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Abstract: Chlorine is generated during iron ore sintering, mostly in the form of alkali chlorides
and primarily accumulates in sintering dust, which must be removed before reusing. In this study,
an in-situ monitor leaching system based was designed to detect chloride ion water leaching be-
haviors in real-time and improve the understanding of chlorine dissolution kinetic behaviors in
water. Various parameters, including water leaching temperature, solid/liquid ratio, stirring speed,
particle size and surfactant addition have been studied. Meanwhile their chlorine dissolution data
exhibited a good fit to Stumm’s kinetic models. The results of kinetics analysis and transition state
theory calculation on apparent activation energy demonstrated that the dissolution process was
controlled by diffusion at low S/L ratio, while changed to be controlled by surface chemical reaction
as the S/L ratio increased. Furthermore, increasing both temperature and stirring speed improved
the chlorine removal speed. Moreover, reducing the particle size and adding 0.2% nonionic surfactant
Triton X-100 reduced the surface energy and accelerated surface chemical reaction, which were
also beneficial for removing chlorine from sintering dust. In addition, the SEM-EDS examination
inferred that the existence of laurionite (PbOHCl) limited the chlorine dissolution rate to less than
97%, while beneficiation or hydrometallurgy treatment was needed to further remove chlorine.

Keywords: iron ore sintering dust; dissolution kinetics; Stumm’s kinetic model; chlorine removing;
surfactant addition

1. Introduction

Iron ore sintering is an essential processing step in modern integrated iron and steel
making process, which produced over 60% of the global crude steel [1,2]. During this
procedure, sintering dust was generated and then collected by electrostatic precipitator,
which accounts for approximately 40% of the total emission in the iron and steel industry [3].
It has a production about 28 to 45 kg per ton of steel, as evaluated by previous data [4],
meanwhile it is also considered as a kind of hazardous waste because of its complicated
components such as chlorides, heavy metals and dangerous organics [5]. As one of the main
solid wastes of iron and steel plants, the treatment of sintering dust is still a headache of a
steel plant [6,7]. Recycling this waste materials back into the iron ore sintering process is a
general disposal approach worldwide. However, the high contents of harmful components,
particularly chlorides, in this dust would cause serious difficulties in sintering, which makes
directly recycle sintering dust still a thorny problem [8]. Furthermore, chlorides, as the
main chlorine sources in sintering dust, is one of the key factors for the formation of
PCDD/Fs during iron ore sintering process [2,9]. Therefore, it is of great importance to
improve chlorides removal efficiency from the sintering dust, as it will not only benefit the
recycling of this material back into the sintering process but also help reducing the dioxin
emission during its reuse.
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However, most of the previous studies only removed the chlorine as a side-effect
of extracting potassium from iron ore sintering dust in the form of KCl [7], while the
investigation of chlorine removal was neglected. The chlorine mainly exists in the form
of chlorides such as KCl, NaCl, ZnCl2, PbOHCl, etc. in sintering dust [10]. The formation
of chlorides is due to their low boiling points [11,12] and high partial pressures [8,13]
during the sintering process. Water leaching, fractional crystallization, solvent extraction
was employed to recover K and Rb from sintering dust [14,15]. Some of the Cl will
also be removed from the sintering dust during these treatments, however, the leaching
behavior and kinetics on chlorine removing is still unclear. Lack of sensitive in-situ
analysis method of chlorine in solution was one of the difficulties, since the commonly
used inductively coupled plasma or ion exchange chromatography were not suitable for
that [16]. An on-line specific electrical conductivity monitor leaching system has been
used to examine the leaching kinetics during water washing [17], which was a convenient
real-time detecting method but lack of selectivity on elements. Furthermore, sintering dust
exhibits strong hydrophobic property, dramatically inhibiting its wettability [18]. It was
found that mechanical stirring and surfactants would enhance the wettability of sintering
dust [19]. However, the effects of special surface characteristics, application of mechanical
stirring and addition of surfactants on the leaching of chlorine have not been studied yet,
which would be beneficial to removing chlorine from sintering dust.

Therefore, this study investigated the water leaching behavior and kinetics of chlorine
with an on in-situ monitor leaching system based on chloride ion selective electrode.
Both the effects of leaching temperatures, solid-liquid ratio and stirring speed on the
leaching of chlorine in water were examined in detail. Furthermore, the effects of particle
size and surfactant addition on the removal of chlorides were also analyzed. Besides,
the leaching kinetics on the dissolution of chlorides was analyzed by Stumm’s kinetic
model and transition state theory. These analysis results are expected to provide some
guidance for chlorine removal from iron ore sintering dust.

