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Abstract 

In this study, sewage sludge as alternative non-conventional 

and inexpensive sorbent was investigated in laboratory scale 

for removal of methylene blue dye from aqueous solution. 

The sewage sludge as dead biomass was chosen from drying 

bed basins of a conventional waste water treatment plant. 

Characteristics of sewage sludge was studied by laser particle 

size analyzer, X-Ray Diffraction, and Brunner fmmet Teller. 

The results batch flow experiments showed that the removal 

efficiency was 98%, at optimum experimental conditions: pH 

6, agitation speed 250rpm, MB dye concentration 40mg/L, 

adsorbent dose 3g/L, and contact time 20min. Langmuir 

adsorption isotherm was the best model for the adsorption of 

MB qmax of 39.2 mg/g, and coefficient of determination 𝑅2 of 

0.993.  Experiments of continues flow were carried out, at 

25±1⁰C, fixed flow 5 mL/min, pH 6, to study the parameters, 

initial MB dye concentration and bed height. The results 

explain, that the best initial MB dye concentration was 40 

mg/L, when the bed height is 2 cm. While the best bed height 

is 4 cm, when initial MB dye concentration 40 mg/L.  

Keywords: Biosorption, adsorption, methylene blue, sewage 

sludge 

 

INTRODOCTION 

The wastewater contains a high amounts of both organic 

matter and colorants (dyes) that were caused pollution of the 

environment. This is because of changing pH, chemical 

oxygen demand (COD), dissolved oxygen concentration, and 

biological oxygen demand (BOD) of water. These causes 

serious hazards to aquatic living organisms, because they are 

toxic and carcinogenic. However, this is due to the fact that 

many of the dyes were made from hazardous materials that 

can cause a lot of cancers, such as; benzidine, naphthalene and 

other aromatic compounds [Wong, et al., 2004; Kyzas, and 

Lazaridis, 2009, Saraya, and Aboul-Fetouh, 2012, Bedekar, et 

al., 2014]. 

Methylene blue (MB) is a one of the most frequently used 

dyes in all industries, [Ho, et al., 2009]. It is a basic dye has a 

wider applications, which include coloring paper, temporary 

hair colorant, dyeing cottons, wools, etc. However, MB with 

the molecular formula C16H18CIN3S. XH2O [X=2-3] 

(molecular weight 319.86 g/mol), [Cheung, et al., 2009]. 

Biological materials which were used to accumulate and 

concentrate dyes from aqueous solution are termed as bio 

adsorbents in biosorption that is developed in the 1990s. The 

bioadsorbents are biodegradable polymers present in nature. 

Because of their structure they allow the adsorption of 

different species of the dyes. Recent years have seen a 

renewed focus on sewage sludge (SS) recycling. Sewage 

sludge is a by-product of wastewater treatment and it contains 

organic and inorganic compounds, [Hu, and Hu, 2014]. 

In recent years, a number of inexpensive alternative 

adsorbents from available materials, biosorbent, and waste 

materials from industry and agriculture, [Zou, et al., 2012]. 

Many factors that affect the decision of choosing an adsorbent 

for removal of pollutants from water such as: economical 

factor (cost of the adsorbent), abundance, availability and 

effectiveness of the adsorbent, [Ebrahim, et al., 2015].In 

recent years, biosorption has been strongly recommended as 

an economically viable sustainable technology for the 

treatment of wastewater streams. It is now in the focus and 

consideration of all nations, owing to its low initial cost of 

application in the decoloration process, simplicity of design, 

ease of operation, insensitivity to toxic substances and 

complete removal of pollutants even from dilute solutions, 

[Saha, et al., 2012]. 

However, the problem statement for the current research is 

about the   synthetic dyes disposing from many textile 

industrial spread along Tigris and Euphrates rivers, which 

causes serious hazards to aquatic living organisms and 

environment, dye removal from wastewater before disposal to 

the ecosystem such as the human diet is very important 

because it is damage to the environment. Therefore, there is 

an urgent need for developing cost effective and 

environmentally friendly processes to remove them from 

waste water and to safeguard the health of affected citizens. 

