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Abstract
This research conducted a composite of Ca/Al and Mg/Al Layered double hydroxide with Biochar material using co-precipitation
method. Characterization results were carried out with various analyses including XRD, FT-IR, and BET. The results of XRD
analysis on Ca/Al-BC showed peaks at 10-11° and 22°, while the Mg/Al-BC material showed peaks at 11.41° (003), 22.95° (002),
34.05° (012) and 60.2° (116). The FT-IR analysis showed that Ca/Al and Mg/Al LDH materials composited with Biochar have
functional groups of OH, nitrate ions, C O, C H, C O, and M O. BET analysis results show an increase in surface area in
Ca/Al and Mg/Al LDH materials after composite with biochar from 29.333 m2/g to 158.291 m2/g in Mg/Al-BC, while in Mg/Al-BC
there is an increase from 23.150 m2/g to 111.404 m2/g. The Ca/Al-BC and Mg/Al-BC composite materials have better stability
than Ca/Al and Mg/Al LDH materials that can be used up to the fifth cycle. Hydrogen bonding and 𝜋-𝜋 interaction between
the adsorbent and the aromatic ring on phenol can affect the adsorption process.
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1. INTRODUCTION

Phenol is one of the organic compounds found in industrial
wastewater that can harm all organisms, animals, plants, and hu-
mans if accumulated on the food chain. Phenols can be found in
many industrial wastes, including petrochemicals, coal process-
ing, pharmaceuticals, polymer resins, and pesticide industries
(Bazrafshan et al., 2016; Xie et al., 2020). At a low concentra-
tion of 5 𝜇g.L−1, phenol compounds can be damaging to plants,
aquatic organisms, and even humans. If phenol compounds are
contaminated in the human body in the long term at concen-
trations between 10 and 240 mg.L−1 can cause mouth irritation,
visual impairment, and indigestion (Dehmani et al., 2022; Dehbi
et al., 2020). In addition, exposure to phenols in humans results
in a variety of diseases, including skin burns, liver and kidney
damage, nervous system paralysis, and cancer (Abdel-Gawwad
et al., 2023). Therefore, many researchers have tackled various
ways to remove phenol compounds.

Various types of methods can be applied such as physical,
chemical, and biological methods in handling the removal of
organic and inorganic pollutants. Several methods that have
been used to remove phenol include chemical oxidation, pho-
todegradation, ion exchange, electrocoagulation, coagulation-
flocculation, membrane filtration, adsorption, advanced oxida-

tion processes, and others (Buhani et al., 2018; Igwegbe et al.,
2019; Chowdhury et al., 2021; Lee et al., 2019). However, the
most widely used method is adsorption. The adsorption method
has several advantages over other methods including its sim-
ple operation process, the availability of abundant adsorbent
precursors, relatively low cost, level of efficiency, and high effec-
tiveness of environmentally friendly as well as the absence of
side effects of toxic substances (Sahu et al., 2021; Dehmani et al.,
2021; Wang et al., 2016; Li et al., 2022). A recent study conducted
by Abdel-Gawwad et al. (2023) on phenol adsorption using red
clay brick, Haydari et al. (2023) using reduced graphene oxide,
Lammini et al. (2022) using cobalt oxide, Wei et al. (2023) used
activated carbons produced from antibiotic mycelial residues
and traditional biomass, and Yuliasari et al. (2023) MgCr layered
double hydroxide/ microcrystalline cellulose composite.

Layered double hydroxide (LDH) is a layered material that
has a positively charged layer between which there are anions
and water known as interlamellar (Das et al., 2023). These ma-
terials have advantages such as low raw material cost, high
adsorption capacity, and easy synthesis. However, LDHs are
not suitable for use in regeneration processes, they can peel off
during the process. Therefore, it is necessary to modify LDH
with a stable structure material such as biochar (Missau et al.,
2021), so that it has high adsorption capacity and regeneration
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ability. Modification of layered double hydroxide composites
using biochar has been carried out by Juleanti et al. (2021); Sun
et al. (2022) which adsorbed Cr(VI) with adsorbents in the form of
biochar-based Ca/Al and Mg/Al composites. Based on the results
of his research, materials that have been modified, namely CaAl-
Biochar and MgAl-Biochar materials can increase the value of
adsorption capacity on LDH materials. Ca/Al LDH which was
originally only 89.286 mg.g−1 increased to 588.235 mg.g−1, while
Mg/Al increased from 86.957 mg.g−1 to 426.316 mg.g−1 after com-
posite with biochar. In addition, the modification results can
also increase the surface area of the material, where Ca/Al LDH
from 47.027 m2/s to 150.987 m2/s and Mg/Al LDH from 23.150
m2/s to 111.404 m2/s.

