214 3513 | MPROVEMENTS | N AND RELATI'NG TO THE DI SSOLUTI ON OF NOBLE MET
The present .invention relates generally to the dissolution of noble Q?%%%s
In partlcular the invention relates to a reagent suitable for the

di ssol uti on of nwetallic gold and to 'various applications ther eof2 3%3
t he anal ysis of gold, the extraction of golgd,fromits ores, the's parat 0

of gold fromother noble netals and the tre {nent of gold dep05|ts Gold is .
wi dely recogni sed as being a nDst difficult netal to dissolve. It has |ong
been known that netallic gold: c §¥€|ssolved reagents such as aqua

regi a; thiourea, thiosul phates HE%$OW Ig"rﬁsl NG Thas al so | ong:
been known t hat gold can be takeHEIDISSGHMEnmw GEHNUBEE1MET11Ehereby

"di ssol ved" by the formation of a water sol uble conplex 1n dilute aqueous
cyani de sol utions such as aqueous sodi um cyani de and aqueous potassi um
cyani de. Sughk-prior art techniques, however, suffer from substanti al
di sadvant age®*> For exanpl e, thiourea and thiosul phate "are subj ect to
oxi dati ve degradati-on ang are thus prone . to hi consu t|o | evel s
extracting gold fromits BPeBTeSeRE A1 RERRLIOR égaﬁa népyth
corrosive, it readsbpldrtasnl gfsnbble metals. anth cbaasﬁlczﬂ&:gdihé rimvehitieny
slowy in aqueou S s sone of .
t hese di sadvant a%eggg%% 98 2 f\gv\g?ﬁpd&gi vggg%%@of&%s%jf%‘%lo u%er
cyani de conpl ex mgteﬁélsfgphé a@ést@ogaryom%tanxkiQQﬂimns<ﬁheme9§bmmpﬁgdgagd

but the reacti-onthg aaauPs&atbergéiayv the &ktradtiddUt oﬁ@\ﬁa@a%sl ®rbhat
the majority of Hese e constrained.in-t use fg.either

an seid or alkali ti?ﬂ 3gd$?f nfTYMOLREF fokie a&§ §t5'|dut P6n is
frequently conS|deeadmenvloﬁngehdaﬂéyowﬁasceptable

Gold is widely recognised as being a most difficult

metal to dissolve. It has long been known that metalllc
gold can be dissolved by reagents such as aqua regia,

- thlourea, thiosulphates and acid chloride systems. It has
also long been known that gold can be taken into aqueous

- solution and’thereby-"dissolved" by the formation of a water
'soiuble cbmplex in dilute aqueous cyanide solutions sudh as
aqueous sodium cyanide and aqueous potassium cyanide. Such
prior art techniques, howevér, suffer from_substantial
disadvantages. For example, thiourea and thiosulphate are
subject to oxidative degradation and are thus prone to high

ot . consumption levels .in extqacting gold from its ores. Aqua
' ' régia is expensive, extremely corrosive, it readily

dissolves base metals and dissolves gold relatively slowly
in aqueous solution. Acid chloride systems also - ‘suffer
from some of these dlsadvantages and are slow to dissolve

B gold. Forming a soluble cyanlde complex is one of the 1ess
costly methods known for d1ssolv1ng gold but the reactlon is
again rather slow.




5 .. It is an object of the present tnvention to provide an i nprooved
met hognfor the dissolution of gold, applicable, in particular, to the

extr on of gold fromits ores and the in-situ treatment of’ gold '
gepo . According to one aspect of the invention, there is 10 provided a
- et ho fO{ t he extractlon of metallic2dold, in whi ch the gold Is | eached -
froma gol d- arlng ore use of a conposit.ion co I si_n - _a solvent
consi sting %ff taQQI%%uﬂhQE'tgenﬂiﬂBFggYhefegheS§59°¥ at

| east one smttmté ' lcmfsmmdso.w ehelis &bbetbOelﬂtﬂbryadI56mI@i'e i-n

sai d sol ven h Ioge a f. | i ker n o e _in the
conp05|t|cnél§é$?? e ﬁﬁf,C|e%#ﬁ§%F§%§rgg§S§s$ 8? ?h Yagﬁg g%g tfﬁ% 20
conposi ti oni$ nfmnmlmqqnsiaﬂaregb|e@ﬂi:omenhellanggagceptahla. 8 to 8.5.
- According to anothery sasa(i?%b é&edf”\(:%fét b%s%‘evh.%énéigﬁt £8dpf ?Jn.& ge

separation of netallic gold fron1ot er_ nobl e tals or ron1 d- cont ai ni ng.
mat eri al s 3P HRREPYSL Methad fax tdieséo'ls\?&}“ﬁ‘-f’ﬁ a cﬂﬂﬂ)@m FPBwJpﬁ si ng:
(a) a solmrﬁamﬁnﬁg:d)ftwte&tramtﬂb&nblf gellEafebmoits Otas ufwd —-

t her eof ; (b,()_he n_dse.aa# ci[%eaé%gir Ce(éf;)goi%t :‘11%?3 g\_@ ch source is able to highly

di ssoci ate TH s €n_Source capabl e of
| i berating bromnﬂpqqrdﬂng<ﬁ9n9n§tasmectaﬁé Fgﬁ inygntienentharedisr base

- such th tlka?oméﬁ hfetqma)%xt R ekteatideh Wt hethg1ge! gola i fnthe

range of from4.8 8.5 £ conpositi refera has a
ubat ant | 2l TRLGHE (RIS drft YpBedh dFemas) GoRIsReR LPRCOFANHE £F°(76m 6.5
to 8. 5_ B/composition . comprisings-’

(a) a solvent consisting of water,_methanol, ethanol or -\”f

a mixture thereof- , SR e
15 (b) at least one source of cations which source is able
to highly dissociate in said solvent, o '
" (e¢).  a halogen source capable of- 1iberating bromine in the
comPOSition, and .
- (d) sufficient acid or- base such that ‘the pH of the
20 composition in contact with said gold is in the range of
" £rom 4.8 to 8.5. L '
According to. another aspect, the- invention provides
a method for the separation-of metallic gold from other
noble metals or from. gold-containing materials in which the
25 gold is dissolved with a composrtion_comprLSing, : T
(a) a solvent consisting of water,-methanolf"ethanol or a
mixture thereof;. ' '
(b). . at least one source of cations which source is able to-
' highly dissociate in said solvent; _ —-
30 (e) a halogen source capable of liberating bromine in the
) comPOSLtion, and _ - _ _
(d)  sufficient acid or base such that the pH of the -
composition in contact with the gold is in the range of
from 4.8 to 8.5. e '
35 - The composition preferably has a- substantially -
' neutral pH and most preferably a pH in the range of from
6.5 to 8.5. -



For the’solvent, water or nmnixed 'sol vents in which water is t he

maj or-corrponent are preferred. For reasons of econony and avail abili ty,_
nd

water is the most preferred solvent in practice. 5 The source-
cations may be any substance which in the solvent highly dissociates a
provi de,s a source of cations. Wiere an at om oy radical such as Fe is
capabl € of providing cations having different oxidation states eg.. [err]
the cation having the | owest stable oxidation state for 10 that at om or
radical e.g. [err] is preferred for use in accordance with the invention.

It-has al so been found antthatsolvemtu[ oestethich miixedosbakent® 8 which
appr eci abl e exten t V, |uralit atigns such as
di basi ¢ ammoni um %ﬁ%gfhg eéﬂénér?r%’r T um sr?ﬁéar%}tg ¥ pf?feﬁgg Ssi gﬁFchronat e
are particul arly 56REans eof @CQE@“]asandreamlra&iléwr,cwartnrac.%tuanmesw th

t he present mvenbfggegﬁgdcw Wi, d an ammoni um cation in the
sol vent are- t preferred. It ha%éurtr}r? been found t hat strong aci ds’ and

bases 20 whixh are hi ght§ HWEEWRI g, PeSuLenBYa Sihehaase which in
hydrochl oric aci dthsoslolmemtydntgdnne dirssquitates andhpivoidds aByusce cfScations.

cation source in @ARELS dam CLLNM dh tFERa 1 dRIC U asHANEY & caﬁasheceﬁpﬁfagfamg
react with other netals present in a-gi'ven sanple. For exanple

be used as a 25 S<dtleRrs d?a%‘al?ﬁfcﬁr’sff?r%m%*%‘éww%ﬁ%@ gt aﬂes |fn E’tene
gol d ore being treaéwhtlcsucrtamrreasﬁeorbm et dsiaf Wxinka td o etartreeawfent

step -but may re W | 2v) .reactr ref
foI | owi ng suclt?rJI %‘%#é %éﬂtof l(Le r%‘h?(eﬁr eri"t et%id‘i%té)&' t“}?enéﬁ/\_reen
5™fnd 7.5 pri oraG@B@ancqt rwz'ddubhe omvﬁnfamtal ogTen Isamraifsoammﬁmgmd) the
pr esent inventiong gﬁ&begﬁﬂg %?&pr Shard
be taken to consi Jér t‘ﬁ ossi bl e %\t erference sac% rom su&% ?«? react | ons
when the cation s%’&?%%tch%t%?rss%l‘é?ﬁ%n‘? 3fprm a plurality of cations such
_as ‘dibasic ammonium phosPhate, ammon:.um sulphate and
lsu_potaSSLum chromate are particularly sultable for use as
the cation source in accordance with the present 1nventlon

