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1004-80
ABSTRACT

A method for controlling the extraction of gold from a gold
ore by the cyanidation process in which a leaching step including
the addition of a lead.compound, which is typically lead nitrate
or other lead salt, is used. In order to maintailn stable
conditions in the leaching process, and to use the leaching
reagents efficiently, an analysis step is used to monitor the
concentration of thiocyanate in the cyanidation step. This value
has been found to be directly related to the rate of additien of
the lead compound in the pre-leaching or leaching step. Further,
the rate of addition of lead compound is also directly related to
poth the time required for, and the efficiency of, the
cyanidation step. By establishing a target wvalue, and a
preferred range, for the thiocyanate concentration based on the
properties of the ore being processed, optimal extraction
conditions can be established in the leaching process and
maintained by monitoring the thiocyanate concentration. By the
use of an automated p'otassium permanganate titration procedure as
the analysis step, the thioeyanate concentration can be measured

on line with only a short delay.
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1004-80

CONTROL OF LEAD NITRATE ADDITION
IN GOLD RECOVERY

This invention relates to a method of controlling the rate
of addltlon of lead nltrate to the gold ore leac:hlng process
using cvanide, both to improve gold recovery, to achieve more

efficient use of the reagents added to the leach solution, and to

provide a more stable leaching system.

In current mining practise for gold, the ore normally
contains a relatively small amount of gold; a typical crushed ore
will contain from about 2 g/t to about 10 g/t. In order to
recover the gold from the ore, 1t 1s comminuted to a fine powder,
and then converted into a thick agqueous pulp, usually containing
about 55% solids. The gold is recovered from the ore in the pulp
by the cvanidation process, i1in which sodium cyanide 1is used to
extract the gold from the pulped ore. The gold is extracted from
the ore as aurocyanide ions, as a result of the following
reaction. '

4Au + 8CN™ + O, + 2H,0 --> 4Au(CN),” + 40H"
This reaction requires the presence of oxygen, which is ensured
by aerating the pulp. The gold bearing leachate 1s then

processed to recover the dissolved gold.

Although the reaction between gold and dissolved sodium
cyanide 1is not complex, the chemistry of the leaching process is
complicated by the presence of other species in the ore Which
react with cyanlde ions, or which are soluble under the leaching
conditions. These include other metals such as iron(both ferrous
and ferric), copper, zinc and arsenic which are often present in
the ore as a sulphide, and dissolved sulphur containing species,

such as sulphide S° ions. All of these reactive species, both
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solid and in solution, compete with the gold for cyanide and
hence the cyanide consumption can bear little relationship to the |

actual gold content of the ore being leached.

In order to decrease the influence of the competing reactive
specles, the pulp can be given-a prre—leach before the leaching is
initiated. In a pre-leach at least some of the compéting
reactive species can be oxidised to a non-competing species; for
example, ferrous sulphide can be oxidised to ferrous sulphate,
and then converted to ferric hydroxide. A lead compound, which
is typically lead nitrate,' is added to the system to pro‘mote
these reactions.  For simplicity, the following discussion
focusses on the use of lead nitrate; it is to be understood that

other lead cdmpounds, such as lead oxide, lead sulphide or lead

acetate, can also be used in appropriate quantities.

Although the addition of lead nitrate to the pulp either in
a pre—-leach step, before the sodium cyanide is added to the pulp,
or directly to the leaching step is effective, the difficulty
which then arises is that there is no known test procedure which
will allow correlation of the amount of lead nitrate and the
efficiency of the gold extraction process. This has several
results, 1including inefficient use of reagents; an increase in
the toxic waste 'requiring treatment before disposal, random
variation of the gold level remaining in the leach tailings, and

overall unstablé leach stage operation.

The only known test used to provide at least some indication
as to whether the rate of leéd nitrate addition should be changed
is the so-called "Prﬁssian Blue Test". In this test, a compound
alleged to be Fe4[E‘e(CN)6]3, ‘which has an intense blue colour, 1is

formed. The level of blue colouration formed is directly related

—) -
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to the ferrous ion (F_e“') concentration, and is assessed visually.
This test is therefore not quantitative. Although‘ thiis test has
been shown to be unaffected by the presence of sodium cyanide at
the concentration to be expected in a leach solution, 1t has been
found to be unreliable in the presence of several ionic speciesl
commonly occurring in gold leach solutions, including at least

thiocyanate, thiosulphate, and copper cyanide.

