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Abstract

A mixture of phosphoric and sulfuric acid was used to investigate the dissolution kinetics of phosphate ore by Differential
Reaction Calorimetry (DRC). The effect of the solid-to-iquid ratio, concentration, stirring speed, particle size and
temperature of the reaction is examined. It was established that the dissolution rate increased with stirring speed and
particle size. However, rising the olid-to-iquid ratio, temperature and concentration decreased the dissolution rate. It was
determined that the dissolution rate fits in the first order of the pseudo-homogeneous reaction model. Two negative values
of apparent activation energies were found in the range of 25 to 60°C. The experimental data were tested by graphical and
statistical methods and it was found that the following models were best fitted for the experimental data and an empirical
equation for the process was developed.
-ln (1 – x) = [2,2 E-09((S/L)0.75C -0.461G0.447(SS) 0.471exp (2671/T)]t. T≤ 40°C  
-ln (1 – x) = [2,2 E-09((S/L)0.75C -0.461G0.447(SS) 0.471exp (6959/T)]t. T > 45°C
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1. Introduction

Phosphate compounds, which are used in many
applications and processes, are available in huge
quantities in nature, and are commercially important.
The composition of natural phosphate (NP) differs
from one source to another. The phosphate ores used
for manufacturing fertilizers are mainly sedimentary.
Sedimentary phosphates are composed of the apatite
group with various amounts of accessory minerals
such as carbonates, fluorides, silicates, quartz, clays,
oxides, metal, etc. [1,2]. Consequently, these
phosphates from various sources are predicted to
behave differently in the attack processes. According
to available statistic data [3], the world production of
phosphate rock (26-34 % P2O5) has more than tripled
during the last fifty years reaching 217 million tons by
2012 [4].

Several studies on the dissolution of synthetic
phosphate [5-12] or phosphate ore [13-23] in acid

solutions have been carried out such as phosphoric
acid [5, 15-17], succinic acid [18], acetic acid [19],
and hydrochloric acid [6, 20-21] to illustrate the
kinetics and process mechanism as well as enhancing
the yield of the phosphate attack. Nevertheless,
phosphate ore dissolution by sulfuric acid remains the
most extensively used process [22] and over 90% of
the phosphoric acid produced globally is
manufactured through the decomposition of
phosphate ore with sulfuric acid as an acidulate [23].
The decomposition of phosphate rocks using aqueous
sulfuric acid has been studied by several authors [24-
31]. Sevim et al. [24] dissolved Turkish mineral
phosphate in sulfuric acid at 14–70ºC showing that
the reaction rate belongs to a solid-to-liquid ratio,
temperature and particle size. An Avrami-type
equation was used successfully to describe the kinetic
study and the activation energy was found to be 29.66
kJ mol-1. In the same context, Olanipenkun et al. [21]
in their work on the acidulation of Nigerian
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phosphorite in aqueous solutions of sulfuric acid at a
temperature of 60–90°C indicated that diffusion
through an ash layer is the controlling step. The
activation energy of this dissolution was determined
as 17.60 kJ mol-1. A comparable conclusion was
obtained for Nigerian phosphorite in a mixture of
sulfuric and hydrochloric acids with an activation
energy of 13.25 kJ mol-1 [21].

In most cases, the studies have been carried out
directly on natural phosphates, making it very difficult
to mechanistically and the conclusions are somewhat
contradictory. For example, Ben Brahim et al.[16]
was determined that the dissolution rate of Tunisian
phosphate ore in dilute phosphoric acid solutions can
be described by a Vander Sluis model in the rise from
temperature 25 to 90°C and showing that the increase
in temperature leads to a decrease in the attack and
denote that the rate leaching process is controlled by
diffusion rather than with activation energy equal to
14 kJ mol-1. However, another study by Amira et al.
[17] studied the phosphoric acid acidulation of
Tunisian phosphate and established that the attack rate
increased with increasing temperature and the
experimental results fit the shrinking-core model with
an ash layer diffusion control with an  activation
energy equal to 25.4 ± 1.8 kJ mol-1. The attack of the
natural phosphates being complex, is the reasonthat
our team initially used synthetic phosphate for the
modelization of the reaction of acid attack of
phosphates [5-11].

