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Abstract: In the present investigation, Waste Activated Carbon (WAC) collected from domestic water 

filter has been used for the removal of two cationic dyes methylene blue (MB) and malachite green 

(MG) from synthetic solution. The surface of WAC is characterized to know the mechanism of 

adsorption reaction and the effect of different adsorption parameters like pH, temperature, contact 

period, adsorbate and adsorbent doses are also studied for the said adsorption study. The optimum 

contact times for MB and MG adsorption on WAC are 60 and 120 minutes respectively, whereas pH is 

having no significant effect on adsorption. However, % adsorption increases slowly with the increase 

of pH from 2.5 to 7. Adsorption of both the dyes on WAC is exothermic, spontaneous, and favorable in 

nature. Langmuir isotherm and pseudo-second-order kinetics are obeyed well. Langmuir’s maximum 

monolayer adsorption capacities are found to be 15.38 and 18.87mg/g for MB and MG, respectively. 

Temkin isotherm, and Morris-Weber equations are also obeyed well. Temkin’s isotherm concludes the 

physicochemical nature of adsorption, and Morris Weber equation indicates possibilities of intraparticle 

diffusion. The interaction between these two cationic dyes and WAC can be explained through 

electrostatic force of attraction or by hydrogen bonding. 

Keywords: Methylene blue; malachite green; waste activated carbon; adsorption capacity; adsorption 

isotherm; intraparticle diffusion. 
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1. Introduction 

Dye industries discharge colored water to the water bodies, which causes water 

pollution. Presently, more than one lakh synthetic dyes are available whose production over 

the year is 7x105 tonnes [1]. Water quality is recognized primarily by its color. The presence 

of even a very low concentration of dye (< 1ppm) also results in an undesirable color of the 

water. Among the various dyes, azo dyes are most commonly used, and it accounts for the 60 

– 70% of the total dye production [2]. Methylene blue (MB) is an azo dye that is commonly 

used for the coloring of silk, cotton, and wood. Its presence in the water causes several health 

disorders like eye burn, permanent injury to the human and animal eyes. It also causes breathing 

problems with a burning sensation. It may also cause mental confusion, metha moglobinemia, 

vomiting, nausea, and profuse sweating, etc. [3]. Similarly, Malachite green (MG) is another 

azo dye that is also used for coloring cotton, paper, jute, silk, wool, acrylic, and leather 

products. It is also used for coloring food agents, food additives, medicinal disinfectants, 

commercial fish hatching industries, and many more. Its presence in water also causes several 
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health injuries like damage to the nervous system, brain, liver, spleen, kidney, and heart. It also 

acts as a respiratory enzyme poison [4]. 

Dye concentration from the aqueous solution can be reduced by different treatment 

methods. These are sonochemical and photocatalytic degradation, cation exchange membranes, 

electrochemical degradation, solar photo-Fenton, and biological processes. These traditional 

methods cannot remove synthetic dyes from water and wastewater effectively [5]. Adsorption 

is a method that is considered simple, efficient, and economical for dye removal [6]. In the 

adsorption method, varieties of materials, either natural or synthetic, can be used as adsorbents 

[7]. However, carbon and its compounds are widely used for purification of various water 

sources as these adsorbents have a vast network of internal pores with the high surface area. 

So, these are considered as universal adsorbents [8]. Different carbon wastes are also reported 

to act as excellent adsorbents by a number of researchers [9,10]. The use of waste carbon and 

other waste materials for decontamination of polluted water is preferred because of its cost-

effectiveness. Therefore, vast research is being carried out for the removal of various 

contaminants from aqueous solutions using different wastes, including carbon. MB and MG 

have also been tried widely for their removal by various low-cost adsorbents. The selection of 

suitable adsorbents for the removal of dyes is greatly dependent on the physicochemical 

characteristics of dyes. Dyes are generally classified based on their structural variation and 

application to the fabric. The physicochemical characteristics of MB and MG are given below 

in Table 1 [11,12]. 

