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A method of recovering precious metal values from refractory sulfide ores is provided. The method includes the steps of separating
clays and fines from a crushed refractory sulfide ore (12, 24), forming a heap from the refractory sulfide ore (18), bioleaching the heap
to thereby oxidize iron sulfides contained therein (18), and hydrometallurgically treating the bioleached ore to recover the precious metal
vaiues. If sufficient quantity of precious metal values are contained in the separated clays and fines, these materials can be further processed

to recover the precious metal values contained therein.
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DESCRIPTION

Biooxidation of Refractory Bulfide Ores

Background of the Invention

1. Eield#of_gbgmlhvention

The present invention relatesg to the_recovery of

metal values from refractory sulfide and refractory

carbonaceous gsulfide ores.

2. Description of the Prior Art

Gold is one of the rarest metals on earth. Gold

ores can be categorized into two types: free milling and
refractory. Free milling ores are thogse that can be procegsecd

by simple gravity techniques or direct cyanidation.
Refractory ores, on the other hand, are not amenable to
conventional cyanlidation treatment. 8Such ores are often
refractory because of their excessive content of metallic
sulfides (e.g., pyrite) and/or organic carbonaceous matter .

A large number of refractory ores consist of ores
with a precious metal such as gold occluded in iron sulfide
particles. The iron sulfide particles consist principally of
pyrite and arsenopyrite. Precious metal values are frequently
occluded within the sulfide mineral. For example, gold often
occurs as finely disseminated submicroscopic particles within
a refractory sulfide host of pyrite or arsenopyrite. If the
gold remains occluded within the sulfide host, evén after
grinding, then the sulfides must be oxidized to liberate the

encapsulated precious metal values and make them amenable to

a leaching agent (or lixiviant).
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A number of processes for oxidizing the sulfide
minerals to liberate the precious metal values are well known
in the art. One known method of oxidizing the metal sulfides
in the ore is to use bacteria, such as Thlobacillus
ferrooxidans, Sulfolobus, Acidianus species and facultative-
thermophilic bacteria in a microbial pretreatment. The
foregoing microorganisms oxidize the iron sulfide particles to
cause the solubllization of iron as ferric iron, and sulfide,
as sulfate 1on.

If the refractory ore being processed 1s a
carbonaceous sulfide ore, then additional process steps may be
required following microbial pretreatment to prevent preg-
robbing of the aurocyanide complex or other precious metal-

lixiviant complexes by the native carbonaceous matter upon
treatment with a lixiviant.

As used herein, sulfide ore or refractory sulfide
ore will be understood to also encompass refractory
carbonaceous sulfide ores.

A known method of bioleaching carbonaceous sulfide
ores 1s disclosed in U.S. Patent No. 4,729,788, 1issued March
8, 1988. According to the disclosed process, thermophllic
bacteria, such as Sulfolobus and facultative-thermophllic
bacteria, are used to oxidize the sulfide constituents of the
ore. The bioleached ore is then treated with a blanking agent
to inhibit the preg-robbing propensity of the carbonaceous

component of the ore. The precious metals are then extracted

60724-2390
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from the ore using a conventional lixiviant of cyanide or

thiourea.

Another known method of bioleaching carponaceous
sulfide ores 1is disclosed in U.S. Patent No. 5,127,942, 1issued

July 7, 1992. According to this method, the ore 1s subjected
to an oxidative bioleach to oxidize the sulfide component of
the ore and lilberate the precious metal values. The ore 1is
then inoculated with a bacterial consortium in the presence of

nutrients therefor to promote the growth of

60724-2390
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the bacterial consortium, the bacterial consortium being
characterized by the property of deactivating the preg-
robbing propensity of the carbonaceous matter in the ore.
In other words, the bacterial consortium functions as a
biological blanking agent. Following treatment with the
microbial consortium capable of deactivating the precious-
metal-adsorbing carbon, the ore is then leached with an
appropriate lixiviant to cause the dissolution of the
precious metal in the ore.

Problems' exist, however, with employing bioleaching
processes in a heap leaching environment. These 1include
nutrient access, air access, and carbon dioxide access for
making the process more efficient and thus an attractive
treatment option. ' Moreover, for Dbiooxidation, the
induction times concerning biocoxildants, the growth cycles,
viability of the bacteria and the 1like are importaut
considerations because the varlables such as
accessibility, particle size, settling, compaction and the
like are economically irreversible once a heap has been
constructed. As a result, heaps cannot be repaired once
formed, except on a limited baéis.

Ores that have a high clay and/or fines content are
especially problematic when processing in a heap leaching
or heap biooxidation process. The reason for this 1s that
the clay and/or fines can migrate through the heap and
plug channels of air and liquid flow, resulting 1in
puddling; channelling; nutrient-, carbon dloxide-, or
oxygen-starving; uneven biooxidant distribution, and the
like. As a result, large areas of the heap may be blinded
off and ineffectively leached. This 1s a common problem
in cyanide leaching and has lead to processes of particle
agglomeration with cement for high pH cYanide leaching and
with polymers for low pH bioleaching. Polymer agglomerate
aids may also be used in high pH environments, which are
customarily used for leaching the precious metals,

following oxidative bioleaching of the iron sulfides 1in

the ore.



