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Ultrasound effects on zinc recovery from EAF dust by sulfuric acid leaching
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Abstract: In this work, an ultrasound-assisted leaching process was studied for the recovery of zinc from electric arc furnace (EAF) dust, in
which zinc was mainly present in the form of franklinite (60%). Hydrometallurgy is emerging as a preferred process for the recovery of a va-
riety of metals, and the use of ultrasound could offer advantages over the conventional leaching process, especially for the dissolution of
franklinite. Franklinite is a refractory phase that is difficult to leach and represents the main obstacle in conventional hydrometallurgy proc-
essing. Atmospheric leaching with different sulfuric acid concentrations (0.2-2.0 M) at two temperatures (323 and 353 K) was performed.
The tests were conducted using both conventional and ultrasound-assisted leaching. After the leaching tests, the solid residues were charac-
terized by scanning electron microscopy (SEM) and X-ray diffraction (XRD) techniques, whereas the leach liquor was analyzed by induc-
tively coupled plasma spectroscopy (ICP). The use of ultrasound facilitated the dissolution of franklinite at low acid concentrations and re-

sulted in a greater zinc recovery under all of the investigated operating conditions.
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1. Introduction

Over the last few years, ultrasound has been investigated
to assist the extraction of hydrometallurgical metals from a
large variety of materials; however, the industrial applica-
tion of this process has been limited, despite the recognized
advantages derived from its application. For example, ultra-
sound-assisted leaching allows a greater release of metals in
a shorter time and enables the use of lower-concentration
acids at lower temperatures. Ultrasonication generates al-
ternating low-pressure and high-pressure waves in liquids,
which leads to the formation and violent collapse of small
vacuum bubbles. The values of local temperature and pres-
sure generated by the collapse of the bubbles are approxi-
mately 5000 K and 100 MPa, respectively. This phenome-
non is termed “cavitation” and causes high-speed impinging
liquid jets and strong hydrodynamic shear forces. These ef-
fects are used for the deagglomeration and milling of mi-
crometric- and nanometric-sized materials, as well as for the
disintegration of cells or the mixing of reactants. Because of
the ultrasound effect, particles are individually scrubbed into
the micron domain and mass transfer rates and molecular
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diffusion are increased. Cavitation also increases instanta-
neous particle velocity, improving wetting and liquid—solid
interface dynamics. The hydrometallurgical process is rap-
idly emerging as a preferred process for the recovery of a va-
riety of metals because its energy consumption and smelter
emissions are lower than those of conventional pyrometal-
lurgical processes. Ultrasound could provide a further ad-
vantage because its use could increase the yield and reduce
the reagent consumption, the energy consumption, and the
thermal supply required by conventional processes [1-4].
The production of steel from scrap in electric arc furnaces
(EAFs) produces a considerable amount of dust containing
primarily Fe and Zn and considerable amounts of harmful
elements such as Cd, As, and Cr. Because of its chemical
and physical properties, the EAF dust is classified as a haz-
ardous waste and its disposal is not trivial. Therefore, the
use of this waste as a secondary raw material for iron or
steel production is complicated. Mineralogical analysis has
shown that the chemical and mineralogical compositions of
each EAF dust are unique. Iron is present mostly as hematite
(Fe,O3), magnetite (Fe;0,), and franklinite (ZnFe,0O,), and
zinc is present principally as zincite (ZnO) and franklinite
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(ZnFe,0O4) [5—7]. The mineralogical form of the zinc in the
EAF dust is considered the principal indicator for the effec-
tiveness of the EAF dust treatment: zincite is an easily
workable mineral for hydrometallurgical methods, whereas
the franklinite phase is considerably complex and difficult to
leach. The hydrometallurgical processes can be conducted
using either acid or alkaline leaching. Alkaline leaching can
be advantageous for leaving iron insoluble; however, it is
not suitable for EAF dust containing franklinite because of
its inability to dissolve this phase [8]. In the case of acid
leaching, the use of sulfuric acid might be suitable because
of its low cost. Other researchers have reported that frank-
linite dissolved in 3 M sulfuric acid at elevated temperatures,
resulting in Zn and Fe extractions of approximately 100%
and 90%, respectively; however, they also reported that di-
luted sulfuric acid at atmospheric pressure had no effect
[9-10].

