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ABSTRACT. The thermal decomposition of zinc oxalate, obtained from the 
precipitation of zinc acetate with oxalic acid, with and without tetraethylammonium 
hydroxide (TEAH) addition, was investigated. The thermogravimetric analysis 
(TG) indicated a total mass loss of about 57% in two decomposition steps. 
FTIR-TG-DTA and MS-TG-DTA indicated mainly CO2 elimination. The 
activation energies (Ea) were estimated by Kissinger equation, considering 
heating rates of 5, 10, 15, 20°C/min. The determined energies were: Ea1 = 
69 kJ/mol, for the dehydration process and of about Ea2 = 106 kJ/mol, for 
organic compounds loss. 
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INTRODUCTION  

Zinc oxide, ZnO, has attracted much interest because of its possible 
application in distinct technological fields such as magnetic semiconductors, 
spintronics, catalysts, sensors, field emission devices, solar cells, etc. 1-5. 
The preparation conditions of ZnO nanopowders are important since the 
purity, the particles size and the presence of organic species on the surface 
of the particles are strongly influenced by this. The precipitation technique 
provides a facile way for low cost and large-scale production of ZnO in 
different sizes and shapes, in a reproducible way 6-11. The thermal process is 
important for the reason that physical and chemical properties of a material 
varies as function of temperature 12-14. The conventional thermal analysis 
technique provides information limited to physical properties and indirect 
information about the identity of the composition and evolved phases 15. 
The thermo - FTIR technique provides much more clear information about 
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the decomposition pathway, due to the detection of the resulted gases. 
Such a combination is always an advantage when substances are identified 
by methods involving a certain loss of mass 16.  

In this paper, the thermal decomposition of ZO precursors obtained by 
precipitation method was performed in order to have an in depth understanding 
and control of the synthesis process. Furthermore, a small amount of 
tetraethylammonium hydroxide (TEAH) was added during the precipitation 
process in order to control the particles shape. Thus, the thermal decomposition 
in N2 and static air atmosphere and a kinetic study of TEAH modified ZnO 
precursor were performed in order to have information about its behavior 
during the thermal process.  

 
RESULTS AND DISCUSSION 

The TG analysis of ZO and ZO+TEAH precursors, performed at a 
heating rate of 10°C/min, in N2 and static air atmosphere, indicates a total 
mass loss of about 57 %, with a ~19 % loss in the first step and ~ 38% in 
the second step (Fig. 1 a). An insignificantly higher mass loss (57+2.9%) was 
observed in the case of the ZO+TEAH precursor. The molar masses of ZnO 
precursors, estimated from the TG curves, were ~ 191 g/mol for the ZO 
precursor and ~ 204 g/mol for ZO+TEAH precursor. Both values are close 
to the molar mass of the zinc oxalate hydrated with two molecules of water 
(189.4 g/mol). This fact suggests that TEAH is present in a very small amount, 
dispersed in the whole mass of the precursor and that during the synthesis 
process, zinc acetate has reacted with oxalic acid and deionised water, leading 
to zinc oxalate and acetic acid elimination, according to the chemical equation: 

Zn(CH3COO)2 aq + HOOC-COOH aq + 2 H2O → Zn(OOC-COO)·2H2O + 
2CH3COOH 

Comparing the DTA curves in N2 atmosphere of ZO and ZO+TEAH 
(Fig. 1 a), unnoticeable difference between the two curves can be remarked. 
Two endothermic peaks (one at 151°C and one at 387°C) are present. When 
static air was used, an endothermic peak at 151°C and an exothermic peak 
at 387°C can be observed. The exothermic behavior is related with the oxygen 
presence from the air. The FTIR coupled TG-DTA experiment, performed 
on the ZO+TEAH precursor in N2 atmosphere, indicates that the 151°C DTA 
peak corresponds to the water loss (its presence is confirmed in the gas 
loss 3D FTIR spectra (fig.1 b) at ~ 1600 cm-1 and ~ 3600 cm-1 (12.7 min). 
The DTA peak identified at 390°C corresponds to CO2 (~2400 cm-1) and to 
CO (~2100-2200 cm-1) simultaneously loss, according to the 3D FTIR spectra 
(36.5 min). The chemical equation of the gas loss, in inert atmosphere, can 
be written as follows: 

Zn(OOC-COO) 2H2O → ZnO + CO2↑ + CO↑ +2H2O 
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a) 

 
b) 

  
c) 

Figure 1. TG-DTA curves in N2 and static air (a) and FTIR coupled  
TG - DTA curves of the ZO+TEAH precursor, using a heating rate of 

