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PROCESS FOR RECOVERING ZINC AND/OR
ZINC OXIDE 11

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions

made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a [U.S. national phase application]
reissue of U.S. Pat. No. 9,284,624 issued on Mar. 15, 2016
which was filed on Mar. 31, 2014 pursuant to 35 U.S.C. §371
as U.S. patent application Ser. No. 13/988,911 and claims
benefit of PCT Patent Application No. PCT/AU2011/
001507, filed Nov. 23, 2011, and Australian Patent Appli-
cation No. 2010905190, filed Nov. 23, 2010.

FIELD OF THE INVENTION

The present invention generally relates to a process for the
recovery of zinc preferably 1n the form of zinc or zinc oxide.
The mvention 1s particularly applicable for recovering zinc
from Flectric Arc Furnace dust (“EAF”) and 1t will be
convenient to hereinafter disclose the invention in relation to
that exemplary appllcatlon However, 1t 1s to be appreciated
that the invention 1s not limited to that application and could
be used to recover zinc from a variety of sources including,
materials containing zinc oxide and other metal oxides, such
as galvanisers’ ash, oxidised ores, mineral processing resi-
dues, water treatment precipitates, contaminated soils, waste
stock-piles and/or, solid waste streams, materials containing
mixed-metal oxides including zinc where a “mixed-metal”™
oxide 1s a compound composed of zinc, oxygen and at least
one other metal (e.g. zinc ferrite, or zinc ferrate) such as
oxidised ores, or mineral processing residues.

BACKGROUND OF THE INVENTION

The following discussion of the background to the inven-
tion 1s mtended to facilitate an understanding of the inven-
tion. However, 1t should be appreciated that the discussion
1s not an acknowledgement or admission that any of the
material referred to was published, known or part of the
common general knowledge as at the priority date of the
application.

Electric Arc Furnace dust (“EAF dust™) 1s produced as
fume from operating an electric arc furnace during steel
making. This dust has to be collected and treated or disposed
of 1n some way. Disposal of EAF dust by stabilization and
burial 1s widely practiced. In many markets this 1s costly.
Economic treatments to recover contained zinc in EAF dust
has been a challenge to imndustry for many vears.

A number of leach-recovery processes have been previ-
ously proposed to recover the zinc content from EAF type
dust.

U.S. Pat. No. 3,849,121 (Burrows) teaches a method for

the selective recovery of zinc oxide from industrial waste in
which the waste material 1s leached with an ammonium
chloride solution at elevated temperatures to provide a
pregnant leach solution. Other metals such as 1ron are
separated out using oxidative treatments and a zinc metal
cementation step. The solution 1s then cooled to precipitate
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a mixed zinc compound which includes small amounts of
zinc oxide, hydrated zinc phases which can include hydrates
of zinc oxide and zinc hydroxide, as well as other phases and
a large amount of zinc dichlorodiammine Zn(NH,),Cl, and
other similar zinc-chlorine compounds. This product
requires further processing to provide a commercially viable
product.

U.S. Pat. No. 5,464,596 (Myerson 1) teaches an alterna-
tive method for the recovery of zinc oxide. In this method,
EAF dust 1s leached with a lixiviant comprising 23% ammo-
nium chloride at 90° C. The resultant pregnant liquor 1s
treated to displacing undesired metal 1ons from the solution
using zinc metal, and then cooled to precipitate out zinc
compounds as a zinc dichlorodiammine (ZDC) crystal pre-
cipitate. The precipitate 1s washed to remove various soluble
zinc compounds, leaving zinc oxide of greater than 99%.
U.S. Pat. No. 5,759,503 (Myerson 2) teaches an improved
process over Myerson 1 in which the recovery of zinc oxide
from the pregnant liquor 1s improved by dissolving zinc
oxide in an intermediate, diluting the intermediate by a
factor of 3 to 30 by adding 70 to 100° C. water, and {filtering
out the resultant zinc oxide crystals.

None of these prior zinc recovery processes have been
successiully commercialized. It 1s considered that the oper-
ating costs for each of these processes are high due to the
need for large quantities of energy and/or the use of large
quantities of sodium hydroxide in the recovery process.
There may also be problems with product purity due to the
presence ol residual chloride from the leach process.

The main energy consumer in these prior processes 1s
water evaporation steps which regenerate the leach solution
for recycle. Substantially all of the water added for dilution
and/or in hydrolysis has to be removed from the process
circuits of these prior processes. The amount of water
involved can be as high as 40 tonnes of water per tonne of
zinc oxide. Evaporative water processes are necessary
because of the high 1onic strength of the concentrated
solutions. These concentrations provide limited scope to use
the lower energy reverse osmosis systems. Evaporative
process steps are not economically attractive mm a high
energy cost environment.

Alternative processes which use less process water have
been proposed to extract metallic products such as zinc from
smelter dust.

U.S. Pat. No. 5,234,669 (Bartlett) describes a process for
recovering non-iferrous metals from smelter flue dust in
which smelter dust 1s mixed with hydrated lime, formed 1nto
agglomerates, and roasted at an optimal temperature of
about 650° C. to form oxidized arsenic and sulfur which
react with the lime 1n the agglomerates to form non-leach-
able compounds. The roasted agglomerates are contacted
with a basic lixiviant comprising dissolved ammonia and an
ammonium salt, such as ammonium chloride, to dissolve
non-ferrous metals such as copper from the roasted agglom-
erates. The resulting pregnant leach solution 1s heated to
vaporise the ammonia and precipitate basic compounds of
copper, zinc and nickel therefrom. One lixiviant used 1is
disclosed as comprising 4 M ammonia and between 1 to 4
M ammonium chloride. No further process steps are taught
to refine this precipitate to a useable 1industrial product.

European patent publication EP061477A1 (Scegi SARL)

teaches another a process for recovering non-ferrous metals
from smelter flue dust 1n which the smelter flue dust under-
goes ammoniacal leaching with an ammoniacal lixiviant at

a temperature of between 20 to 100° C. The ammomacal
lixiviant 1s a 0.5 to 10 moles/liters solution of NH,/NH_CI,

NH,/(NH,),S0,, or NH;/(NH_),CO,. One particular lixivi-
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ant taught comprises 17 g/l ammonia and 53 g/l ammonium
chloride having a temperature of between 20 to 40° C. After
leaching, the undissolved residues are separated from the
pregnant leach solution. Ammonia 1s then desorbed from the
pregnant leach solution using an air stream to lower the pH
of the solution from between 9 and 10 to between 4 and 7.
Ammonia desorption leads to the direct formation of a
metallic precipitate of hydroxide. The hydroxide can then be
dehydrated after washing, using any conventional manner,
to obtain metal oxide of a high purity (~98%). No detailed
process steps are taught to refine this precipitate to a useable
industnal product.

Each of Bartlett and Scegi SARL provide general guid-
ance 1n appropriate leaching conditions to solubilise the zinc
content of smelter flue dust. However, neither provides
suitable guidance in the extraction conditions or process
steps 1n obtaiming a usable industrial zinc product.

It would therefore be desirable to provide an improved or
at least alternative process which leaches and solubilises
zinc from a variety of sources of zinc containing materials
associated with other metal oxide(s) and/or “mixed-metal”
oxides. This method preferably produces zinc oxide using
ammonium chloride based leach liquor using a process that
has a lower energy usage than prior processes but can also
produce a fed material suitable for further processing to
produce zinc metals and/or other zinc compounds.

It should be understood that any metal such as zinc,
manganese, lead etc should be understood to include any
chemical form (i.e. metal, salts, complexes, chelates, etc) or
ionic form.

It 1s also to be understood that all the concentrations used
in this specification are based around g/KgH,O or g/I. H,O
and not g/L. of actual liquor volume. It 1s to be appreciated
that g/l of actual liquor volume does not really retlect the
chemistry of the process of the present invention as the NH,
and high levels of salts all affect the volume especially the
NH, when present at high values.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there
1s provided a process for recovering zinc from a zinc
containing material, the process including the steps of:

leaching the zinc containing material with an alkaline
lixiviant comprising an aqueous mixture of NH; and NH_ (I,
or 1onic equivalent, having a NH,Cl concentration between
10 and 1350 g/IL H,O and a NH, concentration of between 20
g/l H,O and 250 g/I. H,O, to produce a zinc containing
leachate:

stripping ammomia from the leachate to produce a stripped
liqguor which includes a zinc containing precipitate, the
stripped liquor having a NH, concentration of between 7 and
30 g/l H,O; and

recovering the zinc from the stripped liquor.

