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Sonochemical Synthesis of Silica and Silica Sulfuric Acid Nanoparticles
from Rice Husk Ash: A New and Recyclable Catalyst for the Acetylation of
Alcohols and Phenols Under Heterogeneous Conditions

Masoud Salavati-Niasari” and Jaber Javidi

Institute of Nano Science and Nano Technology, University of Kashan, Kashan, P.O. Box 87317-51167, I.R. Iran

Abstract: Silica nanoparticles were synthesized from rice husk ash at room temperature by sonochemical method. The
feeding rate of percipiteting agent and time of sonication were investigated. The nanostructure of the synthesized powder
was realized by the FE-SEM photomicrograph, FT-IR spectroscopy, XRD and XRF analyses. These analytical
observations have revealed that the nano-sized amorphous silica particles are formed and they are spheroidal in shape. The
average particle size of the silica powders is found to be around 50 nm. The as-synthesized silica nanoparticles were
subsequently modified with chlorosulfonic acid and prepared silica sulfuric acid nanoparticles, which were employed as
an efficient catalyst for the acylation of alcohols and phenols with acetic anhydride in excellent yields under solvent-free
conditions at room temperature. This reported method is simple, mild, and environmentally viable and catalyst can be
simply recovered and reused over 9 times without any significant loss of its catalytic activity.
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1. INTRODUCTION

Generally, approximately 600 million tones of rice paddy
are produced each year. On average 20% of the rice paddy is
husk, giving an annual total production of 120 million tones
[1]. In the majority of rice producing countries much of the
husk produced from the processing of rice is either burnt or
dumped as a waste. The ash is 92 to 95% silica, highly
porous and light weight, with a very high external surface
area [2]. The silica in the ash undergoes structural
transformations depending on the conditions (time,
temperature and etc) of combustion. At 550 °C-800 °C
amorphous ash is formed and at temperatures greater than
this, crystalline ash is obtained [3].

Several methods has been reported for extracted pure silica
from rice husk ash (RHA); these method include bubbling
fluidized bed [4], high temperature heat treatment [5], chemical
pre-and post-treatment with acid and base solutions [6], dry
vibratory grinding [7], and alkali-extracted method [8]. Witoon
et al. used rice husk ash as raw material and chitosan as a
template to prepare bimodal porous silica [9]. In this paper, we
demonstrated that silica nanoparticles could be successfully
prepared by a simple sonochemical method from rice husk ash.
The sonochemical method, comparing to the other methods
which have been used for preparing the silica nanoparticles
from RHA, is very fast and it does not need high temperatures
during the reactions, using the surfactants is not necessary for
this method and the other advantage of using ultrasound
radiation is that it yields smaller particles [10].

Silica nanoparticles have attracted intense interest
because of their high potential as catalysts or catalytic
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supports [11-14]. In this work, we modified the silica
nanoparticles with chlorosulfonic acid and prepared silica
sulfuric acid nanoparticles. Then this modified silica was
employed for the acetylation of alcohols and phenols as
heterogeneous catalyst. Acetylation of alcohols and phenols
are common transformations in organic chemistry and play
an important role in the synthesis of organic molecules such
as natural products [15]. Acetylation of alcohols and phenols
is usually carried out by using acid anhydrides or acyl
chlorides in the presence of various catalysts such as
Cu(OTf), [16], 1, [17], La(NO3)s6H,0 [18], CuSO45H,0
[19], cobalt(ll) salen [20], phosphomolybdic acid [21],
[TMBSA][HSO,4] ionic liquid [22] and etc. Most of the
reported methodologies suffer from various disadvantages,
such as highly toxic, use of excess acetylating agent, use of
moisture sensitive catalysts and expensive, harsh reaction
conditions, poor yields of the desired products and utilization
of halogenated volatile organic solvents. Therefore, there is a
need to develop a mild, efficient, and environmentally
benign acylation reaction.

