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Roska Y. Stefanova

Department of Water Supply, Sewerage and Water
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and Geodesy, Sofia 1421, Bulgaria
E-mail: stef_fhe@uacg.acad.bg

ABSTRACT

Metal ion removal from acidic solutions with a high electrolyte
concentration was completed through a modified polyacrylonitrile
sorbent. The effects of the initial ion concentration, pH, the ionic
strength, and anionic influence on the sorption behavior of the
modified polymer were investigated. The distribution coefficient
values for metal ions of various initial concentrations at 0.1 mol/L
ionic strength increased in the following order: Mg?* < Co?*
< Ni*"< Zn?*< Cd**< Cu?*< Pb?*. The change of the ionic
strength of the solution exerts a slight influence on the removal of
copper, lead, and cadmium ions from aqueous solutions. Competi-
tion sorption studies were conducted at pH 4, ionic strength 0.5
mol/L, and with competing metal ions added at equivalent initial
concentrations in the 2-component systems. Complete elution of
metal ions from a loaded modified polymer was achieved with a ni-
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tric acid solution (pH 1.0-1.5) or by a subsequent treatment with
3% NH4OH solution. The modified polymer has a high selectivity
toward lead and copper ions and could be used to remove and sep-
arate different amounts of these elements from metal-bearing solu-
tions and industrial wastewater with a high electrolyte concentra-
tion.

Key Words: Complexing polymer; Heavy metal ions; Sorption;
Distribution coefficient

INTRODUCTION

The toxic nature of heavy metal ions, even at trace levels in natural waters,
has been a public health problem during the past few decades. These metal ions
are of a special concern because they are nondegradable toxic pollutants that in-
terfere with the metabolism of living environmental systems (1). Waters polluted
with heavy metal ions cannot self-purify and can preserve their toxicity for an in-
definite time. To solve this problem, industrial waters must be treated to remove
the toxic metal ions before they can be disposed into the sewerage. The most im-
portant technologies for toxic ion removal are chemical precipitation, ion ex-
change, and sorption. However, many metal-bearing wastes contain substances,
such as complexing agents, that decrease the effectiveness of the precipitation
processes, leading to relatively high metal concentrations in the effluent (2). The
recovery of metals from hydrometallurgical liquors, spent electroplating baths,
and metal finishing wastewater is becoming of increasing environmental, techno-
logical, and economic interest (3,4). Sorption of heavy metals on inorganic sor-
bents and carboxyl cation exchangers is not effective at pH values less than 5 (5).
The increase of pH in such cases is often an expensive means for treating heavy
metal-laden acidic industrial wastewater.

The growing problem of heavy metal contamination of natural waters has
stimulated a search for new selective ion-exchange resins and adsorbents that
show ion exchange and complexing properties of different metal ions under acidic
conditions (6,7). The new resins and adsorbents permit a high degree of purifica-
tion of industrial wastewater to be reached and some valuable metals to be uti-
lized. Chelating sorbents have received increasing attention as adsorbents for se-
lective removal of dissolved heavy metals from contaminated water/wastewater in
preference to nontoxic competing ions, such as Ca?*, Mg?", and Na™ (4,8,9). Ad-
sorption through chelators can be more effective and economical. The use of
chelators for adsorption also provides a potential for removal, recovery, and recy-
cling of metals from industrial wastewater.

Copyright © Marcel Dekker, Inc. All rights reserved.
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The acrylonitrile polymers and their fibrous materials can be successfully
used as a polymer matrix for obtaining complexing sorbents (10). New functional
groups can be introduced into acrylonitrile polymers by polymer analogous trans-
formations of relatively reactive nitril groups. The three-dimensional spatial struc-
ture of these polymers that ensures the necessary stability in alkaline hydrolysis is
created by treatment with hydrazine hydrate (11). Different ion exchange and
complexing sorbents have been obtained by chemical modification of the acry-
lonitrile copolymer functional groups (12,13). The acid-base and complexing
properties of modified polyacrylonitrile sorbent have been investigated (14).

In wastewater treatment processes the sorbents are usually used in the pres-
ence of big quantities of various ions. Therefore, the primary investigation pre-
sented here regards the possibility of metal ion removal from acidic solutions with
a high electrolyte concentration through the use of a modified polyacrylonitrile
sorbent that had been preliminarily converted into an inner salt.

