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Abstract 
      Adsorption is as an alternative technology to remove colour from wastewater. 

       In this study, the capable of improving the run time through increasing the effectiveness of 

adsorption of activated carbon was investigated and assessed with more economical for dye removal 

from wastewater by using of waste and ecofriendly material as weight ratio to the granular activated 

carbon fixed bed using continues system.                                                                                                                              

       Two types of experiments were carried out, batch and continuous flow(fixed bed column system) 

experiments. In batch study, the adsorption data were modeled with Langmuir and Freundlich 

isotherms, and the statistical analysis was done by using    SPSS(V.15) program. The results showed 

that the Langmuir isotherm  model was fitted the adsorption equilibrium data well compared with 

Freundlich model with favorable type and maximum monolayer adsorption capacity of(25mg/g) 

and(R
2
=0.993).                                                                                                                  

      Column experiments carried out with using of glass beads as different weight ratios to the 

commercial activated carbon (0%, 5%, 10%, and 15%) at similar operation conditions.                                                                                                         

        It was found that adding 5% glass beads weight ratio to the activated carbon bed increases 

operating time of activated carbon-column by 23.5%, while adding 10% and 15% glass beads weight 

ratio causes the operating time to decrease by about 38.5% and 61.5% respectively and therefore makes 

the adsorption process not efficient compared with pure(0% ratio) carbon bed.                                                                       

       Avery high degree of correlation of the experimental adsorption rate data was provided by this 

model suggesting that this model could be used in design applications.                                                                                                                       

 الخلاصة
 اللون من مياه الفزلات. لإزالةعتبر الامتزاز التكشولوجيا البديلة ي       
كفييا ة الامتيييزاز لعسييوت كذيييوة الكر يييون مييين  ييلاد زةييياتة التحييرو قتيميييي  يم اطييية تاوةر زةييياتةغ زمييين التذيي م  تييي  هييياه الدةا يية  فيي        

ييياه الفزييلات خا ييتخدا  مييوات مخلفيية كشديية قزطييية لايييية الكيياة ون السشذييو السشذييو ق يي اقر ادتريياتية لإزاليية ثييي ة السقملييمن الزةدييا  ميين م
 عشد تابمق تجاةب الشسو السدتسر.

 . continuous system)غ قتجاةب الشسو السدتسر batchت  اجرا  طوعمن من التجاةب تزسشت تجاةب تفعية        
تجرةبيية  قظهريرت الشتيايج للتجياةب الدفعيية ين علادية التيوازن للسياتة غ لتحلمي  الشتيايج الSPSS V.15ا تخد  البرطامج الإكرياي         

السيييازة هييي  مييين الشيييو  السفزييي  كسيييا ين علادييية التيييوازن تتايييارق جميييدا ميييب طسيييو ج  لاطكسمييير قفراطيييدلش قلكييين رتقبميييت ظديييو  للبياطيييات ميييب 
Rلاطكسمر 

2
 غ.mg/g36غ ق يارلية امتزاز درو  ميداةها 0.993=

 ,%10 ,%5 ,%0لييشسو السديتسر خا ييتخدا  كبمييات الزجيياو ق شدية قزطييية طديية يلين ايييية الكر يون السشذييو ظجرةيت تجياةب ا        

 غ قتحت طفس هرقف التذ م .15%
عسوت الحذو القارت للكر يون السشذيو يي تو الين زةياتة زمين تذي م   نالغ من ماتة كبميات الزجاو %5قجد ان اضافة طدية قزطية        

غ ميين كبميييات الزجيياو كشدييية قزطييية اليين عسييوت الحذييو ييي تو اليين تيلميي  زميين %15 ,%10غ  ظمييا يضييافة %23.5 عسيوت الامتييزاز رشدييية
غ علن التوال   قهاا يجع  عسليية الامتيزاز رمير كفيو ة خالسياةطية ميب ا يتخدا  الكر يون السشذيو التجياةو %61.5 ,%38.5التذ م  رشدية 

 غ.  %0خسفرته 
يييية السدتحريييلة مييين هييياه الدةا ييية ردةجييية عاليييية جيييدا مسيييا يذيييمر يلييين يم اطيييية ا يييتخدا  هييياا السوتيييي  فييي  تتيييراخو البياطيييات التجرةب        

     .الترسيسيةالتابييات 
1.Introduction 
       Dyes production industries and many others industries which used dyes and 

pigments generated wastewater, characteristically high in color and organic 

content(Garg et al.,2004).                                                                                                  
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        Dyes are widely used in paper and pulp, textile and dyeing, leather, printing 

industries and food process industries. Among these various industries textile ranks 

first in usage of dyes for coloratic of fiber, so that, the discharge of colored 

wastewater is posing a serious environmental concern due to their poor 

biodegradability, carcinogenicity and toxicity 

(Lee et al.,1999; Hao et al.,2000; Papic et al.,2000;Pala and Tokat,2002).  
        Different process for color removal typically include physical, chemical and 

biological schemes. 

