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ABSTRACT

Removal of Acid Violet-17 (AV-17) from aqueous solution by using different adsorbents such as zinc
aluminium carbonate-layered double hydroxide (ZAC-LDH) and its calcined sample (CZA-LDH) were
studied through batch adsorption process. This study was carried out with different variables include
contact time, initial dye concentration, pH, sorbent dose, and temperature. The pseudo-second-order
kinetic model describes the kinetics of AV-17 adsorption by both ZAC-LDH and CZA-LDH with high
correlation coefficient when compared with pseudo-first-order model. The equilibrium data was
examined using Langmuir and Freundlich isotherm models. The Freundlich isotherm model described
the heterogeneity and multilayer adsorption of dye by both the adsorbent. The optimum pH for the
maximum adsorption of AV-17 dye was found to be 96.9% for ZAC-LDH and 99.06% for CZA-LDH
at acidic pH = 3. The maximum adsorption capacities for the removal of AV-17 onto ZAC-LDH and
CZA-LDH were found to be 114.94 and 454.55 mg/g at 30°C, respectively. The X-ray diffraction pattern
of CZA-LDH before and after the adsorption emphasizes that the dye adsorption was significantly
enhanced by reconstruction of its original layered structure by the intercalation of AV-17 dye molecule
with memory effect. These results prove that the synthesized CZA-LDH was more efficient than the
ZAC-LDH. The calculated thermodynamic parameters like AG® and AH® reveal that the adsorption
process is spontaneous and endothermic in nature. The calculated Langmuir dimensionless separation
factor R, and n value of the Freundlich equation also supports the favourability of the adsorption
process. Thermal regeneration and reusability of ZAC-LDH and CZA-LDH up to three cycles are
remarkable for the removal of AV-17 dye. These results emphasize that the calcined product CZ-LDH
is found to be a suitable adsorbent for AV-17 dye from aqueous solution.

Keywords: Layered double hydroxide; Langmuir separation factor; Kinetics; Thermodynamics;
Acid Violet-17 dye

1. Introduction

Synthetic dyes have been used widely in various indus-
trial sectors like textile, dye houses, paper printers, leather,
cosmetics etc. The effluents from these industries, especially
from textile industries, carry a large number of dyes and
other degraded products during the colouring process [1].
Even the trace amount of dyes in water is highly visible
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and undesirable [2]. The release of this coloured waste-
water is hazardous for the aquatic life in terms of hinder-
ing photosynthetic activity. Many of the dyes used in our
daily routine are carcinogenic, mutagenic and also toxic to
all lives and environment. Sometimes, the dyes may also
undergo degradation to form highly toxic and carcinogenic
products [3]. These toxic dyes have significant impact on
the human health and the aquatic life [4]. Therefore, var-
ious attempts were made for the treatment of wastewater
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from textile industries. Several methods were exported for
the treatment of dyes and toxic molecules from wastewa-
ter stream including coagulation, flocculation, precipita-
tion [5], ozonation [6], oxidation [7], photocatalysis [8] etc.
Recent technologies such as electro chemical treatment,
solvent extraction, membrane filtration and advanced oxi-
dation process have also been used for the removal of dyes
from wastewater. Due to low biodegradability, the conven-
tional methods were not considered efficient, while the
adsorption process has proven to be an effective process for
the removal of dyes and heavy metals because of its sim-
plicity and cost-effective operation [9]. Many researchers
have employed various adsorbents prepared from waste
materials such as orange peel [10], banana peel [11], lemon
peel [12], raw barley straw [13], egg shell [14], sawdust
[15], rice husk [16], fly ash [17,18], wollastonite [19,20], coir
pith carbon [21], tea waste [22], sugarcane bagasse [23,24],
peanut husk [25,26], bottom ash [27], multi-walled carbon
nanotubes/ThO, nanocomposite [28], L-cysteine-modified
montmorillonite-immobilized alginate nanocomposite [29],
iron oxide-impregnated dextrin nanocomposite [30], poly
(methyl methacrylate)-grafted alginate/Fe,O, nanocompos-
ite [31], Hibiscus cannabinus fibre [32] etc., for the removal of
dyes and toxic substances from water and wastewater [33].