Although several research groups have investigated the
leaching of EAF dust [11-15], only two studies were con-
ducted using ultrasound. Barrera-Godinez ef al. [16] inves-
tigated the ultrasonic-assisted leaching of pellets produced
by double-kiln treated EAF dust, using acidified calcium
chloride. They demonstrated that ultrasound was beneficial
in the recovery of zinc from the pellets. However, the pellets
contained zinc essentially as zincite (without franklinite) and
the effects of ultrasound on the pellets, whose size distribu-
tion was between 100 mm and 1 mm, are not comparable
with the effects on EAF dust, whose particles are substan-
tially smaller. Dutra et al. [8], who used ultrasound during
alkaline leaching of EAF dust, did not report any benefit to
the zinc recovery.

In this work, an ultrasonic acid leaching process of EAF
dust, in which zinc was mainly present as franklinite, was
investigated on a laboratory-scale apparatus and under at-
mospheric pressure. The effects of ultrasound on the zinc
recovery and franklinite dissolution, in comparison with
those achieved by conventional leaching, were studied for
both the leach liquor and the solid residues.

2. Materials and methods

The EAF dust was used in as-received condition from the
dust collection system of a carbon steelmaking factory in It-
aly. The chemical composition of the EAF dust was ana-
lyzed by X-ray fluorescence spectroscopy (XRF) and by
scanning electron microscopy (SEM). The SEM studies
were performed on a Cambridge Stereoscan 440 scanning
electron microscope equipped with a Philips PV9800 en-
ergy-dispersive X-ray spectrometer (EDS). The images were
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collected in backscattered mode (BSE) with the microscope
operating at 25 kV.

Mineralogical analysis was performed by X-ray diffrac-
tion (XRD) using a D500 Siemens diffractometer with a
nickel-filtered Cu K, radiation source (4 = 0.15405 nm) op-
erated at 40 kV and 30 mA. The size distribution of the par-
ticles was analyzed by laser light scattering measurements
performed using a Malvern Mastersizer.

Atmospheric acid leaching was performed using sulfuric
acid with concentrations ranging between 0.2 and 2.0 M at a
temperature of 323 or 353 K for 30 min. Data from similar
experiments showed that long periods of treatment are not
necessary and that 30 min is sufficient to achieve the maxi-
mum dissolution of Zn. Heating was provided by a thermo-
stated water bath, and the temperature of the liquid was pe-
riodically controlled. The experiments were conducted in a
400-mL Pyrex vessel containing 200 mL of leaching agent
and 20 g of dust (liquid/solid ratio of 10 mL/g). The low
frequency (20 kHz) ultrasound waves were generated by a
probe made of titanium alloy (Ti—6Al-4V), which was im-
mersed into the solution and linked to a Bandelin model
Sonopuls HD 3200 sonicator capable of supplying an ultra-
sonic power in the range of 0-75 W/cm® (60 W/em® was
used for the experiments). In the conventional leaching
process, i.e., leaching performed without ultrasonic irradia-
tion, a constant stirring speed of 400 r/min was used to en-
sure the suspension of the particles.

At the end of each leaching test, the solid residue was
separated from the leach liquor by vacuum filtration. The
solid residue was analyzed by SEM-EDS and XRD,
whereas the leach liquor was analyzed by inductively cou-
pled plasma spectroscopy (ICP) using a Spectro Genesis
spectrometer.

