C.1.c.1.23-NiAl-layered double
hydroxide intercalated with.pdf

By Risfidian Mohadi



Chemical Engineering Communications

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/gcec20

Taylor & Francis
Talor & Francis Croup

NiAl-layered double hydroxide intercalated with
Keggin polyoxometalate as adsorbent of malachite
green: kinetic and equilibrium studies

N. R. Palapa, T. Taher, R. Mohadi, A. Rachmat, M. Mardiyanto, M. Miksusanti
& A. Leshani

To cite this article: N. R. Palapa, T. Taher, R. Mohadi, A. Rachmat, M. Mardiyanto, M. Miksusanti
& A. Lesbani (2021): NiAl-layered double hydroxide intercalated with Keggin polyoxometalate

as adsorbent of malachite green: kinetic and equilibrium studies, Chemical Engineering
Communications, DOI: 10.1080/00986445.2021.1895773

To link to this article: https://doi.org/10.1080/00986445.2021.1895773

5
@ Published online: 06 Mar 2021.

g
CJ’ Submit your article to this journal &'

||l| Article views: 42

'S
& View related articles &'

@ View Crossmark data &

Crusshark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=gcec20




CHEMICAL ENGIMEERING COMMUNICATIONS
https://dol.org/10,1080/00986445.2021.1895773

Taylor & Francis
Taylor & Francis Group

| "] Check for updates.

ﬂiAI-Iayered double hydroxide intercalated with Keggin polyoxometalate
as adsorbent of malachite green: kinetic and equilibrium studies

N. R. Palapa?, T. Taher®, R. Mohadi¢, A. Rachmat?, M. Mardiyanto®, M. Miksusanti®, and A. Lesbani®¢

“Graduate School of Mathematics Natural Sciences Faculty, Sriwijaya University, Ogan llir, South Sumatra, Indonesia; bDepartment
of Environmental Engineering, Instﬁeknologi Sumatera, Jalan Terusan Ryacudu, Way Hui, Kecamatan Jati Agung, Lampung
Selatan 35365;Research Center of Inorganic Materials and Coordination Complexes, Faculty of Mathematics and Natural Sciences,
Universitas Sriwijaya, Ogan llir, Indonesia; “Department of Pharmacy, Faculty of Mathematics and Natural Sciences, Sriwijaya
University, Ogan llir, South Sumatra, Indonesia

2 -

In this study, we attempted to intercalate the Keggin polyoxometalate (POM) anion
SiW13040" with NiAl-layered double hydroxide using a facile ion-exchange technique under
a N2 atmosphere. The obtained solids were characterized via X-ray diffraction analysis,
Fourier-transform infrared spectroscopy, Nz adsorption-desorption isotherms, scanning and
transmission electron microscopes to evaluate their surface morphology. Furthermore, the
synthesized materials were employed as novel adsorbents for the removal of malachite
green ( dye from aqueous solutions. The int tion was successful. The synthesized
material a5 an adsorbent for the removal of MG Can be used for t moval of cationic
dyes from aqueous solutions. The a@rpticn kinetics study showed the adsorption of
MG onto NiAI-POM best fitted the Pseudo-second-order model, which indicated that the
adsorption process was conducted chemically. Moreover, the adsorption isotherm revealed
that the adsorption occurred in @ monolayer system. The regeneration process showed that
the high effectivity adsorption process after fifth cycles adsorption for NiAI-POM.
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NiAl POM; malachite
green; adsorption

Introduction hydrosphere (Yagub et al. 2014). Therefore, con-

In recent decades, water-pollution issues have sidering the safety and sustainability of water

increased exponentially and there has been a resources, an effort to remove dyes from waste-

water is tremendously desired and needed.

