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Abstract
Biochar derived from rice husk was successfully prepared with the pyrolysis method. X-Ray Diffraction (XRD), Fourier-transform
infrared spectroscopy (FT-IR), Thermogravimetry analysis (TGA), and Brunauer-Emmett-Teller (BET) analysis confirmed biochar.
The results indicate that biochar is amorphous carbon. Functional groups on biochar include -OH, C-H, C-O, C=C, and C-O.
The surface area of biochar of 72.252 m2/g with a pore size of 3.334 nm which is classified as mesoporous material. Biochar was
used as an adsorbent on the congo red (CR) and procion red MX-5B (PR) dyes with adsorption capacities of 42.918 and 84.034
mg/g, respectively. The equilibrium adsorption occurred at 120 minutes. The adsorption isotherm and kinetics both followed the
Langmuir isotherm and Pseudo Second Order (PSO), respectively. CR and PR adsorption process using biochar by physisorption
and chemisorption with interactions that occur include hydrogen interactions, physical interactions, 𝜋-𝜋 interactions, and
electrostatic interactions.
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1. INTRODUCTION

The increase in rice production in each country will lead to an
increase in rice husks which is an agricultural waste (Wang
et al., 2023). Currently, in rice milling factories, many rice husks
are disposed of directly to the ground and left to accumulate
as biomass waste or burned. This will result in environmental
pollution. Therefore, rice husk can be utilized in value-added
products (Daffalla et al., 2020). Rice husk as one of the largest
biomass wastes is good at producing renewable carbon and silica
materials (Bai et al., 2021). One of the processes to obtain renew-
able carbon-basedmaterials is the pyrolysis method. The product
is named biochar (Abdullah et al., 2023). Biochar is a product of
a low-cost pyrolysis process that can be obtained from various
biomass wastes such as agricultural wastes. Biochar has chemi-
cal stability, porous structure, and adjustable physicochemical
properties and is environmentally friendly, so biochar is recog-
nized as an effective adsorbent for the remediation of various
contaminants in wastewater (Liang et al., 2023; Liu et al., 2023).

One of the wastewaters that is commonly found in wastewa-
ter produced by the textile and paper industries contains dyes.
Inadequate processing at various factories, and industrial efflu-
ents containing contaminated dyes in the waters will seriously

Figure 1. Chemical Structure of CR (a) and PR (b) Dyes

harm the environment. Most dyes are not readily biodegrad-
able and are toxic to aquatic life, even in small amounts (Rose
et al., 2023). Dyes commonly found in wastewater are congo
red (CR) and procion red-MX-5B (PR). Chemical structure of CR
and PR shown in Figure 1. CR can cause bladder cancer and
gene mutations if exposed to humans (Wang et al., 2022) and
other health problems such as breathing difficulties, nausea, and
diarrhea (Rose et al., 2023). PR is recognized as a carcinogenic
and mutagenic agent that causes health problems in humans and
aquatic life (Nazifa et al., 2018). Hence, the need to complete
removal of dye from wastewater is necessary. Many researchers
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have investigated dye removal methods, however adsorption
stands out as a popular method because of its high efficiency,
environmental friendliness, operational simplicity, stability, and
selectivity (Obayomi et al., 2023;Ahmad et al., 2023).

Research conducted by Nguyen et al. (2021), using biochar
derived from agricultural waste (Acacia auriculiformis) modified
with metal salts (AlCl3) which resulted in an adsorption capacity
of CR of 30.80 mg/g. Zhang et al. (2020) used biochar derived
from Mango peel and applied to toxic heavy metal (cadmium)
which resulted in a maximum capacity of 13.28 mg/g. Adsorption
of methylene blue dye was carried out by Roy et al. (2022) using
biochar derived from Citrus macroptera peel and produced a
large adsorption capacity of 139.7 mg/g. Various studies have
been conducted, proving that biochar applied as an adsorbent
can be an effective and environmentally friendly material in the
removal of contaminants in wastewater.

In this research, biochar will be prepared from rice husk and
applied as adsorbent on CR PR dyes. Biochar was character-
ized using X-Ray Diffraction (XRD), Fourier-transform infrared
spectroscopy (FT-IR), Thermogravimetry analysis (TGA), and
Brunauer-Emmett-Teller (BET) analysis. Adsorption parame-
ters to be studied include contact time variation (kinetic), con-
centration variation and temperature variation (isotherm and
thermodynamics).

2. EXPERIMENTAL SECTION

2.1 Materials and Characterizations
Rice husk was collected from local farms in Palembang, South
Sumatra, Indonesia. Distilled water (H2O), procion red MX-5B
(PR), and congo red (CR) dyes. Biochar was characterized using a
Rigaku Miniflex-600 X-ray Diffractometer, Shimadzu Prestige-21
FTIR spectrophotometer, Quantachrome Instruments for BET
surface area analysis, and Shimadzu Instruments for the ther-
mogravimetric analyzer. Absorbance measurements of the dye’s
solution were conducted using a UV-Visible Biobase spectropho-
tometer UV BK-1800PC.

