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Abstract: Gossan ore is typically abandoned after mining, which not only increases mining pro-
duction costs but also wastes mineral resources, and its long-term accumulation can easily lead
to environmental pollution hazards. Therefore, this paper takes zinc-containing gossan ore as the
research object and, based on the high content of zinc and iron minerals in gossan ore, this study
conducts a roasting experiment to prepare ZnFeO4. X-ray diffraction is used to characterize and
analyze the ZnFeO4 sample prepared by roasting zinc-containing gossan ore. The experimental
results indicate that controlling the particle size of the roasted ore sample to −0.074 mm can ef-
fectively remove impurities and facilitate the reaction. The influence of roasting temperature and
time on the formation of ZnFeO4 is remarkable. The conditions for roasting zinc-containing gossan
ore to maximize the ZnFeO4 content are as follows: −0.074 mm particle size ore sample, reac-
tion zinc/iron molar ratio of 1:2, mechanical activation time of 120 min, roasting temperature of
1050 ◦C, and roasting time of 120 min. These findings provide new ideas for the utilization of gossan
ore and lay a theoretical foundation for the efficient development and utilization of difficult-to-select
zinc-containing gossan ore.

Keywords: gossan ore; ZnFeO4; roasting; preparation

1. Introduction

Gossan ore, as a mineral resource, has typically been overlooked by researchers due to
its complex composition, low valuable metal content, and high development costs. The
mineral and chemical composition of gossan ore is related to the main metal components
in the primary sulfide deposit. Various types of primary sulfide deposits form gossans
through surface oxidation, and their elemental combinations differ [1]. For example, gossan
ore formed from sulfide ore deposits containing gold (silver) contains valuable metals such
as gold (silver) and iron. The valuable metals of iron ore in sulfide copper deposits include
copper and iron, whereas those in gossan ore of sulfide zinc deposits include zinc and
iron. These gossan ores contain many valuable metals and have considerable potential for
development and utilization. From the perspective of mineral resource sustainability, with
the gradual depletion of high-quality mineral resources, resources such as gossan ore are
bound to be effectively utilized in the future to compensate for the shortage of mineral
resources. Therefore, gossan ore exhibits immense potential for recycling value. However,
although there are several valuable metals in gossan ore, due to its oxidized nature and low
metal content, conventional beneficiation and smelting techniques are difficult to effectively
recover and utilize resources. For decades, gossan has been limited in its application as a
guide for exploring deep sulfide ore bodies, especially those containing Cu, Pb, Zn, Mo, Ni,
Au, and Pt [2,3]. As a result, studies on the application of gossan ore remain scarce, with
the studies being limited to investigating the use of gossan ore in determining the type and
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content of ore deposits [4–6], the heavy metal composition in gossan ore and its impact
on the surrounding environment [7–10], and the high value-added precious metal gold
(silver) in gossan ore [11–13]. In summary, research on the development and utilization
of gossan ore primarily focuses on the recovery of gold, silver, and copper, with limited
research efforts being dedicated toward the development and utilization of other valuable
elements in gossan ore.

ZnFeO4 is an excellent material with a stable structure and does not easily decom-
pose at high temperatures. It is nontoxic and harmless to the human body and insol-
uble in weak acids and alkalis. Utilizing these excellent properties of ZnFeO4, high-
temperature and corrosion-resistant nontoxic coatings can be prepared. ZnFeO4 also
exhibits excellent photocatalytic performance and can be used for the catalytic adsorption
and degradation of water pollutants. Furthermore, ZnFeO4 is highly sensitive to visible
light, does not undergo photocorrosion, and possesses interface electron transfer character-
istics, making it an excellent photoelectric conversion material [14–18]. Ebrahimi prepared
ZnFeO4 nanoparticles with a mixed spinel structure using the coprecipitation method at
20–80 ◦C [19]. Sangita et al. summarized various manufacturing methods of ZnFeO4 [20].
Sun investigated the preparation of mesoporous ZnFeO4 flame retardants at different
scales and their performance in epoxy resins [21]. Rachna investigated the prepara-
tion, characterization, performance, and application of nano ZnFeO4 [22]. These re-
searchers used high-purity raw materials to prepare ZnFeO4, which has high costs and low
economic benefits.

