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ABSTRACT
The kinetics of gold adsorption and elution with a new type of C410 resin was studied. The experimental re-
sults show that the adsorption and elution can be described by the Boyd diffusion equation for liquid films. The
adsorption rate of gold decreases with increasing HCI concentration. The diffusion coefficient of adsorption is
K=4.83x 107 sec” and the apparent enthalpy of adsorption AH is 16.05 kJ / mol. The distribution ratio of

gold adsorption increases with the temperature. It is shown that the adsorption were of gold with C410 resin is a

heat-absorbing reaction. The elution characteristics of gold with thiourea solution were also studied.
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1 INTRODUCTION

410 piperidine resin is one of the most ef-
fective resins for separation and extraction of
gold from HCl solution. The adsorption chara-
cteristics and extraction of gold with this resin
have been reported, and the kinetics of the
adsorption and elution of gold with this resin
are studied further in the present work.

2 EXPERIMENTAL
2.1 Reagents and Instrument

A GGX—5 model atomic adsorption spec-
trophotometer was used to determine the am-
ount of gold in solution. Spectrum grade gold
was used to prepare a gold storage solution
containing 1.0 mg Au**/mL in a 10 % HCI
solution. 410 piperidine resin is of a size of 40
~ 60 mesh.

2.2 Experimental method

The adsorption and elution of gold with
410 piperidine resin was performed using an

electromagnetic shaker. A certain amount of
gold storage solution was added to the HCl so-
lution containing resin to carry out the ad-
sorption experiments. Before elution the load-
ing resin was washed to neutral pH with de-
ionized water.. The concentrations of gold in
both the adsorption and elution solution were
determined by flame atomic adsorption spe-
ctrometry.

3 RESULTS AND DISCUSSION

3.1 Effect of HCl Concentration in Solution
on the Adsorption of Gold

The adsorption curves of gold in HCI so-
lution are shown in Fig. 1. It shows that the
gold loading capacity of the resin decreases
with increasing the HCI concentration because
the competitive exchange of CI” and AuCl™
complex anions decreases.

3.2 Adsorption Rate of Gold

A Q—t curve is obtained by shaking an ad-
sorption solution in 1.2mol /L HCL From
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Fig. 1 Adsorption of gold (Q) vs adsorption

time (7) in HC! solution
+—0.6 mol / L HCl; [}—1.2 mol / L HCl:
O—2.4mol / L HCI

3.6 mol / L HCI

the curve, the adsorption capacity at equilib-
rium was given. According to Boyd's diffusion
equation for liquid films

& oo 3D,
F(1)=1—exp( TMI)

Where F(1)=Q,/ Qu» and Q, is loading gold
on the resin at time 7, Q. is loading gold on
the resin at equilbrium. Let K=3D/ ryi
where K is the diffusion constant of the liquid
film;- D is the diffusion coefficient of the spe-
cies; r, is the particle radius of the resin; J is
the film thickness;  is the distribution coef-
ficient of the species. then F(t) = 1—exp(—K1).

Plotting —In(1—F(r)) against ¢, a linear re-
lationship is obtained as shown in Fig. 2. Tt
shows that Boyd’s diffusion equation for li-
quid films can be used to describe the adsorp-
tion process, i. e. it is controlled by a diffusion
process in the layer. The diffusion constant K
of the liquid film is obtained to be 4.83x 10~
sec'. Due to the dependence of & and 4 on the
HCI concentration, the HCI concentration has
an obvious effect on the diffusion constant of
the liquid film.

When F(7)=0.5, —In(1-F) =0.693 = K1, the

cor ding 1, ,, is the half-exct

time,
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Fig.2  Adsorption of gold
(Q) in a solution of 1.2 mol / L HCI

which directly indicates the rate of the mass
transfer.

3.3 Effect of Temperature on Adsorption of
Gold

The adsorption results in the temperature
range 20~ 40 C are shown in Fig. 3. The slo-
pes of those lines increase with increasing tem-
perature, which means that higher tempera-
tures are beneficial to the adsorption of gold.