Among the different adsorbents, layered double
hydroxides received much attention in the last few years
due to their vast applicability such as adsorption, cat-
alyst, nanotechnology and biotechnology [34-39]. The
general formula of layered double hydroxide (LDHs) is
[M* M?* (OH),]*(A™) , mH,0O, where M?* is divalent
metal (Zn*, Mg*, Fe* etc.), M* is trivalent metal
(Al*, Fe* etc.), and A™ is interlayer anions (CO,>, CI,
NO,, SO * etc.) [40,41]. Carbonates are the interlayer anion
present in naturally occurring mineral hydroxide, which
is a member of this class of materials. Co-precipitation is
usually used for the preparation of pure LDH, in which
solution containing metals are mixed with a basic solution
such as NaOH for precipitation and Na,CO, for providing
CO,* interlayer anion. Because of the superior property
like anion exchange ability, large surface area and regen-
eration ability, LDH finds wide application in wastewater
treatment as an adsorbent and photocatalyst [42].

The aim of the present study is to synthesize zinc
aluminium carbonate LDH (ZAC-LDH) by co-precipitation fol-
lowed by hydrothermal method at 120°C using cetyl trimethyl
ammonium bromide (CTAB) as soft template. The synthesized
ZAC-LDH is calcined at 450°C in a muffle furnace to about
2 h in an air atmosphere with heating and cooling rates of
10°C/min. The ZAC-LDH and its calcined product (CZA-LDH)
are employed as an adsorbent to investigate the AV-17 dye
removal from aqueous solution. Taking the advantage of the
“memory effect” for the LDH materials, the CZA-LDH with
higher uptake capability is explained due to reconstruction of
the original layered structure in an aqueous solution containing
intercalation anion AV-17 from aqueous solution.

2. Materials and methods
2.1. Preparation of ZAC-LDH and CZA-LDH

ZAC-LDH was synthesized by using aqueous solu-
tion of ZnSO,.7H,0O and Al(SO,),.16H,0O. The aqueous

solution of zinc sulphate (1 M) and aluminium sulphate
(1 M) was taken in the molar ratio M*/M?3* = 3 and mixed
in magnetic stirrer. Exactly 0.3 g of the CTAB was added
to the solution and made the solution as a homogeneous
mixture with a magnetic stirrer. Precipitating agent
sodium hydroxide (1 M) and intercalating carbonate anion
source sodium carbonate (0.5 M) mixture were added
dropwise until the pH was 9. The precipitate was poured
into Teflon-lined stainless steel autoclave and heated to
about 120°C and maintained for about 8 h. And the syn-
thesized material was filtered, washed several times with
double distilled water until the pH was neutral and dried
at 80°C in hot air oven. The obtained product was named
as ZAC-LDH in this article. The calcined ZAC-LDH was
obtained by heating the original ZAC-LDH in a muffle
furnace at 450°C for 2 h in an air atmosphere with heat-
ing and cooling rates of 10°C/min. Both ZAC-LDH and
CZA-LDH samples were finely grinded and used for the
analysis and adsorption studies.

2.2. Characterization

X-ray diffraction (XRD) pattern of the sample was char-
acterized by using a Shimadzu XRD-6000 diffractometer,
with Ni-filtered Cu-Ka radiation (A = 1.54 A°) at 40 kV and
200 mA. Solid samples were mounted on alumina sample
holder, and basal spacing (d-spacing) was determined via
powder technique. Scanning of samples were carried out at
5°-80° range with a scanning rate of 1°/min.

2.3. Adsorbate

Acid Violet-17 (AV-17) dye was obtained from a local dye-
ing industry (manufacturing company) in commercial purity
and used as such for the adsorption study without further
purification. Molecular formula of the dye is C,H,,N,NaOS,
with colour index: 42650 and molecular weight: 765.96. The
structure of AV-17 was shown in Fig. 1.

A stock solution of 1,000 mg/L of the dye was prepared
by dissolving appropriate quantity of dye in double distilled
water, and the experimental solutions of the desired concen-
tration (25-100 mg/L) were obtained from the stock solution
by successive dilutions. All chemicals used were of analytical
reagent grade (Merck/SRL, India). Double distilled water was
used throughout the study.

