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PROCESS FOR LEACHING GULD AND/OR SILVER FROM

ORES OR URE COHCENTRAYTES AND FROM NOBLE=~METAL

WASTE OR NOBLE=METAL GCRAP BY USING CYANIDEw

CONTAINING LEACHING SOLUTIONS

ARSTRACT

In the process for lanching gold and/or silver
from ores or ore concentrates by using cyanide-cone
taining leaching solutions by addition of an aqueous
solution, it is proposed, in order to accelerate
the leaching process, to add the entire amount of hy~

drogen peroxide solution required for the leaching pro-

cess to the leaching pulp on commencement of leaching,

the amount of “20? solution being determined from the

fact that uzo2 is added to the leaching pulp in a
stoichiometric ratio of (.6 to 2.5 times the cyanide
concentration. 1In this process, the pH of the leachw

ing pulp is set to and held at between 7 and 10 or 11

and 1}-



10

15

20

Q—('(z%))

The invention relater to a process for leaching
g0ld and/or silver from ores or ore coneentrates end from
noble-metal waste or noble-metnl 8Ccrap using cyamidedeon~
tadning leaching solutions having a pH of from T to 13
by addition of em squeous H202 solution,

In the industrial processes customary hitherto for
leaching noble metals from ores or ore concentrates, the
orey, in finely ground form, is slurried in water, the pH
of the ore pulp is raised into the basic pH range by add-~
ing lime or milk of lime, eand the cyanide acting as a oom-
Plexing agent is subsequently edded, generally as NaON 4n
the form of an aqueous, approxinately 5 to 20% strepgth
solution, The ore rulp ie subsequently agitated in stirred
or Pachica tanks for 24 to 43 hours vhile pasning air into
the tanks,

Bince cyenide hydrolyses in the acidie pH region
to form highly toxie hydroeymie acid, the pH of the ore
pulp must be redsed into the basie region mmd kept in this

region, the process usually being carried out at a pH of
from 10 to 11, This PH 18 usually produced by adding lime

end milk of lime in the ratio £0120"

Depending on the ore composition, the cyanide oon-
centration of the leaching Pulp 18 0,025 to 0.25% by weight
of NeCN, The oyanide here is metered in as an aqueous 2
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t0 207 strength solution into the first of up to ten
leaching temis arranged successively in a cascade rTenge-
ment end through which the pulp flows,
During introduction of air into the leaching pulp,
the adm 1s, as far as possible, that the conoentration
of dissolved oxygen in the pulp should be at the neximm
value, due to physical factors, of approximately 8 to 9
pm, since diffusion of dissolved axygen in the pulp deter-
mines the leaching rate at the cyanide conocentration of
from 0,3 to 3 kg/t of ore which 48 customary in industry.
Leaching of gold and rilver in ayardde solutions
using NaON proceeds in accordance with the equation below.

2m¥4la0341/2024x20
— anq&x(m)z]42xaon‘.'

The abovementioned reection tekes places in two
steps,
2m44n,cr&024520
— 2,.5.(0!2174.520242“03

2 hud 4 NeW 4 5y0) — 2 WaAu(OW), 7 4 2 Weom,

The peraxide formed in the first reasction step in-
oreaves the ooncentration of Aissolved oxygen in the pulp »
a8 a oconsequence of its decomposition into oxygen end water,
It is also possibdle, without hesitation, to replace the NaON |
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nentioned above md delow hy KCKN,

It is Xnown to use hydrogen peroxide in the re-
covery of noble metsls using cyanide—conteining lesch~
ing solutions, A use of this type comprises not ueing
‘he hydrogen peroxide for oxidation of the nodle metals,
dut instead for decomtamination of the leaching pulps be~
fore they are passed on into the receiving water. In thie
case, the cysnide present in the pulps is broken down by
the addition of hydrogen peroxide imto nontoxie cysmnate
a4 amonia, Degredation of the cysnide here only occurs
relatively quiekly in the pH range 9.5 to 11,5, This pH
range matches the preferred pH range for the Xnown leach-
ing processes of the type mentioned in the imtroduction,
in which axygen is introduced into the leaching pulp Wy
air bubddbles,

