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In this study, the prepared, characterization, and photo-catalytic 
performance of zinc oxide/activated carbon (ZnO/AC) nanocomposites 
prepared via hydrothermal process to be applied for advanced oxidative 
process (AOPs). The ZnO/AC nanocomposites was characterized via field 
emission scanning electron microscopes (FE-SEM), transmission electron 
microscopy (TEM) and energy dispersive X-ray analysis (EDX) analyses. 
Different parameters were utilized to achieve best conditions including, 
weight of nanocomposite, and concentration of Riboflavin drug. Likewise, 
the photo-degradation appear high efficiency and activity when reused 5 
cycles and confirm results that this photo-catalyst has promising prospects 
and a high ability to remove pollution from aqueous solution. Furthermore, 
AC can be a realistic and affordable re-placement for pricey noble metals. 
Photocatalytic activities of the catalytic adsorbents are used as model 
pollutant (Riboflavin drug) under UV irradiation. ZnO/AC nanocomposites 
showed excellent photo-catalytic activity (~99% degradation of drug in 60 
min) compared with that of bare ZnO NPs and AC. In addition, a recycle or 
reused experiment demonstrated the best stability of the nanocomposite; 
the ratio photo-degradation of ZnO/AC reached last more 70% after five 
cycle successive runs and possessed strong photo-catalytic ability. The 
improve photo-catalytic activities may be related to the effects of the 
relatively high surface area. The best data between the studied photo-
catalysts appear the drug removal efficiency of ∼92% in 1 h under UV light 
irradiation. 
© 2024 by SPC (Sami Publishing Company), Asian Journal of Green 
Chemistry, Reproduction is permitted for noncommercial purposes. 
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Introduction 

Every day, the environment is exposed to 

new pollutants from human activities such as 

farming, industry, healthcare, and household 

cleaning [1]. In the past twenty years, the 

presence of these contaminants has raised 

significant concern because of their harmful 

impacts. Common examples of emerging 

contaminants include pharmaceuticals, flame 

retardants, personal care products, and 

endocrine-disrupting [2]. 

Pharmaceuticals play a vital role in 

maintaining public health and improving quality 

of life [3]. A healthy society requires access to 

advanced medications and timely availability. 

Pharmaceutical use to treat various diseases 

has dramatically increased. Regrettably, the 

improper usage of medication has been 

common [4, 5]. Pharmaceuticals have proven 

effective in preventing and treating diseases in 

both humans and animals, but their residues are 

being released into the environment [6, 7]. 

Injecting pharmaceuticals directly into the soil 

as antibacterial agents for plant protection can 

also lead to a significant increase in the release 

of pharmaceuticals into water systems via 

surface. Most of the dose that the body does not 

absorb is released into the environment 

through human waste discharges. Common 

sources of pharmaceutical discharge into the 

environment are wastewater treatment plants, 

hospital effluents, septic tanks, surface waters, 

landfills, sweat, urine, and feces [8, 9]. 

Pharmaceuticals in the environment have been 

found to deteriorate both surface and 

subsurface water quality, ultimately harming 

the health of various organisms. Studies have 

shown that chronic, long-lasting, and sub-lethal 

effects of pharmaceuticals on aquatic 

populations and other non-target creatures 

have been documented [10]. 

The removal of pharmaceutical pollutants 

from wastewater are not effectively removed 

using traditional techniques, such as 

adsorption, coagulation, ultrafiltration, ion 

exchange synthetic, chemical oxidation, 

photocatalytic degradation, and electrochemical 

methods [11]. Due to the pollutants' synthetic 

origin and the presence of complex aromatic 
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structures, to effectively remove the organic 

substrates, it is necessary to use safe products 

or methods that are less harmful to protect our 

environment heterogeneous photo catalysis, 

known as advanced oxidation processes. One of 

the methods for the degradation of harmful 

organic contaminants from air, soil and water 

[12-16]. These oxidation processes are cost-

effective technologies that generate non-

selective active species capable of oxidizing a 

wide range of non-biodegradable compounds. 

They have proven to be highly promising for 

effectively treating pollutants, whether in high 

or low [17, 18]. Riboflavin, also name known 

vitamin B2, Riboflavin is a dietary supplement in 

and also found in food, riboflavin is solid 

crystalline powder an orange-yellow and 

soluble in water. Chemical formula C17H20N4O6, 

molar mass 376.369 g·mol-1, and chemical 

stretcher as show in Scheme 1. 

Heterogeneous photocatalytic is one of the 

advanced oxidation processes used for removal 

of Pharmaceutical and organic pollutant, in this 

type, the reactant and semiconductor will be 

found in different phase. The photo catalysis is a 

process in which semiconductor absorbs light 

energy to form radicals in the solution, these 

radicals are capable of oxidizing or reducing 

destroying the target contaminants. The 

oxidizing species, either bound hydroxyl 

radicals or free holes [19-22] , are generated as 

displayed in Figure 1. 

 

Scheme 1. Chemical stretcher of Riboflavin 

 

Figure 1. General important events that take place on an irradiation semiconductor particle [23] 
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Semiconductor types, such as TiO2, ZnO, CdS, 

and ZnS, can act as sensitizers for light-induced 

redox processes because of the electronic 

structure of the metal atoms in the chemical 

combination [24-26]. This is demonstrated by 

the filled valence band (VB) and an empty of a 

conduction band (CB). For a substance to be 

regarded as a semiconductor, the valence band 

and conduction band must both be separated by 

an energy gap, or band gab. When a 

semiconducting molecule absorbs photons with 

energy equal to or greater than its band-gab, 

electrons in the valance band can be excited and 

then jump up into the conduction band and thus 

charged carrier are generated [27].  

Activated carbons (AC) as the utmost 

suitable, eco-friendly safe carbonaceous 

material for immobilization with semiconductor 

photo-catalysts. The high surface area of 

activated carbon enables powerful adsorption 

attraction for the elimination of pollutant 

during the photo catalytic method [28-31]. 

Here, prepared ZnO NPs decorated onto 

activated carbon (AC) via eco-friendly 

hydrothermal method [32, 33]. In this work, 

unique ZnO/AC nanocomposite was prepared 

utilized a facile, simple, eco-friendly, and cost-

effective hydrothermal proses. Prepared 

samples were characterized utilizing FE-SEM, 

TEM, and UV-Vis, techniques, and evaluated via 

the photo-catalytic degradation of drug under 

UV irradiation. 

Experimental  

Preparation of fruit shells as activated carbon 

(AC) 

Fruit shells were cleansed separated 

manually and wash distilled water to remove 

impurities, wiped dry in sun for three days. 

Activation method used hydrochloric acid 

(0.1N). After that, the mixture was put in 

furnace at temperature 300 °C for 2 h. The 

removal of acid by washing in distilled water 

until reached pH 7. The AC was then dried for 

24 h at 110 °C in oven, the gathered AC was 

ground and filtered through a mesh 25 nm. 

