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Abstract. Intercalation of salicylic acid (SA) into the interlayer region of zinc/aluminium-layered double hydroxides
(LDHs) and zinc layered hydroxides (ZLH) was studied. Fourier transform infrared-attenuated total reflectance (FTIRATR) shows the presence of nanocomposites peak at 3381 cm-1 for OH group, 1641 and 1640 cm-1 C=O vibration mode
indicates that SA is intercalated between the layered structures. Powder X-ray diffraction (PXRD) analysis shows the
presence of new peak at lower region of 2h with calculated basal spacing of 16.3 Å for LDSA and 16.15 Å for ZLSA.
CHNS analysis stated that the percentage of carbon was increased from 0 to 15.09% in LDSA and 21.85% in ZLSA.
Thermogravimetric analysis/derivative thermogravimetric (TGA/DTG) test shows that SA was thermally stable due to
increase in decomposition temperature from 204°C for pure salicylic compound to 405°C in LDSA and 426°C in ZLSA,
respectively. Field emission scanning electron microscope (FESEM) images show that the nanocomposites are more
compact, flaky non-porous, large agglomerates with smooth surfaces of the intercalated compound. Controlled release was
successful which follows pseudo-second order from phosphate [ carbonate [ chloride.
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Introduction

Layered compounds, such as layered double hydroxide
(LDH) and zinc layered hydroxide (ZLH) are studied as
potential applications in diverse and important fields, such
as medicine, pharmacy, catalysis and adsorption [1,2].
LDHs are derived from the brucite of Mg(OH)2 where the
divalent cation was being replaced isomorphously by
trivalent cation to yield a positively charged sheet [3],
which then will be compensated with the anion located
between the interlayer spaces together with water molecule
[4]. The general formula of LDH is [MII1-x
MIIIx(OH)2]x?(Am-)x/m]nH2O, where M is the divalent and
trivalent cation with similar radii and A is the interlayer
anions [5,6]. ZLHs are modified from brucite Mg(OH)2
where some of the octahedrals are replaced by two tetrahedrals of zinc which cause a positive charge and vacancy
in the layer [7]. ZLH consist of only one divalent metal
cation, hydroxyl groups and anion with the general formula
of MII(OH)2-xAxnH2O where MII can be Ni, Co, Cu and
Zn [8].

Salicylic acid (SA) is a mono-hydroxyl benzoic acid
which can be found in the bark of willow tree [9]. The term
salicylate is used when the SA is in the form of salts and
esters, widely used as analgesic in several topical formulations. Many salicylic derivatives were successful intercalated between the zinc/aluminium-LDHs by two methods,
direct and indirect methods to form nanocomposites as
reported by Shahabadi and Razlansari [10]. In the other
report, LDHs able to act as an effective carrier for controlling and sustained released of salicylic under physiological
condition when salicylic are intercalated into Mg/Al-LDHs
using co-precipitation method [6]. SAs are also intercalated
into inorganic host consisting Zn/Al/Mg–Al LDH lamella by
reconstruction method [11]. ZLH are exploited as a host for
target delivery of para-amino SA as drugs, proven to
enhance drug efficiency and reduce cytotoxic effect [12].
Although, many studies reported the successful intercalation of salicylate anion into the interlayer spaces of LDH
and ZLH, however, lack studies on which the layered
compound is provided as the best host to encapsulate anion,
were investigated. Thus, the goal of this study is to
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determine the best layered compound either LDH or ZLH
based on the characterization of intercalation SA into the
interlayer spaces of layered compound.

2.