Therefore, based on the new concepts of material processing technology for mineral
resources, this study innovatively proposes a technical concept of preparing ZnFeO4 from
zinc-containing gossan ore. This concept is based on the high content of zinc and iron
minerals in zinc-containing gossan ore. By adjusting the phase of zinc and iron minerals
in the ore and applying roasting methods, ZnFeO4 products are synthesized. This study
lays a theoretical groundwork for the development of new processes and technologies
for the preparation of ZnFeO4 with industrial application value, as well as the efficient
development and utilization of zinc-containing gossan ore.

2. Materials and Methods
2.1. Materials

The test sample was a zinc-containing gossan ore extracted from a certain mine, as
depicted in Figure 1.

Figure 1. Raw gossan ore sample.

As shown in Figure 1, the gossan ore had an irregular block shape and an earthy
yellow or brown surface with many corrosion traces. The surface of the ore had irregularly
distributed small pores, consistent with the appearance characteristics of classic gossan
ore. The zinc-containing gossan ore was dried naturally, crushed, and screened to obtain a
−1-mm test sample, following which it was mixed well and bagged for subsequent testing.
The crushing equipment was a jaw crusher, model XPC-100 × 150, and the screening
equipment was a vibrating screen, model Analysette 3.

The semiquantitative multi-element analysis results of gossan ore are presented in
Table 1. The equipment was an X-ray fluorescence element analyzer, model S8 TIGER.
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Table 1. The multi-element semiquantitative analysis results of gossan ore (source: [23]).

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

Table 1 shows that the chemical element composition of the sample was simple and
was mainly composed of zinc, iron, silicon, oxygen, and aluminum. Furthermore, there
were trace amounts of metal elements such as manganese, magnesium, calcium, and lead.
The main components of the ore were zinc minerals, iron minerals, silica, and alumina,
with Zn accounting for 8.99%, Fe2O3 for 68.32%, SiO2 for 10.32%, and Al2O3 for 5.6% of
the ore.

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

This study adopted the roasting method to prepare ZnFeO4. the effects of factors such
as material particle size, mechanical activation time, roasting temperature, and roasting
time were studied. The specific test method was as follows.

First, a GD200 × 75 planetary grinding ball mill was used to finely grind the
−1 mm-particle size gossan ore sample, and a test sample with a particle size of
−0.074 mm was screened out. Second, zinc and iron assays were conducted on sam-
ples with a particle size of −0.074 mm to obtain the zinc/iron molar ratio in the gossan
ore. Then, based on the zinc/iron molar ratio in the gossan ore and the zinc/iron molar
ratio required by the ZnFeO4 reaction theory, zinc or iron oxide was added to regulate the
appropriate zinc/iron molar ratio. Then, the test sample with an adjusted zinc/iron molar
ratio was placed into the GD200 × 75 planetary grinding ball mill for mechanical activation
treatment. Finally, the mechanically activated test samples were taken and roasted in a
GXL-15 high-temperature box furnace to obtain the roasted ZnFeO4 product.

The main chemical reactions that may occur during the roasting process for preparing
ZnFeO4 are as follows:

ZnO + Fe2O3 = ZnFe2O4 (1)

ZnCO3 + Fe2O3 = ZnFe2O4 + CO2 (2)

2.2.2. Characterization Methods

X-ray diffraction (XRD) analysis was the main method used in the experiment for
characterization and analysis, and the analysis principle is as follows.

In XRD analysis, the intensity of the diffraction rays of different substances in a mixture
increases with the relative content of the substance in the sample. As a result, the diffraction
peak intensity of ZnFeO4 in XRD analysis can be used to calculate the relative content of
ZnFeO4 in the sample.

3. Results and Discussion
3.1. Effect of Ore Particle Size

Here, the research on the effect of ore particle size is primarily based on two consid-
erations. First, one of the main impurity minerals of gossan ore is quartz, with a Mohs
hardness of 7.0, whereas the Mohs hardness of smithsonite in the main zinc and iron
ores is 4–4.5, that of hemimorphite is 4–4.5, and that of limonite is 1–4. The hardness of
impurity mineral quartz is higher than that of zinc and iron minerals; thus, fine grinding
and screening may be performed to remove some difficult-to-grind quartz. Second, the
specific surface area of materials with different particle sizes differs, affecting the reaction
rate. Therefore, the effect of ore particle size on the preparation of ZnFeO4 by roasting
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was investigated. After grinding the −1 mm gossan ore sample for 1 h, the samples were
sieved using 150-, 180-, 200-, and 250-mesh sieves. The corresponding particle sizes of
the products under the sieves were −0.1, −0.088, −0.074, and −0.065 mm, respectively.
The other experimental conditions are as follows: zinc/iron molar ratio of 1:2, mechanical
activation time of 120 min, roasting temperature of 1050 ◦C, and roasting time of 120 min.
The content of ZnFeO4 in products roasted with different particle sizes is shown in Table 2.

