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This is to certify that, Dr. / Mr. / Mrs. / Ms. §. 8. Shete of Department n.\..@mvﬁnh

S @E.ﬁ%m??ﬁn has participated in the National Conference on “Recent Advances In

Nanotechnology-2019 - An Interdisciplinary Approach™ organized by the Department
of Physics, Toshniwal ACS College, Sengaon, Dist. Hingoli, (M3), India on 05t March
2019 presented (Oral/Poster) research work entitled “Post Synthesis modification of Rice

Husk Ash RHA-SBA-16 by Aluminum and Titanium Metal Tons’.
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POST SYNTHESIS MODIFICATION OF RICE HUSK ASH RHA-SBA-16 BY
ALUMINUM ANT TITANIUM METAL 1ONS

Shete 5. B.' and Kapure G, P?
“Department of Physics 5.6, B.College Puraa,
Emmil: s bshetei@ resd iffmall com

ABSTHRACT ;

Spherical particies of mesoparons silica SBA-16 with cubic Im3m siruciure were syathesized af low pH
using Pluronic FIZT av template and RHA as silica sowrce The diameter of the spherical purticles can be
cowmrolled in the range of 0.5-8 pm by varying Spherical particles of mesoporows silica SEA-16 with cubie
Imdm seructure were pnthesized at low pHf wring Pluronic F127 as template and BHA ax silica sowrce. It ix
suggested that this morphology fransition i due fo a change in hydrolysis and comdensation rate of the gilico
sowrce and as a result the assembly of FI127 micelles will differ. The S84-16 samples were characterized
wsing powder X-ray diffraction (XRD}, scanwing clectron micrascapy (SEM), trasmission eleciron

microseopy (TEM) and Nitrogen adsorption techmigues,
KEYWORDS: SBA-16; Spherical particles; Synthesis temperature; Morphology; Plurenic F127,

INTRODUCTIONN:

Spherical particles of mesoporous silica SBA-16 with cubic lm3m structure wers synthesized at fow
pH using Plurenic FI27 as template and RHA as silica source. The diammeter of the spherical particles can be
centroflled in the range of 0.5-8 um by varying' .The synthesis of mesoporous materials by a liqguid-crystal
template mechanism was reported The properties of these materials make them atractive for adsarption,
catalysis, separation, chemical sensing, optical coating, drug delivery and electronic applications. For practical
purposes, the everall morphology of 8 mesoporous materizl is & necessary requirement in combination with
their internal structure. SBA-16 is 2 mesoporous material with 3D cubie pore arrangement corresponding. to
lmim space group In this body-centred-cubic structure each mesoporous is connected with {ts eight nearest
neighbaours to form a multidirectional system of mesoparous network™ Due to #s large cage, high surface area
and high thermal siability, This material appears to be ane of the best candidates for catalytic support and
packing rmealerials for separation, Using FI127 as o surfactant is the common way of synthesizing SBA-
L6. However, there are also reports on altermative surfactants such as F108.a blend of P123 and F1275

Micro porous zeolite are widely used as solid acid catalyss, but their applications are intrinsically
limited by drawback of zeolite is that the small size of the channels {bess than 0.8 nm) and cavities {<1.5 nm)
impaoses diffusion limilations on reactions that can cause high back pressure on flow systems. The dimensions
of the zeolite micro pores (< 2 nm), mesoporous (2-50nm) and macre pores (= 50 mm) permit faster migration
of guest molecules in the host frameworks. Since fast mass ransfer of the resctants and products to and from
the active sites is resired for catalysts™'' the concept of infusing mesoparous into zeolite particles has
atfracted much attention. Recent progress mvelving this issued to ordered mesoporous materials such as
MCM-41, SBA-16 and SBA-15"", These mesoporous materials have pore dinmeters of 3.0 nm— 2.0 and
exhibit catalytic properties for the catalytic conversion of bulky resctants, it unfortunately, when compared
with micro porows zealite'™ " the catalytic activity and hydrothermal stability are relatively low, which can be
altributed to the amerphous nature of the mesoporous walls. To overcome this problem, sgeme recent reseprch
efforis have been concentrated on introducing mesoporous or maco pores linked to the zealite micro pores.
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These materials called Hierarchicel eolite materials with compinaions of micro/meso/maero pares would
further extend the application of zzolite 35 solid acid"”.