         Some process, such as electrochemical techniques and ion pair extraction, are 

relatively new for textile waste treatment, while others are been used in the industry 

for along time. 

         Adsorption has been found to be superior to other techniques for removal dyes 

from the waste effluent. 

         The process of adsorption has an edge ever the other methods due to its sludge 

free clean operation and completely removal dyes, ever from the diluted 

solution(Ozacar and Sengil,2003;Shaobin et al.,2005).              
          Activated carbons are excellent adsorbents and thus are used to purify, 

decolorize, detoxicate, filter or remove dissolved substances(Cheremisinoff and 

Ellerbusch,1978; Rengaraj et al.,1999; Juang et al.,2002).  

    A number of studies have also been performed using activated carbon prepared 

from agricultural waste for the removal of dyes from aqueous solution. 

          The waste materials include coconut tree flower and jute fiber(Senthilkumaar et 

al.,2006), oil palm fiber(Tan et al.,2007), palm kernel shell(Jumasiah et al.,2005), 

corncob(Preethi et al.,2006), and bagasse pith(Amin,2008).               

         Basic dyes are the brightest class of water soluble dyes used by the textile 

industries, and methylene blue is one of the most frequently used dyes in all 

industries(Reid,1996).                                                                  
         The aim of this study is to investigate the potential of improving the fixed bed 

adsorber of continuous flow system to make it more efficient and/ or economical by 

increasing the adsorption efficiency with increasing the run-time of column through 

reduction the losses of adsorption process through the micro pores of fixed bed 

activated carbon particles by adding filler material like glass deads. 

         The experiments carries out batch and fixed bed column. Batch studies were 

conducted to estimate the adsorption capacity of the adsorbent. 

         In this work, Langmuir and Freundlich models were used to evaluate the 

adsorption capacity of activated carbon. 

          Four experiments in a fixed-bed column system with different weight ratio of 

glass-activated carbon were done to investigate the main  

objective of this work. 

2. Experiments 
2.1  Materials and Methods 

2.1.1  Adsorbent: The commercial activated carbon was supplied by(unicarbo, 

Italian, Lmt.Com.) to Iraqi local markets was used in this study. 

      The characteristics of commercial activated carbon were listed in Table(1). 
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Table (1): Characteristics of the Activated Carbon 

Base Coconut shell  

Bulk density 0.3 * 10
3 

Kg/m
3
 

Particle density  1.5 * 10
3 

Kg/m
3
 

BET surface area  650 * 10
3 

Kg/m
3
 

Particle porosity  0.4 

Bed porosity  0.2 

Ash content (%) 5 (max) 

Iodine No (mg/g) 1100 – 1130 

pH 10.2 -10.6 

Moisture content(%) 5  

       

 Activated carbon was washed with distilled water, dried in oven at 120C
◦
 for 

24h(Yamin et al.,2007).  

       This time was usually enough to remove any undesired moisture within the 

particles. 

       Finally, activated carbon was sieved to desired particles size(500 µm) and stored 

in desiccators for cooling. 

       The glass beads are a waste product, easily available, and economically 

advantageous. 

        The desired size of glass beads was obtained by crushing and sieved to get the 

particle size of(100 µm) to be also used in present study. 

        The same procedure of washing and drying of granular activated carbon was 

applied for the glass beads particles. 

  
2.1.2 Adsorbate: Methylene blue dye(MB, chemical formula: C16H18CLN3S) and a 

molecular weight of 373.9*10
-3

kg mol
-1

(Hameed et al.,2006). 

       This basic cationic dye was supplied by Iraqi markets. Its molecular structure is 

shown in Figure(1). 

 

 
Fig.(1): Molecular Structure of Methylene Blue(Mohammad et al.,2009). 

