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Heterogeneous photocatalysts have been widely utilized for the degradation
of pharmaceuticals in wastewater. Under UV light irradiation, photocatalysis
of the Sulfadiazine Hydrochloride (SFD) drug in wastewater using Pd/ZnO
nanocomposite was studied. The nanocomposite was prepared using a
hydrothermal process. The incorporation of Pd nanoparticles into the ZnO
nanostructure increased the porosity and surface area, as well as the
number of functional and active sites of the nanocomposite, which can
improve the photocatalytic process of drug removal. According to structural
analyses using TEM and SEM, Pd/ZnO refers to a highly stable and
architectural morphology. The photocatalytic degradation process revealed
that after 60 min, it led to the removal of the SFD drug, and a degradation
efficiency of up to 85.77% was obtained using ZnO NPs, while the complete
Pd/Zn0O nanocomposite photocatalytic process was obtained after 60 min,
with a degradation efficiency of up to 92.25%. The high effectiveness of the
prepared surface of the Pd/Zn0O nanocomposite on the degradation of SFD
drugs from aqueous solutions was confirmed, and the results showed the
effective performance of the prepared photocatalyst in the removal of drugs.
Likewise, reuse and regeneration have an important role to play in reducing
the economic cost and secondary pollution, as the Pd/ZnO nanocomposite
has a good ability to regenerate compared to zinc oxide, with a high
percentage (92.25% to 82.87%) of four cycles.
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Introduction

The influence of pollutants in wastewater on
the aquatic environment is among the main
topics that have been studied in recent years
due to the release of effluents of pharmaceutical
pollutants into wastewater. Its presence in
water can interact with some other compounds
and change its physical and chemical properties
to more dangerous compounds. Many studies
have been conducted using different metal
oxides. However, titanium dioxide nanoparticles
(TiO2 NPs) and Zinc Oxide nanoparticles (ZnO
NPs) have been usually utilized either as
semiconductors or nanoparticles in several
applications especially in wastewater treatment
[1-6]. There are many semiconductor photo
catalysts such as ZnO, ZnS, CdS, CdSe, TiO,, etc.
and have found widespread interest for the
removal of many pharmaceuticals in water.
Among the most important semiconductors
whose photocatalytic properties have been
studied, zinc oxide disks are the most important
and widely used, because they are effective,
environmentally friendly, inexpensive, stable,
and harmless [7-12].

Zinc Oxide is one of the most important
metal oxides and is considered one of the most

exploited n-type semiconductors, which has
been given priority due to its multifunctionality
and is used in various applications. Metal oxide
can also be manufactured by hydrolysis,
pyrolysis, precipitation, electrophoresis,
hydrothermal treatment, chemical methods,
and gelation processes [13-16].

Sulfadiazine Hydrochloride (SFD), also
known as 4-amino-N-2-
pyrimidinylbenzenesulfonamide = with  the

chemical formula CioH1oN4O2S (refer to Figure
1), is an antibiotic belonging to the sulfonamide
group. It is used to treat various infections such
as trachoma, urinary tract infections, systemic
bacterial infections, ocular toxoplasmosis.
Sulfadiazine is included in pharmacopeias and

may contain non-pharmacopeias impurities

[17-19].
N
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Figure 1. Chemical structure sulfadiazine
hydrochloride (SFD) drug
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Experimental

All chemicals used in the preparation of ZnO
nanoparticles was obtained by a hydrothermal
process, and the metal for (Pd) loaded onto ZnO
nanoparticles was obtained by photochemical
precipitation, as presented in Table 1. Deionized
water was used in all experiments.

Synthesis of ZnO nanoparticles by hydrothermal
method

Hydrothermal method was used to prepare
zinc oxide nanoparticles by three stages. Stage
one: zinc acetate dehydrate 30 g was added to
150 ml of distilled water and stirred for 60 min
at 60°C. Stage two: 30g ofoxalic acid30g
of was dissolved in 150 ml of distilled water and
stirred for 60 min. Stage three: The mixture of
the solution on magnetic stirred for 10 min with
heating at 65 °C and become a solution white
color. After that, the solution was transferred in
to autoclave and maintained in an oven at
160°C for 24h. The product was washed
several times with a water to reach pH 7, dried
at 70°C for 24 h, and powder (white) was
calcined at 400°C for 1h. Finally, powder

(white) nanoparticles was used in all
experimental.
Photochemical  deposition of Pd/ ZnO
nanocomposite

To deposit the Pd doped ZnO NPs, Nano-
powder ZnO 0.5 g and PdCly 0.05 wt % was

placed in a quartz cell in 100 ml of (methanol/
distilled water V/V 1%). The solution mixture
was irradiated for 24 h with continuous stirring
under ultraviolet light (major wavelength
365nm, LI 2.3mW/cm2). The powder was
washed several times in distilled water and
dried at 50 °C for 24 h, to obtain the Pd /ZnO
nanocomposite.

Photocatalytic activity

Photo degradation experiments
conducted under optimal conditions to test
different concentrations of the drug (10-50
mg/L), several weight of nanocomposite (0.1-
0.4 g) using UV light at 365 nm. A weight of
nanocomposite about 0.3 g was dispersed in
200 ml of the drug at a concentration of (20 mg
/L). Before the beginning of the irradiation
process, the experiment was conducted under
the same conditions as the experiment, but
without the use of light (dark), with stirring for
10 minutes. After that, the experiment was
conducted at certain irradiation periods in the
presence of light. About 3 ml of the solution was
withdrawn from the suspension, and then
centrifuged. The sample was measured using a
UV-Vis spectrophotometer. The efficiency of the
photolysis process was calculated with the
Equation (1).

were

Co — G

PDE (%) x 100 (1)

