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 The adsorption capacity of a low-cost biosorbent, Sunflower Seed Shells (SFS) 
as activated carbon was prepared treatment by hydrochloric acid (HCl) and 
sodium hydroxide (NaOH) of 0.1 N, was investigated for removal paracetamol 
drug, several analyses of AC-SFS surface, like FESEM, TEM, and EDX have been 
done. The effect of some optimum conditions such as concentration of 
Paracetamol drug and equilibrium time, weight of AC-SFS, and temperature 
solution were investigated in the batch model. As the equilibrium time 
increases, the absorption efficiency increases. Likewise, the removal 
percentage increases and the increased weight of AC-SFS leads to an increase 
in the removal percentage, while the adsorption efficiency decreases. Finally, 
with increasing temperature, the adsorption efficiency and removal 
percentage increase, as a result the reaction is endothermic and spontaneous. 
Adsorption equilibrium studies were examined by Langmuir, Freundlich 
isotherm models. Freundlich model fitted the result best with an AC-SFS 
efficiency (Qe= 46.567 mg/g). The thermodynamic factors presses were 
calculated as the maximum ΔG= −3.015 kJ/mol, ΔS= 24.47 J/mol, and ΔH= 
2.222 kJ/mol, the adsorption method of the studied drug was spontaneous 
and endothermic. These data revealed that the use of sunflower seed shells as 
activated carbon to remove drugs would be an interesting option from both 
economic and environmental. 

K E Y W O R D S 

Adsorption 
Paracetamol drug 
Isotherm 
Thermodynamic spontaneous 

 

 

G R A P H I C A L A B S T R A C T 

 

Advanced Journal of Chemistry, Section A, 2024, 7(3), 295-302 

 

mailto:alkaimayayd@gmail.com
file:///C:/Users/User/AppData/Local/Temp/Temp1_archive.zip/www.ajchem-a.com
https://www.orcid.org/0000-0001-5397-3330
https://www.orcid.org/0000-0002-3194-1749
https://www.orcid.org/0000-0002-7485-5875
https://www.orcid.org/0000-0002-8748-3353
https://www.orcid.org/0000-0003-3459-4583
https://www.ajchem-a.com/article_189783.html


A.M. Aljeboree et al / Adv. J. Chem. A 2024, 7 (3), 295-302 

 

296 

 

Introduction  

Water contaminated with the most dangerous 

inorganic and organic materials, medicines, dyes, 

heavy metals, and radioactive materials. The 

wastewater generated from industrial and 

household waste has a significant impact on the 

occurrence of damage to the environment and 

negatively affects the lives of humans, animals, 

and plants. The main sources of drinking water 

pollution in the country are manufacturing and 

agriculture, as well as other environmental and 

global changes, where many contaminants were 

found [1-4]. Pharmaceuticals polluting water 

resources are considered pollutants resulting 

from very dangerous drugs because of their 

carcinogenic nature and have many side effects. 

Different methods of water treatment having 

wastewaters have been reported which include 

electrochemical method filtration, biological 

treatment, chemical oxidation, coagulation-

flocculation, electrocoagulation, flocculation, 

sedimentation, oxidation, and adsorption. Among 

these ways, adsorption has been widely used for 

waste water treatment. Adsorption has the 

ability to elimination may pollutant from 

aqueous solution which is difficult to break down 

via known biological method [5-7]. Adsorption 

on to activated carbon (AC) prepared from 

agricultural wastes is proven to be best effective 

removal pollutants wastes. Thus in view of the 

low cost and low problems for reused, like kind 

of adsorbents have coir pith, coconut husk, 

pomegranate peels, peanut hull, garlic, rice shell, 

kolanut shell, orang shell, bean, and bagasse. In 

the work, low-cost and eco-friendly agricultural 

wastes (sunflower seed shells) was utilized to 

choose best bio sorbent for the removal of drug 

from aqueous solutions. Adsorption study was 

carried out with native, acid-treated, and base-

treated biosorbent [2,5-6,8-17]. 

