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Abstract

Introduction: In this research, barium carbonate was synthesized via
mechanochemical method from the mixture of barite concentrate-sodium
carbonate. The producing of barium carbonate form barite concentrate and the
evaluation of the phases/products were the goal of this research.

Methods: After crushing the barite concentrate, the acid washing process was
done with 1 N of HCL. The mixtures of barite concentrate-sodium carbonate with
different molar ratios (BaS04:Na2C03=1:1, 1:2, 1:2.5) were prepared and milled
in a planetary mill for different times (2 and 5 hours). The as-milled samples and
the heated products were dissolved in distilled water and then the solid residues
were dried in an oven. The isothermal heating of the samples was done into the
alumina and zirconia crucibles. The unmilled mixture of barite concentrate-
sodium carbonate was also prepared. The findings of this research were
evaluated using XRF, XRD and STA methods and the microstructures of the
samples were studied by SEM method.

Findings: The2 and 5 h-milled mixtures showed the sign of chemical reaction
between the starting materials (barite concentrate-sodium carbonate) at 720°C
in STA results. This sign however was observed at 735°C in the unmilled mixture.
According to XRD patterns, the chemical reaction between barite concentrates
and sodium carbonate was not completed in the milled mixtures. The signs of
orthorhombic phase of barium carbonate were observed in the products after
isothermal heating at700°C for 1 h. The results indicated that the isothermal
heating of the milled mixture of barite concentrate-sodium carbonate with a
molar ratio of 1:2.5 at 750°C for 2 h was the suitable conditions for synthesizing
of barium carbonate. Additionally, the weak signs of an intermediate phase
(CasBazSic018) were observed in the XRD patterns of the barite concentrate-
sodium carbonate mixture. For comparison, the experiments were performed
with pure barium sulfate sample (Barex). In the product of isothermal heating
(750°C, 2 h) for the mixture of barium sulfate (Barex)-sodium carbonate (molar
ratio :1:2.5), barium carbonate phase was produced and no trace of the
intermediate phase was observed. The results of this research showed that it is
possible to synthesis barium carbonate phase from the mixture of barite
concentrate-sodium carbonate using ball milling process and isothermal heating.
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Extended Abstract

Introduction

Barium carbonate with the chemical formula

BaCOs; is one of the most important
compounds of barium. This chemical
compound has many industrial and

commercial applications. It is used for the
production of barium titanate used in the
electronics industry for ceramic capacitors
and positive temperature coefficient devices
[1,2,3]. Barium carbonate exists in nature as
Witherite; But in most of the processes,
barite (BaSO4) is used to prepare this
compound due to its abundant resources in
nature compared to Witherite [4]. The most
important industrial method to prepare
barium carbonate from barite concentrate is
the black ash process. It is also possible to
produce barium carbonate product by
passing carbon dioxide gas at a temperature
of 40°C to 90°C through a solution
containing barium sulfide [5, 6]. The main
problem of this process is high energy
consumption, production of undesirable by-
products and environmental pollution [7].
In addition to the above-mentioned
methods, other routes such as the reaction
between sodium carbonate and barite in
alkaline hydrothermal conditions ate also

reported in the literature [1]. Previous
studies have shown that the milling process
of the precursor mixture influences the
kinetic of the endothermic reactions [13-16].
The mechanical energy of the milling
process results in various structural changes
such as phase transition, strain production,
dislocations, and deformation of the crystal
lattice [17]. The mechanochemical process
has several advantages over conventional
production processes, including the wet
chemical method; namely, the inexpensive
precursors and the simplicity of the
production process [18]. In this research, the
production of barium carbonate from barite
concentrate by mechanochemical method is
investigated. The dry milling process of
barite concentrate - sodium carbonate
mixture was carried outin a planetary mill at
room temperature, and phase transitions
and the structural and microstructural
characteristics of the final product were
investigated. = For  comparison, the
production of barium carbonate from the
mixture of commercial barium sulfate
(Barex)-sodium  carbonate was also
investigated.

Table (1): Chemical composition of barite concentrate before acid washing (B1) and after

acid washing

B;) with diluted HCI solution (1 N).

