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Adsorption is one of the most promising decolorization techniques in dyeing 

wastewater treatment. Adsorption techniques for wastewater treatment have 

become more popular in recent years owing to their efficiency in the removal 

of pollutants too stable for biological methods. The main advantage of 

adsorption recently became the use of low-cost materials, which reduces the 

procedure cost. Waste eggs paper packing dishes (WEP) and a new sorbent 

based on (WEP) was developed for the removal of reactive brilliant blue 

(RB5) and suffranin O (BR2) in single and binary systems from aqueous 

solutions. SEM and IR were used to analyze the morphology and chemical 

groups of the (WEP) and (TWEP).before and after dye sorption. 
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INTRODUCTION 

 

Polluted water was cause of various diseases that can seriously affect public health. Toxic substances contained in 

polluted water can be stored in grown plants whose the consumption later can cause digestive diseases, liver and 

kidney damage. Marine pollution is the source of the degradation of the aquatic flora and fauna. The harmful 

substances in the wastes that flow directly into the seas are more or less absorbed by marine organisms. Many plant 

and animal species are already extinct and while others are endangered [Zamouche and Hamdaoui, 2012]. The use 

of synthetic chemical dyes in various industrial processes has increased considerably [Madrakian et al., 2012]. 

Chemicals used for the synthesis of dyes are also hazardous to human life [Tahir et al., 2009]. Some areas where 

these chemicals are frequently used are paper and pulp manufacturing, plastics, dying of cloth, leather treatment, 

printing [Madrakian et al., 2012], cosmetics [Sulak et al., 2007], food technology, hair colorings [Akar et al., 

2013], petroleum, paint, drugs for photodynamic therapy against cancer [Tahir et al., 2009], biomedical laboratories 

[Zamouche and Hamdaoui, 2012], guest-host liquid crystal displays, solar cells, mineral processing industries and 

etc. [Hou et al., 2011]. There are more than 100,000 dyes available commercially, most of which are difficult to 

biodegrade due to their complex aromatic molecular structure and synthetic origin [ÇiÇek et al., 2007]. Color is the 

first contaminant to be recognized in water and has to be removed from wastewater before discharging it into water 

bodies [Peng et al., 2012]. Colored water can affect plant life; it inhibits the growth of biota and also has a tendency 

to chelate metal ions which result in micro-toxicity to fish and other organisms [Peng et al., 2012]. For these 

reasons, the treatment of dye-effluents is essential prior to their discharge into the receiving water bodies is of 

significant importance from an environmental and economic point of view and there are many methods for 

wastewater treatment [Madrakian et al., 2012]. Various physicochemical and biological techniques can be 

employed to remove dyes from wastewaters. They include the membrane filtration coagulation/ flocculation, 

[Zhong et al., 2011, Mohan et al., 2002 and Acuner et al., 2004], adsorption, ion exchange, advanced oxidation 

(chlorination, ozonation), flotation, chemical reduction and biological treatment (bacterial and fungal biosorption, 

photocatalytic degradation [Sun et al., 2008], biodegradation [Azmi et al., 1998], solar photo-Fenton degradation 
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[Durán et al., 2008], electrochemical degradation [Fan et al., 2008]. Basic dyes are known as cationic dyes. This a 

class of synthetic dyes, that act as bases and when made soluble in water, they form a colored cationic salt, which 

can react with the anionic sites on the surface of the substrate. The basic dyes are the brightest class of soluble dyes 

used by the textile industry, but their doctorial value is very high [Zamouche and Hamdaoui, 2012]. Reactive dyes 

can be used to dye wool and nylon, in the latter case they are applied under weakly acidic conditions. The most 

important characteristic of reactive dyes is the formation of covalent bonds with the substrate to be coloured, i.e. the 

dye forms a chemical bond with cellulose, which is the main component of cotton fibers. Unlike other dyes, it 

actually forms a covalent bond with the cellulose or protein molecule. Once the bond is formed, what you have is 

one molecule, as the dye molecule has become an actual part of the cellulose fiber molecule.  The reactive dyes, 

which represent the largest class of dyes used in textile processing industries, are almost azo compounds, i.e. 

molecules with one or several azo (N=N) bridges linking substituted aromatic structures. These dyes are designed to 

be chemically and photolytically stable; they exhibit a high resistance to microbial degradation and are highly 

persistent in natural environment. The release of these compounds into the environment is undesirable, not only for 

aesthetic reasons, but also because many azo dyes and their breakdown products are toxic and/or mutagenic for life.  

