2273289 PROCESS FOR THE RECOVERY OF GOLD The present invention is concerned
with the recovéry of gold and nore particularly to a proce f ering
gold froma gol d-containing solution by 5 using an ela7am
conducting pol yner. Col d-containing solutions may result fromthe
extraction of gold fromnatural sources such as quartz or as a conseguence

of the activities of the electroplating and el ectronics I ndustries

and 10 jewel l ery manufacturers. Typically gold exists in such -
solutions in the formof conpl &R GESS,FOR; THE, RECOVERY OF GORLD overy of '
gold from such solutions has typically been carried out by carbon '

adsorption, 15 conventional ion exchange techni ques and el ectro- -
extraction. Al of the ahqve C | oyed tQ recover gpld from
solution at concentrati o%eas%w 212:: 165‘3‘3}%?&3% mXSI iSﬁm(:ﬁﬁﬂf.S 5%’0# the
conventional methods.g:g f u : cks. F

ieg::? aé]%) "?ala ﬁrgogartlcgi%%fcgﬁ 2 %Irocesi y

exarrpl e, current adsor pt on exchnange processes ave on

a low capacity and #oy gedei@iring gt dCershh YoldResHE{Rind S Butds by @
need to devel op processes which exhibit inproved uptake capacCity and

reduced proc@ssing using 2n electitiiddEYyrwandyctolessasiyherh sinplify the

regeneration | Gold-containing solutions may result from the
extraction of gold from natural sources such as quartz
or as a consequence of the activities of the

electroplajting and electronics industries and

10 jewellery manufacturers. Typically gold exist_s in such
solutions in the form of complex aniohs; for example,
Au(CN);, AuCl; and Au(SO,);.

~ Recovery of gold ffém s_u_ch éoiutiéns has
typically been carried out by carbéh adsorption,

15 conventional ion exchange techniques and electro-
extraction. A1l of the above methods can be émployed
to recover gold from solution at concentrations as low
as 1 part per million (ppm).

Such conventional methods suffer from a number of "ﬁ§§’

20 dra;lbacks. For example, current adsorption and ion
exchange processes typically' have only a low capacity
and are generally time consuming. Therefore, there
exists - a need to develop processes which exhibit

improVed uptake capacity and reduced processing time.

25 Furthermore, processes which simplify the regeneration



2 procedure and enhance separation selectivity would al so be advant ageous.
The present invention seeks to provide a process for the recovery of gold
froma gol d-containing 5 sol ution whi ch overcones the above

di-sadvant ages and which further uses materials which are chemcally and
physically stable under anbient conditions. Agcordingly, the present

i nvention provides a process for the recovery of gold fromsolution, the 10

procesS’conpri si ng theosédpbe Ofandn) editenddi Bepakatiohd dexuet i ol wbi0a
onto éh’electrlcally conducting polymer; (b) separating the gol d-adsorbed
pol ymer fromthe solalsorbe cadivdritageous. (c) desorbing the gold from
the polyner. The resul t ant gol d- cont ai ni ng sol ution S
significantly concentrat thaupresantdnwention geeksco provideocavprocess|
techni ques, for exanple, electro- extraction nay be enployed to recover
gbld therefrom 20 for Thes FeSoyesvesefadtdi fFam ehedpidseentaimingi on

can be used as a pre concentr tjon step to e nce the eff|C|enc of
subsequent retovery % e@" ‘I’iv ‘H%nr}!fe 2bRYS RS ges and

pol'ymers are honnpok&per éﬁréﬁ/r ises materials which are chemically and
physically stable under ambient conditions.
Accordingly, the present invention provides a
process for the recovery of gold from sclution, the
10 process comprising the steps of
(a) adsorbing the gold from the solution onto an
electrically.conducting polymer;
(b) separating the gold-adsorbed polymer from
the solution; and
15 (c) desorbing the gold from the polymer.
The resultant gold-containing solution is
significantly concentrated and thereafter, if desired,
other conventional techniques, for example, electro-
extraction may be employed to recover gold therefrom.
N\ - 20 Thus the process according to the present invention
can be used as a pre-coﬁcentration step to enhance the
efficiency of subsequent recovery techniques which may
then be employed.
Preferred polymers are homopolymers of py;role
25 and aniline and derivatives thereof. More pref;rably

the polymer is polypyrrole. Polypyrrole has the



25 - and aniline and derivatives thereof. Mre preferably, the polyner is
pol ypyrrole. Polypyrrole has the 3 advant age of being readily

