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ABSTRACT

The nanoparticles of a-Fe,O /multi wall carbon nanotubes (MWCNTSs) were successfully
fabricated using photolysis and sonication method as a heterogeneous catalyst for photodegradation
of 4-chlorophenol. The XRD and SEM were confirmed the supporting and distribution of the MWCNTSs
between the surface of a-Fe,O, while, preparing nanoparticles proved also using XRD and SEM. The
photocatalyic activity of prepared nanoparticles was investigated using 4-CP. The results appeared
converting nearly 98% from 4-chlorophenol to 1,4- benzoquinone with optimum conditions of pH 3,
20 ppm of pollutant and 0.3 g of heterogeneous catalyst.
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INTRODUCTION

4-chlorophenol is a hazardous and toxic
organic pollutants so that the maximum concentration
allowed in the water is in the range 1-20 ppb'.
To eliminate the negative impact, the advanced
oxidation processes (AOPs) were suggested rather
than a traditional biological treatment process
because of high efficiency for degradation the dyes
and organic pollutants by forming free radicals in
the solution under effect UV irradiation®¢. Under
UV irradiation, heterogeneous catalysts work on
excitation the electrons from the valence band (VB)
to the conduction band (CB) leaving positive holes

(h+) then, it initiates a series of oxidation-reduction
reaction (redox) to product hydroxide and peroxyl
free radicals as a strong oxidants to degrade the
organic pollutants”'2. However, use one catalyst in
the process cause incomplete mineralization so it
was modified by another material to increase the
efficiency. This paper reported the new method'3-1¢
to prepare heterogeneous catalysts. In this method,
building of the nanoparticles takes bottom to top
type. This means the UV radiation main role to build
the particles from the solution by forming very small
particles called seed then, the seed grows to form
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nanoparticles.




MAHMOUD et al., Orient. J. Chem., Vol. 35(1), 332-336 (2019) 333

MATERIALS AND METHOD

Materials

4-chlorophenol, hydrochloric acid, sodium
hydroxide, ferric chloride hexahydrate and Multiwall
carbon nanotubes were supplied from Fluka
company and used without purification.

Synthesis of o-Fe, O, NPs

Firstly, in 250 ml beaker, 1 g (0.003 mol) of
FeCl,.6H,0 dissolved in 100 ml distilled water. Then,
it transferred to the reactor of irradiation system as
shown in Fig. 1. The solution of salt was irradiate until
brown precipitate appears. After that, the precipitate
separated, collected and washed using acetone and
distilled water for 3 times. Finally, the precipitate dried
and burned for 2 hours.

Fig. 1. Irradiation system

Synthesis of a-Fe,0,/MWCNTs heterogeneous
catalyst

In a typical procedure, 2 g (0.012 mol)
of nanorods were dispersed in 250 ml of H,0,
containing 0.6 g (0.05 mol) of multi wall carbon
nanotube (MWCNTSs). Subsequently, the mixture
was dispersed and ultrasonically for 30 min until
black-brown precipitate appears.

Degradation of 4-chlorophenol experiments

The photoactivity of heterogeneous
catalyst prepared was investigated by degradation
of 4-chlorophenol under ultraviolet irradiation (UV)
with power 125 W. All experiments were carried out
using beaker with volume 250 ml as a reactor at
room temperature (2°C). The catalyst dispersed in
pollutant solution in the dark for 15 minutes. Many
conditions such as concentration of catalyst and
pollutant, time of irradiation and different pH values
was studying to get best result.

RESULT AND DISCUSSION

Reaction Kinetic

a-Fe, O, nanoparticles prepared using
photolysis method. During this method, the irradiation
of UV play as a reduce reagent where it works on
reduction of ferric to ferrous ions and with the
presence of the hydroxide ions in the solution, the
remains ions of ferric combine with hydroxide to
produce FeOOH while, the ferrous ions combine with
hydroxide ions to get Fe(OH),. Then, the FeOOH and
Fe(OH), were burned to product brown nanoparticles
of a-Fe, O, as shown in below mechanism.

FeCly (aqy — Fe*® + Fe*? + OH™ (1)

Fe'*+Fe'?+ 0H™ - FeOOH + Fe(0H), )
400C

FeOOH + Fe(0OH), — a — Fe,03NPs + Hy0 (3)

In the mechanism, hydrogen peroxide
acted on fuctionalization of MWCNTS and these
functional groups work as a site to adsorb the
nanoparticles results of Vander wall forces or
chemical interaction.

Analysis of XRD

XRD technique was used to investigate
the structure of a-Fe,O, and a-Fe,O,/MWCTs and
the size of particles prepared. The XRD spectrum
of a-Fe,O, and o-Fe,0,/MWCTs was shown in
Fig. 2. The characteristic peak of carbon MWCTs
with small intensity appeared a clearly at 26.24 in
spectrum of MWCTS and a-Fe,O,/MWCTs and the
results is in agreement with (JCPDS no. 41-1487).
When comparing the spectrum of MWCNTS and
a-Fe,0,/MWCTs, any change wasn’t shown in the
position of peaks just the peak of MWCNTSs and this
indicate incorporated the MWCNTs molecules in the
lattice of nanocomposite.

