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Synthesis of Polyacrylaminothiourea Chelating Fiber and Prop-
erties of Concentration and Separation of Trace Noble Metal
Ions from Samples
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A novel polyacrylaminothiourea chelating fiber was synthe-
sized simply and rapidly from nitrilon (an acrylonitrile-based
synthetic fiber) , which was applied to preconcentrate and sep-
arate of trace amount of Au(Il), Pt(IV), Pd(IV) and Ir
(IV) ions from solution of samples. The analyzed ions can be
quantitatively concentrated by the fiber up to a flow rate of
20.0 mL/min at pH 2, and can also be desorbed with 15 mL
of 4 mol/L HC1 + 3% thiourea from the fiber column with re-
coveries of 96.5%—100% . The chelating fiber can be reused
for ten times, the recoveries of these ions are still over 92%,
and hundred to thousand times of excess of Fe(1II), Al(II),
Ca(I), Mg(IN), Ni(II), Mn(II), Cu(I), Zn(I), and Cd
() cause no interference on the determination of the ana-
lyzed ions by inductively-coupled plasma atomic emission spec-
trometry (ICP-AES). The static saturation adsorption capaci-
ties of the fiber for the analytes are in the range of 1.15—2.80
mmol/g. The relative standard deviations for the determina-
tion of 20.0 ng/mL each of Au(Ill), Pt(IV), Pd(IV) and Ir
(IV) are in the range of 0.7%—3.0% . The recoveries for
test from standard additions to real solution samples are be-
tween 96% and 100% . The concentration of each ion in pow-
der sample detected by the method is in good agreement with
the certified value.
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Introduction

The preconcentration and separation trace of noble
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metals by means of macroporous resins!®

or chelating
fibers” have been reported. However, the majority of
macroporous resins suffer from a slow rate of uptake of
metal ions. Typically, the chelating fibers have low ca-
pacities and desorption of noble metals from the fibers is
usually difficult. Furthermore, the synthesis of the
chelating resins or fibers usually takes a long time and
the synthetic process is complicated. In this paper, a
new polyacrylacylaminothiourea chelating fiber was syn-
thesized rapidly by a one-step reaction of nitrilon with
aqueous aminothiourea ( thiosemicarbazide) . The struc-
ture of the chelating fiber was analyzed by using Fourier
transform infrared spectroscopy (FT-IR).!*!! The prop-
erties of the chelating fiber for the preconcentration and
separation of trace of Au(III), Pt(IV), Pd(IV) and Ir
(IV) ions from aqueous solution sample, as measured by
inductively-coupled plasma atomic emission spectrometry
(ICP-AES), were studied in detail. Good precision and
the accuracy of the proposed method could be achieved
by analysis of a real aqueous sample and a powder sam-
ple with satisfactory results.

Experimental
Instruments and apparatus

An ICP/6500 inductively-coupled plasma spectrom-
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eter (Perkin-Elmer), a model 170-sx Fourier transform
IR spectrometer (Nicolet), a Model 1106 Elemental An-
alyzer (Carlo Erba), and a Model pHs-3A digital pH
meter ( Analysis Instrument Factory at Beijing, China)
were used. The adsorption column is a glass tube (15
cm length, 0.5 cmi.d. and 0.2 em i.d. at the lower
end ) containing 0. 1 g of polyacrylacylaminothiourea
chelating fiber in high-purity water over night, and a
small pad of adsorbent cotion-wool has been placed be-
forehand .

Reagents and standards

Nitrilon (Lanzhou Chemical Factory) was cut with
scissors, washed with ethanol and distilled water, and
dried under an infrared drying lamp. Reagents of spec-
tral and analytical grade were used for all experiments.
The stock solutions of 1.00 mg/mL of the four analyzed
ions were prepared by dissolving spectroscopically pure
HAuCl,-4H,0, (NH,);PiCls, (NH,),PdCls and (NH,),-

IrClg( Shanghai Reagent Factory) respectively in dilute
1.0 mol/L HCl. They were diluted and mixed to give
stock standard solutions of 20.0 pg/mL for each of Au,
Pt, Pd and Ir in 1.0 mol/L HCl, and the standard solu-
tions were used for all experiments.