synt hesi sed and relatively stable. Furthernore, polypyrrole is easily
Tegenerated and can therefore be utilised in subsequent process cycles. 5
Met hods for synthesising conductive polynmegs in general can be found in
Handbook of Conducting Polyners, Vol. 1, Marcel Dekker, New York, 1986
and Conducti ng Pahvaata@¥bbecaéaﬁ?R?esaﬂifIé&htﬁi&ié&&ﬂanak¥éiahiééiy'W&g
1989. Methods for the synthesis of 10 pol ypyrrol e and pol yani |l i'ne*
speci fical |l y cansbableunfurthefnsrexaallypyrdwliehetsi €adblvlregeedaltdd’)
365-371 and Pol ynmer, (1988) Vol 30, Decenber 2305-2311 respectively. The
preferred net hodanfl cpm Hiwrgfaredbey pytibised siby subseguient poiogems sation
of pyrrole 15 by [err]. The process according to the present invention ,
can be carried o8YCi@Sa variety of ways, for ‘exanple, using polypyrrole in
pul p formor on a columm, Polégﬁrrole I n garticulate formcan be used in 20

the proceSs of the“pr@%Eﬁ?an { S¥RthRgL &ﬁgb€°§9HEFE¥Fs§GLX§eE§rJﬁhe
method set out lgeggégfercan-?be ~found. inr-HgnQbaég_:off Conducting -
Polvmers, Vol. 1, Marcel Dekkeér, New York, 1986 and

olecular. yqni ion, Springer-

Conductin

Verlag, Bérlin,*lsss.'Methods for thé'synthesis of
10 polYpyrrole and.pOIYaniliné-spécificélly:can be found -
in, for examplé;-anthe;ic Metals, 20 (1987) 365-371
and Polvmer,  {1988); Vol. 30,'“December. 2305-2311
respectively. The preferred method of synthesising
polypyrrole is by oxidative polymerisation of pyrrole
15 by FeCl;. - ' '
The.proceSS accordingnto~£he present invention
can be carried out in a variety of'ways; for example,
- using polypyrrole in pulp form o: on:a cqumn.
Polypyrrole in particulate form can be used in
20 the process of the: presept- invention“ and can be ot/
synthesised as per the method set out in Polymer,
1989, Vol. 30, December 2305:to 2311.“The'pulp method
involves ad&img a gold- coritaining solution to the
particulate conducting: polymer —under constant
25 stirring. The gold is adsorbed onto the polymer from

solution. The gold-bound polymer can then be separated



1989, Vol-. 30, Decenber 2305 to 2311. The pul p nethod invol ves adding a
gol d- containing solution to the particul ate conducti ng pol yner under
constant. 25 stirring. The gold is adsorbed onto the polymer from

sol ut'i on. The gol d-bound pol ymer can then be separated 4 fromthe
efflluent by, for exanple, filtration or centgifugation and the effluent
treated further. The filter size and centrifugation speed enployed is

necessarily determ negoly the dFfLuit "BgS Ofod hexmple, PPLYEBition or
partlé?és. Desorption of gold fromthe conducting polymer can be

achi eved by el ution ¢ehtrdfugationr anfetiel ¢f f uent ofreatted | Purther havwheg a
different pH, ionic strength or containing an ion for which the polyner

mat eri al denonstrat e€idtewchsjzeatand 1@entrifaiaitiony . speed prefstoyws ndishod
of desorption is to use a salt solution and the preferred salts are
hydr oxi des and cyani Besessazilyl idekerminedadsvr Preofizad angs onass oafotthgol d

fromthe polyner is typically carried out at roomtenperature. 15
Adsorption isSusual | PPAYRRFedPREELIGIePHH vaPeeeTPtioBssofhsr ZAxram the

DA WG = A M AP RS M B M
appropriate solution, for example, one having a
different pH, ionic strength or containing an ion for
which the polymer material demonstrates a much greater

10 affinity. The preferred method of desorption is to use
a salt solution and the preferred salts are hydroxides
and cyanides of alkali metals.
' Adsorption and desorption of gold from the
polymer is typically éarried out at room temperature.
.15 Adsorption is usually carried out at pH values of less
than pH 7 and desorption at pH values in excess of pH
7. Polymers can be used in matrix form or coated onto
a substrate, for example, a textile. Methods of
_ preparing polypyrrole in such forms are well known in

/ 20 the art, for example, see Handbook of Conducting
Polymers, page 507 and Synthetic Metals, 28 (1989) see
823 - see 835. The concentration of salt solution used
in the desorption step is typically 0.1 to 3 mole per
litre and the pH typically greater than pH 9.