Table 2. Content of ZnFeO4 in roasted products of different particle sizes.

Particle Size (mm) −1 −0.1 −0.088 −0.074 −0.065

Content of ZnFeO4 (%) 75.3 80.1 85.3 88.6 88.4

Table 2 shows that as the particle size of zinc-containing gossan ore decreased, the
amount of ZnFeO4 generated continuously increased; however, there was negligible change
after the −0.074 mm particle size. Among them, the ZnFeO4 content in the roasted product
of −1 mm particle size was 75.3%, whereas the ZnFeO4 content in the roasted product of
−0.074 mm particle size was 88.6%, and the ZnFeO4 content was increased by 13.3%.

The multi-element semiquantitative analysis results of the −0.074 mm particle size
sample are shown in Table 3.

Table 3. The multi-element semiquantitative analysis results of the −0.074 mm particle size sample.

Component Zn Fe2O3 SiO2 Al2O3 MgO CaO

Content (%) 12.32 73.56 5.81 2.6 0.78 0.68

Component Na2O K2O SO3 TiO2 Mn Pb

Content (%) 0.15 0.10 0.86 0.35 0.96 1.45

Tables 1 and 3 illustrate that after fine grinding and screening with a 200-mesh sieve,
the silicon dioxide content in the −0.074 mm particle size ore sample considerably decreased
by approximately 43.7%. Therefore, the relative content of zinc and iron minerals as
reactants also increased to a certain extent, which was conducive to the formation of
ZnFeO4 and increased the ZnFeO4 content in the roasted product.

XRD analysis was performed on the products after roasting the samples with particle
sizes of −1, −0.1, −0.088, −0.074, and −0.065 mm. The XRD diffraction patterns are
displayed in Figure 2.

Figure 2. XRD patterns of the roasted products at different particle sizes.
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Figure 2 shows that among the five roasted ore products, the diffraction peaks of
silicon and aluminum compounds in the roasted products with −1 and −0.1 mm particle
sizes exhibited almost no change in intensity, indicating that the use of a 150-mesh sieve did
not substantially remove silicon and aluminum minerals. After sieving with a 180-mesh or
finer sieve, silicon and aluminum minerals can be effectively removed. A comparison of the
roasted products with particle sizes of −0.074 and −0.065 mm revealed that the diffraction
peaks of silicon and aluminum compounds were the smallest. However, the difference
between the two was insignificant. Therefore, the subsequent experimental ore samples
were selected as follows: the original −0.1 mm particle size gossan ore was finely ground
for 1 h and screened with a 200-mesh sieve, and the −0.074 mm particle size ore sample
was used as the material to prepare ZnFeO4.

3.2. Effect of Roasting Temperature

The roasting temperature test conditions were −0.074 mm particle size ore sample;
zinc/iron molar ratio of 1:2; mechanical activation time of 120 min; roasting time of 120 min;
and roasting temperatures of 700 ◦C, 800 ◦C, 900 ◦C, 1050 ◦C, and 1200 ◦C, respectively.
The XRD patterns of the roasted products at different roasting temperatures are depicted
in Figure 3.

Figure 3. XRD patterns of the roasted products at different roasting temperatures.

Figure 3 shows that at roasting temperatures of 700 ◦C and 800 ◦C, the diffraction peaks
of zinc and iron oxide minerals strengthened, indicating that several reactants had yet to
undergo the reaction. When the roasting temperature reached 900 ◦C, the diffraction peaks
of zinc and iron oxide minerals weakened, indicating that at this roasting temperature, the
reactant content in the sample decreased and the reaction proceeded more fully. When
the roasting temperature increased from 700 ◦C to 900 ◦C, the diffraction peak intensity
represented by zinc oxide minerals in the XRD pattern exhibited the largest decrease, and
the diffraction peak of iron oxide minerals also weakened to a certain extent. This indicates
that a considerable amount of zinc and iron oxide minerals, such as smithsonite and
limonite, participated in the reaction when the roasting temperature increased from 700 ◦C
to 900 ◦C. When the roasting temperature was 1050 ◦C, the diffraction peak of ZnFeO4 in the
roasted product was evident, whereas those of zinc and iron oxide minerals disappeared,
indicating that the reaction was complete at this time. When the roasting temperature was
above 1050 ◦C, the diffraction curve of the sample remained almost unchanged, and the
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diffraction peaks of ZnFeO4 were also visible, whereas the diffraction peaks of the zinc
and iron oxide minerals disappeared. According to XRD quantitative analysis, the ZnFeO4
content in the roasted product reached 75.3% at a roasting temperature of 800 ◦C. At a
roasting temperature of 1050 ◦C, the ZnFeO4 content in the roasted product was 88.6%.

