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AbstractIn this research, NiAl-LDHwas synthesized using the coprecipitation method andmodified with biochar and graphite to produce NiAl-biochar and NiAl-graphite composite materials. The adsorbent that has been synthesized is used for the application of adsorption ofFe(II) ions in aqueous solution. The resulting material was characterized by XRD (X-ray Diffraction) analysis, spectrophotometer FT-IR,BET analysis for determine the specific surface area and TG-DTA analysis. XRD diffractogram showed that the NiAl-Biochar andNiAl-graphite composite material had the diffraction pattern characteristic of the precursor. LDH that has been modified will have alarger surface area than the precursor. The surface area of NiAl-biochar reaches 438.942 m2/g and the surface area of NiAl-graphitereaches 21.595 m2/g. This composite material supports adsorbents with a large adsorption capacity to adsorb metals. Adsorptionof Fe (II) using NiAl-Biochar and NiAl-graphite was stable for five regeneration cycles (<75.30%). The Fe(II) ion adsorption processtends to follow the Langmuir isothermmodel which has a maximum capacity value (Qmax) of NiAl-Biochar composite materialreaching 20 times with a value of 243.902 mg/g and the NiAl-graphite composite reaching 72.464 mg/g, so that the carbon-basedcompositematerial is considered effective. adsorbent to remove Fe(II) ion and can increase the stability of the structure for adsorptionregeneration. The results of the analysis of thermodynamic parameters showed that the adsorption process was endothermic, tookplace spontaneously and the solid-liquid phase interface increased according to the increasing degree of disorder.
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1. INTRODUCTION

LDHs are a class of anionic clays or hydrotalcite (Hu et al.,
2019a) . The layered structure of LDH is based on a sheet like
brucite which has a positive charge on the surface of the layer
and a negative charge between the layers due to the presence
of anions and water molecules (Cao et al., 2016) . LDHs have
the formula [M2+

(1−x)M
3+x (OH) 2]x+ [An−x/n.mH2O] where M2+

and M3+ is a divalent metal ion and trivalent metal ion. An−

indicates organic or inorganic anions with n- valence (Hu et al.,
2019a) . In addition, LDH has been known for more than 150
years for its distinctive 2D �at structure and has studied many
of the most advanced functional materials used in materials,
energy sciences and environmental (Cao et al., 2016) . LDH
has many interesting properties, such as compositional �exibil-

ity (Taher et al., 2019) , anion exchange (Lesbani et al., 2021) ,
biocompatibility (Cao et al., 2016), high porosity and surface
area (dos Santos Lins et al., 2019) . Such structure and charac-
teristics give wide application of LDH as a catalyst (Hu et al.,
2019b) , adsorbent (Lesbani et al., 2021) and ion exchanger
(Gascho et al., 2019) .

Recently, LDHs have been studied to remove organic, in-
organic and heavy metal pollutants. The application of LDH
as an adsorbent agent has several drawbacks such as a di�cult
regeneration process because it can undergo exfoliation (dos
Santos Lins et al., 2019) and aggregate formation which lim-
its its widespread use (Tan et al., 2019) . Therefore, its use is
more e�ective as a composite by adding supporting material
to increase layer integrity, such as activated carbon (dos San-
tos Lins et al., 2019) , biochar (Tan et al., 2019) and graphite
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Figure 1. Schematic illustration of preparing the composite
LDH-Biochar and LDH-Graphite

(Lee et al., 2018) . As introduced, biochar and graphite are
attractive materials with interesting properties.

According to Lesbani et al. (2021) biochar is one of the
promising supporting materials as an LDH matrix. Organic
compounds or biomass are produced through a pyrolysis pro-
cess that uses high temperatures. The porous biochar acts as an
ideal support matrix providing a large reactive area for e�ective
metal hydroxide decoration (Zubair et al., 2017) . According
to Tan et al. (2019) LDH can be made into a composite by
combining two di�erent materials and supporting material in
the form of biochar and can improve the ability and adsorption
properties to remove pollutants. Apart from that, graphite can
also be combined with LDH. In recent years, graphite is con-
sidered to be a very e�cient adsorbent. Linghu et al. (2017a)
reported that LDH/graphite composites can be used as excel-
lent adsorbents. The graphite contribution in the composites
signi�cantly improves its adsorption performance. According
to Hu et al. (2020) layered double hydroxides composite with
carbon support can e�ectively prevent agglomeration and in-
crease the speci�c surface area of the adsorbent produced to
provide more active sites to improve the adsorption perfor-
mance to remove pollutants.