The attack reaction of a synthetic fluorapatite by
phosphoric acid [5] and hydrochloric acid [6] was
performed by Brahim et al. In phosphoric acid, the
results showed a change of mechanism at a
temperature of about 45°C. According to these
authors, the low activation energy value at a
temperature below 45°C suggests a diffusion
phenomenon, whereas for a higher temperature the
attack reaction appears to be controlled by a chemical
process. Similarly, Antar et al. [8,9] examined the
attack of a Fap by a mixture of sulfuric acid and
phosphoric acids at different temperatures. These
authors [11] reported three processes for the
dissolution of phosphate rocks in a mixture of sulfuric
and phosphoric acids at 25°C. These processes are the
dissolution of the ore, the precipitation of calcium
sulfate hemihydrate (CaSO4·1/2H2O:HH) and the
transformation of the latter into dihydrate
(CaSO4·2H2O:DH). In the same context, Zendah et al.
[10] dissolved an asynthetic carbonate fluorapatite
(CO3-Fap) in phosphoric acid at 25–55 °C and
established that the digestion is controlled by a
diffusion phenomenon.

The majority of the studies published is devoted to
thermodynamic and kinetic reactions and used
techniques such as conductometry, ICP (Inductively
Coupled Plasma) [32], isoperibolic calorimetry [33]

and microscopy [34].These techniques do not allow
the accurate tracking of the phosphate rock
dissolution process with time. There are other
techniques that supply more precise information about
what happens in situ, such as DRC and
microcalorimetry, which fewer studies have used,
notably for kinetic studies.

Indeed, only some studies performed in our
laboratory used these techniques [2-10]. Amira et al.
[14, 17, 35] performed them on a Tunisian phosphate
ore (from Gafsa) using phosphoric acid in the 25–60
°C range using a DRC. Similarly, Brahim et al. [5,6]
used a C-80 SETARAM calorimeter to project the
thermodynamic and kinetic aspects of the digestion of
a synthetic FAP in phosphoric acid at different
concentrations (10, 18 and 30% by weight of P2O5).

Regardless of the technique used, the yield of the
reaction of the acid attack on natural phosphate is
always inadequate. Indeed, the filtration of
phosphogypsum is paramount to the phosphoric acid
production because gypsum affects the efficiency,
purity and crystallization of phosphoric acid. On the
other hand, this process has some cons such as sulfate
contamination in the product and the disposal of
gypsum that causes soil and water pollution [36]. For
this reason, the Tunisian industrial scale, Société
Industrielle d’Acide Phosphorique and Engrais
(SIAPE), needs to advance this production or to revise
the reaction of the acid attack on natural phosphate.
Our work, which is the part of an attempt to model the
reaction of the acid attack of natural phosphates, is a
contribution to the kinetic study of this reaction. So, in
the light of these observations, this study aimed to
examine the effects of kinetics parameters such as
reaction temperature, acid concentration, liquid-to-
solid ratio, particle size and string speed in the
dissolution of Tunisian phosphate in the mixture of
phosphoric and sulfuric acids solution by DRC. The
aim is to meet the needs of industry to decrease the
charge of production and meet augmentation of
demand for phosphate products.

2. Materials and methods

The Gafsa Phosphate Company supplied the
phosphate rocks used in this work which were
extracted from a mine in that region.
Thermogravimetry was performed using a B60
SETARAM microbalance in order to establish the
chemical composition, as well as ionometry with a
specific fluoride electrode ISE25F and an Ag/AgCl
reference electrode and inductively coupled plasma
[17].