Preparation of ZnO/AC nanocomposite  

Nanocomposite was prepared via utilizing a 

hydrothermal method. 5 g of Zinc acetate; 7 g of 

oxalic acid, and 0.5 g of AC was mixed, then 

complete to 150mL with distilled water then 

mixed for 30 min. to get a required solution. The 

resultant mixtures were kept at 160 oC for 24 h 

in an autoclave. The obtained powder dark 

brown, washed with distilled water then then 

dried at 60 oC for 24 h.  

Photocatalytic activity 

Photocatalytic degradation of the solution 

drug was prepared and stirred in dark for 10 

min. (adsorption). ZnO/AC nanocomposite (0.3 

g) was then added to the solution drug in order 

to catalyze the photo catalytic activity. The 

degradation method was continued for 1hr in 

order to achieve complete removal. Samples 

were removed at regular time intervals of 10 

min in order to measure the decrease in drug 

concentration. The absorbance and drug 

concentration were checked utilizing a UV-

Visible Spectrophotometry at (λmax = 545 nm) of 

drug. The drug chosen for degradation was drug 

at 50 mg/L .and photo catalytic degradation 

efficiency (%PDE) of drug was obtained 

utilizing Equation (1) as follows: 

PDE (%)= ((Co-Ct ) ⁄ Co) × 100                            (1)   

Results and Discussion 

Characterization 

FE-SEM image was utilized to study the 

morphology of ZnO/AC nanocomposite. The AC 

is agglomerated and the particle length 10 µm 
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also the ZnO/AC nanocomposite i.e. is 10 µm. 

The morphology of surface of AC and ZnO/AC is 

shown in Figure 2a and b. AC nanoparticles 

were arranged in a flower-like pattern Figure 

2a. These pores offered a strong opportunity for 

AC to get entangled within them. Figure 2b 

demonstrate SEM representations of ZnO/AC 

nanocomposites. ZnO nanoparticles were 

evenly distributed over activated carbon/brick 

grain fragments [34]. About the fact that ZnO 

immobilization on activated carbon/BG 

partially ZnO particle aggregation was 

significantly decreased in ZnO-AC with 

increased ZnO particle distribution over ZnO-

AC/BG, according to SEM photos [35]. 

Figure 3 shows the TEM analysis of the 

surface morphology of the ZnO/AC 

nanocomposite. As depicted in Figure 3, the 

cloud became more prominent and a new 

design was formed after adorning the AC onto 

the surface of ZnO. This phenomenon is likely 

influenced by the quantity of carbon present on 

the surface of ZnO. TEM results provide insight 

into the structural composition of the ZnO/AC 

material as it is prepared.  

  

Figure 2. FE-SEM image a) AC surface, and b) ZnO/AC nanocomposite 

 

Figure 3. TEM image of ZnO/AC nanocomposite 
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The nanostructure resembling architecture 

consists of numerous individual single-crystal 

nano-plates, illustrated in Figure 2a and b. In 

addition, particles exhibit disordered 

wormhole-like pores, indicating a mesoporous 

structure [36]. Also, the TEM image of ZnO/AC 

showed a fine dispersion of black ZnO particles 

on the gray AC surface [37]. 

The EDX spectra of the ZnO/AC 

nanocomposite are presented in Figure 4. This 

analysis has verified the presence of the 

elements within the ZnO/AC nanocomposite. It 

can be seen from Figure 4 that Zn (76%), O 

(13.2%), and C (10.8%) elements have been 

detected in ZnO/AC nanocomposite. 

Effect of weight ZnO/AC nanocomposite  

The effect of several mass of ZnO/AC 

nanocomposite from 0.1-0.4 g on the photo 

catalytic degradation of Riboflavin drug was 

study at concentration drug 50 mg/L, light 

intensity (2.1 mW/cm2), flow rate of O2 (5 

mL.min-1) and pH 6. The experimental result as 

shown in Figure 5. From data indicates that 

efficiency of photocatalytic degradation 

increases via increasing the quantity of ZnO/AC 

nanocomposite up to 0.3 g. Furthermore 0.3 g, 

the efficiency photo degradation was low 

increased or decreased slightly with increase 

weight of ZnO/AC nanocomposite. In the region 

less than 0.3 g, when the weight of  ZnO/AC 

nanocomposite was increased, the efficiency  of 

photo-degradation was increased because 

increase  number of active sites [38, 39]. 

Effect concentration of riboflavin drug  

The effect concentration of Riboflavin drug 

has been studied at mass of catalyst 0.3, light 

intensity (2.1 mW/cm2), solution pH, flow rate 

of O2 (5 mL.min-1) and concentrations of 

Riboflavin drug (20-90 mg/L). The 

experimental result as shown in Figure 6. Based 

on the result, when the concentration increase, 

the efficiency of photocatalytic  degradation 

decreased, this happens via  either reduced of 

the holes or  (•OH) because the active sites will 

complete coverage via  molecules of drug, or an 

raising in the concentration caused to rise 

adsorption of molecules drug on the surface 

ZnO/AC nanocomposite, which lead to reduce in 

the OH radical generation, because very little of 

active site obtainable as free on the catalyst 

surface [40,41]. 

 

Figure 4. EDX analysis of ZnO/AC nanocomposite 
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Figure 5. Photo-catalytic degradation onto drug at different weight of ZnO/AC nanocomposite 

 

Figure 6. Photo-catalytic degradation at different concentration of Riboflavin drug 

Regeneration /recycling of ZnO/AC 

nanocomposite  

To reduce the economic cost via utilizing an 

ecofriendly surface that is easily syntheses from 

available, low-cost materials, so it can be utilize 

more than once to get rid of contaminants 

because of the surface’s high efficiency and 

active sites that can be reactivated. The reused 

ZnO/AC nanocomposite is one of the significant 

steps in assessing the practical applied of photo 

catalysts and in developing heterogeneous 

photo activity method for waste water 

treatment. According to Figure 7, an 

examination of the photocatalytic activity of the 

regeneration of ZnO/AC nanocomposite was 

carried out onto drug. The photo catalytic 

degradation efficiency was 90.9, 88.8, 86.5, 

77.55, 82.43, and 70.15% for 5 cycle compared 

to standard solution (fresh) was 90.9%. The 

data of photo catalysts is effective, and thus the 

photo catalyst is basically stable and is 

therefore promising for environmental 

remediation [42, 43]. 
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Figure 7. Regeneration /Recycling of ZnO/AC nanocomposite 

 

Figure 8. Comparison photo degradation among ZnO/AC nanocomposite, ZnO NPs and AC 

Comparison photo degradation among ZnO/AC 

nanocomposite, ZnO NPs and AC  

A comparison among nanocomposite 

surface, ZnO NPs and AC, according to the 

results, there is a clear difference in the results 

of photo catalysis between nanocomposite 

photo degradation efficiency PDE% 90.77% and 

ZnO/AC nanocomposite and photo degradation 

efficiency PDE% of ZnO NPs 70.8% to 

degradation of drug. But when use AC that 

appear very low removal of drug, the photo 

degradation efficiency PDE% 12.3%. It was 

clear from the results that with a photo catalyst 

(ZnO/AC nanocomposite or ZnO NPs) there was 

a very clear increase in the photocatalytic 

process, so that a clear effect compared to the 

absence of a catalyst, as show in Figure 8 [44] . 

