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ABSTRACT 
A 2,4-Dihydroxypropiophenone-Adipamide-Formaldehyde (2,4-DPAF) copolymer resin was 
synthesized by an eco-friendly technique using hydrochloric acid as a reaction medium. The 2,4-
DPAF copolymer  was characterized  on  the basis of  elemental  analysis,  ultraviolet-visible, 
FTIR , 13C NMR,  1H NMR, viscosity and average molecular weight. The physicochemical 
parameters have been evaluated for the copolymer resin. The kinetic parameters such as energy 
of activation and the order of reaction have also been evaluated on the basis of the 
thermogravimetric data using Freeman-Carroll method. The surface morphology of the 
copolymer resin was examined by scanning electron microscopy and it established the transition 
state between crystalline and amorphous nature.  The color of the copolymer resin was 
confirmed by optical photograph. The electrical property of the copolymer resin showed an 
appreciable change in the conductivity of the resin at various concentration and temperature.  
One of the important applications of these types of polymers is their capability to act as chelating 
ion-exchangers. The chelating ion-exchange property of the copolymer showed a powerful 
adsorption towards specific metal ions like Cu(II), Ni(II), Zn(II), Pb(II) and Fe(III). A batch  
equilibrium method was adopted to study the selectivity of the metal ion uptake  involving the 
measurement of the distribution of the given metal ion between the polymer sample and a 
solution containing the metal ion over a wide range of concentrations and pH of different 
electrolyte.   

Key Words : Copolymer, Thermal analysis, Ion-exchangers, Distribution ratio, Metal ion 
uptake, Morphology 

 
INTRODUCTION 

Copolymers find very useful applications as 
adhesives, high temperature flame resistant 
fibres, coating materials, semiconductors, 
catalysts and ion-exchange resins.1,2 Ion-
exchange resins have attracted much interest in 
the recent years due to their application in waste 
water treatment, metal recovery and for the 
identification of specific metal ions. 3,4  Ion-
exchange has attained the status of a unit 
operation in chemical industries and has mostly 
replaced   operations   like  distillation  and  other  

traditional methods of separations. Chelation ion-
exchange chromatography become a very 
powerful technique in the extraction of trace and 
ultra trace materials 5, separation of rare earths, 
removal of contamination and in many other 
industrial separation and process of purification 
and concentration. For analytical work synthetic 
organic ion-exchangers are chiefly of interest. 
Extensive literature is available to interpret the 
experimental results in the light of practical 
applicability of various terpolymer resins. Lutfor 
et al6 prepared  a chelating ion-exchange resin 
contain amidoxime functional group, was 
characterized   by   FTIR  spectra  TG  and   DSC  *Author for correspondence 
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analysis and the chelating behavior of the 
prepared resin was studied with Cu2+, Zn2+, Ni2+, 
Cd2+ and Pb2+ metal ions. The chelating ion-
exchange properties of 2,4-dinitrophenyl 
hydrazone of 2-hydroxyacetophenone-formal 
dehyde resin7 and oxime of 2-hydroxyaceto 
phenone-substituted benzoic acid-formaldehyde 
resins8 for different metal ions have been studied.  

AIMS AND OBJECTIVES 
The present study deals with the synthesis and 
characterization of 2,4-dihydroxypropio-phe-
none-adipamide-formaldehyd ecopolymer res-
in by polymer condensation in presence of acid 
catalyst for the first time. The synthesized 
copolymer resin was characterized by UV-
visible, IR, 1H-NMR and thermal analysis. 
Further, the chelating ion-exchange property of 
the copolymer resin was also reported for 
specific metal ions. 

MATERIAL AND METHODS 
Copolymer was synthesized by condensing 2,4-
dihydroxypropio-phenone (2,4-DHP) ( 0.1 mol) 
and adipamide (A) ( 0.1 mol) with formaldehyde 
(F) ( 0.2 mol) in a mole ratio of 1:1:2 in the 
presence of 2M HCl as a catalyst at 126±10C for 
5 hrs as described.9-13 The brown colored solid 
copolymer product obtained was immediately 
removed and extracted with diethyl ether to 
remove from excess 2, 4- dihydroxy propio 
phenone-formaldehyde copolymer, which might 
be present along with the copolymer. It was 
further purified by dissolving in 8 % NaOH and 
then filtered. The copolymer was then 
reprecipitated by drop wise addition of 1:1 (v/v) 
conc. HCl/water with constant stirring and 
filtered. The process was repeated twice. The 
resulting polymer sample was washed with 
boiling water and dried in a vacuum at room 
temperature. The purified copolymer was finally 
ground to pass through a 300 mesh size sieve and 
used in all experiments carried out in the ion 
exchange study. 
Characterization of copolymer 
The copolymer was subjected to microanalysis 
for carbon, hydrogen and nitrogen on a 
Colemann C, H, and N analyzer at RSIC, 
Punjab University, Chandigarh, India. The 
number average molecular weight (Mn) of     
the  copolymer  resin  was  determined by non- 

