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ABSTRACT

A new synthesis of hydrotalcite like materials hgva composition [M+xA¥] (OH),Ax.mH0, where M* is
magnesium, nickel or cobalt and & a monocarboxylic anion, is described. The sgsifhinvolves reacting a
source of the divalent cation with a monocarboxgiid in aqueous slurry at 190 for 24 hours. The reactive
source of magnesium is either magnesium oxide dwrolxide and the reactive source for nickel and dbhee the
respective hydroxides. This synthesis method eesmltthe formation of hydrotalcite with a uniqueestlike
morphology with the sheets having breadth to theskrratio in excess of 100, in contrast to the ipresty known
hexagonal hydrotalcites which have a breadth tekhéss ratio between 5 and 10. The phrase 'sHe®titi this
work describes the macroscopic morphology of thdrdtglicite crystallites. A key finding was that thieesence of
monocarboxylic acid was necessary for the formatibsheet morphology. It was also demonstrated sheet and
hexagonal morphologies readily interconvert viacemenon mixed oxide precursor.
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INTRODUCTION

Layered double hydroxide (LDHS) is a class of matemwith a great number of applications due tarteuctural,
chemical. Electronic, optical and magnetic propsttiThese compounds can be used as catalysts talgsica
support, polymer stabilizer, anion exchangers, @dital application, and in modified electrode.

The structure of the LDHs can be described conisigehe ZnCj brucite structure, in which the cations are in the
center of an octahedron, of which sharing chlogdmups result in the planner structure. When phathe divalent
cations is isomorphously replaced by trivalentaati positively charged layers are formed. In otdemeutralize
the positive charge, anions must be intercalatéddsn the layers, resulting in a hydrotalcite- Idteucture. The
preparation of LDHs contain different?) M** and anion combination enable variations in theialispacing,
producing compounds with properties that combireefdatures of the lamellar structure with thosehef anions.
Nitrate—nitrogen (N@-N) concentration in surface and groundwater hasased in many locations in the world. In
recent times, the extensive use of chemical feetii and improper treatment of wastewater fronirttiestrial sites
and urban sites has led to several environmentdlgms. Rural areas characterized by heavy agni@llactivities
are the most susceptible locations to groundwatgrNOcontamination. One of the agricultural actistie
contributing to the N@-N contamination is livestock. The other problenthis over application of nitrogen based
fertilizers. This is the largest source and thenary concern of N@-N contamination in groundwater. Several
nitrogenous compounds, including ammonia, nitritd aitrate have been frequently present in drinkirger and
various types of agricultural, domestic and indabtvaste water [1,2]. US Environmental Protectigency (EPA)
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has set the maximum contamination level at 10 nof/NOs-N [3,4]. Deleterious effects of nitrate on headite
well known. Elevated nitrate concentrations in Kiiig water sources present a potential risk to ipui@alth. It can
stimulate eutrophication, which causes water piolfutiue to heavy algal growth. Acute poisoning esawuithin 30
min to 4 hour after ingestion of plants or wateghhin nitrates. Thus, the problem occurs very dyiakd often the
cattle are observed to be normal one day and deadext day. A very early sign is salivation folkavby frequent
urination. Soon after, the cattle exhibit difficbiteathing increased respiratory rate, and darwibror “chocolate”
colored blood and mucous membranes. The animafstibeome weak, reluctant to move, and have cormondgsi
before they die. If pregnant cattle receive a dbsé is not quite deadly, they may abort soon akeovering.
Nitrate contaminated water supplies have also lieked to outbreaks of infectious diseases in hwsxi@h Excess
nitrate in drinking water may causeethaemoglobinaemialso called a blue baby disease, in newborn iafEsjt
The literature survey revealed that nitrate ol alguses diabetes [6] and is a precursor of cageimo

Background ions concentrations in surface wateesuasually below 5 ppm, and higher concentratiors adten

observed in groundwater. Recent surveys revealadttie nitrate levels have been increased in drgqkvater

supplies in the European community, the UnitedeStaCanada, India, etc. Nitrate is considered toelaively

non-toxic to adults, concentrations greater thampp® can be fatal to infants under six months @. dgcreased
nitrate concentrations in groundwater have caulsedhutdown of wells and rendered aquifers unusabke water
source. Surface waters also have experienced s#astate violations. As a result, there is rendweerest in the
removal of nitrates from raw water. Unfortunatehe tpolicy of countermeasures, especially conceragrigulture

and environment to limit pollution by nitrates, @fficient only in the long term. So, technical g@ns become
obligatory. A survey of the literature yielded apuadance of information on the technical treatnentemove
nitrate from water, including ion exchange [7] bigical denitrification [8—10], chemical denitrifitan[11-13],

catalytic denitrification [14,15], reverse osmofi§] and electro dialysis[17]. Current technologies removal of
nitrate, like ion exchange, reverse osmosis areselective to nitrate, generate secondary brindesaand require
frequent media regeneration.