Conclusion  

The application of agri-wastes as activated 

carbon (AC)was found a best candidate as 

compared to metals in obtaining a higher 

removal of pollutant. The preparation of ZnO 

/AC nanocomposite heterogeneous photo-

catalysts by hydrothermal method. The 

heterogeneous photocatalyst ZnO/AC was 

found to be higher effective as compared to ZnO 
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NPs. Their used to removal drug was tested by 

ZnO/AC nanocomposite was the best 

photocatalytic depredation under solar 

irradiation 90.77%, as compared to ZnO NPs 

70.8%. The structural photo-catalytic 

degradation of ZnO/AC nanocomposite with 

optimum initial drug concentrations, mass of 

nanocomposite was studies. The nanocomposite 

sample with best optimum concentration 

appear higher photo-catalytic degradation and 

drug degradation (90% in 60 min) compared 

with samples ZnO NPs and AC, thus, 

nanocomposite can be utilized repeatedly with 

most no any change in photo-catalytic 

degradation after five cycles. Such ZnO/AC with 

enhancement properties shows great potential 

to be used as an effective photo catalyst 

adsorbent and used in remove pollutants from 

aqueous solutions. 

Disclosure Statement 

No potential conflict of interest was reported by 

the authors. 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, 

commercial, or not-for-profit sectors. 

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  
Haider Falih Shamikh Al-Saedi 
https://orcid.org/0000-0003-0862-9543  
 

Manal Morad Karim 
https://orcid.org/0000-0003-0061-0389  
Shahad Abdulhadi Khuder 
https://orcid.org/0009-0004-3760-4489  
Anaheed Hussein Kareem 
https://orcid.org/0009-0008-8881-6122  
Fathi Jihad Hammady  
https://orcid.org/0000-0002-5688-447X  

References 

[1]. Dimpe K.M., Nomngongo, P.N. Current 

sample preparation methodologies for analysis 

of emerging pollutants in different 

environmental matrices, TrAC Trends in 

Analytical Chemistry, 2016, 82:199 [Crossref], 

[Google Scholar], [Publisher] 

[2]. Taheran M., Naghdi, M., Brar, S.K., Verma, 

M., Surampalli, R.Y. Emerging contaminants: 

here today, there tomorrow!, Environmental 

nanotechnology, monitoring & management, 

2018, 10:122 [Crossref], [Google Scholar], 

[Publisher] 

[3]. Caracciolo A.B., Topp, E., Grenni, P. 

Pharmaceuticals in the environment: 

biodegradation and effects on natural microbial 

communities. A review, Journal of 

pharmaceutical and biomedical analysis, 2015, 

106:25 [Crossref], [Google Scholar], [Publisher] 

[4]. Thomas F., Organization, 

W.H.,Pharmaceutical waste in the environment: 

a cultural perspective, Public health panorama, 

2017, 3:127 [Google Scholar], [Publisher] 

[5]. Holloway K.A. Combating inappropriate use 

of medicines, Expert review of clinical 

pharmacology, 2011, 4:335 [Crossref], [Google 

Scholar], [Publisher] 

[6]. Al-Farsi R.S., Ahmed, M., Al-Busaidi, A., 

Choudri, B.S. Translocation of pharmaceuticals 

and personal care products (PPCPs) into plant 

tissues: A review, Emerging Contaminants, 

2017, 3:132 [Crossref], [Google Scholar], 

[Publisher] 

[7]. Baccar R., Sarrà, M., Bouzid, J., Feki, M., 

Blánquez, P. Removal of pharmaceutical 

https://orcid.org/0009-0002-7479-3333
https://orcid.org/0000-0002-3194-1749
https://orcid.org/0000-0003-0862-9543
https://orcid.org/0000-0003-0061-0389
https://orcid.org/0009-0004-3760-4489
https://orcid.org/0009-0008-8881-6122
https://orcid.org/0000-0002-5688-447X
https://doi.org/10.1016/j.trac.2016.05.023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D.+Dimpe%2C+K.M.%2C+Nomngongo%2C+P.N.%2C+2016.+Current+sample+preparation+methodologies+for+analysis+of+emerging+pollutants+in+different+environmental+matrices.+TrAC+-+Trends+Analytical+Chem.+82%2C+199%E2%80%93207.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0165993616300474
https://doi.org/10.1016/j.enmm.2018.05.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D.+Taheran%2C+M.%2C+Naghdi%2C+M.%2C+Brar%2C+S.K.%2C+Verma%2C+M.%2C+Surampalli%2C+R.Y.%2C+2018.+Emerging+contaminants%3A+here+today%2C+there+tomorrow%21.+Environ.+Nanotechnol.+Monit.+Manage.+10%2C+122%E2%80%93126.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2215153218300540
https://doi.org/10.1016/j.jpba.2014.11.040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B3%5D.+Barra+Caracciolo%2C+A.%2C+Topp%2C+E.%2C+Grenni%2C+P.%2C+2015.+Pharmaceuticals+in+the+environment%3A+Biodegradation+and+effects+on+natural+microbial+communities.+A+review.+J.+Pharm.+Biomed.+Anal.+106%2C+25%E2%80%9336.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0731708514005767
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+Thomas%2C+F.%2C+2017.+Pharmaceutical+waste+in+the+environment%3A+a+cultural+perspective.+Public+Health+Panorama+03+%2801%29%2C+127%E2%80%93132.&btnG=
https://ore.exeter.ac.uk/repository/handle/10871/26879
https://doi.org/10.1586/ecp.11.14
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D.+Holloway%2C+K.A.%2C+2011.+Combating+inappropriate+use+of+medicines.+Expert.+Rev.+Clin.+Pharmacol.+4+%283%29%2C+335%E2%80%93348.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D.+Holloway%2C+K.A.%2C+2011.+Combating+inappropriate+use+of+medicines.+Expert.+Rev.+Clin.+Pharmacol.+4+%283%29%2C+335%E2%80%93348.&btnG=
https://www.tandfonline.com/doi/abs/10.1586/ecp.11.14
https://doi.org/10.1016/j.emcon.2018.02.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D.+Al-Farsi%2C+R.S.%2C+Ahmed%2C+M.%2C+Al-Busaidi%2C+A.%2C+Choudri%2C+B.S.%2C+2017.+Translocation+of+pharmaceuticals+and+personal+care+products+%28PPCPs%29+into+plant+tissues%3A+a+review.+Emerging+Contaminants+3+%284%29%2C+132%E2%80%93137.&btnG=
https://www.sciencedirect.com/science/article/pii/S2405665017300306


A Green Surface Prepared with Highly …                                                                                                           305 

 

 

compounds by activated carbon prepared from 

agricultural by-product, Chemical Engineering 

Journal, 2012, 211:310 [Crossref], [Google 

Scholar], [Publisher] 

[8]. Ramos-Payán M., Ocaña-González, J.A., 

Fernández-Torres, R., Bello-López, M.Á. A 

method for the determination of veterinary 

drugs from different therapeutic classes in 

animal urine, Journal of Chromatographic 

Science, 2020, 58:127 [Crossref], [Google 

Scholar], [Publisher] 

[9]. Wang J., Wang, S. Removal of 

pharmaceuticals and personal care products 

(PPCPs) from wastewater: a review, Journal of 

environmental management, 2016, 182:620 

[Crossref], [Google Scholar], [Publisher] 

[10]. Caracciolo A.B., Topp, E., Grenni, P. 

