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Abstract

Attempts were made over the years to achieve economic and easy methods for
water purification. This could well save time, cost, and earn a good process quality
for many countries. This study aims to enhance the purification process parameters
for Congo red dye polluted water and introduce a developed methodology with an
impact on many associated parameters such as the time for water purification
process. The research proposes a method to achieve this time reduction by mixing
gold nanoparticle (AuNPs) (prepared by chemical reduction method) with Titanium
dioxide nanoparticles (TiO2NPs) (prepared by sol-gel techniques). The resulting
mixture is incorporated into PVA host to synthesize a hard disk used as a
purification disk to treat the pollutant water. The pollutant solution was exposed to
different light sources to complete the photocatalyst process. In this respect,
sunlight, UV ligh, green laser, blue laser, and combined UV light and green laser
were used as a photocatalysis sources. Experimental work was conducted to adjust
the right mixture and the right combination of light sources. Results were recorded
accordingly and showed a significant reduction in the purification time with less
than half the standard period when the conventional purification process is used.

Keywords: Water Purification, Congo Red Dye, Gold Nanoparticle, (AuNP) and
Titanium Dioxide (TiO2).
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1. Introduction
Semiconductor photocatalysis has been under extensive investigations for the
photodegenetarive of organic pollunants such as congo red dye which are one of the causes of
water pollution i.e.semiconductor photocatalysis is used for the purification of water. The
acceleration of a photoreaction in the presence of a catalyst is known as photocatalysis [1].
This photocatalysis process is based on the irradiation by photons of energy equal to or
greater than their bandgap energy of semiconductor particles, that transmits the electron from
the valence band (VB) to the conduction band (CB), thus creating an electron-hole pair [2].
When photons with energy (hv) equal to or greater than the semiconductor with (Eg) are
incident, electron- hole pairs are created in the conduction band and valence band [3], as
shown in Figure 1, which could be summarized in three main steps:
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Figure 1-The photocatalyst process

(1) photons with sufficient energy are absorbed by a semiconductor; (2) the absorbed
photons with energy greater than the bandgap energy (Eg) of semiconductors lead to the
formation of electrons in the CB, and corresponding holes in the VB; (3) the separated
electrons and holes are consequently involved in the redox reactions for the purification of the
environment and energy production [4]. TiO,NPS are an efficient photocatalyst, due to its
high photocatalyctic activity, that can be used to initiate the photodegeneration process for the
purification of water

Materials in the nanoscale got the attention of many researchers. It has been involved in wide
applications as a result of fabricating stronger materials [5,6 ]. For a material to be "nano
scale”, it must be on the nanometer scale of 100 nm or less [7]. Materials in the nanoscale
have different properties from those of the bulk material. Nanoparticles properties depends on
the shape and size of the nanoparticles, making them radically different from the bulk
material. Bulk materials have fixed properties regardless of size, but nanoparticles are totally
different [8, 9]. Nanoparticles have a high surface area to volume ratio which improves
particles chemical and physical interaction with the surrounding environment, which can be
liquid, solid, or even a polymeric matrix . Furthermore, the number of atoms inside a bulk
material is comparable with the number of atoms on its surface, while the numbers of atoms
inside nanoparticles are negligible in comparison with the number of surface atoms of
nanoparticles. The huge nanoparticles surface area gives them unique properties such as
surface plasmon resonance and optical properties.
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Titanium dioxide nanoparticles,in this work, were prepared by sol-gel technique, where sol-
gel is a simple method that produces ceramics and glasses with better purity than high-
temperature conventional processes. Prepared materials have high homogeneity, small
particle size and high surface area. In addition, this method is low-temperature treatment and
low cost.

In the present work, Congo red dye: a sodium salt with a chemical formula of
(C32H22N6Na206S2) and molecular weight of (696.66 g/mole) was used as a pollutant
agent . It is highly soluble in water resulting in a colloidal solution, and it absorbs the
electromagnetic spectrum at Ama=497nm [10].