To investigate the changes in ZnFeO4 content in roasted products at different roasting
temperatures, the following experiments were conducted. The experimental conditions
were as follows: −0.074 mm particle size ore sample; zinc/iron molar ratio of 1:2; mechan-
ical activation time of 120 min; roasting time of 120 min; and roasting temperatures of
600 ◦C, 700 ◦C, 800 ◦C, 900 ◦C, 950 ◦C, 1000 ◦C, 1050 ◦C, 1100 ◦C, and 1200 ◦C. The varia-
tion in ZnFeO4 content among the roasted products with roasting temperature is depicted
in Figure 4.

Figure 4. ZnFeO4 content of the roasted products at different temperatures.

Figure 4 reveals that prior to 1050 ◦C, the increase in roasting temperature had a
remarkable impact on the formation of ZnFeO4, resulting in a rapid increase in ZnFeO4
content. After 1050 ◦C, there was little change in the ZnFeO4 content. Therefore, a roasting
temperature of approximately 1050 ◦C is the optimal temperature in terms of maximizing
ZnFeO4 content. However, a high temperature of 1050 ◦C consumes a substantial amount
of energy, and the higher the temperature, the more time and energy required to raise the
temperature. Therefore, from the perspective of saving energy consumption and based on
the XRD spectrum analysis in Figure 3, the diffraction peaks of zinc and iron oxide minerals
weaken when the roasting temperature reaches 800 ◦C. At this roasting temperature,
the content of reactants in the sample considerably decreases and the reaction proceeds
more fully. Therefore, the roasting temperature is a crucial factor affecting the formation
of ZnFeO4.

3.3. Effect of Mechanical Activation Time

The mechanical activation time test conditions were −0.074 mm particle size ore
sample; zinc/iron molar ratio of 1:2; roasting temperatures of 800 ◦C, 900 ◦C, 950 ◦C,
1000 ◦C, and 1050 ◦C; roasting time of 120 min; and mechanical activation times of 0,
60, 120, and 200 min. The XRD patterns of the roasted products at different roasting
temperatures and mechanical activation times are depicted in Figure 5.
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Figure 5. Cont.
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Figure 5. XRD patterns of the roasted products at different roasting temperatures and mechanical
activation times: (a): 800 ◦C; (b): 900 ◦C; (c): 950 ◦C; (d): 1000 ◦C; (e): 1050 ◦C.

Figure 5a illustrates that at a roasting temperature of 800 ◦C, with prolonging mechan-
ical activation time, the diffraction peak of ZnFeO4 in the roasted product strengthened,
indicating an increase in the ZnFeO4 content. XRD quantitative analysis revealed that the
content of ZnFeO4 in the roasted product increased from 68.4% under 0 min mechanical
activation to 75.3% under 120 min mechanical activation. This may be attributed to the
fact that during mechanical activation, the ore produces several lattice dislocations at a
microscopic level. The aggregation of many lattice dislocations can generate microcracks.
The rapid propagation of these microcracks results in a temperature exceeding 1300 K at
the top of the crack. On a microscopic scale, the high-temperature and high-pressure state
at the top of the crack corresponds to the high-speed movement of atoms, promoting the
migration and diffusion between atoms, which is conducive to the progress of the reaction.
Furthermore, some atoms are excited, and electrons are excited in extremely small regions
to form a plasma region, further accelerating the reaction. In addition, mechanical activa-
tion plays a role in the ability to completely crush and grind the material, increasing the
specific surface area of the sample and the possibility of direct contact between the reaction
materials, thereby effectively improving the reaction rate. A comparison of Figure 5a–e
reveals that the increase in roasting temperature led to a considerable enhancement in
the diffraction peak of ZnFeO4 in the XRD spectrum of the sample. However, when the
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roasting temperature exceeded 1000 ◦C, the XRD spectrum of the roasted sample exhibited
little change under different mechanical activation times, indicating that the promotion
effect of mechanical activation on the preparation of ZnFeO4 by roasting was insignificant
at this temperature.