Pharmaceuticals in the environment: 

biodegradation and effects on natural microbial 

communities. A review, Journal of 

pharmaceutical and biomedical analysis, 2015, 

106:25 [Crossref], [Google Scholar], [Publisher] 

[11]. Tassew Alemayehu  A.S., Determination of 

Chloramphenicol in Pharmaceutical Samples at 

Electrochemically Pretreated Glassy Carbon 

Electrode, American Scientific Research Journal 

for Engineering, Technology, and Sciences 

(ASRJETS), 2013, 6:1 [Google Scholar], 

[Publisher] 

[12]. Ashley A., Thrope, B., Choudhury, 

M.R.,Pinto, A.H., Emerging investigator series: 

photocatalytic membrane reactors: 

fundamentals and advances in preparation and 

application in wastewater treatment, 

Environmental Science: Water Research & 

Technology, 2022, 8:22 [Crossref], [Google 

Scholar], [Publisher] 

[13]. Alhattab Z.D., Aljeboree, A.M., Jawad, M.A., 

Sheri, F.S., Aldulaim, A.K.O.,Alkaim, A.F., Highly 

adsorption of alginate/bentonite impregnated 

TiO2 beads for wastewater treatment: 

Optimization, kinetics, and regeneration 

studies, Caspian Journal of Environmental 

Sciences, 2023, 21:657 [Crossref], [Google 

Scholar], [Publisher] 

[14]. N. Bukit E.M.G., E. Frida, and B. F. Bukit. 

Physical analysis of TiO2 and bentonite 

nanocomposite as adsorbent materials, Rev. 

Adv. Mater. Sci.,, 2021, 60: 912 [Crossref], 

[Google Scholar], [Publisher] 

[15]. Irani M., Photocatalytic Degradation of 

Methylene Blue with ZnO Nanoparticles; a Joint 

Experimental and Theoretical Study, Journal of 

the Mexican Chemical Society, 2026, 3:1870 

[Crossref], [Google Scholar], [Publisher] 

[16]. Mirzaeifard Z., Shariatinia, Z., Jourshabani, 

M.,Rezaei Darvishi, S.M., ZnO photocatalyst 

revisited: effective photocatalytic degradation 

of emerging contaminants using S-doped ZnO 

nanoparticles under visible light radiation, 

Industrial & engineering chemistry research, 

2020, 59:15894 [Crossref], [Google Scholar], 

[Publisher] 

[17]. Aljeboree A.M., Essa, S.M., Kadam, Z.M., 

Dawood, F.A., Falah, D.,Alkaim, A.F., 

Environmentally Friendly Activated Carbon 

Derived from Palm Leaf for the Removal of 

Toxic Reactive Green Dye, International Journal 

of Pharmaceutical Quality Assurance, 2023, 

14:12 [Crossref], [Google Scholar], [Publisher] 

[18]. Mishra A., Mehta, S., Kainth, S.,Basu, S., A 

comparative study on the effect of different 

precursors for synthesis and efficient 

photocatalytic activity of gC 3 N 4/TiO 

2/bentonite nanocomposites, J. Mater. Sci, 2018, 

53:13126 [Crossref], [Google Scholar], 

[Publisher] 

[19]. Jaafar N., Jalil, A., Triwahyono, S., Efendi, J., 

Mukti, R., Jusoh, R., Jusoh, N., Karim, A., Salleh, 

N.,Suendo, V., Direct in situ activation of Ag0 

nanoparticles in synthesis of Ag/TiO2 and its 

photoactivity, Applied Surface Science, 2015, 

338:75 [Crossref], [Google Scholar], [Publisher] 

