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ABSTRACT
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Photocatalytic degradation of phenol in aqueous media over novel heterogeneous photocatalyst BaAl,O4-SrO composite nanofibers was
investigated under UV irradiation. The catalyst was characterized by SEM and XRD analysis. The degradation yield of phenol could
reach up to 95%. The higher yield of degradation was achieved under the following condition: solution concentration: 1g/L; catalyst:

0.05 g; t: 80 °C and pH: 5.
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1. INTRODUCTION

Given the recent advances in various fields of science,
single-material and alloys, in many cases, do not meet the needs of
modern technology today. Instead of combining one or more
materials as composites, these needs can be met. The advantages
of these materials are to achieve a material whose properties are in
the middle of their ingredients. These materials are classified
according to the geometry of the reinforcing materials (particles,
flaky parts, fibers or nanosets) or based on the type of matrix
(polymer, metal, ceramic or carbon). Polymer composites are the
most commonly used composites with polymer matrix phase. The
high strength, the simplicity of the manufacturing process and the
lower cost of production are the benefits of these materials. While
low operating temperatures, high thermal expansion coefficients,
radiation sensitivity and humidity, and low elastic properties are
the most important disadvantages of these materials [1]. Polymer
matrix composites are one of the most common and most
significant composite materials for two reasons. First, the
mechanical properties of these materials are very weak in
comparison to other materials, such as metals and ceramics, which
mean that the reinforcement of these useful materials is beneficial.
The second reason is that due to the low working temperature of
these materials, it is not necessary to use high processing
temperatures, which will result in the use of a wide range of

2. EXPERIMENTAL SECTION

All reagents were purchased from Merck and Aldrich and
used without further purification. All yields refer to isolated
products after purification. The powder X-Ray diffraction patterns
were measured with Dg, Advance, Bruker, axs, diffractometer
using Cu-Ka irradiation. FE-SEM was taken by a Hitachi S-4160
photograph to examine the shape of the sample. The NMR spectra
were recorded on a Bruker Avance DPX 400 MHz instrument.
The spectra were measured in DMSO-ds relative to TMS (0.00
ppm). Elemental analysis was performed on a Heraeus CHN-O-
Rapid analyzer.

reinforcing materials and non-destruction of reinforcing materials.
In addition, these composite materials are easier to use and , the
polymer matrix composites are rapidly expanded and found [1-3].

The phenolic compounds spreading in sewage has
increased the concern for public health due to the toxicity of most
of phenols which are well-known for their biological toxicity.
These compounds destroy the environment through various
outputs of industrial and non-industrial industries. Therefore,
purification of industrial wastewater from phenolic compounds is
a necessary requirement for the safety of human health [4-7].
Traditional wastewater treatment methods, with some limitations
and disadvantages, cannot break down all phenolic compounds.
Therefore, the use of catalytic systems that can eliminate these
compounds by breaking them into non-hazardous species
represent a research area. Recently, photocatalytic degradation of
phenolic compounds with or without ultraviolet light has been
reported, which is a useful way to remove these compounds from
sewage [8-15]. This method present some advantages like: cost-
effective, environmentally friendly and capable of destroying a
wide range of phenolic compounds without producing harmful
side products. Some photocatalysts provide a good choice for
effective removal of phenolic compounds [8-15].

In continuation of our current research devoted to the
synthesis of nanomaterials [16-36], herein, we wish to report an
efficient and facile procedure for the easy removal of phenol using
BaAl,O4-SrO composite nanofibers as an effective catalyst.

