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a b s t r a c t
In the present work, the surfactant modified activated carbon (AC) was used for the elimination 
of water soluble dyes, i.e. methylene blue (MB) and crystal violet (CV) dyes from aqueous solu-
tions. The AC was prepared from rice husk by carbonization process, and then activated by treat-
ment with zinc chloride (ZnCl2). The AC was further modified by sodium dodecyl sulfate (SDS) and 
sodium cupryl acetate (SCA) surfactants. The AC, SDS/AC and spent SDS/AC were characterized 
by SEM, FT-IR, XRD and EDX analysis. Under optimized conditions the adsorption was found to 
be better as compared to be AC and SCA/AC, under which maximum adsorption of MB and CV 
over SDS/AC was found to be 90% and 85%, respectively. Kinetic and isotherm studies revealed 
that adsorption of both dyes over SDS/AC occur through pseudo-second-order kinetics and follow 
the Freundlich adsorption isotherm model. The various thermodynamic parameters, like ΔG°, ΔH° 
and ΔS° shown that the process of adsorption dyes over SDS/AC was an endothermic and sponta-
neous process. According to the data analysis that % removal of MB using AC, SCA/AC and SDS/
AC was 75%, 83% and 84.86%, separately, while using same adsorbents the % removal of CV was 
31.5%, 79% and 84.94%, respectively. It is clear from these consequences that the adsorption effec-
tiveness of the AC was significantly enhanced with the surfactant modification. Findings from this 
study suggest that SDS/AC could be utilized as a promising adsorbent at the same time eliminating 
MB and CV from wastewater.
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1. Introduction

It is well known that water is a fundamental natural 
resource for the existence of life on the earth’s surface [1]. 
Due to the industrial revolution and anthropogenic activ-
ities the purity of safe drinking water and its availability 

at risk in present and more severe in future. Amongst the 
concerns of that reckless development, the environmental 
pollution has become a serious aspect [2]. Various types 
of chemical compounds accumulate in water from many 
sources like household [3], vehicles [4], agriculture [5], 
and industries [6] and convert it into wastewater, which is 
unsuitable for reuse. Wastewater, having deadly poisonous 
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compounds is a major threat for humans and for the whole 
ecosphere as well. Harmful substances have been found 
because of the industrial wastes, urban and agricultural 
pollutants, and the use of insecticides, pesticides and fertil-
izers [7]. Lethal pollution may cause an acute or a chronic 
influence on the environment. The major water pollutants 
include heavy metals, inorganic and organic compounds, 
synthetic polymers, hydrocarbons, pharmaceuticals, per-
sonal care products and dyes [8]. Heavy metals such as V, 
Cr, Fe, Mn, Cd, Pb, Zn, etc. have been observed to be lethal 
to various forms of life. They are stored in living tissues and 
concentrate throughout the whole food web [9]. Similarly, 
organic compounds like dyes which have important appli-
cations in textile industries also a major pollutant of water 
and turn it to miss fit for any further use [10].

Many techniques have been introduced to remove 
the pollutants in general and dyes molecule in particular 
from wastewater like catalysis [11], photo degradation 
[12], adsorption [13], ion exchange [14], and oxidation [15]. 
Among these methods, the adsorption method has attracted 
the researcher’s interest for removing the highly toxic pol-
lutants from wastewater due to its high efficiency, simplic-
ity, flexibility, economic impact and it is easy to deal with. 
In this process, electrostatic interaction between the adsor-
bate and adsorbent surfaces is occurred. Several adsor-
bents have been used for removing of dyes from water, for 
example, AC and nanomaterials. These materials have high 
surface area and porosity as well as chemical and thermal 
stability [16].

