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Abstract: Gossan discarded from mining processes result in metal resource wastage, and its long-
term stacking causes environmental hazards. Therefore, this article considers zinc-containing gossan
as the research object. The ore was roasted to prepare primary zinc ferrite products and sulfuric
acid leaching was performed for purification. Then, XRD analysis was performed to characterize
the purified products. The results indicated that the effect of sulfuric acid concentration on the
purification of the products was related to its zinc ferrite content. Furthermore, the effect of leaching
temperature on the purification of zinc ferrite products was related to sulfuric acid concentration; the
lower the sulfuric acid concentration, the more considerable the effect of leaching temperature. The
conditions suitable for purifying the products through sulfuric acid leaching are as follows: sulfuric
acid concentration of 140 g/L, liquid–solid ratio of 4:1, leaching temperature of 80 ◦C, leaching time
of 120 min, and stirring speed of 300 rpm. This article determines the factors affecting the purification
of zinc ferrite by sulfuric acid leaching along with the optimal purification conditions. The findings
presented herein provide a theoretical foundation for the development of new processes for preparing
zinc ferrite, which has considerable industrial application value.
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1. Introduction

Gossan ore has a low precious metal content and high development costs and has gen-
erally been neglected. With the extensive development and utilization of mineral resources,
the ore grade has gradually depleted and mineral resources are gradually becoming more
complex. High-grade, easy-to-mine, easy-to-grind, and easy-to-select mineral resources
have increasingly depleted and now there remains low-grade and complex mineral raw
materials [1]. Generally, gossan ore is a waste rock in the process of sulfide mining. This
is because gossan ore is located in the upper part of sulfide deposits, and it is necessary
to remove gossan ore to create suitable conditions for mining sulfide ore in lower parts.
However, the discarded gossan ore not only causes waste of metal resources but also poses
an environmental pollution risk due to long-term stacking. Different types of primary
sulfide deposits form gossans through surface oxidation, and their elemental combinations
differ [2]. Although there are many precious metals in gossan ore, effective recovery and
utilization of its resources is difficult due to its oxidized nature and low metal content.
Therefore, researchers have conducted few studies and only determine the type and content
of mineral deposits, as well as the effects of heavy metal components in gossan ore on the
environment [3–9]. For example, Juan studied the biological oxidation of black gossan and
developed new methods for recovering lead, silver, and gold [10]. Mohamed studied the
adsorption performance and adsorption mechanism of Cr (VI) on porous nanocomposites
prepared at the interface of gossan ore and modified coal [11]. Dunn investigated the
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reactivation of gold in gossans [12]. Santoro conducted a comprehensive evaluation of the
trace element footprint of FeO/OH in residual zones (gossan) at the top of the oxidized
ore body to determine parameters controlling the enrichment process of metals in ores [13].
In summary, research on gossan ore resources has primarily focused on the recovery of
precious metals, while neglecting other aspects.

Preliminary research has found that zinc-containing gossan ore contains simple min-
erals, such as limonite, smithsonite, hemimorphite, and quartz; however, the mineral
relationship is particularly complex [14]. This indicates that although the ore is oxidized, its
elemental occurrence state is different from most oxidized ores. Therefore, the utilization of
this ore requires the development of new beneficiation and smelting technologies. Studying
zinc-containing gossan ore as a specialized research object and employing new processing
technologies has considerable academic value. Notably, the ore contains high levels of zinc
and iron minerals, and substances such as zinc ferrite were obtained during roasting [15].

Zinc ferrite is not easily decomposed at high temperatures, and is insoluble in weak
acids and alkalis. Owing to these characteristics, zinc ferrite can be utilized to prepare
high-temperature and corrosion-resistant nontoxic coatings [16]. Zinc ferrite exhibits
soft magnetism and can be used to prepare magnetic devices, such as electromagnetic
switches [17–19]. In addition, it has excellent photocatalytic performance and can be used
to prepare catalysts for the degradation of water pollutants [20–22]. Further, it possesses
optimal absorbing properties and, thus, can be used in composite materials to improve
dielectric loss, enhance material resistance to electromagnetic wave radiation, and enhance
the absorption properties of coating materials [23]. However, there are very few natural
zinc ferrite minerals in nature, and the artificial synthesis of zinc ferrite suffers from issues
such as high raw material costs, complex production processes, low yield, and high prices.

