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Abstract: A chelating resin was prepared by the reaction of formaldehyde and resorcinol. It possesses
high adsorption selectivity for transition metal ions such as Pb(II) and Ni(Il). The adsorption and desorp-
tion yields of Pb(Il), Ni(II), Co(ll), Fe(ll) and Zn(I) were determined using batch method. The sig-
nificant characteristics of the chelating resin is the exchange processes between its hydrogen and metal

ions. The mechanism of metal adsorption and desorption seems to be the competing protonation and
complexation reaction of the functional group of the resin. This resin was applied to the rapid con-
centration of trace amounts of these metal ions and to the separation of Pb(Il) from other metal ions in

bulk solution.
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1. INTRODUCTION

Adsorption methods are widely used and are one
of the most effective methods for preconcentration
and separation of metal ions in aqueous solution.
Comprehensive reviews have been written on the
synthesis,
resins.'™

A number of chelating resins containing am-
inocarboxylic acid,*”’ hexylthioglycolateg~1° and bi-
groups have been prepared and investigated

properties and application of chelating

cine'!

for their analytical properties. The purpose of the
present work is to explore the possibility of separa-
tion of some metal ions from matrices by use of a
resorcinol-formaldehyde resin. The adsorption beha-
viour of Ni(Il), Co(I), Pb(Il), Cr(Il), Cd(II) and Zn
(II) on the resin was investigated at different pH
values. The separations are based on the affinity diff-
erences of these metal ions for the chelating resin as
a function of pH. The resin has been characterized
and adsorption behaviour of different metal ions on
the resin studied.
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2. EXPERIMENTAL

2.1. Apparatus and reagents

A Shimadzu AA-670 atomic absorption spec-
trophotometer was used for metal ions determination.
A NOVA-310 digital pH-meter was used for pH
measurement. IR spectrum was recorded on a Hi-
tachi IR 435 infrared spectrophotometer with KBr
pellets.

Resorcinol and formaldehyde were a products of
Sigma. The metal ion stock solutions were prepared
by dissolving the 1000 ppm AAS standard solutions
of Ni(Il}, Cr(II), Co(Il), Zn(Il), Cd(Il) and Pb(II) ob-
tained from Junsei Chemical Co. The other chem-
icals were of analytical-reagent grade. The following
buffered solutions were prepared: hydrochloric acid-
potassium hydrogen phthalate (pH 1~3); acetic acid-
sodium acetate (pH 3~6); potassium dihydrogen
phosphate-sodium hydroxide (pH 7); and sodium
borax-hydrochloric acid (pH 8~9).

2.2. Synthesis of resorcinol-formaldehyde resin

Dissolve 110 g of resorcinol (1 M) in 1 L of wat-
er. Add 16.8 g of lithium hydroxide monohydrate,
and warm, with stirring, in a 2 L beaker. As the tem-
perature reaches to 70°C, add 120 mL of 38% for-
maldehyde solution cautiously. The temperature will
rise to 85°C. Reduce the temperature with con-
tinueous stirring until gelling occurs, at about 95°C.
As gelling occurs, stop heating and cool the solution,
to prevent further reaction in hot water, thereby re-
move the gel from the beaker. Allow the gel to cool
at room temperature. A pale red resin was obtained.
A total of 100 g resin was prepared and the 100~150
mesh fraction of the resin was used for metal ad-
sorption studies.

2.3. Batch equilibrium experiment

2.3.1. Optimum pH for metal ion adsorption

The adsorption behaviors of various metal ions
were examined under batch equilibration technique.
Excess amount of metal ion (50 mL, 20 pg/ml)
was shaken with 0.5 g of resin for 24 hr. The pH
of the raetal ion solution was adjusted prior to
equilibration over a range of 1~8 with buffer solu-
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tions. After the equilibrium, the solution was filtered
through a Whatman #2 filter paper. The filtrate was
diluted with deionized water and the concentration
of metal ions remained was determined by an AAS.

2.3.2. Resin capacity

A batch equilibrium technique was used to de-
termine the metal exchange capacities. Typically,
100 mg resin was mechanically equilibrated with ex-
cess metal ion (50 mL, 100 pg/mL) solution for
24 hrs at the optimum adsorption pH. After the
equilibrium, the resin was filtered off and the con-
centration of the remaining metal ion in the solution
was determined by an AAS.

