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ABSTRACT

Composites with high surface area are excellentpsup used in catalysis. Silica-alumina composiBAC)
comprised of silicon and aluminium oxides were lsgsized by microwave, co-precipitation and soligethods.
Physico-chemical properties of the composites vesaduated to determine surface area, pore volureg gize,
average patrticle size, total acidity and structupabperties. As observed from BET surface analysisposites
have average particle size in the range of 13-1%urface area is 324-453°fg, pore volume is 0.35-0.70cc/g and
total acidity is 0.314—0.392mm/g. All three methads suitable for the synthesis of new compositeSAT type,
however synthesis by microwave route could hegxponential increase in surface area and other praps.
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INTRODUCTION

Solid acid catalysts, such as mixed metal oxidpsesent an important group of materials with numagrodustrial
applications. Pure AD; carriers have small specific surface area, lowntlad stability and high price that make
them unsuitable for industrial applications. Inertb overcome these drawbacks, increasing attehas been paid
to the development of composites by combining highaface area and thermal stability of silica wihlke unique
acidic properties of ADs;. SACs are potentially useful in a number of tedbgical applications, including
catalysis. The SAC system is widely used as pakatitalytic material in Diels Alder reactions [Jl,Bomerization
of 1-butene [3], dehydration of 2- propanol [4,&facking of cumene [5,6] and Friedel Craft's alkida[7,8].The
properties of silica have been extensively studigdnany authors, due to its wide range of applceti[9, 10].
Combination of silica with a large number of othexides has been reported[11].Traditional mixed exid
preparation techniques, such as calcination of eham@cally ground mixture of two oxides (or oxideegursors)
producing mixed oxides as a physical mixture watlv kurface area and porosity are unattractivehfeir suitability
as industrial catalysts [12, 13].

Different methods, such as co-precipitaiton, hyldeotnal, chemical vapor deposition (CVD), and cdlé&iand
polymeric sol-gel routes have been reported for diethesis of alumiosilicates [14-16]. Present gtigation
focuses on the synthesis of SAC system by co-pitatign method, sol-gel method and microwave reactethod.
Structures of silica and alumina indicate the preseof Bronsted acid sites for Si@nd Lewis for alumina, making
the composite interesting from catalytic point efw. These composites were characterized by X-ifisadtion

328



Amit Kumar et al J. Chem. Pharm. Res,, 2015, 7(12):328-335

(PXRD), nitrogen physisorption(BET), fourier traosh infrared spectroscopy (FTIR), temperature paogr
desorption(TPD), temperature program reduction(BRR)scanning electron microscope(SEM).The goalhef t
present work was to obtain mesoporous and highli@a8AC systems in order to use them as suppoteniaéfor
the catalyst.

EXPERIMENTAL SECTION

Freshly prepared solutions were employed for &l $lgnthesis work. Tetraethoxyorthosilicate (TEOSg@duwas
supplied from Sigma-Aldrich, while AI(N§s.9H,O and HNQwere from Fisher scientific. Ammonium hydroxide
from SDfine and ethanol was from China chemicalsulide distilled water was used for washings. Al th
chemicals were of AR grade.

1.1Synthesis of Mixed Oxides

1.1.1Co-Precipitation method

In a flat bottom flask, TEOS (80% by wt.) was dddttwo times with ethanol and stirred vigorously I& minutes
at room temperature. Dilute solution of Al (B@9H,O (20% by wt.) was then added slowly with continsiou
stirring. The resulting solution was precipitatedtbe drop wise addition of ammonium hydroxide, &imel pH of
the solution was maintained at 10. It was then keptil bath at 90-100°C for 4 hr. The resultingxed oxide
precipitate was carefully filtered using vacuum purwvashed with double distilled water, until the if the
solution decreased from 10 to 7. The content waddat 128C in hot air oven (Spectra Lab) for 12 hr. After
drying, the oxide was ground to sieve size 100umaimpestle-mortar and then calcined in muffle fuenac
(Ambassador)at 58@ for 5 hours at ramp rate ofQ/min. The sample synthesized by this method wisresl to
as SAL.