2. Materials and Methods
2.1. Materials and Reagents

The iron ore sintering dust samples were collected from the sintering plant at Panzhi-
hua Iron & Steel (Group) Co., Ltd. in Panzhihua City, Sichuan Province, China. The elemen-
tal analysis of the samples was performed using X-ray fluorescence (XRF) spectrometry
(PANalytical Axios mAX, Almelo, The Netherlands). Further, all the chemicals used in the
experiments were AR/GR grade. Additionally, demineralized water was used throughout
the experiments to leach metal chlorides and remove chlorine.

2.2. X-ray Diffraction Analysis

X-ray diffraction (XRD, X-Pert3 Power/Panalytical. B.V, Almelo, The Netherlands)
was used to analyze the composition and crystal structure of the prepared samples at 40 kV,
100 mA for a Cu-target tube and a graphite monochromator. Standard procedures [20]
were applied to prepare the samples for analysis by X-ray diffraction.

2.3. Granularity Analysis

A Malvern Mastersizer 2000 instrument (Malvern Instruments Ltd., Worcestershire,
UK) with a detection range of 0.02~2000 µm was used to determine the size distribution
of the original and ground sintering dust. A detector that converts the signal to a size
distribution based on the volume detects the scattered light.

2.4. In-Situ Monitor Leaching Setup

An in-situ monitor leaching system based on chloride ion selective electrode was set
up to examine the leaching behaviors of chlorine in real-time (Figure 1). A certain amount
of iron ore sintering dust was added into deionized water in 1.0 L Bunsen beaker and stirred
at different parameters including stirring speed (100, 300, and 600 rpm), solid-liquid ratio
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(S/L ratio) (1/100, 1/50, and 1/25), bath temperature (25, 45, and 65 ◦C) and surfactant
concentration (0%, 0.002%, 0.02%, and 0.2%). The concentration of chlorine in the solution
was analyzed and recorded every 5 s to 1 min at the same time.
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2.5. Scanning Electron Microscopy Investigation

Scanning electron microscopy (SEM) was performed using a JEOL JSM-6490LV (Japan)
equipped with an energy dispersive analyzer EDAX (EDS INCA x-act) to assess the charac-
teristics of the samples [21]. The surface of the sample was measured after gold coating to
improve the image quality.

2.6. Stumm’s Kinetic Model

The Stumm’s kinetic model [22,23] is employed to simulate the dissolution kinetics of
chlorine in sintering dust. Its differential form is given in the following equation.

dC
dt

= K(CS − Ct)
n (1)

where Cs (mol/L) and Ct (mol/L) are the dissolution concentration of chloride ion at
equilibrium and time t, respectively. K represents the rate constant, which describes the
dissolution rate of the sample. n represents the reaction order of dissolution in water.
The nonlinear fitting of the test data via this model was calculated by Runge–Kutta differ-
ential equations. Considering using the dissolution rate of chlorine in water to replace the
dissolution concentration of chloride ion would help to simplify the analysis procedure
and clearly display all the necessary data, the differential form of Stumm’s kinetic model
could also be given in the following equation.

dD/dt = K (Ds − Dt) n (2)

where Ds and Dt represent the dissolution rate of chlorine at equilibrium and time t,
respectively.

2.7. Transition State Theory Analysis

The temperature dependence could be used to estimate the apparent activation en-
ergy. The apparent activation energy of the system can be obtained from the Arrhenius
expression [24].

K = Ae(−
Ea
RT ) (3)
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where T is the absolute temperature, K is the temperature-dependent rate constant. A is
the pre-exponential factor, Ea is the apparent activation energy and R is the universal
gas constant.

Based on transition state theory, the activation entropy and activation enthalpy could
be calculated by the Eyring-Polanyi model [25]. Its equation has the form:

ln
K
T

= −∆Ha

R
· 1

T
+ ln

kB
h

+
∆Sa

R
(4)

where ∆Ha is the activation enthalpy, kB is the Boltzman constant, h is the Planck’s constant,
∆Sa is the activation entropy.

3. Results and Discussion
3.1. Properties of Iron Ore Sintering Dust

Previous studies [14,19] have examined the properties of iron ore sintering dust in
detail. Considering that the aim of this study was the leaching kinetics of chlorine removing,
properties of sintering dust were studied briefly.

