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Process for recovering non-ferrous metals from industrial mineral residues

Technical field
[0001] The present invention is related to a process for recovering valuable
non-ferrous metals from residues originating from metallurgical processes, such as

hydro- and pyrometallurgical processes.

Background art

[0002] Metallurgical processing of zinc produces large quantities of
hazardous waste streams. Particularly, iron is present as an undesirable constituent of
zinc concentrates, calcine oxides and zinc oxide dust. In the leaching process of
concentrates, calcines or dust, iron dissolves into the solution with zinc and other desired
metals. Iron constitutes a severe impurity in zinc solution and must be removed before
zinc electrolysis. In most existing electrolytic zinc plants, iron is removed by its
precipitation as jarosite or goethite, and the jarosite process is more widely used than
the goethite process. Due to the presence of heavy metals (e.g. As, Cd, Pb, Zn), these
hazardous waste streams are currently disposed of in dedicated landfills to contain the
risk they could pose to the environment and human health. The enormous amount of the
waste produced every year makes from jarosite and goethite residues one of the biggest
environmental problems in the zinc production industry. Fine-grained waste streams
coming from steelmaking industry, such as Electric Arc Furnace (EAF) or Basic Oxygen
Furnace (BOF) dust and sludge also contain heavy metals and thus present serious
environmental problems, especially taking into account the large amounts of such fine-
grained wastes being produced annually.

[0003] FR 2463189 describes a process which is based on sulphation
roasting of goethite sludge in a temperature range of 500-750 °C. Particularly, a roasting
temperature between 550 °C and 650 °C ensures selective sulphation of non-ferrous
metals from dried goethite sludge. As a sulphate source either H>SO4 or SO3g) were
used. However, SO3( can be obtained by decomposition of H>SO4 or other sulphates.
After sulphation, the residue was leached in an aqueous solution of H,SO4 at a pH
between 1 and 2. The leaching temperature is preferably between 20 °C and 60 °C.
Under such conditions, it was shown that 90-92% Zn, 86-88% In and 93-94% Cu can be
leached with low Fe dissolution (1.8-6%).

[0004] It results from the prior art above that to reach high recovery of
valuable metals from these residues, aggressive conditions, such as acidic leaching

agents need to be used, which can result in an unwanted high dissolution rate of Fe.
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Moreover, goethite residue and fine-grained waste streams coming from steelmaking
industry often contain Zn as stable Zn-ferrite (ZnFe>04) spinel what makes selective Zn

recovery difficult.

Summary of the invention

[0005] Therefore, the present invention aims to selectively recover valuable
non-ferrous metals (such as, though not limited to, Zn, Ni and Pb) and possibly remove
other hazardous contaminants (e.g. As) from residues of metallurgical processes. It is
an aim to valorise the (iron-containing) residue matrix material depleted from the non-
ferrous metals. Itis an aim of the present invention to provide a more economical process
for selective recovery of non-ferrous metals from such residues. It is also an aim to
provide a more environmentally friendly process for recovery of non-ferrous metals from
such residues.

[0006] Thus, according to the present invention, a process for recovering a
non-ferrous metal is provided, as set out in the appended claims. The non-ferrous metal
is comprised in a first solid residue, which is advantageously a granular or particulate
material and advantageously comprises iron, in particular iron oxide. The non-ferrous
metal can be bound in an iron (oxide) matrix in the first solid residue. The first solid
residue is mixed with a second solid residue comprising sulphur, advantageously as a
sulphate mineral, thereby obtaining a particulate mixture. The second solid residue is
advantageously a granular or particulate material. The particulate mixture is subjected
to a roasting step, advantageously under oxidizing conditions, at a temperature of at
least 650 °C to obtain a roasted mixture. The roasted mixture is then subjected to
leaching under mild conditions, e.g. in a liquid at pH of 5.5 or higher, e.g. pH between 6
and 8; to obtain a leachate which is enriched with the non-ferrous metal. Advantageous
non-ferrous metals for use in processes as described herein are zinc, lead and nickel.
[0007] In aspects of the present invention, mixing a non-ferrous metal and
iron containing waste stream with a sulphur containing waste stream, advantageously in
at least a stoichiometric amount of sulphur to the non-ferrous metal was found to
significantly enhance the leaching of the non-ferrous metal after roasting.

