering process,
magnetic anisotropy, etc.), thereby determining the
energy parameters such as Curie temperature, the
energy of ferromagnetic transformation and excess
magnetic component of heat capacity.

The article presents the results of calorimetric
study of thermal characteristics of ferromagnetic
transformation of Coi_xZnxFe,O4 spinels with x=1,
0.2, 0.4, 0.5, 0.6, 0.8. The new data of Curie
temperature and  enthalpy of  magnetic
transformation are the principal aim of the study.
Using also the calorimetric data of standard heat
capacity Cp(298.15), the variations of Curie
temperature, enthalpy of magnetic transition, and
heat capacity in the CoFe,O4—ZnFe;O4 isomorphic
system are overviewed, and the correlations of
these parameters with saturation magnetic moment
(Ms) and lattice parameter (a) are discussed. The
obtained correlations can be used to determine
similar parameters for intermediate compositions

by interpolation.

Experimental

Samples: The polycrystalline compositions
Coi1xZnFe;04 (x=0,1,0.2,0.4, 0.5, 0.6, 0.8) were
fabricated by high-temperature synthesis using the
starting oxides (Fe;O3, ZnO) and cobalt nitrate of
high purity (~99.5%). The homogenized initial
mixtures, in the form of compressed tablets, passed
two repeated stages of calcination at 1500-1550K
in air for 40-45 hours. The spinel structure and good
stoichiometry of the products were confirmed using
X-ray diffraction and chemical analysis.
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Fig. 1. Calibration curve of HT-1500.

Calorimetric Measurements. Investigation of
high-temperature transformations was carried out
on the calorimeter HT-IS00 manufactured by
“Seteram” (France). The calorimetric experiments
were carried out in argon. The samples were
of 0.00005g.
Experiments were carried out in argon. The

weighed with an accuracy
calorimetric detector with differential thermal
battery Pt-Rd(10%)/Pt was used. Experimental
conditions (heating rate, instrumental sensitivity,
sample mass, etc.) were selected empirically so that
the configuration of the experimental curve of
thermal anomaly would give the minimum error at
its assessment. The thermal constant of the
calorimeter (K) at a given temperature was
determined by the enthalpy of melting of the
reference substances — benzoic acid, tin, lead, zinc,
aluminum, and silver (Fig. 1). The heating rate was
200 K/hour (~3 K/min.), the sensitivity of the
-500 mv, the
measurements for each substance was 5-8. The

galvanometer number  of
thermal effects correspondent to the anomalies in
the region of transition (Fig.2), were calculated as:

AH:K-A-M ! ,
G mole

(1)

where K is the calorimeter constant taken from the
calibration graph (Fig. 1), A — experimental
calorimetric thermal effect, M — molecular mass of
the sample, G — weight of the sample. Standard
deviation of enthalpy data is S=%2.5%. The
experimental results are shown in Table 1 and

Fig. 2.
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Fig. 2. Experimental curves for enthalpy of ferromagnetic

(see Table 1), a direct measurement of heat capacity
was carried out using the differential scanning
calorimetric (DSC-111) method [7], since the drop
increased error in this

calorimeter has an

temperature area.

Results and Discussion

1. Enthalpy of ferromagnetic transition: The
calorimetric used for
of

transformation are shown in Fig. 2. Thermal effects

experimental curves

estimation enthalpy of ferromagnetic
are maximally manifested at the vicinity of Curie
(T.) temperatures. The peaks of anomalies on these
curves correspond to T, and their values are given
in Table 1. The calorimetric thermal effects are
manifested most clearly for compositions with x=0
and x=0.2, while for compositions with x>0.4, the
Curie points of which are in the least sensitive
region of calorimetric measurements (T<350-
400K), the thermal effects are too blurred and weak
to be estimated with satisfactory accuracy.

transitions of Coi-xZnxFe2Oa. 2500
E
2000 %
. I =
The heat capacity data for the standard //—1»/‘ 3
temperature Cp (298.15) were estimated as 1300
d{H(T)-H(298.15)} .
Cp= using the equations 1000
dT
of temperature dependence of enthalpy 500
H(T)—-H(298.15)=f(T) obtained by the method X
. . 0
of high-temperature drop calorimetry [6]. For the 0 0.1 02 03 0.4 0.5
samples with x=0.8 and 0.6, having magnetic ~ Fig. 3. Enthalpy of magnetic transition of
phase transition close to the standard temperature ~ CoixZnxFe20a4.
Table 1. Characteristics of cobalt-zinc ferrites Coi.x Zn,Fe;O4
Curie temperature AH (transition) Heat capacity Magnetic moment
X a(°A) [3.4] Cp(298.15)
T. K J/mole JK mole M (ng)

0 8.475 780 1487 152.1 [6] 3.75

0.2 8.485 670 1699 156.3 4,95

0.4 8.495 540 1812 154.8 5,83

0.5 8.504 420 1783 154.5 6,17

0.6 8.508 356 [3] - 149.7 5.80

0.8 8.515 223 [3] - 149.1 4.10

1.0 8.527 - - 138.0 [6] 0.00
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Fig. 4. Magnetic moments of Coi1-xZnxFe20a.
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Fig. 5. Heat capacity (J/K.mole ) of CoixZnxFe2Oa.

When saturated with zinc ions, the Curie point
of Co-Zn ferrites gradually decreases. The similar
behavior was identified also for other spinel series
(Ni-Zn; Li-Zn) [6], and therefore we can assume
that this is typical for complex oxide solid
solutions.

