
INTRODUCTION

Polymers with inorganic elements in
the backbone or as pendant groups,
having unique property profiles that
make them different from organic
polymers with some characteristics
like strong bonds, which resists
cleavage reactions, multiple valences

for attachment of wide variety of
ligands, high thermal stability, the
ability to tailoring new and interest-
ing structures with endless variations
and the metal polychelates depend-
ing on their structures can be used as
catalyst, high-temperature and flame

Synthesis, Characterization and Ion-
exchange Study of Poly[(2,4-dihydroxy
benzophenone)butylene] Resin and its
Polychelates with Transition Metals

The polymeric ligand poly[(2,4-dihydroxy benzophenone)butylene] H(DHBP-BD)
forms 1:2 metal-ligand complexes with Ni(II), Co(II), Cu(II) and Zn(II). The polymer-
ic ligand and its polychelates were characterized on the basis of elemental analy-

ses, magnetic susceptibilities, IR-spectroscopy, UV-visible spectra, NMR, thermogravi-
metric analyses. The molecular weight of resin was determined using  number average
molecular weight (Mn) by vapour pressure osmometry (VPO) method. The stereochem-
istry in case of the Cu(II) polychelate is square-planar, tetrahedral for Zn(II) and octahe-
dral for Ni(II) and Co(II). The stereochemistry in each chelate is proposed on the basis of
magnetic susceptibilities and electronic spectra. The IR spectra show that the bidentate
ligand coordinates through the oxygen atom of the carbonyl and phenolic group with
replacement of hydrogen by metal ions, respectively. All the chelates are paramagnetic
in nature except the Zn(II) chelate which is diamagnetic. The ion-exchange study of the
prepared resin was checked by batch equilibration method with selected metal ions
[Cu(II), Ni(II), Fe(III) and UO2

2+(VI)] at varying electrolyte concentration, pH and time. It
is found that, resin can be used as an ion-exchanger.
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resistant fibres, semiconductors, ion-exchange resins
and for agricultural purposes. The use of transition met-
als in catalysis has been known for a long time, howev-
er recently they have been considered for practical
applications. The metal alone or in combination with
other moiety is used as catalyst. The tendency of tran-
sition elements to acquire different oxidation states is
very useful and informative. The variable oxidation
states are important  and  very useful  in  explaining the
catalytic nature  of  transition elements.

The study of polymeric ligands and their metal
complexes is very useful in metal separation, as a cata-
lyst and in bio-inorganic chemistry [1-2]. Recently,
several coordination polymers have been prepared
from aromatic and aliphatic polymers  containing pen-
dant functional groups which act as a chelating group
in binding polyvalent metal ions. The reaction of
trimethylolpropane, triacrylates with benzophenone as
an initiator in UV acrylic coating is showing excellent
curing speed [3]. Chelating polymers have attracted
more interest, due to their applications in waste water
treatment, metal recovery from diluted solutions, as
protective coatings on metal surfaces or as a priming
layer, coating on paper, fibre and fabrics, selective
binding of enzymes [4-5].

In the current communication, poly[(2,4-dihydroxy
benzophenone)butylene] was prepared to study its ion-
exchange property. Also, its polychelates with Cu(II),
Ni(II), Co(II) and Zn(II) metals were synthesized and
characterized by various spectral methods. The synthe-

sized resin shows good ion-exchange capacity towards
the selected metal ions.

EXPERIMENTAL

Synthesis of Resin
All chemicals used were of AR grade. To a well stirred
and ice-cooled mixture of 2,4-dihydroxy benzophe-
none (DHBP, Aldrich) (4.28 g, 0.02 mol) and 1,4-
propane diol (Aldrich, BD) (1.78 mL, 0.02 mol),
polyphosphoric acid (Lancaster) (PPA) (20 g) was
added slowly with stirring as a catalyst. The reaction
mixture was left at room temperature for half an hour
and heated on an oil bath at 120oC for 9 h. The reaction
mixture was then cooled, poured on crushed ice and left
overnight. A reddish brown solid was separated out. It
was collected by filtration and washed with cold water
and methanol, to remove unreacted acid and monomer.
The polymer was reddish brown in colour, mp >270oC,
yield 3.70 g (37.40%). The reaction is shown in
Scheme I.                                                                    

Synthesis of Polychelates
All polychelates were synthesized by following the
similar method. The Cu(lI), Ni(lI), Co(Il) and Zn(lI)
acetates of (Merck), AR grade, were used in the prepa-
ration of the polychelates. 

