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In this work, the dissolution properties of a dolomite containing zinc carbonate (smithsonite) ore
sample having 24.22% ZnO were determined in sodium hydroxide solutions using X-ray diffraction
(XRD), Fourier-transform infrared spectroscopy (FT-IR), thermal (TG/DTA) and chemical analyses
methods. It was observed that the dissolution efficiency value of zinc continuously increased with
the increase of sodium hydroxide concentration from 1 to 4 M and the highest zinc dissolution
efficiency of 70.7% was reached after dissolution in 4 M NaOH solution at temperature of 298 K.
The XRD, FT-IR, TG/DTA and chemical analyses of undissolved solids obtained after dissolution
of ore sample in 4 M NaOH solution at 298 K revealed that the smithsonite phase in the sample
completely dissolved whereas the main gangue mineral dolomite remained practically unaffected,
showing the selectivity of sodium hydroxide solution considering zinc dissolution. Although the
smithsonite phase in the sample totally dissolved, hundred percent zinc dissolution efficiency
could not be reached, which may indicate the presence of zinc in the gangue components, i.e.
dolomite, clay minerals etc., of the studied ore sample.
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Bu calismada, dolomit igeren bir ginko karbonat (simitsonit) cevher numunesinin (%24,22 ZnO)
sodyum hidroksit ¢ézeltilerindeki ¢oziinme ozellikleri X-1sini kirimimi (XRD), Fourier dontsimlii
kizilétesi spektroskopisi (FT-IR), isil (TG/DTA) ve kimyasal analiz yontemleri kullanilarak
belirlenmistir. Sodyum  hidroksit derisiminin 1'den 4 M'ye artiriimasiyla ginko ¢ézinme verimi
degerinin surekli olarak arttigi gézlenmis ve %70,7’lik en ylksek ¢inko ¢dziinme verimine 298
K sicakliktaki 4 M NaOH ¢ozeltisinde yapilan ¢ozme islemi sonrasinda ulasiimistir. Cevher
numunesinin 298 K'deki 4 M NaOH c¢ozeltisinde ¢ozindlrilmesi sonrasinda elde edilen
¢ozinmemis katilarin XRD, FT-IR, TG/DTA ve kimyasal analizleri, numune icindeki simitsonit
fazinin tamamen ¢6ziindugi halde ana gang minerali dolomitin biyiik élglide ¢oziinmeden kaldigini
ortaya gikarmakta, bu durum da ginko goziinmesi dikkate alindi§inda sodyum hidroksit ¢ozeltisinin
segciciligini gostermektedir. Numunedeki simitsonit fazinin tiimiiniin ¢éziinmesine ragmen yiizde
yliz ginko ¢Oziinme verimine ulasilamamasi, calisilan cevher numunesi i¢inde bulunan dolomit, kil
mineralleri vb. gibi gang bilesenlerindeki muhtemel ginko varligini isaret etmektedir.
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INTRODUCTION

Other than the sulfide ore deposits of zinc, there
are several nonsulfide zinc ore deposits distribut-
ed around the world as a candidate for the prima-
ry production of zinc. But the conventional mineral
processing techniques cannot efficiently be used
for concentrating the nonsulfide ores in comparison
to sulfide ores and extractive metallurgical process-
es (e.g. leaching) could be used for the obtainment
of zinc from the nonsulfide ores. In the literature,
there are many studies on leaching of dolomite
and/or calcite containing smithsonite ores in differ-
ent inorganic-organic acid (Dhawan et al., 2011;
Ghasemi and Azizi, 2017) and alkaline solutions
(Mujahed, 1966; Feng et al., 2007; Ghasemi and
Azizi, 2018; Ehsani et al., 2019). Sodium hydrox-
ide and ammoniacal solutions are the most studied
reagents for alkaline leaching of zinc in nonsulfide
ores because of their higher selectivity; i.e. in a zinc
containing ore, the mineral smithsonite (ZnCO,)
easily dissolves while the main gangue minerals
dolomite (CaMg(COQ,),), calcite (CaCO,) and/or
goethite (FeOOH) do not dissolve. In addition, elec-
trowinning of zinc was claimed to be less energy
consuming in sodium hydroxide solutions in com-
parison to acidic leaching solutions (Frenay, 1985;
Zhao and Stanforth, 2000; DPT, 2001; Hitzman et
al., 2003; Ju et al., 2005; Hosseini and Forssberg,
2009; Abkhoshk et al., 2014; Ejtemaei et al., 2014;
Ghasemi and Azizi, 2018).

