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Abstract: Environmental issues have always been a major issue among human kind for the 

past decades. As the time passes by, the technology field has grown and has helped a lot in 

order to reduce these environmental issues. Industries such as metal plating facilities, 

mining operations and batteries production are a few examples that involves in the 

environmental issues. Carbon nanotube is proven to possess excellent adsorption capacity 

for the removal of methylene blue and orange red dyes.  The effect of process parameters 

such as  pH and  contact time was investigated The results revealed that optimized 

conditions for the highest removal for methylene blue (MB) (97%) and orange red (94%) 

are at pH 10, CNTs dosage of 1 grams, and 15 minutes for each dyes removal respectively. 

The equilibrium adsorption data obtained was best fit to Freundlich model, while kinetic 

data can be characterized by the pseudo second-order rate kinetics. 


1. Introduction 

Water is an important factor for a wide range of activities. The main source of contamination in water 

bodies is waste water run-off. Various industries discharge effluents that contain pollutants, which must 

be removed before it is released to the environment [1, 2]. Industrialization, agriculture practices and 

ecology changes are impacting the condition of water resources [3, 4]. Industries such as paper, pulp 

mills, paint, pharmaceutical, cosmetics, photographic, textile, leather, food, plastics and printing use 

huge amounts of dyes every year [5-7]. Large number of organic, inorganic and biological pollutants 

including pesticides, fertilizers, heavy metals, dyes, microbes etc. has been identified as water 

contaminants out of which some have serious side effects and few are believed to be dangerous and 

carcinogenic [3, 8-11]. World Bank appraises that material coloring and treatment contribute up to 17-

20 percent of total industrial water pollution. Various techniques are available for the removal of heavy 

metal and dyes such as coagulation, adsorption, oxidation, chemical precipitation, membrane filtration, 

solvent extraction, electrochemical treatment, liquid-liquid extraction, reverse osmosis, photocatalytic 

degradation [12-14]. Adsorption is considered the most effective because it offers flexibility in 

operation and design; it also has a reversible nature as adsorbents can be regenerated by suitable 
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desorption processes for multiple use [15, 16].     Since discovery of carbon nanotubes (CNTs)  is a new 

member in the carbon family [17]. CNTs have attracted researchers’ interest as a type of adsorbent and 

offer an attractive option for the removal of organic and inorganic contaminates from water [18-21].  

In addition CNTs is used for adsorption because of its unique properties; chemical and physical 

properties, optoelectronic, semiconductor, electrical, mechanical, structural properties, large specific 

surface area and extremely high thermal conductivity [22-24]. Hence, CNTs is most promising 

candidate especially in the field of remediation of toxic heavy metals, dyes contaminated industrial 

waste water [25, 26].  

 In this research, the comparative study on the removal of methylene blue (MB) and orange -red 

using batch adsorption study. The effect of the process parameters such as pH, contact time was 

investigated. Furthermore the kinetic and isotherm studies for the removal of both dyes were 

discussed.  

 

2. Materials and method 

 

2.1 Raw Materials  

Microwave assisted CNTs were obtained from our previous [27]. The dyes used in this research are 

methylene blue and orange red obtained from Merck.  Preparation of stock solution 

 

2.2 Preparation of Stock Solution 

Analytical grade of methylene blue (MB) and orange- red standards which were obtained from Merck 

were used to prepare stock solutions containing 1000 mg/L MB and orange -red which were further 

diluted with distilled water to obtain the required concentrations. In this research, the initial 

concentration of both MB and orange red dyes were set to 2 mg/L and prepared stock solution was 

used to batch adsorption experiments 

 

2.3 Adsorption Experiment  

The batch adsorption experiment was carried out using prepared stock solution with 2mg/L of both 

initial dyes concentration.  The lower and upper values of each parameter (pH, and contact time) were 

chosen based on previous study on the removal of MB and orange red. The effect of process 

parameters such as pH (2 to 11) and contact time (10-50) using single factor optimization.  The height 

of bed height was fixed 2cm (1 gram of CNTs). The experiments were carried out at constant room 

temperature. The pH values of the dye stock solutions were altered by using either 1.0 M of 

hydrochloric acid or 1.0 M of sodium hydroxide, depending on the value of desired pH. For the 

removal of MB and orange-red with fixed height (2 cm) which is used in this research, its adsorption 

capacity at time t was determined by using (1). As for the adsorption equilibrium of the dye, it was 

determined based on (2). 

