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ABSTRACT

Dissolution kinelics of magnesite ore (mainly MgCQg)in sulfuric acid soilutions have

been siudied to asceriain the effect of different variables on the raie of dissolution. The
chosen paramelers were particle size, concentration of sulfuric acid, temperature and
solid-liquid ratio. The dissclulion rale Increased with decrease in particle size and
solid-liquid ratlo and with increase in the sulfuric acid concentralion and tempera-
ture.The reaction rale has been discussed in terms of the shrinking core model for

spheres. The aciivation energy was found to be 55 kJ mol~1 It is shown that the reac-
tion is chemicaily controlled and thal dependence of the dissolution rate on sulfuric acid

activity is first order,

MANYEZIT CEVHERININ SULFURIK AsIT
GOZELTILERIYLE GOZUNME KINETIGI

OZET

Manyezil cevherinin sUlfirik asit gozeltileri igerisindeki ¢dziinme kinetigi, gesitli
degigskenlerin etkisi dikkate alinarak, incelenmisgtir. Defigken parametre olarak, kat
pargacik boyulu, silfirik asit kensantrasyonu, kati-sivi oranr ve sicakhk seciimigtir.
Pargacik boyutu ve kali-sivi oranindaki azalma ile g¢dzlinme hizimin ariids
gbzlenmistir. Buna karsuy, sOffirik asit konsantrasyonu ve sicakliklaki arima ile
¢bzunme hizinda arhig olmustur. Reaksiyon hiz), kiresel pargaciklar igin "shrinking
core” modeli esas alinarak tarigdmigtir, Bu seaksiyona ail aklivasyon enerjisi 55 kJ

mol~1 olarak hesaplanmigtir. Reaksiyon tizini kontrof eden basamadgmn, yizeyde mey-
dana gelen kimyasal reaksiyon oldufu ve silfirik asit aklivitesine gtre birinci dere-
ceden oldudu tesbitl edilmistir.

1. INTRODUCTION

Basic data on leaching of magnesite with sulfuric acid are of inter-
est from the point of view of the industrial process of obtaining
pure MgCOj for high grade magnesia production. Large quantity of

magnesia is consumed by the refractory industries in the manufac-
ture of basic refractory bricks and finings for open hearths in the
stee! industry{1).
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In addition, data on ieaching of magnesite with sulturic acid is also
important to produce magnesium suifate. Magnesium sulfate is
probably incompletely dissociated in agueous solution. The anhy-
drous sulfate cannot be obtained from solution, but only by dehy-
dration of one of the hydrates. Hydrolytic decomposition may take
place at relatively low temperatures (250°C), but if the heating is
carried out in the precense of a small amount of concentrated sul-
furic acid, a relatively stable anhydrous product is obtained which
can be heated without further decomposition to about 800°C(1}. In
industry, there are several usages of anhydrous magnesium sulfate
which supporting Pt and VoOp5 catalysts used in production of sul-

furic acid(1,2).

Magnesite can be selectively leached with ammonium chloride or
carbon dioxide. But, these leaching agents are mild and not suffi-
ciently effective. Thus, it is required to decompose magnesite into
MgO for using the leaching agents such as NH4Cl or CO2.

Shcherbakova et al. (3) manufactured MgSQOy4. 7Ho0O by treating

magnesite with sulfuric acid in the precense of a magnesium sul-
fate mother liquor in which was decreased the corrosiveness of the
medium and increased productivity of the process.

Cross et al.(4) treated magnesite with sulfuric acid and added MgO
to The resultant liqour to neutralize excess acid. Then, magnesium
sulfate was crystallized and decomposed to recover pure MgO.

@%;mﬁm,s qqt\i', Khangaonkar(5) examined the leaching behaviour of
calocined magnesite with ammonium chloride solutions and found
hat the reaction is chemically controlled.