2.3.3. Adsorption equilibration rate

The equilibrium time of the metal ions were det-
ermined at pH 6.0 by the batch equilibrium tech-
nique. A portion of 0.5 g dry resin was pored into
each metal ion solution (50 mL, 10 pg/mL) and e-
quilibrate for 5~18 min with mechanical stirring. Aft-
er equilibrium, the solution was filtered through
Whatman #2 filter paper. The concentration of metal
ion remained was determined by an AAS.

2.4. Separations of metal ion

Separations of metal ion were carried out by a
column method. A fixed volume of aqueous solu-
tion of the metal ions was adjusted to a suitable pH
and percolated through the column at the flow rate
of 1.04-0.2 mL min ', The adsorbed metal jon was
desorbed from the resin with a suitable eluent.

3. RESULT AND DISCUSSION

3.1. Characteristics of resorcinol-formaldehyde
resin

The resin used was synthesized according to
Scheme 1. In the IR spectrum of resorcinol-for-
maldehyde resin (Fig. 1), the major absorption band
appears at 3422 cm ! (Vcon).

The chemical stability of the resin was evaluated
by measuring the change of adsorption capacity for
Pb(ll) after a successive contact of resorcinol-for-
maldehyde resin with an acidic solutions in various
When this
maldehyde resin was contacted with an acidic solu-

concentration range. resorcinol-for-
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Fig. 1. Infrared spectra of the resorcinol-formaldehyde
resin (KBr disk).

tion weaker than 2.5 M HNO; or 3 M HC], the
decomposition was negligibly small and no sig-
nificant decrease in the adsorption capacity for Pb(Il)
was observed. From these result, it is beleived that
this chelating resin has sufficient stability.

3.2. Adsorption behaviours for metal ion

The effect of pH on adsorption of Fe(Il), Co(Il),
Zn(Il), Ni(Il) and Pb(ll) in pH 0.9~7.5 was ex-
amined by a batch process and the result is present-
ed in Fig. 2. A similar trend was observed for metal
ions examined. Fig. 2 shows that adsorption of me-
tal ions depends apparently on the pH of the solu-
tion due to the competing protonation and com-
plexation reactions of the functional group of resin.
However, alkali metal and alkaline earth metal ions
such as Na(I) and Mg(Il) which have a lower ten-
dency to form chelates with resorcinol-formaldehyde
resin were not sorbed at all even at pH 6.0 as ex-
pected.

The capacity of the resin is an important factor to
determine the amount of the resin necessary for
quantitatively remove of a metal ion from a solution.

40

Adsorption percent (%)
3

Fig. 2. Effect of pH on the adsorption of metal ions
with resorcinol-formaldehyde resin. Resin weight: 500
mg; Conc. of each metal ion: 1.0 mg/50 mL; Shaking
time: 24 hr.

The capacity of each metal ion is reported in the
Table 1. The data indicate that this resorcinol-for-
maldehyde resin has a great affinity for metal ions
studied.

The effect of shaking time on the adsorption of
metal ions in the batch process is shown in Fig. 3.
Over 92% Pb(Il) is adsorbed on the resin after shak-
ing within 20 min. However Co(II) and Ni(Il) re-
quire longer time for complete adsorption. These
properties of the adsorbent enable the Pb(Il) ion in
aqueous solution to readily approach the functional

group.

3.3. Effects of ligand and mineral acid

The metal ion adsorption is not inffluenced by sul-
fosalicylic acid as a ligand over the concentration
range of 0.001~0.01 M (Fig. 4A). The distribution
coefficient of the resin toward metal ions were
found to depend on the NH4NO; concentration (Fig.

Table 1. Adsorption capacity of the resin for different me-
tal ions

Metal ion Capacity (mmol g )
Ni (I) 0.46

Co (1) 0.55

Pb (1) 0.74

Zn (I) 0.49
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Fig. 3. Effect of shaking time on the loading capacitics of
the resorcinol-formaldehyde resin. Resin weight: 500 mg;
Conc. of each metal ion: 0.5 mg/50 mL, pH: 6.0, Shaking
time: 24 hr.

