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ABSTRACT

Spherical particles of mesoporous silica SRA- 16 with cubic Imine structure were sychesized o low pH
using Pluronic FI127 as tewplate and REA as sifica source. The diameter of the spherical particles can be
cemttrolled i the range af (L.5—5 um hy wrving Spherfcal particies af mesaporous silica SBA-T6 with cuhic
dm3im structure were symehesized at jow PH using Plurawic FI127 as template and RHA a3 sifics source, fr is
suggested that thiv morphology transition v due to a change in hydrolysis and condensation Fate of the silica
Source and a5 q resulf ihe assembly of FI2T micelles will differ. The §84-16 samples were ehargcterized
using powder X-ray diffraction (XRD),  scamming electron micrascopy (SEM), tramsmizsion efeciron
sicrascapy (TEM) and Nirogen audsarpion technigues,
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INTRODUCTION:
Spherical particles of mesoporous silica SBA-16 with cubie [m3m structure were synthesized at low
PH using Pluronic F127 as termplate and RHA as silica source. The dinmeter of the spherical particles can he

Im3m space group In this body-centred-cubic structure each MESOPOTONS & connected with its eight neares)
neighbeurs to forma mubtidirectiona) system of mesoporous network ™ 'Due 1o its large ey, high surface ares
and high thermal stability. This materia] appears o be one of the best candidates for catalytic support amd
packing materials for separation. Using F127 as a surfictan is the common way of synthesizing SBA-
6. However, there are also reports on alternative surfactants such as F108.a blend of P123 and Ft 275,

Micro porous zeolite ape widely wsed as solid acid calalysts, but their appleations are intrinsically
limited by drawback of zealite is that the small size of the ¢channels (less than 0.8 nm) and cavities (<1.5 nm)

of the 2eolite micro pores {< 2 nm), mesoporous (2=50nm) and macro pores (= 50 nm) permit faster migration
of guest mobecules in the host Fameworks. Since fast mase transfer of the reactangs amnd products to and from
the active sites & required for catalysts®'! he concept of infising mesoporous ino #eoljte particles has
attracted fmuch atlention. Recent frogress involving this issued to ordered MEeSOporaus materials such as
MCM-41, SBA-16 and $BA<15"", Thage mesoporous materials have pore diameters of 3.0 nm- 8.0nm and
exhibit catalytic properties for the cata iylic conversion of bulky reactants, but unfortunately, when compared
with micro porous zeolite’™ "™ the cataiytic activity and hydrothermal stability are relatively low, which can be
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These materiaks called Hierarchical zeolite materials with combinations of miero/meso/macto pores would
further extend the application of zeolite as solid acid"®

POST MODIFICATION OF RHA-SBA-16 BY Al'" il T s

So as to impart the catalytic and adsorptive activity to the chemically inent mesoporous silicate
framework, substitution of 5i*" jons by other heteroatom in the prepared materials has been endeavored, This
part describes the synthesis procedures used for post modification of RHA-SBA-16 by imroducing
heteroatoms such as Aluminum and Titanium into their meso-struciunes o improve their catalytic activity of
reactions of bulky molecules and the adsorption activity significantly™* The post modification synthesis of
RHA-SBA-16 can be possible by various methodologies; among them we have followed the jon exchange
method.In this method, the presence of Aluminum in the silica alumina mesoporows framework gives rise to
anion, which atiracts cations in the framework as they are loosely bounded. The replacement of cation held in
the framework structure is possible by the ion present in the external solution. Hence ion exchange is
possible™ Initially RHA-SBA-16 was converted in to their protonic forms. The 100% crystalline RHA-SBA-
16 sample in its protonic form was selected and was further modified by using batch fon exchange method
with metal ions like A" and Ti™ with different metal jon cencentrations, Introduction of metal jons such as
Al and T4, creates new Lewis acid sites and Bronsted basic sites respectively within the RHA-SBA- 16 hiosd.