Although several chemically and mineralogically
different zinc carbonate ore deposits are present
in Turkey, the studies related with the dissolution
properties of zinc from these sources using so-
dium hydroxide solution as the leaching reagent
are scarce. Therefore, in this work, the dissolution
properties of a dolomite and smithsonite containing
zinc ore sample (from Kayseri, Turkey) in aqueous
sodium hydroxide solutions were investigated with
use of XRD, FT-IR, TG/DTA and chemical analyses
in order to add new, detailed and comparative data
into the relevant literature.

1. MATERIALS AND METHODS

In the experimental work, a ground smithsonite
ore sample having 80% passing size of 127.1
pm was used (Figure 1). In addition to the main
chemical components (Table 1), the sample also
contained 0.65% K,O, 0.62% Pb and 0.02% S.
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The XRD pattern, TG/DTA curves, FT-IR spec-
trum and chemical composition of ore sample in-
dicated that the sample is a nonsulfide zinc ore
sample and contains smithsonite and dolomite
as the main phases. The sample also contains
quartz, calcite, clay minerals and goethite in less-
er amounts.

In this study, for comparison purposes, the
experimental methods used in Ehsani et al.
(2019) were followed. Briefly, the dissolution
process was started by the addition of calculated
amounts of sample to an aqueous sodium
hydroxide solution (1, 2, 3 and 4 M NaOH) inside
the reactor and continued for one hour under
constant stirring at 298 K. After completion of
one hour, the undissolved solids were filtrated
under vacuum, water-washed, dried, weighed
and analyzed in order to reveal the dissolution
properties of zinc from the studied ore sample.
In some of the experiments, different dissolution
temperature, NaOH concentration and
dissolution times were also tested. The solid/
liquid ratio (0.15 kg dry ore/L solution) was also
kept constant according to Ehsani et al. (2019),
who investigated the leaching behaviour of zinc
from a different smithsonite ore sample (29.16%
Zn0, 6.75% SiO,, 26.51% Fe,O,, 7.37% CaO,
1.92% Pb, 0.50% MgO) containing goethite and
calcite as the main gangue minerals in sodium
hydroxide solutions. In addition to zinc, for some
of experiments, dissolution efficiencies of lead
were also determined.
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Figure 1. Particle size distribution of ore sample



Table 1. Main components (%) of ore sample

Zno 24.22 sio,  12.30
Fe,O, 10.78 CaO  10.09
MgO 6.38 ALO,  5.90
L.O.L* 28.30

*Loss on ignition

2. RESULTS AND DISCUSSION

The effect of sodium hydroxide concentration on
the dissolution efficiencies of zinc and lead at
different temperatures was given in Figure 2. As
can be seen from Figure 2, dissolution efficiencies
of zinc continuously increased with increasing
NaOH concentration due to formation of soluble
zincate type species in solution phase. Figure
2 also showed that the increase in dissolution
efficiency of zinc at 298 K slowed down over 3
M NaOH concentration and reached 70.7% after
dissolution in 4 M NaOH solution. This dissolution
efficiency value of zinc, although varied according
to mineralogies and chemical compositions of the
samples studied and the experimental conditions
applied, was close to the values obtained in the
related literature (e.g., Frenay, 1985; Zhao and
Stanforth, 2000; Ehsani et al. 2019) using 24 M
NaOH solutions. For example, Ehsani et al. (2019)
attained zinc dissolution efficiencies of 3.8%,
46.0%, 70.1% and 70.9% in 1 M, 2 M, 3 M and 4
M NaOH solutions, respectively, at 298 K. On the
other hand, dissolution efficiencies of lead (Figure
2) were observed to be consistently increasing
with increasing sodium hydroxide concentrations
at both temperatures and reached highest values
of 61.2% and 69.7% after dissolution in 4 M
NaOH solution at 298 K and 363 K, respectively.

The dissolution efficiency values of zinc obtained
at temperature of 363 K in comparison to the
efficiencies obtained at 298 K were lower because
of the increasing tendency of conversion of soluble
zincate type species into solid zinc oxide at higher
temperatures (Debiemme-Chouvy and Vedel,
1991; Uekawa et al., 2004; Moezzi et al., 2011).
But, this conversion gradually lost its effectiveness
at increasing NaOH concentrations, as observed
by the steadily decreased difference between the
dissolution efficiencies of zinc obtained at 298 K
and at 363 K (Figure 2), and the lowered XRD
(Rigaku, CuKa) peak intensities of zinc oxide
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found at 26(°) values of 31.78, 34.46, 36.28
and 47.52 (see Figure 3B). On the other hand,
a separate dissolution experiment performed in
highly concentrated 8 M NaOH solution showed
that higher dissolution efficiencies of both zinc
and lead were obtained after dissolution at 363 K
(80.2% Zn and 78.3% Pb) in comparison to 298 K
(75.5% Zn and 69.6% Pb).
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Figure 2. Effect of sodium hydroxide concentration on
dissolution efficiencies of zinc and lead at (A) 298 K
and (B) 363 K

The increase in dissolution of smithsonite
phase in the sample with increased NaOH
concentrations at 298 K could easily be followed
by the decreases in intensities of the main XRD
peaks of smithsonite observed at 26(°) values
of 25.10, 32.60, 38.72, 42.86, 46.68 and 53.76
in the patterns of undissolved solids (Figure
3A). Up to 3 M NaOH concentration, XRD peak
intensities of smithsonite phase continually
decreased and after dissolution in 4 M NaOH
solution, all of the peaks belonging to smithsonite

95



C. Kumas, et al / Scientific Mining Journal, 2020, 59(2), 93-100

phase disappeared, indicating total dissolution of
smithsonite in the sample at 298 K.

