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Jarosite is an effective scavenger for metals by the chemical formula AFe3(SO4)2(OH)6. 

In the present article, a comprehensive literature review is performed on the formation, 

decomposition, and utilization of jarosite. Based on reviewed studies, biological jarosite 

seeds can shorten the induction period and reduce the temperature limit in the jarosite 

precipitation. Also, the precipitation process of jarosite is more complete with biological 

jarosite seeds. The crystallization parameters such as Fe2(SO4)3 concentration, agitation 

speed, pH and temperature have significantly affected on the morphology and the 

particles size of jarosite. Decomposition of jarosite is carried out using two different 

methods thermal and hydrothermal. Jarosite seed is a potential resource, which has to be 

recycled in a technically feasible and environmentally friendly manner. Besides, it is 

observed that jarosites have several advantages such as control iron in hydrometallurgy, 

zinc industry, arsenic removal and other impurities, pigment, nanoparticles, filling 

materials, adsorption materials, acidic reagent, and catalytic materials. 
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1. INTRODUCTION

Many studies have focused on efficiency-enhancing of 

removal systems and obtaining better working conditions. 

Among various methods applied in removal efficiency 

enhancement such optimizing working condition and utilizing 

more appropriate materials [1-4]. Jarosite is a promising 

approach and it is an effective scavenger for metals in iron and 

sulfate rich acidic solutions. In 1852, German mineralogist 

August Breithaupt first discovered a yellowish-brown iron 

sulfate hydroxide mineral in Barranco del Jaroso (Jaroso 

Ravine) in the Sierra Almagrera along the southeastern coast 

of Spain and named it jarosite [1]. 

 Jarosites [complex basic iron sulfate] are a family of 

minerals by the general formula AB3(XO4)2(OH)n∙mH2O. For 

jarosites, B=Fe3+, X=S, n=6. Diverse jarosite group minerals 

are formed based on the substitution of A with cations. The A 

sites can be occupied by monovalent (K, Na, Ag, Tl, H3O), 

divalent (Ca, Sr, Ba, Pb), trivalent and quadrivalent (Th, U) 

ions [1-3]. Their mineral names, synthetic equivalents, the 

substitution of A and formulas are listed in Table 1. The word 

“jarosite” refers to the potassium form of the compound 

KFe3(SO4)2(OH)6, nevertheless all the minerals in this group 

are mentioned to as jarosites. Jarosites are found in acid sulfate 

soils, fluvial environments contaminated by acid rock (ARD) 

or acid mine drainage (AMD) sediments, mine tailings of 

sulfide ores deposits, or as a byproduct in refining and 

hydrometallurgical processes. In 2004, jarosite was also 

detected by the Mars Exploration Rover (MER) Mossbauer 

spectrometer [2, 4] 

The major quantity of jarosite is generated mainly from 

Korea, Mexico, Norway, Finland, Germany, Spain, Holland, 

Canada, France, Australia, Yugoslavia, Argentina, Japan and 

Belgium. Jarosites are produced both biologically [5-10] and 

chemically [9, 11, 12]. Although biologically and chemically 

synthesized samples show some variation in their physical 

properties, chemical analysis helps to identify and categorize 

each type. Sodium jarosite and ammonium jarosite are cost-

effective than potassium jarosite and therefore, more 

commonly used in industry [2, 3].  

The utilization of jarosite has several advantages, such as 

easy operation and obvious economic benefits.  

The main advantage of precipitating jarosite compounds is 

the high precipitation efficiency and ease of filtration. In 

addition, it allows the process to be carried out at lower 

temperature and in slightly acidic media which avoids the 

neutralization step. Specifically for the zinc industry, another 

advantage of this precipitation is that the formation of jarosite 

will also scavenge other impurities such as lead and silver 

from the zinc product, improving the quality of the product [2, 

9, 13, 14]. 