Paper is an important part of our everyday life and also one of the various cellulosic biomass wastes 

generated in voluminous amounts in various fields. It is not a surprise that paper can be recycled and reused as paper 

only for a limited number of times due to the shortening of fibre length and lowering of the fibre tensile strength at 

each successive step of recycling. As a result, it loses most of its value and becomes worthless garbage which 

occupies 30–40% of landfill sites in developed countries. Also, the fibres left over from the process of paper 

production, which contain over 70% of pure cellulose, have been usually discarded with the wastewater in amounts 

of several thousand tonnes a year, thus presenting a significant environmental pollution problem.  Consequently, 

from the perspectives of both environment and economy, efforts are being made to reclaim value from this cheap 

biomass in the form of energy and advanced functional materials by the effective use of its unique characteristics [ 

Nikolov et al., 2000],. Waste eggs paper packing dishes materials (WEP) as sorbent have little or no economic value 

and often pose a disposal problem. A new sorbent based on (WEP) was developed via chemical modification in 

which quaternary ammonium cationic groups were introduced into the cellulose backbone of (TWEP). The aim of 

the present work is to explore the possibility of utilizing (WEP) and (TWEP) as a sorbent for the removal of single 

and binary suffranin O (C.I. basic red 2) and reactive brilliant Blue K-Rl (C.I. Reactive blue 5) from aqueous 

solution.  

 

2. Material and Methods 
All the chemicals used throughout this study were of analytical-grade reagents and the adsorption experiments were 

carried out at room temperature (25 ± 2 °C) 

 

2.1 Adsorbent 

2.1.1. Waste eggs paper packing dishes (WEP) 

     The waste eggs paper packing dishes materials (WEP) were torn up into small pieces (1cm
2
) and immersed in 

bidistilled water for 72 hours under constant stirring with water changes every 12 hours. Waste papers were dried for 

5 days in sunlight. Dried Waste papers were grounded in a domestic mixer grinder. After grinding, the powders were 

again washed and dried. Different sized adsorbent were stored in plastic container for further use.  

 

2.1.2 Treated waste eggs paper packing dishes (TWEP) 

   A 20 gm sample of waste eggs paper packing dishes powder and 500 ml of 10% NaOH were added into three 

necks round bottom flask and agitated for 1h at room temperature. then half of the solution was removed and 

immediately 100 ml of distilled water and 160 ml epoxy chloropropan were added .The mixture was heated in 65
0
C 

water bath and stirred for 6 h .the solution was removed from heat and 220 ml of 34% triethyle amine solution was 

added .The mixture was heated in 80
0
 C water bath and agitated for 3 h .The product was washed with ethanol and 

distilled water. The solution pH was then adjusted around 7 using 0.1M NaOH and 0.1M HCl. Finally, the product 

was cleaned with distilled water until the pH was around 7. The treated waste eggs paper packing dishes (TWEP) 

were dried at 60c for 12 h. The dried (TWEP) was grounded in a domestic mixer grinder. After grinding, the 

powders were again washed and dried. Different sized adsorbent were stored in plastic container for further use. 

2.1.3. Determination of the point of zero charge 
 The point zero charge (pHpzc) of adsorbent was determined by the solid addition method. The net charge of 

surface is zero on the adsorbent surface at pHpzc, therefore, no activation of acidic or basic functional groups are 

detected on the solution pH. Batch equilibrium method was used for the determination of point of zero charge. To 

each of the flask 0.1 g of adsorbent was added including 100 ml solution KNO3 (0.01 N) in the pH range between 

2.0 to 10.0. 
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 The initial pH of solutions were adjusted by adding drops of (0.5 N) NaOH and (0.5 N) HCl solutions and 

each flask was sealed and shaken thoroughly for 48 h at room temperature and the final pH of the solution was 

measured and recorded. The total charge adsorbed on waste eggs packing dishes surface was determined by ∆pH 

(the difference in the value of pH of the solution before and after 48 h). The intersection of obtained curve with pH0 

axis indicated the pHpzc value (Farahani et al., 2011). 

2.2. Adsorbate 

2.2.1. Chemical dye structure 

 The following dyestuffs under investigation are a cationic dye suffranin O obtained from El-Gomhoria 

Company , Egypt having molecular formula C20H19N4Cl (mol wt. 350.85 and Reactive brilliant Blue K-Rl (C.I. 