25 The ratio of conducting polymer to gold-

containing solution is from 0.01% to 1% w/v depending



preparing polypyrrole in such fornms are well known in 20 . . the art, for
exanpl e, see Handbook of Conducting Pol yners, page 507 and Synthetic

Metal s, 28 (1989) see 823 - see 835. The concentration of salt solution
Aised in the desorption step is typically 0.1 to 3 nole per litre and the pH
typically greater than pH 9. 25 ‘Bhe ratio of conducting
polymer to gold- containing solutionis fromO0.01%to 1% w v dependi ng

upon the initial upewettié aihdtial gohgenhtraeliohi oF Jsild frSkeNuaNdndesiyed
absorption rate. The ratio of gol d-bound pol yner to desorption sol ution?is

fromO0.3%to 10%cell design and debjiiedalabsariptipnocate.of the present
invention can effectively provide a 1000 fold increase in gold
concentration follow Fpedesatpei oF mrldhound upedynerr dimwvdesgoptiénom

sol uti ons where the |n|t|§'| gfld concentration. is 1 to 50 ppm ,
Furthernore, 10 Solutgom gis rq@h°o§*pﬁ60é§§ Uﬁﬁdltlons can ensure that the ™

concentration of gold_renai solution f adsorption is
negligiblé t her eby avSP?%ﬁi (aﬁﬁﬁxp??ﬁeﬁ%pg t é%ﬁ?ﬁﬂﬁ Hrveneiene
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In which: concentration following desorption and can be used to
recover,gold-frcm.soluﬁions-ﬁhere’the;initial gold
concentration is 1 to 50 wppm. _ Furthermore,
10 - optimisation bf process:conditions éan_énsure-that the.
concentration of gold;remainihg“inISOIution following
adsorption is negligibleetherehy-avdiding'the need for
repeated treatment of fhe'same_sample. ;
The process according,tdrthe present invention
15 will now be dgscribed'by way:ofiexample only with
reference to the accompanying Figures in which:
Figuré7.1 - shows Schematically
adsorption/deso:ption_from_polypyrrole using the pulp
‘method; ' ' '
.20 Figure 2 shows schematically the process carried o/
out by a column method; - L
Figure 3 shows the;adséfptioﬁ-kinetics of gold
onto polypy:role; and -
Figure 4 shows desorption kinetics of gold from ;o
25 polypyrrole.

Referring first to Figure 1, 'a solution of



Figure - 1 shows. schematical |y adsorption/ desorption from

pol ypyrrol e using the pulp nethod; 20 Figure 2 shows
.schematically the process carried out by a colum nethod; Figure 3 shows
t-he~adsorption kinetics of gold onto polypyrrole; and Figure 4 shows
desorption kinetics of gold from25 - pol ygyrrole. Referring first to
Figure 1, a solution of 6 [err] at a concentration of 10 ppmwas first
cleangt by filtrati am(is0,J£npag) a8y RaebheshsrativhesEallopppmenias fibat pH
of thé€ gold solution was then adjusted to a pH of less than pH 7 and was
added 5 to pol giganelde by pfiliteatior fbom pemeve c@rgt apardiiculiate at
Poom tenperature [err] approximately) for 10 mnutes. The ratio of polyner
to gol d-contai ni ng seterial present.g pcfhePH nPLsthet godd Todugdon- Masnd

Folyner was then separated fromthe solution by 10 filtration at %

err] and the effluéhendpddngitgddtocs| B ceh 1er% Hran Ribverdd

Constant stiBring. Fhe PRLYBYBFOHRI doobgbe vorate o TRER (Jjer Constant
stirring at room temperature (25°C apprbximately) for
10 minutes. The ratio of polymer to gold-containing
solution was 0.2 g per 200 ml solution. The gold-bound
polymer was then separated from the solution by

10 filtration at 2 um and the effluent discharged. Gold
can then be recovered from the polypyrrole by adding
1M KCN (pH1l1l) at a temperature of 25°C under constant
stirring. The ratio of gold-polypyrrole to KCN (aq)
was 0.2 g per 50 ml KCN. Thus the concentration of

15 gold in solution following desorption is at least four
times that of the original sample.

Referring now to Figure 2, a method similar to
that described above can be carried out in a column
packed with polypyrrole in particulate form. Au(S0;);

. o~/ 20 (ag) 10ppm was cleaned and the pH adjusted as before.
The resultant solutioq was then passed through the
polypyrrole column at a velocity of 0.1 to 1
cm/second. The effluent received from the column was
discharged. The gold was then eluted from the column

25 as above and the gold-enriched eluent was collected.