2.1. Preparation of BaAl,0,-SrO composite nanofibers. A
mixture of BaAl,O,4 (0.7 mmol) and SrO (0.3 mmol) nanopowders
was dispersed in one liter of water and combined with Polyvinyl
alcohol (PVA) until a viscous gel was obtained. The above gel
was put in a syringe. The positive terminal of a high voltage power
supply was connected to the metallic syringe tip (a needle with
diameter of 0.7 mm) while the negative terminal was connected to
a conductive drum covered with aluminum foil as a collector of
fibers. A voltage of 30 kV and a speed of 0.5 mih™* were applied to
the solution and a dense web of fibers was collected on the
aluminum foil. Finally, the sample was calcined at 500 °C.
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2.2. Photocatalytic degradation procedure. The photocatalytic
degradation of the phenol solution was performed using a solution
of the phenol substrate in water, H,O, as oxidant (1 mL) and
BaAl,04-SrO composite nanofibers as catalyst. The solution was
stirred under UV irradiation (273 nm) with three 8W ultraviolet

3. RESULTS SECTION

Figure 1 shows the SEM image of BaAl,O,-SrO composite
nanofibers calcined at 500 °C for 2h. The composite consisted of
long nanofibers with sturdy surface. The average diameter of size
distribution of nanofibers is less than 300 nm. The XRD pattern
shows a non-crystalline solid of BaAl,0,-SrO composite
nanofibers.
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Figure 2. XRD pattern of BaAl,04-SrO composite nanofibers.

The catalytic potential of the as prepared BaAl,04-SrO
composite nanofibers was investigated based on the photocatalytic
degradation of phenol.

First, the photocatalytic degradation of phenol was studied
at different temperatures including 50, 60, 80 °C. The degradation
percentage against time is shown in Figure 3. At higher
temperature decline of phenol concentration is much more than
those of low temperature reaction medium. This may be due to the
increased concentration of superoxide anion (O,) and hydroxyl
radicals (HO") at higher temperatures.

Figure 4 shows the effect of catalyst concentration on the
photodegradation activity of phenol under UV irradiation. The
decrease of phenol concentration can be improved up to 0.05 g of
the catalyst and the higher amount of the catalyst has a lower
percent of degradation.

The influence of phenol concentration on degradation rate
was studied from 0.05 to 2 g/L at a constant catalyst loading of

lamp as a source in Pyrex flasks at room temperature. The
absorption spectrum of the suspension mixture was measured
periodically using a GC spectrophotometer (Shimadzu, UV-2450,
Japan) after centrifugation to ensure the degradation of phenol
solution.

0.05 g and a solution pH of 5. The volume of phenol solution was
10 ml. It has been observed that the degradation rate increases
with an increase in concentration of phenol up to 1 g/L and then
decreases (Figure 5). The UV Anax value of phenol is 280 nm.
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Figure 3. Photo-catalytic degradation of phenol: effect of temperature
[catalyst: 0.05 g; solution concentration: 2 g/L; pH: 5]
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Figure 4. Photo-catalytic degradation of phenol: effect of catalyst dosage
[t: 80 °C; solution concentration: 2 g/L; pH: 5].

Next, under optimized condition (solution concentration:
1g/L; catalyst: 0.05 g; t: 80 °C and pH: 5) the photocatalytic
degradation potential of BaAl,0,-SrO composite nanofibers was
investigated for a variety of phenolic compounds including 4-
chlorophenol, 3-chlorophenol, 2-chlorophenol, 4-nitrophenol, 3-
nitrophenol, 4-bromophenol, 2-methylphenol, 4-methoxyphenol
and 4-methylphenol. The results were summarized in Figure 6. As
it was shown in Figure 6, excellent yields of degradation could be
achieved using BaAl,0,-SrO composite nanofibers for different
substituted phenols.
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Figure 5. Photo-catalytic degradation of phenol: effect of solution
concentration [catalyst: 0.05 g; t: 80 °C; pH: 5].

4. CONCLUSIONS

BaAl,04-SrO composite nanofibers were prepared via a
simple procedure and were found to be an effective catalyst for the
photocatalytic degradation of phenol. The higher vyield of
degradation was achieved under the following condition: solution

5. REFERENCES

[1] Parameswaranpillai, J.; Hameed, N.; Kurian, T.; Yu, Y.
Nanocomposite Materials: Synthesis, Properties and Applications, CRC
Press, 2016.

[2] Kaw, A.K. Mechanics of composite materials, 2nd ed, United
States, Taylor & Francis Group, 2006.
[3] Matthews, F.L.; Rawlings, R.D. Composite Materials:

Engineering and Science, Cambridge England, Woodhead Publishing
Limited, 1999.

