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ADSORPTION OF GOLD FROM ACID THIOUREA AND CHLORIDE
SOLUTIONS BY ION EXCHANGE RESINS
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ARSTRACT

The adsorption of gold from a thiourea leach solution was studied in order o evaluate the
posstbility of using the thiourca leach process. Many commercial ion exchange resins were
used for the extracrion: UR- series resins as chelating and anionic resins end Amberlites as
strong and weak acid resins.

The extraction of gold. as the cationic aurothiourea and anjonic gold chlonde complexes.
from soltion by acid cationic-exchange and base anionic resins was investigated, The effecrs
of parameters such as pH, thiourea concentration, weight of resins shaking time, and the
presence of competing cations on the rate of extraction and the loading capacity for gold
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thiomrea complex, ie. Au{CS(NH._.):};, are teponied.  Attemprs were also wade for

undesanding the involved mechanisms,
Keywords: Leaching; Gold extraction reagents: thiowrea adsorption: Surface clemistry.

1- INTRODUCTION

The dominant chenical used in the gold industry has for many decades been cyanide in
aqueous solution. This has been used for the initial leacling process to solubilise the gold and
thromehiout the subscquent processes of purification to the elution of the gold from loaded
activeied carbon or ion exchange resins and s subsequent electrowinning, Morve recently
concerns about cyanide toxicity, its relatively slow kinetics, and its lack of seleciiviry i some

refractory ores have prompted research into alternative lixaviants.

Among the rengents 1hat bave given proiuise as an altemnative to cvanide i gold leaching are
halogens. thiocvanate or thiourea which appcar to be the more mteresting. Thiocyanate has
been mvestigated also as a possible altemative gold leaching agemt  [1]. This reagent is
emvirentgentally more acceptable than cvanide. The reactiou occurs in au acidic medium,

therefore, soluble oxidizing agents could be used. Besides. the complex formed between gold

4
and thiocyanate (B(Au(SCN).” =1.3x10‘ I2]} is mmuch more stable tisan the gold-chloride
complex (B(AuCl,-= 2.3:1]()‘I [13) but less stable than the gold-cyanide complex [B[Au{CN)z_

= 78x10" [2]) or than the gold-thionrea oue (B(Aui(CS(NH::}" = 9.12 x10° [3]).
Leaching processes with chloride were probably the first processes that have been developed
to leach gold frontits ores. It is known that the [eaching reaction is very fast {3] but. as with
cyanide, these processes arc not selective smce almost all metals forn very stable
chilorocoriplexes.

Wilh appropriate oxidants, some findings have shown [3-5 ] that thiourca can discolve gold
cffectively in acidic solulion aud could thus be a potential substitution for cynnide leaching of

sohetion. The overall reaction proceeds according to the following reactions [4 }:
Au + 2 C3(NH.), < Au{CS(NH.),}, +e (n

Av+Fe w2CS(NH), <  AufCS(NH,)}: +Fe ()
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From the above formulae, it can be notieed that the charged complex is positive in contrast
with the nexatively charged gold complexes formed in most other systems. It was also
recognized that the ferrie ion can speed up the reaction in acidic media of sulphuric acid.
Thioureation method ts advantageous superior in that gold and sitver can be dissolved more
rapidly than that in cyanidation method. The inferiority of thioureation method is the high cost
and unestablished technology for recovering gold and silver from leachants for reusing

thiourea,

The potential pollution problem of cyanide as well as its high complexing ability have
cncouraged the use of thiourea for precious mctal leaching. A cousiderable amount of work
has been carried out on leaching of pold with thicurea [ 3-9 }. On the other hand, tterature
on the recovery of gold from thiourea solutions is much wore sparse [10-13]. Ifgold
dissolved by acidic thiourea solution is separated from leach solution by using adsorption
process [10 ] or solvent extractiou [ 13 ]. the solution is recycled in a leaching step and hence

thiourea leach process would become more attractive,

Hence. this paper focuses attention on experimental data on gold adsorption on ion exchange
resins. The adsorptios characteristics of gold from an acidic thiourea solution werc
mvestigated in order to evaluate the possibility for the thiourea leach process. The solution
was prepared by dissolving gold powder in an aqueous solution containing thiourea. ferric
sulphate and sulphuric acid. Extraction of geld, as the cationie aurethiourea and anionic
chloride cowplexes, from solution by acid cationic- and base aniouic exchange resins was
investizated. The effects of various parameters such as pH, thiourea concentration. weight of
resins. agitation. and the presence of competing cations on the rate of extraction and the
loading capacity for gold are reported. Gold chloride solution was also used as guide model to

elncidate the meelranism of adsorption.

