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ARTICLE INFO ABSTRACT

Avrticle History: A high concentration of phenol and its derivatives were found in the
Received: June 9, 2021 surface water of the Euphrates River in south Iraq's Nasiriya city causing its
Accepted: June 19, 2021 pollution from the wastewater derived from different chemicals. This study
Online: June 29, 2021 includes maodification of the TiO2 (anatase) bandgap by doping with

platinum atoms using the sol-gel method. The modification would reduce
the gap separating energy levels between conduction band CB and valance
band VB, which in turn, would facilitate the transfer of excited electrons
from VB to CB. Absorption of the energy from incident photons having the
same or larger energy than that of the bandgap would promote the
formation of the couple (electron-hole). The resulting (e-/h+) couple would
act to produce ("OH) radicals. "OH radicals haze a power with full capacity
to destroy organic pollutants in the water that are absorbed on the surface of
the photocatalytic TiO2. The structure of prepared TiO2 powders was
dulcified using XRD, the particle size and their distribution were
characterized using Atomic Force Microscopy (AFM). The photocatalytic
reaction was followed out using ATR-FTIR, UV-Vis spectrophotometry.
The effect of the weight of the photocatalytic catalyst (TiO2) from (0.10 —
0.83 g. L-1) was studied to monitor its effect on the rate of decomposition
of phenol on the pre-determined aqueous solution of the compound. The
most effective weight was found to equal (0.43 g. L-1). The activities of
TiO2 (anatase) and doped TiO2 with platinum were studied under the
influence of a source of UV light and direct sunlight under the same
conditions. The results revealed that the reaction obeys first-order kinetics
having a rate constant of 4.69x10-6 min-1 for TiO2 and 9.44x10-6 min-1
for doped TiO..
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INTRODUCTION

The Euphrates River passes through Nasiriyah, the largest city in southern Irag. River
basin is a major source of water supply for many purposes and provides fertile lands,
which supports the develeopment of highly populated residential areas due to its
favorable conditions (Black, 2016). Due to the primacy of water-borne trade, human
settlements and industry have traditionally been stationed along rivers, estuaries, and
coastal zones. The water quality of a river is a composite of various interconnected
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compounds that are subject to local and temporal fluctuations and are also influenced
by the amount of water flow (Mandal et al. 2010). Rivers are also the predominant
inland water body for domestic, industrial, and agricultural operations, and they
frequently transport considerable amounts of municipal sewage, industrial wastewater
discharges, and seasonal runoff from agricultural fields (Singh et al., 2004; Pradhan
et al.,, 2009; Hu et al., 2011). The surface waters have been sullied because of the
releases of wastewater containing degradable organics, supplements and homegrown
emanating. Notably, river water contamination can be connected to the kind of
wastewater delivered by metropolitan, modern, and rural activities and released into
surface and subsurface waters (Vittori et al., 2010). The increment in human populace
and financial activities have filled in scale; the requests for huge scope providers of
freshwater from different contending end clients have expanded colossally. The
decrease in the quality and amount of surface water assets can be credited to water
contamination and the ill-advised administration of the asset (Mustapha and Nabegu
2011). Numerous territories throughout the world are influenced at the same time by
urbanization processes, industrial and agricultural operations, and many cities in
emerging countries were built without enough or proper planning. This resulted in
indiscriminate behavior, such as throwing rubbish into bodies of water and washing
and bathing in open surface water bodies (Cukrov et al., 2012). The deterioration of
water quality has far-reaching effects on human, animal, and plant life. It is critical to
determine those sources and their contribution to an area's total pollution from an
environmental, economic, and/or social standpoint (Tobiszewski et al., 2010). As of
late, there has been an expanding attention to, and worry about, surface water
contamination everywhere in the world, and new methodologies toward the wellsprings
of toxins, and accomplishing practical abuse of water assets have been created. The
joined utilization of natural devices, for example, multivariate measurable procedures
empower the order of water tests into particular gatherings, source allocations,
relationship, and contrast in the boundaries utilized dependent on hydrochemical
attributes (Shrestha et al., 2008). They more properly reflect the multivariate nature of
the natural environment, allowing for the handling of huge datasets with a large
number of parameters by summarizing the redundancy and discovering and
characterizing really multivariate patterns in the datasets (McGarigal et al., 2000). The
use of conventional techniques of descriptive analysis to interpret surface water quality
has several limitations of not detecting the long-term correlation between variables and
poor delineation in the source apportionments of the surface water quality variabtion.
Through useing of environmetric technique, the results obtained for the removal of
phenol from water by a new model nanoparticles generator are presented in this study.
In all cases, the concentration of corresponding phenol was measured before and after
nanoparticles irradiation treatment of water (Darabdhara et al., 2016), exposures,
dissolved, sprays with nanoparticles (NP) to protect plants against Fusarium wilt
(Dimkpa et al., 2018), standard methods were used to determine for the experiments
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were carried out in a laboratory setting. Normally, the scale-up was anticipated with the
ultimate goal of using this type of nanoparticles for phenol removal in waterworks.
Such applications are required in Iraq and Egypt, as well as possibly other countries
because river basins have extensive water sources (Spath and Dayton, 2003;
Chenier, 2012).