Reactive blue 5) obtained El-Gomhoria Company  , Egypt having molecular formula C29H17ClN7Na3O11S3 (mol wt. 

840.11) scheme (1). 

 

 

      

 

 

          Scheme (1) a-Chemical structure of (RB5)              b- Chemical structure of (BR2) 

2.2.2. Dye Solutions 

A stock dyes solution was prepared by dissolving 1 g in 1000 ml bidistilled water. These solutions were kept 

in the dark bottle stopper very well. Other concentrations were prepared from stock solution by dilution.  

2.3. Batch Adsorption Studies 

        A known weight of adsorbent was shaken together with 40 ml of an aqueous C.I. reactive blue 5 and C.I. basic 

red 2 dye solutions in a 50 ml stopper bottle maintained at 25
0
C for about 24 h. The initial concentration of dyes was 

about (15 ppm) in all experiments, except for that carried out to examine the effect by the initial concentration of 

dye. Adsorption experiments were conducted in batch mode to evaluate the effects of various parameters, such as 

pH, initial dye concentrations, and adsorbent doses, on the adsorption of C.I. reactive blue 5 and C.I. basic red 2.  

2.3.1 Effect of dose    

The sorption of  dyes on (WEP) and (TWEP)  were studied by changing the amount of sorbent in aqueous 

solution while the initial dye concentration  are (15ppm) C.I. basic red 2  and C.I. reactive blue 5  respectively. The 

other variables were kept constant. The amount of dyes adsorbed was obtained by contacting 40 ml of dye solutions 

with different amount of adsorbent ranging from (0.25 to 3.5g/l) . The mixture was leaved until equilibrium time 

(24h ) and then, a sample was taken for analysis. 

2.3.2 Comparative study of dye adsorption by (TWEP) and (WEP) 

         In this study the dye adsorption capacities of (TWEP) and (WEP) for BR2 and RB5 were compared in binary 

dye solution 0.6 g of each sorbent was agitated in 40 ml of (15 ppm) binary dye solution for 24 h.  

2.4. Determination of absorption maxima (λmax) of dyes 

The absorption maximum was determined by using a spectrophotometer. Optical density of dye solution in 

water was observed at different wavelength between visible regions (340-700nm). The wavelength where, the dye 

showed maximum absorbance is taken as absorption maximum of the dye; λmax = 675 nm for C.I. reactive blue 5 and 

λmax = 523 nm for C.I. basic red 2 were observed. 

The amount of adsorption was calculated based on the difference of the dye concentrations in the aqueous 

solutions before and after adsorption. The absorbance of dyes in aqueous solutions was measured with UV/ visible 

spectrophotometer at wavelength corresponding to the maximum absorbance.  Before each measurement, the 

baseline of the spectrophotometer was calibrated against the solvent. The concentration of dye in the aqueous 

solutions before and after adsorption was obtained using the standard curve. These data were used to calculate the 

adsorption capacity, of the adsorbent. Then, a diagram of adsorption capacity, against equilibrium concentration, 

was plotted. The amount adsorbed of dye qe and the percentage sorption, were calculated using the following 

relationships [ Kannan and Sundaram (2001]  

      qe  = (C0 − Ce)V/ W                                     (1) 

     Sorption % = 100 (C0 − Ce)/ C0                    (2 ) 
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where qe the amount of adsorption at equilibrium, (mol/g) , C0 and Ce (moll
−1

) are the initial dye concentration and 

the dye concentration at equilibrium, respectively; V is the volume of the dye solution; and W is the weight of 

adsorbent.  

2.5. Apparatus 

The spectrophotometric measurements were carried out on V-530 UV-VIS spectrophotometer (made in 

Japan) .Scanning electron microscopy (SEM) analysis (made in Japan) was carried out on the (WEP) and (TWEP), 

to study its surface texture before and after dye adsorption. Fourier Transform Infrared( FT.IR) Spectrometer Model 

Type Mattson- Infinity Series Bench top 961 analysis was applied on the (WEP) and (TWEP) and dye adsorbed 

(WEP) and (TWEP) to determine the surface functional groups, where the spectra were recorded from 4000 to 400 

cm
−1

. 