The data given in Table 1 show the relationship
between the Curie point (T.) and the lattice
parameter (a) — an increase in the lattice parameter
of spinel-type structure leads to a linear decrease in

the Curie point. Consequently, the effect of the size

factor on T, is obvious, since an increase in the
distance between structure-forming paramagnetic
cations leads to weakening of the magnetic
exchange interactions between them [2]. In Table 1
the values of the enthalpy of the ferromagnetic
transformations AHy, estimated by corresponding
calorimetric effects (Fig. 2), are given as well. The
shape of the curve of the compositional dependence
of enthalpy of magnetic transformation (Fig. 3)
generally coincides with the change in the curve of
magnetic moment in the Co-Zn ferrite system
(Fig. 4, Table 1). This is in accordance of equation
2 which illustrates the dependence between
magnetic energy and magnetic moments [2] for
antiferromagnetic ferrites with sub-lattice structure:

E(mag)=-0.5-%n,-M; )

(ni— the constant of crystal fields in sublattices, M;

— magnetic moment of sublattices).

2. Heat -capacity at standard temperature.
The data of heat capacity were determined based
enthalpy functions

valid  for  the

on high-temperature
H(T)-H(298.15)=f(T)
from 298K up to T.
and expressed by the equation suggested by
N. Landia [8, 9]:

temperature interval

_J

Cp=(27.6+b-T"+c-T")-m —
(m — the number of atoms in molecule in our case
is 7). The corresponding coefficients are shown in
Table 2. The heat capacity data at standard
temperature Cp (298.15) are presented in Table 1.

For compositions with x = 0.8 and 0.6, the values

Table 2. Coefficients of heat capacity equation (3) for CoxZnxFe;O4

x| Temperaure -b " ‘ K
0.8 298-1300 135.1559 0.14 5.5997192*107 1
0.6 298-356 3.6013720*10° 3.21 -3.5367652*1013 6
0.5 298-418 35280427 241 -4.5551949*10° 2.8
0.4 298-548 5.7981230*10° 3.31 -2.2312008*107 2.7
0.2 298-662 2541.3329 0.56 21.626669 0.2
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obtained by direct determination of the heat
capacity on DSC are recommended.

The compositional dependence of the standard
heat capacity is shown in Fig. 5. The maximum
value of Cp (298.15) appears for compositions with
x=0.4-0.5. A similar type of change in heat
capacity, depending on the composition, was
revealed earlier for a number of spinel systems (Ni-
Zn, Li-Zn) [6,7]. The Cp(298.15) curve correlates
with the form of the composition-magnetic moment
dependence shown in Fig. 4 and indicates a

Conclusion

For the purposeful selection of compositions with
certain characteristics, the effect of cation variables
on thermophysical properties of cobalt-zinc ferrites
was studied using various calorimetric techniques.
The Curie point — (Tc), enthalpy of magnetic
transformation (Hm) and the heat capacity at
standard temperature (Cp298.15) were established.
The correlations between composition, structural
parameters, thermal and magnetic properties have

been elucidated and discussed.

significant influence of magnetic component on the
energy parameters.
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Co/Zn 35¢0mbgdol msbsgstrmds @s dsmo gsbsfoamgds 830bgerol LGB MMmsBo Ssbgsls
3meoedl Co,_ Zn Fe,0, xam80L ggMo@gdol 0gmdmem ©s 35gbodm® dsbiliosomgdamgdby.
LEoG0590 30639¢s 5oL Fomompygboero Co,_ Zn Fe,0, (x=1, 0.2, 0.4, 0.5, 0.6, 0.8) LolEgdols
330bgemgdol BgmmsaboGmmo gsm@sgdbol mgMmdwmemo dsboliosmgdgdol JswrmmodgGPmommo
33930l 890ag00. 3ommol Ggd3gmedcs (T s BgPmAsbodmmo 3sMEsddbol gbdsw3os
(AHm) 8gL%sgemogmos 3smsen@nd3g®ms@memmo ©ogg®gbaoscrmo 133sboMgdol 3semmodgdmols
350mygbgdoom (HT-1500 “Setaram”). s@ygboemos 3ommol famGowols s dsgbodm®o gbosgn-
300 (33¢00emgdol blosmo, Gmymei Co/Zn 0bsgsMEMdOL FmbJsos ©s gsdmgergbogros day-
Bo@mmo gbmsgn3o0l 3MmMgEsgos 3sxgMgdol dsabo@m® dmdgb@msb (Ms). bsbosdEmem &gd3g-
O5¢mMMDY MdMEI39mdol Cp(298.15) 360836g¢rmdgdo ©sagbommos Bsmsen@ga3gMsdmGummo
dgfg30L JsemmGodg@®obs s DSC dgommeol gsdmyggbgdom. CoFe,0, —ZnFe,0, 0bmdmGegmem
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LoliGgdsdo LEGBIGGHMWO 0VMGIZEMIOL (33¢0ENgds S3egbl JMMYsgosl bogmmols dsgbo-
GO dmIgbGmb, LEGGWMIGWMOME JsMsdgBHOLS @s B30bgErols LEAGMIGMGsTo JoGombgdol gsbs-
foamgdols Lobgliosh. fsMomeggbomo mMgamsaogdo Lsdmmgdsls 0dgrggs G9x8sticogl Gglfsgaomo
3sbslosmgdengdols 360936germdgdo Co-Zn ggmo@gdol Bwsemgwm®o, 9d39Modgbdmemse Ggml-
§o3egemo, 3mI3mbogogdolsmgob.
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