In various countries, high concentrations of phenols, for example, in the stream
Euphrates, caused by random infrastructure planning (for the most part from coal
thermal electrical energy stations and Industrial waste), as well as wastewater
often hinder the creation of drinking water stations at a few towns in southern Iraq
( Abdullah, 2013;Ewaid, and Abed, 2017; Abbas, and Hassan, 2018; Das et al.,
2020). Representations of the death phenomena of fish, phytoplankton and plants in
rivers were abundant. Water scarcity could last for several weeks in some cases (Vione
et al., 2018). The greatest permitted centralization of phenols in stream water in Iraq
and Syria is 0.01 mg/L, however determine phonels levels, it was represent a higher
significantly. Packaged drinking water ought not contain phenols while other drinking
water could contain up to 0.001 mg/L (like in certain nations). Remarkably, phenol
evacuation has likewise been examined as pesticide disintegration item in stream water
(Dimkpa et al., 2018; Levchuk et al., 2018; Yoon et al., 2020).

Phenol

Phenol is classified as an aromatic compound, and a "“OH bunch is straightforwardly
connected to a benzene ring as demonstrated in Table (1). Unadulterated phenol is a
white strong glasslike, sanitizer smelling. Often the crystals are rather humid and
colorless. The solubility of phenol in water is limited. It has a slight acidic flavor.
Its molecule has a low tendency, the H" ion is removed from the hydroxyl group,
resulting in the extremely water-soluble phenoxide anion CgHsO. Furthermore,
substantial amounts of phenol and its derivatives have been discovered in nature,
indicating natural contamination (Rappoport, 2004; Karim and Fakhruddin,
2012).

Waste water originated from various chemical industries such as resin production,
petrochemical industry, oil refinery and the production of paper as well as iron
smelting contaminate water sources. Phenol, on the other hand, is highly
corrosive and moderately toxic. It has a variety of harmful effects on human
beings with respect to burning the skin and other tissues with which it comes into
contact. If the human body got inhaled, severe skin burns and interior corrosion
would come to surface (Hashimoto et al., 2005; Paramasivam et al., 2012). In
this context, the current study was conducted to provide a comprehensive data on
the dangerous extensive distribution of the phenols compounds .
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Table 1: The structure and general properties of phenol.

Properties
Structure Molecular Molecular Melting point Boiling point
formula weight (g/mol) (K) (K)
CsHsOH 94.11 3135 454.7

Source: (Rappoport, 2004)