 

3. Results and Discussion 
3.1 Determination of the point of zero charge of (WEP) 

  It is well known that aqueous phase distribution of solute species is dependent on the pH of the solution. The 

data on the adsorption of solute species onto the surface of adsorbents at different pH values should give a fairly 

good idea about the pH range favorable for the adsorption process. The point zero charge of (WEP) was determined. 

Since KNO3 solution was used, it is desirable to have a fixed background electrolyte concentration that is high 

enough to minimize the total salt concentration changes during the titration and no clear effect of KNO3 was found 

on mobility. The pHpzc values were known by determining the position where the resulting curves cut through the 

pH0 axis as shown in Fig. (1).The pHpzc was found to be 6.8 for (WEP) sample. This is a convenient index of a 

surface when the latter becomes either positively charged or negatively charged as a function of pH. When the pH of 

the aqueous solution is below the pHzpc, the surface of the adsorbent will become positively charged. Meanwhile, the 

surface of the adsorbent will become negatively charged when the solution pH is greater than pHzpc (Shukla et al., 

2002).  

 
Fig.( 1 ).The point zero charge of (WEP) 

Cellulose units are being the major component of paper. Unlike commercially available cellulose, waste paper 

cellulose is highly amorphous and hence is more accessible to chemical modification. With a target chemical 

modification of the surface cellulose fibers based on anchoring functional groups displaying high affinity toward 

specific compounds, one can expect to boost the adsorption capacity toward pollutants dissolved in water. Chemical 

modification of (WEP) was performed according to scheme ( 2 ). 

 
              Wastepaper                        chlorinated paper                  diethyl amine type 

Scheme 2 Chemical modification of (WEP)  to (TWEP) 

3.2. Adsorption of anionic and cationic dyes on (WEP) and (TWEP)  

There are several factors on which the effectiveness of adsorption process depends upon these adsorption 

conditions which may either be the nature of the adsorbent (acidic/ basic) or the characteristics of adsorbent which 

includes the high surface area, dosage, pore size distribution, ash content and hydrophobicity. The acidity or basicity 
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of the adsorbent depend upon the presence of hetero atoms such as oxygen, which can form phenols, ethers, lactones 

ketone, carboxyl and nitrogen in the form of amines and nitro groups. On the other hand, adsorption also depends on 

the nature of the adsorbate where it depends on its hydrophobicity, and polarity of the molecule.  

3.2.1 Effect of adsorbent dosage on adsorption dye by (WEP) and (TWEP) in single dye solutions 

The experiment carried  by taking different adsorbent doses (0.25–3.5 g/l) in order to find the effect of 

different doses of (WEP) and (TWEP) on the removal of C.I. basic red 2  and C.I. Reactive blue 5. The removal 

efficiency of BR2 by (WEP) increased from 10.19 % to 76 %. 

The removal efficiency of RB5 by (WEP) and (TWEP) increased from 1.1% to 4.92% and from 56.236 % to 

92.603% respectively .When adsorbent dose was increased the number of adsorption sites or the surface area 

increases with the weight of adsorbent and hence results in a higher percent of dye removal at a high dose 

[Panneerselvam et al., 2011]. As shown in Fig. (2), the sorption equilibria of dye were reached   maximum at 1.5g/l 

then the removal of dyes remained almost invariable above this dosage. Therefore, 1.5g/l appears to be the optimum 

sorbent dosage [Wang et al.,2009]. The removal of BR2 increased with the increase in (WEP) dosage and the 

solution became colorless when dosage exceeded 1.5g/l 

The adsorption capacity of C.I. basic red 2  and C.I. Reactive blue 5 dyes decreased with the increasing 

dosage of (WEP) and (TWEP). The sorbents are not fully utilized because of the increase in available sorption sites 

with increasing adsorbent dosage. C.I. basic red 2 adsorption capacities decreased gradually from 24.503mg/g at 

adsorbent dosage of 0.25 g/l to with 13.053mg/g at adsorbent dosage 3.5 g/l. while C.I. Reactive blue 5 adsorption 

capacity decreased gradually from 134.966 mg/g to 15.875 mg/g. These results may be due to the overlapping of 

adsorption sites as a result of adsorbent particle overcrowding (Garg et al., 2003). Moreover, the high adsorbent 

dosage could impose a screening effect on the dense outer layer of the cells, thereby shielding the binding sites from 

metal (Pons and Fuste 1993). The plots of log Qe vs (dose) Fig (3)are found to be linear and the value of (R≈1.0) 

calculated by linear regression method. This suggests that the adsorbed species/solute may either block the access to 

the internal pores or cause particles to aggregate and thereby resulting in the availability of active sites for 

adsorption Kannan and Sundaram, (2001).  