MATERIALS AND METHODS
Preparation and Characterization of Modified Sorbent

The modified sorbent was obtained from a triple copolymer of acrylonitrile
(88.45%), methylmethacrylate (6.47%), and sodium vinylsulfonate (5.08%) with
molecular weight 5.1 X 10* Its nitrogen and sulfur contents were 22.82% and
1.25% respectively. The nitrogen content in the copolymer was determined by the
method of Keldal. The content of sulfur (from sulfonic groups) was determined by
weight analysis after preliminary treatment of the polymer with concentrated ni-
tric acid and 70% perchloric acid in a weight ratio of 6:4 (15). The density of the
copolymer was 1.18 g/cm?. The modification of the polymer was accomplished by
treatment with 4% NaOH and 4% NH,NH,-HCI in a ratio of 4 to 1 at a contact
time of 3 hours, at 97°C, and under continuous agitation. The correlation between
the solid and the liquid phases was 1:50. For the removal of the 2 reagents, the ob-
tained product was repeatedly washed with distilled water. The modified polymer
was obtained in the following way:

NH,NH,-HCl
'-—CHZ—C|H—CH2—CH—... o

CN CN
-..—CH,—CH—CH,—CH—---

C=NH C=0

NHNH, NH,
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- —CH—CH—CH,—CH—.. — 75—

C=NH C=0

NHNH, NH;
-..—CH,—CH—CH,—CH—CH,—CH—--.
C=0 C=0 C=0

ONa NH NH, ONa

The modified sorbent preliminarily treated with 2 mol hydrochloric acid so-
lution was converted into an inner salt by washing with boiling distilled water un-
til the filtrate was at pH 5.5 and no chloride ions were present in the wash waters.
The sorbent showed acidic properties: Ion exchange capacity with regard to 0.1
mol/L NaOH was 6.30 £0.03 mmol/g; it also showed alkaline properties: Ion ex-
change capacity with regard to 0.1 mol/L HNO3; was 0.88 *0.03 mmol/g. The
characteristic dissociation constant of the carboxyl groups was 4.57 X 107>
(pK = 4.39) at ionic strength p. = 1. The nitrogen content in the modified poly-
mer converted into an inner salt was 4.70% and the sulfur content was 0.14%. The
specific surface area (31.6 mz/g) of the material was measured by the Brunauer,
Emmett, and Teller (BET) method through the use of a Quantasorb model QS-7
surface analyzer. The pore volume (0.652 cm?/g) and the average pore radius
(28.7 nm) of the modified sorbent were determined by a MOD Carbo-Erba mer-
cury porosimeter. The sorbent was obtained in spherical beads with sizes varying
from 0.3 to 0.5 mm.

Sorption Studies

All chemicals were of an analytical grade. The salts were copper, lead, zinc,
cadmium, cobalt, nickel, and magnesium nitrates. The stock solutions (0.25
mol/L) of the test species were made by dilution with double-distilled water. The
initial pH of the solutions was adjusted with 0.05 mol/L HNO; and 0.05 mol/L
NaOH respectively. The addition of different sodium nitrate quantities into the so-
lution changed the ionic strength. Batch mode sorption studies were carried out to
determine the sorption of metal ions on the modified sorbent that was preliminar-
ily converted into an inner salt. Samples of the modified sorbent (0.1 g by dry
weight) were equilibrated with 100 mL aqueous solution of metal ions at varying
concentrations, pH values, and ionic strengths in different glass bottles. As pre-
liminarily established, 7 days were needed to reach equilibrium in the system sor-
bent—metal ion solution. The samples were centrifuged at 5000 rpm for 15 min-
utes. The concentration of the metal cations in single adsorbate systems was

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



10: 40 25 January 2011

Downl oaded At:

ORDER | _=*_[Il REPRINTS

ION REMOVAL BY POLYACRYLONITRILE 3415

determined titrimetrically by ethylenediaminetetraceticacid (disodium salt). The
metal ion concentration in competition experiments was determined by atomic ab-
sorption. All experiments were repeated and the average values are presented. The
maximum deviation was 4%.

Distribution coefficient values (Ky) for the investigated metal ions at vari-
ous initial solution concentrations were calculated using bath experiment data as
follows:

9ed
Kd(i) = t ‘) ( 1 )

where g is the amount of metal ion sorbed at equilibrium (mol/g), and Ce is
the equilibrium concentration of metal ion in solution (mol/mL).

