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Abstract 
Adsorption of malachite green (MG) dyes on the mesoporous activated carbon made from the bituminous coal (AC1) 

and the microporous activated carbon made from coconut shells (AC2) was comparatively studied. Two adsorbents were 
characterized to study the specific surface area and porosity, surface functionalities, textural morphology, and elemental 
analysis.  Subsequently, the influence of affecting factors on adsorption was evaluated.  The highest adsorption capacity 
was found at initial pH of 4.0–8.0, contact time of 30 min, initial dye concentration of 300 mg/L, and temperature of 30-
50 °C.  The adsorption of MG dyes on both adsorbents were explained by the Langmuir isotherm with the maximum 
adsorption capacities of 131. 58 mg/ g for the AC1 and 54. 65 mg/ g for the AC2.  The adsorption kinetics followed the 
pseudo- second order reaction model.  Although the AC1 has higher MG dye uptake than that of AC2, both are effective 
adsorbents for MG removal from dye effluents. 
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1. Introduction 

Nowadays, large quantities of synthetic dyestuffs 

are used in many industries such as textile, leather, 

cosmetics, paper, printing, plastic, pharmaceuticals, 

food, etc [ 1 ] .   Although these dyes are used to 

produce bright and long-lasting colour products, they 

can potentially contaminate water resources and 

generate wastewater.  Wastewater or effluent 

containing these dyes causes unsightly aesthetic 

issues, a reduction in sunlight transmission into the 

water bodies, and less photosynthetic action. The dye 

effluent may contain chemicals that exhibit inhibition 

towards microbial populations and can be toxic 

and/or carcinogenic to mammals [2].  The malachite 

green ( MG)  dye has been widely used for dyeing 

materials such as silk, wool, paper, and leather due 

to its low cost, easy availability, and efficacy [3].  The 

MG is, however, toxic to a wide range of aquatic and 

terrestrial animals.   It causes damage to the liver, 

spleen, kidney, and heart; inflicts lesions on the skin, 

eyes, lungs, and bones; and produces teratogenic 

effects [ 4 ] .  It is difficult to remove the MG from the 

aqueous solutions because it is highly resistant to 

biodegradation resulting from its complex structure 
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and long- term stability in the wastewater [ 5 ] . 

Therefore, a proper treatment of the effluent 

contaminated with the MG is becoming extremely 

important.  

Over decades, various methods have been 

employed for dye removal from the liquid media, 

categorized into 3  approaches:  physical, chemical, 

and biological approaches.  The physical methods 

include coagulation and flocculation, ion exchange, 

irradiation, and membrane filtration [6]. The chemical 

processes consist of advanced oxidation, 

electrochemical destruction, Fenton reaction, 

ozonation, and photochemical ultraviolet irradiation 

[7]. Examples of the biological methods include algae 

degradation, enzyme degradation, fungal cultures, 

and microbial culture [ 8 ] .  Among them, the 

adsorption process has received much attention 

because of its low cost, and ease of application [ 9 ] . 

Activated carbon is a well- known adsorbent that 

shows high efficacy for dye removal due to its high 

specific surface and porosity.  Various carbonaceous 

materials such as hard shells of apricot stones, 

almond, walnut, and hazelnut shells, rice hulls, 

coconut shells, coal, and wood can be used as 

precursors for preparation of the activated carbon 

[10].  

Preparation of the activated carbon can be 

divided into two stages: carbonization and activation. 

In the first stage, the carbonaceous material is burnt 

under an air- free condition deriving the carbon- rich 

residue and eliminating the bulk of the volatile 

matter.  After that the char residue is activated to 

increase the number of pores through physical and 

chemical activations. The physical activation is carried 

out to release CO2  by burning the char again at a 

temperature between 700  –  900  °C in presence of 

activating agents such as CO2, steam, and air [11]. On 

the other hand, the chemical activation is done by 

impregnating the char with a concentrated solution of 

a dehydrating compound e. g.  KOH, H3PO4 , H2 SO4 , 

and ZnCl2  and then reheating at a temperature 

between 400-750 °C under the air-free condition [12]. 

Although the chemical activation is done at a lower 

temperature in comparison with the physical 

activation, the removal of the remaining dehydrating 

compound on the activated carbon is additionally 

required.  