The process of the present imnvention therefore uses an
alkaline ammonium based lixiviant to selectively leach the
zinc from the zinc containing material. The overall process
predominantly leaves zinc in solution in the resultant
leachate. By particular selection of lixiviant composition
and particular control of the ammonium stripping step, a
zinc solution can be produced that can have the zinc solu-
bility modified by ammoma stripping to a selected ammoma
concentration and pH that facilitates recovery of a substan-
tial portion of the contained zinc as basic zinc compounds
leaving a zinc depleted ammonium chloride liquor for
recycle.
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The applicant has discovered that the particular formula-
tion of lixiviant used 1n the leaching step of the process of
the present mvention and the particular stripping conditions
results 1n an advantageous zinc precipitate composition in
the stripping step, whilst leaching the zinc of a zinc con-
taining material (mainly ZnO) 1 high enough zinc concen-
trations to be economically viable. The low NH,Cl concen-
tration (compared to prior NH,Cl leaching systems) used in
the lixiviant of the leaching step produces a substantially
ammonia iree precipitate from the stripping step. Further-
more, the resulting stripped liquor pH and NH, concentra-
tion create the appropriate equilibrium conditions within that
liquor to precipitate desirable basic zinc compound or mix-
ture of compounds. The process can therefore reduce the use
of, or avoid the use of NaOH and/or dilution water additions
to assist 1n recovering the zinc from the stripped liquor.

The process of the present mnvention aims to reduce, and
more preferably substantially avoid the formation of zinc
dichlorodiammaine (ZDC) crystal precipitate after ammonia
stripping. This 1s achieved using a NH_Cl concentration 1n
the lixiviant of between 10 g/l H,O and 150 g/L. H,O. To
ensure ZDC crystal formation 1s substantially avoided, 1t 1s
pretferred that the NH,Cl concentration used 1n the lixiviant

1s between 20 g/ H,O and 100 g/LL H,O, preferably between
30 ¢/IL H,O and 80 ¢g/LL. H,O, and most preferably about 50
g/LL H,O.

The concentration of NH; 1n the lixiviant 1s selected to
optimize the solubility of zinc in the lixiviant to both extract
it from the feed dust and to minimise the cost of subsequent
processing. The concentration of NH; in the lixiviant 1s
preferably between 20 g/l H,O and 150 g/ H,O, more
preferably between 30 and 100 g/I H, O, yet more preferably
about 75 g/ H,O and even yet more preferably about 50 g/L
H,O. The NH, content improves the solubility of that zinc
content above that found in the NH,Cl leach system for
NH_Cl concentrations between 10 g/l H,O and 150 g/1 H,O,
and thereby provides a more eflicient leaching system.

The aqueous NH,/NH_C] lixiviant composition can com-
prise any suitable alkaline solution which includes an
ammonium species, a hydroxide species and a chlonde
species, and 1n particular 1onic forms of those species. It
should be understood that the lixiviant could be formed
using 1onic equivalent salts such as NH,OH/NH_Cl mix-
tures and that these 1onic equivalents are intended to be
covered 1n the scope of the present invention.

The lixiviant has a pH>7. An alkaline lixiviant 1s less
conducive to 1ron solubilisation and minimizes lead and
manganese solubilisation. The addition of ammonia and/or
ammonium hydroxide should be suflicient to make the
lixiviant alkaline in terms of normal aqueous chemistry. The
ammonia stripping step 1s preferably conducted to ensure
that the ammonia concentration 1s not reduced to a level n
which the pH of the stripped liquor 1s less than 7. The
amount of free ammomnia available 1n the solution for
removal 1s dependent on the pH. As the ammonia is stripped
to take the pH below 7 selective removal of ammonia 1s very
difficult and energy 1netlicient and 1s therefore not preferred.
Stripping the ammoma to this level can also cause consid-
crable water to also evaporate which increases the energy
use. These conditions also increase the concentration of
NH_,Cl such that the undesirable zinc diammine chlonde
crystals can form.

The leach efliciency with this lixiviant has been found to
have a low dependence on NH,Cl concentration. Leach
clliciency rather requires time to maximize extraction. Two
or more leach stages are therefore preferably used to maxi-
mise solids contact time in the leach, to ensure a higher
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extraction of zinc into the leachate. In a preferred embodi-
ment, the leaching step comprises a two stage leach. Each
leach stage 1s preferably agitated.

Prior to the leaching stage, the zinc containing material
can undergo a preliminary leaching stage where the zinc
contaiming material 1s leached with water. This step 1is

conducted to remove unwanted soluble impurities such as
chlorides and alkali metals.

The leaching step produces a zinc rich leachate that can
have 1ts zinc solubility modified by ammonia stripping. The
step of stripping ammonia from the leachate precipitates out
basic zinc compounds producing a stripped liquid containing,
solid zinc product. A substantial portion of the contained
zinc can be recovered as basic zinc compounds leaving a
zinc depleted ammonium chloride liquor for recycle. The
process can then include the step of removing solids from
the stripped liquid which can then be recovered. Advanta-
geously, no additional evaporation steps are required to
remove additional water as no water dilution additions have
been made 1n the process.

The stripping step may only strip a proportion of the
ammonia from the leachate. However, it 1s preferred that the
majority of the NH; 1s stripped out of the leachate in the
stripping step to produce a precipitate comprising most of
the zinc that was in the leach liquor 1n a substantially
ammonia free zinc compound. The NH; concentration after
stripping 1s between 7 and 30 g/I. H,O and preferably ~10
o/L. H,O. Where most of the NH; 1s stripped out of the
leachate, the zinc 1s precipitated 1n the stripped liquor 1n the
form of at least one or a combination of zinc hydroxide
(Zn(OH),), zinc hydroxy chlonde (Zn.(OH),Cl,.H,O), or
zinc oxide (ZnQ). For subsequent processing, it 1s preferred
that the process 1s optimised to produce a low chloride
compound as 1s practical within the constraints of the
chemical compositions needed to undertake the leach step
ciliciently.

Ammonia stripping can be performed by any number of
Processes.

In one embodiment, the ammonia stripping step mcludes
an air stripping step. The air stripping step preferably
includes at least one vessel 1n which an air stream 1s fed over
or through the zinc containing leachate to vaporise or
otherwise remove a portion of the ammonia content of that
leachate.

In some embodiments, two or more air stripping process
steps are used 1n series. In this embodiment, it 1s preferred
for the air stream and zinc containing leachate to flow
through the process steps (in particular, the process vessel or
vessels of each step) in a counter current flow. The zinc
contaiming leachate may be continually heated in one or
more of the strip vessels of the process steps. Heating may
be achieved using an internal heating element, or more
preferably an external heat exchanger. The heat exchanger
can be heated using o1l or steam from a boiler arrangement
where the energy 1s supplied by a fossil fuel such as natural
gas, or by electric heating, or where appropriate using
renewable heat from a solar or geothermal source. In some
cases, part or all of the heat can be supplied by capturing
waste heat from a furnace such as an electric arc furnace or
a slag fuming furnace. In some embodiments, the ammonia/
water rich air that flows from the zinc containing leachate 1s
then passed through an absorption column where the ammo-
nia and water are substantially separated from the air stream.
The resulting scrubbed air stream 1s preferably recycled
back 1nto one or more of the strip vessels. The system 1s
preferably operated as a closed loop arrangement.
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In another embodiment, the ammomnia stripping step
includes a flash step 1 which a heated and pressurised
leachate 1s fed into a flash vessel to flash off a mixed
ammonia-water vapour stream leaving a supersaturated zinc
liquor from which the zinc compounds precipitate.

Crystallisation of the zinc compounds can occur 1nsitu,
within the strip vessels or 1 a separate crystallisation
vessel/stage. Crystals of zinc compounds can be added to
this stage to assist in precipitation by providing surface for
the compounds to grow upon by either recycling crystals
and/or retaining some 1n the system from previous batches.

In some embodiments, the precipitation of the zinc con-
taining precipitate 1s conducted 1n a separate vessel after the
ammonia stripping either directly or with the help of some
deliberate cooling of the liquor. The amount of cooling
depends upon the solution composition and 1s not always
necessary as many of the compositions used have only small
solubility changes with temperature. The zinc precipitate 1s
typically formed in crystal form, and therefore the process
may include a crystal growth step, such as an agitated tank
or similar.

A number of the process streams from the stripping step
can be recycled back into the process. For example, water
removed from the stripping step can be recycled 1n at least
one washing or filtering step. The stripped ammonia can be
captured for recycle to the leaching step. The zinc depleted
liquor can be directly recycled back to the leaching step
and/or part can be recycled back to the stripping stage to
modily the composition of the liquor to mmprove NH,
removal.

Following the stripping step, the recovering steps may
include the steps of:

separating the zinc containing precipitate from the
stripped liquor; and

preferably washing zinc containing precipitate.