Owing to above difficulties, hydrotalcite like comynds (HTIc) was thought to prove a potential aolsor for the
removal of nitrate. Hydrotalcite-like compounds stitute an important class of inorganic materiaithwesirable
properties to remove anionic pollutants from w§i&-22]. Hydrotalcites, also known as layered deubldroxides
(LDHSs) or ionic clays are based uptie brucite [Mg(OHy] structure in which some of the divalent catiome a
replaced by trivalent cations (e.g., Al, Fe, Cr.)etesulting in a charge layer. This layer chageadunterbalanced
by anions such as carbonate, nitrate, sulfate toride in the interlayer spaces. In LDHs a broadge of
compositions is possible of the type IM-xM*"x (OH) ;] [An-] x/n-yH,O, where M* and M*are the divalent and
trivalent cations in the octahedral positions witthie hydroxide layers with x normally between Oahd 0.33. Ar

is an exchangeable interlayer anion. The degreanadnic exchange in the LDHs depends on the straictu
characteristics, e.g. the nature of the interplapra and crystallinity. Exchange conditions like jpiAd carbonate
contamination of the environment are also importianitations. Due to the high affinity of LDHs tow the
carbonate ion, materials with intercalated carbenans have relatively smaller exchange capacitigsess being
calcined. High pH conditions must be applied to ntain the stability of LDH, however, Otihtercalation is
competitive in this case.

Although studies have examined the synthesis dbwarLDHs and the way in which they interact withrious
anions, the synthesis of Hydrotalcite and its agggpion towards removal of nitrate has not been éxah
previously. So, th@resent research was aimed to synthesize, characterd to study the removal efficiency of
nitrate by anions. The effect of various parametershe effectiveness of treating nitrate contameidavater with
hydrotalcite was known. Therefore, in this studydiotalcite was added to nitrate solutions and dffect of
different variables (calcinations temperature, ddisee, pH, initial nitrate concentration, the effef other anions
etc.) on the removal of nitrate from solution byltgtalcite was examined.

The most common approach to synthesis of HT-likéeneds is by co-precipitation of the aqueous sohubf the
two cations, with a base [5-8]. The co-precipitatie carried out at room temperature and a pH 00 8with an
optional post-co-precipitation heating of the gjuto improve the crystalline of the final produdthe HT-like
materials synthesized by the above method havedeéilhed hexagonal crystal morphology [9, 10]. Altigh the
thickness of these crystallites and in essencagpect ratio has not directly been reported, thisescan be inferred
based on the knowledge of the surface area andrtistallographic density using the approach desdriin this
work. Reichle et al[9,10] has reported that HT t@afized at 65 and 26C has a breadth of 0.1 and 0.5 mm from
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TEM and surface area of 120 and 13.9 m'2rgspectively. The crystallographic density isreated to be 2.0cm 3.
This translates into thicknesses of 0.008 and l@nd aspect ratios of 12 and 7, respectively.

EXPERIMENTAL SECTION

Reagents and chemicals

Zinc chloride, aluminum chloride, sodium chloridadasodium hydroxide used in the present study vedre
analytical grade and were obtained from Merck. 16QfJL stock solution of nitrate was prepared bysdiging
1.6305 gm. of KNGIn 1 L decarbonated distilled water. The requiredaentration of nitrate solution was obtained
by serial dilution of 1000 mg/L nitratsolution. The measuring cylinder, volumetric flaskd conical flask and
other glassware used to be from Borosil.