A further known process (US Patent 3,826,723) pro-
poses addix‘g aqueous B,.‘_,O2 solution as sm oxidmi for no-
dle-metsl leaching by mears of cyenide-containing leach-
ing solutions; however, this process is .meconcmic &ue
{0 the extremely high cyanide conmmption and cmmot de
introduced into industry, In order to achieve a shorter
leaching ¢ime in this known process, the cysnide conoen-
tration should be 1 to 600 g of NaCH/1 of leachate, eand
in m 11lustrative embodiment 80 g of NaCK/1l of leschate,
and 5 ml, of stabilised 507 strength 1,0, should de added
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to epwh litre of leachate, In addition, it is necessary
in the known process to 2dd 1 g of lignin sulphonate per
litre of leaching solution,

The NeCNtH,0, molar ratio established in the above-
mentioned process indioates that, as in the above~des~
oribed decontamingtion of the leaching pulps, th;ls ro-
cess im cerried out at a pH between 9.5 emd 11,5: Due to
the considerable degradation of NaCN on reastion with the
11202 added, only the NaCN added in excess is svailable for
oomplexing the noble metals.

In Germen Patent 3,637,082, which is not a prior
publication, a process is desoribed in which, in order to
leach gold and/or silver from ore or ore concentrates us-
ing sm squeous oyardde leaching molution having a pH of.
from 8 to 13 with addition of e aqueous Fl‘,!o2 solution,
the addition of the lilzf)2 solution mentionsd is regulated
vie the ooncentration of the oxygen dissolved in the leash-
ing solution, and an oxygen content of from 2 to 20 mg/1
48 ewtablished in the leamching solution, The leaching pro~
cess 18 thereby intended to be cerried out more economi-
oally, in particular due to a reduction in the eommmption
of H,0yy without ceusing a higher sodium cyenide conmmp-
$ion compered with the previously known leaching teclmique

‘4nvolving eerations

The invention has the object of improving the pro-
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cess mentioned in the introduction in a mpmer such
that, at the customery concentration of NaCN in the
leaching pulp end with a low conmmption of H202,‘ the
leaching time is considerably reduced compered with the
known process and the cost of caxrrying out the process
is thereby significently reduced,
The sbove object in achieved by a process in
which
a) the total amount of hydrogen peroxide solution
required for the lemching process imsided to
the leaching pulp on commencement of leaching,
b) the hydrogen peroxide is ndded to the leaching
pulp in a stoicliometrie ratic of 0.6 to 2.5
tines the cyemide concentration, emd
o! the pH of the leaching pulp is set to and held
at between 7 end 10 or 11 smd 13,

The invention is besed on the knowledge that Te-
sotion of NaCN with H,0, is considersbly inhibited, i.e.
procesds more slowly, inthe alkaline pH region of the
leaching pulp below 10 or above 11 up to pH 13, so that
more NeON is retained es a complexing agent amd the in-
tended ooncentration of dissolved axygen in the pualp
necessery, in accordance with the introduetory coments,
for reaction of the NaCN with the noble metal is simyl-
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teneously achieved through decomposition of the H20 .
By adding the total amount of Hzo2 solution required for
the leaching process to the leoching pulp on commencement
of leaching, en optimm ratio between the 1-1202 concen-—
tration, the emount of noble metal to be leached smd the
NeOF concentration 1s achieved over the entirs leaching
period, In the case of very high contents in the leaching
pualp of noble metals to be leached and of cyanogen, a very
high supply of 11202 is also ensured at the begiming of
the leaching process, Asm bonding of the noble metal to
OF ingreases, the content of H,0, in the lesching pulp
also adjusts mtomatically to the reduced dememd”

In order to acoelerate the leaching process, it
is importenmt that 1t is ensured that thé f!202 solution
is distributed homogensously in the leaching pulp as early
a8 the stage of introduotion, mince otherwise looal NaCN:
11202 molar ratios which result in acoelerated decomponi -
tion of the NeCN occur in the leasching pulp end result in
either a reduction in the recovery of noble metals or in
en increase in the neceesary emount of NaCN added. FPor
t'hio reasony, it is expedient for the hydrogen peroxide
solution t0 be added contimiously to n Jea-Mingulp ﬂ:rogn
distributed homogeneously over the oross-section thereof’
In addition, the homogensous distribution of the 8202 80~
lution in a leaching pulp streem results in 2 unifom re-
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aotion over the stremm oross-mection from the moment of
addition onwards, which in turn contritutes to a shorten-
ing of the leaching time.