Methodology

2.1 Synthesis of zinc–aluminium layered hydroxide
with nitrate as counter anion
The mother liquor solution was prepared by adding 250 ml
deionized water into the volumetric flask containing 0.1 M
Zn(NO3)26H2O and 0.025 M Al(NO3)39H2O. The pH of
the mother liquor solutions was adjusted to pH 7 ± 0.5 by
the addition of drop by drop 2 M NaOH. The solution was
stirred vigorously until homogeneous under the influence of
nitrogen gas. The white slurry that formed undergoes ageing
process in 70°C-oil bath shaker for 18 h. Then, the slurry
was cooled and centrifuged for 5 min under 180 rpm. The
LDH obtained was washed several times using deionized
water and dried in 70°C oven for 3 days. The dried resulting
material was ground into fine powder using mortar and
pestle and kept in small vial for further synthesis and
characterization purposes.

2.2 Synthesis of zinc–aluminium LDH with SA using
ion-exchange method
The pre-prepared 0.4 g of Zn–Al/LDH-NO3 and 25 ml of
0.05–0.8 M SA were mixed together in the volumetric flask.
The mixtures were vigorously stirred for 3 h. The white
slurry that formed undergoes ageing process in 70°C-oil
bath shaker for 18 h. The slurry was cooled and centrifuged
for 5 min under 180 rpm and washed for several times using
deionized water. The end product was dried and kept in
70°C oven for 3 days. The dried resulting material was
ground into fine powder using mortar and pestle and kept in
small vial for further characterization.

2.3

Synthesis of ZLH with SA using simple direct method

The zinc oxide was weighed for 0.2 g and mixed well
together with 0.05–0.4 M of SA solution in 90% ethanol
and 10% deionized water. The mixed solution was stirred
vigorously until it is homogeneous. The pH of the solution
was adjusted to pH 7 ± 0.5 by dropwise addition of 2 M
NaOH solution. The mixture was continuously stirred for
another 5 h. After 5-h stirring, ageing was done on the
obtained slurry using 70°C-oil bath shaker for 18 h. Then,
the slurry was cooled and centrifuged for 5 min and washed
for several times using deionized water. The end product
was dried and kept in 70°C oven for 3 days. The dried
resulting material was ground into fine powder using mortar
and pestle and kept in small vial for further characterization.
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2.4

Characterization of nanocomposites

Powder X-ray diffraction pattern (PXRD) of the
nanocomposites was recorded on Shimadzu D600 diffractometer (Shimadzu Kyoto Jaya) in the 2h range of 2–70°
using CuKa radiation (k = 0.15415) at 40 kV and 20 mA
with 0.17° min-1 [12]. The Fourier transform infrared
(FTIR) spectra were recorded using Perkin Elmer GX
spectrophotometry over the range between 4000 and
400 cm-1.
The elemental analysis of the nanocomposites was conducted using a Perkin-Elmer 2400 Series CHNS/O analyzer
where 0.25 mg of nanocomposites were weighed in a tin
capsule and dropped into a quartz tube at 1020°C with a
constant helium flow. The chemical composition of Zn and
Al of the nanocomposites was detected using ICP-OES
model Optima 2000DV (Perkin-Elmer, Massachusetts,
USA). The thermal stability of the nanocomposites is carried out with differential thermal analysis by using
NETZSCH TG 209, of which 10 mg of each sample was
placed in alumina crucible and heated between 35 and
1000°C with a heating rate of 10°C min-1 under the
influence of nitrogen. The surface areas of the nanocomposites were investigated using BET analysis instrument
model Micromeritics Gemini 2375. Field emission scanning
electron microscope (FESEM) micrographs were recorded
at 20,0009 magnification.

2.5

Sustained release studies of nanocomposites

The salicylate anion released from the interlayer spaces
of ZLH and LDH were investigated under the influence
of 0.05 M NaCl, 0.05 M Na2CO3 and 0.05 M Na3PO4 at
kmax = 231 nm (SA) using T80? UV/Vis spectrometer. The
fine powder of 3 mg nanocomposites was placed in 3.5 ml
of salt solution. All the samples’ releases were done separately for 6000 min or until the equilibrium phase is
achieved. The percentage release of SA was calculated from
the data obtained. The kinetic order of the release studies
was assigned using zeroth order, pseudo-first order and
pseudo-second order kinetics models with the highest correlation coefficient value (R2).