This study conducted the synthesis of Ca/Al and Mg/Al lay-
ered double hydroxide supported on biochar (BC) composites as
adsorbents on phenol adsorption. The synthesis material was
characterized using X-Ray Diffraction (XRD) analysis, Fourier
Transform Infrared Spectroscopy (FT-IR), and Brunauer Emmet
Teller (BET) analysis. The material is applied as an adsorbent for
the phenol adsorption process by observing several free variables
such as the influence of pH, the influence of time, the influence
of concentration and temperature, and its regeneration.

2. EXPERIMENTAL SECTION

2.1 Chemicals and Instrumentation
The materials used in this study such as Aluminum Nitrate
Nonahidrat (Al(NO3)3.9H2O), water, Hydrochloric Acid (HCl),
biochar obtained from rice husks, buffer pH 10, phenol (C6H5OH),
kallium Hexacyanoferrate(III) (K3[Fe(CN)6]), magnesium nitrate
hexahydrate (Mg(NO3)2.6H2O), sodium hydroxide (NaOH), cal-
cium nitrate tetrahydrate (Ca(NO3)2.4H2O), sodium chloride (Na-
Cl), dan 4-aminoantipyrine (C11H13N3O). Then it was character-
ized using an X-Ray Rigaku Miniflex-600 diffractometer, BET
Surface Area Analyzer Micrometric ASAP Quantachrome, Shi-
madzu Prestige-21 FTIR Spectrophotometer, and Biobase Spec-
trophotometer UV-Visible BKUV1800PC.

2.2 Synthesis of Ca/Al LDH and Mg/Al LDH
Solution of Ca(NO3)2.4H2O 100 mL 0.75 M mixed with 100 mL
Al(NO3)3.9H2O 0.25 M for Ca/Al LDH synthesis. A sodium hy-
droxide 2 M (NaOH) solution was added slowly to pH 10 and
heated at 65°C. For 24 hours at a temperature of 65°C, constant
stirring is carried out. The precipitate is obtained then filtered
and washed with a neutral pH using water. For 24 hours at 100°C
the residue was dried using the oven. Mg/Al LDH synthesis was
performed with a 100 mL solution of Mg(NO3)2.6H2Omixed with
100 mL Al(NO3)3.9H2O, slowly added a mixture of 2 M pH 10
NaOH solution and stirred for 24 hours. Then the mixture is
heated for 24 hours at a temperature of 80°C. The precipitate is
then filtered and washed using water to a neutral pH and dried
using an oven for 24 hours at 100°C. It is then characterized using
XRD, FT-IR, and BET analysis.

2.3 Preparation of Ca/Al-BC and Mg/Al-BC Composites
The coprecipitation method was used in the preparation of the
composites by keeping the pH at a constant level. A 30 mL of
Ca(NO3)2.4H2O or Mg(NO3)2.6H2O solution with a concentration
of 0.75 M was mixed with 30 mL of Al(NO3)3.9H2O solution with
a concentration of 0.25 M, then mixed with 2 M NaOH solution
and adjusted the pH to reach a value of 10. The mixture was
stirred for 1 hour, then 3 g of biochar was added and heated for
72 hours at 80°C. Through the use of an oven, the precipitate
formed was filtered and dried for 24 hours at 100°C. The next
process involved characterization using XRD, FT-IR, and BET
analysis.

2.4 Study of pH point zero charge (pHpzc)
The pHpzc study was carried out by adding 20 mL of NaCl
solution having a concentration of 0.1 M to each 0.02 g adsorbent,
with pH settings varying from 2, 3, 4, 5, 6, 7, 8, 9, 10, to 11. NaOH
and HCl solutions, both with a concentration of 0.1 M, were
added to the NaCl solution to adjust its pH. After mixing, the
mixture was stirred for 24 hours, then filtered, and the pH of
the filtrate was measured. Next, each component was analyzed
by creating a graph that visualizes the relationship between the
initial pH and the final pH to determine the pH pzc value.

