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During production of the platinum group metals (PGMs) in South Africa, base metals are leached
first. A significant amount of iron is also co-leached, which in turn is removed by precipitation as
ammonium jarosite. Substantial amounts of nickel have been found entrained in this precipitate,
which is discarded. An attempt was made to optimally recover the entrained nickel, using acidic
dissolution as well as alkaline leaching. Unlike the conventional acidic dissolution, the alkaline
dissolution was performed using KOH, NaOH, and NH4OH in the presence and absence of a
complexing agent (EDTA) and a reducing agent (Na2S) to selectively dissolve nickel. The effects
of temperature, concentration of the EDTA-Na2S mixture, solid-liquid ratio, particle size, and
stirring speed were investigated. Nickel recoveries of 82.4%; 84.5%, and 88.9 % were obtained
by leaching with NaOH, KOH, and NH4OH respectively for 4 hours in the presence of an
equimolar mixture of EDTA-Na2S at 45°C, pH 9-10, -75μm particle size, stirring speed of 250
r/min, and 5% solids. No iron was recovered. With H2SO4 and HCl leaching under the same
conditions, nickel recoveries were 67.4% and 95.6% respectively with, 22.6% and 50.1% iron
recovery.
Keywords: alkaline leaching; reducing agent; complexing agent; ammonium jarosite; nickel

Introduction
The Bushveld Complex (BC) in South Africa is well known
as the world’s largest reserve of the platinum group metals
(PGMs). Economic PGM mineralization is found in three
very different horizons – the Merensky Reef and the Upper
Group 2 (UG2) chromitite, which together can be traced on
surface for 300 km in two separate arcs, and the Platreef,
which extends for over 30 km (Cawthorn, 1999).
Throughout the BC, PGMs are strongly associated with the
sulphide minerals chalcopyrite, pentlandite, and pyrrhotite,
which are recovered as by-products (Schouwstra, Kinloch,
and Lee, 2000). The sulphide minerals are milled, floated,
smelted, converted into matte, and processed
hydrometallurgically to selectively recover metal values
(Lamya, 2007). The iron content of the converter matte can
have a significant impact on the subsequent processes;
therefore it has to be removed. Iron is commonly removed
from base metal leach liquor by precipitation as jarosite,
pseudo-jarosite, goethite, haematite, and schwertmannite
(María et al., 2009).
At the Impala Base Metals Refinery on the nickel and
cobalt recovery circuit, nickel-cobalt solution from the firststage leach process is fed to a copper removal stage where
copper is precipitated by cementation with nickel sulphide
or nickel powder. The resulting solution is then fed to an
autoclave where oxygen and ammonium sulphate are added
to oxidize and precipitate iron, arsenic, and lead. Ferrous
iron is oxidized to the ferric state and reacts with
ammonium sulphate to form ammonium jarosite, while
arsenic and lead form ferric arsenate and plumbojarosite
respectively (Lamya, 2007). However, the ammonium