Based on research by Hu et al. (2020) the surface area
of Ni/Fe-carbon composites has doubled to reach 232 m2/g,
while Ni/Fe LDH has a surface area of 108 m2/g. According
to Wang et al. (2016) reported the large speci�c surface area of
LDH/carbon composites can increase the adsorption capacity
to remove As(V) metal from 156mg/g to 438mg/g. According
to Tyas et al. (2018) the ability to regenerate is more stable with
composite materials. Alagha et al. (2020) reported that biochar-
Mg/Al composites have the potential for repeated use in the
phosphate adsorption process and the regeneration process has
decreased which is not too signi�cant after �ve cycles of 92%.

In this study, NiAl-LDH was composited with biochar and
graphite using the coprecipitation method which resulted in
NiAl-Biochar and NiAl-graphite composites. The material is
applied as an adsorbent to remove Fe(II) ion contaminants.
The prepared materials were characterized using XRD, FT-
IR, BET and TG-DTA analysis. Application as an adsorbent,
this research carried out the adsorption process with regenera-
tion studies and adsorption was carried out with isotherm and
thermodynamic parameters.

2. EXPERIMENTAL SECTION

2.1 Material
The precursors Al(NO3) 3 · 9H2O 99% (aluminum nitrate non-
ahydrate), FeCl2.4H2O 99% (iron(II) chloride), Ni(NO3) 2 ·
3H2O 99% (nickel nitrate trihydrate), NaOH 99% (sodium hy-
droxide), and HCl 37% (hydrochloric acid) were purchased
from Merck and Sigma-Aldrich. All precursors were utilized
as received without further puri�cation. In this study, rice
husks obtained from rice mills are used as a precursor for
biochar and graphite by Bukataorganics Indonesian. Mate-
rial characterization was carried out with X-ray Di�raction
Rigaku mini�ex-6000. Material is scanned from 5-80° with a
scanning speed of 1°/min. Materials were analyzed using FT-
IR Shimadzu Prestige-2 and using KBr pellets at wavenumbers
around 400-4000 cm−1. Adsorption-desorption of N2 was car-
ried out using Quantachrome Micrometic ASAP to determine
the pore volume, pore diameter and speci�c surface area of the
material. Analysis of Fe(II) ion concentration complexed with
1,10-phenanthroline and analyzed using a spectrophotometer
1800 PC UV-Visible Biobase BK-UV Spectrophotometer with
a wavelength at a maximum absorbance of 513 nm.

2.2 Methods
2.2.1 Synthesis NiAl-LDH
Synthesis of NiAl-LDH by coprecipitation method (Kovalenko
et al., 2017) . 100 mL of Ni(NO3) 2 · 3H2O (0.75 M) solution
mixed with 100 mL of Al(NO3) 3 · 9H2O (0.25 M) (molar
ratio 3:1) in a beaker. The mixture was added 50 mL of 2 M
NaOH until it reached pH 10. The mixture was stirred until
homogeneous and kept for 20 hours at a temperature of 80°C
until a precipitate was formed. Then �ltered using a vacuum,
rinsed with distilled water, and dried at 110°C to dry.

2.2.2 Preparation of Composite NiAl-Biochar LDH
The synthesis of NiAl-Biochar LDH composites was made
using the coprecipitation method (Palapa et al., 2020c) carried
out with (Lesbani et al., 2021) 10 mL Ni(NO3) 2 · 3H2O (0.75
M) solution was mixed with 10 mL Al(NO3) 3 · 9H2O (0.25
M) and stirred until homogeneous. The resulting mixture
was stirred and added with 1 g of biochar from the rice husk
precursor. The mixture was added with 2 M NaOH until it
reached pH 10. The solution mixture was stirred and kept for
3 days at 80°C. The composite was �ltered, rinsed, and dried
at 40°C to dryness.

