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Abstract

Congo Red from aqueous solution.
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In this research, Ni/Al layered double hydroxide (LDH) was modified by using co-precipitation method to generate Ni/Al-graphite
(Ni/AI-GF) and Ni/Al-biochar (Ni/Al-BC). The adsorbents were applied to remove Congo Red from aqueous solution. The obtained
samples were characterized by using XRD, FTIR, BET and TG-DTA. The XRD diffraction pattern of Ni/Al LDH, Ni/Al-GF, and
Ni/Al-BC presented the formation of composite with decreasing crystallinity. The surface area modified LDHs was higher
than the pristine materials, which was obtained 15.106 m?/g, 21.595 m?/g and 438.942 m?/g for Ni/Al-LDH, Ni/Al-GF, Ni/Al-BC
respectively. The adsorption of Congo Red on the materials was tested at different parameters and the results exhibited that
Congo Red adsorption on LDHs were pseudo-first-order (PFO) kinetic, spontaneous, endothermic and followed Langmuir model.
The adsorbents removed Congo Red by high performance stability with adsorption capacity was 116.297 mg/g for Ni/Al-GF
and 312.500 mg/g for Ni/Al-BC. These adsorption capacity was higher than the pristine LDH (61.728 mg/g). The regeneration
process which carried out for five cycles showed that Ni/Al-GF and Ni/Al-BC have stable structures as reuse adsorbents for
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1. INTRODUCTION

Dyes are prevalent used in various industries for escelating the
polymer properties, to increase the intensity of color in textile in-
dustries, and also photography’s (Karami et al., 2019). Synthetic
dyes are common used in industries such as food, photochem-
ical cell, paper, pharmaceutical, leather tanning industry, hair
coloring, and textile industry (Forgacs et al., 2004). Synthetic
dyes become popular due to their long durability, more colorful,
cheap, and easy to apply (Lellis et al., 2019). However, the dye
wastewater disposal generated critical problems because these
dyes trigger cancer and mutagenic to human, fauna and flora
ecosystem (Khan et al., 2016). Moreover, the process of dyes
degradation is running slow, which endanger the environment
(Harizi et al., 2018)

Various techniques to remove dyes from wastewater have
been applied such as biological, physical and chemical tech-
niques (Duan et al., 2019; Sarkar et al., 2017) photocatalysis
(Cantarella et al., 2016; Natarajan et al., 2020), coagulation (De-

missie et al., 2021; Gadekar and Ahammed, 2016), adsorption
(Puchana-Rosero et al., 2016; Streit et al., 2019). Until this decade,
adsorption is the most effective technique to remove dyes from
wastewater (Oktriyanti et al., 2019). Adsorption is one of the
most important methods to remove pollutants in effluents be-
cause low cost, without secondary pollution, high efficiency, and
easy operation (Palapa et al., 2019; Zheng et al., 2019).
Adsorption is one of the most important methods to remove
pollutants in effluents because of its high efficiency, easy op-
eration, low cost and without secondary pollution. Since the
adsorbent has the greatest influence on the adsorption method,
it is important to select the appropriate adsorbent for the ad-
sorption in aqueous solution (Hu et al., 2019b). The properties
of adsorbent in adsorption process is the most important factor
to obtain high adsorption capacity. This is a challenging for re-
searchers to obtain the cheap, eco-sorbent, stable structure, and
has good performance to remove pollutants from wastewater.
Congo Red (CR) is one of anionic dyes, which used as color-
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ing agent, with chemical formula C3,H,,N:Na,0.S, (Khoshsang
et al,, 2018) as show in Figure 1. CR is stable dye which has
good solubility in water and has high endurance to sunlight and
temperature (Lei et al., 2017). The existence of aromatic amine
groups causes CR as toxic agent that endanger human being
and other organisms (Liu et al., 2015b). Adsorption of CR by
several adsorbents has been reported by many researchers such
as graphite as adsorbent. The adsorption capacity by graphite
is 81.301 mg/g (Vinsiah et al., 2020). Hemicelluloses-based mag-
netic aerogel was efficiently removed CR from aqueous solution
with maximum adsorption capacity 137.74 mg/g (Guan et al.,
2020). Microalgae Spirulina, sp, was used as biosorbent to re-
move CR from the aqueous solution with adsorption capacity
reaching 0.148 mg/g (Mohadi et al., 2017).

