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ABSTRACT 
At present, the wastewater treatment facilities in many plating plants are approaching their 
time for replacement. On this occasion there is a strong requirement to re-evaluate the 
wastewater treatment measures from the point of view of treatment technology. Laboratory 
investigation was undertaken on the flotation of Cr (VI) from aqueous suspension over whole 
pH range, aiming at the separation of chromium by flotation. The cationic surfactant 
(hexadecyl triethyl ammonium bromide) was applied as a collector. Surface properties, in 
particular the critical micelle concentration, the effectiveness of surface tension reduction, 
efficiency, surface excess and the minimum surface area were measured at 30 0C. The electro-
flotation was applied with and without the collector at different times for the removal of 
chromium (VI). The results were discussed in term of surface properties of the collectors at 
the solution/air interface. Further work took place by irradiating the water samples by γ-
irradiation to reduce the highly toxic Cr(VI) to the much less toxic and  less soluble Cr+3  in 
water; therefore, there is a potential for the complete removal of chromium from aqueous 
solutions. The possibility of using hydrogels for the uptake of irradiated chromium solutions 
by different hydrogels was investigated. The structure of the hydrogels was estimated by 
using FTIR and the pore structure of the hydrogels before and after chelating with chromium 
ions was monitored by SEM. The adsorption studies show that, it is pH dependent. Lowering 
of the chromium concentration below the maximum permissible value have been achieved 
after the treatment of chromium solution by flotation, gamma irradiation and adsorption onto 
hydrogels. .  
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INTRODUCTION 
Chromium can exist as chromium (II), chromium(III),or chromium(VI). Chromium (VI) is 

toxic to man when ingested and produces lung tumors when inhaled. The exact level of chromium 
that can be continuously consumed by humans without adverse effects is not known; however, a 
limit of 0.05 mg/l, which appears to be very conservative. Plating baths are prepared by adding 
hexavalent chromium in the form of sodium dichromate Na2Cr2O7 H2O or chromium trioxide 
(CrO3). When Chromium trioxide is used , it immediately dissolves in water to form chromic acid. 
It’s ionization has been described as follows [1,2]  

 
H2CrO4

  ____→  H+ + HCrO4
-    Ka =0.83  at 25C0 

HCrO4
-    ____→ H+ + CrO4

2-      Ka=3.2X10-7 
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Hexavalent Cr(VI) is precipitated and floated readily by cationic surfactants[3]. Electrolytic 
flotation is an unconventional flotation technique and applies to different areas ranging from 
wastewater treatment [4]. It consists of electrolysis of the aqueous part of dispersion, followed by 
flotation of the contaminated suspended particles. This technique was also applied for the selective 
separation and recovery of ions from multi-component system (containing Ni,Co,Cu,Zn,Ti and 
Mo), over a wide pH range, with addition of ferrocyanid and oxy-quinoline, hydroxide [5]. The 
removal of other toxic metals from acid mine tailing wastewaters or from chemical industry 
wastewater (mainly Cd, CrIII and CrVI) have also appeared in literature [6-9]. The concept of 
critical surface tension used in flotation has been shown that the flotation using liquid / vapor 
surface tension control applied to the selective separation of two inherently hydrophobic solids[10]. 
Ionizing radiation is capable of reducing heavy metal ions to lower oxidation states leading to 
precipitation from solution [11-13]. Adsorption and binding capacity of poly (acrylamide) P(AAm), 
poly (acrylamide/maleic acid) P(AAm/MA) and poly (acrylamide/maleic acid/gelatin) 
P(AAm/MA/G) hydrogels were also used in the removal of irradiated chromium ions from 
electroplating wastewater [14-16]. 
  