[0008] Aspects of the present invention are based on the sulphation of the
non-ferrous metal, in particular zinc, which is advantageously present in the residue
stream, such as goethite residue, Electric Arc Furnace (EAF) dust or Basic Oxygen
Furnace (BOF)-sludge as a stable iron spinel, e.g. zinc ferrite (ZnFe204) or zinc franklinite
(ZnFe2Q0y4), to form soluble ZnSO4, by mixing the residue with a further mineral waste
stream, advantageously produced by the non-ferrous industry, comprising sulphur (i.e.

elemental sulphur, sulphide anions or a sulphidic oxyanion), such as jarosite, and
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roasting said mixture; followed by water leaching to obtain a solution which is enriched
with the non-ferrous metal. As a result, aggressive conditions as described in the prior
art are advantageously avoided.

[0009] It has surprisingly been found that mixing the residue comprising the
non-ferrous metal with a mineral waste stream comprising sulphur, avoids the need or
formation of aggressive acidic leaching solutions. Furthermore, this has the benefit of co-
processing another waste material. As a result, processes according to the present
invention allow for being carried out solely based on waste materials and virgin materials
are advantageously not used in processes according to the present invention. One of
the advantages of the present process is that these wastes have the same problems: i.e.
they both contain the same kind of hazardous heavy metals. This means that both will
need to be treated to remove these compounds. By combining them the problem of both
wastes will be resolved at the same time. It has further been found that the processes
as described herein result in limited dissolution of iron or of toxic elements (i.e. As, Cd,
Pb), allowing direct application of the leached solution, e.g. in case of zinc in a Zn-
electrolysis treatment to recover the non-ferrous metal.

[0010] Further benefits of aspects of the present invention are a higher
extraction of the non-ferrous metal (e.g. >95% in case of Zn) and a very limited Fe
(0.02%) and Pb (0.1%) dissolution. Limited Fe dissolution is highly beneficial for
subsequent treatment of the leached solution, as no additional purification steps to
remove Fe are needed. In addition, leaching is advantageously performed in neutral pH
conditions, allowing to use water as leaching agent. As no acid needs to be added to the
leaching step after the roasting, costs for additional acid can be avoided and the process
is rendered more environment-friendly.

[0011] Yet a further advantage is that two or more possibly hazardous
waste streams can be treated together, which increases supply reliability of a roasting

plant which needs high throughput to be economically sustainable.

Brief description of the figures

[0012] Aspects of the invention will now be described in more detail with
reference to the appended drawings, wherein same reference numerals illustrate same
features and wherein:

[0013] Figure 1 represents a flow diagram of a process according to
aspects of the present invention;

[0014] Figure 2 represents leaching results of zinc (Zn) and lead (Pb) in

water for different roasted materials according to aspects of the present invention;
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[0015] Figure 3 represents a detailed flow diagram including post treatment
steps for recovery of zinc according to aspects of the present invention;

[0016] Figure 4 represents a graph plotting the amount of As in the leachate
of water leaching (L/S ratio 10, 1 hour, 25°C) following roasting of a mixture of goethite
residue and jarosite residue in weight ratio 1:4 at different temperatures;

[0017] Figure 5 represents experimental results of Zn recovery through
roasting and water leaching of a mixture of Basic Oxygen Furnace sludge and jarosite
residue according to Example 4.

[0018] Figure 6 represents experimental results of Zn extractions from
roasted mixtures after water leaching.

[0019] Figure 7 represents the amount of Zn recovered per 100 kg of a

mixture treated by roasting and water leaching.

Description of embodiments

[0020] Referring to Fig. 1, processes for recovering a non-ferrous metal
from a solid residue 11 of a metallurgical process, in particular from a metallurgical
process waste of the non-ferrous metal, comprises a first step 10 of mixing the residue
11 with a second solid material 12. The residue 11 and the solid material 12 are
advantageously granular materials. The first residue 11 comprises the non-ferrous metal
that is to be recovered and comprises iron. Advantageously, the non-ferrous metal is
bound as an iron oxide, in particular an iron spinel in residue 11. Non-limiting examples
of suitable iron oxides are zinc ferrite or zinc franklinite (ZnFe204) and nickel iron oxide.
The first residue can comprise at least 15% by (dry) weight Fe, preferably at least 20%
by weight, preferably at least 25% by weight. Advantageously, the amount of non-ferrous
metal iron oxide (iron spinel) in the first residue is at least 20% by (dry) weight,
advantageously at least 25% by weight, advantageously at least 30% by dry weight of
the first residue.