The activated carbon derived from coconut shells 

exhibits plenty of micropores, the smallest type of 

pores, which can adsorb volatile organic compounds 

and other impurities from drinking water [13] . A high 

surface area with a large portion of micropores, high 

hardness with low dust generation, and a renewable 

and green material are some advantages of the 

activated carbon from coconut shells [ 1 4 ] .  The 

activated carbon from the coconut shells can be used 

as an adsorbent for the removal of cationic dyes from 

liquid media including rhodamine B with the highest 

adsorption capacity of 19.5 mg/g [15] and methylene 

blue with the maximum adsorption capacity of 320.5 

mg/ g [ 1 6 ] .  In addition, the activated carbon made 

from the bituminous coal has a wide range of pore 

diameters containing mainly mesoporous as well as 

micropores [17]. It is used for the removal of various 

organic chemical contaminants in water.  The 

advantages of the activated carbon-based bituminous 

coal include being used as filter media for fluid, 

consistent density, a hard material with minimal dust 

generation, and being economical.  The activated 

carbon from a bituminous coal can be used as an 

effective adsorbent for dyes from aqueous solution 

such as the basic blue 41 dye with highest adsorption 

capacity of 460 mg/g [18] and methylene blue with 

the maximum adsorption capacity of 580 mg/g [19]. 
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A recent study comparing the removal of MG 

using four different activated carbons was published 

[ 2 0 ] .  However, the comparison was limited to 

activated carbon with same pore size range, i. e. , 

mesoporous activated carbon compared to other 

mesoporous activated carbons.  To our knowledge, 

there has never been a study that compares the 

removal of MG by mesoporous and microporous 

activated carbons, which is claimed as a novelty in 

this study.  The purpose of this study is to examine 

the physical properties of two commercially available 

activated carbons generated from bituminous coal 

and coconut shells.  To evaluate the adsorption 

capabilities, batch adsorption tests were conducted 

as a function of contact time, initial pH solution, initial 

dye concentration, and temperature.  After that, an 

efficiency comparison of two activated carbons for 

dye removal was carried out.  The experimental 

results were fitted to well- established kinetics and 

adsorption isotherm models, respectively, to acquire 

a better understanding of the adsorption mechanisms 

and behavior. 

 

2. Materials and Methods 

2.1 Chemicals 

MG ( C2 3 H2 5 N2 ) , with a molecular weight of 

364.911 g/mol, was provided by SIGMA-Aldrich. It is 

also known as basic green. The chemical structure of 

the MG is depicted in Figure 1 , which was obtained 

from the supplier’ s product information sheet.  All 

substances were used without any sort of purification. 

The activated carbon from the bituminous coal (Pure 

sorb WB9 0  brand)  with an iodine number of 9 0 0 

(ASTM D 4607-94 test method)  was obtained from 

the Green Power Nature Co. , Ltd, Thailand.  The 

activated carbon from coconut shells ( Eunicarb 

brand) with an iodine number of 900 (ASTM D 4607-

94 test method) was purchased from the Filter Supply 

Co., Ltd, China. 

2.2 Activated carbon preparation 

The activated carbons were dried in an oven at 

105 °C until they were uniform in weight.  They were 

then crushed and sorted through a sieve with a mesh 

size of 100.  AC1 stands for activated carbon made 

from bituminous coal, whereas AC2 stands for the 

activated carbon from coconut shells.  A desiccator 

was used to preserve two activated carbons for 

further use.  Various approaches were used to 

characterize both activated carbons at first.  For 

example, the BET- method, BJH technique, and N2 

adsorbed volume at a relative pressure of 0. 99 were 

used to calculate specific surface area, pore size, and 

total pore volume were evaluated from the N2 

adsorption- desorption isotherm at 77 K.  Fourier-

Transform Infrared Spectroscopy ( FTIR)  was used to 

determine the surface functionalities of the 

adsorbents.  Scanning Electron Microscopy ( SEM) 

images were used to examine the adsorbent’ s 

textural morphology, and elemental composition was 

assessed using Energy Dispersive X- ray Spectroscopy 

(EDS). 