The competitive effect of metal ions was interpreted through the use of the
selectivity coefficient. This coefficient is a measure of the relative selectivity be-
tween 2 competing solutes and is equal to the ratio of their distribution coefficients
between the exchanger phase and the aqueous phase:

Do =2 — 2)

Desorption Studies

After sorption experiments, the metal-laden sorbent, separated by filtration,
was gently washed with distilled water to remove any unadsorbed metal ions. The
spent samples (0.5 g) were agitated with 50 mL of acidified water adjusted to dif-
ferent pH values with diluted HNO;. The desorbed metal ions were estimated by
analyzing the acid solutions as before. The percentage desorption was determined.

RESULTS AND DISCUSSION
Sorption Isotherms

The dependence of equilibrium concentration of lead, copper, zinc, cad-
mium, cobalt, nickel, and magnesium ions on sorption capacity at 22°C and poly-
mer-solution ratio 1 g/L to 0.1 mol/L ionic strength was investigated. Isotherm ex-
periments for lead and copper ions were performed at initial pH 4.10, while others
were conducted at pH 5. Sorption isotherms (Fig. 1) reveal that metal uptake in-
creased with increased metal concentration. The curves for Cu®*, Cd**, and Pb*"
show a very steep increase in the amount of metal ion initially sorbed. The curves
for Ni** and Mg>" reflect a gradual increase in the amount sorbed and show ion
saturation at higher solution concentrations.

MaRcEL DEKKER, INC.
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Figure 1. Sorption isotherms for metal ions at initial pH 4.10 (Pb>* and Cu®*) and pH 5
(other ions) at 0.1 mol/L ionic strength.

The sorption data were fitted with the Langmuir adsorption equation. Lang-
muir adsorption parameters were obtained based on the equation:

Ce 1 Ce

ge  bQo " Qo
where C. is the equilibrium concentration of divalent cations in the solution
(mol/L); g, is the equilibrium sorption capacity (mol/g); Qy is the Langmuir con-
stant related to the maximum sorption (mol/g); and b is the sorption constant re-
lated to the binding energy between the cations and the exchanger sites of the
modified polymer. Table 1 presents the Langmuir constants Qg and b for these
systems. The obtained sorption affinity sequence in the presented work was Pb**

3

Table 1. Langmuir Constants for Metal Ion Sorption on Modified Polymer

Metal Qo X 10° bx107* Correlation
Ions (mol/g) (L/mol) Coefficient R?
Pb>* 2.247 3.272 0.999
Ni2* 2.026 0.343 0.985
Cu** 1.806 6.085 0.999
Cd** 1.682 2.185 0.998
Zn** 1.558 0.961 0.998
Co** 1.246 0.776 0.999
Mg** 0.606 0.084 0.987
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Table 2. Distribution Coefficients (Ky) for Metal Ions at Various Initial Solution Concentrations

Initial Concentration of Metal Tons, Cy X 1073 (mol/L)

Metal

ITons 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0
Pb>" 518 X 10° 456X 10°  6.99 X 10* 947 X 10° 4.13 X 10>  2.23 X 10° 121 X 10> 8.21 X 10?
Cu** 145X 10° 881 X 10* 229X 10* 4.69 X 10> 2.26 X 10° 1.65 X 10° 891 X 10> 587 X 107
Cd** 6.58 X 10° 629 X 10*  1.05 X 10* 3.27 X 10° 1.57 X 10° L13 X 10° 692X 10>  5.16 X 107
Zn** 1.69 X 10* 451 x10°  4.05x10° 214 % 10° 1.30 X 10°  9.62 X 10> 6.55 X 10> 4.33 X 10?
Niz* 1.61 X 10* 502X 10° 2.88 X 10° 1.99 X 10° 1.45 X 10° 1.06 X 10°  7.92 X 10>  6.47 X 107
Co*" 5.82x10°  3.11x10° 1.86 X 10° 127 X 10° 896 X 10> 6.34 X 10> 426 X 10> 3.16 X 10?
Mg?>" 308 X 10> 3.05X 10> 269 X 10> 232X 10> 1.99 X 10? 176 X 10> 127 X 10>  1.01 X 10?

> Ni" > Cu?* > Cd** > Zn** > Co** > Mg>". The sorption (binding) con-
stant for copper ions was bigger than those for other metal ions. This phenomenon
is not rare for the binding of copper ions in carboxyl sites (16). However, the max-
imum amount of copper ions sorbed was lower than that of lead and nickel ions.
This result probably indicates that not each ionogenic site is available for copper
ion binding. The lead ions have the highest sorption capacity and also a relatively
high binding constant.

