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Abstract

Gas antisolvent (GAS) precipitation is considered for the quantitative recovery of potassium aurocyanide (Kpi¢@NJipolar aprotic
solvents including acetone, dimethylsulfoxide ahethyl-2-pyrrolidone. Experimental data are reported on the solubility of KAuf@N)
the various solvents expanded with carbon dioxide at 308 K. It is shown that carbon dioxide is an effective antisolvent for reducing the solubility
of KAu(CN), in acetone andN-methyl-2-pyrrolidone. The effect of several process parameters on the GAS process are also discussed in
the context of solvent-assisted elution, a process which utilises dipolar aprotic solvents for the desorption of metal-cyanide complexes from
activated carbon. The process parameters investigated are the initial solute concentration, the dielectric constant of the solvent anel the presenc
of water in the solvent. It is proposed that the use of mixtures of dipolar aprotic solvents may provide a means of tuning the dielectric constant
to satisfy the individual requirements of both processes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The main requirement of the organic solventin SAE is that
it must be miscible with water at the given mixture compo-
Cyanidation is the principal means by which gold and sition. The combined solution must also contain a sufficient
silver are recovered from ore bodies in commercial mining concentration of a counter-ion, such as CNor the elu-
operations. The cyanidation process leads to the formation oftion process to proced8]. For very polar organic solvents,
large volumes of aqueous cyanide leach solutions in which such as dimethylsulfoxide (DMSO), it is actually possible
the precious metals are present at low concentrations in theto dissolve sufficient quantities of CN derived from a salt
form of cyanide complexes: Au(CM) and Ag(CN}~. In such as KCN, without the use of water. One of the disad-
the carbon-in-pulp proce$$], the complexes are recovered vantages of SAE is that there is a potential fire hazard in the
from the leach solution in a more concentrated form by ad- downstream recovery of the metals from the aqueous/organic
sorption onto activated carbon. The adsorption step is re-solution using electrochemical methods. Evaporation of the
versed by contacting the carbon with a hot aqueous cyanidesolvent also represents an energy-intensive option for elim-
solution. Mixtures of water and organic solvents have also inating this hazard. The recovery of each complex as a pre-
been shown to be highly effective for the elution (stripping) cipitated salt is generally more desirable.
of the complexes from activated carbf@+4]. The principle A variety of precipitation techniques based on supercrit-
advantages of solvent-assisted elution (SAE) over other elu-ical antisolvents has been investigated in recent years as a
tion techniques are that the process can be completed moreneans of producing submicronic particles in a number of ap-
rapidly and at lower temperatures. plicationg[6—8]. For the most part, these applications are con-
cerned with the precipitation of organic and macromolecular
* Corresponding author. Tel.: +61 2 9385 4302; fax: +61 2 9385 5966. COMpounds, such as pharmaceuticals and polymers, from po-
E-mail addressf.lucien@unsw.edu.au (F.P. Lucien). lar organic solvents using G@s the antisolvent. There are,
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however, reports on the precipitation of organometallic com- from EBS and Associates and NaCN (99%) was purchased

poundg9,10]made up of metal cations and large polarisable from BDH chemicals.

anions, and even some inorganic compoyids.

It is worth noting that some dipolar aprotic solvents, 2.2. Equipment

DMSO in particular, are stronger cation solvators than wa-

ter[12,13] Large polarisable anions are also better solvated A schematic of the experimental apparatus used for the

in dipolar aprotic solvents in comparison to waftet]. Fur- precipitation experiments is shown kig. 1 The precip-

thermore, such solvents exhibit a high degree of volumetric itation chamber consisted of stainless steel sample cylin-

expansion with CQ@at elevated pressufg5]. These features  der with an internal volume of approximately 150mL. A

highlight the potential utility of supercritical antisolvents in  0.5p.m frit was fitted at the bottom of the precipitation cham-

the recovery of certain organometallic compounds from dipo- ber. The whole assembly was immersed in a water bath

