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ABSTRAT 
 
 This study concerns with the synthesis of some modified polymers for removing some toxic heavy metal 
ions from waste water solutions. Two types of polyurethane were prepared e.g.  first castor oil was reacted with 
4,4-methylene diphenyldiisocyanate (DMI) to incorporate the isocyanate groups onto the polymer backbone. 
The resulted PU was further reacted with polyamine, then with epoxy resin to produce polymer Poly(urethane –
amine - epoxy) (PUAE). The second polymer was prepared by modification with carboxylic groups, to increase 
their performance in removing Co(II), Cd(II) and Pb(II) ions. The obtained cured materials were characterized 
by IR, NMR, TGA and X-ray diffraction pattern. Adsorption rate and capacity of the micro beads of the 
prepared PU for the selected metal ions, i.e., Co(II), Cd(II) and Pb(II) were investigated in aqueous media 
containing different concentrations of these ions (l0-50 ppm)  at different pH values (6.0-9.5). Very high 
adsorption rates were observed at the beginning and adsorption equilibrium was then gradually achieved in 
about 5 h. The maximum adsorptions of metal ions onto the prepared polymer were 98% for Co(II), 99% for 
Cd(II), 96% for Pb(l1). However, when the metal ions competed (in the case of the adsorption from their 
mixture) the amounts adsorbed for Co(II), Cd(II) and Pb(I1) were quite close to each other. Also desorption of 
metal ions were studied by using 0.1 M HCl (pH 1.0) for Co(II), Cd(II) and Pb(I1) ions. High desorption ratios 
(more than 90%) were achieved in all cases. Adsorption/desorption cycles showed the feasibility of repeated use 
of the prepared polymer. 
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Introduction 
 
 The presence of heavy-metal ions in the environment is one of the major concerns due to their toxicity to 
many life forms. Treatment of wastewaters containing heavy-metal ions can be removed by adsorption on solid 
carriers. Nonspecific sorbents, such as activated carbon, metal oxides, silica and ion exchange resins have been 
used (Gode and Pehlivan, 2003; Beauvais and Alexandratos, 1998; Wang et al., 2001). Recently, the specific 
sorbents are used and have been considered as one of the most promising techniques [4-61. Specific sorbents 
consist of a ligand (e.g., ion-exchange material or chelating agents) which interacts with the metal ions 
specifically, and a carrier matrix which may be an inorganic material (e.g., aluminum oxide, silica or glass) or 
polymer microbeads e.g., polystyrene, or polymethylmethacrylate (Denizli, et al., 2003; Kasgoz et al., 2003; 
Kara et al., 2004). 
 As carrier matrices, polymer microbeads have attracted the most attention because they may be easily 
produced in a wide variety of compositions, and modified into specific sorbents, by introducing a variety of 
ligands. Synthetic polymers have almost entirely displaced inorganic carriers, with few exceptions in the 
separation of heavy-metal ions (Fuqiang and G.Baojiao, 2006; Karabulut et al., 2002; Amara et al., 2004; Saliba 
et al., 2000). Nonporous or porous polymer microbeads with average diameter usually of more than 100 pm are 
used in these applications. In order to increase the active surface area available for attachment of the ligands, 
therefore for specific adsorption, porous polymeric microbeads are preferentially utilized. There are 
commercially available polymer based porous sorbents which exhibit surface areas 100- 250 m* or even larger 
per gram of sorbent. One of the most critical points in the use of porous sorbents is their pore structure. Because, 
the pore diffusion and the surface area in the pores determine adsorption rate and capacity, respectively. 
Sorbents with highly open pore structures are needed for high adsorption rates. However, high active surface 
area of the porous sorbents is mainly due to the fine pores in the matrix, which are not available for large 
molecules. In other words, large molecules cannot penetrate within these fine pores and therefore cannot use the 
active surface area there, which means low adsorption capacities for large molecules. As conclusion it can be 
said that the optimization of pore structures of the carrier matrices is a very important issue to achieve both high 



1425 
J. Appl. Sci. Res., 7(10): 1424-1433, 2011 

 

