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Abstract:

This paper aims to study the chemical degradation of Brilliant Green in water via
photo-Fenton (H,O./Fe?*/UV) and Fenton (H,O./Fe**) reaction. Fe- B nano particles
are applied as incrustation in the inner wall surface of reactor. The data form X- Ray
diffraction (XRD) analysis that Fe- B nanocomposite catalyst consist mainly of SiO,
(quartz) and Fe,Os; (hematite) crystallites. B.G dye degradation is estimated to
discover the catalytic action of Fe- B synthesized surface in the presence of UVC light
and hydrogen peroxide. B.G dye solution with 10 ppm primary concentration is
reduced by 99.9% under the later parameter 2ml H,0O,, pH= 7, temperature =25°C
within 10 min. It is clear that pH of the solution affects the photo- catalytic
degradation of B.G dye. All the conditions above have been studied to reach the
optimum operation condition for the two processes Fenton and photo- Fenton. The
B.G degradation process follows first- order reaction rules. Photo- Fenton process
causes a more efficient oxidation rate than the Fenton process. So, the photo- Fenton
degradation is an effective and economic process by producing higher percentage of
degradation and mineralization in short radiation time.
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Introduction:

All dyes molecules are stable and The dye will be transferred to solid
difficult to degrade biologically [1], so phase thereby keeping the effluent
they lead to pollution problems like a volume to a minimum [6-8]. Also the
form of colored waste water discharged, adsorbent can be used more than one
into environmental water bodies [2]. time by being regenerated and stored in
The adsorption procedure is the most a dry place [4-8]. The brilliant green dye
efficient method for removing the as used in this study is triphenyl
pollutant dyes form waste water [3-5]. nitrogen containing cationic dye. The
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exact structure of the brilliant green dye
is given in Figure (1). Brilliant green is
chemically described as ammonium,
4(diethylamino)-alpha-
phenylbenzylidene) (C,7;H34N204S) with
Amax=625 nm and molecular weight 482
g. mol™. The use of brilliant green (B.G)
dye has been banned in many countries
due to its carcinogenic nature [1].1t is
used as a dye to color synthetic fibers
and silk biological stain, dermatological
agent, veterinary medicine, and as an
additive to poultry feed to inhibit
propagation of mold, intestinal parasites
and fungus.lt is also extensively used in
textile dying and paper printing. It is
considered highly toxic for humans and
animals because it can cause permanent
injury to eyes. It also causes irritation to
the respiratory tract that leads to cough
and shortness of breath. It can cause
irritation to the gastrointestinal tract,
which also results in nausea, vomiting
and diarrhea in human beings [9].

uv

Fe?* + H,0, —— Fe3*+ OH +OH

Materials and Methods:

1. Materials:

Birilliant green (B.G) as used in this
study is obtained from Merck com. On
the other hand, H,O, (30%), Fe
(N03)2.9H20, H,SO,4, NaOH, Na,COs3
and HCI (37%) are obtained from Sigma
com. All predation is achieved using
double distilled water. The bentonite
clay used in present study is supplied
from Geological Survey in Ministry of
Industrial mineral, Baghdad, Irag.

2. Preparation of Catalyst:

The preparation of Fe- bentonite
nanocomposite flows in the following
steps: an aqueous dispersion of
bentonite clay is prepared by adding 10g
bentonite clay to 500 mL H,O under
vigorous stirring for 3 hs at 25°C.
Sodium carbonate is added slowly as a
powder into a vigorously stirred 0.2 M

HgC/\lN/\“CH3
. Q _
| HO-S-0O
DD °
)N/“‘CH
HsC

Fig. (1): Structure of Brilliant Green

(AOP’s) have been developed
during the past ten years and various
kinds of advanced oxidation processes
(AOP’s) are used to remove organic
pollutants from waste water. Principled
(AQOP’s) are based on the generation of
OH radicals in the solution. These OH
radicals then will be responsible for the
oxidation of organic compounds and act
with non-selectivity. The photo reaction
will cause the formation of OH radicals
and regeneration of Fe** which can be
expressed as follows [10]:

Fe(OH)?* ——— Fe240H
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solution of iron nitrate for 3h such that a
molar ratio of 1:1 for [Na']/ [Fe*] is
established. 500 mL solution from the
second step is added drop by drop into
the dispersion of bentonite clay prepared
in the first step under vigorous stirring.
The suspension is stirred for 3hs
followed by ageing at 100°C in an
autoclave for 48h and finally 1000 mL
solution containing Fe-B nanocomposite
is obtained for the coating of the Fe-B
nanocomposite on the stainless steel
plate substrate. The coating of Fe-B
nanocomposite on the inner wall surface
of photo- reactor is conducted by
thermal spray method [11]. The photo-
reactor is made of stainless steel pipe
with diameter of 4 cm and length 15cm,
as shown in Figure (2).
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Fig. (2): Experimental Set- up of the
Photo- Reactor Coated with A Fe- B[12].

3. Preparation of Dye Sample:
Standard stock solutions of 500 mg/L of
brilliant green are prepared by diluting
the corresponding mass of brilliant
green in de- ionized water and protected
from light. A different initial
concentration of brilliant green is
prepared by further diluting the standard
stock solutions.

Results and Discussion:

1. Characterization of the
Catalyst:
11 XRD:

(SHIMADZU 6000 X-Ray) X- ray
diffraction is used to analyze Fe- B
nanocomposite, and the result is shown
in Figure (3). The strong diffraction

Percentage(%)

Fig. (4):

AFM of Fe- Bentonit Nano composite
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peaks at 20 of (25.5°, 26.2°) indicate
that the Fe-B nanocomposite mainly
consists of SiO, (quartz) and (33.15°,
39.28°) Fe,O3 (hematite).The increasing
in particle size lead, to higher intensity
of diffraction pattern[13].

Intensity

(I B T “v»:,u.w» ¥

20
Fig. (3): XRD for: Fe-B nanocomposite

1.2 AFM Analysis:

Atomic  force microscope (AFM,
AA3000 of Angstrom Advanced Inc.
USA), is used to investigate Fe- B
nanoparticles.

AFM analysis represents data in three
dimensions, so that it is possible to
measure the height of the nanoparticles
quantitatively. Figure (4) explain the
particle size is less than 100nm and
show the morphology of nanoparticle
and the average particle size of Fe-B
nanocomposite is around 80 nm.

Diam:
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2-

Green:
Figure (5) shows the calibration curve
for B.G which is determined in A max=
624 nm that obeys the (Lambert beers
law) at specific concentrations prepared
for each compound. After that, the
absorption has been recorded and a
calibration curve is plotted between
adsorption and concentration, the best
line between the points has been drawn.

Degradation  of  Brilliant
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Fig. (5): Calibration Curve of B.G at A
max= 624 nm

To study the discoloration of B.G dye,
the UV-visible absorption spectra of
(10 ppm) B.G dye solution at a pH=7.0
before and after treatment with photo-
Fenton catalyst in the presence of 8W
UVC are measured and presented in
Figure 6.

Befor

::::::::::

ppm of B.G Solution Before and After
Treatment with Photo- Fenton Catalyst
At pH=7.0 and 298.15K For 20 min.