10°C/min, in N2 atmosphere (b) and static air (c) 
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The TG-DTA curves of the ZO+TEAH precursor, using different heating 
rates (5, 10, 15, 20°C/min) - performed in static air, show similar thermograms, 
with two well defined decomposition steps. A total mass loss in two steps of 
about 57% was also observed. As can be seen in the DTA curves (Fig.2 a), 
the mass loss of the ZO+TEAH precursor strongly depends on the heating 
rate. Using a low heating rate (5°C/min), two peaks can be observed: one 
endothermic peak at 165°C, corresponding to water elimination and one 
exothermic peak at 397°C. In disaccord with DTA analysis, the FTIR coupled 
TG-DTA performed on ZO+TEAH precursor in static air atmosphere and using a 
heating rate of 10°C/min, indicates only CO2 (~ 2400 cm-1 at 40 min.) and no 
water elimination (Fig.1 c). As remarked in previous papers 17, by increasing the 
heating rate, the DTA curves corresponding to water elimination as well as the 
organic compounds elimination are shifted towards higher temperatures. Using 
higher heating rates (10 - 15°C/min) a shoulder at about 392°C was observed. 
Furthermore, a splitting of this peak in two peaks (one at 396°C and one at 
445°C) can be noticed by increasing the heating rate at 20°C/min. MS-TG-DTA 
analysis was performed for clarifying the gases elimination using a heating rate 
of 20°C/min (Fig. 2 b). As can be seen, the CO2 elimination in high proportion is 
accompanied by some CO and acetic acid gases elimination. Furthermore, some 
traces of oxalic acid were also identified. No water elimination was observed, 
sustaining FTIR-TG observation (Fig. 1 c) and no NxOy gases elimination was 
identified, probably due to the small amount of TEAH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a)      b) 

Figure 2. TG-DTA curves, performed in static air, heated using different  
heating rates (5, 10, 15 and 20°C/min) (a) and TG-DTA-MS curves  

at 20°C/min (b) of the ZO+TEAH precursor 
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We have approximated the activation energy, using Kissinger equation:  

(ln (ɸ /Tc
2) = (- Ea / RTC) + const., ɸ – heating rate (5, 10, 15, 20 °C/min), Tc – peak temperature, R – gas constant). 

The activation energy for the dehydration process was Ea1 = 69 kJ/mol (Fig.3 a) 
and for the organic compounds loss (determined from the main DTA peaks - 
397°C to 442°C) followed by crystallization process (Fig.3 b) was Ea2 = 106 
kJ/mol. The organic compound loss energy value is smaller than the reported 
value for the zinc oxalate decomposition in helium atmosphere, calculated using 
Avrami–Erofeev equation8. The authors reported an Ea = 181.4–186.5 kJ/mol, 
using heating rates of 2, 4, 7 and 10 K/min. 
 

   
a)     b) 

Fig. 3. The activation energy (Ea) determined according to Kissinger equation  
a) for the dehydration process, b) for organic compound loss 

 
 

CONCLUSIONS 

The thermal decomposition of zinc oxalate, obtained from the 
precipitation of zinc acetate with oxalic acid, with and without TEAH addition 
was investigated. TG-DTA, FTIR-TG-DTA and MS-TG-DTA analyses were 
used in order to determine the thermal behavior of the samples. The thermal 
decomposition occurred in two steps, having a total mass loss of about 57%. 
Two peaks at 151°C and at 387°C were detected in the DTA curves, both in 
the N2 and static air atmosphere. The peak at 151°C was assigned to water 
elimination while the peak at 387°C was assigned to the organic compounds 
loss followed by a crystallization process. However, FTIR-TG-DTA and MS-TG-
DTA indicate only a small amount of water elimination, by using N2 atmosphere 
and no water elimination, when static air atmosphere was used. Moreover, no 
NxOy gas elimination was remarked for the TEAH modified precursor. The 
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influences of different heating rates on the decomposition process and kinetics 
calculations, using Kissinger equation, were also performed. The activation 
energy was estimated at about Ea1 = 69 kJ/mol, for the dehydration process and 
Ea2 = 106 kJ/mol, for the organic compounds loss followed by crystallization 
process.  

 
 

EXPERIMENTAL SECTION 

Sample preparation 

High purity chemicals were used in precipitation process. Zinc acetate 
dihydrate (ZnAc) Zn(CH3COO)2·2H2O (Merck, 99,5%), oxalic acid C2H2O4·2H2O 
(Lach:ner) and deionized water were used. 0.58 M of zinc acetate dihydrate 
solution and 1.15 M oxalic acid solution were prepared. The two solutions were 
mixed in stoichiometric ratio, resulting a white precipitate maintained under 
stirring for 24 h (sample notation – ZO). The mixture pH was 2.8. For one 
sample, tetraethylammonium hydroxide (Merck, 20% aqueous solution) in 
0.0026 volume ratio (TEAH/ZnAc) was added (sample notation ZO+TEAH). 
The mixture pH increased to 3. The obtained white precipitates were 
filtered, washed with acetone and then dried at 100°C for 5 h.  

 
Sample characterization 

Fourier transform infrared spectroscopy (FTIR) coupled with a 
thermogravimetric analyser (TG-DTA) (Nicolet 6700 (FTIR) - 851e, 1600°C 
Mettler-Toledo (TG-DTA)) and thermal analysis coupled with a quadrupole 
mass spectrometer QMS 200 atmospheric sampling system (Residual Gas 
Analyzer RGA-Stanford Research System) were used to record the thermal 
decomposition and the gases loss in the temperature range from 25 to 
800°C. The sample mass of about 14 mg was placed in a platinum crucible. 
Thermal analysis experiments were performed in N2 and air flow and static 
state air, using heating rates of 5, 10, 15 and 20 °C/min. 
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