aqueous conductometric titration in DMF 
against ethanolic KOH by using 25 mg of 
sample. A plot of the specific conductance 
against the milliequivalents KOH required for 
neutralization of 100 gm of copolymer was 
made. Electronic absorption spectrum of the 
copolymers in DMSO was recorded on 
Shimadzu UV-visible double beam spectro 
photometer fitted with automatic pen chart 
recorder on thermosensitive paper in the range 
of 200-850 nm. Infrared spectrum of 2, 4-
DHPOF-II copolymer was recorded in nujol 
mull on Perkin- Elmer-spectrum RX-I 
spectrophotometer in the range of 4000-500 
cm-1. 1H-NMR spectrum was recorded on 
Bruker Advance-II 400 MHz proton NMR 
spectrometer DMSO-d6 was used as a solvent.  
Thermogravimetric analysis 
The non-isothermal thermogravimetric 
analysis was performed in air atmosphere with 
heating rate of 100C/min using 5-6 mg of 
samples in platinum crucible from temperature 
of 400C to 8000 C and thermograms are 
recorded for copolymer. On the basis of the 
results, the decomposition pattern was 
proposed for the copolymers. 
Ion-exchange property 
The ion-exchange property of the copolymer 
resin was determined by the batch equilibrium 
method.  
Determination of metal uptake in the 
presence of electrolyte of different 
concentrations  
The copolymer sample (25 mg) was suspended 
in an electrolyte solution (25 ml) of known 
concentration. The pH of the suspension was 
adjusted to the required value by using either 
0.1M HNO3 or 0.1M NaOH. The suspension 
was stirred for 24 hrs at 30ºC. To this 
suspension 2 ml of 0.1M solution of the metal 
ion was added and the pH was adjusted to the 
required value. The mixture was again stirred 
at 300C for 24 hrs and filtered. The solid was 
washed, the filtrate and washing were 
combined, the metal ion content was 
determined by titration against standard 
Ethylene-Diaminetetraacetic acid (EDTA). 
The amount of metal ion uptake of the polymer 
was calculated from the difference between a 
blank reading and experimental reading. 
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The experiment was repeated in the presence 
of several electrolytes.  
Evaluation of rate of metal uptake 
In order to estimate the time require to reach 
the state of equilibrium under the given 
experimental conditions, a series of 
experiments of the type described above were 
carried out, in which the metal ion taken up by 
the chelating resins was determined from time 
to time at 300C (in the presence of 25 ml of 1M 
NaNO3 solution). It was assumed that under 
the given conditions, the state of equilibrium 
was established within 24 hrs. The rate of 
metal uptake is expressed as percentage of the 
amount of metal ions taken up after a certain 
time related to that at the state of equilibrium.  
Distribution of metal ion at different pH 
The distribution of each one of the seven metal 
ions i.e. Fe3+, Cu2+, Hg+2, Ni2+, Co2+, Zn2+, Cd2+ 
and Pb2+ between the polymer phase and the 
aqueous phase was determined at 30 0C and in 
the presence of 1M NaNO3 solution. The 
experiments were carried out as described above 
at different pH values. The distribution ratio, D is 
defined by the following relationship : 

D = 

Weight (mg) of metal  ion taken up by 

1gm of copolymer 

Weigth (mg) of metal ions present in 1ml 

of solution 

RESULTS  AND  DISCUSSION 
Copolymer resin sample was brown in color, 
insoluble in commonly used solvent, but was 
soluble in DMF, DMSO, THF, pyridine and 
concentrated H2SO4. No precipitation and 
degradation occurs of resin in all the solvents. 
The melting point of this copolymer is in the 
range of 5400C–5600C.  
Molecular weight of copolymer was estimated 
by non-aqueous conduct metric titration. The 
number average molecular weight ( Mn ) could 
be obtained by multiplying the DP  by the 
formula weight of the repeating unit.14,15 The 
result of the molecular weight of copolymer 
sample prepared using higher proportion of two 
monomers (2,4-DHP and A) has the highest 
molecular weight in the series. The molecular 
weight for 2, 4-DHPAF is 5252.8. UV-visible 
spectrum  of   the   purified  copolymer  has  been  

