gstd. 1989

; i 5
5ian Jouma) of ChemSh

Asian Journal of Chemistry; Vol. 25, No. 3 (2013), 1492-1496

AsIaN JOURNAL OF CHEMISTRY

http://dx.doi.org/10.14233/ajchem.2013.13114

Extraction Separation of Gold in n-Propyl Alcohol-
Ammonium Sulfate Aqueous Two-Phase System

PenGzHI X1aNG*" and YunTAaO GAO®

'Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, P.R. China
School of Chemical Engineering, Yunnan Radio & TV University, No. 113 Xuefu Road, Kunming 650222, P.R. China
3School of Chemistry and Biotechnology, Yunnan Nationalities University, Kunming 650031, P.R. China

*Corresponding author: E-mail: xpz20022002 @yahoo.com.cn

(Received: 26 November 2011;

Accepted: 14 September 2012)

AJC-12146

The extraction behaviours of gold(IIl) in the n-propyl alcohol (PrOH)-ammonium sulfate aqueous two-phase extraction system were |
investigated. The amount of (NH.),SO. added, the initial volume of n-propyl alcohol and the acidity of the system are mainly factors that
affect the formation and phase separation of the aqueous two-phase system. Gold(IIl) is found to be extracted into the n-propyl alcohol

large amount of base metals in synthetic sample and exhibits selectivity to gold(III).

| phase due to the formation of ion pair complex of [Au I, -PrOH,] in the presence of KI and in hydrochloric acid medium, an extraction |
| rate of 99 % for gold can be achieved under optimized conditions. The proposed method has been applied to the separation of gold from |
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INTRODUCTION

Aqueous two-phase system (ATPS) is one of the promising
separation methods that has potential application in the extrac-
tion separation and purification of bimolecular'? and has also
serves as an extraction technology for metals*®. In general,
aqueous two-phase system can be formed by combing two
incompatible polymers in water, or one polymer and an
inorganic salt*®. An aqueous surfactant two-phase system was
also observed with the mixture of cation/anionic surfactant
and inorganic salt'’. Recently, the aqueous ionic liquid two-
phase system, consisting of ionic liquid and organic salt is
gaining attention for its potential usage as green solvents'"'2.
However, most of phase forming polymers have high viscosity
and may form an opaque solution, the subsequent processes
are very difficult and the further application of ionic liquid as
a separation system is limited due to its instability and much
high price.

It has been recently introduced that a mixture of small
molecular water-soluble alcohol, such as n-propyl alcohol and
water can also form aqueous two-phase extraction system by
adding inorganic salts''’>. Without using high viscosity
polymers to form two phases, the subsequent processes of this
new aqueous two-phase extraction system can be simplified,
for example, direct determination of materials in the extracted
phase can be achieved by ICP-AES, HPLC, efc. and the further

purification of extracted materials also become very easy.
Howeyver, the extraction studies on noble metals with this new
aqueous two-phase extraction system'® were still limited.

The present work was concerned in extraction separation
and distribution behaviours of iodide complex of gold(IIl) in
the n-propyl alcohol (PrOH)-ammonium sulfate aqueous two-
phase extraction system, the formation and phase separation
of the aqueous two-phase extraction system in hydrochloric
acid medium was also discussed. The method described has
also been applied to the separation of gold in the synthetic
sample.

EXPERIMENTAL

Stock solution (1 g/L) of gold(IIl) was prepared by
dissolving analytical reagent grade K,AuCls, provided by
Kunming Institute of Precious Metals, in 3 mol/L hydrochloric
acid, which was diluted with 0.6 mol/L hydrochloric acid to
give a working solution ( 0.10 g/L). Standard solutions of
Mn(1D), Fe(III), Pb(1I), A1(III), Cu(Il), Ca(Il) and Mg(II) were
prepared by appropriate dilution of commercially available
1 g/L atomic absorption spectrometric solutions respectively.
Zn(1II) stock solution (2 g/L) was prepared by dissolving 0.501
g of high purity zinc (99.998 %) in 10 mL of concentrated
hydrochloric acid and diluted the solution to 250 mL with
water. Hydrochloric acid solution (6 mol/L); potassium iodide
solution (1 mol/L); ammonium sulfate.




Vol. 25, No. 3 (2013)

Extraction Separation of Gold in n-Propyl Alcohol-Ammonium Sulfate 1493

The water used was deionized distilled water and all
chemicals used were of analytical reagent grade.

A Hitachi Z-8000 Zeeman flame atomic absorption spectro-
photometer was employed for the determination of gold, an
ICPQ-1012 inductively coupled plasma-atomic emission
spectrometry was used for the determination of metal ions in
synthetic sample and spent catalyst samples.