The dried resin (0.01 mol) was dissolved in DMSO
(50 mL). The metal acetate (0.005 mol) was also dis-

1,4-butane diol, PPA

120oC. 9 h

C O

OH

OH

DHBP

OH

C O

OH

(CH2)4

n

DHBP-BD

Scheme I. Reaction for the preparation of resin.
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solved in DMSO (25 mL). The hot and clear solution of
the metal acetate was added with constant stirring to
the hot and clear solution of the ligand. A reddish
brown coloured product separated out immediately.
The suspension was digested on a water bath at 90oC
for 2 h and then filtered. The solid was washed with hot
DMSO to remove unreacted metal acetate. Finally, the
product was washed with acetone and dried at 60oC for
24 h. The yield of each polychelate was between 60-
75%.

Analytical Procedures
The carbon and hydrogen were analyzed with a Cole-
man C, H, N analyzer (Table 1). The metal content was
determined with standard Na2EDTA after decomposing
the polychelates with a mixture of concentrated
hydrochloric acid, sulphuric acid and perchloric acid in
a 5:2:3 mL ratio, respectively. Magnetic susceptibilities
were measured by the Gouy Method at 25oC. The IR
spectra of the samples in KBr pellets were recorded on
a model 938 Perkin Elmer Spectrophotometer. Thermal
measurements were performed using a Du Pont thermal
analyzer at 10oC min-1 heating rate. 1H NMR Spectra
were determined in DMSO-d6 with FT-NMR spec-
trophotometer using TMS as an internal reference. The
number average molecular weight (Mn) of polymeric
ligand (resin) sample was measured with a Knaur Ger-

many (VPO) using DMF as solvent at 90oC and poly-
styrene (PS) as a calibrant [6].

RESULTS AND DISCUSSION

Infrared Spectra 
Resin

The broad band appearing in the range 3300-3600 cm-1

is due to -O-H stretching.  The  -O-H group originates
from the phenolic hydroxyl group and water absorbed
by resins. The major contribution to this particular band
comes from the absorbed water. The band due to -O-H
stretching is less broad in the IR spectra of the polymer,
which suggests the absence of absorbed water. Hence,
this band would have been largely due to the presence
of hydroxyl groups. The strong band of -C=O around
1615-1650 cm-1 and weak band of -O-H at 2735-2755
cm-1 indicate an intramolecular hydrogen bond. The
band in the range of 1235 + 15 cm-1 is attributed to -O-
H in plane bending. The bands observed around the
1370-1520 cm-1 region are attributed to -C=C- stretch-
ing (aromatic) vibrations. The band in the region of
2930 cm-1 is attributed to the -CH2- group. The band in
the region 1010-1180 cm-1 is attributed to -C-H in
plane bending.  In the spectra of each of the resin, a
band observed around 890±10 cm-1 is due to the isolat-

Table 1. Analytical data and some physical properties of the polymeric ligand and its polychelates.

DHBP-BD = poly[(2,4-dihydroxy benzophenone)butylene].

Compound Colour
Formula weight of

repeating unit

Analysis (%)

Found (calculated)
µeff

(B.M.)

D.P.b

oC
M C H

(DHBP-BD)n

[C17H16O3]n

[Cu(DHBP-BD)2]n

[C34H30O6Cu]n

[Ni(DHBP-BD)2(H2O)2]n

[C34H34O8Ni]n

[Co(DHBP-BD)2

(H2O)2]n

[C34H34O8Co]n

[Zn(DHBP-BD)2]n

[C34H30O6Ni]n

Reddish brown

Reddish brown

Reddish brown

Reddish brown

Reddish brown

268

598

629

629

599

--

11.62

(11.69)

9.33

(9.38)

9.37

(9.21)

10.93

(10.81)

76.11

(76.02)

68.22

(68.13)

64.84

(64.98)

64.86

(64.99)

68.11

(68.00)

5.97

(5.10)

5.01

(4.92)

5.40

(5.56)

5.40

(5.52)

5.00

(5.12)

--

1.86

3.11

4.60

Diamag-netic

>280

>300

>300

>300

>300
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ed hydrogen on the phenolic moiety repeating unit of
the polymer chain. The band around 890 cm-1 may be
attributed to the 1, 2, 3, 4, 5-penta substituted phenyl
ring, having only one isolated H atom. The medium
intensity band at 850±10 cm-1 shows the 1, 2, 4, 5-tetra
substituted phenyl ring, having two H is on the phenyl
ring. The strong bands observed around the
1250±15 cm-1 region is attributed to the Ph-O-CH3
ether linkage. The presence of a band around
890±10 cm-1 suggests that the linkage in the resin chain
occurs through 3 and 5 positions on the monomer. 