For gossan ore with abundant resources and high utilization potential, a lack of
targeted basic research and efficient new technologies will be extremely unfavorable for
the rational development and utilization of this mineral resource in the future, resulting
in resource waste and adverse economic and environmental consequences. Therefore,
this article considers gossan ore as the research object. Based on a new approach to
mineral processing technology, the study employs a roasting method to prepare zinc ferrite,
followed by a sulfuric acid leaching method to purify the prepared zinc ferrite. XRD
analysis is performed to characterize purified zinc ferrite, with a focus on investigating the
effect of sulfuric acid concentration, liquid–solid ratio, and other factors on purification.
Investigating the effect of factors such as stirring speed in leaching on the purification of
zinc ferrite provides a theoretical foundation for the development of new processes for
preparing zinc ferrite with considerable value in industrial applications.

2. Materials and Methods
2.1. Materials

The raw materials used in this experiment were zinc-containing gossan ore collected
from a certain mine. Before the experiment, the samples were crushed to the particle size of
−0.074 mm. The crushing equipment was a jaw crusher, and the screening equipment was
a vibrating screen. ZnO and Fe2O3 were used to adjust the molar ratio of zinc to iron.

The multi-element semiquantitative analysis results are shown in Table 1. The equip-
ment was an X-ray fluorescence element analyzer.

Table 1. The multi-element semiquantitative analysis results of gossan ore (source: [15,24]).

Component Zn Fe2O3 SiO2 Al2O3 MgO CaO

Content (%) 8.99 68.32 10.32 5.6 1.35 0.56

Component Na2O K2O SO3 TiO2 Mn Pb

Content (%) 0.20 0.12 0.90 0.25 1.46 1.38



Processes 2023, 11, 2149 3 of 13

From Table 1, it can be seen that the element composition of the gossan ore was mainly
composed of zinc, iron, and silicon. The content of iron in this sample is 47.82% and the
content of zinc is 8.99%.

2.2. Experimental Principles and Characterization Methods
2.2.1. Test Methods and Principles

In the experimental method, −0.074-mm particles of gossan ore are roasted to prepare
zinc ferrite having impurities, followed by leaching with sulfuric acid for purification.
Finally, the content of zinc ferrite in the obtained leaching residue is determined. The
roasting is divided into two groups: high- and low-temperature roasting. The experimental
conditions are as follows: (1) By adding ZnO or Fe2O3, the Zn/Fe molar ratio of the
reactant is adjusted to 1:2. Further, the mechanical activation time is 120 min, the roasting
temperature is 1050 ◦C, and the roasting time is 120 min. A zinc ferrite content of 88.6%
was obtained under these preparation conditions (high-content zinc ferrite, Sample A).
(2) By adding zinc or iron oxide, the Zn/Fe molar ratio of the reactant is adjusted to 1:2.
Further, the mechanical activation time is 120 min, the roasting temperature is 800 ◦C, and
the roasting time is 120 min. Accordingly, a zinc ferrite content of 75.3% was obtained
as the product (low-content zinc ferrite, Sample B). Finally, purification through sulfuric
acid leaching was conducted on Samples A and B to investigate the effects of sulfuric acid
concentration, temperature, liquid–solid ratio, time, and stirring speed on the purification.

