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Abstract

To address environmental pollution, we developed Ni/Al layered double hydroxide-graphene oxide (Ni/Al-GO)
adsorbent materials for the purpose of eliminating methylene blue (MB) dye pollutants. The adsorption process was
explored by examining many experimental factors, including temperature, regeneration/reuse procedure, pH, and time,
and their effects on the material. The appropriate model for the isotherm is the Langmuir isotherm. The Ni/Al-GO
material achieved a maximum adsorption capacity of 61.35 mg/g for MB dye at a temperature of 60 °C. The
thermodynamic characteristics indicate that the adsorption process is both endothermic and spontaneous as the
temperature increases. The regeneration method demonstrated that the Ni/Al-GO material has a highly stable
structure, enabling it to be utilized for five cycles with a remarkable regeneration rate of 93.49% in the fifth cycle. The
pH that yielded the best results for all materials was pH 10, and the kinetic model demonstrated a pseudo second-order
behavior.
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1. Introduction

Water is a highly precious resource on Earth.
Water is extensively utilised as a primary catalyst
in the process of growth and industry [1]. In recent
years, the growing industrialization activities
have caused serious environmental pollution [2].
One of the industrialization activities that cause
environmental pollution is dyes, which are the
main raw materials in the textile and paper
industry [3].

Methylene blue (MB) is a cationic dye that is
commonly used to color wool and cotton in the
textile and paper industries [4]. It is known that
MB is very harmful to human health because it
can cause vomiting, shock, diarrhea, increased
heart rate, tissue damage and carcinogenic causes
[5,6]. Various methods can be used in removing
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MB dye pollutants, including coagulation,
flocculation, membrane filtration, advanced
oxidation process, photocatalytic degradation, and
adsorption [7-11]. Adsorption is the most
extensively utilized approach among these options
due to its ease of use, low cost, and high efficacy
[12-14].

Layered double hydroxide (LDH) is an aninoic
layered compound consisting of metal charges
M2+ and M3*), hydroxyl groups, and interlamellar
anions [15]. In particular, LDH has been widely
used in MB dye removal process due to its
outstanding ion exchange and adsorption ability
[16]. However, LDH has the disadvantage of poor
structural stability, which makes the efficiency of
material reuse/recession unfavorable due to easy
peeling of the structure during application [17].
Hence, it is imperative to enhance the composition
by using carbon components. Ahmad et al. [18]
enhanced the configuration of LDH by including
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magnetic humic acid, resulting in Dbetter
structural stability and increased adsorption
capacity. This was achieved by introducing
functional sites into the material, allowing for
regeneration up to five times. It can be seen that
in the fifth cycle, LDH composited with humic acid
magnetic has a percentage of adsorption ability of
>90% compared to LDH alone which has a
percentage of adsorption ability of only 21%.

Graphene oxide (GO) is a monolayer material
with a planar structure that arises from the
oxidation process of graphite. Graphene oxide
(GO) possesses a substantial surface area and
many oxygen functional groups, including
carboxyl (-COOH), hydroxyl (-OH), epoxy (—0-),
and carbonyl (—C=0). These characteristics
render GO highly effective in eliminating water
contaminants [19].

In this study, layered double hydroxide
structure modification was carried out by
compositing graphene oxide to improve the
structure stability and adsorption capacity of MB
dye. Layered double hydroxide Ni/Al-graphene
oxide was synthesized and XRD, FT-IR, and BET
characterization were carried out to identify the
success of material preparation. In addition, MB
dye is treated on the material through several
variations, including the effect of temperature and
concentration  (adsorption  isotherms  and
thermodynamics), regeneration processes that
assess structural stability, pH, and time
(kinetics).