To date, numerous endeavors have investigated
the most effective way to eliminate the dye con-
tent in wastewater. Some of the most researched
methods are chemical coagulation, bioremedi-
ation, oxidation, photodegradation,
membrane separation, and adsorption (B. Zhang

worldwide concern to assess the quality of water
resources (Schwarzenbach et al. 2010; Huang
et al. 2019). Many national environmental agen-
cies have issued regulations to maintain water-
resource sustainability from various toxic and

chemical

hazardous pollutants, such as dye effluents
(Vikrant et al. 2018).

numerous pollutants that are detrimental to the

Wastewater contains

et al. 2017). However, adsorption is the most
deliberated technique for the treatment of conta-
minated wastewater owing to its easy operation,
low cost, high selectivity, and high removal effi-
ciency (Y. G. Chen et al. 2011). Moreover, the

environment. Dyes typically consist of complex
aromatic structures that are hardly degraded in

the environment. Moreover, dyes cause acufe

allergic, toxic, and carcinogenic responses to liv-
ing organisms, including humans (Shi et al.
2014). The massive production of synthetic dyes
of up to 7 x 10° tons annually, rapidly increases
the amount of dye effluents discharged to the

abundance of adsorbent materials that have satis-
factory adsorption capacity significantly increases
the selectivity and effectiveness of the adsorption
process. Various adsorbents prepared with inex-
pensive materials have high adsorption capacities
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against dye molecules, such as bentonite and lay-
ered double hydroxides (LDHs) (H. Zhang et al
2018; Taher et al. 2019).

LDHs, also known as hydrotalcite-like materi-
als, belong to the class of ionic lamellar com-
pounds with a two-dimensional structure. These
compounds exhibit a wide range of chemical

compositions with the general formula of
(M2 M2 (OH),J™ (A%, - yH:O]*, where M2

and M>" are divalent and trivalent me cations,
respectively, and A" is the n-valent anion that
lies in the interlayer gallery of the LDH structure
(Chubar et al. 2017). Pourfaraj et al. investigated
the capability of MgAl-LDH with nanoplatelets to
act as an adsorbent of brilliant yellow (BY) dye.
The synthesized material exhibited a high adsorp-
tion capacity against the BY dye of up to 115 mg/
g. Moreover, LDHs adsorb various anionic dyes
through ion-exchange mechanisms and electro-
static interactions due to their positively charged
surface. Unfortunately, these properties impede
the adsorption capability of LDHs toward cat-
ionic dyes owing to electrostatic repulsions.
Therefore, it is necessary to improve the capabil-
ity of LDHs to adsorb both cationic and anionic
dyes because industrial wastewater commonly
consists of various types of dyes.

To compensate for the positively charged
LDHs, anionic species such as CO;>~ and NO;~
are linked via electrostatic forces and hydrogen
bonding with the hydroxyl group of the layer
(Peng et al. 2015). LDHs exhibit a flexible con-
fined space that can be adjusted by changing the
interlayer anion species related to their molecular
size, structure, and functionality through intercal-
ation. By intercalating larger anionic species, the
fundamental properties of LDHs, including their
adsorption capability, can be significantly
improved. For instance, Villegas et al. (2002)
reported that manganese oxide intercalated with
MgAl-LDH showed higher basal spacing and sur-
face area than the initial LDH. Among the avail-
able anion species that can be intercalated with
LDH, polyoxometalate (POM)-based anions have
attracted wide interest owing to their high ther-
mal stability, good solubility, and large molecular
stlpture (Yun and Pinnavaia 1996).

n this study, we attempted to intercalate the
Keggin-type POM anion 2-SiW,,04°  with

NiAl-LDH and fabricate a novel material for the
adsorptive removal of the cationic dye malachite
green (MG), which is widely used in various
industries including the textile industry. The pre-
pared materials were characterized with respect
to their crystallinity, functional groups, and sur-
face morphologies. Additionally, we systematically
investigated the effect of contact time, initial pH,
initial concentration, and temperature on the
adsorption behavior of MG onto the prepared
materials. To the best of our knowledge, POM
intercalated with NiAl LDH has not
reported for the adsorptive removal of MG dye,
and we expected that the prepared material could
be effective in  the
from wastewater.

been

removal  of

dyes

Experimental section
Materials

Aluminum nitrate nonahydrate (AI(NO3);-9H,0),
nickel hexahydrate (Ni(NOs),-6H,0),
sodium carbonate (Na,CO;), sodium tungstate
(Na,WQ,-2H,0), metasilicate
(Na,Si0;) Merck.
Hydrochloric acid and MG were purchased from
Sigma Aldrich. All chemicals were of analytical
grade and used as received without further
purification.