Paracetamol is a name parahydroxyacetanilide 

or another name acetaminophen and communal 

kind names like Panadol and Tylenol, 

Paracetamol is a widely used medicine that is 

used to antipyretic agent, a non-opioid analgesic 

to treat fever, treat colds, colds, flu, and high 

temperature (fever) [18,19], and to reduce pain 

from sprains, headaches, and toothaches, its 

chemical formula is C8H9NO2 with density of 

1.263 g/cm3, molar mass 151.165 g.mol-1, and 

chemical structure of Paracetamol drug, as 

displayed in Figure 1 [20]. 

In the work, treated sunflower seed shells (AC-

SFS) as activated carbon was evaluated as 

adsorbent for elimination of drug. Several 

parameters like effects of pH solution, 

equilibrium time, drug concentration, and 

solution temperature were studied. Equilibrium 

result was analyzed via two isotherm models. 

Furthermore, thermodynamic analysis was 

carried out by the adsorption method. 

 
Figure 1. Chemical structure of Paracetamol drug. 

Experimental  

Preparation of sunflower seed shells 

Sunflower seed shells (SFS) were obtained from 

a local market, washed to remove impurity and 

air dried at 25 ˚C for 24 hrs. The effect of 

treatment by acid hydrochloric acid (HCl) and 

base sodium hydroxide (NaOH) of 0.1 N was 

studied utilizing the 10 g Sunflower seed shells 

(SFS) to reach the pH solution of the acid and 

base 3.3 and 11.2, respectively, and washed 

several time distilled water. 

The pH of the acid solution treated (SFS) was 

then adjusted to pH 6.8 with drops of NaOH 0.1 N 

while the base solution treated SSH was adjusted 

to pH 6.6 with drops of HCl 0.1 N. The AC-SFS 

was dried in the oven at 70 ˚C for 12 hrs to obtain 
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constant weight. The AC-SFS was carbonized in a 

furnace under N2 gas (98.98%) until 300 ˚C and 

for 3 hrs. The AC-SFS was cooled, washed, and 

dried in the oven. The AC-SFS are stored in a 

bottle and used in all experiments.  

Adsorption study  

Stoke solutions (0.1 g/1000 mL) of Paracetamol 

drug were prepared, and series concentrations of 

Paracetamol drug was made via dilutions with 

DW. The initial drug concentrations (10-100 

mg/L), The influence of initial pH (3-10) of 

solution Paracetamol drug adsorption via AC-SFS 

was studied, and several weights of AC-SFS 

(0.02-0.15 g), of 40 mg/L, at 25 ˚C. Equilibrium 

adsorption experiment was undertaken as 

follows: 40 mg/L of 100 mL ranitidine drug was 

mixed by AC-SFS about 0.08 g, solution pH=5.5 at 

25 ˚C for 60 min. Finally, the solution was 

separated in centrifuges, and then analyzed for 

residual concentration of Paracetamol drug by 

UV-Visible spectrophotometer at the maximum 

wavelength of λmax= 272 nm. The adsorption 

capacity and removal percentage were calculated 

in Equations (1) and (2):  

                (1) 

                     (2) 

Results and discussion 

Characterization of adsorbent / adsorbate 

Felled emission Scanning electron microscopy 

(FESEM) technology was used as an important 

method to characterize the surface morphology 

and determine the important physical properties 

of the adsorbent. The FESEM of the adsorbed 

surface of the preparation was taken before and 

after the drug was absorbed onto the AC-SFS 

surface. According to Figure 2a, there is a clear 

possibility that the drug contaminant will be 

trapped and absorbed within these pores.  

 

 
Figure 2. FE-SEM image of a) AC-SFS before adsorption, and b) after adsorption of Paracetamol drug, and c and 

d) E-DX of AC-SFS.
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FESEM images of the surface after the 

adsorption process show very distinct dark spots 

that confirm the good adsorption of the drug 

molecules into the pores and cavities of the 

adsorbent, as shown in Figure 2 (a and b).  