With a view to compensate the high cost of iron removal by 

jarosite precipitation, engineers and researchers focused on the 

utilization of jarosite precipitates as a raw material in the 

production of pigments and construction materials [2, 13, 14]  
Some studies are available on preparation and 

characterization of synthetic jarosites; however, no studies 

focused on various aspects and utilization of jarosites have 

been published yet. In this work, we studied the various 

aspects related to jarosite and its utilization potentials.
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Table 1. Minerals of the jarosite subgroup and their synthetic equivalents 

 
Cations Mineral name Synthetic equivalent Formula 

K+ jarosite Potassium jarosite KFe3(SO4)2(OH)6 
NH4+ ammoniojarosite ammonium jarosite (NH4) Fe3(SO4)2(OH)6 
Na+ natrojarosite sodium jarosite NaFe3(SO4)2(OH)6 

H3O+ hydronium jarosite Hydronium jarosite (H3O) Fe3(SO4)2(OH)6 
Tl+ dorallcharite Thallium jarosite TIFe3(SO4)2(OH)6 
Ag+ argentojarosite silver jarosite AgFe3(SO4)2(OH)6 

0.5Pb2+ plumbojarosite lead jarosite PbFe6(SO4)2(OH)12 
0.5Hg2+ no mineral equivalent mercury jarosite HgFe6(SO4)4(OH)12 

Rb+ no mineral equivalent rubidium jarosite RbFe3(SO4)2(OH)6 

 

2. PROPERTIES OF JAROSITE 

 

2.1 Mineralogy of jarosite 

 

Alunite (Al3(SO4)2(OH)6) relates to jarosite through 

similarities in structure and properties, with aluminum 

substituted for iron, and is often presently associated with 

jarosite. Jarosite has a well-defined X-ray diffraction (XRD) 

pattern (Figure 1), which allows for clear identification by this 

technique, even in low concentrations. However, XRD can 

sometimes not properly identify jarosite when it is a very fine-

sized crystal or amorphous. Jarosite species have some 

mineralogical features that correspond to associated minerals 

such as pyrites and limonite [2, 13, 15, 16].  

 

2.2 Structure of jarosite 

 

Jarosites are trigonal crystals in space group R3m and 

consist of sheets of hydroxy and sulfate bridged ferric ion 

distorted octahedra [11, 13]. The structure of jarosite is shown 

in Figure 2. Parameter a in the unit cell is presented as 7.3 Å, 

but it differs with synthesis conditions. Parameter c ranges 

from 16.5 to 17.4 Å for monovalent cation substitution such as 

ammoniojarosite and 33.7 Å for divalent cation divalent 

substitution such as plumbojarosite.  

Elemental analysis for specific cations can be used to 

establish the specific jarosite type (Table 2). Jarosite groups in 

the environment are typically mixtures solid solutions with 

various cationic substitutions rather than end-member 

compositions [6, 8]. 

Various modes of vibrations present in the jarosite structure 

can be explained by its IR- spectra (Figure 3) [11]. 

Figure 3 show that the absorption peak in the region of 

2900-3700 cm-1 was ascribed to the O-H stretching; the  

absorption peak of 1425 cm-1 was attributed to the NH4
+ 

stretching the v4, v3, v2 and v1 vibration of SO4
2- were 

represented in the wave numbers of 628, 1194, 1085, and 1004 

cm-1, respectively; the vibration peaks of FeO6 were observed 

in the wave numbers of 511 cm-1 and 473 cm-1 [10]. According 

to the above result, we can conclude that the precipitates which 

bio-mediated are ammonium jarosites with the formula of 

NH4Fe3 (SO4)2(OH)6.  

 

 
 

Figure 1. XRD patterns of jarosites 

 

      
 

Figure 2. Structure of jarosite (a) single unit (b) crystal structure of sulfate tetrahedra and FeO6 octahedra (c) schematic of a 

single layer of Fe-O coordination octahedra  
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Table 2. Elemental composition of variously produced 

jarosites by the microbial method [6, 8] 

 

Cations Elemental composition (wt %)       Mol Ratio 

 K Na Ag Fe S N Fe/S 

K+ 7.82 0 0 33.5 12.9   0    1.5 

NH4+ 0 0 0 35.0 13.4 2.93 1.5 

Na+ 0 4.74 0 34.6 13.3 0 1.5 

H3O+ 0 0 0 34.9 13.4 0 1.5 

Ag+ 0 0 14.6 29.1 11.2 0 1.5 

 

 
 

Figure 3. FTIR spectrum of jarosite 

 

 

3. SYNTHESIZE OF JAROSITE 

 