3. Results and discussion
3.1. EAF dust

The particle size distribution of the EAF dust is shown in
Fig. 1. The particle size was not coarser than 15 um, and
approximately 70% of the particles were smaller than 2 um.
Moreover, a bimodal distribution with two major fractions
was observed: a very fine-grained fraction at approximately
0.2 um and a fine fraction at 1.8 um. The fine size distribu-
tion indicated that physical concentration methods, such as
magnetic or gravity separation, would not be appropriate for
treating this material. However, leaching may be an attrac-
tive route because the reaction kinetics involving this dust
should be fast as a consequence of the preponderance of fine
particles sizes.
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Fig. 1. Particle size distribution of EAF dust.

The XRF chemical analysis results are presented in Table
1. Iron (25.13wt%) and zinc (25.18wt%) are the main com-
ponents of the dust, with small amounts of very toxic heavy
metals (cadmium, chromium, and lead). The other compo-
nents are calcium, silicon, and magnesium, which originate
from the slag used for the production of the steel in the EAF,
and manganese that derives from scrap oxidation.

The SEM-BSE images and the EDS spectra of a small
but representative amount of EAF dust are shown in Fig. 2.
These analyses confirmed the results obtained by the previ-
ous examinations for both the composition and the dimen-

sions of the particles. Detailed examinations of EAF dust
have been reported in the literature, whereas, in this work,
the analysis was mainly focused on identification of the
phases in which zinc was present, in particular, franklinite.
The analysis corresponding to the agglomerates composed
of fine spherical particles (smaller than 1 um) revealed that
zinc and oxygen were the main constituents; consequently,
they were attributed to zincite. In addition to these agglom-
erates, several smooth and spherical particles with a diame-
ter between | pm and 5 pm and some coarser particles with
a diameter of approximately 15 pum were observed. The
majority of the smaller spherical particles were rich in iron,
zinc, and manganese, whereas the larger ones contained
chromium and calcium in addition to iron, zinc, and man-
ganese (Fig. 2). All these spherical particles are attributed to
the presence of the complex phase of franklinite. Indeed, in
EAF dust, both franklinite in the form of ZnFe,O, and
franklinite ~with  isomorphously  substituted metals
(Zn,Me,)Fe,04 (Me = Mn, Cr, Ni, Co, Ca) can be present
[14]. The presence of calcium, the third principal element in
the dust, was observed to correspond to dust particles with
irregular shapes and also to spherical particles rich in iron.

Table 1. Chemical composition of EAF dust wt%
Fe,0; ZnO Ca0 MnO Si0, MgO Cl PbO SO, Cr,03 CuO CdO  NiO
35.92 31.34 13.32 3.92 3.89 2.52 2.06 1.72 1.07 0.85 0.26 0.09 0.44
Fe Zn Ca Mn Si Mg Cl Pb S Cr Cu Cd Ni
25.13 25.18 9.53 3.06 1.82 1.52 2.06 1.59 0.42 0.58 0.21 0.08 0.03
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(a, b) SEM-BSE images of EAF dust; (¢) EDS spectrum of an extended area of EAF dust; (d) EDS spectrum in correspon-

dence of spherical particles, marked 1, 2, 3, and 4; (e¢) EDS spectrum in correspondence of spherical particle, marked 5.
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The XRD pattern of the as-received EAF dust is shown
in Fig. 3. The patterns were evaluated using the Match!1.9d
software. The three main phases were identified as franklin-
ite (ZnggMng,Fe,Oy), calcium—magnetite (CagisFesg50y),
and zincite (ZnO). Other phases, such as CaO, MnO,, and
Si0,, were likely present as minor constituents, but at con-
centrations below the detection limit of the instrument.
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Fig. 3. XRD pattern of EAF dust.