 
Fig.( 2): Effect of (WEP) and (TWEP) doses on removal % of BR2 and RB5 dye respectively  in single System 

at concentration 60 ppm ,time 24 hr. 

 
Fig.(3 ): The plots of log Qe vs doses of (WEP) and (TWEP) for BR2 and RB5 dye respectively  in single 

System at concentration 60 ppm , equilibrium time 24 hr. 
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3.2.2 Effect of adsorbent dosage on adsorption dye by (WEP) and (TWEP) in binary dye solutions 

In binary systems BR2 + RB5 were carried out in solutions containing both dyes at initial concentrations 

constant in the concentration ratio 1:1.The influence of varying dose  of (WEP) and (TWEP) in binary dye solutions 

was studied. The removal % and dye sorption capacities were investigated. 

The effect of sorbent dosage on the removal of dyes is shown in Table ( 1 ). Along with the increase of 

sorbent dosage from 0.5 to 2.5 g/l, the percentage of dye removal increased. This is due to the increase of active sites 

for adsorption of dye molecules with increasing sorbent dosage. The sorption equilibria of the dyes were reached at 

2.0 g/l and the removal of dyes remained almost invariable above this dosage. Therefore, it appears to be the 

optimum sorbent dosage. The adsorption of BR2 dye by (WEP) in binary system of RB 5+ BR2 is higher than RB5. 

Since the (WEP) bears a negative charge, and therefore it is the major functional group in the adsorption of BR2. On 

other hand, (TWEP) will inhibit the adsorption of RB5 dye. 

The adsorption capacity of (WEP) and (TWEP) decrease with increase in dose for all the dye systems as 

shown in Table ( 2 ). As dose increased from 0.5 to 2.5 g/l ,Qe decreased from 2.923 to 1.126 mg/g and 0.488 to 

0.328mg/g when RB5 adsorbed by (TWEP) and (WEP) respectively .while Qe of BR2 decreased from 4.965 to 

1.773 mg/g and from 0.738 to 0.388mg/g when  adsorbed by (WEP) and (TWEP) respectively in binary system . 

The specific sorption capacities of the dye decreased with increasing adsorbent dose because at low doses, 

the active sites were effectively utilized. But, as the adsorbent dose was increased, a significant portion of the 

available active sites on the adsorbent overlapped which resulted in reduction in specific uptake. Similar 

observations were reported [Mohammed AM; et al,2011, Hassanein FT; et al,2010 and Ponnusamy V et 

al,2009] 

The adsorption capacity for RB5 dye by (TWEP) is higher than adsorption on the BR2. Since (TWEP) 

bears a positive charge, which it is the major functional group in the adsorption of (RB5). On other hand, (WEP) 

will inhibit the adsorption of cationic dyes BR2 Fig (4). 

Table ( 1 ): Effect of (WEP) and (TWEP) doses on removal % of RB 5 + BR2 dye in Binary System with 

initial concentration 15 ppm at pH 5.83, and equilibrium time  24 hr. 

Dose(g/l) 

Binary RB 5+ BR2   

(TWEP) 

Binary RB 5+ BR2  by 

(WEP) 

RB 5 BR2   RB 5 BR2 

Removal % Removal % Removal % Removal % 

0.5 26.699 4.927 4.444 33.164 

1.5 40.801 9.691 11.408 47.350 

2.0 48.334 11.933 13.502 52.153 

2.5 51.432 12.959 14.067 53.205 

Table ( 2 ): Effect of (WEP) and (TWEP) doses on sorption capacity  of RB 5 + BR2 dye in Binary System 

with initial concentration 15 ppm at pH5.83, and 24 hr. 

Dose (g/l) 

Binary RB 5+ BR2   

(TWEP) 

Binary RB 5+ BR2  by 

(WEP) 

RB 5 BR2   RB 5 BR2 

Qe mg/g Qe mg/g Qe mg/g Qe mg/g 

0.5 2.923 0.738 0.488 4.965 

1.5 1.489 0.484 0.415 2.363 

2.0 1.323 0.447 0.370 1.952 

2.5 1.126 0.388 0.328 1.773 
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WEP

RB5
BR2

 
Fig(4 ) adsorption capacity for RB5and BR2  dye by TWEP at different dose.  