3.1.1. Elemental Composition Analysis

The elemental composition of the sintering dust was analyzed by XRF spectrometry
(Table 1). It can be found that the main elements in iron ore sintering dust sample is Cl, K,
Pb and Fe.

Table 1. Main elements in iron ore sintering dust (mass fraction, %).

Elements Cl K Na Fe Pb Zn S Ca O

Content 33.38 20.51 4.39 4.85 16.02 0.47 3.49 0.92 12.12

3.1.2. Phase Analysis

The major phases in sintering dust were studied by X-Ray Powder Diffraction (Figure 2).
The results showed that the major phases of the sintering dust were sylvite, hematite and
laurionite. Other phases included PbSO4, halite, gypsum, etc. These results were consistent
with previous studies [26,27].
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3.1.3. Surface Morphology

The surface morphology of iron ore sintering dust was observed by SEM-EDS (Figure 3).
As illustrated in Figure 3a, the size of sintering dust showed that most of the particles are
porous agglomerates ranging from 5 to 35 µm with various shapes. These agglomerates
are composites of fine individual dust ranging from 1 µm to 5 µm (Figure 3b). In addition,
several cubic crystals were observed on the surface of larger particles or partly embedded in
the agglomerates. Energy dispersive spectroscopy was employed to ascertain the content
of the cubic crystals (Figure 3c). The content of the yellow cross mark was 45.76% Cl and
54.24% K, which inferred the cubic crystals were KCl grains. These results showed that
the main chlorine-bearing component of the sintering dust was KCl, which overlapped on
larger particles.
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Figure 3. (a–c) SEM images and (d) EDS analysis of iron ore sintering dust.

3.2. Effects of Temperature and S/L Ratio

A special surface feature could be easily observed before and after mixing, showing
the aggregates formed after being poured into the water and partly floating on the water
surface (Figure 4). Further, the higher the stirring speed is, the less the amount of dust
float on the water surface [18]. Previous studies on extracting potassium chloride showed
that water leaching equilibrium could be reached within 5 min with a potassium recovery
of 95% [17]. These results indicated that the hydrophobicity of sintering dust only has a
limited influence on the leaching of potassium chloride under appropriate stirring speed.
Thus, it could be inferred that water leaching could also easily remove most of the chlorine
in the form of alkali chloride [11], which was also employed in this study.



Metals 2021, 11, 1185 6 of 14

Metals 2021, 11, x FOR PEER REVIEW 6 of 14 
 

  
(c) (d) 

Figure 3. (a–c) SEM images and (d) EDS analysis of iron ore sintering dust. 

3.2. Effects of Temperature and S/L Ratio 
A special surface feature could be easily observed before and after mixing, showing 

the aggregates formed after being poured into the water and partly floating on the water 
surface (Figure 4). Further, the higher the stirring speed is, the less the amount of dust 
float on the water surface [18]. Previous studies on extracting potassium chloride showed 
that water leaching equilibrium could be reached within 5 min with a potassium recovery 
of 95% [17]. These results indicated that the hydrophobicity of sintering dust only has a 
limited influence on the leaching of potassium chloride under appropriate stirring speed. 
Thus, it could be inferred that water leaching could also easily remove most of the chlorine 
in the form of alkali chloride [11], which was also employed in this study. 

 
Figure 4. Photos of leaching before (A) and after (B) being stirred for 10 min at 600 rpm. 

The leaching kinetics studies on the chlorine removal were started with the effects of 
temperature and solid to liquid ratio (S/L ratio) via the in-situ monitor leaching system. 
Due to the limitation of the maximum range of accurate measurement of chloride ion se-
lective electrode, the experiments on the effects of solid to liquid ratio were conducted at 
1:100, 1:50 and 1:25, respectively. Meanwhile, the original iron ore sintering dust samples 
were used, and the stirring speed was 600 rpm. 

3.2.1. Solid to Liquid = 1:100 
The chloride ion dissolution rates under solid to liquid ratio of 1:100 after water leach-

ing for 15 min at 25 °C, 45 °C and 65 °C were 95.14%, 95.50% and 95.80%, respectively. 
The chlorine dissolution data can be satisfactorily simulated by Stumm’s kinetic models 
(correlation coefficients R2 > 0.90). These results indicated that the temperature only has a 
slight influence on the chloride final dissolution rate. However, it greatly affected the rate 
constant K (Figure 5), which increased more than 7 times as the temperature increases. 
The time for achieved 90% removal of chlorine was 12 min, 7 min and 3.5 min at 25 °C, 45 

Figure 4. Photos of leaching before (A) and after (B) being stirred for 10 min at 600 rpm.

