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Abstract: In this work, a mineralogical study and thermal decomposition analysis of jarosite residue
sample from a zinc plant were carried out. The mineralogical analysis showed that the jarosite residue
is mainly composed of four components, including jarosites, sulfates–hydroxides, sulfides and spinel.
The distribution of relevant metallic elements in these components was characterized using a sequen-
tial extraction process. The X-ray diffraction results showed that AFe3(OH)6(SO4)2 and ZnFe2O4 are
the main components of the jarosite residue sample. The thermal decomposition mechanisms of am-
moniojarosite and sodium jarosite were studied by TG-DSC (Thermogravimetric analysis–differential
scanning calorimetry). The thermal decomposition process and the corresponding mechanism of the
jarosite residue were analyzed. The jarosite thermal decomposition process includes the removal
of crystal water, dihydroxylation and deammoniation, desulfonation of component jarosite and
desulfonation of component zinc sulfate.

Keywords: commercial jarosite residue; thermal decomposition; mineralogical research; TG-DSC
research; dihydroxylation and deammoniation; desulfonation

1. Introduction

Jarosite precipitation presents as solid residues, which have been classified as prevail-
ing hazardous waste in the hydrometallurgy industry [1]. Jarosite precipitation is acidic in
nature and contains gangue as well as high concentrations of heavy or toxic elements (lead,
zinc, sulfur, cadmium, chromium and copper) which are susceptible to leaching. Thus,
its disposal has become a major environmental issue worldwide [2]. The most common
process to remove iron from lixivium in the zinc hydrometallurgy industry is through
the jarosite precipitation process using alkali, such as ammonia, sodium or potassium as
MeFe3(SO4)2(OH)6 (Me = K+, Na, NH4+, H3O+, etc.) [1,3]. The jarosite precipitate often
contains small amounts of lead, arsenic, cadmium and mercury [3–5], as well as some co-
precipitation of divalent base metals ions, such as Cu2+, Zn2+ and Co2+ [6]. Zinc industries
produced huge quantity of jarosite during the zinc extraction process as solid residues.
Over 1 million tons of jarosite is released annually in China [7]. This makes the jarosite
precipitate waste one of the biggest environmental problems in the zinc production indus-
try, resulting in the recycling and reuse of jarosite precipitate being of great importance.
Several methods (e.g., baked, acid-soluble, alkali-soluble and thermal decomposition) have
been developed and used in recycling metals from jarosite residues.

Lots of efforts have been made in the utilization of jarosite residue for multiple pur-
poses. Jarosite utilization has been studied by many researchers [8–12] aiming to use it
in sulfoaluminate cement production [8], ordinary Portland cement production [9], brick
production [10], glass and glass ceramic materials [11] or silver recovery [12]. Among
these purposes, decomposition, especial thermal decomposition of jarosite residue, is the
prerequisite step for comprehensive jarosite reuse and waste minimization. As a result,
the study on thermal decomposition of jarosite residue is of great importance to under-
standing the reaction process in the utilization of jarosite residue with multiple purposes.
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Many sorts of jarosite, such as potassium and sodium jarosite [13], ammoniojarosite [14],
hydronium jarosite and ammoniojarosite [15], argentojarosite [16] and Pb-jarosite [17] have
been synthesized in laboratories and put to thermal decomposition study. However, to the
authors’ knowledge, very few reports are available on the decomposition of commercial
plant jarosite residue, which is of great importance for the industry’s utilization of jarosite
residue. In this work, the thermal decomposition process of a commercial plant jarosite
residue is studied.

2. Experimental
2.1. Materials

The jarosite residue sample was collected from a zinc plant in Inner Mongolia au-
tonomous region, China. The sample was air-dried at room temperature, ground with
ceramic balls and and size fraction in range of 35–75 µm, which mixed and homogenized
using coning and quartering methods and stored in polyethylene containers for use.

