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spherical particles of mesoporous silica sBA-16 with cubic Im3m structure were synthesized at low pHusing Pluronic F|27 as template and kHA as silica rou,rl"".-ihr.cliameter of the sphericar particres can becontrolled in the range of 0.5-.B pm by vay2tins spherical oorrr"k, of mesoporous silica sBA-16 with cubicIm3m structure were synthesized at low pH uslng'Pluroniiilzl as template and RHA a,s silica source. It issuggested that this morpholog,t transition is due"to o 

"t 
org" i, t,yarrryii, ona ,loni"nration rate of the silicasource and as a result the assembly of Ft27 *i"rttir-*f,i;rff* The sBA-r6 samples were characterizecrusing powder X_ray -dffiaction |XnOl scanning 

"le,ctro,i, 
microscopy (SEM), transmission electronmicroscopy OEM) arud Nitrogen adsorpti'on techniques.

I($:,YnV{}tt{i}g: SB,4-16,. Spherical particles; Synthesis temperature,. Morphologt; pluronic F127.
B\ i$t{}0}t { t6(}\:

Sphericalparticles of mesoporous silica sBA-16 with cubic Im3m structure were synthesized at lowpH usingPluronic Fl2l as template and RHA as silica.orr... Thediameter of the sphericarparticres can becontrolled in the range of 0'5-B pm bv *.vir;l .f;;r;;".isof mesopo.ou, .uiJriurs by a riquid-crystartemplate mechanism was reported Th; prop.,ii., 
"f rt;r; ;reriars ,,ute tt,.,r-uiiru.tir. for adsorption,catalysis' separation'.chemical sensing opiicul.ourlng, Jrrg a.ri*y and erectronic apprications. For practicarpurposes' the overall morphology of a mesoporous material is arecessary requirement in combination withtheir internal structure',SBA-l.dl. a mesoporous material with 3D cubic pore arrangement corresponding toIm3m space group In this body-cen*.J-.,[i, structure eactr'*.roporous is connecf,o *itt-' its eight nearestneighbours to form a,multidirectional system of mesoporou, n.i*ork'-aDue to its rarge cage, high surface areaand high thermal stability' This mater;l appears ro be one of the best candiJaro %, catarytic ,uoror, unopacking materials for separation' Using F1"27 as u ,rra.,*r-is the common way of synthesizine SBA-l6'However' therearealso reports onaltErnativesurfactants,*t u, Fl0g,a blend of pl 23 andFnTrs:Micro porous zeolite are widely used as solid acid.urutyr,r, uut. tn.i.uppli.utiom are intrinsicallyIimited bv drawback of zeolite is that the r*"rr ri.. oiill*r;rs (iess rh"; 0 8 ;;)-ancr cavities (<r.5 nm)imposes diffusion limitations on 

'"u.tio*1t.,ur.un.u*. rrrgr-, u"it pressure on flow systens. .fhe 
dimensionsof the zeolite micro pores(< 

'!^), 
*.ropo.ou, (2-50nm) ina ,u.ropores (> 50 nm) permit faster migrationof guest molecules in the host n'u'"*ort!. Since fast mass trun.r., oithe reactar,r'.ri products to and frornthe active sites is required ror catarvsts;'i;;;';;#";i'i;iJring ,.rofor*;"r* zeorire particres hasattracted much attention. Recent .progress involving ,r.,i, irru.J to ordered mesoporous materials such asMCM-41' sBA-16 and SBA-15't-'b' T"he'e mesoporous materials have pore diameters of 3.0 nm- g.0nm andexhibit catalytic properties for the catalyli; 

T-l,Ii.:io:,ofburky reactants, but unfortunarery, when comparedwith micro porous zeoliterT-rs'th".u,uty,i. uctivity and hydrothermal.stability are relatively lorv, which can beattributed to the amorphous nature ortt',. *.roporous walls. To overcome this probrem, some recent researchefforts have been concentrated on introducing mesoporous or macro pores linked to the zeorite micro pores.
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These materials called Hierarchical ,.ofit" .ut.riuf,
further extend the application of zeolite as solid acidle.

with combinations of micro/meso/rnu-.ffi *ouro

l){}51'l\tt}[]trF'l{l;t'$'{t}\ {}!i }dftA-14$*A-16 I}y .,41,,' it*q.{,$.i,,:
So as to impart the catalytic and adsorptive activity to the chemically inert mesoporous silicateflamework, substitution 