[0021] According to an aspect of the present invention, the first residue 11
is mixed with a second solid material 12 comprising sulphur. The second solid material
12 is a solid residue. The amount of sulphur in the second material 12 is advantageously
at least 15% by (dry) weight, advantageously at least 20% by weight, advantageously at
least 25% by weight, advantageously at least 30% by weight. The sulphur is
advantageously present in the second material as a sulphate mineral and/or as
elemental sulphur. The amount of sulphate mineral in the second stream is
advantageously at least 15% by (dry) weight, advantageously at least 20% by weight,
advantageously at least 25% by weight, advantageously at least 30% by weight. A

suitable example of a sulphate mineral is jarosite, iron sulphate, ferric sulphate, sodium
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or potassium sulphate, sodium or potassium bisulphate, etc. The second stream is
advantageously a solid residue, in particular a residue of a metallurgical process. By way
of example, different hydrometallurgical processes for producing zinc result in production
of goethite residues and jarosite residues. Both residues can advantageously be used in
processes according to the present invention. The goethite residues can be used as the
first residue 11, whereas the jarosite residues can be used as the second residue 12.
[0022] Advantageously, the second solid residue also comprises the non-
ferrous metal which one intends to recover from the first residue 11. The amount of said
non-ferrous metal in the second residue 12 is advantageously at least 0,5% by (dry)
weight, advantageously at least 1% by (dry) weight, advantageously at least 1,5% by
(dry) weight, advantageously at least about 2% by (dry) weight of the second residue 12.
[0023] The first and second residues are advantageously dry residues. If
moist, they can be dried, e.g. at 40-105 °C during a suitable amount of time, e.g. between
12 hours and 48 hours. The particle size distribution of either one or both the first residue
11 and the second residue 12, and/or of the resulting mixture advantageously has a 50
percentile diameter (dso) of 100 ym or less, advantageously 80 um or less.
Advantageously, dso is at least 1 um, advantageously at least 5 um. Advantageously, the
90 percentile diameter (doo) of either one or both residues, or the mixture is 100 ym or
less. If coarse, the particle size of the residues and/or the mixture can be reduced to
suitable granulometry, e.g. by milling.
[0024] The first and second residues are mixed in suitable proportions. In
particular, the mixture 13 advantageously has a content of sulphur at least equal to the
stoichiometric amount of the non-ferrous metal in the mixture. It is however
advantageous to provide sulphur in excess as compared to the stoichiometric amount of
the non-ferrous metal, advantageously a ratio of sulphur to non-ferrous metal is at least
2, advantageously at least 4, advantageously at least 6, advantageously at least 8,
advantageously at least 10, since some of the sulphur will be lost as SO3 gas.
[0025] The mixture 13 obtained in mixing step 10 is fed to a roasting step
20. The chemical principle behind the roasting step is based on the reaction:
Mp(Fe204)q + rSO3(g)= My(SO4)y + zFe20s,
where M denotes the non-ferrous metal and SOz are gas emissions formed during
roasting (by oxidation of S present in the second residue) which react with the non-
ferrous metal iron oxide of the first residue causing conversion of the iron oxide to a
water-soluble sulphate salt of the non-ferrous metal.
[0026] The roasting step is an oxidative roasting, advantageously at a

temperature of at least 650°C, advantageously at least 675°C. The roasting temperature
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is advantageously 800°C or less, allowing for conversion of the non-ferrous metal iron
oxide into the non-ferrous metal sulphate. Roasting is advantageously performed at
atmospheric pressure, implying that an open reactor may be used, i.e. a reactor open to
the outside atmosphere. The residence time of the mixture 13 at the roasting temperature
is advantageously at least 20 minutes, advantageously at least 30 minutes,
advantageously at least 40 minutes, and advantageously 10 hours or less,
advantageously 5 hours or less, advantageously 4 hours or less.

[0027] The roasted material 21 obtained from roasting step 20 is
subsequently fed to a leaching step 30. Advantageously, leaching is performed in a liquid
at neutral pH, in particular a pH of at least 5.5, advantageously a pH of at least 6,
advantageously a pH of at least 6.5. The pH is advantageously 8 or less. An
advantageous leaching liquid 31 is water, in particular distilled water.

[0028] Leaching is advantageously performed at a liquid to solid ratio (of
leaching liquid 31 to roasted material 21) of at least 1, advantageously at least 5,
advantageously at least 10. Leaching is advantageously performed at a temperature
between 10 °C and 90 °C, advantageously between 15 °C and 75 °C, advantageously
between 20 °C and 50 °C. The residence time of the roasted material in the leaching
liquid can be very short. Given the conversion in a soluble salt, the extraction of the non-
ferrous metal into the leaching solution can even be achieved by washing of the roasted
material, in a batch or continuous process. Advantageously, the residence time of the
roasted material in the leaching liquid, is at least 10 minutes, advantageously at least 0.5
hours, advantageously at least 1 hour.

