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Abstract

The treatment processes for industrial wastewater contains organic pollutants and removal of heavy
metal ions remain challenging. In this work, photo Fenton reaction activity was used to degrade the
organic pollutants by functional composite hydrogel. The hydrogel is made up of FezO4 particles, reduced
graphene oxide (RGO) and polyacrylamide (PAM). It is prepared from rGO/Fe30O4 and by precipitation
method, GO has been prepared from graphite by Hummers method. And exhibits the outstanding
mechanical strength, Photo-Fenton activity by different decomposition data that were affected
differently; pH, H202 concentration, dye concentration, temperature, irradiation time. The morphology of
the composite and the average diameter was studied by Atomic Force Microscopy (AFM). The
degradation of M.B dye by Fe304/rGO/PAM hydrogel composite was reached to 100% after 60 min under
UV irradiation. Meanwhile, COD (Chemical Oxygen Demand) decreased to 21 mg/l after one hour's
visible irradiation and became low (under range) after 2 hours. This study provides a new pathway to

process the industrial wastewater of high consistence and difficult decomposition.
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Introduction

An advanced oxidation technology include
the traditional Fenton reaction which is used
for wastewater treatment, the reaction
involves a mixture of ferrous iron (Fe?*) and
hydrogen peroxide (H202) in an acidic
solution to generate hydroxyl radical (-OH)
[1]. Homogeneous Fenton reactions have
several disadvantages, such as an acidic pH,
low efficiency utilization of H:202 and the
generation of sludge [2, 3], these
disadvantages restrict its further application.
Furthermore, large amounts of Fe?" are
required with a large H20:2-Fe2* molar ratio,
[4, 5] which increases the consumption of
reagents. The heterogeneous Fenton reaction
uses solid, iron-containing compounds or
solid materials rich in iron, such as FesOs [6,
7], Fe20s3 [8], FEOOH [9], and clay [10],
mesoporous silica [11] and activated carbon
[12] supported iron-containing compounds,
for the degradation of organic pollutants.

Comparatively, the heterogeneous Fenton
reactions are an effective oxidative
technology used to degrade organic

pollutants that can efficiently promote H202
conversion with minimal decomposition, less
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iron leaching at different pH values and easy
separation from solution for cyclic utilization,
which are favorable for practical applications.
However, most iron-containing catalysts are
not feasible and increase iron leaching after
cyclic utilization several times because of the
weak interaction between the iron catalyst
and the carrier materials, which may result
in the stability of catalyst and weakened
activity. Graphene has been verified as a
promising catalyst backup due to its singular
physical properties, such as a high electric
potential density, electron mobility, and
optical absorption [13, 15]. These potential
attributes have often been applied in
different applications, such as electronics,
batteries, sensors and composite materials.
there was much attendance has been driven
to prepare the hydrogels with superior
mechanical properties [16] Commonly there
are three types of recipes to prepare the
hydrogel with high strength included a
topological gel [17], a double network gel [18]
and a composite gel [19], among of them
composite gels are considered to increase the
mechanical properties of hydrogel for
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instance the composite gels with a unique
organic inorganic network structure would
have the extraordinary mechanical properties
[20].

Nowadays, graphene oxide (GO) has been no
doubt one of the important research topic
among chemists, ascribed to low cost for mass
production and good dispersibility in water
[21, 23]. Meanwhile, its abundant oxygen-
containing groups, i.e. carboxyl groups,
hydroxyl and epoxide make it favorable elects
for improving the mechanical strength of the
polymeric hydrogels. PAM is a polymer that
is water soluble and widely used in industrial
water treatment, and it is treated as non-
toxic economic and efficient has undoubtedly
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of great potential application prospect [24].
Polyacrylamide (PAM) is consisting of amide
side groups which are wuseful for the
adsorption of heavy metal ion. Although GO/
Fe304 based hydrogels have been reported
Fe304/rGO/ PAM hydrogel is much more
efficient to adsorb heavy metals This is
because of the chemical adsorption ascribed
to the metal NH2 complex [25].

Experimental Part

Determination of Maximum Absorption
(A max)

The wavelength value of M.B absorption is
650 nm was used to estimating its quantity
as shown in Figure (1).

e

Fig.1: UV-Visible absorption spectrum for methylene blue dye

Figure (2) shows the

calibration curve for M.B dye.
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Fig.2: Calibration curve for Methylene blue

