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Introduction

Zhuravlev [1] and Vansant [2] reported that
research on silica began in the1930 s when
many scholars investigated the condensation
processes of silicic acids. These studies led to
the discovery of the surface silanol groups, =Si-
OH. Infrared spectroscopy analysis which was
used by Yaroslavsky showed the major
adsorption bands due to the existence of
hydroxyl groups on the silica glass surface [1].
Due to various spectral and chemical analyses,
it has been known that silica contains two types
of functional groups, i.e. the siloxane (=Si-0-
Si=) inside the matrix of silica and OH groups
(silanol groups) on its surface.

There are two free silanol groups present on
the surface: the isolated silanol (=SiOH) (a
silicon atom bonded to a single hydroxyl group,
and the geminal silanol (=Si(OH)3) (silicon atom
bonded to two hydroxyls group, as displayed in
Figure 1. It was found that each two vicinal

silanol groups can form a hydrogen bond [4].
Likewise, silica contains three kinds of siloxane
groups (=Si-0-Si=). These siloxane groups
(=Si-0-Si=) are represented as Qn according
to NMR, where "n" is equal to bridging bonds (-
0-Si) bond to the central Si atom, i.e. Q4-silicon
atom bonded to other silicon atoms via four
bridging, while Q3- represent three siloxane
groups inked to the single silicon atom and Q2 -
two siloxane bonds connected by one silicon
atom as depicted in Figure 1. Generally, siloxane
groups number can be calculated from the
following equation: Qn = Si (0Si)n(OH)4-n [5,
6].

Rice husk (RH) is a biomass material which
recycled successfully [7] than 75
countries are produced rice [8]. Production
volume of rice worldwide reached 400-545

More

million metric tons annually, where the husk is
about more than 20% of the total production [9,
10]. The husk content is high in silica, and
therefore it has economically valuable. The low
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cost of husk makes it an attractive raw material
for utilizing [11]. About 20% of silica powder
can be extracted from RH and widely used for
various applications instead of the commercial
silica product [12].

The cellulose is about 38% in rice husk
followed by lignin at 22%, while silica is about
20% and 18% of pentose. The other 2% is
inorganic elements. Rice husk as in the other

Vicinal silanol «—Hgp —HO

Siloxane

agricultural waste, when it was burned could
cause environmental pollution. Therefore, the
control of temperature and pressure are
important factors of the minimizingollution
[11]. The ash of rice husk (RHA) is the main
product of the calcination contains 95% of pure
silica [13]. An analysis was made for the RHA
components which were burnt at 700 °C, as
reported in Table 1 [14].

Geminal silanol

I Isolated silanols
OH oH  sio,
\ 4 _ é |
; i I i Si__ -
O/II\O/ \O//_\O//_I\O
0] 0] 4
2 3 Q
0 Q

Figure 1. Types of silanol groups and siloxane bridges on the surface of silica [6]

Table 1. Chemical composition of RHA after burning out at 700 °C for 6 hours [15]

Oxides
Si0;
Al,03
Fe203
Ca0
NazO
K0
MnO
TiO;
MgO
P,0s

Loss on ignition at 700 °C

Experimental
Silica extracted from rice husk

After collecting RH, it was cleaned with
water a few times to remove dust and then dried
at laboratory temperature for 24 hours. To
remove metal oxide, the RH was treated with
one molar nitric acid in a plastic container for

Component expressed as RHA %

94.95
0.39
0.26
0.54
0.25
0.94
0.16
0.02
0.90
0.74
0.85

24 hours, and then washed more than six times
with distilled water. Afterward, the leached RH
was subsequently oven-dried at 100 °C for 24
hours, followed by combustion at 800 °C for 6
hours. The high-purity white rice husk (RHA)
was obtained after washing with distilled water
and drying. A fine powder obtained is ground
using a mortar and pastel to be used as a silica
source [14, 15].
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RHA Functionalization with CPTES

The silica from RHA was dissolved in one
molar sodium hydroxide and then filtered to
isolate undissolved particles. A certain amount
of CPTES was added to the sodium silicate
solution. The mixture was stirred continuously
and gradually titrated with 3.0 M of nitric acid
in the presence of a pH meter. A white gel began
to form when the pH values lowered to slighter
than 11.0. The titration was resumed until the
pH of the solution decreased to 3.0. The gel aged
for two days at laboratory temperature. The
fresh gel was separated by centrifugation and
purified via repeated washing with distilled
water. The last washing was performed by
acetone as a volatile solvent to enhance the
drying product. Finally, grind to produce white
powder labeled as RHACCI.

Immobilization
molecules

of RHACClI with organic

The synthesized solid RHACCI has been
utilized as a support to immobilize functional
organic molecules onto silica surface. The
modification was organized mostly by grafting
organic ligands on the silica framework by
replacing chloride end groups in RHACCI. The
mixture was refluxed at 110 °C in an oil bath for
the necessary time. Then, the composite was
isolated and washed with the fresh organic
solvent. The dried sample is necessary dried at
100 °C. The obtained sample was labeled
relying on the organic ligand utilized.

Results and Discussion
New route for the production of silica

Two processes of producing silica are
discussed in this review. In the first assay, rice
husk was acidified with nitric acid, filtered, and
then burnt in a furnace at 800 °C [14], as shown

in Scheme 1a. This fast process produced pure
silica from this biomaterial waste effectively
which facilitated using organic ligands for
various applications [15, 16]. On the other hand,
one of the disadvantages of the methods was
environmental pollution caused by releasing
many toxic gases and acidic oxides. In the
second procedure, the RH was treated or
washed with nitric acid, and then the RH was
neutralized using NaOH, as displayed in Scheme
1b. After that, the silica was formed by titrating
sodium silicate solution vis HNO3. The main
target of this procedure was producing silica
capable for incorporating with metals such as
cobalt, vanadium, iron, and so forth [17, 18].
The limitation of this method was that the silica
produced may have organic impurities due to
use NaOH. It has been established that these
organic impurities will interact selectively in
the material characterization, especially if the
silica has been conformed to the specific organic
ligands.