2.2.3 Preparation of Composite NiAl-Graphite LDH
The method is the same as for the preparation of NiAl-Biochar
composites (Cao et al., 2016) . 10 mL Ni(NO3) 2 · 3H2O (0.75
M) solution and 10mLAl(NO3) 3 · 9H2O (0.25M) weremixed
and stirred until homogeneous. The resulting mixture was
added with 2 M of NaOH until it reached pH 10 and added
with 1 g of graphite. The mixture was treated in the same way
as the NiAl-Biochar composite.
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2.2.4 Batch adsorption studies
Adsorption studies through the regeneration process, isotherm
and thermodynamic parameters. Firstly, regeneration is car-
ried out using an ultrasonic instrument. Adsorption of 20
mL of 100 mg/L of Fe(II) solution, plus 0.2 g of adsorbent
and shaker for 3 hours. After the adsorption process, the des-
orption process is carried out using water. The desorption
process was carried out with the adsorbent that had been used
for the adsorption process and 0.01 g was taken, each added
10 mL of reagent and shaken for 2 hours. The regeneration
process uses used adsorbents. The solution was measured using
a UV-Vis spectrophotometer after being complexed with 1,10-
phenanthroline. The regeneration process is carried out in
seven cycles with the same procedure. Secondly, the isotherm
and thermodynamic parameters of the adsorption were carried
out with an initial concentration of 20 mL of Fe (II) solution
(10-50) mg/L, with the addition of 0.02 g of adsorbent and
shaken for 120 minutes and using a variation of the adsorption
temperature (30, 40, 50, and 60°C). Third, the Fe(II) solution
is mixed with Ni(II) metal with a concentration of 10 mg/L
then adsorbed with time variations of 200 minutes. The �nal
concentration of Fe(II) was analyzed at a wavelength of 513
nm using a UV-Vis Spectrophotometer after being complexed
with 1,10-phenanthroline.

3. RESULTS AND DISCUSSION

3.1 Characterization of the adsorbent
XRDwas used to analysis the structure of the material obtained.
The XRD patterns of NiAl-LDH, Biochar, NiAl-Biochar and
Graphite, and NiAl-Graphite are shown in Figure 2. The
XRD patterns of NiAl-LDH in Figure 2 (a) show indications
of hydrotalcite according to JCPDS No.15-0087 (Wang et al.,
2016) . A typical principal di�raction peak is seen at 2𝜃 = 11.7°,
23.5°, 35.1°, 39.7°, 47.3°, 61.2°, and 62.5° correspond to the
crystal plane (003), (006), (012), (015), (018), (110) and (113)
from NiAl-LDH, ensuring that the synthesis of NiAl-LDH is
successful (Hu et al., 2019a) . The XRD pattern of Biochar in
Figure 2(b) shows that Biochar has an angle of 2𝜃 = 23°(002).
(Mon, 2018) reported that the di�raction peaks in Biochar were
wide, indicating that biochar has amorphous silica. Figure 2(c)
shows the NiAl-Biochar pattern associated with NiAl-LDH
with a di�raction angle of 11.60° and a biochar relationship
with a di�raction angle of 23°. According to (Tan et al., 2019)
the NiAl-Biochar composite pattern has a decreased intensity
due to the amorphous nature of biochar.

Figure 2(d) shows a graphite di�ractogram. According to
Gascho et al. (2019) graphite has two characteristic peaks at 2𝜃
= 26° (002) and 55° (004). In the graphite pattern Figure 2(d)
only has a peak (002) at 2𝜃 = 26° (Gascho et al., 2019) and
graphite has high crystallinity with a high peak sharp (Kusrini
et al., 2019) . NiAl-Graphite is presented in Figure 2(e) which
shows that the NiAl-Graphite pattern resembles the character-
istics of NiAl-LDH and graphite. The XRD NiAl-Graphite
pattern has a peak at 2𝜃 = 12° which shows the characteristics

Figure 2. XRD powder patterns of NiAl-LDH (a), Biochar (b),
NiAl- Biochar (c), Graphite (d), and NiAl- Graphite (e)

of NiAl-LDH and a peak at 2𝜃 = 26° which shows the charac-
teristics of graphite. The pattern of NiAl-Graphite composite
shows high intensity which indicates that the material has high
crystallinity due to the properties of graphite.

