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ABSTRACT

Zinc oxide(ZnO) nanoparticles were preparedising Pulsed Laser AblatiofPLA) method
with various laser energies of 100, 200, 300, 400 and 500 fmJ removing organic
pollutants (pheno) from water solutions. The acquisition of ZnO nanoparticles with
nanoparticle sizewas confirmed using XRD tes#&eta Potential (Z.P.)tests showed that the
prepared nanoparticles were electrically unstable. The prepared particles were used to
remove the dissolved solvent (phenol) the water resulting from many industries. Results
showed that the obtained removalgcentage of organic pollutants (phenolsangesfrom
90% to 93.86%.
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1. INTRODUCTION

As one of the most important sources of lifen our planet, water could be considered primary

resource. Nolife can exist without water, and where water is found life [1], civilisations,

villages, andcities also prosper. Thus, water is one of the most important corners of lifethat

must be preserved Rivers and seas are the main water soursewhich are the essential
requirement for the world population. However, numerous pollutants are released into rivers
and seas, regardless of whether they are organic, inorganic or radioactivithus, water sources
should be free from these pollutants or atdast contain pollutants within the permissible and
non-harmful limits to the environment or its essential elementq2].

The most prominent organic pollutants include phenols and their compounds, which are
produced from dyes, oil residues, hospitals and tannerie8f4]. Owingto erroneous behaviour
and neglect, such as dumping of pollutanisivers are unsuitable for natural and human use.
Phenols can be classified as one ofie most dangerous organic compound contaminants in
water, a small percentage of which show toxicitys]. Phenol endangers human health mainly as
it causes a number of serious diseasesgcluding hepatitis and kidney failure.High phenol levels
may lead to other diseases such as diarrhoea, dark urine, destruction of red blood cells and
possibly cancer the maximum limits of phenol should be 20 ugt, and studiesshould searchfor
solutions to eliminate this contaminant [4,6].

Various methods, suchas elimination of contaminants (phenols) by charcoal derived from
coconut husk, are used to treat pollution caused by chemical processes. The best results include
the removal of 49.7%67.9% of phenols and compounds [7]. However, the temperature must be
effective and efficient. The domestic markets feature low quantities and expensive pricestbé
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removal of 49.7%z67.9% of phenols and compoundg7]. However, the temperature must be
effective and efficient. The domestic markets featurelow quantities and expensive prices of

coconut [7]. Recently, ZnOparticle size up to 140 nmprepared by sotgel method andthe best

time to remove the phenolwas 120 minuteswith a rate of 82%. The initial concentration of

pollutants was only 55 ppm [8]. Other methods have emerged to exploit the properties of
nanoparticles as they possess differentharacteristics comparedwith original materials of life.

Nanoparticles act as membranes to prevent water leakage, anthey contain bacteria and

viruses [4].

In this study, ZnQ, which is locally available in largeamounts was treated asa liquid phase to
prepare its nanoparticles in simple techniquewith no negative side effects usingPulsed Laser
Ablation (PLA) toremove of phenol pollution from water.

2. MATERIALS AND METHODS

2.1. Preparation of Liquid -Phase Nanoparticles (Liquid Medium)

Bulk ZnOwas used to prepare pelletswith a diameter of 2 cm and 6 mm height under a
pressure of 400 bar foraperiod of 24 hours. The samplewas placed in an oven aatemperature
of 600°C for 4 tours and then left to cool for up to 24 lours. The above pellets were then
immersed in 15 ml doubledistilled water.ZnO nanopatrticlesperpetration conditions are shown

in Table(1).

Table 1 ZnO nanoparticles pepetration conditions

No. Materials Pellets properties
0 Diameters Height Pressure Time Temp.
Zno 2cm 6 mm 400 bar 4h 400 °C
710 Conditions
C nanoparticles Wavelength Frequency Pules Energy
P 1064 nm 6 Hz 300 100,200, 300,400 and 500

2.2 Preparation of 100ppm Pollutant Phenol Solution

The standardsolution was prepared with a concentration of 1000 ppm phenol with 99%purity
in a 1000 ml bottle. Then,ion-free water (500 ml) was added, and the solution was stirred well
until material dissolution for 15 minutes. The desired volume was completed with double
distilled water similar to the above solution.

2.3 Determination of Wavelength Location and Calibration Curve
Wavelength was determined at the highest absorption of phenplvater solution by absorbance
spectrometry using a UWisible spectrometer (T80 UV/Vis spectrometer, PG Instruments Ltd

within the range of 200-400 nm. In Figure 1, doservations showed a substance absorption peak
at 270 nm wavelength of phenol in the standard curv¢9].
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Figure 1. Spectral absorption(UV-Vis) of phenols

The phenol solutions were prepared at different concentrations (12, 3, 4,5, 6,7, 8,9 and 10

ppm) for the determination of the calibration curve for the standard solutions Then the phenol

value { lmax) and absorbance indicating the solubility of solutions were fixed by calibration

based on Beer, Al AAOOSO 1 Ax xEEAE OARDdED Als@ancebdad OAT A
concentration [10] as shown inFigure 2

0.9 4| Equation y = 0.0772x + 0.0306
Residual Sum of Squar 0.00453 &
Pearson's r 0.9938
0.8 | Adj. R-Square 0.98455
4| Value 0.03064 0.07718
Standard Error 0.02869 0.00432
0.7 a
0.6
& 0.5
Qo
< 4
0.4
0.3
0.2
0.1
i T ¥ T ¥ T v T Ly T
0 2 4 6 8 10

Concetration (ppm)

Figure 2. Standard calibration curve forstandard phenolsolutions prepared at 270 nm wavelength at
varying concentrations.