' and compounds which y:.eld an ammonlum cation in the

solvent are most preferred.
It has further been found that strong acids and bases,

20 Wthh are hlghly dlssociated in aqueous media such as
hydrochloric ac1d,,sod1um hydroxide and potassium hydroxide
may'act as a cation'source in accordance with the invention.
However} such compounds may react with other metals present

.~ inagiven sample. For example should HCl be used as a |
- 25  source of cations it would react with base metals in the gold
ore being treated. Such'a'reaction may be useful as a pre-
_ treatment step but may also interfere with the complexing
. reaction. Therefore following such pretreatment the pH may
_ conveniently be adjusted to between 6.5 and 7.5 prior to '
30 introduction of a halogen source according to tne'present
' invention. . As can therefore be appreciated particular care -
-should be taken to consider the poss;ble interference from
~ such side reactions when the cation source contains a strong
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4/ atid or strong base. The term hal ogen sour.ce" as used herein neans
~elerental bromne in so-lid, liquid or gaseous formand any m xture,
sol ution or conpound which yields free bronine'5 ~ in-the presence of gokd
amd the other conponents of the conposition.. Elenental bromne fay be
intrd “}ed into the conposition in gaseous form It nmay also be introduced
I n Iﬁnﬂ d form for exanpl'é, as brominegtiquid.or .bromne water. It is also
within the scope of the invention for the 10 hal ogen source to be _ '
.introduced in the formof a compound capable'of |i berating bromine in the
presence of gold and-the other conponents of the conposition. A hal ogen
source’ mhlchaaé@s°§ssh¥%¥9c#E§%X|d|2|ng agent and has increased solubility

#n the S0l ¥REt téPn t Mg DIFEE NS rRIe" 8 Maed hRkiedR RAYARGE i S -

Pal ogen cour eLefrat @f%wﬁéié%%g%u%& S50 BETEEO 0T, S0 of o red
——halogensourcanylmrkudee;nmo;umﬁoncnr(nqypnundmwhmoheydeﬂﬁelﬁregfﬁbommneds

from 205 V‘hiﬁhtﬂé%@e’é%ﬁ% ?g‘sfgeéi[é nveﬁﬁé %ttdé‘% Q:%?@%?JeﬁtthfC%ggos' tion

enpl oyed accordin on . I ncl’'ude a strong

oxi di zi ng ag@ﬁ@?oﬂa‘él@u dlgl-ﬁ@elh@ehtbmﬂ “l?é’ hegwr@%éél anga Fhet he
sol vent. Pregém éytiéﬂﬁei@@ﬁé’om fgant i Hay a&@oe%ednﬁ:&@ahbaa ghoup

t d I d
o0 pot aes o BREALERSRL TESr el S L LRl BRI o BERATRUR SRR,
and pot assi ulit pes nabgariet ehin tthessdopsi divhhe tinventienpfesetbe of a strong
oxi di zi 1 aggaiogﬁj 2& e L8 l?%tiﬁ‘ﬂfdﬁ&"ed i‘i‘ﬁc tth.lee f%Q-‘fo’G‘f' bl Qngogﬁda e

Ionger peri.o I tion - strong oxidizi ng ent na .
—even in caseSaRfRie ?%é%ﬁ%‘%ﬁﬂﬂg d?m%r\e \Mhl"d‘eoé’rﬁi‘éneﬁy°nfe88&9dandl t has
been found henevethéhatombeneh s @ HItikwn doaipd it iidne pmemaogenf sdugteong -

ot al | evrLelYePE A0S FPPRthe oA Addlk BiS 33 THARLARLN 1Y
preferably asolub¥lbty in the solvent in the presence of the
15 cation source is particularly preferred for use in
accordance with the invention. ' c
- The halogen source preferably acts as a source of
nascent bromine. Preferred halogen. ‘sources ‘include - _
inorganic or organic bromine~contain1ng compounds from ' -
20 which bromine can be liberated in the reagent.
. The composition employed according to the present
invention may optionally include a. strong ox1dizing agent.
The oxidizing agent should be highly dissociated in the ;_,—-
solvent. Preferably the oxidizing agent is

-25 selected from the group. conSisting of the peroxlees‘—"
,including hydrogen peroxide, sodium peroxide and potassium'--
perox1de and the permanganates includina sodinw\permanganate
and potassium permanganate. ‘"It has been founé that the
presence of a strong oxidizing agent-maintains the activity
'oftHeommxmitnx;OVér a longer period. Thus adéition of a
s.rong oXidizing agent may- be desired even_in cases where
- _ . the dissolution rate would be thereby reduced. It has
' - been found however that the dissolution rate in the presence
of a strong oxidizing agent may be increased by adjusting -
the pH to a substantially neutral level, preferably-in the
.:range of from 6.5 to 7.5 and most preferably about 7.0.
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As can be appreciated fromthe above, a wde variety of conmpounds can be
used as the cation source and it may even be that the cation source a
acts as an ox4d|2|ng agent. Particularly preferred exanples of such
conmpoupds, are pot assi um per manganat e, potassiumdi chromate, ferric s
and sddi um peroxi de. Use of a conposition a%{errpl oyed according to the'.’,
met hod of the invention facilitates the formdti on of highly water sol ub
salts of hydrobronnauric acid. Such salts 10 may he represented by t he _
general formula: [err] (1) where Mis a cation nis
0 or an integer. Parti.cif 535 Eﬁe”f@%a&ﬁ%&?ﬁ%tﬁc@m’ﬁg gowide general

Forlmllja (lzharf ltila@sﬂe i o cﬁﬂlioliﬂ%s’llﬁh el Wiidd b tReagHERHS HEQCtéAeB .
including the follo er rr re uBr
Accor di ngly, catl%IP‘f!‘VI J(‘){gr %E ?/#ﬁ‘%ﬁ’ep%é:lhtengatim PEPRER 8\5158f ShEA%atRs
are preferrgd. 25oxidizing agentA p&artdidudanly preferred erampiéesi ofi such

conpri ses aﬁwe&iﬁpé&l&g I o0, Cgootﬁ!%ggﬂnt%' agﬁglagg.geé g{:tgggim%cﬁporﬁa e,

particularly preferred co 03| erng econoni ca
to prepare, provitREIF e safdam pexgrdfPen, the presence of NaC

and parti C:J| arly 30 NaGse r&f@ﬂﬁdﬁt&@nﬁ@ einmairehl aubdraiﬁg@ €8 the
aqueous sol ution t.he nat i scepnt _agtive, brom
function of Nad rg%&fcﬁ n€ 1% VSR Y BY g?‘gﬁ-ﬁ-é-&a% géﬁt fg'8ﬁm?‘§l?’6 ?)E %ﬁ'%leﬂé
source of cat|onsW1¢emosoluhﬁ§(ﬁﬁiﬁ§EQﬂ HM@Cbbcwupaurherapmé5|bSQCBOQabES
' 10 may be represented by the general formula-
L\, L '_ MAuBr4.nH20 S L (1)
: where M is a cation ' ' '

"nis 0 or an integer.

. Particularly preferred compounds according to
15 general Formula (I) are those which exhibit high solubility
in ‘agqueous media including the follow1ng.
' NHg4AuBr, -
NaAuBry.2H,0
R _ . KAuBrg4.2H,0
20 RbAUBr, .
CsAuBr, _
Accordingly, cation sources which promote the
formation of such salts are preferred.
25 A particularly preferred. composition comprises an
' 'aqueous solution of elemental bromine, NaCl and NaOH.
.__This particularly preferredcumrsnuonhasthe advantages
of being economical  to prepare, provides a source of Na®
ions inmsolution,,the presemoe of NaCl and particularly .
.NaOH inoreases the solubility of liquid bromine in aqueous
~ solution and pronotes the formation of nascent active
) brorine. The function of NaCl in this particularly
preferred con'pos:.tionisl to provide a source of cations
(Na*). The choice of NaCl over other possible sources
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of cations is largely economc and is not 'due to t he presence of 0
anions. It has been found that with the exception of brom ne containing
~ani ons such as Br or [err] the nature of the anion present does not 5
S|gn|f|cantly affect the dissolution rate according to the invention. This

;(értl arly preferred conposition prow des a nmeans for the rapid
di ss Fon of netallic gold at anbi enf/ t enperatues i-n both acid and
al kal I'ie environnments. 10 In many gold ores encountered in nining e.g.

the ore fromthe Telfer Mne.in Narth West Australia, the preferred . ..