The objectives of the study is development of a non-

conventional and suitable adsorbent sewage sludge that show 

a high adsorption capacity at low cost as a promising route to 

selectively remove basic dye from aqueous solution. Also to 

enhance the trends in Iraq on new materials highlight of the 

importance of using wastes as production starting materials by 

reuse and recycle to minimize the environmental problems 

associated with their build-up and reduce the use of noble 

starting materials . 
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EXPREMENTAL WORK 

Adsorbate Methylene Blue dye (MB) 

Stock solution of methylene blue was prepared by dissolving 

in distilled water at desired concentrations (40, 60, 80, 100 

and 120) mg/L. The pH of the working solutions for both 

batch and column experiments was adjusted by adding HCL 

or NAOH. adsorption experiments were carried out at room 

temperature of 25±1°C. 

 

Adsorbent Sewage Sludge  

The sewage sludge used in this study was chosen as a 

promising treatment medium, as a dead biomass. This 

material was washed with distilled water for several times to 

remove any non-adhesive impurities and small particles, then 

dried at atmospheric temperature for 5 days. In addition, dried 

at 105°C for 12 hours prior to usage to insure drying, then it 

crushed and sieved into particle size (≤75 µm) diameter (200) 

mesh. 

 

CHARACTRISTICS OF SEWAGE SLUDGE  

Particle Size Analysis of Sewage Sludge 

The Sewage Sludge (SS) had a particle size multi distribution 

ranged from (0.212 to 130) μm, the major distribution nearly 

23 μm as shown in Fig.14810. 

 

X-Ray Diffraction (XRD) for Sewage Sludge (SS) 

The results of X- ray diffraction of sewage sludge that is 

explain two major type of chemical compound CaCo3 

(Calcium Carbonate) and SiO2 (Silicon Oxide) are shown in 

Figure 2.  

 

 

 

Figure 1: Particle Size Analysis of Sewage Sludge 

 

 

Figure 2:  Analysis Data of XRD Patterns for Sewage Sludge Powder.
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Brunauer–Emmett–Teller (BET) 

The most commonly measurement used of the utility of an 

adsorbent is a Brunauer, Emmett and Teller (BET), which is 

typically calculated from its nitrogen gas uptake. The surface 

area of SS was found 42.45 m2/g. 

 

SORPTION STUDIES  

Batch Flow Experiments 

Effect of adsorbents dose and agitation time  

A series of experiments were carried out at 25±1⁰C with 

initial MB concentration (40, 60, 80, and 100) mg/L, pH (4, 6, 

and 8), agitation speed (S) =250 rpm, various contact time (T) 

(20, 40, 60, 80, and 100) min., and the amount of dosage (1, 2, 

3, 4, and 5) g/L. 

Figures 3 to 5, the adsorbent dosage effect on the MB removal 

efficiency with various parameters mention above. It can be 

observed that removal efficiency improved with increasing 

adsorbent dosage from 1g/L to 5g/L at various initial MB 

concentration. This was expected, because the higher dose of 

sorbents in the solution, the greater availability of sorption 

sites. This means that the MB removal efficiencies will be 

provided because of, the more adsorbent particles, more (SS) 

surface-active location for collision with MB to accelerate. 

This also suggested that the maximum sorption sets, generated 

after a specific dose of sorbent, however, the amount of MB 

bound to the sorbent and the amount of these sorbate in 

solution remained constant even with further addition of the 

sorbent dose. So at C0 = 40 mg/L of MB and pH=6, there is 

no significant effect can be noticed after using more than 3g/L 

of sewage sludge at 20 min. which have removal efficiency 

about 98%, so it can be consider as the optimum dosage. From 

the other side, agitation time effect on the adsorption of MB 

dye was studied by sewage sludge adsorbent as shown the 

same Figs. mention above. These Figs. also shown that the SS 

reached the equilibrium adsorption nearly 20 min. 

 

 

Figure 3: Removal Efficiency of MB by SS as a Function of Contact Time and Adsorbent Dose,  

(Co=40 mg/L, pH=4, Temp.=25±1°C, S=250 rpm). 

 

 

Figure 4: Removal Efficiency of MB by SS as a Function of Contact Time and Adsorbent Dose,  

(Co=40 mg/L, pH=6, Temp.=25±1°C, S=250 rpm). 
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Figure 5: Removal Efficiency of MB by SS as a Function of Contact Time and Adsorbent Dose, (Co=40 mg/L, pH=8, 

Temp.=25±1°C, S=250 rpm). 

 

 

 

Figure 6: Effect of Initial MB Concentration on Removal Efficiency by SS at, ( pH=6; Dose= 3 g/L; S =250 rpm; T =20 min). 