A SETARAM model based on the differential
thermal analysis which measures ΔT (the difference in
temperature) between a measuring reactor and a
reference one was used for the DRC. Amira et al.
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studied the reliability of this method in kinetic and
thermodynamic studies [17,35]. The method followed
to analyze the dissolution of the NP in the sulfuric and
phosphoric acid solution mixture was as follows: 100
g of the attacking solution, S, (the 100 g were
composed of 20 g of concentrated H2SO4 and 80 g of
recycled H3PO4, 20% of P2O5) and an amount "m" of
NP in a sealed sample holder to avoid contact with the
attacking solution were introduced in the reactor. An
equal amount of reactants was used in the reference
reactor for equality. The two reagents enter into
contact when the sample holder is triggered. In order
to regain thermal equilibrium a certain amount of time
is required, which depends on the kinetics. This is
seen by the return to the base line. To calibrate the
results, a power close to that produced by the
chemical phenomenon studied is reproduced in the
measuring cell for a variable period of time. This is
also done before the NP attack. These two processes
are essential to establish the specific heat of the
mixture obtained before and after dissolving the NP.

3. Results and discussion
3.1 Effect of parameters

A number of tests were accomplished to observe
the effect of reaction time on the dissolution of PN in
the mixtures of sulfuric and phosphoric acids at
different temperatures, solid/liquid ratio,
concentration en mass of H2SO4, stirring speed and
particle size as shown in Figs.1-5. The parameters
affecting the dissolution rate were carried out for each
parameter using the values indicated in Table 1. While
the effect of one parameter was checked, the other
parameters’ values indicated with asterisks in Table 1
maintained the same.

3.2 Kinetic analysis

During the kinetic investigations, the evolution of

the acid attack reaction of the NP was followed by
plotting the conversion fraction "X" as a function of
time. The latter is inferred from the following
equation:

X = Qt / Qmax

Where Qt is the amount of heat released at time t
and Qmax is the amount of total heat released at the end
of the reaction.

3.2.1 Effect of the reaction temperature

The effect of the reaction temperature on the rate
of the attack was investigated in the 25-60°C
temperature range. Several experiments were
performed with seven different reaction temperatures,
plotted in Fig. 1 by dissolving around 25g of
phosphate ore in 100g of mixture of sulfo-phosphoric
solution. According to experimental results, it was
shown that increasing reaction temperatures resulted
in a decreased dissolution of NP. This observation is
surprising because it is much less well-known that the
rates of some reactions are retarded by increasing the
temperature. The explanation of this phenomenon is
rather attributed to the complication of the attacking
reaction that is translated into multi-steps.

3.2.2 Effect of sulfuric acid concentration

The effect of H2SO4 concentration on the
dissolution rate was studied (15- 80% by weight of
H2SO4). The experimental data seen in Fig. 2 indicate
that the dissolution decreased with the increasing
H2SO4 concentrations. This evidence can be
elucidated by the viscosity of solution [37].
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Table 1. The ranges of the parameters used in the attack
experiments

Figure 1. Variation of the conversion fraction versus time
at different temperatures. (C:96% mass H2SO4;
S/L: 25/100; SS: 200 rpm;G: 80 % de NP ≤ 800
μm)

Parameters values

Ratio « S/L » 20/100; 25/100*; 30/100;
35/100

Concentration « C » 
(% H2SO4)

20; 50; 60; 80* 

Particle size « G » (µm) 63; 100; 200*; 315

Stirring
speed« SS »(revolution/min) 50; 75; 100; 200*; 400

Temperature « T » (°C) 25*, 30, 35, 40, 45, 50, 60

*The constant values were chosen for the case when the effect of
the other parameters was studied



3.2.3 Effect of the solid-to-liquid ratio

To look at the effect of the solid-to-liquid ratio on
dissolution rate, the experiments were performed at
20/100, 25/100, 30/100, 35/100. The results shown in
Fig. 3 indicate that the dissolution rate drops with a
rise in the solid-to-liquid ratio. This situation can be
explained by the increase in the amount of solid per
amount of reagent in the reaction mixture. In the
previous work [38], we showed that the attack of a
phosphate ore by a mixture of sulfo-phosphoric acid
solution is a complex process beginning by the
dissolution of the ore and then the precipitation of the
dihydrate, hemihydrate or a mixture of these two
products following the values of the mass studied. The
conversion fraction "X" as a function of time variation
could be attributed to the variation of the proportions
of the products formed in the residue at the end of the
attack.