Ithad been observed that many organic acids
and esters easily reacted with sodium silicate in
a one-pot synthesis. These compounds are
acetic acid (AA), chloroacetic acid (CA),
chloroethylacetate (CEA), 1-chlorohexane, and
ethyltetadecanoate (EP). The morphology study
shows that the nanoparticles have sphere
shapes [19] The chemical synthesis reactions
are depicted in Scheme 2. The results
demonstrated that the produced biomolecule
silica was successfully modified by acid or the
ester functional ends groups and not reacted
with the halide functional end groups. It was
also disclosed that the silica could not assemble
with an alkyl halide (1-chlorohexane) due to the
lack of carboxyl or ester functional end groups.
The effective procedure used in this study was
environmentally preferred, easy, and yielded
silica connected to chloride or alkyl end groups.
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. Furnace at 800 °C
Rice Husk >

HNO5 (1 M)
pH=3/ 20 min

OH

OH Sodium silicate solution
OH

OH
OH +* NaCl
OH

R.T., 30 min

Scheme 1. The direct method of producing silica from rice husk. (a) By burning RH at 800 °C and (b)
by solvent extraction and treatment with acid solution to produced silica [19, 20]

RHA + NaOH 230 Min_ o dium silicate

HNO;, rt.,

CICH,CO,H

OCOCH,CI
- OCOCH,CI
or CICH,CO,Et OCOCH,CI

pH=3/ 75 min

OCOCHg;4
CH3C02H - OCOCH3
OCOCH;4
CH3(CH3)1,COEL & 88858:31;”2
OCO(CHjy)s,Me

ClCHz(CH2)4Me‘

No reaction

Scheme 2. The treatment of sodium silicate with different halide acid derivatives, acetic acid, ester,

and alkyl halide [21]

Figure 2a and b [21] shows the N;
adsorption-desorption isotherms and pore size
distribution diagrams for silica-chloroacetic
acid (RHACA), and silica-chloroethylacetae
(RHACEA). All the isotherms were type IV and
exhibited H» hysteresis loop [20] The very high
surface area was deducted for both RHACA and
RHACEA which was 655 and 654 m2gmy,
respectively. RHA had only 347 m2gm-! specific
surface area. Thus, the new method of
immobilizing silica with those ligands could
reach the products via a pure homogeneous
procedure which may enhance the specific
surface area and mesopores structure of RHACA
and RHACEA. Adam et al. [21] reached a similar
conclusion when other organic ligands were
incorporated inside the silica matrix. The pore
size distribution was found in a range of 4 to 8

nm with pore volume 4.5-4.2 cm3gm!
suggesting mesoporous silica structure (Figure
2a and b). Both chloroacetic acid and
chloroethylacetate had BET the same surface
area. The corresponding N, adsorption-
desorption and pore size distribution curves
indicated the formation of the mesoporous
system (inset in Figure 2c and d) for RHAA and
RHAEP, respectively. The isotherms were type
IV and exhibited the H; hysteresis loop. About
539 and 399 m2gm-! were deducted as a specific
surface area of RHAA and RHAEP, respectively,
while pore diameter for RHAA and RHAEP
(Figure 2c and d) showed an in the range of 4 to
8 nm. About 7.2-3.9 cm3gm-! was the average
pore volume for RHAA and RHAEP which was
fall in the mesoporous range. The lower specific
surface area was deducted for RHAEP as aresult
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of the immobilized large molecule into the silica.
RHACH had adsorption isotherms of nitrogen
similarly sigmoidal to RHA.

Very regular and spherical-shaped particles
were found in TEM micrograph for both RHAA
and RHAEA, as indicated in Figure 3 [22]. The
measurement of particles by TEM found that the
particles had 5 nm in diameter.

In our laboratory, it was recently reported as
a simple method to modify silica [22] similarly
to the method in Scheme 1b with a slight
modification. After generating sodium silicate, it
was burnt at high temperatures to separate the

co-deposited carbon residue during frequent
extraction. This will mimic and avoid the
atmospheric pollution caused by organic
released when silica is burnt in the furnace. The
prepared silica will guide to design useful
heterogeneous catalysts conjugated with
metals or with organic ligand grafting in various
applications. In other cases, the silica produced
can be desirable in the chromatography column
technique to separate, and purify constituent

particles of a mixture of organic substances
[19].
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Figure 2. The nitrogen adsorption/desorption isotherms with the corresponding pore size
distribution shown inset. (a) RHACA, (b) RHACEA, (c) RHAA, and (d) RHAEP [21]
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Figure 3. The TEM micrographs of (a, b) RHAA and (c, d) RHACA showing spherical shaped particles

[21]

Figure 4a, b, and ¢ show the X-ray powder
diffraction (XRD) pattern of the modified silica
by the procedure designed [24] compared with
the silica prepared by the other techniques
documented in the literature (Figure 4d). All the
diffraction patterns were typical of the
amorphous silica.

Organic-inorganic hybrid catalysts

Recently, a great deal of attention has been
devoted to the modification of the silica surface
[23-24]. This process can be directed by many
researchers toward managing and adjusting the
chemical effects and technical characteristics of
the hybrid material. Different catalysis can be
prepared by modifying the silica surface. These
could be the promising nanostructured silica
materials, selective heterogeneous catalysts,
and liquid crystals phases [25].

The functionalization of silica surfaces is
mainly employed wusing organic ligand

molecules. Silica-silylating hypered have been
found mostly chemically reactive [26]. (RO)3Si-
R* is the general formula of silylating agents.
The R is represented methyl or ethyl groups,
while R* is n-propyl with the terminal
functional group [27].

In this method, a mixture of
tetraalkoxysilane Si(OR)s and the
coupling agent (R0O)3Si(CH2)3X are combined in
an alcoholic solution in both acid and base
catalyst, where simultaneously hydrolysis and
condensation reactions proceed [28].