3.
3.1

Results and discussion
Characterization of LDH, LDSA and ZLSA

PXRD pattern for intercalation of SA into the Zn/Al-LDH
and ZLH under optimum conditions using various concentrations, is shown in figure 1. The Zn/Al-NO3 (figure 1a) shows the typical pattern for layered hydroxide
with 9.0 Å basal spacing corresponding to the data
reported previously [13]. The shifting of diffraction line at
lower region of 2h indicates the expansion of layered
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Figure 1. PXRD pattern of (a) LDH-host, (b, g) SA, (c) 0.03, (d) 0.6 and (e) 0.8 M LDSA, (f) ZnO, (h) 0.05, (i) 0.2
and (j) 0.8 M ZLSA.

compound due to the inclusion of organic anion intercalated between the interlayer spaces. The 0.03 M of SA was
used as starting concentration for intercalation of SA into
Zn/Al-LDH. The appearance of small peak at lower 2h
region with calculated basal spacing of 16.3 Å, indicates
the initiation of inclusion process. Thus, increasing the
concentration to 0.6 M shows the intensity of peak at basal
spacing of 16.3 Å appeared to be intense. The concentration of 0.8 M was deduced as successful due to the
intensity of the diffraction at lower 2h region higher
compared to the diffraction line at 9.0 Å. The synthesis of
SA into LDH interlayer spaces was affected by the concentration of SA, where the increase in concentration
causes the intensity of diffraction at lower 2h region to be
increased which could be observed from the PXRD pattern
above. The higher the concentration of SA, the higher the
capability of SA to be exchanged with NO3- due to the
electrostatic interaction between the negatively charged
anion and positively charged layered structure.
The intercalation of SA into the ZLH interlayer region
was different compared to inclusion of SA into LDH
interlayer spaces. The intercalation of SA into ZLH was
direct, where the starting materials were dissolved together
with the SA anion solution. Meanwhile, the intercalation of
SA into LDH was based on the capability of LDH to
exchange the anion between the interlayer spaces and surrounding solution.

The ZnO PXRD pattern exhibits high crystallinity with
sharp peak between 30 and 40° [14]. The intercalation was
denoted as successful, once the peak between 30 and 40°
disappears due to dissociation–association mechanism. The
PXRD pattern when increases in the concentration of anion
between 0.05 and 0.8 M was observed. The PXRD patterns
for 0.05 (figure 1h) and 0.2 M (figure 1i) show the presence
of new diffraction line at lower 2h region. However, the
diffraction line between 30 and 40° was present in 0.05 and
0.2 M due to incomplete reaction of ZnO to completely
transform into ZLH nanohybrid. The 0.8 M (figure 1j)
shows that the compound is pure with high crystallinity and
the disappearance of diffraction line between 30 and 40°.
The difference in basal spacing between LDSA and
ZLSA was 0.15 Å with the long axis of 8.86 Å, short axis of
4.07 Å and the thickness of 7.97 Å of pure SA as shown in
figure 2 which is determined by using ChemDraw software.
The calculated gallery height of ZLSA and LDSA were 6.2
and 11.5 Å , respectively. The anion SA was orientated in
monolayer manner between the interlayer spaces of layered
compound. Difference in gallery height is due to the different structure of layered compound although derived from
the same Mg(OH)2 brucite compound. The presence of zinc
tetrahedrons below and above ZLH nanohybrid cause the
gallery to be shorter in ZLSA compared to LDSA.
FTIR spectra in figure 3 show the inclusion of varied SA
concentration into the interlayer spaces of LDH and ZLH.
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Figure 2.
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Chemical structure and illustration on spatial orientation of SA into interlayer spaces of LDH and ZLH.