As mentioned before, due to conversion of zincate
type species into zinc oxide at 363 K, main XRD
peaks of ZnO could easily be observed in the
patterns of undissolved solids obtained especially
after dissolution in 1 M NaOH solution at 363 K
(Figure 3B). For dissolution temperatures of both
298 Kand 363 K, XRD peak intensities of dolomite
practically did not change after dissolution in 1-4
M NaOH solutions, substantiating the selectivity
of sodium hydroxide solutions considering zinc
dissolution from the studied dolomite containing
smithsonite ore sample.
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Figure 3. XRD patterns of ore sample and the
undissolved solids obtained after dissolution in 1-4 M
NaOH solutions at (A) 298 K and (B) 363 K
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On the other hand, there were low intensity XRD
peaks of hydrated Ca zincate (CaZn,(OH),-2H,0)
in the pattern of undissolved solids obtained after
dissolution in 4 M NaOH solution (Figure 3A) and
decelaration in dissolution efficiency of zinc at this
concentration probably be related with formation
of solid hydrated Ca zincate during dissolution. It
was also observed that when dissolution time was
increased to 4 hours in 3 M NaOH solution at 298
K (Figure 4), dissolution efficiency of zinc slightly
reduced after second hour from 68.2% to 63.0%,
probably due to the increased formation of solid
hydrated Ca zincate phase, as also observed in
the study of Ehsani et al. (2019), in which calcite
is main Ca-bearing gangue and the decrease in
zinc dissolution efficiency after second hour was
higher, from 70.7% to 60.6%. Although the calcite
containing ore sample studied by Ehsani et al.
(2019) contained lower amounts of CaO (7.37%)
than the dolomite containing ore sample (10.09%
Ca0O) with minor calcite studied in this work,
higher decrease in zinc dissolution efficiency
associated with formation hydrated Ca zincate
was observed for the calcite containing sample.
This situation may suggest that formation of
hydrated Ca zincate phase was fasterin presence
of calcite rather than dolomite, which in the first
place should convert into calcite, as mentioned
in the related literature (Gillott, 1964; Wang and
Wainwright, 1986).
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Figure 4. Effect of dissolution time on dissolution
efficiencies of zinc and lead in 3 M NaOH solution at
298 K



In addition to XRD analyses, the dissolution of
smithsonite in the sample was also followed by
FT-IR and TG/DTA analyses. The FT-IR (Perkin
Elmer, KBr pellet method) spectra of undissolved
solids obtained after dissolution of ore sample
in 1-4 M NaOH solutions at 298 K (Figure 5A)
showed that the most distinctive absorption peak
of smithsonite at 744 cm™ (Huang and Kerr, 1960;
Weir and Lippincott, 1961; Adler and Kerr, 1963)
gradually lost its intensity at increasing NaOH
concentrations and it completely disappeared
when the concentration of solution became 4 M,
indicating again total dissolution of smithsonite
in the ore sample. The broad absorption peak of
carbonate groups at 1436 cm™ (Huang and Kerr,
1960; Weir and Lippincott, 1961; Adler and Kerr,
1963) in the spectrum of sample observed at
higher wavenumber, 1439 cm™, in the spectra of
undissolved solids, which may also be considered
as an indication of dissolution of smithsonite in the
ore sample. As also observed by XRD analyses,
the absorption peak at 744 cm™ belonging to
smithsonite was not seen in the spectra of
undissolved solids obtained after dissolution in
NaOH solutions at 363 K (Figure 5B). For both
dissolution temperatures and studied NaOH
concentrations, presence of characteristic peak of
dolomite at 729 cm™' in the spectra of undissolved
solids (Figure 5A-5B) indicated that dolomite
was resistant to dissolution and remained in the
undissolved solids.