The major obstacle in hydrometallurgical extraction is
the presence of highly stable oxides containing both zinc
and iron. Knowledge of the amount of franklinite in the dust
is therefore important; however, quantitative analysis of the
franklinite is difficult because of the significant overlap of
the peaks of the franklinite phase with those of cal-
cium—magnetite. The data were elaborated using the Maud
2.14 software to quantitatively analyze the three main
phases via the Rietveld method [17]. The results of this
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analysis were compared with the atomic percentage of Zn
and Fe obtained from the chemical analyses, and a composi-
tion of 30wt% zincite, 45wt% franklinite, and 25wt% mag-
netite was deduced. In particular, (i) we assumed that all of
the zinc originated from zincite and franklinite; (ii) the con-
tent of zincite was calculated via the Rietveld method with
magnetite and franklinite considered as unique phases; (iii)
the percentage of franklinite was deduced from the amount
of remaining Zn, which was calculated on the basis of
chemical analysis results; and (iv) the remaining iron was
attributed to magnetite.

3.2. Leach liquors from leaching tests

The leach liquors from the leaching processes performed
for 30 min were analyzed by ICP to determine Zn and Fe
recovery percentages. In Figs. 4(a) and 4(b), the Zn and Fe
recoveries at 323 K and 353 K, respectively, are reported as
functions of the acid concentration. The Zn extraction
achieved by conventional and ultrasound-assisted leaching
increased with increasing acid concentration and was almost
independent of temperature, except at the highest acid con-
centration (2.0 M), where higher yields were achieved at
353 K. The ultrasound-assisted leaching allowed a greater
Zn recovery than conventional leaching at all operative con-
ditions, and the improvement in the extraction reached a
maximum value for 0.5 M acid, where the yield was in-
creased by approximately 41% at 323 K and 55% at 353 K.
Indeed, at 353 K, the Zn recovery was 38% for conventional
leaching vs. 59% for ultrasonic leaching.
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Fig. 4. [Extraction of Zn and Fe by sulfuric acid with conventional and ultrasonic leaching at 323 K (a) and 353 K (b).

As expected, Fe was not recovered at the lowest acid
concentration, and its recovery was highly dependent on the
temperature and the acid concentration. The ultrasonic irra-
diation treatment promoted the extraction of Fe, except in
the cases of experiments performed with 0.5 M acid. At an
acid concentration of 0.5 M, the Fe recoveries of 6% and
7.2% were registered for the conventional test at 323 K and

353 K, respectively, whereas the Fe recoveries were negli-
gible (0.9% at 323 K and 0.1% at 353 K) when ultrasonic
leaching was used. The acidity measurements of the solu-
tions gave pH 4.5 in the solutions from the ultrasonic leach-
ing vs. pH 2 in the solution originating from the conven-
tional leaching, suggesting that different reactions occurred
during the use of ultrasound. Moreover, precipitated Fe was
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observed in the bottom of the Pyrex vessel containing the
leach liquor from ultrasonic leaching. The ultrasonic irradia-
tion likely promoted greater dissolution of the phases con-
taining Ca. This greater dissolution would have resulted in a
larger consumption of acid during the reaction, causing an
increase in the pH to 3, where Fe precipitation as iron hy-
droxide, Fe(OH)s, and/or iron oxide hydroxide, also known
as goethite, FeEOOH, started to occur.

The extractions of the harmful elements (Cr, Cd, and Pb)
after the leaching tests with 0.5 M and 2.0 M sulfuric acid at
353 K are shown in Table 2. In the case of As, the extraction
was not calculated because the initial content was too low to
be determined by XRF analysis. The concentration of this
element in the leach liquors was less than 0.01 mg/L.

Table 2. Extraction of some harmful elements present in the
EAF dust, after leaching at 353 K at different sulfuric acid
concentrations, with conventional and ultrasonic leaching

Recovery / %
Element 05M, con- 2.0M,con- 0.5M, ultra- 2.0 M, ultra-
ventional ventional sonic sonic
Cr 0.1 72 0.5 83
Cd 39 89 47 93
Pb 0.3 0.3 0.3 0.3

According to the results of the ICP analysis, the best zinc
recovery was achieved with the highest concentration of
acid (2.0 M) at 353 K; however, the elevated concentration
of Fe created problems in the subsequent purification of the
solution. Notably, in the case of 0.5 M acid and ultrasonic
irradiation, a Zn recovery of approximately 59% was
achieved, with a negligible concentration of Fe. Given that
only 40% of zinc was in the form of zincite in the EAF dust,
this high value of extraction suggests that franklinite was
also partially dissolved using ultrasound. Other researches
who conducted conventional leaching processing using both
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the same sulfuric acid concentration and temperature used in
the present work observed that only the zinc in the form of
zincite was recovered [10—11].