Figure 3. FTIR spectra of (a) LDH-host, (b, g) SA, (c) 0.03, (d) 0.6 and (e) 0.8 M LDSA, (f) ZnO, (h) 0.05, (i) 0.2
and (j) 0.8 M ZLSA.

The band at 1353 cm-1 in LDH indicates the presence of
nitrate anion as the counter anion between the positively
charged layered spaces which is important for intercalation

of SA into LDH. Meanwhile, the band at 560 cm-1 in ZnO
indicates the stretching vibration of M–O [15] for the
intercalation of SA into ZLH. FTIR spectra in the SA shows
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Figure 4. TGA–DTG thermogram of (a) SA pure anion, (b) ZLSA and (c) LDSA.

the essential functional group explaining the structure of the
pure anion.
The intercalation of SA into the LDH using 0.03 and 0.6
M shows unsuccessful intercalation due to the presence of
1353 cm-1 N–O stretching vibration band. The presence of
nitrate and salicylate anions between the interlayer spaces
(co-intercalation) corresponding to the PXRD pattern due to
the presence of diffraction line at lower 2h region and 9.0 Å
in 0.03 and 0.6 M. Thus, increase in the concentration of SA
anion from 0.03 to 0.8 M, completely replaced the existing
counter anion (NO3-) between the interlayer spaces of
LDH. In 0.8 M concentration, the presence of band at
1651 cm-1 C=O stretching vibration which was the essential functional group to determine the successful intercalation of salicylate anion into interlayer spaces of LDH.
The FTIR spectra of SA in the interlayer spaces of ZLH
were quite confusing. The FTIR spectra requires the sustenance data obtained from PXRD pattern to determine the
successful intercalation. All FTIR spectra show the presence of C=O functional group in 0.05, 0.2 and 0.8 M. The
PXRD data obtained previously indicate that only 0.8 M
concentration was in pure phase and with high crystallinity,

and the disappearance of peak recognition for the presence
of starting precursor, ZnO.
The nanocomposite compound was stable towards heat
when compared to pure anion as shown in figure 4. The
decomposition of SA (figure 4a) occurs at 204°C with 97%
decomposition shows that the anion is in pure state. The
decomposition of ZLSA compound (figure 4b) shows four
important decomposition peaks where the first two
decomposition peaks at 90 and 241°C, and the elimination
of surface and interlayer water of ZLSA with 7.3 and 9.7%
decomposition. The second decomposition indicates the
decomposition of organic moieties between the interlayer
spaces at 426°C with 49.7%. The decomposition of layer
metal oxides was found at 737°C with 13.1% decomposition. The decomposition of LDSA (figure 4c) shows five
important decomposition peaks. The first two peak at 59 and
260°C with 6.7 and 47.9%, shows the surface elimination
and interlayer water of layered compound. The third and
fourth decomposition peaks at 405 and 370°C are the
decomposition of organic moieties and the last decomposition peak at 805°C with 18.3% was the decomposition of
layered metal oxides. The increase in thermal stability for
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Figure 5.

Table 1.
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Adsorption–desorption isotherm and pore size distribution of ZnO, ZLSA, LDH-NO3 and LDSA.
Surface properties and elemental analysis of LDH, ZnO, LDSA and ZLSA.
Surface properties

LDH-NO3
LDSA
ZnO
ZLSA
a

Elemental analysis

BET surface area
(m2 g-1)

BET average
´
diameter (Å)

BJH average
´
diameter (Å)

C%

H%

N%

S%

Percent
loading (%)a

Zn

Al

x

0.71
0.96
4.11
50.81

224.00
373.02
345.27
298.78

124.00
588.92
315.01
301.99

0
15.09
nd
21.85

2.27
2.48
nd
2.39

3.53
0.93
nd
0

0
0
nd
0

—
24.40
—
35.35

6.56
11.71
23.19
13.66

1.73
1.88
0
0

0.31
0.28
—
—

CHNS analysis; BET, Brunauer-Emmett-Teller; BJH, Barrett-Joyner-Halenda; nd, not detected.