Most of materials which have high carbon content and 
low inorganic component could be used as raw materials 
for AC production. The most abundant renewable resources 
are the agricultural by-products which produce in huge 
quantities. These wastes cause many problems during their 
disposal therefore there is a need to increase the value of 
these inexpensive by-products. Thus, converting these 
wastes into AC will add a significant economic value and 
decrease the waste disposal [17]. Many different adsor-
bent’s were synthesized for adsorption purpose like bio-
char/bentonite/waste polystyrene and biochar/bentonite/
waste polyethylene terephthalate [18,19], zeolite and clay 
[20,21], chitosan based composites [22], certain agricultural 
wastes [23], wood based saw dust [24], nanomaterial’s and 
their composites [8], biomass solid waste based activated 
carbon [25], activated carbon [26,27], rice husk based acti-
vated carbon [28], activated carbon obtained by ZnCl2 acti-
vation of acorn shell [29], zinc oxide nanoparticles loaded 
on activated carbon [30], silica nanoparticles grafted with 
copolymer of acrylic acrylamide [31], bio-based magnetic 
activated carbon [32], magnetic AC/CeO2 nanocomposite 
[33], bone bio-char [34], activated carbon from Phoenix 
dactylifera fruit pits [35], dodecyl sulfate chain anchored 
mesoporous grapheme [36], hydrochar [37], carbon based 
polymeric nanocomposites [38], silica coated copper fer-
rite decorated oxidized multi-walled carbon nanotubes 
nanocomposite [39], solvent impregnated resin [40], nano-
magnetic copper ferrite/drumstick pod biomass composite 
[41], and cetyltrimethyl ammonium bromide intercalated 
and branched polyhydroxystyrene functionalized mont-
morillonite nano-composite [42]. The activated carbon 
based adsorbent selection is due to its greater surface area, 

structural porosity of high grade, better thermal stability, 
neutral, cationic and anionic functional groups which in 
turn provide a high stability in acidic and basic medium 
[43]. Furthermore the rice husk (RH) activated carbon was 
modified by many ways and chemicals to increase the 
porosities, surface area or functionalities [44].

The main goal of this study is the utilization of RH waste 
in synthesis of modified activated carbon using surfactants 
and ZnCl2 to increase the functionalities and porosity of 
the synthesized materials for removing of the MB and CV 
from aqueous solution. The process for preparation of AC 
is relatively low-cost and effective method since alterna-
tive source as RH is utilized. The studying of all parame-
ters for preparation and adsorptions processes is the main 
objective of the present work.

2. Experimental

2.1. Materials and chemicals reagents

In the current work, all utilized chemicals and reagents 
were highly pure. ZnCl2 (Merck), NaOH (CHEM-Lab), HCl 
(CHEM-Lab), Crystal Violet (CV) (Sigma-Aldrich), meth-
ylene blue (MB) (Sigma-Aldrich), sodium dodecyl sulfate 
(SDS) (Sigma-Aldrich) and sodium cupryl acetate (SCA) 
(Sigma-Aldrich) were used. RH was used as a raw mate-
rial for production of AC. The desired concentrations of 
diluted MB and CV solutions were prepared and stored in 
a dark place to prevent the direct sunlight which may cause 
decomposition.

2.2. Preparation and characterization of activated carbon

The AC was prepared from RH by carbonization pro-
cess. The RH was washed with double distilled water and 
then dried. Stoichiometric amount of RH was charged into 
a crucible, and carbonized in a furnace at 250°C for 5  h. 
The carbonaceous residue was ground to powder (ranging 
from 75 to 100 Micron) and then sieve through 100 mesh 
sieve. The carbonized char obtained from RH was acti-
vated by chemical treatment. The calculated amount 
(approximately 5  g) of carbonaceous mass obtained by 
carbonization of RH was mixed with 100 mL of ZnCl2 (60% 
W/V) solution and stirred for 8 h at ambient temperature. 
The mixture was filtered to collect the carbon residue, 
washed with distilled water, and then dried at the 105°C 
for 3  h under nitrogen atmosphere. Surfactant-modified 
activated carbon was prepared by impregnation of sodium 
dodecyl sulphate (SDS) and sodium cupryl acetate (SCA) 
on the AC. The known weight of AC was added to 100 mL 
of surfactant solution (2%) and stirred at room tempera-
ture for 5  h. The mixture was then filtered and washed 
with distilled water several times to remove undesirable 
impurities. The final product was then dried at 40°C over-
night. The SDS and SCA modified activated carbon was 
coded as SDS/AC and SCA/AC.