Methods of producing synthetic jarosite seeds consist of 

biological and chemical technologies. The biological method 

can produce synthetic jarosite seeds at room temperature 

whereas the chemical method was carried out at high 

temperature. Ivarson in 1973 was among the first to synthesize 

jarosite with microbial oxidation of ferrous sulfate [7]. Since 

then, some studies shown that jarosites can be produced from 

ferrous sulfate by acidophilic Fe (III)-oxidizing- bacteria such 

as Acidithiobacillus ferrooxidans [6-8, 10, 13]. A. 

ferrooxidans is a Gram negative, acidophilic, obligate 

chemolithoautotrophic proteobacterium which can get energy 

from the oxidation of ferrous iron or reduction of sulfur (S0) 

compounds. It has a significant impact on the precipitation of 

jarosite. A. ferrooxidans usually grows in liquid 9K medium 

[9, 10, 16-20]. Sasaki and Konno [7] utilized A. ferrooxidans 

in 9k medium for precipitation of jarosite. They detected that 

the precipitate formed in the biological medium (9k) usually 

contained potassium jarosite or a mixture of ammonium and 

potassium jarosites [7]. 

The formation of jarosite initiates by biological oxidation of 

ferrous to ferric ions, followed by formation of crystal nuclei 

and lastly the growth of complete crystals [7]. The technique 

and rate of ferrous ions oxidation are known to have an effect 

on the appearances of the jarosite formed. In 1995 Sasaki et al. 

[6] reported that biological synthesis made no direct 

contribution to the crystallization of jarosites [6]. In 2000 

Sasaki and Konno [7] showed that the jarosites synthesized by 

biological method had significantly different morphology 

compared to those produced chemically. In 2015 Liu et al. [20] 

used biological seeds and chemical seeds on jarosite process. 

Obtained results are shown in Figure 4. They observed that 

chemical jarosite seeds appear like a dense, stacked corolla 

and rough particle size. Biological jarosite was smooth, sleek 

and particle size less than 5 μm. Also, they found that the 

process of jarosite precipitation was more complete by 

biological jarosite seeds.  

According to the studies of Sadowski et al. [18] the 

extracellular polysaccharides of bacteria has an important 

effect on the morphology of the jarosite particles. In addition, 

the crystallization parameters have effect on the physical 

properties, particle size and morphology of jarosite [20, 21]. 

Liu et al. [21] studied influences of parameters such as 

agitation speed, temperature, and initial concentration of ferric 

sulfate in a batch crystallizer. It was reported that parameters 

of crystallization had a great influence on the morphology 

(polyhedron, spherical and irregular shapes) of ammonium 

jarosite. 

Wang et al. [19] studied the transformation of 

schwertmannite to jarosite using iron-oxidizing acidophilic 

bacteria. They observed that, jarosite and schwertmannite 

[Fe8O8(OH)6SO4] could be precipitated from ferrous sulfate 

mineral salt media inoculated with A. ferrooxidans, and 

elevated that temperature and higher concentrations 

ammonium ions led to jarosite precipitation while lower 

temperature and ionic concentrations precipitated 

schwertmannite. Besides, they observed the conversion of 

schwertmannite into jarosite, in the presence of monovalent 

ions, but the elemental composition, specific surface area and 

color of these "transformed jarosites" were different from 

those jarosites that were directly precipitated upon bacterial 

iron oxidation. Gramp et al. [8] synthesized and characterized 

different types of jarosites in liquid media inoculated with A. 

ferrooxidans and having a range Na+, K+, and NH4
+ 

concentrations in to determine the practical concentrations of 

monovalent cations required for jarosite formation. The 

concentration of monovalent cations required varied 

depending on the type of jarosite. Results showed that, 

natrojarosite required the highest level of the cation and 

potassium jarosite the lowest level. 

 

 

 
 

Figure 4. SEM images of morphology of jarosite seeds by 

different techniques: (a) Biological technique; (b) Chemical 

technique [20] 

 

 

4. MECHANISMS OF FORMATION 

 

As it mentioned, the precursors for jarosite formation are 

iron, sulfate, a cation source, and acidophilic Fe (III)-
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oxidizing- bacteria, in a temperature and pH range conducive 

to jarosite precipitation. The first step in the formation of iron 

precipitation is ferrous ion oxidation that occurring via Eq. (1).  