-CH2CH- (CH2)5- CH3CH2-O-C-(CH2)7-CH=CH

O OH

-CH2CH- (CH2)5- CH3CH-O-C-(CH2)7-CH=CH

O OH

-CH2CH- (CH2)5- CH3CH2-O-C-(CH2)7-CH=CH

O OH

O
O O

O

H2N [ CH2CH2NHCH2CH2]n NH2

CH2OCN CNO

90 OC /Ih Then 120 oC/5h

O CNH

O

CH2
CNO

-CH2CH-CH2 -

O O

O

OH

-CH2CH-CH2 -

O CNH

O

CH2
CNHNH[CH2CH2NHCH2CH2]nNH

O

O CNH

O

CH2
CNHNH[CH2CH2NHCH2CH2]nNH2

O

-CH2CH-CH2 -

ClCH2COOH /K2CO3

O

O

OH
-CH2CH-CH2 -

O C  N

O

CH2
C N N[CH2CH2 N CH2CH2] n N

O
CH2COOH

CH2COOHCH2COOH

CH2COOHCH2COOH

O

DMF/70 OC /Ih

+

70 OC /Ih

Epoxy resin (Bisphenol A diglycidyl ether)

DMI

Castor Oil

PU

Polyurethane  aminated epoxy (PUAE) 

At r.t./48 h then at 70 oC for 3 h

Carboxymethyl polyurethane aminated epoxy

3

Polyamine

adsorption rates and high adsorption capacities attach on a new ligand, based on polyurethane modification (Rao 
et al., 2002), for removal of toxic heavy metal ions such as ., Cd (II), Co(II) and Pb(I1), in addition to the 
optimum parameters affecting the metal ions uptake, time dependence, pH profile, and temperature will be 
investigated. 
 
2. Experimental: 
2.1. Materials: 
 Castor oil (PGR), 4,4’- diphenylmethane diisocyanate (DMI) (Daew), Epoxy resin (Epikote Resin 1001); 
polyamine; (PGR), dimethylformamide (DMF), Methyl alcohol, Cadmium chloride CdCl2.2.5H2O (E-Merck), 
Cobalt chloride CoCl2.6H2O

, Lead acetate Pd (CH3COO)2 (E-Merck), Potassium carbonate (K2CO3), 
Monochloroacetic acid (ClCH2COOH). 
 
2.2. Method of preparation of modified poly(urethane-aminated-epoxy)(PUAE) resin and carboxymethyl 
poly(urethane-aminated-epoxy) resin: 
 
 The polymer was synthesized in a multi-step reaction using 20 g ( 0.03 mol) castor oil heated in an oil bath 
at 120-130 oC and dehydration for 2hrs,  then add 15 g (0.06 mol) 4,4´-diphenylmethane diisocyanate (MDI),  
excess DMF was added to the stirred castor oil and the temperature was held at 80 oC for 1 h, with a mechanical 
stirring 
 Polyamine (5 g) in 50 ml DMF was introduced, to ensure the complete dissolution, it was added slowly, 
with mechanically stirring, to the prepolymer diisocyanate and the reaction mixture was stirred for 2hrs, then 
epoxy resin (10 g) was added and stirred for 30 min. The result is a product with double bonds at the ends of the 
macromolecular chain. 
The synthesized polymer has been formed by thermal treatment at 120 oC for 5 hrs with stirring, then left to 
cool. The polymer was poured slowly into a beaker containing a mixture of methanol and distilled water to 
remove the excess polyester, then filtered, washed several times with distilled water and dried at 50 oC (Yeganeh 
and Hojati, 2006). 
 Carboxymethylation of polymer beads was prepared by reacting potassium salt of monochloroacetic acid 
solution, prepared as the following; 37.8 g (0.4 mol) chloroacetic acid was dissolved in 20 ml H2O, then 27.6 g 
(0.2 mol) K2CO3 in 25 ml of distilled water was added drop wise to the ice cooled solution of the chloroacetic 
acid while stirring. Stirring was continued until foaming had ceased (for about 2 hrs). A sample containing 20 g 
of PUAE resin was added to this solution and the mixture was stirred for 48 hrs at room temperature. Then the 
mixture was heated to70 oC for 3 hrs in an oil bath, filtered and washed with water. Finally dried at 50 oC under 
vacuum for 24 hrs. 
  
