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Abstract: Synthetic polymers have a good potential for the removal of heavy metal ions from industrial

wastewater, especially those of electroplating factory. The importance of the synthetic polymers has increased

due to thier high selectively, stability at elevated temperature and sensitivity to the high concentration of ions.

This study concerns with the synthesis of some modified polymers for removal of some toxic heavy metal ions

from industrial wastewater. Three resins were carried out e.g. first Polyvinyl chloride (PVC) was aminated by

the resin with concentrated aqueous solution of ethylene diamine. The aminated PVC was then reacted with 4,4-

methylene diphenyldiisocyanate (DMI) to incorporate the isocyanate group onto polymer backbone. The

isocyanate PVC was further reacted with castor oil. Second polymer Poly(ester-urethane -acrylate) (PEUA),was

polymerized in a two steps process. Third polymer was the resulting polymer modified with carboxylic groups,

that to increase their performance for removal of Cu (II), and Ni (II) ions. In general, these materials exhibit

physical properties similar to those of linear segmented polyurethane rather than conventional thermal or

radiation-cured oligomer based on polyurethane methacrylate. The cured materials were characterized by IR,

NMR, TGA and X-ray diffraction pattern. The resulting polymers show high efficient sorbet for removal of Cr

(VI) ion at low pH (3.0-4.0) rather than for removal of Cu (II), and Ni (II) ions at high pH (7.0-8.5) in ppm

levels and at the same time they can be regenerated, also can be used to adsorb heavy metal ions. On comparing

both adsorbers it can be concluded that modified PVC resin is more preferable than other polymer due to the

reduced price of castor oil 

Key words: Grafting polymerization, Polyester, Castor oil, Polyurethane-acrylate, PVC, Adsorption: water
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INTRODUCTION

Environmental pollution has become one of the most

important problems threatening our world. In nature, sea,

river or lake waters, biological and inorganic-organic

samples, it is possible to meet with toxic heavy metal ions

and compounds. It is assumed that the life of these metal

ions and their compounds in infinity due to their toxicity

. The removal of toxic and polluting metal ions from[1]

industrial effluents, water supplies, as well as mine waters

is an important challenge to avoid one of the major causes

of water and soil pollution. Various methods have been

proposed to remove heavy metal ions from sea water and

wastewaters using ion-exchange resin, adsorption .[2]

electrolytic or liquid extraction, electro dialysis .[3]

chemical precipitation . membrane filtration .[4] [5]

biosorption . and chelating resins Chelating resins have[6]

many practical applications in water treatment, 

environmental protection, chemical analysis, etc.
Recently, many scientists have prepared and studied many
kinds of chelating resins containing various ligands and
have used these resins for removal and recovery of heavy
metal ions from industrial wastewater .[7]

In an adsorption process, the adsorbents play the vital
role in the process efficiency. Most adsorbents developed
nowadays for the removal of heavy metal ions rely on
their interactions with the functional groups on the
surfaces of the adsorbents, and hence, the functional
groups have important effects on the effectiveness,
capacity and reusability of the adsorbents . The main[8,9]

objectives of this study are to prepare a new modified
chelating polymers based on PVC and modified
polyurethane], for removal of toxic heavy metal ions such
as Cu (II), Ni (II) ion and Cr (VI) ion. In addition, the
optimum parameters affecting the metal ions uptake e.g.
Time dependence, pH profile, and temperature will be
investigated.
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MATERIALS AND METHODS

Polyester (Daew),4,4’- diphenylmethane diisocyanate

(DMI) (Daew), castor oil (PGR), Acrylic acid (PGR),

dimethylformamide (DMF), Tetrahydrofuran (THF)(E-

2 2 2 2Merck), Ethylene diamine (H NCH CH NH ), Methyl

2 2alcohol(PGR), Nickel chloride NiCl .6H O)(E-Merck),

4 2Copper sulphate CuSO .6H O  Potassium dichromate,

2 2 7 , 2 3K Cr O ) (E-Merck)  Potassium carbonate (K CO )

2(PGR), Monochloroacetic acid (ClCH COOH) (PGR).

