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RECOVERY OF ZINC AND MANGANESE FROM PYROMETALLURGY SLUDGE OR
RESIDUES

FIELD

The technical field relates to the treatment of pyrometallurgical sludge or residues, and

more particularly to the recovery of components from such materials.
BACKGROUND

Among the numerous by-products generated by the steel industry, sewage sludge of
smokes of blast furnaces can be very rich in manganese, zinc and lead (between 5 and
40%). These materials have generally been deposited in periphery of the sites of steel

industry.

Zn is an important metal in metallurgical, chemical and textile industries. It mainly
extracted from sulphide ores including Zn. Portions of Zn can be recovered from
secondary sources such as electric furnace dust containing different levels of impurities
depending on the source (Jha et al. 2001). Pyrometallurgical and hydrometallurgical
processes are usually used to recover Zn in the ore or from secondary sources.
Nevertheless, the pyrometallurgical processes consume significant energy and require
process gas treatment during Zn recovery. The majority of studies have leached zinc
with sodium hydroxide (Charpentier et al., 2007), ammonium chloride (Olper et al., 1993)
and sulfuric acid (Dvorak et al., 2005).

Pyrolusite (MnQO,) is stable in acidic and alkaline conditions. Extraction of Mn (IV) must
be carried out under reducing conditions (Naik et al. 2000). Various techniques for
leaching ores or nodules have been studied for the last 20 years. Most studies function
with sulfuric acid as a reducing agent, such as sulfuric acid leaching, coupled hydrogen
peroxide (Allen et al, 1988; Jiang et al, 2004), to oxalic acid (Sahoo et al, 2001.), ferrous
sulfate (Brantley et al, 1968), pyrite (Vracar et al, 2000) and aqueous sulfur dioxide
(SO,) Chow et al, 2012b, Ward (2005a), and Ward (2005b).

Leaching with hydrochloric acid (HCI) is also used with Ni (Chen et al, 1992), pyrite
Kanungo (1999a) and hydrogen peroxide (El Hazek et al, 2006). Sayilgan et al. (2010)
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conducted a series of studies of Mn ore leaching with hydrochloric acid or sulfuric acid in

the presence of a reducing agent such as ascorbic acid, citric acid and oxalic acid.

Other studies have shown reducing properties using acidic carbohydrates waste from
agriculture, renewable and non-hazardous such as glucose (Furnali et al 2006)
molasses (Lasheen et al, 2009) lactose (Veglio et al, 2000), corn cobs (Tian et al, 2010)
or sawdust (Hariprasad et al, 2007). Some authors use bacteria for bioleaching, as in
Veglio et al. (1997).

Some studies have looked at hydrometallurgical process including the steps of leaching,
extraction and purification of Mn in the form of oxides or salts. These methods mainly
use reagents such as ferrous sulfate and SO, in sulfuric acid. Those chemicals are
generally appreciated for their low cost and their effectiveness (see Chow et al., 2012
WQ02012024294).

In a hydrometallurgical process, the principle of selective leaching is rarely used.
Solution can contain impurities that can affect the production of pure Mn compounds.
Purification is usually required to remove impurities present in aqueous solutions before
proceeding to the recovery of the metal. The precipitation of the metals as hydroxides or
sulfides are the main purification techniques used to recover the Mn and Zn in the
solution. One challenge is to precipitate unwanted metals and to keep in solution Zn and

Mn with a cost as low as possible.

Precipitation of metals as hydroxides is a common method for removing metals from a

solution in hydrometallurgical processes (Zhang et al., 2007).

After precipitation of Fe** and A" ions in the form of hydroxides, precipitation of the
remaining impurities as sulphides is generally employed. This extraction is based on the
difference in solubility between the metal sulfides as function of pH and temperature.
Dihydrogen sulfide (H,S), sodium sulfate (Na,S), barium sulfate (BaS), or ammonium
sulfate (NH,4),SO, are generally used for the precipitation of impurities in the form of
metal sulfides. Pakarinen et al. (2011) use a precipitation with Na,CO; under O, supply
to allow the separation of Fe** and Mn?* ions in solution. At pH 6 and under ORP >
200mV, it happens to precipitate the Fe? " in FeCO; keeping the Mn?* in solution. The
FeCO; was then removed by filtration. The use of carbonate allows a good separation of

Fe and Mn with an optimal price/quality ratio. Cementation is also a technique commonly

2
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used in hydrometallurgy. This technique includes the precipitation of a metal from an
aqueous solution of a salt thereof with another metal. This redox reaction connects a
more electropositive metal which is deposited on a less electropositive metal from
solution. This technique is used in zinc hydrometallurgy to precipitate the metals present

in the solution as Cu by adding Zn powder (Rizet et al, 2000).

There are various challenges in the treatment of pyrometallurgical sludge or residue,

particularly for extracting components such as Zn and Mn.
SUMMARY

Techniques described herein relate selective extraction of zinc and manganese from
metal sludge or dust by utilizing acidic leaching (e.g., using sulfuric acid) and generating
a high-concentration lead slag. Various implementations are well suited to treating
pyrometallurgic sludge or residue, and particularly to recover valuable constituents from

sludge or residue, such manganese, zinc and lead in particular

In some implementations, the techniques enable steel residues to be treated by
selectively and sequentially leaching the zinc and manganese, followed by effective

purification to produce marketable product of each these metals.

Currently there is no method adapted to decontaminate and recover Zn, Mn and Pb
contents in the dust generated by the ferromanganese industry. These residues have
historically been deposited in basins bordering steel production plants, because
legislation and metal prices over the last 100 years the industry did not promote the
treatment of these waste streams. Given the market value of the metals and their
general shortage, these brownfield sites can be considered as secondary resources.
Techniques capable of profitably exploiting this type of residue (sludge), in order to
produce compounds of Mn, Pb and Zn pure enough to be recoverable, can be
advantageous for treating such wastes and also producing valuable products. In some
implementations, the techniques include selectively leaching Zn, Mn and Pb in order to

obtain a concentrate of Mn, a concentrate of Zn and residue rich in Pb.

Various tests have identified leaching agents and effective and affordable discount.
Further steps include the purification of each leachate by removing unwanted metals

such as iron (Fe), cobalt (Co), nickel (Ni), copper (Cu) and aluminum (Al), and then
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production of a marketable product of each valuable metal (e.g., Zn, Mn and Pb). In
some scenarios, the techniques lead to the production of salts of Mn, Zn free from

substantial impurities, as well as a final residue rich enough in Pb to be recycled.