2.5 Adsorption Process
Adsorption was explored through various treatments, including
manipulation of pH, adsorption contact duration, concentration,
and initial solution temperature. Modification of pH (2-11) had
a significant impact on the adsorption process to determine the
optimal pH point. A total of 20 mL of phenol was introduced
into an Erlenmeyer with 0.02 g of adsorbent at a concentration of
10 mg/L, and mixing was carried out for two hours. The control
of adsorption contact time was key to determine the window of
optimal conditions when the influence of pH was kept constant.
Temperature (30, 40, 50, 60, and 70°C) and concentration (10,
15, 20, 25, and 30 mg/L) were used to investigate the effect of
adsorption in terms of initial concentration and temperature.
In this experiment, 20 mL of phenol was mixed with 0.02 g of
adsorbent in an Erlenmeyer, then stirred for a period of time that
was considered ideal. The filtrate was measured using a UV-Vis
spectrophotometer, with the initial step being the complexation
of the phenol filtrate, followed by absorbance measurements. A
beaker containing 1 mL of phenol was filled with 0.1 mL of 2%
4-amino antipyrine reagent solution, 0.1 mL of 8% potassium
hexacyanoferate(III) solution, and 3 mL of buffer solution with
pH 10, then homogenized and left for 15 minutes.

2.6 Desorption Process and Regeneration
Accompanying the desorption process is the regeneration pro-
cess. Ultrasonics are used to desorb the adsorbent from the solu-
tion. The regeneration procedure is then completed by adding
0.1 g of adsorbent to a phenol solution containing 10 mg/L, stir-
ring for 2 hours, and measuring the filtrate’s absorbance with
a UV-Vis spectrophotometer before drying it in the oven. Fol-
lowing the use of dry adsorbents in the desorption process, the
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regeneration procedure is repeated five times.

3. RESULTS AND DISCUSSION

Ca/Al LDH is obtained from the synthesis of calcium nitrate
tetrahydrate compounds with aluminum nitrate nano hydrate
and Mg/Al LDH is obtained from the synthesis of magnesium
nitrate hexahydrate compounds with aluminum nitrate nano
hydrate where each synthesized layered double hydroxide ma-
terial is regulated to reach pH 10 with the addition of sodium
hydroxide. The LDH was obtained and then each of them was
characterized using X-Ray Diffraction (XRD) analysis (Ahmad
et al., 2022). The results of the analysis display the diffractogram
as shown in Figure 1. According to Helard et al. (2018) diffrac-
tion characteristics in Ca/Al LDH are around 11°(003) and 23°
(006). The results of research conducted by Juleanti et al. (2021)
obtained peaks of Ca/Al LDH diffraction at 10.18° (003) and 20.61°
(006). Figure 1(a) shows the Ca/Al LDH diffractogram in this
study with diffraction angles at 10.06° (003) and 20.06° (006). This
shows that the results of the Ca/Al LDH synthesis have been
successfully carried out.

Figure 1. Diffraction patterns of Ca/Al LDH(a), Mg/Al LDH(b),
Biochar(c), Ca/Al-Biochar(d), and Mg/Al-Biochar(e)

Figure 1(b) displays a Mg/Al LDH diffractogram with diffrac-
tion angles at 10.98° (003), 29.39° (002), 34.31° (012), 60.04° (110),
and 61.51° (116). XRD results for Mg/Al LDH showed the pres-
ence of diffraction peaks at 11.47° (003), 22.86° (002), 34.69° (012),
60.33° (110), and 61.62° (116) consisting of divalent and triva-
lent ions. Based on the results of this study, the synthesis of
Mg/Al LDH has been successfully carried out. LDH is modified
using BC to form Ca/Al-BC and Mg/Al-BC composites which
aims to make the adsorbent reusable in the adsorption process.
The biochar used comes from rice husks. The pattern of the
BC diffractogram is shown in Figure 1(c) which produces the
characteristic BC at an angle of 22.30° (002). According to the
research of Badri et al. (2021) in biochar there is a widening peak
of about 21-26° (002).

The results of the XRD analysis of the Ca/Al-BC composite
are shown in Figure 1(d) where the peak is not so visible around
10-11° and at the peak of 22° this is because the synthesis results
obtained are not good. The results of the XRD analysis of the
Mg/Al-BC composite are shown in Figure 1(e) where there are
peaks at 11.41° (003), 22.95° (002), 34.05° (012) and 60.2° (116). The
study conducted by Badri et al. (2021) obtained the results of
the Mg/Al-BC composite diffractogram where there were peaks
at 11.47° (003), 22.86° (002), 34.69° (012) and 61.62° (116). This
suggests that the synthesis of MgAl/BC composites has been
successfully carried out.