2.4 Measurements of the Prepared Particles

The resulting material was subjected to laser treatment with the lowest and highest laser

energies of 100 and 500 mJ, respectivelgt which nanoparticles were prepared The X-ray

Diffraction (XRD) (D2 PHASERWas employed toinvestigate the structure by recording the

il OAT OEOU A0 A &EOTAOEIT 1T /&£ "OACGcdO AlCi A T &£ OEA
crystalline arrangement. The XRD measurements were performed on the material and

compared with diffraction data (standard) card No. (96901-1663) [11].

SPMAA 3000 AngstromAdvanced wasused for Atomic Force Microscopy (AFM). This technique
is used to determine the exact details on surface morphologyhus helpidentify the shape of
particles and ensure that nanoparticles have beeachieved.
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In order to identify the electrical cells,the zeta potential was testedwhile the Brookhaven
Instruments (United States) was used to assegzarticles ranging from 1 nm to 30um. Zeta
potential is an important parameter asit is used to gain insights into biological systems such as
blood, function and pharmaceuticals. Zeta potential also plays an important role in dyeing, inks
and clay turbidity depending on the polarity of solution ions and surface area of the material.

A stable polarity is needed in zeta voltage application®espite that, thisresearchhas benefited
from the instability of electrical nanoparticles, which were designed to attract and capture
pollutants.

2.5 Isotherm Adsorption

Phenol adsorption was carriedout in a water solution. To obtain adsorption from phencbased

solutions, 5 ml silty material containing nanopatrticles from ZnO was added to each sample in 25

ml bottle, and each phenol solution (5 ml) with 100 ppm phenolvas sealedightly in volumetric

bottles,i EAA AT A OEAT biI AAAA ET A xAOAO AAOE xEOE
periods of continuous shaking (1@80) minutes. For each 10 mimutes of recording the pleadings,

the sampleswere removed every 10 mirutes of continuous shaking.These samples were
separated by centrifugation (4000 cycles.miri for 10 minutes), while absorption of solutions

was evaluated by UV spectrometeawisible spectrophotometer. The equilibrium concentration

was adjusted from the calibration curve in Figure2.

The amount of absorbent material was calculated in all cases under Equation (10]:

Aig —2 (1)
Where:
Con = Concentration ophenol; Abs= Absorption.

The percentage ofbsorption t concentration or pollutant concentration after treatment
(pollutant -free purification) was calculated by Equation (2) 12]:

2b — pmm (1)

Where:

R% = percentage of adsorption (percentage of removal)
G = Primary concentration (ppm), G = Focus at equilibrium (ppm)

3. RESULTS AND DISCUSSION
3.1 X-ray Studies of Structural Properties

XRDshowed that the nanoparticles as particlesn a hexagonal structure which are prepared in
the liquid phase atthe lowest and highest laser energieshat were a pure ZnO material. This
finding agreeswith the results of previous studies [13,14]. Six different values corresponded to
the 100,002, 101, 102, 110 and 103 planes and angles of 3893°, 34.344°, 36.184°, 47457°,
56.188°, and 62.791°. Thedominant trend was the 100 planes, as described inFigures 3 and 4
and Tables2 and 3 for energies of 100mJ and 500mJ, respectively, and these resultm
agreementwith (standard) card No. (96901-1663) [11].
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Figure 3. XRD patternsof ZnOnanoparticles atalaser energy ofL00 mJ

600
100
002
400 - 101
L]
3
&
=
(7]
5 110
2 ] 102
= e 103
oO+———7——7— 77T 7T 7T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 80
2 Theta

Figure 4. XRD patterns of ZnManoparticles atalaser energy of 500mJ

Table 2 Values¢ fand FWHMof ZnO nanoparticles at laser energy of100 mJ

<] i $AC d (A) Area% FWHM (Deg.)
31.693 2.8209 100.0 0.172
34.344 2.6090 45.5 0.173
36.184 2.4804 58.5 0.189
47.457 1.9142 14.6 0.272
56.518 1.6269 19.4 0.242
62.791 1.4786 9.6 0.217
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Table 3 Values¢ [ and FWHMof ZnO nanoparticles atlaser energy of500 mJ

¢J] j$AcC d (A) Area% FWHM (Deg.)
31.674 2.8225 100.0 0.205
34.344 2.6090 28.0 0.138
36.166 2.4816 61.0 0.189
47.526 1.9116 18.9 0.556
56.499 1.6274 25.8 0.233
62.753 1.4794 17.6 0.283

Thesize of thecrystal was calculated usinghe Schererformula (3) [15].