lar aprotic solvents. for which the temperature was maintained4e2.2 K with

In this work, supercritical antisolvent precipitation, also a heater/circulator (Thermoline, Unistat 130). The pressure

known as gas antisolvent (GAS) precipitation, is considered inside the chamber was measured with a pressure transducer

for the recovery of potassium aurocyanide (KAu(GNjom with an uncertainty 0f£0.035 MPa (Druck, PDCR 911). Car-

the following dipolar aprotic solvents: acetone, DMSOBRd  bon dioxide was introduced into the precipitation chamber

methyl-2-pyrrolidone (NMP). Carbon dioxide is used as the with a syringe pump (ISCO, Model 260D).

antisolvent. Experimental data are reported on the solubility

of KAu(CN)2 inthe various solvents expanded with £®he 2.3. Procedure

various factors that affect the feasibility of the GAS process

for the quantitative recovery of KAu(CMare discussed in In a typical SAE process, the final concentration of

the context of the SAE process. These factors include the ini- KAu(CN)3 in the stripping solution varies between 10 and

tial solute concentration in the solvent, the dielectric constant 20 g/L. In the determination of the solubility of KAu(Cq)

of the solvent and the presence of water in the solvent. in each of the expanded solvents, we employed solutions
initially containing marginally higher concentrations of the
solute. This was done in an attempt to construct a more

2. Experimental section expanded view of the effect of pressure on solubility, while
avoiding the possibility of phase separation in the liquid phase
2.1. Materials during the expansion of the solvent. The initial concentrations

of KAu(CN), were 20, 43 and 50 g/L for acetone, NMP and

Liquid CO, (99.5%) was purchased from Linde Gases. DMSO, respectively. The solubility of KAu(CN)in these
DMSO (99%) and NMP (99.5%) were obtained from solvents increases in the following order: acetone < NMP <
Sigma-—Aldrich. Acetone (99.5%) was supplied by Asia Pa- DMSO (se€Table J). The initial concentrations of KAu(CHN)
cific Specialty Chemicals. Due to the hygroscopic nature of selected for the three solvents also reflect this trend.
DMSO and NMP, and the presence of a small amount of ~ An amount of 10 ml of solution, containing the dissolved
water in the purchased solvents, these solvents were driedKAu(CN),, was placed in the precipitation chamber. The pre-
prior to use with a type 4A molecular sieve. The molecular cipitation chamber was pressurised slowly with G to the
sieves were purchased from Labchem in the form of beadsdesired value. The COwas passed through the Qubn frit
2.5-5mm in diameter. KAu(CN)(99.9%) was purchased viavalves V1 and V2 to facilitate the saturation of the liquid

vl i V3

PC

co,

sp e WB : ST

Fig. 1. Schematic diagram of the GAS precipitation apparatus, C&bon dioxide cylinder; H, heater; PC, precipitation chamber; PT, pressure transducer;
SP, syringe pump; ST, solvent trap; V, valve; WB, water bath.
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Table 1
The normal solubilities §y) of KAu(CN), and KCN in selected dipolar
aprotic solvents and water

| —6—acetone —8— DMSO —e— NMP

300

Solvent Dielectric constafit S (g/L)
KAU(CN), KCN 250

Acetone 210 8> 0.03

200
NMP 326 510 0.26" o L
DMSO 472 740 7.8 < 150
Water 801 143 5007 S

a Dielectric constant at 20C [23]. 100

b Solubility at 30°C. Data determined experimentally by dissolving an
excess amount of salt into 20 ml of each solvent with continuous stirring |
for 2 days. The solutions were then analysed for Au and K using atomic 0 ==
absorption spectroscopy.

¢ Solubility at 25°C [24].

d Solubility in cold watef23].