      

The methylene blue dye solution was prepared with concentration of 0.03kg/m
3
. 

      The PH solution was adjusted with 0.1M HCL using PH meter to its effective 

adsorption PH value. 

       Absorbance measurements were made with using(UV-VIS-1650 PC 

SHIMATZU)  spectrophotometer at corresponding wavelength for maximum 

absorbance(λmax=664nm). Standard solution of the dye was taken and the absorbance 

was find at different wave lengths to get the linear calibration curve used in the 

determination of equilibrium MB concentrations.                               
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2.2 Adsorption Studies  
        The adsorption of MB onto activated carbon was studied using two types of 

experiments, batch and column experiments. 
2.2.1 Batch Experiments was carried out to study the adsorption isotherms of MB. 

        The experiments were adjusted at the initial PH of 5 for MB adsorption(Yamin et 

al.,2007; AL-Taliby,2009). 

         This experiments were carried out by adding granular activated carbon ranging 

in weight(0.1, 0.25, 0.5, 1.0, 1.5, 2.0)gm which are placed in individual six flasks 

of(100 ml) volume. 

         The same volume of dye solution with concentration of 0.03kg/m
3
 is added to 

each of the flasks and the mixture was agitated by Wrist shaker for 24h hours at 25C◦. 

Along with these flasks, one blank was also run. After this period of shaking, samples 

were filtered using filter paper, in order to minimize the interference of the carbon 

fines with the analysis, and the filtrates were analyzed for residual concentrations of 

MB using a double beam UV-visible spectrophotometer at λmax=664nm.  

       The adsorption isotherms of MB onto glass beads of size(100 µm) with the same 

conditions were investigated in the same procedure used for adsorption isotherms of 

MB onto activated carbon. 

       The amount of adsorption at equilibrium, qe(mg/g), was calculated by the 

following equation(Ho et al.,1996; Rahmani et al.,2004).                      
........................................................................(1)

m

VCC
q eo

e

)( 
  

Where: 

qe (mg/g) : is the amount of MB adsorbed in adsorbent at equilibrium. 

Co and Ce (mg/l): are the initial and equilibrium concentration of MB solutions 

respectively. 

m  (g) : is the amount of adsorbent . 

V (l) : is the volume of MB solution. 

 

2.2.1.1 Adsorption Isotherms 
            In order to determine the adsorption of the adsorbents(activated carbon) for 

removal of MB, study of adsorption isotherm was carried out and tested against the 

Langmuir and Freundlich isotherm models(Freundlich,1906; Langmuir,1918; Aksu 

and Yener,2001;; Ho et al.,2002; Rengaraj et al.,2002; Mahvi et al.,2004; 

Somasundaran,2006).                    
          Langmuir isotherm is based on the assumption of uniform energy of 

adsorption on the surface of the adsorbent. The total monolayer capacity of the 

adsorbent is equal to Q, a Langmuir constant.  

………………………………………………..(2)
e

e

e
bC

QbC
q




1
 

The rearranged Langmuir isotherm is represented by following equation:  

Q
C

bQ
qC e

ee 
.

1  

Where, Ce is the equilibrium concentration of dye (mg/l), qe is the amount of dye 

adsorbed at equilibrium(mg/g), Q(mg/g) and b(l/mg) are the Langmuir constants 

related to maximum adsorption capacity and energy of adsorption respectively. 

Hence, a plot of Ce/qe versus Ce yield a straight line with Q calculated from the slope 

and the value of b as its intercept. 
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        The essential characteristics of the Langmuir isotherm can be terms of a 

dimensionless equilibrium(RL) which can be defined by(Hall et al.,1966; Weber and 

Chakravorti,1974; Gupta et al.,1990).                          

       
o

L
bC

R



1

1
          …………………………… (4) 

where RL is the a dimensionless separation factor, C◦ is initial dye 

concentration(mg/l), and b is the Langmuir constant(l/mg). The parameter RL 

indicates the shape of the isotherm accordingly: 

 

Type of Isotherm Values of RL 

Unfavorable RL> 1 

Linear RL = 1 

Favorable 0< RL< 1 

Irreversible RL=0 

          
 

Freundlich isotherm is an exponential equation can be written as: 
n

ee CKq
1

.                     ………………………… (5) 

 or its linear form 

ee C
n

Kq log
1

loglog           ………………..(6) 

        Where, K is the constant indicative of the relative adsorption capacity of the 

adsorbent(mg/g), and 
n

1
 is the constant indicative of the intensity of the adsorption. 