Particularly favourable ratios smd leaching times
are achieved if the pH of the Jeaching pulp 1= set to
end held at between 8 and 9.5 or 11.5 md 12,3,

The }1202 solution cen be added to the leaching
pulp either before or after nddition of the oysmide, Addi-
tion of the H202 solution is expediently carried out be~
fore addition of ocyenide to the leaching pulp, sinee this
results in en incremse in the concemtration of 02 and dis-
tribution thereof in the pulp even before addition of the
oyenide,

As in the oustomary processes, the NaCN concentre-
tion 18 about 0,25 to 1 g/1 of the lesohing pulp. It has
been determined in a series of experiments that virtuelly
100% of the noble metals were recovered after epproximate~
1y 100 mimtes on addition of 0,5 g of KaON end 1 g of o
35% strength H,0, solution per litre of leaching pulp at
a pulp pH of 9, it being possible to remove the noble
metals by charcoal adsorption without difficulties.

Through the novel process, the time span for lesch-
ing of the noble metals is reduced compared with the cuse
tomery process to between 1/5 end 1/20 of the values of
this prior art. Instead of the leaching times of from 24
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to 48 hours used hitherto, times of from 2 to 4 hours
are sufficient in the novel process,

The smount of H,‘,o2 solution added is not limited
by the emount of NeCN 4n the lenching pulp. Instead,
the mount of %02 ¢r be significently above the smount
necessary for camplete decomposition of the NaCN without
undesired degrndation of the NaCN having to be mccepted.
Practical experience has shown that it is favourable for
the 5202 solution to be added in an emount such that the
gnount of 1'1202 per torme of ore is 0,1 to 2,5 kg per tomne
of ore at the customary cyanide concentrations of from 0.1
to 3 kg of NaCN/% of ore, o i

An expedient form of introduetion of the 11202 80~
lution into the leaching pulp stresm is to introduoce the
Hnt')a golution into the leaching pulp stream as n cross-
ourrent at a flow rate of from 10 to 50 times that of the
leaching pulp streem, A preferred embodiment is charao-
terized in that the leaching pulp flowms at a rate of from
1 to 3 m/sec in the region of addition of the H,0, so-
lution, and the 11202 solution crosscurrent is set to g
flow rate of from 10 to 100 m/mec, The H,0, solution is
supplied to the leaching pulp stream using oustomery mpp;y
devices, preferably via slot norzles in the micron region,
The sbovementioned measures result in the Fl202 being dis-
tributed uniformly in the leaching puip streom gifter only
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fractions of seconds, When slot nozzles are used, those
having slot openings of from 5 to 100 um should be used
12 the 5202 solution 18 added to the leaching palp in
the region of a tubular eross-section having a diemmeter
of not greater tham 10 cm,

If high contents of cymanide-soluble iron or copre T,
in particular in the form of sulphides, are present in the
noble-metal ores or in the ore concentrates, spontemeous
decomposition of the 1{202 in the lesching pulp and, as a
consequence, rapid decomposition of the cyanide too, cen
take place due to the catalytic action of the Cu(II) or
Pe(III) ons, Theme resctions proceed over the entire pH
renge of fram 7 to 13, also in the abovementioned pH range
between 7 /md 10 or 11 md 13,

The sbovementioned dissdventages can be mvoided if
flotation reagents for sulphide ores or amionie polymers
are added to the leaching pulf; in en egmount of from § to
1,000 g/t of ore, preferably 25 to 250 g/t, for passiva—
tion or mesking of the ecopper or iron minerals, The flota-
tion resgents or polymers are prefersbly added after oA just-
ing the pH of the leaching pulp =md bdefore eddition of the
3202 solution and of the cysmide, The masking or passiva~
tion agents mdded to the leaching pulp are preferably thio-
cerbonates, thiophosphates, thiocarbamates or ardonie poly=

mers in the form of acrylates, starches or carboxymethyl-

-10 =
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¢elluloses, The masking or passivation egents are general-
1y added to the leaching Bulp in the form of a 0,1 to 10%
strength by weight aqueous solution,