[4] Parida, K.M.; Parija, S. Photocatalytic degradation of phenol
under solar radiation using microwave irradiated zinc oxide. Solar
Energy, 80, 1048-1054, 2006.

[5] Ahmed, S.; Rasul, M.G.; Martens, W.N.; Brown, R.; Hashib,
M.A. Heterogeneous photocatalytic degradation of phenols in wastewater:
A review on current status and developments. Desalination, 261, 3-18.
2010.

[6] Khosravian P., Ghashang M., Ghayoor H., Effective removal of
penicillin  from aqueous solution using Zinc oxide/natural-Zeolite
composite nano-powders prepared via ball milling technique. Recent Pat.
Nanotechnol., 11, 154-164, 2017.

[7] Mitchell, V.G.; Mein, R.G.; McMahon, T.A. Utilising storm
water and wastewater resources in urban areas, Aust. J. Water Resour. 6,
31-43, 2002.

[8] Khosravian P., Ghashang M., Ghayoor H., Zinc oxide/natural-
Zeolite composite nano-powders: Efficient catalyst for the amoxicillin
removal from wastewater. Biointerface Res. Appl. Chem., 6, 1538-1540,
2016.

9] Zare M., Ghashang M., Saffar-Teluri A., BaO-ZnO nano-
composite efficient catalyst for the photo-catalytic degradation of 4-
chlorophenol. Biointerface Res. Appl. Chem. 6, 1049-1052, 2016.

[10] Yang, L., Chu, D.; Wang, L. Porous hexapod CuO
nanostructures: precursor-mediated fabrication, characterization, and
visible-light induced photocatalytic degradation of phenol, Mater. Lett.,
160, 246-249, 2015.

[11] Aslam, M.; Qamar, M.T.; Tahir Soomro, M.; Ismail, I.M.L,;
Salah, N.; Almeelbi, T.; Gondal, M.A.; Hameed, A. The effect of sunlight
induced surface defects on the photocatalytic activity of nanosized CeO,
for the degradation of phenol and its derivatives. Appl. Catal. B: Environ.,
180, 391-402, 2016.

001

0z

02

o

0

oL

lonsdqotin-£
lonsdgomod-k
lonsdglvdism-k
lonsdg7zodism-k
logadqlvdiam-£
lonadgoin-k
lonsdgorolds-£
lonsdqorolda-£
lonsdgorolda-b
lonadq

Figure 6. photocatalytic degradation of substituted

BaAl,0,-SrO composite nanofibers.

phenols over

concentration: 1g/L; catalyst: 0.05 g; t: 80 °C and pH: 5. The
catalyst could be efficiently used for the photocatalytic
degradation of substituted phenols.

[12] Ye, J.; Li, X.;; Hong, J.; Chen, J.; Fan, Q. Photocatalytic
degradation of phenol over ZnO nanosheets immobilized on
montmorillonite. Mater. Sci. Semicon. Proc., 39, 17-22, 2015.

[13] Aslam, M.; Ismail, I.M.l.; Salah, N.; Chandrasekaran, S.;
Qamar, M.T.; Hameed, A. Evaluation of sunlight induced structural
changes and their effect on the photocatalytic activity of V,0s for the
degradation of phenols. J. Hazard. Mater., 286, 127-135, 2015.

[14] Ozturk, B.; Pozan Soylu, G.S. Synthesis of surfactant-assisted
FeVO, nanostructure: Characterization and photocatalytic degradation of
phenol. J. Mole. Catal. A: Chem., 398, 65-71, 2015.

[15] Feng, X.; Guo, H.; Patel, K., Zhou, H.; Lou, X. High
performance, recoverable Fe;0,-ZnO nanoparticles for enhanced
photocatalytic degradation of phenol. Chem. Eng. J., 244, 327-334, 2014.
[16] Ghashang M., Taghrir H., Biregan M.N., Heydari N., Azimi F.,
Preparation of novel 2-(2-oxo-2H-chromen-4-yl)-3-arylthiazolidin-4-one
derivatives using an efficient ionic liquid catalyst. J. Sulfur Chem., 37, 61-
69, 2016.