[0029] Leaching allows for extracting the non-ferrous metal from the
roasted material into solution, while the iron will remain incorporated in the solid material.
The leaching step 30 hence results in a stream 32 comprising a leachate (leached
solution) 41 and residue material 42, advantageously depleted in the non-ferrous metal.
Stream 32 may be a suspension. It has surprisingly been found that by using a mixture
of residues, an efficient leaching can be carried out under mild conditions, thereby
obviating the need of using aggressive conditions or highly acidic leaching agents.
Another beneficial effect of aspects of the present invention is that iron and/or
contaminants advantageously will not leach out, or only leach out in minimal amounts.
This facilitates post treatment steps on both the leachate and the remaining solid
material.

[0030] Known post-treatment steps may be carried out on the stream 32
as required. A first post-treatment step may involve a filtration step 40 to separate the

solid residue material 42 from the leachate 41. Further suitable leaching and/or filtration
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steps may be contemplated, e.g. to remove contaminants from the leachate 41 and/or
from the residue material 42.
[0031] Any one of the process steps as described above may be carried

out in a batchwise or a continuous manner.

Examples

[0032] The following examples relate to experiments carried out with zinc
as the non-ferrous metal. The first solid residue was goethite residue from zinc
production, comprising zinc as the non-ferrous metal one intends to recover, and the
second solid residue was jarosite residue from zinc production. It will be convenient to
note that jarosite residue also comprises the non-ferrous metal, in this case zinc, one
intends to recover from the first solid residue. The chemical principle behind this process
is based on the reaction:

ZnFex04 + SO3g= ZnSO4 + Fez0s3,

where SOs; gas emissions formed during roasting (by oxidation of S and/or
decomposition of sulphate/jarosite present in the non-ferrous sulphur-containing residue)
react with ZnFe>O4 present in zinc and iron containing residue causing conversion of Zn-
ferrite to water soluble salt (ZnSOQa,). It will however be convenient to note that non-ferrous
metal waste materials produced by other industries, such as Electric Arc Furnace (EAF)
dust or Basic Oxygen Furnace (BOF) sludge, produced by the steel industry, are also
iron-rich and contain the stable Zn-ferrite at elevated concentrations, and are accordingly
useful as the non-ferrous metal containing residue in the process according to the
invention.

[0033] Chemical compositions of solid materials have been determined by
EDXRF (energy dispersive x-ray fluorescence), an art known analytical technique used
for the detection of chemical elements. Chemical compositions of liquid samples were
determined by inductively coupled plasma optical emission spectrometry (ICP-OES),

after acid digestion of the sample.

Example 1: mixture proportions
[0034] Starting materials goethite and jarosite sludge with chemical
composition listed in Table 1, were mixed together in different weight ratios (1:1, 1:2, 1:3

and 1:4) and subjected to sulphation roasting.
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Table 1: Chemical composition of the starting goethite and jarosite sludge (dried at 40
°C for 24 h)

Composition [wt. %]
Sample
Fe |Zn |Pb |S As | Al Ca | Cu
Goethite
318 573161924 0.38|0.82|591|0.38
sludge
Jarosite
16.4 | 1.94 | 2.80 | 32.6 | 0.56 | 0.50 | 2.44 | n.a.
sludge
[0035] Roasting was conducted by heating the mixtures at a rate of 120

°C/h to 700 °C, at atmospheric pressure in an open reactor, i.e. a reactor open to the
outside atmosphere). After dwelling for 1 h at 700 °C, the samples were cooled and
manually milled in a mortar to disintegrate the agglomerates formed during roasting. The
chemical compositions of the mixtures obtained after sulphation roasting are listed in
Table 2.

Table 2 Chemical composition of the tested goethite-jarosite mixtures after roasting at
700 °C

Composition [wt. %] Mass
. . loss
Goethite:Jarosite
after
ratio Fe Zn |Pb | S As | Al Ca |Cu
roasting
[wt. %]
(1:1) 33.93 531|297 |9.86|0.76 | 0.81 | 4.69 | 0.30 | 28
(1:2) 32.85|4.80|3.47 |1 9.86 |0.89|0.82|4.26 | 0.25| 33
(1:3) 31.81|4.47 1365|997 |0.94|0.93|4.06|0.21 |35
(1:4) 314 | 4.27 1 3.77 |1 10.2|1.01|0.97 | 4.08 | 0.18 | 37
[0036] These mixtures after sulphation roasting were leached in water in

order to selectively leach Zn. Water leaching was carried out for 1h at a liquid to solid
(L/S) ratio 10 and temperature 25 °C. After leaching and filtration the obtained leachates
were analysed by ICP-OES, and the solid residues were subjected to EDXRF analysis.
[0037] Results of water leaching for different goethite-jarosite mixtures are
shown in Figure 2. For comparison, results from water leaching of untreated goethite

sludge and goethite sludge roasted at 700 °C are reported as well.
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[0038] Figure 2 clearly shows that in case of mixture 1:4, more than 95%
of Zn can be selectively leached with no (or limited) Pb co-dissolution. Already at a 1:1
ratio, corresponding to more or less stoichiometric amounts there is a significant impact
on the amount of extracted Zn, which can be selectively leached out of the roasted
materials. In fact at any of the tested ratios, the leachate is thus enriched in zinc and
devoid of other metals to e.g. enable direct recovery of zinc by means of electrolysis.