This step removes any ammonia present as traces ol zinc
dichlorodiammine (ZDC) crystals and/or as ammonia con-
taining liquor entrapped in the precipitate. An ammonia free
precipitate can give high yields of zinc oxide because the
chloride containing compounds within them can be decom-
posed to yield predominantly zinc oxide with a lesser
amount of zinc chloride which can be separated and then
recycled or sold. The washing step 1s preferably conducted
with minimal water usage to limit the amount of water used
in the process.

The step of recovering the zinc(s) with this type of
intermediate precipitate product can proceed along various
different process steps to convert the zinc containing pre-
cipitate into a low chloride product.

In one embodiment, the step of recovering the zinc
includes the step of roasting the zinc containing precipitate
to a temperature of between 600 to 900° C. The roasting step
preferably occurs 1n a furnace. Roasting between these
temperatures substantially converts the product to zinc
oxide. Furthermore, any chloride content of the zinc con-
taining precipitate 1s volatised at this temperature predomi-
nantly as ZnCl,, thereby giving a low chloride high purity
product. While higher temperatures speed up the volatiliza-
tion, the final roasting temperature depends mainly on the
economics at any specific mstallation. It should however be
appreciated that removal of chlorides to <0.33% Cl 1n the
end product typically involves roasting the zinc containing
precipitate to temperatures 1n the order of 700 to 800° C.

In another embodiment, the step of recovering the zinc
includes the steps of:




US RE47,673 E

7

hydrolysis of the zinc containing precipitate 1 water
having a temperature of between 80 to 200° C., preferably
between 100 to 140° C.

Preferably, a high solids loading (>40%) 1s used, enabling,
a low (modest) amounts of water to be used for hydrolysis.

Hydrolysis of the zinc containing precipitate may sub-
stantially convert any zinc hydroxy chloride content to zinc
hydroxide, zinc oxide or a mixture thereof. Hydrolysis of the
Zinc containing precipitate in hot water between 80 to 200°
C. substantially converts any zinc hydroxy chloride content
to zinc oxide and/or zinc hydroxide. Hydrolysis preferably
achieves a product having a low total and 1nsoluble chloride
levels achieved (<0.5%).

After hydrolysis, the hydrolysis product 1s preferably
filtered and cooled. The chloride content of the hydrolysis
water can be substantially removed using a separation
process, such as reverse osmosis, and the purified water and
chloride content recycled in the process. For example, the
chloride may be used 1n the leaching step. The hydrolysis
product 1s preferably dried to remove water at a temperature
of <200° C. to give a ZnO product.

Where a higher purity product is required, the hydrolysed
zinc containing precipitate can be subsequently roasted to
produce zinc oxide. In these embodiments, the step of
recovering the zinc includes a further roasting step 1n which
the zinc containing precipitate 1s roasted to between 300 to
900° C., preferably between 400 to 800° C. and most
preferably between 500° C. and 800° C. A lower temperature
roast may be used 11 substantially all of the chloride content
1s removed 1n the hydrolysis step.

The water from hydrolysis typically contains zinc. At
least a portion of the water from the hydrolysis step can be
separated and either recycled to the leach or treated to
recover the zinc content. Preferably, the water 1s concen-
trated to produce a concentrated liquor. This concentrate can
be recycled to the leach step. The water 1s preferably
processed and/or concentrated using reverse osmosis to give
a clean water stream for recycle or discharge and a more
concentrated stream containing chlorides which can be
recycled into the process most commonly 1nto the leach or
treated and discharged. Again, evaporative processes are
ideally avoided given the large amount of energy involved
in these processes. Where the concentrated stream 1s treated
rather than recycled, the favoured option 1s to treat it with
NaOH to precipitate any zinc content for recycle mto the
process as a solid. Ideally the hydrolysis step removes all of
the chloride compounds from the zinc containing precipi-
tate. However, 1f this 1s not achieved, final chloride traces in
the precipitate can be removed by roasting the hydrolysed
zinc containing precipitate at temperatures between 500 to
800° C.

In yet another embodiment, the step of recovering the zinc
includes the steps of:

a first roasting step in which the zinc containing precipi-
tate 1s roasted at a temperature of between 300 to 500° C.;
and

a second roasting step in which the roasted solids are
turther roasted between 300 to 900° C., preferably between
400 to 800° C.

In some embodiments, after the first roasting step, the
roasted zinc containing precipitate undergoes a leaching step
with water to produce a leached solid.

The first roasting step 1n this embodiment decomposes the
chloride compounds mto ZnO and ZnCl,. The soluble
chloride compounds (mainly ZnCl,, theugh some HCI 1s
possible) are then substantially removed in the aqueous
leach. Any traces of chloride left can then be removed
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through further, preferably higher temperature roasting step.
This step also converts the zinc containing compounds 1n the
leached solids to ZnO. The double roasting regime enables
less water to be used to remove the chloride content 1n
comparison to the previous recovery option as ZnCl, 1s
extremely soluble. The added water 1s preferably recovered
and recycled 1n the process.

In another embodiment, the step of recovering the zinc
includes the step of: roasting the zinc containing precipitate
in a steam atmosphere at around a temperature of between
350 to 500° C.

This process step 1s preferably undertaken at moderate
pressure of between 1 to 5 bar. This process aims to
decompose the zinc hydroxy chlonde into ZnO and ZnCl,
and to hydrolyse the Zn(Cl, 1n situ to convert 1t to ZnO. Any
chloride content can be removed as HCIl. The added water
resulting from the steam 1s preferably recovered and
recycled 1n the process.

In any of these zinc recovery steps, ZnCl, 1s volatised 1n
the roasting step. Each of these processes can further includ-
ing at least one the steps of condensing the ZnCl, and
separated for sale as anhydrous ZnCl,, and/or capturing the
ZnCl, 1nto an aqueous liquor and recycling this liquor to a
precedlng process step. This ZnCl, rich liquor can be pret-
crably recycled the crystallisation step or the leach step.
The “zinc containing material” can be any material
including material containing zinc species are such as:

1. Materials containing zinc oxide and other metal oxides
such as galvamisers’ ash, EAF dust, oxidised ores, mineral
processing residues, water treatment precipitates, contami-
nated soils, waste stock-piles, or solid waste streams.

11. Materials contaiming mixed-metal oxides including
zinc where a “mixed-metal” oxide 1s a compound composed
of zinc oxygen and at least one other metal (e.g. zinc ferrite,
or zinc ferrate, such as FAF dust, oxidised ores or the like;

111. Materials arising from furnace treatment of zinc con-
taining materials such as arise from treating EAF Dust in
Waelz kilns or other furnaces

1v. Matenials obtained from treating mixed metal oxides
such as zinc ferrite in furnaces to disrupt the structure and
improve the leaching characteristics

v. Mineral processing residues.

In preferred embodiments, the zinc containing material 1s
substantially particulate.

Recovery of the zinc from the leachate preferably
includes one or more process steps which separate solids
from the leachate, removal procedures for other metal spe-
cies which may be present 1in the leachate such as lead,
manganese, copper and cadmium and/or process steps to
separate the zinc from the leachate.

The separation of solid and liquid elements 1n the process
can be performed using any suitable method. For example,
in some embodiments the process includes at least one
filtering step to remove solids from the leachate.

The zinc containing material may also include at least one
of manganese, lead, copper or cadmium. Other trace ele-
ments, species or impurities may also be present. The
process ol the present invention therefore can include steps
of removing any lead, manganese, copper or cadmium from
the leachate.

Where the zinc containing material includes lead, this can
be removed using selective removal processes. Firstly, 1t
should be appreciated that lead (1I) 1s leached 1n the leaching
step while lead (IV) 1s not leached and typically only a very
small amount of lead 1s dissolved into the lixivant. The lead
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leached from the zinc containing material 1s preferably
returned to the leached solids by oxidation to an insoluble

form.

Controlled oxidation preferentially oxidizes any lead in
the lixivant before any manganese which may be present in
the zinc containing material. Thus, any lead can be 1solated
before manganese. If requ1red the lead removal step 1s
preferably conducted prior to any solids/liquid separation of
leachate after the leaching step. However, 1n some embodi-
ments, lead can be removed and separated after a liquid
solids separation step and collected separately.

Where the zinc containing material includes manganese,
this can be removed using selective removal processes.
Firstly, it should be appreciated that manganese 1n oxidation
states less than +4 1s leached in the leaching process but
manganese (IV) 1s not leached and typically only a small
amount of manganese dissolves into the lixivant. The man-
ganese leached from the zinc contaiming material 1s prefer-
ably returned to the leached solids by oxidation to an
insoluble form.