Synthesis of Hydrotalcite

The M*-Al HTs with M*/M* mole ratio 1: 3 were synthesized by the co-preaijuih method. An aqueous solution
of 200 ml containing an appropriate amount of wal$ prepared. The metal chloride solution was gladded into
200 ml of aqueous NaOH (2.25 M) and,N6&x (0.45 M) until the pH was around 8-9 under vigaatirring at
room temperature. Then the thick slurry was he&ted30 minutesat8iT for aging. Afterward, the slurry was
filtered and washed several times in order to remibne alkali metals and the chloride ions with dieied water
until the effluent solution was neutral. Finallgetfilter cake was dried at 14D for 24 hours and grind in a mortar.
The modified HTs were prepared by Co precipitatising the method described above.

Analysis methods

The sample solution was filtered by 0.45 Im membraefore analysis. Nitrate and nitrite concentretian the

solution were measured using a Philips X'Pert spptibtometer. The Zeta - potential was measuredguai
Malvern Zetasizer 2000. The scanning electron rsuwpy (SEM) images and electron dispersive X-realyeis

were obtained using a Philips X'Pert microscope DXfay diffraction pattern of the samples was ol#dimnising a
Philips X’pert- diffractometer with Cu Ka radiatiqd0 KV). FT-IR spectra inthe range 4000-400"cfrsamples as
KBr pellets were recorded with a Shimadzu IR Affjili, Fourier transform infrared spectrometer.

1. Synthesis of Mn-Al-CILDHs H}/drotalcites

The M*Mn-Al HTs with M*/M*'mol ratio 1: 3 were synthesized by the co-predijpitamethod. An aqueous
solution of 200 mL containing an appropriate amoaMnCl, 6H,O and AICL.6H,O were prepared. The metal
Chloride solution was slowly added into 200 mL qfiaous NaOH (2.25 M) and N2O; (0.45 M) until the pH was
around 8-9 under vigorous stirring at room tempemtThen the thick slurry was heated for 1 Hrs8@¢C for
aging. Afterward, the slurry was filtered and wastseveral times in order to remove the alkali nsetald the
chloride ions with deionized water until the efffiiesolution was neutral. Finally, the filter cakaswdried at 116C
for 24 h and grind in a mortar. The modified HTsrev@repared by co precipitation using the methcstileed
above.

Characterization Techniques

X-diffraction

Powder XRD of calcined HTIc was obtained and thepbris presented in figure 1.The difractogram wasyaed

with PhilipsX’Pert High Score software to search fiifferent phases. The results obtained from thalysis

indicated that there were not any starting matempaésent in the HTIc but some of the HTlc formexs wonverted
to oxides of Mn and Al due to calcination. The figighows sharp and symmetric peaks which gives itidecation

that the samples are well crystalline and peakesponding to the planes are characteristic of o@yerals

(HTlc)having layered structure.
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Figure 1: X-ray difractogram of Mn-Al-CILDHsHydrotalcite

Morphology of the catalysts by SEM micrography
Scanning electron micrograph of Mn—Al-Cl HTIc samplas obtained and is presented in figure-2. Thetsiral

morphology of the HTlc can be clearly observed fitim figure. Chemical analysis of HTIc was carred in order
to calculate the molar ratios of M(I1):M(lll)preskin the HTlc. During the synthesis, M(Il):M(lll)t@ was taken as
3:1. The M(I):M(lll) ratios obtained were almostual to 3:1. So, chemical analysis of HTIc Ascertthe
synthesis with required M(Il):M(lIDratios. The SEMnage (figure-2) of the sample shows aggregatesnull
secondary particles of about 0.6 mm india meter.

Figure-2: SEM Images of Mn-Al-CILDHs Hydrotalcite

Thermogravimetric and differential thermal analysis

TGA and DSC analyses of HTlc were carried out asiiits are presented in figure-3. One endotheredggpwere
found from the DSC analysis of Mn—AI-Cl HTIc. Fiestdothermic process was up to the temperatur8@€2and
the corresponding weight loss from TGA analysis feasd to be 21.14%. This weight loss was probdbig to the
physically adsorbed water on the HTIc.
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Figure-3: TGA Weight loss graph of Mn-Al-CILDHs Hydrotalcite
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Figure-4: DSC Graph of Mn-Al-CILDHsHydrotalcite

FT-IR Spectroscopy

FTIR study of Mg—AI-CI HTlc and HTlc recovered afedsorption were carried out in order to know phesence
of different groups, structures and adsorption itfate onto HTlc. FTIR spectrum of Mg-Al-Cl is pesded in
figure. An intense broad band at 3437cm-1 may leetdisuperimposition of deformational vibrationgbfysically
adsorbed water [23], vibrations of structural OHeups [24] and characteristic violent vibration HWO-OH in

hydrotalcite [25].