EXPERIMENTAL:
Post Synthesks Modification of RHA-SBA-16 with 1:

Exchange of RHA-5BA-16 in w its prodonic form was done by batch ion exchange method using
subsequent acidic salt solutions, Ammonium nitrate 2. 5wt % (2gh was taken in a 150 ml single neck round
bottormed flask and 25 ml methanal was added into i as a solvent,

10g of the dried RHA-SBA-16 powder was also added and the blend was stirred under reflu
condition for 3h ar 80°C. Then this mixture was allowed to coed te room temperature by natural convection
followed by filiration. Further the filirate was washed repeatedly with dejonized water, The residue & NH.-
RHA-SBA-16. It s dried for avernight by heating at 100°C inan oven, Later on, NHe=RHA-SBA-16 & heated
a1 500°C in awtomated mufMe furnace for 3h, 10 exile ammonia and & converted in H' form ie H-RHA-SHA.
16,

Post Sviihesits Wi ifica tion of H-RHA-SRA-16 by A1 el i

To twne and enhance the acidic behavior of RHA-SBA- 16, we have exchanged its protonic form inte
modified ALRHA-SBA-16 using corresponding metal salt solutions of different molarities by ion exchange
method as described earlier, The calculated quantity of concentrated salt solution of A [ALR{SO4)3.18
HI0Y] ie.10.28g for | M, £.23¢ for 0.8M and 5. 15g for 0.5M In 30g of methanol were taken in three different
single neck round bottom flask (RBF) of 150 mL Then Sgofthe dried H-RHA-SBA-16 powder was added 10
it and was stirred under reflux condition for 6h at 100°C, Later the mixture was brought 1o room lemperalure
maturally and then the solvent was evaporated. The residue was dried in the even at 100°C, and calcined at
450°C 0500°C for 4h.To ensure the lon exchange of the Al"" in RHA-SBA-16 we have examined the
elemental composition of the calcined samples by EDAX and came o know that their SitAl ratio varies from
4-9, These modified forms were named as ALRHA-SBA-16 (S¥Al =4, Tand .

Post Synthesis Modification of H-RHA-SBA-Th by T maetid fons:

To tune and enhance the basic behavior of RHA-SBA-16, we have exchanped its protonic form into
modified THRHA-SBA-16 using corresponding metal salt solutions of different malarities by ion exchange
method as described earlier. The calculated quantity of concentrated salt solution of Tilyie.08g for 2wits,
1.3g for 4witeand 1.9¢ for 6wi% in 30g of methano] were taken in three different single neck round bottom
flask (REF) of 150 ml. Then 5g of the dricd H-RHA-5BA-16 powder was added fo it and was stirred under
reflux condition for 6h at 90°C. Later the mixture was brought 1o reom temperature naturally and fater the
solvent was evaparated, The residue was dried in the aven ai 100°C, and calcined at 430°C 10500°C for 4h.To
ensure the ion exchange of the Ti''in RHA-SBA-16 examined the elemental composition of the
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calcined samples by EDAX. These nnd.i.i‘.iel:l forms were mamed as TTRH.*.-—S[!A—IE (2w, dwi and
il

RESULTS AND DISCUSSION:
Energy Dispe sive Analysis of X- ry (EDAX):
Table | Flenwntal Composition of the samphes Analvaed by EDAX

Sample name | Si | Al | SilAl ratio T”":;‘,i“”“
AI';F"EL'?:“;‘f?‘;" 64.62 | 9.42 Ei"'gi'ﬂﬁ i
AR S ] 120 [ PR
rﬁgﬁfﬁf‘ 68.47 [ 1.74 ) Ti:.,:";'
T T | [ o
_T;]'é“[i’:‘fg?' 64.11 | LEI & 'I'i;f’__fé
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(A (1)
Fiz.1. (A) EDAX IMAGES OF (a) ARHA ARA-1OSIARESL (b) ALRHA-SHA-16(S1 AL W) wod () A
Ril A-SBA-IGISEAl=11)
(B) EDAX IMAGES OF (a)Ti-RHA-SBA-16 (2w1 %), (b} TERHAST A-16 (4wl %% ) and (¢} Ti
RHA-SBA-16 (6wt %),