 
 
 
 
                                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow chart of polyurethane preparation                           



1426 
J. Appl. Sci. Res., 7(10): 1424-1433, 2011 

 

 
2.3. Adsorption/desorption studies: 
 
2.3.1. Adsorption: 
 Adsorption of heavy-metal ions from aqueous solutions was investigated in batch adsorption equilibrium 
experiments. Effects of the initial concentration of metal ions and pH of the medium on the adsorption rate and 
capacity were studied. Aqueous solutions (100 ml) containing different amounts of metal ions (in the range of l-
50 ppm) were treated with the sorbents (i.e., the plain and the dye-attached PUAE polyurethane aminated epoxy 
micro beads) at different pH (in the range of 6.0-9.5) (adjusted with universal buffer solution) at room 
temperature, in the flasks agitated magnetically at an agitation speed of 600 t-pm. After adsorption, the 
polymeric microbeads were separated from the polymerization medium by filtration. The concentrations of the 
metal ions in the aqueous phases after the desired treatment periods were m assured by using a 
Spectrophotometer (model 2010). The amounts of adsorption per unit mass of the microbeads were evaluated by 
using the following expression. 
                            Q = (Co - C) x v                                                                   (1) 
                                       M                                                                                                              
where Q is amount of metal ions adsorbed onto unit mass of beads (mg/g), Co  and C are the concentration of 
metal ions in the initial solution and in aqueous phase after treatment for period of time, respectively (mg/l); v is 
volume of aqueous phase  (l); and m is the mass of beads used (g). 
  
2.3.2. Desorption and reuse: 
 
 Desorption of heavy-metal ions was studied with 0.1 M HNO3 at pH 1.0. The microbeads carrying metal 
ions were placed in this desorption medium and stirred (at a stirring rate of 600 rpm) for 2 h at room 
temperature. The final metal ion concentration in the aqueous phase was determined by using a 
Spectrophotometer. The desorption ratio was calculated from the amount of metal ions adsorbed on the 
microbeads and the final metal ions concentration in the desorption medium, by using the following expression. 
 
Desorption ratio = 
           (Amount of metal ions desorbed to the elution medium) x 100                       (2) 
            (Amount of metal ions adsorbed on the microbeads)                                 
 
 In order to obtain the reusability of the prepared polymers, adsorption-desorption cycle was repeated five 
times by using the same sorbent. 
 

RESULTS AND DISCUSSION 
 
3.1. Characterization of Modified Resins: 
 
 The heavy metal ions were determined spectrophotometrically using the spectrophotometer model 2010. 
 The prepared polymers were characterized by spectrophotometric measurements e.g. IR, NMR, XRD in 
addition to TGA studies. The infrared spectra of the polymers under study were done by a Perkin Elmer Model 
598 Spectrophotometer using the potassium bromide (KBr) disc method.  
 1HNMR Spectral analysis was used to determine the structure of the synthesized polymer under 
investigation, 1HNMR Spectra were recorded with Brucker MSL-75MHZ spectrometer and Brucker-300MHZ 
spectrometer.   
 X’ Pert Graphics (XRD) & Identify, Philips (Holland) Analytical was used to determine the crystalline 
structure of the polymer under investigation. 
 TGA 50 Shim ADZU Japan was used to determine the thermal stability of the polymer under investigation 
in a nitrogen atmosphere from 25- 500 ºC, at a heating rate of 10 ºC/min. 
 
