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TITLE
"BACTIRIAL CXIZATICN OF METAL CCHTAINING MATZIRIALSY

DESCRIPTICN

_ne present Loventlon rolAtes T a2 TIZTCE3 I T2 TIiecanment
. .

: [ T e s s R -

of meta. Conta.nins materials oY caftlrlzl cxidazicn.

.oy - tm g rae—
IZLD ©F THE INVENTICHN

- FP - . o~ —~ .v - T T e
Ts i3 Kncwn ="nhat raoccocuery of metals 2sceclaniy Trecious
~e-als and fase meTals Ircm refracTTr 3ULCNIIS TATSrLELS

~3n~ pe ennanced bv bacterial oxidation or leacning. The
~a--orial TreaTment subjects the 3uUlZali? TaTIILIL T oa
cre-oxiZzTicn. Tre refractsory 3ulpnlde materlais Zan Tise 3
Jifa vartery of forms including mineral suighides,
~zr-~onacecus sulrnide cres, sulpnide flcratlon Concantratas,

su.pnide gravity concentrates, sulgpntide
mat=es and sulphidic fume.
The precious metals and some kase metals remain 1n the

~xidised soclid residue and can be reccvered by conventional

carbon in pulp or other chemical leaching crocesses. Scme

~3s2 metzls such as copper, c-inc and nickel ¢ inT2 sclution
znd may ce recover=d directly Dy ccnventicnial sclvenc

—ni-nacillus SDOCL23 Can Cniy TESYATC AT I2UDeratiurifes up o
JRE ' - ; ! et At ] PR it sy e,
zpour 40°C. further, the oxidatlicn effected IV T.1CLACL..US
~ac-eria L3 an exctnermic reaction and 1T 15 3Cmetimes

~ecessary toO CoOl The process reactcrs to grevent the

remperature exceeding that at which the Thiobacillus

.
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bacteria can operate.

SUMMARY OF THE INVENTICN

The present invention provides a process for the tacterial
cx.dation of metal containing suiphide materials using
thermotolerant bacteria whicen can orerate at higher

temperatures than conventiocnal Thickacillus bacteria.

In accordance with one aspect of the present invention there
is provided a process feor fecovering metals from Particulate
refractory precious or tase metal containing sulphide
materials which ccmprises contacting the sulphide material
with an aqueous solution containing a thermotolerant
bacteria culture (as herein defined) carable of prcmoting
oxidation of the sulphide material at a4 temperature in the
range from 25 to S5S5°c, Separating the oxidised residue from
the aqueous liquid and treating the oxidised residue and/or
the aqueous liquid té recover metal therefrom.

DESCRIPTION OF THE INVENTION

The thermotolerant bacteria used in the Present invention
are as described in "Thermophiles General, Molecular, and
Applied Microbiology" edited by Thomas D. Brock and
published by John Wiley & Sons (1986). In Chapter 1 of this
public;tion, there is illustrated in Figure 1(b) a graph
shewing that thermotolerant bacteria grow at temperatures
lower than those preferred by moderate and obligate or
éXtreme thermophiles.

In the context of the Present invention, a thermotolerant
bacteria is one which has an optimum growth temperature of

40 to 45°C and an operating temperature of 25 to 559,

BAD ORIGINAL @
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Thermotolerant bacteria are found in soil and water in certain locale. Any suitable
method for isolation of the thermotolerant bacteria may be used, such as agar plating,

critical end point dilution or solution growth, all of which are standard microbiology

procedures.

The thermotolerant culture is preferentially acidophilic and operates most effectively
in the temperature range of 40-45°C. An example of a thermotolerant acidophile is
Sulfobacillus species. These bacteria are generally found in sulphide deposits and hot

springs. Examples of the locale where such bacteria are found include hot springs

located in Iceland and New Zealand.

Preferably, the aqueous solution used in the process of the

BAD ORIGINAL @



we

}»
w

-0
[V}

t

(W21

AP000379

_4_
present inventicn is acidic. It has been found that the

optlmum acidity 22 the aguecus Liguid fer Jrzwth of the

- v

thermctslerant tacteria culture :sed in -hne cresent
SOWENTICOR 1S LN Tne range Ircm o zH L. omz 2.3, whilst -he
optimum acldiTy 7 %he agueous _izuid faor tgeraticn <f =0
Srocess oI the Ir2sent Invent.on 15 in “he rance freom cH
2.3tz Z.3.