Fig. 1. Structure of Acid Violet-17 (AV-17).
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2.4. Batch adsorption experiments

Absorbance of 10 mgL™ was determined at different
wavelengths using UV visible spectrophotometer to obtain
a plot of absorbance vs. wavelength. The wavelength cor-
responding to the maximum absorbance (A = 545 nm) as
determined from the plot was noted. This wavelength was
used for measuring the absorbance of residual concentration
of AV-17. The efficiency of an adsorbent ZAC-LDH and CZA-
LDH was evaluated by conducting batch mode experiments.
The experiment was carried out by using different exper-
imental conditions by varying initial dye concentrations
(25-100 mg/L) of AV-17 dye solution, contact time, pH and
temperature. The mixture was withdrawn at specified inter-
vals and centrifuged by electrical centrifuge at 5,000 rpm for
about 15 min. The residual dye concentration of unadsorbed
supernatant liquid was analyzed for the using Elico BL198
biospectrophotometer at A= 545 nm.

The adsorbed amounts at equilibrium (g,) and at any time
(9,) were calculated using the following equation:

1%
qe,I:(CO_Ce)XEXM (1)

where g, ,(mg/g) is the adsorbed quantity at equilibrium (q,)
or at any time (q,); C, (mg/L) is the initial dye concentration;
C,, (mg/L) is the dye concentration at equilibrium (C,) or at
any time (C,); V (L) is the volume of the solution; and m (g) is
the mass of the ZAC-LDH/CZA-LDH sample.

The pH of solutions was adjusted using 1 M HCland 1M
NaOH. The pH metre was used to adjust the pH of dye solu-
tion as per the requirement. The effect of temperature was
also studied at 30°C, 40°C and 50°C. All experiments were
carried out in duplicate for accuracy.

2.5. Regeneration of the adsorbents

Regeneration of the adsorbent was carried out by calcina-
tion of used material ZAC-LDH and CZA-LDH in a muffle
furnace at 450°C for 2 h in an air atmosphere with heating and
cooling rates of 10°C/min. Then the regenerated material was
reused for the removal of AV-17 dye from aqueous solution
with the same adsorbent dosage (2 g/L for ZAC-LDH and
0.5 g/L for CZA-LDH) for 50 mg/L initial dye concentration.

3. Results and discussion
3.1. Characterization

The XRD patterns of synthesized ZAC-LDH fitted well
with the characteristic reflections of regular layered structure
of LDH materials [43]. The basal reflections of planes hkl
(003), (006), (012), (015), (110) and (113) were also resembled
the previous study [44]. High crystallinity of the synthesized
material was supported by the increased intensity and the
sharpness of the peak at lower 20 value from XRD pattern.
Furthermore, an intense reflection attributed to a secondary
phases ZnO and Al(OH), was seen around the higher 20
value in the range of 35°-60°. The crystalline ZnO is com-
monly obtained with the brukite-like layer [45,46].

On calcination of ZAC-LDH at 450°C, collapse the origi-
nal layered structure with loss of interlayer carbonate anion,

hydroxyl and water molecule with the formation of mixed
metal oxide. The XRD pattern of CZA-LDH shows the forma-
tion of mixed metal oxides. The dye adsorption by ZAC-LDH
was mainly due to two mechanism, i.e., (i) the formation of
hydrogen bonding between OH~ and anion of dye molecule
and water in the interlayer of ZAC-LDH and (ii) the dye
removal was due to incomplete intercalation of dye by ion
exchange process with carbonate anion in the synthesized
ZAC-LDH. This is confirmed by shifting of basal reflection d
(003) to lower 20 value 11.527° from 12.065° and also causes
slight increase in interlayer distance between the metal ions
from 7.330 to 7.676 A compared with original ZAC-LDH
[47]. Further, the enhanced dye removal by CZA-LDH was
attributed by the reconstruction of original layered structure
of CZA-LDH by the intercalation of anionic dye AV-17 from
aqueous solution with “memory effect”.

