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Investigation of Dissolution Kinetics of Tincal Mineral in Ammonium Acetate Solution in High
Solid / Liquid Ratios

Mehmet Salih NASY", Adnan YILDIZ?

ABSTRACT: The chemical formula of tincal mineral used in this study is Na20-2B203-10H.0. The tincal
ore, one of the important boron minerals, is extracted around Eskischir in Turkey. Herein, we
investigated the kinetics of dissolution in different parameters such as concentration, particle size, solid
/ liquid ratio, mixing speed and reaction temperature in the ammonium acetate solution of tincal mineral.
As a result, boric acid production obtained by dissolution of tincal mineral in amunium acetate solution
increased with temperature increase. However, in the dissolution process, boric acid production was
found to be reduced by the increase in particle size and solid-liquid ratio.
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INTRODUCTION

Boron is an invaluable mineral in the
industrial field. It is found in nature in the form of
borates (oxides). The most important boron
minerals are tincal (Na2B4sO710H:0), colemanite
(Caz2Bs0115H20), ulexite
((Na202Ca0sB20316H,0) and datolite
(CazB205Si>05 H20). Turkey has a very rich
boron beds. Eskisehir- Kirka in Turkey are known
to have the world's largest boron reserves. Boron
minerals are used as raw materials in many
industries (Balasubramanian et al., 2008; Dogan
and Yartasi, 2009; Garret, 1998; Ekmekyapar et
al., 2008; Helvaci, 1978; Gonen et al., 2011;
Ozmetin et al., 1996; Parks and Edwards, 2005).
Boron compounds are a very important mineral
used for different purposes such as cosmetics,
leather, ceramics, rubber, paint, textile,
agriculture and catalyst (Balasubramanian et al.,
2008). One of the most important boron
compounds is  tincal.  Tincal  mineral,
Na-B4O710H,0, has a crystal structure and an
odorless white color. It is also important for boric
acid production by treating tincal mineral with
different chemical solvents (King and Mbroo,
1992; Temur et al., 2000). Boric acid present in
boron minerals and used extensively in boron
industrially to produce some chemicals like boron
carbide, boron phosphate, organic boron and
esters est (Garret, 1998; King and Mbroo, 1992;
Ozmetin et al., 1996). Literature containe various
works about the dissolution of boron compounds
in aqueous solution medium. The studies related
to the dissolution of boron minerals are briefly
summarized below. Researchers performed the
study in an oxalic acid environment to dissolve
the tincal mineral (Abali et al., 2006;2007). In
addition, it was observed in the dissolution
reaction that it increased with temperature and
mixing speed, decreased with solid / liquid ratio

and decrease in particle size. The researchers
investigated the dehydration and dissolution
kinetics of tincal ore of boron compounds from
the Kirka region. The effect of both tincal and
calcined tincal samples on different parameters in
both water and hydrochloric acid solutions was
investigated (Gedikbey and Birlik, 2004). The
researchers observed that contents of tincal in
boron mineral were completely removed from the
crystal in the range of 350-400 °C. The
dehydration kinetics of both tincal and borax
mineral from boron compounds were analysed
using DTA and TGA analysing methods
(Ekmekyapar et al., 1997). Researchers treated
with ammonium carbonate solution to examine
the kinetic mechanisms of tincal mineral. They
determined that the dissolution rate increased
with increasing mineral concentration and
reaction temperature and the rate of dissolution
was decreased as the particle size and solid-liquid
ratio decreased (Yildiz et al, 2010). In
experiments, it was aimed to investigate the
dissolution rate of the tincal ore in ammonium
acetate solutions on parameters such as particle
size, solution concentration, mixing speed, solid-
liquid ratio and reaction temperature.

MATERIAL AND METHODS

The tincal mineral used in the studies was
obtained from Eskisehir Kirka Eti Bor facilities
belonging to Etibank. The mineral was removed
from the mineral bed without being cleaned from
the impurities and it was broken by a laboratory
size breaker. Ore, A.S.T.M. with standard sieves
divided into grain sizes of -14 + 30, -30 + 40, -40
+ 60, -60 + 140 mesh. Some properties of the
tincal mineral used in the study and the
experimentally determined chemical composition
are given in Table 1.
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Table 1. The chemical composition of tincal used in experiments

Constituent

Percentage present (%)

Na,O
B203
H.0
SiO;
CaO
Others

14.88
34.06
41.10
12
4
4.76

Dissolution was carried out at 250 ml of a
double-walled glass reactor and at atmospheric
pressure. A mechanical stirrer is used for mixing
and the HAAKE circulator is used at a constant
temperature to keep the reaction temperature

constant. The parameters and parameter values
used in decoding operations are given in Table 2.
These parameters were examined between 3-30
minutes.

Table 2. Parameters used in the operation and the value of these parameters

Constituent

Values

Particle size (mesh)

Solution concentration (mol.ml*)
Solid / Liquid Ratio (g.ml%)
Reaction Temperature (K)
Mixing Speed (dev. Min.™%)

-14+30, -30+40%*, -40+60, -60+140
0.01*, 0.02, 0.035, 0.050

0.04*, 0.06, 0.08, 0.1,

293.15, 299.15*, 307.15, 315.15
350, 500*, 800, 1100
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Figure 1. Experimental setup used in working processes. 1.Constant temperature circulator.2. Tachometer (Speed Adjuster),
3. Mechanical mixer, 4.Constant temperature bath, 5. Reactor, 6. Back-cooler, 7. Thermometer.