LDSA and ZLSA compounds were affected by the intermolecular forces between the negatively charged organic
anions and the positively charged layered compound.
All the nanocomposites in figure 5 shows that type IV
attributed to monolayer–multilayer absorption of mesoporous material with H3 hysteresis loop according to
IUPAC, explaining about the mesoporous material, which

compromised of agglomerates of plate-like particles with
slit-shaped pores [14]. The adsorption–desorption isotherm
of LDSA and ZLSA between 0.0 and 0.8 shows high volume absorbed[200 cm2 g-1 for LDSA and 250 cm2 g-1 for
ZLSA with highest pore diameter of 600 Å in LDSA and
700 Å in ZLSA. The BET surface areas of LDH-hot were
0.7049 and 0.9628 m2 g-1 in LDSA, 4.11 m2 g-1 in ZnO
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Figure 6. FESEM image of (a) LDH, (b) ZnO, (c) LDSA and (d) ZLSA.

and 50.81 m2 g-1 in ZLSA as shown in table 1. BET surface
area shows that LDSA have highest surface area compared
to its precursors, indicates the expandable layered compound corresponding to the PXRD pattern where the presence of the new basal spacing at the lower 2h peak region.
The C% was increased from 0 to 15.09 in LDH-host, with
decreasing of N% from 3.53 to 0.93 in LDSA, meanwhile in
ZLSA shows 21.85% of C%. ZLSA with 35.35% shows
highest percentage loading compared to LDSA which was
24.40%. The ZLH nanocomposites are in pure phase with
high crystallinity compared to LDSA due to traces of
nitrogen in LDSA nanocomposites, which contributes to the
presence of nitrates as the counter anion.
FESEM images were scanned at 20,000 magnification for
LDH-host, LDSA, ZnO and ZLSA as shown in figure 6. The
LDH-host shows a plate-like structure morphology, typically for the LDH morphology [16], which correlate with
the LDH hydrotalcite structure [17,18]. LDSA nanocomposites known to have flaky like morphology with rounded
irregular and unambiguous edges [19]. The ZnOs were

known to have a non-uniform granular structure without
specific shape [20,21] and agglomerates with roughly
spherical shape in ZLSA.
3.2

Intercalation of LDSA and ZLSA

The mechanism of anion exchange reaction happened when
the nitrate anion diffuses out from the LDH interlayer
region to the solution, while the SA anion diffuses into the
LDH interlayer region from the solution. This interphase
diffusion of counterions is called ion exchange as shown in
figure 7 [22].
Nonetheless, anion exchange method for the formation of
LDSA basically depends on the electrostatic interactions
between the brucite sheet and the exchanging interlayer
anions [23] which can be affected based on the features
presented below:
(1) Appropriate solvent will favour the anion exchange
process.
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Figure 7. Anion exchange mechanism.

Figure 8.

Controlled release of SA from (A) LDH and (B) ZLH using (a) NaCl, (b) Na2CO3 and (c) Na3PO4.

(2) The pH value should be [4.0; at low pH, the brucite
hydroxyl layer will vanish.
(3) The anion exchange process depends on the composition of the LDH host layer.
(4) Higher temperature favours anion exchange.
However, although pH values were adjusted to 7, molar
ratio (x) approximately at 3 (composition of Zn:Al) where
favourable molar ratio is between 1 and 6, ageing process at
high temperature, however, according to the CHNS data in
table 1, presence of 0.93% of N derived from nitrate itself
still to be observed.
This can be concluded that anion exchange between
NO3- and SA- is due to the selectivity based on the
average trend in leaving ability is in the order of NO3- &
CH3COO- [ I- & Br- [ Cl- [24]. The NO3- and SAhave similar attraction towards the positively charged LDH,
which are combatting with each other to find which one is
more preferable to accommodate in the interlayer spaces of
LDH.
The formation of ZLH nanohybrids under aqueous
environment was believed to occur through dissociation–
deposition mechanism (equations (1–3)) as reported by
Hashim [25] and Al Ali et al [26].

