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ABSTRACT

Solid acid catalyst material has many advantages over homogeneous acid
catalysts dueto easy separation, reusability and environmental friendliness.
The objective of thiswork isto synthesize non-ionic surfactant-templated,
ordered mesoporous silica sulphated zirconia binary oxide with improved
acidic and textural properties®3. Attempts have been made to make synthesis
methodol ogy more economical by using cheaper raw materialslike sodium
silicate and zirconium oxy-chloride as source of silica and zirconia
respectively?1, A series of mesoporous SSZ materialswere prepared using
tri-block co-polymers astemplate by changing various parameters like the
precursors used, the Si:Zr ratio, pH of the gel and the effect of the ageing
time. The products were characterized by XRD, TEM, SEM, TPD, FTIR,
nitrogen adsorption at liquid nitrogen temperature and by chemical anaysis.
Acidic properties of selected samples were determined by ammonia TPD
technique. The catalytic activity of the prepared SSZ catal ysts was eval uated
for the synthesis of coumarone by Pechmann Reaction.
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INTRODUCTION

There is huge interest to synthesize an ordered
mesoporoussilicamateria of SBA-15 with good hy-
drothermal stability, large pore size and thick
mesoporouswallsin strongly acidic medium from tri-
block polymer surfactant but incorporation of catal yti-
caly active heteroatomsinto purely siliceouswallsis
gl quitechdlengingsncethesynthesi srequiresstrongly
acidic medium(*3,

Theamount of sulphate playsasignificant rolein
stabilizing the mesostructure of SBA-15and tuningthe

yield of tetragonal zirconia>*48. |tisgenerally ac-
cepted that atetragonal phaseisneeded for catalyti-
cally active samplesand sul phated monoclinic zirconia
exhibitspoor activity in hydrocarbon isomerisationre-
action. Thefind calcination temperatureaswell hasan
influence over the acid properties of sulphated zirco-
ni d3,19—22]'

Recently, several novel routes have been devel-
oped for direct synthesis of Zr-SBA-15 or sulphated
Zr-SBA-15472321 For example, Newalkar et al.
reported direct synthesisof Zr-SBA-15 under micro-
wave radiation®?8, and Cheng et al. illustrated the
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synthesisof Zr-SBA-15 from zirconium precursor of
ZrOCl,.8H,0 in the absence of HCIB#, In these
cases, theloading of Zr inthesamplesisrelatively
low, and themolar ratios of Si/Zr were not lessthan
10. Li et a. havereported direct synthesisof Zr-SBA-
15 withextremely high Zr loading (Si/Zr at 0.43—0),
and Zr speciesin these sampleswere mainly crystal-
lineZrO, rather than isolated Zr** species®. Chen et
al. have prepared sulphated Zr-SBA-15 from zirco-
nium propoxidein the presence of ammonium sul-
phate”*34 and it was found that the zirconium con-
tentsinthe sampleswere strongly influenced by the
amount of ammonium sulphateinthestarting gel. No-
tably, the Zr-SBA-15 sampleswith high content of
zZirconium speciesusudly gaveexcd lent catd ytic prop-
ertiesin eterifications.

Sulphated ZirconiaSilicaisavery important and a
potential solid acid catalyst as both the type of acid
sites: Bronsted and Lewisacid sitesare present oniits
surface. The sulphate speciesare bonded with zirco-
nium atom as bidentate chelating ligand and in pres-
ence of water molecul e, the sul phate group behaves
likeionic sulphate and generates Bronsted acid Siteson
the surface. Desorption of thiswater molecule converts
ionic sulphate to covalently bonded sulphate group
which generate Lewisacid siteon zirconium atom. A
logical surfacestructural model issuggested asshown
inscheme 11832331,