 
Figure 1  Chemical Structure of MG [3] 

 

2.3 Batch tests 

Batch adsorption studies were conducted as a 

function of the contact time, initial pH, initial dye 

concentration, and temperature.  First, the effect of 
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the contact time was investigated.  A set of 

Erlenmeyer flasks was made with 50 mL of 150 mg/L 

dye solutions. The initial pH of dye solutions was set 

to 3.0 from the start.  The solutions were mixed with 

0. 1 g of adsorbents and then shaken at 30 °C.  The 

samples were taken at 10– 180 minute intervals and 

measured.  The adsorbents were removed from the 

suspension using vacuum microfiltration, and the 

filtrate was tested using a UV Vis Spectrophotometer 

with a maximum wavelength (λmax)  of 512 nm to 

determine absorbance.  Using the calibration curve, 

the absorbance was converted to the dye 

concentration ( a plot of absorbance vs.  dye 

concentration). Second, the influence of initial pH was 

studied. To obtain an initial concentration of 50 mg/L, 

several identical- size Erlenmeyer flasks were filled 

with 50 mL of the dye solution. By adding 0.1 M NaOH 

and/ or 0. 1 M HCl, the pH of the solutions was 

changed from 2.0 to 10.0. For each experiment, 0.1 g 

of the adsorbent was added to the dye solution, 

which was then agitated for 24 hours at a regulated 

temperature of 30 °C. The final dye concentration was 

determined in the same way as in the previous 

studies.  Third, another set of Erlenmeyer flasks 

containing 50 mL of dye solutions ranging from 50 to 

300 mg/L were created to investigate the influence of 

starting dye concentration.  The dye solutions were 

started with a pH of 4. 0.  The concentration of the 

analysis process followed the same pattern as the 

previous studies.  Finally, the influence of 

temperature on adsorption was investigated. The final 

experiment was conducted in the same way as the 

first and third, but the temperature was varied from 

30 °C to 40 °C and 50 °C, respectively.   

 

3. Results and Discussions 

3.1 Characteristics of adsorbents 

The N2 adsorption–desorption isotherms at 77 K 

of activated carbons from the bituminous coal ( AC1 ) 

and coconut shells (AC2) are shown in Figure 2. The 

hysteresis loop was detected on the N2  adsorption-

desorption isotherm of the AC1 , which was classified 

as type IV by the IUPAC. The type IV isotherm is widely 

encountered in the characterization of the 

mesoporous materials [ 2 1 ] .  The hysteresis loop, on 

the other hand, was not observed in the AC2 ’ s N2 

adsorption- desorption isotherm, which was 

categorized as a type I isotherm by IUPAC.  The N2 

absorbed and N2 desorbed in the micropore at a 

relative pressure are normally identical as an 

overlapping line of AC2 in Figure 2.  However, the N2 

adsorbed in the mesopore becomes N2 liquid, which 

needs more vacuum to release the N2 liquid from the 

mesopore.  This results in a deviation of the 

adsorption- desorption as illustrated by a hysteresis 

loop of AC1 in Figure 2.  In the characterization of 

microporous materials, the type I isotherm is 

frequently encountered [22].  

The BET technique determined that the AC1 had 

a specific surface are of 694.60 m2/g while the AC2 

had a specific surface area of 579 .3 m2/g.  The AC1 

has a higher specific surface than the AC2  by 1 6 . 5 

percent.  The AC1  and AC2  have the same average 

pore size of 1.80 nm, which were obtained from the 

Barret-Joyner-Halenda (BJH) method. The AC1 pore 

distribution, on the other hand, is wider than the AC2. 

A substantial fraction of micropores found on the 

adsorbent surface is activated carbon with an average 

pore size less than 2 nm. Furthermore, the total pore 

volumes of the AC1  and AC2  were 8 .02 x10 - 2  and 
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1.48x10-2 cm3/g, respectively, based on the volume 

of N2 adsorbed at a relative pressure of 0.99. 

 
Figure 2 N2 adsorption- desorption isotherm at 77 K of AC1 
and AC2 (Ads (red line) stands for adsorption and Des (blue 
line) stands for desorption.) 