The observed EDAX spectra for all the modified samples analyzed are shown in Fig. 1.(A, B), In
EDAX, X-ray photons emifted from the sampie are dispersed by a erystal and plotted &5 a function of energy.
The X-rays being analyzed came from the area being inaged, 50 elemental composition is determined as o
function of location on the sample. Ouistandingly it is observed that the atomic percentage of 54 Al Tiand O
in modified forms of the RHA-SBA-16 are almost uniform. Even the SiAl ratio is observed 1o he within the
range in case of modified RHA-SBA-16 which shows that, the elementary compositions in the modiffed
samples are uniform The observations made by using SEM-EDAX correlate well with the XRD data far all
the analyzed samples. The amount of Ti- metal fons weight percentage in all the samples is found to be around
[.93-5.71wt%. The metal compositions after the modification with the RHA-SBA- 16 samples are given in
Iable |
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APPLICATION IN CO, ADSORPTION
OF SYNTHESISED ZEOLITE NAX AND
ITS MODIFIED FORM
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Abstract:

The carbon dioxide was chosen as sorbet
due to the large linear quadruple moment as a
probe in investigates the sway of the size and
valance of the Bxchange cation upan the qua.
druple energy Acidic probe. The Carbon digxide
SDrton was perform on asurface area analyrer
NOVA- 1200 unit at 2732 K, 303K,333 K and 363
K with pure CO, The sorption Size were recorded
with built-in microprocessor-hased adsorption
foftware series for 0 0 600 Torre Pressura, af

dioxide sorption,

It is also observed that sorption Uplaka
decreases with increased in Size of
nonframework cation {Cs* )ata constant tem.
PErature. In addition. the decrease in cation-
specific CO, uptake, in Cs-exchanged Nax en-
lite is due to reduca in charpe density. The cat-
ions with lower charge density will have lower
extent of electrostatic interface with the g rbet

molecules. Even after their post alteration, np
marginal changes are found in their structural
marphology. The families of isotherms of car-
bon dioxide on parent MaX and Cs* cations ex.
changed samples js lustrated, The application
of different isatherm eguations are relevant,
INTRODUCTION:

The carbon dioxide was selected 25 sorbet due
to its following factars:

1) The large linear quadruple moment

2} As a probe in investipating the influ-
ence of the size and valance of the exchange
cation upon the quadruple EAErgy

3| Acidic probe.

The effect pf different Lewis acid-base
character {cationie and framework Oxygen
cha‘r‘ge densities) of thege sorbents on the equi-
librium sorption Capacities®, application o fvari-
ous isotherm eqy ations, physical state of sorbet,
free energies ang isasteric heats of sorption will
be discussed, The results on ammania and car-
bon dioxide Sorptionin parent NaX and it modi-
fied form viz. The ARO pattern was alep recorded
for each sample after the sorption measure-
ments to conflirm the structural sta bility.
EXPERIMENTAL:

Carbon dioxiga sorption was performed
On a surface area analyzer NOVA-1200 {Quanta
chrome Corporation U.5.A) unit ar 273 K, 303K,
333 Kand 363 with pure ED;_ (99.99%). The
carbon dioxide used for Sorption measurements

INg activated silica el activated molecylar sieve
(3A), copper fillings reduced in hydrogen atmo-
sphere at 873 K ang finally through a trap at
195K, The sample was activated at 373 Kforip
hin a calibrated cell (6-mm) under the high
vacuum. The activated sample was then log ded
to analyzer station under the vacyum,

The sorption Measurements were re.
corded with built-in microprocessor-based ad-
sorption? software program for o to 600 Torre
Pressure, at selacted sample temperature. The
sample temperature Was maintained either by
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Using automated Dewar elevator or Reating
manties. A fresh sample was subjected to the
above procedure sach time prior to the maa-
surements at different temperature, The XRD
pattern was alse recorded for ea3ch sample af-
ter the sorption Measurements to confirm the
structural stability,

CARBON DIOXIDE SORPTION ISOTHERM IN
NAX AND ITS CS* EXCHANGED FORMS:

The Fig.1.1& 1.2 illustrate the families
of isotherms of carbon dioxide on parent Max
and Cs™ cations exchanged samples. These isg-
therms were measured at an interval of 30 Qi
the range of 273 to 363 up to 600 Torre. Since
the number of unit cell per gram of selected
2eolite samples vary with the cation exchg nge,
the amount sorbed is expressed as molecyules
per unit cell for the trye COMParisen on the bha-
sis of size and the nature of exchanged cations?