The leaching kinetics studies on the chlorine removal were started with the effects of
temperature and solid to liquid ratio (S/L ratio) via the in-situ monitor leaching system.
Due to the limitation of the maximum range of accurate measurement of chloride ion
selective electrode, the experiments on the effects of solid to liquid ratio were conducted at
1:100, 1:50 and 1:25, respectively. Meanwhile, the original iron ore sintering dust samples
were used, and the stirring speed was 600 rpm.

3.2.1. Solid to Liquid = 1:100

The chloride ion dissolution rates under solid to liquid ratio of 1:100 after water
leaching for 15 min at 25 ◦C, 45 ◦C and 65 ◦C were 95.14%, 95.50% and 95.80%, respectively.
The chlorine dissolution data can be satisfactorily simulated by Stumm’s kinetic models
(correlation coefficients R2 > 0.90). These results indicated that the temperature only has
a slight influence on the chloride final dissolution rate. However, it greatly affected the
rate constant K (Figure 5), which increased more than 7 times as the temperature increases.
The time for achieved 90% removal of chlorine was 12 min, 7 min and 3.5 min at 25 ◦C, 45 ◦C
and 65 ◦C, respectively. Further, the dissolution of chlorine was relative slowly at 25 ◦C
and almost reached its equilibrium after leaching for 15 min. Meanwhile, the reaction order
n ranged from 0.44 to 1.06, which inferred that the influence of chloride ion concentration
on the chlorine dissolution speed was very weak.
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3.2.2. Solid to Liquid = 1:50

The chloride ion dissolution rates under the solid to liquid ratio of 1:50 after water
leaching for 15 min at 25 ◦C, 45 ◦C and 65 ◦C were 94.24%, 94.96% and 95.14%, respectively.
The chlorine dissolving data exhibited a good fit for Stumm’s kinetic models (correlation
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coefficients R2 > 0.90) [23]. These results also indicated that the effects of temperature
on the final chloride dissolution rate were less, while the final chloride dissolution rates
were a little bit lower than that of solid–liquid ratio of 1:100 at the same temperature.
The temperature greatly affected the rate constant K (Figure 6) as well, which increased
more than 5 times as the temperature increases. The time for achieved 90% removal of
chlorine was 12 min, 8 min and 3.5 min at 25 ◦C, 45 ◦C and 65 ◦C, respectively, which was
slightly longer than that for the solid to liquid ratio of 1:100. Further, only the dissolution
of chlorine at 65 ◦C reached its equilibrium within leaching for 15 min. Meanwhile,
the reaction order n ranged from 0.83 to 1.24, which inferred that the influence of chloride
ion concentration on the chlorine dissolution speed increased than that of the solid to liquid
ratio of 1:100.
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3.2.3. Solid to Liquid = 1:25

The chloride ion dissolution rates under the solid to liquid ratio of 1:25 after water
leaching for 15 min at 25 ◦C, 45 ◦C and 65 ◦C were 93.75%, 94.56% and 94.94%, respectively.
The chlorine dissolving data also can be satisfactorily simulated by Stumm’s kinetic models
(correlation coefficients R2 > 0.90). These results still indicated that the influences of
temperature on the final chloride dissolution rate were weak and the chloride removal
rates were further lower than that of the solid–liquid ratio of 1:100 and 1:50 at the same
temperature. When the temperature increased from 25 ◦C to 65 ◦C, the rate constant K
improved twice (Figure 7). The time for achieved 90% removal of chlorine was 14 min,
2 min and 7.5 min at 25 ◦C, 45 ◦C and 65 ◦C, respectively, which was much longer than
that for the solid to liquid ratio of 1:50 and 1:100. The dissolving of chlorine did not reach
its equilibrium at each temperature within leaching for 15 min. Meanwhile, the reaction
order n ranged from 1.46 to 1.56, which inferred that the chloride ion concentration would
greatly affect the chlorine dissolution speed.
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3.2.4. Apparent Activation Energy Calculation

The dissolution kinetics of chlorine in sintering dust at different temperatures and
S/L ratios exhibited a good fit to the Stumm’s kinetic model. Based on these simulation
results, the apparent activation energy was calculated by the Arrhenius equation [28],
while the activation enthalpy and activation entropy were calculated by Eyring–Polanyi
model (Table 2).