Table 1. The chemicals and materials utilized in this work

No. Chemicals Chemical formula Company Purity (%)
1 Methanol CHsOH Sigma 98.8
2 Sodium hydroxide NaOH BHD 98
3 Zinc acetate dehydrate C4H6.04Zn-2H20 Sigma 98.5
4 Oxalic acid (COOH)2:2H20 BHD 99.5
5 Palladium chloride PdClz Sigma 99.1
6 Zinc oxide Zn0 Sigma 97.9
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Where, PDE% is percentage of removal; Cy is the
initial concentration; and C: is the residual
concentration time of

after a selective

degradation of drug under studying.
Results and Discussion

Field emission scanning electron microscopy (FE-
SEM)

Images FE-SEM of zinc oxide nanoparticles
and Pd/ZnO nanocomposite are demonstrated
in Figure 2a. Image for ZnO NPs which was
prepare by hydrothermal method that
properties of agglomeration surface of ZnO NPs
[20]. Therefore, after loading Pd onto ZnO the
surface will be highly active site which led to
create a suitable position for freely behavior of
particles to produce nano rode shapes instead
of spindle particles [21], as illustrated in Figure
2b.

Transmission electron microscopy (TEM)

>

SEM MAG: 9.99 kx WD: 8.857 mm | MIRAS TESCAN SEM MAG: 10.0 kx WD: 8.67 mm |

Det: SE SEMHV: 150KV Spm

Joate(miary): 030322

Image TEM was found to limit the
morphology, crystal structure and particle size.
As appear the average size at 100, and 200 nm
of ZnO NPs and Pd/ZnO nanocomposite, as
shown in Figure 3a and b. The surface
morphology and crystal structure of ZnO NPs
and Pd/ZnO nanocomposite are depicted in
Figure 3 at the surface of ZnO NPs in a white
spherical structure [22]. In addition, after the
process of loading Pd on ZnO NPs , a black
spherical structure formed, evidence of loading
Pd on the surface of zinc oxide nanoparticle The
appearance of white spherical crystals in zinc
oxide is evidence of the purity of the prepared
compound. Furthermore, after the process of
loading Pd on ZnO NPs, a black spherical
structure formed, evidence of loading Pd on the
surface of zinc oxide nanoparticle and the
addition of the noble elements to zinc oxide is
characterized by the property of crystallization
in the form of spherical black crystals [23], as
indicated in Figure 3d.

MIRAJ TESCAN|

Det: SE SEM HV: 150 kV 5 pm

Date{m/dly): 03/03/22

Figure 2. Image of FESEM of a) ZnO NPs and b) Pd/Zn0O nanocomposite
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Figure 3. TEM Image of a) ZnO NPs and b) Pd/ZnO nanocomposite

Effect of mass Pd/Zn0O nanocomposite

The influence of weight nanocomposite onto
photo catalytic degradation of SFD drug, was
studied utilizing 20 mg/L of SFD drug, flow rate
of air 10ml/min, at 25 °C, Figure 4 shows
several weights of nanocomposite have been
tested via the photocatalytic degradation
method of DFS drug, as the weight of
nanocomposite increases until reach to 0.3 g
/200 mL photo degradation of DFS drug
gradually rises, and then constant of photo
catalytic efficiency. This may be attributed to
the light absorption will be limited only to the
first layers of drug and the other layers solution
[24, 25]. A
nanocomposite weight of 0.3 g resulted in the
highest photo degradation efficiency of 92.25%.

do not receive light photons

Effect of several concentrations

Effect of several initial concentration of DFS
drug (10-50 mg/L) on photo degradation
method of DFS drug was studied utilizing 0.3
g/200 mL, the light intensity of 1.3 mW/cm? at
25 °C. It has been observed that the rate of
photo catalytic degradation decreases gradually
with the increase of concentration of drug. This

behavior could be explained, the concentration
of DFS drug 20 mg/L was the optimum
concentration to cover the largest area of
nanocomposite. An important reason for this
behavior is the high absorption of light by DFS
drug present in the solution with a 20 mg/L
the photocatalytic process
occurs on the surface of a nanocomposite with
0.3 g/200 mL. Increasing the concentration of a
drug prevents the penetration of light into the
solution surface through successive layers of

concentration,

the drug on a nanocomposite surface [26-28]. A
drug concentration 20 mg/L gives the optimum
photolysis efficiency 92.25%, as displayed in the
Figure 5.

Comparison photo degradation between Zn0O NPs
and, Pd/Zn0 nanocomposite

A comparison between surface, ZnO NPs and
Pd/Zn0 nanocomposite, according to the
results, there is a clear difference in the results
of photo catalysis between nanocomposite
photo degradation efficiency PDE% 92.25%
Pd/Zn0O nanocomposite and photo degradation
efficiency PDE% of ZnO NPs 85.8%

degradation of drug.

to
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Figure 4. Effect of mass Pd/Zn0 nanocomposite onto photo degradation efficiency of DFS drug
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Figure 5. Photo catalytic degradation at several initial concentrations of DFS drug
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It was clear from the results that with a
photo catalyst (Pd/ZnO nanocomposite or ZnO
NPs ) there was a very clear increase in the
photocatalytic process, so that it had a clear
effect compared to the absence of a catalyst [7,
23, 29], as shown in Figure 6.

Regeneration
nanocomposite

of ZnO NPs and Pd/ZnO

To reduce the economic cost using an
environmentally friendly surface that is easily
prepared from available, inexpensive materials,
so it can be used more than once to remove
pollutants because of the surface’s high
efficlency and active that can be
reactivated. The prepared surface ZnO NPs and
Pd/Zn0O nanocomposite has the photocatalytic

Zn0/Pd

sites
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efficlency of a drug within experimental
conditions. The recyclability of ZnO NPs and
Pd/Zn0O nanocomposite was examined for four
cycles, as shown in Figure 7 [24, 30]. The ZnO
NPs and Pd/ZnO nanocomposite was washed
several times in distilled water until the
contaminant was removed from the surface.
Based on the results, the photo -catalysis
gradually decreases after each cycle until all the
surface active sites are saturated with the
contaminant so that they cannot be removed
and activated again. It was observed that the
photocatalytic activity of the drug was (34.86%-
82.34%) and (85.9%, 65.6%) for ZnO NPs and
Pd/Zn0O nanocomposite. This means that the
surface can be used to remove pollutants with
its advantage of reactivation and reduced
economic cost [24, 28].