[17] Mohammad Shafiee M.R., Mansoor S.S., Ghashang M.,
Fazlinia, A. preparation of 3,4,5-substituted furan-2(5H)-ones using
aluminum hydrogen sulfate as an efficient catalyst. Compt. Rend. Chim.
17, 131-134, 2014.

[18] Bahramian F., Fazlinia A., Mansoor S.S., Ghashang M., Azimi
F., Biregan M.N., Preparation of 3, 4, 5-substituted furan-2 (5H)-ones
using HY Zeolite nano-powder as an efficient catalyst. Res. Chem.
Intermed. 42, 6501-6510, 2016.

[19] Ghashang M., Kargar M., Shafiee M.R.M., Mansoor S.S.,
Fazlinia A., Esfandiari H., CuO Nano-structures Prepared in Rosmarinus
Officinalis Leaves Extract Medium: Efficient Catalysts for the Aqueous
Media Preparation of Dihydropyrano [3, 2-c] chromene Derivatives.
Recent Pat. Nanotech. 9, 204-211, 2015.

[20] Ghashang M., Mansoor S.S., Mohammad Shafiee M.R., Kargar
M., Najafi Biregan M., Azimi F., Taghrir H., Green chemistry preparation
of MgO nanopowders: efficient catalyst for the synthesis of thiochromeno
[4, 3-b] pyran and thiopyrano [4, 3-b] pyran derivatives. J. Sulfur Chem.
37, 377-390, 2016.

[21] Baziar A., Ghashang M., Preparation of pyrano [3, 2-c]
chromene-3-carbonitriles using ZnO nano-particles: a comparison

Page | 2168


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&sortby=pubdate&citation_for_view=QemfmXIAAAAJ:dZbaGXT4iR0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&sortby=pubdate&citation_for_view=QemfmXIAAAAJ:dZbaGXT4iR0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&sortby=pubdate&citation_for_view=QemfmXIAAAAJ:dZbaGXT4iR0C

Photocatalytic degradation of phenol in agueous media over BaAl204-SrO composite nanofibers

between the Box-Behnken experimental design and traditional
optimization methods. React. Kinet. Mechan. Catal. 118, 463-479, 2016.
[22] Ghashang M., ZnAl,0,—Bi,O; composite nano-powder as an
efficient catalyst for the multi-component, one-pot, aqueous media
preparation of novel 4H-chromene-3-carbonitriles. Res. Chem. Intermed.
42, 41914205, 2016.

[23] Dehbashi M., Aliahmad M., Mohammad Shafiee M.R.,
Ghashang M., Nickel-doped SnO, Nanoparticles: Preparation and
Evaluation of Their Catalytic Activity in the Synthesis of 1-amido Alkyl-
2-naphtholes. Synth. React. Inorg. Metal-Org. Nano-Metal Chem. 43,
1301-1306, 2013.

[24] Ghashang M., Zinc hydrogen sulfate promoted multi-
component preparation of highly functionalized piperidines. Lett. Org.
Chem. 9, 497-502, 2012.

[25] Ghashang M., Preparation and application of barium sulfate
nano-particles in the synthesis of 2, 4, 5-triaryl and N-aryl (alkyl)-2, 4, 5-
triaryl imidazoles. Curr. Org. Synth. 9, 727-732, 2012.

[26] Shafiee M.M.R., Ghashang M., Fazlinia A., Preparation of 1, 4-
dihydropyridine derivatives using perchloric acid adsorbed on magnetic
Fe;0,4 nanoparticles coated with silica. Curr. Nanosci. 9, 197-201, 2013.
[27] Taghrir H., Ghashang M., Biregan M.N., Preparation of 1-
amidoalkyl-2-naphthol derivatives using barium phosphate nano-powders.
Chin. Chem. Lett. 27, 119-126, 2016.