The peak at 2362cm-1 is apparently due to, ®@ckground of the measurement system [25,26]. ififrared
spectra of the Mn and Al-hydrotalcites in the regletween 400 and 4000 ¢rBand component analysis of the
hydroxyl-stretching region between 538 -3437'araveals the presence of four bands. In generabahe observed
around 538- 3437 chis interpreted as the G®-H,O bridging mode of carbonate and water in the layer.
There seems to be a very small influence by thedxyde layer composition as indicated by a shifthe band
position from 3437 ciffor the Mn-hydrotalcite to 3437 chfor the Mn-hydrotalcite and to 1616&for the Al-
hydrotalcite. A peak at 1383cm-1 is associated whth antisymmetric stretching mode of nitrate [8Ffhich
ascertains the adsorption of nitrate onto Mn—AlHTlc. A broad band at 538.14 chis most probably due to the
superposition of the characteristic bands of HTlc.
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Figure-5:FTIR Spectrum of Mn-Al-CILDHsHydr otalcite

2.Synthesis of Cr-Al-CILDHsHydrotalcites

The MP'Cr-Al HTs with M**/M**mol ratio 1: 3 were synthesized by the co-predijpitamethod. An aqueous
solution of 200 mL containing an appropriate amooiCrCL6H,0 and AICkL.6H,O were prepared. The metal
Chloride solution was slowly added into 200 mL qfiaous NaOH (2.25 M) and M2Os (0.45 M) until the pH was
around 8-9 under vigorous stirring at room tempemtThen the thick slurry was heated for 1 Hrs8@¢C for
aging. Afterward, the slurry was filtered and wastseveral times in order to remove the alkali nsetald the
chloride ions with deionized water until the efffiissolution was neutral. Finally, the filter cakaswdried at 118C
for 24 h and ground in a mortar. The modified HTerevprepared by co-precipitation using the methestidbed
above.
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1500 —
1000 —

500 —

Figure-6 : X-ray diffraction graph of Cr-Al-CILDHsHydr otalcite

Characterization Techniques

X-diffraction

X-ray powder diffraction data for Cr-Al HT-like metials with different monocarboxylic anions are whoin
figure-6. The patterns are characteristic of theirsh HT material, but with expanded d-spacing ttu¢he larger
size of the intercalated anions. HT-like materfaispared using our synthesis show a diffractiotepatwith strong
00l lines and weak, ill-defined peak lines. Thipiebably due to the uniqgue morphology of the aigstin all the
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cases, the reflections corresponding to magneskideaere absent indicating a complete conversiothé HT-
like phase.The X-ray diffraction patterns of the®hand its heated products are shown in figure-@ diffraction
pattern of the HLC shows the characteristic difiat peaks of hydrotalcite (card JCPDS 22-0700) amll
diffraction peaks corresponding to the brucite-tgbase (card JCPDS 7-239). This result confirms tthia solid
has a double layered structure with a low degreecrgétallization. On the other hand, the XRD patter
corresponding to HLC heated to150°C exhibits strpegks corresponding to the hydrotalcite type nedtand
weak signals of the brucite-type phase. Finallg tfiffraction pattern of the HLC heated to 350°@wh the
presence of the periclase (card JCPDS 4-0829) wdrbtalcite phases. Thus, the as-obtained produatans a
hydrotalcite phase mixed witha small amount of leughase.

M orphology of the catalysts by SEM micrography

The HT-like sheets were characterized by their etszio, i.e., breadth to thickness. Scanningtedecmicroscopy
was used to measure the breadth of the sheetsshidets produced by our synthesis have a irreglitdefined

shape and display an open ‘lettuce head' type epp=aunder a scanning electron microscope. Sortee afmaller
sheets did roll up into a spherical shape despéeze drying. A typical SEM image isshown in figirewhere a
smaller sheet can be seenoverlaying on top ofgelaheet. Similar sheet topography was also smetiné other
HT-like materials. For the purposes of the curreatk, the longest planar dimension was definechasteadth of
a particular sheet crystal. An average breadthcabsilated by measuring the breadth of 20 sucht simgstallites.
The average breadth of the sheets ranged from 20 ggn. This is in sharp contrast to hexagonaltatites which
have a width of approximately 0.5 gm at similartbgsis temperatures.