Polychelate
The -C=O stretching frequency in the resin is observed
around 1615-1650 cm-1, appearing  at a lower frequen-
cy of 20 to 30 cm-1 in all of the polychelates, which sug-
gests -C=O M coordination [7]. In the polychelates
the band observed around 470 cm-1 indicates the M-O
bond, suggests that phenolic and carbonyl groups are
involved in bond formation with metal ion (Figure 1).

The important IR frequencies of the polymeric lig-
and and its polychelates are shown in Table 2.

Vapour Pressure Osmometry
The number average molecular weight (Mn) of the
polymeric ligand (resin) sample was estimated by
vapor pressure osmometry [8], (Table 3). The dilute
solutions, 2.21, 4.42, 6.63 and 8.84 g.kg-1 of polymer
samples were prepared in DMF to determine Mn. The
VPO experiment was carried out for each concentration
and the corresponding bridge output reading in milli-
volts was noted. The plot of (millivolts) vs (concentra-
tion) was drawn. With the help of the slope and the
VPO constant K, the Mn value of the polymer was cal-
culated and found, Mn = 1236 g.mol-1.

Thermogravimetric Analyses
Thermogravimetric analyses (TGA) data of the resin
and polychelates are presented in Table 4. These data
reveal that, the rate of decomposition of the polychelate
is higher than that of the parent resin, indicates that
there may be strong intramolecular hydrogen bonding
in the polymer. The absence of such hydrogen bonding
in the polychelate favours the reduction in thermal sta-
bility of polychelates compared to the parent resin [9].
It seems that, metal ions accelerate the decomposition
of the polychelates. The thermal stability of the ligand
and metal chelates is in the order: ligand > poly-
chelates. The presence of water molecules considered
as a water of co-ordination. According to Nikolaev et
al. [10], water eliminated above 150�C may be due to
coordination to the metal ion in case of Ni(II) and
Co(II), which is supported by cumulative % weight loss

Figure 2. IR Spectrum of  DHBP-BD. DHBP-BD = [(2,4 -

dihydroxy benzophenone)butane diol].

62

58

54

50

46

42

38

34
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Wavenumber (cm-1)

Table 2. Infrared spectra of the polymeric ligand and its polychelates (cm-1)a.

ab = broad,  m = medium,  s = strong,  w = weak;  DHBP-BD = poly[(2,4-dihydroxy benzophenone)butylene].

Compound ν (O-H)
ν (-CH2)

Bridge

ν (C=O)

Chelate

ν (C=C)

Aromatic 

ν (Ar-O-R)
Ether linkage

Penta substituted-Ph

ring
ν (M-OH)

(DHBP-BD)n

[Cu(DHBP-BD)2]n

[Ni(DHBP-BD)2(H2O)2]n

[Co(DHBP-BD)2(H2O)2]n

[Zn(DHBP-BD)2]n

3300-3600 b

3300-3600 b

3300-3600 b

3300-3600 b

3300-3600 b

2930 w

2930 w

2935 w

2930 w

2935 w

1635 s

1630 s

1620 s

1620 s

1640 s

1490 m

1490 m

1480 m

1500 m

1510 m

1255 m

1260 m

1250 m

1260 m

1265 m

905 m

890 m

900 m

895 m

890 m

--

470 w

465 w

470 w

470 w
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and thermal data presented in Table 5.