According to the distribution ratio of gold
adsorption at different temperatures, a plot of
IgD versus 1/ T is shown in Fig. 4. It can be
seen that the distribution coefficient D increa-
ses with the temperature. According to Gibb’s
equation

olgD ] A AH
[QT*' o ¢ 44 2803R
The apparent enthalpy of adsorption is
AH=16.05 k] /mol. AH is a positive value,
which indicates that the adsorption of gold is
endothermic.

3.4 Distribution Coefficient of Gold Adsorp-
tion

The distribution coefficient of gold adsor-

ption A=(Cy=Cp) * v/ w+ 1/ Cp, was deter-

mined in a 1.2 mol / L HCI solution with 0.02
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g dry resin, where C, and C, are the initial
and equilibrium gold concentrations respecti-
vely; w is the resin weight, and v is the volume
of the solution. The experimental results are
given in Table 1. It shows that the 4 values de-
crease with the increase of the initial concen-
tration, C.

2.0,

+/ min
Fig.3  Effect of temperature on the adsorption of gold in
a solution of 1.2 mol / L HCI
20 C.+—30C.A—40 T
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Fig.4 AplotofigD—1/ T

D—diffusion coefficient: T—temperatuve

3.5 Selectivity of Resin Adsorption

0.2 g dry resin was first soaked in different
concentration of HCI solution, and then the

solution containing 50 ug of Zn®", Fe¥', Cu®*
were added. The concentrations of these ions
were determined after shaking adsorption. Fig.
5 shows a plot of E%—HCI concentration. It
can be seen that AuCl™ was adsorbed quan-
titatively. The loading capacity of resin for
base metal ions increased with the increasing
stability of chloro-anion.

Similar to the above experiments, 50 ug of
Au, Pt, Pd and Ag were added into the solu-
tion for adsorption tests. The experimental re-
sults are shown in Fig. 5. It can be seen that
the adsorption of Pt, Pd and Ag decrease with
increasing CI” concentration. The order of the
adsorption of precious metals is Au>Pt>
Pd > Ag under certain CI” concentrations.

Table 1 The distribution coefficient of gold

adsorption in 1.2 mol / L HCl solution

C,/mg-mLT 0025 0050 0075 0100 0125 0150
C,/mg-mL 0.0008 000274 0.00554 00103 00210 00340

i/mgemL” 30250 17248 12538 8671 4952 3412

HCI/mol - L™

Fig. 5 Selectivity of resin adsorption (£) vs acidity of HCI

3.6 Effect of Resin Size on the Adsorption of
Gold

A certain amount of gold storage solution
and certain size resin (20~ 40 mesh) were ad-
ded to a 1.2 mol / L HCl solution to carry out
the adsorption experiments. The experimental




Vol2 Ned

Kinetics of Gold Adsorption and Elution <29 =

results show the adsorption capacity of resin
with a size of 40 mesh is greater than that of
resin with a size of 20 mesh.

3.7  Elution of Gold from Loading Resin

Before elution, the loading resin was wa-
shed to neutral pH with deionized water. The
gold was eluted with thiourea solution. The ef-
fects of thiourea concentration, temperature
and resin size on the elution of gold from the
loading resin were investigated. The plots of
—In(1—F) vs ¢ of elution are shown in Figs. 6
and 7.

2.0
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Fig.6 Effect of thiourea concentration on the

elution of gold from the loaded resin at 35 C
+—1 % thiourea, A—3 % thiourea, O—S % thiourea
It can be seen that the elution rates in-
crease with the increase of thiourea concentra-
tion and temperature. The elution rate of resin
with a size of 40 mesh is faster than that of res-
in with a size of 20 mesh.

4 CONCLUSIONS
(1) The adsorption of gold with a new

type 410 piperidine resin can be described by
Boyd'’s diffusion for liquid films. The diffusion -
coefficient of the liquid film is K=4.83%
107 sec™;

(2) The apparent enthalpy of adsorption
AH is 16.05 kJ / mol, which shows that the
adsorption process of gold is an endothermic
reaction;

(3) The adsorption rate of gold decreases
with increasing HCI concentration:

(4) The elution rate of gold from the loa-
ding resin increases with the increase of the
thiourea concentration and temperature.

In(1-F)

0 20 40 60
r/min
Fig.7 Effect of temperature on the elution of gold
from loading resin in 2 3 % thiourea solution
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