
Indonesian Journal of Material Research
e-ISSN: 2987-1654
Vol. 1, No. 1, March 2023

Research Paper

Rice Husks as Green Adsorbents for Removal of Anionic Dye: Kinetic,
Isotherm, and Thermodynamic Adsorption Studies
Nur Ahmad1, Neza Rahayu Palapa2*, Tarmizi Taher3

1Graduate School, Faculty of Mathematics and Natural Sciences, Sriwijaya University, Ogan Ilir, 30662, Indonesia
2Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Sriwijaya, Ogan Ilir, 30662, Indonesia
3Department of Environmental Engineering, Institut Teknologi Sumatera, Jl. Terusan Ryacudu, Way Hui, Lampung Selatan, 35365, Indonesia
*Corresponding author: nezarahayu@gmail.com

Abstract
Rice husk, a green adsorbent, was used for procion red adsorption. Analysis with BET, XRD, FTIR, and SEM confirmed the
formation of rice husk. The results indicate that rice husk is more porous and has a rougher surface. The surface of the rice husk
has a non-uniform shape and uneven morphology. The pore of rice husk is critical to the adsorption process of procion red. The
procion red will enter the pore of the rice husk to make an interaction. The rice husk has a surface area, pore volume, and pore
diameter of 7.08 m2/g, 0.011 cc/g, and 3.14 nm, respectively. The vibrational peak at 3448 1620, 1103, and 794 cm−1. the XRD
powder patterns of rice husk characterization diffraction peak at 2𝜃 23°. Rice husk’s adsorption system for procion red removal
follows PSO kinetic and Freundlich isotherm models with a maximal removal capacity of 158.730 mg/g. This study sheds light
on the effectiveness of rice husk as an adsorbent for procion red contaminants.

Keywords
Green Adsorbent, Rice Husks, Procion Red, Adsorption

Received: 7 January 2023, Accepted: 19 March 2023

https://doi.org/10.26554/ijmr.2023115

1. INTRODUCTION

The maintenance of water quality in the face of diminishing
water resources and a growing population is currently one of the
most pressing environmental concerns (Yang et al., 2022). For
many years, contamination of groundwater and surface water
with organic and inorganic pollutants as a threat to human and
animal health has been analyzed (Ghibate et al., 2021). Indus-
trial and agricultural effluents are the primary sources of water
contamination due to the presence of hazardous compounds
(Siraorarnroj et al., 2022). Synthetic and reactive dyes, which are
widely used in textiles, carpets, paper, and cosmetics, are one of
the other major classes of organic pollutants (Fraga et al., 2019;
Sriramoju et al., 2021).

The degradability of procion red makes it a possible environ-
mental pollutant (Nor et al., 2015). Various techniques have been
used to remove dyes from aqueous media, including adsorption,
photodegradation, and membrane filtering (Dhaneswara et al.,
2022; Liu et al., 2018; Yuliasari et al., 2022). Using an adsorbent
to remove colors from a solution is a frequent application of
adsorption (Ahmad et al., 2023b). This strategy is simple to em-
ploy, highly effective, and inexpensive (Chaari et al., 2021). This
approach relies on the quality of the adsorbent for its success. Of-
ten used to remove dyes from solution are inorganic adsorbents

such as zeolites, clays, activated carbons, and carbon nanotubes
(Ahmad et al., 2023a; Nyika and Dinka, 2022). On the other hand,
organic adsorbents such as chitosan, lignin, cellulose, and algae
are also efficient and renewable adsorbents for removing nu-
merous types of dyes (Heo et al., 2022; Vedula and Yadav, 2022).
Among these adsorbents, organic adsorbents have advantages
because they are derived from renewable sources such as rice
husk (Shamsollahi and Partovinia, 2019).

Consequently, utilizing waste items such as rice husks can be
a more efficient and cost-effective option. Due to the significance
of bio-based adsorbents for pollution removal, rice husk is also
an excellent adsorption component (Phan et al., 2022). Impor-
tant for environmental applications are these biosorbents, which
are renewable and environmentally friendly due to their abun-
dance, free availability, low cost, and high adsorption capacity,
as well as their simple processing and regeneration, insensitivity
to toxicants, and good performance (Araichimani et al., 2022).
Haider et al. (2022) used rice husk-modified silica for the adsorp-
tion of methylene blue with a maximum adsorption capacity of
107 mg/g. Previous research from Naik et al. (2023) used rice
husk for the removal of heavy metals. Meanwhile, Bai et al.
(2021) remove ammonia using rice husk-decorated silica carbon,
activated carbon, and silicon dioxide.

