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A b s t r a c t  

Results are presented on the thermal behaviour of [Fe(III)zCu(C204)z(OH)4(H20)2] precursor 
of copper ferrite. An investigation of the decomposition steps and intermediates was followed by 
a non-isothermal kinetic analysis of the processable steps. 

Keywords: kinetics 

Introduction 

The most common method for the preparation of mixed oxides is the ceramic 
one. One of the new chemical methods used to obtain these oxides with a spe- 
cific composition is the thermal decomposition of solid polynuclear coordi- na- 
tion compounds [1]. This method has the advantage of yielding reproducible 
products with high purity and homogeneity. 

We earlier [2-4] reported results on the thermal decomposition of some 
polynuclear coordination compounds obtained through forced hydrolysis, used 
as precursors of ferrite spinels. 

In order to obtain more information on this 'non-traditional' method, we 
have now extended our investigations to other spinel ferrites with other 3d met- 
als. The present paper deals with the thermal decomposition of a polynuclear 
coordination compound containing iron and copper in a stoichiometric ratio of 
2:1. 
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E x p e r i m e n t a l  

The polynuclear coordination compound, a precursor of an iron-copper 
mixed oxide, was obtained by hydrolytic decomposition of the system 
Fe2C204.2H20-Cu(CH3COOO)2.2HzO, with a Fe:Cu molar ratio of 2:1 [5], 
The compound obtained corresponds to the composition described by the for- 
mula [Fe(III)2Cu(CzOa)2(OH)4(H2Oh]. 

The separated compound was characterized by chemical analysis, magnetic 
susceptibility measurements, IR and electronic spectra and X-ray powder dif- 
fraction data [5]. 

The crystalline state of the polynuclear coordination compound was investi- 
gated by using a DRON 3 X-ray diffractometer with CoK~ radiation. 

The thermal decomposition curves were recorded with a Q-1500 D Paulik- 
Paulik-Erdey derivatograph in a static air atmosphere, with ~-A1203 as inert 
reference compound, at heating rates in the range 0.6-10 K min -l. The sample 
mass used in the non-isothermal kinetic study was 0.100_+0.01 g. 

For each reaction step, we determined the temperature range of occurrence, 
the kinetically processable conversion intervals, the most probable decomposi- 
tion mechanism, the non-isothermal kinetic parameters (pre-exponential factor 
A and activation energy E) and the rate constant k (corresponding to a tempera- 
ture in the temperature range of reaction occurrence). These results were 
obtained by processing the thermogravimetric data with the programs DIS- 
CRIM1 [6] and DISCRIM 2 [7]. 

The purity of the final decomposition product was checked by chemical 
analysis, and ferrite phase formation was evidenced by using X-ray diffraction 
and magnetic susceptibility measurements [8]. 

Results and discussion 

A. Reaction stoichiometry 

The formulation of the polynuclear coordination compound as 
[Fe(III)2Cu(CzO4)2(OH)4(HzOh] was confirmed by chemical and physico- 
chemical analyses. 

Its electronic spectrum contains absorption maxima which may be assigned 
to the d-d transitions of [Fe(III)O6] -3 and [Cu(II)O4] -z [9]. 

The IR spectrum shows that the positions of band maxima assigned to the vi- 
brational modes of the oxalate in the polynuclear coordination compound are 
very close to those obtained for FeC204.2H20. This indicates the same function 
of the oxalate anions (double bridged between two metallic ions) and the not 
strongly modified character of the C-O linkages (in spite of the interactions 
with the metal ions). 
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Table 1 X-ray powder diffraction data 

Number (hkl) FeC204"2H20 ASTM 23-293 

of line d/A IIio 

[Fe(III)2Cu(C204)(OH)4(H20)2I 

d/~ 111o 

1 111~ 4.80 100 4.851 

002J 

2 200 4.70 65 4.731 

3 202 3.880 25 3.881 

4 ~12 3.629 20 3.629 

5 211 3.597 25 3.595 

6 211 3.172 4 3.067 

7 202 3.004 50 2.995 

8 020 2.778 4 2.722 

9 213 2.654 30 2.650 

10 312 2.634 16 2.638 

11 ]'21 2.616 25 2.616 

12 204 2.396 3 2.398 

13 402 2.355 3 2.356 

14 522 2.258 13 2.259 

15 411 2.224 3 2.230 

16 213 2.190 4 2.193 

17 123 2,122 9 2.131 

18 321 2.106 8 2.036 

19 314 2.047 7 

20 413 2.021 14 

21 123 1.980 3 1.983 

22 204 1.949 11 1,947 

23 402 1.929 9 1.928 

24 523 1.893 15 1.896 

25 215 1.847 2 1.856 

26 712 ~ 1.816 21 1.817 

J 015 

27 430 1.795 4 1.793 
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The X-ray powder diffractogram of the polynuclear coordination compound 
[Fe(III)2Cu(C204)e(OH)4(H2Oh] reveals the formation of a strongly crystalline 
product. Its lattice is isomorphous with that of FeC204.2H20 (used as starting 
material). Table 1 lists the Miller indices, the interplanar distances (d) and the 
relative intensities corresponding to the diffraction lines of the two mentioned 

J. Thermal Anal., 47, 1996 



substances. The crystalline size for the most intense line of the polynuclear co- 
ordination compound, calculated by using Scherrer's formula [ 10], is l = 310 A. 

The fact that the monoclinic structure of the FeC204.2H20 used as starting 
material is preserved in the polynuclear coordination compound could be evi- 
dence that its formation takes place through the intrusion of Cu(lI) ions in the 
ferrous oxalate lattice. 