Table 1. Physicochemical characteristics of both the dyes. 

Parameters Methylene Blue (MB) Malachite Green (MG) 

 

Molecular formula 

 

C16H18ClN3S 

 

C23H25ClN2 (chloride) 

Molecular weight 319.85 g/mol 364.911 g/mol (chloride) 

IUPAC name 3,7-bis(Dimethylamino)-phenothiazin-5-ium 

chloride 

4-{[4-

(Dimethylamino)phenyl](phenyl)methylidene}-

N,N-dimethylcyclohexa-2,5-dien-1-iminium 

chloride 

Molecular structure 

 

 
Other names Basic blue 9 Aniline green; Basic green 4; Diamond green B; 

Victoria green B 

Maximum 

wavelength  

670 nm 618nm 

 

In the present investigation, removal of MG and MB from the synthetic aqueous 

solution has been tried with activated carbon collected after use as waste from the domestic 

water filter. The carbon used in a water filter is usually silver-impregnated activated carbon, 

which has been used earlier by Mishra and her coworkers for the removal of Cu(II) and Cr(VI) 

separately from aqueous solutions [13,14]. The main objective of this research article is (i) to 

carry out a detailed adsorption study for the removal of MB and MG by this waste activated 

carbon (WAC) varying different adsorption parameters (ii) characterization of the adsorbent 

and (iii) isotherms/kinetics interpretation of the data to find out the mechanism of adsorption. 
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2. Materials and Methods 

 2.1. Adsorbate and adsorbent. 

A stock solution of 1000 g/L of each dye (MB and MG) was prepared separately by 

dissolving the required amount of dye in double-distilled water. The above stock solution was 

diluted to the desired concentrations required for various adsorption experiments. In domestic 

water filters, silver-impregnated activated carbon is used as water purifiers. It is prepared by 

activating coconut shell carbon at high temperatures in controlled conditions. After discarded 

from the water filters, it was collected, washed with deionized water several times, followed 

by oven drying at 100oC for two hours. Then these dried samples were kept in air prevented 

sample bottles for use. 

2.2. Characterization of the adsorbents. 

XRD (X-Ray Diffraction) of WAC was taken using Rigaku Ultima-IV X-Ray 

Diffractometer. JASCO FTIR instrument-4100 was used for FTIR (Fourier Transform 

Infrared) analysis using adsorbent:KBr pellet ratio of 1:100. The point of zero charge (pzc) was 

determined using the Solid addition method. The specific surface area of WAC was measured 

by BET (Brunauer-Emmett-Teller) method following the N2 adsorption-desorption method by 

Micromeritics ASAP 2020 BET analyzer at 77K. The % moisture content and % mass loss on 

ignition were analyzed after keeping the required amount of WAC samples in the oven and 

furnace at 105oC and 600oC, respectively, for 2 hours each. The formula shown in equation 1 

was used for the determination of both % mass loss and % moisture content. 

% mass loss or, % moisture content = 
W2−W3

W2−W1
 x 100     (1) 

Where,  W1 - Weight of  the empty crucible, g  

W2 - Weight of the sample with crucible before heating, g and  

W3 - Weight of the sample with crucible after heating, g. 

The pH was determined to take 1g of adsorbent in 100ml of double-distilled water. 

After stirring for 1hr, the pH of the solution was measured using a pH meter. The density was 

measured by the water displacement method. The ratio between mass and displaced volume of 

water gives adsorbent density [14]. 

2.3. General procedure for batch adsorption study and analysis. 

Various adsorption experiments were carried out batch-wise by constantly agitating the 

dye solution containing a fixed amount of WAC by magnetic stirrer maintained at a constant 

temperature. In most of the cases, 1g of the adsorbent was mixed with 50ml of dye solution. 