Sample | SiOz | Al203 | Fe203 | CaO | MgO | Naz0 | K20 | P20s | SO3 | BaO Cl SrO | La&Lu
B1(%) 3.5 1.5 0.3 6.2 1.7 0.2 0.2 | <0.01 | 29.5 | 56.4 | <0.01 | 0.5 <0.01
Bz(%) 3.7 1.5 0.2 <0.01 | 04 0.3 0.1 | <0.01 | 32.2 | 613 | <0.01 | 04 | <0.01

Findings and Discussion

The results of XRF analysis of barite
concentrate before acid washing (B1) and
after acid washing (B:) are presented in
table (1). According to this Table, acid
washing was highly effective in removing
some impurities, especially CaO. To
investigate the phase changes in the
isothermal conditions, isothermal heating
treatments were performed at different
temperatures for barite concentrate-sodium
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carbonate mixture. At the end of the heating
process, the residue dissolution in water was
performed, then the sediments were dried in
a laboratory oven. The DTA results of Figure
(1) implies that it is necessary to increase
the temperature to complete the reaction
(1). The optimal amount of sodium
carbonate was also about 2.5 times the
stoichiometric value of reaction (1).
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Figure (1): The results of the thermal analysis for the un-milled mixture of barite
concentrate -sodium carbonate with a stoichiometric ratio (molar ratio 1:1), after 2
hours and 5 hours of milling (a) DTA curve, (b) DTG.

20 (degree)

m BaCO, ® BaSO0, A Si0, o Ca,Ba,Si040,4
LU l (d)
A ~ WY Sy AMAd "
(e)
Ao, A.L).l k s . A, ~
0 0o (o)
JJM.MMLLh A . [T
(b)
am® [ N | -l-. [ ] [ ]
A FUNY Vo o % Moads M
e o ° (a)
e o000 g 0 e oo °
W PO N SN e A
50 60 65 70 75 80

Figure (2): X-ray diffraction patterns, (a) barite concentrate after acid washing, the solid
product of mixture of barite concentrate -sodium carbonate with a molar ratio of 1:2.5
after heating at (b) 700 °C for 1 h and 750 °C for (c) 1 h, (d) 2 h and (e) 5 h in an alumina

crucible.
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BaS04 + Na2C03 = BaCO3 + NazS04 (D
Samples of barite concentrate - sodium
carbonate mixture with a molar ratio
BaS04:Na2C03 = 1:2.5 were prepared by
two hours of grinding and isothermal
heating at 700°C and 750°C and soaking
times of 1, 2 and 5 hours. The results of XRD
analysis of theses samples are shown in
Figure (2). According to this figure, there is
no difference in the location of the peaks and
angles related to the barium carbonate
phase in this group of samples, but the
relative intensity of the peaks related to the
intermediate phase and the impurity phase
for the temperature of 750 degrees Celsius
and the heating time of two hours compared
to the temperature of 700 degrees Celsius
and other heating times are less.
Accordingly, there is no difference in the
peak positions of barium carbonate phase in
this group of samples, but the relative
intensity of the peaks related to the
intermediate and/or the impurity phase at
750 °C for 2h is lower than the
corresponding peaks at 700 °C.

Conclusion

The results of this research showed that the
occurrence of the chemical reaction is
difficult in the as-milled sample of barite
concentrate-sodium carbonate with a
stoichiometric ratio and the reaction
requires a heating process. The signs of
barium carbonate were observed in the
matures after heating at 700°C for 1 h. The
results also indicated that the parameters
such as heating temperature/time and
amount of sodium carbonate have an
important role in the progressing of reaction
(1). The 2-h milled mixture of the barite
concentrate-sodium carbonate with a molar
ratio of BaSO4:Na;C03 = 1:2.5 after heating at
750°C for 2 hours was the suitable sample for
the formation of barium carbonate phase.
The barium carbonate phase was also
observed in the mixture of commercial
barium sulfate (Barex)-sodium carbonate
with a molar ratio of BaS04:Na;CO3 = 1:2.5
after heating at 750°C for 2 hours. The signs
of CasBasSic01s phase however were not
observed in the mixture of commercial
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barium sulfate (Barex)-sodium carbonate.
As aresult, the role of impurities in the barite
concentrates also the type of ceramic
crucible are the crucial factors in the heating
process. The results of this research showed
that it is possible to synthesis barium
carbonate phase from barite concentrate
using ball milling process and isothermal
heating.
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