2. MATERIALS AND METHODS
2.1. Materials

Rice husk (RH) was collected from a rice mill in Shiraz,
Iran. Other materials used in our experiments were of
analytical grade and were used as received without further
purification. XRD patterns were recorded by a Rigaku D-
max C Ill, X-ray diffractometer using Ni filtered Cu Ka
radiation. FE-SEM images were obtained on HITACHI S-
4160. Fourier transform infrared (FT-IR) spectra were
recorded on Shimadzu Varian 4300 spectrophotometer in
KBr pellets. The NMR spectra were recorded on a Bruker
avance DPX 250 MHz spectrometer in chloroform (CDCls)
using tetramethylsilane (TMS) as an internal reference. All
the yields were calculated from isolated products, and GC

© 2012 Bentham Science Publishers



706 Combinatorial Chemistry & High Throughput Screening, 2012, Vol. 15, No. 9

was used to establish their purities. A multiwave ultrasonic
generator (Sonicator 3000; Bandeline, MS 72, Germany),
equipped with a converter/transducer and titanium oscillator
(horn), 12.5 mm in diameter, operating at 20 kHz with a
maximum power output of 600 W, was used for the
ultrasonic irradiation. The ultrasonic generator automatically
adjusted the power level.

2.2. Preparation of Silica Nanoparticles

The rice husk (RH) was washed with water for several
time to remove dirt and other contaminants present in it, and
dried at 80°C for 12 h. The cleaned pure RH is then burnt
inside a muffle furnace and heating at 400°C for 1 hr (labeled
as RHA-400) and then held at 700°C for 1 hr (labeled as
RHA-700). The white rice husk ash (RHA) obtained was
used for silica extraction and preparation of silica
nanoparticles.

For extraction of silica from RHA, 5.0 g of the RHA was
added to 250 mL of 1.0 M HNO; solution and stirred for about
18 h at room temperature to remove the metal oxide (CaO,
Fe, 0, MgO, Na,O, A|203, MnO, P205, T|02 and KZO) from
RHA and extract the silica. The resulting white powder was
filtered and washed three times with ethanol and distilled water.
The washed powder was dried at 80°C for 3 h under vacuum
and labeled as SiO, extracted. For further purification of silica,
5.0 g of the SiO, extracted mixed whit 2.0 g of the NaOH and
heated at 600°C for 1h. The resulting powder dissolved in 50.0
ml distilled water and the solution was filtered and the residue
was washed with 20 ml boiling water. The filter solution is
sodium silicate. For preparation of silica nanoparticles, While
10 ml of sodium silicate solution (1.0 M) was irradiated with
high-intensity ultrasound simultaneously, a solution of HCI (1.0
M) was added dropwise to the Na,SiOs solution. The resulting
white powder was filtered and washed three times with ethanol
and distilled water. The washed powder was dried at 80°C for 3
h under vacuum. Dried powder was calcined in air at 750°C for
2 h. The time of sonication and volume of HCI solution were
changed for more investigation. The feeding rate for sample no.
1 to 4 is indicated by divided of volume of HCI per time of
sonicaton. For example: the feeding rate of sample no.1 is 4 ml
per 10 min or 0.40 (ml/min). Table 1, shows the conditions of
reactions in detail.

2.3. Preparation of Silica Sulfuric Acid Nanoparticles

To a mixture of silica nanoparticles (2 g) in chloroform
(15 mL), chlorosulfonic acid (1.65 mL) was added dropwise
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at 0 °C during 2 h. After addition was complete, the mixture
was stirred for 2 h until HCI gas evolution was stopped. The
resulting white powder was filtered and washed three times
with ethanol and distilled water. The washed powder was
dried at room temperature to obtain silica sulfuric acid
nanoparticles. A flow diagram of the above procedure for
synthesis of silica and silica sulfuric acid nanoparticles from
rice husk is shown in Fig. (1).

