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HEAP LEACHING

TECHNICAL YIELD

5 The present invention relates 1o leaching a matenal containmg a valuable metal.
The present invention relates particularly, although by no means exclusively, to

feaching a material in the form of a sulphidie ore containing a vataable metal.
The present mvention relates particularly, although by no means exclustvely, to

feaching a sulphidic copper-containing ore that includes copper-containing minerals.

foor

BACKGHROUND ART

In conventional heap and durap leaching of copper sulphide containing
minerals, mined ore is stacked inte heups, acrated through direct injoction of air via
15 aoration pipes exiending into the heap andfor by natural convection through exposed
sides of the heap, trrigated with an acid solotion for extraction of copper fnto sohution,
and the copper 1s subsequently recovered from solution by a range of recovery aptions
including solvent extraction and clectrowinning (SXVEW), comentation onto mors
active metals sueh as ron, hydrogen redaction, and direct electrowinmng. Leaching
206 may be enhanced by the use of microorganisms.
Uenerally, heap and dump leaching (hereinafter referred 1o as "heap feaching”}
provides lower metal recoveries than other metallurgical process options for recovering
copper from copper-containing ores, such as milling and fotation that produces copper-

contaming concentrates that are then smelted to produce copper metal, Conseguently,

2%
151

heap leaching tends 1o be reserved for fow grade ore types that have at least a
proportion of readily recovered copper, but where crushing/oniiling costs peranit of
copper {or copper aquavalent — Lol when taking nbo accoont by-product credits from,
for sxample, gold and silver) are too high t© support a concentrator approach, or where
mingral Hberation and other charscteristics (6.2, arscnic content will not support

30 production of divectly useable or saleable concentrates.

Standard best industry practice is to use agglomerates of mined and thercafier

crushed ore in heaps. Typically, the mmed ore 18 processed through multiple erushing
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steps, namely primary and secondary crushing steps and in some instances tertiary
crushing steps, and the crushed ore 1 agglomerated in an agglomenation step, typically
with the wse of an acid as a binder.

A substantial amount of energy 18 required in the crushing steps, and this energy
use Is a sigmificant concern. However, the industry view is that the use of agglomerates
i heaps has advantages pver the use of ore in an unagglomerated form in heaps from
operational and vahuble metal recovery perspectives and that these advantages
outweigh energy cost considerations, In particular, the ore prepsration steps of crushing
and agglomeration make o possible to pre-condition material lo a destred leaclong pH
and provide structural integrity and good liquor permeability within a heap.

The above description is egually applicable to other materials containing other
valuable metals, such as by way of example, nickel.

The shove description 13 not {o be taken as an admission of the common general

1

knowledge i Australia or elsewhere,

SUMMARY OF THE DISCLOSURE

The applicant, through a group company, has carried out research and
development work on heap leaching copper-containing ores that inclade copper-
contaming minerals (such as chalcopyrite) and has made a number of findings in the
course of this heap leaching work and in the course of work on other technology
projects. The present invention is an cutcome of those findings.

T general terms the invention provides g methoed of agglomerating nuned ore
for use n a heap leaching process which ncludes exposing ore fragments o
clectromagnetic radiation and causing fractures o form in the fragments and thereafier
agglomeranng fragments.

The mwvention provides a method of agglomerating wined ore for use ina heap
teaching procoss which includes the steps oft

{a}  cxposing ore fragments to electromagnetic radiation and causing
fractures to form m the fragments; and

{by agplomerating fragments after exposure o cloctromagnetio radiation i

step (a), with agelomeration step (b including mixing fragrents so that fragments that
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have fractores break down mito sooaller fragments and these smaller bagments
subsequently form agglomerates during the agglomeration step.

The method provides an opportunity to wse enetgy reguired for the
agplomeration stop to break down fractured fragments from the electromagnetic
radiation exposure step (a). This provides an opportunity o avoid secondary and
terfiary crushing {assuming tertiary crushing would be otherwise required) of mined ore
prior to agelomeration step (b) and to reduce the overall energy requiremenis o
produce agglomerates from mined ore. The method also makes i possible to take larger
fragments nsto the agglomeration step — this 1z a considerable advantage w terms of
upatream materials handling of fragments.