pPOST MO DIFICATION OF RH A-SBA-16 BY Al and i i

g0 s to impart the cataltytic and pdsorptive activily W the chemically inert mesoporous silicale
framework, substitution of Si*" ioms by other heteroatom in {he prepared materials has beenl endeavored. This
parl degeribes the syTithesis procedures psed for post i ficatiomn of RHA-SBA-16 ¥ introducing
heteroatoms such as Aluminum and Titanium e their mesg-structures to iMpIONE their catalyti activity of
reactions of bulky rnolecules and the adsarption activity 5igniﬁm'|.lh-'w.m post modification synthesis of
pHA-SBA-16 can be possible bY arious methodologics: mang them we ave followed the jon exchange
method-In this methed, the presentce of Aluminam 0 the silica alumira EEOEOTOUs framework Lives pise to
anion, which atiracs cations in the framework as they Wt lposely bounded. The replacement of cation held in
the framework siruc i i i i i
ib1e™, Initially RHA-SBA-16 was converted in to {heir protonic forms. The 100% crystalline RHA-SBA-
16 sample in i3 protonie form wiks selected and was further modified by using batch ion exchange
with mesal iors like AT and it with dafferent gricaal o0 concenfraions. {piroduction of myétal ioms such &5
AL and Ti, creates NEW Lewis acid sites and Aronsted basic stes respectively within the RHA-SBA-16 host.

F.‘JEPF.HJME.?&T Al
Post Symthesis Modification of RHA-SBA-1D with H':

Exchange of RHA-SBA-16 i 1o its protonic form was done By bhatch ion exchange method using
ubseguent acidic st solutions. Ammenium nitrate 2.3 a5 (2g) was taken in a 150 ml single neck round
bettomed flask anet 25 ml methanol was added into Tt 85 B solveni

log of the dricd RHA-SBA-16 powder was alsp added and the blend was stirred under reflux
condition for 3h at B0"C. Then this miKiuse Was allowesd to cool 10 poom lemperature by natural CoTWECtion
followed by filiration. Further the filrate was washed repeatedly with deionized water The residuc is MH.
RHA-5BA-16. 1t is dricd for overnight by heating al O0C in an oven. LAter unFH!-L.-RHA-SBh-!ﬁ is heated
ot SOOPC in automated muffle furnace for 3h, 0 exile ammonia and is converted in H form ie H-RHA-SBA-
1.

Post Synthesis sadification of H-RHA-SBA-16 by AT metal 0ns:

To tune and enhance the acidic behavior of RHA-SRA-1G, we have exchanged ifs prosanis form Into
madified AFRHA-SBA-16 using sopresponding metal alt solations of Jifferent molaritics by jon exchange
method as described earlies. The calcalated quaniity of concenirated galt solution of Al [AIZ(304)3.18
H20 Le.10.282 for 1M, B.23g for 08¢ and 5138 for 0.5M in I0E of methanol Wore paken in three diffieremt
single neck round botiom flask (RBF) of { 50 mi, Then S of the dried H-RHASBA- 16 porder was added 10
4 and was stirred undes rafluce condition for 6h at {00°C. Later the mixture Wis trought to room temperaturs
naturally and then the solvent WBS cvaporated. The residye was dried in the oven at |o0°C, and calcined
450°C tas00’C for 4h.To ensure the ion exchange of the AlT I RHA-5BA-16 we have examined the
olemental compesition of the calcined samples by EDAX Jnd came to know that their SilAl ratio varics from
4.0, Theaz modified forms werc named as AR HA-ShA-16 (SUALS 4, 7 and 9.

