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ABSTRACT

Layered double hydroxide achieved a lot of attention because it is simple, eco-friendly and easy to synthesize, involved non-toxic
chemical, economical, good thermal stability with broad spectrum application. Thus, layered double hydroxide gained trust by the
academician and industrial in developing layered double hydroxide studies. Thermal behaviour does influence by layered double
hydroxide molar ratio therefore this study focuses on the molar ratio effect of Mg-Al nitrate LDH on the characterization and
thermal behaviour properties. The divalent and trivalent cation of magnesium nitrate hexahydrate (Mg (NOs),-:6H20) and
aluminium nitrate nonahydrate (Al (NO3)3-:9H20) ratio are 2:1, 3:1 and 4:1 synthesize by co-precipitation method. The X-ray
diffraction analysis shows lower molar ratio obtain high crystallinity index as aluminium concentration decreased and the
crystallinity does affect the heat flow of the material in differential scanning calorimetry analysis. A typical presence of the inorganic-
organic compound within the network structure of layered double hydroxide in Fourier transform infrared spectroscopy. The
thermal stability from thermogravimetric analysis proved decomposition occurred with formation of oxide mixture in the materials
network.
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1. Introduction

In recent years, layered double hydroxide (LDH) has been received considerable attention due to
their wide spectrum applications especially in polymer nanocomposite. LDH been known by many
names such as hydrotalcite compound due to high water content and talc-like or known as anionic
clay because of containing anions at interlayer galleries for charge balance. The LDH general formula
is [M2* 1xM3*(OH)2]**(A™?) x/n.yH,0 where M?* and M3* are divalent and trivalent metal cations in
the sheet, respectively, x is the ratio of M3*: (M?* + M3*) which divalent constructed from but not
limited to Ca?*, Co?*, Cu?*, Mg?*, Ni%*, Zn?*, Mn?* while trivalent AI**, Fe3*, Co3*, Mn3*, Cr3*. The A™ is
the interlayer anion where keep overall charge neutral such as CO3%7, NOs~, CI, or SO4?" place at
interlayer galleries. The one of natural LDH available is Mge Al2(OH)16C03.4H,0 but low purity thus
LDH is preferable synthesize in laboratories with relatively low cost and high purity. The complex
structure owned by LDH makes it has high thermal stability [1]. Mg and Al is most abundant and
common element in earth, both materials have high thermal conductivity, low mass density and
engineered coefficient of thermal expansion [2] thus Mg/Al is the most suitable materials which
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required high thermal application. Besides, the molar ratio of the materials is the main key to obtain
the best for thermal material. Interesting to note, divalent trivalent cation ratio must within 2:1 to
4:1 and will not form if it below or beyond the ratio, thus the study focuses within the ratios [3].

LDH can be prepared by numerous methods including co-precipitation, urea hydrolysis, the sol-
gel method, hydrothermal synthesis, reformation and mechanical milling among others. Most
common method used to prepare LDH is co-precipitation due to simple direct method, low-cost
method with high yield production of LDH [4-6] thus it was the main focus in this study. The yield
from co-precipitation method is three times more as compared to other routes and the particle size
of LDH can obtain in nano sized between 60 to 80 nm [6]. Several parameters of this method such as
pH of medium reaction, temperature, condition of metallic salts and anion species, concentration of
alkali solution can be controlled independently. Conventional titration of alkali solution such as
sodium hydroxide (NaOH), sodium carbonate (Na,CO3s), potassium hydroxide (KOH) and ammonium
hydroxide (NH4OH) is added to aqueous solution containing M2* and M3* to desired pH and remain
constant for the precipitation of targeted LDH.