Post-synthesisgrafting method used for synthesis
of sulphated silica zirconia may destroy the
mesostructure and block channels. Inthe present study,
we have attempted to synthesize mesoporous sul-
phated zirconiasilicausing adirect synthesis method
toincorporate zirconiainto mesoporous SBA-15 un-
der acidic condition. Studied on effect of source of
slica, zirconiaand sul phate has been carried out along
with the effect of concentration of Zr and SO, pH,
time and temperature of reaction onthefinal proper-
tiesof thessz SBA-15.
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Scheme1: Proposed surface mode and super acidic species
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EXPERIMENTAL SECTION

Catalyst preparation

A series of mesoporous SiIO,~SZ material were
synthesized by using EO, PO, EO, (Pluronic P123,
Aldrich) as atemplate. In atypica synthesis 1 g of
P123 wasdissolvedin 30 cc water alongwith 5.3 cc
of 35% wt. HCI. When aclear solution was obtained,
0.3412 g of (NH,),SO, was added. Then Zirconium
propoxide (1.2 cc) and Tetraethyl orthosilicate (TEQS)
(2.3 cc) wereadded to the above solution. The pH of
this sol ution when measured wasfound to belessthan
zero. Thereaction mixturewas kept at room tempera-
turefor 20 hourswhilestirring. The reaction mixture
wastransferred to Teflon lined autoclave and kept in
oven at 100 °C for 24 h. Finally, the precipitate was
centrifuged from the solution, washed well, dried at 100
°C for 8 h and was then calcined at 600 °C for 6 h. The
product wasdesignated asssz 1. Similarly three prod-
uctsssz 2, ssz 3 and ssz 4 were prepared by changing
source of Zr with ZrOCl,, source of Si with sodium
silicate (SIO, = 28.97 % w/w, Na,0 = 9.16 % w/w,
H,O = 61.87 % w/w) and source of sulphate as
sulphuric acid respectively asshownin TABLE 1.

Further synthesiswere carried out by keeping all
the synthetic parameters same asthat in ssz 4 except
that for Zr/Si molar ratio, and was named as ssz 5a (Zr/
Si =0.67),ssz5b (Zr/Si = 1). The effect of pH onthe
composition and propertiesof fina productswas stud-
ied by adjusting the pH of the gl with ammoniasolu-
tion to pH 2 (ssz 61) and 2.2 (ssz 64). In ssz 71 all
parameterswere sameasthat of ssz 61, except for the
amount of water that isused during synthesis. Whilein
sz 61, thetota water used was 9500 mmole (171 ml),
water used during synthesisof ssz 71 was 11167 mmole
(201 mt).

Catalyticreaction

Sulphated silicazirconiawasemployed ascatalyst
for Pechmann reaction to obtain coumarone. For the
reaction 5 mmol resorcinol and 10 mmol EAA were
heated for 4 h. at 160 °C using 10 wt% catalyst. The
main product obtai ned was 7-Hydroxy-4-methyl cou-
marone. To thereaction mixture 72 pl of hexadecane
wasadded asan interna standard. Small amounts of
the reaction mixturewas collected and submitted for
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GCMS. After thereaction wasover 15-20 cc of metha
nol was added and the crude product wasdissolvedin
it. The catalyst was separated by centrifuge and the
supernatant liquid was characterized by GCMS.

RESULTSAND DISCUSSIONS
EDX anaysi swas carried out to know the chemi-

cal composition of the surface of the samples. Bulk
chemical analysisof the sampleswas carried out by

digestion of thesamplein HF followed by wet chemi-
cal andysisfor Zr and SO, by gravimetric analysisas
ZrO, and BaSO, respectively. Swas also analyzed
by ICPES (inductively coupled plasmaemission spec-
troscopy) using Perkin Elmer Instruments, optima2000
DV to know the bulk sulphur content. In TABLE 1
the condition and composition of the gel and product
and theeffect of precursors, pH of gel, different input
of zirconiaon the composition of the catalyst ispre-
sented.

TABLE 1: Experimental conditions, composition of gelsand productsanalyzed by EDX and wet chemical analysis.