One method of preparing gold nanoparticles is the chemical reduction method ,which was
used in this work. The chemical reduction method consists of the following steps: The
reduction of metal salts, electrochemical routes, or controlled decomposition of metastable
organometallic compounds is used in the "bottom-up" technique of wet-chemical nanoparticle
synthesis [11]. Large variations in particle shape and size distributions can be predicted when
different reagents and conditions are used for synthesis [12,13-16]. However, it is possible to
obtain comparable reaction rates and particle sizes by adjusting the temperatures for the
reactions.

This article aims to enhance the purification process parameters for pollutant water polluted
by Congo red dye and introduce a developed methodology with an impact on many associated
parameters such as the time for water purification process. many researchers have worked in
this field.

2. Experimental Work:-

.Gold nanoparticles were prepared by the chemical reduction method. The process starts with
preparing a solution by mixing 0.1699 g HAuCl4~5.0 x 10°M) in 100mL deionized H,0O &
been diluted. 5% sodium citrate solution was prepared by dissolving (0.25g sodium citrate
in 50 mL H,0). To synthesis gold nanoparticles, the diluted solution of HAuCl4 was heated
until it began to boil, at this point ImL of 0.5% sodium citrate solution was added dropwise
with continued heating until the solution changes its color to pale purple which is the first
indication of gold NPs creation . After 8 minutes after the boiling point the solution, heating
was stopped, and the solution was stirred to cool it to room temperature.

On another hand , TiO2 nanoparticles were prepared by sol-gel technique with two solutions;
The first solution consists of (1.25:1.25) ml of Titanium Isopropoxide (TTIP) (which is the
main donor material) and Isopropanol. The second solution consists of 50 ml distilled water
with a pH = 3, which can be obtained by adding a proper amount of HNO3. The first solution
was mixed with the second solution with a stirrer until the color of the solution changed to
white. This color changing is the first indication of the creation of TIO2NPs. The next step
was adding 2.5 ml of AuNPs to TiO,NPs solution with continuous mixing with a stirrer for 2
hours. Then 2.5ml of the final mixture was added to 7.5 PVA and was dried at a temperature
of 70 °C to form a hard disk (Purification Disk), It can be used at once.

Congo red dye was dissolved in distilled water at high concentrations of 102 M and the dye
solution was diluted to 10°M:; this solution was taken up as the polluted water. The
purification disk was immersed inside the Congo red dye solution. The resultant dye solution
mixture was afterwards exposed to different light rays (sunlight ,UV light ,green laser , blue
laser, combined UV light and green laser) to enable the purification process. To complete the
purification process, the pollutant water was exposed to sunlight for 180 minutes, during this
stage the absorption spectrum was examined for different samples with a time intervals for
each sample (30, 60, 90, 120, 150, and 180 minutes). The same procedure was repeated using
green and blue laser the same with exposure period. The same procedure has also followed
co-exposure source using UV lamp and green laser with exposure period about 70 minutes
(10, 20, 30, 40, 50,60 and 70 minute) .
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Figure 2 shows the flowchart for the steps of the experimental work.
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Figure 2- Flowchart for the experimental work

The (UV-laser.Camber) was used during the experiments to provide an irradiation source for
the photocatalytic activity.

This UV-laser. camber is shown in Figure 3, consists of a black opaque box(height 60cm |,
width 30 cm) with a UV lamp fitted at the top inner side of the box. A laser source is inserted
from the top of the box through a hole to provide the irradiation source. The sample is placed
as shown at the bottom of the box.
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Figure 3-UV-laser. Camber

3. Results and Discussions

Figure 4 shows the EDX spectrum of the (Au+TiO2)NPs mixture. From the spectrum, the
existence of gold with 26.88% percentage is clearly seen as well as the presence of TiO2 with
0.53% percentage, in addition to 72.59% oxygen and 0.53 % Titanium(Figure 4 and Table 1).

