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Abstract: Bioinspired mesoporous activated carbon was synthesized using rice husks. SEM 

(scanning electron microscopy), XRD (X-ray powder diffraction), FTIR (fourier transform infrared 
spectroscopy), and BET(Brunauer–Emmett–Teller) were used to detrmine the textural qualities and 
physicochemical properties of the produced activated carbon .Monolayer and multilayer isotherm 
models were evaluated to examine the adsorption investigations on hydrophobic Scarlet RR. The 
Langmuir adsorption isotherm best explained the results because the monolayer's adsorption 
capacity was 996 mg/g at adsorbent dosage of 1.5 g/L. The results suggested that bio-inspired 
activated carbon would work well as an adsorbent for dye removal from polluted water. 
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1. Introduction 
In order to prepare electrode materials, remove 

pollutants from industrial wastewater and provide 
catalytic assistance for the creation of supercapacitors, 
activated carbon is frequently used. Activated carbon as 
a highly porous material has potential applications in 
wastewater remediation as a result of its high thermal 
stability, large surface area, and stability under acidic and 
basic conditions. However, the high cost of processing 
and production is of great concern and therefore its 
production from agricultural waste will not only reduce 
its operating cost but also help in agricultural waste 
management. Worldwide, 571 million tons of rice are 
produced annually, resulting in nearly 140 million tons of 
rice husk waste.(1) Rice husks are a potential adsorbent 
material because they contain cellulose, hemicelluloses, 
and lignin along with various functional groups such as 
hydroxyl, carboxyl, aldehyde, etc., and ketone, etc.(2-5) As 
a result, rice husks are a plentiful, accessible, and 
economical source for the creation of inexpensive 
activated carbon. 

The color of textile effluent is the most problematic 
and serious problem because it affects the transparency 
of water and also reduces the solubility of oxygen in 
natural water bodies. (6,7) Textile wastewater generally 
contains resistant dyes, dissolved solids, surfactants and 
high color that show toxic effects on aquatic and human 
life. To overcome this issue, a variety of techniques, 

including membrane treatment, coagulation, chemical 
oxidation, photocatalysis, membrane treatment, 
biological process, and adsorption using various 
adsorbents, have been used in recent years.(8-10) Among 
these adopted methodologies is adsorption using 
activated carbon an economically feasible and effective 
for removing dyes and other dissolved impurities.11-13) 
However, commercially available activated carbon is 
relatively expensive. Therefore, to develop a cost 
effective, eco-friendly and highly effective adsorbent 
from a cheaper precursor is the necessity of the hour. 

Disperse dyes are widely used in the textile industry 
for dyeing mainly polyester, synthetic fabrics, acrylic and 
polyamide materials, etc.(14-17) Degradation of these dyes 
is quite challenging because these dyes contain a non-
ionic end, which makes them hydrophobic in nature.(18-20) 
Due to the solubility problem, disperse dyes are poor 
candidates for mechanistic studies. Even a small amount 
of disperse dye (concentration in μg L−1) can be 
dangerous because these dyes are carcinogenic and 
mutagenic.(21-23) 

Thus, to meet the discharge standard set by the 
government and to effectively remove dyes to eliminate 
environmental problems, adsorption study with biomass-
derived activated carbon could be beneficial to the 
environment.(24, 25) 

In the current study, mesoporous activated carbon was 
synthesised utilising agricultural waste, namely rice 
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husks, and was then examined using SEM, XRD, FTIR, 
and BET techniques. Adsorption studies were performed 
on the hydrophobic dispersion dye Scarlet RR and the 
experimental data were examined by fitting the Langmuir 
and Freundlich models. 

 
2. Materials and Methods 
2.1 Materials  

The synthesis and adsorption investigations were 
employed by using analytical-grade chemicals only. Rice 
husk was collected from the Punjab province's Faridkot 
district. Table 1 demonstrates the chemical properties of 
the disperse dye Scarlet RR that Arora Textiles, Ludhiana, 
Punjab, provided as a gift. All studies involved adjusting 
the pH of the dye using diluted NaOH and HCl. The 
removal percentage were evaluated using a UV-visible 
spectrophotometer from Perkin Elmer, by recording the 
absorbance of Scarlet RR after particular interval of time. 