[0039] The chemical compositions of the leachate and solid residue after

water leaching of mixture 1:4 of the solid residue are shown in Table 3.

Table 3 Leachate and solid residue chemical compositions after water leaching
Fe Zn Pb S As Al Ca Cu pH

Leachate [mg/L] | 5 4779 | 3 n.a. 0.6 6 585 159 4.3
Solid residue
39.1 043 491 |6.03 |1.31 1.15 | 3.98 | 0.06 |-
[wt. %]
[0040] As can be seen from Table 3, a leachate with high Zn concentration

and low level of impurities can be obtained by water leaching after sulphation roasting of
mixture goethite and jarosite in the ratio of 1:4. For this sample of goethite/jarosite
mixture at ratio 1:4, the experimental results of Fig. 2 showed that more that 95% of Zn
can be selectively leached out. In contrast, when Zn-ferrite containing waste stream
(goethite residue) was treated separately (without mixing with the non-ferrous metallic
waste stream comprising sulphur, i.e. jarosite residue) by roasting and water leaching

only 30% of Zn was leached out.

Example 2: Post-treatment steps

[0041] The solid residue as obtained from example 1 can be further
processed by selective leaching steps, e.g. to remove Pb and As. A suitable flow diagram
is shown in Fig. 3, in particular for a mixture of goethite to jarosite at ratio 1:4. The mixing,
roasting and water leaching steps are identical to Example 1 above.

[0042] A first filtration step 40 was carried out following water leaching to
separate the leachate 41, being the solution enriched in zinc, from the solid material 42,
depleted in zinc. The leachate comprised 5 g/L Zn, 0.5 g/L Ca and less than 3 ppm Fe
and less than 4 ppm Pb.

[0043] A subsequent leaching step 50 is carried out on the solid material
42. The solid material 42 was leached in a salt solution of 300g/L NaCl at L/S = 10 for

two hours at 25°C. The leaching suspension 51 from leaching step 50 was fed to a
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filtration step 60 to separate leachate 61 enriched in Pb, and solid residue 62 depleted
in Pb. Leachate 61 comprised 5 g/L Pb, less than 54 ppm Zn and 1 ppm Fe.

[0044] Solid residue 62 was subjected to a further leaching step 70 for
removing As. An alkaline leaching with 2M NaOH at L/S ratio 10 for 2 hours at 25°C was
performed. Following leaching 70, the suspension was fed to a filtration step 80 to
separate the leachate 81 enriched in As from the solid residue 82, depleted in As.
Leachate 81 comprised 2g/L As, whereas the solid residue 82 comprised 54 wt% Fe, 4.5
wt% Si, 0.3 wi% Pb, 0.2 wt% Zn, 0.1 wt% Ca and 0.2 wt% As. Compared to the initial
compositions, the solid residue 82 has significantly lower amounts of Pb and As.
Therefore, the leaching steps 50 and 70 with NaCl and NaOH solution allow to selectively

remove further toxic elements like lead and arsenic (Pb and As).

Example 3: Influence of roasting temperature on leaching of contaminants

[0045] Using jarosite as the sulfur containing residue, it has been found
that this material will incorporate and prevent toxic elements like arsenic from leaching
into the leachate containing the non-ferrous metal like zinc. For example, Arsenic is
typically present in waste streams in the form of arsenate (AsO4*). During roasting it will
partly replace SO4% in the jarosite structure PbosFes(S04)%(OH)®. As evident from the
graph of Fig. 4, roasting may influence the (further) bonding of such contaminants in the
residue structure in a positive way. Roasting temperature may be an important
parameter. Referring to Fig. 4, at roasting temperatures of about 675 °C onwards, there
is no detectable leaching of arsenic into the leachate from water leaching following

roasting of pure jarosite residue (all process conditions identical to Example 2).