7=~ .

S0;Na

Figure 1. Chemical Structure of CR

The excess of layered double hydroxide (LDH), as adsobent
such as easy to synthesize and modify attract many researchers
to investigate it extensively. Hu et al., 2019a reported that Ni/Co
LDH was applied as an adsorbent to remove CR from aqueous
solution with high adsorption capacity of 909.2 mg/g. Sriram
et al,, 2020 used DE-LDH enhance CR and lead capacity. The ad-
sorption capacity is ten times than the DE as pristine adsorbent.

Cu-Al LDH was synthesized and used as an efficient ad-
sorbent to adsorp CR with adsorption capacity of 120.5 mg/g
(Bharali and Deka, 2017). LDHs/cotton fiber composite has an
removing CR adsorption capacity twice as large as LDHs. The
maximum adsorption capacities of the composite are 232 mg/g
and 714 mg/g (Wang et al., 2018). Removal of CR using NMA-
LDH and G/NMA-C is conducted with capacity adsorption 156.25
mg/g and 384.62 mg/g (Kazeem et al., 2020).

LDH is well-known material as an anionic layered structure
and consists of divalent and trivalent metal cations with gen-
eral formula [M;_,2*M,>*(OH),]** A,/,"".mH,0, where M?*
as divalent and M3* trivalent metal ions and A,,,"" as interlayer
with n valence (Daud et al., 2019; Stawinski et al., 2018). Due to
their unique properties such as large surface areas, high porosity,
diverse compositions, excellent anion-exchange capabilities, and
high thermal stability, LDHs have been widely used in catalysis,
drug delivery and adsorption fields (Wang et al., 2018). Appli-
cation of LDHs in such areas as catalysts, catalyst’ supports,
electrode, pharmaceutics, and adsorbents. In order to optimize
materials’ performances, eforts have been made to vary the
composition as well as the particle morphology of the LDHs (Wi-
jitwongwan et al., 2019). LDH could be synthesized with diverse
methods as instance hydrothermal, hydrolysis, sonochemical sol-
gel and co-precipitation (Bernardo and Ribeiro, 2019; Stawinski
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et al., 2018). The co-precipitation method is the most common
method for synthesize LDHs (Chang et al., 2005). Synthesis of
LDH using co-precipitation has resolved as an appealing method
because produces high yield with high crystallinity (Palapa et al.,
2020; Starukh and Levytska, 2019).

According to Zhang et al,, 2019 Mg-Al-CO5; LDH success-
fully synthesized by hydrothermal assisted of ultrasound method.
Hatami et al., 2018 prepared ZnAl LDHs using hydrolysis treat-
ment and generated LDHs with high crystallinity particle mate-
rial. Meili et al., 2019 found that LDH-biochar composites which
synthesized via co-precipitation to remove dyes with adsorption
capacity reaching 406.47 mg/g. Wei et al., 2019 research using In-
MOFs LDH which was composited with graphite could remove
CR with a maximum capacity of 70.1 mg/g.

In this research, Ni/Al LDH was produced using coprecipita
tion methods, which were modified with Biochar (BC) and Graph
ite (GF) in order to from generate Ni/Al-BC and Ni/Al-GF. The ad-
sorbents were applied to remove CR from aqueous solution. The
obtained materials were characterized by using X-ray diffraction,
FTIR, TG-DTA, and BET. The adsorption process was imple-
mented firstly by regeneration process in order to investigate
stability of adsorbent follow by kinetic and thermodynamic stud-
ies.

2. EXPERIMENTAL SECTION

2.1 Chemicals and Instrumentation

The chemicals used in this work were Ni(NOs),.6H,0 (EMSURE®
ACS, 290.81 g/mol, AI(NO4)5.9H,0 (Sigma-Aldrich, 375.13 g/mol),
HCI (MallinckrodtAR®, 37%), NaOH (EMSURE® ACS, 40 g/mol)
and CR. Graphite was obtained from Merck and Biochar is de-
rived from the biomass of rice husk produced through the py-
rolysis process. Distilled water was obtained by PT. Bratachem
Indonesia. The characterization of materials was performed by
X-Ray Rigaku Miniflex- 6000. Characterization of FTIR was con-
ducted using Shimadzu Prestige-21. Analysis BET was performed
using Quantachrome Micromeritics. Sample was degassed sev-
eral times prior analysis. TG-DTA analysis was conducted using
Shimadzu TG analyzer by Ny flow. The concentration of CR
was analyzed using UV-Visible spectrophotometer Bio-Base BK-
UV1800 at wavelength 516 nm.

