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INTRODUCTION

The development of efficient and good solutions for storing
energy, such as secondary battery systems, has received great
attention from researchers globally. Batteries, in general, are
a promising energy storage technology for integrating renew-
able resources that provide alternating electricity to the grid
[1]. Since the first commercialization of lithium ion batteries in
1991, their progress has piqued researchers’ interest and resulted
in a wide range of applications [2]. Currently, different types
of polymers, dopants of inorganic salts and the addition of nano-
composite materials are seen to be the most likely answers in
the creation of new and improved power sources in battery tech-
nology [3,4].

Despite their widespread use in battery technology, no
material combination has yet achieved the optimal polymer
electrolyte (PE) solution. Most of this combination results in
an extremely low ionic conductivity (k) (~10° S cm™) at the
ambient temperature, which remains below the level of perfor-
mance required for many applications (~107 S cm™), severely
limiting battery power [5,6]. Furthermore, a clear mechanism
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underlying this low conductivity value remains unknown, parti-
cularly in solid polymer electrolyte (SPE) systems due to the
complexity of the coexisting amorphous and crystalline phases
[7]. However, the usage of nanocomposites as a filler in electr-
olyte system is said to enhance the degree of salt dissociation
(o) [8] and increase the total free moving ions in the electrolyte
system [9,10].

Layered double hydroxides (LDHs), also known as hydro-
talcite, are the anionic clays with high absorption capabilities
and a structure similar to brucite (Mg(OH),) [11]. In general,
LDH consists of brucite-like layers where some divalent and
trivalent cations have been substituted, resulting in positively
charged layers balanced by anions between the layers [12-14].
The gap between the layers also contains water molecules [15].
The general equation for the composition of LDH is as follows:

[M;" M**(OH),(A™),,, ' mH,0

where M?* and M** are bivalent and trivalent metal cations,
respectively and A™ is the interlayer anion [11,16].

LDHs can be synthesized utilizing a variety of techniques,
including sol-gel, ion exchange and hydrothermal treatment,
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with co-precipitation being the most reliable and straightforward
way [17]. However, numerous parameters during the synthesis
process can be used to customize the characteristics, such as
modifying the metals in the inorganic layer or the inorganic
or organic anions between the inorganic layers [16]. The adapt-
ability of the LDH’s structure provides it with unique qualities
which can be applied in a variety of situations.

Until now, several applications of LDHs have been docum-
ented, including catalysts and their support, electrodes, adsor-
bents/ion exchangers and drug carriers [ 18-20]. Furthermore,
LDHs are the best fillers for polymer nanocomposites since they
do not have the problems that clay minerals possess [21]. Efforts
have been undertaken to maximize material performance by
altering both the composition and particle shape of LDHs.
According to Wijitwongwan et al. [18], the particle size and
size distribution can have a substantial impact on material perfor-
mance due to surface area, packing density, flowability, disso-
lution rate and optical characteristics.

In this study, magnesium aluminium layered double hydr-
oxide (MgAl LDH) was synthesized via alkali free co-precipi-
tation method with a ratio of 4:1 correspond to magnesium and
aluminium, respectively. This method is the predominant tech-
nique for synthesizing LDHs, which involves a solution cont-
aining mixed alkali soda and mixed salts solution. The product
of MgAl LDH was further characterized by various physico-
chemical techniques. Calcined MgAl LDH has been chosen
for further characterized on conductivity due to the beneficial
properties obtained from the calcination process.

EXPERIMENTAL

Magnesium(I) nitrate hexahydrate (Mg(NOs),:6H,0O) and
ammonium nitrate (NHsNO3) were obtained from Systerm
Chemicals, Malaysia. Aluminum(III) nitrate nonahydrate
(AI(NO;);-9H,0) and ammonium hydroxide solution were
obtained from R&M Chemicals. The inorganic salt anhydrous
LiCIO, with purity = 98% was obtained from Fluka (Sigma-
Aldrich). High-performance liquid chromatography (HPLC)
grade of acetonitrile (Fisher-Scientific) with purity = 99.9%
was obtained from Alfa Laboratori Sdn Bhd, Malaysia. All
the chemicals were used without any further purification in this
research.