The distribution coefficient values (K,) for the investigated heavy metal
ions at various initial solution concentrations at 0.1 mol/L ionic strength were cal-
culated and the results are shown in Table 2. The distribution coefficients show
that the modified polymer was more selective for Pb>* than it was for Cu?* and
Cd** and much more selective than for Zn>*, Ni**, Co®*, and Mg>*. The K val-
ues for all metal cations decreased when the initial solution concentration was in-
creased. The modified polymer could be used for the removal of lead, copper, and
cadmium ions from water solutions at initial concentrations less than 1 X 1073
mol/L in acidic medium. The sorbent exhibited selective properties toward Pb**,
Cu**, and Cd*" ions in acidic conditions at 0.1 mol/L ionic strength. These metal
ions may have been concentrated on the sorbent in the presence of alkaline earth
elements, and zinc, nickel, and cobalt ions in the solution.

Effect of pH on Metal Ion Sorption

The influence of pH on the removal of metal ions from aqueous solutions at
concentration 5 X 1073 mol/L and 0.1 mol/L ionic strength was investigated
(Fig. 2). The data regarding pH effects showed that the sorption of all metal ions
was markedly influenced by the solution pH. The experimental data obtained
show an increase of the metal ion uptake at pH values higher than 2.5-3.0. The
carboxyl cation exchange resins adsorbed metal ions only as a result of ion ex-
change at pH > 5. The dissociation of carboxyl groups began at pH = 3 (17). The
salt form of amino groups does not show coordination properties during interac-

MaRcEL DEKKER, INC.
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Metal uptake (mol/g) x 10°

Equilibrium pH

Figure 2. Effect of pH on metal ions sorption by the modified polymer at initial concen-
tration 5 X 1073 mol/L and 0.1 mol/L ionic strength.

tion with the metal cations because the N—H bond is more stable than the N—Me
bond (18). Therefore, one can suppose that the sorption of the metal ions is real-
ized by a simultaneous formation of ionic and coordination bonds in which car-
boxyl and nitrogen-containing functional groups (> N—NH,, —NH—NH—,
—NH—NH,) of the modified polymer take part. The complex formed in the poly-
mer phase is expected to have the following general formula:

---—CH—(CHz)n—$H—~-
O=C C=0

H,NHN —— Me—O

With the increased pH of the equilibrium solution the concentration of co-
ordination active (deprotonated) ionogenic groups was enhanced. Their electron
donor properties and the degree of polymer swelling in water solution changed
too.

According to the concept of hard and soft acids and bases, the functional
groups in the chelating polymer materials usually act as bases: Oxygen-contain-
ing functional groups are hard, and functional groups with a basic nitrogen atom
have an intermediate character (19). While copper, nickel, lead, zinc, and cobalt
act as an intermediate type of acid (1), the modified polymer with oxygen- and ni-
trogen-containing functional groups can be used to remove these metal ions from
the water solution. Also, one can use nitrogen- and sulfur-containing functional
groups for removal of soft acids, such as cadmium.

Copyright © Marcel Dekker, Inc. All rights reserved.
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The removal of metal ions depends not only on the degree of deprotonation
of the functional groups but also on the stability of the polymer complex, the con-
centration, and the state of the polymer in the solution. The stability of the ob-
tained complexes in the polymer phase probably depends on the three-dimen-
sional position of the ligand groups in the sorbent, the flexibility of the polymer
chain, and the possibility for ligand group participation in the formation of com-
plexes with a respective stereochemistry. By potentiometric titration, the stability
of the complexes formed between carboxyl groups of modified polymer and dif-
ferent cations was found to increase in the following order: Ni>* < Cd*>" < Co?™"
< Zn*t < Pb?t < Cu?* (14).

The comparison between the obtained experimental results with the results
given by other authors confirms the rule that the stronger the complex formed in
the polymer phase the lower the values of pH at which the metal begins to adsorb
(17). The sodium ions (from the background electrolyte) do not form complexes
with the functional groups of the modified sorbent. The alkali-earth metals form
stable complexes in neutral and alkaline medium.

The pH regions in which a rapid increase in metal ion sorption at an initial
concentration of 5 X 103 mol/L was found were 2.5-4.0 for copper ions, 2.5-4.5
for lead ions, 3.5-5.0 for zinc and cadmium ions, and 4.0-5.5 for nickel and cobalt
ions. Because the functional groups of sorbent contain oxygen and nitrogen atoms
with undivided electron pairs, the recovery of metal ions with free orbitals from
water solutions could be carried out by forming ionic, coordination, or a simulta-
neous realization of both kinds of bonds.