Titanium dioxide (TiOy) photocatalytic semiconductor is the most attractive environmental
purification tool due to its outstanding desirable characteristics. In this essence, the TiO;
semiconductor absorbs a little fraction of the solar spectrum in the UV region. Nowadays,
titanium dioxide (TiO,) has widely gained a great deal of attention because of its chemical
stability, non-toxicity, low cost, and other advantageous properties. Therefore, it has been
worldly used in applications such as photovoltaic cells, photocatalysis, environmental
purification, photoinduced super hydrophilicity as well as an ingredient in a pigment. With
respect to photocatalysis, TiO, is close to being an ideal photocatalyst due to its
aforementioned properties. Generally, both anatase and rutile are used as photocatalysts and
some research stated that anatase had higher photoactivity than rutile (bandgap energy of
anatase TiO; is 3.2eV, 384nm, and 3.02 ev, 411nm, for rutile TiOy)( Kim et al., 2005;
Rashed and EI-Amin, 2007;Schulze and Schmidt, 2015 ). As a result, changing the
absorption threshold to the visible zone is critical for obtaining energy from the sun. Thus,
the change in TiO, to make it a visible light and sensitive was one of the most important aims
to enhance TiOy's utility. In order to achieve this, many techniques have been proposed.
Previous studies examined transition metal doping Fe, Ni,( Pan et al 2016; Wu et al ., 2019;
Zhu et al.,2020)and Cr into TiO,, (Pan, and Wu, 2006; Gonulld, et al., 2015). This can
increase visible light absorption but those materials are thermally unstable and have
increased carryer recombination, Pt centers (Kim et al., 2005). Non-metal atoms have
recently been doped N, S, and C into the TiO,. There are five major points of view on the
modification mechanism of TiO, doped with Pt. The majority of the Pt ions substituted in the
TiO, lattice were in the Pt(IV) form, with some Pt(ll) on the sample surface. PtionTiO,
demonstrated stronger photocatalytic activity than undoped TiO, when exposed to UV light
(Kim et al., 2005; Rashed and EI-Amin, 2007; Zhang et al., 2015). Additionally, The
visible light behavior of Ption-TiO, was significantly influenced by the calcination
temperature and concentration of Pt ion dopant, which were optimum at 673 K and 0.5 atom
percent, respectively.Since their energies are so similar, Pt %p state hybrids with O ?p states in
anatase TiO, doped with platinum degraded Bandgap narrowing found Pt 2p state hybrids
with O ?p states in anatase TiO, doped with platinum, and thus the band gap of Pt-TiO, is
narrowed and becomes able to absorb visible light. TiO, oxygen locales subbed by platinum
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iotas structure is detached contamination energy levels over the valence band, as indicated by
the debasement energy level. The UV light energizes electrons in both the VB and pollution
energy levels when illuminated, However, apparent light can just energize electrons at the
debasement energy level. Oxygen opening reasoned that, oxygen-lacking destinations made
at grain limits are fundamental for movement to arise, and platinum-doped oxygen-
inadequate locales are significant as a re-oxidation blocker. Morawski et al. (2005), Nolan
et al. (2008) and Bayikadi et al. (2020) obtained the Pt-doped TiO; via direct heat treatment
of TiO,.xH,O at temperatures of 373-1073 K under an ammonia atmosphere. The UV-
Vis/DR spectra of Pt-doped TiO, catalysts showed an additional absorption edge in the
visible region (A = 470 nm; Eq = 2.64 eV) at temperature higher than 673 K. Based on XRD
investigation, it may be assumed that Pt-doping didn't affect the anatase-to-rutile stage
change. The photoactivity of the adjusted impetuses was resolved based on disintegration
pace of phenol and azo-stain (Reactive Red 198) when exposed to visible light. The most
photoactive catalysts for azo-dye degradation were those calcined at 773 and 873 K (about
40-45 percent), while catalysts calcined at 973 K resulted in phenol decomposition (6.55
percent ). Those could be the result of distinct photodegradation mechanisms for the
chemicals ( Mozia et al., 2005; Bayikadi et al., 2020).

The present study was organized to utilize a portion of the Pt-doped TiO, in photocatalytic
debasement of phenol. Likewise, the photocatalytic activities and rate constants of every
Pt-doped TiO; and P25 TiO, were considered.