recorded in pure DMF. The perusal of the UV-
visible spectrum of copolymer showed almost 
similar nature. The spectrum of the copolymer 
exhibit two absorption maxima in the region 280 
nm and 320 nm. These observed positions of the 
absorption bands indicate the presence of 
carbonyl group (ketonic) processing double 
bond, which is in conjugation with the aromatic 
nucleus. The appearance of former band (more 
intense) can be accounted for π→π* transition 
while the later bond (less intense) may be due to 
n→π* electronic transition. The shift from the 
basic value (viz. 240 nm and 310 nm 
respectively) may be due to conjugation effect, 
and presence of phenolic hydroxy group 
(auxochromes) is responsible for hyperchromic 
effect i.e. εmax higher values.16  
A broad band appeared in the region 3700 cm-1 - 
3250 cm-1 may be assigned to the stretching 
vibration of the phenolic -OH groups exhibiting 
intermolecular hydrogen bonding.17 (Table 1) 
The presence of weak peak at 3000 cm-1 -     
2975 cm-1 describes the –NH- in adipa-mide 
moity may be ascribed in the copoly-meric chain. 

17 The presence of methyl and methylene 
vibrations at 2950 cm-1 – 2935 cm-1 gives sharp 
and weak peaks. The sharp band displayed at 
1640 cm-1 - 1615 cm-1 may be due to the 
stretching vibration of carbonyl group of both, 
ketonic as well as biuret moity. 17,18 The sharp 
and weak bond obtained at 1370 cm-1 – 1275 cm-

1 suggests the presence of –CH2- methylene 
bridges18 in the copolymer chain. The presence 
of 1, 2, 3, 4, 5 - pentasubstitution of aromatic ring 
is recognized from the weak bond appearing at 
905 cm-1-860 cm-1 respectively.18 
1H-NMR spectrum of copolymer show a weak 
singlet signals in the region 9.46-9.22 ppm which 
due to aromatic proton (Ar-H) 18 (Table 2). Also 
the weak singlet signal appearing at 7.98-7.62 
ppm may be due to proton of Ar-OH (phenolic –
OH). The medium triplet signal appeared at 7.58 
– 7.65 ppm may be due to amido protons –CH2-
NH-CO- of polymer    chain.18 Also the medium 
doublet signal in the range of 6.52 – 6.54 ppm is 
attributed to the protons of methylenic bridge Ar-
CH2-NH- of polymeric chain. A medium quartet 
peaks appeared at 6.44 – 6.55 ppm may be 
assigned to methylene protons of Ar-CO-CH2-
CH3. Also the methyl protons of Ar-CO-CH2-
CH3 assigned  to  the  peaks at 2.91 - 2.96 ppm. 19 
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Table 1 : IR Frequencies of 2, 4-DHPAF copolymer 

Functional groups Observed frequency 
-OH (phenolic)  3300.1 b,st 
>NH (amido)  2978.3 sh,w 
-CH3 >CH2 assymm., symm. vib 2938.6 sh,w 
>C=O (ketonic and biuret moity) 1626.8 sh,st 
Aromatic ring 1478.4 sh,w 
>CH2(methylene bridges) 1374.2 sh,m 
1,2,3,4,5 substitution in benzene skeleton 890.7 sh,w 

sh.sharp, b. broad, st. strong, m. medium and w. wea 

Table 2 : 1H-NMR Spectral data of 2, 4-DHPAF copolymer in DMSO-d6 

Nature of proton assigned Observed chemical shift (ppm) 
Aromatic proton (unssymm. Pattern) 9.22 
Proton of Ar-OH (phenolic –OH) 7.87 
Amido proton of –CH2-NH-CO- linkage 7.60 – 7.62 
Methylene proton of Ar-CO-CH2-CH3 7.2 
Methylene proton of Ar-CH2-NH moity 6.52 - 6.54 
Methyl proton of Ar-CO-CH2-CH3 2.90 – 2.93 

Thermogravimetric analysis 
Thermogravimetric analysis is found to be a 
very useful method to assess the thermal 
stability   of  a  polymeric  resin. Thermogravi- 

metric analysis data of the copolymer is 
presented in (Table 3). The resin exhibit a 
three stage decomposition process              
after    loss  of  water molecule between 400C – 