The major indicator in DTA (Setaram Labsys,
heating rate: 10°/min) curves (Figure 6) of the
sample and the undissolved solids showing
dissolution of smithsonite was the disappearance
of endothermic peak at 660 K belonging to
smithsonite decomposition (Zhang et al., 2013).
The corresponding decreases in weight loss
values belonging to this decomposition could also
be seen in related TG curves of the sample and
undissolved solids (Figure 6). Other endothermic
peaks in DTA curves of undissolved solids about
570 K, 760 K and between 1000-1150 K may be
attributed to goethite, clay minerals and dolomite
(and minor calcite) (Grim and Rowland, 1942;
Cuthbert and Rowland, 1947; Hurlbut, 1957; Frost
et al., 2003), respectively, which indicated again
that gangue minerals in the sample were resistant
to dissolution in sodium hydroxide solutions.
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Figure 5. FTIR spectra of ore sample and the
undissolved solids obtained after dissolution in 1-4 M
NaOH solutions at (A) 298 K and (B) 363 K

Although the smithsonite phase in the sample
having 24.22% ZnO was completely dissolved
(see Figures 3, 5 and 6), the undissolved solids
obtained after dissolution in 4 M NaOH solution
at 298 K contained 9.73% ZnO. In order to find
out the approximate dissolution efficiency limit of
zinc in NaOH solutions at 298 K and the possible
sources of undissolved zinc in the ore sample, two
separate dissolution experiments were performed
at 298 K under similar experimental conditions.
The first experiment was performed in highly
concentrated 8 M NaOH solution and dissolution
efficiency of 75.5% Zn (69.6% Pb) was obtained,
where undissolved solids contained 8.50% ZnO.
In addition, the gangue minerals, dolomite, quartz,
goethite and clay minerals, although affected
some degree, still remained undissolved (Figure
7A). The second experiment was performed in
approximately 4 M hydrochloric acid solution and
the obtained dissolution efficiency of zinc was
94.9% (83.0% Pb), where the undissolved solids
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Figure 6. TG and DTA curves of ore sample and the
undissolved solids obtained after dissolution in 1-4 M
NaOH solutions at (A) 298 K and (B) 363 K
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contained only 3.62% ZnO (When concentration
of HCI increased to about 5 M, zinc dissolution
efficiency only slightly increased (95.4% Zn and
83.1% Pb) and ZnO content of undissolved solids
decreased to 3.30%.). For acid dissolution, quartz
stayed unaffected, goethite seemed mostly
unaffected and peak intensities of clay minerals
lowered, whereas the carbonates, smithsonite,
dolomite and minor calcite, in the sample totally
dissolved, confirmed by the disappearance of
strongest smithsonite (26=32.60°), dolomite
(26=31.04°) and calcite (26=29.46°) peaks in the
XRD pattern of undissolved solids (Figure 7B).

The difference between 100% zinc dissolution
efficiency and dissolution efficiencies obtained in
NaOH and HCI solutions probably be caused by
the presence of zinc, other than in smithsonite,
in structures of minerals of ore sample having
some resistance to dissolution both in alkaline
and acid solutions, i.e. zinc containing dolomite,
clay minerals, goethite and calcite, as also
indicated in the related literature (Whittaker and
Zabinski, 1981; Rosenberg and Champness,
1989; Borg et al., 2003; Boni et al., 2009a,b;
Coppola et al., 2009; Mondillo et al., 2011; Boni
et al., 2013; Mondillo et al., 2014; Santoro et al.,
2014; Mondillo et al., 2015; Paradis et al., 2015;
Choulet et al., 2016; Arfé et al., 2017; Balassone
etal., 2017).
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Figure 7. XRD patterns of the undissolved solids
obtained after dissolution in (A) 8 M NaOH and (B) 4 M
HCI solutions at 298 K

CONCLUSIONS

The dissolution properties of a smithsonite ore
sample with dolomite as the main gangue mineral



in NaOH solutions at different temperatures were
investigated with the use of different analyses
methods. When the ore sample was dissolved in
sodium hydroxide solutions, it was found that the
dissolution efficiency of zinc continually increased
with increasing sodium hydroxide concentrations
and the highest zinc dissolution efficiency of
70.7% was obtained after dissolution in 4 M
NaOH solution at 298 K. The analyses performed
on the undissolved solids obtained after
dissolution in sodium hydroxide solutions showed
that the smithsonite phase in the studied sample
selectively dissolved against main carbonate
gangue mineral dolomite in the sample. The
separate dissolution experiments performed in
sodium hydroxide and hydrochloric acid solutions
indicated that, together with the main ore mineral
smithsonite, zinc may also be present in the
gangue components of the studied ore sample.
Finally, together with the results of our previous
study (Ehsani et al., 2019), dissolution properties
of chemically and mineralogically different two
Turkish zinc carbonate ore samples in sodium
hydroxide solutions were revealed comparatively
in detail and new data were added to the relevant
scarce literature. Besides, a new study related
with the dissolution of similar smithsonite ore
samples in ammoniacal solutions was also
initiated for comparison purposes.
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