Sources & quantity S0, Zr 0 S0,% Zr/s (M/M) s01Zr(MIM)
Sample %
= R vri ,\irn(])é ;%4; (Vn\ﬁgl) 'T”Oﬂ OT“TP?I“ Lo Gel PrOthﬁ;ical ;; Gel Prg(::;:ical Sg(:/gp
© (9) EDX analyss EDX analysis

1 TECS103 Zr(OR),2576 (NH),SO, 2576 1670 1.827 0250013 0148 0 1 O 0

2 TEOS5L5 210G, 1288 (NH),SO,1288 8300 5913 38168 3546025 003 0035 0 1 0 0

3 NaSiO,5L5 Zi0C, 1288 (NH),SO,1288 7860 5913 2507 57610250015 005 0 1 O 0 13
4 Na,SiO;51.5 ZrOCl, 12.88 H,0, 12.88 780 5913 2.82 52.31 0.25 0,03 0.07 0 1 0 0 1.6
5a  NaSi0:515 Zi0C,343  HSO,343 7630 1061 444 5813066 0075 016 O 1 006 024 402
5b Na,SiO;51.5 ZrOoCl, 51.5 H,SO, 51.5 7560 14.38 5.165 64 1 008 0.28 0 1 0.07 0.39 54
61 Na,Si0;51.5  ZrOCl, 12.88 H,SO, 18.632 9500 6.466 453 2334 025 021 0.24 2 145 0.04 0.07 1.32
64  NaSi0:515 Z10C, 1288  HSO,18632 9500 6.466 025 015 023 22 145 005 0

71 Na,Si0,51.5 ZrOCl, 12.88 H,SO, 18.632 11167 6.466 4.84 25.19 0.25 013 021 2 145 0.02 0

Inssz 1, sz 2,55z 3,552 4, various precursorswere
altered in order to seeif thereisany changeinthein-
corporation of zirconiaand sulphur. It was observed
that when TEOSinssz 2 wasreplaced by Na,SIO, in
ssz 3, chemicd andysisresultsreveded that therewas
animprovementintheZr/S ratio(TABLE 1). Smilar
observationwasnoticedin EDX report whenZr (OPr),
in ssz-1 was replaced by ZrOCl, in ssz 2. This was
also very well proved that sulphuric acidisabetter sul-
phating agent than ammonium sulphate as when
(NH,),SO, inssz 3wasreplaced by H,SO, in ssz 4,
the sulphur content improved from 1.3 wt%to 1.6 wt%
asobservedinICP(TABLE1).

It can be observed from the resultsof TABLE 1
that withanincreasein pH of thegel from0to 2, the
Zr/Si ratiointhe product increased though theinitia
ratioingel of samplessz 61, 64 and 71 islessthan that
of ssz1to5b. Thiseffectisasoreflectedintheresults
of thematerial balance. (TABLE 1; column of % wt
loss) Thismay beattributed to avery low pH condition
of thegel of samples prepared without adjusting the

pH withammoniasol ution. Duetoincomplete hydroly-
ssof zirconia, a low pH conditionthere gopeared lower
zirconiacontentinsszltossz 4.

It wasaso observed from theresultsof TABLE 1
that withtheincreasein Zr/Si ratiointhegel from0.25
to 1theZr/Si ratiointhe product increased. It can aso
be seen from theresultsthat changein SO, content of
the product is associated with Zr content. Results of
TABLE lindicatethat thereisarelation between the
sulphate in the product and the water content of the
gel. In the case of ssz 1 and ssz 2 sulphate was not
detected by any methods of andysis, whileinssz 3and
ssz 4 sulphur could be detected by ICP.