A silylating agent immobilized onto a silica
surface has been considered as a good entry to
introduce basic groups allowing anchored
pendant chains [29]. Using a silica-silylating
hypered catalyst, it was found that the catalyst
prevents the removal of the organic functional
group from the surface by different aqueous or
non-aqueous solvents [30]. It also controls
thermal and hydrolytic stability [31, 32].

silane
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Figure 4. a, b, and c): The XRD pattern of the prepared silica at different pH, compared with the silica
prepared by previously reported methods (Figure 3d); a) silica prepared at pH=9, b) at pH= 7, and c)

at pH = 3 [24]

Silica-silylating hypered were prepared by
two procedures. The first strategy is to branch
covalently silylating agents and the ligand
complex, supported by pre-extracted silica in a
heterogeneous reaction, as depicted in Scheme
3a. The second process is to add the synthesized
polysiloxane to the complex group, as
in Scheme 3b. Both these
processes have been widely researched [33-37].
It was noticed that these techniques contain
longer preparation times, and commonly used
often
inefficient preparation methods. Therefore,

demonstrated

hazardous chemicals resulted in
there was a need to design a simple and more
direct method to prepare the immobilized silica

with silylating agents.

CPTES immobilized onto silica
improved by solid-liquid mixed phase reaction
(heterogeneous reaction). Bae et al [27],
Hoegaerts et al. [39], Shi and Wei [40] showed
that the treatment requires reflux in toluene for
24 hours. This step was followed by soxhlet

extraction using various organic solvents such

was

as toluene and dichloromethane. It was also
found that the pre-dried silica at 150 °C for 12
hours under 10 Torr led to functionalized silica
CPTES in toluene under reflux conditions for 14
hours [26]. 3-(chloropropyl)trimethoxysilane
can also functionalize surface of silica at 150 °C
under reflux conditions for 72 hours,
mentioned by Alcantara et al. [33].

as
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. o
. A sio o
a) (CH3CH,0)Si(CH,)sX + R-H —————> (CH4CH,0)Si(CH,)sR + HX — 3 2> O;Sl/\/\R +3 BtOH
o

(0]
A 0 A Na.
b) (CH3CH,0)Si(CH,)3X + Si0y ——— O>Si/\/\x +3 EtOH W O;S|/\/\R
0 (0]

R= Organic functional group
X=Cl, SH

Scheme 3. a) The reaction of silylating agent with the ligand molecule followed by immobilizing the
resulting ligand onto silica and b) the immobilization of the silylating agent onto silica followed by

the reaction of the organic ligand

Recently, a simple procedure was presented
by Adam et al. [23] to prepare silica-silylating
hypered. The procedure followed pure
homogenous rote in a one-pot synthesis, as
indicated in Scheme 4. The silica-silylating
hypered was labelled as RHACCL

The FT-IR spectra of silica (RHA) with
RHACCl compared with the differential
spectrum were illustrated in Figure 5 [24]. In
FT-IR, Si-O-Si bands were located at 1101 cm-!
[34]. In RHACCI spectra Si-0-Si bands were
shifted to 1069 cm-1. The absorption at 1040
cm-! in the differential spectrum could be for
the -Si-0-Si- and -Si-0-Si-C.

At 3471 cm-! the absorption peak is usually
to O-H vibrations. Both the silanol group and
physically adsorbed water may give this peak
[35]. The absorption at 2959 cm-! could be for
the C-H stretching vibration. The CH>-Cl bond
appeared at 698 cm-1. The Si-C stretching
vibration was found at 1167 cm-! [36, 37]. The
RHA was not showed these bands.

Catalysts synthesis using RHACCI as a precursor

RHA + NaoH ~30Min_ o0 4ium silicate

(OEDsST "N

L-Phenylalanine-Ru(lll) complex immobilized
onto RHACCI

L-(N-a-acetylphenylalanine)-
Ruthenium(III) complex was immobilized onto
silica in a simple procedure using RHACCI to
produce a heterogeneous catalyst labeled as
RHAPhe-Ru (Scheme 5) [38].

Figure 6a showed the 29Si MAS NMR
spectrum and the discussion was adapted from
[37]. At 6 = -107.70 ppm the chemical shifts
attributed to Q# silicon atoms [9]. Q* of RHACCI
was deducted at chemical shifts (§ = -109.92
ppm), which was significantly shifted as
compared with the RHAPhe-Ru. Single SiOH
groups (silanol, Q3) on the catalyst were
deducted at (-99.33 ppm). The Q3 of RHACCI
was located at-100.56 ppm, which was found to
shift slightly in comparison to the catalyst. A T3
chemical shift was found at -59.29 ppm
indicating the formation of three siloxane bonds
Si-0-Si. T3 of RHACCI was observed at -65.2. At -
57.4 ppm the T2 of RHACCI was present which
shifted to -55.42 ppm in RHAPhe-Ru.

o
@ o0si "¢
o

r.t., 30 min

Scheme 4. The CPTES immobilization onto silica in a one-pot synthesis to produce RHACCI [23]
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Figure 5. The FT-IR spectra of RHA, RHACCI, and the differential spectrum [23]
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Scheme 5. The reaction sequence for the synthesis of RHAPhe-Ru. The possible structures
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Figure 6. The solid-state NMR spectra of RHAPhe-Ru, a) The 29Si MAS NMR spectrum and b) The 13C
MAS NMR spectrum [38]
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Figure 6b showed the 13C MAS NMR of
RHAPhe-Ru [46]. Carbon directly connected to
the silicon atom was observed at 15.72 ppm
(Scheme 5). The C2 carbon was located at 31.45
ppm, while the terminal carbon atom bonded to
the N was observed at 52.63 ppm. The RHACCI
had high field chemical shifts for the propyl
carbons compared to RHAPhe-Ru. Two strong
chemical shifts at 39.71 and 42.33 ppm were
assigned to the carbon libel at C8 and (4,
respectively. Chiral carbon (C7) had a chemical
shift at 70.94 ppm. The benzene ring had a
broad chemical shift centred at 133.26. The
carbonyl groups were observed at 175.99 and
199.45 ppm. The RHAPhe-Ru is used for the
esterification rection of ethyl alcohol with acetic
acid. About 82% of ethyl acetate was collected
over the catalyst.