 

The surface functions of the AC1  and AC2  were 

assessed using the IR spectra shown in Figure 3.  The 

vibrations or stretching of bonds on the AC1 and AC2 

caused the adsorption bands to be observed.  The 

vibration bands at 3 ,4 3 3  cm- 1  assigned to O- H 

stretching (alcohols Phenols), 2,920 cm-1 assigned to 

C-H stretching, 1,573 cm-1 assigned to C=O stretching, 

1 ,04 3  cm-1  assigned to C-O stretching, 56 3  cm-1 

assigned to C- Cl and 4 7 7  cm- 1  assigned to C- Br 

stretching were observed in the IR spectra of the AC1 

[ 2 3 ] .  Hydrophobic interactions, as well as carboxyl 

and alcohol groups linked to AC1 ’ s exterior surface, 

were predicted.  The vibration bands at 3 ,451  cm-1 

were assigned to O- H stretching ( alcohols Phenols) , 

1,572 cm-1 to C=O stretching (alkane), and 1,220 cm-

1 to C-C stretching in the IR spectra of the AC2 [24]. 

The surface functionalities, presenting on the AC1 ’ s 

external surface, were likewise found on the AC2 ’ s 

surface. There are two types of interactions between 

the activated carbons and the MG.  The weak 

interactions or van der Waals forces between carbons 

and other adsorbate molecules, are first. The second 

type is strong interactions, such as 1) hydrogen bonds 

with electrostatic forces between carboxyl groups 

and the positively charged molecules, 2 )  the 

hydrophobic interactions between AC1  and AC2 

hydrophobic sectors and MG hydrophobic sectors, 

and 3 )  pi- pi stacking interactions between aromatic 

rings of activated carbon structure and the hydrophilic 

part of MG [25]. 
 

 
 
Figure 3 FTIR spectra of AC1 and AC2 

 

SEM images of both adsorbents at various 

magnifications are shown in Figure 4 .  At a 

magnification of 5 0 0 x, Figures 4 A and 4 D show the 

textural surfaces of the AC1  and AC2 , displaying 

cracks, fissures, and pores of varied sizes spread 

across the surfaces. At 1,000x magnification, different 

sizes of pores were identified in both A1  ( Figure 4 B) 

and AC2  ( Figure 4 E) .  Figure 4 C is a 1 0 ,0 0 0 x 

magnification SEM image exhibiting the distribution of 

similar- sized pores along the smooth surface of the 

AC1 .  Crystals of various sizes deposited on the 

smooth surface and collected inside the massive 

pores are depicted in Figure 4 F.  Comparable 

carbonaceous compounds produced similar findings 

[26]. 



 วารสารวิศวกรรมศาสตรและนวัตกรรม    ปท่ี 16  ฉบับที่ 3  ประจําเดือน กรกฎาคม - กันยายน  2566 141 

  

  

  

  
 
Figure 4 SEM images of AC1 at (A:  top left)  500x, (B:  middle 
left)  1000x, and ( C:  bottom left)  10,000x magnifications and 
AC2 at ( D:  top right)  500x, ( E:  middle right)  1000x, and ( F: 
bottom right) 10,000x magnifications 
 

The elemental compositions of AC1 and AC2 as 

determined by the EDS are shown in Figure 5.   The 

carbon content of the AC1 ( Figure 5A)  was 76. 10 

percent by weight, 16.70 percent weight oxygen, 1.65 

by weight sodium, 3.09 percent by weight aluminum, 

and 2. 46 percent by weight silicon.  According to the 

EDS analysis, the AC2 ( Figure 5b)  contains 94. 45 

percent by weight carbon, 4. 39 percent by weight 

oxygen, and 1. 16 percent by weight potassium.  The 

AC2 looks to have a significantly larger carbon content 

than the AC1.  Activated carbons have variable 

elemental compositions depending on how they are 

generated from various sources [ 27] .  Because 

bituminous coal has more heterogeneous 

components than coconut shells, the AC1 has a lower 

carbon content. 

