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In present study, the research work has been divided into two sections viz. Firstly, amorphous silica was extracted from different silica rich
agricultural and industrial waste materials (fly ash, perlite and rice husk ash) via sol-gel method. The extracted silica (RHA-Si, Perlite-Si,
FA-Si) was characterized using BET surface area, FESEM, EDS, XRD, NMR and FTIR techniques. The surface area and particle size of
extracted silica was found to be 23.06-255.5 m*/g and 61-267 nm. Secondly, fly ash silica was used as catalyst support and modified
desirably by loading different molybdenum weight percentages via acid impregnation method. The presence of MoO; on the surface of

phase oxidation of benzene was also investigated by employing the Mars Van Krevelen model to analyze the reaction mechanism and rate
of the process. The vapour phase oxidation reaction follows zero order kinetics, with faster benzene conversion occurring at lower intake

concentrations and higher reaction temperatures.

INTRODUCTION

Silica is widely distributed across the earth and constitutes
approximately 32% of the entire mass of the Earth’s crust [1].
Silica occurs in nature as silica sand, glass, quartz efc. in the
form of amorphous, gel or crystalline material. Amorphous silica
is a highly pure fine particulates with excellent surface area
with tremendous potential as catalyst support, fillers, adsor-
bents, carriers, efc. in various fields like pharmaceuticals, paints,
cosmetics, organic reactions, fertilizers, efc. [2-8]. It has also
been utilized as raw material in ceramic industry, strengthening
agent in rubber industry, as laxative in toothpastes, flow condi-
tioners in food industries, efc. [9-11]. Precipitated silica has
been utilized as a filler in production of shoes, tires, general
rubber goods [3,12], while it also bind application as desiccant
for moisture adsorption in various household as well as electronic
goods. Silica used in various chemical applications is produced
from silica precursors such as tetramethylorthosilicate (TMOS),
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tetraethylorthosilicate (TEOS), polyethoxydisiloxane (PEDS),
etc. [13-16].

Due to the high cost of the energy needed to heat the pre-
cursors and the calcination processes, manufacturing sodium
silicate is not economical. Various synthetic procedures reported
in the literature for silica precipitation are chemical vapour
deposition, combustion synthesis, sol-gel, micro-emulsion
processing, plasma synthesis, hydrothermal technique, fluidized
bed, carbonization, combustion, etc. [4,15,17,18]. Amongst,
sol-gel process is common, which involves preparation of sol
via hydrolysis and gel via condensation of silica precursors
(TEOS, TMOS and PEDS) in the presence of alcohol, water
and NH; to form silica [14]. For silica synthesis, the sol-gel
method has been the most popular choice due to its many
advantages, such as the possibility of performing the synthesis
at low temperatures and a suitable pH to offer high yield purity.
However, the raw materials viz. alkoxides being very expensive,
hazardous and can cause blindness (with TMOS), therefore,
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their commercialization is prohibited [13]. Commercially
sodium silicate is fabricated by reaction of silica containing
materials like quartz sand with soda ash or caustic soda in a
furnace at higher temperature, generally above 1300 °C [19].
This method is extremely expensive and environmentally
hazardous since it consumes a lot of energy and generate a lot
of CO,, wastewater and sodium sulfate. Therefore, modern
industry need a simple, energy-efficient and cost-effective
approach of extracting silica, which has numerous practical
applications.

As aresult, itis necessary to shift to some alternate sources
of silica that are readily available, economical and environ-
mentally friendly. The potential substrates in this particular
field include natural, industrial, and silica-enriched solid
wastes, such as rice husk ash (RHA), perlite and fly ash (FA).
Rice husk is a waste of rice milling industries, which is directly
dumped or burned consequently may lead to chronic ailments
and severe environmental pollution. Fly ash is a waste generated
by coal burning during power production at thermal power
plants that contributes significantly to global environment
pollution in the form of solid waste. While perlite is light weight
granular material released from explosive volcanic eruptions
in the form of expanded volcanic glass, because of its wide-
spread distribution, perlite may have a variety of negative health
effects on civilization, including animals and human beings.
Thus, researchers need to look into these solid wastes because
of the negative impacts they have on the environment and the
lack of adequate policies regarding their disposal and conver-
sion to useful products. The potential of these solid wastes have
been explored in new areas such as in synthesis of zeolites
[20-22], acid & base catalyst [23,24], mesopororus materials
[25,26], etc.