R cgrmOSI tion. ppevédesons! Estlaﬂgdlﬁfébﬂﬁcﬁﬁcoinﬂoiéi noF ave | o nghet akef nor ed
than trace quantities o se_netal su into_.so i,0Nn e. preferre
conposi tion aP58°$8°€ %% € deinéOB?Egntﬁ% Sl?ﬁ?’bn ﬂﬂ’ér“l’%ﬂéw tabl e
for recovery blfxetencgptdobyoﬁnbmnsnéveuﬁtmimgtammmobmbam Bn- pul p

proceduresI nlgﬁat troghéo?gp@rgbgfe %Pg?géféé%% does 1;3 very

practi cal isre atlvelys rai o prep are%perates in
20 ag®eous %mmfwa‘ﬁwtﬂéf%zbm @hsrs@buve@yc:re’@a aqeRr Hivag et
ef fluents obtghaedhfeppisse of the particularly-preferred conposition are’

~essentially non-toxic chlorides and pbromdes:-in di u gg!g%lon
Their relatively non- tox?tél?la?%?'él?‘éfﬂ’égbrg’f? %G&ﬁﬁsq&&tg hat
sodi um pot assmaaasndf@rmumunapr@ndrlsasometmmdélmetsbrh.@scsb@lmtves prl or.
to the introd o] Lt ,
agricul ture f%ﬁﬁiﬁ%g%eé%&ﬁ%%‘/{é‘gée a es an rw%r&ﬁn%)bﬁﬂsqgeen éira-h 'cf the
gol d di ¢80l utlnﬂne@wmml@neengm@qmter@brm rmining téheg i rﬂmmm freon | U
di ssol ves metghbifeppbs! Mind Dk by LR HES B MSEra1 1), WIRY e tderdd
.compos:.timprovidesselectlve d:.ssolut:.on of gold i.e. will
not take more than trace quant:.t:.es of base metal

_ .suloh:.des into solut:.on. The preferred camposition also
15 prov:.des -a pregnant solution partlcularly suitable for
recovery of the gold by known solvent extractlon and
carbon-ln-pulp procedures. . In addltlon to the above
the_ " composition - is ‘very practical in that it
is .relatively straight forward 1.:0 'pre_p'a're, operates in
20 .a'queous solution and the bromine can be recycled. The
process effluents obtained from use of the particularly
preferredca!positim'areessentially non-toxic chlorides
and bromides in dilute aque’oué solution. Their ",
relatively non-toxic nature is demonstrated by the fact
25 that sodium, potassium and amrln'on'ium.bromides were widely
used as sedatives prior to the introduction of
.barbiturates and potassium bromide :.s used in agriculture
for preserv:.ng vegetables and fru:.t. -
It has been found that the gold_d:.ssolution compo'_sition
employed according to -the irnvention readily dissolves
metallic gold .at ambiéent temperatures. In view of the
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sFeed of dissolution at anbient tenperatures, no external heating is

necessary although it has been found that the speed of the dissolution
reaction, increases appreciably with an increase in anbient tenperatures.
For e(arrpl e"05 it has been observed that a 20 Cincrease.in re_._

tenperiature can result in an.increase in di ssolution rate of the ¢ru%
300% i n acidic mediumand of the order of 36 in alkaline medium Z.
Preferably the method provided by the present invention is enployed. 10 -
at tenperatures in the range of from[err] to 45C. Wen the conposition as

elmlzl loyed acgordl ngpéedt be ?ﬂywm@i?n sat %Miélﬁ@dteldpéﬁtc@ﬂbéﬂﬁtrﬁﬁ é}ftelrnka]i
al kal i ne nedi um i tticular refer as:less | o0ss 0 e.is |ey
to occur than in éﬁggfﬁgnbﬁl?ﬁ#% \/%f’gb"‘i%thp’e"rdi otnd’ hag t
further been founslpeedtof\hehnetdmssmlmgmn SRACHEL QTS Jncmaasﬂapmc/maui\a
source of sodium o] t r eci

&5’2‘%1‘6 B3 106 SOIDOSh ér?t ?éﬁfé{éﬁ’ e ECIFd,L é:!%ntvdlaé

di ssol ves gohd~but es not dissol ve_ot s such as
pl ati num 205 it has hegn HLRIeHRS; #mdatfﬁhtc ticraafsodin |=@1'=\ctrwto

soire ext ent attackexﬁﬁé'réitﬁisé)'c’& n@éﬁlﬁt'fh&ﬂ%.ﬁc%é&s@&h«. a8 s¥aivnsn | ead
and iron but will_not éﬁeﬁib%y ac%ﬁ? o.un s containj, suc{q}jﬂe nts.

It is accordingly® V3RS % G e

metals 25 in thetdepuo® 0% nin sa]aivmiﬂfei medli\mi.ef e famadly ahevessel s and
ot her equi prrent

conposi tion enpl 31;1/egﬁ)acc%]fL di na@%%k he T Mven élt{c?n%'aﬁgé}%t?'e‘#n SE) mgl% ot ect ed
agai nst attab. mtstmnemt@er%cxn thﬁelgarbgﬁj Q;i:cfmdd] QQCMSe\ﬁ‘e-d by
appkication of a sui tab.breeﬁsochéﬂcaﬁ&wsaa%edssufnb@e? Qoéécaﬁdiﬂg to the

Fabbced by tse | RARASE IS LTS HeS ol hob CHAAEES PR LEShLAR, BEHaS
al kal i ne or substmtpatticuhﬁhalpreﬁdmedt s jekd D.essabénbrummeoimtlﬂ{ely
‘using the 35. CQ&“@%&&&P%@& P45 ARl gt Q1608 L8VEOhHOPa £ ihEs 90! d
15 It has further been found that when the halogen source
is in combination with a source of sodium cations the

] composition is relatively specific in that it dissolves gold -
but does not dissolve other noble metals such as silver or
.platinum ' | ' '
20 It has also been found that the compos1tion may to
_ jsome extent attack and dissolve metals in pure form such
- as aluminum, lead and. iron but will not readily attack -
compounds containing such elements._ It is accordingly
recommended ‘that contact between the composition and metals
'25 in their pure form is avoided. Therefore, r eaction vessels
and other equipment or apparatus which may come into contact
with the composition_employedraccording'to the invention are
preferably protected against.éttack._ Tnis_may.be effect-
 ively and economically achieued by application of a suitable
- 30 plastics based Surfacedcoating to exposed metallic parts
liable to corrosion. The rate of such corrosion is reduced
.. by use in the practice of.the'invention of a.composition
:i'.which is alkaline or substantially neutral.
S o After the gold is taken into solution using the
35_. composition as employed according to the invention, the gold
'may be recovered from solution by a number of metnods already



may be recovered from solution by a nunber "of nethods al ready 8/ knewn
to those skilled in the art for recovering gold cyanide conplexes. Such
techni-ques include solvent extraction using organic solvents for the .
= i-ncl udi ng et hyl isobutyl ketone (MBK), 'di-isobutyl ketohe (Dl BK)
hyl ether. The nmetallic goldggan be recovered fromthe sol vent
by di | ati on or reduction. It has been found that gol d/ brom ne conpl exes
formed in the practlce of the invention-are particularly suitable for
extraction fron1th nant O her
nown r ecover§ RS 4 T 8 cEPBnEBr Rt BT TR agent o
the pregnant dyanﬁﬂe d@mﬂﬁaxag-ofS@G@hteebnﬁqqeeslacbuéeneOhmanJun1n|un1
preci pi tati on wheraierd R iRy faﬂglaaléusbwantat ESE'UEEQ LohgLeRe SR UA O

| I'd d
P echnt ques s BREHI: YPURIResoRge oM EERY GorsPRURYEnEebrasnantsk) ans

i ncl udfa gljectemqap(wnemn Thar metaddier gbildncaandei pacexebad gre Fiche
recently dev ecov dis.p [ r i tabl e
for use in reé§5§§§‘§§b%%%§%¥$#ﬂ&° gg Sgﬁugggggordgﬁcgéénﬁﬁégh%¥n§gsent

i nventi on. 1lkhaﬁmﬁﬂiﬁIhnﬂml@ﬁpP@F@deéééoﬁerﬁgdténthbelHV@ﬁFi@ﬂ Qﬁy be

prepared in- SH.HéJ idvdnte dnf %&@@&trtabmaen.yabuathmat £8P EREPASLISRFLAE
treatment sit In the |atter case cargﬁp8 bggge taken to avoid the

escape of hal PRATARGTE 5 Withe MT preferably by storage of
prepar edigonpos- i totdrex mnnmm e@coaergltechniihescbnpbedelbheenployed
according to ¢ %ﬁp y elat | I ng t he-
conponents thé?gﬁ#ﬂl e Eﬁr% r%%u@ ggagggﬁ? %ﬁ g¥8 érﬁgﬁgﬁgh éseleched
cation sour c@%@ﬂ@scﬂﬂ/é@qmtﬁ@@apéét 2¥esginpenand aiusiniyvg the

tCﬁrlcent rati Oppr@cc:l.fﬁltﬂdﬁlo'ip‘dﬁh@&eb? Roke meeamhanaaetms Yaepedncedeimdbdy in
e reg| on o

the solutlon to. precipltate metallic gold by dlsplacement.