MATERIALS AND METHODS

To produce Ption-TiO,, a sol-gel technique was used. A drop-by expansion of approx. 1.25
mL (0.08 mM for 0.5 iota percent Pt doping), with a pH alteration of 1.5 with nitric
corrosive arrangement broke down into 25 mL of supréme ethanol to 250 mL (0.25 iota
percent Pt doping). The succeeding colloidal suspension was blended at 50 degrees Celsius
before the rotating vapor disappeared. Under warm temperatures (between 373 and 873 K),
the powder was calcinated. The powder was formed in the absence of chloroplatinic
corrosive, non-opted TiO,. The powder of calcined TiO,, containing chlorides and nitrate,
was cleaned and dried to wipe away contaminants. PtO/TiO, was prearranged and compared
to Ption-TiO, (TiO, metal-saved Pt). Using a photo affidavit approach, PtO/TiO, was made:
TiO, (0,5 g/L in the preceding manner of powder suspension) was unoped by a mercury
light of 200-W with 1M methanol (electron donor) and 30 uM chloroplastic acid for a
period of 30 minutes (H,PtClg) Pt-deposited TiO, after irradiation, then powder was
removed, cleaned and airdried. Pt-chloride-sensitized TiO, (PtCl/TiO,) was formed by
applying 30 mM H,PtClg to an undoped TiO, suspension (0.5 g/L, as mentioned above), at
the water was dissipated and airdried. The anatase network was shared by the Ptjo,-TiOo,
Pto/TiO,, and PtCly/ TiO, in this analysis, synthesized and compared. Degussa P25, a
combination of anatase and rutile, as a good starting point (8:2), was also used (Kim et al.,
2005; Mozia et al., 2005; Wdaah Alsalih, 2019) and displayed as follows:
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XRD
Diffractometer with monochromatic, high-intensity Cu K diffractometer (u = 0.154056
nm), Holland Philips Xpert +2"/min from 10" to 60" (2 vol) (2 (26).(Wdaah Alsalih, 2019).
AFM
It is a mechanism used to determine or photograph the particles and also to determine the
volume of three-dimensional, X, y and z particles. Apprehension suspected A Qualified Inc.
in the United States. Sample 3000A model microscope.
ATR-FTIR , UV-Vis
ATR-FTIR Bruker Model Tensor 27, Uv- Visible Spectrophotometer, PG instrument Ltd
,double+90Plus.

RESULTS

Synthesized compounds (Pt- doped TiO, ) were characterized. A Holland Philips Xpert X-ray
powder diffraction (XRD)was utilized for the phase identification of crystalline nanoparticles
that provide information on unit particles dimensions. A diffractometer was used to
characterize the synthesized nano- TiO, (anatase) and nano- Pt- doped TiO, particles using
XRD and AFM, as shown in Figs. (1),(a) and (b). The x-ray diffraction revealed the
following as compared to the regular result.

| ¥ v ¥ vy ¥ vy Yyw L | ¥ ¥ ¥ L]

MM H e '“‘wir--u-.-.w--"ﬁ\‘\a‘r:......a.. fArvjv \h.....,

Fig. 1: (a) XRD pattern for TiO, (anatase). Fig. 1: (b) XRD pattern for Pt- doped TiO,.

Fig (1-a) demonstrates X-ray diffraction for TiO, (anatase) from this figure the
main peak was noticed at 2e=25.3455, the intensity was 100% and peaks were at
26=37.8298, 48.0772, 53.9206, 55.1004. Fig (1-b) represents a XRD for Pt- doped TiO,,
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the main peak was noticed at (26 =25.7175) with intensity 100 % and peaks at 2e=
38.1511, 48.4860, 54.2079, 55.3687.

The size distribution of minutes between 60- 135nm for TiO, (anatase) and the size
distribution of minutes between 50- 150nm for Pt- doped TiO, were prepared at 873k and
indicated by AFM spectra. The findings showed that, Pt-doped TiO,had the largest surface
area, followed by TiO, (anatase), which had the smallest surface area as particle size
decreases. The outcome corresponded with the reviewers who affirmed this claim ( Kim et
al., 2005; Bayikadi et al., 2020) that is illustrated in following Figs.(2) and ( 3).