Figure 2. FT-IR Spectrum of Ca/Al-LDH (a), Mg/Al-LDH (b),
Biochar (c), Ca/Al-Biochar (d), and Mg/Al-Biochar (e)

FT-IR (Fourier Transform-Infra Red) analysis is carried out
to determine the functional groups contained in the material.
Figure 2(a) shows the Ca/Al LDH spectrum containing vibration
at wave number 3479.58 cm−1 indicating the presence of the
-OH group. The wave number at 1381.03 cm−1 indicates the
presence of nitrate ions, in addition to the vibration in the wave
numbers 786-424 cm−1 which indicates the interaction between
metal and oxygen (M O) namely Ca O and Al O and in wave
number 1620.21 which indicates the vibration of the OH group
from water. The results of research conducted by Mohadi et al.
(2021), FT-IR spectrum for Ca/Al LDH there are nitrate ions at
1381 cm−1. The presence of stretching vibration and bending
vibration of the OH group derived from water contained in wave
numbers 3480 cm−1 and 1620 cm−1. The vibrations of M2+ and
M3+ are below 800 cm−1 (Bouteraa et al., 2020). This proves
that the synthesis of Ca/Al LDH was successfully carried out
in this study. The spectrum contained in Figure 2(b) shows the
results of FT-IR analysis for Mg/Al LDH which has a peak at
wave number 3471.87 cm−1 indicating the bending vibration of
the OH group of water, wave number 1381.03 cm−1 which
indicates the presence of nitrate ions. The vibration is found at
1635.64 cm−1 which indicates the presence of an OH cluster of
water. The interaction betweenmetal and oxygen (M O) namely
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Mg O and Al O is at a wave number below 1000 cm−1. The
results of the FT-IR BC analysis are shown in Figure 2(c) where
there is a vibration at wave number 3448.72 cm−1 which indicates
the presence of vibration from OH, at wave number 1620.21
cm−1 shows the vibration of C O, the vibration in the wave
number 2368.59 cm−1 comes from the C H bond. The research
of Badri et al. (2021) has a vibrational peak at a wavelength of
2376 cm−1 derived from the C H bond of the biochar. There
are vibrations of ult and bending at 3448 cm−1 and 1635 cm−1

indicating the presence of OH bonds coming from water.
Figure 2(d) shows the FT-IR spectrum for the Ca/Al-BC com-

posite where there is vibration in the wavenumber region of
3400 cm−1 indicating the presence of the OH group. The vibra-
tion of the wave number 800-400 cm−1 indicates an interaction
between metal and oxygen. The increase in the peak intensity
of vibration in wave numbers is due to an increase in the num-
ber of biochars used in composites. The presence of vibration
in the Ca/Al-BC composite material at wave number 1381.03
cm−1 indicates vibration of nitrates. Figure 2(e) shows the FT-IR
spectrum for the Mg/Al-BC composite where there is vibration
from the OH group at wave number 3471 cm−1. The presence
of nitrate ions in the wave number 1381 cm−1. There is an in-
teraction between metal and oxygen in areas below 1000 cm−1.
According to research that has been conducted by Badri et al.
(2021) shows the presence of vibrations at the wave number
1381 cm−1 which indicates the presence of the N O group of
the nitrate anion, 3447 cm−1 indicates the presence of the –OH
group derived from absorbed water, 1010 cm−1 there is a C O
group from the biochar, and 1635 cm−1 there is an O H group
derived from water.

Figure 3. BET Profile of Ca/Al-LDH (a), Mg/Al-LDH (b),
Biochar (c), Ca/Al-Biochar (d), and Mg/Al-Biochar (e)

BET analysis is performed to determine the specific surface
area of a material and the pore distribution of the material using
nitrogen desorption adsorption (Asnaoui et al., 2022). The nitro-
gen adsorption-desorption data on each adsorbent can be seen

Table 1. Data of BET Analysis

Adsorbents
Surface
Area
(m2/g)

Pore
Volume
(cm3/g)

Pore
Diameter
(nm)

Ca/Al 29.333 0.007 13.033
Mg/Al 23.150 0.092 36.000
Biochar 50.936 0.025 12.089

Ca/Al-Biochar 158.291 0.017 12.474
Mg/Al-Biochar 111.404 0.062 10.918

in Figure 3 and the bet measurement data can be seen in Table
1. Based on the profile in Figure 3, it shows the phenomenon
of hysteresis which occurs due to differences in adsorption and
desorption pathways. Figure 3 shows adsorption-desorption
isotherms of type IV due to the presence of mesoporous-sized
particles with strong hysteresis activity on the interaction of ad-
sorbents with adsorbates (Shaji and Zachariah, 2017; Alsamman
et al., 2017).