Electronic Spectra and Magnetic Measurements
The electronic spectra of Cu(II) complexes show two
bands at 16,895 and 22,574 cm-1 with magnetic
moment 1.86 B.M. The first band can be assigned to
2Blg

2Alg transition and second broad band is due
to charge transfer from ligand to metal  ion,  which
clearly indicates the square-planar geometry for Cu(II)
polychelate. The position of band at 9,982, 16,720 and
21,453 cm-1 in Ni(II) polychelate indicates the distort-
ed octahedral geometry with magnetic moment 3.11
B.M. [11-13]. The three bands are assigned to the tran-
sitions 3A2g

3T2g, 3A2g
3Tlg, and 3A2g

3T1g (P) for Ni(II) polychelate. While Co(II) poly-
chelate  shows two bands at 9,744 and 20,260 cm-1, the

first band corresponds to 4T1g
4T2g and second

band corresponds to 4T1g
4T2g (P) with magnetic

moment value at 4.60 B.M. indicates the octahedral
geometry. The Zn(II) polychelate is diamagnetic as
expected and have tetrahedral geometry. From the
above study the proposed geometry of polychelates is
shown in Scheme II.

1H NMR Spectra
The  1H NMR spectrum of 2,4-dihyroxy benzophenone
(DHBP), poly[(2,4-dihydroxy benzophenone)butylene]
(DHBP-BD) and polychelates (M-DHBP-BD) are pre-
sented in Table 6.

The 1H NMR spectrum of (DHBP) in Table 6
shows signals at 12.60 and 11.60 ppm are due to pres-
ence of -OH(1) proton ortho to (Ar-C=O) and -OH(2)
proton para to (Ar-C=O) groups, respectively [14].

Table 3. Molecular weight determination of resin by vapour

pressure osmometry method.

Polystyrene K = 1.15 x 104; DHBP-BD = poly[(2,4-dihydroxy benzophenone)

butylene].

Resin
Concentration

(g.kg-1)

Milli

volts

Slope

of plot

Mn = K/slope

(g.mol-1)

(DHBP-BD)n

2.21

4.42

6.63

8.84

18

37

58

77

9.30 1236

Table 4. Cumulative weight loss data of the polymeric ligand and its polychelates at various temperatures (oC).

DHBP-BD = poly[(2,4-dihydroxy benzophenone)butylene].

Compound 100 150 200 250 300 350 400 450 500 550 600

(DHBP-BD)n

[Cu(DHBP-BD)2]n

[Ni(DHBP-BD)2(H2O)2]n

[Co(DHBP-BD)2(H2O)2]n

[Zn(DHBP-BD)2]n

--

--

4.80

4.50

--

--

--

4.97

4.68

--

--

8.51

9.85

7.70

1.73

0.89

23.42

16.74

12.34

10.21

3.97

35.61

28.72

24.39

23.71

12.72

47.53

38.71

36.89

37.49

22.12

58.12

47.49

46.16

49.41

32.02

67.12

56.88

57.77

60.14

48.11

72.11

65.60

67.73

70.58

62.81

79.41

75.05

76.12

75.12

78.63

80.15

78.82

76.12

75.59

Table 5. Water content at 25oC and cumulative weight loss data of the  polychelates at  100, 150 and 200oC.

DHBP-BD = poly[(2,4-dihydroxy benzophenone)butylene].

Compound
H2O at 25(oC)

Found

100(oC) 150(oC) 200(oC)

g % G % g % G %

[Ni(DHBP-BD)2(H2O)2]n

[Co(DHBP-BD)2(H2O)2]n

36.00

36.00

5.10

5.14

32.29

31.70

4.80

4.50

33.42

34.34

4.97

4.68

70.58

57.69

9.85

7.70

Scheme II. Proposed geometry of the polymeric chelate.
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C
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Aromatic ring protons appear as two multiplates
between 7.50-8.30 ppm (Ph-2) and 6.35-6.75 ppm (Ph-1).

(DHBP-BD) shows two signals at 12.50 and   11.40
ppm due to presence of -OH(1) proton ortho to (Ar-
C=O) and -OH(2) proton para to (Ar-C=O) groups,
respectively. An aromatic ring proton appear as two
multiplates between 7.50-7.80 ppm (Ph-2) and 6.45-
6.90 ppm (Ph-1). One additional broad signal at 1.1-
2.4 ppm appear, due to presence of (Ar-C=O-Ar-CH2-
CH2- CH2-CH2-) protons. 

Ion-exchange Study
The purified resin sample DHBP-BD was finally pow-
dered to pass a 300 mesh screen and used in all exper-
iments for ion-exchange study.

The batch equilibration method was used. The
details of the procedure for selectivity of the Cu(II),
Ni(II), Fe(III) and UO2

2+(VI) metal ions by the resin,
are similar as reported earlier [15].