The aim of this study is to investigate the swelling properties and adsorption characteristics 
of acrylamide hydrogels which contain an anionic monomer typically maleic acid and super 
swelling gelatin. Dynamic swelling study is important for the swelling characterization of hydrogel 
system. The present study deals also with the purification of wastewater of chromic plating path 
containing Cr(VI) by electro flotation, gamma radiation and adsorption onto polymeric adsorbents. 
The effect of adding different concentrations of  H33C16ǾN+(C2H5)3 Br- surfactant (Scheme I) as 
collector on the flotation efficiency and its surface properties has been investigated. Furthermore, 
the purified water by flotation was treated by different gamma irradiation doses followed by 
adsorption onto super swelling hydrophilic (AAm/MA/G) hydrogels [17-19]. The parameters that 
influence the adsorption such as internalCr(VI) concentration, time, pH and amount of gel were 
investigated at room temperature. The optimum conditions for the preparation of the gel were 
determined to the adsorption characteristic and dynamic swelling at different pH . 
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Scheme  (1) 
 

Cationic surfactant: hexadecyl triethyl ammonium bromide (C16 Br) 
 MATERIALS AND METHODS 

 
Standard solution of chromic acid (2000 ppm) was prepared from the analytical reagent 

grade chemical. Hexadecyl trimethyl ammonium bromide which act as collector was prepared as 
described [10,20,21]. The surface tension for various concentrations of the collector (C16Br) were 
measured using a Kruss type 8451Duy Noy tensiometer at 30oC [4] with an accuracy 0.2 m/Nm.  
 
Electro-flotation technique:  

Flotation experiments were conducted using a modified electrolytic pneumatic forth meter 
(50 cm in length), iron electrode, employing a nitrogen velocity of 10 cm/sec. The surfactant 
solution was quickly poured into the Cr (VI) solution, at time equal to zero. The mixture was 
agitated at 500 rpm with the temperature maintained constant at 30 oC for 15 minutes. The flotation 
at a current density of 10 Am-2 and a time ranged between 5-40 min. The analytical reference 
compound chromic acid was used for preparing solutions in distilled water.  

 
Hydrogel sample preparation : 

The residual solutions after flotation were exposed to different gamma irradiation doses 
followed by adsorption onto poly (acrylamide) P (AAm), poly ( acrylamide / maleic acid) P 
(AAm/MA) and poly ( acrylamide / maleic acid / gelatin) P (AAm/MA/G) hydrogels. The  
hydrogels used in adsorption study were prepared in aqueous solutions of (1 gm AAm ) , ( 1 gm 
AAm , 50 mg MA ) and (1 gm AAm, 50 mg MA and 5 mg G ) in 3 ml distilled water. The prepared 
solutions were placed in glass test tube and irradiated with gamma rays at ambient temperature at a 
dose rate of 3.84 kGy / h and total dose 30 kGy. The hydrogels obtained in a cylindrical shape were 
cut into 2-3 mm long pieces and dried to a constant weight and subjected to Soxhlet extraction with 
water then dried to be used in the adsorption of the residual solutions after flotation followed by 
gamma radiation, which still contain chromium ion .  

 
FTIR spectroscopic  measurements : 

The extracted hydrogels were dried again to a constant weight for later evaluation. The 
prepared hydrogels were grounded to a fine powder, then mixed with dried KBr  and pressed to a 
disk for I.R. analysis. FTIR spectra of hydrogels were recorded on a FTIR spectrometer ( Mattson 
1000, Pye-Unicam, England ) in the range from 400-4000 cm-1. The residual solutions after 
flotation and exposure to different doses of gamma radiation, were adsorbed onto poly  
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(acrylamide), poly (acrylamide / maleic acid) and poly (acrylamide / maleic acid / gelatin) 
hydrogels.  

Scanning electron microscopy (SEM) measurements:- 

The cross section topography of the different hydrogels was studied before  and after the 

adsorption process using a JEOL ISM 5400 Scanning Microscope (JEOL,Japan). 
 

Ultra Violet - Visible Spectrophotometer: 
The residual solution after each step of treatment was analyzed for Cr (VI) at 350 nm by 

using a double-beam UV visible Sp200,Pye-Unicam, England. The radiation process was carried 
out using gamma cell facility at National Center for Radiation Research and Technology, Nasr City, 
Cairo, Egypt with a dose rate 1.21 kGy/h. The chromic acid solutions were exposed to gamma 
radiation dose ranged between 1 and 5 kGy then treated by the hydrogel.  

