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Abstract A simple flame atomic absorption spectromet-
ric (FAAS) procedure for the determination of lead, bis-
muth, gold, palladium and cadmium as impuritiesin Raney
nickel and nickel oxide was devel oped using a preconcen-
tration step on an Amberlite XAD-16 resin packed col-
umn. Lead, bismuth, gold, palladium and cadmium were
quantitatively recovered and separated from a solution
containing 1 M HCI and 0.3 M Nal by the column system.
Effects of the various parameters such as reagent concen-
trations, sample volume, matrix effects, etc. have been in-
vestigated. Under optimized conditions, the relative stan-
dard deviation of the combined method of sample treat-
ment, preconcentration and determination with FAAS (n =
7) is generally lower than 12%. The limit of detection (3s,
n = 20) was between 10-270 ng/g. The results were used
for separation and preconcentration of five trace elements
from nickel matrices.

Introduction

The mechanical, electrical, catalytic or chemical proper-
ties of metallic nickel, nickel-base aloys, compounds and
catalysts can be affected by certain impurities [1]. There-
fore, the determination of trace impuritiesin these materi-
als is important. The direct determination of lead, bis-
muth, gold, palladium, cadmium and silver in nickel com-
pounds by FAAS is difficult because of the matrix effects
and the low levels of those elements present [2, 3]. To
avoid matrix effects, the trace impurities must generally
be separated prior to their determinations. The separation
of some elements as impurity from nickel-based products
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has been carried out using ion exchange [2, 4, 5], hydride
generation [6-8], coprecipitation [9, 10], solvent extrac-
tion [11] and adsorption [3, 12, 13]. On the other hand, a
method which alows to adsorb chemical species directly
onto a solid phase as an adsorbent provides an effective
separation.

Several authors reported that the trace metals as vari-
ous complex forms were adsorbed onto Amberlite XAD-
2, XAD-4, XAD-7, XAD-1180 and XAD-16 resins and
the metals can be easily separated from matrix compo-
nents [14-19]. These resins adsorb complexes formed be-
tween trace metal ions and inorganic ligands as well as
metal chelate complexes. The adsorption of inorganic
complexes on the resins is advantageous concerning the
adsorption capacity because the free inorganic ligands are
not retained. Especially, the metal halogeno complexes
can be selectively adsorbed on these resins. The applica-
tions based on the retention of halogeno complexes on
Amberlite XAD-16 resin are limited for the isolation of
trace metal ions from matrix components. However, Am-
berlite XAD-16 has not been widely used for the precon-
centration of trace heavy metal ions as inorganic com-
plexes.

In thiswork, the retention of trace metal ions as a mix-
ture of iodo complexes on a column filled with Amberlite
XAD-16 resin was investigated for the subsequent deter-
mination of some meta ions in nickel and nickel com-
pounds. The optimum conditions for retention were also
discussed.

Experimental

Apparatus. The measurements were carried out by means of a
Perkin-Elmer Model 3110 atomic absorption spectrometer, using
an acetylene-air flame. All measurements were carried out without
background correction. The instrumental parameters and operating
conditions were set as recommended by the manufacturer.

Reagents. All reagents were of analytical-reagent grade, unless
stated otherwise. Doubly distilled water was used for the prepara-
tion of the reagent solutions. Metal stock solutions of the working
elements, containing 1000 mg/L were prepared by dissolving their



respective nitrates in 1% (w/w) HNO,, and diluting with water.
The standard solutions used for the calibration procedures were
prepared before use by dilution of the stock solution with 1 M HCI.
Sodium iodide (suprapur) used to prepare the solutions of Nal and
acetone (extra pure) used for elution were purchased from Merck,
Darmstadt. Concentrated hydrochloric and nitric acids were from
Merck in extrapure quality.

Resin and column preparation. Amberlite XAD-16 resin (particle
size, 2040 mesh; Sigma Chem. Co., St. Louis) was ground and
sieved to 80-100 mesh fraction. It was washed successively with
methanol, water, 1 M HNO; in acetone, water, 1 M NaOH and
water, respectively.

A short glass column with an inner diameter of 10 mm and a
length of 100 mm, equipped with porous frits, was filled up to a
height of about 25 mm with a suspension of 400 mg Amberlite
XAD-16 resin in water. Prior to use, the resin was preconditioned
with a high-purity solution of 0.3 M Nal and 1 M HCI. After each
experiment, the column was rinsed with water and stored for the
next experiment.