In some implementations, there is provided a process for treating a matrix comprising

zinc (Zn), manganese (Mn) and lead (Pb), comprising:

leaching the matrix to generate a leaching solution enriched in Zn and a fraction

enriched in Mn and Pb;

subjecting the leaching solution to Zn-precipitation to produce Zn-based

precipitates and a Zn-depleted fraction comprising Mn compounds;

leaching the fraction enriched in Mn and Pb to produce a Mn-enriched leaching

solution and a Pb-enriched fraction; and

subjecting the Zn-depleted fraction and/or the Mn-enriched leaching solution to

Mn-precipitation to produce Mn-based precipitates.

In some implementations, the leaching of the matrix is performed using an aqueous

acidic solution.

In some implementations, the aqueous acidic solution comprises H,SO4,.

In some implementations, the leaching of the matrix comprises multiple leaching runs
with the aqueous acidic solution and multiple rinsing runs with an aqueous rinsing

solution.

In some implementations, the leaching of the matrix comprises at least three leaching

runs and/or at least three rinsing runs.

In some implementations, the process also includes, prior to the Zn-precipitation,
removing additional metal components from the leaching solution enriched in Zn. In
some implementations, the additional metal components include aluminum (Al). In some

implementations, the additional metal components include iron (Fe).

In some implementations, the removing of the additional metal components comprises

precipitating the additional metal components. In some implementations, precipitating of
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the additional metal components comprises adding a hydroxide of a divalent cation. In

some implementations, the hydroxide of a divalent cation comprises Ca(OH), or NaOH.

In some implementations, the Zn-precipitation comprises adding NaOH or Na,S to

produce ZnO or ZnS as the Zn-based precipitates.

In some implementations, the process also includes, prior to the Mn-precipitation,
removing additional metallic impurities from the Zn-depleted fraction and/or the Mn-
enriched leaching solution, including aluminum, iron, lead, zinc or a combination thereof.
In some implementations, precipitating of the additional metal components prior to the
Mn-precipitation comprises adding NaOH and Na,S to the Zn-depleted fraction and/or

the Mn-enriched leaching solution.

In some implementations, the Mn-precipitation comprises adding a carbonate compound
to produce Mn-carbonates as the Mn-based precipitates. In some implementations, the

carbonate compound comprises Na,COj; to produce MnCOs,.

In some implementations, the process also includes, prior to the leaching of the matrix, a
step of determining a composition of the matrix. In some implementations, determining
the composition of the matrix comprises determining the concentrations of Zn and Mn. In
some implementations, determining the composition of the matrix comprises determining
the concentration of Pb. In some implementations, determining the composition of the

matrix includes determining the concentrations of Al and/or Fe.

In some implementations, the process also includes treating the Pb-enriched fraction to

recover Pb therefrom.

In some implementations, the process also includes subjecting the Zn-depleted fraction
to Mn-precipitation in a first reactor to produce a first stream of Mn-based precipitates;
and subjecting the the Mn-enriched leaching solution to Mn-precipitation in a second

reactor to produce a second stream of Mn-based precipitates.

In some implementations, the process further includes producing a Mn-depleted stream
in the second reactor; and subjecting at least a portion of the Mn-depleted stream to
further Mn-precipitation. In some implementations, the further Mn-precipitation of the Mn-

depleted stream is conducted in the first reactor.
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In some implementations, the process further includes recycling a portion of the Mn-
depleted stream from the second reactor for addition to the matrix before or during the

leaching thereof.

In some implementations, the process further includes recovering a metals-depleted
liquid from the Mn-precipitation in the first reactor and adding at least a portion of the

metals-depleted liquid to the matrix before or during the leaching thereof.

In some implementations, the leaching of the matrix is performed in atmospheric

pressure conditions.

In some implementations, one or more of the leaching steps are performed in a counter-

current reactor.

In some implementations, one or more of the leaching steps are performed in an

agitated tank reactor.

In some implementations, one or more of the leaching steps are performed in a batch

reactor or a continuous.

It is noted that the leaching reactors can use recirculated streams derived from other
units of the process. For instance, the recirculated streams can include leaching
solutions from which one or more metals (e.g., valuable metal components) have been
removed, such as streams that have been subjected to Mn-precipitation. It should be
noted that the recirculation can be done at various points in the overall process, using
different recycle streams depending on various factors, such as economic
considerations, make-up water availability, build-up of certain components in the

recycled streams, and so on.

In some implementations, the matrix comprises a powder or dust. In some
implementations, the matrix comprises a by-product or waste stream derived from

metals processing. In some implementations, the matrix comprises steel plant dust.

In some implementations, there is provided a process for treating a matrix comprising
zinc (Zn), manganese (Mn) and lead (Pb), comprising selective and sequential leaching
of Zn, Mn and Pb in order to obtain a Mn concentrate, a Zn concentrate, and a Pb-

enriched residue.
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In some implementations, there is provided a method for the hydrometallurgical
treatment of a matrix comprising manganese (Mn), zinc (Zn), lead (Pb), iron (Fe),
aluminum (Al), and at least one of calcium, chlorides, sodium and potassium as

impurities, the method comprising:
a first leaching step comprising:

leaching the matrix at atmospheric pressure in a reactor using a first
leaching solution to product a first leach liquor and a first leach residue,

the first leaching solution comprising a sulfuric acid solution; and

separating the first leach liquor from the first leach residue after the first

leaching;
a second leaching step comprising:

leaching the first leach residue at atmospheric pressure using a second
leaching solution to form a second leach liquor and a second leach
residue, the second leaching solution comprising sulfuric acid and a

reducing agent; and

separating the second leach liquor from the second leach residue;

a Mn-precipitation step wherein Mn compounds are precipitated from the first and
second leach liquors, including contacting the liquors or streams derived

therefrom, with a carbonate at a pH to precipitate Mn carbonate compounds.

In some implementations, the process also includes selecting a quantity of the carbonate
to adjust the pH of the first and second leach liquor sufficiently to precipitate out Mn

carbonate compounds.

In some implementations, the pH of the second leaching is between about 3 and about
5.

In some implementations, the reducing agent used in the second leaching step

comprises Na,S,0s.
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In some implementations, the process further includes subjecting the first liquor to Zn-

precipitation prior to Mn-precipitation.
In some implementations, the Zn-precipitation includes electroplating Zn as Zn metal.