2.2. Chemical Analysis of Elements and Constitutes

The chemical composition of the jarosite samples was determined by treating a 0.3 g
sample with HCl/HF/HNO3/H3BO3 acid mixture using digestion method at about 210 ◦C
until the digested solution was clear [18]. Digestion solutions were measured for total
metal content using inductively coupled plasma optical emission spectrometry (ICP-OES)
(Agilent Technologies Inc., Santa Clara, CA, USA). All reagents used in this work were of
analytical grade and used without any further purification. A sequential extraction process,
improved from the modified BCR (chemical successive extraction) three-step sequential
extraction procedure [18], was used to determine the content of various phases in the
jarosite residue. Firstly, a diluted ammonium acetate solution was used to extract easily
dissolved components in the residue, such as zinc hydroxide, zinc sulfate, copper hydroxide
and copper sulfate. Then, a diluted nitric acid and hydrogen peroxide solution was used to
extract zinc sulfide and other metal sulfides. In the last step, 10% nitric acid solution was
used to dissolve jarosite. The remained residue (spinel phase) was extracted by fused with
sodium hydroxide.

2.3. Mineralogical Characterization

Mineralogical composition of the jarosite tailing waste samples was determined
through powder X-ray diffraction (Cu Kα1, D8 Advance, Bruker, Bremen, Germany).
The microstructure, morphology, surface texture and elemental composition of jarosite
waste samples were analyzed using a scanning electron microscope (SEM) (Zeiss UltraPlus,
Jena, Germany) equipped with EDS.

2.4. Thermogravimetric Analysis-Differential Scanning Calorimetry (TG-DSC) Analysis

TG-DSC was performed on an apparatus (SDT Q600, TA USA, Inc.). The carrier
gas was nitrogen flowing at 100 mL·min−1. The heating rates were set at 5, 10, 15 and
20 ◦C·min−1, respectively. TG was used to recorded weight loss and DSC was used to
determine endothermic and exothermic heat effects accompanying physical or chemical
changes in the sample.

3. Results and Discussion
3.1. Mineralogical Characterization

It can be seen from the XRD pattern (Figure 1) that the sample is a mixture of various
jarosite crystals, composed of natrojarosite, ammoniojarosite and hydronium jarosite. It
agreed with the practice of the commercial jarosite precipitation process on site, in which
sodium bicarbonate and ammonium bicarbonate are both used as jarosite precipitation
agents. Beside these mixed jarosite phases, small amount of spinel phase was also observed,
which can be reasonably viewed as the remaining residue resulting from partially consumed
calcine in the pre-neutralization step.
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Figure 1. XRD of jarosite residue.

SEM analysis was carried out on aggregated jarosite. Besides the primarily normal
grey phase B in Figure 2, a small amount of white area A was also observed. Figure 3
shows the EDS analysis results of spectra A and B. The weight fraction of Zn to S in particle
A is 0.92:1.06, suggesting that the particle of A is sphalerite. From the XRD results, it
is clear that the main components of the sample are natrojarosite, ammoniojarosite and
hydronium jarosite. Combined with the results of the elements detected by the EDS
tests, it can be concluded that phase B is probably jarosite phase and a little amount of
zinc-bearing compound.
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3.2. Chemical Composition

The results of the XRF spectroscopy qualitative analysis in Table 1 are in agreement
with the results of the above XRD and EDS in the mineralogical characterization section.
In addition, Table 1 also shows some information on the valuable elements in the jarosite
sample. Quantitative assay results of the main relevant elements’ content in the residue
samples are summarized in Table 2. The results of the sequential extraction process are
shown in Table 3, which demonstrates more detailed information about the occurrence
state of the relevant elements.

Table 1. XRF spectroscopy qualitative analysis.