Test procedure for preconcentration. VVolumes of 25-150 mL of
spiked solutions containing 2 pg Cd, 5 ug Cu, Ni, Pd, Ag and Au,
10 pg Fe, Pb and Bi were used. The solutions were prepared in
a mixture of 1 M HCl and 0.3 M Nal unless stated otherwise.
The solution was passed through the column at a flow rate of
10 mL/min., the retained analyte ions were eluted by 8-10 mL of
acetone at a flow rate of 2-3 mL/min. Then, the eluate was care-
fully evaporated to 1-2 mL. The solution was transferred into a
5 mL volumetric flask with 1 M HCI solution. The analytesin the
final solution were determined by FAAS.

Analysis of Raney nickel and nickel oxide. 0.5-1.5 g of Raney
nickel or nickel oxide were suspended in 2 mL water and decom-
posed in 2-20 mL aqua regia, nearly evaporated to dryness and
the residue was dissolved in 75-100 mL 1 M HCI containing
0.3 M Nal. The analytes in this solution were determined by ap-
plying the preconcentration procedure given above.

Results and discussion
Effect of HCl and Nal concentration

A thorough understanding of the extraction behavior of
different metal ions possibly present in given samples is
necessary before a system can be firstly used for precon-
centration and/or matrix isolation of metal ions. Recovery
profiles for metal ions with HCI or HCI plus Nal give in-
sight into the selectivity of XAD-16 resin and help to
choose the practical operating parameters. As can be seen
from Fig. 1, gold, iron and silver with R = 50% were only
partly recovered from hydrochloric acid solutions. Espe-
cialy at high HCI concentrations such as in the range of
5-10 M HCI, the recovery for iron was nearly quantitative
(R = 95%). The recovery values for the other elements
were not almost effected from the increasing concentra-
tion of HCI and were under 40%.

To increase the number of elements quantitatively re-
covered, the effect of Nal concentration on the retention
was aso investigated in the presence of 1 M HCI. There-
sults are shown in Fig. 2. The recoveries of lead, bismuth,
gold, palladium, cadmium and silver could be increased
up to nearly quantitative values (= 95%) with concentra-
tion ranges of 0.1-0.4 M Nal in the presence of 1 M HCI.
The recovery value for Cu was quantitative only in the
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Fig.1 Effect of HCI concentration on the recoveries of the work-
ing elements (n = 4, sample volume : 25 mL, eluent: acetone)
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Fig.2 Effect of Nal concentration on the recoveries of the work-
ing elements (n = 4, concentration of HCI: 1 M, sample volume:
25 mL, eluent: acetone)

presence of 0.2 M Nal. As known, Cu(ll) is reduced to
Cu(l) by iodide in acidic solution giving the scarcely sol-
uble Cul. However, Cul is dissolved in the presence of ex-
cessiodide by the formation of Cul,~. Accordingly, there-
tention of copper increases with increasing concentration
of Nal, due to the formation of Cul. All of Cu(ll) in the
solution is reduced to Cul in the presence of 0.2 M Nal.
Thus, quantitative retention for Cu is obtained. The reten-
tion of copper decreases due to the formation of Cul,,
withincreasing of Nal > 0.2 M. It might be concluded that
copper was retained as Cu(l) by Amberlite XAD-16 resin.

It can be concluded that there is a considerable de-
crease in the recoveries of iron because of the reduction of
Fe (I11) to Fe (I1) by iodide. The effect of 0.5, 1, 2 and
4 M HCI on the recoveries of lead, bismuth, gold, palla-
dium and cadmium were aso investigated using 0.1—
0.6 M Nal. The recovery values obtained with each acid
concentrations were almost the same. The improvement
observed in the recoveries by adding of Nal to the HCI so-
lutions might be due to a synergistic effect that is very
well known in solvent extraction [20]. The increase in the
recoveries of some analytes can be explained by forma-
tion of more stable complexes with iodide than with chlo-
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ride. As a result, the optimum concentrations of Nal and
HCI were taken as 0.3 M and 1 M, respectively. Nickel
was not recovered under the optimum conditions. These
results show that lead, bismuth, gold, palladium, cadmium
and silver can be selectively separated from the nickel
compounds.

Sample and eluent flow rates

Sample and eluent flow rates are important parameters to
obtain quantitative retention and elution, respectively. The
retentions for the analytes were quantitative up to a sam-
ple flow rate of 15 mL/min. As in our previous studies
[16, 18, 21] it was found that acetone was the most suit-
able eluent for the elution of the analytes retained using
inorganic and organic ligands on the Ambertite XAD-16
resin column. The minimum volume of acetone required
for the quantitative elution of the retained anayte com-
plexes was found to be 8.0 mL. Variation of the elution
flow rate in the range of 1.0-4.0 mL/min has no effect on
the elution efficiency.

