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Abstract: The adsorption properties of the four precious metal ions (Ag( I ), Au(Ill), Pd(Il) and Pt(IV)) on the commercial Cl -form
717 strongly basic anion-exchange resin were studied in detail. The effects of the contact time, solution acidity, and concentrations of
CI” and Pb*" ions on the adsorption properties were studied by the batch method. Then, the column method was conducted under the
optimized adsorption conditions (pH=3.0). The effects of the sample loading flow rate and the length-to-diameter ratios of the
columns were investigated. The precious metal ions adsorbed could not be eluted completely after the saturated adsorption because
the precious metal ions were found to be reduced to their metallic states during the adsorption process. So, it is recommended that the
commercial CI -form 717 strongly basic anion-exchange resin should be decomposed directly to recovery the precious metals after

the saturated adsorption.
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1 Introduction

Precious metals are used widely in many fields such
as catalysts in various chemical processes, electrical and
electronic industries, corrosion resistant materials, and
jewelry, because of their specific physical and chemical
properties. Also, new and emerging applications in
energy[ 1], health[2] and environment[3] are expected for
them in the coming years. This gives a compelling
reason for developing more efficient and environmental-
friendly methods for their extraction and recovery from
mineral ores and waste materials (e.g., e-wastes, and
industrial effluents).

Many studies have been recently focused on the
extraction and separation of precious metals due to both
increasing industrial need for these metals and their
limited sources. The conventional methods for the
removal of the metal ions from water and wastewater
include ion exchange, sorption with activated
carbon[4—5], silica[6—7], chelating resin[8—9], natural
polymer[10—11] and biomass[12], solvent extraction[13],
combining agglomeration and adsorption[14] and related

processes, involving impregnant resins[15] and liquid
membranes[16].

Among the above methods, anion exchange is a
highly effective and economical and sometimes
irreplaceable method because of the complex-anions of
the precious metals[17]. There were many excellent
works reporting the adsorption and recovery of precious
metal ions with anion-exchange resins, such as
Amberlite resins (IRA-93, IRA-68 and IRA-400)[18],
TEVA resin[19], Amberlyst A29 and A21[20], Duolite
S37[21], and Purolitr A500[22].

The aim of the present work is to study the
applicability of 717 resin, a commercial Cl -form
strongly basic anion-exchange resin, for the adsorption
of the trace-amount Cl -complexes of Ag( 1), Au(Ill),
Pd(II) and Pt(IV) ions from complex wastes. The
adsorption conditions were optimized with batch method
and column method.

2 Experimental

2.1 Materials
Standard stock solution of Ag( ) (500 mg/L) was
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prepared by dissolving AgNO; in diluted HNO;.
Standard stock solutions of Au (IIT), Pd (II') and Pt (IV)
(1 g/L) were prepared by dissolving spectrometric pure
HAuCl;H,0, PdCl, and (NH4),PtCls in 1 mol/L HCI,
respectively. Standard solutions were prepared weekly
by dilution of the standard stock solutions with 0.5 mol/L
HCI, respectively. All the other reagents used were of
analytical-reagent grade. Distilled water was used
throughout.

The CI -form 717 strongly basic anion-exchange
resin was a commercial resin (particle size 0.5 mm, water
content 42%—48%, exchange capacity 3.6 mmol/g wet
resin) and used without any treatment.

2.2 Batch method

Wet resin 0.20 g was added into 25 mL aqueous
solution containing 0.40 pg/mL of the four precious
metal ions in HCl medium. Then, the mixture was
shaken mechanically for 1-30 min at room temperature.
After a certain time, the phases were separated by
filtration in order to determine the concentrations of the
precious metal ions in the solution.

The adsorption rate (R,) of the precious metal ions
is calculated from the followed equation:

Ra/%=(Co—Cy)/Cox 100 (1)

where C,, and Cy are the concentrations of the precious
metal ions in the aqueous solutions after and before
adsorption, respectively.

2.3 Column method

Three glass columns were packed with certain
amounts of the wet 717 resin and used for the column
adsorption (Table 1). The resin was packed into the
columns after being activated in 0.5 mol/L HCI aqueous
medium for 24 h.