Preparation of N-heterocyclic carbene-silica via
RHACCI

The terminal Cl in RHACCI was successfully
replaced with 1-Butylimidazole RHABIm-CI to
produce quaternary amine [39]. Chloride of
quaternary amine was sulfated and in a
separate experiment phosphate was easily at
room temperature. Each catalyst was labeled as
RHABIm-S0; and RHABIm-H;PO4, respectively
(Scheme 6). RHABIm-H,PO4 was used to show
the importance of the ionizable proton in acid
catalysis. A single sharp chemical shift at -15.8
ppm was observed in 31P MAS NMR of RHABIm-
H2PO4 (Figure 7, adapted from [39]). This peak
proved the successful replacement of chloride
ion by phosphate ions. The cyclization of
glycerol to cyclic acetals was studded over
RHABIm-S04 and RHABIm-H;P0.. Six hours was
recorded as the optimum time to produce 75-
80% of five-member ring isomer over RHABIm-
S04 and RHABIm-H,PO,, respectively.

P-phenylenediamine and dithiooxamide

immobilized onto RHACCI

The solid catalysts were prepared by the
reaction of p-phenylenediamine (PDA) and
dithiooxamide (DTO) silica-cl end group
(RHACCI) to form RHAPDA and RHADTO,
respectively [40]. About 145 m?2gm-! as a
specific surface for RHAPDA was deducted. The
RHADTO had 9.75 m2gm-! specific surface area
which is very low compared with RHAPDA. Both
catalysts showed about 3.38 and 6.01%
nitrogen in their structure as in elemental
analysis. RHADTO showed 12.68% of sulfur in
its structure.

The equation presented by Rahman et al
[41]. was used to calculated the percentage
loading of PDA onto RHACCI and found to be
29.29%. The surface coverage by PDA was
found to be 1.16 pmol m-2 Similarly, about
45.81% of DTA was grafting onto RHACCI. A
surface coverage by DTA was calculated and
found to be 1.77 pmol m-2 Both catalysts
showed very promising activity for biodiesel
production. Ethyl alcohol with acetic acid was
used as a model esterification reaction for
catalytic activity.

Silica-imidazole composite from RHACCI

Silica-imidazole = (RHA-IMI)  composite
hexagonal structure was produced under
reflexing by the immobilization of imidazole
onto RHACCI [42].

The hkl reflection planes of 100 and 110
were present at an angle at 26 = 2.4° and 20 =
3.2° in XRD [43, 44]. However, in the XRD
pattern, the 200 and 210 for MCM-41 plane
were not detected. The measuring size using the
TEM measurement was ca. 2.8 nm. The TEM
was conforming to the hexagonal straight
channels and supported the XRD results (Figure
8) [50].

Preparation of 2,4-
dinitrophenylhydrazanomethylphenol and
salicylaldehydephenylhydrazone onto RHACCI
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O—Si Cl
N=\
O/ _ N/\/\Me
o Et3N/ Toluene
A N Reflux, 18 h
O—si Cl
-
O
0 /\/\+
O—sSi N=\ A~
0 |§/N Me
o
N +
O—si N=\
O/ — N/\/\Me
HSO4

Scheme 6. The reaction sequence for the synthesis of RHABIm-SO4 and RHABIm-H;P04 [39]

1501

-2 pps

Figure 7. The solid state 31P MAS NMR spectra of RHABIm-H;P04 [39]

Salicylaldehydephenylhydrazone (Scheme
7a) and 2,4-
dinitrophenylhydrazanomethylphenol (Scheme

higher glucose yield reaching 82% at 140 °C
during 14 hours. The catalysts were repeated
without the loss of catalytic activity during the

7b) were immobilized onto silica via a simple
method using RHACCIL. The catalysts were
labeled as RHPHMP and RHDNPH, respectively
[45, 46]. The RHPHMP can
hydrolyzed cellulose to its monomers, with

efficiently

cellulose hydrolysis. Homogenous RHDNPH
was used for cellulose hydrolysis during 11
hours. Similarly, about 84% of glucose was
formed with 100% selectivity.
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Figure 8. The TEM micrograph of RHA-IMI which shows the presence of hexagonal straight channels

[39]

CHO
O O
OH

b)

H
X, N
Reflux, 60 °C N
- + H,0
3h OH

CHO
- X
ON OH

SN
4 h, 60 °C N~
- + H2O
O,N OH

Scheme 7. The reaction sequence and the possible structure of both RHDNHP and RHPHMP

Preparation of urea sulphate onto RHACCI

Urea successfully replaced the chloride end
group onto RHACCI to prepare a heterogeneous
catalyst. The amine end group onto the catalyst
was treated with sulfuric acid to give
quaternary ammonium denoted as RHAUR-
SO4H (Scheme 9) [47].

Figure 9 [48] showed the chemical analysis
(XPS)of RHAUR-SO4H. The peaks of O 1s, Si 2p,
S 2s, N 1s, and C 1s of the catalyst were
presented in Figure 9. The O 1s binding energy
was found to be532.3 eV for RHAUR-SO4H
(Figure 9a and b), while the Si 2p binding

energy was102.7 eV as seen in Figure 9a and c
[48]. The C 1s binding energy of RHAUR-SO4H
was found in the region of 291 eV, which can be
seen in Figure 9a and d.