Molybdenum based catalysts [27-30] finds applications
in homogeneous phase and used as an oxidant in catalytic
reactions but shows difficulty in catalyst recovery as well as
industrial problems, which is related with deposition of the
catalyst and corrosion [31,32]. Many scientists have attempted
to reduce this drawback by incorporating molybdenum onto a
wide variety of solid supports by adopting different methodo-
logy via impregnation, sol-gel, MoO,(acac), anchoring and
thermal spreading [33-35]. Several support materials have been
used such as SnO; [36], Al,O; [37], S10, [38], ZrO, [39], MoV
heteropoly acid (HPA) [40], classical supported catalysts [41,
42] and various types of mesoporous silica i.e. MCM-41 [43],
SBA-15 [44] and have also been used as support materials. In
general, support materials have been employed to promote
the dispersion, oxidation state, nuclearity and stabilization of
MoO: fine particles and it also permits to access a large number
of catalytically active atoms which was not available to the
reactants over MoOjs species alone. The chosen metal oxide
support and factors associated to the preparation processes,
the calcination temperature of the sample and Mo surface
density, etc. are the crucial factors for the relative concentration
of the various MoOs surface species [45].

The present work reports the extraction of silica from three
solid wastes, rice husk ash (RHA), perlite and fly ash (FA) by
using an economical, facile and greener approach. Structure,

morphology, chemical bonding of extracted silica is discussed
based on results obtained from different characterization tech-
niques such as XRD, FESEM, EDS, BET surface area, FTIR
and *Si NMR. Based on findings during this research, the
further utilization of extracted silica in various value-added
applications like adsorption, catalyst support, fillers, efc. can
also be recommended. Out of these applications, catalyst support
has been done in this work for catalyst synthesis, fly ash silica
have been used as a support of MoOs catalysts. Wherein investi-
gation have been done for the characterization of silica supported
molybdenum oxide catalyst (FASi/Mo) and their catalytic
activity in vapour phase oxidation of benzene. The synthesized
catalyst was proven to be more effective and recyclable in
oxidation reaction. The kinetic analysis of benzene oxidation
in the vapour phase using the experimental data was another
goal of this work. The relationship between the catalytic activity
and structural features of the extracted silica and MoOj; species
has also been addressed.

EXPERIMENTAL

A sample of fly ash was received from Tata Thermal Power
Plant (TTPP), Jamshedpur, India. Perlite was supplied by Indica
Chemical Industries Pvt. Ltd. (Kotdwar, India), while rice husk
was collected from Ranpur, Kota, (India). Benzene as reactant
was supplied by Sigma-Aldrich, whereas NaOH pellets, conc.
HCI, ammonium molybdate tetrahydrate, [(NH,)sMo0,0,4] were
supplied by Rankem, India.

Extraction of silica from rice husk ash (RHA), perlite
and fly ash (FA): Dissolution-precipitation technique has been
employed for silica extraction from all the three samples (FA,
RHA and perlite), involving alkali solubilization and acid
precipitation. Initially, all the samples were thoroughly rinsed
with 1 N HCl to remove dust and other metallic and organic
impurities and then successively washed with distilled water
for the removal of acidic impurities. After washing, the samples
were utilized as a raw material to produce silica by adopting
following procedure:

Acid washed FA, RHA and perlite samples were calcined
in muffle furnace at 700 °C for 3 h. These samples were mixed
with 15 wt.% NaOH solution at 70 °C for 4 h to produce a
transparent solution of sodium silicate, which was utilized for
silica extraction. The obtained Na,SiO; solution was titrated
with 1 M HCI at 90 °C under constant stirring till pH 7. The
solution was left for 24 h under constant stirring. The obtained
precipitate was centrifuged and the collected white solid
portion was washed thoroughly with hot distilled water and
later oven dried at 50 °C for 24 h. Following formula was used
to calculate the yield% of extracted silica.