This invention seeks to overcome at least some of the
difficulties in determining an apprdpriate lead nitrate dosage by
prdviding a relatively simple test. The measurements derived
from this test can then be used to control the rate at which lead
nitrate is added to the system. The measurements can be obtained

on a real time basis, and can be carried out manually or with an

automated titration system.

This invention is based on the discovery that there is an
empirical correlation betWeen the rate at which leadgnitrate'is
added, the amount of thiocyanate i1on (CNS") in the leach
solution, and the overall efficiency of the leaching procéss, as
reflected by the gold content of the ore tailings. For a given
ore feedstock, it 1is possible to establish what may be termed
"ideal" leaching conditions for that ore which provide an
acceptable leaching rate, and an acceptable leaching effi-ciency.
Investigation has shown that these conditions will include a
measurable concentration of thiocyanate ion 1n the leach
solution, and that the measured concentration 1is empirically
linked to both the rate at which lead nitrate 1is added, and the
efficiency of the gold extraction process. As will bé explalned
in more detail below, the thiocyanate concentration can be
measured in several ways; there appears to be a significant level

of correlation between at least some of the available methods.
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It then follows that by establishing "idéal" leach
conditions with a known thiocyanate concentration, maintaining
that concentration more or less constant will provide more stable
leaching cohditions and thereby enhance process efficiency. In
an 1deal situation, the thiocyanate concentration' should be
maintained constant, but in practise this is not possible, at
least in part because the feed ore contains varying amounts of
competing reactive specles, such as the sulphides of several
metals. In practise, this invention makes it possible to set a
target for the thiocyanate concentration, within a wo'rking range
eXtending both above and below the target* concentration. If the
thiocyanate concentration falls below the target, then the rate
~of lead nitrate addition should be decreased; if the thiocyanate
concentration rises above the target, then the rate of lead

nitrate addition should be increased.

~Thus in its broadest embodiment t‘his inventidn seeks to

provide a methbd for cdntrolling the rate of lead compound
addition to a gold cyanidation leach process which comprises:

(a) determining a target wvalue for the concentration of

thiocyanate ion (CNS~) in the leach liquor;

(b) determining an acceptable range for the concentration of

thiocyanate ion having a first range limit above the. target

value and a second range limit below the target wvalue;

(c) measuring the concentration of thiocyanate ion in the

leach liquor at a known time;

(d) measuring the rate of lead compound addition at the same

known time; | |

(e) comparing the concentration measured in stép (c) with

the target value, and with the first and second range limits

determined in steps (a) and (b); and
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(H) adjusting the rate of lead compound addition to bring the thiocyanate 1on

concentration within the range determined in step (b).

In one aspect of the present invention, there is provided a method for improving

the efficiency of a gold cyanidation leach process by controlling and modifying the rate

of lead compound addition to a leach liquor, by adjusting the rate of addition according to

the concentration of thiocyanate 1on in the leach liquor, the method comprising the steps

of :

(a) determining a target value for the concentration of thiocyanate ion (CNS) in
the leach liquor;

(b) determining an acceptable range for the concentration of thiocyanate ion
haﬁng a first range limit above the target value and a second range limit below
the target value;

(c) measuring the concentration of thiocyanate ion in the leach liquor at a known
time;

(d) measuring the rate of lead compound addition at the known time of step (c);
(e) comparing the concentration measured in step (¢) with the target value, and
with the first and second range limits determined in step (b) for the target value
determined in step (a);

(1) adjusting the rate of lead compound addition to maintain the thiocyanate ion
concentration within the range determined in step (b); and

(g) monitoring the process by applying steps (a) to (f) at regular intervals.

Preferably, the lead compound added to the process is chosen from the group

consisting of lead nitrate, lead oxide, lead sulphide and lead acetate. More preferably, the

lead compound is lead nitrate.