10

20

CA 02176147 1997-08-21

4

Biooxidation of refractory sulfide ores 1is
especially sensitive to blocked percolation channels by loose
clay and fine material because the bacteria need large amounts
of air or oxygen to grow and bilooxidize the 1iron sulfilde
particles in the ore. Air flow 1s also important to dissipate
heat generated by the exothermic biooxidation reaction,
because excessive heat can kill the growing bacteria 1n a
large, poorly ventilated heap.

Ores that are low in sulfide or pyrite, or ores that
are high in acid consuming materials such as calcium carbonate
or other carbonates, may also be problematic when processing
in a heap biooxidation. The reason for this 1is that the acld
generated by these low pyrite ores 1is insufficient to maintain
a low pH and high iron concentrate needed for bacteria growth.
Summary of Invention

It is an object of the present invention to provide
a heap bioleaching process of the type described above,
wherein the refractory sulfide ore 1is rendered more
susceptible to biooxidation, thereby providing improved
recovery of the precious metal values contained within the
ore. The method of the present invention achieves this oblect
by removing the clays and/or fines from the refractory sulfide
ore after it 1is crushed to a size appropriate for a heap
leaching process. The heap may then be formed without concern
of the air and liguid flow channels in the heap becoming

plugged. Further, 1f the separated clay and/or fine material

has a sufficiently high precious metal content, 1t may be

60724-2390
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48
separately treated to recover the precious metal values
contained therein.

The present invention provides a method for
recovering precious metal values from a crushed precious metal
pbearing refractory sulfide ore, the method comprising:

a. separating the crushed refractory sulfide ore into a

fines fraction and a coarse fraction;

D. forming a heap with the coarse fraction of the

refractory sulfide ore;

C. bioleaching said heap to thereby oxidize iron

sulfides contalned therein;

d. hydrometallurgically treating the bioleached ore to

recover the precious metal values; and

e. treating the fines fraction to recover precious

metal values contained therein.

The invention further provides a method for
recovering precious metal values from a crushed precious metal
pbearing refractory sulflde ore, the method comprising:

a. separating the crushed refractory sulfide ore into a

fines fraction and a coarse fraction;

D. forming a heap with the coarse fraction of the

refractory sulfide ore;

C. producing a concentrate of refractory sulfide

minerals from the fines fraction;

d. adding the concentrate of refractory sulfide

minerals to the heap;

60724-2390
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e. biooxidizing the ore in the heap, 1including the
concentrate of refractory sulfide minerals; and

f. hyvdrometallurgically treating the bilooxidized ore to
recover precious metal values.

The invention additionally provides a method for
recovering precious metal values from a crushed precious metal
bearing refractory sulfide ore, the method comprising:

a. separating the crushed refractory sulfide ore into a
fines fraction and a coarse fraction, the fines fraction
including particles of clay;

b. forming a heap with the coarse fraction of the
refractory sulfide ore;

C. removing clay particles from the finegs fraction;

d. producing a concentrate of refractory sulfide
minerals and a tail from the clay depleted fines fraction;

e. hydrometallurgically treating the clay particles and
the tall to recover precilous metal values contained therein;

f. adding the concentrate of refractory sulfide
minerals to the heap;

J. biooxidizing the ore in the heap, including the
concentrate of refractory sulfide minerals; and

h. hydrometallurgically treating the biooxidized ore to

recover precious metal values.

60724-2390
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Brief Description of the Drawing
Fig. 1 is a schematic of a process flow sheet

according to a preferred embodiment of the present
invention;

Fig. 2 is a graph illustrating the percent 1iron
leached over time'fbr various size fractions of ore;

Fig. 3 is a graph illustrating the percent 1iron
leached per day as a function of time for various size
fractions of ore; |

Fig. 4 1is a graph i1llustrating the percent gold
recovered from a pyrite concentrate milled to -200 mesh as
a function of its percent biocoxidation;

Fig. 5 is a graph illustrating the change 1n Eh of a
column of +1/4 inch ore as a function of time;

Fig. 6 is a graph illustrating the change 1in pH as a
function of time for a column of +1/4 inch ore; and

Fig. 7 is a graph illustrating the change in 1iron
concentration in the effluent of a column of +1/4 inch ore

as a function of time.

Description of the Preferred Embodiments
By the method according to the present embodiment of

the invention, refractory sulfide ores can be rendered
more susceptible to biooxidation in a heap leaching
process. This is accomplished by separating the clay
and/or fine materials from the refractory sulfide ore
after it has been crushed to a size appropriate for heap
leaching. 1In the present embodiment the method of removal
is wet size screening. It will be readily apparent to
those skilled in the art, however, that any other method
for separating the clay and/or fine material from the
refractory ore may be used. For example, dry screening
and cyclone classifying are well known to those skilled in
the art.