15 " Other known recovery technlques suitable for use in
recovering gold from trez pregnant liquor include
electrodepositlon, carbon adsorption, and ion exchange.

The recently developed carbon-ln-pulp recovery method is
particularly suitable for use in recovery of gold extracted

20 1in accordance with the present inventlon. '

The composrtion employed accordinc to .the invention may
be prepared in-situ at the treatment site or at a location
remote from the treatment site. In the latter case care
should be taken-to'avoid the escape .of halogen vapour from (:

25 the compositlon, preferably by storage of prepared compos-

| itlon in sealed containers.

‘The composrtion employed according to the invention
may be prepared relatively simply by mixing the components
thereof inthe solvent._ In a particular -example the

30 selected catlon source is dissolved in the selected

a solvent. Generally the concentratlon o£ cation source is
not more than 20 wt. % and preferably in the region of
1-10 wt.%. When addition_of'oXidizing_agent_is required,
the oxidizing agent is'preferably added'to the solvent either

35 1mmed1ately after or at the same time as the cation source._

' _Preferably the concentration of ox1d121ng agent present in
the final composition-is not :



1-10 wt: % Wen addition of oxidizing agent is required, the oxidizing
agent is preferably added to the solvent either 35 |m"red| ately after or at
the same time as the cation source. Preferably the concentration of
oxi di zi ng agent present in the final conposition is not 9/ hi gher - fH&
the cog centratlon of the cation source. Typically the concentration o t¥e
oxi di ng agent in the conposition is of the order of 1% wv. Preferably

t he pH is then adjusted so that after the ¥diti on of the hal ogen source .
and m xing the corrposntlon with the material being treated, the final pHis.
preferably slighbtyharkahanethe crReRAtIALIN 4 q”focﬁitl?n‘s SOETGRIly the

hal ogen source i sypiidelly ﬂief@mmdﬂérytratﬂdmldﬂgeahesmmzpm@va@eatalhr ehene
concentrati on | Nebiifol02bn COUPOE AL b ed Ye Y &/N20 Pl serantl Yne

Typically the br ORI R CoReentta e ran e of

0.3 to 3.0 y.%is(bheroadinseed uthal afiten @el%dlim@w ¢£ &hel hgdpgen
Br). The apgmébeﬁc@faﬁ@%fﬁm%ﬁé C&bnﬁf&ﬂ:ﬁﬁ&% 340 dihag nfaQe'&:li@.ll BéeAti on

own ext act | ontFERKARGUERS SYRFER 19 RFSEARR e LA d At ogine” 2hd

particul ar ore bmdgtvpreﬁerablsh albreutc Hasact @tinalilys tile thhdosea seuropt L - |

zation testing igq588Y1 'SFef deretd el n %xﬁ:l%@ PRIhALRs! howrshegk and
operating paraneters. To Il ustrateéheZ t|b|||t of the e of
the conposition SPRFEREFREHRR ot theifinak cﬁ?“t QR a%&sf"ﬁf”&t 2P| ow

she](cat fo(r:I agboagl 5 adrt 0%, | ePypiead lyncthorbsmtiane daqentratdonbinFicher eotpos-
preferred embodi fip of .t I _ | I @n t f
gol%ff romits ore :Bé a;ﬁs a'.ﬂl?t‘?1§)€|E)olj'f1aq'g¢%é Q#ecach% E:% tsg\(?ﬁ% (l%e qula?ﬁ:5§§{l§lhegl9
described with r%@é*‘éﬁ%@ﬂotqtl‘?gtﬂf%'ll 0% A&/V n&t d-t%%dnBP-’l gure 1, the ore is

comminuted to a fine Pepd SpEEidociarids e Ripcaal leal w@noyba getaklifg
gol d and the di ssgltt I Onn\?gr@fgrlx ttéjll:heﬂl:%ngne r%.(f'i-z10fextractz.on of g'old from
15 its ore. is compatible with known ‘extraction technlques.
. Typically the . technique applled-to a particular ore
body. varies with the characterlstlcs of the ore and Optlml-
"zatlon testing is required in order to select an appropriate

flow sheet and operating parameters. To illustrate"the'

- 20 -'_compatz.bllity of the use of the compos:.t:.on with convent:.onal .

-_extractlon techniques a postulated flow sheet for an
oL agltatlon leach extractlon scheme is _provided by Figure 1.
A preferred embodlment of. the applrcation of the
o ' . invention to extraction of gold from its ore by an agitation
25 leaching technique will now be described with reference to
'Figure 1. As indicated in Figure l, the ore is ‘comminuted to
a fine mesh.size to facilitatelcontactlbetween the metallic
-. gold and .the dlssolutlon compos;tlon. -The degree'of ‘
.commlnutlon depends prlmarlly upon the coarseness of gold in
30 . the ore and will, vary accordlng to ore type. Typically such
'a mesh size would be of the order of 150-200.
_ Followxng commlnutlon the ore slurr undergoes
' _dewaterlng or thickenlng. The ore slurry is then transported '
_ to the agltatlon leaching tank where the dlssolution
35: composition 'is added. The concentratlon of the added com-
- position may be substantlally hlgher than that desired
durlng the leachlng phase to



conmm nution depends primarily upon the coarseness of gold in 30 the ore
and wi Il vary according to ore type. Typically such a nmesh size would be
of the=~or.der of 150-200. Fol | ow ngc& nution the ore slurry Undergoes L
dewaj®Nng or thickening. The ore s E?ry is then transported to the

agi t' n | eachi ng, t ank where, the dissolutiqr tdon is, added
The cent r at7'on of ?h%c%%'&ré% Q?) moplbssif‘f‘f Eh "&' # ?ﬁ“?yall??/ hi gher
t han t hat despresemturvinghtthe |@hi ng phase to ' 10/ take into account t he

noi sture which wll aIreﬁ.ﬁé( ,_e_,_scetp% 1 %pg% _
;agitation, and particula %)(ﬁnﬁfengt d(\; Jb:}{'%%rﬁ aJ(?]ep e endil argel y
upon the 5 ﬁ?ﬂl’éﬁ%‘é@@fl%@?ﬁlwﬂk %3%‘61 kFRFL ‘t?feng Q. -
Typi cal I 6 th&a&@i&ﬁ@&w DEne XPRE g e the d§|i§§@id/tﬁﬂ:n rot e&settfwcratvm hour s

- and nost pr ef e react n ti S | i keI b be u and one
hour . - Fol | owrﬁbp ‘b%/lt I%% .‘ﬁ%,“ﬁ o‘?ﬁpen? t°.L§° ‘it?sa‘% i'Ch tank
are passed tolesm sudn dth: ours et maoh prefarahlmhibeh mwﬁnne

undert aken by _{]@@i yt@r@étgé%éypt;p%f Nl U QAL er current
decant ati on t eners and filtration. |n an alternative arrangerrent not

shown in Fi gure 1 the cFREAERF aFitatipn Jpaching, The GPREeREFRL be
subj ect ed& o ﬁu@ad@pfatibrpuﬂ:&l{ el Qas U oEs tHe seliyeariduid gol d from the

| each sol ution.: Inthee s illustrated. in_Fi the
agitation | et PEHRT SF o?r'\gd'q'b’sfs’tl a?qq"f%ialﬁrbnl%dmd%tu%ae‘fee%o%ry of -t he
~di ssol ved golchn‘re:rntlaolpntactﬁ.sed:hneatshdds sntc/]e.tdlra;(tcrcamtmw:ténwl BK or =
DIBK.. Follo 52t Ak 1 -t ed | te ™
fromthe sol Y/dé}?a %9 r?l on 1s relgE i%ﬂedd ?alni 0%1 du%s%guéei&asrgge%i\{% t he’
snmelter for fmqamerpﬁmég%t rﬁj‘xown J.n Figure 1 the contents of

15 'agltatlon leach - tank may be . subjected to a carbon—rn-pulp
recovery orocess to recover ‘the gold. from the leach
'solut;on.- ' _
In the example process 1llustrated in Figure 1,

- the agltatlon leach stage is followed by clarification
--Zon'and recovery of the dissolved gold from solutlon such as
- by ;olvent extraction with MIBK ‘or DIBK._ Followrng

evaporation-and distillation or reduction the raffinate
5from_the solvent extraction is recycled and the gold

: residue passed to, the smelter for further processing.
_25  As will be apprecrated by those skllled in the art, —
due to the volatllity of the halogen component of the . A
solution employed accordlng to the invention, the '
agitation leach phase should preferably be a mechanical
agitatlon_and not agitation by aerationt ‘Similarly, for
‘reasons of economy and'industrfal'hvgiene, it is preferred
that the agitation stage and solid quuid separation stage
be conducted in closed. systems sultable for recovery of
volatile halogen. The recovered halogen can be scrubbed

and recycled to.the agitatlon leach tank.  For 51mllar -
reasons it is consrdered more approprrate +o add the dissol-
utlon composrtion to the. agltation leach tank rather than to

30°

-+ 35

the gr:.nd:.ng m:.ll. _
The compos:.t:.on employed accord:.ng to the J.nventz.on may
also be advantageously used for in-situ leachz.ng of sub-