3.2. Effect of initial dye concentration and contact time

The experimental results of adsorptions of AV-17 onto
ZAC-LDH and CZA-LDH at various initial concentrations
(25, 50, 75 and 100 ppm) with contact time of 2 h were studied,
and the amount of AV-17 adsorbed/unit mass of ZAC-LDH
and CZA-LDH adsorbent was increased with increase of ini-
tial dye concentration for fixed contact time of 2 h was shown
in Fig. 2. The rapid adsorption observed during the initial
stage of the study was probably due to the abundant avail-
ability of active sites on the surface and reached equilibrium
at about 70 min for both the adsorbents. In this study, the
adsorption capacity at equilibrium (g,) increases from 11.78
to 42.48 mg/g for ZAC-LDH and from 48.08 to 172.55 mg/g
for CZA-LDH with an increase in the initial dye concentra-
tions from 25 to 100 mg/L. This shows that the adsorption is
highly dependent on initial concentration of dye. It is because
of that at lower concentration, the available surface area is
more when compared with high concentration. However,
at high concentration, the available sites of adsorption
become lesser, and hence, the percentage removal of dye gets
decreased with increase in initial dye concentration.
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Fig. 2. Effect of initial dye concentration on the adsorption of
AV-17 by ZAC-LDH and CZA-LDH.
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3.3. Effect of pH

The pH is one of the most important factor that con-
trolling the adsorption of dye onto the adsorbent [48]. The
amount of dye adsorption of AV-17 dye onto ZAC-LDH and
CZA-LDH at different initial solution pH was carried out by
varying the solution pH between 2 and 11. Since the point
of zero charge (PZC) of adsorbent was an important one
to explain the effect of pH for the dye removal, the PZC of
ZAC-LDH and CZA-LDH was determined by following the
procedure described by Sharma et al. [49]. It was found to be
8.07 and 8.6 for ZAC-LDH and CZA-LDH, respectively. The
PZC can be used as a qualitative parameter for the adsorbent
surface charge balance. Fig. 3 clearly shows that the optimum
pH for the maximum dye removal of 96.9% for ZAC-LDH
and 99.06% for CZA-LDH occurred at acidic pH = 3, respec-
tively. At pH < PZC, the adsorption of dye may be due to
two possible mechanism, i.e., one was anionic exchange of
CO,* anion in the interlayer by dye anion SO,, and the other
one is adsorption of dye anion SO, by protonated positively
charged ZAC-LDH surface and CZA-LDH. But at the same
time, decrease of dye removal was observed at pH >PZC due
to repulsion between the deprotonated adsorbent of ZAC-
LDH and CZA-LDH surface and dye anion. Actual colour
of AV-17 was changed to colourless after the pH = 9 results
unusual behaviour in the AV-17 dye removal by CZA-LDH.

3.4. Effect of adsorbent dose

The effect of adsorbent dose for the removal of AV-17
onto ZAC-LDH and CZA-LDH is shown in Fig. 4. There is an
increase in adsorption with the increment of adsorbent dose
for 50 mg/L initial dye concentration, and this is attributed by
the increased surface area and availability of more adsorp-
tion sites.

The efficiency of dye removal was 92.17% using 2 g/L of
ZAC-LDH compared with 81.74% using 0.5 g/L. But at the
same time 93.91% removal of AV-17 dye was achieved by four
times reduction in adsorbent dose of 0.5 g/L of CZA-LDH.
Since there was no significant change in the dye removal after
2 g/L for ZAC-LDH and 0.5 g/L for CZA-LDH was due to

110.00 1
—+—ZAC-LDH
~—#—CZA-LDH

100.00 H
90.00 -

80.00 -

70.00 -

Percentage of dye removal

60.00

0 1 2 3 4 5 6 7 8 o 10 11 12
pH
Fig. 3. Effect of initial pH on the adsorption of AV-17 by ZAC-

LDH (C,=50mg/L, T=30°C, and dosage 2 g/L for ZAC-LDH and
0.5 g/L for CZA-LDH).

attainment of equilibrium between the adsorbate and adsor-
bent [50]. This result emphasized the optimum dose of both
adsorbent for further study.

3.5. Adsorption kinetics

The prediction of the adsorption kinetics of dye from
aqueous system is very important to design a suitable treat-
ment system. In order to analyze the adsorption kinetics
of AV-17 dye by ZAC-LDH and CZA-LDH, the following
kinetic equations have been studied.

3.5.1. Pseudo-first-order kinetics

The first-order equation is the simplest one and is the
most widely used equation for the adsorption of a solute from
a solution. The integrated linear form of pseudo-first-order
equation [51] is as follows:

k
log(q, —q,)=logq, —[2 3]03} )

where g, and g, are the amounts of dye adsorbed at equi-
librium and time t (min); k, is the pseudo-first-order rate
constant (min™). The value of g, and k, is calculated from
intercept and slope of the plot log(q, - q,) vs. time for differ-
ent initial concentrations for both adsorbents are shown in
Figs. 5(a) and (b).