If required the manganese removal step 1s preferably
conducted prior to any solids/liquid separation of leachate
after the leaching step. However, in some embodiments,
manganese can be removed and separated after a hiquid
solids separation step and collected separately. Again, it 1s
preferable to conduct the controlled oxidation of lead prior
to manganese so lead can be optionally 1solated before
manganese then removed and manganese subsequently oxi-
dized to manganese dioxide and separated.

Each of the lead and manganese removal steps can
comprise chemical oxidation using one of peroxide or
chlorine and/or chloride based oxidants such as hypochlorite
or chloramine. Air oxidation may also be used to remove
these metals. Alternatively, electrochemical oxidation may
also be used.

Where the zinc contamning material includes copper and
cadmium, these can be removed by the well-established
process ol cementation on zinc. The manganese leached
from the zinc containing material 1s preferably removed
using a cementation process which includes the step of
adding zinc metal to the leachate. This step can also remove
traces of lead and may be used for lead removal 1nstead of,
or 1n addition to, the oxidative step described previously.

The lead, manganese, copper and/or cadmium could also
be removed by electrolytic means. Such electrolytic pro-
cesses can be combined or consecutive or a combination of
combined and consecutive.

In a second aspect of the present invention, there 1s
provided a plant which includes a process according to the
first aspect of the present invention. This plant preferably
includes a sealed vessel which may comprise a pressure
vessel able to present the lixiviant solution and particulate
maternial(s) to ammonia saving confinement for the purpose
of the leaching out of the zinc. It should be appreciated that
at 40° C. there 1s little/no pressure but there 1s a need to
coniine the 2aseous NH,; because it has substantial vapour
pressure and 1t 1s preferable not to lose any gaseous NH,.

The present mvention also provides a zinc contaiming
material produced from a process according to the first
aspect of the present invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention will now be described with refer-
ence to the figures of the accompanying drawings, which
illustrate particular preferred embodiments of the present
invention, wherein:
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FIG. 1 1s a general flow diagram showing the process
steps for one preferred embodiment of the process according
to the present 1nvention.

FIG. 2 1s a general flow diagram showing the ammonia
stripping process of one preferred embodiment of the pro-
cess according to the present invention.

FIG. 3 1s a graph of metals extraction versus remaining in
residue after a leach step of a process of the present
invention.

FIG. 4 1s a graphical representation soluble impurity
extraction versus content reporting to leach for the water
wash process.

FIG. 5 provides graphical results of zinc solubility 1in a
NH,/NH,CI leach test.

FIG. 6 provides graphical results of ammomnia stripping
tests 1llustrating the change in pH and liquor concentration
over time.

FIG. 7 graphical results of ammoma stripping tests 1llus-
trating the change 1n the ratio of water to ammonia in the
vapour coming off the solution as the NH, 1s stripped using
a combination of air and heat.

FIG. 8 shows the ratio of NH,/NH,™ in NH,

a function of pH.

FIG. 9 provides graphical results of water leach concen-
trations of one form of zinc contaiming dust that can be used
in the process of the present invention.

FIG. 10 provides graphical results of the residual chlonde
content of zinc containing crystals after hydrolysis versus
the reaction temperature of hydrolysis.

solutions as

DETAILED DESCRIPTION

The process of the present invention relates to the recov-
ery of zinc from a zinc containing material. The “zinc
containing material” can be any material including material
containing zinc species are such as galvanisers’ ash, EAF
dust, oxidised ores, mineral processing residues, water treat-
ment precipitates, contaminated soils, waste stock-piles, or
solid waste streams. Such zinc containing material typically
also mcludes manganese, lead, copper and cadmium which
can also be solubilised 1 a lixiviant applied during a
leaching step.

Without wishing to be bound by any one theory, the
applicant has designed the leaching and step of recovering
the zinc of the process of the present invention to take
advantage of the equilibrium which 1s established between
the soluble and 1nsoluble metal complexes of the oxides and
mixed metal oxides 1n such a zinc containing material when
leached by a lixiviant. The particular lixiviant of the present
invention provides a mix of ligands which facilitate this
equilibrium. Ammoma, ammonium chloride, hydroxide and
water are all available for metal complex formation.

The applicant has found that the intermediate precipitate
formed during the ammonia stripping step 1s substantially
dependant on the composition of the lixiviant used in the
leaching step. The particular lixiviant formulation used 1n
the leaching step of the present invention comprises an
ammonia concentration of between 20 g/1 H,O and 150 g/L.
H,O and a low NH_CI concentration (less 150 g/kg H,O,
preferably less than 130 g/kg H,O and more preferably less
than 100 g/kg H,O) leads to zinc hydroxy chloride (Zn;
(OH),Cl,.H,0), and zinc hydroxide (Zn(OH),) being pre-
dominantly precipitated when a selected ammonia content of
the resulting leachate 1s stripped from solution. It should be
appreciated that an amount of zinc oxide (ZnQO) can also be
produced. This intermediate precipitate composition enables
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a final ZnO product to be produced using much lower energy
than has traditionally been possible 1n prior zinc recovery
Processes.

High concentration NH,Cl lixiviants used in prior pro-
cesses all give zinc dichlorodiammine (ZDC) crystals as the
intermediate precipitate unless diluted with additional water.
This 1s consistent with published chemistry that cites that at
>3M Cl ~NH,CI at 165 g/kg H,O the crystals are always
ZDC. However, such an aqueous dilution step requires a
large amount of water to be added to the process which must
be subsequently removed. This adds a significant energy
loading to this type of zinc recovery process. A zinc dichlo-
rodiammine (ZDC) intermediate 1s also more difhicult to
process as 1t 1s an unsuitable roasting precursor for ZnO.
ZDC decomposes to NH; and ZnCl, rather than ZnO when
roasted at temperatures between 300 and 900° C. The
thermal decomposition of ZDC 1s a well-known method of
producing anhydrous ZnCl,.

The addition of the NH; to the lixiviant enables these
lower NH,Cl1 levels to be used as 1t improves the solubility
of zinc such that the leach liquor can leach the zinc from the
EAF dust or other source without needing excessive vol-
umes of liquor and the zinc can then be precipitated out
without the need to cool the leach liquor to very low
temperatures to drop the solubility.

FIG. 1 shows the general tlow diagram of the process
according to the present invention for producing zinc oxide
from EAF dust. EAF dust typically includes zinc, manga-
nese, lead, copper and cadmium. Other trace elements may
also be present.

In the first step illustrated in FIG. 1, the EAF dust 1s
leached with an alkaline lixiviant comprising an aqueous
mixture of ammonium chloride and ammonia. The leach 1s
conducted as a two stage counter current leach. The lixiviant
composition 1s preterably ~50 g/I. NH,Cl1 liquor containing
~50 g/LL. NH;. However, 1t should be appreciated that a large
number of other concentrations could also be used within the
scope of the present invention. The maximum NH,CI level
1s determined by the need to substantially avoid ZDC crystal
formation. Additionally, the applicant has found that the
solubility of the zinc 1n this lixiviant depends on the NH_Cl
and NH, concentrations but these have minimal impact on
the total zinc extracted. The concentration of NH; 1n the
lixiviant 1s therefore selected to optimize the solubility of
zinc 1n the lixiviant and to minimise the energy needed to
strip the NH, and precipitate the zinc compounds.

The two stage leach system 1s considered to provide a zinc
extraction 1n the order of 80 to 85%. However, 1t should be
appreciated that the exact extraction 1s dependent on the
composition of the EAF dust used in the process. A zinc
yield across leaching 1s typically 1n the order of 20 to 50 g/L
based on the solubility range as the ammonia 1s removed and
the zinc compounds precipitated. Each leaching stage 1s
agitated, typically conducted 1n a stirred vessel. The appli-
cant has found that these particular leaching conditions are
not substantially temperature dependent. Each leach stage
can therefore be conducted at room temperature (10 to 35°
C.) 1if desired. In practice, the leaching stage 1s run at
between 30 to 90° C., preferably about 60° C. for circuit heat
balance considerations.

The leaching step produces a pregnant liquor substantially
including the zinc with small amounts of solubilised man-
ganese, lead, copper and cadmium. A leached solid content
1s also present.

The pregnant liquor 1s then separated from the leached
residue 1n a filter and/or thickener system to produce a high
zinc content pregnant liquor. The clarity of the pregnant
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liquor 1s 1mportant 1n mimimizing the loads on subsequent
filtering stages, for example a filter after cementation (dis-
cussed below). Flocculent additions may therefore be
needed to remove any fine particles in the leachate. The solid
leached residue 1s washed and then briquetted for return to
the EAF. The filtrate from the residue filter and wash water
can be recycled and mixed 1nto the EAF dust for use 1n the
first stage of the leaching step.