3.2.4 Effect of particle size

Different particles size ranges of PN were chosen
in order to see the particle size effect on the attack
reaction. The experiments on particle size were
carried out using the following size fractions (100,
160, 200, 315 and 500 μm). The results of the effect
of particle size on the dissolution rate given in Fig. 4
suggest that the particle size has an important effect
on the dissolution of Tunisian phosphate. It is well
known that the surface of the solid becomes more
available when decreasing the particle size, resulting
in an increase in the efficiency of the attack process.
However, our results demonstrate that the dissolution
rate increases with an increase in particle size. This
has been explained in the previous work [39] by the
change in chemical composition of calcium carbonate
to determine each granule slice. This conclusion is not
remarkable since Tunisian phosphate ore is celebrated
for its high reactivity due to its relatively high
carbonate content.

3.2.5 Effect of Stirring Speed

Stirring speed effect on the phosphate rock
dissolution process was studied for the different
stirring speed 50, 75,100,200 and 400 rpm. However,
the other parameters were fixed. The experimental
results are shown in Fig.5. This figure reveals that the
stirring speed increases the dissolution rate. It means
that increasing stirring rate increases the mass transfer
of H+ ions through phosphate and it dissolves faster
and gives Ca ion, but these calcium ions
spontaneously react with sulfate ions and so this
increases the rate of the formation of gypsum crystals.
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Figure 2. Variation of the conversion fraction versus time at
different concentrations (T:25°C; S/L: 25/100;
SS: 200 rpm;G: 80 % of NP ≤ 800 μm )

Figure 3. Variation of the conversion fraction versus time at
different solid/liquid ratio (C: 96 % mass H2SO4;
T: 25°C; SS: 200 rpm; S/L: 25/100;G : 80 % de
NP ≤ 800 μm)

Figure 4. Variation of the conversion fraction versus time at
different particle size (C: 96 % mass H2SO4;
T:25°C; SS: 200 rpm; S/L: 25/100)



3.3 Kinetic Model 

Fluid-solid heterogeneous reactions are of a great
interest for industrial applications regarding a number
of chemical processes. A successful and efficient
performance of chemical reactors for these processes
is generally based on kinetic data. In order to
determine the kinetic parameters and rate-controlling
step for the dissolution of phosphate rock in a mixture
of phosphoric and sulfuric acid solutions, we have
considered the use of models of pseudo-homogeneous
kinetics and heterogeneous kinetics. Indeed, in an
earlier work carried out in our laboratory by K.
Brahim [40] and K. Antar [41], the application of
homogeneous kinetic models on the acid attack
reaction on a natural phosphate did not lead to results.

The shrinking core model is the most crucial
model suggested for the derivation of the rate
expression of a noncatalytic fluid–solid reaction [42-
49]. It is believed that the reaction happens on the
outer surface of the solid and that this surface shrinks
toward the center of the solid as the reaction proceeds.
The reaction rate may be controlled by film diffusion,
chemical reaction, or product layer diffusion
according to this model. In the progressive conversion
model, the liquid reactant is assumed to enter the solid
particle and react at all times throughout the particle.

The rate of reaction between the solid particle and
the dissolution agent may be controlled by one of the
following three steps [44]:
- Diffusion of the fluid reactant from the main

body of the fluid film to the surface of the solid

(1)

- Reaction on the surface between the fluid
reactant and the solid

(2)

- Diffusion of the products of reaction from the
surface of the solid through the fluid film back into
the main body of the fluid.

