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Abstract

In this research, the potential of M2+/Al intercalated chitosan has been evaluated and good ability to reduce dyes
in an aqueous solution. M2+/Al intercalated chitosan was prepared by anion exchange method and coprecipitation
in a nitrogen atmosphere. Selectivity adsorption was studied to maintain the ability of M2+/Al intercalated chi-
tosan for particle size of direct dyes (direct green, direct red, and direct yellow). To evaluate the adsorption pro-
cess, M2*/Al intercalated chitosan was conducted with kinetic, isotherm, and thermodynamic parameters. The ki-
netic data fitted well by pseudo-second order and isotherm fitted Langmuir isotherm with gmax obtained 294.11
and 322.58 mg/g for Zn/Al-chitosan and Mg/Al-chitosan, respectively.
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1. Introduction [4], bentonite [5], kaolinite [6], layered double
hydroxide [7], chitin [8], cellulose [9], chitosan
[10], lignite [11], and also various hybrid
materials including composites [12].

Layered double hydroxides have been widely
used as potential adsorbents for pollutants
ranging from inorganic to organic waste [13].
The chemical formula of layered double
hydroxide consists of divalent and trivalent
metals ion on periodic elements and these
compounds are generally written as M2+/M3+
materials. The common chemical structure of
layer double hydroxide is [M2+;-xM3+.(OH)z2]**
[(Am)wm.nH20]x, where M2+ and M3+ are diva-

* Corresponding Author. lent and trivalent ions, and Am- is charge bal-
Email: aldeslesbani@pps.unsri.ac.id (A. Lesbani)

Adsorption efficiently removes wastewater
pollutants, such as metal ions, organic
contaminants, and hazardous materials [1,2].
This method has been used for a long time due
to its simple way, easy process, and no side
effect [3]. This method's efficiency depends on
the quality of the adsorbents to remove
wastewater. Various adsorbents have been
tested and reported by many researchers to
remove pollutants from wastewater from
inorganic to organic materials such as zeolite
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ancing interlayer anion [14-16]. Layered dou-
ble hydroxide can also modify the interlayer of
the surface of the material by large anion or
high structural compact materials such as car-
bon-based materials. Modification of layered
double hydroxide on interlayer has been con-
ducted by Palapa et al. [17] also use polyoxo-
metalate as intercalant to increase interlayer
space for Ni/Al LDH adsorption of malachite
green. On the other hand, modification of lay-
ered double hydroxide by carbon materials such
as biochar [18], hydrochar [19], and graphite
[20] has been conducted to increase the adsorp-
tion capacity of layered double hydroxide as an
adsorbent.

Development and the use of various synthet-
ic dyes in textile, photography, arts, painting,
and pharmaceuticals are sharply increasing;
thus, the treatment of wastewater dyes is im-
portant [21]. The composition of dyes cannot be
determined directly in nature wastewater due
to the mixing of pollutants [22]. In this case,
adsorption is a relatively unuseful method to
reduce dyes from wastewater [23]. The selectiv-
ity process is critical to eliminate dye pollu-
tants by the selective adsorbent.

Many researchers conducted several reports
to apply layered double hydroxide for water
pollution remediation. Yadav and Dasgupta [2]
prepared an aqueous solution of Mg/Al LDH in-
tercalated nitrate anion for methyl orange dye.
Kameda et al. [24] reported lactate adsorption
using Cu/Al LDH. Missau et al. [25] Ca/Al sup-
ported by biochar was conducted to remove
crystal violet in an aqueous solution. Among all
this literature, the researchers had a good per-
formance in the remediation of water pollution
after modifying layered double hydroxide, not
at pristine condition.

Modifying layered double hydroxide by bio-
char and hydrochar can create high surface ar-
ea properties and adsorption capacity [26], but
these materials are unselective for several dyes
[27]. Chitosan is natural carbon-based material
with high availability from crustacean shells.
Chitosan can also be used as carbon-based ma-
terial to layered double hydroxide to form dou-
ble hydroxide/chitosan composites. Using chi-
tosan can increase surface area, adsorption ca-
pacity, and high selectivity of adsorbed dye in
an aqueous solution [28]. So, in this research,
layered double hydroxide M2+/Al was prepared
by an intercalating process with chitosan to
obtain the selective adsorbent with good
adsorption performance. The adsorption study
was conducted to adsorb direct dyes selective in
aqueous solutions such as direct red, direct
green, and direct yellow-12. The adsorption

study, such as kinetic, isotherm, thermody-
namic study, and adsorption mechanism, was
also evaluated in this research.