Preferably, the concentration of thiocyanate ion is measured in step (c) by a

titration procedure or by a colorimetric procedure. More preferably, the concentration of

thiocyanate ion is determined by titrating an aliquot of the leach solution adjusted to have

a hydrogen ion (H') concentration of about 1M/L by the addition of an acid to a

permanent pink endpoint, or to a potentiometric end point at about 850 mV, with

-5-
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potassium permanganate solution, and calculating the concentration of thiocyanate ion by
assuming that thiocyanate is the only oxidised species. Alternatively, the concentration
of thiocyanate ion 1s determined colorimetrically, by measuring the absorbance of a test
solution at 460 nm. In a further alternative, the concentration of thiocyanate ion is

determined under ion-specific conditions using a gradient elution HPLC method.

Preferably, when the concentration of thiocyanate ion i1s measured titrimetrically
in step (c), the titration is carried out with 0.02M potassium permanganate solution, and
the acid used to adjust the hydrogen ion concentration for the titration is 25% sulphuric

acid.

-54-
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Preferably, in step (f) the rate of lead compound addition

is adjusted to bring the thiocyanate ion concentration close o

the target value determined in step (a).

This invention thus pfovides a relatively simple toOl for
assessing whether, or not, the rate of lead compound addition,
tyvpically lead nitrate, is reasonable. It is also possible to
rionitor the 'effectiveness of any changes made in the rate of lead
compound addition by monitoring the cyanide consumption 1n the
leach process, and the gold content in the tailings. 'If the
rate of addition of the lead compound 1is correctly set, then both
the c¢yvanide consumption and tailings gold content should

decrease.

The invention will now be described with reference to the
attached drawings in which: |

Figure.l shows a potentiometric titration curve for
thiocyaﬁate ion in the presence of cyanide 1ion;

Figure 2 shows a potentiometric titration curve for a
typical leach solution; ' |

Figure 3 shows a set of typical leaching curves for a
specific gold ore; ' '

Figure 4 shows the relationship of lead nitrate addition
with thiocyanate concentration for the same gold ore as in Figure
3; '

Figure 5 shows the correlation between titration methods and
gradient elution HPLC; and

Figure 6 shows the correlation between potentiometric
titration methods and gradient elution HPLC wheh used to

correlate lead nitrate addition to thiocyanate content.
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To obtain the results discussed below, four analysis

procedures were used.

(A) Potentiometric titration with potassium permanganate.
The potassium permanganate solution used was nominally 0.020M,
and prepared~from.reagent\grade materials. It was standardised
with disodium oxalate using the following procedure. After
drying at 120°C and cooling in a dessicator, a known weight of
from about 0.15 g to 0.30 g of disodium oxalate 1is di\s'solved'with
stirring in 200 mL water at about 85°C on a hot plate, and when
dissolved 20 mL of 25% sulphuric acid is added. The indicator
electrode is inserted, and the solution titrated immediately
while still hot. The molarity of the permanganate solution is
calculated from the titration result based on the weight of
disodium oxalate taken initially. A Brinkman Metrohm Model 716
DMS Titrino unit was”used for all of these titrations, together
with Brinkman Torino Worcell Software, Version 4.2 for control
and measurement. The end point is determined by the software'as
the maximum slope for the curve relating the platinum electrode
response to the volume of reagent added. The same unit wanalso
used for the thiocyanate titrations described below. In these
titrations, the usual sample used was 25 mL of the leach liquid.
If acidification is carried\out\using 25% sulphuric acid, it was

found that 25 mL of acid was generally sufficient.

(B) Manual titration with potassium permanganate.
For visual titrations, most of the procedure as in LA) above was
used, and the titration was taken to a more or less permanent:

pink colour.