In some implementations, the Zn-precipitation includes forming Zn sulfide and/or Zn

oxide precipitates that are precipitated out of the solution.

In some implementations, the process includes separating the Zn sulfide and/or Zn oxide
precipitates from the solution to form a Zn sulfide and/or Zn oxide containing residue,

and a Zn-depleted first liquor that is subjected to the Mn-precipitation step.

In some implementations, the Zn-precipitation comprises adding alkali or sulfide to the
first liquor to precipitate Zn compounds; and then preforming a solid-liquid separation to

produce a Zn sulfide and/or oxide cake.

In some implementations, the process includes subjecting the first liquor to a Fe, silicate
and Al precipitation step to form Fe, silicate and Al hydroxide compounds and a depleted
liquor; separating the Fe, silicate and Al hydroxide compounds from the depleted liquor,;

and subjecting the depleted liquor to the Zn-precipitation.

In some implementations, the Fe, silicate and Al precipitation step comprises adding
alkali to increase the pH between about 4 and about 5; and then preforming a solid-liquid

separation to produce a mixed Fe, silicate and Al hydroxide cake.

In some implementations, the Mn-precipitation step comprises adding the carbonate to
the first and second liquors to increase the pH to between about 7.5 and about 8.5; and

then performing a solid-liquid separation to produce a Mn-carbonate cake.

In some implementations, the second leach residue contains between 10 wt% and 30
wt% of Pb.

In some implementations, a leaching period of mixing the sulfuric acid solution for the

first and/or second leaching steps is between about 10 minutes and about 24 h.

In some implementations, the temperature of the sulfuric acid solution is between about
20°C and about 40°C.
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In some implementations, the process includes one or more features of claims 1 to 34.

In some implementations, there is provided a system for treating a matrix comprising

zinc (Zn) and manganese (Mn), comprising:

a leaching unit for leaching the matrix to generate a Zn-enriched leaching

solution, and a fraction enriched in Mn and Pb;

a Zn-precipitation unit for subjecting the Zn-enriched leaching solution to Zn-
precipitation to produce Zn-based precipitates and a Zn-depleted fraction

comprising Mn compounds; and

a leaching unit for leaching the fraction enriched in Mn and Pb to produce a Mn-

enriched leaching solution and a Pb-enriched fraction; and

a Mn-precipitation system for subjecting the Zn-depleted fraction and/or the Mn-
enriched leaching solution, or streams derived therefrom, to Mn-precipitation to

produce Mn-based precipitates.

In some implementations, the Mn-precipitation system comprises a first Mn-precipitation
unit for subjecting the Zn-depleted fraction to Mn-precipitation, and a second Mn-

precipitation unit for subjecting the Mn-enriched leaching solution to Mn-precipitation.

In some implementations, the systems includes an additional precipitation unit for
receiving the Zn-enriched leaching solution and removing at least one of aluminum (Al),
iron (Fe) and silicate therefrom, to produce a liquor for supplying to the Zn-precipitation

unit.

In some implementations, there is provided a system for the hydrometallurgical
treatment of a matrix comprising manganese (Mn), zinc (Zn), lead (Pb), iron (Fe),
aluminum (Al), and at least one of calcium, chlorides, sodium and potassium as

impurities, the system comprising:

a first leaching unit for leaching the matrix at atmospheric pressure in a reactor
using a first leaching solution to product a first leach liquor and a first leach

residue, the first leaching solution comprising a sulfuric acid solution;
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a first separation unit for separating the first leach liquor from the first leach

residue after the first leaching;

a second leaching unit for leaching the first leach residue at atmospheric
pressure using a second leaching solution to form a second leach liquor and a
second leach residue, the second leaching solution comprising sulfuric acid and a

reducing agent;

a second separation unit for separating the second leach liquor from the second

leach residue; and

a Mn-precipitation system for precipitating Mn compounds from the first and
second leach liquors, or streams derived therefrom, by contacting with a

carbonate at a pH to precipitate Mn carbonate compounds.

In some implementations, the Mn-precipitation system comprises a first Mn-precipitation
unit for subjecting the first leach liquor to Mn-precipitation; and a second Mn-precipitation

unit for subjecting the second leach liquor to Mn-precipitation.

In some implementations, the system includes an additional precipitation unit for
receiving the first leach liquor and removing at least one of aluminum (Al), iron (Fe) and
silicate therefrom, to produce a metals depleted liquor comprising Zn and Mn; and a Zn-
precipitation unit for receiving the metals depleted liquor and producing Zn precipitates
and a Zn-depleted fraction, wherein the first precipitation unit is configured to receive

the Zn-depleted fraction to be subjected to the Mn-precipitation.

In some implementations, the system also includes one or more operational or structural

features of the processes described in the description or drawings.

Various implementations, aspects and features of the techniques will be described below

and illustrated in the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing Zn concentration (mg/L) during electrolysis.

Figure 2 is a diagrammatic representation of a flow sheet depicting a method for the

leaching of a metallic sludge.

10
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Figure 3 is a diagrammatic representation of a process for treating a metallic sludge.

Figure 4 is a diagrammatic representation of another process for treating a metallic

sludge.
DETAILED DESCRIPTION

Various implementations of techniques will be described for treating metallic sludges for

recovering components, such as Zn and Mn.

Referring to Figures 3 and 4, in some implementations the process begins with metallic
sludge 10, which may be obtained from “brownfield” or elsewhere. The metallic sludge
10 can contain between 1 and 40 percent of Zn, between 0.5 and 28 % of Mn and
between 1 and 20 % of Pb, for example. It should be noted that the source material that
is treated can be a mixture of metallic sludge streams from multiple sources and/or a

pre-treated metallic sludge stream or another stream derived from metallic sludge.

In addition to manganese, zinc and lead, such metallic sludges may contain at least one

of the following elements: iron, aluminum, calcium, silicates, sodium and magnesium.

In some implementations, the metallic sludge 10 is reacted at ambient temperature with
sulfuric acid at step 11, referred to as Zn leaching step. The resource material pulp

density can be between 5 and 15% by weight.