The main chemical reactions that may occur in the experiment are as follows:

ZnO + Fe2O3 = ZnFe2O4 (1)

Fe2O3 + 3H2SO4 = Fe2(SO4)3 + 3H2O (2)

ZnO + H2SO4 = ZnSO4 + H2O (3)

Al2O3 + 3H2SO4 = Al2(SO4)3 + 3H2O (4)

2.2.2. Characterization Methods

XRD analysis is the primary method employed in experiments for characterization.
The quantitative analysis of zinc ferrite is mainly performed using Jade software. Due to the
presence of various impurities in mineral samples, as well as the possibility of unreacted
zinc and iron oxide minerals, generally, quantitative methods cannot determine the specific
content of zinc ferrite. In XRD analysis, the diffraction intensity of different substances in
the mixture increases with the relative content of the substances in the mixture. Therefore,
the intensity of the ferrite zinc diffraction peak in XRD analysis can be used to calculate
its content.

3. Results
3.1. Effect of Sulfuric Acid Concentration

Sulfuric acid leaching for purification was conducted on Samples A and B to investigate
the effect of sulfuric acid concentration on the purification of zinc ferrite. The leaching test
conditions are as follows: 50 g of Samples A and B is used; the liquid–solid ratio is 7:1; the
leaching temperature is 80 ◦C; the leaching time is 120 min; the stirring speed is 300 rpm;
and the sulfuric acid concentrations are 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240,
260, 280, and 300 g/L. The effect of sulfuric acid concentration on zinc ferrite content in
the leaching residue of Samples A and B is depicted in Figure 1. The XRD patterns of the
leaching residue of Samples A and B under different sulfuric acid concentrations are shown
in Figure 2.
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Figure 1. Effect of sulfuric acid concentration on the content of zinc ferrite in leaching residue: (a) 
Sample A; (b) Sample B. 
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Figure 2. XRD patterns of leaching residues of zinc ferrite product under different sulfuric acid con-
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As shown in Figure 1, the patterns of Samples A and B are similar. When the concen-
tration of sulfuric acid is <40 g/L, zinc ferrite content in the leaching product of Samples A
and B increases rapidly, indicating that soluble impurities have been dissolved. When the
concentration of sulfuric acid is 40–80 g/L, the increase in zinc ferrite content in Samples
A and B is insignificant. This may be due to insufficient acidity, which prevents insoluble
impurities in the roasted product from being dissolved. At a sulfuric acid concentration of
80–140 g/L, zinc ferrite content in Samples A and B continues to increase gradually, which
may be due to the solution acidity being able to dissolve insoluble impurities in the roasted
product. When sulfuric acid concentrations exceed 140 g/L, zinc ferrite in Samples A and
B is gradually dissolved, decreasing its content in the leached products.

As shown in Figure 2a, when the amount of sulfuric acid used is relatively low (40
and 80 g/L), even Sample A with a high-zinc ferrite content has a small amount of Fe2O3
and ZnO that cannot be dissolved after leaching. Specifically, the diffraction peaks of
Fe2O3 and ZnO can be seen in the XRD spectra of 40 gL and 80 g/L leaching residues.
Through XRD quantitative analysis, the zinc ferrite content in the leaching residues is
found to be 89% and 89.5% for Sample A and Sample B, respectively. When the sulfuric
acid concentration reaches 140 g/L, the diffraction peaks of Fe2O3 and ZnO in the XRD
spectrum of the leaching residues disappear, and the zinc ferrite content in the leaching
residues reaches 90.7%. When the sulfuric acid concentration reaches 200 and 300 g/L,
the diffraction peak intensity of zinc ferrite decreases, indicating that at this sulfuric acid
concentration, zinc ferrite in the samples begins to dissolve. At these concentrations, zinc
ferrite content in the leaching residues is 89.8% and 88.8% for Sample A and Sample B,
respectively. Therefore, for Sample A, having a high content of zinc ferrite indicates that
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the purification effect of sulfuric acid leaching is insignificant. Figure 2b shows that after
Sample B was leached with low-concentration sulfuric acid (20 g/L), impurities in the
sample were not effectively removed; there were several diffraction peaks of Fe2O3 and
ZnO in the XRD spectrum. Zinc ferrite content in the leaching residue of this sample was
77.8%. At a sulfuric acid concentration of 40 g/L, the diffraction peak intensities of Fe2O3
and ZnO in Sample B were significantly decreased; the zinc ferrite content in the leaching
residue was 85.3%. At a sulfuric acid concentration of 140 g/L, the diffraction peak intensity
of impurities in Sample B further decreased, and the zinc ferrite content in the leaching
residue reached 91%. When the concentration of sulfuric acid further increased to 200 g/L,
the diffraction peaks of Fe2O3 and ZnO were not clearly seen in the diffraction spectrum.
Furthermore, as the sulfuric acid concentration increased, the diffraction peak intensity
of zinc ferrite decreased, indicating that zinc ferrite in the leaching residue was partially
dissolved. Therefore, the sulfuric acid leaching purification effect is more visible in the
low-content zinc ferrite Sample B than in Sample A.