 

 
 
Figure 5 EDS pattern of AC1 (top) and AC2 (bottom) 

 

3.2 Influence of Affecting factors on adsorption 

3.2.1 Effect of contact time 

Enhanced contact duration increased MG 

adsorption on both AC1 and AC2, as shown in Figure 

6.  After the first 5 minutes, the adsorption rate was 

quick, then slower for the next 5- 30 minutes, and 

finally steady after 30 minutes.  The rapid increase in 

the first stage is due to the large number of adsorptive 

sites available on the exterior surfaces of the 

adsorbents for extracting the MG from the solution 

[ 28] .  The MG molecules can easily occupy these 

surfaces.  Following that, in the second stage, the 

greater MG concentration difference between the 

saturated exterior surfaces and the adsorbent interior 

induces MG molecules to diffuse into the pores of 

both adsorbents. Due to the influence of the internal 

mass transfer resistance, the diffusion rate in the 

second stage was slower than in the first [ 29] .  After 

30 minutes, both adsorbents’ dye uptakes leveled off 

in the final stage.  At the equilibration stage of 30 

minutes, both adsorbent’s dye uptakes leveled off in 

the final stage.  At the equilibration stage of 30 

minutes, all adsorptive sites of the adsorbents, 

including exterior and internal surfaces, were 

occupied by MG molecules. 



 วารสารวิศวกรรมศาสตรและนวัตกรรม    ปท่ี 16  ฉบับที่ 3  ประจําเดือน กรกฎาคม - กันยายน  2566 142 

 
Figure 6 Adsorption capacity of MG on AC1 (full symbol) and 
AC2 (empty symbol) vs. contact time  
 

3.2.2 Effect of initial pH solution 

With an increase in the initial pH, both AC1 and 

AC2 adsorption capabilities rose (Figure 7). Because of 

the presence of acidic functional groups, the surfaces 

of both AC1 and AC2 were shown to be negatively 

charged (carboxylic acid and alcohol). The negatively 

charged surface had a strong affinity to cationic MG 

molecules at low pH.  Due to competing adsorption 

between the H+  ions and the MG molecules on the 

adsorption sites, the presence of H+ ions in the acidic 

pH solution induces poor MG uptake.  The acidic 

functional groups were dissociated at higher pH, and 

the surfaces of both AC1 and AC2 were found to be 

negative, resulting in increased adsorption 

capabilities. For the AC1 and AC2, the pH of the point 

of zero charge ( pHpzc)  was found to be 4. 8 and 2. 0, 

respectively [ 26, 30] .  The carbon surface gains 

negative charges at pH > pHpzc, which favors the 

adsorption of cationic species like MG molecules. The 

MG molecules connect with the negative surfaces of 

both AC1 and AC2 via electrostatic interactions. 

Furthermore, in an alkaline media, the concentration 

of H+  falls, making adsorption between MG dyes and 

H+ ions less competitive. 

 

Figure 7  Adsorption capacity of MG on AC1 (full symbol) and 
AC2 (empty symbol) vs. initial pH solution 

 

3.2.3 Effect of initial dye concentration 

An increase in the initial MG dye concentration 

induced the increases in MG dyes adsorbed on both 

AC1 and AC2 ( Figure 8) .  The larger concentration 

gradient (driving force)  between the external surface 

and the interior of the adsorbents is responsible for 

this.  Internal mass transfer resistance is reduced, 

allowing MG species to permeate deeper into the 

pores.  As a result, a higher number of MG dyes were 

adsorbed at the higher starting dye concentration, 

which was consistent with previous research [31-32].  

 

  
Figure 8 Adsorption capacity of MG on AC1 (full symbol) and 
AC2 (empty symbol) vs. initial dye concentration 
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3.2.4 Effect of temperature 

As illustrated in Figure 6 and 8, the amount of dye 

molecules adsorbed on AC1 and AC2 was unaffected 

by temperature. This means that the adsorption is of 

a physical origin, with van der Waals, hydrogen 

bonding, and / or electrostatic attraction as the 

primary interactions.  Furthermore, no chemical 

reaction is involved in this study’ s adsorption 

procedure. The maximum MG adsorption capabilities 

were 138. 56 and 54. 95 mg/ g on the AC1 and AC2, 

respectively, at pH0 of 4.0- 8. 0, contact period of 30-

minute, dye concentration of 300 mg/L, and 30 – 50 

°C, according to the above data.  The AC1 adsorbed 

60 percent more MG than the AC2.  This may be due 

to the AC1 having a larger specific surface area and 

total pore capacity than the AC2.   