The term “fragmoent™ is anderstood herein to mean any suitable sixe of mined
material having regard to materials handling and processing capabilities of the
apparatus used to carry out the method. B is also noted that the feon “fragment™ as used
herein may be understond by some persons skilled n the art to be better deseribed as
“particles”. The intention 18 {o use both tenms as synonyms,

The tenm “anned” ore 18 understood herein to include metaltiferons material and
non-metatitforons material, Tron-containing and copper-containing ores are examples of
metailiferous material, Coal is an example of a non-metalliferous material, The torm
“mined™ ore 13 understood herem to melode, but 1€ not himited o, {3} run-of~mine
material and (B) cun-ofmine material that has been subjected (o at feast primary
crashing or similar size redoction after the matertal has been mined and prior o being
sorted. The term “mined” matenial includes nmined material that 15 i stockpiles.

The smaller fragments may fonn agglomerates with other sinaller fragments in
agglomeration step (b).

The sroaller fragments may form agglomerates with other fragroents in
agglomeration step (b,

The agglowemtion step (b)Y may include simulaneously mixing and
agplomerating fragments.

The agplomeration step () may mchude mixing fragments tn one step and then

agglomerating the nuxed fragments in a sobsequent step. There maay be overlap

between the mixing and agglomeration stops,
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The method may include orushing mined ore prior (o processing the eroshed
mned ore in the electromaguetic radiation exposure step {ak

The method may inchude erushing mined ore i a privoary eroshing step priov o
processing the crushed mined ore in the electromagnetiv radistion exposure step (a).

The term “primary crashing”™ is nnderstood herein to mean crushing ore to 4 top
size of 250 to 1530 mm in the case of coppor-containing ores where the copper is in the
form of sulphides. It i3 noted that the top stre may be different for ores containing
different valuable metals,

The term “secondary crushing™ 18 understood herein to mean crushing ore fo a
top stre of 50 to 20 mm in the case of copper-containing ores where the copper is in the
form of sulphides. It is noted that the fop size may be different for ores containing
ditferent valuable metals.

The term “ertiary crushing™ s onderstood herein to mean orashing ore to 8 wop
size of 15 to § mum in the case of copper-containing ores where the copper is in the form
of suiphides. It iz noted that the top size may he difforent for ores contsimng different
valuabde metals

The method may include separating erushed ore into at least two fractions based
cn fragment size prior to the clecromagnetic radiation exposure step () and supplving
one of the fractions to step {a).

One fraction may be a coarse fraction and another fraction may be a fines
fraction. In the context of @ stz separation step, for example using a screen, “coarse”
and “fine” refer o “oversize” and "undersive” respectively in relation to a screen. The
split could cecar i1 a range of 12 to 30mm. Typcally, the split i3 25 mum in the case of
the copper muning sector.  The split may be any suttable sixe depending on factors as
the ore type and the downstrean processing requirements.

The method may include processing the coarse fraction in electromagnetic

adiation exposare step (a) and forming a fractured coarse fraction,
The method may inchude supplving the fines fraction and the fractured coarse

o

fraction produced in step (8} to the spplomeration step (b,

The ore may be a copper-containing ore.
The are may be g copper-containing ore that inclades copper-contgining

rinerals.
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The ore may be any suntable ore containing & valuable metal. Nickel is another
example of a valuable metal.

The operating congdittons for the electromagnetic radiation exposure step {a)
may be selected to form fractures in fragments without causing significant breakdown
of fragments into smaller fragments. From a materials handling vicwpomt, it i3
mraferable to have minimal breakdown of fragments between the clectromagnetic
racdiation exposure step (8) and the agglomeration step (b},

By way of example, the operating conditions for the electromagnetic radhation
exposure step (a) may be selected {o form fractures o fragments with murmal
breakdown of the fragments into smaller fragments.