The resulting pregnant liquor typically undergoes purifi-
cation processes to remove other solubilised metals. In the
purification process, the pregnant liquor may be passed
through a controlled oxidation step to remove the lead and
manganese Irom the liquor, or may be fed directly to a
cementation step where the copper and cadmium are
removed by cementation on zinc. In the cementation pro-
cess, the pregnant liquor 1s mixed with zinc powder typically
(0.2 to 2 g/L) to remove soluble metals, especially copper,
which 1s detrimental to the product 1n the ceramics market.

After cementation the slurry 1s filtered on a fine pressure
filter to remove the unreacted zinc, the metallic impurities,
and colloidal particles which remain from the leach circuait.

The resultant liquor now predominantly includes the zinc
in solution. The solubility of the zinc 1n solution 1s depen-
dent on the amount of ammonia present in the liquor. The
ammonia concentration can therefore be reduced to force the
Zinc containing crystals to precipitate. This 1s achieved 1n the
present process 1n the strip step (FIG. 1) where an ammonia
content of the pregnant liquor 1s stripped using heat and/or
air and/or vacuum.

In one process route, the zinc rich pregnant liquor 1s
passed into a hot ammonia stripping step. In this step, a
heating system 1s used to pressurize and heat (typically
between 80° C. and 130° C.) the pregnant liquor, which 1s
then fed into a strip vessel (not 1llustrated).

In some process routes, the zinc rich pregnant liquor 1s fed
into a two step air stripping system 100, such as the system
100 1llustrated 1n FIG. 2.

In this stripping system, two strip vessels, 110, 112 are
used 1n which air 1s passed through the zinc rich pregnant
liquor to assist with the ammoma gas removal whilst at the
same time the solution 1s continually heated. Heating may be
achieved using an internal or more preferably an external
heat exchanger 114 where a hot liquid 1s used to provide heat
to the pregnant liquor. The air-water-gas mixture that comes
from the pregnant liquor 1s then passed through an absorp-
tion column 116 where the ammonia and water are absorbed
back into the liquor. The resulting scrubbed air stream
contains only small amounts of water and ammonia, and
therefore can be recycled back 1nto the strip vessels 110, 112.
The system 100 1s operated as a closed loop arrangement to
avoid the need for the all of the ammonia to be removed, and
then be discharged.

Both water and ammonia can be removed as a vapour 1n
a two phase water-ammonia system. The relative amounts of
water and ammonia removed 1s dependent on the concen-
trations, overall solution pH and temperature. The strip gas
usually contains more water than ammonia and the water
fraction of the strip gas increases as the ammonia level 1n the
liquor being stripped decreases. As can be appreciated,
considerable energy 1s thus required to remove ammonia
from the liquor when the ammonia level i the liquor
decreases because the amount of water evaporated becomes
large. The last part of the ammonia removed can be 1n a gas
with the ratio of ammonia to water being as low as 1:15 or
even 1:20, which requires a large amount of energy for every
tonne of ammonia removed.
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In the process of the present invention, the stripped liquor
1s therefore stripped of ammonia to a final NH, concentra-
tion of between 7 and 30 g/LL H,O and preferably has a pH
greater than 7. The applicant considers that the energy
requirement to reduce the final NH, concentration to lower
than this range (and to have a solution pH of less than 7)
would be uneconomical, due to the large amount of water
that 1s needed to be evaporated to remove ammonia content.

Energy efliciency 1s increased 1n the stripping system 100
illustrated 1n FIG. 2 by using a plurality of strip vessels/
stages 110, 112. The system includes heat recovery between
the stages 110, 112 by passing the vapour from one vessel
112 into the next vessel 110 to provide heating. In this
system 100, the ammonia ultimately removed from the
system all comes from the high ammonia concentration first
strip stage vessel 110 with the lower ammonia gases from
the second strip vessel 112 being used to transfer heat
between the vessels 110, 112.

In this design the high zinc, high ammonia pregnant liquor
1s continuously fed into strip-vessel 1 (110). The air-ammo-
nia-water ofl gas from strip vessel 2 (112) 1s also fed 1nto this
vessel 112 and provides heat to keep the liquor at boiling or
near boiling point to facilitate the removal of ammonia gas.
The gas coming off this vessel 112 has a relatively high
ammomnia-water ratio (typically around 1:6). This gas passes
to an absorption column 116 to recover the ammonia and
water 1nto spent liquor which 1s recycled from strip vessel 2
(112) after filtration to remove crystals and cooling to
increase the ability to take up ammonia.

Some crystals form 1n strip vessel 1 (110) and are transier
into the strip vessel 2 (112) along with the excess liquor
coming 1nto the system from the pregnant liquor and the
water 1n the heating gas. The liquor 1 vessel 2 (112) 1s
continually heated by passing 1t through an external heat
exchanger 114 where heat 1s passed into the liquor from a
higher temperature liquor typically heated using a gas or oil
fired boiler system (not illustrated). Air 1s also injected into
this liquor to assist 1n boiling ofl ammonia and water 1n a gas
mix with a low ammonia:water ratio (typically 1:135). The
gas 1s Ted mnto vessel 1 (110) to provide heat. The liquor 1s
depleted 1n ammonia causing zinc to precipitate and the
vessel holds a slurry of zinc and ammonia depleted liquor
and ammonia iree crystals.

This slurry 1s continually removed from strip vessel 2
(112) and cooled suflicient to allow filtration using conven-
tional filtration equipment. It should be appreciated that the
cooling conditions are not critical to the crystallisation as the
zinc solubility 1s almost independent of the temperature and
1s controlled by the ammonia concentration.

Strip vessel 2 (112) 1s preferably operated under a small
positive pressure suflicient to drive the gas from this vessel
112 into strip vessel 1 (110) and overcome the pressure
exerted by the depth of the liquid. This pressure can be
applied through using a blower system 118 to drive the air
from the outlet of the ammonia absorption column 116 into
this vessel 112. The gas from vessel 1 (110) 1s drawn mto a
low pressure high flow fan 120 which forces 1t into the
absorption column 116 for collection of the ammonia. This
design avoids the need for compressors to provide high
pressure and also avoids the need for blowers or compres-

sors to handle the ligh volume, high temperature water-
ammonia-air gas mix from the vessels 110, 112. The air only
represents a small portion of the gas with the water vapour
being the major component.
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In another embodiment, the heated pregnant liquor can be
fed into a flash vessel (not 1llustrated) to flash ofl a mixed
ammonia-water vapour stream leaving a supersaturated zinc
liquor.

The resulting stripped liquor has a NH; concentration of
between 7 and 30 g/I. H,O and a pH greater than 7. The
resulting stripped liquor pH and NH, concentration create
the appropriate equilibrium conditions within that liquor to
precipitate desirable basic zinc compound or mixture of
compounds.

In one embodiment, part or all of the ammonia-water air
vapour mixture from the stripping stage can be fed to a
stripping column to take out a low ammonia water stream
and ammonia vapour which 1s captured 1n a suitable scrub-
ber. The water stream pretferably has a low ammoma content
and 1s therefore suitable for use in subsequent washing steps
and vapour capturing steps, such as a zinc chloride vapour
capture step described below. The ammonia vapour 1s cooled
and condensed, or 1s contacted with aqueous liquor using a
wet scrubber and dissolved 1nto the liquor for recycle to the
leach. The aqueous liquor used can be the filtrate from the
precipitation stage but other streams from the process could
also be used.

In another embodiment all of the ammonia-water air
vapour mix 1s fed into an absorption column and contacted
with cooled aqueous liquor, which 1s preferably the zinc and
ammonia depleted liquor from the ammonia stripping with
the crystals removed by filtration and/or settling, such that
the majority of the ammonia and water are absorbed 1nto the
liquid leaving an air stream with low ammonia and water
content for recycle mto the ammonia stripping circuit.

Following the process step 1 FIG. 1, the supersaturated
zinc liquor 1s passed into a crystallisation stage. In some
embodiments, the crystallisation stage may be conducted 1n
situ within the stripping vessels. One example 1s in the two
stage strip system 100 shown in FIG. 2, 1n which the crystals
are substantially formed in strip vessel 2 (112). In other
embodiments, the supersaturated zinc liquor may be fed into
a separate crystallisation vessel or vessels for example an
agitated tank 1n which the liquor has an extended residence
to allow the crystals to form and grow. If desired, the liquor
can be cooled using a heat exchanger before entering the
crystallisation tank and additional cooling can be provided
in the tank. The resulting crystals are filtered on a conven-
tional filter press, washed 1n a water or water-ammonia
stream (produced from the stripping stage), and then dis-
charged onto a belt conveyer.