The data presented in Fig. 2 show that the modified polymer could be used
for concentration or removal of copper and lead ions from water at pH 2.5-3.5.
Lead or copper ions may be removed selectively from a mixture containing zinc,
cadmium, nickel, cobalt, and magnesium ions through a careful adjustment of the
pH and other reaction conditions. Complete removal of copper ions was estab-
lished after treatment of a model solution containing Cu?* and Cd*>* ions with the
sorbent at pH 3.

The dependence of equilibrium concentration of zinc ions on the sorption
capacity at pH 2.02, 2.92, 4.06, and 5.02, created and maintained by universal
buffers (H;PO4, CH;COOH, H3;BO;), was investigated. The final pH of buffered
solution (after contact with modified polymer) remained close to the initial pH of
the metal solution. Preliminary sorption studies were conducted with zinc ion so-
lution (2.5 X 1073 mol/L) at initial pH 5.02 in buffered and unbuffered systems.
The metal uptake increased 26% more by buffering the system than it was in an
unbuffered system (pHgna = 4.5). The increased metal removal is due to the neu-
tralization of the hydrogen ions released during deprotonation of the functional
groups, breaking of inner salt bonds in the modified polymer, and metal uptake.
The obtained values of Langmuir constants at different pH values are given in
Table 3. At pH = 1, the hydrolysis of sorbent nitrogen-containing groups becomes
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Table 3. Langmuir Constants for the Sorption of Zinc Ions at

Different pH Values

Qo X 10° bx 1074
pH (mol/g) (L/mol) R?
2.01 0.202 0.440 0.967
2.92 0.257 0.616 0.986
4.06 1.245 0.883 0.961
5.02 1.760 82.332 0.999

practically impossible. Therefore, under acidic conditions (pH = 2) the metal re-
moval capacities of chelating polymers are essentially lost because of the
formidable competition with hydrogen ions (10). At such low pH, the sorption of
metal ions on weak alkaline groups can be accomplished only by the ion exchange
mechanism. At the experimental conditions, zinc ions could be removed as anion
complexes formed with the components of a universal buffer (acetate, phosphate),
but zinc does not form stable complexes with these anions. The very low sorption
capacity established at the studied pH values could also be connected with the rel-
atively small amount of nitrogen-containing groups in the polymer compared with
the amount of acidic groups. At pH values of approximately 2.5-3.0, the investi-
gated ions can form comparatively stable complexes in the polymer phase. The
concentration of deprotonated ionogenic groups in the modified polymer in-
creases with the increase of solution pH. Thus, a possibility for realization of
ionic, coordination, or simultaneous formation of 2 kinds of bonds is created, and
the values of the Langmuir constants increase (Table 3).

Ionic Strength Effect

The heavy metal sorption from industrial wastewater is usually carried out
in the presence of various ingredients. Ionic strength is one of the functions for ex-
pressing the total amount of coexistent ions. The acid-base and electron-donor
properties of sorbent, the flexibility of the polymer chains, and the degree of poly-
mer swelling in water depends on the ionic strength of the solution. The effect of
changed electrolyte concentration (in this case NaNO3) on the sorption behavior
toward metal ion removal was studied in a model solution of metal ions with an
initial concentration of 5 X 102 mol/L at pH 4.20 (Fig. 3). The nitrate was the
only anion in the system. Nitrate is an extremely poor ligand; therefore, any sig-
nificant complexation between divalent cations and nitrate ions can be ruled out
(9). Thus, the change of the polymer sorption capacity as a result of recharging the
metal ions and also the complexation with the anti-ions of the nitrogen-containing
groups can be neglected.

Copyright © Marcel Dekker, Inc. All rights reserved.
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The ionic strength effect on the removal of metal ions could be connected
with the type of the formed surface complexes (their relative strength) and with
the screening of the protonated coordination groups of the modified sorbent by
small electrolyte ions. As the figure shows, the smallest change of copper, lead,
and cadmium ions sorbed on the polymer was found with the solution ionic
strength increases of up to 2 mol/L. The ionic strength change of the solution ex-
erts the strongest influence on the removal of magnesium, nickel, cobalt, and zinc
ions. The results obtained are in good agreement with the calculated values (Table
1) for the Langmuir constant b, which is related to the binding energy between the
cations and the functional groups of the modified polymer. The experimental re-
sults show that as the forming complexes between the metal ions and the iono-
genic polymer groups become increasingly stable, the negative influence of the in-
creased ionic strength becomes weaker. The screening effect of the small ions on
the ionic dissociated carboxyl groups cannot be compensated with the increase of
the electron-donor properties of the deprotonated nitrogen-containing groups. The
modified sorbent probably does not contain equal quantities of both types of iono-
genic groups.