Component Content (%) Detection Limit Intensity w/o Normal

Fe2O3 54.1288 wt.% 0.0198 863.3733 44.5560
SO3 37.2005 wt.% 0.0477 287.5277 30.6215
ZnO 3.9986 wt.% 0.0019 84.0946 3.2915
SiO2 1.8368 wt.% 0.0159 7.0698 1.5120

Al2O3 0.9447 wt.% 0.0123 4.1604 0.7776
CuO 0.2183 wt.% 0.0036 3.5225 0.1797
PbO 0.4570 wt.% 0.0067 8.8499 0.3762

Table 2. Main relevant elements’ content in residue samples (%).

Element Fe S Zn Cu Pb Ag(g/t) Na

Content/% 28.92 12.94 3.09 0.15 0.34 46 1.6

Table 3. Distribution of main relevant elements in various components of jarosite residue (mass%).

Element
Sulfates-Hydroxides Sulfides Jarosites Spinel Total

Content Ratio Content Ratio Content Ratio Content Ratio Content

Zn 2.49 80.58 0.18 5.83 0.24 7.76 0.18 5.83 3.09
Cu 0.08 53.33 0.02 13.33 0.04 26.67 0.01 6.67 0.15
Pb 0.04 11.77 0.12 35.29 0.17 50.00 0.01 2.94 0.34

Ag * - - 4.0 8.70 38.00 82.61 4.0 8.70 46
Fe 3.59 12.41 - - 24.90 86.10 0.43 1.49 28.92

*: the unit of Ag content is in g/t.

According to Table 3, iron can exist in the form of AFe3(OH)6(SO4)2, Fe2(SO4)3 and
ZnFe2O4 in the jarosite residue, and the distribution ratio of iron in the above phases were
set to be p, q and r, respectively. Zn2+ does not belong to the ions of jarosite formation,
and the Zn2+ in jarosite’s components can be divided into two parts. The first part is the
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entrained ZnSO4 during jarosite precipitation. The other part includes ZnFe2O4 and ZnS
and results from the incompletely consumed calcine in the pre-neutralization process before
jarosite precipitation. Therefore, the distribution of total zinc can be divided into ZnSO4,
ZnS and ZnFe2O4 and their distribution ratio m, n and r, respectively. Other valuable
elements, such as copper, lead and silver only account for a very small proportion and can
be ignored. Then, the distribution of the element sulfur can also be divided into Fe2(SO4)3,
ZnSO4, ZnS and AFe3(OH)6(SO4)2, and their distribution ratio can be set as q, m, n and p,
respectively. Then, the moles balance in elements Fe, Zn and S in the present sample will
obey the following relationship for 100 g of jarosite residue sample based on the data in
Tables 2 and 3, as shown in Equations (1)–(5).

3 × p + 2 × q + 2 × r = 0.518 (1)

m + n + r = 0.0473 (2)

2 × p + 3 × q + m + n = 0.403 (3)

m : n : r = 88.34 : 5.83 : 5.83 (4)

p : q : r = 86.10 : 12.41 : 1.49 (5)

By solving the above equations, the values of p, q, m, n and r are calculated to be
0.164, 0.0098, 0.0418, 0.00276 and 0.00276, respectively. As a result, 100 g of jarosite residue
sample contain 0.164 mole of AFe3(OH)6(SO4)2, 0.0098 mole of Fe2(SO4)3, 0.0418 mole of
ZnSO4, 0.00276 mole of ZnS and 0.00276 mole of ZnFe2O4. In other words, there are about
79.49 g of AFe3(OH)6(SO4)2, 3.92 g of Fe2(SO4)3, 6.75 g of ZnSO4, 0.27 g of ZnS and 0.67 g of
ZnFe2O4 in 100 g of jarosite residue sample when converting moles into grams. In addition
to the above components, there is about 8.90 wt.% of the sample which can be arranged
into the other categories. These can be divided into combined water and other metal oxides,
which are neglected in the above calculation process. As the second significant component,
it is reasonable to estimate that the entrained ZnSO4 contains crystal water during jarosite
precipitation and exists as ZnSO4·7H2O. Accounting for the fact that the jarosite sample has
undergone drying at 100 ◦C for 24 h, ZnSO4·7H2O will lose about one crystal of water and
exist as ZnSO4·6H2O, based on the decomposition process study of ZnSO4·7H2O [19,20]. It
accounts for 4.52 wt.% of the jarosite sample. Certainly, as the third significant component,
ferric sulfate can also contain some crystal water. However, the water associated with ferric
sulfate can be removed at above 95 ◦C. Therefore, the ferric sulfate component is converted
into anhydrous phases during the drying process. Then, the rest of the part, about 4.38 wt.%
of the total residue, may be attributed to inert metal oxides, as shown in Table 1. ZnS and
ZnFe2O4 can be viewed as inert components during the thermal decomposition of the
jarosite sample under nitrogen atmosphere. As a result, all the inert components account
for 5.32 wt.% of the sample. As for jarosite component AFe3(OH)6(SO4)2 (A represents Na+,
NH4