During adsorption experiments, samples were taken at different time intervals, and the 

concentration of MB and MG in the solution was determined by an Elico SL-244 double beam 

UV-Visible Spectrophotometer at wavelengths of 670 and 618nm respectively. The dye 

adsorption capacity of WAC was determined by using the formula 

q = 
(Co−Ce)V

M
.           (2) 

Sorption(%) = [(Co − Ce)/Co] × 100     (3) 
Where, q - Dye concentration on the adsorbent surface at equilibrium, mg/g,  

Co – Initial dye concentration, mg/L  

Ce - Dye concentration at equilibrium, mg/L  

V - Volume of the solution, L and  

M - Mass of the adsorbent, g. 
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2.4. Adsorption kinetics/isotherms. 

In adsorption studies, kinetics/isotherm equations play an important role as it 

determines the rate and mechanism of the reaction. The mechanism of adsorption studies 

depends on the physical and chemical properties of both adsorbents and adsorbates. Therefore, 

following kinetics/isotherm equations mentioned in Table 2 are applied to adsorption data of 

MB and MG adsorption on WAC. The details of the kinetics/isotherm models are given in 

Table 2. 

Table 2. Description of adsorption and kinetic equations. 

Sl.  no. Models Equations in linear form Plots Determination of 

the parameters 

1 Langmuir isotherm 𝐶𝑒
𝑞𝑒

⁄ = 1
𝑞𝑚𝑏⁄ +

𝐶𝑒
𝑞𝑚

⁄  Ce in X axis 

Ce/qe in Y axis 
qm from slope 

b from intercept  

2 Freundlich isotherm logqe = logK + 1
n⁄ logCe logCe in X axis  

logqe inY axis 

n from slope  

K from intercept  

3 Temkin isotherm qe = BlnAT + BlnCe lnCe in X axis:  

qe  in Y axis:  

B frrom slope  

AT from intercept  

4 Lagergren’s pseudo 1st 

order equation 
log(qe − qt)

= log(qe) − (
k1

2.303⁄ ) t 

t  in X axis 

log(qe - qt) in Y 

axis:  

k1 from slope  

qe from intercept 

5 Ho & Mc-Kay pseudo 2nd  

order equation 

t
qt

⁄ = 1
k2qe

2⁄ + 1
qe

⁄ t t  in X axis 
𝑡

𝑞𝑡
⁄  in Y axis 

qe  from slope  

k2 from intercept  

6 Morris-Weber equation qt = Ridt
1

2⁄  𝑡
1

2⁄  𝑖𝑛 X axis:  

qt  in Y axis:  

Rid  from slope  

No intercept 

Where,  

Ce - Dye concentration at equilibrium, mg/L 

qe - Dye adsorbed per unit weight of WAC, mg/g at equilibrium 

qm – Langmuir maximum adsorption capacity, mg/g 

b – Langmuir constant related to adsorption energy, L/mg 

K – Freundlich adsorption capacity, mg/g, 

n – Freundlich constant related to adsorption intensity 

qt - Dye adsorbed on WAC, mg/g at any time t 

B – Temkin’s adsorption heat, J/mg 

AT - Temkin’s equilibrium binding constant, L/mg  

k1 - Rate constant for pseudo 1st order kinetics, 1/min. 

k2 - Rate constant for pseudo 2nd order kinetics, g/mg/min 

Rid - Intra particle transport rate constant, mg/g/min0.5 

A dimensionless constant, i.e., Separation factor (RL), can be determined from 

Langmuir constant b using equation (4) as follows. 

RL = 1
(1 + bCo)⁄         (4) 

Where, Co – Initial concentration of dye,  mg/L 

When RL> 1, the reaction is not favorable, when RL = 1, the reaction is linear, RL = 0 – 1 indicates favorable reaction and RL 

= 0 indicates irreversible reaction [15]. 