Synthesis and characterization of the chelating fiber

A 30 g portion of dried nitrilon ( containing 93%
acrylonitrile, 5.7% methyl acrylate and 1.3% itaconic
acid) and 150 g of 45% aminothiourea ( thiosemicar-
bazide) aqueous solution were placed in a three-necked
flask. The mixture was adjusted to pH 8—9 with a
NaOH solution, and refluxed for 12 h at 85—95 °C with
slow stirring. The product was washed with distilled wa-
ter until neutral and dried under IR irradiation. Thus, a
golden-colored polyacrylacylaminothiourea chelating fiber
was obtained. Its nitrogen content determined by the
Kjeldahl-Gunning method is 29.5% . The synthetic re-
action can be briefly expressed by Eq. (1).
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According to the references, 1>'2 the IR spectrum of
the polyacrylacylaminothiourea chelating fiber can be as-
signed as follows: 3452.7 and 3340.5 cm'l(wN_H2 and
Vn—g) s 2945.9 and 2878.1 cm! (vo_y of CH, and
CH), 1748.1 cm™ (veoo), 1224.6 em™ (vos),
1635.2 em™ (8,n), 1419.3 om™ (8, ), 1372.1
em? (ve_y of S = C—NH), 1142.4 em? (voy of
CH,NH,), 1054.9 cm (5._y), 829.6 em (8yy ) »
778.2 em Bp gy )5 679.6 cm! Sy nm,) -

(v, stratching vibration; 8, bending vibration; d,,
scissoring vibration; Op, rocking vibration, J,,, wagging
vibration ). The IR spectrum of chelating fiber presents
the N—H and C = S characteristic vibrational adsorption
bands ( 3342.2 and 1224.6 cm!). A comparison be-
tween the IR spectrum of the chelating fiber with that of

| |
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?: S C' =S | =S
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nitrilon shows that the 2250. 5 cm™ of CN vibrational
adsorption band disappeares. These observations demon-
strate that the analytical functional groups have been at-
tached to the fiber.

Analysical procedure

The mixed standard solutions of Au, Pt, Pd and Ir
or real sample solutions were pipetted into beakers
(100—1000 mL) . The solutions were adjusted to pH 2
with aqueous ammonia and dilute HCl solution and
passed through the adsorbing column at a flow rate of
20.0 ml/min. The analytes were desorbed from the
columns with 15 mL of 4 mol/L HCl + 3% CS(NH,),
solution (70 °C) at a flow rate of 5.0 mL/min. Subse-
quently, the ions in the 15 mL of eluate were deter-
mined by the ICP spectrometer. Spectrometer conditions
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were as follows: forward power, 1100 W; viewing
height, 15 mm; Ar plasma gas flow rate, 15 L/min; Ar
nebulizer gas flow rate 1.0 L/min; Ar auxiliary gas flow
rate, 0.7 L/min; wavelengths: Au, 242.795 nm; Pt,
214.423 nm; Pd, 248.892 nm; Ir, 224.268 nm.

Results and discussion
Effect of acidity on adsorption

Mixed stock standard solutions containing 20.0 ng/
mL for each of Au, Pt, Pd and Ir ions were concentrat-
ed by means of the column procedure described in the
range of 10°—2 mol/L HCl. The results (Fig. 1) show
that trace Au and Ir at 1.0—10" mol/L; Pt at 10—
10 mol/L and Pd at 102—10 mol/L can be enriched
quantitatively by the fiber with recoveries over 95% and
the recoveries of all elements were higher than 97% at
102 mol/L. In order to determine these elements simul-
taneously, pH 2 was selected as the enrichment acidity.
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Fig. 1 [Effect of pH on preconcentration of noble metals recov-
ery.

In addition, at pH 3, K, Na, Ca, Mg, Ni(II),
Cu(Il), Co(Il), Mn(I1), Ga(Ill) and As(IIl) were
not adsorbed by the fiber column, La(IIT), Hg(II), Cd
(I1) and Pb(II) were adsorbed only by 15%—45%,
and Ru(II) and Rh(IlI) were enriched by 60%—
70% . Because the fiber adsorbs Au, Pt, Pd and Ir ions
more strongly, and their enrichments were not influ-
enced by those other ions either.