2- HISTORICAL BACKGROUND

With knowledge of the basic structure of the ion exclhangers and control over the complete
syathesis process, by 1955 it became possible to produce "tailor-made” exchangers to suit

almost any problem dealing with ion exchange in aqueous solutions [14 ]. Then. iniroduction
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of Resin in Pulp (RIP) two decades ago gave a boost to the gold industry. The use of resins to
extract gold from cyanide solutions and pulps was first mvestigated in South Africa as garly as
1961 [15], akthough the US Bureau of Mimes conducted an even earlier mvestigation [16]. In
the latter study, tbe use of weak-base resms to recover gold [rom cyanide solution was
examined, but the process failed owing to the inability of weak-base resins to extract anjons
efficiently ar the high pH values of cyanide leach iquor. The progress in the development of
Resin In Pulp (RIP) for gold extraction has been achieved in the Soviet Union and Romania
[17.18). These progresses have therefore made oue of the largest goid mines in the Soviet
Union to use an anion-exchange resin to extract aurccyanide by the RIP process. This is
believed to have been the world’s first application of RIP 10 the exaraction of gold. In the
pracess. non-selective abserption is followed by selective elution. Zine, nickel. and cyanide are
eluted first by dilute mineral acid. This then is followed by the elution of copper with an
ammoniacal solution of ammeonium gitrate and. finally, gold and siver are desorbed and
electrowon continuously. with acidified thiourea as the eluant, The unactractive features of the
process are its complexity, and using of acid in the first stage of elution. whieh converts fron

aud cobalt on the resin to complex species that would be desorbed with difficulty.

Plaksm [19] suggested to use thiourea asa possible complexing agent for gold and sitver. a
considerable amount of work has been carried out on leaching of gold with Lhiourea [3-9), The
stability and catiouic nature of the metal-thiourea cowmplex make the selective recovery of gold
and silver by multiple methods possible. Some researchers [12,20] studied the use of activared
carbon for the sorption of gold from acidic thiourea solutions. In a chloride media, gold is
usually leached in an acidic environment. However, the complex AuCL’ is decomposed and
the gold is reduced to its metallic form on the surface of activated carbon [20 . This explains
why the use of activated carbon is less attractive in a chloride medium, because the presence of

metallic gold makes it more difficult to process.

The solvent extraction of gold thiourea from solution has been accomplished using several
reagents. Chemyvak, et al. (1977) [13] determined the optimum conditious for the recovery of
gold from thiourea-hydrochloric acid solutions with ributyl phiosphate (TBI} as an extractan:.

Exchange fibers [21] synthesized from polyvinyl alcohol adsorbed gold from both sulphuric
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aed HCl-thiourea solutions. lon exchange strippmeg processes of gold-thiourea system posses
distinct possibilities for the processing of gold. However, data on the behaviour of goid

thiourea with soltd ion exchangers are very few.

3- EXPERIMENTAL

The ion exchange resins were obtained from Japau Orgago Co., Ltd. at Tokyo. Details of the

various resius tested are given in Table | and 2.

Table | Physical and Chemical Properties of Amberlite resins

Amiberlite 200C Amberlite IRC-50 j
Resin maurix Styrene-divinylhenzene Metacrylie acid - ‘
: divinylbenzene _!
Functional groups Suifonic acid Carboxylic acid —‘
Physical form Brown, spherical | White. spherical
Moisture retention 45 45
capacity. %
Particle Size 1.8 mg -
Apparent density, g/mi 1.263
| Type | Strong acid Weak acid
{ Form I Na™ Na'

Table 2 Physical and Chemical Properties of Unicellex ( UR-series)

UR-30 UR-50 | ur-3900
Resin matrix Phenol-Formalin Phenol-Formalin Phengl-Formalin
Funcrional groups | imunediscctic Acid | Iminodiacetic  Acid | Amine
groups (IDA) groups (IDA)
Physicat form Brown. spherical Brown, spherical Browu, spherical
Moisture retention | 45 - 50 55 - 60 53-68
capacity, %
Panticle Size. mesh | 20-60 20-50 20-60
| Apparent  density, | 770-820 780-810 700-850
g.dm-3
Twpe chelating chelating strong basic
| Form 34 H cr
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Fe,(§0,), XH,O. ZuSO4.'FH.zO. CuSOd.SH:O and crystalline thiourea were all of chemical

reagest grade. Various gold solutions were prepared for these series of experimcnts. Gold
chloride solution is usually prepared hy dissotving pure pold in aqua regia, followed by boiling
1o remove excess uitric acid. In this experiment tests, 1000 ppm standard solution of HAuCL
in 1.0 N HCl, used for atomic adsorption. were utilized after dilutiou to 3 or 5 ppin. Gold
thiourea solutious were prepared by dissolving pure elemental gold (99.99%) in acidotliourea
solution. A determined amount of crysialline thiourea (CS{NH;);) has been dissolved m
deionized water, then adding sulphuric acid aud fisally the prefixed aimount of solid ferric

sulphae.