The spectral peak of S 2s XPS of RHAUR-
SO4H appeared at ca. 168-169eV which
bounded to sulfate (S 6+) species due to the -
SO4H group. This finding was consistent with a
prior study by Gonzalez et al. [49]. The XPS
(Figure 9a) also reveals a peak at ca. 1070 eV
associated with Na 1 s species.
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O>Si/\/\C| N O;Sl/\/\N\ HO
v 0 N
0 |
OH _
o >
= o Toluene/ Et3N o\
g O g g 48 h, 110 °C 0=si” "¢l
-~ 0
0]
< 2 HO
0 -N
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Scheme 8. The reaction sequence and the possible structure of both RHDNHP and RHPHMP [45,
46]
RT o CPTES/ HNO3 (1 M) Urea
RHA + NaOH (1 M) T 30min__ Sodium silicate ~ 3 ) RHACCI Toluene, 24 h
pH=3/ 45 min Reflux

0
0 Hso,” @
S~y AL H,SO0, (0.5 M) o 4
@ /SI ” NH2 O/S| /Z<

N
O 24 h, rt. 0 Hy NH3"HsO,

Scheme 9. The reaction sequence and the possible structure for RHAUR-SO4H as suggested by
spectroscopic analyses [48]
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Figure 9. X-ray photoelectron spectra of RHAUR-SO4H showing (a) the main spectrum, (b) the XPS
of O1s, (c) the XPS of Si 2p, and (d) the XPS of C 1s [48]

The Na presence is due to the synthesis
process of the catalyst. The XPS spectra results
proved that the
successfully onto silica, and then the amine
groups were sulfated with sulfuric acid to give
quaternary ammonium.

Cellulose was fully hydrolysis to glucose for
2 hours over RHAUR-SO4H. A mixture of
cyclohexanol/LiCl was used as a reaction

urea was immobilized

solvent. It was also found that after 7 hours the
glucose formed was also hydrolysis to other
products. The RHAUR-SO4H was easily
recovered from the reaction mixture and reused
several times with the same activity as in the
fresh catalyst.

Silica functionalized 4-Aminophenazone

Polysulfone-based mixed-matrix
membranes were prepared from polysulfone
and mesoporous silica extracted from rice husk
ash Gilan et al. [50]. The extracted silica was
further functionalized with 4-aminophenazone
via RHACCI to introduce polar amine CO; philic
groups to the gas
performance of membranes. The pure gas

permeation data

enhance separation
showed a simultaneous
increase in permeability and selectivity of
with loading of
functionalized silica. The enhanced solubility of
CO2 on polar amine sites of the filler combined
with its mesoporous large channels resulted in
improved permeability and selectivity as
compared with non-functionalized fillers.

membranes increased
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Conclusion

This review provides a comprehensive view
the latest methods to functionalize silica with
CPTES to give RHACCL The method was easily
executed, greatly costly decreased, non-toxicity
to the environment, effective, and speeding up
the rate of producing large amounts of the
catalysts. It was also discussed that different
organic molecules with specific functional
groups can be heterogenized onto silica via
RHACCI to synthesize promising catalysts used
in various reactions in industries and biological
areas.

Acknowledgements

The Authors would like to thank Prof. Farook
Adam (University Sains Malaysia, School of
Chemical Science) for the valuable dissection
and comments during the writing this review.

References

1'[. Zhuravlev L.T. Colloids Surf. A: Phys. Eng.
Asp, 2000, 173:38 [Crossref], [Google Scholar],
[Publisher]

]Y[. Vansant E.F., Van Der Voort P., Vrancken K.C.
Stud. Surf. Sci. Catal., 1995, 93:149 [Crossref],
[Publisher]

I¥[. Yablonsky P.O., Tarasov A.V. Moskvichev
Y.A,, Yablonsky O.P. J. Mol Lig., 2001, 91:223
[Crossref], [Google Scholar], [Publisher]

1¥[. Yang ]J.,, Wang E.G. Curr. Opin. Solid State
Mater. Sci, 2006, 10:33 [Crossref], [Google
Scholar], [Publisher]

18[. Zhang X., Zhao N., Wei W., Sun Y. Catal.
Today, 2006, 115:102 [Crossref], [Publisher]
17[. Avval T.G., Prasa S., Cushman C.V., Hodges
G.T., Fearn S., Kim S.H., Cechal J., Vanickova E.,
Babik P., Sikola T, Brongersma H.H., Linford
M.R. Appl Sur. Sci, 2023, 607:154551
[Crossref], [Google Scholar], [Publisher]

IY[. Ndazi B.S., Karlsson S. Tesha ]V,
Nyahumwa C.W. Appl. Sci. Manuf., 2007, 38:935
[Crossref], [Google Scholar], [Publisher]

JM. Huang S., Jing S., Wang J., Wang Z., Jin Y.
Powder Technol., 2001, 117:232 [Crossref],
[Google Scholar], [Publisher]

]3[. Conradt R., Pimkhaokham P., Leela-Adisorn
U.J. Non-Cryst. Solids, 1992, 145:75 [Crossref],
[Publisher]

1" +[- Feng Q., Lin Q., Gong F., Sugita S., Shoya M.
J. Colloid Interface Sci., 2004, 278:1 [Crossref],
[Google Scholar], [Publisher]

I’Y[. Yalgin N., Seving V. Ceram. Inter., 2000,
26:485 [Crossref], [Google Scholar], [Publisher]
1'Y[. Della V.P, Kiihn 1., Hotza D. Mater. Lett.,
2002, 57:818 |[Crossref], [Google Scholar],
[Publisher]

]1YY[. Watari T., Nakata A., Kiba Y., Torikai T.,
Yada M. J. Eur. Ceram. Soc., 2006, 26:797
[Crossref], [Google Scholar], [Publisher]

1Y ¥[. Ma L., Goldfarb J.L., Ma Q. Ren. Energ., 2022,
198:712 [Crossref],  [Google  Scholar],
[Publisher]

1'¢[. Adam F. Appaturi ].N. Igbal A. Cataly.
Today, 2012,190:2 [Crossref], [Google Scholar],
[Publisher]

1) ?[. Sager A.G., Hello KM., Talag M.A. PhD. J.
Phys.: Conf. Ser., 2019, 1294:052006 [Crossref],
[Google Scholar], [Publisher]

1'V[. Andas ]., Adam F., Rahman [.A. Appl. Sur.
Sci., 2013, 284:513 [Crossref], [Google Scholar],
[Publisher]