Example 4: using other residues

[0046] It will be convenient to note that even though the above examples
have been carried out with goethite residues and jarosite residues, mineral waste
materials produced by other industries, such as Electric Arc Furnace (EAF) fines/waste
or Basic Oxygen Furnace (BOF) fines/waste, such as produced by steelmaking
processes, are also iron-rich and contain the stable Zn-ferrite at elevated concentrations.
[0047] In order to test the feasibility with other waste streams, jarosite
residue, i.e. the sulfur containing waste material, was mixed with Fe-rich sludge (BOF
sludge) originating from steelmaking industry in a weight ratio 1:4 of BOF fines to jarosite
residue. The chemical compositions of the jarosite sludge and the BOF sludge are listed
in Table 4. As seen from Table 4, both jarosite and BOF sludge contain Zn. BOF sludge

contains almost 5% of Zn, which is mostly present as franklinite (ZnFe2O4).
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Table 4 Chemical composition of jarosite sludge and BOF dust

Composition [wt.%]
Fe Zn Pb S As Al Ca

Jarosite
sludge 16.4 | 1.94 | 2.80 [32.6 | 0.56 |0.50 | 2.44
(non-roasted)
BOF sludge

(steelmaking)

48.2 | 4.86 | 0.18 | 0.38 | 0.01 | 0.34 | 111

[0048] Jarosite sludge and BOF fines were mixed in a mortar and
subsequently roasted at 700°C for 1h (heating rate 120°C/h). The roasting was
performed at atmospheric pressure. The purpose of this experiment was to test the
conversion of stable ZnFe,04, present in BOF dust, into water soluble ZnSO4 by reacting
with SOs(g) formed during roasting of jarosite sludge (the same principle as in Example

1). The chemical composition of the mixture after roasting is listed in Table 5.

Table 5 Chemical composition of the mixture BOF fines and jarosite sludge after

sulphation roasting at 700°C

BOF fines Composition [wt. %] M | t
ass loss after

:Jarosite sludge
) Fe Zn |Pb |S As | Al Ca | Cu | roasting [wt. %]
ratio
(1:4) 334 |364|315|928|087 065|428 |na. |30%
[0049] The roasted mixture was leached in distilled water. Leaching was

carried out for 1h at L/S ratio 10 and temperature 25 °C. After leaching and filtration the
obtained leachates were analysed by ICP-OES and the solid residues were subjected to
XRF analysis.

[0050] Results of the water leaching are shown in Figure 5. For
comparison, results from water leaching of untreated BOF sludge and BOF sludge
roasted at 700°C (i.e. in the absence of jarosite) are reported as well. Almost no Zn was
leached after water leaching of 100% BOF fines and roasted BOF fines. However, by
mixing with jarosite sludge the Zn extraction significantly increased to 87%. As only 60%
of Zn present in the initial mixture comes from jarosite sludge, it is clear that a significant

part of Zn from BOF fines is being leached as well.
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Example 5 comparison of using jarosite and ferric sulphate as a source of SO3

[0051] In this example, the effect on the non-ferrous metal recovery of an
iron containing mineral waste stream (Goethite sludge (G)) is compared using either a
second mineral waste stream comprising sulphur (Jarosite sludge (J)) or commercial
ferric sulphate (Ferric sulphate (Fs)), a virgin, pure chemical.

[0052] Mixtures were prepared, roasted and subsequently leached in
distilled water in order to test and compare the effect of both sulphur sources (i.e. jarosite
and ferric sulphate) on the conversion of zinc ferrite into water soluble zinc sulphate and
the resulting Zn leachability.

[0053] This example refers to the paper [1] which describes a process
where ferric sulphate is used as a source of SO3(g) used for conversion of Zn ferrite
present in zinc leaching residue (ZLR) into a water soluble form. The authors [1] claim
that by roasting a mixture of a zinc leaching residue (ZLR) containing 18.4% Zn and ferric
sulphate mixed in a molar ratio of ferric sulphate/zinc ferrite = 1.2 at 640°C for 1 hour
followed by water leaching, 92.4% of Zn can be selectively extracted.

[0054] Four different mixtures were prepared. In mixtures 1 and 2 the
molar ratio ferric sulphate/zinc ferrite is 1.2, as it is described in reference [1]. In mixtures
3 and 4 the ratios are the ratios used in Example 1 above. All mixtures were roasted
and leached in distilled water at the same conditions as described in Example 1.

[0055] The chemical composition of the initial streams and prepared

mixtures are listed in Table 6 and Table 7, respectively.