The AC, SDS/AC and SCA/AC were characterized by 
various instrumental analyses. FT-IR analysis of AC and 
SDS/AC carried out by FT-IR spectrophotometer (Parkin 
Elmer). The spectra were collected as an average of 3 scans 
between the wavelength range of 500–4,000 cm–1. The textual 
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and morphological features of the AC and surfactant modi-
fied AC was investigated by scanning electron microscopy, 
using the SEM Model JEOL, Japan. The elemental analysis 
of the samples was determined by EDX detector. The crys-
tallinity of the AC and the surfactant modified AC sample 
was investigated by X-ray diffractometer (Xpert Philip), 
using CuKα as the radiation source. While the concen-
tration of the dyes in a solution was monitored by UV-Vis 
spectrophotometer (Shimadzu, Japan).

2.3. Adsorption process studies

All the experiments were performed in batch mode for 
each parameters like contact time, pH study, dose, concen-
tration study, kinetic and thermodynamic studies. The con-
centration of dye in the solution was analyzed by UV-Vis 
spectrophotometer (Schimadzu, Japan). The absorbance 
of MB was measured at λmax of 664 nm and that of crystal 
violet at λmax 588  nm. Standard dye solutions of different 
concentrations were used to construct a calibration plot; 
the concentration of dyes was calculated from the absor-
bance with the help of calibration curve. The % removal 
of dyes after adsorption experiments was calculated by 
using following equation.

%Removal =
−

×
C C
C
o f

o

100 	 (1)

where the Co shows initial concentration and Cf represents 
the concentration of dye after time t.

2.4. Kinetic studies

The adsorption kinetics for the removal of MB and CV 
over SDS/AC was investigated by applying the adsorption 
data to the pseudo-first-order, pseudo-second-order and 
intra particle diffusion kinetic models. To investigate the 
pseudo-first-order kinetics, the following equation was used.

ln ln lnq q q K te t e−( ) = − 1 	 (2)

where qe (mg/g) is adsorption capacity of MB and CV dyes at 
the time of equilibrium, qt (mg/g) is the amount of the dyes 
adsorbed at time t, K (min–1) is pseudo-first-order rate con-
stant and t is the time.

The pseudo-second-order kinetics was studied by using 
the following equation:

t
q K q

t
qt e t

= +
1

2
2 	 (3)

where t is the time, qe (mg/g) is the maximum amount of 
MB and CV dye absorbed over SDS/AC at equilibrium, qt 
(mg/g) is the amount of the dyes adsorbed at time t and K2 
(mg/g  min) is the pseudo second order kinetics rate con-
stant, which was calculated from the intercept of the plot 
of Eq. (3).

The adsorption data was also analyzed by intra particle 
diffusion kinetic model, which is represented by following 
equation as;

q K t Ct i= +1 2/ 	 (4)

where C is the constant related to the thickness of the 
boundary layer (mg/g), Ki is the intraparticle diffusion rate 
constant (mg/g min1/2).

2.5. Adsorption isotherm

In order to investigate nature of the adsorption pro-
cess, the adsorption data was interpreted by Langmuir and 
Freundlich isotherms models. The Freundlich isotherm is 
an empirical model which is represented by the following 
equation.

ln ln lnq K
n

Ce f e= −
1 	 (5)

where qe (mg/g) maximum amount of adsorbate adsorbed 
on adsorbent surface at the equilibrium, Ce (mg/L) show the 
equilibrium concentration (mg/L), and Kf and n are factors 
that depends on the adsorbate and adsorbent amounts.