Zn0O

Figure 6. Comparison between surface, ZnO NPs and Pd/Zn0O nanocomposite
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Figure 7. Regeneration of ZnO NPs and Pd/Zn0 nanocomposite
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Conclusion

This study is based on the preparation of two
First, the synthesis of ZnO
nanoparticles by hydrothermal method and
second, the photochemical deposition of
Pd/ZnO nanocomposite. The highest
photocatalytic degradation, which was achieved
via utilizing Pd co-doping
nanoparticles, reaches about 95.67% at 25 °C
and ultimately can be used as a degradation DFs
drug from an aqueous solution. The result is
that when the weight of the nanocomposite
increases, the photo degradation of the DFS
drug gradually increases. An increase in the
concentration of the drug decreases photo
degradation because increasing the
concentration of a drug prevents the
penetration of light into the solution surface
through successive layers of the drug on the
nanocomposite surface. It was observed that
reactivation was (34.86%,-82.34%) and (85.9%,
65.6%) for ZnO NPs and Pd/ZnO
nanocomposite. This means that the surface can
remove pollutants, with the
and reduced

surfaces:

zinc oxide

be used to
advantage of
economic cost.

reactivation

Disclosure Statement

No potential conflict of interest was reported by
the authors.

Funding

This research did not receive any specific grant
funding agencies in the public,
commercial, or not-for-profit sectors.

from

Authors' Contributions

All authors contributed to data analysis,
drafting, and revising of the paper and agreed to
be responsible for all the aspects of this work.

Orcid

Rathab Ali Ahmed
https://orcid.org/0009-0002-7479-3333
Ola Hamad Salah
https://orcid.org/0000-0002-3194-1749
Russul Reidh Abass
https://orcid.org/0000-0002-3697-3926
Manal Morad Karim
https://orcid.org/0000-0003-0061-0389
Shahad Abdulhadi Khuder
https://orcid.org/0009-0004-3760-4489
Salam Ahjelf
https://orcid.org/0009-0008-8881-6022
Imad Ibrahim Dawood
https://orcid.org/0000-0003-1636-7205

References

[1]. Laysandra L., Sari M.W.M.K,, Soetaredjo F.E.,
Foe K., Putro ]J.N., Kurniawan A, Ju Y.H., Ismadji
S. Adsorption and photocatalytic performance
of bentonite-titanium dioxide composites for
methylene blue and rhodamine B decoloration,
Heliyon, 2017, 3 [Crossref], [Google Scholar],
[Publisher]

[2]. Mohamed A., Ibtesam A., Firas H. Compare
studies for the photocatalytic degradation of
thymol blue with synthesized and commercial
MWCNTs, in AIP Conference Proceedings (AIP
Publishing), 2020 [Crossref], [Google Scholar],
[Publisher]

[3]. a) Mohamed R., Barakat M. Enhancement of
photocatalytic activity of Zn0/Si0 2 by
nanosized Pt for photocatalytic degradation of
phenol in wastewater, International Journal of
Photoenergy, 2012, 3:33 [Crossref], [Google
Scholar], [Publisher]; b) Kumar M R., Misganaw
G W, Sagar P S, Jayanthi Juturi L. Shimelash
Admasu A, P K, M V,, Gaddala B. Investigation
of Characterisation for Biosorption of Congo
Red from Textile Wastewater Using Spathodea
Campanulata Leaves: FTIR, SEM, and XRD
Analysis, Chemical Methodologies, 2023, 7:605
[Crossref], [Publisher]; c) Abegunde S., I[dowu
K., Enhanced Adsorption of Methylene Blue Dye


https://orcid.org/0009-0002-7479-3333
https://orcid.org/0000-0002-3194-1749
https://orcid.org/0000-0002-3697-3926
https://orcid.org/0000-0003-0061-0389
https://orcid.org/0009-0004-3760-4489
https://orcid.org/0009-0008-8881-6022
https://orcid.org/0000-0003-1636-7205
http://dx.doi.org/10.1016/j.heliyon.2017.e00488
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D.+Laysandra%2C+L%2C+Adsorption+and+photocatalytic+performance+of+bentonite-titanium+dioxide+composites+for+methylene+blue+and+rhodamine+B+decoloration.+Heliyon%2C+2017.+3%2812%29.&btnG=
https://www.cell.com/heliyon/fulltext/S2405-8440(17)31884-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844017318844%3Fshowall%3Dtrue
https://doi.org/10.1063/5.0000032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D.+Mohamed%2C+AJ%2C+A+Ibtesam%2C+and+HA+Firas.+Compare+studies+for+the+photocatalytic+degradation+of+thymol+blue+with+synthesized+and+commercial+MWCNTs.+in+AIP+Conference+Proceedings.+2020.&btnG=
https://pubs.aip.org/aip/acp/article-abstract/2213/1/020315/963485/Compare-studies-for-the-photocatalytic-degradation
https://doi.org/10.1155/2012/103672
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+a%29+R.+M.+Mohamed%2C+MAB%2C+Enhancement+of+Photocatalytic+Activity+of+ZnO%2FSiO2+by+Nanosized+Pt+for+Photocatalytic+Degradation+of+Phenol+in+Wastewater.+Advanced+Oxidation+Processes+for+Wastewater+Treatment%2C+2012.+3%286%29%3A++33-39&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5D.+a%29+R.+M.+Mohamed%2C+MAB%2C+Enhancement+of+Photocatalytic+Activity+of+ZnO%2FSiO2+by+Nanosized+Pt+for+Photocatalytic+Degradation+of+Phenol+in+Wastewater.+Advanced+Oxidation+Processes+for+Wastewater+Treatment%2C+2012.+3%286%29%3A++33-39&btnG=
https://www.hindawi.com/journals/ijp/2012/103672/
https://doi.org/10.22034/chemm.2023.395359.1676
https://www.chemmethod.com/article_175851.html