Graphene Oxide and Reduced Graphene
Oxide Preparation

Graphite 1.0 g was added into 23 mL of
concentrated sulphuric acid under stirring at
room temperature, then 0.5 g of sodium
nitrate was added, and the mixture was
cooled to 0°C. Under powerful agitation, 3.0 g
of potassium permanganate was added
slowly while the temperature of the
suspension was kept near 2°C .The reaction
mixture was transferred to a water bath at a
temperature of 35°C and stirred for 30 min.
Then, 50 mL of deionized water DI was
added, and the solution was stirred for 15
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min at 90°C. Additional 166 mL of water was
added and followed by a slow addition of 5
mL of hydrogen peroxide 30%, turning the
color of the solution from yellow to dark
brown. The mixture was filtered and rinsed
with 85 mL of 4% HCl aqueous solution
followed by washing with 65 mL of distilled
water to remove the acid, then oxidation
product washed until the pH reached 6, then
filtered and dried. Figure (3) and Figure (4)
show The FTIR spectrum of graphene oxide
produced by hammers method and The FTIR
spectrum of reduced graphene oxide
respectively.
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Fig. 3: The FTIR spectrum of graphene oxide produced by hammers method
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Fig. 4: The FTIR spectrum of reduced graphene oxide

Preparation of rGO/FesO4 composite

0.2 g GO was added into 150 mL deionized
water and underwent the ultrasonic
treatment for complete exfoliation of GO.
Then, keeping the ultrasound on, 6.5 g of
FeSO47TH20 was added into the above GO
solution. After FeSO47H20 was completely
dissolved, the mixed solution was transferred
and heated in a water-bath pot to 95°C with
continuous mechanical stirring.
Subsequently, 80 mL mixed solution of 5.88 g
NaOH and 294 g NaNOs was added
dropwise and then the obtained black
suspension solution was kept at 95°C for 2 h.
After being cooled to room temperature. The
precipitate was separated by a magnet and
alternately washed with anhydrous alcohol
and deionized water until the filtrate reached
neutral. After being dried at 60°C overnight.

Preparation of rGO/FesO4/PAM

The rGO/FesO4PAM was synthesized by
using a simple solvothermal method.
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The PAM 0.05g was dissolved in distills
water 50 ml by stirred. Farther, at room
temperature, rGO/FesOs 1g was dissolved in
PAM solution and stirred for 2 hours.
Subsequently, the resultant composite was
dried at 80° Cin oven for 12 hours.

Preparation of Photocell

Stainless steel pipe with lem diameter and
15 cm length Figure (5) was supplied with a
copper coil surrounded by the external cell by
drop surface and attached to them water
bath. Control the temperature of the reactor
and lamp solution. The internal cellular
surface was first treated with concentrated
HF acid to make the inner surface rough and
able to capture the casing, and secondly the
cell was fully with GO/ Fe3sO4/PAM composite
for 10 minutes to allow the formation of a
stable layer, and then release the suspension
from the reactor. The photo reactor displays
to 500°C in the inner reactor surface to make
the catalytic layer more stable as a coating.

332



Sara Abdul Karim Dawai & Khulood A. Al-Saade | Journal of Global Pharma Technology | 2019| Vol. 11| Issue 09 (Suppl.) |330-339

atesr zxalet ,

= ' —————— x|

Lanse {258 =)
Staznless tube

Oesnmres tuabe

WA aTeTr Ol

Themosiate

Fig. 5: complete system set up for photo degradation

Result and Discussion
Atomic Force Microscope

The AFM analysis provides the
measurements of average grain size and the

granularity cumulating distribution for
rGO/Fe304 and rGO/Fe304/PAM composites.
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The average diameter i1s 206.97 nm and
297.85 nm for rGO/FesOs and rGO
/FesO4/PAM composites respectively. Figure
(6) shows the Atomic microscopy image for A)
rGO/Fes0Os composite. B) rGO/FesO4PAM
composite.

Fig. 6: Atomic microscopy image of: A) rGO/Fe3;04, B) rGO/Fe3;04/PAM

Effect of Fenton reagent

The effect of Fenton on percentage
degradation (%deg) of M.B dye using rGO
alone and rGO/PAM composite with and
without Fenton reagent were studied at
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pH=7, temperature 298K with H20:
concentration 5*103 M after 60 min, the
result shows that the existence of Fenton
reagent increases degradation of M.B. as
shown in Figure (7).
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Effect of PAM Concentration

The effect of PAM concentration on %deg of
M.B dye using rGO/Fe304/PAM composite on
M.B %deg was investigated for three
different weights (0.01, 0.05, 0.1) g which

were show in Figures (8) a, b, ¢ at the
following conditions pH=7, H20:2
concentration 5*103 M and 298K and the
result in Figure (9) show that the best %deg
of M.B. was by using 0.05g PAM.
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Fig. 7: variation of degradation for (3 ppm) M.B with Fenton at 298K, pH=7, 5%10- H:O: concentration
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Fig. 8: Variation of %deg. With time for different concentration of M.B by using a) rGO/Fes:04(0.01)PAM, b)

rGO/Fe304/(0.05)PAM, c) rGO/Fes04/(0.1)PAM composites
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Fig. 9: Effect of PAM concentration variation for different M.B concentration on %deg. after 60 min, at temp. 298K,

pH=7 and H>0:= 5¥10 M

Effect of Initial Concentration

To study the effect of initial concentration of
dye on the degradation efficiency, the
experiments were used different initial

concentration (3-35) ppm at pH=7,
temperature 298K and 5*103 M H:0:2 +
catalyst (rGO /FesOs4 or rGO/ FesOs PAM
composites) after 60 min. as shown in Fig.10