9f slo. ions by other heteroatom in thl preparecl materials has been endeavored. Thispaft describes the synthesis procedures used for post modification of RHA-StsA-16 by introducingheteroatoms such as Aluminum and Titanium into their meso-structures^to improve their catalytic activity ofreactions of bulky molecules and the adsorption activity significantly*".Til;;;modification synthesis ofRHA-SBA-16 can be possible by various methodologilr; i,,ong thLm we have followed the ion exchangemethod'In this metliod, the presence of Aluminum inihe silica alumina mesoporous fiamework gives rise toanion' which attracts cations in the framework as they are roor.lv bounded. the reptaclment of cation held inthe framework structure 
^is 

possible by the ion prlsent in the external solution. Hence ion exchange ispossibler' 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 ion exchange methodwith metal ions like Al*** and ri**with different metal ion concentrationi. Int.o--du"tion of metal ions such asAl, and Ti, creates new Lewis acid sites and Bronsted basic sites respectively within the RHA-SBA-16 host.

{r. X f $ilt ll\I l{ft 'l'A L:
I'lr,c,l $1.'lll hes is &$*tli{i** {i* n ril' {t F{.r{_$ $} A- i tr rr il ir $ 1 

. 
:

Exchange of RHA-SBA-16 in to its protonic form was done by batch ion exchange method usingsubsequent acidic salt solutions. Ammonium.nitrate 2.5wt%iig) was taken in a 150 ml single neck roundbottomed flask and 25 ml methanor was added into it as a solvent.'
l0g of the driedRHA-SBA-16 powder was also addecl and the blend was stirred under refluxcondition for 3h at 800c' Then this mixtuie was allowed to cool to room temperature by natural convectionfollowed by filtration' Further the filtrate was.washedr^epearedly with deionized water.The resiclue is NH+-RHA-'BA-16. It is dried forovernight by heatingat r000c rnuntu.n. Lateron, NHq-RHA-SBA_r6 is heatedat 5000C in automated muffle furnaJe ror :h to exile ammonia and is converted in H* form i.e.H-RHA-SBA-16.

!,rrt[ \t rl[[]r'oir ]]artliilt':r,N!]{i {}[ lf .${ll \-";l{ ." i, lr, \i rr." i tl . ,lr"
To tune and enhance the acidic behavior orirue-sgA-16, we have exchanged its protonic form intomodified AI-RHA-SBA-16 using corresponding metal salt solutions of different mllarities by ion exchangemethod as described earlier. The calcuiated quantity of .on..nt.uted salt solution of Alr** [Al2(so4)3.18H2oli'e'10'28gforlM,8.23gfor0.BMand5.'l5gforo.srrairlogofmethanol 

wererakeninrhreedifferentsingle neck round bottom flask (RBF) of 150 ml. ihen 59 of the dried H-RHA-5BA-16 powder was added toit and was stirred under reflux condition for 6h at too.c."Lar.r rrr" mixture was brought to room temperaturenaturally and then the solvent was evaporated. The residue was dried in the oven at 1000c, "rd.;i;;;. ;;4500c to5000C for 4h.To ensure the ion exchange of the Ar*nn in RHA-SBA-16 we have examined theelementalcomposition of the calcined samples uy roax and came to know that their Si/AIratio varies ltom4-9. These modified forms were named as AI-RHa-SBA-16 rsyar : 4,7 and 9).

$)rrr[ $]'xll$r*rir .&'}*llinii:irrriri, * lrl'ql-l,s,il \".:\*l.,_tr-i{r }: t.t, r\tr;i*,r r,,,,r..:

Il:y::'l.r:h?:r.:1r basic behav.ior of RHA-.SBA-r6, we have exchanged its protonic form into
::.1tT1 ]iRHl- s B A- 

l.6 
r.lle correspo nd i ne r.,"l- r" rt ;; iu.io; ; i; ;#ffiffi #i

r:,*i;: qil;.d;i;lE;;i;;ffi;HJ;il1;::j.".I#ffi::fl'l:ti*f,"1T',3::.:n;:,;X.*[r:iO2i.e.0.Bg for 2wto/0,

lj"? |J"-*'::i!^'2y t:: 
9Y':':.,30e, :r .':jP-l6r were t;k;;l;;h*; oi## :1,il';.il :ff:'#:l;

:TIJlp,,*::"?l lhn# ortheiried H_RHA_sBA ,;;;;;;;il;;;1;';i=;jT;'l#o,lli!#
::*::::'l*3:.11 Tj119,.t"er the mixtu.. *u' u.,gr,ii" ,""*ffi;##J';il#t ilffi#ffJ
::::::'-Y:',::"r:11IT:::'*:J"'^9:i:{: the oven u' Toodc,'unJ;ilffi;ffir ;;6oti";1';;T:ensure the ion exchange of the Ti*"in RHA_SBA_16