Procedure: To obtain aqueous two-phase extraction
system, 1 mL of gold(IIT) working solution, 2 mL of 6 mol/L
HCl and 2 mL of 1 mol/L of KI were added to a 50 mL graduated
tube. The mixture was diluted to 20 mL with water and left to
stand for 5 min to convert gold(III) into iodide-type complex.
After addition of 8.0 mL of PrOH and 8 g of (NH4),SOy, the
mixture was shaken for 30 s and then allowed to stand until
the mixture was thoroughly separated into two phases. The
concentration of gold(IIl) in upper phase and bottom phase
was determined by flame atomic absorption spectrometry
(FAAS)". For the separation of the synthetic sample consisted
of Au(IIl) accompanied amount of base metal ions, the upper
phase separated is filtrated by a G4 glass sand funnel to remove
precipitate of Cul and then washed by a 10 mL aqueous
solution containing 0.6 mol/L of HCI, 0.1 mol/L of KI and
3.5 g of (NH4).SO.. The metal ions that were extracted into
upper phase were determined by the method of inductively
coupled plasma-atomic emission spectrometry (ICP-AES). The
extraction percentage (E %) was calculated.

RESULTS AND DISCUSSION

Formation of aqueous two-phase system: (NH,),SO, is
easy to salt out and has lower temperature coefficient, low
price and no side-effect>*'®, so it was considered as the salting
out reagent in this study. The experimental results showed that
(NH4),SO, can make the solution separate into two phases,
the formation and separation of the n-propyl alcohol-ammo-
nium sulfate aqueous two-phase system depends on the amount
of (NH,),SO, added. The effect of the amount of (NH,),SO,
added on the volume variation of upper phase and bottom phase
was showed in Fig. 1, where the upper phase volume and the
bottom phase volume was designated as Vpper and Vioroms
respectively. With more addition of (NH4),SO, the upper phase
volume increased significantly, on the contrary, the obvious
decrease of bottom phase volume could be observed, indicating
that PrOH was separated from bottom phase as the result of
the hydration of salt. And then, Viom Sloped downward to the
bottom, whereas, V. attained the top, it is larger than the
initial volume of PrOH, this means that almost all of PrOH
was separated from bottom phase, but a little water also run
into upper phase. After that, water in the upper phase was sepa-
rated due to the increasing of salting-out effect of (NH4),SO.,
which resulted in the decease of Vper and the increase of Viogom.
As 6.5 g of (NH4),SO, was added, V. tended to the initial
volume of PrOH, where Vyoom closed to that of water, the thor-
ough phase separation between PrOH and water was achieved.

Fig. 2 illustrated the relationship between the initial volume
of PrOH and the amount of (NH,),SO, added just as thorough
phase separation between PrOH and water. It could be seen
that with different initial volumes of PrOH, the amount of
(NH4),SO, needed is different. The larger the initial volume
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Fig. 1. Effect of the amount of (NH,4),SO4 on the volume variation. In 0.6
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Fig. 2. Relationship between the initial volume of PrOH and the amount
of (NH,4),SOy just as thorough phase separation

of PrOH was, the smaller the amount of (NH,),SO, needed
was. In addition, if the acidity of the system was high, more
(NH4)>SO, should be added for thorough phase separation,
the reason could be ascribed to that the protonation of
(NH4)>SO, and PrOH in HCI medium decreased the salting
out effect. The amount of (NH,),SO, required for phase
thorough separation was above 5.2 g in the absence of HCI,
6.5 g for 0.6 mol/L HCI medium, 8.1 g for 1.2 mol/L HCI
medium, respectively.

Extraction behaviours of gold(III): In order to optimize
the extraction conditions, the shaking period and the amount
of (NH,),SO, added, the concentration of HCI and KI in the
solution on the extraction percentage of gold(IIl) were inves-
tigated. When the shaking period was taken to be 10 s, 20 s,
30 s and 1 min, the corresponding extraction percentages were
94.1, 99.1, 99.2 and 99.2 %, respectively, indicating that the
process of extraction was very fast. So 20 s was adequate for
quantitative extraction.

The effect of the amount of (NH,),SO, added on the
extraction percentage of gold(II) was illustrated in Fig. 3. The
extraction percentage of gold(IIl) increased with the addition
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Fig. 3. Effect of the amount of Na,SO, on extraction percentageThe initial
composition was 20 mL water and 8 mL PrOH, 0.6 mol/L of HCI,
0.1 mol/L of KI

of (NH,4),SO,. The amount of (NH4),SO, required for quanti-
tative extraction of gold(III) was above 6.5 g in the system, in
agreement with the amount of (NH4),SO, added required for
thorough phase separation as shown in Fig. 1.