(3)

where t is reaction time (s), X conversion rate, k is
the reaction rate constant (s-1). According to the
literature, the latter relies on several factors such as:
the solid/liquid ratio (S/L), the concentration of the
acid solution (C), the particle size (G), the stirring
speed (SS), and temperature (T), according to the
relationship (Eq.4).

(4)

With a, b, c and d of the constants, k0 is the rate
constant and Ea is the activation energy.

In addition to the heterogeneous models, pseudo-
homogeneous models can also be used to derive the
rate equations for the heterogeneous reactions. In
pseudo-homogeneous models, the rate equations are
written as [47–49]:

(5)

(6)

The reaction kinetics between NP and mixtures of
sulfuric and phosphoric acids solutions was analyzed
statistically and graphically by using the shrinking
core model (Eq. 1-3), but it was concluded that the
data did not fit this model. The correlation coefficient-
squared (R2) was considered as a measure of goodness
of the fit. It was found that none of the models could
represent the data very well as R2 remained below 0.9
for the majority of kinetic factors. Therefore, it was
determined that the heterogeneous models were inapt
for this study. The data were then analyzed by using
the pseudo-homogeneous models. The plots of the left
side of Eq. 5 and 6 versus time must be a straight line
if the dissolution follows these models. It was found
that the data did not fit the second-order pseudo-
homogeneous model. Using the first-order pseudo-
homogeneous reaction model, the left side of Eq. 5
was plotted against the reaction time. As can be shown
in the plots given in Figs. 6-10, straight lines passing
through the origin were obtained and the value of the
correlation coefficient is very close to 1. This proves
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Figure 5. Variation of the conversion fraction versus time at
different stirring speed (C: 96 % mass H2SO4;
T:25°C; S/L: 25/100;G: 80 % de NP ≤ 800 μm)
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the good agreement between the model and the
experimental measurements. Therefore, the
dissolution process could be stated by a first-order
pseudo-homogeneous model. In compliance with
these results, the semi-empirical equation illustrating
the kinetics of this process can be written as follows:

(7)

Linear regression was used to calculate the slopes
of lnk as function of against 1/T, ln (C), ln(S/L), ln(G)
and ln(SS) (Figs. 11-14). These calculations lead a =
0.75, b = -0.461, c = 0.447 and d= 0.471, suggesting a
positive effect of the liquid/solid ratio, the particle
size and the stirring speed, and a negative one of the
acid concentration.
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Figure 6. Graphical representation according to Eq. (6) for
different acid concentration (T:25°C;S/L:
25/100; SS: 200 rpm; S/L: 25/100)

Figure 7. Graphical representation according to Eq. (6) for
various particle size (C: 96 % mass H2SO4;
T:25°C; SS: 200 rpm; S/L: 25/100)

Figure 10. Graphical representation according to Eq. (3)
for different temperature (C: 96 % mass H2SO4;
S/L: 25/100; SS: 200 rpm)

Figure 9. Graphical representation according to Eq. (6) for
various solid/liquid ratios (C: 96 % mass H2SO4;
T:25°C; SS: 200 rpm;S/L: 25/100)

Figure 8. Graphical representation according to Eq. (6) for
various speed string (C: 96 % mass H2SO4;
T:25°C; S/L: 25/100)



3.4 Activation energy

To additionally validate that the reaction of
dissolution phosphate with mixtures of sulfuric and
phosphoric acids solutions is controlled by first
pseudo-homogeneous models, the activation energy
Ea was determined using the following Arrhenius
equation.

(8)

So

(9)

At various reaction temperatures, using a known
size range of the rock particles and the acid
concentration with a specific solid/liquid ratio and
speed string, the results have been plotted between the
-ln(1-X) versus time t as shown in Fig.10. The values
of the apparent rate constants, k, have been
determined from the slopes of the straight lines.