The paczterial oxiiation step 3P -he srccess oI the oresen-

Yoo - - = - - —_— - - - - B — -—~ —~
Are TYSICALly 2L53Tivel sa.t35 I nltrogen, Zortassium ars
CNCSELCIUsS. -0 TuTrients may already be present in the

It 1s preferred that the thermcrolerant bacteria be
acldcpnilic in view of the pH conditions under which the
process of the present inventicn is preferaply conducted.
Further, the thermotolerant bacteria used in the process of

the present inventicn are typically aercbic and thus the

creferaply aerated during the overaticrn

0

agueous lLiguid i
0f the process tC 2asure =-hat there is an acaguate supples
cf cxycen for the zacteria., Still further, it 1s fcund

.

that the thermctclerant facteriz culture used in the

CO over and abcve that ncrmally available frzm ambient

The thermotolerant bacteria culture used in the process cof
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the present invention may be capable of oxidising arsenic
(IIZ) to arsenic (/) in acidic agueous solutions containing
soluble iron salts. Further, the thermotolerant bacteria
cul-ure used in tnhe process of the present invention may kte
capable of oxidising iron (II) to iron (III) in acidic
aquecus solutions and may be capable of oxidising reduced
sulphur species tc sulphate ion in acidic aqueous
soluzions.

Alsc, the therﬁotolerant bacteria culture used in the

orccess of the present lnventicn 1s prefe

"

aply capable of
oxid}sing iren agd suiphides in an agueous Iiquid
containing up to 20 grams/litre of sodium chloride without
the addition of sgpecial nutrients or employment of the
special conditions. Thus, in this case extracting the pH,
temperature, oxygen, nitrogen phosphate and potassium
levels are maintained as discussed above, oxidation will
proceed.

Typically, a particular culture of thermotolerant bacteria
contains one or more bacteria species.

The preccess of the present invention can be operated in
neaps, dumps, agitated systems or dams.

After completicon of the oxidaticn step the oxidised solid
residue and the aqueous liquid are typically separated. 1In
the case of precious metal recovery, the oxidised solid
residue would preferably be washed and then the pH of the
oxidised solid residue adjusted tc a level compatible with
the use of a cyanide leaching agent. Alternatively,

another reagent such as thiourea could be used under acidic

conditions and so the need to adjust the pH is obviated.
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The present invent:cn will now be illustrated by the
follcwing examples.
EXAMPLE 1
A pyrite - gcld ccncentrate designated P 1 was treated in
accordance with the present inventicn. The concentrate
centained pyrite zs the major suiphide mineral with minor
amounts of chalccryrite, sphalerite, galena and
arsenopyrite. Other minerals present were quartz,'sericite
and sicerite.

The concentrate had the following assay.

Table 1

Assav I Pvrite Ccncentrate » 1!
Element Symbol Assay (by weight)
Gold Au 52.0 ppm
Iron Fe 26.0%
Sulphur S 27.5%
Nickel Ni 113 ppm
Copper Cu 880 ppm
Zinc Zn 320 ppm
Lead Pb 160 ppm
Arsenic As 3750 rom
Silver Ag 8 ppm

Samples of the ccncentrate were mixed with a sulphuric acid
solution at a pulp density of 3% w/w to previde a pH range
of 1.2 to 1.5. Nutrients included in the acid solution
were ammonium-.sulrhate at 200 mg/L, di-potassium hydrogen

phosphate at 200 mg/L and magne€sium sulphate heptahydrate

BAD ORIGINAL a
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at 400 mg/L.
The acid level (pH) may vary from the star: value and may
then fall or fall frocm the ocutset. In most
ant with the final pH

£~
ppa e

either rise and
the variaticn can be signi

tests,

ften less than 1.0.

inoculated with a thermctolerant bacteria
ated slurry was shaken

w

117

The slurry was
The inccul
Samples were

culture designated MTC 1.
in conical flasks at a temperature of 43°C.

removed periodically and analysed for iron and arsenic

extracticn tc determine the prcgress of the treatment.