Table 1 shows that Ca/Al LDH has a surface area of 29.333
m2/g, a pore volume of 0.0072 cm3/g, and a pore diameter of
13.033 nm. Based on research that has been conducted by Wei
et al. (2020) the surface area of Ca/Al LDH is 7.6 m2/g, the pore
volume is 0.07 cm3/g and the pore diameter is 57.6 nm. This
proves that the results of the Ca/Al LDH synthesis in this study
have a larger surface area but a smaller pore volume and diameter
than previous studies. According to research conducted by Zhou
et al. (2021), Mg/Al LDH has a surface area of 51.91 m2/g, a pore
volume of 0.2039 cm3/g, and a pore diameter of 15.709 nm while
the synthesis results in this study resulted in a surface area of
Mg/Al LDH of 23,150 m2/g, a pore volume of 0.092 cm3/g and
a pore diameter of 36,000 nm. This shows that the surface area
and pore volume of the synthesis results in this study have a
smaller size but have a larger pore diameter compared to previous
studies.

Ca/Al and Mg/Al LDH undergo an increase in surface area
after being formed into a modified composite using biochar
because biochar has a large surface area that can reduce layered
double hydroxide agglomeration. A decrease in pore volume and
pore diameter in composites can occur due to the intercalation
of biochar in a layered layered double hydroxide that will cause
the pores to become smaller and more regular (Badri et al., 2021).

The study’s materials underwent a pHpzc test, with the out-
comes displayed in Figure 4(a). The pH pzc values for the ma-
terials Ca/Al LDH, Mg/Al LDH, BC, Ca/Al-BC, and Mg/Al-BC
are 4.7, 5.12, 7.28, 8.74, and 9.13, respectively, according to the
findings of the pH pzc test on each material. Figure 4(b) shows
the test results for each substance, which were used to estimate
the ideal pH during the phenol adsorption procedure. Figure 4(b)
shows that the ideal pH for Ca/Al LDH is 6 and for Mg/Al LDH
is 5. pH 7 is the ideal level for BC, Ca/Al-BC, and Mg/Al-BC (Xie
et al., 2020).

To ascertain the ideal time for the phenol adsorption process
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Figure 4. pHpzc of materials (a) and Effect of pH on Adsorption Process (b)

Table 2. Adsorption Kinetic Parameters

Adsorbents
Initial Con-
centration Qe𝑒𝑥𝑝 PFO PSO

(mg/L) (mg/L) Qe𝑐𝑎𝑙𝑐 (mg/L) R2 k1 Qe𝑐𝑎𝑙𝑐 (mg/L) R2 k2

Ca/Al 8.443 2.919 0.866 0.037 8.562 0.999 0.039
Mg/Al 7.83 4.641 0.931 0.029 8.244 0.998 0.012
Biochar 15 8.981 2.4 0.868 0.035 9.091 0.999 0.045
Ca-Al/BC 8.613 1.752 0.845 0.031 8.666 0.999 0.072
Mg-Al/BC 8.925 2.090 0.794 0.036 8.985 0.999 0.064

Figure 5. Adsorption Kinetic Models

on the adsorbent, the influence of time on phenol adsorption is
investigated. The effect of adsorption time is investigated using
a phenol solution with a concentration of 15 mg/L that has been

adjusted in pH in accordance with the optimum pH of phenol,
namely pH 6 for adsorbent Ca/Al LDH, pH 5 for adsorbent Mg/Al
LDH, and pH 7 for adsorbent BC, layered double hydroxide
composite Ca/Al-BC, and Mg/Al-BC Figure 5 depicts the impact
of adsorption time on phenol.