In samplessszl to ssz 5b prepared under similar
pH conditions, it was observed that asthe sul phur con-
tent inthe product increased from 1.3t0 54wt % (ICP),
theZr/Si ratioin the product a soimproved from 0.05
t00.28 (chemical andysis). EDX resultsalso showed
similar trends. Thisisdueto thefact that under strong
acidic conditions, the zirconium centreexistsin thecat-
ionicform. Thismay form apolyoxo ionwith thesul-
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phatewnhichtheninteractsstrongly withthesilicate spe-
ciesinthesolution. Thusthegreater sulphur contentin
the product, better isthezirconialoadinginthesample.
Thesulphated zirconiasilica(ssz) sampleswere
characterized by powder X-ray diffraction anaysisfor
the phaseidentification and determination of crystaline
sizeof zirconia/sulphated zirconiausing X ’pert MPD
system, Philips, Holland. It isdesirableto havehomo-
geneousmixing of Zr inslicastructurefor the genera-
tion of surface acid sites. According to the hypothesis
of Tanabe and co-workerg® the acidic properties of
mixed metal oxideisassociated with the “charge im-
balance” that develops due to heterolinkage (M-O-M”)
whereasinthiswork in caseof Zr-O-Si itisdueto the
mismatch in coordination number. In order to have bet-
ter acidic propertiesthe Zr atoms should bewell dis-
persed at atomic level in this mixed-oxide material.
When incorporation of Zr increases, phase separation
isexpected to occur and that isreflected inthe PXRD
pattern ascrystdlinezirconia Thedegreeof disperson
of thezirconiacan beexplained intermsof crystalite
szeof thecrystdlinephase of theZirconia. Smaller the
crystdliteszebetter thedisperson and hencetheacidic
properties. If the crystalline phaseisabsent the disper-
sionof theZrisvery hight9,
Thecrygdlinephaseformed and crystalinity of sz
after calcinations at 600 °C was measured by X ray
powder diffractometer using Cu K-alpharadiation
(A=1.540598 A). The samples were scanned in 20
range of 20° - 80°. Crystallite size of tetragonal phase
was determined from the characteristic peak (26 = 30°)
for the(111) reflection by using Scherrer formulawitha
shapefactor (K) of 0.9 asbelow,
Crystallitesize= KL/W cos0
WhereW=W, -W_; W, isthebroadened profilewidth
of theexperimental sampleand W _isthestandard pro-
filewidth of referencesilicon sample. W, isthe FWHM
(full width at half maxima) of the broadened diffraction
lineonthe 20 scale. All diffraction lineshaveameasur-
ablewidth, evenwhenthecrystdlitesizeexceeds 1000
A due to divergence of incident beam, size of the sample
or width of the X-ray source. However, theW, refers
to the extrawidth or broadening, duetothe crystallite
sizealone. Inother words, W, isessentially zero when
crystallite size exceeds 1000 A. The width of the dif-
fraction curveincreases asthethicknessof thecrystal

= Fyl] Peper

decreasesi.e. thecrystallite size decreased®'2.

Powder X-ray diffraction patternsof thessz samples
along with puresulphated zirconia(sz 125 and sz 75)
aredepictedinFigure 1. Thewideangle XRD patterns
show three prominent peaksat 20 ~30°, ~50° and ~60°
which correspond to the 111, 220, 311 reflectionsre-
spectively of tetragond crystalinezirconiaphase A amdl
hump at 35° corresponds to 200 reflection of mono-
clinic phase of zirconia*?, Pure sulphated zirconia
having two different Zr/SO, ratio (Zr/SO,=1/0.75and
1/1.25) werefound to be highly crystalline materias
with very intense characteristic peaksof tetragona zir-
coniaphase. In the case of sulphated zirconiasilica
samplesitisobserved that asthe concentration of zir-
coniaincreasesthecrystdlinity of thesampleincreases.
Thisisaso evident from theresults of the peak inten-
sity of the 111 plane of tetragonal phase depictedin
TABLE 2. Asthe FWHM decreasesfrom ssz 3to ssz
53, thecrystalite sizeincreases. XRD pattern (Figure
1) of ssz3with only 0.19% Zr (atom%o) the material
wasfound to be almost amorphousas no diffraction
lineswereobserved which 9gnifiesthat zirconiaisdis
tributed uniformly withinthe structurewithlittle phase
separation. Thisfurther indicatesthat for catalyst with
Zr content > 0.19% phase separation of zirconiaoc-
cursand zirconiacrystalswereformed. Thecharacter-
istic broad peak of amorphoussilicain the 20 range of
20° - 30°was observed in all the samples except samples
sz 125and sz 75.
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Figurel: PXRD pattern of mesoporoussulphated zir conia
silica materialswith various Zr loading in wide-anglere-
gion.
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Figure2: TEM imagesof samplesssz 3 (i, ii), ssz 4(iii), ssz 5a (iv, v), ssz 61(vi, vii).