Figure-7 : SEM Micrograph of Cr-Al-CILDHs Hydrotalcite

Thermogravimetric and differential thermal analysis

The TG/DTA profile of the cerium-containing Cr/AITHt samples is presented in figure. All the samplisplay
strong endothermic peaks: the first one below’@0ind the second one between 420 and 450°C. Tiyhwess in

the TG curve corresponding to the first endotherpgek in the DTA profile is due to the eliminatiohloosely
bound water and interlayer water molecules, andé#oend loss is ascribed to the removal of hydrgryups in the
metal hydroxide layers and G@sulting from the decomposition of €®present in the interlayer space as charge-
balancing anion [29-32]. The water content in thmgles has been calculated from the first weigés o the TG
curve. The sample containing exhibited a net welghs of 44-46% of the initial weight up to 950%@ith the
second weight loss always higher than the firstd3JL

684



Jugraj] Jatav et al J. Chem. Pharm. Res., 2016, 8(2):678-696

120
1004 |
16.49%
(3.020ma)
= 4 46.10%
E 20 - {8.445maq)
@D
=
4.102%
60 (0.7514myg)
40 T T T T
o 200 400 600 800 1000
Temperature (°C) Universal v4.54 TA Instruments
Figure-8: TGA graph of Cr-Al-CILDHsHydrotalcite
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Figure-9: DTA graph of Cr-Al-CILDHsHydrotalcite

FT-IR Spectroscopy

The FT-IR spectra of the Cr/Al HTlcs are preseriteffig. In the HLC spectrum the band at 3377.38cran be
attributed to a high energy stretching vibrationtieé hydroxyl groups of brucite. The broad absorptband
centered at 1680crhis due to the stretching vibration of the hydroggbups from water and residual ethanol. The
medium intensity band at802.39 ¢nsorresponds to the hydroxyl bending mode of ad=brbater.
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Figure-10: FT-IR Spectrum graph of Cr-Al-CILDHsHydrotalcite

3. Synthesis of Pbg-Al,-CO3; L DHs Hydrotalcite
The ME*Pb-Al HTs with M*/M3®" mol ratio 1: 3 were synthesized by the co-preatjin method. An aqueous
solution of 200 mL containing an appropriate amoohPbCQ9H,0 and AL(CGO;) 16H,0 were prepared. The
metal Chloride solution was slowly added into 200 of aqueous NaOH (2.25 M) and )}zO; (0.45 M) until the
pH was around 8-9 under vigorous stirring at roemperature. Then the thick slurry was heated fidrsl at 86C
for aging. Afterward, the slurry was filtered andshed several times in order to remove the alkatalm and the
chloride ions with deionized water until the effiiesolution was neutral. Finally, the filter cakaswdried at 110C
for 24 h and ground in a mortar. The modified HTerevprepared by co precipitation using the methestidbed
above.
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Figure-11: PXRD of Pb-Al-CO; hydr otalcite

Characterization Techniques

X-Diffraction

Powder X-ray diffraction (PXRD) patterns of the sdes were recorded with a PAN analytical XRD-PW36850
Xpert diffractometer under the conditions: 40 K30 mA,Cuka (A= 0.15406 nm)Patterns were collected in the
range 10 to 80°@with a step size of 0.02° and a rate of30s pgr. Samples were crushed into a powdered form.
The X-ray diffraction patterns of the synthesizedrotalcite and the standard reference patterstaoe/n in figure-

11. The XRD patterns obtained for the synthesizeduyrcts exhibit the same characteristic lines ashydrotalcite
reference pattern, therefore confirming the forovatdf hydrotalcite. The d(003) spacing values otedifor the
synthesized hydrotalcites are 7.84, 7.97, and &0The d(003) spacing value represents the distémeteeen
hydrotalcite layers, and therefore changes inwhise indicate the effect of anions on the hyditalstructure. The
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presence of molybdate anions resulted in an inergathe basal spacing, compared to Syn-HT;&0ggesting that
molybdateanions are larger in size. The hydro®lp@aks are broad due to the lack ofhydrotherreatrivent, and
indicates that the synthesized minerals are ofggstallinity. The XRD patterns indicate sodiumatde (NacCl)
formed as an impurity in Syn-HT-Mo. Additional wasf of the hydrotalcite would remove the presentcdlacCl
from the surface of the hydrotalcite.