(C) Colorimetric Analysis.
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A volume of sample containing up to about 1 mg of thiocyanate was
diluted to 30 ml with water. The pH was adjusted to pH 2 with
concentrated nitric acid, and the solution boiled for 1-2
- minutes. After cooling, the solution was transferred to a 50 ml
"volumetric'flaSk, diluted with 2.5 ml ferric nitrate solution,
and made up to 50 ml with water. The ferric nitrat-e solution is
prepared by dissolving 404 g of Fe(NO;);.9H,0 1n 800 ml water,
adding 80 ml of concentrated nitric acid, and diluting to'1000
ml. A sample of the test solution 1s transferred to an
absorption cell, and the absorption measured with a suitable
spectrophotometer at 460 nm. The thiocyanate concentration is
calculated from a calibration curve obtained using a potassium
thiocyanate stock solution. For the calibration curve, the
measurements are taken on samples from 50 ml aliquots containing
known amounts of the potassium thiocyanate 'stock solution diluted
with a suitable amount of water and 2.5 ml of the ferric nitrate

solution. A blank solution was made omitting the potassium

thiocyanate stock solution.

(D) Gradient Elution HPLC.

The apparatus used was a DIONEX AS 11 (Trademark) column, together
with appropriate supporting hardware and software, in which the
separator resin used was a polyethylvinylbenzene/divinylbenzene
substrate coated with an anion exchange latex; sodium hydroxide-
methanol was used for the gradient elution applications. - The
anions were measured by a conductivity detector, and the _peak
elution times determined from stock solutions of the relevant
sodium or potassium salts. Under the elution conditiohs used, the

ion peak retention times shown in Table 1 were obtained.
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Table 1.

Anion Retention Time;
. minutes
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-

Cyanate
Nitrite

Bromide

Nitrate
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| Sulphate
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Thiocyanate
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In order to establish whether titration of thiocyanate with
potassium permanganate to a constant end point, either visually
Lo a more or less permanent pink colour, or using the automatic
titrator to determine a potentiometric end point, is reliable,
the 1influence of the presence of sodium cyanide needs to be
determined. Investigation has shown that at a sodiﬁm Cya"nide
- concentration of 200 ppm, and at a thiocyanate con,centratien
ranging from 250 ppm to 750 ppm, the titration response is
essentially the same, and within reasonable experimental error.
Additionally, these tests also showed that the potentiometric and
colorimetric end points are in agreement; the colorimetric end
point appears to be slightly higher (in terms of added volume of
permanganate solution) than the potentiometric one. A typical

- Q-
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potentiometric titration curve for 250 ppm thiocyanate in the
presence of 200 ppm sodium cyanide is shown in Figure 1. The

potentiometric endpoint is at approximately 850 mV.

Non-oxidation of cyanide under the titration conditions is

important, since the objective of the test is to measure
thiocyanate; this is the principal reason for using a strongly
acid solution. Under alkaline conditions permanganate will

oxidlse cyanide quantitatively.

A typical potentiometric titration curve for a leach
solution is shown in Figure 2. The titration was made after 24
hours cyanidation which followed a pre-leach using 100 g/t lead
nitrate. This curve shows at least three apparent endpoints, at
about 400mV, about 500mV and about 850mV. It 1is not known_.with
any certainty what oxidation reactions are indicated by the first
two end points; The third end point correlates well with the
known potentiometric end point for thiécyanate; when observed
visually, this corresponds to a rapidly fading pink colouration.
A persistent pink colour is not obtained until somewhat after the
third end pbint. It is this endpoint which is used in this
invention to determine the thiocyanate concentration. * The
thiocyanate.concentration 1s then calculated from the titration
volume required to reach this endpoint, it being assumed that
thiocyanate 1s the only reactive species. ~ The two inflexion
points in Figure 2 indicate that there are at least two other
reactive species, which do not appear to interfere with the use
of the thiocyanate concentration measured as a reliable process
control parameter. As is shown in Figures 5 and 6, there arrears
to be good correlation between potentiometric titration, wvisual

titration, and gradient elution HPLC. In Figures 5 and 6 the

traces are as follows:

.‘._10.....
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Reducing Power - Potentiometric: titration, potentiometric:;
Reducing Power - Visual: titration, wvisual endpeint; and
CNS: ilon-specific thiocyanate measurements using HPLC.