4B). The adsorption capacity of Co(Il) and Ni(Il)
tons decreased gradually with increasing the NH,
NO; concentration from 0.1 to 1.0 M. However, ad-
sorption capacity of Pb(Il) ion did not vary over the
range of (.25~1.0 M NH,NO. Also, the adsorption
percentage for metal ions decreased with increasing
mineral acids concentration (Fig. 5).
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Fig. 4. Effect of [A] sulfosalicylic acid and [B] ammonium
nitrate on the adsorption of metal ions with resorcinol-for-
maldehyde resin. Resin weight: 500 mg; Conc. of each me-
tal ion: 0.5 mg/50 mL, pH: 6.0, Shaking time: 24 hr.
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Fig. 5. Effect of [A] HCI and [B] HNOs concentration on
the desorption of metal ions with resorcinol-formaldehyde
resin. Resin weight: 500 mg; Conc. of each metal ion: .5
mg/50 mL, Shaking time: 24 hr.

3.4. Effect of flow rate

The effect of flow rate of the sample loading and
the elution through the column was studied over the
range of 0.5~3.0 mL min '. The elution curve of
metal jons remains almost unchanged regardless of
any change in the flow rate. In subsequent ex-
periments a flow rate of 1.0+0.2 mL min ' was
maintained for both adsorption and elution.

3.5. Preconcentration and separation of metal
ions

Preconcentration of the metal ions on the resin
was carried out and the results are shown in Table 2.
Metal ions could be enriched up to 50 times with
resorcinol-formaldehyde resin. The results have been
shown that the present resin can act as an effective
adsorbent for preconcentration of the metal ions stu-
died.

The separation of trace amounts of Pb(Il) in the
presence of diverse metal ions was examined by a
column method (Fig. 6). From the results presented
in Fig. 4 and 5, NH;NO; and HNO; solution have
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Table 2. Preconcentration and recovery of metal ion

Metal Found* Preconcentra-
ion Taken Eluent (mg) tion effect**
Pb(ll}) 0.1 mg/L 0.1 M HCl 0.103 50
1.0mg/. 0.1 M HCI 0.973 50
Ni(ll) 0.5mg/L. 0.1 M HNO; 0.492 40
1.0mg/L 0.1 M HNO; 0983 35
Co(Il) 0.5mg/LL 0.1 M HNO; 0.492 45
1.0mg/l. 0.1 M HNO; 1.014 40

*Values agreed with a precision of +1.5%, Column: 3.14
em’ x5 cm. **One liter sample solutions containing 0.1~
1.0 mg metal ion were loaded on the column and eluted
with 20 mL of 0.1 M HCl.

30 joading 1M NH,NO, 0.1M HNO,

25 ®

mg/25mL
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Fig. 6. Elution curve of Co(ll), Ni(II) and Pb(II). Resin:
resorcinol-formaldehyde, Column: 3.14 cm®x 5 cm, Load-
ing: 5 mg of Co(ll), Ni(Il) and Pb(ll) in 50 mL, pH 4.0,
Elution: 1 M NH:NO; and 0.1 M HNO;, Flow rate: 1.0+
0.2 mL min~".

been considered as an eluent for the separation of
the synthetic metal ion solution. Lead(Il) is able to
separate from Ni(lI), Co(II) and Zn(II) because they
are not retained on the resin with 1.0 M NH4NO;
eluent. Lead(H) retained on the resin is eluted with
0.1 M HNO..

4. CONCLUSION

The resorcinol-formaldehyde resin offers the pos-
sibility of preconcentration and separation of Ph(Il).
Pb(II) can be separated from Ni(II), Co(Il) and Zn(II)
with NH,NO; and acidic media as an eluent. The
sorbent is easy to prepare, stable, maintains repro-
ducibility and exhibits fast adsorbability. Metal ions
in a large volume of water sample can be treated
with a relatively small column and preconcentrated
metal ions can be eluted in a small volume of eluent,
resulting in a high preconcentration factor.

Alkali and alkaline earth metals are not retained
on the sorbent over a wide acidic range, which is of
advantage from of posible ap-
plications of the sorbent to the analysis of natural

the viewpoint

waters and biological materials.
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