. The shape of the isotherms approximates to
the type I (Langmuir lype} according to the
Kiselev's classification. The uptake of CO, was
foundto dependan both, the size of the no frame-
work cation and the tem peraiure at which the
isotherms were measured. It can elearly be seen
from the Fig.1.1&1.2 that carbon dioxide sorp.
tion capacity in NaX and its exchanged forms
decreases with the increasein temperature from
273 Kto 363 K,

Howewver, at constant temperature in the
low-pressure region (< 100 Torre), sa mples ex-
hibited a very rapid uptake. While considering
the effect of non-framework cations on carbon
dioxide sorption, it is also observed from the
figure, that sorption uptake decreases with in-
creased in size of no framework cation {Cs% ) at
a constant temperature. Farexample the equi-
ibrium uptake of carbon dioxide7 ahoye at 273
K, for pressure above 100 Torre follows the trend
Nax > NaCsX. Evan though, the occupancy of
the different exchange positions in the parent
and modified forms is nat known, it is belisved
that cations are distributed over the highest
charged sites in such 3 way that the free gn-

ergy of the structure iz minimized, Since sites |,
Iand I' are inaccessible to carbon dioxide mol-
ecules on account of the critical diameater of o,
molecule is 3.3 &

The cations with lower charge density
will have lower extent of electrostatic intergec-
tion with the sorbet molecules. Since CO, has
more Hnear qua drupole moment it Interacts
mainly with the extra framewark cations and
framework oxyzen, The dispersion forces act-
ing on the sorbet molecule will also be alterad
todifferent extents depending upon the tharge
density of the extra framework cations and
framework Oxygen as well, Similarky, when ihe
zeolite in Ma was exchanged with more alec-
tropositive cation, such as cesium, the polariz-
ng effect of the cation Plays an important role
in the sorption of ca,.
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Fig. 1.1 : Families of isotherms of carbon diox-
Ide on parent NaX sample
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Figure 1.2 : Families of isotherms of carbon
dioxide.on Cs*catipns exchanged sample

In case of Cs-exchanged sample the
mean charge on framework DxyEen is more than
the rest of the NaX. This may be result in the
lower uptake of €O, in NaCs¥. From the Fig. 1.2
it is found that at Censtant temperature 273 K
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and pressure Torre, in the Natsx *ample  involved in the sorafion PrOCess increases

approximately 92 molecules of {‘EJ? are sorbed
per unit cell, whila 75 CO, molecules are sorbed
PEr unit cell of parent Nax sample. But in low-
Pressure region this difference between amount
sorbed is not significant,

APPLICATION OF ISOTHERM EQUATIONS:
Langmuir Sorption Model:

A Langmuir sorption isotherm equation
has been derived an the assumption® of local
ized monolayer =0rption on the sorption centers
of equal energy and 1:1 correspondence be-
tween sorption Centers and sorbate malecules,
The Langmuir Equation can be expressed as
n=n_kPf1+kp

where nis the experimental amount gf
sorbate, n_ that sarbed at saturation, k is coaf-
ficient depending on temperature. When the
Lan muir equation was apphed to the €O, sorp-
tion?11 gapa in NaX and its identical degree of
K, Rb and Cs -exchanged forms, the linear plots
with varying intercept were obtained. Typical
Langmuir plats are shown in the Fig.3 &4
samples over entira range of pressure and the
lemperature (273 to 363 &
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Fig. 1.3 ; Langmuir plots for Nacsx sample
Asilent feature of these Langmuir plots
15 the marginal incregse in the intercept gn v
axis in parent Nax sample with the ingrease in
temperature as tompared with its NaCsX angd
other exchanged forms. It can also be seen fram
the Fig.1.3 that the highervalye of Intercept was
obtained in NaCsx than Nax sample with the
increasein temperature, The inteércept on Y-axis
is usuwally related tg the strength of the sorption
centre, It may be noted that a5 the intercept
decreases the contribution due 1o interaction
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Hence, it was reflacteg that NaX has more in-
teraction than Na Csx. '
Freundlich Isotherm: ;

