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ABSTRACT

In this work, hydrochar using to modified nickel aluminum layered double hydroxide (hydrochar@NiAl LDH).
The collected data by XRD indicate that 20 of material at 11.38°, 22.90°, 35.20°, and 61.60°. The FTIR spectrum
of hydrochar@NiAl LDH at wavenumber 3448, 1650, 1500-1600, 1348, 1056, and 500-800 cm™. NiAl LDH
and hydrochar have surface areas of 3.288 m?/g and 7.366 m?%/g, respectively. The precursors enhance the com-
posite’s surface area by 11.879 m?/g. NiAl LDH, hydrochar, and hydrochar@NiAl LDH have optimal pH values
of 3, 6, and 6 respectively. The adsorption process is determined by the kinetic model of pseudo-second order and
the model of Freundlich isotherm. NiAl LDH, hydrochar, and hydrochar@NiAl LDH had respective maximum
adsorption capacities of 25.445, 21.008, and 25.773 mg/g. The increase in regeneration cycles decreases the per-

centage of adsorbed.

Keywords: layered double hydroxide; adsorption study; materials composites; water treatment.

INTRODUCTION

Together with the growing population and
technological advancements, water contamina-
tion has become one of the most serious issues
and a concern for numerous parties. Phenol is one
of the harmful chemicals in environment (Chaari
et al., 2021). Various sectors, such as metal fab-
rication, rubber, pharmaceuticals, paints, timber
manufacturing, chemical insecticides, pulp, and
paper, may produce phenol pollution (Dehmani,
Lgaz, et al., 2021; Wang et al., 2022; J. Zhang
etal., 2022).

The existence of phenol in the environment,
especially in water, could be detrimental to aquat-
ic communities and the safety of people (da Silva
et al., 2022). The US Environmental Protection

Agency (USEPA) defines a permitted level of
1 pg/L for phenol in water (de Farias et al., 2022).
Thus, the adsorption method is one of the neces-
sary solutions for addressing environmental con-
tamination (Khan et al., 2022). Compared to other
techniques, adsorption has a number of advantag-
es, including a very uncomplicated procedure, a
relatively high level of effectiveness, and an ef-
ficient use of resources (Jain et al., 2022).

The adsorbent must have an excellent abil-
ity to adsorb for the adsorption procedure to be
successful. Scientists have utilized numerous ad-
sorbents, including biochar, kaolin, metal organic
gramework, and layered double hydroxide, to
solve problems with environmental contamina-
tion (Ahmad et al., 2023; Angerasa et al., 2021;
Wijaya et al., 2021; B. L. Zhang et al., 2020).
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Layered double hydroxides (LDHs) is an anionic
form of clay and hydrotalcite capable of in-
terlayer ion exchange. Its general formula is
[M**, M** (OH),*" [(A™)  -yH, O], where M
represents metal cations (Bouteraa et al., 2020;
Ruan et al., 2016). Due to their superior adsorp-
tion and singularity, layered double hydroxides
have been widely investigated as adsorbents
(Tran et al., 2019).

The advancement of LDH materials was con-
ducted on a hydrochar-based structure. Juleanti et
al. (2022) examined the direct green adsorption
capacities of M*"/Al (M = Ca, Mg, Zn) compos-
ites based on hydrochar. Moreover, LDH can be
combined with hydrochar. Hydrochar is a recog-
nized adsorbent, therefore it can be used to re-
move dangerous substances from certain wastes.
According to Barbusinski et al. (2016), hydrochar
is a well-known and effective biopolymer for re-
mediation of water. Hydrochar possesses physical
and chemical qualities, strong reactivity, and high
pollution selectivity (Seedao et al., 2018).

In this work, the NiAl LDH composite will
be modified using hydrochar. Brunauer Em-
mett Teller (BET), Fourier Transform Infra-Red
(FTIR), X-Ray Diffraction (XRD) and were used
to characterize the produced composite materials.
Hydrochar@NiAl LDH will be used as an ad-
sorbent for phenol-based organic molecules. The
adsorption parameters as kinetics, isotherms, and
regeneration must be assessed. Therefore, varia-
tions of pH, concentration, time of contact, tem-
perature, and desorption process will be studied.

EXPERIMENTAL SECTION

Chemicals and instrumentation

Phenol (CH,OH), distilled water (H,0),
4-aminoantipyrine (C,H,)N,0), nickel
hexahydrate (Ni(NO,), 6H,0), potassium
hexacyanoferrate(Ill) (K,[Fe(CN),]), aluminum
nitrate nonahydrate (AI(NO,),"9H,0), acetate
buffer solution (CH,COONa) pH 10, sodium car-
bonate (Na,CO,), hydrochar, hydrogen chloride
(HCI), and sodium hydroxide (NaOH) were used
without any further purification. Instrumentation
for characterization of adsorbents is Surface Area
Analyzer (Brunauer Emmet Teller, (BET)), X-
Ray Diffraction (XRD), UV-Vis spectrophotom-
eter, and Fourier Transform Infra-Red (FTIR).
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Preparation Hydrochar@NiAl LDH

30 mL of 0.75 M Ni(NO,),6H,0 was com-
bined with 30 mL of 0.25 M AI(NO,),"9H,0,
agitated, and then 3 g of hydrochar was added.
Slowly, the 2 M NaOH solution was added to the
mixture until the pH reached 10; the final pH was
10. After three days of churning at 80°C, solids
were created. The substance was subsequently fil-
tered and rinsed with distilled water. The hydro-
char@NiAl LDH was dried at 80°C.