2. Materials and Methods
2.1 Chemicals and Instrumentation

Chemicals were supplied from Sigma Al-
drich and Merch, such as zinc nitrate, alumi-
num nitrate, magnesium nitrate, and sodium
hydroxide. Deionized water was supplied from
the Research Centre of Inorganic Materials
and Complexes. Water was deionized by Pu-
rite® ion exchange resin by several cycles.
Analysis of adsorbent was performed by
Rigaku- Miniflex-600 X-Ray Diffraction (XRD).
Scanning of the sample was conducted at
1°/min. Analysis of Fourier Transform Infra
Red (FTIR) was performed by Shimadzu Pres-
tige-21 FTIR spectrophotometer and the sam-
ple was mixed with KBr to form a pellet. The
sample was scanned at wavenumber 500-4000
cm~!. Brunauer-Emmett-Teller (BET) surface
area analysis was conducted wusing
Quantachrome Micrometric 2020, and the sam-
ple was degassed under liquid N2 prior to anal-
ysis. Scanning Electron Microscope-Energy
Dispersive X-ray (SEM-EDX) Type Quanta-650
Oxford. Anionic dyes were analyzed by UV-
Visible spectrophotometer Bio-Base BK-UV
1800 PC.

2.2 Preparation of Layered Double Hydroxide
Zn/Al and Mg/Al

Synthesis of layered double hydroxide Zn/Al
and Mg/Al was carried out using zinc nitrate,
aluminum nitrate, and magnesium nitrate.
Zinc nitrate (0.75 M, 100 mL) was mixed with
aluminum nitrate (0.25 M, 100 mL) on a Beak-
er glass equipped with a magnetic bar and hot
plate. Sodium hydroxide (2 M) was added slow-
ly to the reaction mixture and pH was adjusted
to 10. The reaction mixture was kept at 80 °C
for 20 h. Then white powder of Zn/Al layered
double hydroxide was washed with water sev-
eral times and dried at 120 °C. The synthesis
of Mg/Al layered double hydroxide was carried
out similarly with Zn/Al with a molar ratio of
M2+/M3+ was 3:1. Materials were characterized
by XRD powder, FTIR, BET and SEM-EDX
analyses.

2.3 Preparation of Zn/Al-Chitosan and Mg/Al-
Chitosan

Composites of Zn/Al-Chitosan and Mg/Al-
Chitosan were prepared by mixing layered dou-
ble hydroxide and chitosan through the co-
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precipitation method with slightly modified
from [29]. The solution of M2+/M3+ (M2*+ = Zn,
Mg; M3+ = Al) with molar ratio 3:1 was mixed
and pH was adjusted to 10 by adding 2 M sodi-
um hydroxide. The reaction was stirred for 1 h
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Figure 1. XRD powder pattern (A), FTIR spec-
trum (B) and pattern of adsorption-desorption
of nitrogen (C); Zn/Al (a), Mg/Al (b), Chitosan
(c), Zn/Al-Chitosan (d), and Mg/Al-Chitosan (e).

and 3 g of chitosan was added. The reaction
was performed for 72 h at 80 °C. Composite
was obtained and dried at 120 °C overnight.
Materials were characterized by XRD, FTIR,
BET Surface area, and SEM-EDX analyses.

2.4 Adsorption Study and Mechanism

The selectivity adsorption of dyes on Zn/Al,
Mg/Al, Zn/Al-Chitosan, and Mg/Al-Chitosan
was carried out using direct green (A = 622
nm), direct red (A = 495 nm), and direct yellow-
12 (A = 414 nm) as anionic dyes. All anionic
dyes with equal volume were mixed with each
adsorbent and the concentration of dyes was
monitored several times using UV-visible spec-
trophotometer analysis. The fast-decreasing
absorbance for each anionic dye was analyzed
and selective dyes were obtained for each ad-
sorbent. Adsorption was conducted by a batch
method using selective dye on layered double
hydroxides and composites. Adsorption was
studied by the effect of adsorption time, initial
concentration of anionic dye and adsorption
temperature. The effect of adsorption time was
conducted in the range of 10-1500 min. The ef-
fect of the initial concentration of selective dye
was conducted in the range of 10-120 mg/L for
temperatures 30-60 °C. Analysis of the dye was
performed using UV-Visible spectrophotome-
ter.