nitrate
and sodium

were from

purchased

Methods

eparation of NiAl-LDH
n this work, the original material NiAl-LDH was
prepared via a facile co-precipitation method, as
previously reported by Kubo et al. (2012) Briefly,
Nl{NOg)zGHzO and AI{N03)39H20 Wlth da NIAJ
molar ratio of 3:1 were dissolved in deionized
water. In a flask, 0.3 M Na,COj; solution was pre-
pared, and the prepared mixed metal salt solution
was Qied dropwise into it under vigorous stir-
ring at 80°C. The pH of the reaction mixture
was adjusted to 10 via the addition of 2 M NaOH
solution, and the mixture was aged at 80°C for
17h. After completion, the obtained green pre-
cipitate was separated via vacuum filtration,
washed with distilled water three tiqu, and dried

in an oven at 80°C overnight. e obtained




then labeled as

green solid powder was
NiAl-LDH.

Preparation of NiAlI-POM
The Keggin POM anion (%-SiW,0,4,") was pre-
pared according to our previous report Lesbani
et al. (2015). The intercalation of the POM anion
was conducted via a simple ion-exchange proced-
e as reported by Wu et al. (2018). Specifically,
ng of NiAl-LDH was dispersed in 50 mL of dis-
tilled water at 60 °C for 6 h until a slurry solution
was obtained. Subsequently, 50 mL of the POM
anion solution (0.02M) was added to the NiAl-
LDH slurry under vigorous stirring. The whole
process was conducted under a N, atmosphere,
and the mixture was further stirred at 60°C for
24h. After completion, the resulting product was
filtered and washed with distilled water three
times, followed by drying at 80°C overnight. The
final product was labeled as NiAl-POM.

Characterization of materials

The crystallinity of the synthesized materials was
evaluated via XRD analysis on a Rigaku Miniflex
600 diffractometer (Rigaku, Japan) using CuKu«
irradiation operating at 40kV and 40 mA, and
the data were recorded in the range of 5° to 70°.
Fourier-transform infrared (FT-IR) spectroscopy
dzu Prestige-21
instrument (Shimadzu, Japan) using the KBr pel-

was conducted with a Shi

let method, and the spectra were recorded at a
wavenumber of 4000-400cm ‘. The surface
morphology of the prepared materials was eval-
uated via the analysis of the N, adsorption-
desorption isotherms, which was conducted using
the Micromeritics ASAP 2020 surface area ana-
lyzer; the specific surface area of the sample was

determined via the Brunauer-Emmett-Teller

(BET) method.

Determination of pH,,,

The point zero charge (pH,,.) of a material is the
pH at which the total negative and positive
charges on the surface are equal (zero net
charges). In this experiment, the pH,,. of the
prepared samples was determined using the batch
equilibrium method of Berber-Villamar et al
(2018). Typically, the prepared samples (1g/L)
were mixed with 0.1 M NaCl, adjusted previously
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to the initial pH (pH;) of 2 to 12 via the addition
of 0.1 M H,SO, and 0.1M NaOH. The mixtures
were stirred continuously at room temperature
for 24 h to ensure that the mixture reached equi-
librium. After completion, the mixture was sepa-
rated via filtration, and the final pH (pH;) of
each solution was measured. The graph of ApH
(pH;-pH;) was plotted against the initial pH to
determine the pH,,..

Adsorgsion study

The %c;orption experiments
using atch technique under constant stirring
at 150rpm. Typically, 0.05g of the prepared
material contacted 50 mL of an MG solution that
was previously prepared in different concentra-

tions. The adsorption process was conducted at
different time intervals, initial pH, and tempera-

were conducted

tures. The remaining concentration of MG after
adsorption was determined using a UV-Vis spec-
trometer (Biobase, China) under the MG max-
imum wavelength (617 nm) (Qu et al. 2019). The
adsorption capacity of each tested material
against MG was calculated based on the change
in the concentration of MG before and after the
adsorption using the following equation:
(Ca - Ce} .V
m

e

(1)

where g, 1 the adsorption capacity of the tested
adsorbent at equilibrium (mg/g), C, and C, are
the initial and equilibrium concentrations of the
MG solutions, respectively, (mg/L), m is the
amount of adsorbent used (g), and V is the vol-

ume of the MG solution (L).

