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Abstract: Ni/Al layered double hydroxide was used as a starting material for composite
formation with biochar as a matrix. The materials were characterized using X-ray, FTIR,
nitrogen adsorption-desorption, thermal, and morphology analyses. The NiAl
LDH/Biochar material is then used as an adsorbent of methylene blue from an aqueous
solution. The factor that was influencing adsorption such as pH, time, methylene blue
concentration, and temperature adsorption was studied systematically. The regeneration
of adsorbent was performed to know the stability of NiAl LDH/Biochar under several
cycle adsorption processes. The results showed that NiAl LDH/Biochar has a specific
diffraction peak at 11.63° and 22.30°. NiAl LDH/Biochar has more than ten-fold surface
area properties (438,942 m2/g) than biochar (50.936 m2/g), and Ni/Al layered double
hydroxide (92.682 m2/g). The methylene blue adsorption on NiAl LDH/Biochar follows a
pseudo-second-order kinetic adsorption model and classify as physical adsorption. The
high reusability properties were found for NiAl LDH/Biochar, which was largely different
from biochar and Ni/Al layered double hydroxide.
Keywords: Ni/Al; layered double hydroxide; biochar; composite; methylene blue;
adsorption; reusability

■

INTRODUCTION

The presence of hazardous dyes in industrial
activities is a severe problem for humans and the ecology
system [1]. These dyes are toxic, carcinogenic, and
mutagenic, thus cause human and environmental health.
The dyes are produced from industrial activities such as
cosmetics, painting, textile, leather, food, and also drug
industries [2-4]. The dyes are challenging to degrade since
they are stable structures under oxidation and light [5].
One of the toxic dyes is methylene blue, a
methylthioninium chloride compound and classifies as a
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cationic dye [6]. The structure of methylene blue is
shown in Fig. 1. Thus, the removal of methylene blue
from wastewater is crucial. Some methods are available
to remove methylene blue from an aqueous solution,
such as purification, membrane separation, and
adsorption [7-9].
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Fig 1. Chemical structure of methylene blue
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Among these methods, adsorption is an appropriate
method to remove methylene blue from the aqueous
solution. This method was easy to do, simple way, lowcost operation, and fast process [10]. On the other hand,
the effectivity of adsorbent in the adsorption process is
one factor in getting high adsorption capacity and
stability of the material. Numerous adsorbents have been
applied to remove methylene blue from an aqueous
solution, such as zeolite, bentonite, carbon nanotube,
biomass, activated carbon, chitosan, and also layered
double hydroxide [11-13].
Layered double hydroxide (LDH) is an inorganic
material that has the general formula [M2+1–xM3+x(OH)2] +
xAx–nmH2O, where M2+ is a divalent metal ion, M3+ is a
trivalent metal ion, Ax–n is an anion with n valent state,
and water of crystallization [14-15]. LDH consists of an
anion on the interlayer distance, which can be
exchangeable to other anions to get unique properties of
LDH. The common anion in LDH is nitrate, sulfate,
hydroxide, chloride, and carbonate [16-18]. The total
charge of LDH is positively due to neutralizing negative
charge from anion on interlayer space. LDH has wellknown as an adsorbent of dyes due to its high adsorption
capacity and high surface area properties.
On the other hand, the use of LDH several times the
regeneration process is ineffective due to sprayed and
exfoliated LDH structure [19]. Thus modification of LDH
for reuse adsorbent aim should be conducted, such as the
formation of the composite using matrix/support
materials which can reduce the particle size of LDH to be
facile for reuse adsorbent. One of the promising materials
as a matrix for LDH is biochar. Biochar is an organic
compound from the pyrolysis of biomass under high
temperature [20]. The use of biochar for many
applications is reported, such as water treatment, soil
improvement materials, and also pharmaceutical
applications [21-22]. The composite of LDH-biochar as
an adsorbent of many organic and inorganic pollutants
has been reported in many publications.
MgAl and Mg/Fe-biochar were prepared as
adsorbents of phosphate [23]. Phosphate was also
successfully removed from an aqueous solution using
Mg/Al LDH-biochar [24]. Biochar from date palm was
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used as a matrix for the composite of MgAl LDHbiochar. This biochar has an adsorption capacity of
302.75 mg/g at 100 mg/L in 180 min adsorption time
[25]. LDH Mg/Al-biochar has been prepared to form a
composite as an adsorbent of methylene blue. This
adsorbent can achieve adsorption capacity until
406.47 mg/g [9]. Lins et al. [26] introducing liquid phase
co-precipitation of Mg-Al LDH on a biochar matrix for
enhanced phosphate adsorption. Wang et al. [27]
reporting high arsenic adsorption onto Ni–Fe LDHbiochar composite. Despite different biochars used,
these studies, in general, suggest that selective
adsorption of anionic pollutants depends on the type of
LDHs used, and the adsorption mechanisms are linked
to interlayer spacing and electrical properties of LDHs.
All these studies showed that LDH is commonly used to
prepare composite using biochar as a matrix.
This study aims to use LDH based nickelaluminum as a starting material to form a composite
with biochar as an adsorbent of methylene blue.
Formation of Ni/Al LDH/biochar was prepared by
mixing the co-precipitation method. The materials were
characterized using X-ray, FTIR, BET, thermal, and
photo SEM-EDX analyses. The adsorption was studied
through the effect of pH medium, adsorption time,
initial concentration of methylene blue, and
temperature adsorption. The performance of the
adsorbent was investigated through reusability
adsorbent several times. Prior to these processes,
desorption is conducted to know the suitable solvent to
desorb methylene blue on the solid adsorbent.
■