3.3. Solid residues from leaching tests

The following analysis of the solid residues better ex-
plains the role of ultrasound during the leaching tests. The
SEM and XRD analyses of the solid residues from the
leaching tests at 323 and 353 K did not indicate appreciable
variations in the amounts of Zn and Fe or in the relative
amounts of the phases containing these two elements. This
lack of variation was probably due to the low sensitivity of
these two techniques. Therefore, in the following discussion,
we report only the results for the leaching processes per-
formed at 353 K.

The comparison between the EDS spectrum of the initial
EAF dust and that of the solid residue from the leaching
tests with 0.2 M sulfuric acid showed that Zn was partially
removed during leaching (Fig. 5(a)). Moreover, no signifi-
cant difference was observed in the signals of Fe and Zn
between the conventional experiment and the ultrasonic
leaching (Fig. 5(b)). The XRD patterns of the solid residues
from the leaching treatments with 0.2 M sulfuric acid are
shown in Fig. 6. In comparison with the XRD pattern of the
EAF dust, the XRD pattern of the leaching product showed
a partial reduction in the intensity of the zincite peaks,
whereas the peaks of the franklinite and the calcium—mag-
netite remained almost unaffected, irrespective of whether
conventional and ultrasonic leaching was used. The new
peaks in the XRD patterns of the solid residues are attrib-
uted to calcium sulfate dihydrate (gypsum), which is a
poorly soluble product of the reaction of calcium oxide with
sulfuric acid. Thus, the leaching performed with 0.2 M sul-
furic acid led to partial dissolution of the zincite phase, but
did not attack the franklinite or the magnetite. The use of ul-
trasound did not appear to influence the recovery of Zn.
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(a) Comparison of EDS spectra of EAF dust and solid residue from conventional leaching with 0.2 M sulfuric acid at 353 K;

(b) comparison of EDS spectra of solid residue from conventional and ultrasonic leaching with 0.2 M sulfuric acid at 353 K.
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Fig. 6. XRD patterns of EAF dust and solid residue from
conventional leaching and ultrasonic leaching with 0.2 M sul-
furic acid at 353 K.

A comparison of the EDS spectra of the solid residues
from the leaching tests conducted using 0.5 M sulfuric acid
reveals that the increase in acid concentration resulted in a
greater extraction of Zn while leaving the amount of Fe un-
changed (Fig. 7(a)). This comparison also reveals that the
use of ultrasound enhanced the recovery of Zn (Fig. 7(b)).
The SEM images show that the particles of franklinite with
a diameter greater than approximately 2 um were still well
observable in the solid residue derived from conventional
leaching, whereas their presence was drastically reduced in
the solid residue originating from the ultrasonic leaching
(Figs. 8(a) and 8(b)). The elongated plates present in the
solid residue are attributed to calcium sulfate dihydrate
(gypsum). SEM images in Fig. 9 show two coarser, partially
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dissolved particles of franklinite. EDS analysis revealed that
the darker zone of the particle in Fig. 9(a) was composed of
Fe, Zn, and Mn, whereas the lighter zone was enriched with
Cr, thereby explaining the failure of the particle to dissolve.
The XRD patterns of the solid residues derived from leach-
ing with 0.5 M sulfuric acid are shown in Fig. 10. The peaks
corresponding to the ZnO phase were drastically reduced in
intensity in the XRD pattern of the sample leached without
ultrasound and completely disappeared in the pattern of the
sample leached using ultrasound. Moreover, a decrease in
the intensity of the peaks corresponding to the cal-
cium—magnetite and franklinite and an increase in the inten-
sity of peaks associated with calcium sulfate dihydrate
(gypsum) were observed in the pattern of the sample
leached using ultrasound. Quantitative analysis was per-
formed by the Rietveld method using the Maud 2.14 soft-
ware to quantify the calcium sulfate dihydrate phase in the
conventional and ultrasonic leaching solid residues [17].
The results indicated that the calcium sulfate dihydrate con-
centrations in the conventional and ultrasonic leaching resi-
dues were 40wt% and 54wt%, respectively. These results
suggest greater dissolution of calcium during ultrasonic
leaching and, consequently, a greater amount of precipitated
calcium sulfate dihydrate in the solid residue. This result can
explain both the pH value of 4.5 measured in the leach lig-
uor from the ultrasonic leaching and the aforementioned
precipitation of iron.
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(a) Comparison of EDS spectra of EAF dust and solid residue from conventional leaching with 0.5 M sulfuric acid at 353 K;