Where:

¢ J=full width at half maximum (FWHM) by radian and at the extreme mean
1 E /EAay welvdleQgth8f =brack angle.

ndwt E 3AEAOAOS8O Ai 1 OOAT O8

The calculated nanopatrticle crystal sizes were shown in Table4. The findings are consistent
with the results in [16].

Table 4 Size of nanoparticles prepared at 100nJand 500mJlaser energies

Energy (mJ) 2Theta (¢ ) FWHM Crystal size (nm)
31.693 0.172 50.17
100 34.344 0.173 50.22
36.184 0.189 46.20
31.674 0.205 42.09
500 34.344 0.138 62.96
36.166 0.189 45.97

3.2. Study of Morphological Characteristics (AFM)

Morphological characteristics at the lowest and highest energies were examined using AEM
Figure 5 and 6 show the twe and three-dimensional images of the particles prepared at the
lowest and highest energies, respectively. The average nanoparticle diameter was 73.84 nm,
and the liquid in the laser usedlL00 mJof energy in the PLA system. When the gésated energy
was 500 mJ, the resulting particle size was 92.80 nras indicated in Table5 and 6. The size of
heated nanoparticles increased after the elimination process due to high temperatur&?]. The
averageroot means square (RMS)also increased indicating the increasing rate of roughness
with increasing laserenergies, corresponding to previously reported findings 18].
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Figure 5. Two and three-dimensional images of nhanoparticles prepared at 10hJ energy and’4.84 nm
wavelengths.

Table 5 Sze of nanoparticles prepared at 100 mlaser energy

Diamete Volum Cumulatio Diamete Volum Cumulatio Diamete Volum Cumulatio

r(nm) < e(%) n (%) r(nmy< e (%) n (%) r(nm) < e (%) n (%)
50.00 4.23 4.23 70.00 11.64 39.15 90.00 11.64 86.24
55.00 7.41 11.64 75.00 12.17 51.32 95.00 11.64 97.88
60.00 7.41 19.05 80.00 11.11 62.43 100.00 2.12 100.00
65.00 8.47 27.51 85.00 12.17 74.60
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Figure 6. Two and three-dimensional images of nanopatrticles prepared at 50hJ energy and 92.80 nm
wavelength.

Table 6 Size of nanoparticles prepared at 500miadser energy

Diamete Volum Cumulatio Diamete Volum Cumulatio Diamete Volum Cumulatio

r(nm) < e(%) n (%) r(nm) < e(%) n (%) r(nm) < e (%) n (%)
70.00 7.14 7.14 90.00 7.14 40.71 110.00 10.71 87.14
75.00 7.86 15.00 95.00 10.00 50.71 115.00 7.86 95.00
80.00 9.29 24.29 100.00 1357 64.29 120.00 5.00 100.00
85.00 9.29 33.57 105.00 12.14 76.43

3.3. Electric Cell Study

The z=ta potential was determinedfor ZnO nanoparticles prepared at 100 mwhich is-17.75
mV asshown in Figure 7. At 500 mJ, the voltage was20.3mV,as shown in Figire (8). These
findings indicate that the nanoparticles are electricdly unstable; as shown in Table7, the
nanoparticles generally searched for different polarity ions to combine with melted soluble
phenols, corresponding to the result in 19]. By separating the centrifuged material, the
contaminant, which has enlarged due to assembly, was disposetiwith electrolytic and non-
stable preparation of particles.
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Figure 7. Zetapotential of ZnOnanopatrticles prepared at alaser energy of 100 mJ
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Figure 8. Zetapotential of ZnOnanopatrticles prepared at alaser energy of 500mJ

Table 7 Electrical stability ranges of nanoparticles 20]

Zeta Potential (mV) Stability behavio ur of the colloid
from O to 5 Rapid coagulation orflocculation
from +10 to £30 Incipient instability
from +30 to +40 Moderate stability
from + 40 to +60 Good stability
more than +61 Excellent stability
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4.3 Measurement of Pollutant Concentration After Treatment

Absorption was calculated byUV-visible spectrometry at the energies used ithe preparation of
nanoparticles and at 300 pulse.mirt pulses within the range 0f260-280 nm for every 10 min
and at the contact time ofL0-80 min during removal of ZnO nanoparticles in phenaolFigure 9
shows the absorption of nanoparticles at different energy used
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Figure 9. Absorption of nanoparticles prepared at: (a) 100mJ, (b) 200mJ,(c) 300 mJ, (d)400 mJ ,(e) 500
mJ
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Figure 10 shows the phenol concentration in water measured in ppm according to the
calibration curve shown in Figure 2 and Equation Tt energies of 100, 200, 300, 400 and 500

mJ
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Figure 10. Concentration of nanoparticles prepared at: (a) 100nJ, (b) 200mJ,(c) 300 mJ, (d)400 mJ,(e)

500 mJ

The best results for phenol removal after treatment with ZnO nanoparticlesere noted A Gnax3

¢xm 11 A The bomest concentration aftertreatment was 6.136 ppm according to
Equation (2). The percentage of adsorption after treatment reached 93.864% according to
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