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Abstract

Synthesis of ultrafine zinc carbonate and zinc oxide powders using direct precipitation and thermal decomposition of the precursor
was investigated. Nanoparticles of ZnCO;3 were prepared by the direct precipitation method with Zn(NOj), and Na,COj; as raw
materials. The precipitation process as a popular, facile, controllable and cost-effective method was used to produce insoluble inorganic
salts. Therefore, it was very important to improve capability and quality of the process for controlling the product particle size by setting
the optimal precipitation reaction parameters. In this research, the parameter design of the Taguchi method was applied to set the
optimal parameters of precipitation process for zinc carbonate nano-particle preparation. The reaction conditions such as zinc and
carbonate ion concentrations, flow rate of reagent addition and reactor temperature were optimized by orthogonal array design, OA,.
The effect of these factors on the size of ZnCO; nanoparticles was quantitatively evaluated by the analysis of variance (ANOVA). The
results showed that ZnCOj; nanoparticles can be synthesized via direct carbonation process by controlling zinc and carbonate ion
concentrations and flow rate of reagent addition. The experimental results for preparation of nano-particles of ZnCO; showed that the
minimum size was about 15 nm and the maximum was about 70 nm. In the next step of this study, an efficient one-step thermal
decomposition method was described for preparation of ZnO nanoparticles from zinc carbonate precursor. The prepared ZnCO; and
ZnO particles were characterized using X-ray diffraction (XRD), SEM, FT-IR and thermal analysis techniques.
© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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and potentially useful new properties [3—5]. Although, the
fabrication of zinc carbonate nanostructures has not
necessarily been directed to practical applications. But we
believe that these nanostructures should be more precisely
tailored in accordance with microstructural features
required in each specific application, because zinc carbo-
nate compound is used in respirators to remove toxic gases

1. Introduction

Recently, preparation of artificially designed structure of
nanoparticles with new properties has attracted the atten-
tions of many researchers [1,2]. Nanoparticles compounds
with well-defined structures prepared from tailored nano-
particles provide opportunities for optimizing properties of

materials and offer possibilities for observing interesting
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such as SO, and HCN [6,7]. Therefore, particle size
reduction and hence increasing the specific surface area
of zinc carbonate could affect strongly on the performance
of repirators containg this compound. Also, zinc carbonate
is an useful precursor for the preparation of zinc oxide
particles [8-10]. Its means that preparation of zinc
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carbonate nano-sized precursor for synthesis of zinc oxide
nanoparticles via a solid reaction is interested [11,12].

Until today, several synthesis methods are described for
the preparation of zinc carbonate [13—16]. Zhang et al. [13]
reported a method for preparation of zinc carbonate via
hydrothermal synthesis from the reaction of ZnCl, and
K,CO;. Feng et al. [14] also prepared ZnCO; via the
micro-emulsion method, but the process was rigorous and
it was not easy to prepare the product on a large scale. Wu
and Jiang [15] synthesized nanocrystalline ZnCO; via solis-
solid reaction by grinding ZnSOy4- 7H,O and NH4HCO;
with surfactant OP thoroughly at room temperature.
Although, these methods proposed various techniques for
preparation of zinc carbonate, but these techniques have
their own limitations and disadvantages especially for large
scale production of the product. Therefore, investigation
for finding a facile and cost effective method for synthesis
of nanoparticles of this compound is required, especially if
the proposed technique has an appropriate potential for
scaling up and production of the product in large scales.

Precipitation plays an important role in the field of bulk
nanoparticle preparation [16,17]. High degree of flexibility
of this method makes it possible to create pure materials
with homogeneous distributions; therefore, it is one of the
most frequently applied synthetic methods. In this techni-
que the degree of supersaturation that is created by
bringing the corresponding solutions into contact is essen-
tial for the particle formation [18]. During a conventional
precipitation in a batch reactor local supersaturation is
created when a droplet of one solution hits the other
solution. Due to intensive stirring the system is homo-
genized on a short timescale, and the local supersaturation
vanishes.