Based on the data in Figure 5, the longer the adsorption time,
the more the amount of phenol concentration that is adsorbed
will also increase. At minute 60 is the optimum time for adsor-
bents Ca/Al-BC and Mg/Al-BC in the phenol adsorption process
where in more than 60 minutes the adsorbed concentration tends
to be constant. At the 70𝑡ℎ minute the biochar adsorbent reaches
its optimum time where after more than the 70𝑡ℎ minute the con-
centration tends to be constant. The optimum time for Mg/Al
LDH adsorbents is at minute 90 and Ca/Al LDH is at minute 120.

Table 2 contains kinetic model data for the pseudo-first order
and pseudo-second order adsorption of phenol onto layered dou-
ble hydroxides of Ca/Al LDH, Mg/Al LDH, BC, Ca/Al-BC, and
Mg/Al-BC composites. The results of phenol adsorption time
effect data are utilized to calculate the adsorption rate using the
kinetic equation of pseudo first order and pseudo second order.
The value of the coefficient of determination (R2) approaching 1,
the value of the kinetic rate (k), and the similarity between the
Qe values of the experiment and the calculation can all be used
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Table 3. Adsorption Isotherm Parameters

Adsorbents
Adsorption Adsorption Temperature (°C)
Isotherm Constant 30 40 50 60 70

Ca/Al LDH Langmuir Q𝑚𝑎𝑥 19.960 20.040 16.779 19.194 10.183
kL 0.702 0.449 0.299 0.194 0.101
R2 0.855 0.875 0.906 0.955 0.952

Freundlich n 9.714 14.225 57.143 71.429 25.381
kF 1.737 1.866 2.169 2.451 2.652
R2 0.938 0.961 0.939 0.955 0.885

Mg/Al LDH Langmuir Q𝑚𝑎𝑥 15.221 14.837 17.794 19.231 21.552
kL 0.517 0.347 0.252 0.186 0.130
R2 0.971 0.976 0.977 0.978 0.981

Freundlich n 9.091 3.557 9.048 7.188 5.632
kF 2.291 2.857 3.107 2.338 3.080
R2 0.994 0.987 0.984 0.999 0.999

Biochar Langmuir Q𝑚𝑎𝑥 28.490 23.041 21.097 24.752 24.154
kL 1.139 0.583 0.315 0.206 0.127
R2 0.965 0.985 0.994 0.986 0.992

Freundlich n 4.574 9.017 18.656 18.115 32.467
kF 1.737 1.866 2.169 2.451 2.651
R2 0.875 0.917 0.938 0.892 0.892

Ca/Al-BC Langmuir Q𝑚𝑎𝑥 37.037 32.258 55.555 52.632 58.749
kL 1.8 1 0.280 0.121 0.058
R2 0.986 0.993 0.998 0.952 0.995

Freundlich n 3.141 4.370 5.854 8.389 13.568
kF 1.737 1.866 2.169 2.451 2.651
R2 0.999 0.999 0.979 0.974 0.999

Mg/Al-BC Langmuir Q𝑚𝑎𝑥 30.303 28.089 31.847 27.621 27.798
kL 1.5 18.714 7.913 8.112 9.542
R2 0.806 0.957 0.933 0.864 0.806

Freundlich n 3.281 0.186 0.119 0.091 0.072
kF 1.737 1.866 2.169 2.451 2.651
R2 0.864 0.964 0.974 0.920 0.869

to identify the kinetic model in the adsorption process. Based on
the results of the kinetic data used to calculate the adsorption
rate in Table 2, it can be observed that each adsorbent’s coeffi-
cient of determination (R2) tends to be more suited when used
with second-order pseudo-equations, as shown by a determina-
tion value (R2) that is close to 1. Table 2 contains data on the
kinetic rates (k) of the Ca/Al LDH, Mg/Al LDH, BC, Ca/Al-BC,
and Mg/Al-BC composites. This table demonstrates that all ad-
sorbents tend to have modest values for k1 while having larger
values for k2. Phenol adsorption follows the pseudo second or-
der equation when analyzed from the similarity between the Qe
result of the experiment and the Qe calculation.