3.3 Kinetic adsorption modelling 

The pseudo- first order reaction and pseudo-

second order reaction models are two kinetic models 

used to predict the rate of limiting step.  Lagergren 

[ 3 3 ]  suggested a pseudo- first order reaction model 

based on the assumption that the rate-limiting step is 

the sharing of electrons between the adsorbent and 

adsorbate on the adsorbent surface.  The model 

expression’s linearized form is given by: 

 

1  e t eln q q l t( ) ( )n q – k    (1) 

 

The adsorption capacities at the equilibrium stage 

and at instantaneous time t, respectively, are qe and 

qt (mg/g). The pseudo-first order rate constant (1/min) 

is denoted by k1.  Adsorption involves chemical 

reactions if the experimental results fit the pseudo-

first order reaction model, this model usually fits the 

first 30 minutes of experimental data well. 

The pseudo- second order kinetic model was 

proposed by Ho and McKay [ 34] .  The rate- limiting 

phase, according to this hypothesis, is the sharing of 

electrons between the adsorbent and the adsorbate. 

The linearized form of this model is as follows: 
 

2
2

1
 

t e e( ) ( )

t t

q k .q q
    (2) 

 

where k2 represents the second order rate 

constant (g/(mg·min)) and t represents time (min). The 

experimental data follows the pseudo- first order 

reaction model if the chemical reaction is the rate-

controlling step.  
 

Table 1 Parameters of pseudo- first order and pseudo-
second order reactions for adsorption MG on the 
AC1 and AC2 

 

Parameter 

Temperature (°C) 

AC1 AC2 

30 40 50 30 40 50 

qe(exp)  

(mg.g-1) 

75 75 75 30 40 50 

Pseudo-first-order model 
k1  

(min-1) 
0.444 0.891 0.447 0.024 0.048 0.043 

qe(cal)  

(mg.g-1) 

59.92 112.3

6 

64.53 30.12 25.64 30.12 

R2 0.9958 0.974

3 

0.9957 0.7463 0.8899 0.752

0 

Pseudo-second-order model 
k2x103  

(g.mg-1.min-1) 
0.126 0.221 0.104 0.02 0.004 1.125 

qe(cal)  

(mg.g-1) 

75.2 75.2 75.2 30.12 25.64 30.12 

R2 1 1 1 0.9999 0.9867 1 
 

The MG adsorption characteristics on both AC1 

and AC2 are presented in Table 1.  Because R2 was 

closer to 1. 0, the experimental results suited the 

pseudo- second order kinetic model well.  The 

development of interactions between MG and AC1, 

as well as one between MG and AC2, is the rate-

limiting stage.   
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3.4 Adsorption isotherms 

To better understand adsorption behaviour, two 

adsorption isotherm models ( Langmuir and 

Freundlich isotherms)  are employed to match the 

equilibrium data. The Langmuir isotherm [35] assumes 

of a homogeneous adsorbent surface with a finite 

number of identical sites.  The linearized form of the 

Langmuir isotherm equation in found by: 
 

1e e

e m L m

C C

q q k q
    (3) 

 

where qm represents the maximal monolayer 

adsorption capacity ( mg/ g)  and kL represents the 

Langmuir constant (L/g). The dimensionless constant 

“RL” can be used to define the main features of the 

Langmuir isotherm.  The RL is a separation factor or 

equilibrium parameter whose definition is as follows: 
 

0

1

1L
L

R
k .C




   (4) 

 

The value of this parameter indicates whether the 

isotherm is irreversible (RL = 0), favorable (0<RL<1) , 

linear (RL = 1), or unfavorable (RL>1). 

The parameters derived from fitting equilibrium 

data to adsorption isotherm models are listed in 

Table 2.  On both adsorbents, the MG adsorption 

closely followed the Langmuir isotherm model.  This 

shows that the MG dyes create a monolayer on the 

AC1 and AC2 surfaces. Adsorption techniques such as 

physical and chemical adsorption result in monolayer 

coverage of dye molecules on the adsorbent. 

Monolayer physisorption occurred as a result of this 

experiment.  The maximum monolayer adsorption 

capacities of the AC1 and AC2 were 136.99 and 68.97 

mg/ g, respectively.  The Freundlich isotherm 

produced n values ranging from 1 to 10, showing that 

adsorption is favorable.  The maximum monolayer 

adsorption capacities of several adsorbents 

discovered in the related literature are summarized in 

Table 3.  The maximum monolayer adsorption 

capacity found in this investigation appears to be 

comparable to that of other activated carbons. 
 