A plot of lnk versus 1/T should result in a straight
line with a slope of -Ea/RT and an intercept of lnA if
the experimental data are fitted well by the Arrhenius
equation. As seen in Fig.15, two straight lines are
obtained. The first region presents the variation
between 25-40 °C, and the second region between 45-
60°C. The apparent activation energies ((Ea)app)) for
the attack of NP by mixtures of sulfuric and
phosphoric acids solutions were found to be -18.48 kJ
mol-1 for the first region and -57.89 kJ mol-1 for the
second range.

It is well-known by most chemistry students that
chemical reactions most of the time follow  the 
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Figure 11. Determination of reaction order with respect to
solid liquid ratio

Figure 12. Determination of reaction order with respect to
acid concentration

Figure 13. Determination of reaction order with respect to
particle size

Figure 14. Determination of reaction order with respect to
string speed
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Arrhenius law with the positive activation energy
alongside the temperature increase. It is much less
well-known [50-55] that the rates of some reactions
are retarded by elevated temperature and are therefore
associated with negative activation energies. 

Rare instances of negative activation energies
have, indeed, been observed, such as our example of
the dissolution the NP in the mixtures of sulfuric and
phosphoric acids. Negative activation energies
werepredicted by Casey and Sposito [50], presented
rationalizations of the activation energy of mineral
dissolution, when no examples were known. In the
meantime, at least three similar cases have been
reported: the dissolution of stibiconite [51], the
oxidative dissolution of arsenopyrite in the presence
of ferric ion [50], and magnesite dissolution in
slightly alkaline solution [52].

The value of activation energy in the dissolution
process is characterized to identify the controlling
step. The activation energy of a diffusion controlled
process is typically found to be from 4-12 kJ mol-1

[56], while for a chemically controlled process, it is
usually reported to be greater than 40 kJ mol-1 [57-58]
and for product layer diffusion control; the activation
energy is usually lower than 40 kJmol-1 [61-63]. The
experimental results, negative values of (Ea)app,
aremost explained by a sequel of reactions that
contain a step where one reaction pat his dominant at
all temperatures while the less energetic side reaction
produces aninhibitor of the rate-limiting step [52].
The dissolution of phosphate rock in acid mixture is a
complicated phenomenon in the region temperature of
25-60°C.This observation is confirmed below by the
application of an isoconversional model.

Miller [64], Mackinnon and Ingraham [65]
reported that a change in the variation energy was
probably a result of the alteration in the reaction
mechanism. It may be assumed that two consecutives

processes control the rate. In another study, the earlier
results by Brahim et al [5], of  the attack reaction of a
synthetic phosphate (FAP) by phosphoric acid
highlighted rather a mechanism change at a
temperature around 45 °C. The low value of activation
energy, equals about 20 kJ mol-1, below 45°C suggests
a diffusion phenomenon, while for a higher
temperature (Ea = 101 kJ mol-1) the attack reaction
seems to be regulated by a chemical process. In this
case, the attack followed a two or one step mechanism
depending on the temperature range. Similar results
were observed by Souza et al. [62] and Abdel-Aalal
[58].The results show a change in the leaching
phenomena of calcareous material after about 45 °C,
a situation that may be attributed to the mixed
chemically-diffusion controlled behavior of the
reaction process.

The experimental data were tested using a
graphical method and it was established that the
kinetic expression including the parameters for two
different temperatures used in this dissolution process
can be written as:

(9)

(10)

To examine the workability and to appraise the
applicability of the suggested model, calculated
(XTheor) and experimental conversion (Xexpl) data were
plotted in (Fig. 16). It is observed that the agreement
between the experimental and the calculated values is
very good, with a correlation coefficient of 0.97.On
the other hand, the data in the scatter diagram point
out a positive trend to regroup around the regression
line; this dispersion shows a good relationship
between the variables involved.
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Figure 15. Arrhenius plot for the dissolution process
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3.5 Isoconversional model

To compare the suggested model and to monitor
the variation of the activation energy as a function of
the decomposition rate of the NP during the same
experiment, the isoconversional model was used. In
fact, the latter is a powerful source of information for
the determination of the kinetic scheme of a complex
process. So it associates the shift in the mechanism to
a variation of activation energy with the conversion
degree [66]. According to that model, the converted
fraction of a reactant is expressed as a function of time
by the equation:

(11)

Where, k is the rate constant and f(α) a
mathematical function associated to the mechanism.