The calculated values are summarized in Table 1. The
pseudo-first-order kinetic model is poorly fit with adsorption
data as the correlation coefficient value (R?) is low. Hence, the
adsorption does not follow first-order rate expression.

3.5.2. Pseudo-second-order kinetics

Adsorption of dyes on adsorbent materials has been
observed that evolution of the adsorbed amount with time
follows second-order law:

L 12+lt 3)

9, kg 4,

96.00 1
94.00
92.00
90.00

88.00 -

86.00 - —+—ZAC-LDH

84.00 —=i—CZA-LDH

Percentage removal of dye

82.00

80.00 T T T
0 0.5 1 1.5 2 25 3

Adsorbent dosage (g/L)

Fig. 4. Effect of dosage of ZAC-LDH and CZA-LDH for the
removal of AV-17.
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Fig. 5. Pseudo-first-order kinetics for adsorption of AV-17 by:
(a) ZAC-LDH and (b) CZA-LDH.
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The values of k, second-order rate constant (g/mg min) and
g, equilibrium adsorption capacity (mg/g) can be calculated
from the plot of t/q, vs. t for different initial concentration and
temperature are shown in Fig. 6. The results of second-order
plot are given in Table 1. The correlation coefficient (R?)
values are greater than 0.9989. These result shows that the
adsorption of AV-17 dye onto both the adsorbent ZAC-LDH,
and CZA-LDH follows the second-order kinetics that
describes the adsorption much better than pseudo-first-or-
der kinetics. The maximum adsorption capacities g, calcu-
lated from pseudo-second-order model for both adsorbent
ZAC-LDH and CZA-LDH were in accordance with the g,
experimental values [52]. This confirmed that the adsorption
obeys pseudo-second-order kinetics than the pseudo first
order for both adsorbent. The linear fit of pseudo second
order supported that chemisorption is the rate-determining
step of the adsorption process [53].

3.6. Adsorption isotherm
3.6.1. Langmuir model

The adsorption isotherms are generally used for design-
ing the adsorption system. The linear equations of Langmuir
and Freundlich isotherms are employed to design the adsorp-
tion system of AV-17 by ZAC-LDH and CZA-LDH. The lin-
ear equation of Langmuir is given in the following equation:

c, 1 G
—_— + —_
Q

S )
qe QO'bL

where C, is the equilibrium concentration of the adsorbate
(mg/L); g,is the amount of adsorbate adsorbed per unit mass
of adsorbent (mg/g); and Q, and b, are constants related to

Kinetic parameters for adsorption of AV-17 by ZAC-LDH and CZA-LDH

Sample Concentration, Dexp Pseudo-first-order kinetics model Pseudo-second-order kinetic model
™C (mg/g)  k, (min') g, (mg/g) R k, h Doca R
(g/mg min™) (mg/g)
ZAC-LDH Conc. 25mg/l 11.78  0.0546 6.23 0.9046 0.0232 3.4531 12.20 0.9996
50 mg/1 23.04  0.0493 12.79 0.9346 0.0091 5.2591 24.04 0.9995
75 mg/l 33.84  0.0502 20.18 0.9490 0.0057 7.1672 35.46 0.9996
100 mg/l ~ 42.48  0.0502 41.69 0.9774 0.00185 4.1166 47.17 0.9989
T°C 30°C 23.04  0.0493 12.79 0.9346 0.0091 5.2582 24.04 0.9995
40°C 2326  0.0668 13.38 0.9411 0.0151 8.6397 23.92 0.9998
50°C 23.48  0.0576 11.35 0.9362 0.0149 8.6512 24.10 0.9999
CZA-LDH Conc. 25mg/l 48.08  0.0444 22.80 0.8782 0.0047 11.7647 50 0.9993
50 mg/1 9391  0.0426 46.53 0.8950 0.0021 20.5761 98.04 0.9995
75mg/l 13659  0.0567 89.33 0.9484 0.0015 31.2500  142.86 0.9996
100 mg/l 17255  0.0449 133.20 0.9401 0.0006 21.3220  185.19 0.9980
T°C 30°C 9391  0.0426 46.53 0.895 0.0021 20.5761 98.04 0.9995
40°C 95.65  0.0668 13.38 0.9411 0.0028 27.6243 99.01 0.9998
50°C 96.52  0.0470 42.45 0.8821 0.0030 29.3255 99.01 0.9998
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monolayer adsorption capacity and energy of adsorption The results of Langmuir plots for both adsorbent are given
(L/mg), respectively. R, value indicates the adsorption nature  in Table 2, and the maximum monolayer coverage capacity
to be either unfavourable if R, > 1, linear if R, =1, favourable  (Q,) and Langmuir isotherm constant (b) from Langmuir
if 0<R, <1 and irreversible if R, = 0. From the data calculated  isotherm model found to be 114.94 mg/g and 0.0040 L/mg,
in Table 2, the R, is greater than 0 but less than 1 indicating  and 454.55 mg/g and 0.0042 L/mg at 30°C for ZAC-LDH and
that Langmuir isotherm is favourable. From this research ~ CZA-LDH, respectively. The R, (the separation factor) calcu-
work, plot of C/q, against C, gave a straight line with slope  lated for both the adsorbent ZAC-LDH and CZA-LDH lies
1/Q, and intercept with b as shown in Fig. 7. between 0 and 1 indicating that the adsorption equilibrium