10 :
The sample was treated by bacterial. oxidaticn for 30 days
The solids

e

to achieve 80% oxidation of the pyrite mineral.
The

weight loss due to the oxidation process was 32%.

solid residue was then separated from the residual acid

Leaching of the solid residue using alkaline
In comparison,

15 solution.
cyanide solution recovered 92% of the gold.

cyanide leaching could recover only 74% of the gold from
the concentrate in the untreated state. These results are
Table 2

summarised in Table 2.
Gold Recovery from Untreated and Oxidised Concentrate
Gold Recovered

Extracted

'
20
Sample Iron
(oy weight) By Cvanice
Leaching (by
weight)
25 Untreated C% 74%
SBacterial 80% 92%

Oxidation
The cyanide solution employed to recover the gold contained

sodium cyanide at a concentration of 2 g/L.
BAD ORIGINAL @
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2

The iron in the solution from the bacterial oxidation
process can be remcved by adjusting the PH to above 3.0 by
the additicn of lime, limestone, alkaline tailings or sodium
hydroxide.
The results of this test show that gold encapsulated with
pyrite (FeS) can be released from the sulphide lattice by a:
least partial oxidation of the sulphur and iron by the
thermotolerant bacteria culture MTC 1 to render the gold
accessible to cyanide solution.
EXAMPLE 2
A nickel sulphide ore designated N 1 was treated in
accordance with the present invention. The ore contained
coth sulphidic - nickel and .non-sulphidic nickel minerals
including violarite, lizardite and niccolite (Nias).
Apprboximately 70%° of the nickel was present as sulphidic
nickél. Other minerals were siderite, goethite, pyrite,
chlorite and quartz.
The ore had the following assay.

Table 3

Assay of Nickel Ore N 1

Element Symbol Assay (by weight)
Nickel Ni 2.74%
iron Fe 18.7%

Samples of the ore were mixed with a sulphuric acid soluticn
at a pulp density cf 13% w/w to provide a PH range of 1.2 =c
1.5. Nutrients included in the acid solution were ammonium

sulphate at 200 mg/L, di-potassium hydrogen phosphate at 200
mg/L and magnesium sulphate heptahydrate at 400 mg/L.

The acid level (pH) may vary from the start value and may

BAD ORIGTNAL @
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either rise and then fall or fall from the outset. In most

tests, the variation can be significant with the final pH of=zen

iess than 1.0.

The slurry was incculated with the thermotolerant zacteria
culture designated MTC 1. The lnoculated slurry was shaken ir-
conical flasks at a temperature of 47°C. 3Samples were removec
veriodically and analysed for iron ancd nickel extraction to
determine the progress of the treatment.

At the ccmpletion of the bacterial oxidation treatment, 17
days, the solution was removed from the residual solids and t-=
residual sclids washed with sulphuric acid solution to remove
any residual nickel. The nickel reccvery was 93% after the
residual nickel was washed out of the solids residue.

The nickel could be recovered from the solution by raising the
pH to a value of about 8.3, by the addition of lime or sodium
hydroxide.

For comparison, the ore was also treated with iron (III)
sulphate'solution at pH 1.0 and 50°C for 24 hours to extract

nickel. Only 16% of the nickel was recovered in this process.

These results are summarized in Table 4.

Table 4

-

Nickel Recovery from Ore N 1

Treatment Nickel in Nickel
Method Residue Extraction
{by weight) (by weight)

Iron (III) 2.03% 16%
Leaching

Bacterial 0.60% 78%
Oxidation

BAD ORIGINAL @
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Bacterial 0.19% 93%
Oxidation
& Washing

The results of this =zest showed that Zase metals in ore as
sulphide minerals can te reccvered cy the action of the
thermotolerant bacteria culture MTC 1. The sulphidic
minerals were oxidised =g release the nickel intc the
acidic solution for conventional recovery.

EXAMPLE 3

J

¢cid bearing arsencpyrite - DYrite ccncentrate was
treated according to the present invention. This
concentrate was designated AP 1. The major sulphide
minerals were pyrite, 30% by welilght and arsenopyrite, 35%
5y weight. Other minerals bresent were calcite, quartz and
chlorite. The gold was present almost completelv in the
arsenopyrite.