1.1.2 Sol-Gel method

The method of synthesis in this technique follovlesl steps similar to the co-precipitation methodt tBe solution

is heated at 6 for 24 hours for the formation gel upon agingingsflat bottom flask, TEOS (80% by wt.) was
diluted twice with addition of ethanol. Furthercaholic solution of AI(NQ);.9H,0 (20% by wt.) was then added
slowly with continuous stirring. The resulting siidun was converted into gel by the addition of aminm
hydroxide drop wise, and the solution was alkalifen the pH was measured as 10. It was kept inrveatit at
60°C for 24 hours. The resulting gel was SAC whighs carefully filtered using vacuum pump, followed
by washing the contents with double distilled watettil the pH of filtrate decreased from 10 toThe gel was
heated at 12T in hot air oven (Spectra Lab)overnight. Afteridgy SAC was ground to sieve size 100um in a
pestle-mortar and then calcined in furnace af650r 5 hours at ramp rate ofQ/min. The sample is referred as
SA2.

1.1.3Microwave synthesis

TEOS (80% by wt.) was taken in 500ml round bottéesK and diluted with dilute nitric acid. AI(NfR.9H,O (20%
by wt.) was dissolved in dilute nitric acid and exikwith the above solution of TEOS. The resultiotuon was
kept in microwave reactor (Raga Tech) with contimustirring at 600 rpm; temperature was maintaeitetD°C for
20 min. The reaction was exothermic and after 20, miwhite precipitate SAC is obtained, which wesdlin hot
air oven at 120°C overnight. Next day, the oxideswieved and calcined at 580for 5 hours. This sample was
referred as SA3.

2 CHARACTERIZATION

All three SACs (SA1, SA2, and SA3) were calcined580°C at a ramp rate of 1°C/min. The powder X-ray
diffraction(PXRD) patterns were measured on BruR& advance X-ray diffractometer. Cukcontribution was
eliminated by DIFFRAC/EVA software (Cukradiation withA =1.541 A)with applied voltage 40 kV and current
40mA. The range examined wa 2 15 to 80°;the data were collected with a scé® 0&10° min* and a step size
of 0.3°. The morphology of the structured oxides waaluated by field emission scanning electrorrasopy (Fe-
SEM, SERON Technology, Korea)with size range 5-350 wsing 20 kV on a magnification of X1k-10krange.
Fourier transform infrared spectroscopy (FTIR; Reiimer) was performed to examine the linkagesvben silica
and heterometal oxide network. The samples weneapeel as KBr pastilles, with a proportion of 1%ttoé solids
and frequency range 500-4000 triThe Brunauer-Emmett-Teller (BET) surface areagmize distributions, pore
volumes, and average particle size was measureditbygen adsorption/desorption isotherm at 75 Kngsi
accelerated Surface Area and Porosimetry Systemrolieritics, ASAP 2020. All the samples were degdsat
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250°C for 6 hours, prior to actual measurement® pitofile of temperature-programmed desorptionrofrenia
(NHs-TPD) over the catalysts was carried out in a Uetguartz reactor (id = 6 mm) packed with about @.1
catalyst with a Micromeritics Chemsorb 2750. Thegkes were pre-treated for two hours at 150°C, uradigon
flow of 20 ml per minute followed by cooling to nmotemperature in order to remove any physisorbedisp on
the surface of the sample. After this pre-treatmiret samples were subjected to chemisorptionugigy ammonia
in helium (9.8%, mol/mol) flow of 20 ml mihat room temperature, for 30 minutes. Thereafte, dystem was
purged with helium at room temperature for two Isoun order to remove the extra ammonia molecules,
material was treated for 30 minutes at 120°C umedium flow rate (20ml mit)). This step was followed by the
thermal programmed desorption analysis, in whiehsample was heated from 100 to 900°C, at a rat@& min

Y and under helium flow (20 mimi). The amount of desorbed ammonia was detectedanitiermal conductivity
detector. The strength of the material was analyzéerms of bulk density by pore filling method.