Effect of Anions
The anions for the investigation were chosen according to the anion com-

positions of common industrial wastewater. Table 4 shows the results of the batch
equilibrium tests in which copper concentration (6.8 X 10~* mol/L) and the pH

120

110 -

100 1 - 4

90

80

704 - -

601 - -

50 1 - -

404 - -

Reduction in sorption capacity ( %)

30

lonic strength (M)

Figure 3. Effect of ionic strength on the metal ion sorption at initial concentration 5 X
1073 mol/L and pH 4.20.
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(3.3-3.4) were kept constant. The ionic strength dependence of sorbent solution
was 0.25 g/L. The increased ionic strength of up to 1 mol/L sodium nitrate, up to
0.5 mol/L sodium chloride, and up to 0.1 mol/L sodium sulfate did not affect the
sorption of copper ions. Because sodium salts were used, the observed changes in
the system polymer solution could only depend on the anion type. The anions
could influence the extent of ion association in the aqueous solutions, the type of
ion formations created, and their stabilities. Results in Table 4 clearly indicate that
the increased ionic strength (up to 1 mol/L) at acidic pH markedly decreases dis-
solved heavy-metal uptake in sodium chloride and sodium sulfate solutions by the
modified polymer. This effect restricts the application of the sorbent to the treat-
ment of relatively diluted solutions. The sorption ability of the investigated poly-
mer for copper ions was negligibly affected by the presence of large amounts of
sodium nitrate. Similar observations (not presented here) were also made for cad-
mium removal.

Sorption from 2-Component Solutions

Industrial wastewater always contains different metal ions that can compete
with the target element for sorption sites. As the modified polymer has a high
Langmuir constant b for copper, lead, and cadmium, these elements were chosen
for studying sorption from 2-component solutions. Among the other heavy metals
investigated in the present work, lead had the highest uptake and could have the
greatest effect on the removal of metal ions. Competition sorption studies were
conducted at pH 4, 0.5 mol/L ionic strength, and with competing metals added at
equivalent initial concentrations (approximately 1 X 10~ mol/L) in solution. The
total metal concentration was below the sorbent saturation limit.

Table 4. Effect of Anions on the Sorption of Copper lons

Copper lons Sorbed (%) in the Presence of

Concentration of Nitrate Chloride Sulfate

Anions (mol/L) Tons Tons Tons
1.4 X 1073 100.00 100.00 100.00
1.0 X 1072 100.06 99.26 99.94
5.0x 1072 99.92 99.67 99.62
1.0Xx 107! 100.09 99.23 98.72
5.0x%x 107! 99.25 98.86 82.16
1.0 99.85 76.54 63.45

Not all percentages add to 100% due to rounding errors.
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Table 5. Coefficients of Selectivity for the 2-Component Systems

Me,/Me, Dyie,/ve, Me,/Me, Dyie, e, Me,/Me, Dy, e,
Cu/Pb 12.15 Cu/Mg 2.84 x 10* Pb/Mg 4.23 x 10*
Cu/Cd 38.76 Pb/Cd 34.56 Cd/Zn 6.72
Cu/Zn 127.89 Pb/Zn 335.66 Cd/Ni 13.50
Cu/Ni 202.35 Pb/Ni 936.11 Cd/Co 32.71
Cu/Co 516.14 Pb/Co 3020 Cd/Mg 1.61 x 10*

The selectivity coefficient values for the investigated 2-component systems
are shown in Table 5. The table data show that the modified polymer could be used
for concentration, purification, and separation of lead and copper from other ele-
ments in water solutions. The sorption of copper was strongly influenced by the
presence of lead and cadmium, and is due to the higher affinity of the modified
polymer toward these metal ions. The sorbent could also be applied to the removal
of copper from nickel-containing solutions (D¢, ni = 202). These elements are
transition-metal cations with strong Lewis-acid characteristics, and they exhibit
similar properties and excellent plating characteristics for ferrous and nonferrous
alloys (9). The sorption of lead decreases by approximately 11% and 9 % in the
presence of equimolar concentrations of zinc and nickel respectively. The uptake
of cadmium ions went down by 29.9%, 22.3%, and 14.7% in the presence of zinc,
nickel, and cobalt ions in solutions. That result suggests a nonselective uptake of
cadmium from water solutions in the presence of these elements. The obtained re-
sults are in accordance with the affinity sequence previously determined and show
that the modified polymer has a high selectivity toward lead and copper ions.
Therefore, the modified polymer could be used to separate different amounts of
these elements from copper and/or lead-bearing solution with high electrolyte
concentrations.