LDH offer large surface area, layered crystalline geometry and ability to interchange interlayer
anions with much larger organic anionic molecules. The layered structures of LDH helps induce
interlayer spacing thus offer intercalation of polymer chain and offer interaction between filler and
polymer. Due to the outstanding characteristics possessed by LDH, it has achieved lot of attention
from academia and industries. The differences of LDH to other’s clay namely montmorillonite such
due to their composition, layer thickness and geometries on structural and chemical however the
interlamellar region are similar to montmorillonite. LDH contains of anions in interlamellar as seen
the hydroxide layers are stacked and held together bond by Vander Waal’s force to stabilize the LDH
structure while the divalent and trivalent metal hydroxide was bind with water molecule and anions
with hydrogen bonding with positive charges, a single octahedral metal hydroxide crystal layer while
montmorillonite is in opposite charges in two or more sheet of metal oxides [4][8] as is shown in
Fig.1. Moreover, LDH has ability to reconstruction back to original structure when heated within 300—
500 °C and LDH is not work in at acidic pH [3].
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Fig. 1. Schematic diagram of Mg-Al nitrate layered double hydroxide
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The typical white powder LDH able to reflect the heat and assist to improved heat insulation with
aggregating on the surface and release water at 220 °C to 330 °C [9] thus clearly improved thermal
stability which heat release rate is decreasing. Furthermore, LDH will improve aging resistance under
both thermo-oxidative aging and ultraviolet (UV) aging by blocking the oxygen and reflecting the
high-energy UV light at the interface of the LDH sheets respectively [10]. Moreover, LDH comes with
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economical, involved non-toxicity materials, minimal corrosion, and excellent flammability
behaviour. The properties possessed by LDH, it is widely used in many fields, included
catalyst/adsorption, absorbents, electrical and electronic industries and even medical applications.
In polymer additive industries, LDH act as fire-resistant coating which give advantages in a rust-proof
and fire-resistant coating with a high film adhesion. The act as flame retardant also applied with
phosphoric acid, fatty acid, aluminium hydroxide, magnesium hydroxide, magnesium hydroxide
carbonate due to endothermic decomposition [11-12].

Various researchers have studied on thermal behaviour Mg/Al with molar ratio 2:1 and 3:1 which
varies anionics such as chloride [13], carbonate [14], nitrate at 2:1 molar ratio using the urea
hydrolysis method [15]. However up until now, the effect of Mg/Al nitrate LDH on thermal behaviour
influences by the molar ratio range 2:1 to 4:1 has yet to be reported. Therefore, this paper presents
the study of the thermal behaviour and characteristics of Mg/Al nitrate LDHs in three different molar
ratios by co-precipitation method.

2. Methodology
2.1 Materials

Magnesium nitrate hexahydrate (Mg (NOsz)2:6H,0) (99% A.C.S. reagent) and sodium hydroxide
(NaOH) (97% reagent) will be obtained from Honeywell Fluka™. Aluminium nitrate nonahydrate (Al
(NO3)3-9H,0) from Sigma Aldrich (M) Sdn. Bhd and sodium carbonate (Na>COs) from Qrec (Asia) Sdn
Bhd. All chemical is analytical reagent grade and used as received, without further purifications.
Deionized water was used as solvent throughout the study.

2.2 Synthesis of LDH

Mg/Al nitrate LDH was synthesized by most reliable techniques co-precipitation method. The
solution of MgCl,-6H,0 and AlCls-6H,0 with different molar ratio were prepared (2:1, 3;1 and 4:1).
The mixture solution of MgCl;-6H,0 and AICl3-6H,0 was vigorously stirred for next 6 hours using
magnetic stirrer at room temperature. Meantime, prepared NaOH solution 2 M and Na;COs solution
1 M under continuous stirring conditions and then the base mixture solution was added dropwise to
the mixture of MgCl,-6H,0 and AlCl3-6H;0 solution. After the drop-wise addition was complete the
slurry was aged at 65°C for 18 hours prior. During the reaction, pH needs to adjust and kept constant
at pH 10. Then centrifuged to cover white solid at 5000 rpm for 5 minutes to separate the wet cake
and washed with deionized water to remove excessive salts. The white precipitation was dry
overnight at 100°C to obtain pure Mg/Al LDH powders.