M orphology of the catalysts by SEM micrography

An SEM image of Mg—M-LDH is shown in figure-12. t&f drying the precipitates obtained by co-preaipin,

the structure was clearly observed. The SEM imatgely showed a card-like structure probably dsdifrom the
layered HT structures, suggesting that microporestraxist in the samples. The former pore sizesedated to the
layered structure, while the latter is due to tteard house” structure consisting of many smabtitps [34]. In
addition, the systems show a compact and smoatbtste with some areas with a granular surface.

Figure presents SEM micrographs of the calcined ®fiservations at the SEM showed that the partalesormed
by almost homogeneous spherical aggregates of baaaglatelets. Evident differences are noticedtmn SEM
micrographs between the precursors and calcinedrall cases, the micrographs show the disappearahcard
house structure and formation of particles agge=gat MgO phase.

Figure-12: SEM image of Pb-Al-COj; hydrotalcite

Thermogravimetric and differential thermal analysis

According to TGA and DTA-analysis, as prepared malte decompose in two stages, as a result of datigd and
dehydroxylation. The process is accompanied byawndothermic effects in figure-13. The first stag®lbserved in
the 50-200°Crange for samples A and in the 100-208hge for samples B. Since parameter c for samplis
rather small, mass loss is most probably correspdodrelease of weakly bounded adsorbed water, esBer
interlayer water is partly released from sample3 i second stage of decomposition is observelaei200—400°C
range with the peak temperature increasing for HBeF3/AI0.33/Pb0.33 sample. It is mainly associatgth
dehydroxylation of hydroxide layers and decompositof interlayer anions [35,36]. Mass loss is dasesl with
increased Mn content for samples A and B indicatimgdecreased amount of OH groups. However, dioylation
based on weight loss leads to uncertainty in detextion of the content of interlayer molecular wateydroxide
and anion groups because of overlapping of dehpdratdehydroxylation, decarbonization, etc., preess
Interestingly, that the heating of pure Co(@H$ accompanied by exothermic effect due to théofiohg redox
reactions.
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Figure-14: DSC graph of Pb-Al-COs hydrotalcite

Infrared spectroscopy

Infrared spectra were obtained using a Shimadz&Epkectrometer with a smart endurance single bodiazeond
ATR cell. Spectra over the 4000-5254mange were obtained by the co-addition of 128 sedtisa resolution of 4
cm’and a mirror velocity of 0.6329 cm/s.

FT-IR spectroscopy can also give useful informatibout the structure of the compounds and inteflamznions.

The FT-IR spectra of Pb—AI-LDH (Pb/Al) samples af®wn in figure. These spectra show similar absmipt
bands for all samples, and the main features &mse the interlayer anion and from the water molesuThe
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obvious bands assigned to OH- stretching vibrati@out 3284.77 cil), H-bonded stretching vibration (near
3093.82 crit), and bending modes of interlayer water (210048)care present, respectively [37, 38]. The strong
peak at 1066.64 cPncan be assigned to the stretching mode of carbamegcies[39].
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Figure-15: FT-IR of Ce-Ni-Cl hydrotalcite

4. Synthesis of Ce-Ni-CILDHsHydrotalcite

The MP*Ni-Ce HTs with M*/M**mol ratio 1: 3 were synthesized by the co-predipite method. An aqueous
solution of 200 mL containing an appropriate amoeinNiCl, 9H,0 and CeGl16H,0 were prepared. The metal
Chloride solution was slowly added into 200 mL qfiaous NaOH (2.25 M) and MNzO; (0.45 M) until the pH was
around 8-9 under vigorous stirring at room tempeeat Then the thick slurry was heated for 1 Hrs8@&C for
aging. Afterward, the slurry was filtered and wastseveral times in order to remove the alkali nsetaid the
chloride ions with deionized water until the efffiiesolution was neutral. Finally, the filter cakaswdried at 110°C
for 24 h and ground in a mortar. The modified HTerevprepared by co precipitation using the methextidbed
above.