50

P (MPa)

) .. Fig. 2. Volumetric expansion of acetone, DMSO and NMP with,G®
phase with CQ@. The system was assumed to be at equilib- 308 k. Data are froni6].

rium once the pressure inside the chamber had stabilized. The
duration of time required for equilibrium varied between 30

and 60 min. A duration of time approaching 1Lhwas only evi- | the calculation of the solubility data, two main assump-
dentat the highest values of pressure and was attributed to thgjons were made. Firstly, it was assumed that the presence
large increase in the solubility of Gan the liquid phas¢L6]. of the solute, at the initial concentrations described above,

The solutionwas thenremoved from the chamber viavalve did not affect the expansion behaviour of the solvents sig-
V2 and collected in a solvent trap filled with water. During nificantly. Secondly, it was assumed that the mixtures of
this step, the pressure was held constant by introducing freshco,/pDMSO and CQ/NMP formed a single phase at pres-
CO;, via valves V1 and V3. Fresh GQwas introduced into  gyres above 8 MPa (excluding the precipitated solute) and
the chamber for at least 45 min to ensure that all of the solu- \yhich, therefore, occupied the entire volume of the precipi-
tion was removed. The chamber was then depressurised anggtion chamber. In this situation, the volume occupied by the
washed with water to recover the KAu(Gi\recipitated on  spjytion was around 150 mL and this value was used as the
the frit. The mass of KAu(CNy)recovered in the solventtrap  denominator irEq. (1)
and the mass of precipitated KAu(GNyere determined us- Vega Gonzalez et a[17] have reported vapour—liquid
ing atomic absorption spectroscopy. The maximum deviation equilibrium data for the CDMSO system at four tempera-
between the mass of KAu(Chiin the initial solutionand the  tyres from 309 to 329 K. Their study confirms that the mixture
combined mass of KAu(CN)collected from the fritand the  critical point for this binary system at 308 K occurs below
solvent trap was found to be less than 10%. All experiments g ppa. Rajasingam et g16] have presented experimental
were carried out at 308 K. o data on the solubility of C®in DMSO and NMP at three

To calculate the solubility of KAu(CN)inagiven solvent,  temperatures from 298 to 318K and pressures approaching
the total volume of the expanded solution is required. This the mixture critical point for each binary system. At each tem-
information was obtained from volumetric expansion data for perature, th@—x curve for NMP lies below that for DMSO
the various pure solvents with GOThe actual volumetric gyer the whole range of pressure considered (1-7 MPa). This
expansion data used for calculation purposes in this StUdysuggeststhatthe mixture critical point for @&IMP at 308 K
are presented iRig. 2 The following equation was used t0 5|50 occurs below 8 MPa.

calculate the solubilityg) of the solute at a given temperature To assess the validity of the first assumption, some vol-

(T) and pressureR): umetric expansion measurements were carried out using a
m(T, P) modified form of the apparatus shownFkig. 1L The precip-
S(T, P) = 1) itation chamber was replaced with a sight gauge (Jerguson,

g %
Vi(T, P11 + E(T; P)/100] 13-R-32) and a scale with 1 mm graduations was fitted along

wherem is the non-precipitated mass of solute collected in the visible length of the gauge. In order to facilitate some de-
the solvent trapy; is the initial volume of solution at the  gree of mixing, the C@Qwas passed through the Q& frit
reference pressurd@{ = 0.1 MPa) anckE is the volumetric and sparged through the liquid solvent. Note the volumetric
expansion of the pure solvent expressed as a percentage. Thexpansion measured with this technique tends to be under-
definition used folE is described irf16]. The solubility at estimated due to leakage of the liquid phase through the frit.
a given set of conditions was calculated from the mean of Nonetheless, the volumetric expansions of the pure solvents
duplicate runs, where the maximum deviation between runswere measured and compared with those for the correspond-
was less than 10%. Solubility is expressed in units of massing solutions containing KAu(CN)at the initial concentra-

of solute per unit volume of expanded solution (g/L). tions specified above.