By removing the fines and clays from the refractory
sulfide ore, the air and liquid flow through the heap 1s

improved. This will reduce the time required ¢toO
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sufficiently biocoxidize the iron sulfide particles in the
ore to liberate the precious metal values and make them
amenable to subsequent lixivation with cyanlide or
thiourea, preferably cyanide. In addition to faster

biocoxidation, in a well ventilated heap, having good fluid

'flow, it becomes more feasible to change the pH from an

acidic pH of 1.0 to 2.0 that is best for biooxidation to
a basic pH of 10.0 or more needed for cyanide leaching
without remaking or restacking the heap.

The refractory sulfide ore is preferably crushed to a

target maximum size in the range of approximately 1/4 to

"1 inch. Appropriate target maximum particle sizes include

1/4, 3/8, 1/2, and 1 inch. If the ore will pass any ot
these target particle sizes, it should be amenable to heap
leaching. The smaller the particle size, however, the
greater the surface area of the sulfide particles in the
ore and, of course, the faster the sulfide particles will
be biocoxidized. Increased recovery of the precious metal
values should also result. This, however, must be weighed
agalnst the additional cost of crushing the ore to a
smaller particle size. The additional amount of precious
metal recovered may not justify the added cost.

Of course if the refractory sulfide ore body being
treated is already an appropriate size for heap leaching,
no additional crushing is required.

Fines are naturally produced during the crushing

process. The size of the fines and clays removed from the
crushed ore should be about minus 60 mesh as a minimum
upper limit to about minus 1/8 inch as a maximum upper
1imit. After the clay and fines are separated from the
bulk of the ore, a heap is formed with the ore. The heap
may then be treated with a standard bioleaching process to
oxidize the iron sulfide particles in the ore and liberate
the occluded precious metal values, which are preferably
gold. Because the majority of the clay and fine materials

have been removéd, obstruction of the alr and liguid flow
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channels by these materials 1s no longer a concern, thereby
improving percolation leaching of the ore.

After bilooxidation, the precious metal 1in the
pretreated ore can be extracted using a conventional lixiviant
such as c¢vanide or thiourea, preferably cyanide. O0Of course,
however, as a person of ordinary skill in the art would
recognize, if the refractory sulfide ore 1s also refractory
due to carbonaceous matter contained in the ore, additional
processing steps must be employed to reduce the preg-robbilng
propensity of the ore prior to lixivation. A number of such
processes are well known 1n the art.

For example, the methods used in U.S. Patent No.
4,729,788 and U.S. Patent No. 5,127,942 can be used. FPFurther,
the microbial process for treating carbonaceous ores disclosed
in U.S. Patent No. 5,162,105, 1issued November 10, 1992 can
also be used.

The fine material that has been separated may
contain large amounts of precious metal values. Indeed the
economic value of these metal values may be sufficiently high
to justify further processing of these materials to recover
the additional metal values. In a particularly preferred
embodiment of the present invention, the separated fine
material is further processed to recover at least a portion of
the precious metal values contained therein.

To recover the precious metal values from the fine
material, the fine material 1s preferably treated in a mill

process to remove the iron sulfide particles from the clay and

60724-2390
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sand particles. The reason for this 1s that, as discussed
above, precious metal values, especially gold, often occur as
finely disseminated microscopic particles within the 1ron
sulfide particles. These fine sulfide particles, therefore,
freguently contain a significant portion of the overall

precious metal values. PFurther

60724-2390
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because a relatively high percentage of the precious metal

values in the ore are associated with this fraction of the

ore, they can be economically treated in a mill process.
As will be recognized by those ékilled in the art, a
variety of methods can be used to separate the iron
sulfide particles from the remainder of the fines. These
methods 1include, by way of example only, gravity
separation and flotation. If desired, the 1iron sulfide
particles can be subjected to additional grinding before

flotation. Gravity separation techniques that can be used

include shaker tables, hydrocyclones, and spiral
classifiers.
The 1iron sulfide concentrate, 1f refractory, 1s

preferably bioleached with bacteria 1n a tank or mill

process to liberate the occluded precious metal wvalues.
Alternatively, the sulfide concentrate can be added back

to the heap to allow for a slower heap biooxidation

process. However, because these particles are typically
larger and more hydrophobic than clay particles, they tend
to stick more readily to the larger particles i1n the heap,
and, thus, the problem of obstructed percolation channels
1S notlencountered” The iron sulfide concentrate can also
be treated by a variety of other methods well known in the
art such as roasting, pressure oxidation, and chemical
oxidation. Because the concentration of gold or other
precious metal wvalues 1s relatively high 1in this ore
fraction and its overall volume small, all of these mill
processes may be economically utilized.

If the iron sulfide concentrate 1is only partially
refractory, then 1t can be directly leached with a
lixiviant such as cyanide to remove the nonrefractory
gold. The tail from this leaching process could then be
washed free of c¢yanide and added to the heap for
biocoxidation to release the remalning refractory gold or
other precious metal values.