3. Results and Discussion

The XRD pattern is shown in Figure 1(A).
The Mg/Al and Zn/Al LDH diffractograms show
peaks at 10°, 28°, 35°, and 60° that correspond
to reflection planes 003, 006, 012, and 110, re-
spectively, which indicates that the material
has a layered structure (JCPDS 38-0478; 38-
0486). The broad peak visible at 24° (as shown
in Figure 1(A) (a; d and e) corresponds to re-
flection plane 002 on the surface of the LDH
due to the presence of chitosan following the
intercalation with LDH [30]. Furthermore, the
interlayer space of the Mg/Al and Zn/Al LDH
was increased after the intercalation. This in-
crease in the interlayer space was related to

Table 1. Adsorbents properties.

. Sarea Interlayer Space
Materials (m2/g) &)
Mg/Al 5.84 7.67
Zn/Al 2.88 6.29
Chitosan 8.55 -
Mg/Al-Chitosan 24.55 9.84
7Zn/Al-Chitosan 8.96 6.31
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the increased surface area. The findings of the
surface area analysis revealed that the interca-
lation process was successful (Table 1).

The FTIR spectra of the Mg/Al, Zn/Al, chi-
tosan, and its intercalation are shown in Figure
1(B). The broad vibration of the hydroxyl
groups (O—H stretching) in the brucite layers
and interlayer space was confirmed at 3400—
3600 cm™! for all the materials. The lower vi-
bration seen at 1635 cm~! stems from the O—H
bending. The nitrate anion from the interlayer
Mg/Al, Zn/Al LDH, and its modification was
confirmed by the intense peak visible at 1381
cm~l. The chitosan’s spectrum shows a low-

intensity peak at 1033 cm™!, which denotes the
stretching vibration of the C—-0. The adsorp-
tion-desorption pattern of nitrogen by the BET

Figure 2. SEM of Mg/Al-Chitosan (a), Zn/Al-Chitosan (b), Mg/Al (c), dan Zn/Al (d).

method was shown in Figure 1(C). Figure 1(C)
showed that these materials dominant have a
loop hysteresis curve and indicate that the ma-
terial has irregular pores and shapes. Thus,
the properties material such as surface area,
has been mentioned in Table 1.

Figure 2 shows the scanning electron micro-
scope (SEM) of materials. The SEM analyses
are used as morphological of observed objects.
As shown in Figure 2, the composite material
is slightly different from LDH pristine. The
pristine LDH (c and d) showed the hexagonal
morphology with sharp edges and a smooth
surface which indicate the formation of well-
ordered LDH. The SEM images of composite
materials (a and b) showed the particles are
agglomerated, the surfaces are more diffused,

Table 2. EDS Analysis of Zn/Al-Chitosan and Mg/Al-Chitosan.

Materials Zn/Al-Chitosan Zn/Al Mg/Al-Chitosan Mg/Al
C 7.52 - 7.97 -
N 4.39 - 14.67 -
0) 38.33 40.7 52.23 32.35
Na 5.66 2.0 16.58 -
Al 5.77 9.9 4.71 16.63
Zn 38.33 474 - -
Mg - - 3.85 51.02
Total 100 100 100 100
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and the edges are not as sharp as that of LDH
pristine, suggesting that there might be excess
SDS draped over the particles on the outer sur-
faces. The particles were found to be more ir-
regular in size due to the incorporation of the
organic molecules. The EDX also showed the
EDX results (Table 2) indicated the presence of
C atoms after the LDH-chitosan composite pro-
cess. However, for pure LDH there is no C atom
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in the LDH composition. This assumed that the
formation of composite materials was success-
ful.

To determine the adsorption capacities, all
the adsorbents were tested in terms of their ca-
pacity to remove the dye mixture. It should be
noted that the selective adsorption of the mix-
ture is considered the most important and
challenging when it comes to competitive dye
adsorption. Therefore, mixtures of three direct
types of dye solutions (i.e., DY, DG, and DR)
were also investigated in the adsorption experi-
ments concerning all the adsorbents, as shown
in Figure 3.