To investigate the effect of mechanical activation time on the preparation of ZnFeO4 at
different roasting temperatures, the following experiments were conducted. The experi-
mental conditions were −0.074 mm particle size ore sample; zinc/iron molar ratio of 1:2;
roasting temperatures of 800 ◦C, 900 ◦C, 950 ◦C, 1000 ◦C, and 1050 ◦C; roasting time of
120 min; and mechanical activation times of 0, 30, 60, 90, 120, 150, and 200 min. The effect
of mechanical activation time on the content of ZnFeO4 in the roasted products at different
roasting temperatures is depicted in Figure 6.

Figure 6. Effect of mechanical activation time on ZnFeO4 content of the roasted products at different
roasting temperatures.

Figure 6 shows that at a roasting temperature of 800 ◦C, the mechanical activation
time had a remarkable impact on the ZnFeO4 content in the roasted product. According to
the analysis results, the ZnFeO4 content was 62.3% in the absence of mechanical activation.
After 120 min of mechanical activation, the ZnFeO4 content in the roasted product reached
75.3%, demonstrating an increase of 13% compared with the case of ZnFeO4 content with-
out mechanical activation. At a roasting temperature of 900 ◦C, the content of ZnFeO4 is
68.4% without mechanical activation. After 120 min of mechanical activation, the content
of ZnFeO4 in the roasted product reached 80.2%. Consequently, the content of ZnFeO4 in-
creased by 11.8%, which was lower than the increase in ZnFeO4 content at 800 ◦C. At higher
roasting temperatures of 1000 ◦C and 1050 ◦C, the effect of mechanical activation time on
the preparation of ZnFeO4 by roasting was insignificant. According to the analysis results,
within the range of the above mechanical activation times, the highest ZnFeO4 content in
the sample was approximately 86.8% at a roasting temperature of 1000 ◦C, whereas the
highest ZnFeO4 content in the sample was approximately 88.6% at a roasting temperature
of 1050 ◦C. This could be attributed to the roasting temperature being sufficiently high for
the −0.074 mm particle size sample and the particles being capable of completely diffusing.
At this time, mechanical activation has marginal utility. Because the reactants could fully
react under a short mechanical activation time, extending the mechanical activation time
has no considerable impact on the formation of ZnFeO4. This further elucidates the point
that roasting temperature is a crucial factor affecting the formation of ZnFeO4.

3.4. Effect of Roasting Time

The roasting time test conditions were −0.074 mm particle size ore sample; zinc/iron
molar ratio of 1:2; mechanical activation time of 120 min; roasting temperatures of 800 ◦C,
900 ◦C, 950 ◦C, 1000 ◦C, and 1050 ◦C; and roasting times of 30, 60, 90, 120, and 150 min.
The XRD patterns of the roasted products at different roasting temperatures and times are
depicted in Figure 7.
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Figure 7. Cont.
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Figure 7. XRD patterns of the roasted products at different roasting times and temperatures:
(a): 800 ◦C; (b): 900 ◦C; (c): 950 ◦C; (d): 1000 ◦C; (e): 1050 ◦C.

Figure 7 shows that for roasting times of 30 and 60 min, within the experimental
roasting temperature range, the diffraction peaks of iron and zinc oxides in all roasted
products were evident to a larger degree, indicating a considerable amount of unreacted
reactants in the sample. After the roasting time reached 90 min, the diffraction peaks of zinc
and iron oxides in the roasted products at 1000 ◦C and 1050 ◦C considerably weakened,
indicating a complete reaction. At roasting temperatures above 1000 ◦C, the roasting time
was extended, and the ZnFeO4 content was substantially increased within the 30–90 min
roasting time range. When the roasting time was 120 min, the diffraction peaks of iron
and zinc oxides were weak, whereas those of ZnFeO4 were strong. When the roasting
time reached 120 min, the reaction was complete. When the roasting time was 150 min,
in a manner similar to that when the roasting time was 120 min, there were almost no
diffraction peaks of zinc and iron oxides, but the diffraction peaks of ZnFeO4 were very
strong, indicating that the reaction was sufficient at this time. Note that the XRD-pattern
waveforms of the samples for roasting times of 120 and 150 min are very similar. Because
the diffraction peak intensity of a substance represents the relative content of the substance,
the peaks of the spectra of the samples are similar, indicating that the reaction was complete
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at this time. Moreover, the peak diffraction intensity of ZnFeO4 was high, and the difference
was insignificant, indicating that the ZnFeO4 content in the samples was high. At roasting
temperatures of 800 ◦C and 900 ◦C and roasting time of 90 min or more, the diffraction
peak of zinc/iron impurities in the sample was evident. This indicates that the reaction
of zinc-containing gossan ore was not fully complete at this temperature and the roasted
product contained many impurities.