 

4Fe2+ + O2 + 4H+ →4Fe3
+ + 2H2O  (1) 

 

Since there is a consumption of hydrogen ions, the pH of 

the broth media (9K) initially increases. However, this pH 

increase is counteracted via the hydrolysis of ferric iron, as 

shown by Eqns. (2), (3) and (4) [22-24]. 

 

Fe3+ + H2O ↔ FeOH2+ + H+  (2) 

                              

Fe3+ +  2H2O ↔ Fe (OH)2
+ + H+ (3) 

 

Fe3+ +3 H2O ↔ Fe (OH( 3 + H+ 
(4) 

  

Jensen and Webb in 1995 reported that the pH of the system 

affected the extent of the oxidation and hydrolysis reactions. 

Furthermore, there is a reaction in competition with the 

hydrolysis reaction giving products of basic ferric hydroxy 

sulfates [25]. These hydroxy sulfate precipitates are known as 

jarosites, as shown by Eq. (5). 

 

3Fe3+ + M+ + 2HSO4
- + 6H2O → MFe3(SO4)2 (OH)6+ 

8H+ 
(5) 

 

The roughly explained process of precipitation of jarosite 

involves three steps: oxidation of ferrous to ferric ions, the 

formation of crystal nuclei (embryo) and the growth of crystals 

of a jarosite group phase [7, 23]. According to the multi-step 

of jarosite nature formation, it is expected that this process is 

affected by several factors. 

 

 

5. FACTORS AFFECTING JAROSITE FORMATION 

 

Several factors play a role in the rate of biological oxidation 

of ferrous ions by means of A. ferrooxidans. These factors 

consist of bacterial concentration, dissolved oxygen, 

concentrations of ferrous/ferric iron and monovalent cations, 

pH, temperature, aging time, reactor type and the molar ratio 

of Fe/K, Fe/NH4, Fe/Na, Fe/H3O [9, 11, 23, 26-28].  

Based on a numerical study by Daoud et al. [23] the pH and 

temperature have important effects on the biological oxidation 

kinetics of iron by A. ferrooxidans. The pH range of 1.0-3.0 is 

well-documented to favor jarosite formation, whereas a higher 

pH range result in the dominant formation of schwertmannite. 

Several studies have been conducted to find the optimum pH 

and temperature ranges for A. ferrooxidans operation. Some 

findings are as shown in Table 3. According to Table 3, the pH 

and temperature at which the bacterium has the highest rate of 

oxidation and operation are about 2.0 and 30°C, respectively. 

The jarosite formation requires the nucleation of a new 

phase, and this reaction will likely depend on several factors 

for instance seeding, and purity of the reagents. Hence, it is not 

surprising that wide variations have been noted for the effect 

of seeding. Seeding was reported by some authors to have only 

a slight effect [33, 34], however, abundant seeding was noted 

by others to have a major influence [20, 35-37]. Studies by 

Dutrizac [2] showed that seeding accelerated the rate of 

jarosite formation; similar effects were observed by Li et al. 

[20] for ammonium jarosite. The precipitation process of 

jarosite is more complete with seeding [20]. Studies show that 

bacterial immobilization and biofilm processes have an 

influence on jarosite formation. Pogliani and Donati [22] 

showed that A. ferrooxidans cells immobilization using glass 

beads as support occurred essentially on the jarosite formed in 

culture. They demonstrated that glass beads were very useful 

to set the conditions for important jarosite precipitation in 

biofilm formation. As mentioned, the O2 supply level is one of 

the factors in the biological synthesis of jarosite. Hou et al. [9] 

reported that the continuous supply of O2 was only important 

in the period of the biological oxidation of ferrous iron to ferric 

but was not required in the period of ferric precipitation.  

 

Table 3. The optimum pH and temperature ranges for A. 

ferrooxidans as reported by various sources 

 

Source 
Optimum 

pH 
Source 

Optimum 

temperature (°c) 
Karamanev 

et al. [29] 
2.0 

Smith et al. 

[31] 
25-30 

Torma  

[30] 
2.3 

Ahonen et al. 

[33] 
28 

Smith et al. 

[31] 
2.0-2.3 

Okereke et al. 

[34] 
30 

Drobner et 

al. [32] 
2.0 

Nemati et al. 