The results of FT-IR analysis of NiAl-LDH, Biochar, NiAl-
Biochar, Graphite and NiAl-Graphite are shown in Figure 3.
The NiAl-LDH spectrum is shown in Figure 3(a), according to
Ravuru et al. (2019) wide peak at 3448 cm−1 shows the O-H
strain of surface hydroxyl groups and water molecules between
layers. The peak with 1381 cm−1 is caused by stretching and
vibration of NO –

3 . Vibration corresponding to 1635 cm−1

indicates O-H bending. peaks at 794 cm−1 and 587 cm−1 each
vibration toM-O andO-M-O. Figure 3(b) shows the spectrum
of biochar. The peak at 3448 cm−1 is thought to originate from
the strain vibration of the hydroxyl group. The 2368 cm−1

peak shows the C-C strain vibration. The peaks correspond
to the aliphatic CH2 strain vibration and signi�cant C=C
aromatic peaks appearing at 1095 cm−1 and 798 cm−1 (Palapa
et al., 2020b) . Figure 3(c) shows the NiAl-Bichar spectrum.
The peaks appear at 3448 cm−1, 2368 cm−1, 1635 cm−1, 1381
cm−1, 1095 cm−1 and 798 cm−1. All peaks that appear onNiAl-
Biochar are NiAl-LDH and biochar vibrations. The graphite
spectrum is shown in Figure 3(d). According to Linghu et al.
(2017a) peaks at 3432 cm−1 showed O-H vibrations. A peak at
1614 cm−1 is associated with aromatic C=C and a peak at 1381
cm−1 indicates a stretch of C=O in the carboxylic acid group
(Linghu et al., 2017b) . Figure 3(e) NiAl-Graphite spectrum
appears peaks of 3448 cm−1, 1614 cm−1, 1381 cm−1, 794
cm−1 showing NiAl-LDH and graphite vibrations.

The BET isotherm is presented in Figure 4. From the
�gure, it can be seen that the shape of the isotherm is similar to
the type IV which is indicated by the presence of a hysteresis
loop. This indicates that the gas capillary condensation in the
mesopore at relatively high pressure. Loop hysteresis shows
H2-type in the presence of bottle-shaped pores with a narrow
mouth and a wide body (Ravuru et al., 2019) .

The isotherm data are shown in Table 1. Table 1 shows
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Figure 3. FTIR spectrum of NiAl LDH (a), Biochar (b), NiAl-Biochar (c), Graphite (d), and NiAl- Graphite (e)

Figure 4. BET pro�le of NiAl LDH (a), Biochar (b),
NiAl-Biochar (c), Graphite (d), and NiAl- Graphite (e)

that NiAl-biochar and NiAl-graphite have a larger surface area
compared to NiAl-LDH, biochar and graphite. NiAl-Biochar
has a speci�c surface area of 438.942 m2/g and NiAl-graphite
of 21.595 m2/g. NiAl-biochar surface area has a surface area
twenty times that of NiAl-Graphite. This is because biochar
and graphite can prevent agglomeration and increase the spe-
ci�c surface area (Lyu et al., 2020) .

The thermal behavior of NiAl-LDH, biochar, graphite,
NiAl-biochar and NiAl-graphite carried out with nitrogen is
presented in Figure 5. It can be seen from Figure 5 (a) which
shows that NiAl-LDH has two endothermic peaks at 90°C
which shows loss of nitrates and loss of air molecules. The peak
was at 300°C indicating that NiAl-LDH lost watermolecules on
the interlayer. Figure 5 (b) shows the fact of mass reduction at
400°C and at 600°C which shows the decomposition of lignin.
The decrease in landmass which reaches 800°C is insigni�cant
degradation occurs because most of the volatile molecules have
undergone pyrolysis (Wazir et al., 2020) . Figure 5 (c) shows
one endothermic peak at 430°C and 510°C which indicates
that LDH decomposition and oxidation of the biochar material

occurs. Figure 5 (d) shows that at a temperature of 760°C the
graphite material has become graphite oxide. Figure 5 (e) has
an endothermic peak at 90°C which indicates a loss of water
molecules, a peak at 800 °C indicating that there has been a
change to oxides.