Analysis of SEM

The morphology of samples prepared
was studied and showed using scanning electron
microscope (SEM). The morphology of a-Fe,O, and
a-Fe,0,/MWCNTs was shown in Fig. 2 (A) and 2
(B).The Fig. 2 (A) obtained prepare nano ferric oxide
in rod shape with random distribution and it can be
noted the particles fabricated are cylindrical shape
while, the Fig. 2 (B) shows the presence of MWCNTSs
around or between the rod particle prepared and
this indicate the conform of the preparation of
a-Fe,0,/MWCNTs nanocomposite. The ratio of
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nanocomposite elements was investigated by the
EDS spectrum and it shows the high purity of the
product as shown in Figure 2 (C).
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Fig. 2. XRD of (A) a-Fe,0, and (B) a-Fe,0, with MWCNTs
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Fig. 3. SEM of (A) pure o-Fe,0,, (B) a-Fe,0,-MWCNTs and
(C) EDS of a-Fe,0,-MWCNTs

Photodegradation of 4-chlorophenol by o-Fe,0,/
MWCNTs
To investigate the photocatalyic activity of
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heterogeneous catalyst prepared, degradation of
4-nitrophenol solution in presence catalyst fabricated
under UV irradiation was observed. In general, the
results showed high efficiency for photocatalyic
degradation of 4-chlorophenol. The degradation of
pollutant followed the following mechanism.'7-"°

4-CP+hv—4-CP* (1)
4-CP*+a-Fe,0,/MWCNTs—»4-CP**+a-Fe,O /
MWCNTSs(e-, (2)
a-Fe,0,/MWCNTs+hv—a-Fe,O,/MWCNTs
(€ cathye’) )
H,0—->OH+H* (4)
h,5+OH-->0H (5)
€55+0,—0,- (6)
O,+H* -HO, (7)
HO,+ HO,—»H,0,+ O, (8)
H,0,+hv—0H (9)

4-CP*/4-CP**+(OH-,HO,,OH)Degradation pollutant
(10)

The degradation mechanism proposes
breaking the bond between C-Cl and the
product which in turn react with oxygen to form
1,4-benzoquinone as shown in (Eq.11) and the
results from GC-mass prove it as shown in Fig. 4.
After irradiation, the spectra of GC-mass shows peak
equal to 108 g/mol assigned to 1,4-benzoquinone.

Effect of pH

pH considered one of important factors
that can be effected on degradation of pollutant
due its effect on the rate of generating hydroxide
free radicals and the charge of catalyst surface. To
investigate the effect of it, the range from 3-10 of pH
was studied. The results show that the best efficiency
of degradation at 3 as shown in Fig. 5. At basic value,
the repulsion force between catalyst and phenolate
ions play the main role in decrease the efficiency
while, in acidic medium the catalyst has a positive
charge and it's become a favorite for an adsorption
of ions on the surface®® 2!,

on the other side, the ferric ions in oxide
were reduced to ferrous ions in acidic medium and
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adsorbed on (001) surface of a-Fe,O, and this
cause the Fenton system. The charge of catalyst
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and the Fenton system can increase the efficiency
of degradation®.
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Fig. 4. GC/mass spectrum of 4-CP (A) before irradiation and (B) after irradiation

120

%
100 E
“i\\ §
g0 f
\ i
== pH=10 & ¢
—a— =7 \\ \ ‘
0 o

hes NN
n
‘K 20 c
r . . , o Y

200 150 100 50 0
Time

Fig. 5. Effect of pH on efficiency of degradation at room
temperature (20C)

Effect of catalyst concentration

The photodegradtion efficiency of 4-CP
was studied verse the a amount of catalyst used
as shown in Fig. 6. The amount of catalyst ranged
0.1-0.5 g/L. The results appear the efficiency
increase with the increase concentration and then
decrease because with the increase it, the active
site 23 is increasing and the generation of hydroxyl
free radicals increase that react with pollutants and
destroyed it otherwise, the efficiency decreases with
increasing the catalyst load due to the agglomeration
of nanoparticles and this cause decrease of OH. that

react with the pollutant®+26.

Effect of initial concentration of pollutant

The effect of initial concentration of 4-CP on
photodegradation rate was investigated in the range
20-80 ppm. The results were illustrated in Fig. 7. The
photodegradation yield depends on the reaction that
occur on the surface of catalyst through reaction

between OH free radicals and 4-CP. The results
appeared the photodegradation efficiency decrease
with increasing the concentration of 4-CP and this
may be back to saturate of active sites of catalyst
and cause to decrease the generate of hydroxyl free
radicals 27-28 as well as adsorbed the important
amount of UV by pollutant instead of the catalyst.

120
%
100 E
f
L g0 f
i
=+=[0.1]g c
-8-[03]g \\\\\ i
40 ¢
—i—[0.5)g \\\

n
\ 20 c
‘ . . . o VY

200 150 100 50 0

Time

Fig. 6. Effect of catalyst concentration on efficiency of
degradation at pH=3 and temp =20C
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Fig. 7. Effect of initial concentration of 4-CP on efficiency
of degradation at pH=3, 0.1g catalyst and temp = 20C
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CONCLSION

Alpha phase iron oxide with nanoparticles
was can be prepared using the low temperature
photolysis method and doping it with MWCNTs
utilizing sonication method. UV irradiation play main
role in the reduction ferric to ferrous ions and product
geothite compound that react with ferrous hydroxide
to get hematite nanoparticles. The results from XRD
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proved don’t enter the MWCNTSs inside the crystal
lattice of a-Fe,O,. The attack of hydroxyl free radicals
on 4-CP destroyed the C-Cl bond and converted it
to 1,4-benzoquinone.
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