72 R. Rajasingam et al. / J. of Supercritical Fluids 33 (2005) 69-76

A LEH2
O b ot 10mL) ot 20 mL
nary 0 temary (10 mb) © temary 20 ml) K\ normal solubility (82 g/L)
300 )
L 2
250 F LE+01 |
I - :
200 F o S
< r “n
=
< 150 &
o 1.E+00 E
Lu I & 3
100 F &
L o]
50 | @@o‘ﬁ” I
0o 1LE-01 T
O 1 1 1 1 1 1 0 2 4 6
0 2 4 6 8
P (MPa)
P (MPa)

Fig. 4. Solubility of KAu(CN} in acetone expanded with G@t 308 K.
Fig. 3. Effect of 20 g/L KAu(CN} on the volumetric expansion of acetone

with CO, at 308 K. ) )
3. Results and discussion

The volumetric expansion of pure acetone with GBi-
nary system) in the modified apparatus is showfign 3. The
expansion data for the corresponding solution initially con-
taining 20 g/L KAu(CN} (ternary system) are also shown
in this figure. Two expansion curves are presented for the
ternary system, representing two different initial volumes of
solution in the sight gauge (10 and 20 mL). These expansion

curves only include data points for which excess solid was ) . - .
y P solutions initially containing 20 and 43 g/L KAu(CM)n

always observed in the sight gauge. acetone and NMP, respectively (sgection 2.3. At the limit

In a system containing two components distributed be- S
tween a liquid phase and a vapour phase at equilibrium, thereof pressure for each set of data, near complete precipitation

are two degrees of freedom according to the phase rule formc KA.U.(CN)Z from the spluﬂon was achleyed. The r_lormal
nonreacting systems. At a givdhandP, the compositions solubility of KAU(CN); 1S a}so mcluded in each figure.
of the liquid and vapour phases are, therefore, fixed and can-The term, T‘O”“a' solubility, IS defmgd here as the saturgted
not be arbitrarily specified. Provided that the two phases areconcentratlon of the solute in agven solvent at ambient
maintained, the phase compositions are also independent opressure. For DMSO, no precipitation of KAU(.CMa.S.

the overall composition of the system. In this situation, there detecfce_d up to a pressure of 12 M?a for a solution initially
is only a single value of the density of the liquid phase at the containing 50g/L of solute_. Sqlublllty data are, therefore,
given conditions. Furthermore, the volumetric expansion of not presented for KAU(CH)in this solvent.

a pure solvent with C®is independent of the initial volume As noted earlier, th_e solubility values were calculated
of solvent[18]. based on the assumption that the solute did not affect the

In a ternary system with solid, liquid and vapour co- expansion behaviour of the pure solvent. There are examples

existing phases at equilibrium, there are also only two de-
grees of freedom. In the context of this study, the solid phase LE+03 ¢
is assumed to be pure KAu(CN)f the overall composition K &—— normalsolubility (510 ¢/L)
of the system is varied at constanandP such that the solid [
phase is always present, the composition of the liquid phase,

3.1. The effect of pressure on solubility

The solubilities of KAU(CN) in acetone and NMP
expanded with C@at 308 K are shown ifrigs. 4 and 5re-
spectively. These figures show the variation in the saturation
concentration of the solute in a given solvent as a function
of pressure. The solubilities were obtained by expanding

1.E+02 E
and hence, its density are invariant. This means that for a ~ E
solution of KAu(CN) in acetone, the volumetric expansion C)
of the liquid phase should be independent of the initial vol- )

ume of solution once precipitation has occurred at a given L.E+01
T andP. The data for the ternary systemkiig. 3 are con-

sistent with this principle. It can also be seen that the data

for the binary and ternary systems are in close agreement, LE+00 , , , , ,
which confirms that presence of the solute at a concentration ' 0 4 8 12

of 20 g/L does not affect the expansion behaviour of acetone P (MPa)

significantly. Similar findings were obtained for the DMSO

and NMP solutions. Fig. 5. Solubility of KAu(CN) in NMP expanded with C@at 308 K.
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in the literature, however, where phase separation of the ex-operating lines depict different initial concentrations of
panded liquid phase occurs when the initial concentration of KAu(CN)» in acetone (2, 10 and 20 g/L).