jarosite precipitate, which is usually discarded, contains
5.5% nickel by mass.
According to the South African National Environmental
Management Waste Act (NEMWA) of 2008 in the 2012
report of waste disposal at Impala platinum industry, the
jarosite disposal is a problem as it falls under the category
of hazardous industrial waste rating 4 and also it requires
conformity with rigorous environmental regulations (Anon.,
2012) apart from the 30 tonnes of crystalized salts
generated monthly which contain heavy metals as well and
present a danger to the environment. Both jarosite and
crystallized salts cost large amount of money to the
company for their appropriated disposition (Nheta, et al.,
2014).
Approximately 913 tonnes of ammonium jarosite,
containing an average of 52 tonnes of nickel are generated
annually at Impala BMR. This can be used as secondary
source of nickel due to its high demand in the market. In
comparison with platinum, which the actual price is
1427.90 US$/oz or 44,384.66 US$/kg, the price of nickel
recorded on the 28th of August was 8.4073 US$/lb (Anon.,
2014).
Unlike the conventional acidic agents used to recover
base metals from their ores, alkaline agents such as sodium
hydroxide, ammonium hydroxide, and sodium carbonate
can selectively solubilize nickel, leaving behind Fe and
other metals such as Cd and Mn (Moradkhani et al., 2012).
This work presents a method to selectively recover the
residual nickel from jarosite precipitates using different
alkaline media (KOH, NaOH, and NH4OH) in the presence
of a mixture of EDTA and Na2S.
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Jarosite
Jarosite-type compounds occur widely in nature, and
jarosite-forming reactions are extensively used in the
metallurgical industry to precipitate iron from processing
solutions in a readily filterable form according to following
reaction (Roeland and Dijkhuis, 2009):
3B2(SO4)3+A2SO4+12H2O→2AB3(SO4)2(OH)6+6H2SO4.
Jarosite is the name given to the compound
AFe3(SO4)2(OH)6 and the term is used generically for ironcontaining members of a large family of aluminate minerals
with the general formula AB3(SO4)2(OH)6, where A can be
+
+
+
+
+
+
+
Na , K , Rb , Agv, Tl (I) , H 3 O , NH 4 , 1/2Pb (II) , or
+
1/2Hg(II) , and B Fe3+or Al3+. It has been shown that the
+
+
+
substitution of the potassium cation with NH4 , Na , or H
will result in the formation of known ammonium-, sodium-,
or hydronium-jarosites respectively (Das et al., 1995).
Dutrizac, Bautist, and Plenun (1984) studied the
behaviour of impurities during the precipitation of jarosite
and showed that divalent metals are incorporated in the
alkali jarosites to only a small extent, in the order Fe2+>
Cu2+> Zn2+> Co2+> Ni2+.
Jarosite formation has a complex mechanism that is based
on the presence of sufficient alkali metal, iron, and/or
aluminum in sulphate media and the tendency for
aluminum and iron to hydrolyze (Roeland and Dijkhuis,
2009) However, detailed study of this family of compounds
indicates consistent deficiencies in the ‘alkali’ occupancy of
the A-site and in the occupancy of the B-site (Dutrizac,
2004). The hydronium ions are assumed to compensate the
deficiencies in the A-site occupancy, while the deficiencies
in the B-site are charge-compensated by the conversion of
2−
−
some SO4 to HSO4 . In addition to substitutions in the Asite, it is well established that various species can substitute
for Fe, SO4, and to a lesser extent for the OH component of
the jarosite structure (Dutrizac, 2004).
For economic reasons, most commercial jarosites are
based on Na or NH4. However, it is recognized that the
potassium member is the most stable of all the jarosite-type
compounds (Dutrizac, 2004). Babcan (1971), who studied
the hydrolysis of a solution containing ferric sulphate and
potassium hydroxide, showed that the stability zone of the
jarosite is within pH 1 to 3 and temperatures between 20°C
and 200°C; at low pH values no precipitate occurs, but at a
high pH values mainly goethite (up to 100°C) and
haematite (above 100°C) appear (Ismael and Carvalho,
2003).

Alkaline leaching
Leaching involves the dissolution of metals into an aqueous
solution and the formation of species that are
thermodynamically stable. Therefore conditions for
favorable dissolution can be derived from thermodynamic
data found in the Pourbaix diagrams. Thermodynamic
considerations play an important role in leaching processes
by providing basic guidance in the choice of combination of
reagents and their concentration in order to obtain a
favorable free energy ΔG associated with any proposed
reaction. Paying particular attention to the thermodynamic
aspects of leaching, the thermodynamic data can be applied
to predict the general conditions likely to favour the
dissolution of a mineral in a given aqueous medium.
Ideally, data from the E–pH diagram at 25°C is produced.
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Previous studies have shown that metals do not normally
respond as expected in strong oxidizing media, like the case
of gold in strong oxidizing acids.
One factor that has an important bearing on the
thermodynamics of metal ions in aqueous solutions is the
presence of complexing ions. For example, nickel, cobalt,
and iron are eloquent in the presence of ammoniacal
solutions (Gupta, 2006). The actual species present are
determined by the rates of possible reactions involved
during the dissolution process. Therefore the conditions
required to remove the target species from the mineral
compound without destroying its structure and avoiding the
dissolution of unwanted species are not obvious. The
application of the appropriated agents chosen and the
leaching conditions will improve the selectivity to a certain
extent.
Chelating agents are very effective extractants that can be
applied in the washing of jarosite to enhance the removal of
heavy metals from the precipitated iron. EDTA has found
several industrial applications as a chelating agent due to its
high efficiency of metal extraction and the high
thermodynamic stabilities of the metal complexes (Fisher et
al., 1998), and because it has only minor impact on the
physical and chemical properties of the solid matrix as
compared to acids (Lee and Marshall, 2002).
EDTA transports metal ions during extraction as highly
mobile anionic EDTA complexes:
Y4−+ M2+ ↔MY2−
The high efficiency of EDTA as a complexing agent is
due to the fact that it has six binding sites – four acid sites
and two amines sites. The most important property of
EDTA is the formation of water-soluble complexes with
multivalent metal ions. Heavy metal ions are bound
preferably because of the high complex formation
constants. Thermodynamically, the most preferred metal to
be complexed is Ni, followed by Cu, Zn, or Pb. EDTA is
able to solubilize heavy metal ions bonded onto sedimented
solids. Therefore the complexity of the EDTA-metal
interactions depends on metal concentrations, pH, and
nature of the sediment (European Commission, 2004).
As the present work is more focused on the
thermodynamic aspect, it is appropriate to elaborate on the
thermodynamics of complex formation.
If the metal ion, M, can bind n ligands A, to form a
complex MAn, the complex will, if n>1, always be built up
by stepwise reactions. Thus all species MAj with 0≤j≤n
exist in equilibrium with each other, which at saturation are
defined by the equilibrium constant. The formation of
species is determined by their free energy, which is
[1]
where
[2]
from MAj↔MAj−1+A