 
Determination of  swelling percent : 

The cylindrical shaped gels were soaked in phosphate buffer solution of pH's  from 3.45 to 7  
at room temperature [22]. Swollen gels removed from water at regular intervals and dried 
superficially with filter paper, weighed and placed in the same bath. The measurements were 
continued until a constant weight was obtained for each sample. The weight swelling ratio percent 
Q was calculated by the following equation [23]: 

 Ws  
Q =        --------     x   100 

Wd 
Where Wd the mass of dried copolymer network and ( Ws ) the mass of the swelling gel . 

  
pH dependence of swelling and metal adsorption: 

Sodium dihydrogen phosphate / disodium hydrogen phosphate were used to prepare buffer 
solutions of pH ranged from 3 to 7 [22]. pH dependent swelling and metal adsorption was 
performed by interacting a fixed weight of the hydrogel samples with pure water or chromium ion 
solutions. The various chromium ion solutions were adjusted to the desired pH value by addition of 
diluted nitric acid or sodium hydroxide solution. The pH values were chosen to be ranged from 
acidic to neutral so that none of the chromium hydroxide precipitates. 
 
Radiation adsorption purification: 

The chromium ion solutions resulting from the flotation technique were irradiated by a 
gamma radiation dose of 3 kGy. The concentration of the irradiated solution was considered as the 
initial concentration of the adsorption treatment. A fixed weight of the dry hydrogel was immersed 
in different buffered chromium ion solutions after irradiation. The concentration of metal ions 
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remaining in the solution were detected by double-beam UV visible Sp200,Pye-Unicam . The 
adsorption amount A in (mg/g) was calculated as follows: 

 
[V(C1 -  C2)] 

A = -------------------- 
W 

where V is the volume of solution (l), W is the weight of the hydrogel (g), C1, C2 are the 
concentrations of metal ions (mg/l)  before and after the adsorption, respectively . 

 
RESULTS AND DISCUSSION 

Flotation measurements: 
The surface tension of C16Br surfactant at 30 oC as a function of concentration was 

measured. The surface properties were calculated  (Table 1 ). The collector has critical micelle 
concentration (CMC) equal 3.6 x 10-4 mol/m2. It was noted that, this compound has excellent 
physical properties including efficiency, effectiveness, surface area occupied per molecule and 
surface excess concentration ( Table1). The physico-chemical properties of C16 vary markedly 
above and below a specific concentration. CMC value is important in the determination of the 
optimum dose of collector used in flotation process as proved previously [24].  
 
Table 1. Surface properties of C16Br at 30 0c 
 
Collector CMC 

(mol dm-2 
x104 

Γ max 
(mol dm-

2x1010 

Amin 
Nm2x102 

Π cmc 
Mn/m 

PC20 

C16Br 
 

3.60 3.90 3.20 54.2 4.8 

 
The conditions : pH 7, time of flotation 10 minutes and different concentrations of collector were 
applied to study the efficiency of C16Br as a collector. The dosage of collector C16Br was changed 
from 25 ppm to 250 ppm as shown in Fig.(1). The above results indicate that the recovery of Cr(VI) 
reached 70 % at concentration of collector equals 160 ppm, this value approximately equals CMC  
because the reduction of interfacial tension by surfactant and sorption increases in the region before 
CMC. Above the CMC no significant changes in the surface properties of the system was observed . 
The mechanism of recovery of chromium can be explained as follows: At the CMC, the interaction 
between H33C16ǾN+(C2H5)3Br- and Cr(VI) are formed a soluble complex. 
 