 

3.2.3.Comparative study of dye sorption in both single and binary dye solutions 

 

           The adsorption of C.I. basic red 2 (BR2) and C.I. Reactive blue 5 (RB5) dye solutions by (1.5g/l) (WEP)  and 

(TWEP) were investigated keeping the initial dye concentration (60 and 15ppm) and temperature 25
 ο
C  

The high contents of hydroxyl functional groups in (WEP) might form the electrostatic attraction between 

the (WEP) and cationic dye. C.I. basic red 2 (BR2) can react with OH group in (WEP) to form cell - R – OH --- N
+
 

BR2. While C.I. Reactive blue 5(RB5) dyestuff, contains SO3Na group in the molecule can react with quaternary 

ammonium group in (TWEP) to form cell - R – OH -N
+
(C2H5)2···SO3

−
 RB5. As illustrated in Fig.( 2 ), the dye 

removal efficiency of  (BR2) by (WEP)  was higher than C.I. Reactive blue (RB5). While (TWEP) have higher 

adsorption capacity than the (WEP) in the removal of C.I.  Reactive blue 5 dye from aqueous solution. 

 

 

 

 

 

 

 

 

Fig ( 5 )  Removal of RB5 and BR2 dyes concentration 60 ppm  by (WEP) and (TWEP)  

                Industry wastewater was normally a mixture of many compounds rather than a single one. In this study, 

the dye sorption capacities of (WEP) and (TWEP) for BR2 and RB5 were compared in both single and binary dye 

solutions. Table (1) shows the comparative removal of BR2 and RB5 by (WEP) and (TWEP)  in both single and 

binary dye solutions. From the observation, single BR2 dye adsorbed by (WEP) effectively, with 88.5 % and 55.71 

% in single and binary dye solutions, respectively. The composition of (WEP) includes cellulose, hemicelluloses, 

and lignin contains a large number of hydroxyl groups. As well as the BR2 dye molecules dissociate into positively 

charged components and adsorb on the binding sites of (WEP) such as hydroxyl groups. However, the removal of 

RB5 by (WEP) was only 5.42 % and   3.41% in single and binary systems, respectively. The low sorption capacity 

of RB5 was due to the coulombic repulsion between the anionic dye molecules and the negatively charged surface 

of the adsorbent.   

The (TWEP) showed sorption capability towards single cationic dyes higher than anionic. The percentage 

of dye removal RB5 by (TWEP) was 97.21 and 60.52 in single and binary systems, respectively. The hydroxyl and –

N
+ 

(C2H5)2 groups on the surface of (TWEP) contribute to the binding sites for the adsorption of differently charged 

dyes.  

The elimination procedures for dye can be strongly affected by other constituents of samples. Realistically, 

in the application of adsorption for the removal of dye ions from textile wastewater there may be a mixture of 

several dyes. It may mutually enhance adsorption, may act independently, or may interfere with one another. The 

competitive adsorption is influenced by the interaction of each dye with the surface and with the solvent. The 

porosity and heterogeneity of the adsorbent are also factors in adsorption. If the dyes are adsorbed at different sites 

on the adsorbent surface, the total adsorption could be higher than for the individual dye. If they compete for the 

same sites, there may be a lowering of the total amount adsorbed ( El-Bayaa et al., 2011). 

As shown in Table ( 3 ) adsorption values of the binary dye systems C.I. basic red 2 and C.I. reactive blue 5 

by (TWEP) respectively were less than those for the single systems. This result indicated that the dye competed with 

other dye ions for the same sites on adsorbent.The sorption of binary dye molecules by (TWEP) is based on the 

electrostatic attraction as postulated below: 

 

0

1

2

3

0.5 1.5 2 2.5

Dose g/l

Sorption capacity of RB5+BR2 by TWEP

RB 5 
BR2  

TWEP

RB5

BR2



ISSN 2320-5407                               International Journal of Advanced Research (2015), Volume 3, Issue 7, 641-652 

 

648 
 

 

 

 

+     SO3
- 

RB5 SO3
-
   +     BR2 N

+
 

    

  TWEP                                  C.I. reactive blue 5                     C.I. basic red 2 

Scheme 3 the sorption of binary dye molecules by (TWEP) 

where SO3
-
 – RB5 – SO3

-
 represents the structure of C.I. reactive blue 5 and BR2-N

+
  represents the C.I. basic 

red 2  dye ion . According to the conversion scheme above, surface group of TWEP will bind with each dye. These 

results reinforce an enhancement of the removal of binary dye molecules by TWEP. 