the solute in the solvent is relatively high9,20] This is In order to induce precipitation of the solute, the pressure
particularly the case for solutions of KAu(CNin NMP, as must be increased until the saturation concentration of the
discussed irsection 3.2 There are also studies which show solute equals the concentration of the solute in the expanded
that CQ acts as a cosolvent rather than an antisolvent, atsolvent, i.e. the saturation line and the operating line must
lower concentrations of the dense gas in the liquid phase,intersect. For an initial concentration of 20 g/L KAu(GNi
leading to an enhancement in the solubility of the solute in acetone, the pressure must be increased to around 1.5 MPa
the solvenf19,21,22] In Figs. 4 and 5it cannot be assumed, before precipitation occurs. As the initial solute concentra-
therefore, that the saturation lines decrease continuously intion decreases further, the separation between the saturation
the region of pressure between 0.1 MPa and the first solubility line and the operating line increases and even greater pres-
data point. For this reason, the saturation lines are representegures are required to induce precipitation. It should also be
by dashed lines in the relevant ranges of pressure to indicateapparent that once precipitation has been initiated, the con-

the uncertainty in the solubility behaviour of the solute. centration of the solute in solution follows the path defined by
FromFig. 4, it can be seen that the solubility of KAU(CN)  the saturation line, as the system pressure is increased further.
in acetone expanded with G@t 4 MPa is around two orders Another scenario in which the initial solute concentration
of magnitude lower than the normal solubility of the solute. affects the GAS process is if the concentration of the solute is
The same reduction in solubility occurs for KAu(CNi ex- very high. A comparison of the volumetric expansions of pure

panded NMP when the pressure is increased to around 7 MPa&NMP and an 80% saturated solution of KAu(GNi) NMP
(Fig. 5. These results demonstrate that carbon dioxide is anis presented ifrig. 7. The normal solubility of KAu(CNy in
effective antisolvent for reducing the solubility of KAU(CN)  NMP is around 510 g/L at 308 K. The volumetric expansion
in acetone and NMP. However, there are other factors thatdata for the 80% saturated solution were measured using the
need to be considered in the determination of the optimum procedure described above. For such high solute concentra-
solvent for GAS precipitation in conjunction with the SAE tions, the volumetric expansion of the solution is very dif-
process. These factors are considered in the next few sectionderent to that observed for the pure solvent. For example, the
volumetric expansion of the solution at 7 MPa is around 43%,
3.2. The effect of initial solute concentration on the GAS  well below that for the pure solvent (279%).

process At approximately 7.4 MPa, the formation of two immisci-
ble liquid phases was observed in the sight gauge. The upper
The effect of the initial concentration of KAu(CNpn liquid phase was initially present as a thin but distinct line. As

the pressure required to induce precipitation from acetone isthe pressure was increased, the upper liquid phase expanded
illustrated inFig. 6. The dashed line represents the saturation rapidly while the lower liquid phase contracted. The upper
line for KAU(CN); in acetone expanded with G@t 308 K liquid phase was assumed to be a;@@h phase while the

and depicts the decrease in the solubility of the solute as thelower liquid phase was assumed to be an NMP-rich phase.
pressure is increased. The solid line§ig. 6 are operating  Due to the immiscibility of KAu(CN} with COp, it was also

lines representing the variation in the concentration of assumed thatthe solute was present mainly in the lower liquid
KAU(CN), (Cg) in response to the volumetric expansion of phase. InFig. 7, the volumetric expansion of the combined
the solution and in the absence of precipitation. The three liquid phases, relative to the initial volume of solution, is

|—El— binary —e— ternary |

LEH2 &
- nommal solubility (82 g/L) 301
300
250
LE+01 E . C
5 : L 20
E: - =150 |
S B
LE+00 M\ T
E . 50
saturation line -50 P T S T
LEOI S E. 0 2 4 6 8 10
0 2 4 6 P (MPa)
P (MPa)