   C16 + HCrO4

-                   C16 – HCrO4 
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Fig. (1): Recovery of chromium cation Cr(VI) 
with and  without the presence of C16  Br.
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Once the precipitate is formed, other molecules of collector are adsorbed at the surface of the 
complex. While in the primary adsorbed layer the collector molecules are oriented in a way that a 
hydrophobic surface is formed. The second inverse oriented layer leads to a hydrophilic surface. 
The nitrogen bubble attachments remove the hydrophilic adsorption layers and Cr(VI) has been 
recovered. On the other hand, the current intensity is usually conducted in two steps. In the first 
step, Cr(VI) is reduced to Cr(III) by proton H+ ionized of water (H+, OH-). The collector C16Br 
adsorbs also a chromium ion and floated by the reaction to the surface. The efficiency of collector 
increases by about 35 % when using electro flotation. As a result, the H+,OH- affected the degree of 
chromium ion recovery. The flotation of chromic ion is a function of pH as shown in Fig.2.  
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Figure (2) Effect of pH of chromium cation recovery. 
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Obviously, the flotation efficiency increases in acid medium. Changes in relative acidity and 
alkalinity influence the anion in the flotation medium. The HCrO4

- is the predominant species 
between pH 1.5 and 4 and CrO4

2- exists in equal amount at pH 6.5 and that CrO4
2- predominates at 

higher pH value as suggested by Chamberlain and Day [1]. It was shown that, there are two regions 
for the flotation. In the acidic region, CrO4

2- react with H33C16ǾN+(C2H5)3 anion to form a complex 
in the bulk solution leading to the consumption of a large amount of the collector. On the other 
hand, in the alkaline region, there is a competition between OH- ion and H33C16ǾN+(C2H5)3 species 
for chromium ion that inhibit the collector efficiency. The percent of chromium ion recovery do not 
exceed 20 % ( Fig. 2 ). Consequently, the cessation of flotation occurs at higher pH values. It can be 
concluded that, the maximum removing of chromium ion occur at pH 4-5. The effect of time on 
removal of Cr ion from water is shown in Fig.3. This figure represents a kinetic study of the 
flotation process at two different current densities 5 and 10 A / m2, while the initial Cr(VI) 
concentration was 2000ppm. It is clear that for all experiment time, the first-order equation could 
satisfactory describe the flotation process  
          
 i.e,     ln  C/Co= - KT  
 
where: 
 K is flotation rate constant 
C is the concentration at time T and Co is the concentration at zero time [16]. 
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Fig. (3): Effect of electrolysis time on flotation recoveries 

of chromium cation at optimum conditions. 
 

Radiation precipitation of chromium ion :  
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Further work of applying gamma radiation technique to purification of the resulted water 
from flotation technique which still contains chromic (VI) has been carried out and the results are 
shown in Table 2 and Figure  4 . It was found that the degree of precipitation of Cr(VI) by 
irradiation increases with increasing the dose of radiation. Precipitation was observed in all solution 
samples after being exposed to γ-irradiation dose of 5 kGy. 

 

 
Fig.(4) : Absorption spectra of irradiated chromic acid (initial concentration  80mg/l):          
            (1)  0 kGy,  (2)1 kGy,   (3)2 kGy,   (4)3 kGy,   (5) 5 kGy 
 
γ-irradiation of aqueous solution generates free radicals and stable products [25]. 

 
H2O  ____→ e-

aq , H, OH, H2O2, H2 , H3O+ 

 
The hydrated electrons react with H3O+  to produce H· [26]    
 

e - aq   +    H3O+     ____→  H·      +   H2O 
Cr(VI)   + H

·      ____→    Cr(V) 
 
The radiolytically produced Cr(V) is unstable and is further reduced to the stable Cr3+ ion via a 
tetravalent chromium intermediate[27,28]. It was observed that maximum precipitation occurred in 
dilute solution (45 mg/l) where, a dose of 5 kGy achieved precipitation of 98.9, 86.1 and 45.9 % of 
concentration 45, 90 and 135 mg/l, respectively (Table 2). The high efficiency of precipitation on 
dilute solution may be attributed to the fact that, the energy of gamma radiation absorbed by 
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chromium solution react effectively with a very dilute solution than the concentrated one. So, it is 
recommended to treat wastewater by flotation technique before exposure to gamma irradiation in 
order to achieve complete precipitation. 
 