2.5. Adsorption thermodynamics. 

The van’t Hoff equation was used to determine three thermodynamic parameters such 

as enthalpy change (H), entropy change (S), and free energy change (G). The equation is 

lnKD = ∆S
R⁄ − ∆H

RT⁄         (5) 

Where, KD - Distribution coefficient = 
𝐴𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑛𝑡 (

𝑚𝑔

𝑔
) 𝑎𝑡 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚

𝐴𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (
𝑚𝑔

𝐿
) 𝑎𝑡 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚

 

T - Temperature, K 

R - Universal gas constant, J/K/mol 
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So, H and S can be obtained from the slope and intercept respectively when lnKD is plotted 

against 1/T. Free energy change (G) of specific adsorption is calculated from the equation as 

follows  

∆𝐺 = ∆𝐻 − 𝑇∆𝑆   (6) 

3. Results and Discussion 

3.1. Characterization of WAC surface. 

3.1.1. XRD analysis. 

Figure 1 shows the XRD of WAC. Two remarkable peaks at 2 (theta) = 24 and 44oC 

confirm the typical carbon structure of the adsorbent and represents (002) and (101) basal 

planes, respectively. It shows a typical graphite structure where three adjacent carbon atoms 

are bonded with the basal planes through covalent bonding. The basal planes are interconnected 

with each other by weak van der Waal’s forces [16]. 

 
Figure 1. XRD of WAC. 

3.1.2. FTIR analysis. 

A single remarkable peak at 2349cm-1 is due to O in CO2. So, the combined mechanism 

of hydration followed by dissociation reactions may be suggested as follows in Figure 2. 

 
Figure 2. Hydration reaction of CO2. 

According to Burke et al., different functional groups present on typical carbon surfaces 

are carbonyls, hydroxyls, esters or carboxylic acids, and 60-70% of the total oxygen-containing 

functional groups is from -C-O- group [17]. The reaction between negatively charged adsorbent 

and the cationic dye may be accelerated because of the electrostatic force of attraction. The OH 

group provided by CO2 in aqueous solution may also form hydrogen bonds (shown as dotted 

lines) with the highly electronegative N atoms of MB and MG, as shown in Figure 3. 

3.1.3. Point of zero charge (pzc). 

The charge on the adsorbent surface is described by pzc. At lower pH, i.e., below pzc, 

the surface of adsorbent becomes positively charged, and at higher pH compared to pzc the 

adsorbent surface becomes negatively charged. According to Figure 4, pzc of WAC is 6, and 
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the adsorbates under consideration are cationic dyes. So, at pH more than 6, dye adsorption 

should be favorable compared to lower pH. 

 
(a)                                                                    (b) 

Figure 3. Probable mechanism of bond formation of WAC with (a) MB and (b) MG. 

 
Figure 4. Determination of pzc of WAC. 

3.1.4. Other physicochemical parameters. 

The pH, % moisture content, % loss of mass on the ignition, density, and surface area 

were found to be 6.2, 5.5, 72.3, 1.11 g/cm3, and 75.2 m2/g, respectively. The pH is comparable 

to that of other reported activated carbon (pH = 6–7). Density is higher compared to that of 

commercial activated carbon, i.e., 0.5 g/cm3. Higher density leads to higher filtering ability. 

The surface area is also comparable to that of other reported carbon compounds [18]. 

3.2. Effect of different parameters. 

3.2.1. Effect of contact time. 

Time dependency of adsorption is an important parameter in adsorption experiments, 

and the same was investigated for the removal of MB and MG from aqueous solution using 

WAC. 50ml of 500mg/L dye solution with 1g of WAC was agitated up to 240 minutes. Samples 

at different time intervals were withdrawn and were analyzed for dye concentrations. The result 

is shown in Figure 5. From the graph, it is observed that 60 and 120 minutes are the optimum 

contact times for MB and MG adsorption, respectively. As in other adsorption studies here also 

the initial rate of adsorption is faster because of the free availability of active sites at the 

beginning. As the active sites gradually occupied by dye molecules, the rate of adsorption 

decreases, and the percentage of adsorption remain constant after equilibrium is achieved. The 

same trend has also been observed by Ghosh et al. and others [19]. 
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Figure 5. Effect of contact time on adsorption. 