Effect of flow rate on enrichment

When the recommended procedure was used, the

flow rate for preconcentration of the analytes on fiber
column at pH 2.0 varies between 5.0 mL/min and 35.0
mL/min. The results given in Fig. 2 show that Au, Pt,
Pd and Ir ions can be enriched quantitatively at flow rate
below 25.0 ml/min with recoveries above 94% . A
20.0 mL/min flow rate was selected for preconcentration
velocity .
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Fig. 2 Effect of flow rate on enrichment recovery.
Influence of desorption acidity

After the trace of Au, Pt, Pd and Ir were enriched
on the fiber column following the above procedure, each
column was eluted with 15 mL of 2—7 mol/L HCl +
3% CS(NH,), solution at 70 C.. The results in Fig. 3
show that these elements can be desorbed with 15 mL of
4 mol/L HCl + 3% CS(NH,), solution from columns
with recoveries above 96% . However, it was also ob-
served that when the concentration of the eluent was
higher than 4 mol/L HCI or the concentration of CS
(NH;), was higher than 3% , the ICP-AES results grad-
ually decreased. This occurs because the nebulization
rates are reduced relatively to the standard solutions.
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Fig. 3 Influence of desorption acidity on recovery.
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Influence of desorption flow rate

After the trace of Au, Pt, Pd and Ir ions had been
enriched by the fiber as described in the preceding sec-
tions, the influence of the flow rate on desorption of the
analytes from the columns with 15 mL of 4 mol/L HCl
+ 3% CS(NH,), was investigated. The results in Fig.
4 show that desorption recoveries of Au, Pt, Pd and Ir
were higher than 97% for the flow rate at 5.0 ml./min.
A 5.0 mI/min flow rate was selected for the eluent flow
rate.
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Fig. 4 Influence of desorption flow rate on recovery.
Static saturation adsorption capacity and reuse property

A 0.1 g portion of the fiber was placed in each of
the four conical flasks. A stock solution of each of Au,
Pt, Pd and Ir ions was added to each flask and diluted
to an equal volume of 100 mL. The acidity of each solu-

tion was adjusted to pH 2, and the vessels were shaken
in a mechanical vibrator. The concentrations of the
above ions in solution were measured at regular intervals
of 10 min by ICP-AES until an equilibrium was
reached. Thus, the saturated adsorption capacity of the
fiber was calculated, which was 2. 80 mmol/g for Au
(I, 1.75 mmol/g for Pt(IV), 1.56 mmol/g for Pd
(IV) and 1.15 mmol/g for If(IV), respectively.
When the fiber was used successively for 10 times
as described above for the enrichment of Au, Pt, Pd
and Ir ions and desorbed from the fiber each time with
15 mL of 4 mol/L HCl + 3% CS(NH,),, the adsorp-
tion efficiency was still higher than 92% . The chelating
fiber after being used for 10 times did not display obvi-

ous swelling effect.
Iruerference of other ions

Different potential interfering ions were added to
dilute analytes standards. The analytes were preconcen-
trated and determined as described above. The results
summarized in Table 1 show that hundred to thousand
times of excesses of these ions cause little interference in
the recoveries of the analytes. Various other concomitant
precious and heavy metals (e. g. Os, Ag, Ru, Rh,
Cd, Hg, Bi and T1) did not interfere with the analytes
because either their concentrations in real samples were
very low or the rates at which they were adsorbed by the
fiber were much lower than the adsorption rates of the
analytes.