 
 

Table (2 ) : Decreasing of Cr(VI) concentration due to gamma irradiation  and precipitation percent. 

 
Initial Cr(VI) 

concentration (mg/l) 
Dose 
(kGy) 

Cr(VI) concentration 
after irradiation 

(mg/l) 

Precipitation % 

45 mg/l 
 

1 
2 
3 
5 

24.5 
12.5 
7.5 
0.5 

45.5 
72.2 
83.3 
98.9 

90 mg/l 1 
2 
3 
5 

68 
44 
27 

12.5 

24.4 
50.6 
71.1 
86.1 

135 mg/l 1 
2 
3 
5 

103.5 
89 
77 
73 

23.33 
34.5 
42.9 
45.9 

 
FTIR characterization of hydrogel : 

For characterization of the structure of the obtained hydrogel, FTIR spectra of AAm and      
p (AAm / MA / G ) hydrogel were recorded (Fig.  5 ). The AAm spectrum shows characteristic 
bands at 2900, 1670 and 1640 cm -1 due to the presence of CH aliphatic, C=O and NH [29,30]. The 
spectrum of p(AAm/MA/G) hydrogels shows the spectral absorption band of OH at 3600-3000     
cm –1 overlaps with NH stretch,  C=C stretch at 1650 , NH stretch at 1600 , CH and OH bands at 
1450 - 1500  and 1300 – 1450 cm –1   and  C-O  stretch at 1100 -1150 cm –1. It also shows the 
disappearance of =C-H sp2 at 3100 cm –1  and C=C conjugated at 1660 cm –1. Thus; it can be 
suggested the formation of an interpenetrating network ( IPN ) of P ( AAM / MA / G) hydrogel 
through NH2 groups of gelatin, CH2=CH- of acrylamide and conjugated C=C of maleic acid . 
Scheme (II) shows an approximate structure of the network formation presented of the 
p(AAm/MA/G) hydrogel. 
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(Scheme II) : P(Acrylamide / Maleic acid / Gelatine ) hydrogel network structure 

 
 
(a)
 
 
 
 
 
 
 
 
 
 
(b)
 

Fig. ( 5 ) : FTIR spectra of  P(AAm) (a) and P (AAm / MA / G ) (b) hydrogel. 
 
Pore structure of the hydrogels: 
 The pore structure of the hydrogels was monitored by using a scanning electron microscope. 
Representative figures are given in figs. (6-a, b and c ), which show the pore structure of p(AAm) , 
P(AAm/MA) and P(AAm/MA/G) hydrogels after equilibrium swelling. From the figures, it can be 
seen that, the pore structure of P(AAm/MA) was very wide compared to that of P(AAm) and 
P(AAm/MA/G). This may be due to the hydrophilic copolymer of poly maleic acid chain onto the 
poly acrylamide. 
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(a) 

 

 
(b) 

 

 
(C) 

 
Fig.(6): Scanning electron micrographs of (a) p(AAm), (b) P(AAm/MA) and (c) P(AAm/MA/G)             
             hydrogels after equilibrium swelling. 
 
Adsorption recovery of chromium ion : 