Adsorption of phenol

Variations in pH, time of contact, concen-
tration of phenol, temperature reaction, and the
regeneration procedure were used to investigate
adsorption parameters. An Erlenmeyer holding
20 mL of phenol was loaded with 0.02 g of ad-
sorbent. Adsorption was conducted with varying
pH (2-11), contact period (0-180 min), initial
concentration of phenol (10-30 mg/L), tempera-
ture reaction (30-60°C), and regeneration cycle
frequency (5 times). The phenol solution then be-
came complexed.

According to Xie et al. (2020), 1 mL of a
5 mg/L phenol solution was added to a beaker
to initiate the phenol complex procedure. Then
0.1 mL of a 2% C, H,N,O, 0.1 mL of an 8%
K,[Fe(CN),], buffer solution (pH 10) 1 mL, and
distilled water 3 mL were added, respectively.
The phenol complex was thereafter homogenized
for 10 min. Finally, the concentration of phenol
after adsorption was measured at 505.2 nm using
a UV-Visible spectrophotometer.

RESULTS AND DISCUSSION

XRD diffractogram were used to construct
a hydrochar@NiAl LDH for characterization,
as shown in Fig. 1. The collected data indicate
that 20 at 11.38°(003), 22.90°(006), 35.20°(012),
and 61.60°(110). The JCPDS No.15-0015 dem-
onstrates the success of the NiAl LDH synthe-
sis (Ahmad et al., 2022). Characterization XRD
of Hydrochar@NiAl LDH revealed that the
characteristic peaks of LDH were observed at
20 = 11.38°, 35.20°, and 61.60°, even though
the typical peaks of hydrochar were observed at
20 =22.90°.

The FTIR spectrum of the hydrochar@NiAl
LDH composite material is depicted in Figure 2.
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Fig. 1. X-Ray diffractogram of adsorbents

Water molecules exhibit vibrations with a wave-
number of 3448 cm™ in their -OH group. In the
NiAl composite, the O-H bending frequency is
1650 cm™. At 1500-1600 c¢cm™, the C=C bond-
ing from hydrochar is visible. The nitrate group
in LDH has a wavenumber of 1348 cm!, the
C-O vibration in hydrochar has a wavenumber of
1056 cm', and the band for M-O is between 500
and 800 cm.

The visual representations of the nitrogen
adsorption-desorption isotherms of NiAl LDH,
hydrochar, and hydrochar@NiAl LDH are shown
in Figure 3. Based on the I[UPAC categoriza-
tion, every material corresponds to a type IV iso-
therm. If the material being used adsorbent has
pores the size range of material is 2—50 nm and
become filled with nitrogen (El1 Hassani et al.,
2017). NiAl LDH and hydrochar have surface
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Fig. 2 Fourier transfer infra-red spectrum of adsorbents
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Table 1. Brunauer Emmet Teller of adsorbents

Parameter NiAl LDH Hydrochar Hydrochar@NiAl LDH
Surface area (m?g) 3.288 7.366 11.879
Pore volume (cm®/g), BJH 0.006 0.008 0.013
Pore size (nm), BJH 16.983 3.189 2.205

areas of 3.288 m?/g and 7.366 m%/g, respectively.
The building blocks enhance the composite’s sur-
face area by 11.879 m?/g. Therefore, according to
Table 1, it could have verified that the LDH im-
provement procedure with hydrochar was useful
and led to a raised surface area.

The influence of pH is crucial to the treatment
process (Ullah et al., 2022). Fig. 4 depicts the op-
timal pH of NiAl LDH to be 3, with an adsorp of
13.355 mg/L. The optimal pH for hydrochar and
hydrochar@NiAl LDH material is 6, with an ad-
sorbed hydrochar concentration of 12.744 mg/L
and a concentration of 14.671 mg/L for hydro-
char@NiAl LDH. Cited Al-Ghouti et al. (2022),
graphite oxide is positively charged when the so-
lution’s pH is low or when the solution is acidic,
whereas the adsorbent’s surface is negatively
charged in alkaline solutions.