Table 1. Experimental Condition for the Preparation of Silica
Nanoparticles
sample | HCI (ml) Time o(frrS]?nr;ication Fefr?]il;]r%iﬁ?te
1 4 10 0.4
2 5 10 0.5
3 7 10 0.7
4 10 10 1.0
5 7 15 0.7
6 7 20 0.7
7 7 30 0.7
8 7 without sonication 0.7

2.4. General Procedure for Acetylation of Alcohols and
Phenols with Acetic Anhydride

To a mixture of alcohol or phenol (1.00 mmol) and acetic
anhydride (1.20 mmol), silica solfonic acid (0.015 mmol)
was added and the mixture was stirred at room temperature.
The progress of the reaction was monitored by TLC or GC.
When the reaction was complete, 10.0 mL CH,Cl, was
added and the mixture filtered. The recovered catalyst was
washed with CH,Cl, (3x5 mL). The organic layer was
washed with 10% solution of saturated NaHCO; (2x5 mL)
and 10 mL H,O and dried over Na,SO,. If needed, further
purification was performed by column chromatography on
silica gel afforded the pure acetate.

3. RESULTS AND DISCUSSION

Quantitative chemical analyses of RH, RHA-400, RHA-
700 and SiOj,-extracted were accomplished by X-ray
fluorescence and shown in Table 2. This analysis showed
that inorganic content of rice ash has a high amount of silica
(98.30 %) and a few impurities. With increase in temperature

oc
Rice husk %%%OC» Rice husk ash LOS»SiO2 extracted
NaOH
600°°
. oc . H .
SiO, nano <139 Si(OH), W Na,SiO3
CISO;H
rt, 4h

Fig. (1). A flow diagram for synthesis of silica and silica sulfuric acid nanoparticles from rice husk.
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the relative contents of other elements increased in general.
Small divergences of this rule are probably caused by
inherent uncertainty of measurements. The percentage of
loss on ignition decreased after heat treatment. These results
are in agreement with previous reports [23-25] and
differences in composition are due to geographical factors,
year of harvest, sample preparation and analysis methods.

Table2. Chemical Composition of RH, RHA-400, RHA-700
and SiO,-Extracted

Component RH RHA-400 | RHA-700 | SiO2 Extracted
Sio, 64.60 73.30 93.88 98.30
Al,O3 0.12 0.25 0.34 _
Fe,O3 0.06 0.10 0.22 _
CaO 0.18 0.32 0.43 _
Na,O 0.20 0.47 0.23 _
MgO 0.25 0.60 0.8 _
K0 0.31 0.67 0.85 _
MnO 0.09 0.20 0.22 _
TiO, 0.03 0.08 0.04 _
P,Os 0.01 0.06 0.72 _

Loss of Ignition _ 22.50 2.27 _

XRD analysis was employed to investigate the crystalline
properties of the prepared sample, and results were shown in
Fig. (2). The presence of crystalline or amorphous silica, or
both, in RHA depends on the burning temperature achieved
in the ash production [26]. In Fig. (2a) and b X-ray
diffraction patterns of RHA-400 and RHA-700 are shown
respectively. With increased in temperature, as remove
impurities the content of silica in RHA become major and
the strong broad peak of a characteristic of amorphous SiO,
is explicit. The type of silica phases of the rice husk ash
depends on the combustion temperature. Amorphous rice
husk ash was formed when the rice husk was burnt below
800°C for 10 hours whereas crystalline rice husk ash of the
crystalline silica of a-cristobalite and tridymite were formed
when the combustion temperature was higher than 800°C

W_“

(b)
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Fig. (2). XRD pattern of RHA-400 (a), RHA-700 (b) and silica
nanoparticles (c).
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[3]. X-ray diffraction pattern of silica nanoparticles is shown
in Fig. (2c). It can be seen that broad peaks at 2Theta = 22.14
degrees confirming the formation of amorphous silica.