Preparation:
Method of Modification of Pvc Resin: Polyvinyl

chloride (PVC) was aminated by treating the resin with a

large excess of an eighty percent aqueous solution of

ethylenediamine. Thus 1 g resin was added to 10 ml of an

eighty percent solution of the amine in distilled water and

stirred magnetically in an oil bath maintained at 80 C for o

1 h. After that, the resin was filtered and washed with

distilled water to remove excess of amine. Aminated PVC,

1 g was dissolved in 25 ml dry THF, then 2 ml MDI was

added, and the mixture was stirred magnetically for 1 h at

room temperature, the resultant product was precipitated

in dry hexane and washed with the same solvent over a

fluted filter paper many times to remove excess MDI. It

was then redissolved in THF and treated with 2 g of castor

oil for 15 min under magnetic stirring at room

temperature. After that, the product was precipitated in

ethanol and extensively washed with the solvent to

remove the unreacted castor oil and dried in vacuum .[10]

Method of Preparation of Poly(urethane -Acrylate)
Resin and Carboxymethyl Poly (Urethane -Acrylate)
Resin:

The polymers were synthesized in a multi-step

reaction using 20 g ( 0.03 mol) poly ester diols melted in

an oil bath at 120-130 C and dehydration for 2h. Then o

add 15 g (0.06 mol) 4,4´-diphenylmethane diisocyanate

(MDI) in case of poly (ester) diols in excess DMF was

added to the stirred poly(ester)diol and the temperature

was held at 80 C for 1 h, with a mechanical stirrer. o

Ethylene diamine (1.9 g) in 50 ml DMF was

introduced. To ensure the complete dissolution, it was

added slowly, and mechanically stirred, to the prepolymer

diisocyanate and the reaction mixture was stirred for 2h. 

From that acrylic acid (1.7 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 have been formed by
thermal treatment at 120 C for 3 h with stirring, then left o

to cool. The polymer was poured slowly into beaker
containing a mixture of methanol and distilled water to
remove excess polyester, then filtered, washed several
times with distilled water and dried at 50 C . o [11]

Carboxymethylation of polymer beads was carried
out by   reacting   potassium salt of  monochloroacetic
acid solution, which prepared as the following; 37.8 g (0.4

2mol) chloroacetic acid was dissolved in 20 ml H O. Then

2 3 27.6 g (0.2 mol) K CO in 25 ml of distilled water was
added dropwise to the ice cooled solution of the
chloroacetic  acid  while stirring. Stirring was continued
until foaming had ceased (for about 2 h). A sample
containing 20 g of Poly(urethane-urea-methacrylate)s
resin was added to this solution and the mixture was
stirred for 48 h at room temperature. Then the mixture
was heated to70 C for 3 h in oil bath, filtered and washedo

with water. Finally dried at 50 C under vacuum for 24 h. o

RESULTS AND DISCUSSION

Characterization of Modified Resins: The heavy metal
ions were determined spectrophotometrically using
spectrophotometer model 2010.

The prepared polymers were characterized via
spectrophotometric measurements e.g. IR, NMR, XRD in
addition to TGA studies. The infrared spectra of polymers
under study were done using a Perkin Elmer Model 598
Spectrophotometer using potassium bromide (KBr) disc
method. The data collected as shown in Figs. (1.1.-1.3).

HNMR   Spectral   analysis   was  used  to 1

determine  the   synthesis  of  polymer  under 
investigation  as  shown  in  Figs. (2.1.-2.3.) HNMR1

Spectra were recorded with Brucker MSL-75MHZ
spectrometer  and  Brucker-300MHZ  spectrometer.

X’ Pert Graphics & Identify, Philips Analytical was
used to determine the crystalline structure of polymer
under investigation as shown in Figs. (3.1. - 3.2.).
TGA 50 Shim ADZU Japan was used to determine the
thermal stability of polymer under investigation in a
nitrogen atmosphere from 25- 500 ºC, at a heating rate of
10 ºC/min  as shown in Figs. (4.1. - 4.3.).