Itscent A .im {qam*t*chn*l*gy

examined the elemental composition of the

3I
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rhe observed EDAX.spectra..' jillir:T!);il,i-':l,JiJ, 
unury,.o are shown in Fig. r.(A, B). rnEDAX, X-ray photons emitted from the sample aredispersed bi; crystal and plotted as a fLnction of energy.The X-rays beinganalyzed came from the area being'imaged, so elemental composition is determined as afunction of location on the sample' outstandingty it iJorser:vJ tnat tt-re atomic percentage of Si, Al, Ti and oin modified forms of the RHA-SBA-16 are almost uniform. Even the Si/Al ratio is observed to be within therange in case of modified RHA-SBA-16 which shows that, the elementary compositions in the modifiedsamples are uniform. The observations made by using SEM 

'EDA,Y 
correlate well with the XRD data for allthe analyzed samples' The amount of Ti- metal ior, *lignt p"r".r,ug. in all the samples is found to be around

+-;;;'il'wt%' 
The metal compositions after the modificaiion with the RHA-sBA-r6 samples are given in

calcined samples by EDAX. These rnodifled*f"r^ were named as Ti-RHA-SBA-16 (2W%. 4wro/o and6wt%).

Iq. []sti{,T'$i .,&5]I} I} {5i{ {t$i}it{}s :
{ri n* r"gr' I} is pe rrl il,,* ;\ lr* h,s is c {. X * l"ru _t, { trt.{} ;& X } :'['xhle 1 {r-trclrremt*} {illalposi{i*rr *f"{}** $iery*
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Sample name Si AI Ti Metal ion
vtto/n

56.81 14.68

64.62 9.42
sTAI:6.86

69.30 7.83
Si/Al=8.85

.-!

68.47 1.74 Ti:t.91
'2.2

63.71 1.78 Ti=3.83
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64.11 1.81
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APPLICATToN tN co2 ADSORPTToN
OF SYNTHESISED ZCtiUrC NAX AND

ITS MODIFIED FORM

marginal changes are found in their ,,rr.JrlllLtural

;1ji[P:r. rhe famiri., or iirir,-"rm or .rr_
i*i:":'"1"-o 

n ou'u n i *.rl ffi x :j;#' :T
:i:1::,* TtS, is ir r ustia tei: il ;;il::l,:;
:Ji:rl.:::,:::th e rm u q, ui;; ;; ;;;,#,:,,
INTRODUCTION:

Kapure G. P, The carbon dioxide was selected as sorbet dueDepartment of physics, ,o its following factors:
s.G'B' college, purna (Jn) 1) 

It',u 
large linear quadruple moment

2) As a probe in investigating the influ_
Shete s. B. ence of the size and varance or,r,Jur.lrne"

Department of physics , ,ation upon the quadrupte energy
s,G''. corege, purna fJn) ilq:ff.? lii;*,.un, ,u*,, acid-base

Iffi ;,ii: H;l r:'m ::rT#:Hljit,i:ry m*im:lheatsofsorption. -YYe!rv'r' ')usterrc 
;::::i:t,:equ.ations,physicaistateofsorbet,Abstract: free energies and isoster,. ;"r" of sorption will. rhecarbondioxidewaschosenassorbet ff.'r:::il:::ffi.'#|Tr::il}:lf;lffiidue to the large linear quadruple moment as a fied form viz. The XRD pattern was atso recorded:ji#j#f:r:111.j the swaf or,n-u'riru .na for each salgre after rhe ,or[,,on measure_grni#*ri#j:,j:::j[l;fi:ih:ffi e+,;,a;iT# ;;::rfflJ,,],.0,,,,, 

l
iJffHrffr:iT,:x:;[Tt";fl:H,,1T ;. :ffii:l=* sorp, on was perrormed
K with pure co, rhe sorprior;;;;";#;:; :L::T::t area anatvzer NoVA-i 200 (euanta
*,,f., Urri-,, ilri.r". 

sorption size were recorded chrome Cc

:tffi jilft [i:::iil*::i:t",Jr']Tr*Hn,":*i$;**J,.utr
s t a n t t e m p.,. *," i,l', ;T lfi i:ff f : ?[ il- ff 