2. Materials and Methods
2.1 Chemicals and Instrumentation

The materials used in this study include
distilled water (Hz20), graphite and methylene
blue dye (C16H1sCIN3S). In addition, there are also
chemicals, such as sulfuric acid (H2S04) and
hydrochloric acid (HCI) obtained from LabGuard®.
The compounds aluminium nitrate nonahydrate
(AI(NO3)3.9H20), sodium chloride (NaCl), nickel
nitrate hexahydrate (Ni(NOs3)2.6H20), sodium
hydroxide (NaOH), and sodium carbonate
(Na2CO3) were acquired from SigmaAldrich. The
research utilised the following instruments for
support: a Rigaku Miniflex-6000 X-Ray
Diffraction (XRD) instrument, a NOVA 4200e
Surface Area & Pore Size Analyzer (BET)
instrument, a Shimadzu Prestige-21 Fourier
Transform Infra-Red (FTIR) instrument, and a
Biobase BK-UV 1800 PC UV-Vis
spectrophotometer set at a wavelength of 664 nm.

2.2 Synthesis of NiAl LDH

The synthesis of Ni/Al LDH was achieved
using a co-precipitation method. A solution of 100
mL of 0.75 M Ni(NOs3)2.6H20 and 0.25 M

AI(NOs3)3.9H20 was prepared in a Becker beaker.
In addition, the solution was gradually added with
a combination of 50 mL 2 M NaOH and 100 mL 2
M Na2COs. Subsequently, a 2 M NaOH solution
was added to the solution in order to achieve a pH
of 10. The solution was agitated for a duration of
17 h at a temperature of 80 °C. Following the
formation of the precipitate, it underwent
filtration, drying, and characterization using
XRD, FT-IR, and BET analysis.

2.3 Preparation of Ni/Al-GO

The composite material was fabricated by the
co-precipitation technique by combining a solution
of Ni/Al LDH with graphene oxide material
generated using the Hummer process [20].
Subsequently, a total of 30 mL of the solutions
Ni(NO3)2.6H20 0.75 M and AI(NO3)3.9H20 0.25 M
were mixed together. The mixture was gradually
infused with a solution composed of 15 mL of 2 M
NaOH and 30 mL of 2 M Na2COs. Subsequently, a
2 M NaOH solution was introduced into the
combined solution in order to adjust its pH to 10.
Subsequently, the solution was agitated for a
duration of 1 h, following which 3 g of graphene
oxide were introduced. The heterogeneous
solution was agitated for a duration of 72 h at a
temperature of 80 °C. The resulting solid was
further filtered, desiccated, and subjected to
analysis using X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FT-IR), and
Brunauer-Emmett-Teller (BET) surface area
measurement.

2.4 Determination of PZC on Each Adsorbent

Determination of PZC is done to determine
the state of the material/adsorbent in an
uncharged state. This procedure involves
preparing a 20 mL 0.1 M NacCl solution that has
been adjusted to pH 2-11 using HCl and NaOH.
The NaCl solution that has been prepared is then
added 0.02 g of adsorbent and stirred for 24 h.
After the stirring process is complete, the pH is
then measured again to see the final pH. The data
obtained, then plotted between the initial pH and
the difference between the final pH and the initial
pH (ApH).

2.5 Adsorption of Methylene Blue Dye

The effect of concentration and temperature
(adsorption isotherms and thermodynamics),
adsorbent regeneration/reuse process, pH, time
(adsorption kinetics) are some of the parameters
examined during the methylene blue dye
adsorption process. The investigation process was
carried out by mixing 20 mL of methylene blue dye
solution with 0.02 g of adsorbent. This study
investigated the relationship between
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concentration and temperature using
concentrations of 15, 25, 35, 45, and 55 mg/L (30-
60 °C) and the adsorbent reuse/regeneration
process was performed in five cycles. The effect of
pH was done by setting the pH from pH 2-10. The
effect of time was done by setting the time from 0,
10, 20, 30, 45, 60, 75, 90, and 120 min.

2.6 Desorption and Regeneration Process of
Adsorbent in Methylene Blue Adsorption

Desorption is the process of releasing the
adsorbate from the adsorbent. The desorption
procedure began with an initial adsorption
process including 20 mL of MB and 0.02 g of
adsorbent. The mixture was agitated for 2 h before
being tested. The filtrate was tested to determine
the adsorbed concentration. The leftover
adsorbent collected as a precipitate was dried and
desorbed using 10 mL of distilled water with the
assistance of an wultrasonic instrument. The
regeneration procedure involved repeating the
adsorption and desorption process up to five
times.