2.2 Synthesis of Ni/Al LDH (Wijitwongwan et al., 2019)
Nickel nitrate (17.827 g, 0.01 L) and aluminum nitrate (9.378 g,
0.01 L) with ratio molar Ni/Al (3:1) were mixed then 10 mL of
2 M sodium hydroxide was added to the mixture. The pH of
reaction was adjusted to pH 10 by addition of sodium hydroxide.
Reaction was kept for 4 hours at 80°C. The solid was then dried
in an oven at 100°C for 24 hours. The material was characterized
by XRD, FTIR, BET and TGDTA analyses.

2.3 Preparation of Ni/Al-GF and Ni/Al-BC

Composites of Ni/Al-GF and Ni/Al-BC were prepared as similar
procedure by (Liu et al.,, 2015b). Nickel nitrate (2.67 g, 0.015 L)
and aluminum nitrate (1.41 g, 0.015 L) was mixed and stirred at
room temperature. Then 3 g of graphite or 3 g biochar was added
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into reaction mixture following with addition of 2 M sodium
hydroxide until pH 10. The mixture is stirred for 72 hours at
room temperature to form suspension. The suspension was then
heated at 70°C for 24 hours, then filtered and rinsed with distilled
water to form Ni/Al-GF or Ni/Al-BC.

2.4 Desorption and Regeneration of Adsorbent

The desorption process was determined to examine the efficiency
of the adsorbent. Adsorbent (0.5 g) was added with 50 mL of
CR. The mixture was shaken for 120 min. The amount of CR
desorbed can be calculated using the equation 1:

C
%D = % ¥ 100% 1)
dsp

where, Cy4s = adsorption concentration; Cys,, = desorption
capacity after adsorption.

The regeneration efficiency is determined using the equation
2:

% regeneration = % x 100% (2)

0

where, Q, = adsorption capacity after regeneration (mg/g);
Qo = Initial adsorption capacity (mg/g).

The regeneration process of each adsorbent was carried out
by adsorbing the CR adsorbed on each adsorbent. CR 100 mg/L
as much as 25 mL and each adsorbent of 0.1 g was used for this
experiment. After the adsorption process was complete, the
absorbance of the CR was measured. The adsorbent was filtered
and then dried. These adsorbent will be used for the second and
third regeneration process.

2.5 Adsorption Process

The effect of the adsorption kinetics on Ni/Al LDH, BC, GF,
Ni/Al-BC and Ni/Al-GF for CR can be determined by varying the
adsorption time. CR was added to adsorbent and the mixture was
stirred. The adsorption time was evaluated in the range 10-200
minutes. Filtrate was analyzed by UV-Vis spectrophotometer at
516 nm. The adsorption kinetics was studied with the pseudo first
order (PFO) and pseudo second order (PSO) using the equation
3 and 4:

k
log (Q¢ - Q¢) = log Qc - ( 2.31)3> t (3)

1 1 1

% w0 @

where, Q, = adsorption capacity at equilibrium (mg/g); Q; =
adsorption capacity at t (mg/g); T = adsorption time (minute); k;
= adsorption kinetic rate at pseudo-first-order (minute™!); ky =
adsorption kinetic rate at pseudo-second-order (g/mg.minute™!).

© 2021 The Authors.
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Adsorption of CR was also studied by variation of initial
concentration of CR and adsorption temperature. The adsorption
capacity was calculated using equation as follow 5 and 6:

Ce Ce 1

=ty ©)
Qe Om  QmKg

Log Q. =log Kr + 1/nlog C, (6)

where, C, = adsorbate concentration at equilibrium (mg/L);
Q. = adsorption capacity at equilibrium (mg/g); Qp, = maximum
adsorption capacity (mg/g); K; = langmuir isotherm constant;
KFr = freundlich constant.