Fig. 7. Comparison of the volumetric expansions of pure NMP (binary)
Fig. 6. Effect of the initial concentration of KAu(Cipn the pressure re- and an 80% saturated solution of KAu(GNin NMP (ternary) with CQ at
quired to induce precipitation from acetone at 308 K. 308K.
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represented by the upper branch (1) of the expansion data for LE+03 g

the 80% saturated solution. The lower branch (2) represents

the volumetric expansion of the lower liquid phase, again

relative to the initial volume of solution. LEY02 ¢ saturation line
No precipitation was observed in either liquid phase up to .

a pressure of 8 MPa. This was attributed to a combination of

the relatively low concentration of the solute in the upper lig-

uid phase and the absence of the antisolvent effect in the lower

liquid phase. The contraction of the lower liquid phase itself LE+00 E

was probably due to the transfer of NMP into the £@&h :

liquid phase. The unusual phase behaviour which can arise i

at high solute concentrations inevitably means that operating 1E-01 0 ' A ' 8 ' 12

lines, such as those shownHiig. 6, cannot be constructed P (MPa)

accurately if they are based on volumetric expansion data for

the pure solvent. This also highlights that volumetric expan- Fig. 8. Effect of the initial concentration of KAu(Chpn the pressure re-

sion data for pure solvents are of limited value in the design quired to induce precipitation from NMP at 308 K.

of GAS processes and that measurements of phase composi-

tions are required to understand the effect of the antisolventsaturation line for KAu(CNy in NMP expanded with C@at

on the solubility of the solute in the solvent. 308 K. The operating lines (solid lines) depict different ini-
tial concentrations of KAu(CN)in NMP and show the rapid

3.3. The effect of the dielectric constant of the solvent on  decrease in the concentration of the solute as the solution
the GAS process undergoes expansion (neglecting precipitation). In this case
though, the operating lines become independent of pressure

Dipolar aprotic solvents are the preferred organic solvents atP > 8 MPa, due to the formation of a single phase.
in the SAE process, mainly due to their ability to solubilise It is clearly observed irfrig. 8that the large discrepancy
the salts of metal-cyanide complexes. As an example, between the normal solubility of KAu(CR)and the initial
consider the solubility data ifiable 1 Among the various  solute concentration of 20 g/L KAu(Ch)estricts the inter-
dip0|ar aprotic solvents, the normal so|ubi|ity of KAu(Ci\D section of the saturation and operating linesto relatively hlgh
increases with an increase in the dielectric constant of thepressures. For a dipolar aprotic solvent which has a higher
solvent. Note, however, that the solubility of KAu(GNh dielectric constant than NMP, the expected increase in the
NMP and DMSO is much greater than that for water, even normal solubility of KAu(CN) would lead to a shift in the
though the dielectric constant for water is higher. This is Saturation line in an upward direction. Under these condi-
due to the strong interaction between these solvents andions, the separation between the saturation and operating
Au(CN),~, a large polarisable anion. This feature is not lines makes it difficult to induce precipitation, even at rela-
evident in the solubility data for KCN. tively high pressure. This is analogous, for example, to the

Since the presence of water in the solvent can adverse|yseparati0n between the saturation line and the operating line
affect the GAS process, as discussede@ttion 3.4it is of for 5g/L KAU(CN); in Fig. 8 This may partly explain why
interest in this work to consider the SAE process conducted N0 precipitation of KAu(CN) was observed when DMSO
without water. An important consideration in the selection of was used as the solvent.
a dipolar aprotic solvent which is suitable for this purpose  In contrast to the SAE process, dipolar aprotic solvents
is that the solvent must support a sufficient concentration of with relatively low dielectric constants are, therefore, more
a Counter-ion1 such as CN in order for the desorption of attractive for precipitating KAu(CM)from solutions |n|t|aIIy
Au(CN),~ from activated carbon to proceed. The low solu- containing 10-20 g/L of solute (s&&g. 6for example). The
bility of KCN in acetone necessitates the use of this solvent Preceding considerations suggest that the use of mixtures of
in combination with water. In the case of NMP and DMSO, dipolar aprotic solvents may provide a means of tuning the
itis actually possible to dissolve sufficient quantities of KCN  dielectric constant to satisfy the requirement of counter-ion
without the use of water. In other words, dipolar aprotic sol- solubility in SAE while minimising the required operating
vents with relatively high dielectric constants are preferred pressure in the GAS process.
in the SAE process conducted without water.