 
Table 1. Chemical properties and characteristics of Scarlet RR 

Chemical 
structure 

Dye 
name 

Colour 
index 

λmax Chemical 
formula 

 

Scarle
t RR 

Dispers
e Red 
54 

530n
m 

C20H18N4O
4 

 
2.2 Synthesis of Rice Husk Derived Activated Carbon 
According to Scheme 1, activated carbon was created by 
a single activation step. To remove undesired pollutants 
and other contaminants from their surface, rice husks was 
washed numerous times. The cleaned sample was 
activated by soaking in ZnCl2 solution for a whole night 
before being dried at 80 °C to eliminate any remaining 
water. The rice husk was then carbonised by being heated 
in a muffle furnace for four hours at 300 °C at a 
temperature rice of 5 °C per minute while being exposed 
to a nitrogen environment. The obtained sample then 
powdered using mortar and pestle. 
 

 
Scheme. 1- Synthesis of Activated Carbon from Rice Husk 

 
2.3 Adsorption experiments 

Adsorption isotherms were studied using Scarlet RR at 
different dye concentrations (10, 20, 30, 40 and 50 ppm) 
to perform adsorption experiments. The aqueous solution 

was kept in the dark for 240 min with varying amounts of 
catalyst (1 g/L, 1.5 g/L, and 2 g/L) at room temperature. 
An aliquot of 5 ml was taken every thirty minutes and 
analyzed spectrophotometrically. The amount of 
adsorbate adsorbed at equilibrium, at 
equilibrium, qe (mg/g) was evaluated by subtracting 
(Ce)equilibrium concentration and(Co) initial dye 
concentration (Co) as depicted in equation 1.7 

𝑞𝑞𝑒𝑒 = (𝐶𝐶𝑜𝑜−𝐶𝐶𝑒𝑒 )𝑉𝑉
𝑊𝑊

(1) 
 

Here, volume of the solution is V and  mass of 
activated carbon used is depicted as W (g). 

 
3. Results and Discussion 
3.1 Characterization of synthesized adsorbent  
XRD analysis of the synthesized activated carbon shows 
the presence of a single broad peak from 20° to 30° 
indicating the formation of the 002 phase of graphitic 
carbon. As depicted in Fig. 1, the activated carbon 
obtained is amorphous in nature and the absence of any 
other peak confirms the purity of the synthesized material. 

 
Fig. 1. XRD of synthesized activated carbon 

 
The SEM images of the synthesized activated carbon 

are illustrated in Figure 2. From the obtained images, it 
can be concluded that synthesized mesoporous activated 
carbon features fully irregular cracks, pores, and and 
crevices. Evaporation of the zinc chloride activator led to 
pores, which further leads to a large surface area. 

 

N
N

H3C

NH

O

O NO2

Cl
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Fig. 2. SEM of synthesized activated carbon 

 
Fig. 3 explains the synthetic activated carbon's FTIR 

spectrum. The existence of hydroxyl groups was 
confirmed by the O-H stretching peak at 3391 cm-1. due 
to water adsorption on the surface, of hydroxyl groups. 
Aliphatic carbon is responsible for the peak at 1718 and 
the stretching vibration of the C-H bond obtained at 1960 
cm-1. At 1596 cm-1, there was a peak that was attributable 
to the carboxyl group's C=O vibration. It was determined 
that the peaks at 1239 and 1057 cm-1 were caused by the 
ring vibration of the aromatic skeleton, which is primarily 
seen in carbonaceous material. 
 

 
Fig. 3. FTIR spectra of synthesized activated carbon 

 
The N2 adsorption-desorption isotherm was employed 

to investigate the Brunauer-Emmett-Teller (BET) of the 
synthesised carbon, as shown in Fig. 4. The bioinspired 
synthetic material displayed a type IV isotherm with H4 
hysteresis, supporting the properties of a mesoporous 
material. According to Table 2, the produced activated 
carbon has an average diameter of 3.54 nm and a specific 
surface area of 218 (m2/g). 

 
Fig. 4. N2 adsorption–desorption isotherms of synthesized 

activated carbon 
 

Table 2. The pore parameters of rice husk derived activated 
carbon 

SBET(m2/g) Total pore 
volume (Vm cm3 
/g) 

Pore volume 
Dp(nm) 

218 0.436 3.54 
 
3.2 Adsorption behaviour of Scarlet RR bioinspired 

activated carbon 
Adsorption studies were performed in a 100 ml flasks 

using 50 ml of Scarlet RR standard solution in a range of 
concentrations (10 ppm to 50 ppm), and the mixture was 
agitated at 300 rpm in the dark using a magnetic stirrer. 
Adsorbent concentrations ranged from 1 to 2 g/l. As 
depicted in Fig. 5, the UV absorbance spectra of the 
Scarlet RR solution were recorede for 240 minutes. 
 

