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Abstract

The authors present the results obtained from an investigation of the thermal stability
and decomposition kinetics of the polynuclear coordination compound [Fe(II)Fe(II)-
Zn(I1)(C,0,),(OH),] - 4H,0, a precursor of zinc ferrite. The non-isothermal Kinetics
parameters over various significant ranges of conversion were evaluated.

INTRODUCTION

Following our research concerning the possibilities of obtaining mixed
oxides by the thermal decomposition of polynuclear coordination com-
pounds as precursors [1-6], this paper deals with the thermal stability and
non-isothermal decomposition kinetics of a polynuclear coordination
compound containing the oxalate anion. This anion was chosen because of
its relatively high volatility. This results in the precursor having a fairly low

thermal stability: it undergoes total decomposition at temperatures below
500°C.

EXPERIMENTAL

The coordination compound of molecular formula [Fe(II)Fe(I111)Zn(II)-
(C,0,).(OH);] - 4H,O was synthesized according to a method described
elsewhere [7].

The heating curves were recorded using a MOM-Budapest Q-1500
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derivatograph, type Paulik—Paulik—Erdey, in a static air atmosphere at
various heating rates in the range 0.6-10 K min ' and with «-Al,O; as an
inert material.

The evolved gases were analysed using a Hewlett-Packard GC-MS 5595
mass spectrometer, coupled with a micro-reactor.

Measurements of magnetic susceptibility and saturation magnetization
were performed with a magnetic balance, the standard being HgCo(SCN).

The crystalline states of the compounds and the decomposition products,
were investigated using a DRON 3 X-ray diffractometer with CoKa
radiation.

To analyse the thermogravimetric data, two programs written in Basic,
namely piscrim 1 (D1) [8] and piscrim 2 (D2) were run on a TIM-S
computer. Both programs can discriminate among various decomposition
mechanisms, indicating the most probable conversion function f(a ). The
criterion for the most probable mechanism is the mean square deviation of
the calculated f(a) values from the experimental values. For piscriM 2, the
mean square deviations are displayed.

Taking into account the possibility of the mechanism changing with the
degree of conversion as well as the overall («, T) curve, the kinetic
parameters were evaluated for particular ranges of conversion degree. The
intervals 0 <a <a,, and a,, <a <1, where the subscript ip indicates the
inflection of the TG curve, were considered. For those TG curves with an
obvious induction period, the non-isothermal parameters were also
evaluated.

RESULTS AND DISCUSSION

From the thermogravimetric data, it can be concluded that the
compound [Fe(II)Fe(II(Zn(11)(C,0,).(OH);] - 4H,O decomposes to an
oxide phase, according to the sequence

[Fe(IT)Fe(I11)Zn(C,0,),(OH),] - 4H,0 —

Fe(II)Fe(I1I)Zn(C,0,),(OH), + 4H,0 (1)
Fe(II)Fe(I11)Zn(C,0,),(OH), —

Fe(II)Fe(I1I)Zn(CO,),0, 5 + 2CO + 1.5H,0 (2)
Fe(II)Fe(I11)Zn(CO,),0, s -2 Fe,ZnO, + 2CO, (3)

As shown by its X-ray powder diffractogram, [Fe(I1I)Fe(11I)Zn(C,0.,)-
(OH);] - 4H,O has a crystalline structure. Table 1 lists the values of the
interplanar distances d corresponding to the diffraction lines and their
relative intensity. The mean crystallite size for the most intense line,
calculated using Sherrer’s formula [10], is d =217 A.

The magnetic and X-ray diffraction data indicated that the final solid
reaction product is not Fe,ZnO, alone. The magnetic moment, evaluated
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TABLE 1
X-ray powder diffraction data of the compound [Fe(II)Fe(I1I)Zn(C,0,)(OH),] - 4H,O

Line d/A Relative Line dlA Relative

intensity intensity
1 4.759 100 14 2.158 4
2 4.655 96 15 2.107 4
3 3.905 23 16 2.094 8
4 3.673 10 17 2.080 5
5 3.555 30 18 2.030 8
6 2.949 50 19 1.988 6
7 2.704 28 20 1.955 2
8 2.649 11 21 1.941 4
9 2.628 21 2 1.928 5
10 2.557 10.5 23 1.922 7
11 2512 19 24 1.881 14
12 2.229 95 25 1.839 10
13 2.208 10 26 1.798 8

from magnetic susceptibility, has a non-zero value (u =0.93 BM), due to
the presence of the ferrimagnetic oxide Fe,O,.

The mass spectra of the evolved gases showed the presence of water
evolved in reaction (1), of carbon monoxide and water evolved in reaction
(2), and of carbon dioxide evolved in reaction (3).

The calculated total weight loss from reactions (1), (2) and (3) is 49.40%,
while the experimental value is 48.64%.

Table 2 lists the non-isothermal kinetic parameters corresponding to the
most probable mechanism for all the (a, T) curve.

For each reaction, the value of the rate constant, calculated from the
pre-exponential factor A and activation energy E values according to the
Arrhenius equation at a temperature in the range of its occurrence, is also
given in Table 2.

Table 3 lists the values of the non-isothermal kinetics parameters for the
selected ranges of conversion.

As shown in Table 2, for reaction (1) both programs D1 and D2 lead to
similar values for the non-isothermal kinetic parameters. These are
characteristic for a contracting sphere mechanism. In practise, the values of
the non-isothermal kinetic parameters do not depend on the heating rate,
thus showing no heat transfer limitations. Nor do the rate constants k.3 x
change significantly with the heating rate. The contracting sphere mechan-
ism is also indicated for 0 < a < a,, for @,, < a <1, and for the acceleratory
period, with practically the same values of the non-isothermal kinetic
parameters as shown in Table 3. Thus for reaction (1), the same kinetic
parameter values were obtained over the whole range of conversion, as
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well as for partial specified ranges, showing no change in reaction
mechanism with conversion. Nevertheless, as shown in Table 3, one can
detect an induction period described by a power law, a” = kt with n = 3/2.

For reaction (2), the data listed in Table 2 also indicate a contracting
sphere mechanism, as obtained using programs D1 and D2. A compensated
slight change in the non-isothermal kinetic parameters with the heating rate
can be observed (kss;;x does not change significantly). The same mechanism
was found for reaction (2) in the ranges 0<a <a;, and a;,<a <1,
although for a;, < a <1 the contracting cylinder mechanism gives a lower
value of the mean square deviation. No induction period was apparent for
reaction (2). Slight differences between the values of the pre-exponential
factor A and activation energy E for 0> a <«,, with respect to the
corresponding values for 0 <« <1 can be noticed.

For reaction (3), as shown in Table 2, the most probable mechanism
corresponds to a contracting cylinder, with a non-compensated change in
the non-isothermal kinetic parameters with heating rate (the values of ksgs
change with the heating rate). In such conditions, due to heat transfer
limitations, the non-isothermal kinetic parameters obtained at the lowest
heating rate should be considered the true values.

For reaction (3), because there is no clear inflection on the TG curve,
and a sharp maximum on the DTG curve, the non-isothermal kinetic
parameters were not evaluated over selected conversion ranges.

CONCLUSIONS

The investigated polynuclear coordination compound decomposes to a
mixture of magnetic Fe;O,, ZnO and Fe,Zn0O,. By using discrimination
methods, the most probable mechanism and the non-isothermal kinetic
parameters were determined for 0<a <1. For 0<a <1, the most
probable mechanisms of all three reactions investigated correspond to a
contracting sphere geometry. There is a slight change in the values of the
non-isothermal kinetic parameters of reaction (2) with the degree of
conversion.
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