The integration of Eq. 11 leads to:

(12)

Using the Arrhenius law equation, Eq. 12 can be
transformed into:

(13)

At a certain conversion rate, ln (g(α)/A) is
constant, and thus it is possible to determine the
activation energy, whatever the mechanism, by
plotting ln(t) versus 1/T [67]. The examples of plots of
ln(t) versus 1/T are shown in Fig.17.

Fig.18 presents the variation of activation energies
as a function conversion fraction according to the
isoconversional model. We can notice a large
variation of the whole activation energy suggesting a
reaction mechanism that is composed of several steps
[68] and verified the complexity of the NP attack acid
reaction.

4. Conclusions

The present study has clarified the dissolution
process of NP and a mixture of sulfuric and
phosphoric acids. Based on the results obtained in this
research, the following conclusions can be drawn:

• The experimental results uncovered that the
dissolution rate decreased with increasing solution
concentration, reaction temperature and solid/liquid
ratio, and increasing particle size and string speed.

•Analysis of the kinetic data by different kinetic
models indicates that the attack of phosphate rock
with a mixture of sulfuric and phosphoric acid is
governed by the first pseudo-homogenous model.

• The graphical and statistical methods utilized in
the kinetic models provided attack kinetics of PN in a
mixture of sulfuric and phosphoric acid, which was
described by the first-order pseudo-homogenous
reaction control model. The apparent activation
energy for dissolution was found to be -18.48 kJ mol-

1 for the region 25-40 °C and -57.89 kJ mol-1 for the
range 45-60°C. A semi-empirical mathematical model
was formulated.

•The isoconversional model shows a large
variation of the whole activation energy suggesting a
multi-step process and verifies the negative value of
apparent activation energies (complexity of the NP
attack with a mixture of sulfuric and phosphoric acids
reaction)
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Apstrakt

Mešavina fosforne i sumporne kiseline je korišćena da bi se istražila kinetika rastvaranja rude fosfata pomoću
diferencijalne reakcijske kalorimetrije. Ispitivan je uticaj čvrsto-tečnog odnosa, koncentracije, brzine mešanja, veličine
čestica, i temperature reakcije. Ustanovljeno je da se stopa rastvaranja povećavala sa povećanjem brzine mešanja i veličine
čestica. Ipak, povećanje čvrsto-tečnog odnosa, temperature i koncentracije je smanjilo stopu rastvaranja. Ustanovljeno je
da se stopa rastvaranja  može predstaviti  modelom pseudo-homogene reakcije prvog reda. Dve negativne vrednosti
prividne energije aktivacije nađene su u rasponu od 25 do 60°C. Eksperimentalni podaci su testirani grafičkim i statističkim
metodama. Utvrđeno je da sledeći modeli najviše odgovaraju eksperimentalnim podacima i kreirana je empirijska
jednačina za taj proces.
-ln (1 – x) = [2,2 E-09((S/L)0.75C -0.461G0.447(SS) 0.471exp (2671/T)]t. T≤ 40°C  
-ln (1 – x) = [2,2 E-09((S/L)0.75C -0.461G0.447(SS) 0.471exp (6959/T)]t. T > 45°C

Ključne reči: Kinetika; Fosfatna ruda; Diferencijalna reakcijska kalorimetrija; Model smanjenja jezgra; Energija
aktivacije; Izokonverzionalni model.