Table 1-Percentages of each element as recorded by the EDX

Flement Line Int W2 A%
O ka 1323 72.59 06.85
Ti ka 1.6 0.53 0.24
Au ka 1.3 26.88 291

3 o

00001

Figure 4-The EDX spectrum of AUNPs+TiO,NPs

Figure 5 shows the XRD patterns for Au/TiO2 samples, which were prepared by the chemical
reduction method and the sol-gel technique. According to the standard, all the major peaks are
well indexed to the anatase phase (JCPDS card No. 21-1272). No extra peaks, representing
impurities, were observed, which indicates the pure nature of the desired product. In Figure 5,
the reflections in the diffraction pattern can be indexed to the face-centered cubic Au (JCPDS
card No. 002-1095) and anatase TiO2 (JCPDS card No 21-1272). The diffraction peaks at 20
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values of 44.41, 64.61 and 77.91 can be indexed to the (200), (220), and (311) planes of the
Au nanoparticles, respectively, indicating the successful decoration/ formation of metallic Au
NPs on the surface of TiO2 microspheres.
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Figure 5: The X-ray diffraction spectrum of AuNPs+TiO,NPs prepared by hot
reduction method

Figure 6-(a) AFM image of (Au+TiO2)NPs.(b) AFM image of AuNPs.grain size
determination was carried out with AFM test.

Figure 7(a) shows the SEM image of AuNPs prepared by the chemical reduction method. It
can be observed that the particle size is 19.004nm while that of (AuNPs/TiO,)NPs prepared
by the sol-gel technique is about 33.791 nm (Figure 6(b).

(a) (b)

Figure 7- (a) the SEM image of AuNPs prepared by chemical reduction method. (b) the
SEM image of (Au/TiO,NPs )prepared by chemical reduction method and sol-gel
techniques.

In Figure 8(a) the absorption spectrum for (Au +TiO,) nanoparticles prepared by chemical
reduction method and sol- gel technique shows that the maximum absorbance peak occurred
at 361nm. Figure 8(b) shows the absorption spectrum for TiO, nanoparticles prepared by the
sol- gel technique where the maximum absorbance peak occurred at 329 nm.
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Figure 8- (a) The peak absorbance Figure 8-(b) The peak
intensity of (Au +TiO2)NPs prepared by absorbance intensity of
hot reduction method and sol-gel TiO2NPs prepared by sol-gel
techniques technique

While Figure 9 shows the absorption spectrum for Au nanoparticles which were prepared by
the

hot chemical reduction method; the maximum absorbance peak occurred at 520 nm. The shift
in the absorbance peak position for the Au/TiO2 mixture indicates modulation in energy band

gap.
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Figure 9- The peak absorbance intensity of AuNPs prepared by the hot reduction method.

The (Au/TiO2 )NPs in the PVA disk(the purification disc) was immersed inside the diluted
Congo red dye solution and it was exposed to different light rays such as sun light ,UV light ,
green laser , blue laser and combined UV light and green laser. For all the used sources, its
absorption spectra were examined at time intervals of (30,60,90,120,150,and 180)minutes
except at the case of combined source the absorption spectrum was examined at time intervals
of (10,20,30,40,50,60and 70) minutes. The polluted water was purified after 180 minutes at
the case of sunlight and UV light while it was after 70 minutes at the case of combined UV
light and green laser. This is the main result of our work where the purification period was
reduced from 180 to 70 minutes. It was noted that there was no purification when using a
single photocatalyst source such as sunlight, UV source or green or blue laser.
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An explanation of the purification method carried out in this work is that the increase in the
intensity of the incident light (through the use of the combined source) led to the acceleration
of the purification process of the Congo dye. The increase in the light intensity increases the
number of incident photons on the photocatalyst valence band. It promotes more electrons to
the conduction band, which increases the number of released hydroxyl radicals. Then, the
reaction rates will be increased. In addition to that, using a combined source lead to the
precipitation of both the TiO2NPs and the AuNPs in purification process because the UV
light has a resonance absorption band gap with TIO2NP and the green laser has a resonance
band gap with AuNPs. Absorption spectra of Congo red dye with different light source .
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Figure 10- Degradation mechanism of Congo red dye.
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Figure 12- The peak intensity of when exposed to UV light and green laser from a combined
source

Table 2-Absorbance and intensity peaks at different exposure times to UV light and green
laser from the combined source.