The transmission electron microscope (TEM) 

technique has a crucial and important role in 

controlling the properties and surface 

morphology and controlling the surface 

properties. The TEM is depicted in Figure 2c of 

AC-SFS consist of background bulk color 

attributed to AC, the average diameter of darker 

is 100 nm. TEM also shows the particles 

dispersion on the surface and there is also a little 

noticeable aggregation of these in the form of 

dark aggregates, resulting from the acid 

activation process. EDX is a versatile technique 

used for qualitative and semi-quantitative 

analysis, Figure 2d demosntrates the EDX 

patterns of AC-SFS, which verified the existence 

of C and O in AC [21,22]. 

Effect of weight AC-SFS  

To study the effect of adsorbent dosage AC-SFS 

(0.08 g) on Paracetamol drug adsorption, 

experiments were conducted at concentration of 

Paracetamol drug 40 mg/L, whereas the amount 

of mass of AC-SFS additional illsutrated in Figure 

3. The influence of mass of AC-SFS on the 

percentage removal% of Paracetamol drug [23]. 

It was experiential that the percentage E% of 

Paracetamol drug fast increased with the 

increase in mass of AC-SFS equal to 0.08 g, slowly 

increased with further rise in mass equal to 0.15 

g, and then remained low changed. At 

equilibrium time, the percentage E% increases 

from 70.44-90.66% for an increase in mass of 

AC-SFS from 0.02-0.15 g. The increase in E% 

removal was due to the increase in the 

obtainable sorption surface [24, 25]. 

 

 

Effect of pH  

One of the maximum significant factors affecting 

adsorption is the solution pH. Paracetamol drug 

onto AC-SFS range pH 2-10, as inidicated in 

Figure 3. This can be attributed to that the 

electrostatic attraction is not the only mechanism 

for the removal of AC-SFS some other mechanism 

might be operating for binding. On the other 

aspect, the presence of more number of active 

sites on the surface of AC-SFS may have lessened 

the competitive adsorption among H+ and AC-SFS 

ions resulting in a nil effect of pH at low primary 

concentrations. Therefore, extra experiments 

wear performed at solution pH 8 [26, 27]. 

 

Figure 3. Effect of weight AC-SFS on the adsorption 

efficiency and removal percentage of Paracetamol 

drug. 

 

Figure 4. Effect of pH solution onto adsorption 

capacity by use AC-SFS. 
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Table 1. Effect of treatment on the activity of sunflower seed shells for the adsorption Paracetamol drug 

Treatment of Sunflower Seed Shells E% 

Hydrochloric acid  84.49 

Sodium hydroxide 77.77 

 

Table 2. Thermodynamic factors values for Paracetamol drug 

Equilibrium Constant (K) ∆S (kJ/K.mol) ∆G (kJ/mol) ∆H (kJ/mol) 

3.559 24.47558 -2.986 2.22483 

3.4477  -3.015  

3.363  -3.055  

 

Effect of treatment on the adsorbent surfaces 

The study of the influence of acid and base 

treatment was essential to show the best 

adsorption. The sunflower seed shells were 

treated via hydrochloric acid and sodium 

hydroxide, as presented in Table 1. 

Effect of temperatures and thermodynamic 

process 

Thermodynamics parameters were studied at 

several temperatures rang (25-40 ˚C) and with 

several concentrations within the series (10-100 

mg/L) for Paracetamol drug, where the 

adsorption process is greatly affected via 

solution temperatures, the change in solution 

temperature leads to an increase or decrease in 

the ability of the adsorbent surface to adsorption 

Paracetamol drug from aqueous solutions [23]. 

 

Figure 5. The influence of temperature on 

Paracetamol drug adsorption on the AC-SFS. 

The data appear decrease in the amount of 

Paracetamol drug adsorbed drug with increase 

solution temperatures, as appeared in Figure 5, 

the adsorption method is an exothermic process 

where higher temperatures increase the 

solubility of the adsorbed drug particles.  

This leads to a decrease in the affinity of the 

adsorbed drug particles towards the adsorbent 

surface. Furthermore, increase the solution 

temperature leads to an increase in the entropy 

[28]. 