2.4 Characterization of LDH

The LDH crystal formation was analysed with Rigaku SmartLab XRD, the pattern powdered sample
3 s per interval from 10°C to 80°C. From the data, the crystallinity index and d-spacing using Bragg’s
equation can be calculated. The FTIR spectra were recorded in a Perkin—Elmer 2000
spectrophotometer in the form of powder. The changing transmittance peak and/or intensity of
functional groups in the IR spectra are using to identify the interaction of Mg/Al nitrate LDH. The
characterization was carried out in the range of 4000-400 cm™. The result is supported with
morphology analysis of the sample. The sample was examined with Hitachi HT7700 high resolution-
transmission electron microscope (HR-TEM) at 1200 kV and were sputter coated with platinum
before observation under TEM.
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2.3 Thermal Testing

The thermal behaviour was obtained via Perkin ElImer thermogravimetric analysis (TGA) with a
heating rate of 10°C/min from 25 to 900 °C under a nitrogen purge stream with the nitrogen flow
rate of 50 mL/min and differential scanning calorimetric (DSC) analyses perform via Mettler Toledo
DSC1 STAR system. The samples were weighed about 5-10 mg and sealed in an aluminium pan. The
heating and cooling rate were 10 °C min! within temperature range of 25 to 550 °C. The
characterization was conducted under nitrogen atmosphere with flow rate at 5.0 ml min2,

3. Results
3.1 XRD Analysis

The crystallinity of Mg/Al LDH is identified by XRD analysis and it is shows typical reflection peaks
are present with Mg?* and AI3* cations structure in the inorganic sheets and balanced with NO7; at
the interlayer spacing. The intensity is related with Mg/Al LDH crystallinity which the intensity
decreases and the peak gradually broadens as the Al content decreasing. The reasons are large
different of ionic radii between Mg?* and AI** metal cation cause the distortion of the OH- layers
networks [15] and the large polarization of Al3* in layered structure thus the difficulties in directional
alignment occurred [16]. Fig. 2 shows 8 diffraction peaks were detected at 26 angle of 11°, 23°, 29°,
35°, 39°, 47°, 60° and 62° present in each molar ratio and the peak pattern consists of both
asymmetrical and symmetrical. The sharpened peak has good crystallinity was obtained at molar
ratio 2:1 with crystallinity index 87% followed by 78% and 67% for 3:1 and 4:1 respectively. The
bonding stability is increase as decreasing the molar ratio and it has good agreement with literature
[17] the crystallinity of materials increase when molar ratio decreases. The results obtain is in good
agreement with these literatures, a significant increase of crystallinity in decreasing molar ratio 4:1
<3:1<2:1.

The d-spacing calculated are 7.72 A, 7.78 A and 7. 80 A as increase the molar ratio 2:1, 3:1 and
4:1 respectively. There is discussion among scholar which basal spacing or d-value is perpendicular
with the vertical or horizontal orientation interlayer or it is due to changing of layer charge density
resulted from configuration of a single flat-lying molecular layer to multiple layers in LDH interlayers.
The 2:1 molar ratio the d-value is 7.72 A which the smallest basal spacing and it is suggested the
interlayer in horizontal orientation or no significant changing of charge density while 3:1 and 4:1 has
bigger basal spacing and both has similar value 7.78 A and 7. 80 A respectively. It is suggested both
are in vertical orientation and charge density is happening [18].

The composition of LDH is confirm by TEM EDX and the image is platelet-like particle is shows in
Figure 3 spectrum. Refer to schematic diagram in Fig. 1, most element present in LDH is oxygen with
59 wt.% including part of water molecule, anionic interlayer and some are bonding with metal oxide.
As can see the ratio Mg to Al is 14.2 to 4.9 and interlayer anions element is 4.6 wt.%.
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Fig.2. XRD analysis of 2:1, 3:1 and 4:1 Mg-Al nitrate
layered double hydroxide
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Fig. 3. TEM morphology and composition elements of Mg-Al nitrate layered double hydroxide