This model represents the monolayer adsorption pro-
cess on the surface of the adsorbent in a uniform manner 
to occupy the active sites of the adsorbent. The adsorption 
data was plotted by using the following equation as:

C
q bq

C
q

e

e
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1

max max
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where Ce (mg/L) is the equilibrium concentration of dye in 
the solution, qe (mg/g) is the maximum amount of adsorbate 
adsorbed by adsorbent, qmax is the maximum adsorption 
capacity and b is Langmuir constant related to energy of 
adsorption.

3. Results and discussion

The adsorption of MB and CV dyes from aqueous 
solution was studied by using AC, SDS/AC and SCA/AC 
as an adsorbents. Initial batch mode adsorption experi-
ments were carried at 25°C and for 60 min and initial dyes 
concentration of dye was 50 mg/L. The data show that % 
removal of MB using AC, SCA/AC and SDS/AC was 75%, 
83% and 84.86%, respectively, whereas using same adsor-
bents the % removal of CV was 31.5%, 79% and 84.94%, 
respectively. It is clear from these results that the adsorp-
tion efficiency of the AC was significantly enhanced with 
the surfactant modification. Additionally, the SDS/AC led 
to high removal of both the dyes, that is, MB and CV as 
compared to SCA/AC. A number of studies show that SDS 
supported on activated carbon led to high removal of dyes 
[1]. As clear from the above discussion that the adsorp-
tion efficiency of SDS/AC was higher than SCA/AC, there-
fore SDS/AC was selected for further study based on the 
optimization concept.

3.1. Properties of AC and SDS/AC

The AC, surfactant modified activated carbon, that is, 
SDS/AC and spent SDS/AC was characterized by FT-IR, 
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SEM, XRD and EDX analysis. Detailed discussion on the 
results is given as follows.

3.1.1. FT-IR spectroscopy

The FT-IR spectra of AC and modified AC before and 
after adsorption of MB and CV are shown in Figs. 1 and 2.  
The FT-IR spectra of the AC shows, broad peak at around 
3,500  cm–1, which presented the O–H stretching vibrations 
for hydroxyl groups of surface water or carboxyl groups. 
Two peaks positioned at around 1,709 and 1,590  cm–1 
shows the C=O of carbonyl or carboxyl and C=C of aro-
matic functionalities, respectively. A strong peak centered 
at 1,045  cm–1 corresponds to C–O stretching vibrations 
[45,46]. A medium peak appearing at 755  cm–1 indicates 
C–H out of plane deformation vibration [47]. These results 
indicate the characteristic functional groups of aromatic, 
carboxylic and oxygenate configurations of the typical 

activated carbon, which confirm the successful formation 
of activated carbon.

The FT-IR spectra of AC (MB) and AC (CV) shows typical 
functional groups of the AC, with some changes in the peak 
intensities and in addition to some new peaks appeared. 
In case of both the samples, two new peaks appeared at 
2,983 and 2,898  cm–1 which corresponds to C–H stretching 
vibrations of CH3 and CH2 groups, also in both samples the 
intensity of the peaks assigned to C=O and C–H (bending 
vibrations) is significantly decreased, which indicates the 
interaction of MB and CV onto the surface of AC.

The FT-IR spectra of SDS/AC and SDS/AC after 
adsorption of MB and CV, that is, SDS/AC (MB) and SDS/
AC (CV) are shown in Fig. 2. The spectra of the SDS/AC 
show prominent peaks at 2,983  cm–1 which is the asym-
metric stretching vibration of CH3 group in –O–CH3. This 
peak was found to be disappearing in case of MB and CV, 
respectively which show the physical interaction of dyes 
with the SDS/AC. Similarly, peak at 1,399 and 1061  cm–1 
were found in pure SDS/AC, which are C–H asymmetric 
deformation vibration and –C–O– stretching vibration. 
However, both the peaks are disappearing in case of CV 
interaction with the SDS/AC while the peak 1,061  cm–1 
shifted to 1,068 cm–1 in case of MB, which indicated a clear 
interaction of the synthesized SDS/AC with the organic 
dye materials. Furthermore, two peaks were observed in 
the case of 1,597   and 794 cm–1 in case of SDS/AC interac-
tion with MB. These two peaks are actually the presence of 
C=C stretching vibration and C–H deformation vibration.