          The Freundlich equation possesses two constant, K and 
n

1
. 

           High and low values of K and 
n

1
 indicate high adsorption throughout the 

concentration range studied whereas high values of 
n

1
 and low values of K show low 

adsorption. When 
n

1
=1, the adsorption is favorable. 

          The values of K and 
n

1
 can be obtain from the intercept and slope, respectively, 

of the linear plot of experimental data of eqlog versus log Ce as shown in Figure (3). 

 Fixed Bed Column Experiments 2.2.2 
2.2.2.1 Experimental Arrangements 
           The schematic representation of experimental equipments is shown in 

Figure(2). 

2.2.2.1.1  Adsorption Column 
             Continuous flow adsorption studies were conducted in a vertical glass column 

made of Pyrex glass tube(0.8m) height, and(0.05m) internal diameter. 

          The activated carbon bed was confined in the column by the means of the glass 

spheres placed on the top and bottom of bed to ensure a uniform distribution of 

influent MB solution through the carbon bed. 
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          The cylindrical tanks were used as container, the first one as a storage 

tank(100*10
-3

m
3
); the second one as a feed tank(50*10

-3
m

3
); each tank was fitted with 

gate valves. 

         The bed column was 0.05m height of granular activated carbon with flow rate of 

1.70*10
-6

m
3
/sec, MB concentration=0.03kg/m

3
, PH=5 for all experiments. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. (2): A schematic representation of experimental equipment. 

 
2.2.2.1.2    Preparation of Samples with Different Glass Beads - 
Activated Carbon Ratios.      
          Different glass beads- commercial activated carbon weight ratios were used 

starting from 0%, 5%, 10%, 15% of glass beads. The glass beads with size of 100µm 

were mixed with activated carbon particles with size of 500 µm. Each sample was 

mixed by a shaker for 1 hour. 

   2.2.2.1.3  Experimental Procedure 
             After preparing the MB solution with desired concentration, the solution was 

pumped by means of centrifugal pump(KF-2), (SAER, ITALA) with capacity of 

0.05m
3
/h from the storage tank to the feed tank and then to the top of the column by 

gravity flow. 

           The flow rate was adjusted to the design value by the volumetric method. 

         At first, every 15 minutes sample was taken from the outlet of the column, and 

after MB appeared in the sample, the time interval of sampling increases until 

equilibrium state was reached. 

        To achieve the measurement of the breakthrough curves for MB four 

experiments were done, once with pure activated carbon, and other three with 

different glass beads-activated carbon weight ratio(5%, 10%, 15%). 

       All conditions of experiments are summarized in Table(2). 
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Table (2) Column system-data 

        
3. Results and Discussion 
3.1  Batch Experiments 
       The Langmuir, Freundlich, and the equilibrium adsorption isotherms of MB 

adsorption onto commercial activated carbon are shown in Figures(3),(4), and(5) 

respectively. 

        

 
 

 

 

 

 

 
 

Experimental data  
Data of 

results 

Experimental 

No. 
Adsorbent Adsorbate 

Adsorbate 

concentration     

(  kg/m3) 

Bed 

depth 

(m) 

Flow rate 

( Q )
 

(m3/sec) 

Particle 

Size of 

Activated 

carbon 

(µm) 

Particle 

Size of Glass 

Beads  

(µm) 

Glass Beads 

– activated 

carbon 

ratio (%) 

Saturation 

time 

(min.) 

1 
Activated 

carbon 

Methylene 

Blue 
0.03 0.05 1.70*10-6

 500 100 0 1560 

2 = = = = = = = 5 2040 

3 = = = = = = = 10 960 

4 = = = = = = = 15 600 

Ce /qe = 0.O21 + 0.04 Ce 

R
2
 = 0.993 

Ce (mg /L) 

C
e 

/q
e 

( 
g
 /

L
) 

Fig.(3): Langmuir Adsorption Isotherm of Methylene Blue onto Commercial 

Activated Carbon at 25 ± 1 C
o
, Co = 0.03 kg/m

3
and  pH = 5 . 
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      The obtained experimental data was correlated with Langmuir and Freundlich 

models. The parameters for each model were obtained by statistical regression using 

(SPSS V.15) program and they are summarized in Table(3). 