A Hgschmqn(s) studied the leaching kinetics ot magnesium oxide
clmke.r' with hydrochioric acid. He delermined the dependence of the
leaching rate on temperature and HCL concentration and found that

the reaction order is -0.24 (with respect to H+) and activation en-
ergy is 61.3 kd mol' ",

Grohmann and Grill (7) produced pure MgQ treating magnesite with
HCL

Sulfuric acid solution has been chosen here as leaching agent for
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magnesite ore. In this study, the kinelics of dissolution of magnes-
ite in sulfuric acit solutions were investigated, and the effects of
particle size, temperature, acid concentration and solid-liquid ra-
tio have been determined.

2. EXPERIMENTAL
2.1. Materials

The magnesite sample used in the study was supplied from Pasin-
ler-Erzurum, Turkey. The chemical composition of the ore is given
in Table 1. The avarege density of magnesite in the ore used has-

been determined as 2947 kg m3. The sample was sieved to give
825-425,425-250 and 250-180 um-size fractions by using ASTM
standart sieves. All the chemicals used in this investigalion were
of reagent grade.

2.2, Method

Dissolution experiments were carried out in a 100 mL glass flask
equipped with a magnetic stirrer, a thermostated bath, a thermom-
eter and a condenser. The sulfuric acid solution{(100 mL) in the re-
action vessel was placed in the water bath to attain the required
temperature.1 g of magnesite ore was then introduced into the re-
action vessel. The amount of the solid was only changed in the ex-
periments in which the effect of solid-liquid ratio was studied. At
the end of the each run, the content of the vessel was filtered. The

amount of Mg+2 in the filtrales were determined by titration(8).

1

Stirring speed was held constant at 350 min”' in all experiments.

3.RESULTS.
3.1.The effect of particle size

The effect of particle size on dissolution rate was studied by using
825-425, 425-250 and 250-180 pm fractions at a fixed tempera-
ture of 60°C. The sulfuric acid concentration was 3.00 M (in excess
of stoichiometric amount). As seen in Fig.1, the reaction rate in-
creases as the particle size decreases, because of an increase in
surface area by weight unit.
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3.2. The eftect of sulfuric acid concentration

This effect was studied with experiments carried out at the acid
concentrations 1.09,1.80,3.00 and 4.50 M and 60°C. The 425-250 um
size fraction was used. As shown in Fig. 2, The rate of dissolution
increases with increasing acid concentration.

3.3. The effect of the solid-liquid ratio

This effect was investigated by using the ratios in the ranges
from 0.5:100 to 4.0:100 (w/w). In the experimenis the sulfuric
acid concentration was 3.00 M.,the temperature was 60°C and the
size fraction used was 425-250 um. The results are seen in Fig.3.
As the solid-liquid ratio increases, the rate of dissolution de-
creases.

3.4. The effect of temperature

To study the effect of temperature, the 425-250 pm- size fraction
was used. Experiments were carried out at 40, 50, 60, 70 and 80°C.
The sulfuric acid concentration was 3.00 M.From Fig.4 it is seen
that dissolution rate is exiremely sensitive to reaction tempera-
ture. For example at 80°C and a retention time of 30 min., 99% dis-
solution was achieved, while at 40°C and a retention time of 60
min. only 36.8 % dissolution was possible.

4. DISCYSSION

The dissolution reaction of magnesite in sulfuric amd solutions can
be described by the following equation:

MgCOS(s)+HZSO4(aq) - MgSO

s(ag) * “2(9) *H2%) M
Equation 1 shows the particles dissolve and become progressively
smaller in size, and there is no solid product layer formed during
the leaching reaction. Hence the possibility of ash layer diffusion
is not present. On the other hand, if rate very sensitive to the tem-
perature variations, chemica! reaction may be considered to be the
rate -controlling factor{9).