Optionally, there can be multiple (e.g., three) steps of leaching with a solution of sulfuric
acid with a concentration of 0.25 M and multiple (e.g., three) steps of rinsing. Aqueous

sulfuric acid reacts with zinc oxide according the following equation:
Equation 1: ZnO + H,SO,4 > Zn** + H,O + SO~

H,SO, reacts with divalent manganese (MnO) according the following equation:
Equation 2: MnO + H,SO,4 > Mn?* + H,0O + SO~

In some implementations, the removal of impurities from leach liquor (“LL” which may
also be referred to as pregnant leach solution “PLS”) can be accomplished in one stage.
For example, in some implementations, the pH of the solution is changed from about

4.25 to about 4.75 to precipitate silicate, iron and aluminum at a mix tank, shown at step

11
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14, referred to as Al and Fe precipitation step. This pH may be achieved in various way,
including the addition to the solution of alkaline earth hydroxides or alkaline salt, such as
NaOH, Mg(OH), or Ca(OH),. The precipitated solid can be separated from the treated

leach liquor in a thickener or a filter in a solid-liquid separation step 15.

In some implementations, the pH of the solution can then be raised; for example, sodium
sulfide or Na,S can be added to the solution to precipitate zinc as sulfides, the pH of the
leach liquor can be about 4.25 to about 4.75. Zinc can also be precipitated and
recovered as zinc oxide with a stoichiometric addition of sodium hydroxide, the pH of the
leach liquor would be changed to about 7.0 to about 10.0, at step 16, referred to as Zn
precipitation step. Zinc can also be recovered through electroplating with specific
conditions. The sulphides or oxides precipitates can be separated from the treated leach

liquor in a thickener or a filter in another solid-liquid separation step 17.

Optionally, the pH of the solution can then be raised to about 8.5 with Na,CO; to
precipitate and recover manganese carbonate, at step 18, referred to as Mn precipitation
step The solid manganous carbonate is separated from the solution by a thickener or a

filter, in another solid-liquid separation step 19.

In some implementations, after zinc leaching, the leached residue (from the first step 11
of Zn leaching) can be reacted in a stirred tank at ambient temperature with sulfuric acid
and sodium metabisulfite to reduce manganese dioxide, at step 12, referred to as Mn

leaching step. Optionally, there can be 2 steps of leaching and 2 steps of rinsing.
Sodium metabisulfite reacts with MnO, according the following equation:
Equation 3: 2MnO; + H,SO4 + Na;S,05 > 2Mn* + H,0 + 3S04* + 2Na*

In some implementations, the pH of the solution can be between about 3.0 and about

5.0 to leach manganese without leaching iron or aluminum.

In some implementations, additional removal of impurities from leach can be
accomplished in one stage. For example, referring to Figure 4, the pH of the solution can
be changed from about 4.80 to about 5.60 to precipitate aluminum, iron, lead and zinc in
a mix tank, shown in step 21, referred to as Al, Fe, Pb and Zn precipitation step.
Achievement of the desired pH may include the addition to the solution of sodium

hydroxide and sulfide, such Na,S, to precipitate impurities as sulfides. The precipitated

12



WO 2015/192234 PCT/CA2015/050547

solid can be separated from the treated leach liquor in a thickener or a filter in a solid-

liquid separation step 22.

Referring to Figures 3 and 4, in some implementations, after filtration the pH of the
solution is then raised to about 8.5 with Na,CO; to precipitate and recover manganese
carbonate, at step 23, referred to as another Mn precipitation step. The solid manganous
carbonate can be separated from the solution by a thickener or a filter in another solid-

liquid separation step 24.

Final residues can contain a high proportion of lead, between 10 and 30% for example,

which can be revalorize by hydrometallurgical and/or pyrometallurgical methods.
EXAMPLE I: LEACHING

A leaching test was performed using steel dust. The composition of the dust is given in
Table 1. In the test, 400 g of dust was lixiviated (i.e., leached) with 4 liters of water (10%

pulp density by weight) in a stirred plastic reactor with baffle.

Table 1: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

198 729 453 688 563 523 115 131 187 3.23

After the leaching test for zinc, the slurry was filtered. A small portion was dried, crushed,
digested and analyzed with ICP AES is given in Table 2. A sample of the filtrate was also

analyzed.

Table 2: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

231 102 101 055 402 567 1.47 174 213 555

It is noted that by operating in a pH range of 1.5 to 3.5, the sulfuric acid concentration
used for each leaching is 0.25 M, about 97% of the zinc and 13% of manganese is

extracted. These results shows that as Mn is mainly found here as MnO, the first
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leaching step preferentially leaches Zn and not much Mn or Pb. Leaching times did not

exceed 30 minutes and rinsing times did not exceed 10 minutes. The weight of dry

residue after leaching was 252 g. After the zinc leaching, a second leaching step

included leaching the first leach residue in a second leaching solution with sulfuric acid

and reductant such as sodium metabisulfite. The elements concentration in the leach

liquors are shown in the Table 3.

Table 3: Elements concentration in leach liquor (mg/L)

Volume [H;SO,]
(mL) (moliL) Mn Pb Al K Ca Fe Mg Sn Zn S
L1Zn 3054 025 348 439 478 530 375 519 254 512 081 463 2882
L2 Zn 4168 025 249 967 716 1773 236 511 694 402 412 803 5915
L3 Zn 4176 025 146 740 630 988 956 593 1011 176 401 407 7466
R1Zn 4000 0.0 174 272 468 353 337 562 211 596 124 134 2564
R2 Zn 4000 0.0 211 104 370 115 139 564 299 186 270 428 1171
R3 Zn 4000 0.0 240 511 383 407 787 593 658 631 068 164 824
Extraction
% 128 041 837 100 580 263 937 772 96.7 -
L1Mn 2830 025 476 11998 9.90 0.00 135 573 0.00 493 120 443 17971
L2 Mn 2590 010 365 7954 9.04 155 825 548 544 452 645 934 14228
R1Mn 2540 0.0 377 636 538 245 215 542 027 446 187 934 1561
R2 Mn 2540 0.0 379 2226 594 567 165 517 115 140 1.85 283 4263
Extraction 909 070 871 100 835 264 100 8.87 100 -

%

After the second leaching, the slurry was filtered. A small portion was dried, crushed,

digested and analyzed with ICP AES is given in Table 4. A sample of the filtrate was also

analyzed.
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Table 4: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

242 171 126 390 185 945 083 264 134 6138

It is noted that by operating in a pH range 3.5 and 4.5, about 90.9 % of the manganese
is extracted. Leaching times did not exceed 120 minutes and rising times did not exceed
10 minutes. The weight of dry residue after leaching is 138 g. This final residue

contained 17.1% Pb and is recyclable by other processes.
EXAMPLE II: LEACHING

Another leaching test was performed using steel dust more concentrated in zinc and less
in manganese. The composition of the dust is given in Table 5. In the test, 20 g of dust
was lixiviated with 200 mL of a solution with a sulfuric acid concentration of 0.25 mol/L
(10% pulp density by weight) in an erlenmeyer with baffle. Table 6 presents the elements

concentration in each leaching solution.