EXPERIMENTAL SECTION

Chemicals and Instrumentation

Chemicals used in this research were nickel(II)
nitrate, aluminum(III) nitrate, sodium hydroxide, and
methylene blue. These chemical reagents were used
directly from Merck and Sigma-Aldrich without further
purification. Biochar based on Indonesian rice husk was
obtained from Bukata Organic, Java Island. Water was
obtained from Research Center of Inorganic Materials
and Complexes FMIPA Universitas Sriwijaya using
Purite® water ion exchange purification system.
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Characterization of the material was performed using Xray Rigaku Miniflex-6000. The material was analyzed in
the range 5–80° with scan speed 1°/min. FTIR spectrum
was obtained from FTIR Shimadzu Prestige-21. Materials
were mixed with KBr to form a pellet and were scanned at
wavenumber 400–4000 cm–1. Nitrogen adsorptiondesorption analysis was conducted using ASAP
Micrometric at 77 K. Sample was degassed under liquid
nitrogen several times prior to analysis. The thermal
stability of the material was measured using TG-DTA
Shimadzu under atmospheric nitrogen. The temperature
analysis was at room temperature to 800 °C. Material
photos were obtained using SEM-EDX Quanta-650
Oxford Instrument. The concentration of methylene blue
was analyzed using UV-Visible spectrophotometer BIOBase BK-UV 1800 PC at wavelength 664 nm.
Procedure
Synthesis of Ni/Al LDH

Synthesis of Ni/Al LDH was conducted using the coprecipitation method at pH 10 [28]. Nickel(II) nitrate and
aluminum(III) nitrate with equal volume and
concentration ratio (3:1) were mixed and stirred at room
temperature. Sodium carbonate (0.3 M) was added with
equal volume slowly and sodium hydroxide to achieve pH
10. The reaction mixture was kept at 80 °C for 18 h. The
solid material was obtained and washed with water, and
dried at 110 °C.
Synthesis of composite Ni/Al LDH-biochar

Synthesis of NiAl LDH/Biochar was conducted by
mixing the co-precipitation method. The solution of
nickel(II) nitrate 0.3 M and aluminum(III) nitrate 0.1 M
with equal volume was mixed for 60 min. Biochar (3 g)
was added to the reaction mixture following by the
addition of sodium hydroxide (2 M). The pH mixture was
adjusted to 10 by adding sodium hydroxide. The reaction
was kept for 72 h with constant stirring. The solid material
was obtained and washed several times with water, and
dried at 110 °C for several days.
Adsorption process