[3]

Free energy is linked to enthalpy and entropy by the
relation
[4]
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Table I
Chemical composition of the ammonium jarosite sample, %
Fe
65.9

Si
10.9

S
7.7

Ni
5.6

Al
2.9

As
2.3

Pb
1.8

K
1

The formation of a species is favored by a large positive
o
o
value of −ΔGj , which implies a large value of −ΔHj (an
o
exothermic reaction) and a large value of TΔSj . Owing to
the difficulty of determining the enthalpies and the
entropies of different reactions due to lack of
thermodynamic data, the present study is based on the free
energies.
Metal ions are hydrated in aqueous solutions by water
molecules bonding to the metal ion to form a regular
octahedron, while an outer shell of water molecules orders
the structure by influencing the charge on the metal ion.
The use of ligands in an aqueous solution containing
hydrated metal ions yields a complex; one or more water
molecules are expelled from the inner shell and are replaced
by the ligand, which will consequently decrease the number
of water molecules in the outer shell, particularly if ligand
is negatively charged. The amount of energy will be the
difference between the energy gained from the binding of a
ligand to a metal ion and the energy lost by breaking bonds
between the metal ion and water molecules in the inner and
outer hydration spheres.
Complex formation follows the equation

Na
0.4

Cr
0.3

Ca
0.1

P
0.05

Tl
0.04

Co
0.05

Cl
0.02

Mo
0.01

of the recovery of nickel from the jarosite precipitate was
investigated to improve its dissolution rate and to determine
the mechanism controlling the dissolution process and it
was found that the process was diffusion controlled and the
activated energy in ammonium medium was 70.6 kJ/mol
(Ntumba, et al., 2014).

Materials and methodology

As thermodynamic studies have provided required
information to make possible the dissolution of nickel from
the jarosite precipitate and forecast on the behaviour of the
equilibrium with the change of various external conditions,
in the previous work, for economic wise, the kinetic study

Materials
The ammonium jarosite precipitate used in this
investigation was supplied from the Impala Platinum Base
Metals Refinery. The chemical composition of the
ammonium jarosite was determined by wavelengthdispersive X-ray fluorescence spectrometery (XRF) using a
Rigaku ZSX Primus II instrument with SQX analysis
software. The results are presented in Table I. The
mineralogical analyses was performed using a Rigaku
UltimaI V X-ray diffractometer equipped with a graphite
monochromator in the diffracted beam and using CuKα
radiation, with PDXL analysis software. The XRD pattern
is shown in Figure 1. The major phases present in the
sample are jarosite, nickel hydroxide, and iron oxide.
The morphology of the jarosite was investigated using
scanning electron microscopy (SEM) TESCAN performing
in nanospace at 15 kV. The micrograph (Figure 2) reveals
that the sample is a product of precipitation. The Fourier
transform infra-red pattern (Figure 3), obtained using a
Thermo Fisher Smart iTR Nicolet Is10 instrument,
indicates the presence of MO, OH, S-M, M-NH4+, and Si-O
groups in the sample.
Potassium hydroxide, sodium hydroxide, and ammonium
hydroxide were used for alkaline leaching. EDTA and Na2S
were used as complexion and reducing agents respectively.
All reagents were of high purity.

