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ABSTRACT

The thermal decomposition of basic nickel carbonate was studied by mass spectrometry.
The kinetic parameters for the processes leading to the production of H,O and CO, were
determined and the total enthalpy for the evolution of CO, was calculated.

INTRODUCTION

Mass spectrometry has been used by several workers [1-5] to study the
kinetics of solid state decomposition reactions. Since a mass spectrometer
can both identify and quantify the gaseous products, the technique contrib-
utes to the understanding of the decomposition mechanism as well as to the
determination of the kinetic parameters. The method is based [4] on the fact
that the ion current / measured for a characteristic mass spectral ion is
proportional to the rate of gas evolution from the decomposing solid and to
the rate of weight loss during non-isothermal heating.

The decomposed fraction of the sample correlates with the ion current for
a given time or temperature x as follows
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showing the course of the reaction.
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The partial pressure P, of the ith component in the Knudsen cell can be
determined [6] by
P=KIT (2)
where K, is constant for a constant m/e ratio and I, is the ion current for
the ith component.

The decomposition enthalpy AH, is a function of the partial pressure of
the evolved gas according to

AH, dn P

RT? daT 3)
where R is the gas constant.

From eqns. (2) and (3) it is evident {7] that

AH, d(ln IT)
_ = (4)

R d(1/T)

Thus the values of AH, can be obtained through the evaluation of the slope
inan R In(Z,T) vs. 1/T plot.

The total reaction enthalpy AH can be calculated by taking into account
[8] that

E=AH-AH,

in which the activation energy E and A H, have to be previously evaluated.

In this work a kinetic study of the thermal decomposition in vacuo of
anhydrous basic nickel carbonate (pure reagent) and the calculation of the
total enthalpy H for the CO, evolved are reported. In order to establish the
most probable mechanism in each transformation, the method of kinetic
analysis of Jerez et al. [9) was employed, using 24 functions f(a«) which
describe different kinetic models. Some of these functions are summarized in
ref. 10 and analysed in ref. 11.

EXPERIMENTAL

Measurements were carried out in a Leybold QUADRUVAC-200
quadrupole mass spectrometer attached to a vacuum system with a sample
container heated by a Chesa furnace controlled by a Rockwell AIM-65
microcomputer. The heating rate was 3.5 K min~' and the ion current was
monitored for constant m/e ratios, firstly 18 (H,O" ions) and later 44
(CO; ions). a values were calculated from the ion current curves.

Anhydrous basic nickel carbonate of nominal composition NiCO,
2Ni(OH),was supplied by Carlo Erba (pure reagent).

Thermal decomposition reactions of this material were also studied by
conventional thermogravimetry in a Mettler TA3000 thermoanalyser.
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RESULTS AND DISCUSSION

From the mass spectrum scanned for m/e =18 and m/e = 44 the tem-
peratures of maximum evolution of water and carbon dioxide were localized
at 405 K and 465 K respectively; this indicates that although the evolution
of H,O and CO, takes place simultaneously in the temperature range
342-517 K, it is not a single process; there are actually two different
reactions. Figure 1 shows the I vs. T plot for both mass spectrum ions. The
corresponding m/e = 18 curve shows two peaks with maxima at 308 and
405 K. The first peak, due to its low temperature, can be attributed to loss of
adsorbed water. Therefore the kinetic study was performed from the second
peak which corresponds to the process

NiCO, - 2Ni(OH), — NiCO;, - 2NiO + 2H,0

with a_,, = 0.505 at 405 K. In Fig. 2(a) the corresponding a vs. T plot is
represented, showing a characteristic sigmoid form with a relatively long
induction period. Calculations allow us to conclude that this process occurs
by diffusion with decreasing reactant activity, according to a D5 [12] kinetic
model described by the following functions

f(a) = (1-a)*”’[1-a)7* - 1]

g(a)=3[1-a)" 1]

The activation energy E = 105 kJ mol ! and the pre-exponential Arrhenius
factor 4 =2.2 x10'° s™! were obtained with a correlation coefficient of
0.9995.

Arbitry units

L n 1 it = L
286 323 360 397 434 &N 508 545 T(K)

Fig. 1. Ion current curves for H,0* (——) and COJ (— — —).
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Fig. 2. « vs. T curves obtained from I vs. T curves: m/e=18 (——); m/e=44

(———).

For the evolution of CO,

NiCO, - 2NiO - 3NiO + CO,

the 7 vs. T curve (Fig. 1(b)) shows a long acceleration period until a
maximum is reached at 449 K (a,,,, = 0.623). Figure 2(b) shows the corre-
sponding a vs. T curve. Kinetic results are given in Tables 1 and 2. Table 1
shows the results obtained by dividing the a vs. T curve into three sections,
two for the induction step and the third corresponding to the decrease in the
ion current curve. The kinetic parameter values decrease notably in the last
section. In Table 2 the results of the analysis of the CO, evolution process
are presented for four different temperature ranges.

TABLE 1

Kinetic results of the evolution of CO, for three ranges of degree of transformation
Aa interval Mechanism E (kJ mol™ 1) AG™YH r
0.001-0.094 D5 162.8 2.11x10% 0.9951
0.132-0.627 D5 162.0 9.75x 10 0.9995
0.735-0.997 D5 147.6 2.76 x 10 0.9669
TABLE 2

Kinetic results of the evolution of CO, for different temperature ranges

AT (K) Mechanism E (kJ mol™1) A@E™H r
351-449 D5 157.01 2.51x10"® 0.9985
351-475 D5 159.49 5.48x10"° 0.9989
351-513 D5 158.25 3.74x10%° 0.9984

409-513 DS 160.46 6.50 x 10" 0.9946
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Fig. 3. a vs. T curve obtained from thermogravimetry of basic nickel carbonate.

The linearity between In 4 and E was obtained with correlation coeffi-
cients of 0.9994 and 0.9975 from the results shown in Tables 1 and 2.
Therefore, it can be concluded that the compensation effect [13] is valid in
the kinetic parameters.

Figure 3 shows the a vs. T curve obtained from the single step of weight
loss observed by conventional thermogravimetry, which suggests a unique
decomposition process. Nevertheless mass spectrometry reveals that this is
not so. Kinetic analysis of this curve indicates a D5 kinetic model with
E =288.5 kJ mol™! and 4 =5.3X10* s!; these results are very different
from those calculated for the separate elementary reactions. This is expected
as the processes overlap during the decomposition and cannot be dis-
tinguished by thermogravimetry.

Using the procedure described above, a value of AH, =62.5 kJ mol ™!
was calculated for the evolution of CO, with a correlation coefficient of
0.994; this leads to an enthalpy value of AH = 221.3 kJ mol~! for this
process in the thermal decomposition of anhydrous basic nickel carbonate.
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