3. Results and Discussion
3.1 Characterization of the Adsorbent Materials

The XRD patterns of Ni/Al LDH and NiAl-GO
materials can be seen in Figure 1. The Ni/Al LDH
material shows diffraction peaks at 20 angles of
11.81°, 23.16°, 35.32°, 39.01°, 61°, and 62.48°
which correspond to (003), (006), (012), (015),
(110), and (113) which are characteristic of the
crystal plane of Ni/Al LDH (JCPDS NO.15-0087)
[21,22]. After the addition of graphene oxide to the
Ni/Al LDH material, it can be seen that the
crystallinity structure of Ni/Al is weakened. This
can be seen in the Ni/Al-GO structure in the (003)
and (006) crystal planes experiencing a decrease
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—— Ni/AI-GO (012)
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Figure 1. X-Ray diffractogram of adsorbents.

in intensity and peak broadening [23,24].
According to Rashed et al. [25], the addition of
carbon material, namely graphene oxide, to LDH
can result in a shift in the peak in the crystal
plane (003) towards a lower 20 angle. It can be
seen that the diffraction peak at 26 angle 11.81°
in LDH has shifted to 11.6° after the addition of
graphene oxide material.

The Fourier transform infrared (FTIR)
spectra of the N1/AI-GO and Ni/Al LDH materials
are displayed in Figure 2. The broad peaks at 3449
cm~! and 1620 cm™! are due to the bending
vibrations of water molecules. The vibrations of
NOs~ are responsible for the peak at 1381 cm™1.
This suggests that the interlayer gap added in
LDH contains nitrate anion [26]. The stretching of
M-0-H and M-O (M = Ni and Al) is shown by the
peaks at 602 cm~! and 563 cm™! [26,27]. In the
Ni/Al-GO material, it can be seen that there is a
peak at 3410 cm™! indicating the —OH stretching
vibration of hydroxyl and carboxyl. The carbonyl
and carboxylic groups' C=0 stretching vibrations
are shown by the peak at 1720 cm™1. C=C stretch
vibrations are present by the peak at 1589 cm™!.
The C-0O-C stretching vibrations of the epoxy
group and the C-O stretching vibrations of the
hydroxyl surface are shown by the peaks at 1242
and 1103 cm™1, respectively [19]. In addition to
displaying typical peaks of GO materials, Ni/Al-
GO materials still have peaks from LDH, namely
having NOs~ anions marked at 1381 cm™! and
stretching vibrations from M—O-H and M-O at
617 and 578 cm™1.

N2 adsorption-desorption isotherms on N1/Al
LDH and Ni/Al-GO materials can be seen in
Figure 3. Based on the IUPAC classification, both
materials show type IV hysteresis loop isotherms
which indicate mesoporous materials (2-50 nm)
[28]. Table 1 presents the results of N2 adsorption-

|—— Ni/Al LDH
—— Ni/Al-GO 1589 1103

Transmitance (%)
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Figure 2. Fourier transfer infra-red spectrum of
adsorbents.
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desorption isotherms, which include specific
surface area, pore size distribution, and pore
volume. The specific surface area of a material is
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Figure 3. N2 adsorption-desorption isotherms of
adsorbents.

a crucial component that directly influences the
efficacy of its adsorption process. The results
indicate that the surface area of the Ni/Al-GO
material is twice as large as that of the Ni/Al LDH
material. The incorporation of graphene oxide
(GO) into the NV/Al layered double hydroxide
(LDH) material resulted in an increase in surface
area. The surface area of Ni/Al-GO material is
78.35 m?/g, which is higher than the surface area
of Ni/Al LDH material, which is 40.91 m?2/g. The
pore size distribution shows that both materials
are porous with mesoporous holes whose diameter
range is 2-8 nm.

3.2 Effect of Isotherms and Thermodynamic
Studies

Table 2 presents the use of Langmuir and
Freundlich isotherm models to analyse the
experimental findings and understand the
adsorption interactions occurring on MB dye.
According to the collected data, both materials
have a tendency to conform to the Langmuir
isotherm model. The R? value in the Langmuir

Table 1. Brunauer-Emmet-Teller Surface Area, Pore Size and Pore Volume of adsorbents.