Fig. 4 showed the effect of HCI concentration on the
extraction of gold(IIT). With increase HCI concentration, the
extraction percentage of gold(II) increased significantly, when
the concentration of HCI was above 0.4 mol/L, the quantitative
extract ion of gold(Ill) could be achieved, indicating that
increasing of acidity would benefit the extraction. However,
if the acidity was too high, the aqueous two-phase system
would become unstable, the amount of salting out reagent,
therefore, must be increased in order to separate the system
into two phases.
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Fig. 4. Effect of the amount of (NH4),SO, added on extraction percentage.
The initial composition was 20 mL water and 8 mL PrOH, 7.0 g
(NH4):SO4, 0.1 mol/L of KI

The effect of the potassium iodide concentration on
extraction percentage of gold(III) was illustrated in Fig. 5. In
absence of KI, only 13.1 % of gold(IIl) was extracted into the
upper phase. The extraction percentage of gold(IIl) increases
obviously with the addition of KI, reaches its maximum at
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Fig. 5. Effect of the concentration of KI on extraction percentage. The

initial composition was 20 mL water and 8 mL PrOH, 0.6 mol/L of
HCL 7 g (NH4)2SOA

0.070 mol/L KI for 0.05 mg of gold(IIT) and remains constant
in the concentration range of 0.070-0.15 mol/L. But the ex-
traction percentage of gold(IIl) decreased slightly in higher
concentration of KI.

To extract gold(III) quantitatively, for the initial compo-
sition of 20 mL water and 8 mL of PrOH, 30 s of shaking
period, 7 g of Na,SO, added, 0.6 mol/L of HCI and 0.1 mol/L
of KI were considered as the optimal extraction conditions,
under such conditions, an extraction percentage of 99.2 % for
gold(IIT) was obtained.

The extraction behaviours of gold(III) in the aqueous two-
phase system in presence of KI were much different from that
in absence of KI as Fig. 5 shown, indicating that the dominant
form of gold(III) is the anion complex of Aul,” in the presence
of KI, which can be ascribed by the large stability constant'**’
of Auly", where PrOH is proton-dissociable and easy to form
PrOH," cation in acid medium. The evidences observed in the
experiments, such as that the extraction process was very fast
and high acidity was favourable for the extraction indicate
that ion pair formation of [Aul,-PrOH,"] is one of the most
important mechanisms in this extraction process®'. Hence, in
the presence of KI and HCl medium, the cation of PrOH,**
can associate with the anion of Aul,™ to form a neutral ion pair
complex of [Aul,-PrOH,*] which can be extracted into the
enriched PrOH upper phase. The extraction process can be
expressed as by the follows:

Au(TIL) + 4T
AuL( + PI’OH(F) +H*

Auly”
[AUI4“ . PI'OH;] (P)

[Aul;-PrOH} ],

“ " [Aul;][PrOH,, I[H'] M
Let
[AuI;(PrOHZ)](P) .
[AuL,] o HL i) (2)
Then
log D = log K.\ + log [H*] + log [PrOH] ) 3)
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where K., is the extraction constant, D is the distribution ratio
of Au(Ill) and [PrOH] represents the concentration of PrOH
in the enriched upper PrOH phase. The subscript"P"denotes
enriched PrOH upper phase, while enriched salt-water bottom
phase is given without any subscript.

As described in eqn. 3, [H'] and [PrOH]«, are two main
factors that affect distribution ratio (D). From Fig. 3, it can be
seen that with the increase the addition of (NH4).SOy, the phase
separation of PrOH and water tends to be thoroughly, this
results in the increase of [PrOH]p). Therefore, as shown in
eqn. 3, the increasing of acidity and the amount of (NH4),SO.
will benefit the extraction, which is consistent with the
experimental results as illustrated in Figs. 3 and 4.

Separation of gold(IIT) and base metal ions: Gold occurs
in practical samples usually associated with large amount of
co-existing ions. The extraction of co-existing ions should be
taken into account. Different accompanying ions that probably
co-exist with gold were respectively added to 10 pug of Au(III)
and separated according to the proposed separation procedure
under the optimal conditions. The influence of co-existing ions
is given in Table-1. The results showed that common anions
and most of base metal ions used such as CI, SO.*, NO;5,
PO.*, Ca(Il), Mg(II), Na(I), K(I), Fe(III), Mn(Il), AI(III),
Pb(II), Co(II), Ni(IT), Cr(III), Sn(II) and Zn(II), had no effect
on the recovery of gold even at a concentration of 2 mg, but the
slight decrease of gold(III) extraction percentage is observed when
respectively associated with 2 mg of Cu(II), Cd(IT) and Hg(II).