:J,?JI 
i : j,?ffi ;;jiil L,;H ;."1,,: Iexhibit a very rapid uptak.. *[,,.'.rnlia*,ng t:af .;;rflrings reduc*Jrnivo.osen 

atmo_:T;j:"ffilnon-framework cations on..roon sphere ri sls K and finarf tr,rorer, a trap at
. lt is also observed that sorption uptake ii:: :T;"r'" 

*., ..tir.tea at gzs K for 10decreases with ,,J'X; ' j,,?j1,lj1t:g ceil (6-mm) unoer the high

,+- n,f I #k;iii ; * : [ :r fi :ji .,; ::: ilii*ii*H il:T rn r' ;' r: ;

;iJ.:T,:?l :::?:: ,,11",,i,.r,.,,g.d'** ,uo_ corded *,,nT.li,ll""J::1::i_.nts. were re_

lHil: :'-'.",'ffi:fr:,:,,;ffi_ ;i:: ;fig;ffiffiffi ,:it :ffiextent Of electrostitir inta,r^^extentorerectrostaticinterrac.*ilr,,#,;ffi 
,#[i;li,iiJ.*li,#il;;ix,,,::,.r.:lJftll;

1\a-:

on, noffi

-. ., -,1[ilr ilrhrvldyal a]ja
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mantlac A, f.^-Lmantles.A,freshsamplewassub1ect.,iJIl,x;'jJJ,ijn,Hxffi

:jr".HJJ:t:*::* 1'T 1''i io',i.'r..- ecures on account orthe criricarrriemora, ^rnn

A - u vr s Lt tdnteo CattOnS.- .. t

_;]T:!lreoftheisotherms.ooi"_,r.i.ri" "] =*ill:,1f" I 
(Langmuir ,vp.t ,.i",il;;o.i# .J -::::r

surements at different temperatur., ,*'r*, ffi:-:rTlt:}[:ofthecriticaldiameterof co,
pattern was arso recorded for each sampte ar- -ri. 

cations with rower charge oerritv
fltiil?I:';,?il""trements to conrirm the wirr r',uru'il*.,. extent of erectrostatic interac-

ill'^"..[l+:iii:;:,mf* foo*l;,'*, 
,, XT.-,',*:?'i,'i,:,',Tiil:';:iii*"r:t

- rhe Fig.1,1& L,2 irustrat" ir,.'i.r,r,u, ;L',#:'-xll', 
the extra framework cations and

:l j'::[HilJff :iil,:,;::f #,:?',.J:Tllqiifi ::ilJff ]"',::,f ffi :il1,'J:T;::
th e rms *",", 

" 
r, u red a t a n i nte rva r ;-rr_1 

i: IIlT"#,.#"JL:"i;f:f*:*fl ITthe range of 273 to 363 K up to oooiorr". sin.. rr.r.*ort oxygen as well. similarly, when thethe number of unit cell per gtt' of ,.iected zeorite in Na was exchanged with more erec-zeolite samples vary with theiation t'Jrng., tropositive cation, such as cesiurn, the porariz-the amount sorbed is expressea t' ,oi".ur., ing'enecioi,rr" cation prays an important rore

;itll'#Xff:[#:;;I:il;;aJ]l[{:l, 
;;il';:,1',n.rco, . -

Kiselev's classification. The uptake 
"f 

td, *rl , Ifoundto dependon both, the,ii" oiir,. nlirarn"- i ."work cation and the temperatur. ,, *i,.,., ifr? $ ;
:::*f_yele-leasured. tt can .r".riv o. r..n ,!
from the Fig.1.L&1.2 .f,.i.rrUr, il;'rJr"rr-
:,::^.:t1.,,.y, 

il. N?x and its ur.r,.ne;i"forms
j;:Ti,".:Il,r,,r,",,.[;;;; ;;;;:;:tr J?, ff Frg.,.1,,.,,,,., ;m,f
low-pressure region (< 1oo ,"rr.j, ,.roi", .r_hibited a very rapid uptake. While conidering
the effect of non_framework cations on carbon

273Kto 363 K. 
--"'r"'uru'srrL'llr rl8' l.l: Familiesof isothermsof carbondiox-

,^... ^-^l:*ever,.atconstanttemperatureinthe 
ide on parent Nax sampre

*l;: u :11*i*;-- #H
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librium uptake of carbon oio*iJJ:)l;;; rH Figure 1.2 :_Famir,;;,rerms of carbonK' for pressure aboveL00 Torre rotto*s *r-e treno dioxide.on cs+cations exchanged sarnpre
l[];,#:i;l;iJ;'Jrtn"ush' the "i"0"., "r rn case or cs-exch.ng.o sampre the
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decreases the contribr,,* o"* ,; ;iJ::::ii,i