The DY solution showed the most effective
and preferential adsorption in the mixing solu-
tions using Mg/Al-chitosan and Zn/Al-chitosan
after 180 min, while the DR solution showed
slightly decreased adsorption after 180 min
and the DG solution showed hardly any
adsorption. This phenomenon indicated that
the larger surface area of the Mg/Al-chitosan
and Zn/Al-chitosan when compared with the
pristine LDH affected the adsorption of the
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Figure 3. UV-Vis spectrum of various cationic dyes in the adsorption on Zn/Al (A), Mg/Al (B), Chitosan

(C), Zn/Al-Chitosan (D), and Mg/Al-Chitosan (E).
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cationic DY. In addition, the moderate adsorp-
tion ability of the DR and DG solutions when
compared with the DY solution was likely
caused by DY solution having four more proba-
bilities of interaction with the interlayer space
or surface of the adsorbents. Thus, the Mg/Al-
chitosan showed good adsorption ability and se-
lectivity toward the direct dye solutions.

Based on the selectivity results, the DY so-
lution can be more easily adsorbed than the DR
and DG solutions. More specifically, the DY so-
lution was selected as a representative dye to
determine the adsorption capacity in a watery
solution. The effect of the adsorption time was
tested to all the adsorbents. Figure 4 shows the
time taken to adsorb the DY solution by all the
adsorbents. According to these findings, a high-
er adsorption capacity was exhibited by the
LDH-chitosan than the pristine varieties, with
the dye adsorbed being 37 mg/Li and 36 mg/L
for the Mg/Al-chitosan and Zn/Al-chitosan, re-

spectively. Moreover, the adsorption capacity
was calculated using the pseudo-first-order
(PFO) (Equation (1)) and pseudo-second-order
(PSO) (Equation (2)) reactions, as similarly re-

ported by [2].

log(q, -

t

q,

k,q

a,)

1y
Yoa,

kit

logq, ———

2.303

1)

@)

where, ge denotes the adsorption capacity at
equilibrium, k;: is the rate constant of the PFO
reaction, and k2 is the rate constant for the
PSO reaction. The rate constant was obtained
by plotting each equation to determine the cor-
relation coefficients (Table 3).

The parameters and correlation coefficients
(R?) obtained from the linear plotting log (ge—qt)
vs. t (PFO reaction) and t/g: vs. t (PSO reaction)
are listed in Table 3.
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Figure 4. Effect of adsorption time and kinetic profile of DY on Zn/Al (a), Mg/Al (b), Chitosan (c), Zn/Al-
Chitosan (d), and Mg/Al-Chitosan (e).

Table 3. Kinetic parameter of DY.

. PFO PSO
Adsorbent Clexp Qe(calo) y Qe(cal) )

(mg/g) (mglg) R k1 (mglg) R ke
Zn/Al 27.774 44,968 0.925 0.034 37.736 0.963 0.0005
Mg/Al 28.262 41.957 0.881 0.028 38.911 0.951 0.0004
Chitosan 30.979 47.381 0.961 0.031 50.761 0.912 0.0002
Zn/Al-Chitosan 35.697 58.857 0.892 0.030 58.824 0.947 0.0002
Mg/Al-Chitosan 36.877 59.662 0.882 0.027 74.074 0,911 0.0001
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In all cases, the results show that based on
the R2, the pseudo-second-order reaction is pre-
ferred over the pseudo-first-order reaction. This
finding is supported by the gecaly PSO, which is
close to the geexp). This indicates that the ad-
sorption follows the pseudo-second-order kinet-
ic model, which suggests the influence of the
electrostatic attraction stemming from the ad-
sorbate-adsorbent mixture. In addition, the in-
creasing k2 values after the composites are re-
flected in the shorter time required by the re-
spective systems to achieve equilibrium. In oth-
er words, a higher k2 value indicates that the
adsorbate molecule is in a reactive condition
[31].

The effects of the temperature and initial
DY concentration on the dye uptake of all the
adsorbents were also evaluated. The effect of
the temperature was investigated over the tem-
perature range 303—-333 K. Figure 5 (a—c) pre-
sents the DY uptake in several concentrations
for the pristine LDH and chitosan. Higher DY
removal was observed at 333 K. Figure 5 (d—e)
shows the higher DY uptake at 333 K too, alt-

hough higher DY adsorbent capacity was ob-
tained by the Mg/Al-chitosan. The increasing
dye uptake with the increasing temperature
caused a decrease in the solution's viscosity
and an increase in its porosity or interlayer
space, thereby resulting in the enhancement of
the active sites for the adsorbent [32].