Data on the effect of adsorption concentration and tempera-
ture have been collected using various types of adsorbents, in-
cluding Ca/Al LDH, Mg/Al LDH, BC, Ca/Al-BC, and Mg/Al-BC
composites. The purpose of this data collection was to evaluate
the adsorption isotherm parameters by applying the Langmuir
and Freundlich equations. The Langmuir equation was used

to determine the value of the Langmuir isotherm equilibrium
constant (KL) and the maximum adsorption capacity of adsor-
bent (Qm) (Chen et al., 2021). On the other hand, the Freundlich
equation provides the Freundlich isotherm equilibrium constant
(KF) and adsorption degree of freedom (n). The use of the Lang-
muir equation is recommended when the adsorption process
occurs in the form of a single layer or monolayer, and there are
interactions in the adsorbate molecules (Liu et al., 2021; Onder
et al., 2020). In contrast, the Freundlich equation is more suitable
for adsorption processes that occur in several layers or multilay-
ers, where there is no association and dissociation of adsorbate
molecules (Kurniawati et al., 2015). Assessment of this parameter
is done by considering the regression value (R2). Complete data
on phenol adsorption isotherms on various types of adsorbents
can be found in Table 3.

From the data in Table 3, the phenol adsorption process
against the layered double hydroxide adsorbent Ca/Al LDH and
BC follows the Langmuir adsorption isotherm model as evi-
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Table 4. Comparison of Adsorption Capacity on the Phenol Removal by Several Adsorbents

Adsorbent
Adsorption
Capacity
(mg/g)

References

Cobalt Oxide 8.10 (Lammini et al., 2022)
Granular Activated Carbon from Coconut Shell 17.54 (Desmiarti et al., 2019)

Mangifera kemanga Blume Seed 3.86 (Mardiah et al., 2022)
Activated Carbon from Rice Husk Activated by ZnCl2 3.937 (Anshar et al., 2016)

Luffa cylindrica Fibers 10.37 (Abdelwahab and Amin, 2013)
Nano-Zinc Oxide/Activated Carbon-ZnCl2 Composite 17.45 (Allwar et al., 2021)

Coconut Shell Activated Carbon 19.02 (Ho and Adnan, 2021)
Natural Clays 10.00 (Dehmani et al., 2021)
Rice Husk Ash 13.98 (Mandal et al., 2019)

Fe3O4/Chitosan/ZIF-8 Nanocomposite 6.43 (Keshvardoostchokami et al., 2021)
Magnetic Double-Network Nanocomposite Hydrogel 16.52 (Nakhjiri et al., 2021)

Chitosan/Calcined Eggshell 10.82 (Tamang and Paul, 2022)
Lignite 6.22 (Liu et al., 2021)

Cationic Surfactant Modified Attapulgite (Gemini Modified ATP) 24.26 (Wang et al., 2022)
Gelatin Aerogel-Containing Al-Metal Organic Framework 16.56 (Kim et al., 2023)

Polyacrylonitrile Nanofiber Membranes 38.4 (Nthunya et al., 2019)
Ca/Al-BC 58.749 This work
Mg/Al-BC 31.847 This work

denced by the value of the linear regression coefficient in the
Langmuir isotherm equation close to 1. Mg/Al, and Ca/Al-BC
and Mg/Al-BC composites tend to the Freundlich adsorption
isotherm model. Based on the maximum adsorption capacity
(Qm) value in Table 3 data, it is known that Ca/Al-BC composite
adsorbents have the largest adsorption capacity. The adsorp-
tion capacity of phenol on Ca/Al, Mg/Al, BC, Ca/Al-BC, and
Mg/Al-BC were 20.040, 21.552, 28.49, 58.749, and 31.847 mg/g, re-
spectively. The comparison of adsorption on the phenol removal
by several adsorbents is shown in Table 4. The effectiveness of
phenol removal can be seen by the value of adsorption capacity
on Ca/Al-BC and Mg/Al-BC which is larger compared to other
adsorbents. This proves that the material in this study can be
used as an effective adsorbent for phenol removal.

The thermodynamic results of the adsorption of phenol using
adsorbents Ca/Al LDH, Mg/Al LDH, BC, Ca/Al-BC, and Mg/Al-
BC in Table 5 were endothermic. This can be seen from the
enthalpy value which is positive which means it requires en-
ergy. In Ca/Al LDH and Mg/Al LDH the largest entropy at a
concentration of 25 mg/L was 0.094 kJ/mol and 0.093 kJ/mol. The
entropy value in BC and Mg/Al-BC with a concentration of 20
mg/L experienced the largest increase in enthalpy, namely 0.099
kJ/mol and 23.565 kJ/mol. In Ca/Al-BC, the entropy value of the
concentration of 15 mg/L is the largest, which is 22.476 kJ/mol.
This indicates that the greater the entropy value, the greater
the degree of irregularity. Gibbs free energy is negatively val-
ued indicating the adsorption process takes place spontaneously
and with increasing temperature causes a decrease in Gibbs free
energy (Sahmoune, 2019; Palapa et al., 2020).