Infrared Spectral Analysis Resin: IR spectrum of the
PVC resin was shown in Fig .1.1. According to reference

. the band in 3376cm  range indicate N-H stretching[12] -1

vibrations in the structure of the resin, a broad band at
1700 cm  must be due to the carbonyl group and that at-1

1234 cm  due to the C-O-C asymmetric stretching-1

vibration, indicating the presence of the ester group of-
COO- and band at 1067 cm  due to ester and ether C-O-C-1

symmetric stretching vibration. Also bands at 2914 and
2851 cm  due to alkane -CH stretching vibration.-1
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Carboxymethyl Poly (urethane -acrylate) resin.

Fig.1.1: IR spectra of PVC resin.

Fig. 1.2:  IR spectra of modified PU  resin.
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Fig. 1.3:  IR spectra of modified Carboxymethyl PUresin.

IR spectrum  Figs. 1.(2 and 3) of the modified PU
resin and Carboxylic PU resin do not differ very much
from each other. There are two important differences in
the patters of the two spectra Figs.1.(2 and 3). For the
band in 3357cm  range indicates N-H stretching-1

vibrations in the structure of the PU resin. After
modification of PU on carboxylic group a strong broad
band at 3352 cm  was detected, mainly attributed to the-1

O-H stretching vibration, indicating that 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 appear indicate C-N stretching
vibration of the modified polymer. Moreover, increasing
intensity of <C=O stretching vibration of the band in
Fig.2.3.1.3. at 1700 cm must be due to the carbonyl-1

group of the introducing potassium mono acetic acid into
the PU polymer and that at 1235 cm  due to the C-O-C -1

asymmetric stretching vibration, indicating the presence
of the ester group of -COO- and band at 1086 cm  due to-1

ester and ether C-O-C symmetric stretching vibration.
Also band at 1176 cm  due to coupled C-N and C-O-1

stretching vibration.

HNMR Spectral Analysis of Resin : HNMR was used1 1

to determine the structure of modified PVC resin. As it is
shown   in   Fig. 2.1.  HNMR    (DEMSO):   peak at 1.20-1

1.50 ppm  is   due  to  methylene  group  attached  to (-

2 2CH OCON-), a signal at 2.19-2.25 ppm-CH  placed
between alkene and methane at á position of ester
carbonyl 2.5 ppm is due to methylene group attached to

2aromatic ring, also a signal at 3.6 ppm is due to (-N-CH ).
The only difference is the presence signal at 5.2-5.4 ppm
,protons of unsaturated alkene of castor oil. Also there is
a weak peak at 7-7.3 ppm for-NH group.

Figs.2.(2. and 3) show the characteristic peaks of
modified PU and carboxylic PUs resin. These
characteristic peaks are as follows: 1.19-1.23 ppm is due

2to methylene group attached to (- CH OCON-), a signal at
2.5 ppm is due to methylene group attached to aromatic

2ring, also a signal at 3.6 ppm is due to (-N-CH ). The
methylenoxy group attached to-COPh shows a signal at 

4.30ppm and the aromatic protons show signals around
7.4 ppm. A signal at 9.58 ppm is due to-OH of carboxylic
group.

X-ray Diffraction Studies of M odified Pvc 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 amorphous character of
modified PVC resin has been investigated .[13]

X-ray diffraction of modified PVC resin given in Fig
3.1.exhibit two intensive amorphous halo of intensity( 60) 
in a region of diffraction angles were top position of 2è =
(18 - 24) depends on the soft/hard segment content ratio 
and at 2è = 40 of less intensity (25).

X-ray diffraction patterns of modified PU containing
different soft segments are shown in Fig. 3.2.Two most
intensive amorphous halos Broad scattering haloes near
2è = 10N with intensity 170 and at 45N with intensity 60
are present, in addition to one at 2è = 20N with intensity
340, but the intensity decreased in the order modified PU
< carboxylic PU as shown in Fig.3.2. X-ray diffraction
patterns of carboxylic PU containing two most intensive
amorphous halos Broad scattering haloes near 2è = 10N
with intensity 100 and at 45N with intensity 50 are present,
in addition to one at 2è = 20N with intensity 240, The
intensities of the peaks of carboxylic PU were   lower,
than the pure PU film, 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 due to
their long order structure .Therefore, in our study we[14]

recorded XR patterns of modified PU containing polyester
(polyols) as soft segments and ethylene diamine (ED)
polyols and acrylic 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
shows broad haloes, which may be due to the amorphous
structure.
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Fig. 2.1. NMR spectra of modified PVC resin using DMSO 