3.2. Effect of Leaching Temperature

According to the results presented in Section 3.1, the leaching and purification effect
on Sample B having low-zinc ferrite content is better. Therefore, from the perspective of
energy efficiency and simplification of the phase composition of reaction products, Sample
B was selected for all subsequent sulfuric acid leaching and purification experiments.

The experimental conditions for sulfuric acid leaching are as follows: 50 g of Sample
B is used; the sulfuric acid concentrations are 40, 80, and 140 g/L; the liquid–solid ratio
is 7:1; the leaching temperatures are 25 ◦C, 35 ◦C, 45 ◦C, 55 ◦C, 65 ◦C, 75 ◦C, 80 ◦C, and
85 ◦C; leaching time is 120 min; and the stirring speed is 300 rpm. The effect of leaching
temperature on the zinc ferrite content in the leaching residues at different sulfuric acid
concentrations is depicted in Figure 3.
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As shown in Figure 3, at a low sulfuric acid concentration (40 g/L), leaching tempera-
ture has a considerable effect on the purification of zinc ferrite. When the concentration of
sulfuric acid is >140 g/L, leaching temperature has a slight effect on the purification of zinc
ferrite. When the leaching temperature is 80 ◦C, zinc ferrite content in the product reaches
91%. As the temperature increase, the zinc ferrite content slightly decreases, probably be-
cause higher leaching temperatures promote the dissolution of zinc ferrite at high sulfuric
acid concentrations.

The XRD spectra of leaching residues of Sample B at different leaching temperatures
and sulfuric acid concentrations of 40, 80, and 140 g/L are shown in Figure 4.
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As shown in Figure 4a, at a low sulfuric acid concentration (40 g/L) and lower leaching
temperatures, there are more impurities in leaching residues, and the diffraction peaks of
Fe2O3 and ZnO are expected. When leaching the temperature increases, the diffraction peak
intensities of Fe2O3 and ZnO decrease considerably. This indicates that at low sulfuric acid
concentrations, leaching temperature has a considerable effect on impurity removal. As
shown in Figure 4b, at a moderate sulfuric acid concentration (80 g/L), the diffraction peak
intensities of impurities in the XRD spectra of the leaching residues at various leaching
temperatures are weaker than those at low sulfuric acid concentrations. Furthermore,
as leaching temperature increases, the diffraction peak intensities of Fe2O3 and ZnO do
not considerably decrease. As seen in Figure 4c, at a high sulfuric acid concentration
(140 g/L), the diffraction peaks of Fe2O3 and ZnO disappear at low leaching temperatures.
However, if the leaching temperature is too high, the diffraction peak intensity of zinc
ferrite decreases.

Therefore, at low sulfuric acid concentrations, leaching temperature has a considerable
effect on the purification of zinc ferrite; the higher the sulfuric acid concentration, the lower
the effect of leaching temperature. This may be attributed to the low concentration of H+