Material Surface Area (m?/g) Pore Size (nm), BJH Pore Volume (cm?/g), BJH
Ni/Al LDH 40.91 7.46 0.153
Ni/Al-GO 78.35 2.41 0.095
Tabel 2. Langmuir and Freundlich parameter.
o Langmuir Freundlich
Adsorbent T (°C) Qo . R - . R
30 29.326 0.020 0.545 1.332 0.876 0.823
. 40 42.017 0.022 0.702 1.347 1.369 0.897
NVAILDH 50 35.971 0.055 0.820 1.686 3.145 0.786
60 31.847 0.163 0.977 2.487 7.333 0.826
30 60.976 0.698 0.572 29.586 30.946 0.007
. 40 61.350 1.156 0.750 22.523 32.144 0.016
NVAL-GO 50 59.172 1.899 0.902 8.210 34.419 0.114
60 54.945 9.100 0.996 7.728 40.142 0.225

Table 3. Comparison of the @max of several adsorbents with Ni/Al LDH and Ni/Al-GO materials that have

been published in the literatures.

Adsorbent Qmax (mg/g) Reference
Bagasse Fly Ash 15.5 [30]
orange lemon peel activated carbon 38 [31]
Three-dimensional MgAl LDH 58.3 [32]
Hydroxyapatite 38.93 [33]
Natural clay 50.25 [34]
starch/poly(acylic acid) hydrogels 26.7 [35]
Raw pine leaf biomass 36.88 [36]
g-CsN4@NiCo LDH 25.06 [37]
Magnetic rhamnolipid-Co/Al LDH 54.01 [38]
Zn-Co-Fe/LDH 58.26 [39]
Ni/Al LDH 42.017 This study
Ni/Al-GO 61.350 This study
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isotherm model exceeds the R2 value in the
Freundlich isotherm model. The Langmuir
1isotherm model explains the homogenous process
of adsorption, where adsorbate molecules form a
monolayer on the surface of the adsorbent. This
model is described in reference [29]. The greatest
adsorption capacities for Ni/Al LDH and N1/AI-GO
were 42.017 mg/g and 61.350 mg/g, respectively.
Table 3 presents a juxtaposition of the highest
adsorption capacity values of various materials in
relation to other materials.

The adsorption thermodynamic parameters
such as AH, AS, and AG are shown in Table 4. The
calculation of the thermodynamic parameters AH
and AS was performed by utilizing the Van't Hoff
equation (Equation (1)), whereas the calculation
of AG was undertaken by utilizing Equation (2):

1n£:£_£ 1)
C. R RT
AG = AH —TAS @)

where, g. represents equilibrium adsorption
capacity in milligrams per gram, C. is the
equilibrium dye concentration in milligrams per
liter, R is the universal gas constant, T stands for
temperature in Kelvin, AS denotes entropy, AG
represents Gibbs free energy, and AH symbolizes
enthalpy.

The results obtained show a positive AH
which indicates the adsorption process 1is
endothermic. The small AS indicates the low value
of degrees of freedom. AG obtained shows that as
the temperature increases, the resulting value is

Ni/Al LDH
120 . Ni/AI-GO

97.37

R (%)

Cycle

Figure 4. Regeneration of Ni/Al LDH and Ni/Al-
GO.

Table 4. Adsorption thermodynamic parameter.

increasingly negative. This shows that the
adsorption process at high temperatures makes
the adsorption process easier.

3.3 Regeneration of Adsorbents

The effectiveness of the adsorbent in the
regeneration process can be seen in Figure 4.
Figure 4 shows that the Ni/Al-GO material has a
very good regeneration percentage. The first cycle
had a regeneration percentage of 97.37%, which
gradually decreased to 93.49% by the fifth cycle,
showing a negligible decline. Unlike the Ni/Al
LDH material, which has a low regeneration
percentage, it also underwent a substantial
decline from 45.27% to 1.85% by the fifth cycle.
These findings suggest that the incorporation of
GO material into the LDH material enhances the
structural stability of the Ni/Al-GO material.