Calcination is the process of heating a solid material to
drive off volatile chemically combined components, e.g.,
carbon dioxide [19-25]. Although various methods were
used to prepare nanometer-sized zinc oxide [26-29], but the
most promising one was thermal decomposition or calci-
nations of zinc carbonate and zinc carbonate hydroxide
precursors. While, the raw materials for this process are
easily available and have a low-cost, superfine ZnO
product can be easily prepared by using this technique.
Therefore, various techniques for synthesis of these
precursors were widely studied, and the mechanism and
kinetics of thermal decomposition of zinc carbonates and
zinc carbonate hydroxides were reported by several
authors [30-32]. It is clear that the calcination reaction
for the preparation of a defined oxide product is a complex
process depending on both the experimental conditions
(surrounding environment, heating rate, reactant mass,
and type of crucible) and the possibility of occurrence of
secondary processes [33]. In this respect, the effect of the
conditions for the preparation of the precursor on its
properties and thermal stability should also be mentioned
[34]. These are factors influencing substantially the proper-
ties of the oxide product obtained. On the other hand, it is
known that by varying the concentration of the starting

solutions and the crystallization procedure, a crystalline
precipitate with differently developed surface area can be
obtained, which defines the dispersity of the oxide product
obtained. For this reason, it is quite important to set
appropriate conditions for the precursor synthesis and to
follow its decomposition by comparing different methods.
This will elucidate the mechanism of formation of the final
product and will provide a possibility of selection of
reproducible conditions for the synthesis of an oxide
product with desired properties depending on its applica-
tion [35].

Ultrafine zinc oxide particles are attractive for solar
energy conversion [36], non-linear optics [37], catalysis [38],
and pigments [39]. ZnO nanoparticle is an important wide
band gap semiconductor material, which has a potential
for the application in many areas, such as UV light
emitting diodes, UV laser, gas sensors, photo-catalysts,
and photovoltaic devices [40—43]. Zinc oxide is also a kind
of representative electrochemical and photochemical semi-
conductor [44-46]. Until today, various techniques have
been employed to prepare ZnO nanoparticles, including
sol-gel, hydrothermal synthesis, chemical vapor deposi-
tion, thermal oxidation, electrodeposition, etc. [47-49].
However, due to the high importance and wide application
of ZnO nanaoparticles researches for synthesis of this
compound with desired morphology via a cost effective
method is under development.

This research aims at the preparation of ZnCO; nano-
sized particles with high purity using the direct carbonation
technique which is a facile and cost effective method; also it
is capable of large scale production. Therefore, zinc carbo-
nate nanoparticles with spherical morphology were prepared
via the direct precipitation method by reaction between
Zn(NOs), - TH,O and Na,COs; in aqueous media. An experi-
mental design procedure was used to investigate the effects
of various experimental reaction parameters on the particle
size of zinc carbonate formed, i.e., concentration of zinc ion
solution, carbonate solution concentration, flow rate of
reagent addition and reactor temperature. Also, thermal
decomposition study on the prepared zinc carbonate nano-
particles was carried out. Thermal analysis studies enable to
monitor changes in weight and thermal events during the
processes of dehydration and decomposition. These results
were used for providing essential information on calcinations
of ZnCO; precursor for its decomposition into single-
dispersed nanometer crystalline ZnO.

To the best of our knowledge, although various reports
could be found on the synthesis of zinc carbonate micro-
particles [13,14,16]; but, only a study on the synthesis of
nanoparticles of ZnCO; precursor by grinding ZnSO, - 7TH,O
and NH4HCO; with surfactant OP thoroughly via the solid-
state reaction at room temperature was reported [15] pre-
viously. Also, no information on the synthesis of basic zinc
carbonate nanoparticles by the direct precipitation method
has been reported in the literature. In this study, the
precipitation and the thermal decomposition techniques were
used for preparation of zinc carbonate and zinc oxide as two
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simple, fast, and cost-effective methods; which have appro-
priate potential for scaling up for industrial scale production
of the products. Meanwhile, in spite of previous studies in
this investigation the products nanoparticles were prepared
without any surfactant, template or catalyst.

2. Experimental
2.1. Materials and apparatus

Reagent-grade zinc nitrate, sodium carbonate and sol-
vent (ethanol) were used as received from Merck. Scanning
electron micrographs (SEM) were recorded on a Philips
X130 series instrument using a gold film for loading the
dried particles on the instrument. Gold films were prepared
by a Sputter Coater model SCD005 made by BAL-TEC
(Switzerland). X-ray powder diffraction (XRD) was per-
formed using a Rigaku D/max 2500V diffractometer
equipped with a graphite monochromator and a Cu target.
The IR spectra were measured on an IR spectrophot-
ometer (Bruck Equinox 55) using the KBr pellet technique.
Thermogravimetery (TG) and differential thermal analysis
(DTA) were carried out using a Stanton Redcroft, STA-
780 series with an aluminum crucible, applying heating
rate of 10 °C min~' in a temperature range of 50-600 °C,
under nitrogen atmosphere with the flow rate of 50 ml
min~'. The sample mass used was about 3.0 mg. Trans-
mission electron microscopic (TEM) image was obtained
using a Ziess-EM900 scanning electron microscope.
The sample preparation was carried out via coating on
the Cu—carbon coated grid prior to the measurement.