Table 1 Interference of other ions on analyte recoveries

Tons® Rccovely"(%)
Ca(H) Mg(1I) Fe(II)¢  Al(IO)® Zn(1I) Cu(II) Mn(1I) Ni(ID) cd(m)
Au 98.5 99.0 9.5 95.0 98.5 98.5 100 98.0 96.0
Pt 99.4 9.0 95.5 96.0 98.5 98.5 9.0 100 97.8
Pd 100 100 96.0 9.5 97.5 96.0 95.5 100 95.0
Ir 98.0 97.5 95.5 97.0 100 98.5 98.0 97.0 96.0

¢ Concentration of Au(Ill), Pt(IV), Pd(IV) and kr(IV) was 50 ng/mL each. b Interfering ions concentrations (yg'mL'l) are: Ca(Il),
50; Mg(II), 50; Fe(I), 50; AI(HI), 50; Zn(II), 50; Cu(II), 50; Mn(II), 30; Ni(Il), 30; Cd(II), 30. ¢ AI{II) was masked
with 0.1 g citric acid and Fe(IIT) was masked with 0.1 g of hydroxylamine hydrochloride (NH,OH-HCl).

Analytical precision and accuracy

Under the selected conditions, the recoveries of
traces of 20.0 ng/mL for each of Au, Pt, Pd and Ir in

1000 mL of solutions, enriched and determined succes-

sively seven times, were in the range of 97%—100% .
The relative standard deviation (R.S.D) was between
0.7% and 2.6% .

The accuracy of the combined preconcentration ICP
procedure was checked by analysing real aqueous and
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powder samples obtained from a non-ferrous metal
smelter using the standard addition method. The results
in Table 2 show that the recoveries of Au(IIl), Pt(IV),
Pd(IV) and Ir(IV) ions added to the sample were in the
range of 97%—99% , Ds were in the range of 2.1%—
3.0%. To evaluate the accuracy of the method, a
0.1000 g portion of a powdered non-ferrous metal sam-
ple (containing Zn, Ni, Cu, Cd, Mn, Fe, Al, Ca and
Mg etc. matrix elements) from a smelter was weighed
and put into a Ni crucible to which 0.3 g of Na,CO; and
1.0 g Na,0, were added. The crucible was heated in a
furnace for 7 min at 750 °C, then cooled to room tem-

perature. The melted sample in the crucible was leached
with 30 mL of boiling distilled water into a beaker, to
which 30 mL of 12 mol/L HCI was then added with stir-
ring, and heated for 30 min until the solution becomes
transparent. The solution was diluted to 1000 mL with
distilled water and was adjusted to pH 2 with aqueous
ammonia. Then 10 mL of this solution was analyzed ac-
cording to the analytical procedure and the results are
given in Table 3. It can be seen that the results are in
good agreement with the values specified (the results ob-
tained by the smelter laboratory using high-temperature
electrothermal atomic absorption spectrometry) .

Table 2 Analytical results of a real sample with non-ferrous metal matrix®

Concentration (ng/mL)

Element Found (n=5) Added Total (n =5) Recovery (%) oD (%)
Au 30.5:0.5 50.0 80.0+0.8 9.0 3.0
R 115.0£2.0 50.0 164.0£2.5 98.0 2.1
Pd 49.0%1.0 50.0 98.0+1.6 98.0 2.5
Ir 45.0£0.7 50.0 93.5:1.2 97.0 2.7

¢ 0.1 g citric acid and 0.1 g NH,OH HClI were added.

Table 3  Analytical results of digested powder sample solution di-
luted in 1000 times

Element Specified value® Found® R.S.D
(pg/mL) (pg/mL) (%)
Au 0.320 0.318 3.2
Pt 0.650 0.640 2.3
Pd 0.380 0.375 2.7
Ir 0.330 0.327 3.0

“Results obtained by the smelter laboratory using high-temperature
electrothermal atomic adsorption spectrometry; ® Average of five
determinations .

Conclusion

A new polyacrylacylaminothiourea chelating fiber
shows a high adsorption selectivity for Au(III), Pt(IV),
Pd(IV) and Ir(IV) ions, and the adsorbed ions can be
readily desorbed from the fiber column by a 15 mL of 4
mol/L HCl + 3% thiourea solution. The fiber also pre-
sents the advantage of lower interference, higher adsorp-
tion capacity, better reuse ability and higher chemical
mechanical stability than those reported. 19 Furthermore,
the synthesis of the fiber is simple and economical. Pre-
concentration by this fiber combined with ICP-AES can
be applied to the determination of trace Au(IIl), Pt
(IV), Pd(IV) and Ir(IV) ions in real solution samples

and powder samples with satisfactory results.
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