ZnO þ H2 O $ ZnðOHÞ2

ð1Þ

In acidic condition:
ZnðOHÞ2 $ Zn2þ þ 2OH :

ð2Þ

In solution–solid interface:
Zn2þ þ 2OH þ An þ H2 O
$ Zn2þ ðOHÞ2x ðAn Þx nH2 O:

ð3Þ

The first step of dissociation–deposition mechanism
involves the hydrolysis of ZnO in water. When ZnO particles were immersed in water, the surface of ZnO hydrolyses
to form a layer of Zn(OH)2. In the presence of acid
(equation (2)), the layered Zn(OH)2 becomes more soluble.
Therefore, dissociation of Zn(OH)2 takes place into Zn2?
and 2OH-. Finally, Zn2?, hydroxyl, H2O and the anion in
the solution react, which then generate the layered intercalation compound (equation (3)). Mainly, these processes
were repeated until the ZnO and Zn(OH)2 phases have
completely converted into layered compound.
From both the theories on the intercalation of SA into
LDH and ZLH, ZLH seems to be the favourable host. The
dissociation–deposition mechanism able to convert all the
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Figure 9. Zeroth order, first order and pseudo-second order of
SA release from Zn/Al-LDH interlayer spaces.

ZnO towards the ZLH, while the anion-exchange reaction
which was based on average trend of leaving ability
between NO3- and SA-.
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Figure 10. Zeroth order, first order and pseudo-second order of
SA release from ZLH interlayer spaces.

3.3

Controlled release

Controlled release is a technique describing the process of
providing or delivering compound in response to stimuli or
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Linear correlation coefficient, half time and rate constant of pseudo-second order kinetic model.
Linear correlation coefficient (R2)

LDSA
NaCl
Na2CO3
Na3PO4
ZLSA
NaCl
Na2CO3
Na3PO4

Zeroth order

First order

Pseudo-second order

Rate constant, k

Half time (min)

0.1542
0.0001
0.0228

0.1727
0.0043
0.0274

1.000
0.9993
0.9999

2.759 9 10-3
1.369 9 10-3
0.713

110.24
94.24
0.146

0.0222
0.0168
0.0169

0.0225
0.0179
0.0195

0.9837
1.000
0.9856

7.76 9 10-3
0.097
6.619 9 10-4

162.08
29.95
17.93

time [27]. The release of SA was determined under the
influence of 0.05 M of three different kinds of salt solutions,
which were NaCl, Na2CO3 and Na3PO4 to stimulate the
environmental and human skin conditions for 60,000 min as
shown in figure 8. For the first 500 min, the presence of burst
effect in both LDSA and ZLSA was observed, where the
bursting of anion forms the interlayer spaces of LDH and
ZLH. Then, after 10,000 min, the release achieved an equilibrium state, where the concentration of SA was equal to the
concentration of the salt solution surrounding the layered
compound, which causes the anion exchange capability
between the SA and Cl-, CO32- and PO43- to be halted.
The percentage release of anion from the graph (figure 8)
in LDSA and ZLSA will differ between the salt solutions
where nanocomposites in Na3PO4 shows higher percentage
release when compared to NaCl and Na2CO3. LDSA shows
40% release in NaCl, 70% in Na2CO3 and 89% release in
Na3PO4. However, as for the release of SA from the ZLH
interlayer region, 45% release is observed from NaCl, 69%
in Na2CO3 and 80% in Na3PO4. The percentage release in
ZLSA is smaller compared to the release from LDSA. This
is due to the interaction between positively charged LDH
and ZLH itself, where the LDH gain the positive charge by
the divalent metallic cation that was being isomorphously
replaced by trivalent cation. The ZLH present in zinc
tetrahedron and the H bond between the SA cause the anion
exchange capability to be harder than usual. The electron
affinity or ion charge could be the best reason to explain the
anion exchange capability of SA and the salt solution surrounding the layered nanocomposites. PO43- salt solution
has the highest ion charge from the Cl- salt solution and
CO32- salt solution causes the release graph to be higher
when compared to the other two salt solutions. Not only
that, the ion charge of SA which was lower when compared
to the PO43- salt solution, causes the anion exchange
capability to be stronger with higher percentage release.