2.2. ZnCOj3 synthesis and optimization strategy

ZnCO; particles were prepared by adding Zn?* solution
at various concentrations and different flow rates, to the
carbonate solution under vigorous stirring and various
reactor temperatures. After precipitation, the formed zinc
carbonate was filtered and washed with distilled water
three times. The product was then washed with ethanol
two times and dried at 80 °C for 2 h. In order to optimize
experimental parameters for the synthesis of ZnCOj;
nanoparticles, an experimental design approach was followed.

Table 1

The variables (zinc ion concentration, carbonate ion
concentration, flow rate of feeding zinc reagent to the
carbonate solution and reactor temperature) were as
shown in Table 1.

2.3. Thermal decomposition synthesis of zinc oxide
nanoparticles

Zinc oxide was obtained via thermal decomposition of
the precursor. The ZnCO; sample, obtained by direct
carbonation under optimum conditions, was used for
calcinations process. The thermal decomposition synthesis
of zinc oxide was carried out in a furnace at static air
atmosphere at 700 °C for 2 h. 2 g of precursor was loaded
without pressing into an open 30 mm diameter and 14 mm
high alumina crucible.

3. Results and discussion

3.1. Results of synthesis by direct carbonation and
optimization by OAD

Precipitation of a salt by mixing its anion and cation
solutions is a commonly used technology for synthesis of
various water insoluble inorganic materials such as ZnCO;
[50]. The control of particle size and shape is a complex
process requiring a fundamental comprehensation of the
interactions of reagents. In this study, an attempt was made
to determine how the various parameters of precipitation
process affect the diameter of ZnCOj; nanoparticles. There-
fore, a Taguchi orthogonal array design [51-53] was used to
identify the optimal conditions and to select the parameters
having the most principal influence on the particle size and
particle size distribution of zinc carbonate nanoparticles.
Table 1 shows the structure of Taguchi’s orthogonal array
design and the results of measurements. The factors
included in this study were zinc ion and carbonate solution
concentrations, flow rate for addition of zinc solution to the
carbonate solution and the temperature of the reactor. The
scanning electron microscopic (SEM) images for the three
samples of zinc carbonate obtained by this method are
shown in Fig. 1. As shown in Table 1 the smallest values of
particle size of zinc carbonate (33 nm) were obtained by

OAy (3% experimental design and mean particle size of produced zinc carbonate as results.

Trial number  Zn>* conc. (mol/L)  CO3~ conc. (mol/L)

CO3 ™ feed flow rate (ml/min)

Temperature (°C)  Diameter of ZnCQOj; particles (nm)

1 0.01 0.01 2.5
2 0.01 0.1 10
3 0.01 1.0 40
4 0.1 0.01 10
5 0.1 0.1 40
6 0.1 1.0 2.5
7 1.0 0.01 40
8 1.0 0.1 2.5
9 1.0 1.0 10

0 50
30 33
60 45
60 30

0 38
30 33
30 70
60 50

0 40
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Fig. 1. SEM images of ZnCOj; superstructures obtained at different runs,
presented in Table 1, by direct carbonation according to experimental
condition: (a) run 1, (b) run 2, and (c) run 3.

runs 2 and 6 while the largest values of particle size of
product (70 nm) were produced in experimental run 7.
Since the experimental design is orthogonal, it is possible
to separate the effect of each control factors at different
levels by averaging responses at each level. The mean
values of the particle size of the factors at each level were
calculated according to assignment of the experiment
(Table 2). In fact, computing of the average value of
ZnCO; particle size corresponds to each factor, for
example the effect of the carbonate solution concentration
at level 1 (0.01 M) was carried out by pooling the particle
size of produced ZnCOj3 among the nine trials in which

Table 2
Average particle size of ZnCOj; for control factor and levels.