in the solution when sulfuric acid concentration is low. Increasing the temperature of the
solution can effectively increase the diffusion rate of H+, thereby enhancing the probability
of H+ reacting with Fe2O3 and ZnO and promoting the dissolution reaction. When the
sulfuric acid concentration increases, the concentration of H+ in the solution increases, and
the effect of increasing the temperature of the solution to enhance the reaction between
H+ and the reactant is weakened. Therefore, at a sulfuric acid concentration of 80 g/L,
increased leaching temperature has a lower effect on the purification of zinc ferrite than
at a sulfuric acid concentration of 40 g/L. When the concentration of sulfuric acid reaches
140 g/L, leaching temperature causes the dissolution of zinc ferrite in the sample, which is
reflected in the XRD spectrum as a weakened diffraction peak of zinc ferrite. According to
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the XRD quantitative analysis, zinc ferrite content in the leaching residues at sulfuric acid
concentrations of 140, 80, and 40 g/L at a leaching temperature of 80 ◦C are 91%, 85.8%,
and 85.3%, respectively.

3.3. Effect of Liquid–Solid Ratio

The liquid–solid ratio test conditions are as follows: 50 g of Sample B is used; sulfuric
acid concentrations is 40, 80, and 160 g/L; leaching temperature is 80 ◦C; leaching time
is 120 min; stirring speed is 300 rpm; and liquid–solid ratios are 3:1, 4:1, 5:1, 6:1, 7:1, 8:1,
9:1, and 10:1. The effect of liquid–solid ratios on the content of zinc ferrite in the leaching
residues is depicted in Figure 5.
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As shown in Figure 5, at sulfuric acid concentrations of 40 and 80 g/L and as the
liquid–solid ratio increases, zinc ferrite content in the leaching residues also increases. At
a sulfuric acid concentration of 40 g/L and a liquid–solid ratio of 7:1, zinc ferrite content
in the leaching residues reaches 85.3%, and then, the zinc ferrite content tends to stabilize.
Similarly, at a sulfuric acid concentration of 80 g/L and a liquid–solid ratio of 5:1, zinc
ferrite content in the leaching residues reaches 85.8%, and then, the zinc ferrite content
tends to stabilize. As seen in Figure 5, at a sulfuric acid concentration of 140 g/L, the
liquid–solid ratio has low effect on zinc ferrite content in the leaching residues. When the
liquid–solid ratio is 3:1, zinc ferrite content in the leaching residues reaches 91%. The above
difference is due to the fact that at sulfuric acid concentrations of 40 and 80 g/L, only some
easily soluble impurity minerals are dissolved. As the liquid–solid ratio increases, the zinc
ferrite content no longer increases after the soluble impurity minerals are dissolved. At
a high sulfuric acid concentration of 140 g/L, other insoluble impurities in the leaching
residues are also dissolved and the zinc ferrite content in the leaching residues reaches
91%. Furthermore, high sulfuric acid concentrations almost completely dissolve impurities
when the liquid–solid ratio is 3:1.

The XRD spectra of the leaching residues with different liquid–solid ratios and sulfuric
acid concentrations are shown in Figure 6.

Figure 6 shows that the XRD patterns of the leaching residues with different liquid–
solid ratios and sulfuric acid concentrations considerably differ. As seen in Figure 6a, at
a sulfuric acid concentration of 40 g/L, the diffraction peak intensities of Fe2O3 and ZnO
in the sample considerably decrease with an increase in the liquid–solid ratio. When the
liquid–solid ratio is 7:1, the diffraction peaks of Fe2O3 and ZnO disappear. As seen in
Figure 6b, at a sulfuric acid concentration of 80 g/L and a liquid–solid ratio of 5:1, the
diffraction peaks of impurity minerals disappear. Similarly, as seen in Figure 6c, at a sulfuric
acid concentration of 140 g/L and a liquid–solid ratio of 3:1, the impurity peaks in the
sample disappear.
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Figure 6. The XRD spectra of the leaching residues with different liquid–solid ratios and sulfuric 
acid concentrations: (a) 40 g/L; (b) 80 g/L; and (c) 140 g/L. 
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Figure 6. The XRD spectra of the leaching residues with different liquid–solid ratios and sulfuric acid
concentrations: (a) 40 g/L; (b) 80 g/L; and (c) 140 g/L.