Post Synthesis sModification of fl-RHA-SHA-16 by Ti'" metal ioms

method as described earlict. The caleulated quantity of cancentrated salt sohution of Tilhi.e0.8g for Twits,
1.3g for daitgand 1.9g for Gty m 30g of methanol were taken in three different single reck round bottom
sk (REF) of 150 ml. Then 38 o the driei HRHA-SBA-16 powder was added to i anvd ‘was stirred undet
reflux condition for 60 at g0°C. Later the mixtwe Was Brought 1o room temperaiurs maturally and later the
colvent was evaperated, The cesidue was dried in the oven 20 100°C, and calcinad at 450°C 10500"C for 4h.To
ensyre the fon exchange of the Ti"'in RHA-SBA-16 we have examined the clemental composition of the
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calcmid ;;umpl;s by EDAX. These modified forma were named as TI-RHA-BBA-16 (2wils, dwt%: and
wtia).

RESULTS AND DISCLISSTOM;
Encrgy Dispersive Anasbysis of X-ray (EDMAX )
Table 1 Elemental Composition of the Samples Analyzed by EDAX

Bumple name Si | Al | SVAL ratio Ti ﬁiﬂ: .
o I
A:ﬁg:jjl{?- T [ SLfA:I‘_:‘E;.H& _
e T o
b ﬁg:fgf 68.47 | 1.74 ) T[::.:';f ‘
Ti]' E](iiﬂ:?- 6371 | 1.78 i o ;133
& Til-gjf-é.:;sgfu- ot | v T :-‘f.'[.;,?ﬁ

L e e mami e s L L | R WL
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(Al (H)
Fig. L (A EDAX IMAGES OF {a) AFRHA-SBA=16{50A1=5), () Al-RHA-S BA-T6(5VAFET) and () Al
REHA-SBA-16(SFAITL
. (B) EDAX IMAGES OF (i Ti-RHA-SBA-16 (2wt %), (b) TERHA-SBA-16 (4wt %) and (c) Ti-
RHA-SBA-16 {6wi %ok
The observed EDAX spectra For all the modified samples snalyzed are shown in Fig 104, B). In
EDAX, X-ray photons emitted from the sample are dispersed by a erystal and plotied as a function of energy.
The X-rays being analyzed came from the arca being imaged, so elemental composition s determined as a
function of location on the sample. Cutstandingly it is observed that the atomic percentage of Si, Al, Tiand O
in modified forms of the EHA-SBA-16 are almost uniform, Even the S¥Al ratio is observed to be within the
range in case of modified RHA-SBA-16 which shows that, the elementary compositions in the modified
samples are uniform. The observations made by using SEM-EDAX corretate well with the XBD data for all
the araiyzed samples. The amoont of Ti- metal iors weight percentage in all the samples is found 10 be around
1.93-5.TIwt%. The metal compositions after the modification with the RHA-SBA-16 samples are given in
Table 1.
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RESULTS AND DHsCLUSSIN:

Energy Dispersive Analvsis of X-ray (EDAX
Tablke | Elemental Composition of ihe Sumples Anolveed by EIIAN

Ti Metal ion

Sample name 5i Al | 5itAl ratio with
e el
ARSI e 1 [P
TRIASOA- | oo

_T'I'El'[&tfg?' &7 | 1.