3.4

Pseudo-second order

Kinetic studies

Three types of kinetic models (zeroth order, first order and
pseudo-second order) were assigned to understand the

release mechanism of anion from the interlayer spaces of
LDH and ZLH layered compounds as shown below
[22–24,28,29]:
Zeroth order:
Ct ¼ kt þ c;

ð4Þ

where Ct is the concentration of active agent at time t , k the
rate constant and c the constant.
First order:
 logð1  Ct Þ ¼ log Ce  kt ;

ð5Þ

where k is the rate constant, Ct the concentration of active
agent in the release medium at time t, Ce the concentration
of active agent in the release medium at equilibrium.
Pseudo-second order:

2
t=Ct ¼ 1=kCeq
þ 1=Ceq t;
ð6Þ
where Ct is the concentration of anion release at time t, Ceq
the concentration of anion at equilibrium and k the rate
constant of pseudo-second order.
The linear regression technique is the best analysis
method to find the best fitted kinetics model for the release
of SA from the interlayer region of layered compound [30].
From the graph plotted in figures 9 and 10, LDSA (figure 9)
and ZLSA (figure 10) show that pseudo-second order is the
best kinetics model fitted to explain the release of SA from
the interlayer spaces of LDH and ZLH. The calculated
linear correlation coefficient shows that the R2 [ 0.98 in
pseudo-second order compared to the other kinetic models.
The half time and rate constant are calculated and tabulated in table 2. The half time shows that Na3PO4 salt
solution required the shortest half time with higher rate
constant when compared to NaCl and Na2CO3. The electron
affinity or ion charges plays a major role on the release
mechanism of SA from the interlayer spaces of LDH and
ZLH. However, the half time in ZLSA was much longer
when compared to LDSA. The electrostatic interaction
between SA and the interlayer spaces of ZLH was higher
which causes the anion exchange capability of SA and salts
solutions to be difficult and takes longer time. This is due to
the zinc tetrahedrons that are located below and above the
plane of the ZLH interlayered spaces. The controlled
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release of SA from the interlayer spaces of LDH and ZLH
follows pseudo-second order where phosphate [ carbonate
[ chloride.
4.

Conclusion

The presence of new generation peak in FTIR-ATR at 1641
and 1610 cm-1 for C=O stretching vibration and appearance of new peak at lower 2h region in PXRD pattern of
LDSA and ZLSA stipulate that the intercalation was successful. The increase in C% and decrease in N% in LDSA
and ZLSA occur. Both LDSA and ZLSA were thermally
stable when compared to pure SA. LDSA and ZLSA were
type IV with H3 hysteresis loop indicate that it is a mesoporous material with increase in surface area. Controlled
release was successful which depends on molecular affinity,
where PO33- is higher than CO32- with 89% in LDSA and
80% in ZLSA release. LDSA and ZLSA fitted with pseudosecond order follow from phosphate[carbonate [chloride
with R2 [ 0.98.
Throughout the observations, all the characterization data
show similarity between the ZLSA and LDSA, using same
type anion. However, the PXRD pattern of ZLSA shows
that ZLH was a better host compared to LDH. ZLSA
nanocomposites were in a pure state with high crystallinity
compared to the LDSA nanocomposites. The CHNS data
show the presence of small traces 0.93% of nitrogen in
LDSA nanocomposites, while 0% of nitrogen in ZLSA.
Thus, ZLH were concluded as the best host compared to
LDH due to high crystallinity and pure phase compound.
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