Table 5: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

074 108 198 00 102 623 203 054 392 159

After the leaching test of zinc, the slurry was filtered. A small portion was dried, crushed,
digested and analyzed with ICP AES is given in Table 7. A sample of the filtrate was also
analyzed. The sulfuric acid concentration used for each leaching is 0.25 mol/L, about
89.7% of the zinc is extracted. Times of leaching did not exceeded 30 minutes and times
of rising did not exceeded 10 minutes. The weight of dry residue after leaching is 7.4 g. It
is not necessary to do manganese leaching because the concentration of manganese in
the metallic sludge is too low. This final residue contains 27.4% Pb and is recyclable by

other processes.
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Table 6: Elements concentration in leach liquor (mg/L)

[H2S0,
Volume
1 pH Mn Pb Al Ca Fe Mg Sn Zn
(mL)
{mol/L)
L1 Zn 190 0.25 5.66 8.33 13.0 18.0 248 23.5 331 0.0 10817
L2 Zn 210 0.25 5.36 7.42 8.75 30.2 138 43.3 27.9 0.0 12613
L3 Zn 226 0.25 2.89 13.2 115 1134 83.7 671 29.2 40.0 9445
R1Zn 200 0.0 3.80 1.89 591 81.0 11.4 63.4 2.90 0.0 946
Extraction
441 0.4 71.4 47.7 14.3 47.2 83.5 89.7

%

Table 7: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

1.0 274 240 1.0 161 136 4.0 - 39.7 240

EXAMPLE Ill: LEACHING

Another leaching test was performed using steel dust more concentrates in manganese

and less in zinc and lead. The composition of the dust is given in Table 8. In the test, 20

g of dust was lixiviated with 200 mL of a solution with a sulfuric acid (10% pulp density

by weight) in an erlenmeyer with baffle. Table 9 presents the element concentration in

each leaching solution.

Table 8: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

278 393 9580 788 567 127 166 051 7.74 560
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Table 9: Elements concentration in leach liquor (mg/L)

Volume
(mL) Mn Pb Al K Ca Fe Mg Sn Zn S
L1 Zn 150 331 173 00 617 250 662 1.50 652 0.0 994 2712
L2 Zn 204 183 744 09 1712 213 603 172 492 280 299 5641
L3 Zn 204 122 670 19 1152 107 632 79.0 258 2.00 178 6928
R1Zn 202 156 200 00 541 450 591 800 111 060 672 2758
R2 Zn 202 194 612 00 230 248 612 080 473 00 228 1367
R3 Zn 202 234 231 00 109 142 639 00 261 0.0 820 889
L1 Mn 176 3.81 12846 465 222 268 562 0.14 866 7.92 407 19464
L2 Mn 162 362 8116 517 285 123 533 569 61.8 593 515 14078
R1 Mn 150 366 3063 157 917 379 507 077 217 200 181 5162
R2 Mn 152 411 1230 589 856 286 531 000 754 0.0 692 2147

Extraction
%

826 43 747 809 939 89 957 368 9738 -

After the leaching test of zinc and manganese, the slurry was filtered. A small portion
was dried, crushed, digested and analyzed with ICP AES is given in Table 10. The
weight of dry residue after leaching is 5.2 g. About 82.6% of manganese principally in
the step of manganese leaching (L1 Mn to R2 Mn) and 97.8% of zinc is extracted

principally in the steps of zinc leaching (L1 Zn to R3 Zn).

Table 10: Elements concentration in the metallic sludge (g/kg)

Mn Pb Al K Ca Fe Mg Sn Zn S

663 131 808 24 116 524 90 239 69 125
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EXAMPLE IV: LEACH LIQUOR PURIFICATION

In this example, the leach liquor purification is performed using a technique such as
precipitation. The aim of precipitation is to remove iron and aluminum from the leach
liquor after the zinc leaching test. The compositions of the leach liquor and the initial pH

are in Table 11. For each precipitation step, 1 liter of leach liquor has been used.

Table 11: Elements concentration in the leach liquor (mg/L)

pH Mn Pb Al K Ca Fe Mg Sn Zn S Na
L12Zn 317 439 4.8 530 375 519 2.50 512 0.8 463 2882 28.5
L2Zn 242 967 7.2 1773 236 511 69.4 403 41.2 803 5915 1.9
L3Zn 1.46 740 6.3 988 95.6 593 1011 176 40.1 406 7466 4.70

The pH of the solution is changed to about 4.25 and 4.75 to precipitate silicate, iron and
aluminum in a mix tank using lime or sodium hydroxide as precipitation agent. After pH
stabilization and decantation the purified leach liquor and residues are analyzed. The
compositions of the purified leach liquors, the final pH and the quantity of lime used in
each precipitation are shown in Table 12. Table 12 shows that the majority of iron and

aluminum have been precipitated without zinc and manganese.

The compositions of the precipitates are shown in Table 13.

Table 12: Elements concentration in the purified leach liquor (mg/L)

pH Ca(OH),
Mn Pb Al K Ca Fe Mg Sn Zn S Na
(9)
L1Zn 426 417 1.80 70.4 376 720 0.80 510 0.0 461 2109 271 1.6
L2Zn 426 856 1.60 529 224 531 0.10 390 0.0 704 2082 10.5 6.3
L3Zn 426 690 1.60 94.9 103 594 34.9 214 0.0 361 1691 4.30 141
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Table 13: Elements concentration in the dry precipitates (g/kg)

Moisture
" Mn Pb Al K Ca Fe Mg Sn Zn S
0
L1 Zn 93.4 1.0 1.41 66.5 64.9 108 2.04 7.78 0.40 7.89 138
L2 Zn 90.5 1.1 0.43 57.0 285 120 3.98 4.26 1.34 8.50 146
L3 Zn 85.9 4.90 0.27 257 9.39 138 291 1.63 0.94 3.00 145

EXAMPLE V: ZINC OXIDE PRECIPITATION

Zinc oxide was precipitated from leach liquors after the zinc leaching (see EXAMPLE II)
using stoichiometric quantity of NaOH as a precipitation agent (considering the
concentration of Zn) at pH between 9.0 and 11.0. In the test, 1000 mL of leach liquor L1
Zn with 9339 mg Zn/L is precipitated with 114 mL of 100 g NaOH/L. The results are in
Table 14.