Table 2 lists the values of thermodynamic 

factors for the adsorption method of Paracetamol 

drug, among which the negative value of the 

enthalpy indicates that the Paracetamol drug 

adsorption method is an exothermic process, 

which indicates that the mutual action between 

the adsorbing surface and drug molecules will 

decrease With the increase in temperature, the 

reason for this is due to the separation and 

breaking of the bonds formed between the dye 

molecules and the active centers of the adsorbing 

surface [29,30]. 

Equilibrium isotherm  

Adsorption equilibrium isotherm two models 

Langmuir and Freundlich equilibrium isotherms 

were applied to define the equilibrium isotherm 

of experimental data for the sorption of 

Paracetamol drug onto AC-SFS. 

Isotherm Langmuir model was applied to 

determine the best adsorption capacity (Qmax) 
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conforming to wholly monolayer coverage on the 

adsorbent surface [31]. A plot of adsorption 

capacity vs. concentration equilibrium was 

utilized to find isotherm Langmuir model. The 

Qmax(mg/g) and KL values were estimated from 

the slope and intercept. The non-linear Langmuir 

isotherm is described in Equation (3): 

                                                        (3) 

The isotherm Freundlich model was applied in 

heterogeneous surface adsorption and The 

Freundlich isotherm non-linear is provided in 

Equation (4): 

                                                         (4) 

Where, KF (mg.g-1) is the adsorption capacity 

and n is the intensity of adsorption. therefore, a 

plot of adsorption capacity (Qmax) vs. equilibrium 

concentration is a straight non-linear and values 

of KF and n are calculated from the intercept and 

slope of the non-linear plot. The values of KF and 

(R2) found from Freundlich model, as shown in 

Figure 6 and Table 3. The drug adsorption is 

good fitted to Freundlich isotherm model with 

the best R2= 0.99178. 

Base on the comparison of Langmuir and 

Freundlich isotherm models and the obtained 

data, the Freundlich isotherm has exhibited the 

best fitness to the adsorption data than Langmuir 

isotherm [31,32].  

 

Figure 6. Adsorption models nonlinear fitness of 

adsorption drug onto AC-SFS, con. 40 mg.L-1, mass 

0.08 g, and Temperature= 25 °C). 

Comparative two surface 

Comparative between Sunflower Seed Shells 

(SFS) as nuchal without treatment and treated 

Sunflower Seed Shells (AC-SFS) to have ability 

removal drug from aqueous solution. According 

to Table 4, Sunflower Seed Shells (AC-SFS) as 

activated   carbon   has  a  very  high  efficiency  in  

Table 3. Langmuir and Freundlich isotherm model of parameter drug adsorbed onto AC-SFS 

AC-SFS Parameter Models 

11.596 KF 
 

Freundlich 
0.513 1/n 

0.99178 R2 

46.406 qm (mg/g)  

Langmuir 

 

0.1689 KL(L/mg) 

0.9234 R2 

Table 4. Comparative two surfaces to removal several pollutants 

Absorbent Pollutant Removal Percentage % 

AC-SFS Paracetamol drug 84.49 

AC-SFS DY dye 89.44 

SFS Paracetamol drug 52.22 

SFS DY dye 63.33 
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removing the drug from aqueous solution at a 

higher percentage than from the Sunflower Seed 

Shells (SFS) without treatment. This is because 

activated carbon contains many active sites, 

which help it remove pollutants and also increase 

the surface area compared to non-activated 

plants [12,18]. 

Conclusion 

In the present study, the results reveal that the 

both Sunflower Seed Shells (SFS) and treated 

Sunflower Seed Shells (AC-SFS) have ability to 

removal drug from aqueous solution; the 

Sunflower Seed Shells was treated via 

hydrochloric acid and sodium hydroxide. It was 

found the percentage removal increased with 

increase solution pH and rise with increase in 

weight of adsorbent and temperature solution, 

but decrease with rise drug concentration. 

Where the experimental data fit Freundlich 

model which indicate to multilayer adsorption, 

thermodynamic factors indicated to adsorption 

method was spontaneous and endothermic 

process. Sunflower Seed Shells (AC-SFS) as 

activated carbon has a very high efficiency in 

removing the drug from aqueous solution at a 

higher percentage than from the Sunflower Seed 

Shells (SFS) without treatment. 