"TG 

T'~'i i i i 

400 420 440 460 48( 
i 

5O0 52O 54O 56O 58O 

Temperature/oc 
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Fig. 1 Thermoanalytical curves for the polynuclear compound (13=5 K min -I) 

The thermal curves obtained for the decomposition of the polynuclear coor- 
dination compound are given in Fig. 1. 

The thermogravimetric data indicate that the polynuclear coordination com- 
pound [Fe(III)2Cu(C204)2(OH)4(H20)21 undergoes the following reaction steps 
in the temperature range 293-573 K 

[Fe(III)2Cu(C204)2(OH)a(H20)2] (s) 41g-471 K 

[Fe(III)2Cu(C204)2(OH)4] (s) +2H20 (g) (i) 

[Fe(III)2Cu(C204h(OH)4] (s) 471-513 K 

Fe(llIhCu(CO3)202 (s) +2H20 (g) +2CO (g) (II) 
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Fe(III)2Cu(CO3)202 (s) 533-573 K 

Fe2CuO4 (s) +2CO2 (g) (III) 

The temperatures above the arrows denote the range in which each reaction 
occurred during heating at 13=5 K rain -1. 

The experimental total mass loss recorded from the TG data is 45.35%, 
which compares well with the theoretical values of 44.99%. 

The thermal transformation of the polynuclear coordination compound into 
the mixed oxides requires more than one stage: 

a. thermal decomposition of the polynuclear coordination compound with 
the formation of amorphous product(s); 

b. crystallization of the amorphous products with subsequent formation of 
the crystalline oxides; 

c. solid-state reaction of the crystalline simple oxides with the formation of 
mixed oxides (ferrites). 

Separation of these steps is rather difficult and not always possible. Since the 
cations are already mixed in a single precursor phase on an atomic scale (being 
hardly 10 A apart), stages b and c are often superimposed, and ferrite formation 
from the simple crystalline oxides occurs simultaneously with their crystal- 
lization. 

The final product of the decomposition, which corresponds to the molecular 
formula of copper ferrite (Fe~CuO4), is amorphous. The spinel lattice is formed 
by heating the decomposition product at different temperatures. Calcination at 
900~ (3 h), followed by slow cooling down to room temperature, leads to the 
formation of a tetragonal ferrite with structural and magnetic properties close to 
the theoretical values (Table 2). 

Table 2 Structural and magnetic characteristics obtained for tetragonal ferrite (reaction product) 

Cell's parameters ~xp 

a/A b/A (MB) 

Decomposition's product calcined 

at 900 ~ (3 h), slowly cooled 

Literature data 

5.857 8.603 1.22 

5.844 8.630 1.23 

1111 [11] [12] 

B. Reaction kinetics 

A kinetic analysis of the thermal decomposition must include a considera- 
tion of the possible changes in the reaction mechanism during its occurrence. In 
order to do this, we determined the non-isothermal activation parameters (pre- 
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exponential factor A and activation energy E) both for the whole range of con- 
version (0<c~<l) and for significant limited ranges: the intervals 0<ct<cq~ and 
cqp<(x<l, where the subscript ip means the inflexion point in the curve consid- 
ered. For the curves for which an induction period was clearly evidenced, the 
values of the non-isothermal kinetic parameters were evaluated for this period 
and the acceleratory phase stage (the period following the induction period up 
to (/, = GCip). 

Table 3 lists the values of the non-isothermal kinetic parameters (corre- 
sponding to the most probable mechanism) obtained for the experiments 
performed at a heating rate of 13=5 K min -~. Besides the results corresponding 
to the whole (a,T) curve, the Table also lists those corresponding to the signifi- 
cant portions of the ((x, 7) curve. 

The results obtained concerning the non-isothermal decomposition kinetics 
and the relationship of the non-isothermal kinetic parameter values with the 
heating rates can be summarized as follows: 

- The mechanisms determined for the whole range of conversion (0<(z<l) 
are preserved in the conversion ranges 0<Ct<'Ctip, (zip<(z<l and also in the accel- 
eratory period. 

- Even if there are differences between the values of the non-isothermal ki- 
netic parameters calculated over the whole conversion interval with respect to 
those obtained for the significant portions of the (ct, 73 curve, the rate constants 
k (calculated for a common temperature) are relatively close, obviously due to 
a compensation effect. This compensation effect is mentioned in the literature 
[13, 14] for many decomposition reactions, especially if they are followed un- 
der non-isothermal conditions. 

- Reactions (I) and (III) occur in according to a contracting geometry mech- 
anism (contracting cylinder and sphere), with comparable probabilities for the 
two models. 

- For reaction (II), the most probable law describing its occurrence is 
f(ct)= (1-(x) n, where the reaction order n equals unity. 

- The induction period, when detected, is described by a powder law ct = kP, 
with n = 2  or 3/2 ireactions (I) and (II)]. 

C o n c l u s i o n s  

1. The thermal stability of the polynuclear coordination compound 
[Fe(III)2Cu(C2Oa)2(OH)a(H20)2] was investigated. 

2. The non-isothermal kinetic parameters (pre-exponential factor A and ac- 
tivation energy E) of the three decomposition steps of this polynuclear coordi- 
nation compound were determined. 

3. The mechanism determined for the whole range of conversion is pre- 
served in the significant portion of the (ct, T) curve. 

J. Thermal Anal., 47, 1996 
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