3.1.1. Infrared spectral analysis resin for the prepared PU : 
 
 IR spectrum Figs.1.(a and b) of the modified PU resin and carboxylated PU resin, from the Figs. there is no 
great difference between each other, but there are two important differences in the patters of the two spectra 
Figs.1.(a and b). For the band at 3395cmc range indicates N-H stretching vibrations in the structure of the PUAE 
resin. After modification of PUAE by carboxylic group a strong broad band appears at 3368 cm-1 was detected, 
mainly attributed to the O-H stretching vibration, indicating that the amine group reacted with the potassium 
mono acetic acid and changed their structure during the grafting process of PU polymer and a band at 1373 cm-1 
appears and indicates C-N stretching vibration of the modified polymer. Moreover, increasing intensity of 
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Fig. 2.1. NMR spectra of modified PUAE resin using DMSO

>C=O stretching vibration of the band in Fig.1.b. at 1700 cm-1could be due to the carbonyl group of the 
introduced potassium mono acetic acid into the PU polymer and that at 1235 cm-1 could be due to the C-O-C 
asymmetric stretching vibration, indicating the presence of the ester group of –COO-, also the band at 1086 cm-1 
due to ester and ether C-O-C symmetric stretching vibration. The band at 1176 cm-1 is due to coupled C-N and 
C-O stretching vibration. Also the disappearing of the band at 1539 cm-1 in Fig.1.b. indicates the introduction of 
mono acetic acid into the PU polymer  
 

 
 
Fig. 1.a:  IR spectra of modified PUAE resin and  b. Carboxymethyl PUAE resin  
 
3.1.2. 1HNMR spectral analysis of resin:  
 
 1HNMR was used to determine the structure of the modified PUAE resin. As shown in Figs.2.(1. and 2) 
1HNMR  (DEMSO): show the characteristic peaks of the modified PU and carboxylic PUAE resins. These 
characteristic peaks are as follows: 1.19-1.23 ppm is due to methylene group attached to (- CH2OCON-), a 
signal at 2.5 ppm is due to the methylene group attached to the aromatic ring, also a signal at 3.6 ppm is due to 
(-N-CH2). The methylenoxy group attached to – COPh shows a signal at 4.30ppm and the presence signal at 5.2-
5.4 ppm indicates the protons of the unsaturated alkene of castor oil. the aromatic protons show signals around 
7.4 ppm and the signal at  9.58 ppm  is due to –OH the of carboxylic group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.1. NMR spectra of modified PUAE resin using DMSO 
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Fig. 2.2: NMR spectra of carboxymethyl PU resin using DMSO,  

 
3.1.3. X-ray diffraction studies of the modified PU resin: 
 
 The X-ray powder diffractgram of the sample, recorded from a Phillips (Holland) automated diffractmeter 
(X pert) is shown in Fig. 3.1, the absence of peak in the X ray spectra confirmed the amorphous nature of the 
polymer sample. The WAXD curves without crystalline peaks and dark polarizing micrographs indicate that 
amorphous character of the modified PUAE resin has been obtained (Ning, 2003). 
 X-ray diffraction patterns of the modified PU containing different soft segments are shown in Fig. 3.1.Two 
most intensive amorphous haloes. Broad scattering haloes near 2θ = 10◦ with intensity 170 and at 45◦ with 
intensity 60 are present, in addition to one at 2θ = 20◦ with intensity 340, but the intensity decreased in the order 
modified PUAE > carboxylic PUAE as shown in Fig.3.1. X-ray diffraction patterns of carboxylic PU containing 
two most intensive amorphous halos Broad scattering haloes near 2θ = 10◦ with intensity 100 and at 45◦ with 
intensity 50 are present, in addition to one at 2θ = 20◦ with intensity 240, The intensities of the peaks of 
carboxylic PUAE were   lower than that of the pure PUAE, suggesting that the ordered structure hardly 
changed, which supports the results from the infrared analysis for modified PU. Soft segments form crystalline 
structure in the segmented polyurethane are due to their long order structure (Chen et al., 2001).Therefore; in 
our study we recorded XR patterns of modified PU containing castor oil as soft segments and polyamine in 
order to understand the influence of soft segment on PU structure. Although all of the polyols have a crystalline 
character, here none of the PU shows a sharp crystalline peak like pure polyol, and all samples show broad 
haloes, which may be due to the amorphous structure. 
 