 

 

Table 3: The comparative study of single and binary dye sorption by (WEP) and (TWEP) ,[dye ] 15ppm and 

equilibrium time  24 h. 

 

Sorbent      

dye Removal% 

C.I. 

Basic red 2    (BR2) 

(single) 

C.I. 

Reactive blue 5 (RB5)     

(single) 

C.I. 

Basic red 2 (BR2) 

(binary) 

C.I. 

Reactive blue 5 (RB5)  

(binary) 

WEP 88.500 5.42 55.71 3.41 

TWEP 13.59 97.21 7.37 60.52 

 

 

3.3. Mechanism of dye adsorption 

The mechanism of adsorbate removal involved four steps: (1) migration of adsorbate molecules from the 

bulk solution to the surface of the adsorbent; (2) diffusion through the boundary layer to the surface of adsorbent; (3) 

adsorption at a site; and (4) intraparticle diffusion into the interior of the adsorbent. The solution shaking decreases 

the boundary layer resistance of the transfer of adsorbate molecules from the bulk solution to the adsorbent surface. 

Due to this, the adsorbate is forced towards the adsorbent surface and it leads to an increase in the diffusion of 

adsorbate into the surface of the adsorbent (Mane et al. 2005). There were many factors that may influence the 

sorption behavior, such as dye structure and size, sorbent surface properties, steric effect and hydrogen bonding, van 

der Waals forces, etc. The structure of the C.I. basic red 2 molecule was a prominent factor for its sorption. The 

reaction between dye and adsorbent can take place through the weak and strong forces. The weak interactions occur 

due to the van der Waals forces while the strong interactions occur due to (1) hydrogen bonding interaction between 

the nitrogen containing amine groups of dye and adsorbent surface (2) hydrophobic– hydrophobic interactions 

between the hydrophobic parts of dye and adsorbent (3) electrostatic interaction between the cationic dye due to the 

presence of positively
 
and negatively charged adsorbent surface. A proposed mechanism for the sorption of the C.I. 

basic red 2 dye onto (WEP) adsorbent is shown in Scheme 4. 

 Sivakumar and Palanisamy (2010) reported a four-stage adsorption mechanism for removal of Acid Blue 

92, Basic Red 29, Reactive Red 4 and Direct Blue 53 by precursor wood Scheme 5. 

 
Scheme 4 Proposed mechanisms for the biosorption of C.I. basic red 2   by (WEP) 
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Scheme 5.Proposed four-stage mechanism of dye adsorption 

3.4. Solid state analysis 

The waste eggs paper packing dishes (WEP) was analyzed before and after treatment. As well as studies of 

dye sorption are focused on one-component and competition between dyes for sorption sites before and after 

adsorption . SEM and IR were used to analyze the morphology and chemical groups of the (WEP) and (TWEP). 

3.4.1. Fourier transformed infrared spectroscopy studies 

The FTIR of both untreated (WEP) and treated waste eggs paper packing dishes (TWEP) before and after dye 

sorption are shown in Fig. (6). The FTIR spectra of (WEP) and (TWEP) were recorded between 500 and 4,000 cm
−1

. 

The FTIR spectra of (WEP) showed a spectrum indicates bands that appear in the region between 3909.30  and 

3449.65  cm
−1

, which are related to the OH stretching vibrations of the ring and the side chain υ(-CH-OH) and υ(-

CH2-OH). Another important vibration in the cellulose spectrum appears in approximately 2904.84 cm
-1

 

corresponding to the stretching of the methyl and methylene groups. The band at 3020 cm
−1

 is attributed to 

stretching of OH group. The band at 1513 cm
−1

 corresponds to aromatic ring vibrations of the phenylpropane 

skeleton. The peaks at 1270 cm
−1

 and 810 cm
−1

 are attributed to C-O stretching of guaiacyl rings. The band in 

1638.28 cm
-1

 corresponds to the vibration of deformation δ (O-H) of primary and secondary hydroxyl groups 

present in the cellulose structure. The region between 1500–1200 cm
-1

, shows the presence of bands that also 

corresponds to the deformation of primary and secondary OH groups; between 1200–1000 cm
-1

 the stretching bands 

of (C-O) alcoholic groups occur. A series of peaks at 1059.72 cm
−1

, 1113.12   cm
−1

, and 1162.70cm
−1

 correspond to 

C- O- C bonds in the anhydroglucose unit in cellulose. The bands present in the region below 1000 cm
-1

 are assigned 

to absorptions of the alcoholic groups Pavia, et al.(1996). Silva et al.(2011). 