[20]. Mishra A., Mehta, A.,Basu, S., Clay 

supported TiO2 nanoparticles for photocatalytic 

degradation of environmental pollutants: A 

https://doi.org/10.1016/j.cej.2012.09.099
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D.+Baccar%2C+R.%2C+Sarra%60%2C+M.%2C+Bouzid%2C+J.%2C+Feki%2C+M.%2C+Bla%C2%B4+nquez%2C+P.%2C+2012.+Removal+of+pharmaceutical+compounds+by+activated+carbon+prepared+from+agricultural+by-product.+Chem.+Eng.+J.+211%E2%80%93212%2C+310%E2%80%93317.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B7%5D.+Baccar%2C+R.%2C+Sarra%60%2C+M.%2C+Bouzid%2C+J.%2C+Feki%2C+M.%2C+Bla%C2%B4+nquez%2C+P.%2C+2012.+Removal+of+pharmaceutical+compounds+by+activated+carbon+prepared+from+agricultural+by-product.+Chem.+Eng.+J.+211%E2%80%93212%2C+310%E2%80%93317.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1385894712012909
https://academic.oup.com/chromsci/article/58/2/127/5627732
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D.+Ramos-Paya%C2%B4+n%2C+M.%2C+Ocana%CB%9C-Gonza%C2%B4+lez%2C+J.A.%2C+Ferna%C2%B4+ndez-Torres%2C+R.%2C+Bello-Lo%C2%B4+pez%2C+M.A%C2%B4+.%2C+2020.+A+Method+for+the+Determination+of+Veterinary+Drugs+from+Different+Therapeutic+Classes+in+Animal+Urine.+J.+Chromatogr.+Sci.+58+%282%29%2C+127%E2%80%93135.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B8%5D.+Ramos-Paya%C2%B4+n%2C+M.%2C+Ocana%CB%9C-Gonza%C2%B4+lez%2C+J.A.%2C+Ferna%C2%B4+ndez-Torres%2C+R.%2C+Bello-Lo%C2%B4+pez%2C+M.A%C2%B4+.%2C+2020.+A+Method+for+the+Determination+of+Veterinary+Drugs+from+Different+Therapeutic+Classes+in+Animal+Urine.+J.+Chromatogr.+Sci.+58+%282%29%2C+127%E2%80%93135.&btnG=
https://academic.oup.com/chromsci/article/58/2/127/5627732
https://doi.org/10.1016/j.jenvman.2016.07.049
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B9%5D.+Wang%2C+J.%2C+Wang%2C+S.%2C+2016.+Removal+of+pharmaceuticals+and+personal+care+products+%28PPCPs%29+from+wastewater%3A+A+review.+J.+Environ.+Manage.+182%2C+620%E2%80%93640.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301479716304868
https://doi.org/10.1016/j.jpba.2014.11.040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B10%5D.+Barra+Caracciolo%2C+A.%2C+Topp%2C+E.%2C+Grenni%2C+P.%2C+2015.+Pharmaceuticals+in+the+environment%3A+Biodegradation+and+effects+on+natural+microbial+communities.+A+review.+J.+Pharm.+Biomed.+Anal.+106%2C+25%E2%80%9336.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0731708514005767
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B11%5D.+Tassew+Alemayehu++A.S.%2C+Determination+of+Chloramphenicol+in+Pharmaceutical+Samples+at+Electrochemically+Pretreated+Glassy+Carbon+Electrode%2C+American+Scientific+Research+Journal+for+Engineering%2C+Technology%2C+and+Sciences+%28ASRJETS%29%2C+2013%2C+6%3A1+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://asrjetsjournal.org/index.php/American_Scientific_Journal/article/view/489
https://doi.org/10.1039/D1EW00513H
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+Ashley+A.%2C+Thrope%2C+B.%2C+Choudhury%2C+M.R.%2CPinto%2C+A.H.%2C+Emerging+investigator+series%3A+photocatalytic+membrane+reactors%3A+fundamentals+and+advances+in+preparation+and+application+in+wastewater+treatment%2C+Environmental+Science%3A+Water+Research+%26+Technology%2C+2022%2C+8%3A22+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B12%5D.+Ashley+A.%2C+Thrope%2C+B.%2C+Choudhury%2C+M.R.%2CPinto%2C+A.H.%2C+Emerging+investigator+series%3A+photocatalytic+membrane+reactors%3A+fundamentals+and+advances+in+preparation+and+application+in+wastewater+treatment%2C+Environmental+Science%3A+Water+Research+%26+Technology%2C+2022%2C+8%3A22+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://pubs.rsc.org/en/content/articlelanding/2022/ew/d1ew00513h
https://doi.org/10.22124/cjes.2023.6943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Alhattab+Z.D.%2C+Aljeboree%2C+A.M.%2C+Jawad%2C+M.A.%2C+Sheri%2C+F.S.%2C+Aldulaim%2C+A.K.O.%2CAlkaim%2C+A.F.%2C+Highly+adsorption+of+alginate%2Fbentonite+impregnated+TiO2+beads+for+wastewater+treatment%3A+Optimization%2C+kinetics%2C+and+regeneration+studies%2C+Caspian+Journal+of+Environmental+Sciences%2C+2023%2C+21%3A657+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B13%5D.+Alhattab+Z.D.%2C+Aljeboree%2C+A.M.%2C+Jawad%2C+M.A.%2C+Sheri%2C+F.S.%2C+Aldulaim%2C+A.K.O.%2CAlkaim%2C+A.F.%2C+Highly+adsorption+of+alginate%2Fbentonite+impregnated+TiO2+beads+for+wastewater+treatment%3A+Optimization%2C+kinetics%2C+and+regeneration+studies%2C+Caspian+Journal+of+Environmental+Sciences%2C+2023%2C+21%3A657+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://cjes.guilan.ac.ir/article_6943.html
https://doi.org/10.1515/rams-2021-0076
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B14%5D.+N.+Bukit+E.M.G.%2C+E.+Frida%2C+and+B.+F.+Bukit.+Physical+analysis+of+TiO2+and+bentonite+nanocomposite+as+adsorbent+materials%2C+Rev.+Adv.+Mater.+Sci.%2C%2C+2021%2C+60%3A+912+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.degruyter.com/document/doi/10.1515/rams-2021-0076/html
https://doi.org/10.29356/jmcs.v60i4.115
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B15%5D.+Irani+M.%2C+Photocatalytic+Degradation+of+Methylene+Blue+with+ZnO+Nanoparticles%3B+a+Joint+Experimental+and+Theoretical+Study%2C+Journal+of+the+Mexican+Chemical+Society%2C+2026%2C+3%3A1870+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.jmcs.org.mx/index.php/jmcs/article/view/115
https://doi.org/10.1021/acs.iecr.0c03192
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D.+Mirzaeifard+Z.%2C+Shariatinia%2C+Z.%2C+Jourshabani%2C+M.%2CRezaei+Darvishi%2C+S.M.%2C+ZnO+photocatalyst+revisited%3A+effective+photocatalytic+degradation+of+emerging+contaminants+using+S-doped+ZnO+nanoparticles+under+visible+light+radiation%2C+Industrial+%26+engineering+chemistry+research%2C+2020%2C+59%3A15894+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.0c03192
https://doi.org/10.25258/ijpqa.14.1.03
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B17%5D.+Aljeboree+A.M.%2C+Essa%2C+S.M.%2C+Kadam%2C+Z.M.%2C+Dawood%2C+F.A.%2C+Falah%2C+D.%2CAlkaim%2C+A.F.%2C+Environmentally+Friendly+Activated+Carbon+Derived+from+Palm+Leaf+for+the+Removal+of+Toxic+Reactive+Green+Dye%2C+International+Journal+of+Pharmaceutical+Quality+Assurance%2C+2023%2C+14%3A12+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.semanticscholar.org/paper/Environmentally-Friendly-Activated-Carbon-Derived-Aljeboree-Essa/c38cb3757a5db7340824fb928a9ec5b1d3781d7b
https://doi.org/10.1007/s10853-018-2565-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B18%5D.+Mishra+A.%2C+Mehta%2C+S.%2C+Kainth%2C+S.%2CBasu%2C+S.%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%2C+J.+Mater.+Sci%2C+2018%2C+53%3A13126+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://link.springer.com/article/10.1007/s10853-018-2565-0
https://doi.org/10.1016/j.apsusc.2015.02.106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D.+Jaafar+N.%2C+Jalil%2C+A.%2C+Triwahyono%2C+S.%2C+Efendi%2C+J.%2C+Mukti%2C+R.%2C+Jusoh%2C+R.%2C+Jusoh%2C+N.%2C+Karim%2C+A.%2C+Salleh%2C+N.%2CSuendo%2C+V.%2C+Direct+in+situ+activation+of+Ag0+nanoparticles+in+synthesis+of+Ag%2FTiO2+and+its+photoactivity%2C+Applied+Surface+Science%2C+2015%2C+338%3A75+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169433215004213


R. Ali Ahmed et al.                                                                                                                             306 

 

review, Journal of Environmental Chemical 

Engineering, 2018, 6:6088 [Crossref], [Google 

Scholar], [Publisher] 

[21]. Aljeboree A.M., Hameed, N.M., Saleem, H.D., 

Jasem, H., Abood, E.S., Abdulrazaq, A.G., 

Aldulaim, A.K.O., 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] 

[22]. Dhal J.P., Mishra, B.G., Hota, G. 