3.1.1 Adsorption
The results of Fe(II) ion adsorption regeneration using NiAl
LDH, Biochar, NiAl-Biochar, Graphite, and NiAl-Graphite
showned in Figure 6 were carried out seven times. The results
showed that the NiAl-biochar and NiAl-Graphite composite
materials had a greater adsorption capacity and amore stable re-
generation process compared to pure materials. Adsorption of
Fe(II) ion using NiAl-Biochar and NiAl-graphite was stable for
�ve regeneration cycles, respectively reaching 91.08%-77.26%
and 83.11%-75.30%. this is because the process of modifying
LDH with carbon-based materials can increase the stability
of the structure (Alagha et al., 2020) . The �gure shows that
NiAl-biochar material has a greater adsorption capacity than
NiAl-graphite, this is supported by BET analysis data which
shows NiAl-biochar has a larger speci�c surface area. The
adsorption capacity of NiAl-LDH, Biochar and graphite has
decreased signi�cantly in the regeneration process, this is be-
cause the material has an unstable structure which results in
exfoliation when used repeatedly (Palapa et al., 2020d) and
structural damage. So it can be concluded that LDH modi�ca-
tion with carbon-based materials can improve the stability of
the LDH structure (Tang et al., 2020) .

Thermodynamic parameters were studied through varia-
tions in the initial concentration of Fe(II) ions and the adsorp-
tion temperature as shown in Figure 7. Figure 7 shows that
the adsorption capacity increases with increasing adsorption
temperature used. It can be seen that the adsorption tempera-
ture greatly a�ects the maximum adsorption capacity for Fe(II)
ions, this is because the increase in temperature causes an in-
crease in the number of active sites on the surface and there is
an increasing number of interactions between Fe(II) ions and
active sites (Dada et al., 2017) .
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Table 1. NiAl-LDH performance with di�erent support materials

Materials
Speci�c Surface Pore Diameter Pore Volume
Area (m2/g) (nm)BJH (cm3/mg)BJH

NiAl-LDH 15.106 2.897 0.043
Biochar 50.936 12.089 0.025
Graphite 11.558 3.169 0.027

NiAl-Biochar 438.942 12.301 0.002
NiAl-Graphite 21.595 3.153 0.034

Figure 5. Thermal pro�le of NiAl-LDH (a), Biochar (b), NiAl- Biochar (c), Graphite (d), and NiAl-Graphite (e)

Figure 6. Regeneration Fe(II) on NiAl LDH, Biochar, NiAl-
Biochar, Graphite, and NiAl-Graphite

Table 2 shows the results of the calculation of the adsorp-
tion isotherm. According to Siregar et al. (2021) isotherm
parameters are obtained from the equations of Langmuir and
Freundlich. Table 2 shows that the highest value of adsorption
capacity (Qmax) in NiAl-Biochar composite material reaches
243.902 mg/g at a temperature of 333 K and NiAl-graphite
composite reaches 72.464 mg/g, so carbon-based composite
materials are considered as an e�ective adsorbent to remove

the Fe(II) ion. The adsorption capacity of NiAl-biochar and
NiAl-graphite has a larger adsorption capacity compared to
pure materials, this is supported by the larger surface areas of
NiAl-biochar and NiAl-graphite. The larger the surface area,
the more active sites available on the surface will increase the
performance of the material in the adsorption process (Hu
et al., 2020) .

The determination of the adsorption isotherm model is
seen from the linear regression value which is closer to the value
1. From the data in Table 2 it can be seen that the isotherm
model for each adsorbent tends to approach the Langmuir
isotherm model with a linear regression value R2 > 0.997.
According to Edet and Ifelebuegu (2020) , the Langmuir model
explains that monolayer adsorption at di�erent active sites,
means that there is no transmigration of the adsorbate in the
surface area and assumes a uniform monolayer absorption
energy to the adsorbent surface. Dada et al. (2017) assume
that in the Langmuir isotherm model there is no interaction
between adsorbed adjacent species, the adsorption process only
occurs at certain locations located on the active surface site.