Table 3 : Thermal behavior data of 2, 4-DHPAF copolymer 

Copolymer 
resin Temperature range (°C) %  of weight loss Degradation of chains 

2,4-DHPAF 

40-168 03.51 H2O molecule 

168–448 42.03 Two –COCH2CH3 
and four -OH groups 

448-710 81.53 two benzene rings along 
with three –CH2- groups 

710 –800 98.90 Adipamide moiety 

1680C corresponds to 3.51 % loss which may 
attributed to calculated 3.79 % present per repeat 
unit of the polymer in the temperature range 
400C - 8000C. The first step decomposition starts 
from 1680C – 4480C which represents 
degradation of two –COCH2CH3 groups and four 
hydroxyl   groups   (42.03 %   experimental   and  

42.19 % calculated). The second step which is 
start from 4480C - 7100C corresponding to 81.53 
% loss of two benzene rings along with three 
methylenic groups against calculated 81.85 %. 
The third step starts from 7100C – 8000C 
corresponding to loss of remaining adipamide 
moiety. 
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Surface analysis has found great use in 
understanding the surface features of the 
materials. The morphology of the reported 
resin sample was investigated by scanning 
electron micrographs at different magnificat-
ion. It gives the information of surface 
topography and defect in the structure. The 
resin appeared to be dark drawn in color. The 
morphology of polymer resin shows 
spherulites and fringed model. The spherules 
are complex polycrystalline formation having 
as good as smooth surface. This indicates the 
crystalline nature of copolymer resin sample. 
The morphology of resin polymer shows also a 
fringes model of the crystalline amorphous 
structure. The extent of crystalline character 
depends on the acidic nature of the monomer. 
But the photograph shows the fringed and 
scatted nature having shallow pits represent the 
transition between crystalline and amorphous. 
The resin exhibits more amorphous characters 
with closed packed surface having deep pits. 
Thus by SEM micrographs morphology of the 
resin shows the transition between crystalline 
and amorphous nature, when compare to the 
other resin, the copolymer resin is more 
amorphous in nature, hence shows higher 
metal ion exchange capacity. It will be seen 
that  copolymer is a consistent increase in 
electrical conductivity as the temperature rises 
roughly 305 K to 425 K. This trend is a 
characteristic of semi conduction. The 
activation energies were determined from the 
curves log σ vs 1000/T. The temperature 
dependence of the electrical conductivity in 
pellet of all the copolymers is of the same type. 
The plot of log σ vs 1000/T are found to be 
linear over a wide range of temperature, which 
indicates the semiconducting nature of 
copolymer. 
Ion exchange properties 
With a view to ascertain the selectivity of the 
resin for the selected metal ion, we have 
studied the influence of various electrolyte on 
the selectivity of metal ions, the rate of metal 
uptake and the distribution ratio of metal ions 
between the copolymer and solution containing 
the metal ions. 

Batch equilibrium technique developed by 
Gregor et al and De Geiso et al was used to 
study ion exchange properties of copolymer 
resins. The results of the batch equilibrium 
study carried out with the copolymer are 
presented in Fig. 1 to Fig. 6. Eight metal ions 
Fe3+, Cu2+, Hg+2, Ni2+, Co2+, Zn2+, Cd2+ and 
Pb2+ in the form of aqueous metal nitrate 
solution were used. The ion exchange study 
was carried out using three experimental 
variables. Electrolyte and its ionic strength, 
shaking time and pH of the aqueous medium, 
Among these three variables, two were kept 
constant and only one was varied at a time to 
evaluate its effect on metal uptake capacity of 
the polymer. 20,21  
Effect of electrolytes and their concentra-
tions on metal ion uptake capacity 
We examined the influence of ClO4

-, NO3
-,  

Cl-  and SO4
2- at various concentrations on the 

equilibrium of metal-resin interaction. Fig. 1 
to Fig. 4 shows that the amount of metal ions 
taken up by a given amount of copolymer 
depends on the nature and concentration of 
the electrolyte present in the solution. In the 
presence of perchlorate, chloride and nitrate 
ions, the uptake of Hg+2, Cd2+ and Pb2+ ions 
increase with increasing concentration of the 
electrolytes, whereas in the presence of 
sulphate ions the amount of the above 
mentioned ions taken up by the copolymer 
decreases with increasing concentration of the 
electrolyte. In presence of sulphate ions the 
decrease in Fe3+, Ni2+, Co2+, Zn2+ and Cd2+ 

metal ion uptake was not much higher as 
compared to Cu2+, Hg+2 and Ni2+.22 This may 
be explained on the basis of the stability 
constants of the complexes with those metal 
ions. SO4