Results and discussion
Characterization of adsorbents

NiAl-layered double hydroxides (LDH) were suc-
cessfully prepared via the coprecipitation method,
leading to the formation of NiAl-LDH with
CO;* /NO;~ interlayer anions. The Keggin POM
SiW,,04" was intercalated with the as-synthe-
sized NiAl-LDH via ion exchange. The XRD pat-
tern of the syntbgsized NiAl-LDH displayed in
Figure 1 showed a typical reflection of the layered
LDH phase at 11.83° 23.53° 35.29°, and 61.37°
corresponding to the (003), (006), (012), and
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Figure 2. FTIR spectra of NiAl LDH and NiAl-POM.

(113) basal planes, respectively (Z. Liu and Zhang
2009; Sun et al. 2019). The crystal cell parameter
of the sample was calculated based on these val-
ues, and the values of a and ¢ were 0.30nm and
2.24nm, respectively. The d-spacing of NiAl-
LDH that corresponded to the (003) plane was
0.769 nm. This value was very close to that previ-
ously reported by Kubo et al. (2012). After inter-
calation with SiW,,0,,*", the XRD pattern of
NiAl-POM exhibited a slight diffrence. The
(003) plane, which corresponded to the basal
spacing of LDH, shifted to a lower angle (8.69°),
indicating the expansion of the interlayer space
due to the insertion of SiW;04° " (.
C 2011).

e FT-IR spectra of the prepared NiAl-LDH
and NiAl-POM are presented in Figure 2. The

—— NiAl POM-MG
— NiAI-MG
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Figure 3. FTIR spectra of NiAl LDH and NiAI-POM after
MG adsorbed.

spectrum of NiAl-LDH showedo prominent
vibration bands at 3508cm ' and 1635cm ’,
which corresponded to the O-H stretching and
bending vibration modes of the interlayer water
molecule, respectively (Carriazo et al. 2007). The
remarkable peak in the spectrum of the original
NiAl LDH at 1373 cm ™', which corresponded to
the vibration of CO32_, was drastically reduced
after intercalation with POM. Although this peak
disappeared, this finding suggests that the ori-
ginal interlayer anion of NiAl LDH, CO;’~, was
successfully replaced by the POM anion (K. Liu
et al. 2016). A strong band in the spectrum of
NiAl-POM at 1100 cm ™' was related to the vibra-
tion band of the Si-O bond. Moreover, a new
weak vibration band was observed at 884cm '
and was assigned to the vibration of the
W-0-W bond (J. Chen 2011). These results fur-
ther indicated the presence of SiW,,0,," " in the
interlayer space of NiAl-LDH.

After the adsorption process, NiAl-POM and
NiAl LDH were characterized using FTIR to
determine the changing structure after adsorbing
MG in watery phases. The FTIR spectra were
shown in Figure 3, Figure 3 showed that the spe-
cific peaks of MG are showed in 1598cm™!
respond to the benzene rings (C= C bonds) from
MG structure. The C-N bond is presented at
2913 cm ™. Thus, another peak at 2399cm™' cor-
responds to the tertiary amine vibration.

The as-synthesized samples of NiAl LDH and
NiAl POM have subjected to N, adsorption-

cor-
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Figure 4. N; adsorption-desorption isotherm of NiAl LDH and
NiAI-POM.

desorption analysis in order to investigate their
textural properties. Figure 4 shows the N,
adsorption-desorption pattern of the tested mate-
rials. Both materials showed a similar Type IV
isotherm pattern but with slightly different hys-
teresis patterns according to the IUPAC classifi-
cation, suggesting that the materials have
mesoporous properties. NiAl LDH exhibited
H2(a) hysteresis loop while NiAl POM showed
H2(b) hysteresis type. These results indicated that
the materials showed a pore-blocking with differ-
ent pore-neck size in which NiAl POM with
H2(a) hysteresis loop showed a much larger size
distribution of neck widths. This phenomenon
was assumed to be influenced by the intercalation
of the SiW,,04". The other textural properties
of the tested materials are summarized in Table
1. In accordance with the previous discussion,
after intercalated by SiW,,0.4", the specific sur-
face area of NiAl POM elevated in almost
doubled as well as its pore volume also increased
significantly. As alsppweported by Li et al. (2017),
the increase of the LDH surface area was affected
by the incorporation of the larger size anion into
the interlayer space.