3.1.2. SEM analysis

The surface morphology of the AC and SDS/AC before 
and after adsorption of the MB and CV was investigated 
by SEM analysis. The SEM micrographs of AC, AC (CV) 
and AC (MB) is shown in Fig. 3. The SEM micrograph of 
AC shows that the surface of the AC is highly porous and 
rough, which is an important parameter for adsorption 
phenomena. The AC exhibit honeycomb like structure, 
with large number of pores which were extended to the 
internal cross section. These pores provide a large num-
ber of adsorption sites on the surface as well as inside the 
AC. The porosity and cavities facilitate the easy penetra-
tion of the solution inside the adsorbent and make the 
adsorption process effective and efficient. These results 
suggest that the AC exhibit excellent morphology, which 
is desirable for high adsorption capacity. The SEM micro-
graphs of AC (MB) and AC (CV) shows high porosity 
but most of the pores are blinded, indicating the accu-
mulation of the pollutants in the pores.

The SEM micrograph of SDS/AC exhibits folded and 
porous morphology, the surface seems layered and smooth, 
which may be due to impregnation of the surfactant. The 
micrographs of SDS/AC after adsorption of MB and CV 
shows similar morphology as that of original SDS/AC, 
which indicates that most of the dye molecules are adsorbed 
on the surface rather than the internal pore.

3.1.3. XRD Pattern analysis of AC and SDS modified AC

The XRD patterns of the rice husk derived AC and SDS/
AC are shown in Fig. 4. The XRD pattern of AC shows a 

Fig. 1. FTIR spectra of AC before and after removal of CV and 
MB dyes.

Fig. 2. FTIR spectra of SDS/AC before and after removal of 
CV and MB dyes.



W. Ahmad et al. / Desalination and Water Treatment 248 (2022) 288–299292

broad peak in the 2θ range of 20° to 23° which exhibit the 
characteristics amorphous carbon materials [32]. The XRD 
pattern of the SDS/AC also shows similar broad peak as 
that of AC, indicating the typical carbon material. The 
absence of additional broad peak suggests the complete 
removal of ZnCl2 has occurred, which was used for chemical 
activation of carbonaceous material obtained from rice husk.

3.1.4. EDX analysis

The elemental composition of the AC, SDA/AC and 
SCA/AC weight % composition was investigated by EDX 
analysis (Fig. 5). The EDX signatures of elemental compo-
sition are shown in Table 1. In case of AC, the major ele-
ment with high % weight, that is, 68.48% is carbon, it also 
comprises of other elements like hydrogen, nitrogen, oxy-
gen, and sulfur. Typically the AC consist of about 88% C, 
0.5% H, 0.5% N, 1.0% S, and 6% to 7% O [48]. These results 
show that the activated carbon is of good quality with high 
carbon content. The EDX profile of the SDA/AC and SCA/

AC composite shows that the sample contains C, O, Zn, 
Ca and P in major proportion. The other elements present 
in the mineral matter of carbon are also present.

3.2. Optimization of adsorption parameters

After studying the efficiency of AC, SDS/AC and SCA/
AC it was found that SDS modified activated carbon show 
better removal efficiency. Thus, for further optimization 
study SDS/AC was selected. In order to investigate the opti-
mum conditions required for maximum removal of MB and 
CV dyes, adsorption was investigated under different con-
ditions of concentration of dye, pH, time, temperature and 
adsorbent dose.