The goldfion exchange resin adsomption experiments were perforimed in a 50 cc Erlenmeyer
flask using 40 cc of gold solutiou and prescribed weight of tlie ton exchange resiu. The
resulled mixture was then shaked usiug a thermostartic water bath shiaker (at 130 rpm and at
room temperamure) at selected time. Tlis speed was seleeted to prevent the mirition of the

ion resins, but siill ensurng a good solid/liquid countact.

Afier a presceibed time. the aliquots of the solution were collected. filtered and analyzed using
Aromie Adsomption Speetrascopy (AAS) to determine the gold concentration remaining in
sofutions and oeeasioually base metals ( Fe, Cu or Zn). It should be stressed thar standard
reference solutions used for the AAS contained metal thiourca with additives as in the 1est
solution to avoid any influence on the determination of gold by AAS [ 22].  The depletion of
gold content was deterinined and then the pereentage of gold adsorbed by ion exchange resin

was cafcnlated.

4- RESULTS AND DISCUSSION
Adsorptron from Acrd Chloride Solution

A series of experiments was earried oul to determine the required time for aehieving
equilibrium state. The results are shown in Figs. | and 2. Fiz. 1 shows the effeet of retention
time ou the adsorption of AuCk’ by Amberlite 200C using test solution eontaining 5 ppm
AnClL™. It can be seen from this Figure that thc adsorption rate is very slow. Since the resm

toading does not approach a plateau (i.e., equilihcium state) even after & hrs. with adding 2.0 g
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resin only about 28% adsorption rate can be obtained after 70 minutes.. However, by using
UR 3900 resin (see Fig. 2), the rate was faster at the imitial stage: sinee more than 40% of
AuCL’ was adsorbed in less than 10 minutes. The resin loading in this case approacbes a
plateau after 20 minutes contact with the solution, Fig, 2 also indicates the inferority of using
Amberlite 200C 10 adsorb gold chlonde complex it comparison with thar of UR-3900 resin.

The effect of resin weight on the adsorption rate of AuCL™ on both Amberiite 200C and UR-~
3900 at different initial AuCL  concentration values is shown in Fig. 3. It shows the
dependence of the rate of adsorption on resin type. The major conclusion which can be drawn
from these resulis is tbal a complex-forming process with the resin could control the rate of
gold adsorption in case of using strong acidic resin {Amberlite 200C). Fig. 3 also shows that
by adding 1.0 g of UR 3900 resiu eould lead to adsorb  about 35 % of gold frem solution
with initial concentrations of 3 or 5 ppm AuCl,. The fgure also points out to the over all
nferiority of AuCl, adsorption ability by Amberlite 10 that by UR-3900. This canbe
explained on the basis of tbe mechanism of adsorption of aiionic complex of AuCly” on both
resing, That is AuCl adsorption by strong acid cationic resin (Amberlite 200C) is controfled
by physical adsorption of AuCL. on resin. Tt is wondi mentioning that Amberhite 200C has a
macroreticular  structure that is a truly macroporous structure which facilitates the diffusion of
AuCl’ ions inside the resin particles, Pure jon exchauge mechanism in this case can not oceur

But in case of using strong base aniouic resin {UR-3900) the ion exchauge mechanism may be

represented as follows. where R represents \he polymenric resiu macrix;

R-NR',*: CI' + AuCL’ <« R-NR';": AuCly’ ~Cr 3

Adsorption fram Acid Thiourea Solutron

A comparison study of the adsorption ahility of Amberlite{ 200C and TRC-50) resins and UR
series resin is summarized i Fig. 4.  From this figure. it wouid be noted that nearly [00%
Au{Tu}." adsorption can be obtained by mnsing 1.0g of Awberlite 200C. This reveals the
superiority of Au/Tu}: adsorbability on srong acid cation (Amberlitc 200C} in comparisen
with hoth weak acid resin (Amberlite fRC-50) and UR-series resins . The same figure
suggests that strong acid resin of macroreticular strucinre {Amberlite 200C) 15 the most

effective resin 10 extract gold from acid thiourea solution, The ion exchange mechanism
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between the mobile jon, Na’, in Amberlite 200C resin phase, and Au{Tu};" ion in aqueous

phase may be assumed as follow:

R-SO;:Na" +Aul{Tul;” <«  R-SOy Au{Tu)," + N2’ ()

The influencc of thiourea concentration on adsorbability of resins was wvestigated by varying
CS(NH,); in the range from 0.3 to 20 g.dw”. Fig. 5 shows this influence on the adsorbing
ability of surong and weak acid resin , Amberlite 200C and IRC-50, respectively. The test
condilions are given on the same figure. From this fizure, it can be seen that ihiourea
concentralion does not affect sigmificantly the Au{Tu};" adsorbability by the two resins. This
fnding is considered as an advantage to use RIP process. sibec the lixiviation process is
dependent on concentrations of thigure.