Transmission e ectron microscopy (TEM) graphs

crystallinte size of the zirconia in silica sulfated zirconia  wererecorded on JEM-2100 el ectron microscopeand

binary system.

ple 2 om) ot i St e Oyl
() EDX  iigs  20=300(cps)
3 0.45 0.19 217 0.945 97
4 094 0.23 121.2 0315 385
5a 1.89 0.44 141.3 0.236 609
5b 2.15 0.57 163.1 0.472 222
61 5.08 0.59 239.3 0315 384

A VMW

atomic mapping of some of the sampleswere carried
out. From TEM studieswe haveinterpreted thefol -
lowing things; Figure 2 shows the TEM images of
mesoporous sulphated zirconiasilicawith Zr loading
ranging from 0.19 to 0.59 atom %. Notably these
samples exhibit highly ordered hexagonal array of
mesoporeswith uniform poresize. Asobservedin Fig-
ure2 (i andii) sincethereisno separated phase high
dispersion of Zirconiaon the mesoporousbedisindi-
cated. However in Figure 2 (iii, vi and vii) the phase
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Ssepardionisvery prominently visble Theseresultsshow
that sample having ~ 0.2 atom % loading (ssz 3) has
highly dispersed zirconia with very high ordered
mesoporous structure. On the other hand, ssz 4 (Fig-
ureiii), ssz 5a(Figureiv), ssz 61 (Figurevi) where Zr
loading are0.23, 0.44, 0.57 atom % respectively the
phase separation becomes prominent with increasing
Zr loading. Thisreved sthat thesethree samples pos-
sesssulphated bulk zirconia. Thusthereisamaximum
limit of loading of zirconiaupto which therewill beno
phase separation; however beyond this phase separa-
tionoccurs. Inthiscasethisisfound to be~ 0.2 atom
% of Zr. Theseresultsarein agreement with our XRD
report.

2500

ssz 71
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i 557 5b
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1000 | S5Z 5a

2000

1500

Volume adsorbed (ccig at STP)

SZ4

55z 3
500

0

0 0.2 04 08 08 1

Relative pressure (P/Po)
Figure 3 : Adsor ption-desorption isotherms of different
mesopor ous sulphated zir conia silica cataly<.

Nitrogen adsorption-desorption isothermsof these-
lected sampleswererecorded at liquid nitrogen tem-
perature (77 K) using ASAP 2010, Micromeritics,
USA. From Nitrogen adsorption isothermswe have
determined thesurfaceareaand porogity of thesamples
and a so studied the effect of water on textua proper-
tiesof thecatalyst.

N, adsorption-desorption isotherms of sulphated
zirconiasilicasamples synthesized by hydrothermal
method, calcined at 600 °C shows the isotherm of type
IV with H1 type hysteresisloop for al the samplesas
showninFigure4, whichischaracteristic of mesoporous
adsorbentswith narrow poresizedigtribution. Inal the
isotherms a sudden jump in the adsorption has been

—== Fyl] Peper

observed at about 0.75 rel ative pressure (p/p,) indi-
cating capillary condensation of the adsorbent inthe
poresof the samples*?.
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Figure4: BJH desor ption poresizedistribution of sulphated

zirconiasilicasamples.
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Figure5: FTIR spectraof sulphated zir conia silica samples.