TABLE-1
EXTRACTION OF CO-EXISTING IONS ON
THE RECOVERY OF GOLD

Extraction Extraction

fons 2994 eauam  tons 2990 o auam)
ar 2 987 AI() 2 992
S0, 2 99.0 Cu(Il) 2 96.2
NO, 2 99.0 Zn(Il) 2 98.1
PO," 2 99.1 Mn(Il) 2 98.7
Na(l) 2 99.1 cd 2 952
K@) 2 99.1 Co(Il) 2 983
Ca(Il) 2 993 Ni(IT) 2 98.1
Mg(IT) 2 990  Cr(Im) > 99.1
Fe(IIl) 2 98.4 Sn(ID) 2 99.0
Pb(I) 2 98.7 He(IT) 2 96.3

The extraction behaviours of base metal ions at 1 mg level
under the optimal extraction conditions of gold(III) were then
studied. The metal ions that extracted into upper phase were
established by ICP-AES. The result was summarized in Table-2.
The base metals ions used, except of Cu(Il), Hg(Il), Cd(II)
were scarcely extracted into upper phase. To the extraction
separation of Cu(Il), red precipitate was observed in the upper
phase as the formation of two phases, indicating that with the
addition of I, a precipitation reaction of Cu(II) with I" occurs
and some of the Cul precipitate may run into upper phase. In
order to separate gold(Ill) and Cu(Il) thoroughly, the upper
phase separated was filtrated by a G4 glass sand funnel to
remove precipitate of Cul. As shown in Table-2, Cu(Il) was
scarcely found in the upper phase filtrated. But the result also
supposes that the separation method could not separate Au(I1I)
from Hg(II) and Cd(II).

TABLE-2
EXTRACTION OF BASE METAL IONS
Added Found in Added Found in
Tons ) upper Tons @) upper
2 phase” (%) phase” (%)

Na(I) 1 0.7 Zn(1I) 1 4.5

K() 1 0.0 Mn(II) 1 2.2
Ca(II) 1 0.0 Cd(II) 1 86.2
Mg(II) 1 0.1 Co(II) 1 2.7
Fe(III) 1 8.2 Ni(IT) 1 4.2
Pb(1I) 1 3.1 Cr(I1I) 1 2.3
AI(IID) 1 0.0 Sn(II) 1 4.1
Cu(II) 1 29.3 Hg(1I) 1 75.5
Cu(I)’ 1 2.3 = = =

‘Determined by ICP-AES; "Upper phase was filtrated.

The proposed method was applied to the separation of a
synthetic sample consisted of Au(III) accompanied with large
amount of common base metal ions. The sample solution was
prepared in 0.6 mol/L of HCI. The separation was carried out
under optimized extraction conditions of Au(IIl). To separate
gold and base metal ions thoroughly, the upper phase filtrated
was washed by a 10 mL aqueous solution containing 0.6 mol/L
of HCI, 0.1 mol/L of KT and 3.5 g of (NH4).SO.. The separation
results were determined by ICP-AES and shown in Table-3.
The result showed that base metal ions used were scarcely
extracted, where the extraction percentage of Au(IIl) was 98 %.
This results indicated that the proposed aqueous two-phase
separation method exhibit high selectivity and can be used to
separate gold from large amount of base metals.

TABLE-3
SEPARATION RESULT OF THE SYNTHETIC SAMPLE

Tons Added (mg) )EZ:eI:dfll(l)%prZ Extraction (%)
Au(III) 0.050 49.0 98.0
Na(T) 1.0 0.0 0.0

K({) 1.0 0.0 0.0
Fe(III) 1.0 7.0 0.7
Pb(IT) 1.0 3.0 0.3
AI(IIT) 1.0 0.0 0.0
Cu(II) 0.5 0.0 0.0
Zn(1T) 1.0 5.0 0.5
Ca(ID) 1.0 0.0 0.0
Mg(II) 1.0 0.0 0.0
Mn(II) 1.0 0.0 0.0
Co(IT) 1.0 3.0 0.0
Ni(II) 1.0 0.0 0.0

‘Determined by ICP-AES.
Conclusion

Experimental results indicate that the initial volume of
PrOH and the acidity of the system are mainly factors that
affect the formation and phase separation of n-propyl alcohol
(PrOH)-ammonium sulfate aqueous two-phase extraction
system. In presence of KI and in HCI medium, ion pair
formation between iodide complex of Auly” and PrOH," is a
predominant factor govern the extraction of gold in the n-propyl
alcohol (PrOH)-ammonium sulfate aqueous two-phase extraction
system. Increasing of acidity and the amount of (NH,),SO,
added will favour the extraction.

Results obtained in this work also show that the proposed
method exhibits selectivity to gold and can be effectively used
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to separate gold from the large amount of base metals. It has
the advantages of less poisoning, quicker separation, easier
operation and clear phase boundary. Further more subsequent
processes of this new aqueous two-phase extraction system
are very simple.
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