Digmezrym;

\
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Fig. 2: (a) size distribution for catalyst TiO, (anatase) particle by AFM. (b; preparea part|c|es
sketched on X-Y axis catalyst TiO, (anatase) by AFM. (c) prepared particles sketched on X-Y-Z axis
for catalyst TiO, (anatase) by AFM.
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Fig. 3: (a) size distribution for catalyst Pt- doped TiO; particle by AFM.
(b) prepared particles sketched on X-Y axis for catalyst Pt- doped TiO, by AFM.
(c) prepared particles sketched on X-Y-Z axis for catalyst Pt- doped TiO, by AFM.

ATR-FTIR spectrum

The results showed that low frequency bands were 500cm™ that corresponded to the
vibration of Ti—-O— Ti bond for catalyst TiO, (anatase) as presented in Fig (4).
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Fig. 4: (a) ATR-FTIR spectrum of catalyst TiO, (anatase). (b) ATR-FTIR spectrum of
catalyst Pt- doped TiO,.

xc

Fig. (4) shows a Pt-doped TiO, catalyst with a dried temperature of 120°C. Peaks of water
and hydroxylic groups can be attributed to a range of 3243 to 1633 cm-1, whereas platinum

atoms replaced with a TiO2 array may be credited to the peak of 1438 cm-1, which comes
from the N-H bending (Hashimoto et al., 2005; Paramasivam et al., 2012).

2.1 UV-Vis absorption spectra

The wavelength in the UV-visible spectra was the uptake of the N-doped-TiO,

catalyst, which marked the end of the straight line in the spectrum (Rashed and EI-
Amin, 2007) as shown in Fig. (5) according to the relationship of Planck’s law.

Table 2: Energy band gap (Ey).

Type of A(nm) Eg(Joules) Eq(eV)
catalyst x10*°
TiOy(anatase) 384 5.2 3.2
Pt-doped TiO, 482 4.1 25

.....

Uv-visible spectra of catalyst Pt- doped TiO;
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Inventive photo reactor

Using an ingenious photo reactor, the photo degradation reaction of phenol was investigated
(Fig. 6). A 90/100W Xe lamp was installed as a light source, with the ability to work at 90W,
100W, or 190W per lamp. The conversion of AC 220V to DC 12V required the use of a

current adaptor. There was a collection of magnetic stirrers inside the reactor, as well as a
400 ml foil-covered beaker with a HOYA UV 385 cutoff filter. Furthermore, during the 9-
hour reaction, this reactor was assumed to maintain a temperature of 303 K within the
reactor.

Fig. 6: The imaginative photo reactor is depicted graphically as follows: (a) the photo
reactor set, (b) the stirrer set, and (c) the lamp set. The general method for studying the
photocatalytic activity of each photo catalyst is as follows:

DISCUSSION

The following is a general method for determining each photo catalyst's photocatalytic
activity:

Immediately, a 400 ml foil-covered beaker with a UV cutoff filter was filled with 125.00 ml
of 20 ppm phenol separated from 500 ml of 20 ppm phenol. The photo catalyst was then
applied at a concentration of 0.1000 g (0.8000 g/l). The degradation reaction was run in the
dark for an hour before being switched to artificial light with a 190 W Xe-lamp. The dark
reaction was carried out in order to get the system to equilibrium until it degraded. During
the time of degradation, the solution was stirred in the photo reactor at a constant
temperature (303 K). the results corspondance with each reasrchers ( Rappoport, 2004;
Karim and Fakhruddin, 2012;Darabdhara et al., 2016;Dimkpa et al., 2018;Levchuk et
al., 2018;Das et al., 2020 ).

The sampling of the initial level (before adding a photo catalyst) and the remaining levels of
phenol in each length of time was used in the follow-up to the reaction by hypodermal
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syringes. The stirrer was turned off for 15 minutes before the samples were collected to
prevent the catalyst from being suspended in the solution. All of the collected samples were
left in the dark overnight before being centrifuged for around 30 minutes to minimize the
fine-powdered catalyst's distribution. The centrifugation was then moved into a vial using a
dropper. Finally, all samples were diluted to a specific amount with distilled water, and their
concentrations wei@ determined using the required specific methods for photo degradation
of phenol. This part also employed Pt-doped TiO, which was prepared by titanium(1V)
tetraisopropoxide mixed with H,PtClg and calcined at 673 K as a photocatalyst.