Mass of silica precipitated

Silica extraction yield (%) = x100

Mass of solid wastes used
Catalyst synthesis: Fly ash silica supported molybdenum
oxide (FASi/Mo) catalysts was prepared by acid impregnation
method. The Fly ash silica (FASi) was calcined in an muffle
furnace at 800 °C for 3 h, then appropriate amount (3 g for 10
wt.%, 4.5 g for 15 wt.% and 6 g for 20 wt.%) of ammonium
molybdate was taken in 50 mL beaker and dissolved with
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distilled water. The calcined silica (1 g) was added in above
solution and the slurry was aged for 24 h at 30 °C under constant
stirring. The impregnated samples were filtered and washed
by ethanol and dried at 100 °C for 24 h. The prepared samples
were calcined in muffle furnace at 550 °C for 6 h. The prepared
catalysts with molybdenum oxide loadings of 10, 15 and 20
wt.% denoted as FASi/Mo-10, FASi/Mo-15, FASi/Mo-20,
respectively.

Characterizations: The crystalline index and peak identi-
fication of extracted silica was done by X-ray powder diffracto-
meter (Rigaku, Ultima I'V) using CuKo radiation (A = 1.54 A)
at 20 = 5-80° range with the scanning rate of 0.04°%s. The surface
morphology, chemical composition and particle size of samples
were analyzed by FESEM microscope (Jeol, JEM2100) and
FESEM supported EDS analyzer (Oxford elemental analyzer).
The FTIR spectrum was recorded on FTIR spectrophotometer
(Tensor-27, Bruker, Germany) in the range of 4000-500 cm’™'.
Surface area and pore size were analyzed by Quantachrome
NOVA using 1000e under inert atmosphere at 120 °C for 2 h.
The *Si NMR of the samples was recorded by sophisticated
multinuclear FT NMR spectrometer, (model Bruker Advance
Neo 500 Hz).

Catalytic reactions: Vapour phase oxidation of benzene
was performed in vapour phase microreactor. A fixed bed reactor
consists of main component which consists of stainless steel
tube (4.5 cm long x 2.2 cm inner dia. x 2.54 cm outer dia.)
positioned with a PID temperature controlling system in a
furnace. A thermocouple was used for measuring temperature
positioned into the catalytic bed. The FASi/Mo catalyst (5 g)
was preheated for 1 h at 400 °C in the stream of air (50 mL/
min). Then after the catalytic bed was packed inside the vertical
reactor tube in which 5 g catalyst was sandwiched among two
plugs of glass wool. A mixture of reactant (0.4 mL/min benzene)
and air (50 mL/min) was firstly pre-heated at the appropriate
temperature, mixed and then delivered into the reactor tube
through pre mixer and vapourizer. Here, back pressure control
valve and the mass flow controller was used for maintaining
pressure conditions and a constant flow rate of air. The reaction
mixture was collected in gas liquid separator and cooled to
room temperature, after passing through the catalyst bed. A
gas-liquid separator was used to collect the effluent and cooled
down through a water condenser. The final products was analyzed
by a gas chromatograph (Agilent 7820 A). The conversion (%)
was calculated by using formula:

100 (Initial wt.% — Final wt.%)

Conversion (%) = "
Initial wt.%

RESULTS AND DISCUSSION

Characterization of extracted silica: All the samples of
extracted silica show the amorphous nature as observed by
the absence of sharp defined peaks in XRD patterns (Fig. 1b,
2b and 3b). The broad hump (gibbous) centred at 22-24° is
the characteristic of silica (amorphous) [46]. Absence of any
peak attributed to metallic impurities or any other metallic
salts like NaCl, Na,SO,, etc. shows the effectiveness of acid
washing of samples which is also confirmed by SEM-EDS
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results. The XRD patterns of extracted silica samples were found
similar to that of commercial silica [47].
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Morphological studies: The FESEM images of the extra-
cted silica are shown in Fig. 4a-i. The FESEM of FA-Si (Fig.
4a-c) revealed that the spherical particles in the size range from
220-267 nm were aggregated together and tends to form a
cluster. The FESEM images of rice husk ash-silica (RHA-Si)
depicted in Fig. 4d-f exhibit uniform, spherical particles that
are somewhat agglomerated, with sizes ranging from 61 to 78
nm. Similarly, FESEM micrographs of perlite-Si (Fig. 4g-1)
show same morphology as RHA-Si with different particle size.