The column was then washed with water to remove



was 0.2 g per 50 M KCN. Thus the concentration of 15 . gold in solution
follow ng desorption is at least four tinmes that of the original sanple.
Referring nowto Figure 2, a nethod simlar to that descri bed above can be
garried out in a colum packed with polypyrrole in particulate form Au
[err] 20 (ag) 10ppm was cl eaned and t pH adj usted as before. The
resul tant solution was then passed through the polypyrrole colum at a_.

velocity of 0.1 tﬁeélaﬁéieem&tmQfédéa'@%tatreacsw%lér%ﬂ@s @RluEy Vi hﬁ

di scharged. The gold was then eluted fromthe col um as above ai
t he gol d-enriched3etugol.was col |l ected. The col um mas then washed with
wat er to renove 7 residual eluent and regenerated by acid such as 0.1 to
3 MHO. Figures 3 andFiigehes adandptd cshawndadssryipiémnakéndeisezption
respectively of gold fromdifferent gold 5 cont ai ni ng sol utions on
pol ypyrrole. 1 ddrineticer rpspectidvelys ol (opld [ Eroh atiff&rarenoyedd-| err]
in both figures. The ratjo of polypyrrole to gold-containing solution is
0.2 g per 200 m %RRE3IRING S1HCLons eRPRAVRITIILoRddenotespln(Sog)Fet i cs
was studied 10 j“ 25C. Fugure 3 shoms t hat 100% of oId iin the form
: notes )2 and 3 denotes Au in both
figures.The ratio of poiypyrrolé-to-gold-containing
solution is 0.2 g per 200 ml and the initial
-concentration of gold is 10 ppm. Kinetics was studied
10 at 25°C. Figure 3 shows that 100% of gold in the form W,
of Au(S0;),” and Au(CN), was adsorbed by polypyrrole
very rapldly i.e. within 10 minutes whereas AuCl, was
fully adsorbed after 60 minutes.
In contrast, desorption of AuCl, from polypyrrole .
15 was most rapid..Desorption-was~achieved by 1M KCN (aq)
PH 11 at a ratio of polypyrrole to KCN of 0.2 g per 50
ml. o
\o/
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~of Au[err] and Au(CN)[err] was adsorbed by polypyrrole very rapidly i.e.
within 10 m nutes whereas [err] was fully adsorbed after 60 mnutes. In

contrast, desorption of [err]from polypyrrole 15 was nost rapid.
Desorpti on was achi eved by 1M KCN, (aq) pH 11 at a ratio of polypyrrole to
KCN of 0.2 g per 50 m . 8 CLAI Ms: 1. Progess for recovering gold from
a gol d- cont ai ning solution conprising (a) adsorbing the gold fromthe

sol utijon onto an 5 crayegectrically conducting polyner; (b) separating the
gol d-a sor bed polyrrer fromthe solution; and (c) desorbing the gold from

t hat polynmer. 2. Process according to claim1, wherein the 10

cbnducting polynmer is polypyrrole or polyanlllne or derivatives thereof. 3.
Phocess according to claid 1 oPrQ¢a$$n forwiracsvienimg (gold i frome &ovaldon
isinthe formof [err] 15 Process according to any
preceding claim m&@?ﬁ%%%rﬁ%@#@ FAMPIAGING ning sol ution is

(a) adsorbing the gold from the solution onto an
5 electrically éonducting polymer;
(b) separating the gold-adsorbed polymer from
the solution;.and

(c) desorbing the gold from that polymer.

2. Process according to claim 1, wherein the
10 conducting polymer is polypyrrole or polyaniline or

derivatives thereof.

3. Process according to claim 1 or claim 2,
wherein the gold in the solution is in the form of

Au(CN),, AuCl, or Au(S0;),..

15 4. Process according to any preceding claim,
Y wherein the pH of the gold-containing solution is

controlled.

5. Process according to any preceding clainm,
wherein separatibn is achieved by filtration or -

20 centrifugation.
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controlled. 5. Process according to any preceding claim wherein
séparation is achieved by filtration or 20 centrifugation. 1111111
111111 1111211111121111211 * C L M S * 9 6. Process according to
~any. preceding claim wherein desorption fromthe polyner is achieved by
elution with hydroxi des and cyanides of alkali netals. 7. Process for
recovering gold froma gold- 5 contai ning solution substantially ..as
her ei nbef ore descri bed.w t [Prioefesse raecdmifngutes ahyagreteding claim, V

wherein desorption from the polymer is achieved by

elution with hydroxides and cyanides of alkali metals.
7.. Process for recovering gold from a gold-

5 containing solution su'bst'antially' as hereinbefore

‘described with reference to Figures 1 and 2.
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