Hydrothermal synthesis and enhanced 

photocatalytic activity of ternary Fe 2 O 3/ZnFe 

2 O 4/ZnO nanocomposite through cascade 

electron transfer, RSC advances, 2015, 5:58072 

[Crossref], [Google Scholar], [Publisher] 

[23]. Gowland D.C., Robertson, N., 

Chatzisymeon, E. Photocatalytic oxidation of 

natural organic matter in water, Water, 2021, 

13:288 [Crossref], [Google Scholar], [Publisher] 

[24]. 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] 

[25]. 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] 

[26]. Abdulrazzak F.H. Enhance photocatalytic 

activity of TiO2 by carbon nanotubes, 

International Journal of ChemTech Research, 

2016, 9:431 [Google Scholar], [PDF] 

[27]. Jayaraj S.K., Sadishkumar, V., Arun, T., 

Thangadurai, P. Enhanced photocatalytic 

activity of V2O5 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], [Google Scholar], [Publisher] 

[28]. Aljeboree A.M., Alhattab, Z.D., Altimari, 

U.S., Aldulaim, A.K.O., Mahdi, A.K., Alkaim, A.F. 

Enhanced removal of amoxicillin and 

chlorophenol as a model of wastewater 

pollutants using hydrogel nanocomposite: 

Optimization, thermodynamic, and isotherm 

studies, Caspian Journal of Environmental 

Sciences, 2023, 21:411 [Crossref], [Google 

Scholar], [Publisher] 

[29]. Belaid O., Bebba, A.A., Sekirifa, M.L., 

Baameur, L., Al-Dujaili, A.H. Preparation and 

characterization of chemically activated carbons 

from different varieties of date stones, 

Desalination and Water Treatment, 2017, 

65:267 [Crossref], [Google Scholar], [Publisher] 

[30]. Mohamed A.J., Ibtesam, A., Firas, H.A.  

Compare studies for the photocatalytic 

degradation of thymol blue with synthesized and 

commercial MWCNTs, AIP Conference 

Proceedings, 2013, 020315 [Crossref], [Google 

Scholar], [Publisher] 

[31]. Hamadneh I., Abu-Zurayk, R.A., Al-Dujaili, 

A.H. Removal of phenolic compounds from 

aqueous solution using MgCl2-impregnated 

activated carbons derived from olive husk: The 

effect of chemical structures, Water Science and 

Technology, 2020, 81:2351 [Crossref], [Google 

Scholar], [Publisher] 

[32]. Mohamed R.,Barakat, M., Enhancement of 

photocatalytic activity of ZnO/SiO 2 by 

nanosized Pt for photocatalytic degradation of 

phenol in wastewater, International Journal of 

Photoenergy, 2012, 2012 [Crossref], [Google 

Scholar], [Publisher] 

[33]. Chkirida S., Zari, N., Achour, R., Hassoune, 

H., Lachehab, A., Bouhfid, R. Highly synergic 

adsorption/photocatalytic efficiency of 

Alginate/Bentonite impregnated TiO2 beads for 

wastewater treatment, Journal of 

Photochemistry and Photobiology A: Chemistry, 

https://doi.org/10.1016/j.jece.2018.09.029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Mishra+A.%2C+Mehta%2C+A.%2CBasu%2C+S.%2C+Clay+supported+TiO2+nanoparticles+for+photocatalytic+degradation+of+environmental+pollutants%3A+A+review%2C+Journal+of+Environmental+Chemical+Engineering%2C+2018%2C+6%3A6088+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B20%5D.+Mishra+A.%2C+Mehta%2C+A.%2CBasu%2C+S.%2C+Clay+supported+TiO2+nanoparticles+for+photocatalytic+degradation+of+environmental+pollutants%3A+A+review%2C+Journal+of+Environmental+Chemical+Engineering%2C+2018%2C+6%3A6088+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2213343718305621
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D.+Aljeboree+A.M.%2C+Hameed%2C+N.M.%2C+Saleem%2C+H.D.%2C+Jasem%2C+H.%2C+Abood%2C+E.S.%2C+Abdulrazaq%2C+A.G.%2C+Aldulaim%2C+A.K.O.%2CAlkaim%2C+A.F.%2C+Removal+of+Pollutants+from+Aqueous+Solutions+by+using+Natural+Surfaces+%28Cotton%29+as+a+Model+for+Reusability+and+Highly+Adsorbent+Surface%2C+International+Journal+of+Drug+Delivery+Technology%2C+2022%2C+12%3A583+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&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/10.1039/C5RA05894E
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hydrothermal+synthesis+and+enhanced+photocatalytic+activity+of+ternary+Fe+2+O+3%2FZnFe+2+O+4%2FZnO+nanocomposite+through+cascade+electron+transfer%2C&btnG=
https://pubs.rsc.org/en/content/articlelanding/2015/ra/c5ra05894e/unauth
https://doi.org/10.3390/w13030288
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B23%5D.+Gowland+D.C.%2C+Robertson%2C+N.%2CChatzisymeon%2C+E.%2C+Photocatalytic+oxidation+of+natural+organic+matter+in+water%2C+Water%2C+2021%2C+13%3A288+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.mdpi.com/2073-4441/13/3/288
https://doi.org/10.1007/s13201-015-0367-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Applied+Water+Science.+Parameters+affecting+the+photocatalytic+degradation+of+dyes+using+TiO+2%3A+a+review%2C+&btnG=
https://link.springer.com/article/10.1007/S13201-015-0367-Y
http://dx.doi.org/10.1016/j.heliyon.2017.e00488
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D.+Laysandra+L.%2C+Adsorption+and+photocatalytic+performance+of+bentonite-titanium+dioxide+composites+for+methylene+blue+and+rhodamine+B+decoloration%2C+Heliyon%2C+2017%2C+3%3A%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&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://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D.+Abdulrazzak+F.H.%2C+Enhance+photocatalytic+activity+of+TiO2+by+carbon+nanotubes%2C+International+Journal+of+ChemTech+Research%2C+2016%2C+9%3A431+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&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/10.1016/j.mssp.2018.06.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B27%5D.+Jayaraj+S.K.%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.+%2C+Materials+Science+in+Semiconductor+Processing%2C+2018%2C+85%3A122+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1369800118305924
https://doi.org/10.22124/cjes.2023.6535
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D.+Aljeboree+A.M.%2C+Alhattab%2C+Z.D.%2C+Altimari%2C+U.S.%2C+Aldulaim%2C+A.K.O.%2C+Mahdi%2C+A.K.%2CAlkaim%2C+A.F.%2C+Enhanced+removal+of+amoxicillin+and+chlorophenol+as+a+model+of+wastewater+pollutants+using+hydrogel+nanocomposite%3A+Optimization%2C+thermodynamic%2C+and+isotherm+studies%2C+Caspian+Journal+of+Environmental+Sciences%2C+2023%2C+21%3A411+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B28%5D.+Aljeboree+A.M.%2C+Alhattab%2C+Z.D.%2C+Altimari%2C+U.S.%2C+Aldulaim%2C+A.K.O.%2C+Mahdi%2C+A.K.%2CAlkaim%2C+A.F.%2C+Enhanced+removal+of+amoxicillin+and+chlorophenol+as+a+model+of+wastewater+pollutants+using+hydrogel+nanocomposite%3A+Optimization%2C+thermodynamic%2C+and+isotherm+studies%2C+Caspian+Journal+of+Environmental+Sciences%2C+2023%2C+21%3A411+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://cjes.guilan.ac.ir/article_6535.html
https://doi.org/10.5004/dwt.2017.20285
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B29%5D.+Belaid+O.%2C+Bebba%2C+A.A.%2C+Sekirifa%2C+M.L.%2C+Baameur%2C+L.%2CAl-Dujaili%2C+A.H.%2C+Preparation+and+characterization+of+chemically+activated+carbons+from+different+varieties+of+date+stones%2C+Desalination+and+Water+Treatment%2C+2017%2C+65%3A267+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.cabidigitallibrary.org/doi/full/10.5555/20173262319
https://doi.org/10.1063/5.0000032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+Mohamed+A.J.%2C+Ibtesam%2C+A.%2CFiras%2C+H.A.+in+AIP+Conference+Proceedings.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B30%5D.+Mohamed+A.J.%2C+Ibtesam%2C+A.%2CFiras%2C+H.A.+in+AIP+Conference+Proceedings.&btnG=
https://pubs.aip.org/aip/acp/article-abstract/2213/1/020315/963485/Compare-studies-for-the-photocatalytic-degradation
https://doi.org/10.2166/wst.2020.297
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D.+Hamadneh+I.%2C+Abu-Zurayk%2C+R.A.%2CAl-Dujaili%2C+A.H.%2C+Removal+of+phenolic+compounds+from+aqueous+solution+using+MgCl2-impregnated+activated+carbons+derived+from+olive+husk%3A+The+effect+of+chemical+structures%2C+Water+Science+and+Technology%2C+2020%2C+81%3A2351+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B31%5D.+Hamadneh+I.%2C+Abu-Zurayk%2C+R.A.%2CAl-Dujaili%2C+A.H.%2C+Removal+of+phenolic+compounds+from+aqueous+solution+using+MgCl2-impregnated+activated+carbons+derived+from+olive+husk%3A+The+effect+of+chemical+structures%2C+Water+Science+and+Technology%2C+2020%2C+81%3A2351+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://iwaponline.com/wst/article/81/11/2351/74834/Removal-of-phenolic-compounds-from-aqueous
https://doi.org/10.1155/2012/103672
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D.+R.+M.+Mohamed+M.A.B.%2C+Enhancement+of+Photocatalytic+Activity+of+ZnO%2FSiO2+by+Nanosized+Pt+for+Photocatalytic+Degradation+of+Phenol+in+Wastewater%2C+Advanced+Oxidation+Processes+for+Wastewater+Treatment%2C+2012%2C+3%3A33+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B32%5D.+R.+M.+Mohamed+M.A.B.%2C+Enhancement+of+Photocatalytic+Activity+of+ZnO%2FSiO2+by+Nanosized+Pt+for+Photocatalytic+Degradation+of+Phenol+in+Wastewater%2C+Advanced+Oxidation+Processes+for+Wastewater+Treatment%2C+2012%2C+3%3A33+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.hindawi.com/journals/ijp/2012/103672/