By way of example, the operating conditions for the clectromagnetic radiation
exposure step (a) may be selected to form fractures in fragments without causing
breakdown of more than 23%., typically no wmore than 5%, more typieally no wore than
1(%, by weight of the fragments inte smalier fragments,

The operating conditions for the electromagnetic radiation exposure step (a)
nay be selected to form fractures that ultimately resnlt in a preferred particle size
distribution of fragments for forming agglomerates that have required characteristics,
such as porosity and/or mechanical strength, for heap leaching,

The electromagnetic radiation may be selecied to be high power density. For
exanple, the power density applied in step (2} may be selected to be at least T x 1Y B
Wim', typically at least [ x 10"" Wim’, and more typieally at feast 1 x 10" Wi,

The electromagnetic radiation exposure tines may be selected to be very short

exposure times, By way of further example, the exposure time applied in step (8} may
be fess than 1s, typically less than 8,55, more typically less than 8.1s, more typically
tess than §.05s.

The eleciromagnetic radiation may be continnous radiation, and step {(a} may
fnclode moving ore fragments through an electromagoetic radiation exposure space al a
rate 1o ;}rfwide a required exposure time.

e electromagnetic radiation may be pulsed radiation, and step {2) may include
moving ore fragments throngh an electromagnetic radialion exposure space at a rate to
wrovide a required exposure timge,

The slectromagnetic radiation may be any suitable radiation,
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For example, the electromagnetic radiation may be microwave radiation. The
mcrowave radiation may have any suitable wavelength in the range of 300 MHz - 300
GHy, SO0 MHe - 30 GHz or 600 MHz - 3 GHz, for exarople 2450 MMy or 915 MHs,

By way of further example, the clectromagnetic radiation may be radio
frequency radiation,

The mvention also provides agglomerates formed in the above-described
method of sgglomerating mined ore.

The invention also provides a heap of matenial, with the material including
agglomerates formed 1o the above-desenbed method of agglomerating mined ore.

The mvention alse includes a method of heap leaching that includes:

{a) forming a heap of material, with the material inchuding agglomerates
formed in the above-described mwethod of agglomerating mined ore; and

() leaching valuable metal from the ore in the heap.

The method may also include recovering the leached metal as 8 metal product.
Typically, this step includes recovering the leached metal from solution in pregnant

feach liguor,

BRIEF DESCURIPTION OF THE DRAWING

The present mvention is described turther witly reference to the accompanying
drawing which illustrates the steps in one embodiment of a method of agglomerating

foe

mined ore for use in a heap leaching process i accordance with the present invention.

DESCRIPTION OF EMBODIMENT

The method of agglomerating mined ore illustrated in the Figure is descoribed in
the context of copper-containing ore. Howoever, # s anderstood that the nvention is not
Himited to this type of ore and extends to mined ore generally, Other examples of a
mined ore gre nickel-containing ores.

The method of agglomerating rmuned ore lnstrated in the Figare w awitable for
forming standard heaps in terms of the basic shape and size of the beaps. More

spectfically, the present iyvention does not extend to particular shapes and sizes of
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heaps and to parbioular methods of constructing beaps from agglomerated ore. By way
of cxample only, the heap may be a heap of the type deseribed in hiternationg
pabbcation WO2012/031317 in the name of the apphicant and the discloswre in the
International publication 18 incorpomted herein by cross-reference,

With reference to the drawing, rap-of-mine copper-containing ore is crushed in
a primary crusher 3, and the crushed ore fragments are transferred to a screen 3 and
separated into a coarse fraction 7 of at least 25 mun and a fines fraction 9 of less than 23
mnt,

The fines fraction 9 1s suppled to an agglomeration station 1

The coarse fraction 7 is supplied 1o an electromagnetic radiation treabment
station 13, The station 13 may be any suitable construction, By way of example, the
statien 13 may be of the type desertbed in International publication WO2Z014/066%41 in
the pame of the applicant and the disclosure n the International pubbicabion is
icorporated herein by cross-reference. The coarse fragments are exposed to high
powet density radio freqoency radigtion (or any other suttable electromagnetic
radiation} at the statton 13, The operating conditions, including frequency, residence
{1.c. exposure} time, and power density, ete. are selocted so that fractures (Le. cracks)
form in the coarse fragments, preferably with minimal break down into smaller
fragments at this poinl. Typieally, the operating conditions are selecied so that tractures
form 1 the coarse fragments without causing any more than 0% by weight of the
fragments to break down at this point inte smaller fragments.