The physical characterization was determined
using S and TEM characterization. The SEM
images of NiAl LDH and NiAl-POM were
showed in Figure 5. The SEM images of NiAl
LDH and NiAl-POM showed the agglomeration
which unique morphologies of LDH. According
to J. Liu et al. (2014), LDH was synthesized using
co-precipitation in pH 10, observed the aggregate

CHEMICAL ENGINEERING COMMUNICATIONS @ 5

Table 1. Textural properties of pristine NiAI-LDH and
NiAI-POM.
Sample

Prop#ties NiAl-LDH NiAl-POM
BET surface area (mzfg) 5811 116.16
Total pore volume [cmafg) 0nz 0.245
Micropore volume (cm*/g) 0.000413 0.006971
Average pore width (nm) 8101 8.469

and irregular structure. Thus, TEM used to study
the morphology of NiAl LDH and NiAl-POM
(Figure 6). The darker color displays the distribu-
tion of particle due to the oppositely charged sur-
face. The particle size of NiAl LDH and NiAl-
POM was determined using Image] software
(Kumar and Ghosh 2019). According these fig-
ures and histograms, the particle size of NiAl-
POM is a uniform particle size with nanoparticle
scale. However, TEM images and histogram of
NiAl LDH showed the average of particle size is
1.9 nm. This finding shows the aggregate affected
un-uniform morphology of NiAl LDH.

In this work, the adsorptive behavior of the
synthesized NiAl-POM against the cationic MG
dye was further investigated. First, the adsorption
of MG was conducted at different solution pH
values ranging from 4 to 8 because the adsorp-
tion depended highly on pH. As shown in Figure
7(a), the removal of MG by NiAl-POM was more
favorable under alkaline conditions. To describe
this phenomenon, we conducted an analysis of
the pHy,., and that of NiAl-POM was 7.6 Figure
7(b). Based on this result, the charge of NiAl-
POM at different pH solions is illustrated in
Figure 6. This result was 1n agreement with that
of a previous study by De Sa et al. (2013), where
the pH,,. of CaAl-LDH was 7.29. However, the
researchers reported that the optimum adsorption
conditions of sunset yellow dye on CaAl-LDH
were acidic, which contradicted the findings of
this work. The optimum conditions may be
affected by the type of dye used. The MG dye
was dissolved in an aqueous solution and its tri-
arylmethane group was dissociated (D-N(CH,),™
+ CI7). The surface of NiAl-LDH was positively
charged below pHp,., so the dissociated MG dye
was repulsed. Otherwise, the dissociated MG
would be strongly attracted to the surface of the
adsorbent because it would be negatively charged.
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Figure 5. SEM images of NiAl LDH (A) and NiAl-POM (B).
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Figure 6. Particle size distribution histograms and TEM images of NiAl LDH (A, B) and NiAI-POM (C, D).

The effect of solution pH on surface charge of
NiAl-POM was presents in Figure 8.

Next, the effect of contact time between the
MG solution and the NiAl-POM adsorbent was
investigated. As shown in Figure 9, the adsorp-
tion process was significantly affected by the con-
tact time. The MG removal efficiency gradually
increased with an increasing contact time, even-
tually reaching its maximum adsorption capacity
after approximately 120min. In the equilibrium
state, the MG molecule in the solution could be
removed by up to 94.09% with an equilibrium

100 nem

adsorption capacity of 9.42 mg/g. Moreover, the
adsorption was rapid in the first 20 min.
Afterwards, the adsorption proceeded slowly
before reaching the equilibrium time. As reported
by Berber-Villamar et al. (2018), this phenom-
enon was caused by (1) the availability of the
binding sites for adsorption and (2) the high
driving force that occurred in the initial contact
time to move the dye molecule from the solution
to the surface of the adsorbent.

The kinetics of the MG adsorption onto NiAl-
POM was determined using the two most studied
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Figure 9. Effect of contact time on MG removal efficiency.

kinetics models, ie., the pseudo-first-order and
pseudo-second-order models. This investigation
was conducted to examine the mechanism that
controls the adsorption process, including mass
transfer, chemical reaction, or diffusion (Dogan
and Alkan 2003). The mathematical equations of

both kinetic models are presented in Table 2.
The kinetic parameters of the predicted g, and k;
and k, were calculated from the intercept and
slope values of these linear equations.