(a), (b).
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Fig. 10: variation of (%deg) with time for different M.B concentration at 298K, pH=7 and H:02 5%10-3 M bya) rGO/

Fes304, b) rGO/Fe304PAM catalyst

Effect of H:O:2: Concentration

The effect of H2O2 concentration on the M.B
dye degradation at temperature 289K, pH=7,
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after 30 min in presence of catalyst
rGO/FesO4/PAM composite were studies , the
%deg increase with H202 concentration
increased which is shown in Figure (11).
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Fig. 11: Effect of varying H:0: concentration for different M.B concentration after 30 min, at 298K, pH=7 on

rGO/Fe304/PAM composite catalyst

Effect of pH on Degradation Process

The effect of pH on the degradation of 15 ppm
M.B after 30 min in the presence of
rGO/Fe3sO4/PAM  composite and  H20:

(0.0056M) were shown in the Figure (12). The
photolysis reaction was also performed under
pH conditions, modified with HCl and NaOH,
while composites retained constant amounts
on dye solutions.
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Fig 12: variation of 15 ppm M.B %deg with different pH by rGO/Fe;04/PAM composite and 0.005M H:0-

Effect of Temperature

The effect of temperature on (15 ppm) M.B
%deg by rGO/FesO+/PAM composite was

investigated in four different temperature
(298, 308, 318 and 328)K at pH=7. The result
in Figure (13) shows that, the degradation of
M.B increased with temperature increased.
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Fig 13: Variation of 15 ppm M.B %deg by rGO/Fe304/PAM composite with different temperature

Kinetic Degradation Study

The first order equation (1) applied to
degradation reaction of 15 ppm M.B and
H202 concentration 0.005 M by using
rGO/Fe3s04/PAM composite:

Ln Ce =Ln Co - Kt (1)
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Where: Co: initial concentration of M.B, Ce:
concentration of M.B after exposing to UV at
timet.Figl4 shows the linear relations
between Ln Ce and time for 15 ppm M.B dye
degradation at four temperatures by three
composites
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Arrhenius equation was applied to calculate
kinetic parameter A, Ea. (Figure 15) as
following [26]:

k = Ae-FRT (2)
Lnk=LnA - Ea/RT 3)

Where T: the absolute temperature (in
kelvins), k: the rate constant, Ea 1is the
activation energy for reaction (in k.J mol?t), A

1s the pre-exponential factor, and R is a
global gas constant.

Ea represents the activation (activation
energy may also be defined energy as the
minimum energy required to start a chemical
the reaction) of degradation and A is the pre-
of exponential factor in the rate equation.
Values of Ea and A are then derived from the
slope and the intercept of Ln k versus 1/T
plot and represented in Table (1).

Table 1: Kinetic parameter for rGO/Fe;O4/PAM composite, rGO/Fes0s composite and rGO

T (K) k/(min)*10-3 Ln k Ea/kmol-! A (min-)

298 17.3 .4.06
308 18.5 -3.98

rGO/Fes0/PAM s o s 7.418 0.341
328 22.6 -3.78
298 12.8 -4.35

308 14.2 -4.25 10.497 0.860
rGO/Fes04 318 145 -4.23
328 19.8 -3.92
298 3.1 577
308 3.2 -5.74

rGO o8 o5 e 13.999 0.807
328 4.1 -5.49

The presence of PAM lead to decrease Ea from13.999 kd mol-! to 7.148kdmol!, so the degradation of (15 ppm) M.B dye will be more

favorable and more easy

Chemical Oxygen Demand (Cod) Test

COD often is used as a measurement of
pollutants in wastewater and natural waters.
The result of COD removal was 21 mg/L after
60 min of irradiation time for 3 ppm
concentration of M.B at pH=7, temperature
298K and 0.0056M H:0: by rGO/FesO+/PAM

composite. After 2h this result decreased to
reach to Zero value under the same
conditions.

Conclusion

In summary, the Methylene Blue dye

degradation capacity on reduced graphene
oxide/ Fe304/ poly acryl amide composite as
catalyst which was prepared by precipitation
method was studied. The characterization of
composite such as average diameter and
morphology were achieved by AFM. AFM
image detection that the particles size
increase after adding PAM to rGO/FesOs
composite and the efficiency of % degradation
for M.B increase. Photo-Fenton process was
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