A Green Surface Prepared with Highly …                                                                                                           307 

 

 

2021, 412:113215 [Crossref], [Google Scholar], 

[Publisher] 

[34]. Luo S., Liu, C., Zhou, S., Li, W., Ma, C., Liu, S., 

Yin, W., Heeres, H.J., Zheng, W., Seshan, K. ZnO 

nanorod arrays assembled on activated carbon 

fibers for photocatalytic degradation: 

Characteristics and synergistic effects, 

Chemosphere, 2020, 261:127731 [Crossref], 

[Google Scholar], [Publisher] 

[35]. Yasin A.S., hyun Kim, D., Lee, K. One-pot 

synthesis of activated carbon decorated with 

ZnO nanoparticles for capacitive deionization 

application, Journal of Alloys and Compounds, 

2021, 870:159422 [Crossref], [Google Scholar], 

[Publisher] 

[36]. Saravanan R., Gupta, V., Prakash, T., 

Narayanan, V., Stephen, A. Synthesis, 

characterization and photocatalytic activity of 

novel Hg doped ZnO nanorods prepared by 

thermal decomposition method, Journal of 

Molecular Liquids, 2013, 178:88 [Crossref], 

[Google Scholar], [Publisher] 

[37]. Sambaza S.S., Maity, A., Pillay, K. 

Polyaniline-coated TiO2 nanorods for 

photocatalytic degradation of bisphenol A in 

water, ACS omega, 2020, 5:29642 [Crossref], 

[Google Scholar], [Publisher] 

[38]. Thakur S., Arotiba, O. Synthesis, 

characterization and adsorption studies of an 

acrylic acid-grafted sodium alginate-based TiO2 

hydrogel nanocomposite, Adsorption Science & 

Technology, 2018, 36:458 [Crossref], [Google 

Scholar], [Publisher] 

[39]. Abbasi H., Salimi, F., Golmohammadi, F. 

Removal of cadmium from aqueous solution by 

nano composites of bentonite/TiO2 and 

bentonite/ZnO using photocatalysis adsorption 

process, Silicon, 2020, 12:2721 [Crossref], 

[Google Scholar], [Publisher] 

[40]. Kamari Y., Ghiaci, P., Ghiaci, M. Study on 

montmorillonite/insulin/TiO2 hybrid 

nanocomposite as a new oral drug-delivery 

system, Materials Science and Engineering: C, 

2017, 75:822 [Crossref], [Google Scholar], 

[Publisher] 

[41]. Wong S.L., Mohamed Noor, M.H., Ngadi, N., 

Mohammed Inuwa, I., Mat, R., Saidina Amin, N.A. 

Aspirin adsorption onto activated carbon 

derived from spent tea leaves: statistical 

optimization and regeneration study, 

International Journal of Environmental Research, 

2021, 15:413 [Crossref], [Google Scholar], 

[Publisher] 

[42]. Allah M.A.A.H., Alshamsi, H.A. Green 

synthesis of AC/ZnO nanocomposites for 

adsorptive removal of organic dyes from 

aqueous solution, Inorganic Chemistry 

Communications, 2023, 157:111415 [Crossref], 

[Google Scholar], [Publisher] 

[43]. Ma Y., Gao, N., Li, C. Degradation and 

pathway of tetracycline hydrochloride in 

aqueous solution by potassium ferrate, 

Environmental Engineering Science, 2012, 

29:357 [Crossref], [Google Scholar], [Publisher] 

[44]. Wang Y., Gan, T., Xiu, J., Liu, G., Zou, H. 

Degradation of sulfadiazine in aqueous media 

by peroxymonosulfate activated with biochar-

supported ZnFe2O4 in combination with visible 

light in an internal loop-lift reactor, RSC 

advances, 2022, 12:24088 [Crossref], [Google 

Scholar], [Publisher] 

How to cite this manuscript: R. Ali Ahmed, O. 