R. Ali Ahmed et al.

316

from Water by Alkali Treated Activated Carbon,
Eurasian Journal of Science and Technology,
2023, 3:109 [Crossref], [Google Scholar],
[Publisher]

[4]. a) Liu Y., Ohko Y., Zhang R., Yang Y., Zhang Z.
Degradation of malachite green on Pd/WO3
photocatalysts under simulated solar light,
Journal of Hazardous Materials, 2010, 184:386
[Crossref], [Google Scholar], [Publisher]; b)
Jayanthi Juturi L. Palavalasa R., H. Dhoria S.,
Jampani S., Miditana V. Jalem G. Efficient
Removal of Fluoride Using Sol-Gel Processed
Nano Magnesium Oxide, Chemical
Methodologies, 2023, 7:569 [Crossref],
[Publisher]; c) Milani Fard M., Milani Fard A.M.
Evaluation of Psychosocial Factors in the Coping
Strategies of Patients with Inflammation,
Eurasian Journal of Science and Technology,
2022, 2:97 [Crossref], [Publisher]

[5]- a) Abd Alrazzak N., Aowda S.A., Atiyah AJ].
Removal Bismarck Brown G dye from aqueous
solution over a composite of triazole-polyvinyl
chloride polymer and zinc oxide, Oriental
Journal of Chemistry, 2017, 33:2476 [Crossref],
[Google Scholar], [Publisher]; b) Elhadeuf K,
Bougdah N., Fouzia B., Chikhi M. Experimental
Study and Modeling by the Complete Factorial
Plan of the Elimination of Textile Dye by
Electrocoagulation Using Aluminum from
Recycled Cans, Chemical Methodologies, 2023,
7:183 [Crossref], [Google Scholar], [Publisher];
c¢) Vaeli N. Laboratory Study of Effective Factors
on How to Extract Carvacrol from Oliveria
Decumbens Plant with the Help of Supercritical
Fluid Cco2 Using
Waves, Eurasian  Journal of Science and
Technology, 2022, 2:34 [Crossref], [Publisher]
[6]. Syah R., Hussein Altajer A., F Abdul-Rasheed
0., Amri Tanjung F., M Aljeboree A. Abd

and Ultrasound

Alrazzak N., F Alkaim A. CuMo0O4/Zn0O
nanocomposites: novel synthesis,
characterization, and photocatalytic

performance, Journal of Nanostructures, 2021,
11:73 [Crossref], [Google Scholar], [Publisher]
[7]. Reza K.M,, Kurny A., Gulshan F. Parameters
affecting the photocatalytic degradation of dyes
using TiO 2: a review, Applied Water Science,
2017, 7:1569 [Crossref], [Google Scholar],
[Publisher]

[8]. Ayoub M. Degradation of tetracycline using
nanoparticles of zero-valent iron and copper,
Water Practice & Technology, 2022, 17:246
[Crossref], [Google Scholar], [Publisher]

[9]. Mishra A., Mehta A, Kainth S, Basu S. A
comparative study on the effect of different
precursors for synthesis and efficient
photocatalytic activity of g€C 3 N 4/TiO
2/bentonite = nanocomposites, Journal of
materials science, 2018, 53:13126 [Crossref],
[Google Scholar], [Publisher]

[10]. Abdulrazzak F.H. Enhance photocatalytic
activity of TiO2 by nanotubes,
International Journal of ChemTech Research,
2016, 9:431 [Google Scholar], [Publisher]

[11]. Irani M. Mohammadi T. Mohebbi S.
Photocatalytic degradation of methylene blue
with ZnO nanoparticles; a joint experimental
and theoretical study, Journal of the Mexican
Chemical Society, 2016, 60:218 [Crossref],
[Google Scholar], [Publisher]

[12]. Mohamed R., Aazam E.S. Preparation and
characterization of platinum doped porous
titania  nanoparticles for  photocatalytic
oxidation of carbon monoxide, Journal of Alloys
and Compounds, 2011, 509:10132 [Crossref],
[Google Scholar], [Publisher]

[13]. Khedaer Z. Ahmed D. Al-Jawad S.
Investigation of morphological, optical, and
antibacterial properties of hybrid ZnO-MWCNT
prepared by sol-gel, Journal of Applied Sciences
and Nanotechnology, 2021, 1:66 [Crossref],
[Google Scholar], [Publisher]

[14]. Mirzaeifard Z., Shariatinia Z., Jourshabani
M., Rezaei Darvishi S.M. ZnO photocatalyst
revisited: effective photocatalytic degradation