Analysis of the L0, sorption data in dif.
ferent cationic form of NaX zeolites in terms of
Freundlich isatharm modal yielded nearly linear
plots. Typical Freundlich plots for €0, sorption
N the parent NaX and the exchange sample over
the entire pressure (up te 600 Torr) and tem.
Perature {273 to 363 K in steps of 30 k) range
are shown in Fig. 1.4 & 1.5

i ]

Fig. 1.4 : Freundlich Isotherm of NaX parent
sample
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Fig. 1.5 - Freundlich Isotherm of NaCsx EX
change sample
Application of Dubinin Equation:

The original Palanyi's potential theory,
maodified by Dubininand co-workers for the sorp-
tion of gases and Vapours in zeolites, has be-
tome Increasingly empirical. In view of this an
attempt has been made here to obtain charac.
teristic curves by plotting [log P/P1% against log
P for L0, sorption data, The obtained Dubinin-
Pelanyi characteristic curves for C0, uptakel3-

in NaX and its modified sample cation ex-
change are shown in the Fig. 1.6 and 1.7. From
the Figure it can be seen that the characteristic
tunves are almost linear, Indicating the carban
dioxide sarption dats satisfactorily represent
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Fig. 1.6 : a) Polarity characteristic curyes
forCO, sarption in NaX,
b) Polarity characterictie curves forCo, sorp-
tion in NaCsX Chemical affinity and selectiy-
ity of the sorbed phase:

The chemical affinity of carbon dioxide
for sorbents having the same topology but dif-
ferent chemical composition, especially differ.
ing in charge density and size of nonframework
cations, is one of most significant parameters
BOverning the extent of decreasa infree energy
which Accompanies a given serption process 16-

. The plot -Dm against amount sorbed alzn
serve as useful criteria for the tomparisan of
sorption affinities of probe malecules in the |31-
tices of Cs-exchanged Nax zealite.

Typieal chemical affinity plots for co,
sorption at 303 and 423 K shown in Fig,1.7. This
figure, clearly demonstrate that In accords nce
with thermodynamic Expectation, all the sor-
bents exhibited continuous increase in the Co,
uptake with the decreace in chemical potential.
The sorption affinity (-Dm) decreases with the
increase intemperature for both the samples in
the low COvErage region. It ean also be seen from
the figure that chemical potential {-Dm) mare
Eradually decreases with increase in the cover-
age for NaCsX than parent NaX..It indicates that
the exchanged form NaCsX was offer more het.
Erogenecus surface for CO, sorption, which is
in agreement with reported data.

The replacement of monovalent extra
framework cation by another monovalent byt
with larger gize17-2 « May give rise rather maore
complicated sorption Phenemenon on accaynt

ﬂ#-u"uirnm;
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of varying chemical affiity dus ig simultanecys
but unegual variations in the contributions due
[0 energy components such as dispersion and
repulsion energies between ¢ rbon dioxide and
the zeolite, polarization energy, field- dipole en.
ergy, field gradient - quadrupale energy and self
potential,

I /X/’m
ff

Fig. 1.7 : a) Chemical affinity for €0, sorption
:NaXx

b) Chemical affinity for €0, sorption:NaCsk
Isosteric heats of sorption {g,):

The isosteric heat (a,) of carbon digx-
ide sarption is derived from the shift of sorption
equikibrium with temperature at constant sorbet
loading by using the Clausius Clapeyran Bqua-
Liam,

O 8= -4 =RUTTH/ (TT ) n (b o)

The plots of O, 25 a function of amount
sorbed in NaX and its cation exchanged form
The small variation in the q_ values as 3 fune-
tion af CO. uptake in NaX.This shows that
lsosteric heat of carbon diowide in parent Nax
was independent of coverage, It is observed that
the marginal increase in the isosteric heat with
the increase in loading, indicating the domi-
nance of sorbate- sarbate interactions21-23 5y
relatively hemogeneous Environment for gas-
solid interq;:tﬁun.

The NaX show a flat heat profile with
the increasing amount sorbed than that NaCsx
indicating 3 balance between the stre ngth of
energetic I'aetemgenfjl:y of sorbate-sorbent in-
teraction and sorbate-sorbate interaction. The
dst value of NaX for the taverage of 20 mgl.
ecules per unit cef| i nearly egual to 26 kl, mol
1.This may be due to the difference in frame-
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