Fig. 2.2. NMR spectra of modified PU using DMSO,

Fig. 2.3. NMR spectra of Carboxymethyl PU  resin using DMSO,

TG Analysis of modified resin: The thermal behavior of

modified resin was characterized by thermo gravimetric

analysis as shown in Table 1 and in Fig. 4.(1-3.), which

shows comparison TGA thermograms of modified Epoxy,

PU and modified carboxylic PU resin with that adsorbt

Cu(II) ion. Fig 4.1.shows the modified PVC sample had

fifth decomposition temperatures with weight loss about

74.01% due to the release of moisture and solvent from

the samples to the polymer decomposition. While TGA of

modified PVC resin complexed with Cu(II) ion shows

four decomposition temperature with weight loss 50.73%

which is smaller than its polymer. This provides an

evidence that this material becomes more stable upon

complexation with metal ions.

        In the thermo gravimetric curves of the blends

Fig.4.2, shows the modified PU sample showed fifth

decomposition temperatures with weight loss about

63.92% due to the release of moisture and solvent from

the samples to the polymer decomposition. While TGA of

modified PU resin complexed with Cu(II) ion shows also

fifth decomposition temperature wit weight loss 52.52%

which is smaller than its polymer. This provides evidence

that this material becomes more stable upon complexation

with metal ions .[15]

1950



J. Appl. Sci. Res., 4(12): 1946-1958, 2008

Fig. 3.1: XRD patterns for modified PVC resin.

Fig. 3.2: XRD patterns for modified PU resin and

Carboxymethyl PU resin.

The TGA of the carboxymethyl PU resin Fig.4.2,

shows four decomposition temperatures with weight loss

about 42.64% due to the release of moisture and solvent

from the samples to the polymer decomposition. While

TGA of a resin complexed with Cu(II) ion shows also

fifth decomposition temperature wit weight loss 30.5%

which is smaller than its polymer. This provides also

evidence that this material becomes more stable upon

complexation with metal ions.

 

Fig. 4.1: Comparison TGA thermograms of modified

PVC resin and adsorbt Cu)II( ion with that 

resin.

Fig. 4.2: Comparison TGA thermograms of modified PU

resin and adsorbt Cu)II( ion with that  resin.

Fig. 4.3. C o m p a r i s o n  T G A  t h e r m o g r a m s  o f

Carboxymethyl PU.
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Table 1: Comparison TGA of modified PVC, modified of PUand Carboxymethyl PU resin and adsorbt Cu(II) ion with that resin
PVC PVC + Cu(II) PU PU + Cu(II) Carboxylic PU Carboxylic PU + Cu(II)

First step 246.7 ºC 260.1 ºC 54.5 ºC 37.1 ºC 50.3 ºC 52.8 ºC
% Weight loss 45 % 30.4 % 19.1% 4.62 % 3.87 % 3.1 %
Second step 311 ºC 331.3 ºC 296.3 ºC 304.8 ºC 281.9 ºC 177.2 ºC
% Weight loss 6.6 % 10 % 28.3 % 36.9 % 32.7 % 1.2 %
Third step 366 ºC 466.1 ºC 390.7 ºC 390 ºC 397.8 ºC 3.7.1 ºC
% Weight loss 6.01% 6.2 11.2 % 4.1 % 1.2 % 18.3 %
Forth step 444.46 ºC 447.6 ºC 412.4 ºC 400 ºC 405.8 ºC 421.9 ºC
% Weight loss 7.3% 4.13 % 2.8 % 3.6 % 4.87 % 3.8%
Fifth step 488.7 ºC 427 ºC 473.4 ºC 467.9 ºC
% Weight loss 9.1% 2.52 % 3.31 % 4.1 %
Total % Weight loss 74.01% 50.73% 63.92% 52.52% 42.64% 30.5%

Metal Ions Uptake: All the adsorption experiments were

conducted in beakers,, the mixture in the beaker was

stirred with mechanical stirrer  followers at 175 rpm at

room temperature. Copper ion, nickel ion and chromium

ion solutions with different initial concentrations were

obtained 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 7-8 for Cu(II), pH 8.5 for Ni(II) and

pH 3-4  for Cr(VI) ions.