" The results shown in Figures 5 and 6 are of the relationship
between lead nitrate addition .and' thiec.yanate content during
leaching of two typical different gold mine ores. The leach
solutions contained 230 ppm sodium cyanide in Figure 5, and 450
ppm sodium cyanide in Figure 6. It can thus be seen ‘that there
is reasonable correlation between the ion-specific measurements
and the ion-nonspecific measurements. It 1s thus apparent that
although there is a difference in the value obtained for the
thiocyanate concentration depending on the analytical method
used, the observable trend in the data is the Same. Although an
ion-—specific' method such as gradient elution HPLC will be more
accurate, it is both slower, more complex, arid requires much more
expensive and sophisticated equipment than either‘ of the
titration methods. The potentiemetric titration method ialso
appears to be well adapted to installation in anoperating gold
leaching plant unit. The colorimetric method appears to be as

reliable, and subject to the same errors, as the titration
nethods. ‘

Thus although the titration methods to an extent will be
influenced by other ionic species, for example thiosulphate is
probably the cause of the point of inflexion at about 500mV in
the potentlometrlc titration curve shown in Figure 2 from a

' practlcal standpoint this method is preferred.

The correlation between rate of lead nitrate addition in the
pre-leach step with thiocyanate formation during the cyanidation
leach process is shown in Figure 3 for a typical gold ore. The

characteristics of this ore are shown in Table 2. In these leach

...ll.....
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experiments the only variable was the rate of lead nitrate

addition; the other leaching condition parameters were kept

constant.
Table 2.
Chemical Analysis, Mineralogical Analysis

Au 2.79qg/t - Major phaseS: o
Ag 0.71g/t chlinochlore, muscovite and
Si 27.37 calcite: 44.6 *
Fe 12.07 quartz, sepiolite and
Al 3.9 ' albite: 42.7

Ca 3.6 pyrrhotite: 6.2

S 3.52 | pyrite: 2.1 |

Mg 1.6 | arsenopyrite: 0.6

As 0.27 ‘chalcopyrite: 0.1

Cu 0.019 - magnetite: 0.1

Ni 0.007 - sphalerite: 0.1

Zn 0.014 galena: traces

Sb <0.01

Te <0.002

Organic Carbon 0.10

The pre-leaching was carried out at pH 10.2 with 12 ppm oxygen
for four hours; the cyanidation was carried out at pH 10.2, 12
ppm oxygen and 450 ppm sodium cyanide. Figure 3 shows the effect
of different rates of addition of lead nitrate. From.Figure 3 it
is clear that as the lead nitrate rate used in the pre'leach

increases, from zero to 500 g/t in 100 g/t -steps, in the

—12~
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cyanidation although the measured concentration of thiOCyanate

lncreases with time, the concentration decreases as the lead

nitrate addition rate increases.

v

In order to establish both the target value and the first

and second range limits for the thiocyanate concentration, it is
necessary to determine an "ideal"™ set of conditions for the
cyanidation ieach process. This requires a knowledge of the
relationship between the rate of lead nitrate addition in the
pre—-leach step, and the efficiency of gold extraction in the
cyanidation leach process. A family of curves for the same gold
ore 1is showﬁ in Figure 4. To obtain these results, samples were

extracted from the pulp at the indicated times and assayed to

determine gold content. The amount extracted is thenlexpreSSed_

~as a percentage of the original value.
Three features of these curves are noteworthy.

First, the leach rate, and the amount of gold left in the
tailings, are both directly related to the rate of additibn of
lead nitrate in the pre-leach. Second,\ above 100 g/t 1lead
nitrate the gold left in the tailings does not change Very:much:
the actual values are as shown in Table 3. Third, when leaching
after a pre-leach in which lead nitrate is added, the leach
process proceeds far more quickly. Without any lead nitrate in
the prewleach; extraction is still cdntinuing at 14 hdurs; with
lead nitrate in the pre-leach at or above 50 g/t the cyanidation
leach is more or less complete in 6 hours. It is then rioteworthy
that in Figure 3, which was obtained under the same conditions,

the plot of thiocyanate concentration becomes more or less linear
with time. ' '

_13...
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Table 3.

Tailings
Au g/t

5
o
o
o

500  0.41(14.79%)

Lead Nltrate,

| Q
~

The data in Table 3 and the traces in Figure 4 suggest that
under these conditions a target wvalue for the thiocyanate

concentration 1s abot;t 310 ppm for 6 hours of leaching, about 400

ppm for 12 hours of leaching and about 420 ppm for 14 hours of

leaching.