carbon


https://doi.org/10.48309/ejst.2023.379937.1078
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%29+Abegunde%2C+S.+M.%2C+Idowu%2C+K.+S.+%282023%29.+%27Enhanced+Adsorption+of+Methylene+Blue+Dye+from+Water+by+Alkali-Treated+Activated+Carbon%27%2C+Eurasian+Journal+of+Science+and+Technology%2C+3%283%29%2C+pp.+109-124.+doi%3A+10.48309%2Fejst.2023.379937.1078&btnG=
https://ejst.samipubco.com/article_167843.html
https://doi.org/10.1016/j.jhazmat.2010.08.047
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+a%29Liu+Y%2C+OY%2C+Zhang+R%2C+Yang+Y%2C+Zhang+Z.%2C+Degradation+of+malachite+green+on+Pd%2FWO3+photocatalysts+under+simulated+solar+light.+.+J+Hazard+Mater+2010.+184%3A++386-391&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304389410010630
https://doi.org/10.22034/chemm.2023.393347.1671
https://www.chemmethod.com/article_172417.html
https://doi.org/10.22034/EJST.2022.1.8
https://ejst.samipubco.com/article_132493.html
http://dx.doi.org/10.13005/ojc/330541
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D.+a%29+Alrazzak%2C+NA%2C+SA+Aowda%2C+and+AJ+Atiyah%2C+Removal+Bismarck+Brown+G+dye+from+aqueous+solution+over+a+composite+of+triazole-polyvinyl+chloride+polymer+and+zinc+oxide.+Oriental+Journal+of+Chemistry%2C+2017.+33%285%29%3A++2476-2483&btnG=
http://www.orientjchem.org/vol33no5/removal-bismarck-brown-g-dye-from-aqueous-solution-over-a-composite-of-triazole-polyvinyl-chloride-polymer-and-zinc-oxide/
https://doi.org/10.22034/chemm.2023.369066.1624
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=b%29+Elhadeuf%2C+K.%2C+Bougdah%2C+N.%2C+Balaska%2C+F.%2C+Chikhi%2C+M.+%282023%29.+%27Experimental+Study+and+Modeling+by+the+Complete+Factorial+Plan+of+the+Elimination+of+Textile+Dye+by+Electrocoagulation+Using+Aluminum+from+Recycled+Cans%27%2C+Chemical+Methodologies%2C+7%283%29%2C+pp.+183-199.+doi%3A+10.22034%2Fchemm.2023.369066.1624+&btnG=
https://www.chemmethod.com/article_162543.html
https://doi.org/10.22034/EJST.2022.1.3
https://ejst.samipubco.com/article_132196.html
https://doi.org/10.22052/JNS.2021.01.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D.+Syah%2C+R%2C+AH+Altajer%2C+OF+Abdul-Rasheed%2C+FA+Tanjung%2C+AM+Aljeboree%2C+NA+Alrazzak%2C+and+AF+Alkaim%2C+CuMoO4%2F+ZnO+Nanocomposites%3A+Novel+Synthesis%2C+Characterization%2C+and+Photocatalytic+Performance.+Journal+of+Nanostructures%2C+2021.+11%281%29%3A++73-80.&btnG=
https://jns.kashanu.ac.ir/article_111456.html
https://doi.org/10.1007/s13201-015-0367-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D.+Reza+K.M%2C+Kurny+A%2C+and+Gulshan+G%2C+Parameters+affecting+the+photocatalytic+degradation+of+dyes+using+TiO+2%3A+a+review.+Applied+Water+Science%2C+2017.+7%3A++1569-1578&btnG=
https://link.springer.com/article/10.1007/S13201-015-0367-Y
https://doi.org/10.2166/wpt.2021.100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+%5B8%5D.+Ayoub%2C+M%2C+Degradation+of+tetracycline+using+nanoparticles+of+zero-valent+iron+and+copper+Water+Practice+and+Technology%2C+2022.+17%281%29%3A++246%E2%80%93253.&btnG=
https://iwaponline.com/wpt/article/17/1/246/84752/Degradation-of-tetracycline-using-nanoparticles-of
https://doi.org/10.1007/s10853-018-2565-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D.+A.+Mishra%2C+AM%2C+S.+Kainth%2C+and+S.+Basu%2C+A+comparative+study+on+the+effect+of+different+precursors+for+synthesis+and+efficient+photocatalytic+activity+of+gC+3+N+4%2FTiO+2%2Fbentonite+nanocomposites.+J.+Mater.+Sci%2C+2018.+53%3A++13126%E2%80%9313142.&btnG=
https://link.springer.com/article/10.1007/s10853-018-2565-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D.+Abdulrazzak%2C+FH%2C+Enhance+photocatalytic+activity+of+TiO2+by+carbon+nanotubes.+International+Journal+of+ChemTech+Research%2C+2016.+9%283%29%3A++431-443.&btnG=
https://www.researchgate.net/profile/Firas-Abdulrazzak-2/publication/301678819_Enhance_photocatalytic_activity_of_TiO2_by_carbon_nanotubes/links/596a9f4f458515e9afad99d4/Enhance-photocatalytic-activity-of-TiO2-by-carbon-nanotubes.pdf
https://doi.org/10.29356/jmcs.v60i4.115
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D.+Irani%2C+M%2C+Photocatalytic+Degradation+of+Methylene+Blue+with+ZnO+Nanoparticles%3B+a+Joint+Experimental+and+Theoretical+Study.+Journal+of+the+Mexican+Chemical+Society%2C+2026.+3%2833%29%3A++1870-2490.&btnG=
https://www.jmcs.org.mx/index.php/jmcs/article/view/115
https://doi.org/10.1016/j.jallcom.2011.08.059
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+Mohamed+RM%2C+A-RM%2C+Baeissa+ES%2C+Mkhalid+IA+Preparation+and+characterization+of+platinum+doped+porous+titania+nanoparticles+for+photocatalytic+oxidation+of+carbon+monoxide.++.+Journal+of+Alloys+and+Compounds+2011.+509+%2824%29%3A++2016824-6828.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925838811017130
https://doi.org/10.53293/jasn.2021.11634
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Zahraa+S.+Sh.+Khedaer%2C+DSA%2C+Selma+M.+H.+Al-Jawad%2C+Investigation+of+Morphological%2C+Optical%2C+and+Antibacterial+Properties+of+Hybrid+ZnO-MWCNT+Prepared+by+Sol-gel.+Journal+of+Applied+Sciences+and+Nanotechnology%2C+2021.+1%3A++2.&btnG=
https://jasn.uotechnology.edu.iq/article_11634.html

Improved Photocatalytic Degradation of ...