[35] 
35 

Eftekhari 

et al. [10] 
2.0 

Daud et al. 

[23] 
35 

 

 

6. DECOMPOSITION OF JAROSITE 

 

The decomposition of jarosite was first studied by Kunda 

and Veltman [38]. Decomposition of jarosite was reported to 

be carried out using two different methods: (i) thermal 

decomposition and (ii) hydrothermal decomposition. In both 

ways, jarosites decompose to the most stable phase of iron, 

hematite. Thermal decomposition of jarosite would take place 

as Eqns. (6) and (7): 

 

2AFe3(SO4)2(OH)6 → A2SO4.Fe2(SO4)3 + 2Fe2O3 + 

6H2O 
(6) 

 

A2SO4.Fe2(SO4)3 → A2SO4+ Fe2O3 + 3SO3 (7) 

                                

Hydrothermal decomposition can be performed in two 

different ways: (i) alkali decomposition and (ii) acid 

decomposition [13]. The alkaline hydrothermal decomposition 

may be the most appropriate pre-treatment process to recover 

the silver by cyanidation since both processes (cyanidation and 

decomposition) are carried out by similar alkaline pH value. 

The hydrothermal decomposition of argentojarosite in alkaline 

media and its effect on cyanidation have been investigated by 

a number of researchers. They determined that the alkaline 

decomposition of synthetic argentojarosite is characterized via 

the elimination of sulfate ions from the lattice and the 

formation of a gel type compound consisting of silver 

hydroxides and iron, as shown by Eq. (8) [13, 37, 39].  

 

AgFe3(SO4)2(OH)6 + 4 OH- → Ag (OH) + 3Fe (OH)3 

+ 2SO42- 
(8) 

 

The dissolution of calcium hydroxide (Ca (OH)2) or sodium 

hydroxide (NaOH) provides hydroxyl ions, which allows the 

formation of silver hydroxide, iron hydroxide (III) and sulfate 
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ion in solution. The impact of Ca (OH)2 and NaOH in 

hydrothermal decomposition of the deposited industrial 

jarosite have been investigated by González-Ibarra et al. [39]. 

The results of their investigation indicated that the pH value 

had an important effect on the hydrothermal decomposition 

when either Ca (OH)2 or NaOH was added to control pH value. 

The results showed that when NaOH was applied, the process 

kinetics were controlled by the chemical reaction and when Ca 

(OH)2 was used, the rate-determining step was transformed to 

a diffusion control through the solid product layer. 

 

6.1 Biological dissolution 

 

Microbial dissolution of jarosites is a green and eco-friendly 

in nature. Some bacteria such as Shewanella putrefaciens 

CN32, Geobacter metalloproteins are able to use Fe (III)-

bearing minerals as an electron acceptor. The products of this 

reduction can have an influence on the mobilization or 

sequestration of inorganic and organic pollutants [40, 41].  

In 2000, Bridge and Johnson [42] studied dissolution of 

jarosite by IRB [iron-reducing bacteria] in acidic (pH<2.5) 

conditions [42]. Experimental evidence indicates that at low 

pH, Acidiphilium SJH can accelerate the dissolution of jarosite 

by way of an indirect mechanism, in which bacterial reduction 

of dissolved ferric ion results in a shift in equilibrium between 

solid -phase Fe (III) and dissolved ferric ion, thereby driving 

dissolution of the mineral phase [42-44]. 

Jarosite dissolution at low pH is an effective method for 

jarosite removal. Madden et al. [45] found that the potassium 

jarosite dissolution rates increased at both low and high pH 

(pH ranges from 1 to 11) with minimum dissolution rates 

observed at pH 3.5. At pH<3.5, the dissolution rate of 

potassium jarosite increased as the activity of H+ in the system 

increased and no secondary reaction products were produced 

during the process. 

Sulfate-reducing bacteria (SRB) such as Sulfobacillus 

thermosulfidooxidans, Sulfobacillus acidophilus, 

Desulfosporosinus orientis are named from their capacity to 

use sulfate as a terminal electron acceptor and are notable in 

many acidic environments including AMD. SRB prefer low-

molecular-weight forms of organic carbon such as lactate, and 

gain energy from the electron transfer between organic 

compounds and electron acceptors with the reduction of 

sulfate to sulfide. Besides the indirect reduction of iron oxide 

through the production of sulfide, some known SRB are 

capable of reducing Fe3+ via an enzymatic mechanism. 