The information impact of phenol by interac-
tion time was utilized in Fig. 5. The reaction rate
was determined using pseudo-first order (PFO)
and pseudo-second order (PSO) kinetics model.
The kinetic model is determined by observing
how near the value of the coefficient of deter-
mination (R?) becomes 1, the minimal value of
the reaction rate (k), and the similarities between
the measured and calculated Qe. According to
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Fig. 3. N, adsorption-desorption isotherm of NiAl
LDH, hydrochar, and hydrochar@NiAl LDH
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Table 2, every adsorbent substance is compatible
with the PSO. The close connection of the coeffi-
cient of determination (R?) to 1 demonstrates this,
and since the value of the reaction’s kinetic rate
(k,) in the PSO is lower than PFO, the reaction
proceeds more swiftly in the PSO. The phenol ad-
sorption by PSO suggested chemisorption (Gao
et al., 2022).

When adsorption reaction involves mono-
layer form and molecules of adsorbate interact,
the Langmuir isotherm is utilized. The Freun-
dlich isotherm theory applies to processes of ad-
sorption involving in two or more layers without
adsorbate molecule interaction and separation
(Liu et al., 2021). The findings of adsorption
isotherm calculations for NiAl LDH, hydrochar,
and hydrochar@NiAl LDH are presented in Ta-
ble 3. In lines with the Freundlich model, the
correlation coefficient (R?) was closer to 1 for
all adsorbents. NiAl LDH, hydrochar, and hy-
drochar@NiAl LDH have respective maximal
adsorption capacities of 25.445, 21.008, and
25.773 mg/g. This study’s maximal adsorption
capacities are compared to those of other stud-
ies in Table 4.

Figure 6 demonstrates that during the third
regeneration, the adsorbent regeneration process
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Table 2. PFO and PSO kinetic models

Qe PFO PSO
Adsorbents i - -
(mg/9) | Qe (mglg) | K, (min™) R? Qe_,,. (mglg) | k,(g/mg.min) R?
NiAl LDH 12.274 7.224 0.030 0.9719 12.804 0.010 0.9997
Hydrochar 8.929 8.587 0.046 0.9315 9.379 0.011 0.9987
Hydrochar@NiAl LDH 14.821 9.598 0.027 0.9713 15.552 0.006 0.9976
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Fig. 5. PFO and PSO kinetic model

slowed down. The proportion of phenol absorbed
by NiAl LDH, hydrochar, and hydrochar@NiAl
LDH after a run regeneration was 47.821, 40.665,
and 56.567%, respectively. The proportion of

Table 3. Isotherm parameter adsorption of phenol

adsorbed decreases as the number of regeneration
cycles increases; the percentage adsorbed of phe-
nol after 5 run regeneration to 3.545%, 1.845%,
and 12.200%, respectively.

Langmuir Freundlich
Adsorbent T (°C)
Q kL R? n kF R?
max
30 25.445 0.438 0.845 1.395 1.456 0.9478
40 25.063 0.055 0.8827 1.466 1.801 0.9447
NiAl LDH
50 23.041 0.079 0.9392 1.653 2.469 0.9516
60 24.155 0.088 0.9451 1.685 2.820 0.9548
30 21.008 0.036 0.6816 1.345 1.009 0.8955
40 19.531 0.047 0.8232 1.451 1.245 0.9173
Hydrochar
50 17.007 0.068 0.9185 1.648 1.655 0.9234
60 17.606 0.072 0.9224 1.665 1.795 0.9230
30 25.773 0.047 0.8467 1.412 1.583 0.9440
Hydrochar@NiAl 40 22.936 0.069 0.9165 1.570 2.107 0.9432
LDH 50 22.727 0.084 0.9441 1.664 2.545 0.9490
60 24.213 0.096 0.9429 1.706 3.011 0.9516
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Table 4. Assessment of maximum phenol adsorption
capacity with previous study

Adsorbent Q... (mg/g) Reference
a-Fe,O, 21.93 (Dehmani et al., 2020)
Zn,Al-LDH 7.73 (Lupa et al., 2018)

Clarified sludge 1.052 (Mandal & Das, 2019)

(Gupta & Balomajumder,

Tea waste 7.62 2015)
Bentonite 23.64 (Ahmadi & Igwegbe, 2018)
(Dehmani, Khalki, et al.,

Natural clay 10.1 2021)
Lignite 6.216 (Liu et al., 2021)
Hydrochar@NiAl .
LDH 25.773 This study
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Fig. 6. Regeneration study of adsorbent

CONCLUSION

Characterization by XRD, FTIR, and BET
revealed that the composite NiAl LDH with hy-
drochar was successful. NiAl LDH has an opti-
mal pH of 3, whereas hydrochar and hydrochar@
NiAl LDH materials have an optimal pH of 6. In
the adsorption process, the kinetic and isotherm
models are respectively pseudo-second-order
and Freundlich. NiAl LDH, hydrochar, and hy-
drochar@NiAl LDH had respective maximum
adsorption capacities of 25.445, 21.008, and
25.773 mg/g. The increase in regeneration cycles
decreases the percentage of adsorbed.
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