317

of emerging contaminants using S-doped ZnO
nanoparticles under visible light radiation,
Industrial & engineering chemistry research,
2020, 59:15894 [Crossref], [Google Scholar],
[Publisher]

[15]. Yusuff A.S., Obende B.A. Egbosiuba T.C.
Photocatalytic decolorization of textile effluent
over ZnO nanoparticles
eucalyptus bark
optimization, Kkinetic and economic analyses,
Water Resources and Industry, 2024, 31:100245
[Crossref], [Google Scholar], [Publisher]

[16]. Saad S.T., Al-Gubury H.Y., Alrazzak N.
Photocatalytic degradation of monoazo dye in
ethanol oxide in ultra-violet
radiation, Asian Journal of Chemistry, 2018,
30:2334 [Crossref], [Google Scholar],
[Publisher]

[17]. Meng Q., Zhang Y., Meng D., Liu X., Zhang Z.,
Gao P, Lin A, Hou L. Removal of sulfadiazine
from aqueous solution by in-situ activated
biochar = derived from  cotton  shel],
Environmental research, 2020, 191:110104
[Crossref], [Google Scholar], [Publisher]

[18]. Zheng H., Zhang Y., Li S, Feng X, Wu Q,,
Leong Y.K, Chang ].S. Antibiotic sulfadiazine
degradation by persulfate
Intermediates dependence of ecotoxicity and

immobilized on

biochar: Parametric

using zinc

oxidation:

the induction of antibiotic resistance genes,
Bioresource Technology, 2023, 368:128306
[Crossref], [Google Scholar], [Publisher]

[19]. Wang Y., Gan T, Xiu ], Liu G, Zou H.
Degradation of sulfadiazine in aqueous media
by peroxymonosulfate activated with biochar-
supported ZnFe 2 O 4 in combination with
visible light in an internal loop-lift reactor, RSC
advances, 2022, 12:24088 [Crossref], [Google
Scholar], [Publisher]

[20]. Aljeboree A.M., Hameed N.M., Saleem H.D.,
Jasem H., Abood E.S., Abdulrazaq A.G., Aldulaim
AK., Alkaim A.F. Removal of Pollutants from
Aqueous Solutions by using Natural Surfaces
(Cotton) as a Model for Reusability and Highly

Adsorbent Surface, International Journal of Drug
Delivery Technology, 2022, 12:583 [Google
Scholar], [Publisher]

[21]. Ahmad F., Zhu D., Sun ]. Environmental fate
of tetracycline antibiotics: degradation pathway
mechanisms, challenges, and perspectives,
Environmental Sciences Europe, 2021, 33:64
[Crossref], [Google Scholar], [Publisher]

[22]. Hussain N.A,, Taifi A., Alkadir 0.K.A., Obaid
N.H., Abboud Z.M.,, Aljeboree A.M., Al Bayaa A.L.,
Abed S.A., Alkaim A.F. IOP conference series:
earth and environmental science  (IOP
Publishing), 012028 [Crossref], [Google
Scholar], [Publisher]

[23]. Verdini F., Calcio Gaudino E. Canova E.,
Colia M.C, Cravotto G. Highly efficient
tetracycline degradation under simultaneous
hydrodynamic  cavitation and electrical
discharge plasma in flow, Industrial &
engineering chemistry research, 2023, 62:19311
[Crossref], [Google Scholar], [Publisher]

[24]. Alhattab Z.D., Aljeboree A.M., Jawad M.A.,,
Sheri F.S., Obaid Aldulaim A.K., Alkaim A.F.
Highly adsorption of alginate/bentonite
impregnated TiO; beads for wastewater
treatment: Optimization,  Kkinetics,  and
regeneration studies, Caspian Journal of
Environmental Sciences, 2023, 21:657
[Crossref], [Google Scholar], [Publisher]

[25]. Jayaraj S.K. Sadishkumar V. Arun T,
Thangadurai P. Enhanced photocatalytic activity
of V205 nanorods for the photodegradation of
organic dyes: a detailed understanding of the
mechanism and their antibacterial activity,
Materials Science in Semiconductor Processing,
2018, 85:122 [Crossref],
[Publisher]

[26]. Ma Y., Gao N, Li C. Degradation and
pathway of tetracycline hydrochloride in
aqueous by potassium ferrate,
Environmental Engineering Science, 2012,
29:357 [Crossref], [Google Scholar], [Publisher]