The fine material removed from the refractory sulfide

ore by size separation, and which has also had the iron
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sulfide particles removed from 1it, may still contailn
economic values of gold or other precious metals.
Further, this fine material 1is 1likely to be less
refractory than other iron sulfide material 1f the size
has lead to oxidation. Therefore, agglomeration of this
material with cement, or other agglomeration aids that can
be used at a high pH, may provide good recoveries 1f
leached with cyanide directly.

The fine material may have sufficient gold value 1n
the case of high grade ore to merit a mill leaching
process such as carbon-in-pulp or counter current
decantation.

A more recently preferred embodiment of the present
invention is now described i1n connection with the process
flow sheet illustrated in Fig. 1.

As can be seen from referring to Fig. 1, a precious

metal bearing refractory sulfide ore 1s preferably crushed
to a target maximum size in the range of approximately 1/4
to 1 inch at crushing station 10. Preferably the ore 1is
crushed to a target maximum particle size of 1/4, 3/8,
1/2, or 3/4 inch. Of course, if the refractory sulfide
ore body being treated is already of an appropriate size
for heap leaching, no additional crushing 1s required.

As in the present embodiment, the precious metal to be
recovered from the ore is typically gold. However, as
those skilled in the art will readily recognize, the
method according to the present 1invention 1s equally
applicable to the recovery of other precious metals,
including silver and platinum from refractory sulfide
ores.

After the gold bearing refractory sulfide ore 1s
crushed to the appropriate size, the fines 1n the ore are

separated from the crushed ore at separation station 12.

Preferably the fines are separated using a wet or dry
screening process. To ensure good air and liquid flow 1n
the heap, fines smaller than about 10 to 30 mesh (Tyler

mesh series) should be separated out at separation station
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12. The coarse fraction of the ore 14, that is the ore
greater than about 10 to 30 mesh, will typically contain
approximately 50% or more of the gold values in the entire
ore and comprise about 50 to 75% of the weight of the ore.
The fines 16 that have been separated out will typically
contain approximately 30 to 50% of the gold wvalues and
comprise approximately 25 to 50% of the weight of the
initial ore.

Because of the significant gold wvalues typically
contained in the fines 16, the fines are further processed
to recover at least a portion of the precious metal values
contained therein. This 1s preferably accomplished by
producing a concentrate 20 of refractory pyrite minerals
from the fines 16 in the pyrite concentration circuit 22.
Pyrite concentrate 20 will typically comprise about 5 to
10% of the initial weight of the ore and about 15 to 30%
of 1ts gold values.

If the ore contalns refractory arsenopyrite minerals,
then refractory pyrite concentrate 20 will also contain
these minerals.

Because, as a general rule, the pyrite particles in
the pyrite concentrate 20 are larger and more hydrophobic
than the clay particles found in fines 16, the pyrite
concentrate 20 can be combined with the coarse fraction of
the ore 14 during heap construction without significantly
impeding fluid and air flow within the heap during
bioleaching. This 1s because the pyrite particles 1in
pyrite concentrate 20 will tend to stick to the larger

particles in the coarse fraction of the ore, rather than

migrating through the heap and causing blocked flow
channels. Pyrite concentrate 20, may also be added to the
top of the heap before or after the biooxidation process
is already 1in progress.

The bacterial oxidation of pyrite generates ferrous
sulfate and sulfuric acid in the net reaction summarized

by Equation (1). This net reaction can be broken into two

distinct reactions, Equations (2) and (3), where Egquation
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(2) 1s the aerobic reaction catalyzed by bacterial
activity and Equation (3) 1s the anaerobic reaction
occurring at the surface of the sulfide mineral. Equation
(4) is a esimilar anaerobic reaction occurring at the

surface of arsenopyrite minerals.
(1) FeS, + 7/20, + H,0 3 FeSO, + H,SO,

(2) 14FeSO, + 7H,80, + 7/20, = + 7H,0 + 7Fe,(S0,),
(3) 7Fe,(S0O,), + FeS, + 8H,0 = 15FeSO, + 8H,SO,
(4) 13Fe,(S0,); + 2FeAsS + 16H,0 = 20FeSO, + 2H,As0, + 13H,SO,

An advantage of adding pyrite concentrate 20 to heap
18 is that this fine milled pyrite 1s more readilily
oxidized than the pyrite mineral particles found in coarse
ore 14: thus, the acid produced from the oxidation of the
pyrite concentrate can be used to help lower the pH of the
coarse ore in the heap more quickly. This is especially
valuable when dealing with ores that are high 1n acid

consuming materials such as calcium carbonate or other

carbonates. Further, by adding the pyrite concentrate to
the top of heap 18, ferric 1ons produced during 1ts
biocoxidation will migrate to the lower part of the heap
where bacterial growth may be 1nhibited due to toxins,
which have not been washed from the ore early 1in the

biocoxidation process, or due to the lack of oxygen. As a

result, biooxidation of the pyrite minerals in the lower

part of the heap will proceed even 1f bacterial growth 1is
not favored in this region.