12.0 4 2.35 4

a
@ 2.30 |?
10.0 -
+25 mg/L 226 | N [

8.0 m50 mg/L —
75 mglL ] 2.20 1 /4/!/
& 60{ |x100mL a5 2277 Mo
= o . 50°C
210 4
4.0
2.05 -
2041 2,00 : : .
0.00 5.00 10.00 15.00
0.0 : : : : : : . C.
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Fig. 6. Pseudo-second-order kinetic model for adsorption of  Fig.7. Langmuir isotherms for adsorption of AV-17 by: (a) ZAC-

AV-17 by: (a) ZAC-LDH and (b) CZA-LDH. LDH and (b) CZA-LDH.
Table 2
Isotherm parameters for adsorption of AV-17 by ZAC-LDH and CZA-LDH
Sample Temperature, °C Isotherm models
Langmuir Freundlich
Q, B R, R? n k, R?
ZAC-LDH 30 114.94 0.0040 0.8333 0.9414 1.2878 5.713 0.9952
40 151.52 0.0030 0.8696 0.7097 1.2594 6.587 0.9943
50 117.65 0.0040 0.8333 0.7956 1.2285 7.483 0.9905
CZA-LDH 30 454.55 0.0042 0.8264 0.7389 1.246 36.008 0.988
40 227.27 0.0086 0.6993 0.8551 1.648 63.724 0.9803

50 217.39 0.0091 0.6873 0.9213 1.855 76.348 0.9595
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process is favourable. At the same time, it does not provide
satisfactory fit for Langmuir adsorption because of its lower
value of correlation coefficient (R?).

3.6.2. Freundlich model

The Freundlich isotherm is an empirical equation
employed to describe heterogeneous systems, in which it is
characterized by the heterogeneity factor 1/n. Hence, linear-
ized form of Freundlich equation can be written as follows:

logg, =logk, +llogC€ )
n

where k is the measure of adsorption capacity n is the adsorp-
tion intensity and are calculated from intercept and slope of a
linear plot of logg, vs. logC, (Fig. 8).

The value of 1 is greater than one for adsorption of AV-17
dye onto ZAC-LDH and CZA-LDH was indicating that the
adsorption of AV-17 by both the adsorbent material was
favourable. More over equilibrium data fitted the Freundlich
isotherm with high correlation coefficient value (R?). The
much higher correlation coefficients value for the Freundlich

180 -
150 1@
140 { e
e
120 | e
, 100 4
o
o 0.80 |

060
040 -
0.20 -

0.00 T : '
0.00 0.50 1.00 1.50

log C,

250 -
(b)

2,00 -

1.50 4 »30°C

n40°C
90°C

log q.

0.50 -

0.00 r T 1
0.00 0.50 1.00 1.50

log C,

Fig. 8. Freundlich isotherm for adsorption of AV-17 by: (a) ZAC-
LDH and (b) CZA-LDH.

isotherm predicts heterogeneity and multilayer adsorption of
AV-17 onto both ZAC-LDH and CZA-LDH.