The EDS analysis of FA-Si, RHA-Si and perlite-Si are
shown in Fig. 5. The presence of silica was confirmed by finding
of Si and O in the samples. The absence of any other metallic
peak confirms the high purity of all the extracted silica samples.

FTIR studies: The FTIR spectra of FA, RHA and Perlite
and FA-Si, RHA-Si and Perlite-Si are shown in Figs. 6-8. The
entire spectra shows broad band at 3500-3000 cm™ which is

attributed to the stretching vibrations bands of silanol (Si-OH)
groups [48-50]. A sharp peak at 1637 cm™ in all silica samples,
was due to the bending mode of —OH groups and H,O mole-
cules [48,49]. A broad band in 1200-1050 cm™ range corresp-
onds to the valence vibrations of Si-O-Si network [48,49,51].
The sharp peaks at 1119 cm™ in FA-Si, 1099 cm™ in RHA-Si
and 1101 cm™ in perlite-Si attributed to asymmetric stretching
vibration of Si-O-Si and their corresponding symmetrical stret-
ching bands were observed at 801, 806 and 807 cm™, respecti-
vely [48,49,51]. Further, the absence of any other peaks indicates
that process of washing was efficient in removal of impurities
from the silica.

BET studies: The surface area of FA-Si, RHA-Si and
perlite-Si by BET equation was 23.06, 255.5 and 97.55 m?/g,
respectively. The pore size and pore volume of FA-Si, RHA-
Si and Perlite-Si were found to be 0.97, 1.91 and 0.71 A and

Fig. 4. FE-SEM images of (a,b,c) FA-Si; (d,e,f) RHA-Si and (g,h,i) perlite-Si
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60 »Si NMR studies: The analysis of *Si NMR spectra of
SiOH Extracted silica FA-Si, RHA-SI, perlite-Si shows a band in the range between
i- H-O-H

-91to-111 ppm, revealing the presence of three types of silanols,
i.e. germinal silanols (Q%), single silanols (Q?) and siloxane
groups (Q*) (Fig. 9), which are the characteristic of amorphous
silica [52]. The silica network is designated by the unit Q
(denotes to central atom Si) which is linked with oxygen and
Al atom by tetrahedral linkage. The peak at-111 ppm indicates
the presence of Q* and Q* units in the extracted silica, which
was further confirmed by FTIR spectra. In terms of silica content,
it was high in RHA and perlite than FA. Owing to easy availa-
bility, FASi was chosen as the catalyst support which was not

Raw RHA

Transmittance (%)
w
o
1

10 with perlite and moreover RHA still have residual fuel value
1099 to be utilized further.

0 : : i : : : Characterization of synthesized catalyst: The physico-

4000 3500 3000 2500 2000 1500 1000 500 chemical properties of FASi and different Mo catalysts have

Wavenumber (cm™) been presented in Table-2. The BET surface area of FASi was

Fig. 7. FTIR spectra of RHA and RHA-Si 23 m*/g. With the increasing molybdenum content (10 to 20

wt.%), the surface area of synthesized catalysts marginally
0.03,0.28 and 0.45 cm*/g, respectively. The textural, structural decreases due to blockage in surface active sites of the support.

properties and particle size have been summarized in Table-1. ‘While wider molybdenum oxide aggregates were aligned towards
TABLE-1
TEXTURAL AND STRUCTURAL PROPERTIES OF FA-Si, RHA-Si AND Perlite-Si
Samples Silica content (%) Surface area (m%/g) Pore radius (nm) Pore volume (cm’/g) Particle size (nm)
FA-Si 75.91 23.06 0.977 0.0275 220-267
Perlite-Si 80.81 97.55 0.714 0.4532 97-143

RHA-Si 83.76 255.5 1.914 0.2846 61-78
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TABLE-2
PHYSICO-CHEMICAL PROPERTIES OF
FASi AND SYNTHESIZED CATALYSTS

Samples Silica (Wt.%) M‘(’“ft‘_’%‘;"m Ba];:eTaS(;’nrfﬁgc)e
FASi 759 0.0 230
FASi/Mo-10 763 6.8 678
FASi/Mo-15 77.1 13.0 4538
FASi/Mo-20 77.1 19.9 142

the external surface of support (FASi), which has blocked the
pore entrance being the reason for decrement in surface area
values.