Sorbent Regeneration Studies

Economic utilization of the sorption processes for removal of toxic com-
pounds is often tied with an inexpensive desorption of solute and regeneration of
the sorbent for reuse. The metal ion desorption from the exhausted modified poly-
mer with nitric acid solution adjusted to different pH values is presented in Table
6. The results obtained in the batch method show that the complete elution of cop-
per, zinc, and cobalt from a loaded modified polymer was achieved at a regener-
ating solution of pH 1.02. The decrease of the pH in the regenerating solution in-
creased lead and nickel recovery to 75—-78% and cadmium recovery to 95-96%.
Thus, Table 6 shows that the acid regeneration is quite ineffective and indicates
the polymer affinity for high metal ions even under acidic conditions (pH of ap-
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Table 6. Metal Ion Desorption with Nitric Acid Solution Adjusted to Different pH
Values

Metal Ion Desorbed (%)

pH Cu2+ Pb2+ Cd2+ Zn2+ Ni2+ C02+ Mg2+
4.09 N/A N/A 0.76 N/A 1.09 0.87 10.22
3.58 0.56 0.39 3.71 0.64 4.37 4.76 38.14
3.05 1.23 0.85 10.28 12.36 20.18 26.93 73.85
2.45 16.42 7.43 21.50 40.72 42.85 74.28 100
2.05 39.74 31.14 55.32 73.25 61.34 87.45 N/A
1.50 81.35 61.95 89.45 91.58 75.77 98.23 N/A
1.02 99.96 75.48 95.67 100 78.26 100 N/A

N/A Data not available.

proximately 1.0). Subsequently, these metal ions were completely and very effi-
ciently desorbed with 3% NH4OH. Similar data for acid regeneration of chelating
polymer XFS 4195 were reported by Sengupta and Zhu (9).

The used modified polymer can be regenerated to the original form and thus
can be used many times. After 5 sorption-desorption experiments, no detectable
loss was found in the complexing ability of the sorbent.

CONCLUSIONS

The removal of metal ions from acidic single and 2-component solutions
with a high electrolyte concentration by modified polyacrylnitrile sorbent prelim-
inarily converted into an inner salt was investigated. The equilibria in the poly-
mer—metal ion solution systems were described by the Langmuir adsorption
isotherms. The sorption of metal ions on the complexing polymer was strongly de-
pendent on the equilibrium pH value of the solution. The distribution coefficient
values for metal ions at various initial concentrations at 0.1 mol/L ionic strength
increased in the following order: Mg?* < Co?* < Ni?* < zZn?* < Cd** < Cu®*
< Pb>". The change of the ionic strength of the solution exerts the strongest in-
fluence on the removal of Mg?", Ni>*, Co?*, and Zn>" from aqueous solutions.
The following order of anion influence on the metal sorption was established:
SO;~ > CI” > NOs3. The results show that the complete elution of metal ions
from a loaded polymer was achieved with nitric acid solution (pH 1.0-1.5) or by
subsequent treatment with 3% NH,OH solution. The modified complexing sor-
bent has a high selectivity toward lead and copper ions at pH 2.5-3.5 and can be
successfully used to remove and separate different amounts of these elements
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from metal-bearing solutions and industrial wastewater with a high electrolyte
concentration.

10.
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12.

13.

REFERENCES

Moore, J.W.; Ramamoorthy, S. Monitoring and Criteria for Impact Assess-
ment of Metals. Heavy Metals in Natural Waters; Springer-Verlag: New
York, 1984; 252-254.

Reed, B.E.; Magbul, J.; Thomas, B. Effect of pH, Empty Bed Contact Time
and Hydraulic Loading Rate on Lead Removal by Granular Activated Car-
bon Columns. Water Envir. Res. 1996, 68 (7 & 8), 877-882.

Pearson, D.; Melling, J. Centralised Metal Recovery from Metal Finishing
Wastes. Effluent Water Treat. J. 1985, 25, 387-390.