YAl. Adam F., Igbal A. Chem. Eng. ], 2011,
171:1379  [Crossref], [Google Scholar],
[Publisher]

]'3[. Hello KM., Adam F. J. Int. Acad. Res. Mul.,
2014, 1:66 [Crossref], [Publisher]

Y[ Thommes M. Chem. Ing. Tech., 2010,
82:1059 [Crossref],  [Google  Scholar],
[Publisher]

]YV[. Adam F., Hello K.M., Osman H. J. Coll. Inter.
Sci., 2009, 331:174 [Crossref], [Publisher]


https://doi.org/10.1016/S0927-7757(00)00556-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+surface+chemistry+of+amorphous+silica.+Zhuravlev+model&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927775700005562
https://doi.org/10.1016/S0167-2991(06)81516-8
https://www.sciencedirect.com/science/article/abs/pii/S0167299106815168
https://doi.org/10.1016/S0167-7322(01)00166-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Research+of+a+structure+and+association+of+saccharine+derivatives&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732201001660
https://doi.org/10.1016/j.cossms.2006.02.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reaction+of+water+on+silica+surfaces&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reaction+of+water+on+silica+surfaces&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1359028606000027
https://doi.org/10.1016/j.cattod.2006.02.028
https://www.sciencedirect.com/science/article/abs/pii/S092058610600099X
https://doi.org/10.1016/j.apsusc.2022.154551
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+tag-and-count+approach+for+quantifying+surface+silanol+densities+on+fused+silica+based+on+atomic+layer+deposition+and+high-sensitivity+low-energy+ion+scattering&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169433222020839
https://doi.org/10.1016/j.compositesa.2006.07.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+and+physical+modifications+of+rice+husks+for+use+as+composite+panels&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1359835X06002272
https://doi.org/10.1016/S0032-5910(00)00372-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Silica+white+obtained+from+rice+husk+in+a+fluidized+bed&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0032591000003727
https://doi.org/10.1016/S0022-3093(05)80433-8
https://www.sciencedirect.com/science/article/abs/pii/S0022309305804338
https://doi.org/10.1016/j.jcis.2004.05.030
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adsorption+of+lead+and+mercury+by+rice+husk+ash&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979704004941
https://doi.org/10.1016/S0272-8842(99)00083-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Utilization+of+bauxite+waste+in+ceramic+glazes&btnG=
https://www.sciencedirect.com/science/article/pii/S0272884299000838
https://doi.org/10.1016/S0167-577X(02)00879-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rice+husk+ash+as+an+alternate+source+for+active+silica+production&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167577X02008790
https://doi.org/10.1016/j.jeurceramsoc.2005.06.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fabrication+of+porous+SiO2%2FC+composite+from+rice+husks&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0955221905005698
https://doi.org/10.1016/j.renene.2022.08.077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enabling+lower+temperature+pyrolysis+with+aqueous+ionic+liquid+pretreatment+as+a+sustainable+approach+to+rice+husk+conversion+to+biofuels&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0960148122012423?via%3Dihub
https://doi.org/10.1016/j.cattod.2012.04.056
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+utilization+of+rice+husk+silica+as+a+catalyst%3A+Review+and+recent+progress&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0920586112003434
10.1088/1742-6596/1294/5/052006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solid+Sulfamic+acid+Catalyst+for+Glucose+Production&btnG=
https://iopscience.iop.org/article/10.1088/1742-6596/1294/5/052006
https://doi.org/10.1016/j.apsusc.2013.07.125
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heterogeneous+copper-silica+catalyst+from+agricultural+biomass+and+its+catalytic+activity&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169433213014360
https://doi.org/10.1016/j.cej.2011.05.052
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+liquid+phase+oxidation+of+styrene+with+tungsten+modified+silica+as+a+catalyst&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1385894711006127
https://doi.org/10.1016/j.jmir.2011.12.002
https://www.jmirs.org/article/S1939-8654(11)00132-9/fulltext
https://doi.org/10.1002/cite.201000064
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physical+Adsorption+Characterization+of+Nanoporous+Materials&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/cite.201000064
Conducting%20a%20Research%20Interview
https://managementhelp.org/businessresearch/interviews.htm

Recent use of rice husk ash silica as an efficient ...

386

]YY[. Deokar S.K., Mandavgane S.A., Kulkarni,
B.D. Environ Sci Pollut Res., 2016, 23:16164
[Crossref], [Google Scholar], [Publisher]

1YY[. Brunel D. Microporous Mesoporous Mater.,
1999, 27:329 [Crossref], [Google Scholar],
[Publisher]

]Y¥[. Giibbiik H.I, Giip R., Eroséz M. J. Colloid
Interface Sci., 2008, 320:376 [Crossref], [Google
Scholar], [Publisher]

]Ye[. Tertykh V.A,, Belyakova L.A. Stud. Surf. Sci.
Catal, 1996, 99:147 [Crossref], [Google
Scholar], [Publisher]

]Y?[. Cestari A.R,, Vieira E.F.S., Nascimento A.].P.,
de Oliveira F.J.R., Bruns R.E., Airoldi C. J. Colloid
Interface Sci., 2001, 241:45 [Crossref], [Google
Scholar], [Publisher]

]YV[. Cestari A.R,, Airoldi C. J. Colloid Interface
Sci., 1997,195:338 [Crossref], [Google Scholar],
[Publisher]

]YA[. El-Nahhal LM., El-Ashgar N.M. J. Org.
Chem., 2007, 692:2861 [Crossref], [Google
Scholar], [Publisher]

]Y4[. Prado A.G.S., Airoldi C. J. Colloid Interface
Sci., 2001, 236:161 [Crossref], [Google Scholar],
[Publisher]

1Y+ [. Arakaki L.N.H., Airoldi C. Polyhedron, 2000,
19:367 [Crossref], [Google Scholar], [Publisher]
]¥V[. Prado A.G.S., Airoldi C. Analytica Chimica
Acta, 2001, 432:201 [Crossref], [Google
Scholar], [Publisher]