Fig. 10 shows the XRD spectra of FASi and FASi/Mo catalyst
at different angles ranging from 5 to 80 °C. FASi displays a
broad peak (gibbous) at 20 = 15-30° (Fig. 10a) attributing to
amorphous nature. A typical peak of amorphous silica from
15°to 30° at 20 was observed for all FASi/Mo catalyst samples
(10, 15 and 20 wt.%).The X-ray diffraction (XRD) pattern
obtained from the bulk MoOs exhibits prominent peaks at

* MoOg4
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Fig. 10. XRD of (a) FASi, (b) FASi/Mo-10, (c) FASi/Mo-15 and (d) FASi/
Mo-20 catalyst

12.9°,23.4°,25.8°,27.4°, and 32.5°. These peaks are indicative
of the orthorhombic phase of MoOs as previously reported [38].
These same distinctive peaks were also detected in the catalyst
under investigation. B-MoO; phase was not detected in the
XRD spectra of all FASi/Mo catalysts samples because these
catalysts were calcined at 550 °C in which 3-MoO; phase was
unstable [53]. Although the surface area of FASi/Mo catalyst
is larger than that of the FASi catalyst, it is important to observe
that the FASi support retains its amorphous nature even with
increased Mo loading [54], even though MoOs is in crystalline
form. The catalyst shows the extracted silica hump as well as
the crystalline peaks of MoOj indicating the well dispersion
of MoO; on the support (extracted silica).

The absorption bands of the silica support (~ 3400, 1637,
1119 and 801 cm™) related to the silica framework were retained
in all FASi/Mo catalysts samples. As molybdenum loading
was done (Fig. 11), the broadness of area 3000-3500 cm
describes the interaction between molybdate species and FASi.
As the Mo loading level were increased the peak at 1119 cm’
due to asymmetric vibration of Si-O-Si was shifted to lower
wavenumber attributed to Si-O-Mo stretch in the catalysts. In
addition, the appearance of extra peaks in molybdenum catalyst
around 794 and 920 cm™ may be assigned to stretching band
of oxygen connected with three metal atoms (Mo-O), over-
lapping of Si-O bending vibration band with Mo=0 band.
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Fig. 11. FTIR spectra of (a) FASi/Mo-10, (b) FASi/Mo-15 and (c) FASi/
Mo-20 catalyst

FESEM images (Fig. 12) reveals that FASi (Fig. 12b) has
smooth surface without any pores. While FESEM images for
FASi/Mo catalyst (Fig. 12c-e) clearly indicates the difference
in the surface morphology from that of FASi. The FESEM
micrographs of catalyst shows the incorporation of MoOs,
which changes the morphological structure of support surface.
The images had proven that the surface area of catalyst decre-
ases with increasing Mo loading as confirmed by BET surface
results too.

Catalytic performance results: The catalytic activity of
synthesized catalysts were analyzed by oxidation reaction of
benzene under vapour phase reaction conditions. Table-3 shows
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Ma

Fig. 12. FE-SEM images of (a) pure fly ash, (b) FASI, (c) FASi/Mo-10,(d) FASi/Mo-15 and (e) FASi/Mo-20 catalyst

TABLE-3
CATALYST PERFORMANCE FOR DIFFERENT
CATALYST FOR BENZENE OXIDATION

Samples Conversion (%)
Without catalyst Nil
FASi Nil
FASi/Mo-10 41
FASi/Mo-15 84
FASi/Mo-20 76

that there no reaction occurs in absence of catalyst and FASi
alone also do not show any catalytic activity for this oxidation
reaction. The conversion was increased from 41 to 84% with
increased Mo content from 10 to 15 wt.%. FASi/Mo-15 catalyst
shows the maximum conversion due to existence of active
monomeric and dimeric molybdate species consisting high
amount of Mo-O-support bonds.

