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sBA-16 and Ti-RHA-SBA-16 samples with different Si/Al ratios and with different ;.?r.";i;i:;iil#;respectively.The XRD patterns of the calcined parent H-RHA-SBA-16 AI-RHA-SBA-16 and Ti_RHA_SBA_l6 samples with different Si/Al ratios (4, 7 and 9) and with differen t wt.yo of Ti (2wt.%, 4wt.yo and 6wt.%o)respectively are presented in Fig.2 (A, B: c) respectiv.ty. it. spectra showed XRD patterns identical tothat reported for standard sBA-16 materials. Becker a/. indexed these peaks fo. a he*agonal unit cell, theparameter of which was calculated from the equation ao = {2drro.
on calcination of samples, the peik is shifted to lower dlrs spacing value probably due tocondensation of internal Si-oH goups giving rise to a contraction of the unit ie[ ftre unit cellparameter andd-spacing of the AI-RHA-SBA-16, ii-nHa-sgA-16 sample, unJ n-nuA-sBA-r6 are given in Table 2. Theslight increase in d-spacing and unit cell parameters of both AI-RHA-sBA-16 and ri-RHA-SBA-16 comparedto H-RHA-SBA-16 suggests the presenie of Aluminum and ritanium in the llamework respectively. Theincrease in unit cell parameter on Al or Ti incorporation ir f.ouuury due to the replacement of shorter Si-obonds by longer ALo and Ti-o bonds in the^-stiuctr.. ;"ri;;;ety. tt is also ouseiveo that along wirh anincrease in the unit cell parameter, the (l 10) difftaction peak becomes broader and less intense with increasingAlurninum or Titanium content, probably-beca^use of ihe change of the Al-o-Al and Ti-o-Ti bond angle,causing a distortion in the long range ordering of the hexagonal fr..opo.ou. structure.

qR^_r^11': f":'llt:f: q.."]l.d information on characterization Jata ortne H-RHA-sBA-16, AI-RHA-
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Fig.Z. (B, c) illusrrate that in ail the ,oaiR.o ror* orn-RHA 
r

:*3,1;'ily;?j,?::l* ?,::lH*:::3r-:: ll*,.r1.:isi't "d ;;,;ilo,pr,orogv are beingobserved after modification with difftrent amotirts of Ar#*and p i'.,r..rtil":H[',ffi'T.[J"r?: ilt :,Hlstability of the parent ymple and presence of metal ions in the intra-crystalline voids of the H-RHA-SBA-16.The percent crystallinity of the samples is drawn with the amount of metal ion percent in them. From theTable 2'as the metal ions percent incieases in modificatiorl an in"..ur" in the crystallinity of the samples wasobserved up to si/Ai= 4 and 6wtYo of Ti. But when Si/Al > 4 andTi incorporation is more than 6wt% i.e. whenthe metal ion concentration increases then the sample oectines from good crystallinity to amorphous nature.This is because of the fact that, AI itself is having"n u*o.frrous nature and Ti being strong earth metal itproduces other amalgamations in the structure.iifluencing the crystallinity, hence the modification wasstopped after Si/AF4 and more ttwn 6wto/o of Ti incorpo.uion io.."tain the ciystallinity of rhe sample. Thecrystallinity ofthe sample was 100% for H-RHA-SBA-i6.If the 'Ar metal ion concentration in H-RHA-'BA-16 was si/Al : 4 crystallinity was 98.5% and then s".d;ry d..reased for Si/Al:7, 9 as 9l .3yo and g6.5%respectively' However, if the 'Ti' metal ion concentration in H-RHA-SBA-16 was 6wt%o, ir was g6.5yo andthen gradually decreased for 4wtYo and2wt%o as 84.3yo and, BO..i% respectively.
Fig' 3'depicts the co-relation between % crystallinity anJ concentration of Al and Ti metal ions.
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Furthermore, xRD patterns recorded at higher angles up to g00 showedpresence of any crystalrine Al or Ti containing species can bJexcruded.
no peaks. Therefore, the
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Acidity
(mmole/g)