The adsorption capacity of several adsorbents to remove
Fe(II) metal ions, as well as the adsorbent synthesized in the
form of NiAl-LDH, biochar, graphite, NiAl-biochar and NiAl-
graphite used in this study is presented in Table 3. The adsorp-
tion capacity of NiAl-LDH composite materials with carbon-
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Figure 7. E�ect of Fe(II) concentration on Ni/Al LDH (a), Biochar (b), Graphite (c), NiAl-Biochar (d), and Ni/Al-Graphite (e)

Table 2. Isotherm model of Fe(II) adsorption on Ni/Al LDH, Biochar, Ni/Al- Biochar, Graphite, and Ni/Al-Graphite

LDH
Adsorption Adsorption T(K)

Isotherm Constant 303 K 313 K 323 K 333 K

NiAl-LDH Langmuir Qmax 25.907 28.986 29.07 29.586
kL 0.078 0.09 0.17 0.272
R2 0.998 0.998 0.997 0.999

Freundlich n 3.092 3.494 4.456 5.811
kF 5.976 7.963 11.241 14.639
R2 992 0.997 0.993 0.996

Biochar Langmuir Qmax 27.855 29.499 31.847 33.333
kL 0.242 0.284 0.34 0.38
R2 0.999 0.999 0.999 0.999

Freundlich n 4.615 5.838 5.807 6.317
kF 11.768 14.727 16.237 17.968
R2 0.979 0.993 0.967 0.965

Graphite Langmuir Qmax 16.026 20.161 23.095 20.534
kL 0.038 0.04 0.046 0.061
R2 0.996 0.997 0.992 0.976

Freundlich n 2.409 2.183 2.225 2.078
kF 2.067 2..282 2.856 3.02
R2 0.998 0.995 0.946 0.889

NiAl-Biochar Langmuir Qmax 83.333 86.207 90.909 243.9
kL 0.033 0.208 0.029 0.266
R2 0.992 0.898 0.95 0.996

Freundlich n 1.029 1.196 1.75 2.743
kF 5.766 10.361 18.88 32.367
R2 0.934 0.953 0.952 0.711

NiAl-Graphite Langmuir Qmax 57.803 61.728 62.5 72.464
kL 0.056 0.046 0.068 0.148
R2 0.991 0.994 0.993 0.992

Freundlich n 1.745 2.053 2.293 3.403
kF 2.616 3.963 5.349 25.864
R2 0.995 0.989 0.891 0.932
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Table 3. Comparison of the adsorption capacity of Fe(II) metal ions with various adsorbents

Adsorbent
Adsorption Capacity

Reference(mg/g)

Carbon-MgAl LDH 80 (Kundu and Naskar, 2021)
Ca/Al LDH 11.16 (Taher et al., 2019)

Ca/Al-[𝛼-SiW12O40] 11.93 (Taher et al., 2019)
Thiourea Cross-Linked Chitosan 48.3 (Dai et al., 2012)

Chitosan 28.7 (Radnia et al., 2012)
Co/Mo LDH 10 (Mostafa et al., 2014)
Rice Husk Ash 6.211 (Zhang et al., 2014)
Banana Peel 33.79 (Shrestha, 2018)

Ni/Al LDH intercalated with keggin ion 36.49 (Lesbani et al., 2020)
Bentonite 7.09 (Al-Shahrani, 2013)
NiAl-LDH 29.586 This Research
Biochar 33.333 This Research
Graphite 23.095 This Research

NiAl-Biochar 243.902 This Research
NiAl-Graphite 72.464 This Research

based materials has capacity which is greater compared to
NiAl-LDH before modi�cation. NiAl-Biochar composites
have an adsorption capacity of up to two times compared to
NiAl-Graphite. This is supported by large data on the sur-
face area of the NiAl-Biochar material, therefore NiAl-Biochar
has more active site interactions with Fe(II) metal ions on the
adsorbent surface.