The linear plot of the employed model, as
well as the fitted model against the experimental
data, are presented in Figure 10, and the calcu-
lated kinetic parameters of the MG adsorption
are presented in Table 3. Both models exhibited
good fimear regression against the experimental
data.
showed a much better correlation coefficient
(R®) that was very close to unity. The predicted
adsmgtion capacity of the adsorbent based on

S

owever, the pseudo-second-order model

the pseudo-second-order model was also much
closer to the experimental value as well as the
graph of the fitting model against the experi-
mental data, as can be seen in Figure 10(c).
These findings suggested that the adsorption of
MG onto AI-POM was well described and fol-
lowed the pseudo-second-order model. Based on
this result, the adsorption process was possibly
mainly governed by chemical interactions or
chemisorption (Crini et al. 2007). Similar phe-
nomena have also been reported for the adsorp-
tion of MG onto other adsorbents such as
cyclodextrin (Crini et al. 2007), chemically
modified rice husk (Bekci et al. 2008), and ben-
tonite (Bulut et al. 2008).
The adsorption isotherm
investigated at different initial MG concentra-
tions. The adsorption isotherm of MG into

equilibrium was
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Table 2. Mathematical equation of the employed kinetic models.

Pseudo-first order (PFO)

Nomenclature

log(g. — q¢) = logg. — 2_"3'03 -t * g, = equilibrium adsorption capacity (mg/g)
Pseudo-second order (P50) e g, = adsorption capacity at certain time (mg/g)
q_'._ )ﬁ, + % -t e ki = rate constant of the PFO model (1/h)
) T * k; = rate constant of the PSO model (1/h)
14
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Figure 10. Plots of pseudo-first-order (a) and pseudo-second-order (b) kinetic models, and fitted model against experimental

data (c).

Table 3. Kinetic parameters of MG adsorption onto NiAl-POM.

Pseudo-first order Value Pseudo-second order Value
ky (1/min) 0.0571 ky (g/mg min) 0.0218
e, car (MQ/G) 5.8712 Ge, car (MQJg) 9.8321
R? 0.9787 R? 0.9998

NiAl-POM at temperatures ranging from 30°C
to 50 °C is shown in Figure 11. The adsorption
capacity, ¢., gradually increased with an increas-
ing initial concentration of MG, as previously
reported Tang et al. (2012). For further investi-
gation ofmthe adsorption, two adsorption iso-
therm  models, ie, the Langmuir and
Freundlich’s isotherms, were applied to the
obtained experimental data. The Langmuir iso-
therm model was designed to describe the

16 1

14

ge(mglg)
N o @ 3R

8 10 12 14 16
C, (mgiL)

Figure 11. Adsorption isotherm of MG onto NiAlI-POM at dif-
ferent temperatures.
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Table 4. Comparison of MG adsorbed onto NiAI-POM and the other adsorbents.

Higher
adsorption Initial
@pacity Dosage concentration
Adsorbents (ma/g) (mag) (mg/L) References
Humic acid [ 20 5-300 Lee et al. (2019)
RH-Biochar 314 250 100 Falapa et al. (2020b)
ADR-activated carbon 9 100 100 J. Zhang et al. (2008)
Rice husk 12 100 100 Chowdhury et al. (2017)
zeolite 24 30 160 Han et @1 0)
NiFe LDH 523 250 25 Lesbani et al. (2020)
Bentonite 179 100 300 Bulut et al. (2008)
FeFe203@PDA 669 100 100 Wang et al. (2018)
NiFe-5iW, 50,4 8.81 50 50 Lesbani et al. (2020)
Bentonite/Coy0,4 343 50 100 Abdel Salam et al. (2020)
Co/Zn0 algae 5 20 10 Rabie et al. (2020)
Xerogel-activated 4.2 90 10 Sriram et al. (2019)
CuAl LDH 558 50 100 Palapa et al. 2020a)
Waste paper 23 250 25 (Méndez et al. 2007)
activated carbon
Diatomite@Mi/MNiO 47 50 25 (G. Liu et al. 2020)
NiAl-POM 7.84 50 12 This work

Table 5. Isotherm parameters of MG adsorption onto

NiAl POM.