2.2 Preparation of Biochar Derived from Rice Husk
Water was used to wash the rice husk to get rid of impurities. A
100°C oven was used to dry the rice husk for 6 hours. Pyrolysis
was used to create biochar, which was produced at 500°C for two
hours. The collected samples were cleaned before being dried
for ten hours at 100°C in an oven.

2.3 Adsorption Study
The process of adsorption required into account contact time,
concentration, and temperature. By adjusting the contact dura-
tion (5, 10, 15, 20, 30, 50, 70, 90, 120, and 150 minutes) during
adsorption, the impact of contact time on the adsorption of CR
and PR dyes was quantified. An Erlenmeyer flask holding 20
mL of the dye solution at a concentration of 50 mg/L was added
along with as much as 0.02 g of the adsorbent. A UV-visible
spectrophotometer was used to measure the absorbance of the
filtrate for the given time variation after the mixture had been
agitated. The effects of the concentration (50, 60, 70, 80, 90 mg/L)

Table 1. BET Analysis Results

Surface Area
(m2/g)

Pore Size
(nm)

Pore Volume
(cm3/g)

72.252 3.334 0.060

and temperature (303, 313, 323, 333 K) were determined by vary-
ing these parameters during adsorption. As much as 0.02 g of
the adsorbent was added to an Erlenmeyer flask containing 20
mL of the dye solution for a specified concentration variation
and stirred for 60 minutes at the specified temperature. The
absorbance of the filtrate was measured.

3. RESULTS AND DISCUSSION

The XRD pattern of the biochar derived from rice husk has been
shown in Figure 2(a). Figure 2(a) shows a strong and broadened
peak at 20° which indicates the presence of SiO2. Silicon is widely
contained in most rice husks (Islam et al., 2021). The peak range
at 2𝜃 = 20° (002) with a broadened peak shape biochar is amor-
phous carbon (Le et al., 2021). Figure 2(b) shows the FTIR spectra
of the biochar. From the results of the FTIR analysis in Figure
2(b), it was found that in biochar there are functional groups
indicated in the peaks which include -OH (3449 cm−1), C-H (2924
cm−1), C-O (1620 cm−1), C=C (1435 cm−1), and C-O (1103 cm−1)
(Zhang et al., 2022).

Table 2. Comparison of Surface Area with Other Biochar

Biochars
Pyrolysis
Tempera-
ture (°C)

Surface
Area
(m2/g)

References

Plantain peel 600 16.69 (Felix et al.,
2018)

Punica
granatum 300 41.28 (Cao et al.,

2019)
Eggshell
membrane 300 8.484 (Wu et al.,

2022)

Orange Peel 400 0.90 (Zhang et al.,
2022)

Fishbone 538 32.138 (Tan et al.,
2023)

Rice husk 500 72.252 This research

Thermogravimetry profile of biochar shown in Figure 2(c).
The TGA profile of the biochar prominently exhibits three re-
gions which start at 60-105 °C, indicating dehydration (Wu et al.,
2022), the organic contents were degraded at 200-600 °C, and
in the third region at >600 °C, the carbonaceous matters were
degraded (Nithyalakshmi and Saraswathi, 2021). The N2 ad-
sorption/desorption isotherm of biochar shown in Figure 2(d).
Based on the data in Figure 2(d), the BET isotherm type tends
to approach type IV with the presence of hysteresis indicating
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Figure 2. Biochar Characterization Results: XRD Diffractogram (a), FTIR Spectra (b), Thermogravimetry Profile (TGA) (c), and N2
Adsorption/desorption Isotherm (d)

the presence of non-uniform material pores. The results of the
BET analysis are shown in Table 1. The surface area of biochar
obtained from rice husk produces a large value of 72.252 m2/g.
The pore size of biochar is 3.334 nm which is classified as meso-
porous material. According to IUPAC, mesoporous materials
are those with pore sizes between 2-50 nm. Table 2 shows the
various materials converted into biochar by pyrolysis method
at various temperatures that have been reported. From these
data, the biochar derived from rice husk in this study has the
characteristics of a larger surface area than other materials.

Figure 3 and Table 3 both display the effect contact time ad-
sorption and kinetic parameters, respectively. After 120 minutes,
CR reached equilibrium and underwent an insignificant rise in
adsorption concentration. According to Table 3, the adsorption
kinetics followed PSO, and the linear regression coefficient (R2)
value was close to 1. The PSO kinetics model assumes that the
adsorption rate depends not on the adsorbate concentration but
on the adsorption capacity, and the adsorption process occurs
chemisorption.

Figure 4 depicts the impact of concentration and temper-
ature on the adsorption of CR and PR. The rise in adsorption
concentration is caused by rising temperature, as seen in Fig-
ure 4. In Table 4, isotherm adsorption was displayed. Table
4 displays the substantial adsorption capacity that occurred at
adsorption temperatures of 313K for CR and 303K for PR, re-

Figure 3. Effect Contact Time on Adsorption of CR and PR
Dyes

spectively, with adsorption capacities of 42.918 mg/g and 84.034
mg/g, respectively. Due to CR’s bigger molecular weight and
more complicated structure, PR has a higher adsorption capabil-
ity than CR.