Table 14: Initial concentration of elements in leach liquors (mg/L)

pH pH
Mn Pb Al K Ca Fe Mg Zn S Na i
ini  fin

L1Zn 970 100 720 00 460 00 396 9339 5668 00 57 108

l2Zn 115 690 247 14 357 83 371 11536 6845 00 54 100

After the precipitation, 20.0 g of ZnO for L1 Zn and 24.7 g of ZnO for L2 Zn are
precipitated. The solid zinc oxide is separated from the solution by a filter.
Concentrations of various elements of the finals cake are in Table 15. The concentration
of zinc in the cake is 52.9 % for L1 Zn and 50.5 % for L2 Zn.

Table 15: Concentration of elements in g/kg in the final cake

Mn Pb Al K Ca Fe Mg Zn S Na
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L1Zn 052 053 048 015 887 002 663 529 60.2 486

L2Zn 052 031 113 011 982 039 455 505 676 555

EXAMPLE VI: ZINC SULPHIDE PRECIPITATION

Zinc sulphide was precipitated from purified leach liquors using Na,S as a precipitation
agent at pH between about 4.5 and about 5.5. In this test 150 mL of leach liquor L Zn
with 855.8 mg Mn/L and 704 mg Zn/L is precipitated with twice the stoichiometry
(considering the concentration of Zn) of Na,S. The Mn and Zn concentration after and

before the precipitation are in Table 16.

Table 16: Concentration of elements in leach liquor (mg/L)

Mn Pb Al K Ca Fe Mg Zn S
LZn

856 1.6 529 224 531 0.1 390 704 2082
Before
LZn

855 0.0 505 231 476 0.0 343 77.6 2334
After

Table 16 shows that most of zinc is precipitated in sulphides without manganese which

will be precipitated as carbonate in another stage.
EXAMPLE VII: MANGANESE CARBONATE PRECIPITATION

Manganese carbonate was precipitated from purified leach liquors using stoichiometry of
Na,CO; as a precipitation agent (considering the concentration of Mn) at pH between
about 7.5 and 8.5. Before manganese carbonate precipitation, impurities like Al, Fe, Pb
and Zn are removed as sulfide from the leach liquor. The pH of the solution is changed
to about 4.80 and 5,80 to precipitate aluminum, iron, lead and zinc in a mix tank using
sodium hydroxide and sodium sulfide as precipitation agent. After pH stabilization and
decantation the purified leach liquor is filtrated, manganese carbonate is then

precipitated with Na,CO;. Manganese precipitation is very fast at ambient temperature.
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In the test, 1000 mL of leach liquor L1 Mn with 10125 mg Mn/L is precipitated with 23.4 g

of Na,COs. The results are shown in Table 17.

Table 17: Initial concentration in mg/L of elements in leach liquors after

purification

pH pH

Mn Pb Al K Ca Fe Mg Zn S . X
ini  fin

10125 21 01 234 545 11 341 05 13888 48 86
n

L2

Mn

7499 17 02 138 517 06 340 02 11279 56 86

After the precipitation, 26.9 g of MNnCQO; for L1 Mn and 16.4 g of MnCO; for L2 Mn are
precipitated. The solid manganous carbonate is separated from the solution by a filter.
Concentrations of various elements of the finals cake are in the Table 18. The elements
concentration in leach liquors after precipitation of MNCO; are in Table 19, the majority

of manganese have been precipitated but calcium, sodium and sulfides are also

precipitated.
Table 18: Concentration of elements in g/kg in the final cake
Mn Pb Al K Ca Fe Mg Zn S Na
L1
439 05 01 17 132 01 00 16 178 193
Mn
L2
M 41 06 89 18 145 07 01 53 154 158
n
Table 19: Concentration of elements in leach purified liquor (mg/L)
Mn Pb Al K Ca Fe Mg Zn S Na
L1
M 5.6 1.1 00 216 58.2 00 290 0.0 11727 13518
n
L2 6.2 0.7 01 144 36.8 06 254 00 11722 10259
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After the precipitation, it is preferred to wash the manganous carbonate precipitates to
eliminate the sodium and sulfides. In the test, 20 g of manganous carbonate was rinsed
with 200 mL of water (10% pulp density by weight), the results are shown in Table 20.
The concentration of Mn in the cake is 44.6 % for L1 and 43.0 % for L2.

Table 20: Concentration of elements in g/kg in the final cake after

rinsing

Mn Pb Al K Ca Fe Mg Zn S Na

446 03 00 19 209 00 03 00 23 76

430 02 00 07 289 00 07 00 18 64

EXEMPLE Viil: ZN ELECTROPLATING

Zn metal was electrodeposited from leach liquor using an electroplating cell. An electrical
power source is connected to four cathodes and four anodes. The cathodes are made of
stainless steel and the anodes are made of TiO,. The area of each cathode is 220 cm?2.
The solution is fed into electrolytic tank of 2 liters where zinc metal is deposited on the
stainless steel cathodes during electrolysis. At the TiO, anodes an oxidation reaction
occurs, generating oxygen gas, protons and giving electrons. The current is fixed of 15 A

and every 60 minutes the cathodes full of Zn metal are replaced by news cathodes.

Reduction at cathode: Zn*" + 2e" > Zn
Oxidation at anode: H,O = 2H" + 120, + 2¢°

Zinc metal was electrolysed from the mixture of leach liquors L1 and L2 after the zinc
leaching (see EXAMPLE Il). The results are shown in Table 21 and Figure 1 shows the

Zn concentration during the electrolysis.
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Table 21: Concentration of elements in leach liquors (mg/L)

Mn Pb Al K Ca Fe Mg Zn S Na

L1 and L2 Zn
77 173 0.0 240 146 335 10966 5713 0.0
Before
L1 and L2 Zn
Aft 29 00 208 00 186 123 26.7 1530 5714 0.0
er

With four change of cathode, about 86.0% of Zn is electrolyzed and the final

concentration of Zn reaches 1530 mg/L.