 

Effect of Initial MB Dye Concentration 

Figure 6 shows the time profile of MB adsorption on SS at 

different initial MB concentration (40, 60, 80, 100, and 120) 

mg/L. The removal efficiency was decreased from )98.05% to 

90.12%) when the methylene blue concentration was increase 

from 40 to 120 mg/L. This is due to the more MB molecule is 

available at higher initial dye concentrations, and higher initial 

dye concentrations provide higher driving force to overcome 

the mass transfer resistance of the dye between the aqueous 

phases and the solid phases, resulting in more collisions 

between MB molecule and active sites on the adsorbent, 

which agreed with the results obtained by, Ai, et al., 2011. 

 

Effect pH of the solution 

Figure 7 shows the adsorption uptake versus the different pHs 

(4, 6, and 8) at 40 mg/L initial MB concentration, and 

adsorbent dosage 3 g/L for SS. 

In this study, the pH did not importantly effect the dye 

removal. The maximum removal efficiency was found to be 

98.05% at pH 6. Above and under this point, adsorption of 

methylene blue on adsorbent tends slightly to decrease, but it 

enhanced adsorption took place in pH ranged from (4 to 6). 

This may  be  attributable to the  fact, that MB (basic dye) is  a 

cationic  dye  and  the  adsorption is  primarily  due  to surface  

charge  of  the  adsorbent. At a higher pH, the surface of the 

biosorbent becomes positively charged, while at lower pH, it 

becomes negatively charged. 

For sewage sludge, the removal efficiency in the present work 

remained nearly constant in the pH ranged from (4 to 8), and 

therefore, the adsorption of methylene blue on this adsorbent 

might be attributed to weak electrostatic interactions between 

the dye molecules and the solid surface. 
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Figure 7: Effect of pH on Adsorption of MB by SS, (C₀=40 mg/L, Dose= 3 g/L, Temp.= 25±1°C, S =250 rpm , T =20 min). 

 

Figure 8: Effect of Agitation Speed on Removal Efficiency of MB by SS, (pH 6, Dose=3 g/L, C0=40 mg/L, T =20 min). 

 

Effect of agitation speed 

The removal efficiency of MB was studied by varying the 

speed of agitation from (50 to 250 rpm) and keeping other 

parameters equal to best ones obtained in the previous steps. 

Figure 8 shows that with the increase in shaking rate, the 

removal of MB was increase. When agitation speed increased 

from 50 to 250 rpm happen gradual increase in MB uptake, in 

which about 95% of MB concentration was removal by IOs. 

 

Particle size effect 

MB adsorption was also investigated at four particle sizes, 

(≤600), (≤300), (≤150), and (≤75) µm British Standard Sieve 

(UTEST) mesh. Fig. 9 shows, the adsorption increases to 

some extent, with decreased particle size. There are two 

explanations: first that the smaller the adsorbent particle size 

for a given mass of adsorbent, the more surface area is 

available and as a consequence the greater the number of 

binding sites available. Second that could not be due to any 

substantial increase in surface area. It shows that large 

molecules of dyes are not able to penetrate into some of the 

interior pores of the particles when their size is large. 

Apparently access to all pores is facilitated as particle size 

becomes smaller, resulting in higher adsorption. As particles 

of size (≤75–≤600) µm exhibit maximum adsorption capacity, 

all further detailed studies were done with this fraction only. 

The same results were reported by, Ho, et al., 2001 and 

Bhatnagar, and Jain, 2005. 

 

Figure 9: Effect of Particle Size on Removal Efficiency of MB by SS, (pH 6, Dose=3 g/L, C0=40 mg/L, T=20 min). 
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Equilibrium Isotherm Experiments 

Figures 10 and 11 exhibit Langmuir and Freundlich plots, for 

the adsorption of MB onto SS adsorbent, and different 

Langmuir and Freundlich constants and coefficients of 

determination 𝑅2 derived from these plots are presented in 

table 1. To find the most appropriate model for the 

MB adsorption; data were fitted to Langmuir and Freundlich 

isotherm models. Results revealed that Langmuir adsorption 

isotherm was the best model for the MB adsorption onto SS, 

with 𝑅2 equal to 0.993.  

l Continuous Flow Experiments (Column Test) 