3.4 Effect of Point Zero Charge (PZC) Materials
and pH Effect on MB Dye Adsorption

The pzc value is utilised to determine the
condition of a substance while it is in a neutral
state. The PZC value is determined by graphing
the discrepancy between the final pH and the
beginning pH (ApH), as seen in Figure 5(a). The
obtained results indicate that the Ni/Al LDH and
Ni/Al-GO materials possess point of zero charge
(PZC) values of 7.4 and 6.8, respectively. When
the pH is lower than the point of zero charge
(PZC), the material's surface has a positive
charge. In contrast, if the pH is higher than the
point of zero charge (PZC), the material's surface
has a negative charge. Consequently, it can be
inferred that the anticipated pH level is higher

—@— Ni/Al LDH =@=—Ni/Al LDH
44 —&—NilAI-GO =@=NI/AI-GO
_—'_E 125 a
_
¥
J /5 =
2 g & 100
=
68 & [
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Figure 5. Point Zero Charge (PZC) of adsrobents
(a) and Effect of pH on MB adsorption (b).

Adsorbent Concentration AH AG (kd/mol)

(mg/L) (kd/mol) (kd/mol) 303 K 313K 323 K 333K
Ni/Al LDH 35 40.076 0.126 1.815 0.553 -0.710 -1.973
Ni/Al-GO 35 32.431 0.153 -13.891 -15.420  -16.948 -18.477
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than the point of zero charge (PZC), enabling the
material to absorb MB dye through the influence
of electrostatic forces.

As demonstrated in Figure 5(b), the ideal pH
for MB dye adsorption for each material is 10. The
attraction between the positively charged MB dye
and the negatively charged material surface is due
to electrostatic forces. When the pH is below the
point of zero charge (PZC), the surface of the
material becomes positively charged, leading to a
decrease in its adsorption capacity. The
electrostatic repulsion force between the
positively charged MB dye and the positively
charged material surface is the underlying reason
for this phenomenon.

3.5 Effect of Time and Kinetics study

Figure 6 illustrates the impact of contact time
on the adsorption of MB dye on each adsorbent. As
the duration of adsorption rises, the amount of
adsorbed material also increases. The adsorption
process exhibited a fast initial adsorption followed
by a progressive decline till reaching equilibrium.
The quick adsorption process is attributed to the
many active sites on the surface of the adsorbent,
which diminishes as equilibrium is approached.

A suitable kinetic model for the adsorption
process of MB dye was determined using the
pseudo first-order and pseudo second-order
kinetic models, as specified in Table 5. Table 5
shows that the pseudo second-order kinetic model

25

@ Ni/Al LDH
@ Ni/Al-GO

o T T T T T
0 25 50 75 100 125

Contact Time (minutes)

Figure 6. PFO and PSO kinetics models of

is more suitable than the pseudo first-order
kinetic model. This is because the R2 value of the
pseudo second-order kinetic model is higher than
the R2 value of the pseudo first-order kinetic
model. In addition, when comparing the Qecai
value of the pseudo first-order kinetic model with
the Qecauc value of the pseudo second-order kinetic
model, the Qecqac value of the pseudo second-order
kinetic model is closer to the Qeep value.
Therefore, it can be concluded that the main
process used to adsorb MB dye is chemisorption
[40].

4. Conclusion

The synthesis of Ni/Al LDH and Ni/Al-GO
materials was effectively achieved, as confirmed
by the characterisation findings obtained from
XRD, FT-IR, and BET analysis. The suitable
model for adsorption is the Langmuir isotherm
model. The NVAI-GO exhibited a higher
maximum adsorption capacity compared to Ni/Al
LDH, with values of 61.35 mg/g and 42.017 mg/g,
respectively. The adsorption process exhibited an
endothermic nature, and with increasing
temperature, the adsorption process happened
spontaneously. = The  regeneration  process
demonstrates the superior structural stability of
the N1/AI-GO material compared to the Ni/Al LDH
material. The PZC (Point of Zero Charge) value of
each material is 7.4 on Ni/Al LDH and 6.8 on
N1/Al-GO. Every substance has an ideal pH level
of 10. The PSO model has been validated as the
kinetics model.
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