 
 
 
 
 
 
       
 
 
 
 
 
 
 
 
 
Fig. 3.1: XRD patterns for modified PU resin and Carboxymethyl PU resin 
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3.1.4. TG Analysis of themodified resin:  
 
 The thermal properties of the modified resin was characterized by thermo gravimetric analysis as shown in 
Table 1 and in Figs. 4.(1,2). Which show a comparison between TGA thermograms of the modified PUAE and 
modified carboxylic PUAE resin with that of adsorb Co(II) ion in a nitrogen atmosphere from 25- 500 ºC, at a 
heating rate of 10 ºC/min. TGA curves of PUAE and  the modified carboxylic PUAE resin are shown in Fig 
4.(1-2), stable up to 50 – 260 ºC It decomposed to two stages PUAE and three stages in case of modified 
carboxylic PUAE resin  where PU was decrosslinked between 260 – 365 ºC , that is mainly  by breaking of the 
urethane bond. The second stage  lies between 365 – 405 ºC due to castor oil molecules resulted at a faster rate 
of weight loss . The modified PUE sample had three decomposition temperatures with total weight loss about 
56.96 % due to the release of moisture and solvent and the polymer decomposition. While TGA of this resin 
adsorbt with Co(II) ion shows three decomposition temperatures with weight loss 54.51 % which is smaller than 
its original. This provides evidence that this material becomes more stable upon complexation with metal ions. 
 It is illustrated from Fig.(4.2), that, the modified carboxylated PUAE sample showed a fourth 
decomposition temperatures with weight loss about 83.8 % due to the release of moisture and solvent from the 
samples to the polymer decomposition. While TGA of the resin modified adsorb Co(II) ion shows also a fifth 
decomposition temperature  with weight loss 64.8% which is smaller than its polymer. This provides evidence 
that this material becomes more stable upon complexation with metal ions (Filip et al.,  2002). 
  
Table 1: Comparison TGA of results modified PUAE, modified Carboxymethyl PUAE resin and resin adsorbt Co(II) ion with that resin 
Resin  First step 

 
Second step Third step 

 
Forth step 
 

Fifth step 
 

Total % 
Wt. loss 

PUE Temp. 
% Wt. loss 

50.5 ºC 
4.94 % 

260 ºC 
22.77 % 

365 ºC 
29.25 % 

   
56.96% 

PUE + Cu(II) Temp. 
% Wt. loss 

38 ºC 
2.11 % 

304.8 ºC 
25.77 % 

390 ºC 
26.63 % 

  54.51 % 

Carboxylic   PUE Temp. 
% Wt. loss 

50.3 ºC 
20.1 % 

281.9 ºC 
18.7 % 

397.8 ºC 
25.2 % 

405.8 ºC 
19.8 % 

 83.8 % 

Carboxylic PUE     +  
Cu(II) 

Temp. 
% Wt. loss 

52.8 ºC 
29.6 % 

177.2 ºC 
5.9 % 

37.1 ºC 
3.7 % 

421.9 ºC 
18.4% 

467.9 ºC 
24.4 % 

82 % 

 

 
 
Fig. 4.1: Comparison TGA thermo grams of modified PUAE resin and adsorb Co(II) ion with that  resin before   
               and  after adsorption  
                
3.2. Metal ions uptake: 
 
 All the adsorption experiments were conducted in beakers, the mixture in the beaker was stirred with a 
mechanical stirrer at 175 rpm at room temperature. Co(II) ion, Cd(II) ion and Pb(II) ion solutions with different 
initial concentrations (10-50 ppm) were prepared by diluting standard solutions (100 ppm). All the adsorption 
experiments were carried out with a batch factor ( the ratio of solution volume to adsorbent mass) of 100 mL/g 
and at pH 9-9.5 for Co(II), pH 9.5-10 for Cd(II) and pH 6-6.5  for Pb(II) ions according to our results. 
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Fig. 4.2: Comparison TGA thermo grams of Carboxymethyl  PUAE  resin and adsorb Co(II) ion with that resin  
               before  and after adsorption  
                