The selectivity of resin DHBP-BD towards Cu(II),
Ni(II), Fe(III) and UO2

2+(VI) metal ions, to study the
influence of various factors such as, influence of an
electrolyte on uptake of metal ion, effect of pH of the
medium on metal binding capacity, evaluation of the
rate of metal uptake and evaluation of distribution ratio
(KD) of metal ions over the wide range of pH. The
results are shown in Tables 7 to 10.

Influence of an Electrolyte on Uptake of Metal Ion

The influence of Cl-, N03
- and SO4

2- at various concen-

trations on the equilibrium state of the metal-resin inter-
action has been studied. The results are presented in
Table 8. It reveals that, the amount of metal ion taken up
by the resin is increasing with an increase in concentra-
tion of NO3

- and Cl- and decreasing with an increase in
concentration of SO4

2-. This may be due to sulphate
form rather strong chelates with metal, while nitrate and
chloride might form weak chelates. Therefore, the influ-
ence of N03

- and Cl- is less on the position of metal
chelates at equilibrium state that does  SO4

2-.

Effect of pH of the Medium on Metal Binding Capacity

The results of selected metals uptake have been pre-
sented in Table 8. The rate of metal ion uptake depends
on the nature of  metal ion. The study was restricted up
to maximum pH = 6, due to hydrolysis of metal ion at
higher pH. The formation of metal hydroxide interfere
the ion-exchange process. It is found that the relative
amount of metal adsorbed by the resin increases with
increasing pH of the medium.  

Evaluation of the Rate of Metal Uptake 

To determine the time, required to reach the state of
equilibrium under given experimental conditions,
series of experiments have been carried out, in which
the metal taken up by the chelating resin was estimated
from time to time. It is assumed that at 25oC and under
given conditions, the state of equilibrium is established
in 24 h. The rate of metal uptake is expressed as per-
centage of the attainment at state of equilibrium (Table

Table 6. 1H NMR Data of starting material polymeric ligand and polychelate (δ, ppm).

[DHBP] = 2,4-dihydroxy benzophenone; [DHBP-BD] = poly[2,4-dihydroxy benzophenone) butylene]; Ph (1) = free phenyl

ring; Ph (2) = substituted phenyl ring.

Compound

δ ppm

Aromatic

protons

Ph (1)

Aromatic

protons

Ph (2)

-OH(1) -OH(2) Ar-CH2-CH2- CH2-CH2

DHBP

[DHB-ED]n

[Cu(DHBP-BD)2]n

[Ni(DHBP-BD)2(H2O)2]n

[Co(DHBP-BD)2(H2O)2]n

[Zn(DHBP-BD)2]n

6.35 - 6.75

6.45 - 6.90

6.45 - 6.90

6.45 - 6.90

6.45 - 6.90

6.45 - 6.90

7.50 - 8.30

7.50 - 7.80

7.50 - 7.80

7.50 - 7.80

7.50 - 7.80

7.50 - 7.80

12.60

12.50

-

-

-

-

11.60

11.40

11.40

11.40

11.40

11.40

-

1.1 - 2.4

1.1 - 2.4

1.1 - 2.4

1.1 - 2.4

1.1 - 2.4
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9). If "X" mg of metal ions were adsorbed, after one
hour and "Y" mg of metal ions were adsorbed at equi-
librium i.e., after 24 h, X x 100/Y would be the meas-
ure of percentage of equilibrium attained after one
hour. It may be noted that the rate of Cu(II) is higher

during first 2 h and after 2 h it becomes slow, while for
other metal ions, adsorption of respective metal ions
become rapid almost after 3 h and state of equilibrium
is attained after 24 h for all metal ions.

Evaluation of Distribution Ratio (KD) of Metal Ions over the

Wide Range of pH

The distribution of each of the metal ions [Cu(II),
Ni(II), Fe(llI) and UO2(VI)] between the resin phase
(solid) and aqueous phase (liquid) is estimated at
appropriate, pH, using 1.0 M NaNO3 solution. The
experiments were carried out from 3 to 5 pH. The
amount of the metal ion which remained in the aqueous
phase was estimated. The original metal ion concentra-
tion is known, and the metal ion adsorbed by the resin
was estimated. The results were shown in Table 10. The
distribution ratio (KD) has been calculated from the fol-

Table 7. Effect of electrolyte concentration on metal ion

adsorption capacity of DHBP-BD resin.