(b) comparison of EDS spectra of solid residues from conventional and ultrasonic leaching with 0.5 M sulfuric acid at 353 K.

Fig. 8.

SEM-BSE images of solid residues from conventional leaching (a) and ultrasonic leaching (b) with 0.5 M sulfuric acid at 353 K.
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Fig. 10. XRD patterns of EAF dust and solid residues from
conventional and ultrasonic leaching with 0.5 M sulfuric acid
at 353 K.

By comparing the results of the ICP, SEM, EDS, and
XRD analyses of the leaching with 0.5 M sulfuric acid, the
use of ultrasound appeared to increase the Zn recovery be-
cause of the enhanced attack of the franklinite phase under
ultrasound irradiation. In fact, as previously reported, leach-
ing conducted under the same operative conditions in the
absence of ultrasound was ineffective in dissolving franklin-
ite [10—-11].

Although ultrasound certainly improves the extraction
yields of several metals from their ores, the exact mecha-
nism is not well understood. Swamy and Narayana devel-
oped a model to describe the mechanism of ultrasound-en-
hanced extraction, and we adopt their model in this study to

explain the different results obtained by conventional and
ultrasound-assisted leaching [1,4]. During ultrasound-assist-
ed leaching, the explosion of the cavitation bubble generated
a high effective temperature and pressure. The high tem-
perature increased the solubility of the analytes in the
leachant, and the high pressure promoted the penetration of
leachant. The collapse of the cavitation bubble generated in
proximity of the particles’ surface produced high speed mi-
crojets, causing surface erosion and the formation of micro-
cracks, through which the leaching solution diffused by cap-
illary action into the interior of the particles, promoting both
the breaking of the particles and the leaching process.
Moreover, the particles—liquid interface was partially de-
stroyed by acoustic streaming, promoting the dissolution of
the surface. All these factors were responsible for the faster
kinetics of leaching and greater yield in comparison with
those of conventional leaching. According to the proposed
mechanism, the coarser spherical particles of franklinite
were partially dissolved and the smaller particles eroded
and/or broken. The SEM images show that this mechanism
mainly occurred with the particles with a diameter coarser
than approximately 2 pum. In fact, the concept of “critical
grain size” was elaborated by Swamy and Narayana, who
demonstrated that greater benefits of using ultrasound were
achieved with larger ore particles [4].

The EDS analysis of the leaching treatments conducted in
1.0 M sulfuric acid showed that both Zn and Fe were re-
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moved from the EAF dust and that the amount of these two
elements was lower in the solid residue from ultrasonic
leaching (Figs. 11(a) and 11(b)). The XRD analysis showed
that the ZnO phase was no longer present, and a significant
reduction in the intensity of the peaks associated with cal-
cium—magnetite and franklinite was observed in the XRD
patterns of the solid residue from ultrasonic leaching (Fig.
12). In addition to the peaks of calcium sulfate dihydrate,
peaks of lead sulfate were also detected. Similar to calcium
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oxide, the lead species reacted with sulfuric acid to form
very poorly soluble lead sulfate (anglesite).