+ and H3O+), it can be rewritten into Naa(NH4)b(H3O)cFe3(OH)6(SO4)2. According to
the sodium content in jarosite samples, the value of a is calculated to be 0.42. In the zinc
plant precipitation process, the consumed amount of ammonium bicarbonate is three times
that of sodium bicarbonate. Consequently, we can postulate that almost all of the rest is
ammoniojarosite, and the value of equals 0.58. The jarosite component can be expressed
as Na0.42(NH4)0.58Fe3(OH)6(SO4)2. Then, the constitution of the jarosite residue sample is
shown in Table 4.

Table 4. Estimated constitution of jarosite residue sample (mass%).

Components Na0.42(NH4)0.58Fe3(OH)6(SO4)2 Fe2(SO4)3 ZnSO4 H2O in ZnSO4 Inert Part

Content (%) 79.49 3.92 6.75 4.52 5.32
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3.3. Thermal Decomposition Mechanism of Jarosite Residue

Figure 4 shows the TG-DSC curves of jarosite residue at different heating rates. Gener-
ally, all samples lost about half of their weight at 1100 ◦C, regardless of the heating rate.
For natrojarosite, ammoniojarosite and hydronium samples, the molecules’ weight fell into
the range of 479.74 to 484.70, with an average value of 482.22. Fe and Zn are the main metal
components in the jarosite residue, and they are in the state of Fe2O3 and ZnO after the
final jarosite decomposition. The molecule weight of Fe2O3 and ZnO were 159.69 and 81.38,
respectively. When all the Fe and Zn elements were finally converted into Fe2O3 and ZnO,
the remaining weight of Fe2O3 was 49.67% of the weight of Na0.42(NH4)0.58Fe3(OH)6(SO4)2,
and ZnO took up 50.41% of the weight of another significant component, ZnSO4, in the
jarosite sample. The final mass loss is calculated to be about half of this jarosite sample. It
is in accordance with the experimental result of the thermal decomposition study.
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As for the research mechanism of the present jarosite residue, although the thermal de-
composition process of jarosite has been researched extensively, most of the reported works
used TG-DTG (Thermogravimetric analysis–derivative thermogravimetry) or TG-DTA
(Thermogravimetric analysis–differential thermal analysis) methods. The TG-DSC method
was rarely reported. The reported thermal decomposition experiments and TG~DTA re-
search works were often supplemented with infrared emission spectroscopy (IES) and
Mössbauer spectroscopy methods, which provide more helpful information about both the
resultant solid intermediates and evolved gases. Then, the thermal decomposition reactions
in each decomposition step of jarosite can be deduced. In this study, the jarosite decomposi-
tion process can be studied by comparing the present TG-DSC results with other reported
works on ammonium jarosite and sodium jarosite. Therefore, the thermal decomposition
mechanisms of ammonium jarosite and sodium jarosite should be examined firstly.