Thermodynamic equations can be calculated from equations
7:

AS AH
InKp = — - — 7
nKr =2 " RT (7)
where, T = temperature (K); R = the gas constant (8.314
Jmol 1 X™1); Keq = the reaction on charge temperature.
The Gibbs energy in the adsorption process was calculated
using equation 8&:

AG’ = AH - TAS 8)

where, AG = gibbs free energy (kJ/mol); AH = Enthalpy
(kJ/mol); AS = Entropy (J/mol K)

3. RESULTS AND DISCUSSION

Based on the XRD pattern in Figure 2(a) Ni/Al LDH has a dis-
tinctive peak angle of diffraction at an angle of 26 = 11.63° (003);
23.00° (006); 35.16° (012); 39.56° (015); 47.4° (018) and 61.59° (110).
The results of this XRD pattern analysis are similar to those
reported by Li et al., 2010, Ni/Al LDH diffractogram pattern hav-
ing a sharp peak in the diffraction around the angle of 26 = 11°
(003), 20° (006) and 60° (110) (JCPDS No.15-0087), confirming the
successfully preparation of Ni/Al-LDH (Hu et al., 2019b). Ni/Al
LDH is then modified to form a composite using biochar and
graphite which aims to obtain a material with greater adsorption
capacity. Biochar used comes from rice husks and graphite used
is standard graphite from Merck which is then characterized
using X-ray diffraction as shown in Figures 2(d) and 2(e).
Figure 2(b) showed the diffractogram pattern of the biochar.
Bolbol et al., 2019 studied that the diffraction pattern of biochar
generally at the peak (002) which indicates the material is amor-
phous. Figure 2(d) showed the diffractogram pattern of the Ni/Al-
BC composite having a diffraction angle of 11.63° which is char-
acteristic of Ni/Al LDH and a diffraction angle of 22.30° which is
characteristic of biochar. The XRD graphite pattern is shown in
Figure 2(c) with angular diffraction peaks of 26 at 26.405° (002),
44.50° (101), 54.45° (004) and 77.32° (006). Based on research
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Figure 2. XRD Powder Patterns of Ni/Al LDH (a), BC (b), GF
(c), Ni/Al-BC (d), and Ni/Al-GF (e)
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Figure 3. FTIR Spectrum of Ni/Al LDH (a), BC (b), GF (c),
Ni/Al-BC (d), and Ni/Al-GF (e)

conducted by Popova, 2017, the diffractogram pattern that ap-
pears on graphite is at an angle of 260 26.5° (002); 54.7° (004); and
87.1° (006) (JCPDS No.75-1621) (Pakhira et al., 2016). Figure 2(e)
showed the diffraction peaks of Ni/Al LDH and graphite appear
in the Ni/Al-GF composite.

Figure 3(a) shows the vibrational peak of Ni/Al LDH which
shows a vibration peak at wavenumber 3464 cm™! indicating
the presence of O-H vibrations from water molecules. The peak
of the vibration at wavenumber 1635 cm™! indicates a bending
vibration of O-H. The peak of the vibration at wavenumber 1381
cm ™! indicates the existence of vibration from the NO; anion
and the peak of the vibration at wavenumber 748 cm™! is the M-
O vibration in the form of Ni-O and Al-O. Figure 3(b) showed the
FTIR spectrum of biochar with a vibration peak at wavenumber
3448 cm™! indicating the presence of O-H vibrations. The peak
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Figure 4. BET Profile of Ni/Al LDH (a), BC (b), GF (c),
Ni/Al-BC (d), and Ni/Al-GF (e)

of the vibration at wavenumber 1620 cm™! indicates a C=C vibra-
tion. The peak vibration at wavenumber 1103 cm™! indicates the
presence of Si-O-Si and the peak vibration at wavenumber 470
cm™! indicates the existence of Al-O vibrations. According to
Lazzari et al., 2018 the FTIR spectrum of these biochar is similar
even though the absorption intensity varies.

Figure 3(c) shows the graphite spectrum. The vibration pat-
tern that is formed at the wavenumber 3402 cm™! indicates the
presence of —OH bonds in the water molecules contained in
the material. Other vibration pattern that appears are at the
wavenumbers 1635 cm™ and 1381 cm™! which indicates the
presence of C=C and C-H bonds in graphite. Kartick et al.,
2013 reported that the graphite vibrational pattern appeared
at wavenumber 1562 and 3434 cm™! which indicated the pres-
ence of a C=C bond and an —OH bond. Figure 3(d) shows the
typical vibrational peak of Ni/AI LDH and typical vibration peaks
of rice husk biochar. Figure 3(e) shows the similarity of FTIR
patterns on Ni/Al LDH and graphite, this shows that the com-
posite material from Ni/Al LDH and graphite was successfully
prepared.