In contrast to TWEP, the bands at 1513 cm
−1

 and 810 cm
−1

 disappeared, and the peak at 3020 cm
−1

 shifted to 

3025 cm
−1

. Moreover, the peak at 2904 cm
−1

 became stronger and a shoulder peak occurred. These peaks indicate 

that NaOH treatment in the first stage of the synthesis process further removed some soluble lignin in TWEP. Epoxy 

chloropropane introduced new CH2 groups to the cellulose molecule. There is a new adsorption peak associated with 

the stretching vibration of C–N band at 1465 cm
−1

, and a broad band of the skeletal vibration of the quaternary 

ammonium salt, which was successfully grafted onto the cellulose skeleton (Cao et al., 2011). 

       The FTIR of sorption BR2 by TWEP show unchanged .While the band in 1638.28 cm
-1

 corresponds to the 

vibration of deformation δ (O-H) of primary and secondary hydroxyl groups present in the cellulose structure shifted 

to 1630 cm
−1

.
 
Moreover the band in 3449.65 cm

−1
, which are related to the OH stretching vibrations of the ring and 

the side chain υ(-CH-OH) and υ(-CH2-OH) shifted to 3455 cm
-1

 in case of sorption BR2 by WEP  Fig (1).    

Fig (6) illustrated that adsorption peak associated with the stretching vibration of C - N band at 1465 cm
−1   

shifted to 1470 cm
−1   

in sorption RB5 by TWEP. 
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Fig. (6): FT-IR spectrum of both (WEP) and (TWEP),( WEP adsorption by BR2 , RB5 and binary system) 

and (TWEP adsorption by RB5 and binary system).  

3.4.2. Scanning electron microscopy (SEM) 

SEM of both untreated (WEP) and treated waste eggs paper packing dishes (TWEP) are shown in Fig. (7 a,b). 

The color of the (WEP) was dark white, and its fibrous structure looked complicated, while the colors (TWEP) were 

pale green and their structure looked rigid. It is clearly seen that the surface of TWEP is coarse and rough with some 

cavities (micro-pores) that contributed to the adsorption of dye in an aqueous solution while WEP appears to have a 

smoother surface with homogenous creases with some cavities (micro-pores) that contributed to the adsorption of 

dye in an aqueous solution. It is evident from these images that the surfaces of chemically treated TWEP sorbents 

have retained their original shape and distribution leading to little or unnoticeable changes. Fig. (8a,b and c) 

illustrated that scanning electron microscopy of BR2 sorption by WEP and Fig. (9 a and b) represented sorption of 

RB5 by TWEP in single and binary system. 

 

                 

        

      

 

 

 

 

 

 

 

 

                       a-WEP                                                                   b- TWEP    

                      

           Fig.(7). SEM of both untreated (WEP) and treated waste eggs paper packing dishes (TWEP) 

 

 

    

 

 

 

 

 

 

 

 

 

 a-WEP by BR2                           b- WEP by RB5                          c- WEP by Binary system                              

Fig.(8). SEM  of untreated waste eggs paper packing dishes (WEP) after adsorption BR2 or RB5   a-BR2 , b- 

RB5 and c- binary system. 
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           a- RB5   by TWEP                                          b- RB5   by TWEP in Binary system  

               

Fig.(9) SEM of treated waste eggs paper packing dishes (TWEP) after adsorption RB5 single and Binary 

system. 

 

4. Conclusion 
The present study results showed that the both untreated (WEP) and treated waste eggs paper packing dishes 

(TWEP) haves the ability to asorption  the dye from the effluent. The pHpzc was found to be 6.8 for (WEP).It was 

found the removal efficiency increased with increase adsorbent dose. It was also found that the adsorbed 

species/solute may either block the access to the internal pores or cause particles to aggregate and thereby resulting 

in the availability of active sites for adsorption. The adsorption capacity for RB5 dye by (TWEP) is higher than 

adsorption on the BR2. Since (TWEP) bears a positive charge, which it is the major functional group in the 

adsorption of (RB5). On other hand, (WEP) will inhibit the adsorption of cationic dyes BR2 
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