While the techniques described herein apply to steel plant dust as well as various
streams and materials derived therefrom, they can also be used for treating other
matrices to extract valuable materials. For example, various waste or byproduct streams
from the metals processing industry may be processed to extract compounds such as
Zn, Mn and/or Pb, in particular when the concentration of such compounds is
economically significant. Waste streams can include electric arc furnace (EAF) dust,
various pyrometallurgical residues, and materials derived therefrom. Waste streams from
the metals processing industry or other matrices can also be tested to determine the
composition and extractability of desired components, prior to subjecting the waste
streams to an implementation of the techniques described herein. Various other

matrices, such as mining residues, can also be treated with techniques described herein.
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CLAIMS

A process for treating a matrix comprising zinc (Zn), manganese (Mn) and lead (Pb),

comprising:

leaching the matrix to generate a leaching solution enriched in Zn and a fraction

enriched in Mn and Pb;

subjecting the leaching solution to Zn-precipitation to produce Zn-based

precipitates and a Zn-depleted fraction comprising Mn compounds;

leaching the fraction enriched in Mn and Pb to produce a Mn-enriched leaching

solution and a Pb-enriched fraction; and

subjecting the Zn-depleted fraction and/or the Mn-enriched leaching solution to

Mn-precipitation to produce Mn-based precipitates.

The process of claim 1, wherein the leaching of the matrix is performed using an

aqueous acidic solution.
The process of claim 2, wherein the aqueous acidic solution comprises H,SO,.

The process of claim 2 or 3, wherein the leaching of the matrix comprises multiple
leaching runs with the aqueous acidic solution and multiple rinsing runs with an

aqueous rinsing solution.

The process of claim 4, wherein the leaching of the matrix comprises at least three

leaching runs and/or at least three rinsing runs.

The process of any one of claims 1 to 5, further comprising, prior to the Zn-
precipitation, removing additional metal components from the leaching solution
enriched in Zn.

The process of claim 6, wherein the additional metal components include aluminum
(Al).

The process of claim 6 or 7, wherein the additional metal components include iron
(Fe).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The process of any one of claims 6 to 8, wherein the removing of the additional metal

components comprises precipitating the additional metal components.

The process of claim 9, wherein precipitating of the additional metal components

comprises adding a hydroxide of a divalent cation.

The process of claim 10, wherein the hydroxide of a divalent cation comprises
Ca(OH), or NaOH.

The process of any one of claims 1 to 11, wherein the Zn-precipitation comprises

adding NaOH or Na,S to produce ZnO or ZnS as the Zn-based precipitates.

The process according to any one of claims 1 to 12, further comprising, prior to the
Mn-precipitation, removing additional metallic impurities from the Zn-depleted

fraction and/or the Mn-enriched leaching solution.

,The process of claim 13, wherein the additional metallic impurities comprise

aluminum, iron, lead, zinc or a combination thereof.

The process of claim 13 or 14, wherein removing the additional metallic impurities
prior to the Mn-precipitation comprises adding NaOH and Na,S to the Zn-depleted

fraction and/or the Mn-enriched leaching solution.

The process of any one of claims 1 to 15, wherein the Mn-precipitation comprises
adding a carbonate compound to produce Mn-carbonates as the Mn-based

precipitates.

The process of claim 16, wherein the carbonate compound comprises Na,CO; to

produce MnCOs,.

The process of any one of claims 1 to 17, further comprising, prior to the leaching of

the matrix, a step of determining a composition of the matrix.

The process of claim 18, wherein determining the composition of the matrix

comprises determining the concentrations of Zn and Mn.

The process of claim 18 or 19, wherein determining the composition of the matrix

comprises determining the concentration of Pb.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

The process of any one of claims 18 to 20, wherein determining the composition of

the matrix includes determining the concentrations of Al and/or Fe.

The process of any one of claims 1 to 21, further comprising treating the Pb-enriched

fraction to recover Pb therefrom.
The process of any one of claims 1 to 22, further comprising:

subjecting the Zn-depleted fraction to Mn-precipitation in a first reactor to produce

a first stream of Mn-based precipitates; and

subjecting the the Mn-enriched leaching solution to Mn-precipitation in a second

reactor to produce a second stream of Mn-based precipitates.
The process of claim 23, further comprising:
producing a Mn-depleted stream in the second reactor; and
subjecting at least a portion of the Mn-depleted stream to further Mn-precipitation.

The process of claim 24, wherein the further Mn-precipitation of the Mn-depleted

stream is conducted in the first reactor.

The process of any one of claims 23 to 25, further comprising recycling a portion of
the Mn-depleted stream from the second reactor for addition to the matrix before or

during the leaching thereof.

The process of any one of claims 23 to 26, further comprising recovering a metals-
depleted liquid from the Mn-precipitation in the first reactor and adding at least a
portion of the metals-depleted liquid to the matrix before or during the leaching

thereof.

The process of any one of claims 1 to 27, wherein the leaching of the matrix is

performed in atmospheric pressure conditions.

The process of any one of claims 1 to 27, wherein one or more of the leaching steps

are performed in a counter-current reactor.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

The process of any one of claims 1 to 28, wherein one or more of the leaching steps

are performed in an agitated tank reactor.

The process of any one of claims 1 to 28, wherein one or more of the leaching steps

are performed in a batch reactor or a continuous.

The process of any one of claims 1 to 31, wherein the matrix comprises a powder or
dust.

The process of any one of claims 1 to 32, wherein the matrix comprises a by-product

or waste stream derived from metals processing.

The process of any one of claims 1 to 33, wherein the matrix comprises steel plant
dust.

The process of any one of claims 1 to 34, including one or more features of claims
33 to 53.

A process for treating a matrix comprising zinc (Zn), manganese (Mn) and lead (Pb),
comprising selective and sequential leaching of Zn, Mn and Pb in order to obtain a

Mn concentrate, a Zn concentrate, and a Pb-enriched residue.

The process of claim 36, including one or more features of claims 1 to 35 and 38 to
56.

A method for the hydrometallurgical treatment of a matrix comprising manganese
(Mn), zinc (Zn), lead (Pb), iron (Fe), aluminum (Al), and at least one of calcium,

chlorides, sodium and potassium as impurities, the method comprising:

a first leaching step comprising:

leaching the matrix at atmospheric pressure in a reactor using a first
leaching solution to product a first leach liquor and a first leach residue,

the first leaching solution comprising a sulfuric acid solution; and

separating the first leach liquor from the first leach residue after the first

leaching;
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39.