RESULTS AND DISCUSSION

Dissolution rate of tincal ore in
NH4CH3COO0 solutions; The effects of grain size,
acid concentration, solid-liquid ratio, mixing
speed and reaction temperature were investigated.

The possible dissolution process and reactions of
the tincal ore when added to the ammonium
acetate solution are as follows:
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Na20.2B203.10H20s) . 2Na@g ™ + 2H3BO3(aq) + 2B(OH)a@qg)™ + 3H20(s)

B(OH)s(aq) + H3O@q)" <> H3BO3(ag)+ 2H20(s)

The total reaction is;

Na20.2B203.10H20¢) +2NH4CH3Cag) — 2NaCH3Cag)+ 2NH3(ag)+ 4H3BO3@q +5H20(s)

Effect on particle size resolution

To examine the composition of the grain
size, fractions of -14 + 30, -30 + 40, -40 + 60, -60
+ 140 mesh were taken. In the experiments, the
reaction temperature was 293.15 K, the acid
concentration was 0.01 M, the solid-liquid ratio
was 4 g/ 100 ml, the mixing rate was fixed at 500

1)
)

(3)

rom. The effect of grain size on the
transformation speed was investigated and the
results are shown in Figure 2. As can be seen, as
the particle size decreases, the rate of conversion
of tincalin boric acid is increased in unit time.

0,6 - . .
particle size (mesh
0,5 - ¢ -14+30
0,4 -
B -30+40
Q03 5
Q 0.2 -40+60
0,1 -
O T T 1
0 . 100 150
t/(min)?!

Figure 2. Effect on particle size resolution on the rate of conversion of tincal ore to boric acid

The effect of solution concentration on the rate
of conversion of tincal ore to boric acid

The effect of acid concentration was
investigated using the first acid concentrations of
0.01, 0.02, 0.035 and 0.05 moles, respectively. In

the experiments, the reaction temperature was
299.15 K, the solid-liquid ratio was 4 g / 100 ml,
the mixing speed was 500 rpm and the ore size
was kept as (-30 + 40) mesh. The results are
plotted in Figure 3. As can be seen, increasing the
acid concentration increased the dissolution rate.

0,06 - concentration ratio (mol/l)
X ¢ 001
0.05 s m 002
., 0,04 - 0.035
Q
m 0,03 - ’
> 4
0,02 -
0,01 -
0 T T T T 1
0 10 20 30 40 50
t/(min)1

Figure 3. The effect of solution concentration on the rate of conversion of tincal ore to boric acid
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Effect of solid-liquid ratio and temperature
on Solubility

The effect of the solid-liquid ratio was
examined using solid-liquid ratios of 0.04, 0.06,
0.08 and 0.1 g. The results are plotted in Figure 4.
As can be seen, the rate of dissolution decreased
by increasing the solid-liquid ratio. The effect of
the reaction temperature was examined using

reaction temperatures of 20, 26, 34 and 42 °C. In
the experiments, the solution concentration was
0.01 M, the ore size was -30 + 40 mesh, the solid-
liquid ratio was 4 g / 100 ml and the mixing speed
was kept constant at 500 rpm. The test results are
shown in Figure 5. As a result, the dissolution rate
at 42 °C was highest.

0,06 solid-liquid ratio(g/m.1)
0,05 - ¢ 0.01
0,04 - m 0.02
o}
Q\.0,03 - 0.035
0,02 -
0,01 -
0 T T T 1
0 10 20 . 40 50
t/(min)?!
Figure 4. Effect of solid-liquid ratio and on Solubility
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Figure 5. The effect on the reaction temperature of conversion of tincal ore to boric acid

CONCLUSION

In experiments, it was aimed to investigate
the dissolution rate of the tincal ore in ammonium
acetate solutions on parameters such as particle
size, solution concentration, mixing speed, solid-
liquid ratio and reaction temperature. In order to
examine the effect of grain size on the
transformation rate, fractions of -14 + 30, -30 +
40, -40 + 60, -60 + 140 mesh were used. In the
trials, the reaction temperature was 299.15K, the

solution concentration was 0.01 M, the solid-
liquid ratio was 4 g / 100 ml, the mixing speed
was 500 rpm. As shown in Fig. 5, the dissolution
rate increases as the grain size decreases. By
decreasing the particle size, the number of
particles per unit weight and thus the surface area
increases. As the contact surface between the
fluid reactant and the solid particle will increase,
the conversion fraction is expected to increase.
The effect of the solution concentration on the
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dissolution rate increased with increasing acid
concentration and the rate of dissolution. As
shown by the transfer to figure 3, the rate of
conversion decreases with the increase of the
solid / liquid ratio. As the amount of solids in the
environment increased, the rate of conversion was
also reduced due to the decrease in the amount of
liquid converted into solids. It was determined
that the mixing speed in the studied range did not
have any significant effect on the conversion
fraction of tincaline. During the dissolution of the
tincal, a mixing speed (500 rpm) in which the full
suspension can be achieved appears to be
sufficient. As can be seen in figure 5, with the
increase in temperature, the amount of tincalin
which is converted into boric acid in unit time
increases rapidly due to the increase in the
average Kinetic energies of the molecules and the
number of unit collisions per unit time.
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