Viomrg |1 1

] =
e il e Pt

[A)

(B)

Fiz.l. (A) EDAX IMAGES OF () AFRHA-SBA-16(5KA1=5), (b} Al-RHA-SBA-16{S¥AI=9) and (¢) Ak
RHA-SBA-I6(SEAI=11),

(B EDAX IMAGES OF (2 Ti-RHA-SBA-16 (2wt %), (b) TERHA-SBA-16 (4wt %) and {c) Ti

The cbserved EDAX spectra for all the modified samples analyzed are shown in Fig. 1.4, B) In
EDAX, X-ray photons emitted from the sample are dispersed by a crystal and plotted as a fimction of encrgy.
The X-rays being analyzed came from the arca being imaged, so elemental composition is determined as a
fiunction of location on the sample. Outstandingly il is observed that the atomic percentage of Si, Al, Tiand O
in modified forms of the RHA-SBA-16 are almost uniforme Even the Si°Al rafio is observed to be within the
range in case of modified RHA-SBA-16 which shows that, the elementary compositions in the modified
samples are uniform. The obeervations made by using SEM-EDAX correlate well with the XRD data for all
the analyzed samples. The amount of Ti- metal fons weight percentage in all the samples is found to be around
1.93—5.Thwtds. The metal compositions after the modification with the RHA-SBA-16 samples are given in

Tabl= 1

BH A-58A= 16 (6w e,
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A-SBA-14) |
ion on characterization data of the H-RHA-5BA. 6, ALRHA. |
SBA-16 and T-RHA-SBA- |4 samples with differane SVAL ratips gng with different wr = of Ti- exc
Spectively The XRD PRitems of the calcined parent H-RHA-SBA. 16 ALRHA-SBA.16 ang Ti-RHA-SBA.
16 samples wigh different Si4 ] ratios (4, 7 and 9% and with different wy e af T (2wt2% duy o and Gwi, %)
respectively gre presented in  Fig o (A, B, ) respectively, The pectra showed YR Patterns identical to
that reported fop standird SHA. 16 materiak. Bockay g7 indexed thegp Peaks for 5 hexagonal g cell, the

caleination of SMples, the peak s shifted to [opper dun spacing valug probably due gy,
condensating af interna| Si-0OH BIOUps giving rise 1o g CONraction of the yi cell. The g cell parameter ang
d-spacing af the Al-RHA-SBA. 15, THRHA-SRA. |4 samples and H-RHA-SBA.16 a7e Eiven in Table 2. The \
slight increase i d-spacing and ypg cell parameters of bath ARHA-SBA. 15 and Ti-RHA-SBA- 15 compared \
o H-RHA-SRA- 14 - 5 the presenge of Aluminum ang Titanium in ghe framewerk respectively, The \
increase in -yt cell parameter on A or Ti incorparation is probably dye g, the repiacement of shorter $i.0)
bands by longer ALO ang Ti-0 bonds in the Sructire respectively. It is gl observed thay along with ap
Incrense i the unit cef) Parameter, the {110 diffraction peak becomes broader ang less intensa with fnﬂming
Alumingm o Titanjum Comtent, Probably because of the change of the Al-0-Al and Ti-0-Ti bapg angle,
Lausing 8 distortion in the long TANge ordering of the hexagong) MEsOporaus srycqyre .
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Fig. 2. (B, C) illustrate that in all the modified forms of H-RHA-SBA-15 sample, there are marginal
changes in the crystallinity but almost po changes in the phase purity and structural morphology are being
observed afier modification with different amounts of Al™and Ti* percentage. This indicates the structurg|
stability of the parent sample and presence of metal ions in the intra-crystalline voids of the H-RHA-SRA-16,
The percem erystallinity of the samples is drywn with the amount of metal jon percent in them. From the
Table 2.as the metal jons percent increases in modification, an incregse in the erystallinity of the samples was
observed up 10 SU/AK4 and fwi% of T;. But when Si/Al = 4 and Ti incorporation is mare than 6wi% i.e. when
the metal ion concentration increases then the sample declines from zood erystallinity to amorphous nature.
This is because of the fact that, Al itself is having an amorphous nature and Ti being strong earth meta] i
produces other amalgamations in the structure influencing the crystallinity, hence the modification was
stopped afier Si'Al-4 and more than Bt of T meorporation to retain the erystallinity of the sample. The
erystallinity of the sample was 1008 for H-RHA-SBA-16.If the * AT meta| jon concentration in H-RHA-SBA-
16 was SYAL =4 crystallinity was 98.5% and then gradually decreasad for Si'Al=T, O as 91.7% and B6.5%
respectively. However, if the “Ti" metal jon concentration in H-RHA-SBA-16 was Bwi, it was 96.5% and
then gradually decreased for 4wi% and 2wt gz 84.3% and 50,4% respectively.