Factor Level Result (nm)
Zinc ion concentration (mol/L) 0.01 43
Zinc ion concentration (mol/L) 0.1 34
Zinc ion concentration (mol/L) 1.0 53
Carbonate ion concentration (mol/L) 0.01 50
Carbonate ion concentration (mol/L) 0.1 40
Carbonate ion concentration (mol/L) 1.0 39
Flow rate of zinc reagent (ml/min) 2.5 44
Flow rate of zinc reagent (ml/min) 10 34
Flow rate of zinc reagent (ml/min) 40 51
Temperature (°C) 0 43
Temperature (°C) 30 45
Temperature (°C) 60 42

Note: The results are diameter of zinc carbonate nano particles.

carbonate was set at level 1 (trials 1, 4 and 7) and dividing
the result by the number of trials at this level (three). The
average value for each level of any factor reveals how the
particle size of produced ZnCO; will change when the level
of the factor is varied.

The purpose of the analysis of variance (ANOVA) is to
investigate which factors significantly affect the quality
characteristic (which in this study was particle size of
product, ZnCO3). The analysis of data, when there is no
interaction between variables, could determine the follow-
ing results: (1) the optimum condition, (2) the individual
influence of each factor at various levels, and (3) the
particle size of zinc carbonate at the optimum condition.
The results of analysis of variance (ANOVA) for the effect
of various experimental parameters on the particle size of
ZnCOj; are shown in Table 3. In this table, S represents the
sum of square of each variable or error term and V
represents the variance of the results for each factor. The
significance of the control factors on particle size char-
acteristic can be estimated by the results of the ANOVA
process. The significance means the extent of a control
factor’s effect on characteristics can be determined using
the F values of the F-distribution. The F values are used to
determine whether a control factor can be pooled to an
error term or not. In general, the results of the experiments
have a small degree of freedom, and therefore, a pooling
method is used to increase the freedom of error.

In this study, the effect of zinc ion and carbonate
ion concentrations on the particle size of synthesized zinc
carbonate at three different levels (0.01, 0.1 and 1.0 mol/L)
was investigated. It was found that concentrations of zinc
ion and carbonate solution are significant parameters
for controlling the particle size of ZnCOj3 product. Also,
the effect of flow rate corresponding to addition of zinc
reagent into the reactor on the size of ZnCOj; particles was
studied. Three different flow rates (2.5, 10 and 40 ml/min)
were investigated. Our finding showed that flow rate is a
significant parameter for controlling paticle size of ZnCOs.
Another investigated parameter for controlling the particle
size of zinc carbonate was temperature of the reactor. The
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Table 3

Results of ANOVA for ZnCO5 nanoparticles synthesis using direct carbonation procedure by OAy (3*) matrix.

Factor Code DOF S 4 DOF S’ pooled F P (%)*
Zinc concentration (mol/L) Czn 2 581.5 290.8 2 538.5 27.0 43.65
Carbonate concentration (mol/L) Cco, 2 208.2 104.1 2 165.2 9.7 13.39
Flow rate (ml/min) F 2 4222 211.1 2 379.2 19.6 30.74
Temperature (°C) T 2 21.5 10.7 - - - -

Error - - - - 2 21.5 - 12.22

Note: The critical value was at 90% confidence level; pooled error results from pooling of insignificant effect.

#Percentage of contribution.

results showed that temperature is not a significant para-
meter for the control of ZnCOj; paticle size.

The ANOVA results of these experiments indicate that
(at 90% confidence level) except temperature, all other
variables (zinc and carbonate concentrations and flow rate)
have significant effects on the particle size of zinc carbo-
nate. In this work, the interactions between the varibles
were not considered. The results of ANOVA indicated that
0.1 mol/L is the optimum zinc concentration for genera-
tion of ZnCO; nanoparticles. Also, by increasing carbo-
nate concentration from 0.01 to 1.0 mol/L, the particle size
of ZnCOj; particles was decreased. Therefore, 1.0 mol/L
was selected as optimum concentration of carbonate ion.
On the other hand, 10 mL/min flow rate for addition of
zinc ion to the carbonate solution is the optimum flow rate
for generation of ZnCO; nanoparticles.