The crystals are typically predominantly zinc hydroxy
chloride (Zn.(OH).Cl,.H,O), and zinc hydroxide (Zn(OH)
) with, 1n some cases, an amount of zinc oxide (ZnO). The
crystals typically have ~5 to 14% C1 with little or no ZDC
content. The spent liquor from the filter press 1s substantially
recycled to the second stage of the two stage leach. In this
recycling step, the spent liquor can be used as a medium
capture 1n the scrubber which follows the stripping column.
The spent liquor may also be used as a scrubbing medium
following hot air stripping column from the bleed step
described below. The wash water from the crystal filter can
also be used 1n a subsequent process, 1n this case a ZnCl,
capture medium to capture ZnCl, volatilised during the
roasting stage. It can also be used as make up water for the
Process.

The crystals are then fed to a recovery process which can
proceed along various different process steps to convert the
crystals into a low chloride zinc oxide product. As shown by
the solid and dashed process lines 1n FIG. 1, the recovery
process which may include a hydrolysis stage, a roasting
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stage or both. The exact recovering step(s) depends on the
quality and purity of zinc oxide product desired.

In some process embodiments, the crystals can be hydro-
lysed to substantially convert any of the zinc hydroxy
chloride content to at least one of zinc hydroxide or zinc
oxide. Where the temperature of the hydrolysis water 1s hot,
for example at a temperature of between 100 to 130° C., a
hydrolysis product substantially comprising Zn(OH), and/or
/n0O zinc oxide can be produced with only a small amount
of residual insoluble chloride remaining. In some cases, the
hydrolysis product can include less than 0.4% insoluble
chlonide. This conversion route applies to crystals that are
almost all zinc hydroxy chloride (~13% Cl1) through to lower
chloride crystals (<7%) that can be made directly from the
previously described ammonia strip and crystallisation steps
in controlled conditions.

It 1s noted that the conversion reaction can also proceed at
lower temperatures. However, the applicant has found that
the reaction 1s not as eflicient 1n comparison to the higher
temperature reaction and the chloride level remaining in the
hydrolysis product 1s higher, being around 1% at 60° C. and
3% at 25° C. The total chloride present depends upon how
much soluble chloride also remains and this 1s controlled by

washing the crystals with suitable levels of water.

The reaction 1s not reversible and once formed the low
chlonide crystals do not increase in chloride content when
they are cooled down, even in the presence of chloride
containing liquor. The mixture can then be cooled and
filtered at around 30 to 60° C. in conventional filtration
equipment.

Quite high solids loadings (at least 40%) can be used and
therefore the water additions are quite modest. Lower chlo-
ride crystals are therefore preferred as these require less
water addition which improves the economics of the process
as the added water has to be removed.

The chlonde released into the water during hydrolysis 1s
removed using reverse osmosis to recover clean water for re
use. The chloride content 1s concentrated to chloride levels
that are compatible with the liquor in the leaching and
crystallisation stages allowing this stream to also be readily
recycled in the process.

Following hydrolysis, the hydrolysis product can be dried
at a temperature of <200° C. to produce a moderate grade
zinc oxide product (>99% Zn0O).

Where a high purity product 1s desired, this low chloride-
low water product can be fed mto a furnace. The furnace
only has to remove a small amount of chloride, and no water,
allowing for much higher throughput and a much simpler,
smaller gas scrubbing system. The hydrolysed product can
be roasted between 300 to 800° C. to produce zinc oxide. A
lower temperature roast may be used 1 substantially all of
the chloride content 1s removed 1n the hydrolysis step. The
water from hydrolysis contains some zinc and therefore at
least a portion of the water from the hydrolysis step 1is
removed using reverse osmosis and the more concentrated
liquor either recycled to the leach or treated to recover the
zinc content. Where treatment 1s favoured, the recovered
water can be treated with NaOH to precipitate any zinc
content for recycle mnto the process. The NaOH treated water
can be discharged from the process as a low concentration
NaCl stream. This helps maintain the chloride balance in the
circuit but has an added cost 1n NaOH use. If all the chloride
1s not removed by hydrolysis, final chloride traces in the
precipitate can be removed by roasting the hydrolysed zinc
containing precipitate at temperatures between 600 to 900°

C.
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In other process embodiments, the crystals are directly
roasted to convert the imtermediate precipitate into ZnO.

In one embodiment, the crystals are heated to a tempera-
ture of between 300 to 500° C. This roasting step decom-
poses the chloride compounds into ZnO and ZnCl,. The
soluble chloride compounds (mainly ZnCl,) are then sub-
stantially removed 1n the aqueous leach to produce a leached
solid. Any traces of chloride left can then be removed
through further, preferably higher temperature roasting step,
such as between 300 to 900° C. This step also converts the
/Zn containing compounds 1n the leached solids to ZnO. The
double roasting regime enables less water to be used to
remove the chloride content 1n comparison to the previous
recovery option as ZnCl, 1s extremely soluble.

In another process embodiment, the crystals can be heated
in a steam atmosphere at around a temperature of between
350 to 500° C. This process step would likely be undertaken
at moderate pressure, ol 1 to 5 bar. This process aims to
decompose the zinc hydroxy chloride mto ZnO and Zn(Cl,
and to hydrolyse the Zn(Cl, 1n situ to convert 1t to ZnO. Any
chloride content can be removed as HCI.

In another process embodiment, the crystals are directly
roasted 1n a furnace at a temperature of between 600 to 900°
C. Any volatilised ZnCl, 1s captured and recycled. Roasting
between these temperatures substantially converts the prod-
uct to zinc oxide. Furthermore, any chloride content of the
Zinc containming precipitate 1s volatised at this temperature to
predominantly ZnCl,, thereby giving a low chlonide high
purity product. Some traces of HCl may also be given ofl
carly 1n the roast through part reaction of the ZnCl, and H,O
vapour. While higher temperatures speed up the volatiliza-
tion, the final roasting temperature depends mainly on the
economics at any specific mstallation. It should however be
appreciated that removal of chlorides to <0.4% Cl 1n the end
product typically involves roasting the zinc containing pre-

cipitate to temperatures 1 the order of 500 to 800° C.
Furthermore, removal of chlorides to <0.2% Cl 1n the end
product typically involves roasting the zinc containing pre-
cipitate to temperatures in the order of 600 to 800° C. even
with prior treatment.

Low ammonia zinc containing precipitate 1s well suited to
roasting as the main chloride contaiming compound zinc
hydroxy chloride (Zn.(OH),Cl,.H,O) decomposes to a mix-
ture of ZnO (the major fraction) and ZnCl, (the minor
fraction). The ZnO remains as a solid while the ZnCl,
volatilises ofl at elevated temperatures.

The volatilised ZnCl, can be readily captured from the gas
stream 1n a wet scrubber using an aqueous medium for
recycle back to the leach. Such a ZnCl, capture stream can
run in a continual recycle loop such that the composition
reaches the target for leach (estimated at ~200 g/l ZnCl,).
This high concentration ZnCl, solution can then be recycled
back 1nto the process and/or treated to recover special grades
of ZnO product. Most commonly, the ZnCl, stream will be
returned to the crystallisation stage but 1n some cases there
may be advantages in returning 1t directly to the leach
circuit. Water from the ammonia stripping column directly
and via the crystal filter wash can be added to retain the
concentration and corresponding volume will be recycled
into the process.

This high Zn(Cl, stream can also be used to make specialty
grade ZnO products by precipitating ZnO and/or Zn(OH),
with high purity and controlled particle size and morphology
by adding NaOH or similar base to the liquor 1n a controlled
manner. This high ZnCl, liquor 1s particularly attractive as 1t
has very high punty.
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In another embodiment the ZnCl, vapour 1s not scrubbed
with aqueous solution but 1s condensed to form high purity
anhydrous ZnCl, which can be recovered and sold sepa-
rately as a product.

In each of the roasting embodiments, a substantially pure
zinc oxide product 1s produced.

The process shown 1n FIG. 1 1s largely closed with no
outlet for soluble impurities. A bleed stream can be used to
control the build up of impurities such as sodium, potassium
and chloride which arises from their content in the EAF dust.
The level of bleed largely depends on the concentrations of
sodium, calctum, potassium and chloride i the EAF dust.
As shown 1n FIG. 1, the bleed system can comprise extrac-
tion of <10% of the filtrate from the filter stage following
crystallisation and treatment of part of this extracted content
with NaOH to raise the pH and precipitate the Zn present as
/n(OH),. This allows any ammonia content to be removed
using a hot air stripping column leaving a potassium chlo-
ride stream for discharge. Hot air for this stripping process
can be supplied indirectly from hot flue gases from the
furnace used 1n the roasting step. The recovered ammonia
can be scrubbed from the gas into spent liquor, whilst the
/n(OH), sludge will be recycled to stage 1 of the two stage
leach. Alternatively, KOH can be used for neutralizing the
extracted content, resulting 1n a KC1 product which can be
sold.

