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Abstract

This paper presents the results of simultaneous DTA-TG-DTG and DSC studies on the
thermal decomposition of Cu(NO;),3H,0, Co(NO,), 6H,0 and Ni(NO,),-6H,0 in an air at-
maosphere. The mechanism and enthalpies of the investigated processes were determined, as
well as the kinetic parameters of the processes run under non-isothermal conditions by means
of Kissinger’s method. The dependence of the activation energy on the ionic radius of the cat-
ions building up the crystal lattices of the investigated compounds was also studied.
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Introduction

The thermal decomposition of hydrated nitrates has been investigated by
many authors [ 1-6], whose results were summarized by Liptay in the well known
‘Atlas of Thermoanalytical Curves’ [7]. The dominant opinion is that at tempera-
tures lower than 100°C, M(NO5),-nH,0 partially dehydrates and melts in the rest
of the non-dehydrated material during the thermal decomposition [1-5]. In the
latter stage of the process a complete dehydration takes place, then the nitrates
decompose forming the oxides, which are the final product of dehydration [6].
Such a mechanism has been determined by means of DTA and TG methods for
numerouns hydrated nitrates [7].

Recently Wojciechowski et al. [R—10] have determined the mechanism of
thermal decomposition of Cr(NOs);:nH,0, Zn(NO;),-nH>OQ and Cu(NO.),-
nH;0 by means of DTA and TG technique, but the obtained mechanisms are dif-
ferent for the three investigated cases.

This paper presents the results of studies on the thermal decomposition of
M(NO3),-nH,0, (M=Cu, Ni, Co) compounds, obtained by using simultaneous
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DTA-TG-DTG technigue and DSC method at different heating rates in an air at-
mosphere. The kinetics, mechanism and enthalpies of the processes and the specific
heats of the products formed during the thermal decomposition were determined.

Experimental

Cu(NOs)2-3H,0, Co(NO;)»:6H,0 and Ni(NO3).-6H,0 produced by Merck
(p.a. purity) were used in the experiments.

The thermoanalytical equipment used for the experimental work was a Deri-
vatograph (1500°C) (MOM, Budapest, Hungary), and a high-temperature
DSC-404 (Netzsch, Germany). All measurements were carried out in a static air
atwnosphere. The sample mass was 300 mg for the DTA-TG--DTG measure-
ments and 20 mg for the DSC measurements.

Results and discussion

Comparative DTA-TG-DTG investigations at heating rates of 2.5;5; 10 and
20°C min~' were done in an air atmosphere, and the results obtained at a heating
rate of 5°C min ' are shown in Fig. 1 for Cu{NQ3),-3H;0, in Fig. 2 for
Co(NO1),-6H,0, and in Fig. 3 for Ni{NO;),-6H:0.

Comparative aualysis of the results shown in Figs 1 3, indicates that the same
mechanism is involved in all three cases. Four endothermic processes, accompa-
nied by mass loss, correspond to the complete dehydration and thermal decom-
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Fig. 1 DTA-TG-DTG curves of Cu(NO,),-3H,0 in an air atmosphere at a heating rate of

5°C min™
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position of the nitrates and as a result, stable oxides are formed at temperatures
higher than 330°C in all three cases.
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Fig. 2 DTA-TG-DTG curves of Co(NOQ,},-6H,0 in an air stmosphere at a heating rate of

5°C min™
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Fig. 3 DTA-TG-DTG curves of Ni(NQ,),6H,O in an air atmosphere at a heating rate of

5°C min"!

For the investigated heating rate interval from 2.5 to 20°C min™, the follow-
g mechanism of the processes can be proposed, based on the results of
DTA-TG-DTG measurements:

The first process in the temperature range of 40-90°C is the melting of the
compounds and partial dehydration:

J. Thermal Anal., 53, 1998



620 ZIVKOVIC ct al.: DECOMPOSITION OF NITRATES

M(NQ3)2-nH20 = M(NQO3)2:3H20 + (n-3)H20
The second process in the temperature range of 110-150°C:
2M(NO3)2-3H20 = Ma(NO3)2(OH)2 + 3H20 + 2NO»
The third process in the temperature range of 170--220°C:
Ma(NQO3)(OH)z = MO-MONO3+NO2+H,0
The fourth process in the temperature range of 280-320°C:

MO-MONO; = MoONO;3 + 1/20),
M;0ONO3 = 2MO + NO,

where M=Cu, Co and Ni.