In this research, rice husk is employed as a procion red ad-
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sorbent. SEM, FTIR, XRD, and BET were utilized to evaluate
the characteristic of the adsorbent. The factors that impact the
success of adsorption, such as kinetic, isotherm, and thermody-
namic, were investigated.

2. EXPERIMENTAL SECTION

2.1 Materials
This investigation utilized rice husk, distilled water (H2O), and
procion red as its materials. X-Ray Diffraction analysis (Rigaku
600), Fourier Transfer Infra-Red spectrophotometer (Shimadzu
Prestige-21), Surface Area Analyzer (ASAP 2020), Scanning Elec-
tron Microscope, and UV-Visible spectrophotometer (Biobase
BK-UV1800) were utilized for material characterization.

2.2 Adsorbent Preparation
Rice husks samples were cut into small pieces, and rinsed with
clean water, after that oven at 100°C. The rice husks were then
crushed with a mortar and sieved at 200 mesh.

2.3 Kinetic Study
Rice husk weighing up to 0.04 g was added to a beaker glass that
had been filled with 40 mL of a 100 mg/L procion red solution.
The solution was agitating for varying durations between 5
and 180 minutes, followed by separation. The separation was
accomplished and the resulting filtrate was measured with UV-
Vis spectrophotometer.

2.4 Isotherm Study
A total of 0.04 g of rice husk was added to a 100 mL beaker
glass containing 40 mL of varied concentrations of procion red
solutions ranging from 50 to 100mg/L. The optimum duration for
adsorption was determined by a previous study, and the process
was carried out by stirring at temperatures ranging from 30 to
60°C. The rise husk and procion red solution were separated by
centrifugation, and the absorbance of procion red determined
using UV-Vis spectrophotometer.

3. RESULTS AND DISCUSSION

Figure 1 depicts the surfacemorphology of rice husks as observed
by scanning electron microscopy (SEM). The results indicate
that rice husk is more porous and has a rougher surface. The
surface of the rice husk has a non-uniform shape and uneven
morphology. The pore of rice husk is critical to the adsorption
process of procion red. The procion red will enter the pore of
the rice husk to make interaction.

Figure 2 displays the FTIR spectrum of rice husk. The vibra-
tional peak at 3448 cm−1 is associated with the -OH group. The
spectrum at 1620 cm−1 corresponds to the carboxylate group
containing C-O bonds. The spectrum at 794 cm−1 indicates the
presence of a Si-O bond (Palapa et al., 2022). The peak 1103 cm−1

corresponds to the C-H stretching of lignin in the rice husk.
Figure 3 depicts the XRD powder patterns of rice husk char-

acterization diffraction peak at 2𝜃 23°. According to a previous
investigation, 2𝜃 diffraction exhibited no diffraction peaks other
than one of approximately 23° with reflection (002) (Hasanah

Figure 1. SEM Image of Rice Husks

Figure 2. FTIR Spectra of Rice Husks

et al., 2022). These diffractions demonstrate the presence of
amorphous silica in the rice husk.

Rice husk is characterized by BET to ascertain its surface
area, pore volume, and pore size distribution. Figure 4 depicts the
N2 Isotherm adsorption and pore size distribution of rice husk.
The N2 adsorption/desorption isotherm on rice husks follows
the type IV isotherm (Chouaybi et al., 2022), as shown in Figure
4. This information suggests that the number of adsorbents
increases with increasing relative pressure. According to Table 1,
the surface area of rice husk is 7.08 m2/g, the total pore volume
is 0.011 cc/g, and the average pore diameter is 3.14 nm.