Adsorption was studied by variation of pH solution,
adsorption time, initial concentration, and adsorption
temperature using 0.1 g of NiAl LDH/Biochar and
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starting materials as control. The adsorption was
conducted using a batch small reactor system equipped
with shaking apparatus control. The variation pH
solution was 2–10. Adsorption time was conducted at 5–
200 min. Adsorption temperature was carried out at 30,
40, 50, and 60 °C using an initial concentration of
methylene blue from 5–20 mg/L for NiAl LDH as
adsorbent, 5–40 mg/L for biochar, and 5–60 mg/L for
NiAl LDH/Biochar. All filtrate of methylene blue was
analyzed using UV-Visible at wavelength 664 nm.
Desorption and regeneration

Desorption of methylene blue after the adsorption
process was conducted using several solvents such as
ethanol, acetone, diethyl ether, water, hydrochloric acid,
and sodium hydroxide. The solvent has been classified
as organic and inorganic solvents. The filtrate from the
desorption process was measured using UV-Vis at
664 nm.
Prior regeneration process, the adsorbent was
desorbed using maximum desorption solvent followed
by washed using water several times, dried at 110 °C
overnight, and ready to use. The cycle of adsorption was
conducted three times the cycle for adsorption of
methylene blue using a similar adsorbent.
■

RESULTS AND DISCUSSION

The results of XRD pattern of NiAl LDH/Biochar,
biochar, and Ni/Al LDH were shown in Fig. 2. Fig. 2(a)
showed Ni/Al LDH has peak at 11.63° (003); 23.00°
(006); 35.16° (012); 39.56° (015); 47.4° (018) and 61.59°
(110). The formation of a well-layered structure of Ni/Al
was identified at 11.63 (003) and 61.59 (110) [29]. These
results are appropriate with Tao et al. (2019) where the
crystallinity of Ni/Al LDH was high [30]. Fig. 2(b) shows
the diffraction of biochar. Biochar is an organic
compound; thus, the diffraction peak is board due to the
high organic content on the material. The diffraction
peak at 22.30° (002) for biochar was characteristic of
organic content, especially carbon [31-32]. Fig. 2(c)
shows the NiAl LDH/Biochar based Ni/Al LDH and
biochar. The diffraction peak of NiAl LDH/Biochar is a
little broad, with several peaks were identified at 11.63°
and 22.30°. These two peaks are Ni/Al LDH and biochar
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where the adsorption curve has a different type from the
desorption step. The NiAl LDH/Biochar has a type II
isotherm model, and the material has a mesoporous
class with contains a larger pore than the microporous
type [34]. The isotherm data in Fig. 4 was then used to
obtain surface area, pore-volume, and pore diameter, as
shown in Table 1.

Fig 2. X-ray diffraction of Ni/Al LDH (a), biochar (b), and
NiAl LDH/Biochar (c)
characterized; thus, NiAl LDH/Biochar consists of LDH
and biochar.
FTIR spectrum of materials was presented in Fig. 3.
Fig. 3(a) shows the IR spectrum of Ni/Al LDH. The peak
vibration was appeared at 3664 cm–1 (υ O–H stretching),
1630 cm–1 (υ O–H bending), 1381 cm–1 (υ N–O nitrate),
748 cm–1 (υ Al–O, trivalent metal), and 563 cm–1 (υ Ni–
O, divalent metal) [24]. Fig. 3(b) shows the FTIR
spectrum of biochar. There are several peaks identified at
wavenumber 3448 cm–1, 2924 cm–1, 2854 cm–1, 2368 cm–1,
2337 cm–1, 1620 cm–1, and 1130 cm–1. All these vibrations
were identified in the fingerprint area and consist of an
organic vibration component [33]. Fig. 3(c) shows the
FTIR spectrum of NiAl LDH/Biochar. The peaks are
found at 3441 cm–1, 2931 cm–1, 2368 cm–1, 2283 cm–1,
1627 cm–1, 1381 cm–1, 1049 cm–1, and 578 cm–1. All these
vibrations contain vibrations of Ni/Al LDH and biochar.
Thus, NiAl LDH/Biochar in this research is based on two
components.
The nitrogen adsorption-desorption analysis data of
Ni/Al LDH, biochar, and NiAl LDH/Biochar was shown
in Fig. 4. The isotherm in Fig. 4 shows a hysteresis loop