RESULTS AND DISCUSSION

2.1X-ray diffraction

It was found from PXRD pattern analysis that sanfpleC[SA3, as shown in Fig.1(c)]prepared by microeav
synthesis possesses sharp line betwéermizge 25-30°, which may be due to its crystalline nature; whsrether
three samples (pure silica, SA1 and SA2) were aebsein the range 25 30, 20 values and appear to be
amorphous in nature [as shown in PXRD pattern Fi@), (b),(d)].

2.2SEM analysis

SEM images for all three prepared samples alonly prite silica are shown in the Fig. 2. It is obedrfrom SEM
images that in case of SA1, particle sizejim5with resolution X10K in the photograph. This megcount for the
binding of two metal oxides together in single jmdetwith distinguished physical appearance indhain size and
shape, with uniformity of all particles. Image A2 shows the fine grain size agn®d at resolution X10K with
uniform particle thickness. Uniformity in grain siand agglomeration could be a result of sol-gethssis, which
might have helped in the binding the particles well
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Figure: 1 XRD pattern of (a) Pure silica, (b) SA-1(c) SA-3, (d) SA-2

SEM image of SA3 indicated particle size gaBOwith resolution X1.0K. The particles are smaltiapherical in
shape and uniform in size. All as prepared sam@@Ad, SA2, and SA3) are mesoporous in physicalreatu
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Figure: 2 SEM photographs of samples

2.3N, adsorption and desorption

Figure 3 shows the Nadsorption-desorption isotherms for SAC by variouges. Type IV isotherms were obtained
for all the samples [17]. Limiting adsorption aghiP/R was not exhibited and the isotherms comprised3fyde
hysteresis loops. This suggested the existencggregates of plate like particles creating slitpgthpores. Results
indicate the formation of mesoporous samples, wigchvident by the observation that the volume itfogen
adsorbed did not significantly increase until datige pressures (PJR position of inflection points exceeding
0.4[18]. The existence of conspicuous hysteresigpdoat high relative pressures also indicates theepce of
mesoporous material, being related to capillarydemsation associated with large pore channels[ER). 4
describes the pore size distribution (PSD) caledldtom desorption branch of the isotherm. The RSEhe final
products indicate that SAC samples synthesized rundemal laboratory conditions have wider PSD tliaat
synthesized under microwave irradiation. The irgktion of oxides and reduction of particle sizentmo range
could help in achieving high surface area with apjable pore volume. Both surface area and potegnwelof SACs
followed the same order: SA3 (4531y) > SA1 (345M/g) > SA2 (324rfig); and SA3 (0.70cc/g) > SAL (0.62cc/g)
> SA2 (0.35cc/g) respectively. Maximum surface aireaase of microwave synthesis can be attributethé
digestion of the reaction mixture under high intgnsiicrowave irradiation. This could help in suffnt dispersion
of particles, resulting in an appreciable decreéagmrticle size, leading to the generation of picidvith very high
surface area and pore volume. Surface area, ptuenep average pore diameter, average particle i, acidity,
and bulk density of the samples is given in table-1
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Figure: 3 Nitrogen adsorption/desorption Isotherm & Samples

Table 1: Physico-chemical parameters of silica aluima composite

Sample  S(m%g) Ve(cclg) D»(hm) So(nm)  Ar (mmol/g) Ds(g/cc)  Crystallinity
0.2

Pure SiQ 578 1.7 10.0 11.0 0.1 . Amorphous
SAl 345 0.620 4.34 19.01 0.314 0.65 Amorphous
SA2 324 0.35 3.67 18.50 0.374 0.69 Amorphous
SA3 453 0.70 6.50 13.83 0.392 0.56 Crystalline

S.: Surface area; ¥ Pore volume; [p: Average pore diameterpSAverage patrticle size;ATotal acidity; Ds: Bulk density

3.0
254 —sio,
——sA1
2.0 SA-2
——5SA3
Q 154
[e))
[e]
S
S 104
©
0.5
0.0 H
T T T T T T T T
0 10 20 30 40

Pore diameter (nm)