The concentrate had the following assay.

Table 5

Assay of Arsenopvrite Concentrate AP 1

Element Symbol Assay (by weight)
Gold , au ) 30 ppm

Arsenic _ - As 16.7%

Iron Te <8.1%

Sulchur S 30.0%

Nickel Ni Z.3%

Samples of the concentrate were mixed with a sulphuric acid
solution at a pulp density of 3% w/w to provide a pH range
of 1.0 to 1.3. Nutrients included in the acid solution

were ammonium sulphate at 200 mg/L, di-potassium hydrogen

e T T BAD ORIGINAL
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phosphate at 400 mg/L and magnesium sulphate heptahydrate
at 400 mg/L.

Trhe acid level (pH) may vary from the start value and may
either rise and then fall or £fall from the ocutset. In most
tests, the varlation can te significant with the final pH
cizen less than 1.0.

Tre slurry was inoculated with the thermotolerant rtacteria
cuiture designated MTC 1. The inoculate slurry was shaken
.o ccnical flasks at a temperature of 40°C. Samples were
remcved pericdically and analysed for iron and arsenic
exrraction toc determine the progress cof the treatment.

= 4

The sample was treated by bacterial oxidation for 12 days
tc achieve 90% break down ¢©f the arsenopyrite mineral. The
sclids weight loss due to the oxidation process was 30%.
The residual solids were then separated from the acid
solution. Leaching of the separated solid residue using
alxaline cyanide solution recovered 95% of the gold. 1In
cemparison, cyanide leaching could recover only 21% of the
gold from the cconcentrate in the untreated state. These
results-are summarised in Table 6.

. Table 6

Gold Reccvery from Untreated and Cxidised Concentrate

Sample Arsenic Gecld Recovered
Extracted by Cvanide
(by welcht) Leacning (by
weight)
Untreated 0% 21
Bacterial Oxidation 90% 95

The cvanide solution employed to recover the gold contained

v
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sodium cyanide at a concentration of 2 g/L.
The arsenic and iron in the soluticn frem the bactefial
oxidation process can be removed by adjusting the pH to
apove 5.0 oy the additicn of lime, limestcne, alkaline
tailings or scdium hydrcxide.
The results of this test shcw that gold encapsulated with
arsenopyrite (FeAsS) can te released from the sulphide
lattice by at least partial oxidation of the arsenié,
sulphur and ircn by the thermotolerant bacteria culture MTC
1 to render the gold accessiple to cvanicde soluticn.
=ZXAMPLE {4
A gold bearing arsenopyrite - pyrite concentrate was
treated according to the present inventicn. This
concentrate was designated AP 2. The major sulphide
minerals were pyrite, 90% by weight and arsenopyrite 9% by
weight. Other minerals present were calcite, quartz and
chlorite. The gold was distributed in both the
arsenopyrite and the pyrite.
The concentrate had the following assay.

Table 7

Assay of Arsenopyrite - Pyrite Concentrate AP 2

Zlement Sy mecl Assavy (bv weight)
Gold Au 24 prm

Arsenic As 4.2%

Iron Fe 23.7%

Sulphur S 40.0%

Samples of the concentrate were mixed with a sulphuric acid

solution at a pulp density of 10% w/w to provide a pH range

’

of 1;0 to 1.3. Nutrients included in the acid solution

BAD ORIGINAL @
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.in conical flasks at a temperature of 53°C.
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were ammonium sulphate at 200 mg/L, di-potassium hydrogen
phosphate at 400 mg/L and magnesium sulphate heptahydrate
at 400 mg/L.

The acid level (pH) may vary from the start value and may

either rise and then fall or fall from the outset. In most

tests, the variaticn can pe significant with the final pH

cften less than 1.90.

The slurry was inoculated with the thermotolerant bacteria

culture designated MTC 1. The inoculated slurry was shaken

Samples were
removed periodically and analysed for iron and arsenic
extraction to determine the progress of the treatment.