Fig 3. FTIR spectrum of Ni/Al LDH (a), biochar (b), and
NiAl LDH/Biochar (c)

Fig 4. Nitrogen adsorption-desorption profile of Ni/Al
LDH (a), biochar (b), and NiAl LDH/Biochar (c)

Table 1. BET surface area analysis
Materials
Ni/Al LDH
Biochar
NiAl LDH/Biochar
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Surface area
(m2/g)
92.683
50.936
438.942

Pore volume
(cm3/g)
0.001
0.002
0.002

Pore diameter
(nm)
13.206
12.088
12.301
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Table 1 shows NiAl LDH/Biochar has large surface
area properties than Ni/Al LDH and biochar. The NiAl
LDH/Biochar has a surface area of 438.942 m2/g and
almost ten-fold higher than starting materials. These
phenomena are probably due to the biochar as matrixassisted to reduce the size and agglomeration of LDH [23].
The TG-DTA pattern of the material was presented
in Fig. 5. Ni/Al LDH has two endothermic peaks at 90 °C
and 310 °C, which is assigned as water loss and nitrate on
interlayer LDH decomposition. On the other hand, the
DTA profile of biochar contains not only an endothermic
peak but also an exothermic peak. The endothermic peak
was found at 95 °C due to the loss of water of

crystallization [11]. The exothermic peak was found at
500 °C because of the oxidation of organic compounds
on biochar [35]. The TG-DTA pattern of NiAl
LDH/Biochar was shown in Fig. 5(c) and contained one
endothermic peak at 95 °C and two exothermic peaks at
430 °C and 500 °C. The exothermic peaks are the LDH
decomposition peak, and the endothermic peak is the
oxidation of organic biochar.
The surface material photos were presented in Fig.
6. The layer structure of Ni/Al was seen in Fig. 6(a) with
the agglomeration process. The biochar, as seen in Fig.
6(b) has an irregular pore. The NiAl LDH/Biochar
shown in Fig. 6(c) has small particle distribution than

Fig 5. TG-DTA profile of Ni/Al LDH (a), biochar (b), and NiAl LDH/Biochar (c)