The reagents described in these claims should expe~
diently likewise be added distributed hﬂlomouulq over
the cross-esction of the pulp stream, If aqueous solutions
are used, this ocan be achieved using elot noesles as des—
oeribed above in commection with supply of the %02 solu-
tion, Homogeneous ema rapid distribution of the passiva~
tion or masking agents results in a shortening of their re-
action times with the (u or Fe minerals,

Bxamplen

The following results were achieved in the expe-
riments carried out each in a 2 1 beaker:

A) Leaching by the customary process using NeCN wigp.
out addition of H.‘,O .

A malachite/amird tedrich 8014 ore - the leaching
residue from g relatively old gold treatment plent « con-
tains about 3 ppa of gold and, a8 =m importemt acommpany -
ing element, 1,2¢ of coppers The ore is ground to s LN
value of 200 pm,

The ore is leached at a pulp density of 500 8+ of
oxe/1 of leachate with vigorous stirring end midition of
0.02 to 0.2% by weight of NeCR, The pH of the leaching
pulps are varied betwsen 9 and 12,
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The gold yield achiwved does not exceed 8T in ey
of the experiments carried cut, The maximm recovery is
in each cose not achieved until a leaching duration of
about 20 hours,

B) Ieaching of the same ore as indicated in A), but
with addition of an H202 sclution,

0.6 ml, of 35% strength H,0, solution per litre of pulp
is introduced via slot nossles into the ore pulp heving a
pulp density of 500 g of ore/l of leachate; this is done be-
fore addition of NaON, The latter is added in an emount
such that an NaON concentration of 0,057 by weight is
achieved., In the case of the addition of Hy0, solution iw
desoribed, an H,0, concentration in the leachate of 0,02%
by weight is produced,

After sn experimental time of three heure, reQOYery
rates for gold of greater than 97% are achieved in the case
of leaching pulp of pH 8 to 9. In the came of leaching
pulp of pH 12, the recovery rates are likewise greater
then 90%, namely 937. A gold yield of less than 87 is
only observed in the region between the pH values men-
tioned,

o) Isaching of a pesially refractory pyrite-eontain-
ing gold ore from Western Australia using NaCN without
addition of hydrogen peraxide (gold content 1.3 ppm).

The ore, ground to a 4,, value of 200 pm, is

80
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treated with 0.7 kg of NaCF per tome of ore at a pulp

density of 500 g of ore/l of leachate, emi asrated hy

blowing in eir. The pH of the pulp was adjusted to 11,
The maximum gold recovery of about 827 is

achieved after 24 hours, After 3 hours, the gold recovery

rate is 45%,

D) leaching of the ore of C) with eddition of en H,0,
solution,

The peroxide solution is introduced into the pulp
mentioned under C) and having the seme content of NaCN
after the pH of the pulp has been adjusted to pH 8, The
peroxide addition is contimued until the smount of ntoa
per torme of ore is 1.6 kg.

After a leaching time of three hours, a gold re-

covery rate of 91% is achieved,

B) Isaching oa gold ore from south-east ‘sia eontain-
ing copper sulphide and iron sulphide (gold content sbout
6 pm),

Comparative experiments were carried out on leach-
ing the ore by adding en 11202 solution with s without
addition for passivation/masking of the copper sulphide/
iron mulphide minersls, and the values given in the table
below were achieved,

.13 -
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In all the experiments, the pulp density was 500