To use the conc:ept of this invention it is thus apparent
that esSentially three steps are needed First, the target value
and the range limits for the thiocyanate concentratlon need to be
determined for the ore to be treated. No two bodles of ore are
the same, and furthermore the ore derived from an ore body 1s

always subject to some variation. Second, the rate of addltlon

of lead compound must be monitored. Third, the thlocyanate‘

concentration in the leach liquor 1in the c¢cyanidation step must
also be measured using the chosen analytical technigque, which
should not be changed for an extended period of time, ' in order to
provide a basis of analyt'icel data from which desirable leach

conditions can be derived and monitored. For these measurements

....14...
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the preferred analysis technique 1s the potassium permanganate
titration described above. If an automatic potentiometric
titrator is used, the thiocyanate concentration pan\be obtained
on liné at any suitable time f-requ‘enc:y, with only a short delay
being required to perform the analysis. It then follows that by
combining these three sets of data, the conditions in the
leaching step of the gold recovery process can be optimised.

-15-
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What 1s claimed 1s:

1.

A method for improving the efficiency of a gold cyamdation leach process by

controlling and modifying the rate of lead compound addition to a leach liquor, by

adjusting the rate of addition according to the concentration of thiocyanate ion in the

leach liquor, the method comprising the steps of :

2.

(a) determining a target value for the concentration of thiocyanate ion (CNS) in
the leach liquor;

(b) determining an acceptable range for the concentration of thiocyanate ion
having a first range limit above the target value and a second range limit below
the target value;

(c) measuring the concentration of thiocyanate ion in the leach liquor at a known
time;

(d) measuring the rate of lead compound addition at the known time of step (c);
(e) comparing the concentration measured in step (¢) with the target value, and
with the first and second range limits determined in step (b) for the target value
determined in step (a);

(f) adjusting the rate of lead compound addition to maintain the thiocyanate ion
concentration within the range determined in step (b); and

(g) monitoring the process by applying steps (a) to (f) at regular intervals.

A method according to Claim 1 wherein the lead compound addition is selected

from the group consisting of lead nitrate, lead oxide, lead sulphide and lead acetate.

3.

nitrate.

4.

A method according to Claim 1 wherein the lead compound addition is lead

A method according to any one of Claims 1 to 3 wherein the concentration of

thiocyanate ion is measured in step (¢) by an analysis procedure selected from the group

consisting of a titration procedure, a colorimetric procedure and a gradient elution HPLC
method.

-16-
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. A method according to Claim 4 wherein the concentration of thiocyanate ion 1s
determined by titrating an aliquot of the leach solution adjusted to have a hydrogen ion
(HD) concentration of about 1M/L by the addition of an acid to a permanent pink
endpoint, and the thiocyanate concentration is calculated on the assumption that

thiocyanate 10on 1s the only titrated species.

6. A method according to Claim 4 wherein the concentration of thiocyanate 1on is
determined by titrating an aliquot of the leach solution adjusted to have a hydrogen ion
(H") concentration of about 1M/L by the addition of an acid to a potentiometric end point
at about 850 mV, with potassium permanganate solution, and calculating the
concenfration of thiocyanate ion by assuming that thiocyanate is the only oxidised

Species.

7. A method according to Claim 4 wherein the concentration of thiocyanate ion is

determined colorimetrically, by measuring the absorbance of a test solution at 460 nm.

8. A method according to Claim 4 wherein the concentration of thiocyanate ion is

determined under ion-specific conditions using a gradient elution HPLC technique.

9. A method according to Claim 5 or Claim 6 wherein the acid used to adjust the

hydrogen 1on concentration for the titration 1s 25% sulphuric acid.

10. A method according to any one of Claims 1 to 9 further including the steps of:
(h) monitoring the effectiveness of the adjusted rate of lead compound addition in

step (f) by monitoring the cyanide consumption in the leach process, and the gold
content in tailings of the leach liquor; and

(1) monitoring and readjusting at regular intervals the rate of lead compound
addition in step (f) to maintain the thiocyanate ion concentration within the range

determined in step (b).

-17-
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