Fig 6. Surface photo of materials
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Ni/Al LDH with minor agglomeration. These photos in
PF-O:
Fig. 6(c) are related to a high surface area of NiAl
 k 
(1)
log(q e − q t =
) log q e −  1  t
LDH/Biochar in this research.
 2.303 
The composition of materials analysis using EDX
where: qe is adsorption capacity at the equilibrium (mg
was shown in Table 2. The main composition of LDH was
g–1); qt is adsorption capacity at t min (mg g–1); t is
nickel, aluminum, oxygen, and nitrogen. Nitrogen is
adsorption time (min), and k1 is kinetic adsorption rate
higher because nitrate ion was located on the interlayer
at PF-O (min–1).
scape of LDH. Biochar has high carbon content (58.3%).
PS-O:
The NiAl LDH/Biochar contains all elements of starting
t
1
1
(2)
=
+ t
2
q t k 2q e
qe
materials except carbon because carbon is associated with
oxygen in the agglomeration process, and the percentage
where qe is adsorption capacity at the equilibrium (mg
of oxygen will be higher than starting materials.
g–1); qt is adsorption capacity at t min (mg g–1); t is
The effect of the pH medium of methylene blue
adsorption time (min), and k2 is adsorption rate at PS-O
adsorption on Ni/Al LDH, biochar, and NiAl
(g mg–1 min–1). The PF-O and PS-O results are shown in
LDH/Biochar is shown in Fig. 7. The optimum pH for
Table 3.
NiAl LDH/Biochar, biochar, and NiAl LDH was 4, 4, and
The data in Table 3 showed that the R2 value for
3. All adsorbents have methylene blue adsorption at acid
NiAl LDH/Biochar and biochar is closed to one for
medium. The solution of methylene blue has a pH range
PS-O. On the other hand, Ni/Al LDH has R2 closed to one
of 3.0–4.3, the optimum pH adsorption using NiAl
LDH/Biochar, biochar, and Ni/Al LDH is inside the
natural range of methylene blue, for further adsorption
was conducted at this optimum pH.
Fig. 8 shows the effect of adsorption time and fitting
with kinetic pseudo-first-order (PF-O) and pseudosecond-order (PS-O). The amount of methylene blue
adsorbed on NiAl LDH/Biochar, biochar, and Ni/Al LDH
was gradually increased by increasing adsorption time
until optimum. The amount of methylene blue stable on
the adsorbent. The optimum adsorption time for NiAl
LDH/Biochar, biochar, and Ni/Al LDH is started from
150 min, as shown in the black circle symbol. These data
then were applied to obtain PF-O and PS-O using the
Fig 7. The pH adsorption effect of methylene blue on
equation as following [36]:
Ni/Al LDH, biochar, and NiAl LDH/Biochar
Table 2. Analysis composition of materials by EDX
Ni/Al LDH
Element
(%)
Ni
88.3
Al
1.3
O
1.4
N
9.1
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Biochar
Element
C
O
Si
Al

(%)
58.3
27.3
11.0
3.3

NiAl LDH/Biochar
Element
(%)
Ni
14.6
Al
3.3
N
1.3
O
55.6
Si
25.2
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Fig 8. Kinetic adsorption of methylene blue on Ni/Al LDH (a), biochar (b), and NiAl LDH/Biochar (c)
Table 3. Kinetic parameter of pseudo first-order and second-order
Kinetic Models

Pseudo first order

Pseudo second order

Pseudo first Order

Pseudo second order

Aldes Lesbani et al.

Parameter
qe exp (mg/g)
qe calc (mg/g)
k1 (min–1)
R2
qe exp (mg/g)
qe calc (mg/g)
k2 (g/mg min)
R2
qe exp (mg/g)
qe calc (mg/g)
k1 (min–1)
R2
qe exp (mg/g)
qe calc (mg/g)
k2 (g/mg min)
R2

3 mg/L
Ni/Al LDH
0.396
1.924
0.033
0.921
0.396
0.620
0.020
0.900
Biochar
1.085
1.554
0.035
0.961
1.085
1.133
0.114
0.997

5 mg/L

10 mg/L

15 mg/L

1.183
1.073
0.012
0.921
1.183
10.417
0.004
0.964

2.343
1.603
0.014
0.955
2.343
7.299
0.004
0.920

3.258
2.922
0.022
0.939
3.258
4.484
0.014
0.917

1.932
1.312
0.015
0.857
1.932
1.951
0.062
0.995

3.469
2.582
0.020
0.929
3.469
7.633
0.006
0.971

4.198
2.843
0.018
0.961
4.198
2.222
0.104
0.942
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Table 3. Kinetic parameter of pseudo first-order and second-order (Continued)
Kinetic Models

Pseudo first order

Pseudo second order

Parameter
3 mg/L
NiAl LDH/Biochar
qe exp (mg/g)
4.103
qe calc (mg/g)
1.402
k1 (min–1)
0.025
R2
0.581
qe exp (mg/g)
4.103
qe calc (mg/g)
4.061
k2 (g/mg min)
0.083
2
R
0.999