-2 might form rather strong 
complexes with Fe3+, Ni2+, Co2+, Zn2+, and 
Cd2+ metal ions while NO3

-, Cl- and ClO4
- 

might form weak complexes and therefore 
might not be expected to influence the 
position of the Fe3+, Ni2+, Co2+, Zn2+ and Cd2+ 
metal ion chelates equilibrium as much as 
SO4

-2 might form rather strong chelates with 
Fe3+, Ni2+, Co2+, Zn2+ and Cd2+ metal ion. This 
type of trend has also been observed by other 
investigators in this field. 22,23 
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M(NO3)2]=0.1 Mol/l; Volume = ml; Volume of electrolyte solution : 25 ml; Weight of resin = 25 
mg;  time : 24 hrs: Room temperature.  pH : Fe(III) =2.5;  Cu (II) = 4.5;  Ni(II)=4.5;  Co(II)=5.0;  
Zn (II)=5.0;  Cd(II)=5.0;  Hg(II)= 6.0; Pb(II)=6.0  

Fig. 1 : Uptake of several metal iona by copolymer at eight different concentrations 
of electrolyte NaNO3 solution 

 

 

 

 

 

 

 

 

 

 

 

 

M(NO3)2]=0.1 Mol/l; Volume = ml; Volume of electrolyte solution : 25 ml; Weight of resin = 25 
mg;  time : 24 hrs: Room temperature. pH : Fe(III) =2.5;  Cu (II) = 4.5;  Ni(II)=4.5;  Co(II)=5.0;  
Zn (II)=5.0;  Cd(II)=5.0;  Hg(II)= 6.0; Pb(II)=6.0  

Fig. 2 : Uptake of several metal iona by copolymer at eight different concentrations 
of electrolyte NaCl solution 

 

 

 

 

 

 

 

 

 

 

 

 

M(NO3)2]=0.1 Mol/l; Volume = ml; Volume of electrolyte solution : 25 ml; Weight of resin = 25 
mg;  time : 24 hrs: Room temperature. pH : Fe(III) =2.5;  Cu (II) = 4.5;  Ni(II)=4.5;  Co(II)=5.0;  
Zn (II)=5.0;  Cd(II)=5.0;  Hg(II)= 6.0; Pb(II)=6.0  

Fig. 3 : Uptake of several metal iona by copolymer at eight different concentrations 
of electrolyte NaClO4 solution 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 7 No. 3, January-March 2013 

1189 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

M(NO3)2]=0.1 Mol/l; Volume = ml; Volume of electrolyte solution : 25 ml; Weight of resin = 25 
mg;  time : 24 hrs: Room temperature.  pH : Fe(III) =2.5;  Cu (II) = 4.5;  Ni(II)=4.5;  Co(II)=5.0;  
Zn (II)=5.0;  Cd(II)=5.0; Hg(II)= 6.0;  Pb(II)=6.0  
Fig. 4 : Uptake of several metal iona by copolymer at eight different concentration 

of electrolyte Na2SO4 solution 
Rate of uptake for metal ions as a function 
of time 
The rate of metal adsorption was determined to 
find out the shortest period of time for which 
equilibrium could be carried to while operating 
as close to equilibrium conditions as possible. 
Fig.5 shows the results of rate of uptake of 
metal ion on copolymer resin. The rate refers 
to the change in the concentration of the metal 
ions in the aqueous solution which is in contact 
with the given polymer. The result shows that 
the time taken for the uptake of the different 
mental ions at a given stage depends on the 
nature of the metal ion under given conditions. 
It is found that Fe (III) ions require about 3 hrs  

for the establishment of the equilibrium, 
whereas Cu2+, Hg+2, Ni2+, Co2+, Zn2+, Cd2+ and 
Pb2+ ions required about 6 hrs. Thus the rate of 
metal ions uptake 22,23follows the order Fe3+ > 
Ni2+ > Pb2+ > Cu2+ > Co2+ > Cd2+ > Zn2+ > 
Hg.2+ 

Distribution ratios of metal ions at different 
pH 
The effect of pH on the amount of metal ions 
distributed between two phases can be 
explained by the results given in Fig. 6. The 
data on the distribution ratio as a function of 
pH indicate that the relative amount of metal 
ion taken up by the copolymer increases with 
increasing pH of the medium.  