3.3.1. Thermal Decomposition Mechanism of Ammonium Jarosite

Several researchers have reported in detail the thermal decomposition process of
ammonium jarosite [10,14,21,22]. However, the descriptions about the decomposition
mechanism often differ from each other. This divergence might come from the preparation
of jarosite samples or the identification of process intermediates. For example, ammonium
jarosite samples often contain small amount of contaminated water, which affects the results
of mass loss in TG analysis. Previous reports show that if the jarosite samples are prepared
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at higher temperature, less contaminated is water retained in the jarosite precipitates [10,22],
and the temperatures both for dehydroxylation and desulfonation rise. Even under the
same preparation temperature, a long duration of the drying process above 100 ◦C also can
remove most of the contaminated water in jarosite precipitates [14,21].

In general, the jarosite decomposition process includes four main steps, namely dehy-
dration (up to 120 ◦C), dihydroxylation (260 ◦C), deammoniation (389 ◦C) and desulfonation
(510 ◦C and 541 ◦C), in sequence when the temperature increases. A thermal decomposition
process mechanism of ammonium jarosite was outlined as following by Ray L. Frost et al.
based on their TG-DTA research workssupplemented with Mass spectrometry through
evolved gases [14].

(NH4)Fe3(SO4)2(OH)6·xH2O→ (NH4)Fe3(SO4)2(OH)6+xH2O (6)

(NH4)Fe3(SO4)2(OH)6 → (NH4)(FeO)3(SO4)2 +3H2O (7)

(NH4)(FeO)3(SO4)2 → NH3+3H2O + 3Fe2(SO4)3 (8)

2Fe2(SO4)3 → Fe2O3+Fe2(SO4)3+3SO2 (9)

However, Equation (9) is not in balance. Meanwhile, it is also apparent that Fe2(SO4)3
should not be the decomposition product of Fe2(SO4)3. The accurate equation describing
the reaction process in desulfonation step can be rewritten as Equations (10) and (11), based
on the likely decomposition intermediates identified by 57Fe Mössbauer spectroscopy in
this temperature range [21]. This revision makes it more reasonable to explain the two
endothermic peaks at 510 ◦C and 541 ◦C. The two endothermic peaks suggested that the
desulfonation process takes place in two steps, as in Equations (10) and (11).

2Fe2(SO4)3 → Fe2O3 +Fe2O(SO4)2 +4SO2+2O2 (10)

Fe2O(SO4)2 → Fe2O3+2SO2+O2 (11)

Among these four steps, dehydration occurs in the initial low temperature range. No
corresponding significant endothermic peaks in DTG or DTA curves were observed. It
is not an important part of the decomposition of jarosite and usually can be neglected.
The followed dihydroxylation and deammoniation processes are often accompanied by an
obvious mass loss in the corresponding TG curve. However, the temperatures for these two
processes are close, and consequently, it is often difficult to distinguish them in the TG curve.
Therefore, sometimes, these two processes are treated as one step in dynamic analyses.

3.3.2. Thermal Decomposition Mechanism of Sodium Jarosite

Similar to the thermal decomposition process of ammonium jarosite, the thermal
decomposition process of sodium jarosite also contains two significant mass loss steps, in
which dehydroxylation and the removal of sulfate take place. However, the deammoniation
step does not exist in the thermal decomposition process of sodium jarosite.

To improve the comparability of the research results, we also chose those studies in
which the preparation conditions were similar to the sample in this study. J. Michelle
Kotler et al. reported the thermal decomposition behavior of synthesized sodium jarosite,
in which the thermal decomposition process was divided into four steps [13]. In the first
step (252~371 ◦C), a 2.39% mass loss was observed. It can be viewed as the removal of
“excess water”. A mass loss of 10.17% was obtained in the second step (371~453 ◦C). This
huge mass loss roughly matches that of dehydroxylation, which results in a mass loss of
11.14% in theoretical study. In the third step, a mass loss of 2.95% was observed under a
long range of temperature (453~590 ◦C). Finally, a mass loss of 24.40% was obtained in the
last weight loss step (590~762 ◦C). It can be attributed to desulfonation, which results in a
mass loss of 33.03% in theoretical study.