Assuming that the process is controlled by a chemical reaction on
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the solid surface, the rate expression for a heterogeneous reaction
such as;

A(fluid) + bB(solid} — Products (2)

can- be written as follows:

(-1/8) dNg/dt =k exp(-E/RT)) a: @)

B

For spherical particles, in terms of chemical control in the shrink-
ing care mode!, the following relationship between fraction react-
ed(x) and time is well established(10}:

100"« k_t (4)

The apparent rate constant ka{min'1), which involves many fac-

tors, can be writlen as{11):

k, = (bk  CL)(R_ p g (5)
Fi

If a straight line is obtained when *l-(1-x)”3 is plotted versus 1
it can be concluded that the reaction is chemically controlled(12).

Plots of 1-(1-):)”3 versus t are shown in Fig.5 for diflerent siz-
es, in Fig.6 for different temperatures and in Fig .7 for different
sulfuric acid concentrations.

These results indicate that the dissolution rate of magnesite in
sulfuric acid solutions is chemically controlled. The slope of ali
straight lines in these figures were calculated and then the times
for complete conversion given by

k=t (6)

- was obtained.
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In addition, the apparent rate constant (ka) should be inversely

proportional to the inital particle radius. Data presented in Fig.8
are consistent with a surface reaction rate control in these condi-
tions. 1t was assumed in these calculations that the solid phase
consisted of spherical particles with an arithmetic average radius
between the radii corresponding lo the upper and lower size frac-
tions. '

Figure 9 shows the plot k; versus sulfuric acid activity, which is

linear. If this pilot yields a straight line passing by the origin,
there is a first order relation between the sulfuric acid activity
and the reaction rate {13). The sulfuric acid activity was calculat-
ed by Meissner 's method (14). This method corrects the variation
of activity with temperature.

The kgyvalues for different temperatures have been used to con-
struct an Arrhenius plot, giving the activation energy as 55 kJd

mol-1 for the dissolution {Fig.10). The value of activalion energy is
consistent with the chemical reaction control hypothesis (15). In-
addition, Fig. 8 further supporls the concept that in the leaching of
magnesite by sulfuric acid, the rate conlrolling step is a chemical
reaction occurring at the surface of the magnesite particles
(16,17,

On the basis of the preceding results, Eq. {4) can now be written as
follows:

1-(1-x)1/3 =(1886/R,, £ g )3 exp (-55,000/RT) t )

5.CONSLUSIONS

Magnesite can be completely dissolved by sulfuric acid solution.
Reducing the particle size and the solid- liquid ratio, increasing
the temperature and the sulfuric acid concentration increases the
dissolution rate. It was observed that the dissolution of magnesite
in sulfuric acid solutions is very sensitive to temperature.The ki-
nelic data indicated that a surface chemical reaction is dominant,

with activation energy 55 kJ mol-1
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List of Symbeols

ap mean ionic activity of H2804

b sloichiomelric coefficient of B{solid) reacling with each mole of A (fluid)

Ca concentration of fluid (mol m'3)

E activation energy (J mol'1)

kg rate constant for surface reaction (m s'1)
ko  frequency factor (ms‘1)

k,  apparent rate constant {5'1)

NB mole of solid (mol)

n apparent order

R initial particle radius (m)

R universel gas constant (J moi” ! K'1)

S geometric surface area (m2)

t time (s)

t the time at which x=1 (s)
T absolute temperature (K)

X fraction reacted
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Pg molar density of solid {mol m"

Table 1

Chemical analysis of 1he magnesite

Compenent %

MgO 46.36

Cal 1.06

F<‘>~20:3 0.41

SIO2 0.74

Loss at red heat 51.46 (at 800°c)
Total 100.00
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Figure 2. The effect of sulfuric acit concentration on the dissolution rate.
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Figure 3. The effect of the solid-licuid ratien on the dissoclution rate.
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Figure 4. The effect of temperature on the dissolution rate.
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Figure 5. 1—(t-x}*/3 versus t plots for different particle sizes of the
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Figure 6. 1-(1-x) 1/3 versus t plots for different temperatures.
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Figure B. Relationship batween ka and inverse inilial particle size of magnesita.
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Figure 10, Arrhenius plot obtained with particle size of 425-250 mwm and a
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