Fig. 1.3 : Langmuir plots for NaCsX sample
A silent feature of these t_ane;uir ptotsis the marginal incr

axis in,.,.-n,,u.i,:1T JLlf ;;::;:T::J ,Itemperature as compared with its NaCsX andother exchanged forms. lt can also be seen fromthe Fig.1.3 that the highervalue oi,n,-"r.lr, *u,obtained in NaCsX ,f.,.n N.irrrr^'*,in an"increase in temperature. The inter.epl on'y-axisis usually related to the strength of the sorption

ililllll 115-::,ed that ,, ,iu-,ni.r..o,

"r **"'*i

Application of Dubinin Equation:
The original polanyi,s potential theorymodified by Dubinin and co_workurc forlh" rorp-tion of gases and I

come increas ingrf :ffi I::,:,;TJf :,ii;, :;attempt has been made here tolUtrii'.r.,rrr.-
te rist ic c u rves by p I otti ng_[ I o g p J; p;gu 

i nrt f og
! lor 

CO, sorption data. The obtained Dubinin_Polanyicharacteristi

1' ; i, il ; ;;';.":i#:' jffiq 
:jJ::. Ichange are shown in the Fig. 1.6 and 1.7. Fromthe Figure it can be seen that the characteristic

::,.,r^.i: almost tinear, indicating the carUon

*e_*-_ f ora

iipiHr#i Hi.i,,f;,".[:l:'t :ilff ##..* 
;

Per unit rpll nf h-,^^. ^,-i,

thu gy.rrir equation can be "rrr".r"#"t' _n= n, kpfi.+kp sJJtq

per unit ceil or parent-NiX rrrpr". ar;ffi;: ,;:iT::il^ilil1r.#pressure region this differen.. O.t*.un rrorn, Ana
:"_tl.d is not significant. rrruurrL 

r^.^-r -1:.t,r:,t-of 
the co, sorption data in dif_

l[lT'3],,;rgmy EQuarorus, [:::fi:X"#iJ:#;:,]:[ffiH[##l
A La n g m u i r s o rp t io n isot h e rm e q,,iTi |Jil: JJ|J:? 

^iJ 
: : : H :[f.Hi:;,r",:oJ,,.?has been derived on.the ,rrrrprionnlr.l",.-.,- 

an". .,i#.= or"ssure (up to 600 Torr) and tem-

r:li!!:ifl;"Jlx,ff[?:"",Jl'ili.1.:: :,.J:iffijil,,L: iTIll,,,.o,of 
go r) ranse

lff::::Ttion centers and sorbate motecutes.

fffi,11;t$ffiry;1;;fi 
g$l$,.,;ffi 

x pa ren,with varVinp infpron+with varying intercept were obtai;.;;;:;Langmuir plots are shown in ir.,. i'ig-.: aasamples over entire range of pressure and thetemperature (273 to 363 K

where n is the experimental amount of , ll] " ^..^ -;
i,llljjlL-tha.t sorbed at saturation, k is coef_ ..1 " " "_"5-
I_lTl *fnding on i";;;;;;;: il:;ff:; :

Fig. 1.5 : Freundlich lsotherm of NaCsX ex-change sample
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:::::::::r variations in the .ortriuriion, oruto energy components such a, Oispersl-on andrepulsion energies between carbon dioxide andthe zeolite,polarizati
ergy, rie rd e,..o iu ri - ;ori ;['J:[ :,:#SllirT;potential.h.dh.eri.r{#l;n{,qrdir 
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lig. r.0 : a) polarity characteristic curves
I?raO, sorption in NaX,
b) Polarity characteristic curves forCO. sorp-tion in NaCsX Chemicat affinity aii's?ectiv-ity of the sorbed phase:

The chei"nical.affinity of carbon dioxide h:re*- -;--;-o= lt

|;: Ti li : H ::ffi,l",,., ]: l:;: 
,;i,,,,T;# 

fi,,,,,, il;;,', n, 
" 
n,,iffi*,,",

ing in rh"'^^ J^-^:^.

;;ffi ::;r ::;';,ffi 
I ffi*t *#,;tJ:ff it.;t

::?[::'J';fi':l'lo1'" "r'i#,:$:T; ;]?l.,",,:,r arrinity ror co, sorption:NacsX
governing u.,u urt"It'jrt"::::::::i:p€rameters rsosteric trerr' 
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