In light of above inferences, the vapour phase oxidation
of benzene and its kinetics, influence of various reaction para-
meters like reaction time, temperature, inlet concentration were
studied in detail by using FASi/Mo-15 catalyst.

Kinetics of vapour phase oxidation of benzene over
FASI/MO-15 catalyst: The oxidation of benzene (Scheme-I)
was carried out over FASi/Mo-15 catalyst in vapour phase micro
reactor by varying parameters like inlet concentration of benzene
and temperature. Inside the vertical reactor tube, 5 g of FASi/
Mo-15 catalyst was placed for vapour phase oxidation. Before
each experiment, the FASi/Mo-15 catalyst was pre-heated at
400 °C for 1 h under flow of air (50 mL/min). The oxidation
reaction was carried out of benzene and flowing air (100 mL/
min) passing through pre-mixer heater at different temperature
range (623-663 K) and different inlet concentration of reactant.

FASi/Mo-15 catalyst

Scheme-I: Reaction scheme for benzene oxidation over FASi/Mo-15 catalyst

+ 750, 6CO; + 3H,0

Effect of temperature: The influence of temperature (623
to 663 K) on conversion was studied for the oxidation of benzene
over FASi/Mo-15 catalyst (Fig. 13) in vapour phase micro-
reactor. All the experiments were conducted at constant feed
rate of benzene (0.4 mL/min) and air (100 mL/min). With incr-
ease in temperature, the conversion factor increased from 61
t0 95%. At 663 K, the maximum conversion of benzene (95%)
was attained.

100+
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X 70+ I
] T T T T 1
623 633 643 653 663

Temperature (K)

Conversion (%

=N W s D
o O O O O O
L 1 L L 1 L

o
|

Fig. 13. Effect of temperature on conversion (%)

Effect of inlet concentration of benzene: The effect of
various inlet concentration (16.03 x 10? to 48.10 x 10 mol/mL
or 0.4/1.2 mL/min) on the complete oxidation of benzene at
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fixed temperature (643, 653 and 663 K) have been graphically
depicted as shown in Fig. 14. On increasing inlet concentration
of benzene, the deep conversion decreased which illustrates
that the conversion and inlet concentration varied inversely.

100 ~
90
80
70
60
50
40

30 T T T T T 1
8 16 24 32 40 48 54
Inlet concentration (mol/mL)

Deep conversion (%)

Fig. 14. Variation of deep conversion with inlet concentration of benzene

Catalyst reusability: After reaction completion, regene-
ration of catalyst was carried out at 673 K in presence of air.
Fig. 15 shows that the results of conversion and selectivity
almost remain constant upto 5" reuse cycle of catalyst, which
clearly signifies that FASi/Mo-15 catalyst posses good regener-
ation and reusability characteristics.
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Ml Conversion H Selectivity

95
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Conversion & Selectivity (%)
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Fresh Reuse 2 Reuse3 Reuse4 Reuseb5

Reuse number

Reuse 1

Fig. 15. Effect of catalyst reusability on conversion and selectivity

Kinetic study: Mars-van Krevelen model [55] have been
implied for the kinetic study of benzene’s oxidation over FASi/
Mo-15 catalyst in vapour phase microreactor. According to
Mars-van Krevelen model, the oxidation reaction takes place
in two steps:

Benzene + Oxidized catalyst —<—
ey

O, +Reduced catalyst—=2—Oxidized catalyst  (2)

Reduced catalyst + Products

Asian J. Chem.

The rate equation may be represented as:
rn=k Cg0 3)
1, =k, Co, (1-0) 4

Herein, 0 is the fraction of oxidized catalyst at any time
and Co; is concentration of oxygen.