for PF-O. The main reason is probably due to the
inorganic-organic adsorbent character for NiAl
LDH/Biochar, biochar, and Ni/Al LDH. Furthermore, the
value of k2 for NiAl LDH/Biochar and biochar was
decreased with increasing concentration of methylene
blue. These phenomena are also similar for k1 of Ni/Al
LDH. The reason is that the mobility of the concentrated
sample is lower than the aqueous sample. The value of k2
is getting low for both the dyes, which indicates that the
adsorption process is rapid. It means that two molecules
can be adsorbed in a single site, or a single molecule can
interact with two adsorption sites. Furthermore, this
finding also supports that the adsorption rate depends on
active sites proposing a chemisorption process.
The effect of initial concentration and temperature
adsorption of methylene blue on NiAl LDH/Biochar,
biochar, and Ni/Al LDH was presented in Fig. 9. The
amount of methylene blue adsorbed on materials was
sharply increased by increasing the initial concentration
of methylene blue and temperature. The adsorption
patterns for Ni/Al LDH and biochar were similar to the
form two stages adsorption step. Still, NiAl LDH/Biochar
has a straight adsorption pattern toward initial
concentration and temperature. The isotherm Langmuir
and Freundlich, as shown in Table 4 was obtained from
data in Fig. 8 using the equation as following [37]:
Langmuir:
C
1
C
=
+
m bK L b

(3)

where C is a saturated concentration of adsorbate; m is the
amount of adsorbate; b is the maximum adsorption
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5 mg/L

10 mg/L

15 mg/L

8.787
2.345
0.032
0.587
8.787
8.787
0.057
0.999

14.368
4.249
0.020
0.823
14.368
14.577
0.015
0.999

19.586
5.532
0.020
0.944
19.586
19.920
0.009
0.999

capacity (mg g–1), and KL is the Langmuir constant (L
mg–1).
Freundlich:
(4)
log
=
q e log K F + 1/ n log C e
where qe is adsorption capacity at equilibrium (mg g–1);
Ce is the adsorbate concentration at equilibrium (mg L–1),
and KF is Freundlich constant. Table 4 showed the
maximum adsorption capacity of Langmuir by NiAl
LDH/Biochar was 61.728 mg/g, which is relatively
higher than some previously reported in Table 5. Table
5 was shown the comparison of the adsorption capacity
of methylene blue using several adsorbents.
The data in Table 4 showed that the adsorption of
methylene blue on NiAl LDH/Biochar, biochar, and
Ni/Al LDH almost follows the Langmuir isotherm
adsorption model rather than the Freundlich model. The
R2 for Langmuir isotherm is nearly close to one than
Freundlich isotherm. The Qm for NiAl LDH/Biochar is
higher than biochar and Ni/Al LDH. As expected of
increasing surface area properties, this higher Qm is a
logical result.
The thermodynamic data, as shown in Table 6, was
also calculated from data in Fig. 9 using the equation as
follow:
∆S ∆H
−
R RT
∆G° = −RTlnK L

lnK=
L

(5)

(6)
where T is the temperature (K), R is the gas constant
(8.314 J mol–1 K–1), and KL is the Langmuir constant from
Table 4.
For all methylene blue conditions, the ΔG of
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Fig 9. The effect of initial concentration and temperature adsorption on Ni/Al LDH (a), biochar (b), and NiAl
LDH/Biochar (c)
Table 4. The isotherm adsorption of methylene blue
Isotherm
Adsorbent
NiAl LDH
Biochar
NiAl LDH/Biochar

Qm
22.989
36.101
61.728

Langmuir
KL
0.173
0.622
0.354

adsorption has a negative value means adsorption of
methylene blue on NiAl LDH/Biochar, biochar, and
Ni/Al LDH have spontaneously occurred in a batch small
reactor system. The ΔH value is less than 80 kJ/mol and
in the range 15.502–43.402 kJ/mol for all adsorbents. This
value belongs to chemi-physical adsorption [51]. The
value of ΔS is irregular for increasing methylene blue
concentration means growing randomness for adsorption
of methylene blue on the adsorbent.

Aldes Lesbani et al.