[Google Scholar],

solution


https://doi.org/10.1021/acs.iecr.0c03192
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D.+Mirzaeifard%2C+Z%2C+ZnO+Photocatalyst+Revisited%3A+Effective+Photocatalytic+Degradation+of+Emerging+Contaminants+Using+S-Doped+ZnO+Nanoparticles+under+Visible+Light+Radiation.+Eng.+Chem.+Res.%2C+2020.+59%2836%29%3A++15894.&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.0c03192
https://doi.org/10.1016/j.wri.2024.100245
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+Yusuff%2C+AS%2C+BA+Obende%2C+and+TC+Egbosiuba%2C+Photocatalytic+decolorization+of+textile+effluent+over+ZnO+nanoparticles+immobilized+on+eucalyptus+bark+biochar%3A+Parametric+optimization%2C+kinetic+and+economic+analyses.+Water+Resources+and+Industry%2C+2024%3A++100245&btnG=
https://www.sciencedirect.com/science/article/pii/S2212371724000076
https://doi.org/10.14233/ajchem.2018.21501
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+Saad%2C+ST%2C+HY+Al-Gubury%2C+and+NABD+Alrazzak%2C+Photocatalytic+degradation+of+monoazo+dye+in+ethanol+using+zinc+oxide+in+ultra-violet+radiation.+Asian+Journal+of+Chemistry%2C+2018.+30%2810%29%3A++2334-2336.&btnG=
https://www.researchgate.net/profile/Suad-Saad/publication/327355517_Photocatalytic_Degradation_of_Monoazo_Dye_in_Ethanol_using_Zinc_Oxide_in_Ultra-Violet_Radiation/links/5c7a474b92851c69504c3b30/Photocatalytic-Degradation-of-Monoazo-Dye-in-Ethanol-using-Zinc-Oxide-in-Ultra-Violet-Radiation.pdf
https://doi.org/10.1016/j.envres.2020.110104
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.+Qingmei+Meng+%2C+YZ%2C+Di+Meng+%2C+Xinpeng+Liu+%2C+Zijian+Zhang+%2C+Peiling+Gao+%2C+Aiguo+Lin+%2C+Lian+Hou%2C+Removal+of+sulfadiazine+from+aqueous+solution+by+in-situ+activated+biochar+derived+from+cotton+shell.+Environmental+Research%2C+2020.+191%3A++110104.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S001393512031001X
https://doi.org/10.1016/j.biortech.2022.128306
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.+Heshan+Zheng+%2C+YZ%2C+Shuo+Li+%2C+Xiaochi+Feng+%2C+Qinglian+Wu+%2C+Yoong+Kit+Leong%2C+Jo-Shu+Chang%2C+Antibiotic+sulfadiazine+degradation+by+persulfate+oxidation%3A+Intermediates+dependence+of+ecotoxicity+and+the+induction+of+antibiotic+resistance+genes.+Bioresource+Technology%2C+2023.+368%3A+128306.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S096085242201639X
https://doi.org/10.1039/D2RA04573G
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19%5D.+Yan+Wang%2C+TG%2C+a+++Jingyu+Xiu%2C+Ganghua+Liu%2C+Haiming+Zou%2C+Degradation+of+sulfadiazine+in+aqueous+media+by+peroxymonosulfate+activated+with+biochar-supported+ZnFe2O4+in+combination+with+visible+light+in+an+internal+loop-lift+reactor.+Yan+Wang%2C+ORCID+logo+a+++Tao+Gan%2Ca+++Jingyu+Xiu%2Ca+++Ganghua+Liua++and++Haiming+Zou%2C+2022.+2%2837%29%3A++22-29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19%5D.+Yan+Wang%2C+TG%2C+a+++Jingyu+Xiu%2C+Ganghua+Liu%2C+Haiming+Zou%2C+Degradation+of+sulfadiazine+in+aqueous+media+by+peroxymonosulfate+activated+with+biochar-supported+ZnFe2O4+in+combination+with+visible+light+in+an+internal+loop-lift+reactor.+Yan+Wang%2C+ORCID+logo+a+++Tao+Gan%2Ca+++Jingyu+Xiu%2Ca+++Ganghua+Liua++and++Haiming+Zou%2C+2022.+2%2837%29%3A++22-29.&btnG=
https://pubs.rsc.org/en/content/articlelanding/2022/ra/d2ra04573g
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Aljeboree%2C+AM%2C+NM+Hameed%2C+HD+Saleem%2C+H+Jasem%2C+ES+Abood%2C+AG+Abdulrazaq%2C+AKO+Aldulaim%2C+and+AF+Alkaim%2C+Removal+of+Pollutants+from+Aqueous+Solutions+by+using+Natural+Surfaces+%28Cotton%29+as+a+Model+for+Reusability+and+Highly+Adsorbent+Surface.+International+Journal+of+Drug+Delivery+Technology%2C+2022.+12%282%29%3A++583-587.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Aljeboree%2C+AM%2C+NM+Hameed%2C+HD+Saleem%2C+H+Jasem%2C+ES+Abood%2C+AG+Abdulrazaq%2C+AKO+Aldulaim%2C+and+AF+Alkaim%2C+Removal+of+Pollutants+from+Aqueous+Solutions+by+using+Natural+Surfaces+%28Cotton%29+as+a+Model+for+Reusability+and+Highly+Adsorbent+Surface.+International+Journal+of+Drug+Delivery+Technology%2C+2022.+12%282%29%3A++583-587.&btnG=
https://www.researchgate.net/profile/Hayder-Saleem/publication/363405307_Removal_of_Pollutants_from_Aqueous_Solutions_by_using_Natural_Surfaces_Cotton_as_a_Model_for_Reusability_and_Highly_Adsorbent_Surface/links/631afbbc0a70852150de15fe/Removal-of-Pollutants-from-Aqueous-Solutions-by-using-Natural-Surfaces-Cotton-as-a-Model-for-Reusability-and-Highly-Adsorbent-Surface.pdf
https://doi.org/10.1186/s12302-021-00505-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.+Fiaz+Ahmad%2C+DZJS%2C+Environmental+fate+of+tetracycline+antibiotics%3A+degradation+pathway+mechanisms%2C+challenges%2C+and+perspectives.+Environmental+Sciences+Europe+221.+33%3A++64.&btnG=
https://link.springer.com/article/10.1186/s12302-021-00505-y
https://doi.org/10.1088/1755-1315/1029/1/012028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D.+Hussain%2C+NA%2C+Taifi%2C+A.%2CAlkadir%2C+O.+K.+A.%2CObaid%2C+N.+H.%2CAbboud%2C+Z.+M.%2CAljeboree%2C+A.+M.%2CBayaa%2C+A.+L.+A.%2CAbed%2C+S.+A.%2CAlkaim%2C+A.+F.%2C.+Role+of+Pomegranate+peels+as+a+activated+carbon+for+removal+of+pollutants.+in+IOP+Conference+Series%3A+Earth+and+Environmental+Science.+2022.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B22%5D.+Hussain%2C+NA%2C+Taifi%2C+A.%2CAlkadir%2C+O.+K.+A.%2CObaid%2C+N.+H.%2CAbboud%2C+Z.+M.%2CAljeboree%2C+A.+M.%2CBayaa%2C+A.+L.+A.%2CAbed%2C+S.+A.%2CAlkaim%2C+A.+F.%2C.+Role+of+Pomegranate+peels+as+a+activated+carbon+for+removal+of+pollutants.+in+IOP+Conference+Series%3A+Earth+and+Environmental+Science.+2022.&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/1029/1/012028/meta
https://doi.org/10.1021/acs.iecr.3c00266
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D.+Federico+Verdini%2C+ECG%2C+Erica+Canova%2C+Maria+Chiara+Colia%2C+and+Giancarlo+Cravotto%2C+Highly+Efficient+Tetracycline+Degradation+under+Simultaneous+Hydrodynamic+Cavitation+and+Electrical+Discharge+Plasma+in+Flow.+Industrial+%26+Engineering+Chemistry+Research%2C+2023.+2%3A++22-29.&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.3c00266
https://doi.org/10.22124/cjes.2023.6943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B24%5D.+Alhattab%2C+ZD%2C+AM+Aljeboree%2C+MA+Jawad%2C+FS+Sheri%2C+AKO+Aldulaim+%2C+and+AF+Alkaim+Highly+adsorption+of+alginate%2Fbentonite+impregnated+TiO2+beads+for+wastewater+treatment%3A+Optimization%2C+kinetics%2C+and+regeneration+studies.+Caspian+Journal+of+Environmental+Sciences%2C+2023.+21%283%29%3A++657+-+664.&btnG=
https://cjes.guilan.ac.ir/article_6943.html
https://doi.org/10.1016/j.mssp.2018.06.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.+Jayaraj%2C+SK%2C+Sadishkumar%2C+V.%2C+Arun%2C+T.%2C+%26+Thangadurai%2C+P.%2C+Enhanced+photocatalytic+activity+of+V2O5+nanorods+for+the+photodegradation+of+organic+dyes%3A+a+detailed+understanding+of+the+mechanism+and+their+antibacterial+activity.+.+Materials+Science+in+Semiconductor+Processing%2C+2018.+85%3A++122-133.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1369800118305924
https://doi.org/10.1089/ees.2010.0475
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D.+Yan+Ma%2C+NG%2C+Cong+Li%2C+Degradation+and+Pathway+of+Tetracycline+Hydrochloride+in+Aqueous+Solution+by+ZnO+NPs+Environ+Eng+Sci.+%2C+2012.+29%285%29%3A++357%E2%80%93362.&btnG=
https://www.liebertpub.com/doi/abs/10.1089/ees.2010.0475