]¥Y[. Filha V.L.S. A,, Wanderley A.F., De Sousa K.
S., Espinola J. G.P., Da Fonseca M. G., Arakaki T.,
Arakaki L.N.H. Colloids Surf. A, 2006, 279:64
[Crossref], [Google Scholar], [Publisher]

]¥Y[. Alcantara E.F.C,, Faria E.A., Rodrigues D.V,,
Evangelista S.M., Deoliveira E. J. Colloid Interface
Sci., 2007, 311:1 [Crossref], [Google Scholar],
[Publisher]

I¥¥[. Ahmed A.E., Adam F. Microporous
Mesoporous Mater., 2007, 103:284 [Crossref],
[Google Scholar], [Publisher]

]¥e[. Adam F., Balakrishnan S., Wong P. J. Phy.
Sci., 2006, 17:1 [Google Scholar], [Publisher]

I¥7[. Brodoloi A., Mathew N.T., Lefebvre F.,
Haligudi S.B. Microporous Mesoporous Mater,
2008, 115:355 [Crossref]

]¥V[. Paul H., Bhaduri S., Lahiri G.K. J. Org. Chem.,
2004, 689:316 [Crossref], [Google Scholar],
[Publisher]

]¥Al. Adam F., Hello K.M., Suk Jin C. Chem. Eng.
Rese. Des., 2012, 90:633 [Crossref], [Google
Scholar], [Publisher]

]¥4[. Adam F., Hello K.M., Hassan H.E. J. Taiwan
Inst. Che. Eng., 2012, 43:619 [Crossref], [Google
Scholar], [Publisher]

]¥:[. Al-Hasani T.J, Hamied Mihsen H., Hello
K.M., Adam G. Arab. . Chem., 2017, 10:S1492
[Crossref], [Google Scholar], [Publisher]

I¥'[. Rahman M.M. Takafuji M., Thara H. J.
Chromatogr. A., 2008, 1203:59 [Crossref],
[Google Scholar], [Publisher]

1¥¥[. Adam F., Thiam-Seng C., Mannyarasai H.,
Appaturi J.N.,, Hello. K.M. Microporous
Mesoporous Mate, 2013, 167:245 [Crossref],
[Google Scholar], [Publisher]

J[¥Y. Artkla S., Kim W., Choi W., Wittayakun J.
Appl. Catal. B Environ., 2009, 91:157 [Crossref],
[Google Scholar], [Publisher]

]¥¥[. Sakthivel A. Selvam P. J. Catal., 2002,
211:134  [Crossref], [Google  Scholar],
[Publisher]

]¥4[. Hello K.M., Mohessn H.H., Mosa M. Iran. J.
Catal., 2014, 4:195 [Google Scholar], [Publisher]
1¥7[. Hello KM., Mohessn H.H., Mosa M.]. J.
Taiwan Inst. Chem. Eng., 2015, 46:74 [Crossref],
[Google Scholar], [Publisher]

]¥V[. Hello K.M., AbdulKarim-Talaq M., Sager
A.G. Waste Bio. Valoriz.,2017,8:2621 [Crossref],
[Google Scholar], [Publisher]

I¥Al. Yang Q., Liu]., Yang]., Kapoor M. P., Inagaki
S, Li C. J. Catal, 2004, 228:265 [Crossref],
[Google Scholar], [Publisher]

1¥3[. Gonzalez M.D., Salagre P., Taboada E,
Llorca J., Molins E., Cesteros Y. Appl. Catal. B:
Env., 2013, 136-137:287 [Crossref], [Google
Scholar], [Publisher]