8 of “ere/l of leachate, and 0.8 kg of NaCN were added

per toms of ore, 11202 solution was added until 1 kg, of

5202 was achieved per tomme of ore,

In the table, AX = amyl xanthogenatej TTC = tyi~
thiocoarbonate, MC w c&bmcymot)vleelhdou'.‘ These asbove-

mentioned paseivation/mesicing agents were each esdded in mm

smount of 0,1 kg per torme of ore,

It can be mean from the tadle that, without passi-

vation/masking of the copper sulphide snd iron sulphide,

a meximm gold recovery rate of 68% is achieved at a pulp
PH of 11, and of only 59% at a pulp pH of 9 with additional
introduction of 11202, whereas an inarense in the recovery

rate of 977 18 achieved after a leaching duration of only

three hours on addition of the passivation/masking resgents

nentioned,

M recovery ' pH1l ' pHB ' pH9 ' pHQ ! pH 9 "
%%  Bo, Ko, Ry,
AX CMO Tre
after 3 h 25 & 55% 90t 92% » 9T%
after 24 h 6, 56 917 9%% 974
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CLAIMS,

1, Process for leaching gold amd/or silver from ores
or ore concentrates and from moble-metal waste or noble-
metal scrap by using cyanide-containing }eaching solu-
tions having a pH of from 7 to 13 with addition of squeous

hydrogen peroxide solution, characterised in that

a) the total emount of hydrogen percxide solution
required for the leaching process is added to the
leaching pulp on cammencement of leaching,

b) the Bydrogen peraxide is added to the leaching
pulp in a stolchiometric ratio of 0,6 to 2.5
times the cyanide ooncentrét:lon, e

c) the pH of the leaching pulp 1s set to and held
at between 7 and 10 or 11 and 13,

2. Process according to Claim 1, characteriged in that
the hydrogen peroxide molution is added contimously toc a
leaching pulp stream distributed homogeneously over the

nross-gection thereof,

3. Progess according to Claim 1, characterised in that
the hydrogen peroxide solution is added to the leaching

pulp before addition of oyeanide,

4. Process according to one of the preceding claims,
characterised in that the pH of the leaching pulp is wet

-15 -
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40 and held at dbetween 8 and 9.5 or 11.5 and 123:

L ) Process aceording to Clmim 1 characterized in that
the B,Q, solution i added in sn smount such that the
mount of H,0, per tone of ore is 0,1 t0 2.3 kg at ayenide
aoncentrations of from 0.1 to 3.0 kg of NaCN/% of ore)

6. Process aooording to Oladm 1, oharacterised in that
the ’2°a solution ie introduced into the leaching pulp
stream as a crosscurrent at a flow rate of 10 to 50 times
thet of the lesching pulp streem

Te Prooess aocoording o Olaim 6, characterised in thet

¥he Jeaching pilp flows ot a rete of from 1 40 Smfaesdn ... .

oo b g
R Sy (AR Ny g *

$he region of addition of the HyOy soludien, and +he B0,
solution crosscurrent is set 40 a flow rate of from 10 to
100 m/mec,

8. Process acocording to Claim 6, cherasteriwed in that
the n,oz solution is supplied to the leaching pulp strem
via #lot nossles in the mioron region:

9 Prooess acoording to Claim 1, charasterised in thet,
in the case where cres or ore consentrates having relstive=
1y high contents of oyemide-eoluble iron end/or copper; wre
used, flotation reagents for sulphide ores or sionie poly=
mers are added to the leaching pulp 4in an emount of from
10 1,000 g of reagents per tonne of ore, for passivation
or masking of the copper or iron mineralsy

~-16 - BAD ORIGINAL @
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10,  Proocess acoording to Claim 9, characterised in
that the flotation resgents or polymers are added sftexr
sdjusting the pH of the leaching pulp and before sddi-
$ion of the Hy0, solution and of the oyanide,

1n, Prooess according to Cleim 9, characterimed in
that the masking or passivation sgents added to0 the leach-
ing pulp sre thiocarbonates, thiophosphates, thioearba-
nates, or smiordo polymers in the form of sorylates,
starchen or carboxymethyldellulones’

12, Process asoording to Clsdm 9, characterised in
that the masking or passivation agents sre added in thé

» fomm of & Os1 to 100 wivength mnhﬂmhilﬂw B

ing pulp) wtreem distrihijod homogensously over the eross«
veetion,

ALBERT BAHR

THQ&B FR1BHEN XN
‘ nventors

1
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