Table 1 Three glass columns used

Column Length,  Diameter, . Wet resin
L/D ratio
No. L/cm D/ecm packed/ g
1 30 0.5 60 6.0
2 12 1.1 11 6.0
24 1.1 22 12.0

The mixture solution containing the four precious
metal ions was passed through the columns with a certain
sample loading flow rate controlled by a peristaltic pump.
The solution effused was collected for the ICP-AES
detection. The adsorption rate was calculated with the

Eq.(1).

2.4 Instrumentation
An ICP/6500 inductively coupled plasma atomic
emission spectrometer (ICP-AES, Perkin-Elmer) was

used for the detection of the concentrations of the
precious metal ions. The analysis conditions were:
forward power 1 100 W, viewing height 15 mm, argon
plasma gas flow rate 15 L/min, argon nebulizer gas flow
rate 1.0 L/min, argon intermediate gas flow rate 0.7
L/min, and wavelengths Ag 328.068 nm, Au 242.795 nm,
Pd 324.270 nm, Pt 214.423 nm.

The surface morphologies of resins were observed
using scanning electron microscope (SEM) (XL-20,
Philips Corporation, the Netherlands), operating at 25 kV.

3 Results and discussion

3.1 Batch method

The effect of the contact time on the adsorption
rates of the four precious metal ions in pH 2.0 HCI
medium is shown in Fig.l. It was found that the
adsorption of Ag( I ) ions was the fastest in the
competitive adsorption. Its adsorption rate reached more
than 95% within only 1 min. That of Au(IIl) needed 2
min. However, the adsorption rates of Pd(II ) and Pt(IV)
reached 90% in more than 5 and 30 min, respectively.
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Fig.1 Effect of contact time on adsorption rates

So, the contact time was selected as 30 min in the
batch method. The effect of the sample acidity on the
adsorption rates of the four precious metal ions for 30
min is shown in Fig.2. More than 98% of the Ag( I ) and
Au(IIl) ions were adsorbed in the full acidity range
studied. The adsorption rate of Pd(1I) and Pt(IV) reached
their maximum (98.6% for Pd(1I) and 86.8% for Pt(IV))
at pH value of 3.0. So, the optimal adsorption acidity was
selected as pH 3.0.

It is well known that the precious metal ions are
adsorbed by the anion-exchange resin in the complex
form with Cl ions[23]. So, the adsorption rate of the
precious metal ions was affected markedly by the CI” ion
concentration in the sample solutions. The adsorption
rate of Ag( 1), Au(Ill) and Pd(II) ions reached their
maximum with the NaCl content of 0.50% (Fig.3); that
of Pt(IV) remained 91.5%-92.0% in the range of the
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NaCl content of 0.20%—1.00%. So, the 0.50% NaCl was
added in the sample solutions to provide the optimal CI
ions concentration in the further experiments.
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Fig.3 Effect of NaCl content on adsorption rates

Among the common co-existing heavy metal ions,
Pb>" ion mainly exhibits the Cl -complex forms in the
HCl medium. The CI” complex of Pb*" ion could be
adsorbed onto the anion-exchange resin, so it maybe
interferes the adsorption of the precious metal ions. The
effect of the concentration ratio of Pb>" ion (Cpp) to the
total precious metal ions (Cpy) on the adsorption rate of
the precious metal ions is shown in Fig.4. It was found
that the adsorption rate of Ag( 1) and Au(Ill) ions
decreased slightly with increasing the concentration ratio.
The adsorption rate of Pd(II) and Pt(IV) ions were more
than 90% in the studied concentration ratio range. This
showed that the Cl -form 717 strongly basic anion-
exchange resin had good selectivity for the precious
metal ions.

3.2 Column method

In the adsorption experiments using the batch
method, the best efficiencies were achieved in no less
than 30 min. So, the batch method is too inefficient to be
conducted in the practical applications.

In the column method, three glass columns with
different length-to-diameter ratios (L/D ratio) and
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Fig.4 Effect of Pb®" ion concentration ratio on adsorption rates

volume were used (Table 1). 100 mL of the mixture
sample solution containing 5.0 pg/mL each of the four
precious metal ions was passed through the Column 1
with a certain sample loading flow rate. 25 mL of the
solution effused was collected for the ICP-AES detection
to calculate the adsorption rate after 40 mL of the
solution passed through. 25 mL of 0.5 mol/L HCI
solution was used to wash the column after the sample
solution passed through the column completely. The
results are given in Table 2. It was found that the best
adsorption was achieved with the lower sample loading
flow rate studied (0.70 mL/min). The adsorption rate of
the four precious metal ions was higher than 95%.