Results obtained from the FT-IR spectroscopy of RH,
RHA-400 and RHA-700 are shown in Fig. (3a-c)
respectively. As seen in Fig. (3a), RH contains several
absorption bands, which have been assigned to individual
structural units of carbon compounds. Heat treatment of RH
at 400°C and 700°C caused to organic compounds were
decomposed and intensity of absorptlon peaks at 2870- 2975

(C-H), 1200- 1500 cm? (CH; and CH,), 1627cm™
(C C) and 1720 cm™ (C=0) was diminished. (Fig. 3d, e)
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Fig. (3). IR pattern of RH (a), RHA-400 (b), RHA-700 (c) and
silica-extracted (d), silica nanoparticles (e) and silica sulfuric acid
nanoparticles (f).

are show FT- IR spectroscopy of SiO,-extracted and silica
nanoparticles. The absorption bands at 3300-3500, (850-900
and 1000-1300) and 900 cm™ corresponded to silanol OH
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groups, Si-O-Si and Si-OH stretching respectively. For
silica sulfuric acid nanoparticles, the absorption peak at 1020
and 1080 cm™ in Fig. (3f) were attributed the symmetric and
asymmetric stretching modes of the 0=S=0 grou
respectively. The S-O stretching mode lies around 571 cm™.
FT-IR spectrum shows the overlap asymmetric and
symmetric stretching bands of SO, with Si—-O-Si stretching
bands in the silica functionalized alkyl-sulfuric acid. The
spectrum also shows a broad OH stretching absorption
around 3000-3600 cm’™.

The effect of feeding rate on the morphology and particle
size of the products was investigated. FE-SEM images of the
formed nanoparticles (Sample no. 1 to 4) are shown in Fig.
(4). As shown, with the decrease of feeding rate, the size of
nanoparticles became smaller because the rate of nucleation
is higher than the rate of growth. On the other hand at the
same time, the mechanical influence produced by ultrasonic
cavities was increased with prolonging of feeding rate. Thus,
it could prevent the nanoparticle growing and aggregating
[10]. Sample no. 3 (Fig. 4c) has the smallest particle size and
the feeding rate equal with 0.70 ml/min is optimum
condition.

For investigating the effect of sonication time on the
morphology of the products, the reaction carried out in 10, 15,
20, and 30 min at the feeding rate 0.70 ml/min and FE-SEM
images of the resulted nanoparticles (Sample no. 3, 5, 6 and 7)
are shown in Fig. (5). In Fig. (5a) FE-SEM image of the
sample no. 3 (optimum condition) was shown. With the
increase of the sonication time from 10 min. to 20 min., the
particle size of the formed nanoparticles become smaller (Fig.
5b) (sample no. 5). Further increase in the sonication time, due
to the effect of the mechanical stress which produced by

feeding rate: 0.4 (ml/min
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ultrasonic cavities, caused the nanoparticle growing [10]. At
the same time, the mechanical influence produced by
ultrasonic cavities was increased with prolonging of ultrasonic
time. Thus, it could prevent the nanoparticle growing and
aggregating. The mechanical influence produced by ultrasonic
activate such as emulsification, stir, and others, could prevent
the crystal growth and aggregation. But when the ultrasonic
time was too long, shock wave with high pressure, micro-
emission fluid and “Brown phenomenon” of nano-particle
itself could make nano-particles aggregated. For investigating
the effect of sonication on the morphology and particle size of
the products, the reaction carried out in the absence of
sonication (Fig. 5e). In the absence of sonication, when HCI
solution was added the milky color of the samples suspension
are formed, indicating that the Si(OH), was formed, but the
particle size of obtained product is large and these aggregated.

The application of silica sulfuric acid as a mild
heterogeneous catalyst to acetylation of alcohols and phenols
with acetic anhydride at room temperature under solvent-free
conditions was investigated Scheme (1).

Si0, - 0S0O5H (0.015 mmol)
ROH + Ac,O >
Solvent-free, rt

ROAc

R=aryl,alkyl
Scheme 1.

First, the reaction conditions for acetylation of alcohols
and phenols in acetic anhydride were optimized. The
acetylation of benzyl alcohol (1.00 mmol) with acetic
anhydride (1.20 mmol) in the presence of 0.005, 0.010,
0.015, 0.020, 0.025 and 0.030 mmol of Si0,-OSOs;H nano
catalyst at room temperature was investigated. When the

j feeding rate: 0.5(ml/mim

Fig. (4). The effect of feeding rate on the morphology and particle size of (a) sample no. 1, (b) sample no. 2, (c) sample no. 3, (d) sample no.