The smaller amount of Fe measured in the solid residues
indicated that both magnetite and franklinite were likely
leached during the treatment. Thus, leaching with 1.0 M
acid led to the complete dissolution of the zincite and to the
partial dissolution of both magnetite and franklinite and the
use of ultrasonic irradiation improved the recovery of both
the Zn and Fe.
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(a) Comparison of EDS spectra of EAF dust and solid residue from conventional leaching with 1.0 M sulfuric acid at 353 K;

(b) comparison of EDS spectra of solid residues from conventional and ultrasonic leaching with 1.0 M sulfuric acid at 353 K.
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Fig. 12. XRD patterns of EAF dust and solid residues from
conventional and ultrasonic leaching with 1.0 M sulfuric acid
at 353 K.
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Fig. 13.

The EDS analysis of the solid residues from the leaching
with 2.0 M acid indicated that the majority of Zn and Fe
were removed from the EAF dust and that the ultrasound
did not appear to influence the Zn recovery (Figs. 13(a) and
13(b)). The XRD analysis revealed that the main phases
were calcium sulfate dihydrate and lead sulfate. The peaks
of calcium—magnetite and franklinite were still present, and
their intensity was reduced to a greater extent in the case of
the solid residue from ultrasonic leaching (Fig. 14). During
leaching with 2.0 M acid, almost all of the Zn and Fe were
recovered, as evidenced by the EDS and XRD results, and
the effects of ultrasound were less pronounced under these

conditions.
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(a) Comparison of EDS spectra of EAF dust and solid residue from conventional leaching with 2.0 M sulfuric acid at 353 K;

(b) comparison of EDS spectra of solid residues from conventional and ultrasonic leaching with 2.0 M sulfuric acid at 353 K.
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Fig. 14. XRD patterns of EAF dust and solid residues from
conventional and ultrasonic leaching with 2.0 M sulfuric acid
at 353 K.
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Thus, ultrasound played a fundamental role in the leach-
ing of Zn at an acid concentration of 0.5 M. At the lowest
concentration (0.2 M), although ultrasound served as a me-
chanical surface activator for the leaching reaction, its effect
was probably limited because the leaching reaction rates
were very slow. At the highest acid concentration (2.0 M),
the cavitation and microgrinding actions of ultrasound were
less important because, under this condition, the leaching
reaction rate was very fast, independent of the use of ultra-
sound.

Another important aspect to consider is the effect of ul-
trasound on diffusion, which has previously been demon-
strated to be the parameter controlling the process of disso-
lution of zinc [11]. The improvement in the rate of dissolu-
tion and the recovery of zinc, under all of the investigated
conditions, is also attributed to the enhanced diffusion in-
duced by ultrasound via the cavitation phenomenon [1].

4. Conclusions

In this work, the effect of ultrasound on the leaching of
EAF dust for Zn recovery was investigated. Atmospheric
acid leaching was performed using different concentrations
of sulfuric acid at temperatures of 323 K and 353 K for 30
min. According to results obtained in this study, the chemi-
cal and mechanical effects of ultrasound resulted in a greater
Zn recovery under all of the investigated sets of conditions.
Ultrasound irradiation was particularly efficacious during
leaching with 0.5 M sulfuric acid at 353 K because it im-
proved the dissolution of franklinite, resulting in a 55% in-
crease in the Zn yield compared to the yield achieved using
conventional leaching and induced re-precipitation of all of
the dissolved Fe. At higher acid concentrations the applica-
tion of ultrasound was more effective in metal recovery than

the conventional method, but its benefit was less marked.
Although each EAF dust is characterized by a peculiar
chemical and mineralogical composition and the effective
processing conditions for each dust must be studied indi-
vidually, this preliminary study indicated that ultra-
sonic-assisted leaching is a suitable technique to improve
the dissolution of the franklinite phase, which represents the
main obstacle during conventional leaching.
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