3.2.2. Effect of pH. 

The adsorbate and adsorbent properties greatly depend on solution pH. Therefore, the 

effect of pH on adsorption of MB and MG by WAC over a wide pH range (2.5 – 7) was studied. 

Figure 6 shows the effect of pH on the said adsorption. Both MB and MG are cationic dyes and 

are positively charged in aqueous solution. The pzc of WAC is 6, as shown in Figure 4. So, it 

is expected that at low pH adsorption should be less, and at higher pH (after pH 6) it should be 

more. From the figure also, it is observed that adsorption increases slowly with increasing pH. 

However, the dye adsorption on various adsorbents is not only due to electrostatic force of 

attraction, but the additional contribution of other attractive forces like hydrophobic-

hydrophilic interaction and hydrogen bonding should also be taken into consideration [20]. 

 
Figure 6. The effect of pH variation on adsorption. 

3.2.3. Effect of adsorbent dose. 

Adsorbent doses for the adsorption studies were varied (4 to 40 g/L), keeping other 

parameters constant. Figure 7 shows the result. It has been observed that adsorption percentage 

increases with an increase of adsorbent dose, and at 40 g/L adsorbent dose, almost complete 

removal of both MB and MG takes place. This is due to the availability of more surface area 

with the increase of adsorbent concentration. Dye uptakes, mg/g decreases with the increase of 

adsorbent dose, which is in accordance with the other reported literature [21]. 

3.2.4. Effect of dye concentration. 

Dye (Both MB and MG) concentrations were varied from 100-700 mg/L while other 

adsorption parameters were kept unchanged. The % of dye removal decreases with an increase 

of dye concentration, whereas uptake, mg/g increases up to 400, and 500 mg/L dye 

concentration for MB and MG respectively, and thereafter dye uptakes were constant. The 
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result is shown in Figure 8. Because at higher dye concentration, the adsorbate:adsorbent ratios 

are high, and the probabilities of interaction between them become more leading to higher dye 

uptake. In addition, at higher adsorbate concentration, the electrostatic repulsion between 

positive charges of dye molecules results in the decrease of the adsorption percentage [22]. 

After the attainment of equilibrium, the availability of active sites towards dye is constant. 

Therefore, the rate of adsorption becomes constant. Even if the dye concentration is increased, 

therefore no further change in adsorption is observed after that. 

 
Figure 7. Effect of WAC concentration variation on% of adsorption (solid lines) and uptake (dotted lines). 

 
Figure 8. Effect of dye concentration variation on % of adsorption (solid lines) and uptake (dotted lines). 

3.2.5. Effect of temperature. 

The temperature of the system was changed from 30-60oC, whereas other adsorption 

parameters were kept constant. The effect of temperature on dye adsorption is shown in Figure 

9. It has been seen from the figure that the dye adsorption on WAC is endothermic in nature, 

i.e., both MB and MG adsorption increases with the increase of temperature. It may be due to 

the opening of pore size and activation of the sorbent surface at a higher temperature. Three 

thermodynamic parameters such as H, S, and G were calculated using the formula 

described in the experimental section, and the values are given in Table 3. The positive H 

value (63.9 and 130 kJ/mol for MB, and MG, respectively) also indicates the endothermic 

nature of the adsorption process. The positive S indicate the affinity of MB and MG dyes 

towards WAC surface and spontaneous nature of MB and MG adsorption on WAC surface. As 

we already know G is positive for non-spontaneous process and negative for a spontaneous 

process. From Table 3, it is observed that out of four studied temperatures, MB adsorption is 

non-spontaneous at 303 and 313K and spontaneous at 323 and 333K. Similarly, MG adsorption 

on WAC at 303, 313, and 323 K are non-spontaneous, and at 333K, it is spontaneous. 
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Figure 9. Effect of temperature on % of dye adsorption. 