3.2 FTIR

Figure 4 illustrates the FTIR spectra at different LDH molar ratio shows similar types of features.
Broad absorption band at 3466 cm™ is attributed to the stretching vibration of -OH in the brucite-like
layers and the interlamellar water molecules. The free state of -OH is being shifted towards low wave
number and strongly suggested the presence of -OH bonds between -OH layer and interlayer water.
The low intensity band at 1638 cm™ are attributed to the bending vibration mode of the Mg/Al nitrate
LDH interlayer—water interaction or called solvation. The sharp absorption peak at 1384 cm™is the
bending vibration of metal hydroxide sheets and the stretching vibration of NO3 in the Mg/Al nitrate
LDH interlayer. The bands observed around 839 and 670 cm™ attributed to out-of-plane symmetric
deformation mode and the anti-symmetric deformation mode of nitrate. The absorption peaks
around 770-550 cm™ correspond to the lattice vibration of metal-oxygen bonds (Mg—0 and Al-O)
stretching modes. [19-22].
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Fig.4. FTIR spectrum of Mg-Al nitrate layered double
hydroxide at different molar ratio

3.3 Thermal Behaviour

The thermal behaviour of Mg/Al nitrate LDH was examined via TGA and DSC. According to results
obtain in Fig 5, shows the curves trend is typical for hydrotalcite structure. The relation between
thermal conductivity and molar ratio in this study is leaving much desired as much known decreased
Mg/Al LDH crystallinity as Mg/Al molar ratio increase will be decreasing thermal conductivity,
however this can be explained which may result from the random disorder phonon scattering
induced by the Al deficient sites [16]. The TGA and DTG curves shows three decomposition stages
accompanied by endothermic of Mg/Al LDH and the first stage called low-temperature
decomposition. The strong interactions between interlayer water molecules and interlayer NO3
helps in delay the loss of water molecules. The researchers agreed that temperature around 200°C is
attributed to the loss of water and interlayer crystallization water molecules [23-24]. Here, the
amount of the free water and interlayer water molecules about 7 wt.%.

The second decomposition step known as dehydroxylation of OH- bonded with Mg?* or AI** and
the beginning of interlayer anions degradation [13]. The mass losses are 15wt.% occurred at
temperature <330°C to decompose. The decomposition of interlayer anions is just about to begin at
these temperature ranges and the LDH structure collapsed at 350°C [25]. Wang et.al suggests that
the NO3 anions decompose only after the destruction of the lamella structure of LDH [26]. In third
step decomposition obviously see the NO3 anions decomposition occurred with the mass loss region
34wt.% at temperature range about 600°C. The char residue values for all samples are about 45 wt.%.
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Fig. 5. TGA and DTG curves of Mg-Al nitrate layered double hydroxide at different molar ratio

Fig. 6 shows DSC analysis of Mg/Al LDH and the trend of DTG curve have good agreement with
DSC measurement which has three steps decomposition and enthalpy. The first curve entitles to
water losses were below 200°C. The next curve shows tighter and stronger bond thus harder to
release the OH from Mg?* and AI** where is the molar ratio effect the heat flow as Mg increase more
heat is required due to magnesium has high polarization then aluminium. Thus, further heating is
needed to decomposed the molecule [23,27] and it shows at molar ratio 2:1 with enthalpy 448 J/g
followed by 419 and 247 J/g to 3:1 and 4:1 respectively. The formation of oxides and the anions
decomposition [25] need more heat to breakdown the bond at molar ratio 2:1. It has agreement with
XRD analysis which lower molar ratio has good crystallinity structure form of Mg/Al LDH due to
increasing of Mg content. For the last DSC measurement, it shows different molar ratio has no
significant effect on decomposition of anionic decomposition due to all of them as same anionic
interlayer, NO3 the heat flow is 540, 526 and 516 J/g.
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Fig.6. DSC curves of Mg-Al nitrate layered double

hydroxide at different molar ratio
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4, Conclusions

The Mg/Al LDH synthesized by co-precipitation method with molar ratio 2:1 has better bonding
stability thus it is the best crystallinity structure by XRD and composition confirm by TEM EDX. The
crystallinity structure with further heating is required to breakdown the bond which has strong
interaction between two elements via DSC measurement. Thermal stability at higher molar ratio is
obtained due to random disorder phonon scattering induced by the Al deficient sites. While the
decomposition of anionic has no effect at different molar ratio due to all samples are NO3 anions.
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