In this study, the adsorption process is better described by the
Langmuir model than by the Freundlich model, with an R2 value
that is closer to 1. Table 5 displays the thermodynamic parame-
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Table 3. Kinetic Parameters

Dyes QeExp (mg/g) Pseudo First Order (PFO) Pseudo Second Order (PSO)
QeCalc (mg/g) R2 k2 QeCalc (mg/g) R2 k2

CR 21.450 24.160 0.965 0.047 27.173 0.989 0.016
PR 18.354 17.254 0.984 0.034 20.747 0.998 0.002

Table 4. Isotherm Adsorption

Dyes Adsorption Adsorption T (K)
Isotherm Constant 303 313 323 333

CR

Qmax 42.735 42.918 42.735 42.735
Langmuir kL 0.044 0.031 0.057 0.064

R2 0.979 0.980 0.982 0.989
n 2.820 1.427 1.159 1.263

Freundlich kF 7.323 2.734 1.943 2.690
R2 0.959 0.990 0.962 0.958

PR

Qmax 84.034 74.074 72.464 67.114
Langmuir kL 0.030 0.043 0.060 0.093

R2 0.999 0.998 0.990 0.990
n 1.815 2.192 2.446 3.085

Freundlich kF 5.706 8.700 11.330 16.190
R2 0.998 0.990 0.980 0.980

Table 5. Thermodynamic Adsorption

Dyes T (K) Qe (mg/g) ΔH (kJ/mol) ΔS (J/mol K) ΔG (kJ/mol)

CR

303 45.429

4.853 0.016

-0.004
313 46.778 -0.165
323 47.968 -0.325
333 49.397 -0.485

PR

303 46.329

8.065 0.027

-0.081
313 48.101 -0.350
323 50.759 -0.619
333 52.658 -0.887
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Table 6. Adsorption Capacity of CR and PR Compared to Other Adsorbents

Dyes Adsorbents Adsorption
Capacity (mg/g) References

CR

AlCl3-biochar 30.80 (Nguyen et al., 2021)
Polyvinyl alcohol/sodium alginate/

ZSM-5 zeolite membrane 5.33 (Radoor et al., 2020)

Industrial waste (Fly ash) 22.12 (Harja et al., 2022)
Pine bark 3.92 (Litefti et al., 2019)

Untreated coffee husk 38.65 (Vairavel et al., 2021)
Biochar (rice husk) 42.918 Present work

PR

Corncob activated carbon 2.86 (Nazifa et al., 2018)
Cu-Al/Graphite 49.505 (Wijaya et al., 2021)

Raw and acid-treated
Montmorillonite K10 11.04 (Sarma et al., 2018)

Spent tea leaves 3.28 (Heraldy et al., 2016)
Bentonite intercalated
organometallic complex 72.99 (Vitanesa et al., 2017)

Biochar (rice husk) 84.034 Present work

Figure 4. Effect of Concentration and Temperature on the
Adsorption of CR (a) and PR (b) Dyes

ters for adsorption. The physical adsorption process is indicated
by the enthalpy (ΔH) values of 4.853 and 8.065 kJ/mol. Enthalpy
levels under 20 kJ/mol typically signify the physics of adsorption.
Adsorption is an endothermic process with positive ΔH values,
while ΔS values indicate that the degree of irregularity in the
adsorption process is small.

A comparison of the adsorption capacity of CR and PR with
other reported adsorbents is shown in Table 6. These data demon-
strate the effectiveness of biochar in this study in the adsorption
process of CR and PR. The greater the adsorption capacity pro-
duced indicates high effectiveness in the adsorption process.
Based on the data presented in Table 6, it can be concluded that
the biochar produced from rice husk in this study had a higher
capacity for adsorption than other adsorbents in the CR and PR
adsorption processes.

Schematic of CR and PR dye adsorptionmechanism on biochar
shown in Figure 5. Based on the kinetics model data, the adsorp-
tion process occurs chemically, while the small enthalpy value
data indicates that adsorption occurs physically. Therefore, it
can be concluded that the adsorption process takes place both,

Figure 5. Schematic of CR and PR Dyes Adsorption Mechanism
on Biochar

by physisorption and chemisorption. The interactions that oc-
cur in the adsorption process of CR and PR using biochar have
been illustrated in Figure 6 which includes hydrogen interac-
tions, physical interactions, 𝜋-𝜋 interactions, and electrostatic
interactions.

4. CONCLUSIONS

Biochar derived from rice husk was used as an adsorbent in
the CR and PR adsorption process with adsorption capacities of
42.918 and 84.034 mg/g, respectively. The equilibrium adsorption
occurred at 120 minutes. The adsorption isotherm and kinet-
ics both followed the Langmuir isotherm and PSO, respectively.
CR and PR adsorption process using biochar by physisorption

© 2023 The Authors. Page 5 of 7



Wijaya et. al. Indonesian Journal of Material Research, 1 (2023) 1-7

and chemisorption with interactions that occur include hydro-
gen interactions, physical interactions, 𝜋-𝜋 interactions, and
electrostatic interactions.
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