 
Fig. 5 UV spectra of Scarlet RR adsorbed and effect of 

adsorbent dose on dye adsorption 
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Fig. 6qe vs time plot by varying adsorbent dose 
 

To explain the equilibrium state attained following the 
adsorption process, isothermal models were used to 
forecast the distribution of adsorbate and solid-liquid 
phases of molecules. The plot of qe vs. time used to 
determine the adsorbent's affinities and capacity is 
displayed in Fig. 6. The dye removal efficiency of the 
synthesised activated carbon on Scarlet RR at various 
adsorbent loadings was examined using Langmuir and 
Freundlich isotherms. The Freundlich isotherm well 
described multilayer adsorption happening on 
heterogeneous surfaces and is expressed by Equations 2 
and 3. The Langmuir isotherm model operates under the 
presumption that a homogenous adsorbent surface 
supports only monolayer adsorption. 
 

                         𝑞𝑞𝑒𝑒 =  𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚𝐾𝐾𝑎𝑎𝐶𝐶𝑒𝑒
1+𝐾𝐾𝑎𝑎𝐶𝐶𝑒𝑒

                         (2)   
 

Where qmax is the maximum capacity for adsorption in 
mg/g, Ka is the adsorption constant in L/mg, Ce is the 
equilibrium dye concentration in mg/L, and qe is the 
quantity of dye absorbed per unit weight of the adsorbent 
in mg/g. 7 

                          𝑞𝑞𝑒𝑒 = 𝐾𝐾𝑓𝑓𝐶𝐶𝑒𝑒
1/𝑛𝑛                               (3)                                                                                                           

Here, Kf is the relative adsorption capacity in mg/g and 
L/mg1/n and adsorption intensity depicted as 1/n. The 
nonlinear plots of the isotherms models as depicted in 
Equation. (1) and (2) are shown in Fig. 6, Based on other 
isotherm parameters recorded and high R2 values given 
in Table 3, the better fit is provided by the Langmuir 
isotherm model indicating the adsorbent showed 
homogeneous monolayer adsorption. 

Adsorption intensity is shown as 1/n, and Kf is the 
relative adsorption capacity in mg/g and L/mg1/n. Fig. 6 
displays the nonlinear graphs of the isotherms models 
provided in Equations (1) and (2). The Langmuir 
isotherm model offers a better fit based on other isotherm 
parameters measured and high R2 values shown in Table 
3, showing the adsorbent displayed uniform monolayer 
adsorption. 

 
Fig. 7.CevsQe plot of Langmuir and Freundlich isotherm  

 
Table 3. Adsorption isotherm parameters of Scarlet RR 

adsorption  
Type of 
isotherm 

Parameter Adsorbent Dose 

1g/L 1.5 
g/L 

2g/L 

Langmuir qm (mg/g) 167 996 198 
Ka (L/mg) 0.03 7.03 1.96 
R2 0.999 

Freundlich Kf(mg/g)(L/mg)1/n 0.86 4.13 1.89 
N 0.804 1.46 0.964 
R2 0.986 

 
Table 3 and Fig. 7 show that the maximum adsorption 

was attained at 1.5 g/L of activated carbon loading with 
adsorption capacity of 218 mg/g due to the wide specific 
surface area of prepared activated carbon. The Langmuir 
adsorption isotherm on the mesoporous carbon was best 
fitted, showing that the adsorption on the activated 
carbon was a monolayer. 

 
4. Conclusion 

The current study embarked on the synthesis of bio-
inspired activated carbon obtained from agricultural 
waste via economically viable and experimentally 
feasible method. The current study demonstrates that the 
activated carbon that was formed was mesoporous in 
nature with a large specific surface area. Scarlet RR 
anionic disperse dye was significantly removed from 
synthetic wastewater by the developed adsorbent. The 
results demonstrated that a monolayer adsorption using 
the Langumire isotherm supported an optimum 
adsorbent loading of 1.5 g/L. 
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