Preparatrion of MgAl LDH via co-precipitation method:
An alkali free co-precipitation method was used to synthesize
MgAIl LDH with molar ratio of 4:1. The synthesis was prepared
by mixing an aqueous solution of metallic cations (solution
A) with a nitrate solution (solution B) simultaneously dropwise
under vigorous stirring at pH 8.5. Ammonium hydroxide
solution was added dropwise to maintain the pH. Solution A
was prepared by mixing 1 M Mg(NO;),-6H,O with 1 M AI(NOs);
‘9H,0 according to 4:1 MgAl molar ratio to make up 100 mL
solution. Solution B consisted of 2 M (NH,),COs in 100 mL
of distilled water. The co-precipitation product was brought
to reflux for 24 h before being aged at 65 °C. Then, the solution
was filtered and rinsed with distilled water until the pH reached
7. The precursor was placed in an oven at 100 °C for 24 h foll-
owed by calcination at 450 °C for 13 h.

Preparation of MgAl LDH solution: The MgAl LDH
solution were prepared by dissolving the LDH in acetonitrile
to obtain a range of MgAl LDH solutions with percent ratios
ranging from 0.2 to 10.0 % (w/v) as shown in Table-1. A suffi-
cient amount of MgAl LDH was weighted and transferred to
a beaker containing an appropriate amount of acetonitrile as
solvent. The mixture was then stirred on a hot plate magnetic
stirrer at 50 °C for 24 h. The solution was then allowed to cool
to room temperature before use. Similar procedures were taken
to prepare different ratio of MgAl LDH stock solutions. The
conductivity measurement was performed to determine the
ratio that give the optimum ionic conductivity (k). This solution
was then used as a stock solution to prepare electrolyte solu-
tions.

TABLE-1
DIFFERENT CONCENTRATIONS OF
MgAl LDH IN ACETONITRILE
Percent ratio Volume of Mass (g) Actual
(W/v) acetonitrile (mL) mass (g)
0.20 50 0.10 0.1005
0.40 50 0.20 0.2012
0.60 50 0.30 0.3019
0.80 50 0.40 0.4023
1.00 50 0.50 0.5032
2.00 50 1.00 1.0034
4.00 50 2.00 2.0041
6.00 50 3.00 3.0059
8.00 50 4.00 4.0064
10.00 50 5.00 5.0072

Preparation of LiCl0,-MgAl LDH electrolyte solution:
The LiClO4-MgAl LDH electrolyte solution was prepared by
dissolving LiClO4 in MgAl LDH solution, which gives the
optimum ionic conductivity (k) value. Because of its lower
lattice energy (723 kJ/mol) and its less hygroscopic behaviour,
LiClO, has been selected, since it has a higher degree of disso-
ciation. The stock solution of LiClO, in MgAl LDH solution
with a concentration of about 1.00 x 10™* mol cm™ was also
prepared. The electrolyte solution of LiClO, in MgAl LDH
solution of known concentration was prepared by transferring
a known amount of LiClOj salt into a solvent of fixed volume
(MgAI LDH in acetonitrile). The electrolyte solution was stirred
at 50 °C for 24 h before further use and this solution was used
as stock solution. Then, a series of dilution of the stock solution
were prepared by adding MgAl LDH solution.

Characterization: Thermogravimetric analysis (TGA) of
the as-synthesized MgAl LDH was carried out using Setaram
model SETSYS Evolution TGA-DTA/DSC to observe the weight
loss and evaluate the interlayer water and carbonate content.
Sample was heated at 800 °C with a heating rate of 10 °C min”
under nitrogen flow. Powder X-ray diffraction (PXRD) model
PANanalytical X pert PRO was operated to observed the sample
structure. Measurements were made with diffraction angle 20
from 8 to 85° at a speed of 1°min’'. Fourier transform infrared
spectroscopy (FTIR) model Perkin-Elmer Spectrum One was
run to observe the bonding type and structural of MgAl LDH.
The sample was mixed with KBr and compressed into a thin
transparent pallet. Then, sample was scan and analyze from 0
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t0 4500 cm™ with 2 cm™ resolutions. The surface morphologies
of the synthesized MgAl LDH were studied using field emission
scanning electron microscope (FESEM) model JEOL JSM-
7600F microscope with a Schottky emitter at an accelerating
voltage of 2.0 kV with a beam current of 1.0 mA. The Brunauer-
Emmett-Teller (BET) technique was used to analyze the surface
area of MgAl LDH sample. Surface area and pore size distri-
bution measurements were carried out using Quantachrome
ChemBET 3000 chemisorption analyzer (Hook, United Kingdom).
For conductivity measurements, the electrolytic conductivity
() of the solutions were measured at 25 °C using Mettler Toledo
SevenCompact S230 conductivity meter (Schwerzenbach,
Switzerland) with its AC dip-type conductivity probe InLab®
731 (measuring range 0.01-1000 mS cm™) and InLab® 741
(measuring range 0.001-500 uS cm™).