Orcid  

Aseel M. Aljeboree : 0000-0001-5397-3330  

Ola Hamad Salah : 0000-0002-3194-1749  

Usama S. Altimari : 0000-0002-7485-5875  

Ammar Ali Aljanabi : 0000-0002-8748-3353  

Ayad F Alkaim : 0000-0003-3459-4583  

References 

[1] B. Hameed, J. Hazard. Mater., 2008, 154, 204-

212. [CrossRef], [Google Scholar], [Publisher] 

[2] A. Aljeboree, S. Essa, Z. Kadam, F. Dawood, D. 

Falah, A. AF, Int. J. Pharm. Qual. Assur., 2023, 

14, 12-15. [CrossRef], [Google Scholar], 

[Publisher] 

[3] A.M.A. Al-Haidary, F.H. Zanganah, S.R. Al-

Azawi, F.I. Khalili, A.H. Al-Dujaili, Water, Air, 

Soil Pollut., 2011, 214, 73-82. [CrossRef], 

[Google Scholar], [Publisher] 

[4] A. Mishra, A. Mehta, S. Kainth, S. Basu, J. 

Mater. Sci., 2018, 53, 13126-13142. 

[CrossRef], [Google Scholar], [Publisher] 

[5] B. Hameed, M. El-Khaiary, J. Hazard. Mater., 

2008, 154, 639-648. [CrossRef], [Google 

Scholar], [Publisher] 

[6] Z. Noer, M. Elveny, A.T. Jalil, A.H. Iswanto, S. 

Al-Janabi, A.F. Alkaim, G. Mullagulova, N. 

Nikolaeva, R.A. Shichiyakh, Found. Comput. 

Decis. Sci., 2022, 47, 151-161. [CrossRef], 

[Google Scholar], [Publisher] 

[7] A. Dang, Z. Yuan, X. Liu, S. Ma, Y. Yang, A. Zada, 

Y. Gao, Y. Liu, T. Li, Y. Han, Ceram. Int., 2023, 

49, 36970-36978. [CrossRef], [Google 

Scholar], [Publisher] 

[8] A.M. Aljeboree, G.S. Hamid, A.A. Katham, M.M. 

Abdulkadhm, H.A. Lafta, A.M.B. Al-Dhalimy, 

A.F. Alkaim, S.A. Abed, IOP Publishing, 2022, 

1029, 012008. [CrossRef], [Google Scholar], 

[Publisher] 

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

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

Int. J. Environ. Res., 2021, 15, 413-426. 

[CrossRef], [Google Scholar], [Publisher] 

[10] D. Bentarfaa, M.L. Sekirifaa, M. Hadj-

Mahammeda, D. Richardb, S. Pallierb, B. 

Khaldounc, H. Belkhalfac, A.H. Al-Dujailid, 

Desalin. Water Treat., 2021, 236, 190-202. 

[CrossRef], [Google Scholar], [Publisher] 

[11] A. Ebrahimi, F. Samari, E. Eftekhar, S. 

Yousefinejad, J. Anal. Sci. Technol., 2022, 13, 1-

16. [CrossRef], [Google Scholar], [Publisher] 

[12] H. Lata, V. Garg, R. Gupta, Dyes Pigm., 2007, 

74, 653-658. [CrossRef], [Google Scholar], 

[Publisher] 

[13] M. Sekirifa, S. Pallier, M. Hadj-Mahammed, D. 