Fig. 3.depicts the co-relstion hietween % crystallinity and concentration of Al and Ti metal jons,

132 5
0% -
.'n_\_\_\_\_-\-
6 - b T LAHRHA-SEA-45
o e LTI-RHA-SBA. 15
E \1"
al
3w e
g B
E a8 - -.__.. ‘w
B W
H.
[ -
?'I : S
& B [ & D

SAMPLE NAME
Fig.3 Effeet of the metal enncentration on Percen) Crystallinityo M-RHA-SBA-16

Furthermore, XRI3 patterns recorded at higher angles up o 80" showed no peaks, Therefore, the
presence of any arystalline Al or Tj containing species can be excluded

Table 2 Physicochemical propertics of ALRHA-SBA-16 gnd li-RHA-SBA-14 S s

Surface | Pore Pore T3 b
Sample e | Area(m | Volume dismeter{ | Crysta {mmnl:f
’F (mlg) A" | Manity 2l
H-RHA-SBA-16 33.16 | 95422 0.65 273 104 0.014
M‘%ﬁﬁ?.m 332 | 85200 | 0.7 25.6 8.5 0192
Ahggﬂﬁ‘;‘"ﬁ 34.62 | 22645 | o7y 2 | o3 | oo
L Al fﬂﬁ.ﬂ;ﬂ?-m 35.75 | 93861 0.69 26.8 B6.S 0044
™ ]
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| TiRHA-SBA-ig

[
(2wtt) 45.56 | 78036 62 30w 8.4 Daory
I:-RHA-SBA-16
(Awith) 45.85 | B09.58 .68 ng B43 | 0.019
Ti-RHA-SBA-14
45.58 | 02625 .72 9. . 0.4
(6%} 3 26 0.7 I9.8 5 4 |

Sorption studies:

The BET surfice arcas, AVEMAEe pore diameters and pore volumes caleulated from Nsoeption
isotherms of AI-RHA-SBA-16 (Si /Al = % 7, 9) and TERHA-SBA-16 (2wt 4witts, 6WE) presented in
Table 2. According to IUPAC classification, the Botherms are of type IV presented for ARHA-SBA-16 (5§
{AL= 4,7, 9) and Ti-RHA-SBA- 16 (2wtts, 4w, 6wits) in Fig. 4 (A, B)and 5.0A, B) respect

wr SiiAl= 4

ively,

Siidled

(A) (1)
Fig. 4.4) -"l:-misnrptiml-d::.nrptlim isnthertns and (1) Pore size distribotion of
AJ—HII.’I.T.HH.-'IL-IMH'I Al=4, T H
W :

T

3
i

iA) iB)
Fig. 5.4) |"'-i:q:£mr|m'un-|lmr|r:inﬂ sotherms and (B) Pore size distribution of Ti-RHA SR A-162wi%,
i, Wi

The position of p/p, at which
sharpness in this step indicates the uniform
16 {M = Al or Ti), this ' Botherm g

\O,
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Temperature Frogrammed Desorption of Amimomie

b |

rrm“.aw.qm

Ak A BEA- 15 )

TGO Slginal {a.uj

Fig.6, Temperanure Programmed Dresorption of A mimonia of TEFRHA-SRA-15

The acidities of the H-Al-SBA-15 samples were characterized by the TPD of Ammenia. The acig
strengths appear to be rather moderate as nearly afl ghe Ammonia desorbed bejgy 250°C. The acidifjes
(mmole) based on the Ammonia desorbed by the samples beyond 90°C are Presented in Tabje 7