RESULTS AND DISCUSSION

Thermal studies: The thermogram (TGA) of the prepared
LDH and MgAI LDH is shown in Fig. 1. This investigation has
been accomplished in order to determine the appropriate temp-
erature for decomposition, which is required in order to calcine
the sample further. In this study, MgAl LDH sample has under-
gone several stages of weight losses and lost about 45.58%,
which is approximately 4.56 mg of its initial weight upon heating
to 800 °C. The first weight loss occurred between 20 and 240 °C
due to the removal of physically adsorbed and interlayer water
molecules present in the material. During this phase, which is
also called the dehydration process, the structure of the layered
MgAlremains unchanged. For the second stage of weight loss,
it was observed in the DTG curve at 240 °C up to 530 °C. These
losses correspond to the dihydroxylation of hydroxyl group (OH")
anions and the decomposition of the interlayer carbonates anions
into carbon dioxide and oxide (O*) ions, which also known as
decarbonation and decarboxylation. According to Smolakova
et al. [22], the weight loss was originated from H,O, CO,, NO
and NH; removal due to the dihydroxylation and the decompo-
sition of carbonates in the interlayer. The last weight loss up to
800 °C, is attributed to the removal of the remaining carbon-
aceous material and formation of metal oxides. From the result,
it can be concluded that the suitable temperature for further
calcine the sample is above 240 °C. Table-2 summarizes the
decomposition of MgAl LDH measured by thermal studies.

XRD studies: The layered structure of neat and calcined
MgAl LDH were confirmed via PXRD patterns as in Fig. 2.
The sharp, intensive and symmetric peaks displayed in the
PXRD diffraction pattern give an indication of highly crysta-
lline nature in the synthesis of LDHs-precursor [13]. All peaks
assigned to the planes confirmed that the neat MgAl LDH
was successfully synthesized. The peaks assigned to (003),
(006), (009), (012), (015), (018), (110) and (113) planes with
reflection at 20 = 11.5°, 23.2°, 30.7°, 34.7°, 39.2°, 46.7°, 60.6°
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Fig. 2. PXRD pattern of neat and calcined MgAl LDH

and 62.0° (JCPDS card No. 14-0191), respectively, reveal the
formation of a characteristic hexagonal LDH lattice with
rhombohedral symmetry of crystalline hydrotalcite-like LDHs.
The (110) and (113) diffraction peaks at 26 = 60.6° and 62.0°,
respectively suggest a uniform dispersion of Mg** and Al**
metal cations in brucite-like layers. These findings are in good
agreement with the reported literature [23-25].

After the calcination process, the thermal decomposition
of hydrotalcite precursor led to the disappearance of MgAl
LDH diffraction peaks and resulting in the formation of mixed
oxide phase corresponding to MgO and AlO structures. It can
be shown with the disappearance of the main basal reflections
of (003), (006) and (009). As a result, formation of two intensive
peaks and characteristic diffraction at 20 = 43.3° and 62.4° that
correspond to the mixed Mg-Al oxides (MgO and AlO) were
clearly observed, which can be indexed to (200) and (220)
respectively (JCPDS card No. 45-0946). This can be explained
by the destruction of LDHs brucite layer (dehydration, dihydro-

TABLE-2
DECOMPOSITION TEMPERATURE OF MgAl LDH

Sample Decomposition 1st weight loss (°C) 2nd weight loss (°C) 3rd weight loss (°C)
P temperature (°C) (dehydration) (dehydroxylation) (decarboxylation/decarbonation)
Neat MgAl LDH 20-800 20-240 240-530 530-800
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xylation, decarbonation) and the formation of mixed oxide
during calcination at 450 °C [13]. Table-3 shows the textural
properties of d-spacing and lattice parameter of neat and
calcined MgAl LDH.