To investigate the effect of roasting time at different roasting temperatures on the
formation of ZnFeO4, the following experiments were conducted. The experimental con-
ditions were as follows: −0.074 mm particle size ore sample; zinc/iron molar ratio of 1:2;
mechanical activation time of 120 min; roasting temperatures of 800 ◦C, 900 ◦C, 950 ◦C,
1000 ◦C, and 1050 ◦C; and roasting times of 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, and
180 min. The effect of roasting time at different roasting temperatures on the preparation of
ZnFeO4 is depicted in Figure 8.

Figure 8. Effect of roasting time on ZnFeO4 content of the roasted products at different roasting
temperatures.

Figure 8 shows that at low roasting temperatures (800 ◦C and 900 ◦C) and a roasting
time of less than 75 min, the ZnFeO4 content in the roasted product increased rapidly,
exhibiting a near-linear trend. When the roasting time was 75–105 min, the growth rate of
the zinc ferrite content slowed. When the roasting time was above 120 min, the ZnFeO4
content in the roasted product remained almost unchanged. At high roasting temperatures
(1000 ◦C and 1050 ◦C), the pattern exhibited was similar to that at lower roasting temper-
atures, except for the faster growth rate of ZnFeO4 in the early stage. When the roasting
time reached 120 min, the ZnFeO4 content was almost maximum. If the roasting time
was extended further, the ZnFeO4 content in the product would not change considerably,
indicating that the sample had fully reacted at this time. Figure 8 also shows that at a roast-
ing time above 120 min, the ZnFeO4 content in the roasted products at different roasting
temperatures reached equilibrium. Moreover, as the roasting temperature increased, the
slope of the curve also slightly increased, indicating that higher roasting temperatures lead
to a faster increase in ZnFeO4 content.

4. Conclusions

(1) Before roasting, fine grinding and screening of the −1 mm gossan ore sample can
effectively remove impurities and facilitate the reaction by controlling the particle size of
the ore to −0.074 mm. Compared with nonscreening after fine grinding of the ore, the
ZnFeO4 content in the roasted product increased by 13.3% after roasting for a particle size
of −0.074 mm.

(2) When the roasting temperature was low (800 ◦C), the mechanical activation time
had a remarkable impact on the preparation of ZnFeO4 by roasting. Following 120 min
mechanical activation, the ZnFeO4 content in the roasted product reached 75.3%, which
was 13% higher than that without mechanical activation. When the roasting temperature
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was high (1050 ◦C or above), the effect of mechanical activation time on the formation of
ZnFeO4 during roasting was insignificant.

(3) Roasting temperature and roasting time considerably influenced the formation of
ZnFeO4. As the roasting temperature and roasting time increased, the ZnFeO4 content in
the roasted products gradually increased. When the roasting temperature reached 1050 ◦C
or above and the roasting time reached 120 min, the reaction was complete.

(4) Considering the maximization of ZnFeO4 content, the suitable conditions for
preparing ZnFeO4 from zinc-containing gossan ore by roasting are as follows:
−0.074 mm-particle size ore sample, reaction zinc/iron molar ratio of 1:2, mechanical
activation time of 120 min, roasting temperature of 1050 ◦C, and roasting time of 120 min.
Under these conditions, the ZnFeO4 content in the roasted product reached 88.6%.

(5) From the perspective of saving energy consumption and simplifying the phase
composition of reaction products, the suitable conditions for preparing ZnFeO4 from zinc-
containing gossan ore by roasting are as follows: −0.074 mm particle size ore sample,
reaction zinc/iron molar ratio of 1:2, mechanical activation time of 120 min, roasting
temperature of 800 ◦C, and roasting time of 120 min. Under these conditions, the ZnFeO4
content in the roasted product reached 75.3%.
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