Theoretically, both the SO4 2- and Fe3+ in jarosite have the 

potential to serve as terminal electron acceptors for SRB [42, 

44, 45]. 

In 2018 Bao et al. [46] examined the reductive dissolution 

of jarosite by a mixed microbial community containing SRB 

and observed that SRB could facilitate the transformation of 

jarosite to goethite. Although these studies show that jarosite 

can be utilized as an electron acceptor by SRB, the mechanism 

involved has yet to be elucidated. 

In 2019 Gao et al. [47] studied the mechanism of the 

microbial reduction of jarosite by an indigenous SRB 

community. and reported that the reduction of jarosite by SRB 

occurred via an indirect mechanism. 

In 2019 Yang et al. [48] examined the ability of A. 

ferrooxidans to bio- dissolve jarosites by anaerobic reduction 

using hydrogen as an electron donor and observed that jarosite 

could dissolution in anaerobic condition. During bio-

dissolution, the mechanisms underlying the anaerobic bio-

dissolution of jarosites by A. ferrooxidans included direct 

contact bio-dissolution and indirect bio-dissolution and were 

associated with the solubility of jarosites. 

According to the investigations of Catro et al. [49], bacterial 

attachment and biofilm formation of minerals have a great 

impact on the production and transformation of minerals and 

can influence the mobility of metals. Some of investigations 

with SRB biofilms have shown that the decrease and 

precipitation of metal sulphides occur inside the biofilm 

matrix. These biofilms are formed by aggregations of one or 

more types of microorganisms that are embedded in a self-

produced matrix of EPSs [extracellular polymeric substances], 

that can grow on many different surfaces, such as mineral 

surfaces. 

   

 

7. APPLICATIONS OF JAROSITE 

 

With the jarosite group of compounds representing a 

problem, many studies have been completed to extract 

economic benefit from products associated with its production. 

Jarosite synthesized by biological technology has been used 

for yellow pigments, building materials, Iron and arsenic 

removal, adsorption materials, catalytic materials [20, 50-56], 

because of its distinctive performance. However, the most 

significant interest in jarosite arises from a hydrometallurgical 

perspective. The applications of jarosite are shown in Figure 5. 

Applications of jarosite precipitation are briefly discussed 

below: 

 

 
 

Figure 5. Flow sheet applications of jarosite 

 

7.1 Nanoparticles 

 

In many studies, Argentojarosite has been considered as the 

source of silver [44, 57]. Weisener et al. [44] investigated the 

influences of Shewanella putrefaciens CN32 on silver 

(Ag-)jarosite under reducing conditions at circumneutral pH. 

They observed that the silver nanoparticles were formed 

during the dissolution of argentojarosite. Silver as a catalyst 

has been shown to have a considerable effect on improving the 

rate of chalcopyrite bioleaching. New advances in Ag-

nanoparticle research have led to their growing use in clinical 

and engineering applications [50]. 

 

7.2 Removal of iron as jarosite for solution purification 

 

7.2.1 Zn-Fe solutions 

One of the most important applications of jarosite is the iron 

removal from acidic solutions in hydrometallurgical process.  
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Figure 6. Flow sheet incorporation of jarosite precipitation 

circuit in zinc extraction 

 

As shown in Figure 6 in zinc industry, the jarosite process 

is used to precipitate iron from hot acid leach solutions in the 

processing circuit after addition of alkali ions (NH3, Na2CO3 

or Na2SO4) [2]. The neutralizing agent is usually calcined and 

is required to control both the residual acidity from the hot acid 

leach and the acid produced by the hydrolysis of the ferric ions 

[58]. In the Zn-Fe solutions the precipitation reaction is greatly 

accelerated by the presence of jarosite seed, and the rate 

increase with increasing seed addition [14]. 

 

7.2.2 Ni-Co-Fe solutions 

Removal of iron as jarosite has been investigated by several 

studies from Ni- Co- Fe sulphate solution resulting from the 

laterite leaching. Precipitation has been carried out at a 

constant pH using CaCo3 or Li2Co3 as the neutralizing agent. 