3.3. Adsorption isotherms and kinetics. 

The interaction between adsorbate and adsorbent can be explained well by different 

isotherm models. Different isotherm models are Langmuir, Freundlich, and Temkin, etc. These 

isotherm models were studied at constant pH and temperature with the variation of dye 

concentrations. Langmuir isotherm explains monolayer adsorption on the homogeneous 

surface considering no interaction between the adjacent adsorbed molecules, whereas 

Freundlich isotherm explains multilayer adsorption on the heterogeneous adsorbent surface. 

The linear forms of Langmuir and Freundlich isotherm equations, along with their details, are 

given in Table 2.  

Table 3. Different isotherms and kinetics parameters. 

Name of the 

isotherms and 

kinetics 

Parameters 

Langmuir isotherms b(L/mg) 

0.29 (MB) 

0.015 (MG) 

qm(mg/g) 

15.38 (MB) 

18.87 (MG) 

RL 

0.005–0.03 (MB) 

0.09-0.4 (MG) 

R2 

0.99 (MB) 

0.91 (MG) 

Freundlich isotherms n 

7.35(MB) 

3.36 (MG) 

K (mg/g) 

7.26 (MB) 

2.65 (MG) 

 R2 

0.77 (MB) 

0.85 (MG) 

Temkin isotherm AT(L/g) 

338 (MB) 

268 (MG) 

B 

1.33 (MB) 

2.7 (MG) 

b(J/mol) 

1894.1 (MB) 

933.01 (MG) 

R2 

0.85 (MB) 

0.74 (MG) 

Pseudo first order 

model 

k1(min-1) 

0.05 (MB) 

0.025 (MG)  

qe (mg/g) 

15.81 (MB) 

14.93 (MG) 

 R2 

0.91 (MB) 

0.96 (MG) 

Pseudo second order 

model 

k2(g/mg.min) 

0.003 (MB) 

0.06 (MG) 

qe (mg/g) 

16.67 (MB) 

17.5 (MG) 

 R2 

0.99 (MB)  

0.97 (MG) 

Morris-Weber 

equation 

Rid(mg/g/min0.5) 

1.51 (MB) 

1.43 (MG) 

  R2 

0.94 (MB) 

0.99 (MG) 

Thermodynamic 

parameters 
H (kJ/mol) 

63.9 (MB) 

130.0 (MG) 

 

S (J/mol.K) 

214.08 (MB) 

436.4 (MG) 

G (kJ/mol) R2 

0.99 (MB) 

0.88 (MG) 
T, K MB MG 

303 3.3 8.8 

313 1.3 4.8 

323 -0.7 0.8 

333 -2.7 -3.2 

The constants of both the isotherms along with R2 values are given in Table 3. R2 values 

for Langmuir isotherm is greater than that of Freundlich for both MB and MG adsorption. It 

indicates uniformly distributed monolayer coverage of both the dyes on the adsorbent WAC 

surface. The experimental maximum adsorption capacity (16.5 and 17mg/g) also matches well 

with Langmuir maximum adsorption capacity (15.38 and 18.87mg/g) for MB and MG, 

respectively. 
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The separation parameter (RL) values derived from Langmuir’s constant b, as shown in 

Table 3, lie in the range 0 -1 also indicate favorable nature of both MB and MG dye adsorption 

on WAC surface. Temkin is another isotherm model that assumes that the heat of adsorption 

of all the molecules decreases linearly with the increase in coverage of the adsorbent surface, 

and during that, adsorption binding energy is distributed uniformly up to certain binding 

energy. Good correlation coefficients for Temkin’s isotherm, as shown in Table 3 show that it 

is obeyed well during MB and MG adsorption on WAC. AT is the equilibrium binding constant 

corresponds to maximum binding energy and was found to be 338 and 268 L/g for MB and 

MG, respectively. B is another Temkin’s constant, which is related to the heat of sorption value 

b and B = RT/b. Here R is the universal gas constant, and T is the absolute temperature. For 

MB and MG, b was found to be 1894.1 and 933.01 J/mol, respectively, which indicates the 

physicochemical nature of the sorption process [23].  