Table 2. Apparent activation energy, activation enthalpy and activation entropy calculation results.

S/L ratio Ea (kJ/mol) ∆Ha (kJ/mol) ∆Sa (J/mol)

1:100 42.60 39.96 −162.37
1:50 34.10 31.46 −186.41
1:25 16.59 13.96 −239.06

Typically, the Ea value range for diffusion-controlled reactions is 8~25 kJ/mol in ho-
mogeneous solutions [29], while the Ea value of surface chemical reaction control [24,30] is
>41.8 kJ/mol. In addition, the reaction that has an Ea between 25 and 41.8 kJ/mol is con-
trolled by a combination of the surface chemical reaction and diffusion [31]. The apparent
activation energy for the S/L ratio of 1:100, 1:50 and 1:25 were 42.60, 34.10 and 16.59 kJ/mol,
respectively, which results demonstrated that the chlorine dissolution reaction rate control
step changed from diffusion to surface chemical reaction as the S/L ratio increasing.

The apparent activation enthalpy for the S/L ratio of 1:100, 1:50 and 1:25 were 39.96,
31.46 and 13.96 kJ/mol, respectively. Both enthalpy’s value was positive and small, which
further illustrated that increasing temperature would accelerate the chlorine removing
speed. Furthermore, it can be inferred that increasing the stirring speed and improving the
surface reaction rate would benefit the water leaching of chlorides [32].

3.3. Effects of Stirring Speed

Stirring speed is one of the important factors affecting the dissolution process, es-
pecially for the diffusion-controlled reaction [33]. The leaching kinetics studies on the
effects of stirring speed on chlorine removal were conducted with an S/L ratio of 1:50 at
25 ◦C via the in-situ monitor leaching system (Figure 8). The chloride ion dissolution rates
after water leaching for 30 min with stirring speed of 100 rpm, 300 rpm and 600 rpm were
83.77%, 93.53% and 94.14%, respectively. The time for achieved 90% chlorine removal was
15 min and 12 min with stirring speed of 300 rpm and 600 rpm, respectively. Meanwhile,
the rate constant K increased more than 2 times after the stirring speed increased from
100 rpm to 600 rpm. Whereas, the reaction order n only had minor changes, ranging from
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0.98 to 1.28. These results indicated the stirring speed had much influence on the final
chlorine dissolution rate and dissolving speed. Due to its strong hydrophobic surface
feature, the iron ore sintering dust could not be fully dispersed and uniformly mixed with
water to improve the chlorine dissolution with a low stirring speed. It further illustrated
the removing chlorine process was partly controlled by diffusion with S/L of 1:50.
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3.4. Effects of Particle Size

Decreasing the particle size would improve the leaching rate of chlorides [18]. To study
the effects of particle size on the chlorine removal from iron ore sintering dust, a dry
grinder was applied to mill the original samples for different periods. The volumetric
mean diameter (D [3,4]) were 17.37 µm, 13.67 µm, 10.42 µm and 8.12 µm after being
ground for 0 min, 2.5 min, 7.5 min and 25 min, respectively. The chlorine removing
kinetics studies were conducted with these four samples with S/L ratio of 1:50 and stirring
speed of 600 rpm at 25 ◦C via the in-site monitor leaching system (Figure 9). The chlorine
dissolution rates after water leaching for 15 min were 94.14%, 95.36%, 95.77% and 95.78%,
respectively, as the particle size decreases. The time for achieved 90% removal of chlorine
for corresponding samples was 14 min, 11 min, 8 min and 7.5 min, respectively. Meanwhile,
the rate constant K increased more than three times and the reaction order n increased from
1.15 to 1.54. These results indicated that reducing the particle size not only could benefit
for the diffusion but also influence the surface chemical reaction since it would enlarger
the specific surface area of sintering dust.
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3.5. Effects of Surfactant Addition