4.
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Fig. (5). The effect of sonication time on the morphology and particle size of (a) sample no. 3, (b) sample no. 5, (c) sample no. 6, (d) sample

no. 7 and (e) sample no 8.

catalyst was used in amount of 0.015 mmol, the reactions
were completed in shorter time and 97% isolated yield. In
the absence of the catalyst, at the same reaction conditions,
benzyl acetate was obtained in low yield (4%) even after a
prolonged reaction time. When the reaction was carried out
under solvent free condition, the best rate of acetylation was
observed.

To show the generality and scope of this procedure, a
wide range of alcohols and phenols containing various
electron-donating and -withdrawing groups were treated with
acetic anhydride Table 3. The rate of acetylation is also
influenced by the steric and electronic factors associated
with substrates (Table 3, entry 20, 3-6, 12-18).

As shown in Table 3, both primary and secondary
alcohols reacted very well and 1-phenyl-2-methyl-2-
propanol was also acetylated smoothly without any side
reactions. The applicability of this method to various
alcohols and phenols was evaluated by electron-withdrawing
(Table 3, entry 4-6, 13-16) and electron-releasing alcohols
and phenols (Table 3, entry 3, 8-10,18) at the same
conditions. In all cases, rapid acetylation was observed in
excellent yields. Optically active substrates are efficiently
acetylated without any detrimental effect on the optical
purity (Table 3, entry 19).

It should be noted that the catalyst is reusable for nine
cycles without significant loss of its efficacy, as shown in
Table 4.

Table4. Reuse of the Catalyst for Acetylation of Benzyl

Alcohol

Cycle | 0 1 2 3 4 5 6 7 8 9

Yield | 97 | 96 | 96 | 94 | 92 | 92 | 87 | 87 | 87 | 87

CONCLUSION

A novel method for the synthesis of silica nanoparticles
form rice husk ash by sonochemical method was developed.
The effect of some parameters such as, feeding rate of
percipiteting agent and time of sonication on the size and
morphology of the obtained products were investigated by
FE-SEM. The silica nanoparticle had a uniform spherical
structure with a diameter of 45-55 nm. The as-synthesized
silica nanoparticles were subsequently modified with
chlorosulfonic acid and prepared silica sulfuric acid
nanoparticles, were employed as an efficient catalyst for the
acylation of alcohols and phenols. We described for the first



710 Combinatorial Chemistry & High Throughput Screening, 2012, Vol. 15, No. 9

Salavati-Niasari and Javidi

Table 3.  Acetylation of Alcohols and Phenols Catalyzed by Silica Sulfuric Acid®
Entry Substrates Products Time(min) Yield® (%)
OH OAc
1 5 97
OH OAc
? ©/\/ ©/\/ 5 97
OH OAcC
3 5 96
MeO MeO
OH OAcC
4 8 95
Cl Cl
OH OAc
5 10 94
Cl Cl
OH OAc
6 10 93
O,N O,N
OH OAc
7 O/l\ CHy ©)\ CH, 7 96
8 NN 0H SN 0Ac 6 95
OH OAc
| O 9 8 95
10 /Y /Y , o
OH OAc
OH OAc
11 O/ ©/ 10 95
OH OAC
12 C[ C[ 15 93
Cl Cl
OH OAc
13 /©/ /©/ 15 94
Cl Cl
OH OAc
| X Cr : :
Br Br
OH OAc
15 /©/ /©/ 10 95
Br Br




Silica and Silica Sulfuric Acid Nanoparticles

Combinatorial Chemistry & High Throughput Screening, 2012, Vol. 15, No. 9 711

(Table 3) contd.....
Entry Substrates Products Time(min) Yield® (%)
OH OAc
16 /©/ /©/ 15 91
O,N O,N
OH OAc
i Q Q » .
HO AcO
OH OAc
H5C HsC
1o 1ie-
19 15 93
HO AcO
CH, CHy
CHs CH,
20 30 92
OH OAc

®Isolated

yields.