The nitrogen adsorption-desorption isotherm of composites
and starting materials is shown in Figure 4 and BET measure-
ment data is presented in Table 1. The adsorption desorption
curve showed all materials has similar isotherm type and hys-
teresis was observed. The isotherm pattern that does not overlap
between the adsorption and desorption charts shows that all of
these materials are classified as type IV adsorption-desorption
isotherms.

Table 1 shows that Ni/Al-BC and Ni/Al-GF have a larger
surface area than the pristine material. The surface area of
Ni/Al-BC has increased up to twenty nine times and Ni/Al-GF
has slightly increased compared to the pure material.

Figure 5 shows the thermal analysis of all materials. Fig-
ure 5(a) shows that at temperature 100°C there is loss of water
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Table 1. BET Analysis of Materials

Materials Surface Area  Pore Size  Pore Volume
(m?/g) (nm), BJH  (cm?/g)BJH
Ni/Al LDH 15.106 2.897 0.043
BC 50.936 12.089 0.025
GF 11.558 3.169 0.027
Ni/Al-BC 438.942 12.301 0.002
Ni/Al-GF 21.595 3.153 0.034

DTA
g2 8 o g 8
vou

200 450 600 00 20 a0 e0 800
Temperature °C) Temperature (°C)

(d) (©
Figure 5. Thermal Profile of Ni/Al LDH (a), BC (b), GF (c),
Ni/AL-BC (d), and Ni/Al-GF (e)

molecules on the surface of LDH. The endothermic peak at tem-
perature 300°C show the loss of nitrate molecules on the Ni/Al
LDH interlayer. Figure 5(b) shows the exothermic peak of BC at
420°C shows that biochar releases energy and a horizontal line
at 600°C shows that the biochar has been completely oxidized.
Figures 5(c) shows that at a temperature of 760°C the material
has become graphite oxide. The composite shown in Figure 5(d)
and 5(e) had two kinds peaks i.e. endothermic and exothermic.

The desorption process of the adsorbent is carried out using
several reagents (water, hydrochloric acid, sodium hydroxide,
and ethanol). The desorption result of each adsorbent is shown
in Figure 6. The results in figure 6 show that the hydrochloric

100

= Ni/Al LDH
=BC

=GF

s Ni/AI-BC
& Ni/AI-GF

80

60

40

Desorption (%)

20

-
Ethanol

Water HCI

NaOH

Figure 6. Desorption of Adsorbent
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Figure 7. Regeneration of Adsorbent

acid can desorp CR higher than other reagents. This is due to the
H" ions from acid can release anions from the CR dye through
the interaction between acid and adsorbent. After the desorption
process is carried out, the adsorbent is used for the regeneration
process.

Figure 7 shows the regeneration processes of Ni/Al-BC and
Ni/Al-GF are more stable and have a greater adsorption capac-
ity than the pristine material. Adsorption on Ni/Al-BC at five
re-adsorption process was achieved up to 78-58%. Adsorption
capacity on Ni/Al-GF was low but the re-adsorption process until
five times process resulted almost similar adsorption capacity
in the range 47-36%. In the regeneration process Ni/Al-BC has
a greater adsorption capacity than Ni/Al-GF, this is due to an
increase in the surface area of Ni/Al-BC reaching 20 times. The
adsorption capacity of BC and GF also experienced a decrease
in adsorption capacity and structural stability. This is because
the organic material is not stable to the adsorption-desorption
process. So it can be concluded that the formation of composites
with materials derived from carbon can increase the stability of
the Ni/Al LDH structure.

Ni/Al LDH, BC, GF, Ni/Al-BC and Ni/Al-GF were used as
adsorbent for adsorption of CR. Firstly, the kinetics parameters
were studied through the effect of the adsorption contact time as
shown in Figure 8 and Table 2. Figure 8 shows that the adsorption
of CR reached equilibrium at 120 minutes. The CR adsorption
process follows the kinetics parameters of PFO adsorption with
a correlation coefficient (R?) close to unity. In addition, the
calculation of adsorption capacity (q.) given by the PFO is very
close to the empirical adsorption capacity (qexp). As the results
are shown in Table 2.