Table 6 Chemical composition of the initial goethite, jarosite and ferric sulphate
(measured by XRF)

Composition [wt. %]
Fe | Zn | Pb S As Si Ca
Goethite sludge (G) | 31.8 | 573 |1.61|9.24 |0.38 | 0.82 | 591
Jarosite sludge (J) 16.4 | 1.94 | 2.80 | 32.6 | 0.56 | 0.50 | 2.44
Ferric sulphate (Fs) 25.1 - - 1255 - - -

Sample
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Table 7 Chemical composition of the four mixtures investigated in this example

(measured by XRF)

Mixture Composition [wt. %]
Description
No. Fe Zn Pb S As Si Ca
1 G:Fs weight ratio=5:2 | 30.2 | 3.9 1.1 | 144 | 0.3 1.1 3.7
2 G:J weightratio=5:2 | 281 | 4.6 20 | 176 | 0.5 1.6 4.5
3 G:Fs weightratio=1:4 | 2565 | 1.0 0.3 | 221 | 01 0.4 1.1
4

G:J weightratio=1:4 | 198 | 2.7 | 26 | 326 | 0.6 1.8 | 3.0

[0056] The weight ratios of 5:2 in the mixtures 1 and 2 are based on the
molar ratio ferric sulphate/zinc ferrite equal to 1.2, as it is described in reference [1]. The
weight ratios of 1:4 of mixtures 3 and 4 are based on the ratios used in Example 1. The
mixtures were roasted at the conditions described in Example 1. The roasted mixtures

were analysed by XRF, and results are shown in Table 8.

Table 8 Chemical composition of the four mixtures after roasting (measured by XRF)

Composition [wt. %]
Fe |Zn | Pb| S | As | Si | Ca
1 424 156 | 1.7 |144 |03 | 1.1 | 3.7
2 28146 |20 (176 | 05|16 | 4.5
3 255110103 (221,0.1|04]1.0
4 19.8 | 2.7 | 26 | 326 | 0.6 | 1.8 | 3.0

Mixture

[0057] The roasted mixtures were leached in distiled water at the
conditions described in the Example 1. After leaching and filtration, the solid samples
were dried at 40 °C for 24 hours and were analyzed by XRF. Leachates were analyzed
by ICP-OES. The chemical composition of the solid residues and leachates after

leaching the mixtures in distilled water are shown in Table 9 and Table 10, respectively.

Table 9 Chemical composition of the solid residues after water leaching
[wt. %]
Fe |Zn |Pb |S As | Si |Ca

Mixture

48.113.1 |20 |50 |04 |15 |39

41.714.0 | 3.0 | 5.7 |0.7 |25 |41

1
2
3 63.0[{04 |08 |15 |02 |0.7|1.0
4 39.3[09 |48 |58 |13 |4.0|34
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Table 10 Chemical composition of the leachates after water leaching
Mixture mg/L] pH
Fe |Zn Pb [ Ca |As | Mg
1 <3 | 3616 | <25 |681 | <50 | 169 |5.43
2 <3 3108 | <25 | 679 | <50 | 169 |5.49
3 53 | 2711 | <25|620 | <50 |79 3.21
4

<3 | 4556 | <25 |637 | <560 | 112 |5.18

[0058] Based on the results of the ICP-OES analysis, Zn recovery by water
leaching was calculated for all four mixtures. Final Zn extractions are shown in Figure 6.
As can be seen from Figure 6, in case when molar ratio ferric sulphate/zinc ferrite equals
1.2, in accordance with the teaching of [1], the Zn extraction represents 58% and 45%
for mixtures 1 and 2, respectively. This is significantly lower than the 92.4% mentioned
in the reference [1], and also significantly lower when compared to the molar ratio and
weight ratios according to example 1 (mixture 3 and mixture 4). One reason for the lower
percentage of Zn extraction of mixtures 1 and 2 compared to the results mentioned in
publication [1] can be ascribed to the difference in Zn content between goethite residue
(5.7% Zn), i.e. a low grade mineral waste and ZLR (18.4% Zn) a high grade mineral
waste studied in the reference [1]. A second difference between the Zn extraction of
mixtures 1 and 2, in particular mixture 1, and the results in reference [1] is the difference
in roasting parameters, such as roasting temperature. As the amount of zinc (and thus
content of ZnFe,04) is significantly lower in goethite, the required amount of sulphur
containing stream (ferric sulphate or jarosite) will be smaller as well.