                  
( )t

t

C C V
q

m
         (1)       
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e

C C V
q

m
        (2) 

Where Co represents the initial concentration of the dye solution (mg/L), Ct is the concentration of 

dye solutions at time t (mg/L), Ce is the concentration of dye at equilibrium, V is the volume of dye 

solution (L) and m is the weight of magnetic biochar adsorbent used (g). 

 

2.4 Characterization of Dye Removal   
The physical properties, structure, and morphology of microwave assisted CNTs were reported earlier. 

Fourier transform infrared (FTIR) spectroscope (Bruker, USA) was used to analyse the before and 
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after adsorption of dye on the surface of CNTs for the determination of the surface functional groups. 

All pH measurements were carried out using Mettler Toledo type (MP220 model, USA). The removal 

of dyes concentrations were measured by using the UV-Vis Spectro (U-29010 double beam, Perkin 

Elmer)  

3.  Results and discussion 

 

3.1.1. Effect of pH on removal of MB and orange red 

The pH factor is an important factor for the uptake of MB and orange red  because the pH of a 

medium manipulates the magnitude of the electrostatic charges which are imparted by the ionized dye 

molecules [28, 29]. The pH factor causes the chemical characteristics of both adsorbent and adsorbate 

[30]. Hence, the rate of adsorption varies greatly in different mediums with different pH values. Fig 

1(a-b) shows the effect of pH on removal of MB and orange-red respectively.  From the observation as 

pH increase from pH2 to pH 10 increasing rapidly for both dye removal [31]. This is due to the pH 

increases, the number of H
+
 ions decreases, therefore making the process more favourable.  Further 

increase in   pH 11 decrease in removal of both dyes was observed probably due to the presence of 

excess of OH ions competing with the dye anions for the adsorption sites [32-34].  In addition, an 

increase in pH will cause the density of the surface charge to decreases and this causes a lowering in 

the electrostatic repulsion between the surface of the CNT and the charge of MB and orange-red 

therefore the rate of adsorption increases. [35, 36]. Hence pH plays a vital role in adsorption of dye 

removal.  

 
Figure 1. Effect of pH on (a) MB and (b) orange-red removal 

 

3.2 Effect of contact time on MB and Organe-red 

Figure 2 (a-b) shows the effect of contact time on removal of MB and orange-G respectively.  It was 

observed as contact time increases from 10 min to 15 min rapid increase in removal of MB (99%) and 

orange-G (94 %) was observed.   This is due to adsorption sites are vacant initially and the 

concentration gradient of solute is very high at the beginning of contact time. Further increase the 

contact time decreases percentage of removal of dyes was observed. The initial rapid rate of 

adsorption may be due to the availability of the positively charged surface of the adsorbent for anionic 

MB and orange-red species present in the solution. Occupation of the remaining vacant sites did not 

take place due to the high repulsive forces between the molecules of the dye at the adsorbent surfaces 

and in the bulk solution [37].  
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Figure 2. Effect of contact time on MB and orange-red removal. 

 

3.3 Adsorption kinetic studies of MB and orange-red 

The experiments for kinetic study were carried out for 2h minutes where three different pH values and 

initial concentration of the dye stock solution were used for the runs. From these three different 

beakers with different pH values of pH 4, pH 7 and pH 10 with initial concentration of 2 mg/L of MB 

and orange red respectively. The dye solution was measured every 5 minutes where later on the 

concentration at that specific time was checked by using the UV-Vis Spectrophotometer. Figures 3(a) 

and 3(b) are graphs of amount of dye adsorbed at time t, qt against the contact time for MB and 

orange-red respectively.  Adsorption of high initial concentration (2mg/L) results in an increase in the 

adsorption uptake due to increase in driving force leading to higher adsorption rate [14].  From the 

observation the rapid equilibrium was reached both dyes at 15 miniatures and completed equilibrium 

was reached at 60 minutes. No significant additional adsorption was observed after 60 minutes. The 

contact time was thus maintained for 2 hr to ensure that the equilibrium could be achieved. These 

results was good agreement with  others researchers  [13, 31]. 

 

 
Figure 3 (a-b). The effect of contact time on adsorption capacity (a) MB, (b) orange-.red 
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 3.3.1 Adsorption kinetic study of MB and orange- red 

In this research, the equilibrium data for the adsorption of the two dyes with varying concentrations of 

were fitted to two important equations; Langmuir equation and the Freundlich equation. The Langmuir 

isotherm could give a good relation between the solid phase concentration at equilibrium, qe and 

equilibrium concentration of the dye solution, Ce, as shown in (3).   