Figure 1. XRD pattern of the ammonium jarosite sample

Figure 2. Morphology of the ammonium jarosite sample

M(H2O)x+A(H2O)y↔MA(H2O)z+(x+y−z)H2O

[5]

Equation [5] is similar to Equation [3], and the equation
for the following step can be written as
M(H2O)x(A)j+A↔M(H2O)y(A)j+1+(x−y)H2O

[6]
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Leaching experiments
The ammonium jarosite sample was pulverized and sieved
using ASTM standard sieves. XRF, XRD, FTIR, and SEM-

EDX were used to analyse the solid sample before leaching,
while ICP and AAS were used to measure the amounts of
nickel and iron in solution.
Leaching was performed at the laboratory scale using 100
ml open beakers, while the slurry was agitated by means of
a glass-bladed overhead stirrer. The reaction temperature
was maintained constant during the dissolution process by a
water bath. The pH was continually controlled in the range
between 9 and 10. The particle size of the jarosite was 80%
<75 μm.
Alkaline leaching
The dissolution of nickel in alkaline media was studied by
the following methods:
a) Leaching in different alkaline media (KOH, NaOH,
and NH4OH)
b) Leaching in different alkaline media with EDTA as a
complexing agent
c) Leaching in different alkaline media with a mixture
of EDTA-Na2S as a complexing and reducing agent
respectively.
The effect of variables such as particle size, pH,
temperature, and EDTA-Na 2 S concentration were
investigated.

Figure 3. FTIR spectrum of ammonium jarosite sample

Acidic leaching
Acid leaching was also investigated using H2SO4 and HCl
under similar conditions to those that yielded high
recoveries when using alkaline media in the absence of
complexing and reducing agents.
Analysis of products
The leach residues were analysed using XRD and SEM,
and the leach liquor by AAS and ICP. The recovery
efficiency was calculated according to Equation [7].
[7]

Figure 4. Recovery of nickel and iron in 1 molar of NaOH, KOH,
and NH4OH, pH 7-14, T = 25°C, t = 1hour

where
Cml: Concentration of metal in the solution (g/l)
Vsol: Volume of the solution containing the dissolved
metal (l)
Msd: Mass of the sample (g)
GM: Grade of the targeted metal in the raw sample (%) .

Figure 5. Eh-pH diagram for the (a) Ni-Na-H2O, (b) Ni-K-H2O, and (c) Ni-NH3-H2O system at 25°C. [Ni] =1.00 M, [Na] = [K] = [NH3] =
1.00 M, and atmospheric pressure. (M = molality)
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Figure 6. Eh-pH diagram for the (a) Fe-Na-H2O, (b) Fe-K-H2O, and (c) Fe-NH3-H2O system at 25°C. [Fe] =1.00 M, [Na] = [K] = [NH3] =
1.00 M, and atmospheric pressure. (M = molality)

significant increase in the recovery of nickel in KOH and
NaOH media, to 18% and 22% in KOH and NaOH
respectively at a pH of 10. However, EDTA has very little
effect on the dissolution of nickel in the NH4OH medium
(compare with Figure 4). Iron was solubilized slightly in all
media in the presence of EDTA, with recoveries of 0.89%,
0.56%, and 0.2% in KOH, NaOH, and NH 4 OH media
respectively.
It can be seen from Figure 8 that there is an improvement
in the thermodynamics of dissolution of both nickel and
iron. EDTA enhanced the dissolution of both nickel and
iron, but there is no selectivity. The probable species
formed are shown by reactions (16) to (21) in Table II.

Figure 7. Recovery of nickel and iron in 1 molar NaOH, KOH,
and NH4OH solution in the presence of the complexant agent
(EDTA: 0.1 molar), pH 7-14, T =- 25°C, t = 1 hour

Results and discussion
Effect of pH on leaching of nickel in alkaline media
Figure 4 shows that the maximum nickel recoveries when
leaching with NaOH and KOH were 16% and 1%
respectively. Nickel recovery decreased with increasing the
pH of the medium. Conversely, in NH4OH leaching, nickel
recovery increased with increasing pH up to pH 11, and
then stabilized at around 29%. Iron was not dissolved in
any of the media.
Figures 5, 6, 8, and 10 show Eh-pH diagrams obtained
using Medusa software. As shown in Figures 5 and 6, there
is a high possibility of forming insoluble species of nickel
and iron in NaOH and KOH media (Table II, reactions (1)
to (4) and (9) to (15)). The probable soluble species of
nickel formed in NH4OH leaching are shown by reactions
(5) to (9) in Table II.
Effect of pH on leaching of nickel in alkaline media in
the presence of EDTA
Figure 7 shows that with the use of EDTA there is a