This experiment was useful in understanding and predicting 

the behavior of the process. In order to investigate the effect 

of initial MB dye concentrations (C0), and bed depth (H) , on 

the behavior of the adsorbent column, the column (Pyrex glass 

tube of 100 cm height, and 2.5cm internal diameter) was 

packed with (SS) at different depths  (1, 2, 3, and 4) cm. The 

sample of aqueous solution was passed through the adsorption 

column with a flow rate (Q) of 5mL/min, initial concentration 

of MB dye 40mg/L, and pH 6. The flow rate was kept 

constant by controlling the flow meter. The concentration 

effluent of (MB) samples were collected at specified time 

intervals and measured for the remaining dye by a 

colorimetric method, which was spectrophotometrically 

analyzed at a wave length of 663.5nm. The flow to the column 

was continued until the effluent MB concentration Ce 

approached the influent MB concentration C0, (Ce/C0= 0.99). 

The concentration of collected volume was determined 

spectrophotometrically and the sigmoid type of curve was 

obtained. The column was assumed to be exhausted when 

90% dye was obtained in output.  

 

 

 

 

Figure 10: Langmuir Isotherm for Sorption of MB on Sewage Sludge, (pH=6; Dose=3 g/L; S=250 rpm; T=20min). 

 

 

Figure 11: Freundlich Isotherm for Sorption of MB on Sewage Sludge, (pH=6; Dose=3g/L; S=250 rpm; T=20min). 

 

Table 1: Sorption Isotherm Constants for MB sorption on SS. 

Adsorbents Langmuir constants Freundlich constants 

𝑞𝑚𝑎𝑥(mg/g) b (L/mg) R2 KF(mg/g) 1/n R2 

Sewage Sludge (SS) 39.2 0.67 0.993 16.64 0.3298 0.934 

y = 0.0255x + 0.0382
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Figure 12: Experimental Breakthrough Curves for Adsorption of SS at Different Initial MB Concentration,  

( H=2 cm, Q=5 mL/min, pH=6). 

 

 

Figure 13: Experimental Breakthrough Curves for Adsorption of MB at Different Bed Depth of Sewage Sludge,  

( C0=40 mg/L, Q=5 mL/min, pH=6). 

 

Effect of Initial MB Dye Concentration  

Fig. 12 showed both the breakthrough and exhausting time 

decreased with increasing initial MB concentration. It could 

be seen, that when increase initial MB concentration to 100 

mg/L, the percent of MB removal decreased, because the 

binding sites became more quickly saturated in the column. A 

decrease in the MB concentration gave an extended 

breakthrough curve indicating that a higher volume of the 

solution could be treated. This was due to the fact that a lower 

concentration gradient of 40 mg/L caused a slower transport 

due to a decrease in the diffusion coefficient or mass transfer 

coefficient. 

 

Effect Bed Depth of Adsorbent 

Fig. 13, the results showed both the breakthrough and 

exhausting time increased with the increase in the bed height. 

A higher MB uptake was also expected at a higher bed height 

due to the increase in the specific surface of the (SS) which 

provided more fixation binding sites for the MB to adsorb. 

The increase in the adsorbent mass in a higher bed provided a 

greater service area which would lead to an increase in the 

volume of the solution treated.  

 

CONCLUSIONS 

The present study shows that the sewage sludge  has 

advantages over other media, due to its low cost as well as 

environmental benefits in terms of reusing the solid wastes. 

This reactive material has been shown to be environmentally 

safe, possess stability and sufficient permeability. Batch flow 

experiments results indicated, the removal efficiencies were 

improved with increasing sorbent dosage, contact time, 

agitation speed, but it worsen with increasing initial 

concentration of MB dye, particle size of adsorbents.  

The equilibrium isotherm for adsorbed of MB on sewage 

sludge is a favorable type, and was well represented by 

Langmuir equation. The breakthrough and exhaustion time 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Co= 100 mg/L

Co= 80 mg/L

Co= 60 mg/L

Co= 40 mg/L

Time, hr.

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50 60 70 80 90 100

H=1 cm
H=2 cm
H=3 cm
H=4 cm

Time, hr.



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 14810-14817 

© Research India Publications.  http://www.ripublication.com 

14817 

decreased with increasing initial MB concentration, and the  

breakthrough point showed increase  in bed height , the  break  

point  increases  suggesting that smaller bed height adsorbs 

less dye as  compared to bigger  bed heights.    
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