40.

41

42.

43.

44.

45.

46.

a second leaching step comprising:

leaching the first leach residue at atmospheric pressure using a second
leaching solution to form a second leach liquor and a second leach
residue, the second leaching solution comprising sulfuric acid and a

reducing agent; and
separating the second leach liquor from the second leach residue;

a Mn-precipitation step wherein Mn compounds are precipitated from the first and
second leach liquors, including contacting the liquors or streams derived

therefrom, with a carbonate at a pH to precipitate Mn carbonate compounds.

The method of claim 38, further comprising selecting a quantity of the carbonate to
adjust the pH of the first and second leach liquor sufficiently to precipitate out Mn

carbonate compounds.

The method of claim 38 or 39, wherein the pH of the second leaching is between
about 3 and about 5.

. The method of any one of claims 38 to 40, wherein the reducing agent used in the

second leaching step comprises Na,S,0s.

The method of any one of claims 38 to 41, further comprising subjecting the first

liquor to Zn-precipitation prior to Mn-precipitation.

The method of claim 42, wherein the Zn-precipitation includes electroplating Zn as

Zn metal.

The method of claim 42, wherein the Zn-precipitation includes forming Zn sulfide

and/or Zn oxide precipitates that are precipitated out of the solution.

The method of claim 44, further comprising separating the Zn sulfide and/or Zn oxide
precipitates from the solution to form a Zn sulfide and/or Zn oxide containing residue,

and a Zn-depleted first liquor that is subjected to the Mn-precipitation step.

The method of claim 44 or 45, wherein the Zn-precipitation comprises:
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adding alkali or sulfide to the first liquor to precipitate Zn compounds; and then

preforming a solid-liquid separation to produce a Zn sulfide and/or oxide cake.

47. The method of any one of claims 44 to 46, further comprising:

subjecting the first liquor to a Fe, silicate and Al precipitation step to form Fe,

silicate and Al hydroxide compounds and a depleted liquor;

separating the Fe, silicate and Al hydroxide compounds from the depleted liquor;

and

subjecting the depleted liquor to the Zn-precipitation.

48. The method of the claim 47, wherein the Fe, silicate and Al precipitation step

comprises:

adding alkali to increase the pH between about 4 and about 5; and then

preforming a solid-liquid separation to produce a mixed Fe, silicate and Al

hydroxide cake.

49. The method of any one of claims 38 to 48, wherein the Mn-precipitation step

comprises:

adding the carbonate to the first and second liquors to increase the pH to

between about 7.5 and about 8.5; and then

performing a solid-liquid separation to produce a Mn-carbonate cake.

50. The method of any one of claims 38 to 49, wherein the second leach residue
contains between 10 wt% and 30 wt% of Pb.

51. The method of any one of claims 38 to 50, wherein a leaching period of mixing the
sulfuric acid solution for the first and/or second leaching steps is between about 10

minutes and about 24 h.

52. The method of any one of claims 38 to 51, wherein the temperature of the sulfuric

acid solution is between about 20°C and about 40°C.
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53. The method of any one of claims 38 to 52, further comprising one or more features of

claims 1 to 34.

54. A system for treating a matrix comprising zinc (Zn) and manganese (Mn),

comprising:

a leaching unit for leaching the matrix to generate a Zn-enriched leaching

solution, and a fraction enriched in Mn and Pb;

a Zn-precipitation unit for subjecting the Zn-enriched leaching solution to Zn-
precipitation to produce Zn-based precipitates and a Zn-depleted fraction

comprising Mn compounds; and

a leaching unit for leaching the fraction enriched in Mn and Pb to produce a Mn-

enriched leaching solution and a Pb-enriched fraction; and

a Mn-precipitation system for subjecting the Zn-depleted fraction and/or the Mn-
enriched leaching solution, or streams derived therefrom, to Mn-precipitation to

produce Mn-based precipitates.
55. The system of claim 54, wherein the Mn-precipitation system comprises:

a first Mn-precipitation unit for subjecting the Zn-depleted fraction to Mn-

precipitation; and

a second Mn-precipitation unit for subjecting the Mn-enriched leaching solution to

Mn-precipitation.

56. The system of claim 54 or 55, further comprising an additional precipitation unit for
receiving the Zn-enriched leaching solution and removing at least one of aluminum
(AD), iron (Fe) and silicate therefrom, to produce a liquor for supplying to the Zn-

precipitation unit.

57. A system for the hydrometallurgical treatment of a matrix comprising manganese
(Mn), zinc (Zn), lead (Pb), iron (Fe), aluminum (Al), and at least one of calcium,

chlorides, sodium and potassium as impurities, the system comprising:
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a first leaching unit for leaching the matrix at atmospheric pressure in a reactor
using a first leaching solution to product a first leach liquor and a first leach

residue, the first leaching solution comprising a sulfuric acid solution;

a first separation unit for separating the first leach liquor from the first leach

residue after the first leaching;

a second leaching unit for leaching the first leach residue at atmospheric
pressure using a second leaching solution to form a second leach liquor and a
second leach residue, the second leaching solution comprising sulfuric acid and a

reducing agent;

a second separation unit for separating the second leach liquor from the second

leach residue; and

a Mn-precipitation system for precipitating Mn compounds from the first and
second leach liquors, or streams derived therefrom, by contacting with a

carbonate at a pH to precipitate Mn carbonate compounds.
58. The system of claim 57, wherein the Mn-precipitation system comprises:

a first Mn-precipitation unit for subjecting the first leach liquor to Mn-precipitation;

and

a second Mn-precipitation unit for subjecting the second leach liquor to Mn-

precipitation.
59. The system of claim 58, further comprising:

an additional precipitation unit for receiving the first leach liquor and removing at
least one of aluminum (Al), iron (Fe) and silicate therefrom, to produce a metals

depleted liquor comprising Zn and Mn;

a Zn-precipitation unit for receiving the metals depleted liquor and producing Zn
precipitates and a Zn-depleted fraction, wherein the first precipitation unit is
configured to receive the Zn-depleted fraction to be subjected to the Mn-

precipitation.
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60. The system of any one of claims 54 to 59, further comprising one or more
operational or structural features of claims 1 to 53 and/or described in the description

or drawings.
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