Effect of Modified Pvc Resin Content: From the results

in Figs. (1.-2.), increasing dose of the adsorbents varied

between 1.5 g for 10 ppm (96.3 %)  and 9 g for 50 ppm

(98.4 %), and for Ni(II)  ions was varied between 1-7 g

for 18.5 ppm  (91.3%)and 1-12 g for 50 ppm (98.4 %).

increasing Cu(II) and Ni(II)  ions removal efficiency. This

is expected because more binding sites for ions are

available at higher dose of adsorbents. The percentage

removal of Cu(II) ions by the adsorbents initially

increased with increasing Cu(II) ions concentration. At

lower concentrations, Cu(II) ion in the solution would

interact with the binding sites and thus facilitated higher

adsorption. At higher concentrations, more Cu(II) ion are

left un-adsorbed in solution due to the saturation of the

binding sites. This indicates that energetically less

favorable sites become involved with increasing ion

concentrations in the aqueous solution. Whereas initially

increased with increasing Ni(II) ions concentration,

The removal of Cr(VI) ions from its synthetic

solution is shown graphically in Fig.3. It was found that

the percent of adsorption of Cr(VI) ions is greatly

enhanced in acid medium, where maximum adsorption

98.2% was obtained using 7 g of 10 ppm solution, comp

ared with 97.5% was obtained using 12 g of 50 ppm Cr

(VI) ion solution at pH 3-4 with stirring 175 rpm for 3 hrs.

Effect of Poly (urethane- Acrylate) Resin Content:
From the results in Figs. (4.-6.), increasing dose of the

adsorbents increasing Cu(II) and Ni(II)  ions removal

efficiency. It is expected results because more binding

sites for ions are available at higher dose of adsorbents.

The percentage removal of Cu(II) ions by the adsorbents 

Fig. 1. Sorption-weight plot of modified PVC resin with

10 and 50 ppm Cu (II) ion solution.

Fig. 2. Sorption-weight plot of modified PVC resin with

18.5 and 50 ppm Ni (II) ion solution.

initially increased then decreased with increasing Cu(II)

ions concentration,. At lower concentrations of Cu(II) ion

in the solution would interact with the binding sites and

thus facilitated higher adsorption. At higher

concentrations, more Cu(II) ion are left unadsorbed in

solution due to the saturation of the binding sites. This

indicates that energetically less favorable sites become

involved with increasing ion concentrations in the

aqueous solution, whereas initially increased with

increasing Ni (II) ions concentration, highest Cu (II) ions

removal  efficiency  was  87%  at  18  g   dose  of the PU
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adsorbents of 50 ppm, whereas was  89% using  15 g of

 the PU resin for synthetic 50 ppm of Ni (II) ions solution.

Where maximum adsorption 91% for Cr (VI) ions was

obtained using 5 g of the PU resin  compared with 99%

was obtained using 9 g of the PU resin of 50 ppm.

The percentage removal of Cr (VI) ions by the

adsorbents initially increased with increasing Cr (VI) ions

concentration at pH 3-4, This behavior of equilibrium

concentration may be explained by the increase in

adsorption surface area and hence the active sites with the

increasing dose of adsorbent. Since amount of initial Cr

(VI) ion is constant, they can occupy only a certain

amount of active sites. Therefore, further increase in the

number of active sites doses not affect the amount of

adsorbed ions. In other words, for each ion concentration

there is a corresponding adsorbent dose at which

adsorption equilibrium was established at four hours.

Fig. 3: Sorption-weight plot of modified PVC resin wit

10 and 50 ppm Cr (VI) ion solution.

Fig. 4. Sorption-weight plot of modified PU resin with

10 and 50 ppm Cu (II) ion solution.