         The correlation coefficients(R
2
) were significant at the 0.05 probability level and 

it was higher for Langmuir than Freundlich. This indicates that the Langmuir isotherm 

is clearly the better fitting isotherm to the experimental data. This attributed to the 

homogeneous nature of the surface of the activated carbon used. 

         

      The results also demonstrate the formation of monolayer coverage of dye 

molecule at the outer surface of adsorbent. Similar observation was reported by the 

Fig.(4): Freundlich Adsorption Isotherm of Methylene Blue onto Commercial 

                   Activated Carbon at 25 ± 1 C
o
 ,Co = 0.03 kg/m

3
and pH = 5.  

 Log Ce  

L
o
g
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Logqe = 1.530 + 0.4 96 LogCe 

R
2
 = 0.935 

M
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d
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n
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m
g

/g
 c
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b
o

n
) 

(q
e)

  

MB Equilibrium Concentration Ce(mg/L) 

Fig.(6) : Equilibrium Adsorption Isotherm of Methylene Blue onto Commercial 

Activated Carbon at 25 ± 1 C
o
 ,Co = 0.03 kg/m3, pH = 5 . 
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adsorption of acid orange 10 dye onto activated carbon prepared from agricultural 

waste bagasse(Tsai et al.,2001), and by the adsorption of direct dyes on activated 

carbon prepared from sawdust (Malik,2004).         

        The equilibrium isotherm for activated carbon used in this study is favorable 

type, for being convex upward. 

         The value of(RL) also indicated that the Langmuir isotherm was favorable for 

adsorption of MB onto the activated carbon(RL<1). 

        Similar results were observed by(Weber and Chakravorti,1974; Han et al.,2005; 

Tan et al.,2007).                                                
         The equilibrium data for methylene blue adsorption on activated carbon well 

fitted to the Langmuir equation with maximum monolayer adsorption capacity 

of(25mg/g). 

 

Table (3): Langmuir and Freundlich parameters of isotherm for activated carbon used. 

 

     The result of adsorption isotherm of MB onto glass beads shown that the 

concentration of MB remains the same for different weight of glass beads. This 

proves that the beads are in inert material and there is no adsorption occurs onto it. 

3.2 Column Experiments 
       The results of MB adsorption onto commercial activated carbon fixed bed using 

continuous flow were presented in the form of breakthrough curves which showed the 

loading behaviors of MB to be adsorbed from the solution expressed in terms of 

reductive concentration defined as the ratio of the outlet MB concentration to the inlet 

MB concentration as a function of time(C/C◦ Vs. time). 

         To study the effect of different glass beads-commercial activated carbon, weight 

ratios were investigated for MB adsorption onto commercial activated carbon by 

adding different weight ratios of(100µm particle size)glass beads to the activated 

carbon bed(500µm particle size).  

      Four experiments were conducted using different weight ratios of(0%, 5%, 10%, 

and 15%). The experimental breakthrough curves are presented in Figure(6), and the 

data of results tabulated in Table(4). 
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        All experiments were conducted at constant conditions, bed depth(0.05m), initial 

MB concentration(0.03kg/m
3
), flow rate(1.70*10

-6
m

3
/sec), particle size of granular 

activated carbon(500µm), particle size of glass beads(100 µm) and solution PH of 5 . 

        Figure(6) shows that a significant increase in the operating time by (23.5%) 

achieved by adding 5% glass beads weight ratio to the activated carbon bed. 

        Increasing the glass beads ratio to 10%, 15% caused the operating time to 

decrease by about 38.5%, and 61.5% respectively, and these additions were achieving 

lower operating time and removal efficiency than pure(0% ratio) activated carbon 

bed. 

      Knowing that the matching between the two mechanisms; static hold-up and 

operating hold-up will save weight of activated carbon and minimize the losses in 

surface area for adsorption. Then, 5% ratio increases the adsorption efficiency of the 

activated carbon through the reduction of dead zones between particles in fixed bed, 

and reduction of losses of adsorption-process through the micro pores.        

 

 

 

 

 

 

 

 

 

 

MB Adsorption, Co = 0.53kg/m
3
, Q  =1.70*10

-6
 m

3
/sec, L = 0.05 m, pH = 5 . 