The addition of suitable concentration surfactant would sharply reduce the specific sur-
face energy of particles, accelerate dissolution reaction increase leaching efficiencies [34,35].
In the previous study, a nonionic surfactant, Triton X-100 (TX-100), was used to enhance
the wettability of sintering dust [19], which was efficient and economical. In this study,
the effects of TX-100 on removing chlorine from sintering dust were examined with a con-
centration of 0, 0.002%, 0.02% and 0.2%, respectively (Figure 10). The chlorine dissolution
rates after water leaching for 15 min were 94.14%, 94.39%, 95.98% and 96.70%, respectively,
as the surfactant addition increased. The time for achieved 90% removal of chlorine for
corresponding samples was 14 min, 12 min, 10 min and 3.5 min, respectively. The results
indicated that the addition of surfactant all significantly promote chlorine dissolution
kinetics. Especially when 0.2% TX-100 was employed, the rate constant K was enhanced by
more than two times. Moreover, the reaction order n decreased from 1.15 to 0.95. It inferred
the surface chemical-controlled dissolution reaction could significantly accelerate by the
addition of appropriate surfactant.
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The effect of TX-100 on the contact angle between the mineral surface and liquid after
touching for 20 s is presented in Figure 11. The contact angles are 95.4◦ (without surfactant),
89.0◦ (0.002% TX-100), 40.2◦ (0.002% TX-100) and 14.2◦ (0.002% TX-100), respectively.
The result indicates that in the presence of surfactants, the contact angle between iron
ore sintering dust and the leaching solution was gradually reduced, especially when
the concentration was greater than 0.2%, which enhanced the contact between sintering
dust particles and leaching liquid. As a result, the surface reaction rate was improved,
which noticeably accelerated chlorine dissolution and removing efficiency.

3.6. SEM Examination of Insoluble Chlorides

According to the literature and the research of this paper, most of the chlorides in the
iron ore sintering dust could be dissolved by water leaching, such as KCl, NaCl, PbCl2
and ZnCl2. However, the total dissolution rate of chlorine was limited to less than 97%.
Overwhelming majority chlorides are soluble except silver chloride, some doubles salts
and Friedel’s salts [36]. Some double salts including lead hydroxide chloride and lead
chloride carbonates were already found in electric arc furnace (EAF) dust [37]. Friedel’s
salt is the common name of the chlorinated lamellar double hydroxide of composition
(3CaO·Al2O3·CaCl2·10H2O), which was found in the municipal solid waste incineration
bottom ash [38]. In order to identify the insoluble chlorides in iron ore sintering dust,
SEM-EDS was used to examine its leaching residue. The major elements in the dust were
observed by SEM X-ray mapping (Figure 12). It can be easily seen that the distributions
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of K and Na were disappeared. Moreover, Cl and Pb were distributed in the same way
corresponding to acicular or flaky particles, while the distribution of O covered the area of
Pb and Cl. This inferred laurionite (PbOHCl) presence in the residue, which was difficult
to be dissolved by water. Thus, a promising way to further reduce the chlorine level of
the iron ore sintering dust to make the product more acceptable to the sinter would be
beneficiation or hydrometallurgy extraction of laurionite.
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4. Conclusions

This study aimed to investigate the dissolution kinetics of chlorine removal from
iron ore sintering dust. Both the effects of temperatures, solid-liquid ratio, stirring speed,
particle size and surfactant addition on the removal of chlorine were examined in detail.
The relative dissolution curves were analyzed by Stumm’s kinetic model and transition
state theory. The insoluble chlorides in the residue (such as silver chloride and PbOHCl)
were investigated by SEM-EDS. Through the studies, the following results are highlighted.

(1) Most of the sintering dust particles are porous agglomerates and the major chlorine-
bearing substances in it were KCl, NaCl and PbOHCl. An in-situ monitor leaching
system based on chloride ion selective electrode was designed to achieve real-time
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detection on the chloride ion leaching behaviors, while the chlorine dissolution data
exhibited a good fit to Stumm’s kinetic models.

(2) Based on the kinetics analysis and transition state theory calculation, the apparent
activation energy of chlorine dissolution in sintering dust with an S/L ratio of 1:100,
1:50 and 1:25 were 42.60, 34.10 and 16.59 kJ/mol, respectively. It demonstrated that the
dissolution was controlled by diffusion at low S/L ratio, while changed to controlled
by surface chemical reaction as the S/L ratio increased. Meanwhile, increasing both
temperature and stirring speed would accelerate the chlorine dissolving speed when
the reaction was totally or partly controlled by diffusion.

(3) Reducing the particle size and addition of 0.2% TX-100 would be a benefit for remov-
ing chlorine in sintering dust since they could cause a reduction in surface energy and
acceleration of surface chemical reaction. Besides, the SEM-EDS examination inferred
that the existence of laurionite limited the dissolution rate of chlorine less than 97%,
while beneficiation or hydrometallurgy treatment was needed to further reduce the
chlorine content of sintering dust to meet the demand of a sinter.
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