As the Alumingm canfent increases, the potaf acidity increases in the samples (Al-RHA-SBA.
F-E{SEM.I:E':I ‘iﬁf—-RH-i-EHA-Iﬁ{E;i.-"AI-?J “AlRHA-SBA. |4 (SiFAl=g). However g the Titanium Bt
mereases, the total acidity decreases i (e Samples (Ti-RHA-SBA-16 (2wis e TH-RHA-SBA-16 (#wy) <
TERHA-SBA-16 (6w %)),

SEM
(SiAl=T) {SiA =9
Flg. T.Scanming electrpg micrograph of ALRI A -SBA-14,

g =)
!@ MR
1 e |':t'r1,
Recent *Mgﬂﬂechnnhw Furna{m}{hn!:Farﬂm#ﬁT ;
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(2] (i) (Bt )
Fie. 8. Scanning eleciron micragraph of Ti-HHA-SBA-16.

Seanning electron micrographs of oll the modified Al-RHA-SBA-16 (SVAl=4, 7, 9) and Ti-RHA-
SBA-16 (2, 4, 6wt %) samples is presented in Fig. 7.and Fig. $.respectively. The micrographs reveal two
marpholagies, such as hexagonal and spherical habil and majority of them are hexagonal shaped agglomerates
of emall particles of the size between 3.10-10.60A It is scen that the merphology of the crystals geis affected
2 the metal jon percent gradually increased, The SEM photograph of H-RHA-SBA-16 sample shows bigger
crystal size while the modified forms the metal ions have decreased erysial size which may affect the surface
properties of the H-BHA-SBA-16 which tend to use it for different applications.

FTIR

(A} (B)
Fig, 9. FTTR spectra of calcined H-RHA-SBA- 16 and its modified forms with A 1" o TV fons.

The IR spectra of lattice vibration of caleined H-RHA-SBA-16 AL-RHA-SBA-16 and Ti-RHA-SBA-
|6 are presented in (Fig, 9.0A, B)). The spectra shows four main absorption bands between the regions 12110-
1230, 10451080, TR0-815 and 440-470 e, The T-O-T lattice vibrations are found to shift o lower wave
numbers for Al-RHA-SBA-16 probably due to the incorporation of Al into the channel walls, as Al-O bond is
longer than Si-Cr bond.

The band in the region 1210 to 1230 em” is due to external asymmetric stretching vibeations of five
member $i-0 rings, which is an evidence for the presence of 8 member rings in the walls of SBA-16 siructure.
This band becomes less intense in the calcined samples indicating probably a rearmangement of the wall
sirchere due 10 high temperature reatment.

The band in the region 104351090 cm''due to intermal asymmetric stretching mode of BiO(TO4)
skeleton appears to be the strongest band in the spectra of all silicates. The broadening of this band on
caleination may be due to superimposition of many bands ascribable to TO, arising from different T-0-T
angles, this band is significantly shifted to a lower wave number {1066cm™). This may be due to the stretching
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of Si-0 bond by long chain surfactam mokecules t‘:rmmg micelles around which the $i04 spu:lns are wound
during formation of the mesoporous molecular sieves. Interestingly, this band a1:= 1066 em™ of mesoporous
molecular sieves is found 1o be shifted to the higher wave number i.2.~1085 em™ on removal of the surfactant
mobecules during calcination. This suggests that contraction of 5i-0 bond takes place during calcination,
which has also been confirmed by XRD characterization. All [R spectra exhibit one common feature, a band at
~470 em™, The correct interpretation of this vibrational band has been a matter of extensive studies. Fig..
shows that within corporation of metal ions, the intensity of this band margmally increases. This bund is
generally considéred as a proof for the incorporation of the hetercatom into the framewaork.
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