Overall, the main reagent addition 1s NaOH for treating
the bleed stream to recover ammonia and zinc while pro-
ducing a suitable discharge stream. The tonnage of NaOH
will depend mainly on the level of the impurities such as
sodium and chlornide in the dust but i1s likely to be of the
order of 350 to 100 kg/t ZnO. Some ammonia may also be
required to balance physical losses.

In another embodiment the chloride and high fractions of
the other problem impurities can be removed by leaching
them out using water before the EAF dust or other oxide
source 1s subjected to the ammonium chloride-ammonia
leach. Thus, while not shown 1 FIG. 1, the zinc containing
material can undergo a preliminary leaching stage prior to
the first lixiviant leaching stage where the zinc containing
material 1s leached with water. In that embodiment, the dust
1s leached with water 1n a separate vessel and then the solids
are removed from the water using a thickener or more
commonly a filter. The dust 1s then treated through the
typical tflowsheet while the water containing the chloride and
substantial amounts of the sodium, potassium and calcium 1s
treated to ensure precipitation of small amounts of metals
such as lead and zinc and subsequently discharged. The
treatment used commonly 1nvolves adjusting the pH through
additions of HCI and/or NaOH but other acids and bases can
be used. This may remove the need for the bleed treatment
altogether or 11 not fully successiul significantly reduces the
amount of liquor needing treatment to <3% and therefore the
cost of reagents and energy needed.
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The product from this process 1s a high grade ZnO which
can either be sold directly for use or can be redissolved 1n
sulphuric acid and electrolysed to give metallic zinc using
conventional technology. The high purity ZnO 1is 1deal for
this electrolysis as no further purification 1s required. In
some cases 1t may be economically preferable to make a
lower purity ZnO using this ammonia based leach process
and carry out the final purification using known technology
from the acidic zinc sulphate solution. In that cases zinc dust
cementation can be used to remove metallic impurities and

known technologies such as solvent extraction and/or
cuprous chloride precipitation can be used to remove chlo-
rides.
The Particulate Material(s) of the Examples

The leach examples herealter have treated EAF dust with
the content of Table 1.

TABLE 1

wt %0
Zn 34.0
Cl 3.6
Pt 1.1
Ca 11.9
Cu 0.2
Cd 0.04
Pb 2.1
Mn 1.2
Fe 16.0
Na 3.7

THE LEACHING EXAMPLES

Example 1

Leach tests were carried out on a sample of EAF dust
from a New Zealand steel works. The dust was leached 1n a
lixiviant containing 1350 g NH,/kg of water & 125 g NH,Cl/
kg of water with 17.5 wt % solids added to the lixiviant. The
dust initially had 43% Zn present.

The results of the leach are provided in Table 2. After the
first leach the liquor was separated from the residue and the
residue was analysed and found to contain only 21.3% zinc
indicating over half of the zinc had been leached from the
dust. Apart of this residue was subjected to a second leach
using fresh lixiviant of the same composition and this
second extraction reduced the zinc to 16.8% 1n the residue
showing the advantage of using the two stage leach. A third
leach on the residue was performed to determine 11 a 3-stage
leach design 1s of value for this particular dust but with this
third leach the zinc in residue only decreased to 15.1%
suggesting that for this dust the added cost of a 3rd leach
stage may not be warranted.

TABLE 2

[.each Results

Residue Sample

Single Leach
(Pilot Plant)
2-stage Leach
(Pilot, then Lab)
3-Stage Leach

(Pilot, then 2 x lab)

Metal/Element (%) mn Residue

Zinc Iron Chloride Copper Cadmium Lead Manganese Calcium
21.3  17.8 4.5 0.2 0.016 4.6 2.4 3.1
16.8 19.9 1.3 0.2 0.007 5.5 2.8 2.9
151 22.5 0.4 0.2 0.005 5.9 3.0 2.6
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FIG. 3 provides a visual comparison of the metal values
that are extracted in the leachate versus the amount remain-

ing in residue.

FIG. 4 1s a graphical representation soluble impurity
extraction versus content reporting to leach for a water wash
process on the EAF dust.

Example 2

A Leach test was carried out on an EAF dust sample
provided from a Port Pirie, South Australia source having a
generally similar composition to the EAF dust listed 1in Table
1. In this case, the dust 1nitially contained 32.7% zinc. The
leach was performed 1n lixiviant containing S0 g/kg of water
ammomnia and 50 g/kg of water ammonium chloride with
10% w/v solids loading 1n a single stage leach to allow for
full maximum zinc extraction.

The single stage leach liquor contained 22.3 g/L. zinc, with
the residue containing 16.9% zinc corresponding to a zinc
extraction efliciency of 67.5%.

Additional Work with this particular EAF dust has shown
the liquor saturation limit to be 34.7 g/L. zinc. A two-stage
leaching process as described above 1n relation to FIG. 2 has
been found to allow for both liquor saturation and maximum
Zinc extraction to be achieved concurrently.

Zinc Solubility in NH,/NH_CI Leach

The solubility of zinc 1n a lixiviant comprising 75 g
NH_Cl/’kg H,O at 23, 50 & 70° C. at NH; concentrations
between 0 and 75 g/kg H,O was investigated. The results of
these tests are shown 1n Table 3.

TABLE 3

NH,/NH,C] T.each

NH; (g/kg of Zinc (g/1.) at temperatures

H,0) 23° C. 50° C. 70° C.
U 2.5 5.7 0.7
10 17.0 18.7 18.5
20 29.9 29.0 29.%8
30 38.5 38.8 37.2
50 45.2 43.6 42.9
75 524 50.2 49.1

FIG. 5 presents these results 1n graphical form. As can be
observed, there 1s not a large Zn solubility difference with
temperature. The main difference 1s based on NH, difference
which indicates that Zn will precipitate (form crystals)
through the stripping process.

STRIP EXAMPL.

T
o>

Example 1

A leach liquor with composition 100 g/1 NH;, 250 g/l
NH_Cl and 59.7% Zn was stripped of the majority of the

ammonia by heating to near boiling 1n an open flask. The
liquor was then held 1n this open flask and allowed to cool
slightly while a zinc precipitate formed. The precipitate was
separated from the liquor and analysed for zinc and chlorine
content. The crystals had 39.2% Zn and 43.1% Cl1 indicating

that they were predominantly ZDC.
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Example 2

A leach liquor with composition 50 g/I. NH,, 75 g/L
NH_Cl and 46.5 g/LL zinc was stripped of the ammonia by

heating to near boiling 1n an open vessel. The solution was
then left to sit without further heating while crystals formed

within the liquor. The crystals were filtered off and analysed.
They were found to contain 62.5% Zn and 12.7% Cl
indicating that 1t was predominantly zinc hydroxy chloride.
The filtrate removed from the crystals contained 11.6 g/I. Zn
1 11.4 ¢g/I. NH; confirming that the majority of the NH,
had been removed and this caused the precipitation of the

and 1

majority of the zinc.

Example 3

A leach liquor solution containing ~50 g/1 NH; 1n liquor
containing 50 g/l NH,Cl and 34 g/l Zn was stripped of the
ammonia by air injection stripping process according to the

stripping process shown 1n FIG. 2. The leach liquor solution
1s heated to keep the temperature around 90° C.

FIG. 6 shows the change 1n pH, ammonia concentration,
ammonium chloride concentration and zinc concentration in
solution as the ammoma 1s stripped from the solution. The

solution has an imitial pH of around 11 which decreases to
~7.35 as the NH, decreases to 6.8 g/l.

FIG. 7 shows the change 1n the ratio of water to ammonia

in the vapour coming oif the solution as the NH, 1s stripped
using a combination of air and heat. The ratio of water to
ammonia i the vapour increases very rapidly as the pH

decreases below 7.9, indicating that 1t 1s increasingly difh-
cult to remove NH;. This 1s confirmed when plotting the

ratio of NH,/NH,™ in NH, solutions as a function of pH, as
shown 1n FI1G. 8. This plot confirms that removing NH, from

liquor by stripping at pH below 7.3 1s diflicult as there 1s
almost no free NH; available in the liquor for removal.