OnincreasingtheZr/S moleratio above0.16, de-
creaseinthesurfaceareaof the product was observed.
However, unusual results have been obtained for the
surface area of the sample ssz 4. Except samples 1, 2
and 3al the other sampleswereprepared using H,SO,
(TABLE 1). Figure5 showsthe desorption/adsorption
poresi zedistribution of variouscata ystsprepared. The
narrow pores zedistribution of ssz 3indicatesitshighly
ordered mesostructure. As the zirconia content in-
creases, the pore size distribution a so gets broadened.
Thisisagainin agreement with the XRD pattern and
TEM imagesfromwhichweconcluded that theincrease
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in zirconiacontent reducestheuniformity of the struc-
ture. INTABLE 4 effect of theaddition of water onthe
textual propertiesof thecatdysti.e. itssurfaceareahas
been demongtrated.

TABLE 3: Textural properties of silica sulfated zirconia
samples.

Sample Z1/S Surface Pore BJH Pore
no. (M/M) Area volume Diameter (A)
(s2) (m2/g) (cc/lg) Desorption branch
3 0.05 650 1.26 75
4 0.07 578 1.16 74
5a 0.16 649 0.88 65
5b 0.28 512 0.69 63
61 0.24 509 0.71 77
64 0.23 55389 0.73 75
71 021 57768 0.72 77
TABLE 4: Effect of water onthetextural property of catalys.
Sample no. Amount of water Surface area
(s2) added (mmal) m2/g
4 7860 578.09
61 9500 512.18
71 11167 577.67

TABLE 5: The observed and reported IR peaks of silica
sulfated zir conia samples.

Reported  Observed Nature of the bond/
peak (cm -1) peak (cm-1) species present
460 440 O-Si-O bending
815 780 Symmetric S-O-Si stretching
wo sy Swabordtuner saee
1000-1024  1020-1050 Antisymmetric Si-O-Si stretching
1380 1361 Presence of sul phate species
1631-1635 1605-1625 -OH bending mode of H20
3400 3440-3460 -OH stretching mode of H20

FTIR spectrawererecorded on Perkin Elmer GX
(USA), spectrophotometer. Figure 6 shows the IR
spectraof different mesoporoussulphated zirconiaslica
sampleswithvarying Zr/Si ratio. TABLE 5illustrates
the peaks corresponding to the bonds present in the
sample. The peak ranging between 935-967 cm'* cor-
respondsto thesilanol bond, whichisakey signal in
measuring the homogeneity of SiO,-ZrO, mixed-ox-
ideg®U. The interaction between silicaand zirconia
would lead to the decreasein theband intensity at the
given wave number range of thesilicazirconiamate-
rial®?, A band is observed ~ 935-967 cmrt and the

intengity of thisband issignificantly reduced for these-
riesof sulphated zirconiasilica. Theseresultsprovide
additiond evidencefor theinteraction betweensilica&
zirconia

Scanning €l ectron microscopy (LEO 1430 VP) of
the sampleswas conducted to study the particle mor-
phology of the samples. Figure 6 describesthe SEM
morphologies of various sulphated zirconia silica
samples. It was noticed that the SEM morphologies
were highly dependent on the different synthetic pa-
rametersused. In al the SEM imagesthe hexagonal
pattern was quitevisible. Althoughinssz 1 acircular
morphology was obtained, as soon as the source of
zirconiawas changed from zirconium propoxidein sz
1toZirconiumoxychlorideinssz 2, ssz 3and ssz 4, the
hexagona morphology aong with capsuletyperapid
clustering was observed.

ACIDITY MEASUREMENT BY TPD &
CATALYTICACTIVITY

Samplesssz 3, ssz 4, ssz 5aand ssz 61 were used
ascatdyst inthe synthes sof coumaroneviaPechmann
reection. TABLE 6 highlightsthe conversionand selec-
tivity of thevariouscataysts. Inssz 4 and sz 6 the con-
versionisfound to be comparatively lower thanssz 3
and ssz 5a. But sdlectivity of ssz 5aispoor in compari-
sontotherest of thethree. Thusssz 3 appearstobea
better catdyst than othersintermsof catdyticactivity as
itssdlectivity and converson capability arevery high. This
differenceis dueto the phase separation that has oc-
curred in ssz 4, ssz 5aand ssz 61 as seen from XRD.
Duetothe phase separation, number of effectiveactive
Stesmight havebeenreduced for cata yticreaction. But
inssz 3asevidentfromTEM & XRD thereisaneven
digtribution of zirconiawhichresultsin greater number of
activesitesonthesurfacefor catalyticreaction.