There 1is also an advantage to adding pyrite
concentrate 20 to a heap 18 that has been undergoing
biocooxidation for a long period of time. In the later
stages of biocoxidation most of the exposed and reactive
sulfides will have already been oxidized, resulting in a
slow down in the rate of biooxidation. This slow down 1in
the rate of biooxidation can lead to a drop 1n iron levels
and an 1increase 1in pH withlin heap 18. Addition of a
reactive sulfide concentrate can restart an active
biocoxidation process that can 1ncrease 1ndirect chemical

leaching of imbedded sulfide minerals due to the high
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ferric levels produced from the biooxidation of the sulfide

concentrate.

The preferred methods of produclng pyrite concentrate
20 are explained in detail below in connection with pyrite

concentration circult 22.

After heap 18 1is constructed, 1t may be pretreated
using a standard heap biocoxidation process to oxidize the iron
sulfide particles in the ore and liberate the occluded precious

P

metal values. And, because the majority of the clay and fine

*

materials have been removed, obstruction of the air and liquid

flow channels by these materials is significantly reduced,

resulting in improved percolation leaching of the ore.

If the bioleachate solution is recycled durilng the
biooxidation process, the biocoxidation rate can be i1mproved by

using the method of solution management disclosed in the U. S.

Patent No. 5,688,304 entitled “Method For Improving The Heap

'}

Biooxidation Rate Of Refractory Sulfide Ore Particles That Are

Biooxidized Using Recycled Bioleachate Solution,” and issued to

William J. Kohr, Chris Johansson, John Shield, and Vandy
Shrader.

Referring again to Fig. 1, pyrite concentration

gr—

circuit 22 is now described. Three methods of producing pyrite

concentrate 20 are illustrated within pyrite concentration

circuit 22. These methods may be used in combination or 1in the

alternative.

The fines 16 will typically comprise very fine clay
particles, which are typically less than o> to 20 pm; sand
particles; and refractory sulfide particles. The clay
particles are very small and very hydrophilic in comparison toO

the sand and refractory sulfide particles, making them

particularly deleterious to heap bioleaching processes, because

MGG Jawdd -1 s = me mn 8 e . TS e Nem e 1SI0SR TR T M (0 L TS 241 113 A o s ke vrannaeet e . . Tttt dade g Voo rnnd s (b e e N d e R et .
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they tend to migrate through the heap and plug flow channels as

they swell from the absorption of water. The clay particles

are, therefore, preferably

b1 144 3447 mateun b pad o M
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removed from the fines 16 so that a concentrate of
refractory sulfide particles can be produced that can be
safely added to heap 18 with minimal obstruction of the
flow channels in the heap. Thus, as illustrated in Fig.
1, the first step in each of the preferred methods of
producing pyrite concentrate 20 1s the removal of the clay
particles from the fines using clay removal system 24,
which is preferably a hydrocyclone or a settling tank. Of
course, however, if the ore 1s a low clay bearing ore,
this step may be omitted. '

The set point for the maximum size particle removed 1n
clay removal system 24 will depend on the distribution otf
clay particle sizes within fines 16. If the set point for
the clay removal system 1s set at less than about 10 um,
a settling tank is the preferred removal method of
separation because hydrocyclones cannot currently make
efficient separations between particle sizes of less than
about 10 um.

In a high clay ore, clay material 26 separated from
the fines 16 will typically comprise about 10% of the
initial weight of the ore and about 5 to 10% of 1its gold
values. Further, because of 1ts low refractory nature,
clay material 26 may be further processed to recover the
gold values it contains using a traditilional cyanide mill
leaching process such as counter current decantation or
carbon-in-pulp. Before processing clay materlal 26 in one
of these traditional c¢yanide mill leaching processes,
however, the pulp density of the clay material should be
increased using a thickener 28 until a pulp density ot
about 30 to 40% 1is achieved.

After the clays have been removed from the fines 16,
the refractory pyrite particles are also separated out to
form refractory pyrite concentrate 20, which can be added
to heap 18 as explained above. The refractory pyrite
particles are preferably separated from clay depleted
fines 30 wusing flotation or a gravity separation

technique.
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Three preferred methods for separating the refractory
sulfide particles from the clay depleted fines 30 are now
described. The first method entalls fine grinding the
clay depleted fines 16 until a particle size of less than
about -200 mesh 1s achileved. This 1s preferably
accomplished in ball mill 34. The refractory pyrite
materials are then removed from the material 30 using a

flotation cell 36 with a xanthate collector. The floated

pyrite material from flotation cell 36 forms the pyrite

concentrate 20.

A second method of producing pyrite concentrate 20
from material 30 comprises separating material 30 into two
fractions using a hydrocyclone 38: the first, comprising
-200 mesh material 40, and the second comprising coarse
sand particles, which are greater than about 200 mesh, and
heavier pyrite particles. The material which i1is less than
200 mesh is further treated i1n xanthate flotation cell 36
to remove refractory sulfides. The floated refractory
sulfides and the coarse sand particles and heavier pyrite
are then recombined to form pyrite concentrate 20. This
method differs from the first pyrite concentration method
in that instead of crushing all of material 30 to less
than -200 mesh, the sand particles greater than 200 mesh
and the heavier pyrite minerals in material 30 are simply
separated from material 30 and then added to the floated
pyrite from the -200 mesh material 40.