X-ray diffraction

The XRD patterns of the synthesized hydrotalcitggether with the reference patterns are showngiwd-16. In
the synthesis of hydrotalcites, it is not unexpédtehave traces of impurities present either efdtarting materials,
by-products of the reaction or as synthesized iitipar In the case of the Ni—Ce hydrotalcite th&gra matched
that of the standard reference pattern togethér thii¢ additional pattern of NiCl. It should be rentered that the
XRD. The X-ray beam voltage was40 kV and beam cumeas 55 mA. Debye-Scherrer equatior 0.894/4 cos®,
wheret is crystallite sizgs is FWHM andé is diffraction angle) was employed for calculatmfrcrystallite size after
taking into consideration of instrumental line kdeaing.

Mor phology of the catalystsby SEM micrography

The scanning electron microscope showed that thecles are formed by almost spherical aggregatdibers. In
order to investigate the morphology for the LDH8l &DOs, the LDHs and LDOs with different Ni/Ce motatios
0.25, 4.0 and 6.0 were observed with SEM. Thindtgstals indicating the layered structure wereeoled for all
the LDH samples. The plate-plate overlapping ofstalites gave rise to interfaces that could accoohete
extrinsic surface water, as well as other adsoghekit the particles of the LDH Ni/Ce 4.0 showedlivgeveloped
fiber like plates with narrow size distribution(24m) and the samples could be seen to be made ugliefdual
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fiber particles in line with the typical morpholodgr hydrotalcite-like materials. This was in agresnt with the
XRD and FT-IR results mentioned above. The morpippland particle size of the calcined material LD@hw
Ni/Ce 4.0 was basically similar to those of the LPpkecursor, where the hexagonally lamellar morpiyplavas
integrally preserved after calcination at 8DOIt was interesting to note that the calcinapoocess did not alter the
morphology and the size of the LDH Ni/Ce 4.0 p#et¢ similar to the result reported by Lei et 40]f The SEM
images of the samples prepared under differentitond are shown in Fig. From the SEM images, it ba seen
that, at lower temperature and less aged timel_Eités show small patches with some amorphous congfiation
(the metallic oxide impurities, which have beenvam by the XRD). The patches grow with the increafséme
and temperature. Finally, when reaction temperaises to 160 or 180°C and the reaction time isomged to 48
hour, large and thin sheets become prevalent. dsethtemperatures, prolong the reaction time, omlgause
decrease in particle size and amorphous form oruienpn phase. When temperature reaches 200°C, more
amorphous impurities appear and the size of slseetsis not to enlarge any more.
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Figure-16:PXRD of Ce-Ni-Cl hydrotalcite

Thermogravimetric and differential thermal analysis (TGA)

Thermal decomposition of the hydrotalcite was eatrout in a TA high-resolution thermo gravimetritabyzer
(series Q500) in a flowing nitrogen atmosphere ¢8B min). The samples were heated in an open platinum
crucible at a rate of 2.0 K mihup to 500°C. The TG instrument was coupled to &da (Pfeiffer) mass
spectrometer for gas analysis. Only selected gase analyzed.Thermal analysis is a technique for the
measurement of the thermal stability of hydrotalcih this work we report the stability and therrdatomposition
of Ce*and Ni?" based LDH's with carbonatein the interlayétepresentative differential thermo gravimetric
analysis curves (DTGEe-Ni-Cl.xH,0O hydrotalcite and their mass spectrometric anslysirves of water and
carbon dioxide are shown in Figs .The results @f ittegral of the DTG curves as determined by thadb
component analysis of the DTG curves are reporiefijure. Each peak in the DTG curve representsaasnioss
step and the total mass loss step is 27.63%. The &ifves are divided into mass loss steps accotditige band
component analysis. These steps correspond to #xéna in the DTG curves. The mass loss steps atkefu
categorized according to the actual temperatutkeomass loss.
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Figure-17: SEM image of Ce-Ni-Cl hydrotalcite
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Figure-18:TGA Graph of Ce-Ni-Cl hydrotalcite
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Figure-19: DSC graph of Ce-Ni-Cl

FT-IR Spectroscopy

Fourier transform infrared spectroscopy (FT-IR)amewere recorded on the Shimadzu FT-IR, IR Affii in the
range of 3635.34-1535.34 ¢m The advantage of DRIFT technique is that argcigh treatment of the samples
before measurement is required High temperatupererents are faster and easier than in transmigsichnique,
especially in the case of the samples not transpar®ugh for IR radiation.
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Figure-20: FTIR Spectra of Ce-Ni-Cl