Richard, L. Baameur, A.H. Al-Dujaili, Energy 

https://www.orcid.org/0000-0001-5397-3330
https://www.orcid.org/0000-0001-5397-3330
https://www.orcid.org/0000-0002-3194-1749
https://www.orcid.org/0000-0002-3194-1749
https://www.orcid.org/0000-0002-7485-5875
https://www.orcid.org/0000-0002-8748-3353
https://www.orcid.org/0000-0002-8748-3353
https://www.orcid.org/0000-0003-3459-4583
https://www.orcid.org/0000-0003-3459-4583
https://doi.org/10.1016/j.jhazmat.2007.10.010
https://scholar.google.com/scholar?q=%5B1%5D+Hameed,+B.H.,+Equilibrium+and+kinetic+studies+of+methyl+violet+sorption+by+agricultural+waste.+J.+Hazard.+Mater,+2008.+154:+p.+204%E2%80%93212.&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0304389407014276
https://doi.org/10.25258/ijpqa.14.1.03
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D+Aljeboree%2C+A.M.%2C+et+al.%2C+Environmentally+Friendly+Activated+Carbon+Derived+from+Palm+Leaf+for+the+Removal+of+Toxic+Reactive+Green+Dye.+International+Journal+of+Pharmaceutical+Quality+Assurance%2C+2023.+14%281%29%3A+p.+12-15.&btnG=
https://www.semanticscholar.org/paper/Environmentally-Friendly-Activated-Carbon-Derived-Aljeboree-Essa/c38cb3757a5db7340824fb928a9ec5b1d3781d7b
https://doi.org/10.1007/s11270-010-0405-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Al-Haidary%2C+A.M.A.%2C+et+al.%2C+A+study+on+using+date+palm+fibers+and+leaf+base+of+palm+as+adsorbents+for+Pb%28II%29+ions+from+its+aqueous+solution.+Water%2C+Air%2C+and+Soil+Pollution%2C+2011.+214%281-4%29%3A+p.+73-82.&btnG=
https://link.springer.com/article/10.1007/s11270-010-0405-1
https://link.springer.com/article/10.1007/s10853-018-2565-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.+Mishra%2C+A.%2C+et+al.%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+p.+13126%E2%80%9313142.&btnG=
https://link.springer.com/article/10.1007/s10853-018-2565-0
https://doi.org/10.1016/j.jhazmat.2007.10.081
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Hameed%2C+B.H.+and+M.I.+El-Khaiary%2C+Sorption+kinetics+and+isotherm+studies+of+a+cationic+dye+using+agricultural+waste%3A+broad+bean+peels.+.+J.+Hazard.+Mater.+%2C+2008.+145%3A+p.+639%E2%80%93648.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Hameed%2C+B.H.+and+M.I.+El-Khaiary%2C+Sorption+kinetics+and+isotherm+studies+of+a+cationic+dye+using+agricultural+waste%3A+broad+bean+peels.+.+J.+Hazard.+Mater.+%2C+2008.+145%3A+p.+639%E2%80%93648.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0304389407015579
https://doi.org/10.2478/fcds-2022-0008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Noer%2C+Z.%2C+et+al.%2C+A+New+Model+for+Scheduling+Operations+in+Modern+Agricultural+Processes.+Foundations+of+Computing+and+Decision+Sciences%2C+2022.+47%282%29%3A+p.+151-161.&btnG=
https://sciendo.com/article/10.2478/fcds-2022-0008
https://doi.org/10.1016/j.ceramint.2023.09.029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Alei%2C+D.%2C+et+al.%2C+Graphene+oxide+mediated+carbon+foam%2FCNTs+composites+for+highly+efficient+adsorption+of+methylene+blue+and+mechanism+insight+Ceramics+International%2C+2023.+49%3A+p.+36970%E2%80%9336978.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Alei%2C+D.%2C+et+al.%2C+Graphene+oxide+mediated+carbon+foam%2FCNTs+composites+for+highly+efficient+adsorption+of+methylene+blue+and+mechanism+insight+Ceramics+International%2C+2023.+49%3A+p.+36970%E2%80%9336978.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S027288422302655X
https://doi.org/10.1088/1755-1315/1029/1/012008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Aljeboree%2C+A.M.%2C+et+al.+Highly+adsorbent+surface+from+watermelon+peels+%3A+as+non-conventional+low-cost+sorbent+%3B+Equilibrium+and+Recycle+study.+in+IOP+Conference+Series%3A+Earth+and+Environmental+Science.+2022.&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/1029/1/012008/meta
https://doi.org/10.1007/s41742-021-00325-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Syie%2C+L.W.%2C+et+al.%2C+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+p.+413%E2%80%93426.&btnG=
https://link.springer.com/article/10.1007/s41742-021-00325-1
https://doi.org/10.5004/dwt.2021.27711
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Bentarfa%2C+D.%2C+et+al.%2C+Characterization+of+activated+carbon+prepared+from+date+palm+fibers+by+physical+activation+for+the+removal+of+phenol+from+aqueous+solutions.+Desalination+and+Water+Treatment%2C+2021.+236%3A+p.+190-202.&btnG=
https://www.deswater.com/vol.php?vol=236&oth=236|0|October%20|2021
https://doi.org/10.1186/s40543-022-00318-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Ebrahimi%2C+A.%2C+Samari%2C+F.%2C+Eftekhar%2C+E.+and+Yousefinejad%2C+S.+%2C+Rapid+and+efficient+colorimetric+sensing+of+clindamycin+and+Fe3%2B+using+controllable+phyto-synthesized+silver%2Fsilver+chloride+nanoparticles+by+Syzygium+cumini+fruit+extract.+.+Journal+of+Analytical+Science+and+Technology%2C+2022.+13%281%29%3A+p.+1-6.&btnG=
https://jast-journal.springeropen.com/articles/10.1186/s40543-022-00318-5
https://doi.org/10.1016/j.dyepig.2006.04.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Hem+Lata+%2C+V.K.G.%2C+R.K.+Gupt+Removal+of+a+basic+dye+from+aqueous+solution+by+adsorption+using+Parthenium+hysterophorus%3A+An+agricultural+waste.+Dyes+and+Pigments%2C+2007.+74%283%29%3A+p.+653-658.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143720806001331