At highly concentrated chromium solutions, the irradiated chromium solutions still contain 
chromium ions, thus further experiments will be carried out by adsorbing these solutions onto 
P(AAm),P(AAm/MA)and P(AAm/MA/G) hydrogel. A fixed weight of the dry hydrogel was 
immersed in chromium solution after irradiation by a dose of 3 kGy. The concentration of the 
irradiated solution was found to be 98.91 mg/l which was considered as the initial concentration of 
the adsorption treatment. Fig. (7) shows the chromium ion uptake by the different hydrogels at 
various time intervals. From the curve it can be seen that the chromium ion uptake increases by 
increasing the time of treatment and reaches its maximum  after about9 hours. It can also be  seen 
that, after24 hours there is no increase in the chromium ion uptake which is termed as the maximum 
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F ig .( 7 ) :  C h r o m iu m  io n  u p ta k e  ( m g /g )  o n to  d i f f e r e n t  h y d r o g e ls
            a n d  th e  t im e  o f  t r e a tm e n t  in  h o u r s .
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hydrogel capacity. P(AAm / MA) hydrogel  has the highest chromium  ion uptake,  while  pure  
P(AAm) hydrogel shows the lowest adsorption towards the chromium ion. The difference in the 
efficiency of different hydrogels towards chromium ion uptake may be attributed to the hydrogel 
structure. The presence of a diprotic acid like maleic acid in the hydrogel network structure 
increases the adsorption of chromium ion onto the carboxylate group -COO-  (scheme I ) [31,32]. 
The adsorption studies clearly showed that the super swelling hydrogels are potential sorbents to be 
used for removal of heavy metal cations like Cr (VI) ions from electroplating wastewater.        
 

Effect of pH on the swelling: 
 One of the most important properties of the pH senestive hydrogel system is the equilibrium 
swelling and its variation with solution pH. Fig (8) represents the equilibrium swelling of p(AAm) , 
p(AAm / MA) and  p( AAm / MA / G ) hydrogels at room temperature  in phosphate buffer solution 
of pH  3.45 to 7. Consistent with poly-anionic behavior, swelling of the hydrogels was found to  
increase with pH. For p(AAm) (without Maleic acid ), the equilibrium swelling ratio was 
independent of the pH value . This may be attributed to the fact that p(AAm) is a non-ionic 
hydrogel and it  doesn't  have any group that could  be ionized in an aqueous solution [33]. With the  
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F i g .  ( 8 ) :  E f f e c t  o f  p H  o n  t h e  e q u i l i b r i u m  s w e l l i n g  %  
             o f  t h e  d i f f e r e n t  h y d r o g e l s .
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introduction of the carboxylic group of MA into the main chain of the hydrogel, the pH of the 
solution becomes an even more important factor in determining the swelling kinetics and the 
equilibrium swelling value. The maximum extent of swelling was reached at pH 7, this being due to 
the complete dissociation of acidic groups of MA at this pH value[34]. Fig. ( 8 ) shows a sudden 
increase in the swelling at pH 's from 4 to 7. The results obtained from Fig. ( 8 ) indicate that under 
acidic conditions, anionic carboxylate groups are protonated, and the copolymeric network 
collapsed. At a higher pH value, where the maximum percentage mass swelling occurred at pH 7 
indicating the complete neutralization of carboxylate acid groups.  
 
Effect of pH values on adsorption: 