Time (min) Absorbance Intensity

0 0.3 1

10 0.125 0.41
20 0.11 0.36
30 0.08 0.26
40 0.07 0.23
50 0.06 0.2
60 0.04 0.13
70 0.01 0.03

Figure 13-The shape of the dye during the purification stage using the combined source of
UV light and green laser.
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Figure 14- The peak absorbance of sunlight source
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Figure 15- The peak intensity of sunlight

Table 3-The number of absorbance and intensity peak of sunlight source

Time (min) Absorbance Intensity
0 0.3 1
30 0.124 0.41
60 0.118 0.39
90 0.11 0.36
120 0.1 0.33
150 0.074 0.24
180 0.05 0.16
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Figure 17-The peak absorbance of UV lamp source
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Figure 18-The peak intensity of UV lamp source

Table 4- The number of absorbance and intensity peak of UVIamp source

Time (min) Absorbance Intensity

0 0.3 1

30 0.25 0.83
60 0.24 0.8
90 0.23 0.76
120 0.22 0.73
135 0.19 0.63
180 0.15 0.5

Figure 19-The shape of the dye during the purification stage of UVIlamp source
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Figure 20- The peak absorbance of blue laser
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Figure 21-The peak intensity of green laser source of blue laser source

Table 5-The number of absorbance and intensity peak of blue laser source

Time (min) Absorbance Intensity
0 0.3 1
30 0.295 0.98
60 0.24 0.8
90 0.22 0.73
120 0.21 0.7
150 0.19 0.63
180 0.17 0.56

Figure 22-The shape of the dye during the purification stage of blue laser source
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Figure 23- The peak absorbance of green Laser Source
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Figure 24- he peak intensity of green laser source

Table 6-The number of absorbance and intensity peak of green laser source

Time (min) Absorbance Intensity
0 0.3 1
30 0.29 0.96
60 0.25 0.83
90 0.21 0.7
120 0.15 0.5
150 0.14 0.46
180 0.06 0.2

Figure 25- The shape of the dye during the purification stage of green Laser Source

Conclusions:

In this study, a purification disk was prepared from a mixture of (Au+TiO2) nanoparticles
with a PVA host. The pollutant dye solution was exposed to different types of light (sunlight,
blue laser, green laser, UV, and combined UV light and green laser) at different exposure
times. Results were tabulated and shown with corresponding graphs. It was concluded that the
best result was obtained when using a combined UV light and green laser with an exposure
period of about 70minutes, and the disk purified the polluted dye solution in 70 minutes
which has led to a reduction in the purification period from 180 to 70minutes.

References
[1] J.-M. Herrmann, "Water Treatment By Heterogeneous Photocatalysis,” in Environmental

Catalysis (Catalytic Science Series, vol.1), E.J.J.G. Janssen and R.A. van Santen, Eds. Imperial
College Press, 1999. p. 171-194.

2037



Hasan and Alawadi Iragi Journal of Science, 2022, Vol. 63, No. 5, pp: 2025-2038

[2] S. Pigeot-Rémy, F. Simonet, E. Errazuriz-Cerda, J. C. Lazzaroni, D. Atlan, and C. Guillard,
"Photocatalysis and disinfection of water: Identification of potential bacterial targets,” Appl.
Catal. B: Environ., vol.104, no.3—-4, pp.390-398, 2011.