TABLE-3 8
TEXTURAL PROPERTIES OF D SPACING £
AND LATTICE PARAMETER OF MgAl LDH £
Materials d spacing Lattice parameter (A) =
A) Al c
Neat MgAl LDH 1.71 10.54 10.54
Calcined MgAl LDH 1.315 4.22 4.22

FTIR studies: The FTIR spectra of MgAl LDH before
and after calcination have been studied and shown in Fig. 3.
The characteristic absorption has been showed at peak 3446
cm’', which can be assigned to the stretching vibration mode
of O-H functional group, arising from interlayer water mole-
cules and the hydroxyl groups present on the surface as well as
in the brucite-like layers of the LDH [26]. The peaks at 1484,
1423 and 1364 cm™ exist due to carbonate content in the sample
and can be assigned to the stretching and bending vibration of
carbonate species [27]. All the absorption bands below 1000
cm’! are associated to the lattice vibration of metal oxides (M-O,
0O-M-O and M-O-M) stretching modes in the brucite-like layer,
where M stands for Mg”* and AI** cations [28]. Thus, the absor-
ption peaks at 796, 686 and 599 cm™ can be attribute to the
metal oxide stretching modes.

Calcined

2500 2000 1500 1000
Wavenumber (cm™)

Fig. 3. FTIR spectra of MgAl LDH before and after calcined

4000 3000 500

After calcination, the spectra show less intensity compared
to the uncalcined spectra. There is a peak appeared at 1604
cm’', which indicate the vibration of O-H bending vibration
of the interlayer water molecule. This peak might be appeared
due to the improper storage of MgAl LDH or that water in air
was absorbed after calcination [29]. Since LDH is very sensitive
to moisture, thus it must be kept properly to avoid absorption
of moisture. Table-4 summarized the key IR adsorption band
presence in neat and calcined MgAl LDH.

Morphological studies: Before calcination (Fig. 4a), it is
observed that MgAl LDH is composed of non-uniform platelets

TABLE-4
KEY IR ABSORPTION BANDS (cm™) PRESENCE IN NEAT AND CALCINED MgAl LDH

Materials Characteristic band Wavenumber (this study) Wavenumber (reported) Ref.

O-H stretching 3446 3700-3000 [30]

Neat MgAl LDH C-O stretching 1484, 1423, 1364 1540-1350 [27]
Mg-0/Al-O stretching 796, 686, 599 770-550 [26]

O-H stretching 3447 3443 [31]

. O-H bendin 1604 1640 [32]
Calcined MgAILDH stretchiig 1461 1400 [29]
Mg—0O/Al-0 stretching 694 700-680 [32]
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Fig. 4. SEM micrographs of (a) neat MgAl LDH and (b) calcined MgAl LDH

X 20,000
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and aggregates of nanoparticles can be observed based on the
compact sand rosses shaped observed in the image. The possible
reason is that the structure was formed with numerous fine
nanoparticles [13]. After calcination (Fig. 4b) at 450 °C, the
compact structure was destroyed and change the structure due
to the removal of hydroxyl groups in the metal hydroxide layers
and from the releasing or decomposing of carbonate ion existed
in the interlayer space as charge balancing anion during the
calcination [23]. According to the reported findings, the
preparation method significantly affects the morphology of
the LDHs, resulting in solids that are hexagonal in shape,
presence of platelets or dense agglomerates of the non-porous
grains [13].

BET studies: The textural properties of LDH sample in
this study have been characterized and calculated by using
Brunauer-Emmet-Teller (BET) via N, gas adsorption and desor-
ption technique. Nitrogen ( adsorption and desorption isotherms
at relative pressure range (0.01-1.00) were measured to study
the pore size distribution and specific surface area of the MgAl
LDH. The N, adsorption and desorption curve of neat and
calcined MgAl LDH samples are illustrated in Fig. 5. It is
clearly shown that the isotherm for both neat and calcined
MgAl LDH may be classified as type IV isotherm according
to IUPAC classification and its significant N, uptake at high
relative pressure suggest that the materials may feature meso-
pores. Additionally, the isotherms at high relative pressure
contain an H3 type hysteresis loop, which suggests that aggre-
gation of plate-like particles cause the formation of nonuniform
slit-shaped pores size that are typical of materials with meso-
pores [33,34].