Several experiments have been conducted to swudy the effect of pH and base inetal jons on
Au{Tul;" adsorption from the leach solution. Figs. 6 and 7 show these effects of pH on
AuiTu}," adsorptioo by Amberlite 200C and JRC-30, respectively. Fig. 6 indicates the

dependenee of Aul{Tu}, adsorption on resin weight. The adsorprion decreases with
decreasing resin weight. As depicted in Fig, 6. approaching the plarean Au{Tu}: adsorption
value can be attained at pH 1.2. When the pH exceeded 2.4, red brown precipitates of
Fe{OH); were observed (imndicated op the graph by dotted line). This precipitation appears to
liave no adverse effect on Aw{Tu}, adsorption. However. Fig. 7 indicates that a plateau
does not appear at the studied pH range by using Aimnberlite TIRC-50. It seems from Figs. 6
and 7 the dependence of adsorption rate gn pH (inereases with increasing pH) is indicative of

a process eoutrolled by panticle diffusion i.e., particle diffusion values increases under these

conditions [23 ).

The impurities [like copper, zine and irou are tuevitable in the acidothioureation of ores owing
to the reactivities of thiourea with such minerals as chalcopyrite, pyrrobotite and pyrite which
are often associated with gold ores. Figs. 8 and 9 show the effect of Fe™* ion eoncentration on
Au{Tu}," adsorption by Amberlite 200C and IRC-50, respectively { precipitates of Fe (OH):

were indicated on the graphs by dotted hne ). In Fig. 3 the experiments were conducted at
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constant pH around 2.0. It can be seen that a slight decrease in Au{Tu);" adsorption as Fe”*
incressed above 1.5 g.dm® In the case of increasing Fe™ concentration to 4.5 g.dm™, an

adsorption ratio of about 80% can be obtained. Almost the same trend of resulls can be

noticed in Fig. 9, in case of using Amberlite [RC-50 ( precipitates of Fe (OH), were indicated

on the graph by dowed line ). These results demonstrate that Fe™, used as an oxidizing agent,

does not markedly affect Au{Tu}; adsorption by Amberlite 200C or IRC-50 resin. This is
obviously an additional advantage of extraction of gold from acid thiourea solution by ion
exchange resin.

Siuce copper is usaally leached out simultaneously as an undesirable side reaction. the effect of
the presence of Cu™ ion is an important criterion of the feasibility of RIP in aeidothioureation
method. Fig. 10 shows the effect of Cu®" and Zn"" ion concentration on Au{Tu},” adserption
by Amberlite 200C. It is easily to note tbat slight decreased in Au{Tn}, adsorption on
Ambertite 200C as Zn'" increased, However. noticeable decreasing in Au{Tu},” adsorption

as Cu™ increased on Ambertite 200C can be seen in this figure,. When Cu™ concentration

exceeds 200 mg.dm”, white precipitate of copper thiourea complex (Cuf Tu)) [24] was
observed (Indicated on the graph by dorned line). The mfluence of copper is on two fronts:
copper complexes the available thiourea used to leach gold and it also oxidizes a pant of this
thiourea to formamidine disulfide [24,25). Inspection Figs. 8 and 10. it can be noticed that
the order of decreasmg adsorption on resins, as a resull of metal ions addition parallels the
order of decreasing hydrated ion size (Fe >Zn >Cu) [26] i.e. an ion of smaller hydrated size
takes up less space inside 1he resin while satisfying the required of electrical neutrality.

The ionic sirength of the aurothiourea solution was varied from 0.02to 0.5 mg. dm” by the
addition of sodium chloride, and the effect on the extent of the loading rate was examined. The
resulls {Fig. 11 ) show 1hay ionic streugth has little effect on the rate of adsorption. This is due

to the increased competition between Au{Tu};" and Na' calions for active sites on the resins.

§- CONCLUSIONS

The extraction of gold from chloride and acid thiourea solutions was wvestigated by using
different rtypes of ion exchange resins It was found that LR-3900 is the most snitable for

extraction of the gold from chloride solution whereas Amberlite 200C is the most suitable for
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the extraction from acid thiourea solution. [t is therefore suggested to use strong acid

sesm for effectively separating of even small amounts of gold from larger amount of iron.
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Fig.1l Efect of jonic sirength on adsocption of Au(Tu),* on Amberlite 200C

Amberlite 200C, the strong acidic resin of macroreticufar type, showed the highest
adsorhability of gold complex due to its macroporous stnucture, The extraction process is
independent on thiowrea conceatration, wheress it is decreased slightly by the presence of
ferric ion. This is considered as superiority of using ion exchange. that their performance is
not poisoued by the lixiviant reagents. It is recommended to eliminate the Cu® ion prior to

extraction of gold complex due to its high competition.
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