Under the optimized levels of the significant factors,
obtained from the OA, (3*) matrix (Table 3), the perfor-
mance of the procedure (particle size of zinc carbonate)
could be calculated according to the following expression:

Yopt = % + (CZII_%) + (CC03_§> + (FZn_%>

where T/N is the average size of ZnCOj particles obtained
from nine experimental runs+contribution of Cz,, C,
and Fz, above average performance; while, T is the grand
total of all results for particle size, N is the total number of
results, Y,,, is the diameter of nanoparticles under opti-
mum condition, Cz,, Cco, and Fz, are the average particle
size of the product at optimum levels of zinc and carbonate
solution concentrations and flow rate, respectively. On the
other hand, under optimum conditions, the confidence
interval (CI) for the particle size of zinc carbonate is
calculated using the following expression:

[Fa(f1./2) Ve
Cl=+ | —————
L Ne

where F,(f1./>) is the F value from the F table at the degrees
of freedom (DOF), f and f at the level of significance « (in
this work, «=90%), fi=DOF of mean (which always
equals 1), /,=DOF of the pooled error term, N,=effective
number of replications, and given by N,=number of trials/
(DOF of mean (always equals 1)+total DOF of factors
used for the prediction). Calculations for prediction of the

Fig. 2. (a) SEM image and (b) TEM image of ZnCO; nanoparticles
obtained under optimum conditions by direct carbonation.

particle size of product at optimum condition and CI for
this estimated particle size showed that with a 90%
confidence level under optimum conditons, the size of
ZnCO; particles will be 20 + 6 nm.

3.2. Characterization of zinc carbonate nanoparticles
prepared under optimum condition

In the next step of this investigation, zinc carbonate
nanoparticles were prepared under optimum condition
obtained from the results of ANOVA (0.1 mol/L concen-
tration of zinc ion, 1.0 mol/L concentration of carbonate
ion and 10 mL/min flow rate for addition of zinc ion
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reagent to the carbonate solution). The results of SEM
revealed that the prepared zinc carbonate particles under
optimum condition have about 15nm average diameter
(Fig. 2a). Also, TEM image of zinc carbonate nanoparti-
cles prepared under optimum conditions (Fig. 2b) confirms
the SEM result. The as-prepared zinc carbonate sample at
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Fig. 3. XRD pattern of the zinc carbonate prepared by direct precipita-
tion from reagents solution under optimum conditions.
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this condition was used for XRD, FT-IR and thermal
analysis studies.

Fig. 3 shows the XRD pattern of the zinc carbonate
nanoparticles obtained under optimum condition. Most of
the diffraction peaks in the figure can be indexed to be in
agreement with the trigonal system structure of ZnCOj
from PDF card 83-1765. However, the moderate intensity
and non-smoothed baseline and a wide and low diffraction
spectrum of the as-prepared ZnCOj; indicated that the
precursor was more in amorphous form and has a lower
degree of crystallinity. Meanwhile, some other small peaks
observed in the XRD pattern are corresponding to the
presence of hydroxyl groups in the product [54].

In addition, the spectral nature of the as-prepared zinc
carbonate shows a broad band in the near-IR region,
which is the characteristic band for zinc carbonate [54].
The fourier transform infrared (FT-IR) spectrum of the
produced spherical-shaped zinc carbonate nanoparticles at

3000

2000

1500 1000 450
-1
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Fig. 4. FT-IR spectra of the precipitated zinc carbonate nanoparticles obtained under optimum conditions.
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Fig. 5. TG/DTG/DTA curves for thermal decomposition reaction of ZnCO5 precursor; sample mass 3.0 mg, heating rate 10 °C min~', and nitrogen
atmosphere.
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the optimum condition is shown in Fig. 4. The presence of
peaks in IR spectrum at 700-1100 cm~' are related to
carbonate ion and shows the formation of zinc carbonate
[55]. Also, it can be seen that, the absorption peak in 3380—
3600 cm ™' is stretching vibration of hydrogen bond,
indicating the plentiful existence of hydroxyl group and
formation of zinc carbonate in the basic form. The peaks
at 1384 cm ! and 1625 cm ™! are attached to ZnCOs;, and
the absorption tape in 700-1100 cm ™! are due to the lattice
vibration of CO3~ [56].