. Langmuir Freundlich
Adsorption
temperature Qoias b R? K n R?
30°C 74519 00560 09394 0.2495 06311  0.8645
40°C 6.5588 0.0743 0.7626 05126 07164 07293
50°C 7.8490 00821 07478  0.8538 07932 0.6626

monolayer adsorption that occurred on the
homogenous surface. This model is presented in
the following equation (Annadurai et al. 2002;
Foo and Hameed 2010):

1 1 1 1

o B
qe Qmax ‘fumxb CL’

(2)

glere Gmax 18 the maximum adsorption capacity
of the monolayer (mg/g), b is the Langmuir
adsorpgpn equilibrium constant (1/mg), and C,
is the equilibrium concentration of MG (mg/L).
The isotherm parametepphased on the Langmuir
model was determined from the slope and inter-
cept values of the 1/q, versus 1/C, plot.

Next, the Freundlich adsorption isotherm
model was employed. This model was used to
describe an adsorption phenomenon that

occurred on a heterogeneous surface in which the
adsorption capacity is related to the concentra-
tion of the dye (Kushwaha et al. 2014). The linear
form of the Freundlich model can be written as
follows (Allen et al. 2004):

Ing, = InK; + (1) InC, 3)
H

where Ky and n are the Freundlich constants

corresponding to the adsorption capacity and
adsorption intensity, respectively. These parame-
ters can be calculated from the slope and irgEy-
cept values of the plot of Ing, against InC,. The
maximum adsorption capacity of MG by NiAl-
POM was compared to the other adsorbents,
which have previously been reported. The com-
parison results were listed in Table 4. The
amount of MG adsorbed by several materials
with different treatment of adsorption.giowever,
the higher adsorption capacity of MG 15 difficult
to compare the amount of MG removal of several
adsorbents due to different initial concentration,
dosages of adsorbent, pH condition and tempera-
ture adsorption. In addition, the higher adsorp-
tion capacity using NiAl-POM is 7.84 mg/g from
initial concentration 12mg/L. Thus, the intercal-
ation process using POM onto LDH has removal
percentage 65.33%.

The adsorption isotherm parameters of MG
onto the NiAl-POM adsorbent are presented in
Table 5. Based on the value of the regression
coefficient (R?), the adsorption mechanism was
best described by the Langmuir model. Thus, the
adsorption was conducted on the monolayer sur-
face, as also reported by Tang et al. (2012).
Moreover, this finding was in accordance with
the predicted kinetics model, which assumed that
the adsorption process was conducted chemically.

Furthermore, the regeneration process is
important for the practical uses of adsorbent. The
reusability process was carried out to determine
the effectivity of adsorbent’s modification uses.
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®NiAl LDH
NiAl-POM

82

Removal (%)

Number of Cycle
Figure 12. Regeneration efficiency of NiAl LDH and NiAl-POM.

To regenerate NiAl-POM, the adsorbed material
was prepared to desorb using water by ultrasonic
bath Delta D68H for 30 minutes. As presented
data in Figure 12, after fifth cycles, the efficiency
for MG removal onto NiAl-POM was decreases
from 89% to 80.2%, and 56% to 12% for NiAl
LDH. These findings showed the good regener-
ation of NiAl-POM than NiAl LDH. According
to Momina et al. (2019) the regeneration process
which adopted ultrasonic treatment is depended
on the adsorbent and adsorbate types. This tech-
nique is effective to remove the dye molecule

from layer stacked on LDH or modified LDH.

Conc%sjions
NiAl-LDH was successfully synthesized via a
facile coprecipitation method under alkaline con-
ditions. Further modification of the synthesized
NiAl-LDH was successfully performed by interca-
ing the POM anion SiW 1,04 with NiAl-
H. The success of the intercalation was con-
firmed by the increase in the interlayer space or
interlayer gallery, as well as by the significant
decrease in the number of original anion spacies
of NiAl-LDH. The synthesized NiAl-POM as an
adsorbent for the removal of MG showed good
potential for the removal of cationic dyes, even,
after fifth regeneration.
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