25 ' As will be appréciated by those skilled in the art, due to the
vol atility of the hal ogen conponent- of the sol ution enpl oyed accordi ng_t

t-he invention, "the agitation |each phase sngld preferably be a nech,‘ﬂi
agltatlon and not -agitation by aeration. mlarly, for 30 reasons

econgny "and i ndustrial hygiene,_ it _is gﬁeferred that the agitation stage
and solid. I|qU|dt§§ﬁaﬂaﬁpoﬁe§Pab%a%eg dlrreaitis c/Tsegenprrdnteshniqbee

for recovery of gel aﬁchethaée@emts TM@ diﬂsl & ag%%;éegggﬁtsﬁ‘iloﬁc:ftgb%éoéeg .

recycled to the i tat _
consi der ed nore gg #ga}% gﬁF%ﬁé%t?ﬁsiﬁiighégln|¥§?<55ﬂ&9§PFPBH egpipged
agitation | each aen@rdbm@etotthalpreSéntgynvuhtﬂynﬂMdy béhadvampagiebugly '

enpl oyed acgordlageaolﬁhghéﬁvgggifgh eep egﬁ¢%§¥§n§ép%%gsExpﬁﬁeﬁlégg1_.?"

in-situ |l eaching of sub- - terranea OSI tS ner al
techni que of sucht1PRatHEfmISPIRATRS b FausPRs & ﬁ&tﬁSAuFé°ﬁeéB@er t he
gold is al réwdy estaddlyhss. thé'l‘&cﬂ)w taaaﬂoemahayadlaqear dogcks hhe be

present inventio gﬂﬁ@ i.n._S ns due
firstly tothe r%pﬂgyd?sso - |on oggéﬁg ﬁ??hgégﬁggus C%&%Q
sol ution and sec%ﬁmﬂ%t¥Qi%rﬁﬁéeﬂﬁn1ﬁﬂﬂiQu¥n @nd&ﬁdtﬁaﬁéganSbeuideshﬁﬁyeﬁeape
sel ected surh thgded heater S @Qk@r\wiu{@nnent ally .conpatible and.

non-toxic. in'a dllut forn1sho |.d.the cape int o wat cour ses or
the l.ike. The conpo’ s %6§éﬁlé%E§P eﬁgaF8°Fﬂéan$8nFgﬁnlﬁﬁﬁnEFQB PRy
advant ageousl y. uaksb|betddyénungeduaﬂyuu$ed dh fheotedwhegpchraghengfin the
case of suitabl T t| £ S "o :
colponent s therggﬁgﬁg?d h%%%/#? qufégg%gg %gﬁeastggégggggl?Eégver?%3 t he-
fl ooded ar ea. Su%##%d?ﬁ‘er&‘fﬁquilw o é:étee@omposu-&apnngracgapanentgntbmaeof
surface of gdie | BB b Hetdried. by %E?Qba%ft Ra2etindly covering the flooded
' a;éa.-ISuch_coveringﬂmay_be_effected;byvfloatinq a barrier
. on theZSurface'of the leach sblution,. A sheet of plastics

material which remains substantially inert when in contact
'w1th the leach eolution forms a suitable barfier. A test
20 - conducted on a "Nevoria" ore from Western Australia indic-
) ated that .using a. compositlon accordlng to. the present in-.
:-;=vention recovery of approxlmately 90% of the gold present -
‘can be achleved by the flooded heap leaching method within
~ 1 day or even less at'higher'composition.concentrations.
.25 | This contrasts with an average treatment 'time of around six
iw[ '~ . .months for a smmilar recovery using an aqueous cyanlde
leachant. In the- test concerned it was found convenient to
_.pass the pregnant gold bearing leach. solutlon (which re-
tained an excess of unexpended dissolution composxtlon)
30 through ‘a carbon column to recover the gold from the sol-
' ution whereupon the solutlon was .cycled through a fresh ore
. heap to extract the gold therefrom..
'_ The composition employed accordlng to the invention
" may al.o be advantageously used for the .quantitative analysis
35 of gold-containing materials. 'Hitherto, such- analysis was
) }typically conducted,on samples of approximately 50 grams of
total material by.agqua regia diseolution'o: fire:assay/tech— _
_ﬁhiques. tThe present invention may be conveniently used for
Jthe_analysié'of much larger samples.- _
40 - In a typical aud_preferred'example of a



material which remains substantially inert ‘when-in contact with th.'e_ | each

solution fornms a suitable barrier. Atest 20 conducted on a "Nevoria” ore
fron1y§§tern Australia- indic- ated that using a conposition according to .*
9

the _;ﬁésn; i n- vention recovery of appy. i mat el y..90% of the gold present
.can begrarhi eved by the flooded heap | eacHing method within 1 day or even

| éss ar”hi gher conposition.concentrations. 25 This contrasts with an
average treatgpobcitive MafrSdksdnn hg fq InfEiaki &4 usin
~an aqueous c‘ygﬁ?{fél{:iég%hantﬁ Incﬁ%%e ti@{g,cﬁngg{;rﬁg‘%nﬁazﬁgnggﬁigﬁgﬁ veni gnt
to pass the pPaykadt2 ePErbaiBtIRt |RRH ﬂuﬂagnbﬁ\ﬁfﬂéa?é‘-n'ﬁai"ﬁéﬁe n
excess of unexpended 4i SgDindérrof @YD Hddether3@rith anoegiceascatbdhsssl um

to recover the dfr - Ul ' ' UL -l ed
t hrough a fregﬁgg%'%nh%‘g‘gr&%%f%?(%hcﬁ%ﬁ?e%%%ré‘%%?eg}%m - tgllgg!a Ogﬁ:iygne '
enpl oyed saccoriiked suchhesiby aretatiomofilacHdndrisalayesssily asdavior the

quantitative égééaS%S 3. 8ot 9! £;L0! HdY 0 gLV %!ui-f’i-clﬂéhlaek;& such
anal ysis was typica

[V conduct ed. o I tely 5 f
oral rmt or  afOBILaHR LA A LR . o LY (B SR Bec AP RE T The

preant idenhbeﬁ,na%fbercgmmfi?fﬁﬁ&)miﬁ&ﬁbfﬁm‘aﬂlbwam@hpdb&eoﬁissomutaoger'
sanpl es. - n,at C - : Ag gﬁﬁgn&f fnd k
quantitive angfyg%é ?%%ﬁh?%é%ﬁf%{3%?&#%%%&%%%§hg sanp(ggﬁgVFﬁga%%%g?gﬁd

wei ght 0fL010 #grbemymay beardded rta thesessaloh They Wpingods eenpipued
together wi t-hfgia §X6655081 sREBSoi MYIENN SMPIRd iadBorptienC oft ants goflat he

vessel may be ;| xed such asaf rotati.on of a cylindrical vessel at |ow
%‘é?#’&btesstﬁ'f i ci ent conpl ete dissolution o\rf/ '

¥

speed e.g. abBGesent epdm abapt
al | ?gltg glrggelnh t?-ghe?b@iﬂteﬂlﬂ'le’ bdbuthe Védssl ey ittiemntunderigey sod id/| ow.
otivated 10 Tedrbansheyfasi R Suth FE Ny AR Wl o Bere
'15 of .a 5izé&suitablé. to rétain:thé solid phase comprising:the -
 adsorption medium. The solid adscfptioh medium may then
be washed andjignited.'-The'igﬁited'fesidué which contains
the' extracted gold may be taken up into a measured quantity
é.é, about 10 c.c. of'liQuiq,'preferabiy a dissolution '
20 _ compdsition as employed in the method of the invention. The
concentration of gold in the liquid may then be determined
py known methods such as atomic adsorption determination. -
_' The ability of this-analy$is technique'to be applied .
td'a-large-éample'enableé'thé sample‘té_be more representative.
25 of an ore-bédy. ‘Further the detection limit is 0.0001 ppm N/
compared with a limit for the aqua regia method of 0.l ppm’
usihg atomic absorption. ' Additional features ofjthe analysis_ 
technique described are that the test solution obtained is
substantially free of interfering salts. The cost of the
30 dissolution composition is'substantially less than for other
methods and thé tedhnique can be conﬁéniently'carried out at
| least partially in the field using makeshift or mobile
laboratory facilities. ' ' ' : _
| . Sea water or brackish (brine) water are oftén the only
35 available sources of water close to a mine site. WNeither
. source is suitable for cyanidation; however both can be .
advantageously'empioyed in the practice of the present
invention. . - o



for a period sufficient for conplet'e adsorption of all gold present e.g.
about 15 m nutes. The contents of the vessel may then.undergo solid/ |iquid
separati-on such as by passing the contents over a sieve 15 of a size  _z=x
sutiabke to retain the solid phase conpr|3|ng t he adsorption medi um
sol i d adsorption nmedium nmay then be- mashed&§ ignited. The ignited
resi due, whi ch contains the' extracted gold be taken up into a neasured
quantity e.g. about 10 c.c.. of liquid, preferably a dissolution 20

conposi tion as enployed in. the method of. the invention. The concentration__
of gold in the |iquid N ﬁ?ﬁi%ﬂi?ﬁﬁbF%?ﬁ??ﬁ?ﬂeﬁyuRﬁSKﬁtﬁﬁéhBﬂs°§u%heas

atom ¢ adsor pti onirkedeIvmalt As cHiredliienit! ¥oohowhpgoiakyai aAukbehnbgue 1o

be applied to a | | es the.sa e.representative
25 of an ore bod&%&fj?ﬂi hqu%aé)én&n?&ﬁa&ﬁ n?ﬁ‘%?r%Q tﬁﬁ{’ﬁ cthpar ed
with alimt;for 4¢E9Edﬁnpew£$e;ewmﬂmod of 0.1 ppm using atonlc absorption.'
Addi ti onal ﬁgEVUres of the anal ysis techni que described are that the test
sol ution obtained s SLtstantlaIIy free of interfering salts. The cost of
the 30 dissol ut iHAMER x.74 n.is substantially |less than for other

net hods and the techni Quesedesefc westsi eift dissoluttdnopatat waeasénducted -

partially in the {deldl yslng.soiseunli.an KAbbe: LaRaLaLer doLachlidian, Sea

wat er or bracki sh ar e e sources of
water close to a ¥atR af tehichudihencompesisdons §&ssgbve 999 Einmgigld o9trip.