°Ac,0 (2.4 mmol); Catalyst (0.03 mmol); Solvent free; rt.

time a simple, clean, and efficient method for the acetylation
of alcohols and phenols under solvent free condition. The
features of this procedure are reusable catalyst, excellent

yields,

and enhanced reaction rates, a very small amount of

acetic anhydride usage, retention of chirality and simplicity
of manipulation.

CONFLICT OF INTEREST

The authors confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENT

Authors are grateful to the council of Iran National
Science Foundation and University of Kashan for supporting
this work by Grant No (159271/18).

REFERENCES

[t

(2

(31

[4]

(5]

Daifullah, A.A.M.; Awwad, N.S.; El-Reefy, S.A. Purification of
wet phosphoric acid from ferric ions using modified rice husk.
Chem. Engin. Proc., 2004, 43, 193-201.

Della, V. P.; Kuhn, I.; Hotza, D. Rice husk ash as an alternate
source for active silica production. Materials Lett., 2002, 57, 818-
821.

Javed, S.H.; Naveed S.; Feroze, N.; Zafar, M.; Shafag, M. Crystal
and amorphous silica from kmno, treated and untreated rice husk.
J. Quality Technol. Manag., 2010, 1, 81- 90.

Martinez, J. D.; Pineda, T.; Lépez J. P.; Betancur, M. Assessment
of the rice husk lean-combustion in a bubbling fluidized bed for the
production of amorphous silica-rich ash. Energy, 2011, 36, 3846-
3854.

Liu, Y.; Guo, Y.; Zhu, Y.; Dongmin, A.; Gao, W.; Wang, Z.; Ma,
Y.; Wang, Z. A sustainable route for the preparation of activated
carbon and silica from rice husk ash. J. Hazardous Mater., 2011,
186, 1314-1319.

(6]

(8]

(0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Reaction conditions: Alcohol or Phenol (1.0 mmol); Catalyst (0.015 mmol); Ac,O (1.2 mmol); Solvent free; rt.

Dongmin, A.; Yupeng, G.; Zou, B.; Yanchao, Z.; Wang, Z. A study
on the consecutive preparation of silica powders and active carbon
from rice husk ash. Biomass Bioenergy., 2011, 35, 1227-1234.
Cordeiro, G. C,; Filho, R. D. T.; Tavares, L. M.; Fairbairn, E. M.
R.; Hempel, S. Influence of particle size and specific surface area
on the pozzolanic activity of residual rice husk ash. Cem. Concr.
Compos., 2011, 33, 529-534.

Liou, T. H.; Yang, C.C. Synthesis and surface characteristics of
nanosilica produced from alkali-extracted rice husk ash. Mater. Sci.
Engin. B., 2011, 176, 521-529.

Witoon, T.; Chareonpanich, M.; Limtrakul, J. Synthesis of bimodal
porous silica from rice husk ash via sol-gel process using chitosan
astemplate . Mater. Lett., 2008, 62, 1476-1479.

Salavati-Niasari, M.; Javidi, J.; Davar, F. Sonochemical synthesis
of Dy2(COs); nanoparticles, Dy(OH); nanotubes and their
conversion to Dy,O; nanoparticles Ultrasonics Sonochemistry.
Ultrasonics Sonochemistry., 2010, 17, 870-877.

Stamatisa, A.; Giasafakia, D.; Christoforidis b, K.C.;
Deligiannakisb, Y.; Louloudia, M. The catalytic function of SiO,-
immobilized Mn(ll)-complexes for alkene epoxidation with H,0,.
Journal of Molecular Catalysis A: Chemical, 2010, 319, 58-65.
Ahmed, A. E.; Adam, F. Indium incorporated silica from rice husk
and its catalytic activity. Microporous Mesoporous Materials,
2007, 103, 284-295.