3.7. Adsorption thermodynamics

Thermodynamic parameters such as free energy change
(AG®), enthalpy change (AH®), and entropy changes (AS°) of
adsorption are calculated from the binding constant, which
is obtained from Langmuir equation using the following
relations:

AG’ =-RTInK, (6)
InK = AS _AH 7)
° R RT

The AH° values are calculated from the slopes of linear
variation of InK vs. 1/T. The negative value of AG® indicates
the high affinity of dye to the surface of ZAC-LDH and CZA-
LDH; the adsorption is favourable and spontaneous in nature.
The enthalpy value AH® is used to distinguish between chem-
ical and physical adsorption [54,55]. The enthalpy value AH°
calculated for both the adsorbent ZAC-LDH (11 KJ/mol) and
CZA-LDH (24 KJ/mol) is below 80 KJ/mol, and it reveals
that the adsorption is physisorption [56]. Also, the positive
value of AH® for both the adsorbents ZAC-LDH (57 KJ/mol)
and CZA-LDH (102 KJ/mol) establishes that the adsorption
process is endothermic. The positive AS° values calculated
reveals the spontaneous nature of adsorption process.

3.8. Regeneration of the adsorbents

In order to analyze the reusability of the adsorbent, ther-
mal regeneration was carried out in a muffle furnace at 450°C
for 2 h in an air atmosphere with heating and cooling rates of
10°C/min. The regenerated material was used for the removal
of AV-17 dye from aqueous solution with the same adsorbent
dosage (2 g/L for ZAC-LDH and 0.5 g/L for CZA-LDH) for
50 mg/L initial dye concentration. Four regeneration cycles
were performed by thermal treatment to understand the effi-
ciency and reusability of the materials for the AV-17 dye from
aqueous solution. In the second cycle, the results showed that
there was 1% and 10% increase in colour removal of dye by
CZA-LDH and ZAC-LDH, respectively. In the third cycle, the
dye removal was found to be decreased to 86.84% for CZA-
LDH and 92.11% for ZAC-LDH, and percentage removal
was less on comparison with first cycle removal efficiency of
96.97% and 87.88% by CZA-LDH and ZAC-LDH, respectively.

4. Conclusions

This study substantiates that the preparation of
ZAC-LDH via co-precipitation followed by hydrothermal
method at 120°C using CTAB as a soft template and its cal-
cined product CZA-LDH and its suitability as an adsorbents
for the removal of AV-17. The pseudo-second-order kinetic
model describes the kinetics of AV-17 adsorption by both
ZAC-LDH and CZA-LDH with high correlation coefficient
following when compared with pseudo-first-order model.
The equilibrium data is examined using the Langmuir and
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Freundlich isotherm models. The optimum pH for the max-
imum adsorption of AV-17 dye was found to be 96.9% for
ZAC-LDH and 99.06% for CZA-LDH at acidic pH = 3. The
maximum adsorption capacities for the removal of AV-17
onto ZAC-LDH and CZA-LDH are found to be 114.94 and
454.55 mg/g at 30°C, respectively. The results prove that the
synthesized CZA-LDH is more efficient than the ZAC-LDH.
Moreover, the XRD pattern of CZA-LDH before and after
the adsorption emphasized that the dye adsorption has sig-
nificantly enhanced by reconstruction of its original layered
structure by the intercalation of AV-17 dye molecule with
memory effect. The pseudo-second-order kinetic model
exhibited best fit while the isotherm data is well described het-
erogeneity and multilayer adsorption by Freundlich model.
The negative value of AG®and positive value of AH® indicate
that the adsorption process is spontaneous and endothermic
in nature. The calculated Langmuir dimensionless separation
factors R, and n values of the Freundlich equation supports
the favourability of the adsorption process. Thermal regen-
eration and reusability of ZAC-LDH and CZA-LDH up to
three cycles are remarkable for the removal of AV-17 dye.
This implies that it can be recycled and reused. These results
emphasize that highly crystalline ZAC-LDH is synthesized
by co-precipitation followed by hydrothermal process using
CTAB, a cationic surfactant as a soft template and also its cal-
cined product CZA-LDH found to be a suitable adsorbent for
AV-17 dye from aqueous solution.
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