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Abstract In the zinc smelter process, more specifically in the acid leaching step,
sulfuric acid is added to the neutral leach residue until 45–60 g/L free acidity is
reached, usually retrieving 92% of the zinc contained in the residue. However, it
also makes iron and other impurities soluble. Because of that, the solution must go
to some iron removal step (jarosite, for example). In this work, we compared this
method to the sulfatation process. By simulating a roaster gas outlet (8% of SO2), at
650 °C, in a fluidized bed reactor (2 kg/h), we were able to solubilize 96.6% of the
zinc and only 2.9% of the iron. That means, no excess acid was required in order to
obtain the zinc, and less acid was spent with iron (less residue was obtained as well
because hematite occupies 67% less mass than jarosite). With these results, we may
improve acid balance, residue reduction, and raw materials consumption in a zinc
plant.
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Introduction

Conventional Leaching Process

In the traditional zinc RLE (roasting, leaching, and electrowinning) process, after
roasting the zinc sulfide concentrate, the obtained zinc calcine (zinc oxide) is mixed
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Fig. 1 Simplified flowsheet of a conventional zinc RLE process

with the spent acid from the Electrowinning process (enriched with concentrated
new sulfuric acid), producing a neutral concentrated solution of zinc sulfate (Eq. 1).
Because this solution must be close to a neutral pH, not all zinc from the calcine is
solubilized. Usually, 85% of the zinc is recovered in the neutral leaching phase, and
most of the remaining zinc is obtained in the following acid leaching phase (Fig. 1).

Neutral leaching reaction

ZnO(s) + H2SO4(aq) → ZnSO4(aq) + H2O(l) (1)

In the second phase, concentrated sulfuric acid is added to the neutral leach
residue/underflow until 45–60 g/L of free acidity is reached, retrieving 92% of the
zinc contained in the residue, resulting in an overall global leaching recovery of
approximately 98.8%. This extreme acidity is necessary due to the formation of zinc
ferrites in the roaster, which are much more stable than zinc oxide and require a more
aggressive leaching process (Eq. 2).

Roaster reactions

2ZnS(s) + 3O2(g) → 2ZnO(s) + 2SO2(g)

4FeS2(s) + 11O2(g) → 2Fe2O3(s) + 8SO2(g)

ZnO(s) + Fe2O3(s) → ZnFe2O4(S)

Acid leaching reaction

ZnFe2O4(s) + 4H2SO4(aq) → ZnSO4(aq) + Fe2(SO4)3(aq) + 4H2O(1) (2)
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Unfortunately, the final acidity is not suitable for the following processes, and
besides that, it makes iron and other undesirable impurities soluble (like germanium,
arsenic, among others). Because of that, the resulting flowmust go to a neutralization
(usually with the calcine) and iron removal step, commonly, jarosite (Eq. 3).

Jarosite reaction

3Fe2(SO4)3(aq) + (NH4)2SO4(aq) + 12H2O(l) → 2(NH4)Fe3(SO4)2(OH)6(s) + 6H2SO4(aq)
(3)

In this operation, iron is precipitated in this mineral form called jarosite, andwhile
forming, drag the mentioned impurities with it. Unluckily, some of the zinc is lost as
well. Spite the formation of sulfuric acid in the reaction, the jarosite mineral includes
some sulfate, removing sulfuric acid from the process. This reaction requires strict
pH control; otherwise, the mineral will not form. Because of that, calcine is usually
used to control de pH, yielding a compatible flow to be incorporated in the neutral
leaching (after some solid/liquid separation process).

Alternative to Conventional Leaching Process

Looking for improvements in the RLE process, this work evaluated the sulfatation
process as an alternative for the neutral leaching residue treatment.As it can be seen in
Eq. 1, the roasting process releases SO2, and at the right conditions (around 650 °C),
the zinc ferrite from the neutral leaching residue reacts with this gas producing zinc
sulfate and hematite (Eq. 4) [1–8].

Sulfatation reaction

2ZnFe2O4(s) + 2SO2(g) + O2(g) → 2ZnSO4(s) + 2Fe2O3(s) (4)

Regarding Eq. 4, an acid phase would not be needed, meaning that no extra acid
would be required in order to obtain the zinc from the ferrite form. Besides that, the
jarosite step becomes unnecessary as well, as the impurities are not solubilized (and
no zinc would be lost). Adding Eqs. 2 and 3 and comparing with 2 and 4, it was
possible to look for further assumptions (Eq. 5):

Sulfuric acid overall balance in the conventional process

6ZnS(s) + 30H2O(1) + 12Fe2(s) + 57O2(g) + 2(NH4)SO4(aq)

→ 18H2SO4(aq) + 4(NH4)Fe3(SO4)2(OH6(s) + 6ZnSO4(aq)

H2SO4re = 1.5

Sulfuric acid overall balance in the sulfatation process

2ZnS(s) + 4FeS2(s) + 19O2(g) + 8H2O(l)

→ 8H2SO4(aq) + 2ZnSO4(s) + 2Fe2O3(s)

H2SO4 : Fe = 2.0 (5)
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Fig. 2 Fluidized bed reactor (2 kg/h)

As it can be seen in Eq. 5, the theoretical sulfatation process would produce
1/3 more acid than the common process, relatively to the iron content in the zinc
concentrate. It requires 2/3 less oxygen and water, does not consume ammonium
sulfate, would increase the zinc overall recovery rate, (as no zinc would be lost to
the jarosite), and produces a residue with 1/2 of the mass per mol of iron.