The thermoanalytical graphs of zinc carbonates nano-
particles parepared under optimum experimental condi-
tions are presented in Fig. 5. The TG-DTG-DTA results,
obtained under nitrogen atmosphere, show the precursor
losses its weight during two steps. The first step is in the
temperature range of 100-160 °C, indicating the dehydra-
tion of surface-adsorbed water. The second step is a major
weight loss tape in the temperature range of 260-500 °C,
indicating the loss of OH~ and CO3~ from basic zinc
carbonate particles. The mass-loss due to the thermal
decomposition of basic zinc carbonate observed by TG,
26.4% in the temperature range of 260-500 °C, corre-
sponds to assuming the following reaction (with the
theoretical value of 25.9%) [57]:

Zn5(CO3),(OH)s— 5Zn0 +2CO, + 3H,0

Thermal decomposition of the precursor was basically
complete at 700 °C, which indicates that the optimum
calcination temperature is 700 °C. The DTA curve shows
an obvious endothermic peak around 419 °C, which
illustrates that the decomposition of OH~ and CO3~
happens simultaneously. The weight of the carbonate
sample after 700 °C was kept approximately constant,
which indicated that the precursor had been entirely
decomposed into ZnO. After moisture loss by the sample,
except for a strong endothermic peak at 419.2 °C, there
was no other absorption peak before the constant weight
on the DTA curve. It indicated that the precursor only had
a single decomposition step.

3.3. ZnO nanoparticles preparation by calcination of basic
zince carbonate

By using the results of TG-DTA for basic zinc carbo-
nate nanoparticles, obtained by direct precepiation under
the optimum conditions, zinc oxide nanoparticles were
prepared via thermal decomposition of the precursor at
700 °C. The scanning electron microscopic (SEM) image
for the prepared sample of zinc oxide by this method is
shown in Fig. 6a. The average particle size of zinc oxide
produced by calcinations of the precursor was about
20 nm. This result is cofirmed by TEM image of ZnO
prepared under optimum conditions (Fig. 6b).

Also, Fig. 7 shows the XRD pattern of the zinc oxide
nanoparticles obtained via thermal decomposition of pre-
cursor. Strong intensity, smoothed baseline and a wide and

Fig. 6. (a) SEM image and (b) TEM image of ZnO nanoparticles
obtained from thermal decomposition reaction of precursor.
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Fig. 7. XRD pattern of zinc oxide prepared by thermal decomposition
reaction of precursor.

low diffraction in spectrum of the produced zinc oxide
were observed. This indicated that the zinc oxide produced
by calcinations of the precursor is crystalline with high
purity. All the diffraction peaks in the figure can be
indexed to be in agreement with the hexagonal system
structure of ZnO from PDF card 89-1397.

Fig. 8 shows the infrared (IR) spectrum of the ZnO
sample prepared by calcination of the precursor at 700 °C
for 2 h. The results are coincident with Refs. [58,59] and
show the formation of highly pure zinc oxide. In compar-
ison with IR spectrum of precursor (Fig. 4), it can be seen
that the absorption peak in 3380-3600 cm ™' which arises
from the stretching vibration of hydrogen bond due to the
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Fig. 8. FT-IR spectra of the zinc oxide nanoparticles obtained by thermal decomposition reaction of precursor.

plentiful existence of hydroxyl group in precursor has been
reduced significantly in Fig. 8, illustrating the complete
decomposition of hydroxyl group after calcination of the
precursor. In Fig. 8, the sharp peaks between 700 and
1000 cm ~ ! weaken greatly only leaving some weak fluctua-
tion peaks. It is obvious that the two peaks at 1383 cm ™'
and 1505cm~' become very weak and split into three
absorption peaks. Also, three peaks around 700-1100 cm ~!
weaken with the decomposition of zinc hydroxy carbonate,
indicating the decomposition of carbonate.

4. Conclusion

A facile precipitation reaction method was proposed for
preparation of basic zinc carbonate nanoparticles. The
precipitation technique is a controllable method for the
synthesis of ZnCOj3; nanoparticles in the aqueous media at
low temperature. The Taguchi robust design was used to
optimize the reaction parameters for obtaining desired
particle size. The result showed that zinc ion concentration,
carbonate solution concentration, and flow rate of zinc
reagent addition to the carbonate ion solution having
significant effects on particle size of the produced zinc
carbonate. Basic zinc carbonate nanoparticles were pre-
pared under optimal condition with about 15 nm diameter.
Thermal analysis studies showed that zinc carbonate
decomposes via a single stage process to zinc oxide. The
average particle diameter of ZnO prepared by calcinations
of the precursor was about 20 nm which was comparable
than that of ZnCOj; precursor. The presented methods for
preparation of zinc carbonate and zinc oxide nanoparticles
have many advantages, such as simplicity, low cost, high
output and little pollution in addition to superfine com-
pounds that can be easily prepared in relatively large scales.
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