To study the effect of initial dye
concentration on the degradation
efficiency, the experiments are carried
out by using different initial
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concentration  (10- 100) ppm at
temperature 298.15K, pH= 7, and in
presence (2*10* M H,0, + catalyst+
8W UVA), Figure7 shows that the
higher the initial dye concentration after
20 min leads to 90% percentage, while
for 10ppm B.G concentration after 20
min reaches to 99.9%. This phenomenon
might be due to the fact that the number
of dye molecules is increased but the
number of OH' is still constant. On the
other hand, with the increase in initial
concentration of the dye, more dye
molecules are adsorbed onto the surface
of the catalyst, leading to a decrease in
oxidation process. Figure (8) shows
dark- Fenton without any UV light, in
presence of (2*10* M H,0,) ,and the
catalyst at temperature 298.15K , pH=
7, the degradation of 10 ppm B.G dye
after 20 min is 99% and for 100ppm dye
is 90%. Similar results are obtained
with photo- Fenton reaction. Figure (9)
shows that in the absence of H,0,, with
the catalyst at temperature of 298.15K ,
pH= 7, the degradation of 10 ppm B.G
dye after 20 min is 95% and for 100ppm
dye is 91%. This is indicates that H,0,
is important in diluting concentration of
dye but isn't important in high B.G
concentration. Figure (10) shows the
effect of H,O, concentration on the B.G
dye degradation at temperature
298.15K, pH= 7, and (catalyst+ 8W
UVA), 10 ppm of B.G dye degradation
IS 99% in case the concentration of
H,0, is 0.4*10M while the degradation
percentage is 99.9% in case of using
3*10°M H,0, for high B.G dye

concentration (100ppm). Low H,0;
concentration  (0.4*10°M) leads to
making the degradation percentage

reach 89%.1t is clear that 0.8*10°M
H,O, is suitable to reach degradation
percentage ranging (99- 100)% for B.G
concentration  10,60,100ppm.  Figure
(11) shows the effect of pH on
percentage degradation of B.G dye at
temperature 298.15K, and in presence of
(2*10* M H,0, + catalyst+ 8W
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UVA).It is clear that the photo- Fenton
degradation depends strongly on pH of
the reaction medium, whereas the
degradation percentage of B.G increases
with increasing pH up to 7.0 and then
percentage degradation of B.G decreases
with increasing pH to pH= 14. The
effect of temperature on the degradation
of B.G dye is investigated in three
different temperatures (298.15, 308.15,
318.15) K at the following condition
pH=7, with different initial
concentration (10, 20, 30, 40, 60, 80,
100) ppm of B.G. The results in Figure
(12) show that, the degradation 10ppm
of B.G decreases as temperature
increases indicating an anti- Arrhenius
relation. Then after increasing the
temperature more than 318.15K, the R%
stays with in the same level. Removal
percentage for (20, 30, 40, 60, 80, 100)
ppm increases when temperature
increases until 320K the R% does not
change for 320 to 330K. The
degradation of B.G dye by Fenton is a
first order reaction. This is determined
from the slope of the linear plot of
logarithmic remaining B.G
concentration versus treatment time t as
shown in the following Figure (13).

100 -
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96 -
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§ 97 - =&=20ppm
% 90 - =&=30ppm
% 8- —=—40ppm

86 - ==t 650ppm

81 =—80ppm

82 -

0 100ppm

5min 10 min 15 min 20 min
Time (min)
Fig.(7): Effect  of Initial Dye

Concentration on Degradation of B.G
dye; at Temperature 298.15K, pH= 7,
and  (2*10* M H,O, + Catalyst+ 8W
UVA).
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Fig. (8): %R Against Time for Different B.G
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Fig. (9): %R Against Time for Different B.G
Dye Concentration with UV- Light and
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Fig. (13): The Relation between —logC
and Time (min) at Temperature 298.15K

Conclusion:

Degradation of B.G dye is conducted by
using bentonite clay- based Fe
nanocomposite (Fe-B) film as a

heterogeneous photo-Fenton catalyst in
the presence of UVC light and H,O..
Under optimal conditions (pH= 7, 2*10
M H,0,, and 1* 8W UVC), 99.9%
degradation of B.G dye can be achieved
in 20 minute. The Fe-B coated catalyst
film could be used in the pretreatment of
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wastewater for an integrated system
consisting of a photochemical reactor
and biological reactor.
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