The study of adsorption kinetics for any adsorption process is very much essential as it 

gives us an idea about the rate and mechanism of adsorption reactions. Among all the kinetic 

models, pseudo-first and pseudo-second-order kinetics are the most important. So, 

experimental data were tested with both of these models. Higher R2 values in the case of 

pseudo-second-order kinetics indicate that MB and MG adsorption on WAC is chemisorption 

in nature. The pseudo-second-order rate constants for MB and MG adsorption on WAC were 

found to be 0.003 and 0.06 g/mg.min, respectively. The data were tested with the Morris-Weber 

equation as well to know the nature of diffusion of adsorbate particles through the adsorbent. 

The straight lines obtained pass nearly through the origin for both MB and MG. So, mass 

transfer during the initial and final stages of adsorption is almost the same. This confirms that 

both MB and MG adsorption on WAC surface are a single step process. A good correlation 

coefficient for the plot indicates that during adsorption, intraparticle diffusion also takes place. 

3.4. Comparison with other low cost adsorbents. 

Langmuir maximum MB and MG uptakes on WAC are found to be 15.38 and 

18.87mg/g, respectively, as shown in Table 3.  These values are comparable to the uptakes of 

the same dyes by other reported low-cost adsorbents, as follows in Table 4.  

Table 4. Comparison of MB and MG uptakes (qm) by WAC with other low-cost adsorbents. 

Adsorbents Methylene Blue (MB) Adsorbents Malachite Green (MG) 

 qm, mg/g References  qm, mg/g References 

Kaolinite clay 15.6 [24] Carbon nanotubes 11.73 [29] 

Orange peel 18.6 [25] Rice husk  6.5 [30] 

Sawdust carbon 12.49-51.4 [26] Talc (silicate 

material)  

20.9 [31] 

Sunflower oil cake 16.4 [27] Lignin 

 

31 [32] 

H2SO4 treated waste fruit of 

Rapanea ferruginea 

 

33 [28] Stem of Solanum 

tuberosum 

 

27.0 [33] 

Waste Activated Carbon 

(WAC) 

15.38 Present study Waste Activated 

Carbon (WAC) 

18.87 Present study 

4. Conclusions 

 The carbon waste collected from domestic water filter (WAC) can remove cationic dyes 

methylene blue (MB) and malachite green (MG) effectively from the synthetic aqueous 

solution. The novelty of this work is the optimization of sorption conditions for MB and MG 

adsorption on new low-cost material and evaluation of the corresponding adsorption 
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mechanism. The optimum contact time for MB and MG adsorptions are 60 and 120 minutes, 

respectively. The adsorption percentage increases slowly with the increase of pH from 2.5 to 

7. The positive enthalpy change suggests the reaction to be endothermic. The reactions are 

spontaneous at a higher temperature. Langmuir is the better-suited isotherm compared to 

Freundlich and Langmuir maximum uptake for MB and MG are found to be 15.38 and 

18.87mg/g, respectively. Pseudo-second-order kinetics is obeyed well compared to pseudo-

first-order with rate constants equal to 0.003 and 0.06g/mg.min for MB and MG, respectively. 

Temkin’s maximum binding energies are found to be 338 and 268 L/g for MB and MG, 

respectively, which indicates the physicochemical nature of the adsorption process. Intra 

particle diffusion is the rate-limiting stage. The present small scale batch adsorption process 

can be applied to a large continuous flow column study for the removal of dye from real 

polluted water. 
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