Table 2 Adsorption rates with different columns and different
sample loading flow rates

Column Sample loading Adsorption rate/%
N flow rate/
o. (mL-min )y Ag(1) Aull) Pd(Il) PyIV)
. 0.70 97.8 97.0 99.1 99.9
2.00 93.2 87.8 96.4 934
2 0.70 99.8 100 98.3 99.7
3 0.70 100 100 100 99.9

As for Column 2 with different L/D ratio and same
packed volume (5.89 mL) as Column 1 and Column 3
with different L/D ratio and double packed volume as
Column 1, the higher adsorption rates were achieved
with the same sample loading flow rates (0.70 mL/min),
compared with those of Column 1. This indicated that
the lower L/D ratio with the same packed volume and the
longer contact time favored the adsorption of the
precious metal ions.

However, the low sample loading flow rates (0.70
mL/min) equivalent to about 12% column packed
volume per minute is so slow for the practice application.
Therefore, the adsorption experiments were conducted
with the double-column in series of Column 1 with the
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higher sample loading flow rates. The results are
summarized in Table 3. It could be concluded that the
higher sample loading flow rates could be used for the
practice application with double-column in series
technique.

Table 3 Adsorption rates with double-column in series

Sample loading Adsorption rate/%
Column flow rate/
(mLmin"") Ag(l) Au(ll) Pd(Il) Py(IV)
Single- 2.0 100 99.7 99.7 95.6
Column 1 5.0 999 997 996 942
Double- 2.0 100 99.8  99.8 96.2
Column 1 5.0 100 998 998 954

3.3 Saturated adsorption

The saturated adsorptions of the four precious metal
ions were conducted by addition of 0.1 g wet resin into a
industrial waste water containing higher concentrations
of the four precious metal ions. The mixture was shaken
mechanically for 24 h. The resin became brown and
black later during the adsorption (Fig.5). The resin after
saturated adsorption was decomposed and dissolved with
aqua regia for the ICP-AES analysis after being filtered
and washed thoroughly with water. The four precious
metal ions adsorbed on the resin were found to be 6.25 g
(0.058 mol) for Ag( 1), 746.5 g (3.79 mol) for Au(Ill),
701.5 g (6.59 mol) for Pd(II) and 3.44 mg (17.65 mol)
for Pt(IV) per 0.1 g wet resin, respectively. If the four
precious metal ions were calculated as the forms of
AgCly, AuCly, PdClL® and PtClg™, the total anion

exchanged content was found to be 5.2 mmol/g wet resin.

It was much higher than the exchange capacity of 3.6

mmol/g wet resin given by the manufacturer.

The surface of the fresh resin and the resin after
saturated adsorption were compared by the SEM
technique (Fig.6). Amounts of the particles were found
on the resin after saturated adsorption compared with the

Fig.5 Photos of resin before (a) and after (b) saturated
adsorption

Fig.6 SEM images of resin before ((a) and (b)) and after ((c) and (d)) saturated adsorption
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surfaces of the fresh resin. This might due to the
reduction of the precious metal ions.

In order to validate the reduction of the precious
metal ions adsorbed, the resin after saturated adsorption
was eluted with 0.5% TU+0.5 mol/L HCI as eluent with
eluting flow rate of 0.70 mL/min for 72 h[23]. Any of the
precious metal ions could not be detected after the
elution of 48 h. But the resin showed red-brown color,
not the bright yellow color of the fresh resin. This
showed that the precious metal ions could not be eluted
completely and parts of the precious metal ions had been
reduced to their metallic states.

4 Conclusions

1) The commercial Cl -form 717 strongly basic
anion-exchange resin had excellent adsorption properties
towards the four precious metal ions (Ag( 1), Au(Ill),
Pd(II) and Pt(IV)).

2) The lower L/D ratio with the same packed
volume and the longer contact time favored the
adsorption of the precious metal ions in the column
method.

3) The precious metal ions could be reduced to their
metallic states after saturated adsorption on the
commercial Cl -form 717 strongly basic anion-exchange
resin.
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