Small amounts of nickel and cobalt co-precipitation and 

association of hydronium jarosite were observed [2]. 

 

7.2.3 Iron removal as jarosite during leaching 

Iron is generally present in leach and bioleaching solutions and 

its elimination is a major operational problem in hydrometallurgy 

[58, 59]. The recovery of iron from copper leach solutions is 

usually carried out by precipitation as jarosite (Figure 7). This 

compound is commonly applied in the zinc industry to 

eliminate iron solubilized in the processing circuit, as shown 

by Eq. (9). In this process, iron is precipitated from the hot acid 

leaching solution at elevated temperatures (95-97°C) in the 

presence of sodium or ammonium ions [2, 58, 60].  

 

3ZnO.Fe2O3+A2SO4+ 6H2SO4 → 

ZnSO4+2AFe3(SO4)2(OH)6 
(9) 

 

With an increase in temperature SO4
2- and NH4

+ ions 

concentration the conversion rate of jarosite increase but Zn2+ 

ions tend to rate the conversion rate [58, 60]. 

 

 
 

Figure 7. Flow sheet process of iron removal in copper extraction 

 

7.3 Catalytic materials 

 

The technique of adding jarosite seed is widely used to 

accelerate precipitation rate and shorten the induction period 

[37, 58]. The relationship between the quantity of seed and the 

rate of jarosite precipitation is of great importance. Dutrizac 

[36] studied the influence of seeding on the rate of 

precipitation of sodium jarosite and ammonium jarosite and 

found that the seeds can reduce the reliance of the jarosite 

process on pH and temperature. 

In 2015 Li et al. [20] investigated the catalytic performance 

of seeds on jarosite formation. The induction time was reduced 

to 20 min, and the reaction rate was improved noticeably, up 

to 3.933%/min. In addition, the crystallinity of the jarosite 

product by means of biological seeds could achieve 97.22%, 

whereas it was only 12.89% without seeds. Their results 

indicated that using biological seed could enhance the catalytic 

performance of jarosite formation. Compared with chemical 

seeds, biological seeds could shorten the induction period, 

weaken dependence on temperature, and reduce the 

temperature limit in the jarosite process. 

 

7.4 Jarosite as fertilizer  

 

The potassium jarosite was discovered for the first time at 

Gumma limonite mine by Katayama and Saito in 1947. 

Various treatments of this mineral for fertilizer were devised 

and among them, the processes that manufactured the 
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industrial products were the calcination method by Katayama, 

the dry decomposition technique via ammonium by Suzuki 

and the wet ammonium process by Ota [61]. All these products 

had a water-soluble potassium and the fertilizer value was the 

same as that of potassium sulfate. Potassium jarosite is 

insoluble in water and it is supposed that it has no potassic 

effect for fertilizer. 

According to some studies, the jarosite if free from heavy 

metals can be converted to fertilizer, iron-sulfur by H2SO4-

NH3 treatment for utilization of its NH4
+, K+, Fe3+, and SO4

2-. 

Iron-sulfur was reported to have been produced from the clear 

process and commercially marketed [2, 13, 59]. 

 

7.5 Jarosite as a pigment and composite 

 

Jarosites have a characteristic amber yellow or dark brown 

color [16]. The solution phase concentration of the monovalent 

cation has a significant effect on the jarosite color. This 

characteristic of jarosite indicates that jarosite can be used in 

pigments, building materials like bricks, blocks, cement, tiles, 

and composites [13]. In 2010 Vu et al. [52] investigated the 

approaches for the production of pigment quality magnetite 

from jarosite, which were precipitated from manganese sulfate 

leach liquors. They observed that the ammonium and sodium 

jarosite produced from the acidic leaching solution was 

transformed into pigment-quality magnetite by alkali 

decomposition of jarosite using ammonia or sodium hydroxide. 