 

 

 

 

 

 

 

 

 

 

 

 

 
[M(NO3)2]=0.1 mol/l; volume of metal nitrate=2ml; NaNO3= 1.0 mol/l; volume of electrolyte=25ml, 
Room temperature Metal ion uptake = (Amount of metal ion absorbed x 100) / (amount of metal ion 
absorbed at equilibrium) pH : Fe(III) =2.5; Cu (II) = 4.5; Ni(II)=4.5; Co(II)=5.0; Zn (II)=5.0; 
Cd(II)=5.0; Pb(II)=6.0; Hg(II)=6.0 

Fig. 5 :  Comparison of the rate of metal iona uptakeb by copolymer 
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D= weight (mg) of metal ions taken up by 1 g of copolymer/weight (mg) of metal ions present in 
1ml of solution. [M(NO3)2]=0.1 mol/l; volume of metal nitrate=2ml;  NaNO3= 1.0 mol/l; volume of 
electrolyte= 25ml, time=24hrs (equilibrium state) at Room temperature.  pH : Fe(III) =2.5; Cu (II) 
= 4.5; Ni(II)=4.5; Co(II)=5.0; Zn (II)=5.0; Cd(II)=5.0; Pb(II)=6.0; Hg(II)=6.0  

Fig. 6 :  Distribution ratio Da of various metal ionb as function of the pH by 
copolymer 

The magnitude of increase, however, is different 
for different metal cations. The copolymer resin 
take up Fe3+ ion more selectively than any other 
metal ions under study. The order of distribution 
ratio of metal ions measured in pH range 2.5 to 
6.5 is found to be Fe3+ > Cu2+ > Ni2+ > Co2+ > 
Zn2+ > Cd2+ > Pb2+ > Hg2+. Thus the results of 
such type of study are helpful in selecting the 
optimum pH for a selective uptake of a particular 
metal cation from a mixture of different metal 
ions.24,25 For example, the result suggest the 
optimum pH 6.0, for the separation of Co (II) and 
Ni (II) with distribution ratio ‘D’ at 415.4 and 
854.4 respectively using the copolymer resin as 
ion-exchanger. Similarly, for the separation of 
Cu (II) and Fe (III) the optimum pH is 3 at which 
the distribution ratio ‘D’ for Cu (II) is 66.1 and 
that for Fe (III) is 341.5. The lowering in the 
distribution of Fe (III) was found to be small and, 
hence efficient separation could be achieved. In 
order to assess the potential for separation of 
metal ions Fe3+ from other metal ions, the 
following combinations of metal solutions were 
prepared : (1) Fe3+ and Cu2+ (2) Fe3+ and Ni2+ (3) 
Fe3+ and Co2+ (4) Fe3+ and Zn2+ (5) Fe3+ and Cd2+ 
(6) Fe3+ and Pb2+. The solution for separations 
were prepared by mixing 1ml of 0.1M solutions 
of Fe3+ with 1ml of 0.1M solution of Cu2+, Ni2+, 
Co2+, Zn2+, Cd2+ Hg+2  
and Pb2+. Selective uptake of the metal ions was 
studied by adjusting the optimum pH of 3.  

Distribution ratios of Fe3+ at pH 3 in the mixture 
with metal ions  Cu2+, Ni2+, Co2+, Zn2+, Cd2+ and 
Pb2+ were found to be 325, 321, 318, 316, 315 
and 316 respectively, i.e. slight lower than 341 
found when Fe3+ alone was studied. The 
lowering in the distribution ratios of Fe3+ was 
found to be small and hence efficient separation 
could be achieved. 

CONCLUSION 
A copolymer 2,4-DHPAF based on the 
condensation reaction of 2,4-dihydroxy-
propiophenone and adipamide with formalde-
hyde in the presence of acid catalyst was 
prepared. 2,4-DHPAF is a selective chelating 
ion-exchange copolymer resin for Fe3+, Cu2+ 
Ni2+, Co2+, Zn2+, Cd2+, Pb2+ and Hg+2 metal  ions. 
The copolymer resin showed a higher selectivity 
for Fe3+, Cu2+ and Ni2+ ions than for Co2+, Zn2+, 
Cd2+, Pb2+ and Hg+2 ions. 
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