The pH value of the medium has a great effect on the adsorption process of the chromium 
ion  by the hydrogel which influences its swelling and the interaction between hydrogel and metal 
ion. The adsorption of chromium ion on p(AAm), p(AAm/MA) and p(AAm/MA/G) hydrogels at 
various pH values was investigated by batch technique and represented in Fig.9 (a,b and c). The 
adsorption increases with increasing the pH value of the medium and the maximum recovery of 
Cr(VI) was obtained in the acidic range [35]. The higher recovery in the acidic pH may be due to 
the chelation of a great number of Cr(VI) ions with maleic acid site of the hydrogel and it may be 
also attributed to the increase in the degree of swelling which increase the diffusion of the metal 
ions into the  hydrogel to reach the  chelating sites. At higher  pH values,  the presence  of OH- ions  
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(Fig.(9): Chromium ion uptake (mg/g) onto P(AAm) (a), P(AAm/MA) 
             (b) and P(AAm/MA/G) (c) hydrogels at different pH values 
             and the time of treatment in hours.
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forms the hydroxyl complexes of chromium, therefore, the uptake decreases. For this reason, the 
recovery of Cr(VI) is more suitable at acidic pH than at alkaline pH. The mechanism of the 
interaction of hydrogel and metal ions has many possible mechnisms. One of them is the oxygen of 
the carbonyl groups of maleic acid is responsible for the interaction of the metal ions with hydrogel, 
since the mobile π- electrons are pulled strongly towards oxygen. Carbonyl oxygen is electron rich, 
the metal ion acts as electron acceptor and taken up by coordination to the donor oxygen of the 
carbonyl group. From the results it is clear that, there is dependence of metal ion uptake on the 
hydrogel composition. P(AAm) did not possess high metal uptake that possess low degree of 
swelling at low pH values of the metal ion solutions this may be due to the fact that, the amide 
group of the acrylamide is protonated in acidic medium due to the presence of lone pair of electrons 
on nitrogen atom which is capable of attracting the hydrogen proton from the medium and forming 
co-ordination bond, so the p(AAm) hydrogel prevents the diffusion of the metal ions inside the 
hydrogel to reach the functional groups of the hydrogel. As a result, the adsorption of the metal ions 
was reduced. In neutral medium the amide group is not protonated, so it is capable of coordinating 
the metal ions and the ability of metal uptake by the hydrogel increases. By introduction of maleic 
acid to the network structure of the hydrogel, the swelling ability of the hydrogel increases , so the 
possibility of the metal ions to reach the chelation functional groups increases and the ability of 
adsorption of chromium ions by the hydrogel increases.[36]  
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The pore structure of chromium loaded hydrogels: 
 The corresponding chromium loaded samples are shown in Fig.(10- a, b and c). The surface 
morphology of the Cr-chelated of P(AAm) , P(AAm/MA) and P(AAm/MA/G) hydrogels is shown 
as visible particles in the pore structure of the gel indicating the entry of the Cr ion into the  internal 
pore structure of the gel. 

 

  
(a) 

 

 
(b) 

 
 (C) 

Fig.(10): The surface morphology of the chromium loaded onto(a) P(AAm),  (b)  P(AAm/MA) and 
                (c) P(AAm/MA/G) hydrogels. 
 

CONCLUSIONS: 
From the data it can be concluded that, although, C16 Br is a good collector for Cr (VI) in 

electro-flotation technique and it's efficiency depends on it's CMC and pH of the medium, but still 
the recovered electroplating solution contains toxic Cr(VI). However, the recovery of chromium ion 
has been enhanced by other techniques, when flotation was followed by gamma irradiation at 
different doses then adsorption of the irradiated samples onto different hydrogels. It can also be 
seen that, the adsorption of chromium ion is not only pH dependent but it also shows the influence 
of the hydrogel composition on the adsorption rate and adsorption at equilibrium. As a result, the 
recovered water contains ion concentration to no detectable levels in the water treatment plant. It 
was also possible to design a batch treatment system to remove Cr(VI) ion at pH within the acidic 
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range after treatment by electroplating technique followed by gamma irradiation and the water can 
be reused.  

REFERENCES: 
 
[1] 
 
[2] 
[3] 
 
[4] 
 
 
[5] 
 
[6] 
 
[7] 
[8] 
[9] 
[10] 
[11] 
 
[12] 
 
[13] 
 
[14] 
 
[15] 
 
[16] 
[17] 
[18] 
[19] 
[20] 
[21] 