Loureiro, J.M.; Costa, C.A.; Rodrigest, A.E. Recovery of Copper, Zinc and
Lead from Liquid Streams by Chelating Ion-Exchange Resins. Chem. Eng.
Sci. 1988, 43 (5), 1115-1123.

Huang, C.; Rhoods, E. Adsorption of Zn(II) on to Hydrous Aluminosili-
cates. J. Colloid Interf. Sci. 1989, 731, 289-306.

Calmon, C. Specific and Chelate Exchangers: New Functional Polymers for
Water and Wastewater Treatment. J. Am. Water Works Assoc. 1981, 73
(12), 652-656.

Schmidt, V.; Flaschel, E.; Renken, A. Using of Chelate Exchangers for Re-
moval of Heavy Metals from Industrial Wastewaters, Proceedings of Inter-
national Recycling Congress, Geneva, 1993; vol. 3, 217-244.

Zhu, Y.; Millan, E.; Sengupta, A.K. Toward Separation of Toxic Metal (II)
Ions by Chelating Polymers: Some Noteworthy Observations. React. Polym.
1990, /3, 241-246.

Sengupta, A.K.; Zhu, Y. Metals Sorption by Chelating Polymers: A Unique
Role of Ionic Strength. AIChE J. 1992, 38 (1), 153-157.

McComb, M.E.; Gesser, H.D. Passive Monitoring of Trace Metals in Water
by In Situ Sample: Preconcentration via Chelation on a Textile Based Solid
Sorbent. Anal. Chim. Acta 1997, 341, 229-234.

Mubarakshin, G.M.; Burinski, S.V.; Dubina, B.B.; Averianova, L.A.; Volf,
L.A. Investigation of the Sorption of Copper Ions by Exchange Fibers. J.
Appl. Chem.—USSR 1978, 8 (9), 1741-1746. (in Russian)

Kuznetsova, G.V.; Keskinova, M.V.; Kazantsev, J.I.; Batsan, N.V.;
Danilova, E.I. Using of Fibrous Ion Exchangers for Removal of Non-Fer-
rous Metals. Chemistry and Water Technology 1989, /17 (1), 30-32. (in Rus-
sian)

Stefanova, R.Y. In Metal Sorption on Modified Acrylonitrile Copolymer,
Proceedings of Second International Black Sea Conference, Varna, Bul-

MaRcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

)



10: 40 25 January 2011

Downl oaded At:

3426

ORDER | _=*_[Il REPRINTS

STEFANOVA

garia, October 21-23, 1998; Bulgarian National Association on Water Qual-
ity Publishing Group, 274-254.

14. Stefanova, R.Y. Acid-Base and Complexing Properties of Modified Poly-
acrilonitrile Sorbent (submitted).

15. Gelman, N.E.; Terenteva, E.A.; Shanina, T.M. Methods for Quantitative Or-
ganic Element Microanalysis; Khimiya: Moscow, 1987; 296-302. (in Rus-
sian)

16. Buffle, J. Complexation Reactions in Aquatic Systems: An Analytical Ap-
proach; Ellis Horwood Ltd: Chichester, UK, 1988; 306—322.

17. Gutsanu, V.L.; Muntian, S.A. Sorption of Ni (II) and Co (II) by Ion Ex-
changers in a Wide Range of Values of pH of the Solutions. J. Appl.
Chem.—USSR 1981, 54 (5), 1035-1040. (in Russian)

18. Saldadze, K.M.; Kopilova-Valova, V.D. Complexing Ion-Exchanger;
Khimiya: Moscow, 1980; 57-115. (in Russian)

19. Kantipuly, C.; Katragadda, S.; Chow A.; Gesser, H.D. Chelating Polymers
and Related Supports for Separation and Preconcentration of Trace Metals.
Talanta 1990, 37 (5), 491-517.

Received July 2000

Revised December 2000

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o



Downl oaded At: 10:40 25 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SS100107911


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SS&title=METAL+ION+REMOVAL+BY+MODIFIED+POLYACRYLONITRILE+SORBENT+PRELIMINARILY+CONVERTED+INTO+AN+INNER+SALT&offerIDValue=18&volumeNum=36&startPage=3411&isn=0149-6395&chapterNum=&publicationDate=11%2F30%2F2001&endPage=3426&contentID=10.1081%2FSS-100107911&issueNum=15&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A40%3A27&publisherName=dekker&orderBeanReset=true&author=Roska+Y.+Stefanova&mac=Mdy2TmMRdnLZYEchcrmYLg--