3.2.1. Effect of initial dye concentration

Adsorption of MB and CV over SDS/AC was studied 
under different initial concentration of dyes. The data are 
shown in Fig. 6, which shows that the % removal decreases 

 
Fig. 3. SEM images of (a) SDS/AC, (b) SDS/AC after adsorption dye (MB) and (c) SDS/AC after adsorption dye (CV).
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with increasing the initial concentration of both CV and 
MB from 5 to 50  mg/L. These results show that under 
high dyes concentration the active sites on the surface of 
the SDS/AC are occupied completely and no more sites 
are available on the given weight of the adsorbent surface 
which leads to decrease in the adsorption efficiency. It 
may be observed from the data that under 50  mg/L con-
centration, the amount of MB dye adsorbed on the SDS/
AC was higher (88%) than the CV (84%). This may be 
attributed to the anionic nature of the surface of SDS/AC 
which shows high affinity for the cationic MB, as com-
pared to CV. Therefore, the % removals in both cases were 

lower than 90% for higher concentration because the active 
sites may be occupied by the dyes molecules.

3.2.2. Effect of PH

The % removal of both CV and MB were studied at 
different pH, that is, 3, 5, 7 and 11 and results are indi-
cated in Fig. 7. It can be observed from the data that the % 
removal of the both CV and MB increase with an increase 
in the pH value of the solution and reached up to 90% at 
pH 11. This is probably due to increase in the ionization of 
the surface of the materials while increasing the pH value 
of the solution. It is also clear from the results that the % 
removal value of the MB remains greater as compared to 
that of CV at different pH values, which may be due to 
the greater affinity of MB toward the modified-adsorbent 
material that in turn shows the selectivity of the materi-
als. It can be suggested from the above discussion that the 
optimum pH for maximum removal of both the dyes over 
SDS/AC was found to be pH 11.

3.2.3. Adsorption capacity of SDS/AC

The adsorption capacity of per unit mass of the SDS/AC 
for MB and CV is shown in Fig. 8. The data shows that the 
adsorption capacity of the SDS/AC linearly increases with 
increasing the concentrations of both the dyes over SDS/
AC. The results show that with the increase in the dyes 
concentration, the adsorption capacity also increases, and 
maximum adsorption capacity of MB and CV dyes were 
9.53 and 9.04 mg/g of SDS/AC in the case of 50 mg/L solu-
tion of the dyes. The increase in the adsorption capacity 
was probably due to the availability of a large number of 
attractive electrostatic sites on the surface of the adsorbents 
for removal of dyes molecules from the solution [49].

3.2.4. Effect of contact time

The influence of adsorption duration on the removal 
of CV and MB over SDS/AC was studied at different 
time durations ranging from 15  min to 7  h. Results are 
indicated in Figs. 9 and 10 in which a plot of time (h) 
vs. qt is given. The general trend in the data was that the 
adsorption capacity for different concentrations (mg/L) 
solutions increased with increasing the adsorption time. 
Initially, the adsorption of dyes was very fast which may 
be attributed to the availability of large surface area and 
greater number of electrostatic units on the surface of the 
SDS/AC. With the increase in the adsorption time, the 
adsorption capacity also increased, and became constant 
at 4 h in case of both the dyes.