ROAST EXAMPLE

Example 1

Four samples of zinc crystals of varying composition

were prepared and roasted in a muille furnace to establish

their behaviour. The high chloride sample (40.31%) lost
~90% of i1ts mass consistent with the crystals being ZDC

which decomposes by volatilising to NH, and Zn(Cl, rather
than forming ZnO. The lower chloride samples predomi-

nantly being a mix of zinc hydroxy chloride and zinc
hydroxide lost far less mass consistent with the main reac-
tion being the loss of H,O from the crystals. Some Zn(l,
was lost for the higher chloride crystals which had much
higher mass loss than the crystals which had only 2.31% CI.
All of these samples had low chloride levels after roasting,
and easily met the target of <0.2% Cl needed for the planned
market for this material. The results of this roasting process
are provided in Table 4.
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TABLE 4

Roasting Results

22

mass ZnO*H20 before mass ZnO after mass lost through mass lost through in solid BEFORE

roasting (g) roasting (g) roast (g) roast (g)
9.971 0.921 9.05 90.76
9.844 6.273 3.571 36.28

10.552 6.59 3.962 37.55
11.315 9.556 1.759 15.55

Roasting carried out for 2 hours at 800 C. 1n a mufile furnace.

Water Wash of NZ Dust

New Zealand dust washed with water (18% solid loading)
with vigorous stirring for 40 minutes. Sample filtered and
residue and liquid analysed by AAS for various elements.
The results of this water leach are shown in FIG. 9.

HYDROLYSIS

Example 1

The zinc containing precipitate crystals resulting from
leach example 2 were reacted with water at various elevated
temperatures to allow the chloride contaming crystals to
undergo hydrolysis to convert the crystals to Zn(OH), and/or
/n0O with removal of the chloride 10ons 1to solution.

FIG. 10 shows the residual chloride content of zinc
containing crystals precipitated by ammonia stripping and
then hydrolysed in water at varying temperatures to reduce
the chloride level from the mitial 6.4%. The plot indicates
that a low chlornide Zn crystal product can be produced by
hydrolysis of the zinc containing precipitate from the strip-
ping stage, 11 hydrolysis 1s conducted at an elevated tem-
perature—Tfor example greater than 100° C. A run of par-
ticular interest 1s where the crystal feed containing 6.4%
chloride was hydrolysed at 130° C. for 4 hours at 20% solids
(w/v). The chlornide content was significantly reduced to
0.50% through this hydrolysis process.

Oxidised Zinc Ores

Whilst the present invention has been described 1n rela-
tion to recovering zinc from FElectric Arc Furnace dust
(“EAF”), it should be appreciated that the process can be
used to recover zinc from any number of zinc contaiming
materials. For example, the process of the present invention
can be used to recover a zinc content from various oxidised
zinc ores, such as found at Beltana in Australian and
Skorpion 1n Namibia (typical minerals are Willemite, Hemi-
morphite and Smithsonite).

Oxidised zinc ores are diflicult to treat economically using,
conventional processing as they are often too low grade to
treat directly 1n smelters but are diflicult to treat hydromet-
allurgically 1n acid circuits because of the presence of silica
and/or carbonates. The Applicant considers that the process
of the present invention in which an oxidised ore 1s directly
leached with an ammonia-ammonium chloride lixiviant and
the zinc content 1s recovered as high grade zinc oxide 1s
particularly suited to these ores and provides a much
improved process.

The process used for these oxidised zinc ores 1s very
similar to that described above for EAF Dust except that the
ore generally requires grinding to a powder before leaching
whereas the EAF dust 1s a very fine powder as produced. The
oxidised zinc ore 1s leached to dissolve out the majority of
the zinc and the solution filtered to give a pregnant liquor
containing the majority of the zinc and a residue for dis-
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Chlornide Content Chloride Content in

solid AFTER roast
roast (% w/w) (% w/w)
40.31% 0.04%
17.84% 0.06%
9.61% 0.00%
7.311 0.00%

posal. The pregnant liquor 1s then processed in the same
manner as 1s used for EAF Dust or any other zinc oxide
source with the ammonia being stripped to lower the zinc
solubility and precipitate substantially ammonia free crys-
tals.

Those skilled 1n the art will appreciate that the imnvention
described herein 1s susceptible to variations and modifica-
tions other than those specifically described. It 1s understood
that the invention includes all such vanations and modifi-
cations which fall within the spirit and scope of the present
invention.

Where the terms “comprise”, “comprises”, “comprised”
or “comprising’ are used in this specification (including the
claims) they are to be iterpreted as specifying the presence
of the stated features, integers, steps or components, but not
precluding the presence of one or more other feature,
integer, step, component or group thereof.

The mvention claimed 1s:

1. A process for recovering zinc from a zinc containing
material, the process including the steps of:

leaching the zinc containing material with an alkaline

lixiviant comprising an aqueous mixture of NH, and
NH_C1, or 1onic equivalent, having a NH_,Cl concen-
tration of between about 10 g/L. and about 150 g/LL. H,O
and a NH; concentration of between 20 g/1 H,O and
250 ¢g/I. H,O, to produce a zinc containing leachate
[precipitate in the form of at least one of zinc hydroxide
(Zn(OH),), zinc hydroxy chloride (Zn.(OH),Cl,.H,O),
zinc oxide (ZnQO) or combination thereof];

stripping ammonia irom the zirnc containing leachate to

produce a stripped liquor which includes [a zinc con-
taining precipitate,] a precipitate containing zinc in the
form of at least one of zinc hvdroxide (Zn(OH),), zinc
hydroxy chloride (Zn{OH),Cl,.H,0), zinc oxide
(ZnO) or combination thereof, the stripped liquor hav-
ing a NH, concentration of between 7 and 30 g/1. H,O;
and

recovering the zinc from the stripped liquor.

2. A process according to claim 1, wherein the lixiviant
has a NH_Cl concentration of between 20 g/L. H,O and 100
g/[L. H,O.

3. A process according to claim 2, wherein the concen-
tration of NH; 1n the lixiviant 1s between 20 and 150 g/L
H,O.

4. A process according to claim 3, wherein the NH,
concentration aiter stripping 1s about 10 g/LL H,O.

5. A process according to claim 1, wherein the stripped
liquor has a pH greater than 7.

6. A process according to claim 1, wherein the stripping
step includes an air stripping process step.

7. A process according to claim 6, wherein the air strip-
ping process step includes at least two stripping process
stages, the air stream and zinc containing leachate to flowing
through the stripping process stages 1 a counter current
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flow, and wherein the zinc containing leachate 1s continually
heated 1n at least one of the strip process stages.

8. A process according to claim 1, wherein the major
component of the zinc precipitated in the stripped liquor 1s
zinc oxide or zinc hydroxy chloride.

9. A process according to claim 1, wherein the step of
recovering the zinc produces a zinc depleted liquor which 1s
directly recycled back to at least one of the leaching step or
the ammonia strip step.

10. A process according to claim 1, wherein the step of :

recovering the zinc include the steps of:
separating the zinc containing precipitate from the
stripped liquor.

11. A process according to claim 10, wherein the step of |

recovering the zinc further includes at least one of the steps
of:
roasting the zinc containing precipitate to a temperature of

between 600 to 900° C.; or

hydrolysis of the zinc containing precipitate 1 water ¢

having a temperature of between 80 and 200° C.
12. A process according to claim 10, wherein the step of
recovering the zinc includes the steps of:
hydrolysis of the zinc containing precipitate in water

having a temperature of between 80 and 200° C.; and 35

drying the zinc precipitate at a temperature below 200° C.
13. A process according to claim 12, wherein the step of
recovering the zinc further includes the steps of:
recovering at least a portion of the water from the hydro-
lysis step; and
concentrating this water to produce a concentrated liquor
and recycling the concentrate to the leach step.

24

14. A process according to claim 13, further including the
step of:

treating the concentrated liquor with sodium hydroxide to

precipitate any zinc content for recycle into the process.
15. A process according to claim 10, wherein the step of
recovering the zinc further includes the steps of:
a first roasting step 1n which the zinc containing precipi-
tate 1s roasted at a temperature of between 300 to 500°
C.; and

a second roasting step in which the roasted solids are
further roasted between 300 to 900° C.

16. A process according to claim 10, wherein the step of
recovering the zinc further includes the step of:

roasting the zinc containing precipitate i a steam atmo-

sphere at a temperature of between 350 to 500° C.

17. A process according to claim 15, where the zinc
containing precipitate 1s volatised 1n at least one of the
roasting steps and further including at least one of the
following:

condensing the zinc containing precipitate and separating,

for sale as anhydrous ZnCl,; or

capturing the zinc containing precipitate into an aqueous

liquor and recycling this liquor to a preceding process
step.

18. A process according to claim 15, wherein after the first
roasting step, the roasted zinc containing precipitate under-
goes a leaching step with water to produce a leached solid.

19. A process according to claim 12, wherein the step of
recovering the zinc further imncludes the steps of:

roasting the hydrolysed zinc containing precipitate at a

temperature of between 300 to 900° C.
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