3.4. Effect of Leaching Time

The leaching time test conditions are as follows: 50 g of Sample B is used, liquid–solid
ratio is 7:1; leaching temperature is 80◦ C; leaching times are 10, 20, 30, 45, 60, 90, 120, 150,
and 200 min; stirring speed is 300 rpm; and sulfuric acid concentrations are 40, 80, and
140 g/L. The effect of leaching time at different sulfuric acid concentrations on the content
of zinc ferrite in the leaching residues is depicted in Figure 7.
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acid concentrations.

As seen in Figure 7, as leaching time is increased, the content of zinc ferrite in the
sample gradually increases. At sulfuric acid concentrations of 40 and 80 g/L, zinc ferrite
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content did not change considerably after 120 min of leaching. When the sulfuric acid
concentration is 140 g/L, zinc ferrite content was unchanged after 120 min of leaching.

The XRD spectra of zinc ferrite in the sulfuric acid leaching residues with different
leaching times and sulfuric acid concentrations of 40, 80, and 140 g/L are shown in Figure 8.
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Figure 8. XRD patterns of the leaching residues with different leaching times at different sulfuric acid
concentrations: (a) 40 g/L; (b) 80 g/L; and (c) 140 g/L.

As seen in Figure 8a,b, as leaching time is increased, the diffraction peak intensities
of Fe2O3 and ZnO decrease. When the concentration of sulfuric acid is low (40 and
80 g/L), even after leaching for 200 min, Fe2O3 and ZnO exist in the leaching residues. The
differences in XRD peaks are considerable for leaching times of 10–120 min, and there are
only slight differences in XRD patterns for leaching times exceeding 120 min. As seen in
Figure 8c, at a sulfuric acid concentration of 140 g/L, the XRD patterns differ considerably
under different leaching times. As the leaching time is increased, the diffraction peak
intensities of Fe2O3 and ZnO decrease rapidly. When the leaching time reaches 120 min,
almost no diffraction peaks of Fe2O3 and ZnO are observed. Moreover, the diffraction peak
intensities of zinc ferrite are high, indicating that the purity of zinc ferrite in the leaching
residues is high: zinc ferrite content reaches 91%.

3.5. Effect of Stirring Speed

The test conditions for different leaching stirring speeds are as follows: 50 g of Sample
B is used; liquid–solid ratio is 7:1; leaching temperature is 80 ◦C; leaching time is 120 min;
stirring speeds are 0 (no stirring); 100, 200, 300, 400, 500, and 600 rpm; and sulfuric acid
concentrations of 40, 80, and 140 g/L. The effect of stirring speed on the content of zinc
ferrite in the leaching residues at different sulfuric acid concentrations is depicted in
Figure 9.
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Figure 9. Effect of stirring speed on zinc ferrite content in the leaching residues at different sulfuric
acid concentrations.

As seen in Figure 9, the slopes of the three curves are almost constant, indicating that
stirring speed has no considerable effect on the purification effect of sulfuric acid leaching.

At the sulfuric acid concentration of 140 g/L, the liquid–solid ratio is 4:1; the leaching
temperature is 80 ◦C; stirring speeds are 0, 100, 200, 300, and 400 rpm; and leaching times
are 10, 20, 30, 60, 90, 120, 150, 200, 250, and 300 min. The effect of leaching time on the
content of zinc ferrite in the leaching residues at different stirring speeds is depicted in
Figure 10.
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Figure 10. Effect of leaching time on zinc ferrite content in the leaching residues at different stir-
ring speeds.

As seen in Figure 10, stirring speed is only related to the dissolution rate of the leaching
residues and not to the final dissolution result. Increasing stirring speed accelerates the
dissolution rate of the sample in the solution, which is reflected in the different slopes of
the stirring speed curves: the higher the stirring speed, the higher the slope of the curve.
Note that curves corresponding to the stirring speeds of 300 and 400 rpm almost coincide,
indicating that when the stirring speed is >300 rpm, increasing stirring speed has a low
effect on the purification effect of leaching.