—4&—Neat —#—Calcined

3 -1

Volume adsorbed (cm™ g )

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/P,)

Fig. 5. Isotherm linear plot of neat and calcined MgAl LDH

The BET surface area as well as the corresponding pore
volumes and pore size distribution of the prepared MgAl LDH
are summarized in Table-5. There was an increase in surface
area following the breakdown at 450 °C, which resulted in the
formation of mostly amorphous oxides (MgO and AlO). The
surface area for neat and calcined MgAl LDH were 36 and 38
m’ g, respectively. This increase in textural properties has
been attributed to the formation of channels and a more open

porous network as a result of water vapour and carbonate elimi-
nation during decomposition [ 13]. However, the data show that
the surface area of the samples did not change significantly,
which contradict with the previous research. This might be due
to the improper handling of the materials and also unseen mis-
take that occur during the preparation of the samples. As a result,
it is possible to conclude that the sample preparation process
had a significant impact on the textural features of the LDHs.

TABLE-5
BET CHARACTERISTICS OF MgAl LDH
BEFORE AND AFTER CALCINATION

Property Neat Calcined
Mg/Al LDH Mg/Al LDH
BET surface area (m* g™') 36 38
BJH adsorption (nm) 23 31
BJH desorption (nm) 20 25
Total volume in pores (cm’® g™') 0.19 0.23

Conductivity of calcined MgAl LDH in acetonitrile:
Conductivity measurement was run with calcined MgAL LDH
in acetonitrile as solvent. Calcined MgAl LDH was chosen over
neat in this study due to the few favourable properties it has
such as enhanced surface area, which is desired when incorpo-
rated into electrolyte and eliminate impurities, which is crucial
for sustaining the integrity of electrolyte system [35,36]. Table-6
shows the amount of calcined MgAl LDH used and the ionic
conductivity (k) of calcined MgAl LDH solutions. It shows that
from the table, the K value increases from 0 to 12.56 x 10> uS
cm’ when the LDH was added up to 0.80 % (w/v). Upon raising
the percent ratio to 10%, the x value decrease to 2.32 x 107
uS cm’'. The optimum % value was achieved at 12.56 x 10~
US ecm™ with percent ratio at 0.80 % (0.40 g). This concentration
of MgAl LDH gives the highest K value in the system was then
used in the remaining system.

TABLE-6
IONIC CONDUCTIVITY (k) OF VARIOUS CONCENTRATION
OF CALCINED MgAl LDH IN ACETONITRILE

Percent ratio (w/v) Mass (g) Actual mass (g) 10 k (uS/cm)
0.20 0.10 0.1005 2.56
0.40 0.20 0.2012 7.24
0.60 0.30 0.3019 9.04
0.80 0.40 0.4023 12.56
1.00 0.50 0.5032 11.74
2.00 1.00 1.0030 6.74
4.00 2.00 2.0040 4.36
6.00 3.00 3.0060 4.18
8.00 4.00 4.0060 3.72
10.00 5.00 5.0070 2.32

Determination of limiting molar conductivity (A,) value
of LiClO, in MgAl LDH solution: LiClO; in acetonitrile system
behaves as a weak electrolyte, which means that it only partially
dissociates into ions in solution. This results in a smaller number
of free-moving ions present in the solution, compared to a strong
electrolyte which would be fully dissociated. As a result, the
solubility of LiClOy in solutions containing filler such as MgAl
LDH may be affected by the presence of filler. Power law has



Vol. 36, No. 9 (2024)

Studies of Alkali-Free MgAl Layered Double Hydroxide for Electrolyte Conductivity Studies 2043

been implemented to determine the A, values of the electrolyte
system at ambient temperature. Theoretically, the suggested
power law should follow a linear equation (y = mx + ¢) formula,
hence it should be linear for a certain (limited) range of Cg.
An analysis of the double-logarithmic plot of k against C,, for
LiCIO, in MgAl LDH solution was performed using the data
from Table-7. Fig. 6 shows the double-logarithmic plot of LiClO,
in MgAl LDH solution at 25 °C plotted by taking the experi-
mental data as presented in Table-7.