692



Jugraj] Jatav et al J. Chem. Pharm. Res., 2016, 8(2):678-696

5.Synthesis of Ni-Al-PO,LDHs Hydrotalcites

The MP*Ni-Al HTs with M#*/M3'mol ratio 1: 3 were synthesized by the co-predijpitamethod. An aqueous
solution of 200 mL containing an appropriate amafritliPQ, 9H,O and AL(PQ,) 16H,0O were prepared. The metal
Chloride solution was slowly added into 200 mL qfiaous NaOH (2.25 M) and M2O; (0.45 M) until the pH was
around 8-9 under vigorous stirring at room tempeetThen the thick slurry was heated for 1 Hrs8@c for
aging. Afterward, the slurry was filtered and wastseveral times in order to remove the alkali nsetaid the
chloride ions with deionized water until the effiuesolution was neutral. Finally, the filter cakaswdried at 116C
for 24 h and ground in a mortar. The modified HTerevprepared by co precipitation using the methextidbed
above.

Characterization techniques of Hydrotalcite.

X-Ray Diffraction

The nature of the resulting material was checkel-tay powder diffraction (XRD). The XRD analyses ree
carried out on a PAN analytical PW 1050/25vertigainiometer equipped with a graphite diffracted beam
monochromator. The d-values and intensity measuntsmveere improved by application of an in-houseetigyed
computer aided divergence slit system enabling taohssampling area irradiation(20 mm long) at angla of
incidence. The goniometer radius was enlarged ft@tto 204 mm. The radiation applied was Gofkom a long
one focus co tube operating at 35 kV and 40 mA. Sdraples were measured at 50% relative humiditgfisscan
mode with steps of 0.0289%2nd a counting time of 2 sec.
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Figure-21: PXRD of Ni-Al-PO4Hydrotalcite

Morphology of the catalystsby SEM micrography

SEM of the material shows high crystallinity andnkllar structure. The particles of HT exhibit thexagonal
shape. However, big needle shape particles arevadabe and it is found in Ni and Al catalysts.cikn be seen that
the solids do not present a lamellar structurer afithout calcination. New aggregates are formedhmnsupport
surface due to the introduction of the metal. hgstal size varies from about 100 to 200um. Megaks uniformly
distributed in the support.

Thermogravimetric and differential thermal analysis

Differential thermal and thermogravimetric analy®§A/TGA) of the hydrotalcite was obtained usingateram
DTA/TGA instrument operating at 0.5°C/min from amii temperature up tol0 under a nitrogen atmosphere.
TGA/DTA plot of a characteristic Ni/Al hydrotalcitd he results of the various weight losses. Thehydrotalcite
shows a weight loss of approximately9.0% up t8C86ue to physically adsorbed or interlayer waterthie region
between 80°C and 230°C, 9.1 wt % is lost due taademisation with an endothermic maximum in the DatA
222°C. The dehydroxylation basically takes placavben 230°C and 428G with a weight loss of approximately
30.41%. This weight loss is accompanied by an dredotic maximum in the DTA at 400°C. Above 400°Gl) st
minor weight loss is observed of approximately 5%.
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Figure-22: SEM image of Ni-Al-PO, hydrotalcite
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Figure-23: TGA graph of Ni-Al-PO, hydrotalcite
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Figure-24:DSC graph of Ni-Al-PO, hydrotalcite

FT-IR Spectroscopy

The infrared spectra of the Ni-, and Al-hydrotadsiin the region between 400-4000'cBand component analysis
of the hydroxyl-stretching region between 558.2d 8893.81 cnireveals the presence of four bands. In general the
band observed around 2950- 3050 dminterpreted as the G®-H,0O bridging mode of carbonate and water in the
interlayer. There seems to be a very small infledmgthe hydroxide layer composition as indicate@ Ishift in the
band position from1355.96 ctfor the Ni-hydrotalcite to 3393.81 clfor the Al-hydrotalcite.
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Figure-25: FT-IR spectra of Ni-Al-PO, hydrotalcite
RESULTSAND DISCUSSION

In this chapter hydrotalcite having different catioas been synthesized by reflux and co-precipitatinethod and
hydrotalcite having different ratio has also begntlsesized and characterized them with differenhtéque i.e

695



Jugraj] Jatav et al J. Chem. Pharm. Res., 2016, 8(2):678-696

XRD, TG-DSC, SEM, TEM, FTIR and concluded that totdfcite is crystalline in structure but there ammne
amorphous.
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