[28] Shafiee M.R.M., Mansoor S.S., Ghashang M., Fazlinia A.,
Preparation of 3, 4, 5-substituted furan-2 (5H)-ones using aluminum
hydrogen sulfate as an efficient catalyst. C. R. Chim. 17, 131-134, 2014.
[29] Ghashang M., Mansoor S.S., Shams Solaree L., Sharifian-
esfahani A., Multi-component, one-pot aqueous media preparation of
dihydropyrano[3, 2-c]chromene derivatives over MgO nanoplates as an
efficient catalyst. Iran. J. Catal., 6, 237-243, 2016.

6. ACKNOWLEDGEMENTS

[30] Mohammad Shafiee M.R., Kargar M., Hashemi M.S.,
Ghashang M., Green Synthesis of NiFe,0,/Fe,0s/CeO, Nanocomposite
in a Walnut Green Hulls Extract Medium: Magnetic Properties and
Characterization. Curr. Nanosci. 12, 645-649, 2016.

[31] Mohammad Shafiee M.R., Kargar M., Preparation of aryl
sulfonamides using CuO nanoparticles prepared in extractive Rosmarinus
Officinalis leaves media. Biointerface Res. Appl. Chem. 6, 1257-1262,
2016.

[32] Ghashang M., Bi,O5; nano-particles as an efficient catalyst for
the multi-component, one-pot, aqueous media preparation of
benzo[h]pyrano[3,2-cJchromene-2-carbonitriles and pyrano[3,2-
glchromene-7-carbonitriles. Biointerface Res. Appl. Chem. 6, 1338-1344,
2016.

[33] Sheikhan-Shamsabadi N., Ghashang M., Nano-basic silica as an
efficient catalyst for the multi-component preparation of pyrano [2, 3-d]
pyrimidine derivatives. Main Group Met. Chem. 40, 19-25, 2016.

[34] K. Aswin, M. Ghashang, S.S. Mansoor, An efficient synthesis
of  4-aryl-7-benzylidene-hexahydro-2H-cyclopenta[d] pyrimidin-2-
ones/thiones catalyzed by p-dodecylbenzenesulfonic acid. Iran. J. Catal.
5, 175-182, 2015.

[35] M. Abbaszadeh, M. Seifi, M. Ghashang, Multi-component
preparation of diethyl/methyl 1,3-diaryl-1,2,3,6-tetrahydro pyrimidine-
4,5-dicarboxylates using hydrated phosphomolybdic acid as an efficient
catalyst. Iran. J. Catal. 5, 113-117, 2015.

[36] Mohammad Shafiee M.R., Sattari A., Kargar M., Ghashang M.,
Investigation of natural solution effect in electrical conductivity of PANI-
CeO, nanocomposites. Steel Compos. Struct. 24, 15-22, 2016.

We are thankful to the Najafabad Branch, Islamic Azad University research council for partial support of this research.

© 2017 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons

Attribution license (http://creativecommons.org/licenses/by/4.0/).

Page | 2169


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=100&pagesize=100&citation_for_view=QemfmXIAAAAJ:OcBU2YAGkTUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=100&pagesize=100&citation_for_view=QemfmXIAAAAJ:OcBU2YAGkTUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=100&pagesize=100&citation_for_view=QemfmXIAAAAJ:OcBU2YAGkTUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:BwyfMAYsbu0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:BwyfMAYsbu0C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:kuK5TVdYjLIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:kuK5TVdYjLIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:kuK5TVdYjLIC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:yFnVuubrUp4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:yFnVuubrUp4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:S16KYo8Pm5AC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&cstart=20&pagesize=80&citation_for_view=QemfmXIAAAAJ:S16KYo8Pm5AC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&sortby=pubdate&citation_for_view=QemfmXIAAAAJ:BjLbhSWBl98C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&sortby=pubdate&citation_for_view=QemfmXIAAAAJ:BjLbhSWBl98C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=QemfmXIAAAAJ&sortby=pubdate&citation_for_view=QemfmXIAAAAJ:BjLbhSWBl98C