The third method of producing pyrite concentrate 20
from clay depleted fines 30 comprises using a dgravity
technique such as a spiral classifier or shaker table to
remove the heavier sulfide minerals from the remainder of
material 30.

The tail material 32, which remains aftexr the
refractory sulfide fraction has been removed from the clay
depleted fines material 30, comprises approximately 20 to
30% of the initial weight of the ore and about 5 to 10% of
its gold, approximately 85% of which 1s recoverable 1n a

traditional cvanide mill leaching process such as counter
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current decantation or carbon-in-pulp. Thus, tail
material 32 is not very refractory and may be treated with
clay material 26 in a traditional mill cyanide leaching
process to help improve the overall recovery of the
process.

After heap 18 1is bilooxidized, the precious metal 1in
the pretreated ore can be extracted using a conventional
lixiviant such as cyanide or thiourea, preferably cyanide.
Of cburse, however, as a person of ordinary skill in the
art would recognize, i1f the refractory sulfide ore is also
refractory due to carbonaceous matter contained in the
ore, additional processing steps must be employed to
reduce the preg-robbing propensity of the ore prior to

lixivation as explailned above.

Example 1
A sample of 16 kg o©f refractory sulfide ore with

approximately 0.04 oz/ton of gold and 3.5% of sulfide
sulphur was crushed to -1/4 inch. The ore sample was then
separated by wet screening into a +1/8 to -1/4 inch, a +30
mesh to -1/8 inch, and a -30 mesh material fractions. The
-30 mesh material was further separated 1into a pyrite

fraction, a sand fraction, and a clay fraction by gravity

separation. The sand fraction was further processed by
fine grinding in a ball mill for about one hour. This
material was then floated with xanthate as a collector.

Each fraction was then dried and welghed and analyzed
for gold. The +1/8 to -1/4 inch material represented 51%
of the weight and 18% of the gold at .48 ppm Au. The +30
mesh to -1/8 inch material represented 28% of the weight
and 32% of the gold at 1.47 ppm Au. The total pyrite,
which included both the gravity separated pyrite and the
pyrite concentrate from the flotation of the sand,
represented 4.7% of the weight and 35% of the gold at 9.8
ppm Au. The remalning sand flotation tail and clay
material represented 16% of the weight and 14.6% of the
gold at about 1.2 ppm Au.
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The +1/8 to -1/4 inch material and the +30 mesh to -
1/8 inch material were combined according to their weight
percentages. The combined material was adjusted to a pH
of 2.0 with 10% sulfuric acid at 30 ml/kg. The one
mixture was then poured into a column and aerated from the
bottom with at least 15 1 of air/min/m* and liquid dilute
basal solutions of (NH,;),SO, 0.04 g/1 MgSO,-7H,0 at 0.04 g/1
and KH,PO, at 0.004 g/l were added to the top at about 15
ml/hour. Thiobacillus ferrooxidans bacteria was added to
the top of the column and washed into the column with the
liquid flow. This procedure allowed for good air flow and

liquid flow and also migration of bacteria through the

column. After about one month the effluent from the
column showed good bioleaching of iron at about 0.1% per

day.

Example 2
A second sample of ore from the same mine as in

Example 1 was crushed to -3/8 inches. Four 23 Kg splits
of this sample were combined and wet screened into a +1/4
inch, a +1/8 to -1/4 inch, a +10 mesh to -1/8 inch, a +16
mesh to -10 mesh, a +30 to -16 mesh, a +60 to -30 mesh,
and a -60 mesh fraction. The +60 to -30 mesh and the -60
mesh fraction were used to evaluate a number of gravity
separations to make a pyrite fraction a sand fraction and
a clay fraction. The dry weights of each size fraction
were used to calculate the weight percentage of the size
fraction. Each size fraction was also analyzed for the
amount of gold, 1ron and gold extraction by traditional
cyanide leaching (see Table 1).

The five size fractions larger than 30 mesh were put
into 1individual columns for biooxidation. Bacteria and
nutrients were added as i1n Example 1 and air was blown in
from the bottom or top of the column. The progress of the
biooxidation was monitored by measuring the amount of iron
leached from the ore by using atomic absorption analysis

of the nutrient solution passing through the column. The
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approximate total amount of iron in each size fraction of
the ore was calculated from the weight of the size
fraction and an iron analysis of a representative sample
of the ore. The percent i1ron leached and the average
5 percent iron leached each day are plotted against time for

all five size fractions in Figs. 2 and 3, respectively.
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TABLE 1: ORE SIZE FRACTION ANALYSIS

GRAVITY |
SIZE WT % | SEPARA- AU Au %
TION (ppm) | Fe% REC.
(wt %)
+ 1/4 20.9 0.57 2.4 24 .3 50.6
(15)
1/8 - 1/4 32.3 0.78 2.6 38.8 62.7
(24 )
10 - 1/8 4 .89 0.525 3.8 47 .3 76 .1
(40)
16 - 10 8.49 1.22 3.8 44 .3 74 .7
(46 )
IIIIII“IIIIIIIII"IIIIII"IIIIIIIIIIII"III!!IIII‘

o ...
7.81 ©69.9
1.48 86.5

Au (ppm) = Concentration of gold in size fraction

Fe% = Concentration of Fe 1n size fraction 1n
welght percent.