These results were calculated using the
Freundlich and Langmuir adsorption 1iso-
therms. The linear forms of the Langmuir
(Equation (3)) and Freundlich (Equation (4))
isotherms are as follows:

C, 1

AR S 3
qe qmax qmaka
1
Ing, =Ink, +—InC, 4)
n

where, gmax and kL are the Langmuir constants,
kr and n are the Freundlich constants, and n
indicates a favorable adsorption process and
verifies the type of adsorption that occurs. The
isotherm adsorption parameters are shown in
Table 4.
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Figure 5. Isotherm adsorption of DY on Zn/Al (a), Mg/Al (b), Chitosan (c), Zn/Al-Chitosan (d), and
Mg/Al-Chitosan (e).

Table 4. Isotherm adsorption of DY.

Adsorption Constants Zn/Al Mg/Al Chitosan Zn/Al-Chitosan Mg/Al-Chitosan
Qmax 68.02 135.13 119.04 294.11 322.58
kr 0.025 0.022 0.085 0.01 0.01
n 1.354 1.012 2.063 1.181 1.487
kr 3.105 1.77 17.828 3.921 7.984
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In all cases, the results indicated that the R2?
was better for the Langmuir isotherm than the
Freundlich isotherm, suggesting that the ad-
sorption of DY by the adsorbents involved mon-
olayer adsorption. All the materials showed
spectacular adsorption and an increasing @max
almost four times that of the pristine varieties.
The highest adsorption capacity was obtained
by the Mg/Al-chitosan and Zn/Al-chitosan
(322.58 mg/g and 294.11 mg/g, respectively).
These findings indicate that the modification of
LDH using chitosan resulted in more effective
adsorption than the other modifications of the
adsorbents shown in Table 5.

The mechanism of adsorption, the rate-
limiting step, and the dependent factors can be
utilized to understand the complex mechanism
of adsorption [27]. According to Li et al. [38] the
adsorption onto active adsorbent sites can oc-
cur through chemical and physical adsorption.
The notes of physisorption can be displaced as
the rapid occurrence of kinetics adsorption.
Furthermore, based on the results in kinetics
data, the kinetics more fitted by a pseudo-
second order indicated that the adsorption
might also occur in chemical sorption. As iso-
therm results also supported the study of
mechanism adsorption. The adsorption iso-

Direct Yellow

Figure 6. The adsorption mechanism of direct yellow using LDH-chitosan.

therm was studied based on the interaction of
bulky adsorbate and the quantity of adsorbed
dye. Based on isotherm results, Langmuir indi-
cated that the adsorption sites have the same
energy level and adsorption occurs at specific
homogeneous sites on the surface. The homoge-
nous surface of adsorbate also supported the
even allocation on the surface [39]. The sche-
matic of the adsorption mechanism of target
pollutants by prepared LDH-chitosan adsor-
bent is shown in Figure 6.

4. Conclusion

The Zn/Al, Mg/Al, Zn/Al-Chitosan, and
Mg/Al-Chitosan exhibited direct dye selective
adsorption and all adsorbents are more selec-
tive for direct yellow-12 in an aqueous solution.
The results data showed that Zn/Al, Mg/Al,
Zn/Al-Chitosan, and Mg/Al-Chitosan have ad-
sorption capacities 68.02, 135.13, 294.11, and
322.58 mg/g, respectively. According to these
results, direct yellow-12 is more adsorbed by
anion exchange for Mg/Al-chitosan and Zn/Al-
chitosan than pristine ones. The adsorption
mechanism also showed that the adsorption
study suggested that the interaction of adsorb-
ate and adsorbent was chemisorption.

Table 5. Comparison results of adsorption by several adsorbents.

Adsorbents Qmax (MZ/g) Refs.
Corncob 65.03 [33]
Orange peel 75.7 [34]
ZnS:Mn-NPa-AC 90.0 [35]
Apatitic Tricalcium Phosphate 67.0 [36]
Zeolite 83.3 [37]
Zn/Al-chitosan 294.11 This study
Mg/Al-chitosan 322.58 This study
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