 

 

1

L

e

e m

e

m

C C

q k q q
                                                                       (3) 

  

 Where Ce (mg/L) is the equilibrium concentration of dye solution, qe is the amount of dye adsorbed 

at equilibrium (mg/g), KL is the adsorption equilibrium constant (L/mg) and qm is a constant and it 

reflects a complete monolayer (mg/g). KL is a constant which links the affinity of the binding sites and 

qm represents the maximum adsorption capacity of the magnetic biochar as adsorbent. 

 Fig. 4(a-b) are the linearized Langmuir models of Ce/qe against Ce for isotherm studies for the 

removal of methylene blue and orange red dyes respectively. From these two figures, the values of KL 

and qm can be obtained. According to Fig. 4, the calculated value of qm was found to be 45.66 mg/g 

and KL to have a value of 0.17755 L/mg and for Fig. 4(b), the qm value was calculated to be 31.26 

mg/g and KL is 0.384 L/mg. The Langmuir isotherm produces good fits over the range of 

concentration for the removal of these two dye solutions with R
2
 values of 0.89 and 0.98 for methylene 

blue and orange red respectively. Another model of equation to be studied is the Freundlich model. 

Equation (4) shows the Freundlich equation for heterogeneous surface energy systems.  

 

                         e e

1
ln ln lnFq K C

n
                                                                 (4)  

                   

 Where KF and n are both the Freundlich constants that will be determined from the plot of ln qe 

against ln Ce. KF and 1/n are interrelated to both the sorption capacity as well as the intensity of the 

sorption of the system. Besides, from the magnitude of the 1/n term, one can determine the 

favourability of the sorbent/adsorbate systems [8]. Fig. 5(a-b) are plots of the Freundlich adsorption 

isotherm for the removal of methylene blue and orange red dyes respectively. From observation it is 

found that the relationships between the uptake of dyes, qe (mg/g) and the residual dye equilibrium 

concentration, Ce (mg/L) based on (6) were shown. Figure 5(a), the value of n is 1.462 and KF to have 

a value of 7.422 (mg/g) (mg/L)
 1/n

 and the R
2
 value is 0.9310. As for the removal of orange red based 

on Fig.5 (b), the KF value is 1.462 (mg/g) (mg/L)
1/n

 and n is 1.83. The R
2
 value for the removal of this 

dye was found to be 0.96 and 0.989 for MB and orange red.  Table 1 shows   isotherm constant for 

both Langmuir and Freundlich isotherm.  

 

 

Table 1.  Isotherm parameters for dyes removal 

 

 

 

 

 

 

 

 

 

 

Adsorbent 

Langmuir Isotherm Freundlich Isotherm 

qm 

(mg/g) 

KL 

(L/mg) 
R

2
 n 

KF 

(L/mg) 
R

2
 

MB 45.66 0.1775 0.8996 1.462 7.4224 0.9653 

 Orange-

red 
31.26 0.3844 0.98 1.832 9.148 0.998 
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   Figure 4. a) Langmuir adsoption MB and b) orange- red 

 

 

 
Figure 5.  a) Freundlich isotherm MB b) orange- red. 

 

The kinetic studies for the pseudo-first order and pseudo-second order were also carried out in this 

research. The purpose of carrying out this study is to develop a better understanding on the dynamics 
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of adsorption process. The linearized equations 5 and 6 are both are used to study the pseudo-first 

order and second order models respectively. 

 

1
e elog( ) log ( )

2.303
t

k
q q q t                                                           (5) 

 

                  
2

2

1 1

.t e

t

q K q q
                                                                                                              (6)  

 

where qe represents the amount of dye being adsorbed onto the adsorbent at equilibrium (mg/g), qt 

represents the amount of dye being adsorbed onto the adsorbent at time t (mg/g), K1 (min-1) is the rate 

constant for pseudo-first order adsorption and K2 (g mg-1 min-1) represents the rate constant for the 

pseudo-second order adsorption. . Besides that, according to the calculated values on Tables 2 and 3, 

the obtained R
2
 values for pseudo-second order that are approaching unity are way higher than that of 

pseudo-first order. Also, the values of qe and K2 for pseudo-second order are proven to be consistent 

with the pH values 

  

 

 

 

Table 2. Pseudo-first-order and pseudo-second-order kinetics for adsorption of MB and orange red 