The sample was treated by bacterial oxidation for 12 days

to achieve 90% oxidation of the arsenopyrite mineral and an

additional 21 days for 70% pyrite oxidation as well as

arsenopyrite oxidation. The weight loss due to the

oxidation process was 25% for the arsenopyrite and 78% for

the 100% arsenopyrite plus 70% pyrite. The solids residue

was then separated from the acid solution.

Leaching of the solid residue using alkaline cyanide

solution recovered 79% of gold for the oxidation of 90%

arsenopyrite and 87% fcr ccmplete cxidation cof the

and 70 in comparison, cyanide

o\@
(0]

arsenopyrite f the pyrite.

leaching could reccver only 53% of the gold from the

.

concentrate in the untreated state. These results are

summarised ih Table 8.

Table 3

Gold Recovery from Untreated and Oxidised Concentrate

Sample Arsenic

Iron % Gold

P——
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Recovered

Extracted EXxtracted (by
weight)

(v weight) (bv weight)
Untreated 0% 0%
33%
3acterial Oxidaticn 90% 25%
79%
Bacterial Oxidaticz 100% 70%
87%

The cyanide soluticn empleyed to recover the gold contained
sodium cyanide at a concentration of 2 g/L.

The arsenic and iron in the solution from the bacterial
oxidation process can be removed by adjusting the PH to
acove 5.0 by the addition of lime, limestcne, alkaline
tailings or sodium hydroxide.

The results of this test show that gold encapsulated with
arsenopyrite (FeAsS) and in pyrite (FeSZi can be released
from the sulphide lattice by at least partial oxidation of
the arsenic, su;phur and iron by the thermotolerant
bacteria culture MTC 1 to render the gold accessible to
cyanide solution. This example also shows that the MTC 1
culture is able tc operate according to the invention at
33°C.

The thermotolerant racteria culture MTC 1 was isolated from

a coal mine in Western Australia. Sludge and water samples

BAD ORIGINAL ‘03
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from the mine which contained acidophilic, thermotolerant bacteria were taken and

used to inoculate volumes of a modified 9K medium containing yeast extract. The

modified 9K medium had the following composition:-

Basal Salts Concentration
(NH,),SO, 0.2g/L

K,HPO, 0.2 g/L
MgSO,7H,0 0.4g/L

FeSO, to 9.000 mg/L iron

H,SO0, to reduce pH to 1.2

The samples were incubated at 30°C in a mineral salts solution containing 400mg/L
(NH,),SO,, 200 mg/L MgSO, 7H,0, 100mg/L K,HPO,, 100mg/L KCl, and pyrite
1.0 g/L at a pH of 2.0. Growth was observed after 7 days. These samples were then

sub cultured in modified 9K medium without yeast extract.

Modifications and variations such as would be apparent to a skilled addressee are

deemed within the scope of the present invention.

BAD ORIGINAL @
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CLAIMS
1. A process for recovering metals from particulate refractory precious or base metal
containing sulphide material characterised in that it comprises contacting the sulphide
material with an aqueous solution at a temperature in the range from 25 to 55°C, the
aqueous solution containing a thermotolerant bacteria culture having an optimum growth
temperature of 40 to 45°C and capable of promoting oxidation of the sulphide material
at a temperature in the range from 25 to 55°C, separating the oxidised residue from the
aqueous liquid and treating the oxidised residue and/or the aqueous liquid to recover
metal therefrom.
2. A process according to claim 1, characterised in that the aqueous solution is acidic.
3. A process according to claim 2, characterised in that the aqueous solution has a pH in
the range from 0.5 t0 2.5. ‘
4. A process according to any one of claims 1 to 3, characterised in that the
thermotolerant bacteria is acidophilic.
5. A process according to any one of the preceding claims, characterised in that the
thermotolerant bacteria is aerobic.
6. A process according to claim 5, characterised in that the aqueous liquid is aerated
during the operation of the process.
7. A process according to any one of the preceding claims, characterised in that the
thermotolerant bacteria is capable of autotrophic growth.
8. A process according to any one of the preceding claims, characterised in that no Co,
is supplied to the thermotolerant bacteria during the operation of the process other than
that available from ambient air.
9. A process according to any one of the preceding claims, characterised in that the

aqueous liquid contains sodium chloride in an amount up to 20 grams per litre.

BAD ORIGINAL ﬁ
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