3.2.5. Kinetic study

The adsorption kinetics of MB and CV over SDS/AC 
was studied by applying pseudo-first-order and pseudo-
second-order kinetic models. The pseudo-second-order 
kinetics equation provided a better fit to the adsorption 
data as compared with pseudo-first-order. The pseudo-sec-
ond-order kinetic parameters are given in Table 2. It is 

Table 1
Elemental composition of AC, SDS/AC and SCA/AC

Elements Weight %

AC SDS/AC SCA/AC

C 68.48 55.87 60.54
O 14.10 25.00 24.19
Cl – 0.09 –
Na – 0.17 –
Mg 0.47 0.22 0.29
Al 0.14 0.17 0.37
Si 10.89 7.41 9.08
S 0.30 0.34 0.12
K 2.88 0.52 0.52
Ca 0.70 0.27 0.86
Fe 0.57 0.21 0.50
P 1.47 0.56 0.94
N – 6.36 –
Zn – 2.81 2.60
Cu – 0.53 –
Total 100 100 100

 

Fig. 4. XRD patterns of AC and SDS/AC.
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clear from the data that the adsorption of both MB and CV 
given straight plots with the regression factor R2 values 
equal to 1, which show the accuracy of the analyzed data. 
Furthermore, the values of experimental and calculated qe 
are in close agreement. These results clearly indicate that 
the adsorption of both dyes, that is, MB and CV over SDS/
AC follow pseudo second order kinetics.

The adsorption data was also analyzed by intra par-
ticle diffusion kinetic model. The data from the table 
(Table 3) about the regression factor and reaction rate is 
very accurate accordingly; however, the data manipulation 

via pseudo second order is more reliable and thus shows 
the best fitting of data via pseudo-second-order reaction  
rate.

3.2.6. Thermodynamic parameters

For adsorption of MB and CV using 50  mg/L solution, 
over SDS/AC, various thermodynamic parameters were 
studied at different temperatures, that is, 303, 308 and 
313 K. The following Eqs. (5) and (6) were used to calculate 
ΔH°, ΔS° and ΔG°.

 
Fig. 5. Energy-dispersive X-ray spectrum (EDX) of (a) AC, (b) SDC/AC and (c) SCA/AC.
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lnK S
R

H
RT

=
°

−
°∆ ∆ 	 (5)

∆ ∆ ∆G H T S° = ° − ° 	 (6)

where K is the equilibrium thermo dynamical constant, 
R is gas constant (8.314  kJ/mol), ΔS° is standard entropy 
change, ΔH° is standard enthalpy change and ΔG° is stan-
dard Gibbs free energy change of the process. The entropy 
and enthalpy were calculated from intercept and slope of 
the plot, plotted between lnK vs. 1/T (K). The enthalpy value 
for both CV and MB show that the process is endothermic 
and high temperature will favor the rate of adsorption, 

which was also reported in the literature [50]. Furthermore, 
the values of enthalpy changes show that the adsorp-
tion of dyes on the SDS/AC is physisorption phenomena  
(Table 4). Similarly, the positive values of entropy change 
in case of both CV and MB indicates that the entropy 
value was increased due to adsorption of the process. 
The value of ΔG° is negative in case of both dyes, which 
indicates that the adsorption process is spontaneous.

3.2.7. Isotherm study

In order to investigate nature of the adsorption pro-
cess, the adsorption data was interpreted by Langmuir and 
Freundlich isotherms models. In case of Freundlich iso-
therms model, the plot was drawn between logqe vs. lnCe, 
while the value of n and Kf were calculated from slope and 

Fig. 6. Effect of initial concentration on % removal of CV and 
MB dyes over.

Fig. 8. Adsorption capacity qe (mg/g) of SDS/AC for MB and 
CV dyes.

Fig. 9. Effect contact time on removal of MB over SDS/AC.Fig. 7. Effect of pH on the removal of CV and MB by SDS AC, 
adjusted the pH by 0.1 N HCL and 0.1 M NaOH solution, volume 
of solution 40 mL, dose vale 0.5 g.
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intercept of the graph. The regression factor of both MB 
and CV by Freundlich is greater than the n value which is 
greater than 1 for MB and less than one for CV, indicated 
that the process is effective.

In case of Langmuir model, the graph was plotted 
between Ce/qe vs. Ce, while the constant qmax and b were 

obtained from slope and intercept of the graph. The 
regression factor of Langmuir model in a comparison to 
Freundlich is small therefore it may be assumed that the 
adsorption mechanism was preceded via Freundlich iso-
therms in both CV and MB (Table 5) which were firmly 
identified with Freundlich model parameters in other stud-
ies [18,19].