 

               MB Orange Red 

pH 
qe 

 (mg/g) 

K1  

(min
-1

) 
R

2
 

qe  

(mg/g) 

K1 

 (min
-1

) 
R

2
 

2 41.5 0.0001 0.7006 27.48 0.0001 0.851 

6 41.21 0.0001 0.7216 27.98 0.0001 0.794 

10 40.65 0.0606 0.5574 28.22 0.0001 0.896 

 

Table 3. Pseudo-second-order kinetics for adsorption of MB and orange red 

 

                MB Orange red 

pH 
qe 

 (mg/g) 

K2  

(g/mg min) 
R

2
 

qe  

(mg/g) 

K2 

 (g/mg min) 
R

2
 

2 5.48 0.0180 0.998 5.82 0.0246 0.999 

6 5.71 0.0183 0.998 5.31 00264 0.999 

10 5.96 0.0311 0.999 5.12 0.0223 0.999 

  

3.4. Characterization of dyes Removal 

  

3.4.1 FTIR analysis of dyes 

Figure 6 (a-c) shows the FTIR image for the surface functional group of the raw CNT, MB and 

orange-red. The results indicate that the functional groups have been successfully impregnated on the 

surface of the adsorbent. The main bonds that represent the vibration of functional groups on the 

surface of CNTs. Figure 6 (a) shows less functional on the surface of CNTs was observed after 

adsorption of MB and orange-red as shown in figures 6(b-c).  The peak at approximately 3500 cm
−1

, 

shows characteristic of an H bonded O–H stretch on the CNT. Peak at 700-610 cm
-1

 represents alkynes 

group with –C≡C–H: C–H bond in CNT. A sharp peak at approximately 1600-

1750 cm
−1

 corresponding to C O stretching vibration of the carboxylic acid on the CNT. A strong 
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peak appears at 2850 and 3000 cm
−1

 due to the C–H stretching in the adsorbent. The spectra of both 

dyes displays all characteristic peaks of the bonds in dyes, namely 1150 cm
-1

 due to C–H stretching 

vibrations in aromatic ring, 1650 cm
-1

 due to C=C stretching vibrations in aromatic nuclei, 2900 cm
-1

 

due to C–H stretching vibrations of the crystal violet and a broad peak at 3400 cm
-1

 due to the 

presence of O–H bonds of the water molecules adsorbed on both dyes. The spectra of Copper metal 

display the peaks of bonds, 3200-3500cm
-1

 O–H stretch, 1680–1640cm
-1 

–C=C– stretch for alkenes 

functional group and C-H bond at 900-675cm
-1 

having aromatic functional group. These results was 

good agreement with other researchers [29, 38].  

 

 
Figure 6. FTIR Images of a) Raw CNTs, b) MB C) orange –red 

 

3.4.2 FESEM Analysis of dye 

The CNT used for this research were analysed by using the Field Emission Scanning Electron 

Microscopy (FESEM) where Figure 7 (a-b) shows the morphology of the CNT. Figure 7 (a) shows the 

raw image of CNT before adsorption whereas Figure 7(b) shows after adsorption of dyes onto CNT 

with magnification scale of 1 µm. As it can be observed from Figure 7 (a), it is clearly shown that the 

surface texture of this raw CNT has a rather smooth surface and few pores can be seen on the surface. 

Figure 7 (b) shows the tubes after adsorption they open up as some functional groups on the surface of 

CNTs during adsorption therefore the surface is less smooth compared with the raw CNT. Similar 

observation was observed in previous researchers [39, 40] 

 

 

                                                         

 

 

 

 

 

 

 

 

                        

 

 

 

 

  Figure 7. FESEM images of (a) raw CNT and (b) CNT after adsorption from dye. 

 

 

 

(a) 
 
0) 

(b) 
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4. Conclusion 

Carbon nanotube is proven to possess excellent adsorption capacity for the removal of MB and orange 

red dyes. The process parameters for the maximum adsorption of MB and orange red dyes were pH 

10, adsorbent dosage of 1.00 gram, and contact time of 15 minutes respectively. The equilibrium data 

for this research fitted very well in both Langmuir and Freundlich isotherms but was best described by 

the Langmuir model with a maximum adsorption capacity of 45.66 mg/g for methylene blue and 31.6 

mg/g for MB and orange red respectively. As for the order of the reaction, the rates of adsorption for 

both dyes were found to comply with the pseudo-second order kinetic model. 
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