[N
»
He-—
—
>
—>—

Time (h)

Fig. 7: Photo degradation of phenol by using; (a) Pt-doped TiO; calcined at 673 K (),
(b) P25 TiO, (m) and (c) without catalysts (A).

As shown in Fig. (7), the findings revealed that photographing degradation by Pt-
doped TiO, could detect only 4 percent of phenol conversion while P25 agrees with
that of Spath and Dayton (2003), Zhang et al. (2015), Dimkpa et al. (2018), and
Vrdhan et al. (2019).

2 % conversion was provided by TiO,. The rate of degrading of both photo catalysts
was very slow, as shown in Table (2) due to their rate constants. Those findings show
that the mineralization of phenol by that photo catalyst is too difficult.(Hoffman et
al., 1994; Hashimoto et al., 2005; Bagheri et al., 2014; Sun et al., 2020; ljaz and
Zafar, 2021).

In the event of no catalyst, the thermal effect was only 0.6% phenol conversion.
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This is why it is possible to ignore the effect of thermal decomposition. In the case of
the other substrates, photo degradation rate constants with the whole range of
irradiation time could be found: Benz[a]anthracene and 1-5 h, 1-9 h for phenol as
illustrated in Figs. (7) and (8).

0.05
i y =0.0036x +0.0104 o .
0.04 S s
* o
~ 0.03 o
0.02 . B
.’/ . - J———
i * y = 0.0026x - 7E-05
0.01 l u R? = 0.8737
]
0
° 2 4 6 8 10
Time (h)

Fig. 8: The relation between InC,/C and time (h) of photodegradation reaction of phenole
by (a) Pt-doped TiO, using titanium(I1V) tetraisopropoxide mixed with H,PtClg and
calcined at 673 K (¢) and (b) P25-TiO; (m).

TiO, Pt-doped photodegradation successfully applied for phenol removal samples of water at
laboratory level, 98.9 percent of phenol was removed after only one passage through the
picture with pt-doped TiO, in experiments dissolving phenol in bidystilled water.

Exhibition of most of those compounds have been removed under similar experiments with
phenol and 2,4-dichlorophenol (99.8 % 98.9 % , respectively). The same phenol dissolved
readings were 80.0 and 83.3 percent for two distinct water samples from the Euphrates River.
While the initial results for phenol removal from water are promising, additional experiments
are required to optimize water treatment conditions in this new model of solid state
nanoparticles including photo degradation by Pt-doped TiO, generator (exploration period,
dissolved photo degradation by Pt-doped TiO,, Water flow rate, photo deterioration by one
or more water passes, etc.).
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CONCLUSION

Photocatalysts are apparent in visible light and are dynamic. The Ption-TiO,was used
in the current study as another type of apparent light dynamic photocatalyst and demonstrated
its apparent mobility in a variety of methods. While Pt-metal-stacked TiO; has received a lot
of attention as a photocatalyst, Pt-particle doped TiO, with apparent light mobility has
received less attention. The apparent light ingestion by Ptjo,-TiO, is credited with the
electrical advance between the band edge (CB or VB) and the deformed redox regions of Pt
particles subs into the TiO, cross-section. The fundamental oxidation provinces of Pt
particles in the TiO, mass grid were Pt(IV), with some Pt(Il) species on a superficial level.
Apart from Irag, Egypt, and South Africa, the number of water quality stations is limited, and
pesticides and hazardous metals examinations are rare. Except in Nigeria, Egypt, and Iraq,
the effects of industrial development are likely to be limited to the major towns. When
polluted places are documented, they indicate contamination levels that match global
records, such as for particular metals that get megacities (millions of people) and industrial
wastewaters. In response to this demand, new nanocomposite models can be broadly defined
as less expensive, simpler to use and environmentally friendly. Overall, as a new visible light
active photocatalyst such as nitrogen-doped TiO, and carbon-doped TiO,, Pion-TiOwas
proved to offer great potential.
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