Au% Rec. = Percent gold recovered from size fraction by
performing a traditional cyanide leach test
without biocoxidizing ore first.

Bioox. % = Percent gold recovered by cyanide leach

Recov. after biooxidation. The  percent of

biooxidation for each sample 1s given in
parentheses.
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After several months of biooxidation, samples were
taken from each column and the percent iron leached noted.
The partially biooxidized ore was then leached with
cyanide 1n the same way the original unoxidized samples
were. The gold extraction of the unoxidized sample and
the biooxidized sample are compared in Table 1. The
percent biooxidation for each size fraction is reported in
Table 1 in parentheses. From this data one can see that
the smaller size fractions bilooxidized at a faster rate.
Also, all the size fractions show an increase in gold
extraction after being biocoxidized.

The +60 to -30 mesh and -60 mesh size fractions were
also analyzed for gold extraction. The sand tails from a

shaker table separation of the refractory pyrite from the
+60 to - 30 mesh fraction was fairly low in gold, but the
gold was cyanide extractable without biocoxidation (75%) .
The very fine sand and clay from the -60 mesh fraction was
higher in gold and 1n gold extraction (86%). This
indicated that no further oxidation of the very fine sand
and clay materials in this size fraction was required.

The removal of the small size fractions (i.e. , the
size fractions having a particle size less than 30 mesh)
including the clay fraction allowed all the columns to
have excellent air flow. Columns made with whole ore or
whole ore with agglomeration often would become plugged,
inhibiting air flow. Thus, by separating the fines and
clays, large scale heaps may be constructed without having
to use larger crush sizes (i.e., 3/4 inch or larger) to
achieve good air flow.

The pyrite fractions of the -30 and -60 mesh fractions
were both high in gold and refractory to cyanide leaching.
These pyrite fractions were combined and then milled to -
200 mesh 1n a ball mill. The -200 mesh pyrite concentrate
was used 1n shake flask experiments to determine the

gr—

amount of gold extraction as . a function of percent

biooxidation (see Fig.4). In preparing these tests, 75 ml

r

of a 500 ppm cyanide solution was added to 30 gm of the
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pyrite concentrate. The solution and ore was then rolled

at 10 rpm for 96 hrs. before the cyanide solution was

tested to determine the amount of gold extracted.
Some of the pyrite from the gravity separated fines

> was further processed by grinding to -200 mesh and

then mixed with 500 ml of solution containing iron
oxidizing bacteria at greater than 10° cells per ml and
10 3000 ppm ferric sulfate. After one hour, the 500 gm
sample of pyrite concentrate suspended in 500 ml of

ferric-bacteria solution was poured directly onto the top
of the +1/4 inch ore column, containing about 15 Kg of
ore. This was done after biooxidation of the column ore
15 had been in progress for over 300 days. The black liquid
spread quickly down through the column with most of the
pyrite concentrate being retained by the column. The
small amount of pyrite concentrate that did pass through
the column was poured back onto the top of the column and
20 was retained by the column on the second pass. Thepyrite

appeared to be evenly distributed throughout the column
and did not inhibit the air flow.

Ligquid at pH 1.8 was dripped onto the top of the
column, as had been done throughout the experiment. The

25 flow rate was about 200 ml per day. The liquid collected

>60 mV. The pH was still at about 1.8 as it had been for
a long time. The iron concentration in the liquid was
2800 ppm, which was just a little lower than the iron

30 concentration of the added bacteria solution. Two days

4000 ppm and the pH had dropped to 1.6 indicating that
biooxidation of the pyrite had started. Figs. 5, 6, and
35 7 illustrate the change in Eh, PH, and iron concentration

of the column effluent, respectively over time.

60724-2390
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Although the invention has been described with
reference to preferred embodiments and specific examples,
it will readily be appreciated by those of ordinary skill
in the art that many modifications and adaptions of the
invention are possible without departure from the spirit
and scope of the invention as claimed hereinafter. For
example, while the processes according to the present
invention have been described 1in terms of recovering gold
from refractory sulfide or refractory carbonaceous sulfide

ores, the processes are equally applicable to other

precious metals found 1in these ores such as silver and

platinum.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for recovering precious metal values from a
crushed precious metal bearing refractory sulfide ore, the
method comprising:

a. separating the crushed refractory sulfide ore into a
fines fraction and a coarse fraction;

b. forming a heap with the coarse fraction of the

refractory sulfide ore;

C. bioleaching said heap to thereby oxidize 1ron
sulfides contained therein;

d. hydrometallurgically treating the bioleached ore to
recover the precious metal values; and

e. treating the fines fraction to recover precious

metal values contained therein.