Figure 6. Regeneration Ability of Materials

The regeneration process can be carried out after perform-
ing the adsorption and desorption process using water with an
ultrasonic device. Figure 6 shows the results of the regenera-
tion of adsorbents Ca/Al LDH, Mg/Al LDH, BC, Ca/Al-BC, and
Mg/Al-BC against phenols. The results from Figure 6 show that
the adsorbed percent for layered double hydroxide composite
adsorbents Ca/Al-BC and Mg/Al-BC is higher than that of adsor-
bents Ca/Al LDH, Mg/Al LDH, and BC. Ca/Al LDH and Mg/Al
LDH decreased drastically in the third regeneration on phenol
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Table 5. Adsorption Thermodynamic Parameters

Adsorbents Concentration
(mg/L) T (K) Qe (mg/g) ΔH (kJ/mol) ΔS (J/mol. K) ΔG (kJ/mol)

303 19.466 -2.955
313 20.409 -3.896

Ca/Al LDH 25 323 21.221 25.570 0.094 -4.837
333 22.240 -5.779
343 23.070 -6.720

303 20.202 -3.494
313 21.164 -4.421

Mg/Al LDH 25 323 22.013 24.587 0.093 -5.347
333 22.579 -6.274
343 23.334 -7.201

303 14.070 -1.936
313 15.013 -2.923

Biochar 20 323 16.051 27.977 0.099 -3.910
333 17.051 -4.897
343 18.013 -5.884

303 10.198 -1.776
313 11.019 -2.576

Ca/Al-BC 15 323 11.576 22.476 0.080 -3.376
333 12.198 -4.177
343 12.972 -4.977

303 15.645 -3.027
313 16.391 -3.904

Mg/Al-BC 20 323 16.976 23.565 0.088 -4.782
333 17.777 -5.660
343 18353 -6.537

Figure 7. FTIR Spectrum of Ca/Al-BC and Mg/Al-BC After Phenol Adsorption
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Figure 8. Adsorption Mechanism of Phenol on Ca/Al-BC and
Mg/Al-BC

adsorption. This is because the Ca/Al LDH and Mg/Al LDH are
exfoliated so that they are less stable and cannot carry out the
phenol adsorption process in subsequent regeneration. Ca/Al-
BC and Mg/Al-BC did not show a drastic decrease in adsorbed
percent until the fifth cycle with percent efficiency of 44.2 and
46.67% respectively.

FTIR spectrum of Ca/Al-BC and Mg/Al-BC after phenol ad-
sorption can be seen in Figure 7. Based on these data, it can be
known that there is a shift in the wave number in the Ca/Al-BC
and Mg/Al-BC material after the phenol adsorption process is
carried out which indicates a chemical interaction that occurs
in the adsorption process. So, it can be said that the adsorption
process does not only occur physically but there is a chemical in-
volvement of adsorption. The adsorption mechanism of phenol
on Ca/Al-BC and Mg/Al-BC is represented in Figure 8. Accord-
ing to Ahmad et al. (2023), when the optimum pH ≠ pHpzc, both
physical and chemical adsorption occurs. In this study, opti-
mum pH ≠ pHpzc on Ca/Al, Ca/Al-BC, and Mg/Al-BC indicate
chemical and physical adsorption occurs. Hydrogen bonds and
𝜋-𝜋 interactions in aromatic rings in phenols and adsorbents
might affect the adsorption process.

4. CONCLUSION

The XRD, FTIR, BET analysis, surface area growth, adsorption
ability, and regeneration ability demonstrate the success of the
composites Ca/Al-BC and Mg/Al-BC. Composites of Ca/Al-BC
and Mg/Al-BC can be employed again in the regeneration pro-
cess. Mg/Al-BC composites have a higher capacity for adsorption
than Ca/Al-BC, according to adsorption studies. The kinetics of
PSO and Freundlich isotherms were used in this work to follow
the kinetic and isotherm models. Ca-Al/BC and Mg-Al/BC com-
posites can be 5𝑡ℎ regenerated with a percent efficiency of 44.2
and 46.67% respectively. Hydrogen bonds and 𝜋-𝜋 interactions
in aromatic rings in phenols and adsorbents might affect the

adsorption process.
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