Chamberlain,N.S. and Day R.V., Proc. Eleventh Purdure Industerial Waste 
conference,pp129 ,(1956). 
Stasinakis,A.S.Thomaidis,N.S. and Lekkas.T.D., Anal. Chem. Acta.,478,119(2003). 
Grieves,R.B.;Bhattacbarya D. and Gbasad,J.K.,J.Colloid and Polymer 
Sci.254,pp507,(1976). 
Kenawi,F.I., Omar,A.M.A and Nabih, H.I, J. Petroleum Science and Technology, 21, 
issues 5,pp6, 2003.13th International colloquium, January 11-13,pp959, 
(2002)Germany 
Nebera,V.P.,Zelentsov,V.L.,and Kiselev,K.A., Five Particles Processing 
( P.Somasundaran,ed.) SME / AIME, New York ,pp886,(1980). 
Ramirez,E.R.,Proceedings of 35th Industerial Waste Conference,Purdue-University 
pp242 ,(1980). 
Mitsui, Mininy and Smelting Co.,Tech. Inf. Bull.Japan,(1989). 
Ball,J.W. and McCleskey,R.B.,Talanta 61,305(2003) 
Rengaraj,S.,Joo,C.K. Kim,Y.and Yi,J., J. Hazard. Mater..B102,257(2003) 
OmarA.M.A.Adsorption Science & Technology,19,(1),pp91,(2001). 
.Lyu, E, Makarov, E.,  .Kuryatnikov, Yu.I, Mazanko, A.F.,  Dzhagatspanyah, R.V., 
and.Pikaev A.K, Radiat.Phys. Chem. 22,pp503 ,(1983) 
Al-Sheikhly,M. Chaychian, M. and.L.Mclaughlin, Trans.Am.Nucl. Soc. 72, pp 128, 
(1995). 
Chaychian, M. , Al-Sheikhly, M., and L.Mclaughlin, Radiat.Phys. Chem. 53, pp 145, 
(1998). 
El-Arnaouty M. B, Dessouki A. M., Taher N. H.  and El-Toony M. M. Seventh 
Intern.Conf. Nucl. Sci. and Applns., Cairo, (2000). 
M. El-Arnaouty, N. Taher, M. El-Toony and A. M. Dessouki Arab J. Nucl. Sci & 
Applns., 35 (2002). 
Bodugoz H, Pursel N. and Guven O., Radiat. Phys. Chem.55, pp 667,(1999). 
Komgold,E., Belayev,N. and Aronov,L., Sep. Purif. Technol. 33,179 (2003). 
Gupta,V.K. Shrivastava,A.K. and Jain,N.Water Res.35(17),4079(2001) 
Gode,F. and Pehlivan,E., J.Hazard. Mater.B100,231(2003) 
Omar A.M.A. and Abdel khalek N.A.J. Tenside Surf. Det. 34 (3), pp179,(1997). 
Omar A.M.A.J. Petroleum Science and Technology, 19(7&8), pp911,(2001)  



 8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

[22] 
 
[23] 
[24] 
[25] 
[26] 
[27] 
[28] 
 
[29] 
[30] 
[31] 
 
[32] 
 
[33] 
 
[34] 
[35] 
[36] 
 

Cruickshank R, Duguid JP, Marmion BP, Swain RHA, Churchill L. Medical 
microbiology: vol. II. Edinburgh and New York, (1975). 
Caykara,T.J. Applied Polymer Science.,92,,763(2004)  
Omar A.M.A. J. AFINIDAD L III, 464,. pp262 ,(1996) Spain. 
Swallow, A.J, Radiation Chemistry : An Introduction, Wiley, New York, (1973). 
Al-SheikhlyM. and Mclaughlin, W.L.,Radiat.Phys. Chem.38,203, (1991) 
Sharpe P.H.G., and Sehested, K. Radiat.Phys. Chem.34,pp763,1989. 
Cooper, W.J, R.D.Curry, W.J and O.Shea K.E.: Environmental Applications of 
Ionizing Radiation, Wiley, New York,(1998). 
Iliopoulos.I.and Audebert.R.,Macromolecules,24,2566(1991) 
Milosavljevie.S.M. Infrared spectroscopy. Vol.2. University of Belgrade,(1994) 
Hegazy E. A., Abd El-Aal S.E.,.Abu Talib M.F and Dessouki A.M.J.Applied Polymer 
Science  92,2462 (2004). 
Hegazy E. A., Abd El-Rehim H.A.,and Shawky H.A.. Radiat.Phys. Chem. 57, pp85, 
(2000). 
Sen, M., Uzun, C. and Guven, O.International Journal of Pharmaceuties 
203,149,(2000). 
Siegel,R.A.,Firestone,B.A.,Macromolecules 21,3254,1988. 
F. Gode and E.Pehlivan, J. Hazard. Mater. In press (2005) 
Shannon R.S.Acta Crystallogr A ; 32:751(1976). 
 

 
 
 
 

 