Figure: 4 Pore size distributions of samples
2.4FT-IR spectral Analysis

FTIR spectra for all the three samples are predant&ig.5(b),(c),(d) along with pure silica Figed( A broad peak
at 3459 crit in all the spectra correspond to vibrational pekOH group with variable intensities, but in ttese
of FTIR for SA3 [Fig.5(c)], this broad peak hasdeatensity which may due to heating the reactidrtume in
microwave reactor while preparing the mixed oxil@®C. Sharp peak at 1632¢nin the spectrum of pure silica
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marks the presence of H-O-H bending vibration ofenaPeak at 1111chreflects asymmetric stretching of Si-O-
Si; 820cnt indicates symmetric stretching of Si-O-Si. Deceeas the intensity of 1111chin structured oxides
indicates the involvement of silica in linkage witther metals. Among the FTIRs of mixed oxides,uo@nce of
peak at 1088cth corresponds to Si-O-Al bonding in Si-Al oxide. $tpeak has different intensity in the FTIR of
pure silica and the samples prepared by sol-gecarngrecipitation technique. Synthesis of well ndix@®mposite is
evident from the FTIR of SA3 reflecting the shagmk due to Si-O-Al (1088ci) as compared to other samples.
The peak at 1092 cm-1lis the characteristic of St@ibration, while the shoulders appearing at lagh lower side

of this absorption band indicate the presence €D-@il bonds through cross-condensation of alumind silica
precursors[20-26].
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Figure 5: FTIR Spectra of (a) Pure silica (b) SA-Xc) SA-3 (d) SA-2

2.5NH;- TPD

SACs were subjected to temperature program desarpfi ammonia. The concentration and strength if sites
was evaluated by NHTPD. During this process, a particular amount bf; desorbed per gram of sample, which
is an indicative of its acidity. In NH-TPD profile, peaks generally are distributed imieo regions, high
temperature (HT) region (T > 4%0) recognizing desorption of ammonia from stronigl aites and low temperature
(LT) region (T < 406C) recognizing desorption of ammonia from weak aies [27,28].

TPD profile for all SAC samples (SA1, SA2 and SAByre taken from 100-96G (Fig. 6). All the samples showed
peaks between 100 to 5@ The results demonstrate the presence of aeid sftdifferent strength in these solids.
In table 2 the desorption peaks of TPD profilesated at 100-200°C, 200-400°C and 400-650°C carssigred

to weak, moderate and strong acid sites, respéc{i2®]. Peak above 500°C corresponded to the deosition of
strongly absorbed ammonia.
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Figure 6: NH;TPD profile of samples by ammonia absorption /des@tion methods

Table-2: Acid sites in the samples

Sample NH; desorbed Total volume desorbed (ml)
100-200°C (Weak sites)  200-400°C (Modeeasites)  400-450°C (Strong sites)
SAl 0.468 5.92 0.660 7.04
SA2 0.662 6.028 1.78 8.38
SA3 0.80 6.504 1.50 8.80
Pure SiQ 0.25 1.90 0.35 2.50

Results show different extent of ammonia desorlmedhfe sample obtained by various routes. Thiscateid total
acidity in the samples (Table-1).

Pure SiQ contained 0.35mmol/g at STP strong acid sites.|&\the SAC catalyst prepared in over study conthine
0.660-1.78mmol/g

CONCLUSION

Combination of mixed composite is a good choicecaimlyst for the reactions requiring high surfaceaaand
appreciable acidity. Silica-alumina mixed oxidesdaeen synthesized by co-precipitation, sol-gel microwave
methods. All the methods produced samples with igtface area and pore volume, viz. 324-4%grand 0.35-
0.70cc/g respectively; however microwave method lmarsuggested as the best to generate maximunctsufaa
among the three, which is the foremost and veryomamt requirement for a catalytic material. Alsaduld help in
producing crystalline sample with high pore voluara acidity (0.392mmol/g).Samples have been syidbesas
nano-composites with average particle size (11-)9RTIR results showed the interlinkage betwee®S\W due
the condensation of alumina and silica precursbhg. prepared composite samples can be tried ovariety of
reactions requiring appreciable acidity and thedtttons can be optimized as per demand of the icract
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