The TPD measurement of both the ssz 3 and ssz
61 samples produce three peaks each as shown in
TABLE 7. These correspond to weak acidity in the
low temperaturerange, strong acidity inthe medium
temperaturerangeand very strong acidity in the higher
temperaturerange. Thesamplessz 3isfound to have
thefirst two peaksvery remarkably compared to the
third region. Thequantity of ammoniadesorbedinthe
low and medium temperaturerangeinthesamplessz 3
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Figure6: Morphologiesof sulphated silicazir conia synthesized in solutionswith different precursors, different ageing
timeand different Zr/Si ratio.

TABLE 6: Physical parametersand catalytic activitiesin TABLE 7: TPD resultsof SSZ samples.
Pechmann reaction for different silica sulfated zirconia '
catalyst. Sample Peak Maxat Quantity of Peak
No. N Temp. NH3desorbed concentration
Sampleno.(ss) % conversion Y%sdectivity Zr/S  SZr (s2) 0. (°C) (mmol/g) (%)
3 94.31 98.6 0.05 0 1 1877 0.43943 0.24
3 2 6301 0.40061 0.15
4 88.59 94.56 0.07 0 3 9974 0.00353 0.02
5a 98.25 88.46 0.16 0.06 1 1965 0.68016 0.50
61 85.55 %621 028 004 oLz pma ol o

isamost samedueto thevery uniformdistributionof  ammoniaisa most negligibly desorbed. Thissignifies
zirconiainthissample. Inthehigher temperaturerange  that it exhibits poor acidity at the higher temperature
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dueto presence of negligibleamount of sulphate. But
sz 61 demongrateshandsomely high acidityinthehigh
temperature range dueto the presence of appreciable
amount of sulphateinit.

When the Zr/Si ratio was changed from 0.25 (in
ssz 1tossz 4) to 0.67 and 1.0 in ssz 5a & ssz 5b
respectively, needle shaped clustersa ong with hexago-
nal clusterswere observed. Further withtheincreased
ageing timein ssz 64 (48 hours) ascomparedtodl the
other samples (24 hours), hexagona/circular pattern ar-
rangedinachain likeform resulted.

CONCLUSION

Inthe present work non-ionic surfactant templated,
ordered mesoporous silicasul phated zirconiabinary
oxidewithimproved acidic and textural propertieshas
been synthesized. Mesoporous SSZ materials were
prepared using tri-block co-polymers astemplate by
changing various parameterslikethe precursorsused,
different S:Zr ratio, pH of thegdl and theeffect of age-
ingtime. The prepared material s show successful cata
Iytic activity whichisutilized for the synthesis of cou-
marone by Pechmann Reaction. Theresultsof X-ray
diffraction analysisand atomic mapping of Zr during
TEM analysisreved ed that homogeneousdistribution
of zirconiain SSZ SBA-15 mesoporous material was
obtained when ZrO, content was lessthan 10 wt %.
When ZrQ, content wasmade higher than 10%in SSZ
catalyst, phase separation of zirconiawas observed.
The TEM images showed the presence of ordered hex-
agona mesostructure. Resultsof N, adsorption exhib-
ited typicd typelV isothermand uniform poredistribu-
tion. TheSi/Zr ratiowasfound tobeamost smilarin
the precursor gel and inthefinal product when pH of
the solutionwasincreased. Theageingtimeand Si/Zr
ratiointhegel had aprofound influence on the mor-
phology of the catalyst asmanifested by the SEM im-
ages. AmmoniaTPD results showed desorption pesks
at 628°C, 817 °C and 997 °C indicating the presence
of very strong acidic Sites. Thecatalytic activity of the
prepared SSZ cata ystswas eval uated through the syn-
thesisof coumarone by Pechmann Reaction.
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