however bot hjgan m@\@g@q%mea%mqngnat QSmBiéCéfcéoP& L0681 Prieseity
i nyention. 13/ To f C|I|tate<%;ﬁufurther understandlng?l '~ the |nvent|on

it ¥ convenient & & fBer 257 ERIBRERELNTNERR FEFHRST? A% ©
preferred techni q;efunyadmmeiwyde ihhthembhpoEXA&/BhESoi de hour. During

immersion of the gold strip the vessel and its contents were
_rotated.at a constant 40 r.p.m. The gold strip was then
15 removed from the composition, washed, dried and re-weighed

to determine the weight loss.
Examples 1 and 10 are comparatlve tests. in whlch the

composxtlon contains a halogen source 1n the absence of a

' cation source. Examples 2-9 and 11-42 include examples of

20'-£hé use of a composition according to the invention, as well

as other compositions in which the pH of the compositions
has been'unadjusted} The results of the test series are
summarised in Table A. |

25



A-series of tests of dissolution rate was c¢ondueted using various
di ssol utjon conpositions to determne. t ate at which the conpositions:
di ss 999 fine gold strip. 10 The§h2y/gts'involved wei ghing a sanple of*
gol.d. it having a surface area Of$%Ei aand suspendlng t he strlp So as to-
be furyy imersed in the conp05|t|o e hour During i mrersion of the
Soddl # B SOLHTIONSt ant 40 r.p. m
The gold_strlp was Then 15 renoved fron1the conp05|t|on washed, dried and
re-weighed to determine the weight loss FExanples 1 _and 10 are conparative.

tests in whi osition confains a hallgen source in the bsence of
a cation sou APt earddkand L1- €A TIOoN U @lx_{_lexarrnlxssom.tyﬁ@uz s Lua Onf
a -conpositio ' g'FU‘EE%%invbntl as ot onposi I n}
whi ch the pH{of N8xe comp&Q¥EShs has 5@%55%i j ust &d. E%bgfesul &Ei—th
test series are summfised in Tabl ¢ A 25  [TABLE A(GGMD I@ﬁCRATES_
I N AQUEQUS SO=H-ON APEHE—AECREN —CATHaNT ‘ii%-
SCLUTI ON NQO. SOURCE . 1 RATE [ EMP
(mo/[err]/hr Yerr] 0.1% vAY BB {/v Br 2.8 1 24 0l
17 2 - : A% wi v —3.15 6 17 NaC—3—
1% v 7.3 . 4.3 : 7 Cl .0l Q7%W v Na 4 " b
2.50%wv 3j45 2 124 - %}ﬂ% 5 03115 o Gk 2|5%wh .
7.3 4.3 117 naa a I
3. | T lasTwe 7.3 4.3 17
I ' . -'| NaCl . o \1/.
: : o 0.07% w/v|. : : _ _
NaOH ~ | |
"4 | . T |2.5%wyv | 3:45] . 12.4 17,
) | . NaCl : .
5 "o | 2.5% w/v | 7.3 - 4.3 17
: _ NaCl - e
0.07% w/v.
NaOH
"6 "  |s.0oswrv | 3.6 ] 18.6 17
NaCl ' ' '
7 " 15.0% w/v 7.4 4.8 17
NaCl _ )
0.07% w/v T : §
NaOH . d
8 | " 10.08 w/v| 3.8 22.8 17
.NaCl K .
9 | 10.0% w/v| 7.3 4.8 17
' : NaCl ' :
0.07% w/v
NaOH
10 1.0% v/v Br - 2.8 6.3 16
11 . o 1% w/v | 3.15| 188 17
| NaCl ' :




5. 0% wW v

0.47% w v NaCH 6 - 3.6 18.6 17
NaCl 7 ‘ 5.0%wWvV - 7.4 . ,4.8 17 Nadl A
wy g 10.0%wv 3.8 15/ 22.8 %‘,
17 Na@- 9 " 10, 0% B TNIER 4.8 N
Tv NG 0. 07%w v NaGH 10 1. oo SRSLE, CONTINUED , g 5.3
16 11 " © _1%wv -3.15 188 17 Nad 15 TABLE A
CONTI-NUED EXAMPLE__ HALOGHN: CATION SOURCE pH [ DI SSQLUTION SOLUTI[ON |
NO) SOURCE |EXAMPLE | HALOGEN | CATION SOYRGE | pH | DISS@LUTION | SOLUTION
(mg/[err]/hr) [eRo] 19 sourde0? 1% w v Na[d g 7.15bre 117 opemp.
17 viv Br 1.04% WV NaQH 13 " 2.5%wWv NaQ_ 33 - -
198 17 14 " 2.5%wv NaCl| 7.5 (mg/cm9yihr) (°c)
17 1.0% w v NaOH{15 | " [5.0%wWv Nadl | 3.35 2AT
17 16 g | 125.0%WysNaQ| 144y nac1 127,56 1177 1.0f0W v,
NaCH 17 'fv 10. 99 ¥ l\aci.o@(‘,g/vmoﬁ : 256 17 18
" | 10. 0% w v Nadl| 7.4 7140 17 1. 0% w v NaOH|19
" 0.8% WV OH. 49 53 - T 16 720" -
14 "  2.5% w/v NaCl | 7.5 111 17
) 1.0% w/v NaOH | - .-
" 15 " 5.0% w/v NaCl | 3.35 247 17
16 n 5.0% w/v -Nacl | 7.4 126 17
' "1.0% w/v NaOH :
17 " '10.0% w/v.NaCl| 3.4 256 17
. 18 o 10.0% w/v NaCl| 7.4 140 17
1.0% w/v NaOH :
19 0.8% w/v NaOH | 7.5 158 16
20 " 1% NH,CL w/v | 1.6 220 16
| 21 - " 1% Nag0, v/v | 7.1 129 16
\ 22 " " (elapsed.| 7.15 92.4 16
: : time 5 hrs.) :
23 " 1% Nay0, v/v | 7.4 110 16
0.05%"NaOH w/v
24 " 1% KMnO, w/v | 2.8 10.6 16,
25 " 1% NaCl w/v | 3.15 140.6 16
1% KMnO4 w/v. :
26 " 1% NaCl w/v 7.4 162 16
1% KMnO, w/v
0.8% w/v NaOH




P21 " 1% [err] viv . 7.1 © 129 16 22 "

" (el-apsed 7.15 . 92. 4 _ 16 ti 5 hrs.) 23 " ' 1%
Na202 s 7.4 - 110 | 16/0. 05% NaOH w v 24 "

1% [erNgWvV  .2.8 .10. @ABLE A CONiﬁmﬂﬁn , D 1% Nadl w v
3i15 140.6 16 1% [erT] wv 26 1% NaCl w' v
7.4 - 162 16— 196[ o+ —wirv—0—8%-wi-v—NaQH—TABLE A CONTH-NUED
EXAMPLE HALﬂ ' T R ' T __-_ééﬁﬁﬁﬁim
Pt E e T OB Feanible sBREELTLEN Pk  SREITTON

© 3.35 250 - NO. SOURCEBr {28 " { 1% v NBBEE 7TEMP.