[0059] Another important difference was the applied experimental set up.
In case of the present invention an open reactor system is used, whereas in reference
[1] the reactor volume was covered during roasting. It can be concluded that in case of
an open reactor, and a low grade Zn-containing stream (e.g. goethite), a molar ratio
ferric sulphate/zinc ferrite = 1.2 is not enough to achieve a Zn extraction above 60%.
[0060] In case of mixtures 3 and 4, applying the method of example 1 with
instead of a molar ratio similar to reference [1] (corresponding to a weight ratio
goethite:jarosite or goethite:ferric sulphate of 5:2), a weight ratio goethite:jarosite (or
ferric sulphate) of 1:4, more than 90% of zinc can be recovered after roasting and water
leaching. Although Zn extraction is slightly higher in case when ferric sulphate is used
(mixture 3), the overall amount of Zn in kg which can be recovered per 100 kg of mixture

is significantly higher in case of jarosite (Figure 7) used as the second solid residue. This
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can be ascribed to the fact that in case a pure chemical like ferric sulphate is used as
sulphur source instead, a large amount of sulphur containing phase is needed to produce
enough SO3(g) for conversion of all ZnFe,O4 to ZnSO4. This leads to a notable dilution
of the Zn content in the mixture when pure ferric sulphate is used, and consequently a
lower overall amount of Zn that can be recovered per kg of mixture.

[0061] As can be clearly seen from Figure 7, using a second mineral waste
stream comprising sulphur, in particular jarosite, instead of pure ferric sulphate leads to

a higher amount of Zn recovered for a given weight of mixture.

REFERENCE:

[1] Jiang Gou-Min et al.: Recovery of valuable metals from zinc leaching residue by
sulfate roasting and water leaching, TRANSACTIONS OF NONFERROUS METALS
SOCIETY OF CHINA, vol. 27, no. 5, May 2017, 1180-1187
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CLAIMS

1. Process for recovering a non-ferrous metal from a first solid
residue (11) comprising iron, the process comprising:

mixing (10) the first solid residue (11) with a second solid residue
(12) comprising sulphur thereby obtaining a particulate mixture (13),

roasting (20) the particulate mixture at a temperature of at least 650
°C to obtain a roasted mixture (21), and

leaching (30) the roasted mixture in a liquid (31) at a pH of at least
5.5 to obtain a solution (41) enriched with the non-ferrous metal.

2, Process of claim 1, wherein the first solid residue (11)
comprises at least 15% Fe by weight.

3. Process of claim 1 or 2, wherein the non-ferrous metal is
present in the first solid residue (11) as an iron spinel of the non-ferrous metal for at least
20% by weight.

4. Process of any one of the preceding claims, wherein the non-
ferrous metal is zinc.

5. Process of claim 4, wherein the first solid residue (11)
comprises at least 20% by weight zinc ferrite.

6. Process of any one of the preceding claims, wherein the first
solid residue (11) is one or a combination of goethite residue from metallurgical
processing of zinc, Basic Oxygen Furnace dust and Electric Arc Furnace dust.

7. Process of any one of the preceding claims, wherein the
second solid residue (12) comprises at least 15% by weight sulphate minerals, in
particular jarosite.

8. Process of any one of the preceding claims, wherein the
second solid residue (12) is a jarosite residue from metallurgical processing of zinc.

9. Process of any one of the preceding claims, wherein the
second solid residue (12) comprises the non-ferrous metal.

10. Process of any one of the preceding claims, wherein the
particulate mixture comprises a ratio of sulphur to the non-ferrous metal of at least 6.

11. Process of any one of the preceding claims, wherein the first
solid residue (11) and the second solid residue (12) are mixed in proportions such that
the particulate mixture (13) comprises an amount of sulphur at least equal to a
stoichiometric amount of the non-ferrous metal in the particulate mixture.

12. Process of any one of the preceding claims, wherein one or

more of the first solid residue (11), the second solid residue (12) and the particulate
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mixture has a particle size distribution with 50 percentile diameter (dso) equal to or smaller
than 100 pm.

13. Process of any one of the preceding claims, wherein the
roasting (20) is performed at a temperature between 675 °C and 800 °C.

14. Process of any one of the preceding claims, wherein the
leaching (30) is performed in water at a temperature between 10 °C and 90 °C, wherein
a weight ratio of the water to the roasted mixture is at least 1.

15. Process of claim 14, wherein the weight ratio of water to
roasted mixture is between 5 and 15.

16. Process of claim 14 or 15, wherein the leaching (30) is
performed at a temperature between 15 °C and 50 °C.

17. Process of any one of the preceding claims, wherein the non-
ferrous metal is zinc and the first solid residue (11) comprises at least 30% by weight
zinc ferrite, wherein the second solid residue (12) comprises at least 15% by weight
sulphate minerals, in particular jarosite, wherein the roasting (20) is performed at a
temperature between 675 °C and 800 °C, and wherein the leaching (30) is performed in
water at a liquid to solid ratio of at least 5 and at a temperature between 15 °C and 50
°C.
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