A.M. Aljeboree et al / Adv. J. Chem. A 2024, 7 (3), 295-302 

 

302 

 

Procedia, 2013, 36, 94-103. [CrossRef], 

[Google Scholar], [Publisher] 

[14] A.M. Ayuba, T.A. Nyijime, S.A. Minjibir, F. 

Iorhuna, Eurasian J. Sci. Technol., 2024, 4, 105-

116. [CrossRef], [Publisher] 

[15] R.S. Al-Khalisy, A.M.A. Al-Haidary, A.H. Al-

Dujaili, Sep. Sci. Technol., 2010, 45, 1286-

1294. [CrossRef], [Google Scholar], [Publisher] 

[16] S.-u.-R. Muhammad, M. Muhammad, A. 

Muhammad, R. Naim, M. Nazar, D. 

Muhammad, J. Han, Chem. Eng. J., 2013, 228, 

54-62. [CrossRef], [Google Scholar], 

[Publisher] 

[17] O.E.-A. Ahmed Adam, A.H. Al-Dujaili, J. Chem., 

2013, 2013. [CrossRef], [Google Scholar], 

[Publisher] 

[18] I. Hamadneh, R.A. Abu-Zurayk, A. Aqel, A. Al-

Mobydeen, L. Hamadneh, Y. Al-Dalahmeh, F. 

Hannoon, R. Albuqain, S. Alsotari, A.H. Al-

Dujaili, Desalin. Water Treat., 2022, 264, 293-

306. [CrossRef], [Google Scholar], [Publisher] 

[19] J.H. Viteri, N. Cotolan, L. Barbu-Tudoran, G.L. 

Turdean, Mater. Today Commun., 2023, 34, 

105084. [CrossRef], [Google Scholar], 

[Publisher] 

[20] K. Mphahlele, M.S. Onyango, S.D. Mhlanga, J. 

Environ. Chem. Eng., 2015, 3, 2619-2630. 

[CrossRef], [Google Scholar], [Publisher] 

[21] A.L. Taka, E. Fosso-Kankeu, K. Pillay, X.Y. 

Mbianda, J. Environ. Chem. Eng., 2020, 8, 

103602. [CrossRef], [Google Scholar], 

[Publisher] 

[22] K. Sivaranjani, S. Sivakumar, J. Dharmaraja, 

Adv. Mater. Sci., 2022, 22, 28-48. [CrossRef], 

[Google Scholar], [Publisher] 

[23] M. Gouamid, M. Ouahrani, M. Bensaci, Energy 

procedia, 2013, 36, 898-907. [CrossRef], 

[Google Scholar], [Publisher] 

[24] J.R. Domínguez, T. González, P. Palo, E.M. 