Hamad Salah, H. Falih Shamikh Al-Saedi, M. 

Morad Karim, S. Abdulhadi Khuder, A. Hussein 

Kareem, F. Jihad Hammady. A Green Surface 

Prepared with Highly Applicable of Advanced 

Oxidative Processes AOPs for Removal of 

Riboflavin Drug Pollutant Remediation. Asian 

Journal of Green Chemistry, 8(3) 2024, 296-

307. DOI: 10.48309/AJGC.2024.444917.1479 

 

  

https://doi.org/10.1016/j.jphotochem.2021.113215
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B33%5D.+Soulaima+Chkirida++N.Z.%2C+Redouane+Achour+%2C+Hicham+Hassoune+%2C+Adil+Lachehab+%2CAbou+el+kacem+Qaiss+%2C+Rachid+Bouhfid.+Highly+synergic+adsorption%2Fphotocatalytic+efficiency+of+Alginate%2FBentonite+impregnated+TiO2+beads+for+wastewater+treatment%2C+Journal+of+Photochemistry+%26+Photobiology%2C+A%3A+Chemistry%2C+2021%2C+412+113215+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1010603021000885
https://doi.org/10.1016/j.chemosphere.2020.127731
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B34%5D.+Luo+S.%2C+Liu%2C+C.%2C+Zhou%2C+S.%2C+Li%2C+W.%2C+Ma%2C+C.%2C+Liu%2C+S.%2C+Yin%2C+W.%2C+Heeres%2C+H.J.%2C+Zheng%2C+W.%2C+Seshan%2C+K.%2CHe%2C+S.%2C+ZnO+nanorod+arrays+assembled+on+activated+carbon+fibers+for+photocatalytic+degradation%3A+Characteristics+and+synergistic+effects%2C+Chemosphere%2C+2020%2C+261%3A127731+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/pii/S0045653520319263
https://doi.org/10.1016/j.jallcom.2021.159422
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B35%5D.+Yasin+A.S.%2C+Kim%2C+D.h.%2CLee%2C+K.%2C+One-pot+synthesis+of+activated+carbon+decorated+with+ZnO+nanoparticles+for+capacitive+deionization+application%2C+Journal+of+Alloys+and+Compounds%2C+2021%2C+870%3A159422+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925838821008318
https://doi.org/10.1016/j.molliq.2012.11.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B36%5D.+R.+Saravanan+V.K.G.%2C+T.+Prakash%2C+V.+Narayanan%2C+A.+Stephen.+Synthesis%2C+characterization+and+photocatalytic+activity+of+novel+Hg+doped+ZnO+nanorods+prepared+by+thermal+decomposition+method%2C+J.+Mol.+Liq.%2C+2013%2C+178%3A88+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732212004114
https://doi.org/10.1021/acsomega.0c00628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B37%5D.+S.+S.+Sambaza+A.M.%2C+and+K.+Pillay%2C+.+Polyaniline-coated+TiO2+nanorods+for+photocatalytic+degradation+of+bisphenol+A+in+water%2C+ACS+omega%2C%2C+2020%2C+5%3A29642+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://pubs.acs.org/doi/full/10.1021/acsomega.0c00628
https://doi.org/10.1177/0263617417700636
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D.+Thakur+S.%2C+Synthesis%2C+characterization+and+adsorption+studies+of+an+acrylic+acid-grafted+sodium+alginate-based+TiO2+hydrogel+nanocomposite%2C+Adsorption+Science+%26+Technology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B38%5D.+Thakur+S.%2C+Synthesis%2C+characterization+and+adsorption+studies+of+an+acrylic+acid-grafted+sodium+alginate-based+TiO2+hydrogel+nanocomposite%2C+Adsorption+Science+%26+Technology&btnG=
https://journals.sagepub.com/doi/full/10.1177/0263617417700636
https://doi.org/10.1007/s12633-019-00372-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B39%5D.+H.+Abbasi+F.S.%2C+and+F.+Golmohammadi.+Removal+of+cadmium+from+aqueous+solution+by+nano+composites+of+bentonite%2FTiO+2+and+bentonite%2FZnO+using+photocatalysis+adsorption+process%2C+Silicon%2C+2020%2C+12%3A2721+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://link.springer.com/article/10.1007/s12633-019-00372-6
https://doi.org/10.1016/j.msec.2017.02.115
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B40%5D.+Y.+Kamari+P.G.%2C+and+M.+Ghiaci.+Study+on+montmorillonite%2Finsulin%2FTiO2+hybrid+nanocomposite+as+a+new+oral+drug-delivery+system%2C+Mater.+Sci.+Eng%2C+2017%2C+75%3A+822+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/pii/S0928493116320586
https://doi.org/10.1007/s41742-021-00325-1
https://scholar.google.com/scholar?q=%5B41%5D.+Syie+L.W.,+Mohamed,+H.,+Norzita+,+N.,+Ibrahim++M.,+Ramli+,+M.,Noor+,+A.,+Aspirin+Adsorption+onto+Activated+Carbon+Derived+from+Spent+Tea+Leaves:+Statistical+Optimization+and+Regeneration+Study,+International+Journal+of+Environmental+Research,+2021,+15:413+%5BCrossref%5D,+%5BGoogle+Scholar%5D,+%5BPublisher%5D&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s41742-021-00325-1
https://doi.org/10.1016/j.inoche.2023.111415
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B42%5D.+Mahmood+A.A.%2CHassan%2C+A.A.%2C+Green+synthesis+of+AC%2FZnO+nanocomposites+for+adsorptive+removal+of+organic+dyes+from+aqueous+solution+Inorganic+Chemistry+Communications%2C+2023%2C+157%3A111415+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1387700323010274
https://doi.org/10.1089/ees.2010.0475
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B43%5D.+Yan+Ma+N.G.%2C+Cong+Li.+Degradation+and+Pathway+of+Tetracycline+Hydrochloride+in+Aqueous+Solution+by+ZnO+NPs+Environ+Eng+Sci.%2C+2012%2C+29%3A357+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.liebertpub.com/doi/abs/10.1089/ees.2010.0475
https://doi.org/10.1039/D2RA04573G
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B44%5D.+Yan+Wang.%2C+Tao+Gan.%2C+Jingyu+Xiu.%2C+Ganghua+Liu.%2CHaiming+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%2C+Yan+Wang%2C+ORCID+logo+a+++Tao+Gan%2Ca+++Jingyu+Xiu%2Ca+++Ganghua+Liua++and++Haiming+Zou%2C+2022%2C+2%3A22+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B44%5D.+Yan+Wang.%2C+Tao+Gan.%2C+Jingyu+Xiu.%2C+Ganghua+Liu.%2CHaiming+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%2C+Yan+Wang%2C+ORCID+logo+a+++Tao+Gan%2Ca+++Jingyu+Xiu%2Ca+++Ganghua+Liua++and++Haiming+Zou%2C+2022%2C+2%3A22+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher&btnG=
https://pubs.rsc.org/en/content/articlelanding/2022/ra/d2ra04573g