Secondly, the thermodynamic parameters were studied thro
ugh variations in initial CR concentration and adsorption temper-
ature. Figure 9 shows that the adsorption capacity increases with
the increasing effect of temperature on the adsorption process.

Based on the value of the maximum adsorption capacity (Q,)
presented in Table 3, the highest yield on the Ni/Al-BC composite
adsorbent was 312.500 mg/g. This indicates that the adsorption
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Table 2. Kinetic Parameter
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Adsorbent Initial Concentration  Qeexp PFO PSO
(mg/L) (ng/g) Qecqe (mg/g) R® ki Qecqe (mg/g) R® K
Ni/Al LDH 99.429 31.111 33.674 0.992 0.026 2.282 0.878 0.222
BC 99.429 35.996 21.296 0.957 0.025 2.325 0.910 0.202
GF 99.429 30.682 42.954 0.972 0.049 34.602 0.993 0.001
Ni/Al-BC 99.429 51.746 57.003 0.988 0.026 3.634 0.944 0.155
Ni/Al-GF 99.429 32.046 16.638 0.901 0.022 35.587 0.992 0.001
Table 3. Isotherm Adsorption
Adsorption  Adsorption T
Adsorbent Isotherm Constant 30°C 40°C 50°C 60°C
Qmax 42.194 54348 58.823 61.728
Langmuir k. 0.148  0.104 0126  0.19
Ni/Al LDH R? 0.994 0.987 0.993 0.999
n 6.968 2.047 7.326 5.988
Freundlich kg 21.125 7.941 29.771  29.471
R? 0.694 0.964 0.868 0.899
Qmax 42.735 42918  42.735  42.735
Langmuir kg 0.044 0.031 0.057 0.064
BC R? 0.979 0.98 0.982 0.989
n 2.82 1.427 1.159 1.263
Freundlich kg 7.323 2.734 1.943 2.69
R? 0.959 0.99 0.962 0.958
Qmax 81301  82.645 86.207 87.719
Langmuir ky 0.267 0.367 0.411 0.648
GF R? 0.999 0.999 0.999 0.999
n 1.248 1.543 1.642 2.232
Freundlich kg 1.492 1.507 1.517 1.532
R? 0.941 0.930 0.971 0.967
Qmax 98.039 105263 112.36 116.297
Langmuir kg 0.027 0.03 0.033 0.041
Ni/AL-GF R? 0.975 0.973 0.965 0.963
n 1.916 1.911 1.897 1.948
Freundlich kg 6.925 7.82 8.704 10.359
R? 0.966 0.961 0.949 0.937
Qmax 136.986 163.934 250 312.5
Langmuir kg 0.036 0.011 0.028 1
Ni/Al-BC R? 0.931 0.952 0.964 0.9999
n 14.97 19.763 10.977 12.706
Freundlich kp 40.804 47315 41352  46.452
R? 0.965 0.921 0.904 0.999

© 2021 The Authors.
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Table 4. Thermodynamic Adsorption

Science and Technology Indonesia, 6 (2021) 85-95

Adsorbent T (K) Q. (mg/g) AH (kJ/mol) AS (J/molK) AG (kJ/mol)
303 36.899 21.924 0.071 -0.415
Ni/Al LDH 313 45.506 -0.295
323 49.304 -1.005
333 53.228 -1.715
303 45.429 4.853 0.016 -0.004
BC 313 46.778 -0.165
323 47.968 -0.325
333 49.397 -0.485
303 50.429 20.487 0.074 -1.872
GF 313 53.683 -2.61
323 56.857 -3.348
333 60.587 -4.086
303 64.515 16.018 0.053 -0.115
. 313 70.197 -0.648
NVALGE 308 76106 -1.18
333 81.863 -1.713
303 51.709 12.961 0.047 -1.358
Ni/ALl-BC 313 56.392 -1.831
323 58.291 -2.303
333 60.316 -2.776
80 == NES =
= Ni/Al LDH 1 S i & = B e
e BC 3 A 3 g
A GF £n ; 1B
604 ¢ NiA-BC : iy I B
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Figure 9. Effect of Adsorption Time on Ni/Al LDH (a), BC (b),
GF (c), Ni/Al-BC (d), and Ni/Al-GF (e)
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Figure 8. Time Variation of Adsorption

process of CR is more effective using Ni/Al-BC composites. Based
on Arabpour et al., 2021 the determination of the adsorption
isotherm model is determined from the linear regression value
close to 1. In Table 3 shows that the linear regression value of
each adsorbent tends to follow the Langmuir isotherm model.
According to the Langmuir isotherm model, Aichour et al., 2019
explains that the adsorption process occurs monolayer, stipulates
that adsorption process happens on the homogeneous adsorbent
surface with similar adsorption energy for all molecules.