At the sulfuric acid concentration of 140 g/L, the liquid–solid ratio is 4:1; the leaching
temperature is 80 ◦C; leaching times are 10, 60, and 120 min; and stirring speeds are 0, 100,
200, 300, and 400 rpm. The XRD spectra of the leaching residues under different leaching
times and stirring speeds are shown in Figure 11.
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Figure 11. XRD spectra of the leaching residues under different stirring speeds and leaching times:
(a) 10 min; (b) 60 min; and (c) 120 min.

As seen in Figure 11, under different leaching times, the content of each component
in the leaching residues obtained under different stirring speeds differs. For a leaching
time of 10 min, the diffraction peak intensities of Fe2O3 and ZnO in the residues are high at
the stirring speed set in the experiment. For a leaching time of 60 min, as stirring speed
is increased, the diffraction peak intensities of Fe2O3 and ZnO decrease while that of zinc
ferrite increase. This indicates that increasing the stirring speed has a considerable effect on
the dissolution rate increment. When the leaching time is 120 min, the XRD peaks of the
samples are similar under different stirring speeds, and the diffraction peaks of Fe2O3 and
ZnO almost disappear. Under this leaching time, most soluble impurities are dissolved.

4. Conclusions

(1) For Sample A, the purification effect of sulfuric acid leaching is insignificant, and
zinc ferrite content in the residues only increases by 2.1%. For Sample B, the purification
effect of sulfuric acid leaching is as expected and zinc ferrite content in the residues increases
by 15.7%. When leaching time is optimal, sulfuric acid concentration has a considerable
effect on zinc ferrite content in the leaching residues. When sulfuric acid concentration is
140 g/L, Fe2O3 and ZnO in the sample are completely dissolved; however, the dissolution
of zinc ferrite is gradual, which is beneficial to the purification of zinc ferrite.

(2) The higher the sulfuric acid concentration, the lower the effect of leaching tempera-
ture. When the liquid–solid ratio is 7:1, the leaching temperature is 80 ◦C, and the leaching
time is 120 min, the following is observed: when sulfuric acid concentration is 140 g/L,
80g/L, and 40 g/L, zinc ferrite content in the leaching residues reaches 91%, 85.8%, and
85.3%, respectively.

(3) As the leaching time is increased, the reaction in the solution proceeds gradually,
and for a leaching time of 120 min, the sample dissolution curve tends to stabilize. Stirring
speed only affects the rate at which the sample is dissolved and not the degree to which
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the solution dissolves the sample. Increasing stirring speed benefits the dissolution rate
of impurities in the sample. When the stirring speed is 300 rpm, the promoting effect of
stirring speed on the dissolution rate reaches its limit.

(4) The conditions suitable for preparing zinc ferrite products by sulfuric acid leaching,
purification, and roasting are as follows: The sulfuric acid concentration is 140 g/L, the
liquid–solid ratio is 4:1, the leaching temperature is 80 ◦C, the leaching time is 120 min,
and the stirring speed is 300 rpm. Under these conditions, the content of zinc ferrite in the
leaching residue is about 91%.

Author Contributions: Conceptualization, J.Y. and H.L (Hengjun Li); data curation, Z.L. and H.L.
(Hangyu Li) formal analysis, X.H. and S.L.; funding acquisition, J.Y.; investigation, S.L.; methodology,
J.Y. and S.M.; project administration, J.Y. and H.L. (Hengjun Li); validation, H.L. (Hangyu Li) and
Z.L.; writing—original draft, H.L. (Hengjun Li) and J.Y.; writing—review and editing, J.Y. and S.M.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (No. 52264020,
No. 51774099).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ma, S.; Li, H.; Yang, X.; Xu, W.; Deng, X.; Yang, J. Study on Impact Crushing Characteristics of Minerals Based on Drop Weight

Tests. Minerals 2023, 13, 632. [CrossRef]
2. Hayes, S.M.; Root, R.A.; Perdrial, N.; Maier, R.M.; Chorover, J. Surficial weathering of iron sulfide mine tailings under semi-arid

climate. Geochim. Cosmochim. Acta 2014, 141, 240–257. [CrossRef]
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