. 207. 4 16 0.6% w v NaCH 2p " | 1@6m/v(g§pegz/hrf.8:(o¢,
163.6 13 30 " ' 1% wi v _K2Cr OA 5.6 9117 13
31 " ' 1% wy [err] .6.55 ~130.6_ | 13,32 "

1% W v 27 10 1.0% 7y 3% W/V ¥aBfrg ]| 3335 236 J 1948 v
2.0 5.-0- A/ =7 PR -V S ' ﬂéwufowLﬂ~* 6-93
134. 2 20 338 ". 18%wykvNRBEr] | ©.88 202348 1620
36 " 1% w v { 0.6%7w32 NaOH 176.7 20 [err]}.37 .
" 1% W v 6. B7 174. 6 20 [brr] 38 "
1%wv N#.CL 2876 v 1521034 'y v Br, |.4.8 | = 163.6 13
30 | " '1%_w/V;K2Cr04 5.6 | 91.7 13
31 o ,1% w/v leB407 6.55 | . 130.6 | 13 ™
32 o | 18 w/v 2,10 71.2 13
\ F?S°4-7?z°
33 | | iswy 0 l2.0 | - s.0 13

Fe (sO )3.9H20

3¢ |." 1% w/v NH,I | 6.93|  134.2 | 20
35 | " 1% w/v NH,NO; | 6.83 143.8 | 20
36 " 18 w/v | 7.82 -176.7 20
- -{NH,) ,HPO :
4! 27F% | y -
- 37 " 1% w/v 6.87 |  174.6 20
- (NH,) 550,
38 v 1% w/v NH,.Cl | 6.76 152.0 20
39 » | 1.2% w/v Nacl | 3.6 92.4 | 20
40 " 1.2% w/v NaCl | 3.1 272.0 | 45 .
_ : (start)
33
(£inish

- hr.)}




4

39 1.2%wv Nad 3.6 92. 4 20 40 "
1.2%wv NaCl = 3.1 . 272.0 - 45 (start) (finish -hr.) TAB ﬂqA
CONTI.NUED EXAMPLE HALOGEN: = CATI ON SOURCE 17 DI SSOLUTI ON  SOL Jnﬁg
NO. ~SOURCE o . TE TEMP. (my/ [ et BLHr)
[err] ‘41 1.0% . 1.2% w v NaFRBLE % GONTINUED » | 20 v/Vv' Br 42
Ea . 1.2%wWv NaOH- 7.2 ., 131.2 45 (start) 33 (finish 1
hr) The results ghews—i-AFable—A—RBay—be—conpared—wi-thpublished values for
gol d dissol ution twc Usa CYERY de @ﬁ a as r?'ﬁ‘gi}é%rl%bm BSOL%TION
t he hal ogen corr pStofi—+a eelger—g —+A—
Concentration Nq}errp. SQURCE ng/ [err]/hr* Aque us Oyjani de RATE 1% Na@gmp,
air 25 ' | 2.36 0.J1% NaCN + 99.5% [lerr] | 2%g/cmZ/hr) (°¢)
12. 63 Aqua Regi a 10@haq__%QLne Roaom — T Q.03
concentrated, . { - Rog . * Source |- | ecqQvery,
Properties &%pp|ichtions r%_}ﬂﬁﬁld y JE'S% WS iaqﬁ vgn 84t r and yany| | r#8.
Princeton, New Jersey. | ¥8/ TABUE :
42 _ 1.2% w/v NaOH 7.2 131.2 45
L ' x5 (start)
33
(finish
_ - 1 hr)
o | '
The results shown in Table A may be compared with
publlshed values for gold dlssolutlon in aqueon: cyanlde
and Aqua Regia as shown. in Table B and the halogen corrosion
rates for gold shown in Table C. "
~ TABLE B o B
o . Concentration TemE.'oc. 4g/cm /hr*
Aqueous Cyanide 0.1% NaCN + air =~ 25 2.36
T ~ 0.1% NaCN + 99:5% O, 25 12.63
Aqua Regia 108 ag. soln. Room . 0.03
\’; concentrated Rqom 54.0

o Source - Gold Recovery, Properties & Appllcatlons Edited
by E.M. Wlse. D.Van Nostrand Company, Inc. Prlnceton,

L1

New Jersey.



Concentrati
270

Room _

Droy- 1.9
0.28 Sh

l'i quid
Unhliqg John
. Speci nen ar
this Exanpl

on - Tenp. [err] ng/[err]/hr* Chlorine: Dry gas
. 26.7 Dry gas Room 0. 003 Mbi st gas
' [er.r] Sat. soln. in [err] - Room*® . 0. 63 Brom ne:

' Room 0. 74 Mvist |iqui d Rdom
oln. in [er] - : 19Y. 73 10 | odi ne: Moi st -

- Room - . NI * Source - Corrosion Handbook Ed. H.
Wley & Sons Inc.._New York, N.Y.. Soln. vols. 25 m. 15
ea 12.9. [err]- Aer ati.on @ral convection. EXAMPLE 43 In
e a sanple of ore fromt%%r Gold M n% [ n north-

Australia was used to test tdengeidaedipn0 of g@ethp.o €ol ut. as i/
di ssol ution ceHAQYtdn as @gy Q4ed according to bhg invention.pglhe sarrpl e
p

‘was assayed as contalnlng 9

pm of .gol d. The.conposition was prepared by

| f| rst pr farl ng a saline solBRY &S o which |iqui &Bfoni ne was add®®3 The

resul¥ant conposition ccpfmrgﬁeyisan agueous S@bi ONn con- aﬁ&fygg 10%
'_W/V NaCl "and 0.4% v/v. brom rsée brom ed s lution was at é anmbi ent
tenperature of [err] and it aﬁ"H anpl &% ore was pl dcéd on a

gl ass react

i oBroasigw: and sy dnamldprepar ed coﬁp@m tion added0t.d4produce, |

a 50 wt.%solids content. TJheMeS: suiwas seal edpapd shaken to fpaciglitate

uni f or m wet

ting of the solids. The bottle and contents were rotated during

the test and sanples of pul Pafr-a®Pi®f 18 Hef reaction times of 9,730 and 30

m-nut es.

by Atom c Absorptlon vmth t he foIIOW| ng - results

15°

.20

25

30-

35

. * Source - Corrosxon Handbook Ed. H. Uhliq John Wlley & Sons
Inc. New York, N.Y.
'Soln. vols. 25 ml: .
.Spec1men area 12 9. cm2 _
Aeratlon by natural convectlon.
EXAB@LE 43 _
In this Example a sample of ore from the Telfer Gold
Mlne in north-west Australla was used to test the recovery
‘of gold to solution us;ng a dissolutlon composztlon as
_employed accordlng to the invention.
The sample was assayed as contalnlng 9. 8 ppm of gold.
. The’ compositlon was prepared by first preparing a
saline solution to which'liquid.bromine was added. The o/
resultant composition comprised an aqueous solution con-
tainingilo% w/v NaCl'and 0.4% v/v bromine. The brominated
solution was at the ambient temperature of 16°C and its pH
was 1l.4.
A sample of ore wasplaced on a glass reaction vessel
~and sufficient prepared comp051tlon added. to produce a
50 wt.% solids content. -The vessel was sealed and shaken
to facilitate uniform wetting of the solids. The bottle
and contents were rotated during the test'and_samples of.
pulp drawn off after reaction times of 5, 20 and 30 minutes.
Each sample was filtered. and the clear filtrate subjected
to assay by Atomic Absorpt:.on with the follow:Lng ‘results.

T

Each ol Was fi IMorirerd 1dighildhe cl ear Riobk at e subj ect mlto assay _
'\.)'



19/ Recovery to Sol ution T Reaction Time 5 mn. 20 mn.
30 min. p.ppm Au 6.0 . - 8.0 9.4 %
61" . 82 : 96 5 The results tabul ated above show that after

only 30 minutes reaction tine 96% of the gold in, the ore sanple was ﬂi X
recovered to solution by use of a conpp ition accordlng to the |nventfbn
10- ' This result is in contTdst to the results of a cyanide:

bottle test carried out on the same ore which indicates that a reaction -
time of apprOX|nater 24 hours is required in order to obtain a conparable

per cent age recov PLE A4 A-sanpl e of an-eoxide qre .from the
Paddi ngt on ol d ﬁ&%%lﬁggitégxggzﬁiigﬁ the ability of Reactd@mdimen
enpl oyed according to the invention to extract gbhdnfronlqoahﬁg crushe® min.

ores. A first pcgtéq‘p ofy, t he sanpl e was crushed %U to pas§ rough a 75—
mesh screen and a second portion was treated in thé % or m of B¢ arse mat ePi*4 _
not subjectedbfo crd%hlng Both portions were as$dyed and BRBen treated9sith
a conpositidh conprising an aqueous. sol uti on contalnlng 0.4 %25 v/ v/

bromi ne and 0.4 percent w v . sodi um e conposition was used at
the anbi ent tenperature of aﬁ§¥$ %ﬁbﬁaaﬁFd7aE°VEa§H°HoFPF§naéﬁeﬁh@nly

ore sanpl e was s&famdnalbespireastion time i96@r bEalkth.. Yold Eﬁaehgoargegggb
and the prepared3@ @@@yyg éaﬂ | d roguc cont ai nin
appr oxi mately 50% s 1‘3; e S%“#Lg’%vg seE ng ge&? fr%‘%ta&cé’(f
40 r.p.m for 605 S&ﬁﬁp s of the slurry were then mnthdramn and

flLépred and& he cl ear. fII-Thh&thQQQQYQG By ébﬁE&SsEdEBrQﬁeOPeshTEQOt@ a
S

0 sanpl e ‘was recovere
ggluflégo/bof 3%yahg%ea %&ﬁd % Egrgggdoggt ogpthe same ore which

1nd1cates that a reactlon tlme of approxlmately 24 hours
is 'required in order to obtaln a comparable percentage
. recovery.