 
 

 

 

 

 

        

 

 

Pure Carbon 

5% Glass Beads 

10%Glass Beads 

15% Glass Beads 

 

Fig.(6): Experimental Breakthrough Curves for MB Adsorption onto Commercial           

                               Activated Carbon at Different Glass Beads Ratios. 

Equilibrium Adsorption Isotherm of Methylene Blue onto Commercial 

Activated Carbon at 25 ± 1 C
o
 ,Co = 0.03kg/m3, pH = 5 . 

Time (min.) 

C
/C
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Table( 4 ): The Experimental Breakthrough Data for Adsorption of MB onto 

                   Commercial Activated Carbon at Different Glass Beads- Activated     

                   Carbon Ratios, C◦=0.03 Kg/m
3
,Q=1.70*10

-6
m

3
/sec, Bed Depth=0.05 m, 

                        PH= 5 . 

 

 

 

4. Conclusions 
      On the basis of the results obtained, it can be safely concluded: 

♦ The ability of commercial granular activated carbon to adsorp column system. 

    By this study, it can be shown that the potentialities of activated carbon in    colored 

wastewater treatment and adsorption process can be an alternative  treatment 

methods. 

15% Glass beads 10% Glass beads 5% Glass beads 0% Glass beads 

 

C/C◦ Time 

(min.) 

C/C◦ Time 

(min.) 

C/C◦ Time 

(min.) 

C/C◦ Time 

(min.) 

1 1 1 1 1 1 1 1 

1 26 1 26 1 26 1 26 

141355 41 1 41 1 41 1 41 

141393 56 1 56 1 56 1 56 

141996 71 1411998 71 1 71 1 71 

142365 86 1411:2 86 1 86 1 86 

142636 :1 1411:: :1 1 :1 141129 :1 

1428:63 216 141233 216 1 216 0.0192 216 

142::3 231 141275 231 1 231 141321 231 

143226 246 141288 246 1 246 141332 246 

144695 261 141293 261 1 261 141344 261 

145563 276 1412:: 276 1 276 141425 276 

146675 291 141393 291 1411388 291 1414:1 291 

1477695 351 142639 351 141366 351 141577 351 

148236 411 14347: 411 141521 411 141644 411 

149325 471 144652 471 141:22 471 141934 471 

14::62 591 1465932 591 142367 591 142414 591 

2 711 14869:5 711 143675 711 142816 711 

  149:63 831 1446:9 831 143562 831 

  14::12 951 145985 951 144858 951 

  2 :71 146347 :71 14643: :71 

    147922 2191 147623 2191 

    148532 2311 149323 2311 

    149442 2431 14:965 2431 

    14:265 2551 14::64 2551 

    14:665 2671 2 2671 

    14:882 2791   

    14:989 2911   

    14::19 2:31   

    2 3151   
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♦ In batch experiments, the equilibrium isotherms for methylene blue dye onto the 

granular activated carbon are of favorable type. 

   The adsorption data was analyzed by Langmuir and Freundlich adsorption   

isotherms; indicating the appropriateness of the experiments.        

   So that, the Langmuir model gives the best fit for experimental data with higher 

determination coefficient and the equilibrium-parameter, RL was which  confirmed 

that the Langmuir model is favorable.     

 ♦ In continuous flow experiments, a glass beads cheap, easily available material and 

disposed as waste was used to develop the work of activated carbon fixed bed    

adsorber column. 

   Adding 5%(100µm particle size) of glass beads as a weight ratio to the activated 

carbon(500µm particle size) increases the operating time of column by 23.5% 

compared to 0% ratio(activated carbon only).    

   Increasing the glass beads ratio to 10% and 15% decrease the operating time by 

about 38.5% and 61.5% respectively, and therefore makes the adsorption    process 

not efficient compared with pure carbon bed(0% ratio). 

 ♦ The model parameters would be useful for fabrication for the removal of methylene 

blue from colored wastewater.       

      

5. Recommendations 
     Based on the results achieved in this study, the following recommendations can be      

forwarded: 

♦ Using cheap, low cost materials instead of glass beads such as sand and sawdust. 

♦ It is recommended to conduct further works with study the effect of using different     

glass beads-granular activated carbon in continuous system to remove other                 

pollutants such as heavy metals and pesticides from either domesticor or industrial      

wastewater. 

♦ It is recommended to remove organic matter by using biological treatment before        

using of glass beads-activated carbon columns. 

♦ This study may be extended for using another type of adsorbent than activated             

carbon. 
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