The study of the rate at which an adsorbent absorbs an ad-
sorbate is known as adsorption kinetics. The adsorption rate
exposes the characteristics of the adsorbent’s adsorption capacity
on the adsorbate. Researchers examined kinetic modeling utiliz-
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Figure 3. XRD Pattern of Rice Husks

Table 1. BET Result of Rice Husk

Parameter Result
Surface area 7.08 m2/g
Pore size 3.14 nm

Pore volume 0.011 cc/g

Figure 4. Nitrogen Adsorption-Desorption of Rice Husks

ing a first-order pseudo-kinetic model (PFO) and a second-order
pseudo-kinetic model (PSO) (Figure 5). Table 2 demonstrates
the linear regression of the PFO and PSO kinetic equations. The
correlation coefficient value in the PFO model with a lower R2

value, which is supported by k2 data with a smaller value than
k1 data. According to the obtained data, the PSO kinetic model
is a better fit for the procion red adsorption procedure. This

indicated that adsorption of procion red followed chemisorption
(Taher et al., 2023).

Figure 5. Contact Time Between Adsorbents and Adsorbate

Figure 6. Isotherm Adsorption

Adsorption isotherms describe the properties and varieties
of adsorption as well as the interaction between the adsorbate
and adsorbent. Using two isotherm models, the equilibrium
of procion red adsorption on rice husk was investigated: the
Langmuir isotherm model and the Freundlich isotherm model
(Figure 6). The Langmuir isotherm model assumes that procion
red adsorption occurs chemically and is monolayer at a limited
number of specific sites. Meanwhile, the Freundlich isotherm
model is utilized for multilayer chemical adsorption, which is
characterized by a nonuniform distribution of adsorption heat
and heterogeneous surface affinities (Palapa et al., 2021). Based
on the data presented in Table 3, it is demonstrated that the
Freundlich adsorption isotherm model is more appropriate for
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Table 2. Kinetic Data of Rice Husk

Adsorbent Qe𝑒𝑥𝑝 (mg/g) Pseudo-first-order Pseudo-second-order
Qe𝑐𝑎𝑙𝑐 (mg/g) k1 (min−1) R2 Qe𝑐𝑎𝑙𝑐 (mg/g) k2 (g/mg.min) R2

Rice Husk 59.215 43.262 0.025 0.936 61.958 0.001 0.997

Table 3. Isotherm Data of Rice Husk

T (◦C) Freundlich Langmuir
ΔH (kJ/mol) ΔS (J/K.mol) ΔG (kJ/mol)n kF R2 Qmax kL R2

30 1.303 2.473 0.999 158.730 0.009 0.983

7.039 0.024 -0.07240 1.459 3.966 0.982 153.846 0.010 0.889
50 1.349 3.037 0.981 129.870 0.014 0.929
60 1,469 4.035 0.873 111.111 0.020 0.941

describing the adsorption of procion red by rice husk biosorbent.
This is indicated by the linear regression coefficient in the Fre-
undlich adsorption isotherm equation, which approaches the
value 1. When the dye adsorption using rice husk biosorbent
satisfies the Freundlich isotherm equation, the multilayer ad-
sorption process takes place. The maximum adsorption capacity
of procion red on rice husk is 158.730 mg/g at 30◦C.

Table 3 displays the thermodynamic parameters for the ad-
sorption of procion red on rice husk, including ΔH (enthalpy),
ΔG (Gibbs free energy), and ΔS (entropy) (Georgin et al., 2018).
Positive values (0.024 J/K.mol) of ΔS indicate that the degree of
irregularity between the adsorbate and adsorbent is increasing.
The positive value (7.039 kJ/mol) of ΔH indicates the endother-
mic adsorption of procion red onto rice husk. The negative value
(-0.072 kJ/mol) of ΔG suggests that the adsorption of procion
red is spontaneous. The adsorption of procion red by some
adsorbents is displayed in Table 4.

Table 4. Adsorption of Procion Red by Some Adsorbents

Adsorbent Qmax (mg/g) Reference
Rice husk 158.730 This study
Spirulina sp 11.23 (Mohadi et al., 2017)

Tamarint-seed 61.10 (Chaiyapongputti
et al., 2014)

AC-bagasse 6.90 (Fahira et al., 2021)
Parkia Speciosa peel 8.20 (Anuar et al., 2020)

4. CONCLUSIONS

Rice husk, a green adsorbent, was used for the adsorption of
procion red. Analysis with BET, XRD, FTIR, and SEM confirmed
the formation of rice husk. Rice husk’s adsorption system for
procion red removal follows PSO kinetic and Freundlich isotherm
models with a maximal removal capacity of 158.730 mg/g. This
study sheds light on the effectiveness of rice husk as an adsorbent

for procion red contaminants.
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