Table 2 Isotherm constants and correlation coefficient for 
the adsorption of MG on the AC1 and AC2 

 

Parameter 

Temperature (°C)   

AC1 AC2 

30 40 50 30 40 50 

Langmuir isotherm 
qm 

 (mg.g-1) 
109.89 136.99 136.00 62.89 64.94 68.37 

kL  
(-) 

1.32 0.90 1.40 0.6 0.6 0.6 

RL 0.06 0.02 0.01 0.03 0.03 0.03 
R2 0.9995 0.9960 0.9998 0.9634 0.9737 0.9612 

Freundlich isotherm 
n 

 (-) 
4.70 2.71 2.96 2.33 1.97 1.89 

kf  

(mg.g-1) 
54.47 57.13 65.76 23.14 22.73 22.69 

R2 0.9634 0.9737 0.9612 0.6595 0.7913 0.8077 

 

Table 3  Maximum monolayer adsorption capacity of MG 
on various adsorbents 

Adsorbent qm, 

mg/g 

Reference 

AC1 136.99 This study 

AC2 68.97 This study 

Potassium salts-activated carbon 167.0 [37] 

Firminana simplex wood fiber 142.4 [38] 

Activated carbon from rice husk 63.85 [39] 

Chitosan ionic liquid beads 8.07 [40] 

Activated carbon from Borassus 

aethipum flower 

48.48 [41] 

Activated carbon from groundnut 

shell waste 

222.22 [42] 

Banana peel 243.90 [32] 
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3.5 Adsorption mechanisms 

The dye molecules’  probable interactions with 

the adsorbent are depicted in Figure 9.  Symbol 1 

depicts the diffusion of MG dye molecules into the 

micropores of the AC1 and AC2.  The AC1 and AC2 

have the same average pore diameter of 1. 80 nm, 

making them micropores ( pore size less than 2 nm) . 

This step is often delayed because it includes the 

influence of internal mass transfer resistance. 

Furthermore, a progressive increase in dye uptake 

with constant time can provide further support for 

pore diffusion in the second stage (see Figure 6). 

The migration of MG dye molecules into the AC1 

mesopores is seen in Symbol 2.  The AC1’ s N2 

adsorption- desorption isotherm, which agreed with 

the N2 isotherm of mesoporous materials [ 37] , 

revealed the hysteresis loop.  On the external 

surfaces, symbol 3 depicts the adhesions between 

hydrophobic regions of the MG dye molecules and 

the hydrophobic parts of the AC1 and AC2.  It has 

been well documented that van der Waals forces are 

present in every molecule [ 43] .  The electrostatic 

interactions between the MG molecules and carboxyl 

groups are represented by symbol 4.  The hydrogen 

bonding between MG molecules and hydroxyl groups 

is seen in symbol 5. The rise in dye uptake with raising 

the initial pH of the solution suggests these 

interactions.  Stronger electrostatic interactions are 

caused by a higher degree of dissociation of carboxyl 

and hydroxyl groups on the adsorbent’ s external 

surface [44]. 

 

 
 
Figure 9 Adsorption Mechanisms of MG on AC1 (left) and 
AC2 (right) 

 

4. Conclusions 

The surface of bituminous coal activated carbon 

(AC1)  has both mesopores and micropores, whereas 

the activated carbon from coconut shells ( AC2 )  has 

mostly micropores.  Both adsorbents have exterior 

surfaces with fixed negative charges that have a strong 

affinity for cationic compounds.  The amount of MG 

dyes adsorbed rose as initial pH0  and contact 

duration increased but reduced when the initial dye 

concentration. The dye uptakes of both AC1 and AC2 

are temperature independent. The maximum MG dye 

uptake was reported when the pH0  was 4 . 0 - 8 . 0 , 

contact period of 30 minutes, C0 of 300 mg/L, and 

temperature of 30  -  50  ºC.  The Langmuir isotherm 

and pseudo-second order reaction models were used 

to predict the experimental results.  In this 

investigation, monolayer physisorption happened. 

Because of the high adsorption capacity of MG dyes 

adsorbed on commercial AC1  and AC2 , both are 

efficient adsorbents for removing cationic dyes liquid 

media. 
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