TABLE-7
Ca K, Log Cg,;, AND Log x FOR LiClO, IN
MgAl LDH SOLUTION AT 25 °C
InLab® 741
Calibration standard: 84 uS cm™; Cell constant: 0.085446 cm™'

10° C, (mol cm™) 10° k(S cm™) Log Cy, Log ¥

100.01 321.00 -3.9999 -2.4935

80.01 279.00 -4.0969 -2.5544

60.01 221.00 -4.2218 -2.6556

40.01 155.00 -4.3979 -2.8097

20.00 75.80 -4.6989 -3.1203

6.00 21.40 -5.2218 -3.6696

4.00 15.30 -5.3979 -3.8153

2.00 6.49 -5.6989 -4.1878

0.80 2.45 -6.0969 -4.6108

0.40 1.29 -6.3979 -4.8887

0.04 0.11 -7.3979 -5.9473
1.00F
2.00%
-3.00%
« E
2-4.00%
- E

y =1.0299x + 1.6929
5.00 r* =0.999

6.00

7O

-8.00 7.00 6.00 -5.00 4.00 3.00

LOQ Csalt

Fig. 6. Double-logarithmic plot of K versus Cqy for LiClO4 in MgAl LDH
solution at 25 °C

From Fig. 6, the regression function for LiCIO, in MgAl
LDH solution at 25 °C reads:

10gK=1.6929+1.029910g(%} (1)
(correlation: 0.9990)
By rearranging eqn. 1, it follows:
C 1.0299
K= 49.31(?@;‘} )
Thus,
49.31

A (S cm® mol’l)=W 3)
salt

From the plotted graph, A, value for LiCIO, in MgAl LDH
solution was calculated based on eqn. 4:

A, =KYCY “
where K’ represents the ion mobility and is express as the y-
axis, while 7 is the slope of the logarithm plot.

The A, value was calculated at a fixed salt concentration
which is known as reference salt concentration (C,r). The amount
of C.ris needed to accurately calculate the A, for an electrolyte
system. Cyris approximately half of the lowest C,, that obeys
the power law. It is observed that Cyy = 4.0018 x 107 mol cm’™
is the value that obey the power law and was used to estimate
C.. for the electrolyte system. Therefore, the amount of C,.; for
the systems is half of the lowest Cy at Crer = 2.0009 x 107 mol
cm”. Hence, the A, value of the above system was calculated
after eqn. 4. Thus, by using the relevant parameters (K’ =49.31
and Y= 1.0299) at C,.r=2.0009 x 10”7 mol cm™ into eqn. 4, the
result for quantity A, for LiCIO, in MgAl LDH solution is
calculated as below:

Ao = (49.31)(1.0299)(2.0009 x 107)° (5)
Ao =32.02 S cm’ mol™

The calculated A, value for LiClO, in MgAl LDH at 25 °C
was found to be 32.02 S cm® mol™. Tt was observed that the A,
value for the electrolyte system decreases as the system is added
with filler compared to the system without any filler. This decr-
ease in A, is generally interpreted as a sign that the salt dissocia-
tion in the system is improved and the ionic conductivity is
enhanced [37]. The addition of a filler to an electrolyte solution
can have an impact on the ionic conductivity of the system [38].
Depending on the type of filler and the properties of the elect-
rolyte solution, the addition of a filler may increase or decrease
the ionic conductivity of the system. In this case, the addition
of filler (MgAl LDH) in the system was found to help enhancing
the conductivity of the electrolyte system.

Conclusion

This study aims to investigate the physico-chemical of
MgAl layered double hydroxide (LDH), which being synth-
esized utilizing an alkali free co-precipitation technique. Structure
and morphology of the synthesized LDH has been evaluated
through many characterization techniques including TGA, PXRD,
FTIR, BET and FESEM. The discussion focusses on the neat
and calcined MgAl LDH, which demonstrate the structural
collapse of hydrotalcite after calcination. The calcination method
imparts useful features to the MgAl LDH, which have led to
conductivity studies in acetonitrile. The study shows that the
optimum electrolytic conductivity (k) value was achieved at
12.56 x 10 uS/cm with percent ratio at 0.80% (0.40 g). This
optimal concentration of 0.80 % have been further use in the
electrolyte system. The determined limiting molar conductivity
(Ao) value of LiClO4 in MgAl LDH solution at 25 °C demons-
trated that the k value increases by one magnitude (from 10~ to
10%)in the presence of MgAl LDH, which act as filler. In addition,
with the presence of filler, the A, value tends to demonstrate a
decreasing trend. This indicates that presence of LDH in the
system help increase the dissociation of LiClO, and thus increase
the conductivity value.
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