From eqn. 3:
I
0=—1
kC, &)
Putting value of 0 in eqn. 4:
=k,Co, | 1-—1
L =K,00, 1= k,CB (6)
k]CB(Vlrl) + kZCOZrl = klkZCBCOZ (7)
Therefore,
[ = k k,C,Co, ®
k,Co, +k,C,v,

For a fixed bed reactor system, the integration formula of
zero order and first order reaction can be expressed by follo-
wing eqns. 9 and 10:

First order:

X = 1-exp(-kT) 9
Zero order:
kt
X=—
c (10)

Eqn. 9 indicates that for a first order reaction, the conversion
(X) is unaffected by the inlet concentration of benzene (Cg)
but according to eqn. 10, the conversion is inversely proport-
ional to inlet concentration for zero order reaction.

On modifying eqns. 8-10 results in the form of eqn. 11:

~In(1-X) = —{ K,

kzcoleo"’}xc(‘;JrkIT an

where v, is stoichiometric coefficient of O, in overall reaction
(7.5), Tis average residence time (0.034 s), Co» is concentration
of O,, X is conversion of benzene(%), C§ is inlet concentration
of benzene and ki, k, are surface reduction rate constant and
surface oxidation rate constant, respectively. The values of
X, C° and other parameters during the reaction are given in
Table-4.

The rate constant k; and k, have been calculated by plotting
graphs between —In(1-X) and XC§ as indicated in Fig. 16.

TABLE-4
EXPERIMENTAL RESULTS OBTAINED DURING COMPLETE OXIDATION OF BENZENE

Benzene flow €, x 10° 643 K 653 K 663 K

rate (mL/min)  (mol/mL) X (%) XC, In(1-X) | X (%) XC3, In(1-X) | X (%) XCS -In(1-X)
0.4 16.03 82 13.14 1714 85 13.62 1.897 95 15.22 2.995
0.6 24.05 69 16.59 1171 75 18.03 1.386 81 19.48 1.660
0.8 32.07 57 18.27 0.843 62 19.88 0.967 67 2148 1.108
1.10 40.09 47 18.84 0.634 51 20.44 0.713 56 2245 0.820
112 48.10 42 20.20 0.544 45 21.64 0.597 49 23.56 0.673
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Fig. 16. Comparative linear plots at three different temperatures
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The value of rate constant (k; and k,) have been obtained
at different temperature (643, 653 and 663 K) from the relation-
ship between —In(1-X) and XC§ as represented in Table-5. As
the temperature increases, the value of rate constant increases,
which shows that rate constant is directly proportional to temp-
erature.

TABLE-5
k, AND k, VALUES AT DIFFERENT TEMPERATURES
Temperature (K) k, k,
643 0.53 x 10 3.28 x 107
653 0.58 x 10 3.40 x 10
663 0.94 x 10 3.59 x 10

Conclusion

The present work aims at extraction of silica from different
solid wastes (rice husk ash, perlite and fly ash) by using simple,
rapid, low-energy, environment friendly chemical process invo-
lving alkali solubilization of the solid wastes and subsequent
acid treatment. The XRD studies reveals amorphous nature of
extracted silica with chief functional groups, Si-O-Si and
Si-OH, which was confirmed by FT-IR too. FESEM images
show agglomeration of extracted silica particles. The presence
of Si and O elements and supported highly pure nature of these
particles was confirmed by EDS. Surface area and *Si NMR
analysis also demonstrated fine porous nature of extracted silica
with excellent surface area and presence of different silanol
groups and existence of silica network. Molybdenum oxide
(MoOs) was incorporated onto fly ash silica by impregnation
method whose catalytic activity showed appreciable improve-
ment with increases of Mo loading from 10 to 20 wt.%. Wherein,
FASi/Mo-15 catalyst exhibits highest catalytic activity. The
vapour phase oxidation reaction of benzene over catalyst follows
the Mars-Van Krevelen mechanism for kinetic study, which
was studied by varying temperature (623-663 K) and inlet con-
centration of benzene (16.03 x 10° to 48.10 x 10 mol/mL).
Direct correlation was observed between deep conversion and
temperature and was inversely correlated with inlet concen-
tration. It has been deduced that the aforementioned common
solid wastes may provide the raw materials necessary to produce
extracted silica at industrial scale. Assuming widespread appli-

cation, this strategy would help create a healthier and safer
community.
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