Effect of Carboxymethyl Pu Resin Content:From the

results in Figs. (7.-9.), increasing dose of the adsorbents

Carboxymethyl PU resin to 7 g of the adsorbents for 10

ppm increasing removal efficiency Cu(II)ion 96.5%  and

95 % at 14 g for 50 ppm solution, whereas was  93% at 9

g for 18.5 ppm Ni(II) ions and 96 % at 13 g for 50 ppm

Ni(II) ions at 8.5 pH with stirring 175 rpm for 3.5 hrs.

Fig. 5: Sorption-weight plot of modified PU resin with

18.5 and 50 ppm Ni (II) ion solution.

Fig. 6: Sorption-weight plot of modified PU resin with

10 and 50 ppm of Cr (VI) ion solution.

Fig. 7: Sorption-weight plot of carboxymethyl PU resin

with 10 and 50 ppm for Cu (II) solution

The removal of Cr(VI) ions from its synthetic

solution is shown graphically in Fig.14. It was found that

the percent of adsorption of Cr(VI) ions is greatly

enhanced in acid medium, where maximum adsorption

99.9% was obtained   using 7 g of 10 ppm solution,

compared with 99.5% was obtained on using 13 g of 50

ppm Cr(VI) ion solution at pH 3-4.
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Fig. 8: Sorption-weight plot of carboxymethyl PU resin

with 18.5 and 50 ppm for Ni (II) ions solution.

Fig. 9: Sorption-weight plot of carboxymethyl PU resin

with.

Effect of pH on adsorption of Cu (II), Ni (II) and

Cr(VI) ions using  the prepared resin. The dependence

of amount of adsorption of Cu (II), Ni (II) and Cr (VI)

ions on pH is shown in Figs. 10-11. Where the adsorption

increased with an increase of pH of the solution, in case

of Cu (II) ions which show an optimum adsorption at pH

8 in case of modified PVC resin, modified PU and

carboxymethyl PU resin, then decreases. Whereas in case

of Ni (II) ions show an optimum adsorption at pH 8.5.

This could be explained by at low pH, amine groups in the

beads easily form protonation that induced an electrostatic

repulsion for Cu (II), Ni (II) ions. At low pH of solutions

3increase H O  concentration and intensifies the+

3competition between H O  and heavy metal ions for+

complexation sites. However at pH <8 the amount of

adsorption of Cu (II), ions decreased with increase pH,

owing to the interaction between OH  and Cu (II) ions in-

2the solution to form Cu (OH) .This behavior can be2+

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. Adsorption of Cr (VI) ion

results as show 98.2% below pH= 3 suggests that bind of

the negatively charged chromium species occurred

through electrostatic attraction to the positively charged

functional groups on the surface of the sorbent due to the

presence of more functional groups carrying positive

charge at pH 3, while at pH <4 the sorbent possesses more

functional group carrying the net negative charges which

tend to repulse the metal anions. 

Fig.10: Adsorption of metal ions using modified  PVC

resin as a function of pH.

Fig. 11: Adsorption of  metal ions using PU as atunction

of pH.

Effect of Time of Agitation on Adsorption of Cu (Ii),

Ni (Ii) and Cr (Vi) Ions Using the Prepared Resin: The

experimental results of heavy metal ions adsorption using

modified PVC, modified PU and carboxymethyl PU resin

versus time are shown in Figs.12-13. It was found that the

adsorption of Cu(II), Ni(II) and Cr(VI) ions increased

with increasing contact time due to an increasing  number

of vacant sites available at the initial state of adsorption,

and therefore, it proceeded at a slower rate and finally

attained saturation. The plots show that the contact time

required to reach equilibrium was about 2.5 hrs, whereas

with modified PUs take 4 hrs and take 3.5 hrs with

carboxymethyl PUs resin   . Based on these results, the

contact time was fixed at 2.5 hrs for the batch

experiments, depending on pH, stirring rate and

temperature.
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Fig. 12: Effect of contact time using modified PVC resin

on metal ions adsorption.

Fig. 13: Effect of contact time using modified PU on

metal ions adsorption.