R. Ali Ahmed et al. 318
[27]. Sambaza S.S., Maity A, Pillay K. Aspirin adsorption onto activated carbon
Polyaniline-coated TiO; nanorods for derived from spent tea leaves: statistical
photocatalytic degradation of bisphenol A in optimization and regeneration study,

water, ACS omega, 2020, 5:29642 [Crossref],
[Google Scholar], [Publisher]

[28]. Ali R, Radhi .M., Ismail A.A., Abdulrazzak
F.H. Modified ZnO for efficient photo-catalysis
by silver/graphite oxide nanoparticles, Journal
of Global Pharma Technology, 2009, 11:143
[Google Scholar], [Publisher]

[29]. Jeong ], Song W., Cooper W.., Jung ],
Greaves ]. Degradation of tetracycline
antibiotics: mechanisms and kinetic studies for
advanced  oxidation/reduction  processes,
Chemosphere, 2010, 78:533 [Crossref], [Google
Scholar], [Publisher]

[30]. Wong S.L., Mohamed Noor M.H., Ngadi N.,
Mohammed Inuwa I., Mat R., Saidina Amin N.A.

International Journal of Environmental Research,
2021, 15:413 [Crossref], [Google Scholar],
[Publisher]

How to cite this manuscript: Rathab Ali
Ahmed, Ola Hamad Salah, Russul Reidh Abass,
Manal Morad Karim, Shahad Abdulhadi
Khuder, Salam Ahjel, Imad Ibrahim Dawood.
Improved Photocatalytic Degradation of
Pharmaceutical Compounds from Aqueous
Solutions Using Pd/Zno Nanocomposite as a
Model of Environmental Applications. Asian
Journal of Green Chemistry, 8(3) 2024, 308-

318.DO0I: 10.48309/A]JGC.2024.449143.1487



https://doi.org/10.1021/acsomega.0c00628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.+S.+S.+Sambaza%2C+AM%2C+and+K.+Pillay%2C+%2C+Polyaniline-coated+TiO2+nanorods+for+photocatalytic+degradation+of+bisphenol+A+in+water.+ACS+omega%2C%2C+2020.+5%2846%29%3A++29642%E2%80%9329656.&btnG=
https://pubs.acs.org/doi/full/10.1021/acsomega.0c00628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D.+Ali%2C+R%2C+IM+Radhi%2C+AA+Ismail%2C+and+FH+Abdulrazzak%2C+Modified+ZnO+for+efficient+photo-catalysis+by+Silver%2FGraphite+oxide+nanoparticles.+Journal+of+Global+Pharma+Technology%2C+2019.+11%287%29%3A++143-150.&btnG=
http://download.garuda.kemdikbud.go.id/article.php?article=3331941&val=29253&title=Modified%20ZnO%20for%20Efficient%20Photo-Catalysis%20by%20SilverGraphite%20oxide%20Nanoparticles
https://doi.org/10.1016/j.chemosphere.2009.11.024
https://scholar.google.com/scholar?q=%5B29%5D.+Joonseon+Jeong+,+WS,+William+J.+Cooper+,+Jinyoung+Jung+,+John+Greaves,+Degradation+of+tetracycline+antibiotics:+Mechanisms+and+kinetic+studies+for+advanced+oxidation/reduction+processes.+Chemosphere,+2020.+78(5):++533-540.&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=%5B29%5D.+Joonseon+Jeong+,+WS,+William+J.+Cooper+,+Jinyoung+Jung+,+John+Greaves,+Degradation+of+tetracycline+antibiotics:+Mechanisms+and+kinetic+studies+for+advanced+oxidation/reduction+processes.+Chemosphere,+2020.+78(5):++533-540.&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0045653509013812
https://doi.org/10.1007/s41742-021-00325-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+Syie%2C+LW%2C+H+Mohamed%2C+N+Norzita+%2C+Ibrahim++M.%2C+M+Ramli+%2C+and+A+Noor+Aspirin+Adsorption+onto+Activated+Carbon+Derived+from+Spent+Tea+Leaves%3A+Statistical+Optimization+and+Regeneration+Study.+International+Journal+of+Environmental+Research%2C+2021.+15%3A++413%E2%80%93426&btnG=
https://link.springer.com/article/10.1007/s41742-021-00325-1