3.2. 1. Effect of type of PU: 
 
 From the results presented in Fig.5 (A.- C.), increasing the dose of the adsorbents resulted in increases 
Co(II) and Cd (II) ions removal efficiency, as expected because more binding sites for ions are available at 
higher dose of adsorbents. The removal percentage of Co(II) ions increased with increasing the adsorbents. At 
lower concentrations of Co(II) ion in the solution would interact with the binding sites and thus facilitates higher 
adsorption, highest Co(II) ions removal efficiency, for 10 ppm it was 98.8 % at 11 g  dose of the PUAE resin 
and 95.3 % at 18 g dose of resin for  50 ppm of Co(II) ion, but it was 99.1 % using  11 g of the PUAE resin for 
synthetic 10 ppm of Cd (II) ions solution and reach maximum adsorption (95.3 %) with 17 g of resin for 50 ppm 
solution.. The maximum adsorption 96.3% for Pb(II) ions was obtained using 11g of the PUAE resin for 10 ppm 
solution compared with 96 % obtained using 18 g of the PUAE resin of 50 ppm at pH 6-6.5.  
 

 
 
Fig. 5:The efficiency of metal ions removal per unit mass on modified PUAE resin 
 
3.2.2. Effect of carboxymethyl PUAE resin content: 
 
 From the results in Fig.6. (A.-C.), increasing dose of the adsorbents (Carboxymethyl PUAE resin) to 9 g of 
the adsorbents for 10 ppm increases the removal efficiency of Co(II)ion to 99.5%   and 98 % at 16 g for 50 ppm 
Co(II) ion solution, where it is  99.2 % at 9 g for 10 ppm Cd(II) ions and 99.8 % at 15 g for 50 ppm Cd(II) ions 
at 9.5 pH with stirring 175 rpm for 3.5 hrs. 
 The removal of Pb(II) ions from its prepared solution is shown graphically in Fig.14. It was found that, the 
percent of adsorption of Pb(II) ions is greatly enhanced in acid medium, where maximum adsorption of 92% 
was obtained   using 9 g of 10 ppm solution, compared with 94% when using 15 g of 50 ppm Pb(II) ion solution 
at pH 6-6.5 
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Fig. 6:The efficiency of metal ions removal per unit mass on carboxymethyl PUAE resin ion solution   
 
3.2.2. Effect of pH on the adsorption of Co(II), Cd(II) and Pb(II) ions using  the prepared resin: 
 
 The dependence of the amount of adsorption of Co(II), Cd(II) and Pb(II) ions on pH is shown in Fig.7 (A). 
Where the adsorption increased with an increases of pH of the solution; in case of Co(II) ions the curves show 
an optimum adsorption of 99 % at pH 9.5 in case of modified PUAE resin and carboxymethyl PUAE resin, then 
it decreased. In the case of Cd(II) ions show an optimum adsorption of 98.5% at pH 9.5 This could be explained 
by  low pH, amine groups in the beads easily form protonation that induced an electrostatic repulsion for Co(II), 
Cd(II) ions. Low pH of solutions increases H3O

+ concentration and the competition between H3O
+ and heavy 

metal ions for complexation sites will be carried. However at pH > 6 the amount of adsorption of Pb(II), ions 
decreased with increasing pH, owing to the solubility Pb(OH)2.This behavior can be explained by the nature of 
the resin at different pH, the type of ionic state of functional group of sorbent and the metal chemistry of the 
cation.  

 
 
Fig. 7: Adsorption of metal ions using PUAE as a function of  (A) pH,  (B) contact time and (C) temperature 
 
3.2.3. Effect of time on adsorption of Co(II), Cd(II) and Pb(II) ions using the prepared resin: 
 
 The experimental results of heavy metal ions adsorption using modified PUAE and carboxylated PUAE 
resin versus time are shown in Fig.7(B). From the figure  it is found that the adsorption of Co(II), Cd(II) and 
Pb(II) ions increases with increasing contact time due to an increasing  number of unoccupied sites available at 
the initial state of adsorption, and therefore, it proceeds at a slower rate and finally attains saturation. The plots 
show that the contact time required to reach equilibrium for modified PUAE was 4 hrs and 3.5 hrs with 
carboxylated PUAE resin. Based on these results, the contact time was fixed at 3.5 hrs for the batch 
experiments, depending on pH, stirring rate and temperature.    
 