In any given situation, the selection of the operating conditions at the station 13
is dependent on the dowasiream agglomeration requirements and operating conditions
for the agelomeration step. I some situations it may be preferred to cause extensive
cracking of the fragments. For example, tf may be preferred to cause significant
fracturing of all of the fragments. In other situations, it may be preferred {0 canse
fracturing of a proportion of the fragments. The propottion way he fragmoents that have
particular characteristics, such as a copper concentration above a threshold
concentration. In other situations, less exireme structural alterstion of the fragments
may be sufficient. It is noted that the actual extent to winch mdpvidual fragments wilt be
alterved structuralby will vary depending on the mmneralogy of mdividual fragments, In

some sttuations, it mway be preferred to form fractures that olinmately resultin a
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preferred particle size distribution of fragments for forning agglomerates that have
vequired characteristics, such as porosity and/er mechanical strength, for heap leaching.

Structural alteration, Lo fractpring, of the fragments at the station 13 may be the
result of differences in thermal expansion of minerals within fragnents, as a
consequence of heating of minerals due to exposure to electromagnetic radiation,
resulting i regions of high stress/strain within the fragments and leading to cracking or
other physical changes within the Sagments.

The fragments from the electromagoetic radiation treatment station 13 are
supplied {o the aggk)mera‘ii(m station 11, The agglomeration station H may be any
suitable construction that includes a dram {or other device) for mixing the fragments
and agglomerating the frapments during the agglomeration step, The mixing conditions
are selected to cause fragments that have fractures to break down into smaller fragments
i the mixing drom, These smadier fragments subseguently form agglowerates with
gther smaller fragments and fines during the agglomeration step. The agglomeration

step may include the addition of a suttsble binder, such g5 an acid. The mixing and

agglomeration may ocowr simultancously. Alteroatively, mibing may be carried out

first and agglomeration (for example inttiated by the addition of a binder) may be
carrigd out after mixing has been completed to 8 required extom,

T a situation where the mixing is carried out separately, the mixing may include
subijecting fragments to tmpact forces that cause breaking of at least a portion of the
fractured tragments. International application PCT/AUZ014/000648 in the name of the
appiicant describes an apparatus for subjecting fragments to unpact forces and the
disclosure i the specification of the Internationsl application is incorporated herein by
cross-reforence,

The agglomerates produced in the agglomerstion station 11 are transforred via g
conveyor 13 (m‘ any other suilable materials transfer option) to a heap site {not shown)
for use n the construction of 8 heap on the sie.

The methed provides an opportunity to use cnergy that i3 required in any event
for agplomerating fragments in the agglomeration step (b} to break down fractured
fragments from the electromagoetic radiation exposure step (a3, This provides an
apportunity o aveid secondary and tortiary crushing (assuming tortiary crushing would

be otherwise required} of mined ore prior to agglomeration step (b} and consequently to
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reduce the overall energy requirements to produce agglomerates from nuned ore, The
method also makes it possible to take larger fragments into the agglomeration step —
this is a considerable advantage i terms of upstream matenals handling of fragments.

Many madifications may be made to the embodiments of the present invention
desertbed above without departing {rom the spirit and scope of the wvention.

By way of example, the embodiment is described as a series of suceessive steps
with fragments from the electromagnetic radiation station 13 being transferred divectly
to the agglomeration station 13 and thereatier divectly to form a heap, The invention s
not limtled to this embodiment and there may be stockpiling of fragmenis and
agglomerates after cach of the stations 13, 11, In addition, the stations 13, 11 and the
heap may not be located in the same area and i may be necessary o transport fragmoents

and agglomerates between stations and heaps that are n different locations,



WO 2015/081372 PCT/AU2014/001092

foor

2%
151

« 10 -

CLAIMS

L A method of agglomerating mined ore for use in a heap leaching process
which 1oclades the steps oft

{3} exposing ore fragments to clectromagnetic radiation and causing
fractures to form i the fragments; and

{b) agplomerating fragments afier exposure o electromagnetic radiation,
step {a), with agglomeration step (b) including miring fragments so that fragments that
have fractures bregk down into smaller fragments and these smaller fragments
subsequently form agglomerates doring the agglomeration step.