https://doi.org/10.1007/s11356-016-6769-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Agro-industrial+waste%3A+a+low+cost+adsorbent+for+effective+removal+of+4-chloro-2-methylphenoxyacetic+acid+herbicide+in+batch+and+packed+bed+modes&btnG=
https://link.springer.com/article/10.1007/s11356-016-6769-z
https://doi.org/10.1016/S1387-1811(98)00266-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functionalized+micelle-templated+silicas+%28MTS%29+and+their+use+as+catalysts+for+fine+chemicals&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1387181198002662
https://doi.org/10.1016/j.jcis.2008.01.026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+and+sorption+properties+of+silica+gel-immobilized+Schiff+base+derivative&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+and+sorption+properties+of+silica+gel-immobilized+Schiff+base+derivative&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979708000672
https://doi.org/10.1016/S0167-2991(06)81020-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chapter+1.6+Solid-phase+hydrosilylation+reactions+with+participation+of+modified+silica+surface&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chapter+1.6+Solid-phase+hydrosilylation+reactions+with+participation+of+modified+silica+surface&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167299106810207
https://doi.org/10.1006/jcis.2001.7711
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+Factorial+Designs+to+Evaluate+Chemisorption+of+Divalent+Metals+on+Aminated+Silicas&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+Factorial+Designs+to+Evaluate+Chemisorption+of+Divalent+Metals+on+Aminated+Silicas&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979701977112
https://doi.org/10.1006/jcis.1997.5157
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemisorption+on+Thiol%E2%80%93Silicas%3A+Divalent+Cations+as+a+Function+of+pH+and+Primary+Amines+on+Thiol%E2%80%93Mercury+Adsorbed&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979797951572
https://doi.org/10.1016/j.jorganchem.2007.03.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+on+polysiloxane-immobilized+ligand+systems%3A+Synthesis%2C+characterization+and+applications&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+on+polysiloxane-immobilized+ligand+systems%3A+Synthesis%2C+characterization+and+applications&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022328X07001970?via%3Dihub
https://doi.org/10.1006/jcis.2000.7401
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Pesticide+3-%283%2C4-Dichlorophenyl%29-1%2C1-dimethylurea+%28Diuron%29+Immobilized+on+Silica+Gel+Surface&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979700974010
https://doi.org/10.1016/S0277-5387(99)00347-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ethylenimine+in+the+synthetic+routes+of+a+new+silylating+agent%3A+chelating+ability+of+nitrogen+and+sulfur+donor+atoms+after+anchoring+onto+the+surface+of+silica+gel&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0277538799003472
https://doi.org/10.1016/S0003-2670(00)01372-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adsorption%2C+preconcentration+and+separation+of+cations+on+silica+gel+chemically+modified+with+the+herbicide+2%2C4-dichlorophenoxyacetic+acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adsorption%2C+preconcentration+and+separation+of+cations+on+silica+gel+chemically+modified+with+the+herbicide+2%2C4-dichlorophenoxyacetic+acid&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003267000013726
https://doi.org/10.1016/j.colsurfa.2005.12.041
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thermodynamic+properties+of+divalent+cations+complexed+by+ethylenesulfide+immobilized+on+silica+gel&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927775705010277
https://doi.org/10.1016/j.jcis.2007.02.075
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modification+of+silica+gel+by+attachment+of+2-mercaptobenzimidazole+for+use+in+removing+Hg%28II%29+from+aqueous+media%3A+A+thermodynamic+approach&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979707002718
https://doi.org/10.1016/j.micromeso.2007.01.055
https://scholar.google.com/scholar?q=Indium+incorporated+silica+from+rice+husk+and+its+catalytic+activity&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S1387181107000728?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=RICE+HUSK+ASH+SILICA+AS+A+SUPPORT+MATERIAL+FOR+RUTHENIUM+BASED+HETEROGENOUS+CATALYST&btnG=
https://jps.usm.my/wp-content/uploads/2014/11/Farook-1.pdf
10.1016/j.micromeso.2008.02.00
https://doi.org/10.1021/om0302286
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Platinum+Carbonyl+Cluster+Derived+Catalyst+of+Superior+Activity+in+Ketone+and+Unusual+Selectivity+in+Nitrile+Hydrogenation+Reactions&btnG=
https://pubs.acs.org/doi/10.1021/om0302286
https://doi.org/10.1016/j.cherd.2011.09.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+heterogenization+of+l-phenylalanine%E2%80%93Ru%28III%29+complex+and+its+application+as+catalyst+in+esterification+of+ethyl+alcohol+with+acetic+acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+heterogenization+of+l-phenylalanine%E2%80%93Ru%28III%29+complex+and+its+application+as+catalyst+in+esterification+of+ethyl+alcohol+with+acetic+acid&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0263876211003455
https://doi.org/10.1016/j.jtice.2012.01.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+synthesis+of+N-heterocyclic+carbene%E2%80%93silica+nano-particles+and+its+catalytic+activity+in+the+cyclization+of+glycerol&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+synthesis+of+N-heterocyclic+carbene%E2%80%93silica+nano-particles+and+its+catalytic+activity+in+the+cyclization+of+glycerol&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1876107012000247
https://doi.org/10.1016/j.arabjc.2013.04.030
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Catalytic+esterification+via+silica+immobilized+p-phenylenediamine+and+dithiooxamide+solid+catalysts&btnG=
https://www.sciencedirect.com/science/article/pii/S1878535213001196
https://doi.org/10.1016/j.chroma.2008.07.022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation%2C+telomerization%2C+immobilization+and+application+of+N-alkyl+l-phenylalanine-derived+polymerizable+organogelator+for+reversed-phase+high-performance+liquid+chromatography&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021967308011813
https://doi.org/10.1016/j.micromeso.2012.09.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+characterization+of+silica%E2%80%93imidazole+mesostructured+composite+from+agricultural+biomass&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S138718111200546X
https://doi.org/10.1016/j.apcatb.2009.05.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Highly+enhanced+photocatalytic+degradation+of+tetramethylammonium+on+the+hybrid+catalyst+of+titania+and+MCM-41+obtained+from+rice+husk+silica&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0926337309001994
https://doi.org/10.1006/jcat.2002.3711
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mesoporous+(Cr)MCM-41%3A+A+Mild+and+Efficient+Heterogeneous+Catalyst+for+Selective+Oxidation+of+Cyclohexane&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021951702937115
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Modification+of+silica+with+2%2C4-dinitrophenylhydrazanomethylphenol+for+monosaccharide+productions&btnG=
https://ijc.shahreza.iau.ir/article_552395.html
https://doi.org/10.1016/j.jtice.2014.09.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hydrolysis+of+cellulose+over+silica-salicylaldehyde+phenylhydrazone+catalyst&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1876107014002697
https://doi.org/10.1007/s12649-016-9693-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solid+Urea+Sulfate+Catalyst+for+Hydrolysis+of+Cellulose&btnG=
https://link.springer.com/article/10.1007/s12649-016-9693-z#citeas
https://doi.org/10.1016/j.jcat.2004.09.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+and+catalytic+activity+of+sulfonic+acid-functionalized+periodic+mesoporous+organosilicas&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021951704004312
https://doi.org/10.1016/j.apcatb.2013.02.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sulfonic+acid-functionalized+aerogels+as+high+resistant+to+deactivation+catalysts+for+the+etherification+of+glycerol+with+isobutene&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sulfonic+acid-functionalized+aerogels+as+high+resistant+to+deactivation+catalysts+for+the+etherification+of+glycerol+with+isobutene&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0926337313001070

M.H. Saoudi and K.M. Hellob

387

]o+[. Waheed N., Mushtaq A., Tabassum S., Gilani
M.A,, Ilyas A., Ashraf F., Jamal Y., Bilad M. R,
Khan A.U., Khan A.L. Sep. Pure. Technol, 2016,
170:122 [Crossref], [Google  Scholar],
[Publisher]

How to cite this manuscript:
Antitubercular drugs: new drugs designed by
molecular modifications. Asian Journal of
Green Chemistry, 6(3) 2022, 370-378. DOI:
10.22034/ajgc.2022.4.6



https://doi.org/10.1016/j.seppur.2016.06.035
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mixed+matrix+membranes+based+on+polysulfone+and+rice+husk+extracted+silica+for+CO2+separation&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1383586616302805