 

7.6 Jarosites as potential acid generators 

 

Acid can be produced by mineral wastes because of the 

sulfide-mineral oxidation, the dissolution of less soluble 

sulfate minerals, for instance jarosite group minerals and the 

dissolution of soluble sulfate salts [62, 63]. Hydronium-

bearing jarosite, in particular, is thought to contribute to acid 

generation in mining wastes. Jarosite precipitates are usually 

associated with acid-sulfate soils and acid-producing mineral 

waste. Because of their association with acidic conditions, 

jarosite minerals can be used as a proxy in remote sensing 

studies to locate areas of high acidity [62]. The role of jarosite 

precipitations as potential sources of acid has been a 

controversial subject. In 2008 Welch et al. [64] and references 

therein described that jarosite precipitations can be a major 

source of acidity in some Australian coastal soils. According 

to Welch's study [64], acid is produced by the following 

reaction during jarosite dissolution. 

 

KFe3(SO4)2(OH)6 → 3FeO (OH)+K++2SO42-

+3H+  
(10) 

 

Jarosite and visible light are important factors for the 

formation of acid. In 2020 Yang et al. [63] indicated that 

jarosite and visible light could significantly accelerate 

chalcopyrite bio-dissolution, thus releasing more copper ions, 

iron ions and producing more acid. 

 

7.7 Jarosite as filling material (Jarochaux and Jarofix) 

 

One of the applications tested possible utilization of jarosite 

is to covert its sulfate to gypsum (CaSO4.2H2O) by 

neutralizing and solidifying with 20% excess CaO. The 

process is known as a jarochaux process [13]. Jarofix is a 

stabile material obtained by mixing jarosite with 10% Portland 

cement and 2% lime. It has the potential to be applied for the 

construction of road embankment. While jarofix-soil mix (50-

75%) and jarofix- bottom ash mix (50-75%) have the potential 

to be utilized for the construction of embankment and may be 

used for construction of subgrade layer of road pavement. For 

minimization of leaching of heavy metals, Hindustan Zinc Ltd. 

(HZL) in India is presently treating jarosite with Jarofix [60, 

65]. 

 

 

8. DISADVANTAGES OF JAROSITE PRECIPITATION 

 

Despite its widespread application, the jarosite process is 

not without its problems, especially in the hydrometallurgy 

processes. Some of the effects include the diminishment of 

ferric iron used as the absorbent for hydrogen disulfide, 

blockage of pumps, valves, pipes, corrosion process, and the 

creation of kinetic barriers due to the small diffusion of 

reactants and products through the precipitation zone [10, 22, 

63-67]. In the process of coal desulfurization, jarosite 

attaching on the surface of the bio-oxidized coal particles 

results in a compact thin layer of membrane, which may hinder 

the transfer of substrates and metabolites and decrease 

bacterial absorbability of nutrients; it can also occupy the 

available sites of coal surfaces to prevent bacteria from 

adsorption on coals. Furthermore, it results in residual sulfur, 

which cannot be removed from coal [6, 22]. However, 

biological jarosites have advantages in other industries, most 

of which are cost-effective. 

 

 

9. CONCLUSIONS 

 

Our review indicates several worthy avenues of research to 

improve the processing of jarosite in the future. 

(1) Jarosite precipitation method is most widely used in 

hydrometallurgical processes mainly to control iron in the 

solution purification step. However, the dynamics of this 

process are slow, and the induction period in the initial stage 

is long.   

(2) Leaching bacteria (Acidithiobacillus ferrooxidans) are 

successfully applied to synthesizing jarosite seeds with higher 

crystallinity. Compared with chemical jarosite seeds, 

biological jarosite seeds can shorten the induction period and 

reduce the temperature limit in the jarosite precipitation. The 

precipitation process of jarosite is more complete with 

biological jarosite seeds. The crystallization parameters such 

as Fe2(SO4)3 concentration, agitation speed, pH and 

temperature have significantly affected on the morphology and 

the particles size of jarosite. 

(3) Jarosites are known to be commonly prepared at pH 2 

and 30- 35°C. The rate of the reaction increases with 

temperature and seeding eliminates the initial induction period.  

(4) Jarosite seed is a potential resource that needs to be 

recycled in a technically feasible and environmentally friendly 

method. Therefore, converting hazardous jarosite into a non-

hazardous material is of great importance. Though some 

research is done in this direction, a suitable economic 

evaluation would be required. Many alternate applications of 

jarosites such as iron removal, filling materials, nanoparticles, 

and pigment have been suggested. From an economic 

standpoint, the use of these newly developed materials can be 

very attractive in many of the aforementioned applications 

because they are composed only of cheap (or free) industrial 

wastes. 
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