In order to evaluate these advantages, a theoretical model was tested in the HSC
Outotec Software®. Besides that, samples from the neutral leaching underflow from
the Tres Marias smelter process were collected, dried at 105 °C until stable weight
was reached, and tested in a pilot fluidized bed reactor (Fig. 2). The input and output
from the pilot sulfatation process were analyzed in an ICP spectrometer. Samples
were dissolved with aqua regia solution and diluted; each result was compared with
its respective standard.

Results and Discussion

After collecting the underflow from Tres Marias neutral leaching process and drying
until constant weight, this material was analysed as described previously, and the
results are shown in Table 1.

As it can be seen in Table 1, the underflow from the neutral leaching in Tres
Marias still contains some zinc Oxide. It also carries zinc sulfate from the neutral
leaching. Only a third of it is zinc ferrite. In order to evaluate if this composition is
suitable for the sulfatation process, this composition was theoretically evaluated in
the HSC Outotec Software®, obtaining the following result (Fig. 3).



A New Route for Treating Neutral Leaching Residue 831

Table 1 Composition of the
dried underflow from Tres
Marias neutral leaching
process

Specie Percentage (%)

ZnO 10.01

ZnSO4 23.41

PbSO4 4.33

ZnFe2O4 29.44

MgSO4 2.13

CaSO4 18.28

SiO4 6.40

H2O 6.00

Fig. 3 Theoretical equilibrium composition from 0 to 1000 °C, of Tres Marias neutral leaching
residue, under sulfatation conditions (1000 Nm3, air enriched with 8.25% of SO2)

The theoretical evaluation for Tres Marias neutral leaching residue under sulfata-
tion conditions (Fig. 3) showed that below 600 °C all zinc and iron would be in the
sulfate form. This would not give any gain in acid production, and besides that, all
contaminants would also be soluble. Above 700 °C, significant amount of zinc ferrite
would be formed, requiring an acid leaching phase. That means the best condition of
sulfatation for the Tres Marias underflow is between 600 and 700 °C. In this range,
most of the zinc is in the sulfate form, and the majority of iron stays in the hematite
form. Sulfates of Ca, Mg, Pb, and SiO2 do not change in the process.

With the theoretical results, a fluidized bed reactor (Fig. 2) was used to evaluate
the hypothesis. Table 2 shows the conditions and results for these experiments: the
gas flowwas determinate for minimumfluidization, 20 L/min; this flowwas enriched
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Table 2 Experimental conditions and results for Tres Marias neutral underflow sulfatation

Test Mass (kg) Gas flow
(L/min)

Temperature Time Zn recovery Iron
solubilization

1 1.0 20 650 1.0 96.6 2.9

2 0.3 5.0 550 1.0 96.2 24.2

3 2.0 20 750 1.0 72.1 0.4

Zn recovery calculates the percentage of zinc that is solubilized after the sulfatation process
(solubilization was accomplished by simple washing the solid with water or with slight acid
conditions, with significant results improvement with acid condition—final pH 3.8)

with liquid SO2 in order to obtain a constant flow with 8% of this gas (simulation
a roaster gas outlet). Besides that, calculating the SO2 demand, 1 kg of Tres Marias
neutral underflow would need 0.16 g of SO2. In the test, it was provided 274 g.
This huge stoichiometric excess was necessary in order to not change the SO2 outlet
concentration; otherwise, the sulfatation process would drop this gas concentration
significantly; interfering in the sulfuric acid plant, diminishes its efficiency.

Test number 1 showed a very good zinc recovery and little iron solubilization.
Test number 2 has shown also very good zinc recovery, but because the temperature
is lower, it favors the formation of iron sulfate (even with the gas flow reduction, but
still excessive). The drop in zinc recovery at test number 3 was due formation of zinc
ferrites.

Regarding the fluidized bed reactor, some sulfatation was observed at the walls,
even after just few tests. This would require constant maintenance in the fluidized
bed reactor. Other operations have to be tested, like rotating oven, or Wedge furnace,
in order to evaluate performance and prevent wall sulfatation.

Conclusion

The sulfatation process was evaluated as an alternative for acid leaching plus jarosite
process. Regarding the zinc recovery, it has shown the same or even better perfor-
mance. The iron solubilization was diminished, but further investigation regarding
other impurities must be performed. The process requires special attention for tem-
perature control, especially because it is extremely exothermic. A minimum flow
is required for fluidization of the reactor, as well to not alter significantly the SO2

concentration, preventing significant alterations in the rest of the process. Further
investigations are required to achieve the overall balance of the plant and to choose
the right equipment. Sulfatation was observed in the walls of the reactor, and in an
industrial scale fluidized bed reactor, this would require constant maintenance.
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