2 . A method according to claim 1, wherein said method

of treatment comprises:
a. separating precious metal containing iron sulfide

particles from the fines fraction;

b. oxidizing said iron sulfide particles; and
C. hydrometallurgically treating sald oxidized precious

metal containing iron sulfide particles to recover the

precious metal values.

60724-2390
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3. A method according to claim 1, wherein said method
of treatment comprises:
a. gseparating precious metal containing iron sulfide

particles from the fines fraction;

D. hydrometallurgically treating said iron sulfide

particles to recover nonrefractory precious metal values;

C. oxidizing said iron sulfide particles; and

d. hydrometallurgically treating sald oxidized iron

sulfide particles to recover additional precious metal values.

4. A method according to claim 2, further comprising:

a. agglomerating the fines fraction after separation of

sald 1ron sulfide particles; and

b. hydrometallurgically treating saild agglomerated

fines fraction to recover precious metal values.

5. A method according to claim 3, further comprising:

a. agglomerating the fines fraction after separation of

sald iron sulfide particles; and
. hydrometallurgically treating sald agglomerated

fines fraction to recover precious metal values.

6. A method according to claim 1, wherein saild
hydrometallurgical treatment comprises leaching said heap wilith

a lixiviant selected from the group consisting of cyvanide and

thiourea.

60724-2390
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7. A method according to claim 1, wherein sald crushed
refractory sulfide ore has a maxXximum particle size in the
range of approximately 1/4 inch to 1 inch, and said fines

fraction has a maximum particle size of about -60 mesh to -1/8

inch.

8. A method according to claim 1, wherein the recovered

precious metal 1s at least one metal selected from the group

consisting of gold, silver, and platinum.

g. A method according to claim 1, wherein the recovered

precious metal is gold.

10. A method according to claim 2, wherein said

separated iron sulfide particles are oxidized by blooxidation.

11. A method according to claim 3, wherein sald

separated iron sulfide particles are oxidized by biooxidation.

12. A method for recovering precious metal values from a
crushed precious metal bearing refractory sulfide ore, the

method comprising:

a. separating the crushed refractory sulfide ore 1nto a

fines fraction and a coarse fractilion;

60724-2390
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b. forming a heap with the coarse fraction of the

" refractory sulfide ore;

C. producing a concentrate of refractory sulfide

minerals from the fines fraction;

d. adding the concentrate of refractory sulfide

minerals to the heap;
e. bilooxidizing the ore in the heap, including the
concentrate of refractory sulfide minerals; and

f . hydrometalliurgically treating the biooxidized ore to

recover precious metal values.

13. A method according to claim 12, wherein the
hydrometallurgical treatment comprises leaching the heap with

a lixliviant selected from the group consisting of cyanide and

thiourea.

14. A method according to claim 12, wherein the

recovered precious metal 1s at least one selected from the

group consisting of gold, silver, and platinum.

1

(9 |

A method according to claim 12, wherein the

recovered precious metal 1is gold.

16. A method accordihd to claim 12, wherein the crushed

ore 18 separated into the fihés fraction and the coarse

fraction by a method seiected'from the group consisting of wet

screening and dry screening.
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17. A method for recovering precious metal values from a

crushed precious metal bearing refractory sulfide ore, the

method comprising:

a. separating the c¢rushed refractory sulfide ore into a
fines fraction and a coarse fraction, the fines fraction
including particles of clay:

b. forming a heap with the coarse fraction of the
refractory sulfide ore;

C. removing clay particles from the fines fraction;

d. producing a concentrate of refractory sulfide
minerals and a taill from the clay depleted fines fractilion;

e, hydrometallurgically treating the clay particles and
the tail to recover precious metal values contained therein;

f. adding the concentrate of refractory sulfide
minerals to the heap;

g. biooxidizing the ore in the heap, including the
concentrate of refractory sulfide minerals; and

h. hydrometallurgically treating the blooxidized ore to

recover precious metal values.

18. A method according to claim 17, wherein the
hydrometallurgical treatment of the biooxidized ore comprilses
leaching saild heap with a lixiviant selected from the group

conslsting of cyanide and thiourea.

19. A method according to claim 17, whereln the

hydrometallurgical treatment of the clay particles and tail

60724-2390
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comprises a mill cyanide leaching process selected from the

group consisting of counter current decantation and carbon-1in-

pulp.

20. A method according to claim 17, wherein the

recovered precious metal is at least one selected from the

group consisting of gold, silver, and platinum.

21. A method according to claim 17, wherein the

recovered precious metal is gold.

22 . A method according to claim 17, wherein the crushed
ore is separated into the fines fraction and coarse fraction
by a method selected from the group consisting of wet

screening and dry screening.

23. A method according to claim 17, wherein the
concentrate of refractory sulfide minerals 1is produced from

the clay depleted fines fraction by flotation.

24 . A method according to claim 17, wherein the

concentrate of refractory sulfide minerals 1s produced from

the clay depleted fines fraction by gravity separation.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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