2. The method defined in claim 1 wherein the agglomeration step {b)
inclodes simuBancously mixing and agglomerating fragments,

3. The method defined in claim | wherein the agglomeration step (b}
mchudes mining fragments o one step and agglomernting the mixed fragments ina
separate step.

4, The method defined in any one of the preceding claims fncludes
crushing nuned ore 1oy a primary crushing step and processing the crushed ore in the

clectromagnetic radation exposure step (al

3. The method defined in any one of the preceding claims includes
separating orushed ore wnto at least two fractions based on fragment sive prior to the

electromagnetic radiation cxposure step {a), with one fraction being a coarse fraction
and avether fraction being a fines fraction

&. The method defined in claim § includes processing the coarse fraction
the electromagnetic radiation exposure step (g}

7. The wiethod defined in claim 6 includes supplying the fines fraction and
the fractured coarse fraction produced in step {a) to the ggglomeration step (b),

& The method defined w any one of the preceding claims whergin the ore
13 a copper-containing ore that inchudes copper-containing minerals.

9. The methed defined in any one of the preveding claims wherein the
clectromagnetic radiation is sicrowave radiation or radic froquency radiation.

10 The method delfined w any one of the preceding clams wheven the

operating conditions for the clectromagnetic radiation expoesure step {a) are selected to
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form fractures in fragrments without causing significant breakdown of fragroents mto
smaller fragments.

L The wethod defived inany one of the preceding claims wherein the
operating conditions for the electromagnetic radiation exposure stop (a) are selocted
form fractures in fragments with minimal breakdown of the fragments into smaller
fragments.

12 The method defined inany one of the precoding claims wherein the
operating conditions for the eleciromagnetic radiation exposure step {8) are selected to
form fractures in fragruents without causing breakdown of woore than 25%, iypically no
maore than 15%, more typicelly no more than 0%, by weight of the fragments into
smatler fragrments.,

13, The method detfined in any one of the preceding claims wherein the
operating conditions for the electromagnetic radiation exposure step {a) are selected to
form fractures that ultinustely result in a preferred particle size distribution of fragments
for forming sgelomerates that have roquired characteristics, such ag porosity and/or
mechanical strength, for heap leaching.

14, The method defined in any one of the preceding claims wherein the
clectromagnetic radiation is selected to be high power density and the exposure times
are selected to be very short exposure times.

15 The methed defined in clainy 14 wherein the power density applied in
clectromagnetic radiation cxposure step (a} s selected to be at least 1 x 107 Wim'|

16, The method defined in claim 14 whergin the power density applied in
eloctromagnetic radiation exposure step (a) is selected to be at least 1 x 10" Wim®,

17, The wethod defined in claim 14 wherein the power density s selected o
be at feast 1 x 101 Wim'

18 The method defined 1wy any one of claims 14 1o 17 wherein the exposure
time i eloctromagoetic adigtion exposure step {a) 18 less than 1

19, The mwethod defined in any one of claims 14 to 18 wherein the exposure
time 15 loss than 0.05s.

20 Agglomerates formed in the method defined in any one of the preceding

claims.
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21 A heap of material, with the matenal inchuding agglomerates formed in

the miethod of sgglomerating mined ore defined in any one of the preceding claims.

220 A method of beap leaching that inchudes:

{a) forming a beap of material, with the material including agglomerastes
formed in the method of agglomerating mined ore defined in any one of claims 1-20;
and

(b} feaching valuable wetal from the ore 1o the heap.

23, The method defined in claim 22 includes recovering the leached meisl as

g wetal produet.
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