Effect of sample volume

In the analysis of a real sample using preconcentration,
the sample volume is one of the important parameters to
obtain high concentration factors. Therefore, the effect of
sample volume on the retention behavior of the analytes
examined was studied by varying the sample volume from
25 mL to 150 mL prepared using 0.3 M Nal and 1 M HCI,
containing 2-5 pg of analyte depending on the elements
studied. According to the results given in Table 1, the re-
coveries of copper and silver are considerably influenced
by an increasing volume and distinctly decrease using
volumes of more than 25 mL. Palladium, lead and cad-
mium were quantitatively preconcentrated up to 125 mL.
Gold and bismuth have nearly 100% recovery values up
to the examined maximum volume of 150 mL.

Effect of matrix components

The findings above showed that lead, bismuth, gold, pal-
ladium and cadmium can be selectively separated from

Table1l Influences of the sample volume on the recoveries of Pb,
Cd, Bi, Pd, Auand and Ag (n = 3)

Sample Recovery (%)

volume

(mL) Pb Cd Bi Pd Au Ag Cu
25 92 96 92 96 97 98 95
50 96 99 100 99 100 72 68
75 96 99 93 99 100 56 28

100 95 96 95 97 100 28 20

125 73 76 97 76 100 20 13

150 70 65 9% 64 100 25 10

Table2 Effect of nickel compounds on recovery (n = 3, sample
volume 50 mL)

Sample Concentration Recovery, %
of Ni2
(mg/mL) Pb  Cd Bi Pd  Au
Ni(NOy), - 6H,O 20 95 100 98 97 100
30 96 100 97 97 101
50 98 100 95 9% 105
100 43 94 54 103 110
NiSO, - 7TH,O 20 94 98 96 94 100
30 96 105 92 9 104
50 105 108 97 9% 100
100 74 104 48 80 104
NiCl, - H,O 20 95 102 93 96 102
30 97 107 55 94 102
50 9% 104 9A 108 106
100 65 108 68 40 105

the nickel containing matrices (Fig.2). To investigate the
effect of high concentrations of various nickel compounds
on the recovery of the elements examined, the procedure
has been carried out with 50 mL of sample solutions con-
taining 1.0 to 5.0 g Ni (I) as nitrate, sulfate and chloride
(Table 2). Lead, bismuth and palladium can be preconcen-
trated quantitatively up to 50 mg/mL Ni (I1). In the work-
ing range of Ni (1) from 20 mg/mL to 100 mg/mL, the re-
coveries of cadmium and gold were quantitative. No in-
fluence from the anions such as nitrate, sulfate and chlo-
ride was observed. The analysis of the eluates showed
residual nickel of 25-125 ug/mL for a sample solution
with an initial nickel amount of 20-100 mg/mL. Accord-
ing to these data, it can be concluded that lead, bismuth,
gold, palladium and cadmium in nickel matrices can be
determined by the procedure proposed.

Analytical performance of the method

The analytical performance of the proposed procedure can
be shown for the results from FAAS measurements. The
relative standard deviations (n = 10) in the case of 16—
18 pg/L of the ions examined in 100.0 mL sample vol-
umes were found to be lower than 12%. The recoveries
obtained for lead, bismuth, gold, palladium and cadmium
with the model solutions in doubly distilled water and in
the presence of nickel salts as interferent up to 50 mg/mL
were higher than 95%, thus confirming the accuracy of
the procedure. The detection limits (3s, n = 20) for lead,
cadmium, bismuth, palladium and gold were found to be
90, 10, 270, 30 and 40 ng/g, respectively.

Application

The procedure proposed was applied to the determination
of lead, bismuth, gold, palladium and cadmium in Raney



Table3 Commercial Raney nickel and nickel oxide analysis (n =5)

Sample Concentration? (Lg/g)

Pb Bi

Pd Au Cd

Raney nickel 11.231+ 0.906 5.692 +0.609 N.D. N.D. N.D.
Nickel oxide  0.099 + 0.006 0.470+0.062 N.D. N.D. N.D.

a+ t.5/VN, N.D.: Not Detected

nickel and nickel oxide. Average values and confidence
limits are summarized in Table 3. The concentration
found for lead were less than the contents guarantied by
the distributor of the reagents, typically < 0.005% for lead
in NiO. The relative standard deviations for lead and bis-
muth were in the range of 8.1-12.8%. A reference proce-
dure was applied to the determination of gold and pala-
dium in the samples [3]. The gold and palladium contents
of nickel oxide and Raney nickel were also not detected
by the reference procedure.

Conclusions

The application of the procedure proposed showed that
lead, bismuth, gold, palladium and cadmium can be effec-
tively separated/preconcentrated from Raney nickel and
nickel oxide on Amberlite XAD-16 columns. The method
may be used for the preconcentration of traces of heavy
metals from other matrices, such as natural water samples
and geological materials, etc. after a thorough investiga-
tion of the effects of the matrix ions on the recoveries of
lead, bismuth, gold, palladium and cadmium.
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