Effect of pH on leaching of nickel in alkaline media in
the presence of EDTA-Na2S mixture
As illustrated in Figure 9, nickel recoveries of 29%, 33%,
and 33% were obtained in KOH, NH 4 OH and NaOH
respectively when leaching using a mixture of EDTA–Na2S
at pH 10. No iron was solubilized. This shows that nickel
can be selectively dissolved from the ammonium jarosite
precipitate. The predominance diagram area in Figure 10
shows that the formation of insoluble species of iron
(reactions (22) to (26) in Table II) is more favorable, and
which accounts for the absence of iron in the leaching
solution.
Determination of optimal conditions
Effect of particle size
Particle size plays an important role in the leaching process.
Leaching experiments were carried out with particle sizes
ranging from <25 μm to 106 μm and the results are shown
in Figure 11. Nickel recovery was inversely proportional
particle size in all media. This is due to the increase in
surface area with decreasing particle size.
Effect of solid–liquid ratio
Figure 12 shows the effect of solid/liquid ratio on the
recovery of nickel. Nickel recoveries increased with
increasing pulp density between 2% and 5%, then
decreased with further increases in pulp density. This may
be explained by the fact that high pulp density leads to
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Figure 8. Eh-pH diagram for the (a) Ni-EDTA-H2O and (b) Fe-EDTA-H2O system at 25°C; [Fe] =1.00 M, [K] = 1.00 M, and 1 atmospheric
pressure. (M = molality)

reagent starvation.
Effect of stirring speed
Figure 13 shows that stirring speed has a significant impact
on the dissolution of nickel. At an agitation speed of 250
r/min, 37.4%, 35.6%, and 42.5% nickel recoveries were
obtained in KOH, NaOH, and NH4OH with EDTA-Na2S
respectively. Stirring increased the diffusion rate of ions in
the leaching medium. It can thus be concluded that the
dissolution process in alkaline media is diffusiondependent.

Figure 9. Recovery of nickel and iron in 1 molar NaOH, KOH,
and NH4OH solution in the presence of 0.1 molar EDTA – Na2S
mixture, pH 7-14, T = 25°C , t = 1 hour

Effect of complexing agent concentration
The effect of complexing agent concentration on
dissolution of nickel at room temperature was investigated
in the range of 0.05 to 0.2 M EDTA. The results are shown
in Figure 14. Maximum recovery of nickel was obtained
with 0.1M EDTA. Further increases in the concentration of
EDTA slightly increase nickel recoveries when using KOH
and NaOH. However it might not be beneficial to increase
the EDTA concentration above 0.1M.

Figure 10. Eh-pH diagram for the (a) Ni-Na2S-H2O and (b) Fe-Na2S-H2O system at 25°C; 1.00 M and 1 atmospheric pressure. (M =
molality)
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Table II
Chemical reactions in alkaline media

Figure 11. Effect of jarosite particle size on the recovery of nickel
in 1 molar NaOH, KOH, and NH4OH solution in the presence of
0.1 molar EDTA – Na2S mixture , pH 10, T = 25°C , t = 1 hour

Figure 12. Recovery of nickel in 1 molar NaOH, KOH and
NH4OH solution in the presence of the mixture EDTA – Na2S 0.1
molar, pH 10, T = 25°C , t =1 hour with varying S/L ratio
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Figure 13. Effect of stirring speed on the recovery of nickel in 1
molar NaOH, KOH, and NH4OH solution in the presence of 0.1
molar EDTA – Na2S mixture, pH 10, T = 25°C , t = 1 hour

Figure 16. Effect of leaching time on the recovery of nickel in 1
molar NaOH, KOH, and NH4OH solution in presence of 0.1
molar EDTA-Na2S, pH 10, T = 45°C , t = 4 hour

Effect of temperature
As the temperature has a direct thermodynamic effect on
the dissolution of nickel in different alkaline media, the
effect of temperature on the leaching behaviour was
investigated over the range 25–60°C. The results are
presented in Figure 15. After one hour of leaching, nickel
recoveries of 57%, 60%, and 62% and iron recoveries of
9.2%, 6.3%, and 2.9% were recorded when leaching with
NaOH, KOH, and NH4OH respectively and addition of