[3] K. Rajeshwar, M.E. Osugi, W. Chanmanee, C.R. Chenthamarakshan, M.V.B. Zanoni, P.
Kajitvichyanukul, R. Krishnan-Ayer, "Heterogeneous photocatalytic treatment of organic dyes in
air and aqueous media," J. Photochem. Photobiol. C: Photochem. Rev., vol. 9, no. 4, pp. 171-192,
2008.

[4] Z. Zhang, L. Bai, Z. Li, Y. Qu, and L. Jing, "Review of strategies for the fabrication of
heterojunctional nanocomposites as efficient visible-light catalysts by modulating excited
electrons with appropriate thermodynamic energy," J. Mater. Chem. A, vol. 7, no. 18, pp. 10879-
10897, 2019.

[5] J. Ado, G. Dresselhaus, S. Mildred, Carbon Nanotubes "Advanced Topics in the Synthesis,
Structure, Properties and Applications™ Springer 111,(2008).

[6] T. Vo-Dinh, D.L.Stokes, M.B.Wabuyele, M.E.Martin, J.M. Song, R. Jagannathan, E.Michaud,
R.J. Lee, X. Pan, "A hyperspectral Imaging System for in vivo Optical Diagnostics.Hypersepctral
Imaging Basic Principles, Instrumental Systems, and Applications of Biomedical Interest,” IEEE
Engineering in Medicine and Biology Magazine, vol. 23, no. 5, pp. 40-49, 2004.

[7] M. Bruchez jr, M. Moronne, P. Gin, S. Weiss, A.P. Alivisatos , "Semiconductor nanocrystals as
fluorescent biological labels,” Science, vol. 281, n0.1998, pp. 2013-206, 1998.

[8] Q. Lin, R.A. Pearson, J.C. Hedrick, "Polymers for Microelectronics and Nanoelectroics "
American Chemical Society , (2004 ).

[9] M. Giersig , G.B. Khomutov, Eds. , Nanomaterials for Application in Medicine and Biology.
Springer, 2008.

[10]Mohammed Zuheir, Nada Y.Fairoz ,"Comparision Study of Photocatalytic Efficiency of M-
Cr203(M=Ag and Mn ) and Using in Photoderadtion of some Textile Dyes", M.Sc thesis ,
University of Babylon, Iraq, 2014.

[11]H. Bonnemann and R.M. Richards, " Nanoscopic metal particles — synthetic methods and
potential applications,” European Journal of Inorganic Chemistry, vol. 2001, no. 10, pp.2455-
2480, 2001.

[12]D. Andreescu, C. Eastman, K. Balantrapu, and D. V. Goia, " A simple route for manufacturing
highly dispersed silver nanoparticles,” Journal of materials research, vol. 22, no.9, pp.2488—
2496, 2007.

[13]X. Z. Lin, X. Teng, and H. Yang. " Direct synthesis of narrowly dispersed silver nanoparticles
using a single-source precursor," Langmuir, vol. 19, no. 24, pp.10081-10085, 2003.

[14] Zainab S. Sadeq,Zainab F.Mahdi,Ammar M.Hamza , " Low cost, fast and powerful performance
interfacial charge transfer nanostructured Al203 capturing of light photocatalyst eco-friendly
system using hydrothermal method," Materials Letters, vol. 254, pp. 120-124, 2019.

[15]M. J. Mahmood, A.M. Alwan," The Effects of Psi Morphology on the Detection Efficiency of the
Au-Nps Hot Spot SERS Sensors," Iragi Journal of Science, vol. 62, no. 1, pp. 157-166, 2021.

[16]F. J. Al-Maliki, O. A. Hammadi, E. A. Al-Oubidy,” Optimization of Rutile/Anatase Ratio in
Titanium Dioxide Nanostructures prepared by DC Magnetron Sputtering Technique,” lraqi
Journal of Science, (Special Issue) The Fourth Conference for Low Dimensional Materials and it's
Applications, pp.91-98,2018.

2038