15 ExampLE 44 _ .

' A sample of an oxide ore from the Paddington Gold Mlne
was used to test -the ability of the compositon employed
according to the inventlon to extract gold from coarse

" crushed ores. A first portlon of the sample was crushed

20 o pass through a 75 mesh screen and a second portion was

treated in the form of coarse material not subjected to

crushing. - S _ | '

s . ' Both portions were assayed and then treated with a

composition comprising an agqueous solution containing 0.4 Y

v/v/ bromine and 0.4 percent w/v sodium hydroxide. The

composition was used at the ambient temperature of 16°C

and had a pH of 7.4.

Each portion of the ore sample was separately placed

25

~ in a cylindrical P.V.C. reaction vessel and the prepared
30 reagent solution added to produce a slurry contalnlng
approximately 50% solids by weight. The vessel was sea.ed
and rotated at 40 r.p.m. for 60 minutes. Samples of the
slurry were then withdrawn and filtered and the clear fil-
trate assayed by atomic adsorption. In both cases 100% of
35 the assayed gold in the ore sample was recovered to solution
by use of the composition according to the invention even |

though the ore had not been crushed in the case of the second



“.t hat

by use of the conposition ac¢ording to the invention even though the ore
had not been crushed in the case of the second - 20/ portion. Thus, for
this particular ore use of a. conp05|t|on according to the invention can
-provizgg a substantial cost. saV|ng in that the cost of crushing the ore
beforgggycoverlng t he gold is avoided. 5 ~ . It is to be appreciated
speed of dissolution can be abchted significantly by various
physical factors such as tenpéerature, pH, freshness of reagents and. purity
of the gold so that the dissolution rates reported in the vari.ous exanpl es
are not al waypottitieal | yThaspafabl hid parﬁumwl&rtdua(nSaﬂof lowever, a

number of 9engLal 80STEKaLL008aERD DS TRILaTlASIdY din kil s hat al | of

the results s ssolutronr ate glven in Table B
~ for aqueous aqubsﬁ:égtaa&neoaquéeusneyhmu‘aléat the Rl Q%é’rﬁhlé’&dltthieoﬁr&f a

sour ce .of cat be%rteoreéavagﬂﬁgushéobamoxls odvdiwedal ogen source—

substantially incre ate o IS ut.l on

net hod fo? tKe ext riit F‘ﬁnQSf £ﬁe?‘8?¥?%"%€?% th?‘lt vﬁ*ﬁ%hSQ%e% Séoﬁiylé‘é"c
from a gol d- beani bg eféebyedseignléic@npbxlbycﬂaxinﬁﬁ|Eh¥ﬁ}cq¥ﬂ a solvent
consisting of eyakels WELHAGG! cefbbaRohr)l Pu, fhedlnddd Bd hAifRlicd bha at

| east one source of cations sour ce bIe 0 hi dISSOCI
sai d sol vent ; PEELtY th§PSg€ﬂl§oﬁ?th€Ep5%? Qﬁ)?i%qﬁwﬁﬁ3ﬂ§ the

conposition; andthe various examples -are not always directly comparable
10 one w1th the other.. '
' However, a number of general observatlons can be made.‘\J
Firstly it is noted that all of the results show a .
dlssolutlon rate many tlmes the rates given in Table B for
aqueous agqua regia and aqueous cyanide. Secondly the
15 addition of a source of cations to an aqueous solution of
:he halogen source substantially. lncreases the rate of
dlssolutlon. '

20



100 (d) suff|C|ent aci d or "base *such that the pH of the conp05|t|on I n
confact wi'th said gold i's™in the rangé “of “ftom'4.8 to'8.5. 2. - A nmethod
fof the separation of nmetallic dold fromother noble netals or from

gol d- gent ai ni ng naterlals in"15 which the gold is dissolved with a
conposition conprising: (a) a sol vent consisting of water; methanol,

et hanol or a mxture thereof; (b) at | east one source of catlons mhlch
source is able: to -highly dISSOCIate in said solvent; 20 « (c) a hal ogen-
source capable of liberating bronmine in the %bﬁp03|t|on and (d)

sufficient acid or base such that the pH of the conposition in contact with

the gold i.s in theswr of from4.8 to 8.5. 25 3. A nmet hod as cl ai ned-
in-Claim1l or Clag%ggﬂgﬁhereln t he pH of t he: conposition is not less than
5.6. 4. A nethod as clained in Aaim1l or aim2, wherein the pH of the

conposi tion ks noti] ess A keah®a5>£08- the éxﬁ?&é@ﬂoﬁsoﬁhﬁ’éé’@ﬁlié‘ 0&% ¥hich
Lorr] CocTer e o e gRl, 8014 Re A Erdn' &bl drhiar :F‘%H‘%eibayé‘%ﬁé’f C
Separating said camm@nsmumonfcomprMSinge after Ieachlng 35 22/ 7. . A
metfod as clai med ) @ 3l BoGeehi’ ERALLCRIRL! S Patde, sfaeg%a{ofe SRRl e

gold fromsaid: conp03|t as ¢ alned M T of aim6
or aim7, Where@n“@&ﬁ@r@oﬁB6§Pben is agitated together with the ore for
a period of Iess tm3n tek Nedst ofle soufc8Edhogatisons arlimsh isoudcd Msl aPle

Claim®6 or Cla|n17 g&&grgiggggo ?ﬁ ﬁhgﬁﬁdsﬁg% [ranean deep | ead and

| eachi ng |s perforne ing 1each|ng nmet hod.
o a halogen source capable of liberating bromine in the

composition; and
10 (4) sufficieat acid or base such that the pH of the
'composition in contact with said gold is in the range of
from 4.8 to 8.5. _ L
2. A method for the separafion of metallic gold.from
other noble metals or from gold-containing materials,in
15 which the gold is dissolved with a composition comprising:
'(a) a solvent conSisting of water, methanol, ethanol or
a mixture thereof; '
(b) at least one source of cations which source is able’
to highly dissociate in said solvent;
20 {c)  a halogen source capable of liberating bromine in the
s o composition; and - _ _ '
| (d) ~ sufficient acid or base such that the pH of the
'composition in contact with the gold is ‘in the range of
. from 4.8 to 8.5. S S
25 3. A method as claimed in Claim 1 or Clain'z, wherein the

pH of the.composition is not less than 5.6.
4, A method as claimed in Claim 1 or Claim 2, wherein the

pH of the composition is not less than 6.5.
5. A method as claimed in any one of the preceding
-30 claims, conducted at a temperature in the range of from
| 10°C to 45°C. o
6. A method as claimed in Claim 1, further comprising
. separating said composition from the ore after leaching.

%+ ¢ L m s =

35



10. A method as claimed in aim1 or aim6 or Claim7, wherein
| eaching of the ore is performed according to the known rooded heap

| eac met hod. 11: A nethod as claimed in‘any one of the preceding T
claif erein gold dissolved by the conposition is recovered by sol vent
extraction, electro-deposition,  carbon @hsorption or ion exchange. 12. A
nmet hod as clainmed in any one of the precedi ng clains, wherein the hal ogen
source is bromne, bromne liquid or brom ne water. 13. A et hod. as
claimed in apy oneyOhothshEs loifidda MUK ldie h 2481k

br omi ne- cont ai ni ng conpound as claine |n an one Of th

preceding cl ARAsSTRREPE] ﬁe?%@ﬁﬁm%g@ﬁ HkdE Lo Eish compesiitienat i ng

brom ne in the conuogethed 4¥ ElLime®Mn atiim rarge Glfaifnf @Mo2. $168m37Q
Wt .

56 & ai mea 1 WReFRtH, o400 Smer T Y LA Wi ie 2y Eizi' REroin.
for a period of less than two hours.

9. A method as claimed in Claim 1 or Claim 6 or Claim T,
wherein said ore is in a subterranean deep 1ead and leaching

is performed according to the known in-s1tu leaching method.

10. A method as claimed in Claim 1 or Claim 6 or Claim 7,
wherein leaching oI the ore is performed according to the _
known flooded heap leaching method._ , ' . g k_).
11. A method as claimed in any one of the preceding

claims, wherein gold dissolved by the compOSition is

recovered by solvent extraction, ‘electro-deposition, carbon
absorption or ion exchange.

12. A method as claimed in any one of the preceding claims,
wherein the halogen source is bromine, bromine liquid or
bromine water. .

13. A method as claimed in. any one of Claims 1l to 11,

wherein the halogen source is a bromine-containing compound.

14. A method as claimed in any one ofthe preceding claims, N
wherein the halogen source is capable of liberating bromine

in the composition in a concentration range of from 0.3 to

3.0 wt.%. | | | )
15. . A method for the extraction of metallic gold as claimed

in Claim 1 and substantially as described in Example 44

‘herein. | | : ' '

T R o