3.3. Comparison of adsorption potential of different adsorbents

The maximum adsorption capacity (qe) of the SDS/
AC adsorbent for CV and MB is compared with different 
adsorbents reported in the literature for MB and CV adsorp-
tion systems, as shown in Table 6.

4. Conclusion

In the present work, agriculture waste as risk husk was 
successfully utilized in synthesizing of AC by economic 
and simple method. The AC was successfully synthesized 
by carbonization followed by ZnCl2 activation. The AC was 
further modified by SDS and SCA surfactants. The adsorp-
tion of MB and CV dyes were investigated over AC, SDS/
AC and SCA/AC, results indicated that SDS/AC showed 
highest adsorption for both the dyes, under preliminary 
conditions. SAS, FT-IR and SEM were employed to char-
acterize Its specific surface area, total pore volume, aver-
age pore radius, functional groups and surface morphology. 

Table 2
Pseudo-second-order kinetic parameters for adsorption of MB and CV over SDS/AC

Concentration (mg/L) MB CV

5 15 30 40 50 5 15 30 40 50

Experimental qe (mg/g) 0.880 2.860 5.780 7.560 9.300 1.015 2.554 5.246 7.205 9.054
Calculated qe (mg/g) 0.877 2.860 5.782 7.560 9.300 0.985 2.555 5.270 7.216 9.053
K2 (mg/g min) 3.520 5.120 1.148 1.191 0.750 0.680 0.606 0.793 1.190 1.110
R2 0.993 0.998 0.998 0.999 0.998 0.983 0.984 0.995 0.999 0.999

Table 3
Intraparticle diffusion parameters for adsorption of MB on SDS/AC

Concentration (mg/L) MB CV

5 15 30 40 50 5 15 30 40 50

C (mg/g) 0.516 2.530 5.150 6.300 7.200 0.049 0.832 3.800 5.980 7.600
Ki (mg/g min1/2) 0.122 0.088 0.178 0.477 0.726 0.359 0.696 0.522 0.461 0.538
R2 0.967 0.906 0.967 0.977 0.976 0.940 0.930 0.950 0.998 0.960

Table 4
Thermodynamics parameters for adsorption MB and CV over SDS/AC

Dye ΔS° (kJ/mol) ΔH° (kJ/mol) ΔG° (kJ/mol) R2

30 K 308 K 313 K

Methylene blue 0.041 10.927 –1.451 –1.693 –1.903 0.990
Crystal violet 0.111 33.270 –0.510 –1.070 –1.620 0.850

Fig. 10. Effect contact time on removal of CV over SDS/AC.



297W. Ahmad et al. / Desalination and Water Treatment 248 (2022) 288–299

The adsorption process was totally depended on pH, contact 
time, adsorbent dosage and dye initial concentrations. The 
optimum conditions for maximum adsorption of both MB 
and CV over SDS/AC were found to be better as compared 
to be AC and SCA/AC, under which maximum adsorption 
of MB and CV over SDS/AC was found to be 90% and 85%, 
respectively. Kinetic studies showed that adsorption of 
both dyes over SDS/AC pseudo second order kinetics. The 
adsorption data was found to be best fitted in Freundlich 
for both dyes. The various thermodynamics parameters 
like ΔG°, ΔH° and ΔS° indicated that the adsorption pro-
cess is endothermic and spontaneous in nature. The maxi-
mum adsorption capacity (qe mg/g) of SDS/AC for MB and 
CV was found to be by adsorbent was 9.3 mg/g for MB and 
9.054 mg/g for CV from 50 mg/L solution. This shows that 
SDS modified AC is very efficient adsorbent for removal of 
MB and CV dyes from wastewater.
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