Gibbs free energy (AG) is one of the thermodynamic pa-

© 2021 The Authors.

rameters used to determine whether an adsorption process is
spontaneous or not. The AG value data showed that all are neg-
ative, which means that the adsorption is spontaneous. The
enthalpy value (AH) is the total change in heat energy that oc-
curs during the adsorption process. If the AH value is negative,
the adsorption process is exothermic, where the heat of the re-
action is transferred from the system to the environment. If
AH is positive, the adsorption process is endothermic in that
heat is transferred from the environment to the system. The
results showed that the AH value is below +40 kJ/mol, which
indicates that the adsorption process of CR is endothermic. The
entropy value (AS) displayed showed the parameter of the degree
of irregularity that occurs in the system. Where the greater the
dye concentration used, the smaller the degree of irregularity.
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Table 5. Adsorption of CR by Several Adsorbents
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Adsorbent Adsorption capacity Reference
(mg/g)
Mg/Al hydrotalcite 22.222 (Said and Palapa, 2017)
Phyrophyllite 4 (Amran and Zulfikar, 2010)

Mg-Al LDH 23.02 (Sriram et al., 2020)
Compost 5.33 (Kristanto et al., 2018)

Gulmohar Leaf Powder 4347 (Keskin et al., 2018)
Phoenix Dactylifera Seeds 61.72 (Pathania et al., 2016)

Xanthan Gum/Silica Hybrid 209.205 (Ghorai et al., 2013)

Activated Carbon Prepared From Coir Pith 6.7 (Namasivayam and Kavitha, 2002)

PVA/SA/ZSM-5 Zeolite Membrane
Acid-Activated Bentonite
Soybean Curd
Organified Mixture Of Illite-Kaolinite
Polystyrene Microspheres
Sn0,-80 nanoparticles
shiitake mushroom
Titanium Dioxide
TiO,-Sulfonated
Magnetic Nig 5Zng 5Fe,O4 nanopowders
Banana peel
Orange peel
Ni/Al LDH
BC
GF
Ni/Al-BC
Ni/Al-GF

19 (Radoor et al., 2020)

20.7 (Taher et al., 2019)
69.9 (Zhang et al., 2018)
83 (Omer et al., 2018)

18 (Chen et al., 2019)
43.291 (Abdelkader et al., 2015)
217.86 (Yang et al., 2019)

152 (Abbas, 2020)

36.5 (Widiyowati et al., 2020)
40.5 (Liu et al., 2015a)
18.2 (Annadurai et al., 2002)

14 (Annadurai et al., 2002)
61.728 This Research
42.735 This Research
87.719 This Research
31255 This Research
116.297 This Research

Adsorption of CR using adsorbent produces a positive AS value
with a small value. This shows that the degree of irregularity
and interaction of the adsorbent with CR in aqueous solution
has a small interaction. Table 5 shows the adsorption of CR
using several adsorbents. The adsorption capacity of CR in this
research is quite similar with previous reported literatures.

4. CONCLUSIONS

The development of Ni/Al LDH with carbon-based support ma-
terials in the form of biochar and graphite has been successfully
synthesized. This is evidenced from the results of the main
characterization in the form of XRD showing the appearance
of LDH diffraction at an angle of 26 = 11 with the diffraction
plane (003) which indicates the characteristics of the layered
material. Ni/Al-BC composites showed biochar characteristics at
a diffraction angle of 20 = 23 and Ni/Al-GF composites showed
graphite characteristics at a diffraction angle of 26 = 26. The
surface area of Ni/Al-BC 438.942 m?/g was largely higher than
Ni/Al-GF 21.595 m?/g. The adsorbents removed CR with adsorp-
tion capacity of about 116.297 mg/g for Ni/Al-GF and 312.500
mg/g for Ni/Al-BC. The regeneration process which carried out
for five cycles showed that Ni/Al-GF and Ni/Al-BC have stable
structures as reuse adsorbents of CR adsorption.

© 2021 The Authors.
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