In another research work, R.L. Frost et al. [23] studied the thermal decomposition
process of natural sodium jarosite. Electron probe analysis showed that the Na-jarosite



Metals 2023, 13, 261 8 of 10

contains 17% potassium. Thus, the formula of the Na-jarosite would be better written
as (K0.17Na0.83)2Fe6(SO4)4(OH)12. The TG-DTG analysis of natural Na-jarosite shows the
mass loss steps as following. Mass loss steps are observed at (a) 215 and 230 ◦C, (b) 316
and 352 ◦C and (c) 555, 575 and 595 ◦C. The ion current curves shows that water vapor
is the evolved gas at the (a) and (b) stages, whereas SO2 is released at the stage (c). A
4% mass loss was observed due to water loss at 215 and 230 ◦C, and this water may be
described as ‘excess water’. The theoretical mass loss of Na-jarosite, based on the formula
Na2(Fe)6(SO4)4(OH)12, is 11.13%. Besides the initial 4% mass loss, the mass loss at 316 and
352 ◦C is 10%. This value is close to the theoretical value. The reaction may be summarized
as reaction (12):

Na2(Fe)6(SO4)4(OH)12 → 2NaFe(SO4)2+2Fe2O3+6H2O (12)

From the studies described above, both impure natural Na-jarosite and synthetic
Na-jarosite have similar thermal decomposition behaviors, as indicated by the TG curves;
however, many differences exist in the DTG curves. For example, there is just one endother-
mic peak (265 ◦C) appearing below 300 ◦C for synthetic Na-jarosite, while two endothermic
peaks (215 ◦C, 230 ◦C) appeared for natural Na-jarosite. This differs from the constitution
of natural Na-jarosite, which contains about 17% K. In fact, the peak at 215 ◦C for natural
Na-jarosite shows one of the characteristic peaks of K-jarosite at 216 ◦C. The peak at 230 ◦C
showing the characteristic peak of the natural Na-jarosite sample was negative moved to
35 ◦C from 265 ◦C for synthetic Na-jarosite. Secondly, there are also two endothermic peaks
(316 ◦C, 352 ◦C) for natural Na-jarosite within the range of 300~500 ◦C. However, there
is only one endothermic peak (425 ◦C) for synthetic Na-jarosite. This can be attributed
to the front peak weakening into a shoulder at 392 ◦C for synthetic Na-jarosite. Then,
both peaks for natural Na-jarosite were negatively moved to 76 ◦C and 73 ◦C from 392 ◦C
and 425 ◦C, respectively. Finally, there are also three endothermic peaks (555 ◦C, 575 ◦C,
595 ◦C) for natural Na-jarosite above 500 ◦C. Here again, peaks at 555 ◦C and 595 ◦C
showed the characteristics of K-jarosite at 556 ◦C and 598 ◦C, respectively. Only the peak
at 575 ◦C shows characteristics of Na-jarosite. As for synthetic Na-jarosite, the only one
peak above 500 ◦C appears at 665 ◦C. The last characteristic peak for natural Na-jarosite
was negatively moved 90 ◦C from 665 ◦C for synthetic Na-jarosite. All the characteristic
peaks of natural Na-jarosite negatively moved to a different extent from those of synthetic
Na-jarosite. It means that the impure mixture of K-jarosite and Na-jarosite is easier to be
thermally decomposed than synthetic Na-jarosite.

3.3.3. Thermal Decomposition Mechanism of Commercial Jarosite Sample

According to the decomposition process and the products escaped, the theoretical
mass loss resulting from these escaped products can be calculated based on Table 4.

The DSC-TG curves of the commercial jarosite residue are shown in Figure 4. Four
mass loss steps can be observed for the thermal decomposition of commercial jarosite
residue. Take the curve with the heating rate of 5 ◦C /min for example, when temperature
increases from ambient to 270 ◦C, the weight drops very slowly and a little mass loss
(1.3%) is observed up to 270 ◦C. The mass loss within this low temperature range should
be attributed to the removal of excess water in the crystal structure in the present jarosite
sample. Heating it up to 373 ◦C, a smooth weight drop of 3.6% at a faster rate was observed.
The mass loss within this low temperature range should be attributed to the removal of
crystal water in the present jarosite sample. The total mass of water in the present sample
was about 4.9%, which matches the water mass 4.38% in the estimation of mineralogical
components mentioned before.