Resin, DHBP-BD = 50 mgs; M(NO
3
)
3
=2 mL, 0.1 M; Volume of electrolyte solu-

tion, 40 mL; Time, 24 h; Temperature = 30oC; pH of the medium, 4.5 for Cu2+,
Ni2+, 4.0 for UO

2
2+ and 2.5 for Fe3+.

Metal ion

Electrolyte

concentration

(Mol. L-1)

Metal ion uptake (meq.g
-1

) in

presence of electrolyte

NaCl NaNO3 Na2SO4

Cu2+

Ni2+

Fe3+

UO2
2+

0.05

0.10

0.50

1.00

0.05

0.10

0.50

1.00

0.05

0.10

0.50

1.00

0.05

0.10

0.50

1.00

0.20

0.23

0.44

0.48

0.16

0.19

0.38

0.41

0.18

0.21

0.39

0.43

0.40

0.44

0.68

0.72

0.27

0.35

0.48

0.55

0.28

0.28

0.47

0.51

0.24

0.31

0.48

0.50

0.28

0.34

0.57

0.64

0.31

0.28

0.13

0.11

0.21

0.19

0.10

0.07

0.32

0.30

0.19

0.17

0.17

0.14

0.08

0.06

Table 8. Effect of pH on metal ion binding capacity with

DHBP-BD resin.

Resin, DHBP-BD = 50 mgs; M(NO
3
)
3
= 2 mL, 0.1 M; Volume of electrolyte

solution, 40 mL; Time, 24 h; Temperature = 30oC.

Metal ion

Metal Ion uptake(meq.g-1)

pH of the medium

3.0 3.5 4.0 4.5 5.0

Cu2+

Ni2+

Fe3+

UO2
2+

0.42

0.38

0.39

0.62

0.47

0.42

0.42

0.67

0.55

0.51

0.50

0.64

0.56

0.54

0.61

0.83

0.62

0.59

0.66

0.92

Table 9. Rate of metal ion uptake by resins as function of

time.

Resin, DHBP-BD = 50 mgs; M(NO
3
)
2
= 2 mL, 0.1 M; volume of electrolyte

solution, 40 mL; time, 24 h; temperature = 30oC; *Assuming 100% equilibrium
is established after 24 h.

Table 10. Distribution ratio of ions adsorbed by the resin

(DHBP-BD) and remain in the solution at equilibrium.

Resin, DHBP-BD = 50 mgs; M(NO
3
)
3
= 2 mL, 0.1 M; Volume of electrolyte

solution, 40mL; Time, 24 h; Temperature = 30oC.

Time in

hours

Metal ion uptake(meq.g-1)

pH of the medium (3.0-5.0)

Cu2+ Ni2+ Fe3+ UO2
2+

1.0

2.0

3.0

4.0

5.0

6.0

7.0

36.88

47.27

61.33

70.41

79.25

86.63

92.03

26.01

35.71

48.21

57.24

71.20

78.19

87.71

47.72

58.91

70.11

81.88

87.18

83.91

--

52.88

64.12

75.13

87.26

94.03

--

--

Metal ion

Distribution ratio (KD)

pH of the medium

3.0 3.5 4.0 4.5 5.0

Cu2+

Ni2+

Fe3+

UO2
2+

--

--

31.22

70.45

--

--

210.56

310.98

150.23

94.56

--

435.87

220.15

189.21

--

--

385.32

298.55

--

--
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lowing equation: 

The effect of pH on the amount of metal ions distributed
between two phases can be explained by the results
shown in Table 10. It can be seen that the distribution
ratio increases for all the (Cu(II), Ni(II), Fe(III) and
UO2(VI)) metal ions as the pH of the medium increas-
es. Also the value of distribution ratio for given pH
depends upon the nature of the polymeric ligand (resin).

CONCLUSION

Elemental analyses, IR, thermogravimetric analyses,
UV-visible spectra, 1H NMR spectra, magnetic proper-
ties and vapour pressure osmometry, the proposed
geometry of the polychelate are as shown in Scheme II.
The resin has good binding capacity for the Cu(II)
compared to Ni(II), Fe(III) and UO2

2+(VI) at various
conditions employed for the ion exchange study. The
results revealed that, the resin can be used as an ion
exchanger.
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