Table IV
Recovery of nickel and iron in 1 molar H2SO4 and HCl solution
at 45°C after 4 hours
Figure 14. Effect of complexing agent concentration on the
recovery of nickel in 1 molar NaOH, KOH, and NH4OH solution
in presence of the EDTA – Na2S mixture , pH 10, T = 25°C , t = 1
hour

Lixiviant
H2SO4
HCl

% Ni rec.
67.4
95.6

% Fe rec.
22.6
50.1

Figure 15. Effect of temperature on the recovery of nickel in 1 molar NaOH, KOH, and NH4OH solution in presence of (a) EDTA only and
(b) EDTA – Na2S mixture. EDTA 0.1 molar, pH 10 , t = 1 hour
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Figure 17. Eh-pH diagram for the (a) Ni-H2SO4-H2O and (b) Fe- H2SO4-H2O system at 25°C; 1.00 M and 1 atmospheric pressure. (M =
molality)

Figure 18. Eh-pH diagram for the (a) Ni – HCl - H2O and (b) Fe - HCl -H2O system at 25°C; 1.00 M and 1 atmospheric pressure. (M =
molality)

EDTA only. With combined EDTA - Na2S addition, nickel
recoveries were 60%, 61%, and 65.7%, in NaOH, KOH,
and NH4OH respectively and no iron was recovered.
Effect of time
The effect of time on the dissolution of nickel in 1 molar
NaOH, KOH, and NH 4OH solution in presence of 0.1
molar EDTA-Na2S was investigated and the results are
shown in Figure 16. Recovery of nickel increased with time
up to 82.4%; 84.5%, and 88.9 % by leaching with NaOH,
KOH and NH4OH respectively for 4 hours, after which it
decreased.

Figure 19. XRD patterns of the feed and the residues from
leaching in different media

Leaching tests in acidic media using H2SO4 and HCl
Based on the predominance area diagrams in Figures 17
and 18 and the data in Table III, at an acidic pH it is
possible to obtain a high recovery of both nickel and iron.
Nickel recoveries were 67.4% and 95.6% after leaching for
4 hours at 45°C with H2SO4 and HCl respectively. The
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Table III
Chemical reactions in acidic media

Figure 20. SEM images of the feed compared to the residues from leaching in different media

104

‘PLATINUM METAL FOR THE FUTURE’

Table IV
Chemical reactions in acidic media

corresponding iron recoveries were 22.6% and 50.1%
(Table IV).
Analysis of residues
The leach residues were analysed and compared to the feed
to gauge the impact of the leaching medium. Figure 19
shows there is not much difference between the XRD
patterns of the feed and the residues from H2SO4, HCl, and
NH4OH leaching, but the patterns of residues from KOH
and NaOH leaching are markedly different to that of the
feed.
The SEM images of the leached samples Figure 20 show
the marked effect of the acidic media (and). The
morphologies in image B (H2SO4) and C (HCl) are almost
totally uniform compare to the agglomerations of particles
in the feed (image A). Images D (KOH), E (NaOH), and F
(NH4OH) show that residues from alkaline media have the
morphologies of precipitate, not coagulates, with a uniform
distribution of light-coloured material that denotes the
formation of new phases.
Evaluation of the project at lab scale level
Costs for the recovery of nickel in different hydroxide
medium at the lab scale level was evaluated and is
summarized in Tables VI. All calculations were estimated
in the production of 1liter of solution containing nickel and
were as well performed under optimal conditions.

➢

➢

➢
➢

Conclusions
Nickel can be selectively leached from ammonium
jarosite precipitate using alkaline media in the
presence of a mixture of complexing and reducing
agents. Optimum conditions are pH 9-10, a
temperature of 45°C, leaching time 4 hours, and 0.1
M EDTA concentration
Acid leaching can be used to leach nickel from
ammonium jarosite precipitate, but a further
treatment step will be needed to remove iron, which
will render this method uneconomical
Nickel leaches poorly from jarosite precipitate in
alkaline media only, and in alkaline media plus
EDTA but without reducing agent
In order to assess the feasibility of scaling up the
process for industrial application, further
investigations of the economic, technical, and
environmental aspects are needed.
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