R
0.919
0.990
0.945
2

n
1.477
4.296
0.621

Freundlich
KF
3.603
1.336
1.423

R2
0.953
0.993
0.987

Desorption of methylene blue on NiAl
LDH/Biochar and starting materials were conducted
using several reagents such as ethanol, acetone, diethyl
ether, sodium hydroxide solution, hydrochloric acid
solution, and water. The results are shown in Figure 10.
NiAl LDH/Biochar and biochar were efficiently
desorbed using acetone and Ni/Al LDH using
hydrochloric acid. The involvement of acid-base reaction
in the desorption using Ni/Al LDH was dominated,
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Table 5. Comparison of the adsorption capacity of methylene blue
Adsorbent
Wheat shells
Activated biochar-TA
MW-SiO2
MgAl LDO
Cockle Shells-Treated Banana Pith
MgAl LDH
Alginate Beads Powder
Activated Carbon
Fe/SCD-LDH
Orange Peels
Rice husk
Catton Waste
Ca/Al LDH-biochar
LDH-bacteria aggregates
NiAl/Biochar

Adsorption capacity
(mg/g)
21.50
53.28
186.1
49.53
85.47
49
48.2
11.40
83.40
18.60
40.58
24.00
32.535
5.23
61.728

References
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[10]
[47]
[48]
[49]
[50]
This study

Table 6. The thermodynamic parameter adsorption of methylene blue
Initial Concentration
NiAl LDH

Biochar

NiAl LDH/Biochar

T (K)
303
313
323
333
303
313
323
333
303
313
323
333

Qe (mg/g)
9.489
10.570
11.479
12.061
16.097
16.873
18.255
19.269
15.661
16.533
17.878
18.924

but like dissolve like principle [52] is found in the
desorption of methylene blue on NiAl LDH/Biochar and
biochar.
The regeneration of adsorbent was studied after
desorption using suitable reagents as described in Fig. 10
following by washing by water several times and dried at
110 °C. It was performed until three-cycle adsorption of
methylene blue using the same adsorbent from fresh
materials. The results of the regeneration process are
shown in Fig. 11. The reusability of Ni/Al LDH and
biochar was sharply decreased for second and third cycle
adsorption. At the same time, the NiAl LDH/Biochar is
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ΔH (kJ/mol)
15.502

ΔS (J/mol K)
0.051

40.951

0.145

43.402

0.153

ΔG (kJ/mol)
-0.489
-1.094
-1.700
-2.306
-2.945
-4.394
-5.843
-7.292
-2.883
-4.410
-5.938
-7.465

almost stable until the three-cycle adsorption process.
The structure of Ni/Al LDH is easily exfoliated during
the second and third reuse cycles. Biochar is also
unstable toward reuse adsorbent due to the stability of
organic materials toward washing and drying. On the
other hand, NiAl LDH/Biochar has almost stable reuse
adsorbent until the third cycle adsorption process due to
small particle formation during NiAl LDH/Biochar
synthesis as presented in SEM photos. Thus NiAl
LDH/Biochar in this research is a promising adsorbent
for high reusability adsorption of methylene blue.
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Fig 10. Desorption of methylene blue
■

CONCLUSION

Ni/Al LDH-biochar NiAl LDH/Biochar has
diffraction at 11.63° and 22.30°. NiAl LDH/Biochar has
the vibration of both biochar and LDH at wavenumber
3441 cm–1, 2931 cm–1, 2368 cm–1, 2283 cm–1, 1627 cm–1,
1381 cm–1, 1049 cm–1, and 578 cm–1. NiAl LDH/Biochar has
more than ten-fold surface area properties (438.942 m2/g)
than biochar (50.936 m2/g), and Ni/Al layered double
hydroxide (92.682 m2/g). Thermal analysis showed that
NiAl LDH/Biochar has one endothermic peak and two
exothermic peaks related to both starting materials. NiAl
LDH/Biochar has a small agglomeration and a more
regular form than starting materials. Adsorption of
methylene blue on NiAl LDH/Biochar follows the
pseudo-second-order kinetic adsorption model and is
classified as chemi-physical adsorption. NiAl
LDH/Biochar has high reusability properties and can be
used as a potential adsorbent to remove methylene blue
from an aqueous solution.
■
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