H-RHA.SBA.I6 33.t6 954.22 27.3 100 0.014AI.RHA-SBA-16
(Si/AF4) )).)z 8s2.00 28.6 98.5 0.192

AI-RHA-SBA-i6
(Si/Al=7) 34.62 826.46 0.71

0.69

' 31.2 91.3 0.086
AI-RHA-SBA.I6

(Si/Al=9) 35.75 938.61 26.8 86.5 0.044

'*'*hl* 2

1.AI.RHA-SBA.16
2.Ti-RHA-SBA.16



Ti-RHA-SBA-I6

Ti-RHA-SBA-16

Ti-RHA-SBA-i6
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The BET sur!1e. ur-"9t,_average po_re-diameters and pore volumes calculated from N2-sorptionisotherms of AI-RHA-SBA-16 (si /Al :4',7,9) and Ti-RHA-SBA-16.(2wt%,4wto ,6wi%) presented inTable2' Accordingto IUPAC classification, the isotherms are oftype Ivudpresent.o ro,. er-nHA-sBA-16 (silAl= 4,7,9) and Ti-RHA-SB A-16 (2wt%,4wtoh,6wt%) in Fig. +. 1a, e; and 5.(A, B) respecrively.
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The position of p/pe at which inflection starts is related to the diameter of the mesopores. Thesharpness in this step indicates the uniformity of the pore size distribution. In the case of both M-RHA-sBA-l6 (M: Alor Ti), this step of isotherm shifts slightly towards higher relative pressure p/pe with increase in
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metalcontent of the sample indicating increase in the pore size. Howev;;, br;;G;l;g;f th"*hyr;;;il;;p
increases with increase in the metal content. This may be due to changes in the contou-r of the mesopores.The
hysteresis loop in the range of p/pp 0.8 due to capillary condensition in the inter-particle mesopores is
observed incase of M-RHA-SBA-16. A comparison-of the hysteresis loops of these two sets of samples at
higher relative pressure region indicates difference in their textural mesopoiosity. The pore diameters increase
with increasing metal (Al or Ti) content of the samples.
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The acidities of the H-AI-SBA-16 samples were characterized by the TPD of Ammonia. The acid
strengths appear to be rather moderate as nearly all the Ammonid desorbed below ZSOoC.ine r;ldi,i;;
(mmoVg) based on the Ammonia desorbed by the samples beyond 900C are presented in Table 2.

As the Aluminum content increases, the total acidity increases in the samples (AI-RHA-SBA-
l6(S/AF9) <AI-RHA-SBA-16(5/AI:7) <AI-RHA-SBA-16 (S/AF4). However as the Titanium conrent
increases, the total acidity decreases in the samples (Ti-RHA-iea-tO (Zwt%)< Ti-RHA-SB A-16 (4wt%) <
Ti-RHA-SB A-1 6 (6wt %)).
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Scanning electron micrographs of all the modified Al-RHA-sBA-16 (Si/Al:4, 7, g) and ri-RHA_sBA-16 (2' 4' 6w1%) samples is presented jl li.g. 7.and Fig. 8.respectively. The micrographs reveal twomorphologies, such as hexagonal and spherical hrb^n ana malor?iy or,n.nl are hexagonal shaped agglomeratesof smallparticles o{the size between:.to-t0.6040.It ir r.;; rh;, the morphology of the crystals gets affecredas the metal ion percent gradually increased. 
lh.e sEv photograph of H-RHA--dBA-16 sample shows biggercrystal size while the modified forms the metal ions tiave ceciased crystal size which-rnay affect the surfaceproperties of the H-RHA-sBA-16 which tend to use it for different applications.
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The IR spectra of lattice vibration of calcined H-RHA-SBA-16 AI-RHA-SBA-16 and ri-RHA-SBA-16 are presented in (Fig' 9'(A, B)). The spectra shows four main absorption bands between the regions l2l0-1230' 1045-1080, 790-815 and 440-470 cm-r. The T-o-i tatiice-viuraiions are found ro shift to lower wavenumbers for AI-RHA-SBA-16 probably due to the incorporation of Al into the channel walls, as Al-o bond islonger than Si-O bond.
The band in the region 1210 to I230 cm-r is due to external asymmetric stretching vibrations of fivemember Si-o rings, which is an evidence for the presence of s member rings in the walls of SBA- l6 structure.This band becomes less intense in the calcined samples indicating probably a rearrangement of the wallstructure due to high temperature treatment.
The band in the region 1045-1090 cmrdue to internal asymmetric stretching mode of sio4(To4)skeleton appears to be the strongest band in the spectra of all siricates. The broade-"ning of this band oncalcination may be due 1o superimposition of many bands ascribable to To.1 arising fiom different T-o-Tangles, this band is significantly shifted to a lower wave number1lg"9;;; I i,rrt ,rri. due ro the stretching
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of Si-O bond by long chain surfactant molecules forming micelles around which tfre SIO+ species are**"unA
during formation of the mesoporous molecular sieves. Interestingly, this band at- 1066 cm-r of *.roporou,
molecular sieves is found to be shifted to the higher wave numbei i.e.-l085 cm-' on removal of the surfactant
molecules during calcination. This suggests that contraction of Si-O bond takes place during calcination,
which has also been confirmed by XRD characterization.All IR spectra exhibit one common feat-ure, a band ai
-970 cml. The correct interpretation of this vibrational band has been a matter of extensive studies. Fig.9.
shows that within corporation of metal ions, the intensity of this band marginally increases. This band is
generally considered as a proof for the incorporation of the heteroatom into the framework.
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