(1)

(2)

(3)

(4)

The DSC curves of the compounds studied at a heating rate of 10°C min~' are
shown in Fig. 4. It is obvious that the same processes were registered as by the
DTA curves (Figs 1-3). The enthalpies of the processes were determined based
on DSC measurements in a static air atmosphere, and are presented in Table 1.
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Fig. 4 DSC curves of Cu(NO,),-3H,0 (1), CO(NU._,,)?-GHZO (2) and Ni(NO,),-6H,0 (3) in an

air atmospherc at a heating rate of 10°C min
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Table 1 Enthalpy values of the thermal decomposition of M(NO,),-nH,0, (M=Cu, Ni, Co)

Compound Enthalpy/J g*

1st process 2nd process 3rd process 4th process
Cu(NQO;),-3H,0 14.7 84.9 158 196
Co(NQ,),-6H,0 778 276 204 21
Ni(NQ,),-6H,0 85 26.3 375 286

From the DTA results obtained at different heating rates (2.5; 5; 10 and

20°C min™"), the kinetic parameters of the processes were determined by means
of Kissinger's method [11]:

4] E
ln‘"'z- =C- -
Tm RT.

where: 8- heating rate (Kmm N, T — the peak temperature on the DTA curve (K)
R — gas constant (J mol™ K~ ) E, — activation energy of the process (kJ mol™)
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Fig. 5 Dependence In(8/ 72 =)=RUT_} for the thermal decomposition processes of a) Cu(NO
3H,0; b) Co(NO,),- 6H O; ¢) Ni(NO,),-6H,0
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and C — integration constant. The activation energies of the investigated proc-

esses determined from the dependence In(6/T2)=f(1/Ty) shown in Fig. 3, are pre-
sented in Table 2.

Table 2 Activation energies of the thermal decomposition processcs of M(NO,),-nH,0

(M=Cu, Co, Ni)
Compound Activation energy/k] mol '
1st process 2nd process 3rd process 4th process
Cu(NO,), 3H,0 159 50 190 298
Co(NQ,), 6H,0 137 6 205 344
Ni{NO,),-6H,0 171 21 59 96

The compounds studied (Cu(NO3);-3H0, Co(NO;)>-6H20 and Ni{NO3)»
6H,0) have similar ionic crystal structures, which is the reason for the similarity
in the mechanisms and kinetic parameters for the processes occurring during
their thermal decomposition. The only difference is that the ionic radius of the
Ni%* cation is smaller than those of the Cu”* and Co™, cations which build up the
crystal lattices of the investigated compounds {12].
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Fig. 6 Dependence of the activation energy on the temperature for the thermal decomposition
processes of: 1 — Cu(NO,),-3H,0; 2 - Co(NO,},-0H,0; 3 - Ni(NO,), 6H,0

The dependence of the obtained activation energy values on the temperature
is shown in Fig. 6. The Figare shows that the first process, involving the melting
and partial dehydration of M(NO:}>-nH20 (M=Cu, Co, Ni), takes place in the ki-
netic area, so that the temperature has a dominant influence on the rate of the
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process. The second process, in which the original structure is broken and a new
one, of the type Ma(NO;).«{OH): is formed, obviously has a diffusion character
if one has in mind the relatively low values of the activation encrgy. The activa-
tion energy values obtained for the first and second process are close to each
other. At higher temperatures, for the third and fourth process, the activation en-
ergy values are almost the same for Cux(NO)(OH), and Cox(NO:)(OH)., while
for Niz(NO1)»(OH), they are much lower. The reason for this may be that 1 m the
hydroxomtrates the Cu™" and Co cations have the same 10mc1ad11 (0.72:107" m),
while the ionic radius of the Ni** cation is smaller (0.69- 107! m)

It is obvious that the smaller ionic radius of Ni enables a more compact pack-
ing of the Niz(NO;),(OH); lattice related to the lattices of the same type, where
Cu?t and Co?t oceur as cations with larger ionic radius. This may influence the
repulsive forces in the presence of Ni, because the intcratomic distance is de-
creasing and thus the values determined for the activation energies of the third
and fourth process are smaller than those for the systems u)malnmg Cu and Co.
For the compounds containing cations of the same ionic radius (Cu and Co“+)
in the crystal lattice, approximately same values were obtained for £, for the
third and fourth process (the ditferences may be due to experimental and calcu-
lation errors).
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