Niknam, K.; Saberi, D. Preparation of sulfuric acid ([3-(3-
silicapropyl)sulfanyl]propyl)ester: A new and recyclable catalyst
for the formylation and acetylation of alcohols under heterogeneous
conditions. Appl. Catalysis A: General., 2009, 366, 220-225.
Leong, G. H.; Kim, E. G.; Kim, S. B.; Park, E.D.; Kim, S. W.
Fabrication of sulfonic acid modified mesoporous silica shells and
their catalytic performance with dehydration reaction of d-xylose
into furfural. Microporous Mesoporous Materials, 2011, 144, 134-
139.

Adam, F.; Mohammed, K.; Aisha M.R. The synthesis of
heterogeneous 7-amino-1-naphthalene sulfonic acid immobilized
silica nano particles and its catalytic activity. Taiwan Institute of
Chemical Engineers, 2011, 42, 843-851.

Tai, C.A.; Kulkarni, S.S.; Hung, S. C. Facile Cu(OTf)2-catalyzed
preparation of per-O-acetylated hexopyranoses with stoichiometric
acetic anhydride and sequential one-pot anomeric substitution to
thioglycosides under solvent-free conditions. Org. J. Chem., 2003,
68, 8719-8722.



712 Combinatorial Chemistry & High Throughput Screening, 2012, Vol. 15, No. 9

[17]

[18]

[19]

[20]

[21]

Phukan, P. lodine as an extremelypowerfulcatalyst for the
acetylation of alcoholsundersolvent-freeconditions. Tetrahedron
Lett., 2004, 45, 4785-4787.

Reddy, T.S.; Narasimhulu, M.; Suryakiran, N.; Mahesh, K. C,;
Ashalatha, K.; Venkateswarlu, Y. A mild and efficient acetylation
of alcohols, phenols and amines with acetic anhydride using
La(NO3);-6H,O as a catalyst under solvent-free conditions.
Tetrahedron Lett., 2006, 47, 6825-6829.

Heravi, M.M.; Behbahani, F. K.; Zadsirjan, V.; Oskooie H.A.
Copper(ll) sulfate pentahydrate (CuSO..5H,0):a green catalyst for
solventless acetylation of alcohols and phenols with acetic
anhydride. J. Brazil. Chem. Soc., 2006, 17, 1045-1047.

Rajabi, F. A heterogeneous cobalt(Il) Salen complex as an efficient
and reusable catalyst for acetylation of alcohols and phenols.
Tetrahedron Lett., 2009, 50, 395-397.

Kadam, S. T.; Kim, S. S. ChemInform Abstract: Phosphomolybdic
Acid: Mild and Efficient Catalyst for Acetylation of Alcohols,

[22]

[23]

[24]

[25]

[26]

Salavati-Niasari and Javidi

Phenols, and Amines under Solvent-Free Conditions. Synthesis,
2008, 39, 267-271.
Wang, W.; Cheng, W.; Shao, L. Yang, J. [TMBSA][HSO,]
lonic Liquid as Novel Catalyst for the Rapid Acetylation of
Alcohols, Hydroxyesters and Phenols under Solvent-free
Conditions. Catal. Lett., 2008, 121, 77-80.
Omatola, K. M.; Onojah, A. D. Elemental analysis of rice husk ash
using X — ray fluorescence technique. Int. J. Phy. Sci., 2009, 4,
189-193.
Pijarn, N.; Jaroenworaluck, A.; Sunsaneeyametha, W.; Stevens, R.
Synthesis and characterization of nanosized-silica gels formed
under controlled conditions. Powder Technol., 2010, 203, 462-468.
Thuadaij, N.; Nuntiya, A. Synthesis and Characterization of
Nanosilica from Rice Husk Ash Prepared by Precipitation Method.
J. Nat. Sci., 2008, 7, 59-65.
Javed, S. H.; Naveed, S.; Feroze, N.; Kazmi, M. Extracting silica
from rice husk treated with potassium permanganate. Pak. J. Agri.
Sci., 2008, 45, 459-462.

Received: February 29, 2012

Revised: March 24, 2012

Accepted: June 1, 2012



	05. Salavati-Niasari_CCHTS


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