Effect of Temperature on Adsorption of Cu (Ii), Ni (Ii)

and Cr (Vi) Ions Using the Prepared Resin: The

sorption experiments were repeated at various

temperatures in range of  293 K, 298 K to 308 K and the

results are presented in Figs. (14-16).  The amount of

Cu(II) and Ni(II) ions adsorbed was increased then

decreased, whereas Cr(VI) ion had decreased from 98.2%

at 293 K to 65 % at 308 K.

It can be seen that the metal ions uptake follow a

similar pattern, but the amount adsorbed at a particular

temperature differ. Increase the uptake of heavy metal

ions with increase in temperature may be explained as a

results Keto-enol toutomerism of polymer which lead the

increase number of OH group, but increase of temperature

2to 308 K increase solubility product of Cu(OH)  ,  this

could lead to desorption or cause the metal ions to bounce

off the surface of resin instead of combining with it.

Therefore, increase in temperature may be associated with

decrease in the stability of metal ion- adsorbed complex. 

Fig. 14: Effect temperature using modified PVC resin on

metal ions adsorption.

Fig. 15: Effect of temperature on adsorption on metal

ions using modified PU resin.

Fig. 16: Effect of temperature on adsorption of metal

ions using carboxymethyl PU resin.
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Treatment a Wastewater Samples by the Prepared

Polymers: A wastewater sample drained from Fresh

factory for electroplating containing Cu(II) , Ni(II) and

Cr(VI) ions solution was treated with the optimum amount

of the prepared resin for 100 ml from each metal ions and

time of agitation as discussed previously  with 175 rpm

agitation speed and pH in case of  Cu(II) , Ni(II) ions

solution was adjusted to be 8-8.5, whereas pH 3-4 in case

of Cr(VI) ions.

The data of removal of each metal ion are given in Table

2 and Fig. 17. Using modified PVC resin, in Fig. 18.

Using modified PU resin, and Fig. 19. Using

carboxymethyl PU resin. 

      Inspection of the data given shows that the order of

removal of heavy metal ions in wastewater samples using

modified PVC, modified PU, and carboxymethyl PU resin

in a separately treatment was Cr(VI) < Ni(II) < Cu(II).

Concentration of metal ions remain (mg/l) Cu(II) ions Ni(II) ions Cr(VI) ions
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Before Treatment 7 115 80
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
After treatment using  modified PVC resin 0.25 2 6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
After treatment using modified PU resin 1.5 2 0.04
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
After treatment using carboxymethyl PU resin 0.1 9 0.04

Fig. 18: Treatment of industrial wastewater sample using

modified PVC resin.

  

Fig. 19: Treatment of industrial wastewater sample using

modified PU resin

Fig. 20: Treatment of industrial wastewater sample using

modified carboxymethyl PU resin.

Conclusions: The resultant polymer showed high

efficiency for metal ions adsorption. The pH, temperature,

time and resin content have great influence on the

sorption. Cu (II) and Ni (II) ions removed at pH 8-9, This

could be explained by at low pH, amine groups in the

beads easily form protonation that induced an electrostatic

repulsion for Cu (II), Ni (II) ions. At low pH of solutions

3increase H O  concentration and intensifies the+

3competition between H O  and heavy metal ions for+

complexation sites. Whereas adsorption for Cr (VI) ions

at 7-8 decreased, this is due to the solubility of Cr (VI)

ions at high pH.

Heavy metal ions accumulation from single ion

solutions at pH 8-9 is in order; Cu (II) < Ni (II) < Cr (VI).

Whereas at low pH the order will be; Cr (VI) < Cu (II) <

Ni (II).

The decreasing of total adsorption in multielement

solutions indicates that a competitive inhibition may occur

for Cr (VI) by the other cations in the solution, with

limited specificity related to ionic radii or tendency for 
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Fig.: Design of synthetic polymer bed absorbers (three beds system) used for the wastewater treatment.

complex formation, depend on pH of solution. 

Carboxylic groups on PU show high adsorption capacity than modified PU. 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.

Scale-up to Procedure Design: This includes application of the results obtained from bench scale to the full-scale

wastewater treatment plant. The suggested process consists as described in Fig.21. of  adjusting pH, adsorption and

filtration.
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