However, in a typical SAE process, the resulting concen- 3.4. The effect of water on the GAS process
tration of KAU(CNY in the solution is between 10 and 20 g/L.
For such dilute solutions, in comparison with the normal sol-  The presence of water in the solvent often leads to phase
ubilities of KAu(CN), in NMP and DMSO, precipitation of  separation of the liquid phase under high pressure. This typi-
KAu(CN); from the expanded solution may not occur or may cally leads to the formation of a distinct aqueous phase. Under
require relatively high pressures. An example of this situation such conditions, the solute concentrates in the aqueous layer,
isillustrated inFig. 8 The dashed line iRig. 8representsthe  preventing the precipitation and subsequent recovery of the

K
C — normal solubility (510 g/L)

1.E+01

Cs(g/L)
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solute[7]. In this work, the effect of water onthe GAS process References

was investigated in experiments on the precipitation of NaCN
from DMSO. The DMSO used was not dried in the manner
described inSection 2.1and contained around 1 wt.% wa-
ter. An amount of 10 ml of solution containing 8 g/L NaCN
was placed in the precipitation chamber. The precipitate was
analysed for sodium using atomic absorption spectroscopy.
Near quantitative recovery of the solute was observed in
the range of pressure from 2 to 7 MPa. This result was not
consistent with the behaviour observed in other experiments
in which the mass of precipitated solute increased gradually
with increasing pressure. The precipitate was therefore col-
lected and analysed by X-ray diffraction. It was found that
the dominant species in the precipitate wasGla;. Based
on these results, it was proposed that the following reaction
occurred:
2NaCN+ H20 4+ CO, — NaCOsz + 2HCN 2
Ehrenstein et a[25] have proposed a similar reaction during
the precipitation of metal acetates from a solution of ethanol
and water. Carbon dioxide reacts with the water in the solvent
to form H,CO3 and the dissociation of this weak acid leads to
the formation of C@?~. NapCOg3 is insoluble in DMSO and
precipitatesimmediately upon the formation of §0. Since
there is an abundance of G@ the liquid phase, this process
continues until all of the Na is depleted. This accounts for the
apparent quantitative recovery of the solute at low pressure.
The formation of HCN during the precipitation of NaOs is
undesirable in view of the toxicity of this species. Thus, while
CN~ isagood counter-ion for the SAE process for recovering
Au(CN);, there is a significant safety issue associated with
its use in GAS precipitation if the solvent contains traces of
water.

4. Conclusion

Carbon dioxide is an effective antisolvent for reducing the
solubility of KAu(CN), in acetone and NMP. The operating
pressure required to initiate the precipitation of KAu(GN)
from the dipolar aprotic solvents considered generally in-
creases with an increase in the dielectric constant of the
solvent. The presence of water in the solvent adversely af-
fects the recovery of KAu(CN)when CQ is used as the
antisolvent. This is due to the precipitation of carbonate
salts, in preference to the target solute, upon the reaction
between CQ@ and water. In contrast to the GAS process,
dipolar aprotic solvents with relatively high dielectric con-

stants are preferred in the SAE process conducted without

water. In considering the requirements of both processes,
the use of mixtures of dipolar aprotic solvents may pro-

vide a means of tuning the dielectric constant to satisfy the
requirement of counter-ion solubility in the SAE process

while minimising the required operating pressure in the GAS

process.
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