In adsorption studies the e�ect of temperature is an impor-
tant parameter, this is because several important thermody-
namic parameters can be determined such as ΔH (enthalpy),
ΔS (entropy) and ΔG (Gibbs free energy). The adsorption
temperature used in this study was from 303K-333K. Based
on the research of Palapa et al. (2020a) thermodynamic results
were calculated by The Van’t Ho� equation.

Table 4 assumes that the adsorption occurs endothermi-
cally because it has a positive ΔH value ( ΔH = +13,677-25,919
kJ/mol) and ΔH<84 kJ/mol assumes that the adsorption pro-
cess occurs by physical adsorption. The ΔS value is positive
(0.052-0.091 J/mol.K) which assumes the degree of irregular-
ity at the solid-liquid interface during the adsorption process
of Fe(II) ion onto the adsorbent surface. the adsorption and
desorption processes occur simultaneously in the adsorption
process, so the increase in the irregularity of the adsorbate
molecules is associated with a dissociative process where during
bond breaking (desorption) the energy absorbed is greater than
the energy released during bond formation (adsorption). Thus,
a positive ΔS value indicates that the Fe(II) ion has a high
a�nity for the adsorbent, this is because the energy required
to break the same bond is greater than the energy required to
form a bond with the adsorbent (Antonelli et al., 2020) . Ac-
cording to La� et al. (2018) negative values on free energy
Gibbs (ΔG) assume that viability, feasibility, spontaneity of
adsorption process and adsorbate have high a�nity for adsor-

bents. In addition, according to Antonelli et al. (2020) with
increasing temperature in the adsorption process, the value of
G decreases, it indicates that the adsorption process is better
carried out at higher temperatures.

4. CONCLUSIONS

In this study, NiAl-Biochar and NiAl-Graphite composite ma-
terials were successfully synthesized and NiAl-LDH, Biohar,
graphite, NiAl-Biochar and NiAl-graphite were applied as an
adsorbent to reduce the levels of Fe(II) metal ions in aqueous
solution. The resultingmaterial was characterized and analyzed
using XRD analysis, analysis using FT-IR spectrophotometer,
BET analysis and TG-DTA analysis to see from the start. Char-
acterization using BET showed that the surface area of NiAl-
biochar and NiAl-graphite composites increased as precursors.
The surface areas of NiAl-Biochar and NiAl-graphite reached
438.942 m2/g and 21.595 m2/g. This composite material
supports adsorbents with a large adsorption capacity to adsorb
metals. Adsorption of Fe(II) ion using NiAl-Biochar and NiAl-
graphite was stable for �ve regeneration cycles <75.30%. The
adsorption of Fe(II) ions on the prepared adsorbent tend to
follows the Langmuir adsorption isotherm model with a maxi-
mum capacity (Qmax) of the NiAl-Biochar composite mate-
rial reaching 243.902 mg/g and the NiAl-graphite composite
reaching 72.464 mg/g, so carbon-based composite materials
are considered e�ective. adsorbent to remove Fe(II) ions and
can increase the stability of the structure for adsorption regener-
ation. Thermodynamic data results analysis of the adsorption
process occurred endothermic, spontaneously and the degree
of irregularity increased in the solid-liquid phase interface.
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Table 4. Thermodynamic parameters of Fe(II) adsorption on Ni/Al LDH, Biochar, Ni/Al- Biochar, Graphite, and Ni/Al-Graphite

Adsorbent T (K) Qe (mg/g)
ΔH ΔS ΔG

(kJ/mol) (J/mol.K) (kJ/mol)

NiAl-LDH 303 15.29 25.919 0.091 -1.545
313 16.603 -2.451
323 19.079 -3.358
333 21.093 -4.264

Biochar 303 19.27 20.487 0.073 -1.624
313 21.093 -2.354
323 22.426 -3.084
333 23.515 -3.813

Graphite 303 7.488 17.712 0.066 -2.373
313 9.066 -3.036
323 10.426 -3.699
333 11.515 -4.362

NiAl-Biochar 303 24.385 21.259 0.083 -3.867
313 25.297 -4.697
323 25.964 -5.526
333 26.916 -6.355

NiAl-Graphite 303 54.476 13.677 0.052 -2.16
313 58.359 -2.683
323 59.946 -3.206
333 61.932 -3.728
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