3.2.4. Effect of temperature on adsorption of Co(II), Cd(II) and Pb(II) ions using the prepared resin: 
 
 The sorption experiments were repeated at various temperatures namely of 20 0C, 28 0C, 35 0C and 40 0C 
and the obtained results are presented in Fig.7(C). It was found that the amount of Co(II), Cd(II) and Pd(II) ions 
adsorbed decreased from 98.2% at 20 0C to 10-20 % at 40 0C. 
 It can be seen that the metal ions uptake follows a similar pattern, but the amount adsorbed at a particular 
temperature differs. Increase of the uptake of heavy metal ions with increasing in temperature may be explained 
as a result Keto-enol toutomerism of polymer which leads the increase in number of OH groups, but increases of 
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temperature to 40 0C lead to desorption or cause the metal ions to bounce off the surface of the resin instead of 
combining with it. Therefore, the increase in temperature may be associated with decreases in the stability of 
metal ion- adsorbed complex.  
 
3.3. Treatment a wastewater samples by the prepared polymers: 
 A fresh wastewater sample drained from a factory for electroplating containing Co(II), Cd(II) and Pb(II) 
ions solution. The wastewater was treated with the optimum amount of the prepared resin for 100 ml of each 
metal ion and time of agitation as discussed previously  with 175 rpm agitation speed and  in case of  Co(II) , 
Cd(II) ions solution the pH was adjusted to be 9.5, whereas it changed to pH 6-6.5 in case of Pb(II) ions. The 
obtained results for removing the metal ions are representes in Table 2 andshown in Fig. 8. using the modified 
PUAE resin (polymer I), and the carboxylated PUAE resin ( polymer II).  
 Inspection of the data given shows that the order of removal of heavy metal ions in wastewater samples 
using modified PUAE and carboxylated PUAE resin in a separately treatment is Co(II) > Cd(II) >Pb(II).  
 
Table 2: Concentration of metal ions before and after treatment of wastewater using the prepared resin. 

Concentration of metal ions remain (mg/l) 

 
Co(II) 

ions 
 

Cd(II)  
ions 

Pb(II) 
ions 

Before Treatment 35 85 67 

After treatment using modified PUAE resin ( polymer I) 0.2 0.25 0.4 

After treatment using carboxylic PUAE resin( polymer II) 0.1 0.2 0.6 

        
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Treatment of industrial wastewater sample using modified PUAEresin (polymer I) and using  
             arboxymethyl  PUAE resin (polymer III). 
 
Conclusions: 
 
 One of the most common treatment methods for such aqueous streams is the use of ion exchange, which is a 
well developed technique that has been employed for many years in industries and in other fields. 
 The main aim of this study is to synthesis some polymers and find the optimum conditions for the removal 
of some heavy metal ions such as Co(II), Cd(II) and Pb (II) ions. 
 The work is carried out for the preparation of a synthetic polymer of modified Epoxide with PU depending 
on castor oil and polyamine then carboxylating this resin with monochloroacetic acid 
 The resultant polymer showed high efficiency for metal ions adsorption at pH 9.5 in case of Co(II) and 
Cd(II) ions, but at pH 6.5 for Pb(II) ions. 
 Heavy metal ions accumulation from single and mixed ion solutions at pH 8-9 was in the order; Co(II) > 
Cd(II) > Pb(II). It was also possible to reactivate the adsorbent  
 Carboxylic groups on epoxide resin show high adsorption capacity than modified PUAE. The adsorption of 
heavy metal ions was a chelate process through both oxygen and nitrogen atoms coordinated with heavy metal 
ions in the polymer chains. 
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