When temperature increased continuously from 373 ◦C to 420 ◦C, the weight dropped
substantially with a mass loss of 11.1% in the range of 373 ◦C~420 ◦C. At the same time, the
first significant endothermic peak in the DSC curve appears at 405 ◦C. It corresponds to the
mass loss of the dihydroxylation and deammoniation process. The theoretical mass loss of
dihydroxylation in jarosite and ammonium is about 8.91% and 1.63%, respectively. The
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total theoretical mass loss is 10.54%, which is basically in accordance with the actual mass
loss within this temperature range. The excess mass loss can be attributed to the sequential
removal of crystal water in ZnSO4·xH2O [19,24]. Above 420 ◦C, another slow weight loss
process was observed. There is a mass loss of 2.50% between 420 ◦C and 550 ◦C.

The second significant endothermic peak in the DSC curve appeared at 635 ◦C. The
second severe mass loss stage lasted from 550 ◦C to 750 ◦C and the total mass loss reached
up to 27.77%, which corresponds with the mass loss of desulfonation in component jarosite
and component ferric sulfate. All sulfur in component jarosite and component ferric sulfate
accounts for 11.50% of the sample mass. If all the sulfur evolves as SO3, the mass loss is
28.74%, which is close to the actual mass loss, suggesting that the decomposition process
is almost completed. In the last stage of 750 ◦C~1096 ◦C, the desulfonation of component
zinc sulfate takes place [19,24] with a mass loss of 3.34%, which matches the actual mass
loss of 3.62% well. As shown in Table 5, when the temperature increased from ambient to
1096 ◦C, the liberated gases in the jarosite residue sample was NH3, H2O and SO3, and the
valorization of NH3 and SO3 was 33.75%.

Table 5. Estimated mass loss (mass%) of escaped constitutes from jarosite residue sample.

Stage and
Mass Loss

Temperature
Range

Stage
Jarosite Fe2(SO4)3 ZnSO4 H2O in ZnSO4 Estimated

Mass Loss79.49 3.92 6.75 4.52

(I): 4.90 ~373 ◦C Remove H2O - - - 4.52 4.52

(II): 11.00 373 ◦C~420 ◦C
Deammoniation 1.63 - - -

10.54
Dihydroxylation 8.91 - - -

(III): 27.77 420 ◦C~550 ◦C
Desulfonation 26.42 - - - 28.77

- - 2.35 - - -

(IV): 3.62 750 ◦C~1096 ◦C Desulfonation - - 3.35 - 3.35

4. Conclusions

The mineralogical and TG-DSC study was carried out on commercial jarosite residue.
The results showed that there were about 79.49 wt.% of AFe3(OH)6(SO4)2, 3.92 wt.% of
Fe2(SO4)3, 6.75 wt.% of ZnSO4, 0.27 wt.% of ZnS and 0.67 wt.% of ZnFe2O4 in the present
jarosite residue sample. Beside these compounds, there was also about 4.52 wt.% of crystal
water and 4.38 wt.% of other oxides.

According to the TG-DSC results, the thermal decomposition process of present
commercial jarosite residue samples includes five important steps, namely the removal
of excess water and crystal water (up to 373 ◦C, with a 4.9% mass loss), dihydroxylation
and deammoniation (from 373 ◦C to 420 ◦C, with an 11.1% mass loss), desulfonation of
component jarosite and desulfonation of component zinc sulfate. The TG-DSC results
match with the mineralogical analysis well. The liberated gases in the jarosite residue
sample were NH3, H2O and SO3, and the valorization of NH3 and SO3 was 33.75%.
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