Cuerda-Correa, Desalination, 2011, 269, 231-

238. [CrossRef], [Google Scholar], [Publisher] 

[25] N.A. Hussain, A. Taifi, O.K.A. Alkadir, N.H. 

Obaid, Z.M. Abboud, A.M. Aljeboree, A.L. Al 

Bayaa, S.A. Abed, A.F. Alkaim, IOP Publishing, 

2022, 1029, 012028. [CrossRef], [Google 

Scholar], [Publisher] 

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

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

Aldulaim, A.F. Alkaim, Int. J. Drug Delivery 

Technol., 2022, 12, 583-587. [Google Scholar] 

[27] M.A. Ahmad, R. Alrozi, Chem. Eng. J., 2011, 

171, 510-516. [CrossRef], [Google Scholar], 

[Publisher] 

[28] M. Ghaedi, B. Sadeghian, A.A. Pebdani, R. 

Sahraei, A. Daneshfar, C. Duran, Chem. Eng. J., 

2012, 187, 133-141. [CrossRef], [Google 

Scholar], [Publisher] 

[29] H. Mansouri, R.J. Carmona, A. Gomis-

Berenguer, S. Souissi-Najar, A. Ouederni, C.O. 

Ania, J. Colloid Interface Sci., 2015, 449, 252-

260. [CrossRef], [Google Scholar], [Publisher] 

[30] Z.D. Alhattab, A.M. Aljeboree, M.A. Jawad, F.S. 

Sheri, A.K. Obaid Aldulaim, A.F. Alkaim, 

Caspian J. Environ. Sci., 2023, 21, 657-664. 

[CrossRef], [Google Scholar], [Publisher] 

[31] A. Mokhtar, S. Abdelkrim, A. Sardi, A. 

Benyoub, H. Besnaci, R. Cherrak, M. Hadjel, B. 

Boukoussa, J. Polymers Environ., 2020, 28, 

1710-1723. [CrossRef], [Google Scholar], 

[Publisher] 

[32] N.I. Abdulla, A.M.A. Al-Haidary, M.I. Al-

Jeboori, F.H. Zanganah, S.R. Al-Azawi, A.H. Al-

Dujaili, EEMJ, 2013, 12. [CrossRef], [Google 

Scholar], [Publisher] 

 

 HOW TO CITE THIS ARTICLE 

Aseel M. Aljeboree, Ola Hamad Salah, Usama S. Altimari, Ammar Ali Aljanabi, Ayad F. Alkaim*. Highly Efficient 
Adsorption of Pharmaceutical Compounds on Sunflower Seed Shell Derived Porous Carbon. Adv. J. Chem. A, 2024, 7(3), 
295-302. 

DOI: 10.48309/AJCA.2024.434157.1473 
URL: https://www.ajchem-a.com/article_189783.html  

 

https://doi.org/10.1016/j.egypro.2013.07.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+Sekirifa%2C+M.L.%2C+et+al.+Measurement+of+the+performance+of+an+agricultural+residue-based+activated+carbon+aiming+at+the+removal+of+4-chlophenol+from+aqueous+solutions.+in+Energy+Procedia.+2013.&btnG=
https://www.sciencedirect.com/science/article/pii/S1876610213010989
https://doi.org/10.48309/ejst.2024.423518.1108
https://ejst.samipubco.com/article_186869.html
https://doi.org/10.1080/01496391003689017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.+Al-Khalisy%2C+R.S.%2C+A.M.A.+Al-Haidary%2C+and+A.H.+Al-Dujaili%2C+Aqueous+phase+adsorption+of+cephalexin+onto+bentonite+and+activated+carbon.+Separation+Science+and+Technology%2C+2010.+45%289%29%3A+p.+1286-1294.&btnG=
https://www.tandfonline.com/doi/abs/10.1080/01496391003689017
https://doi.org/10.1016/j.cej.2013.04.094
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.+Muhammad+%2C+S.%2C+et+al.%2C+Adsorption+of+Brilliant+Green+dye+from+aqueous+solution+onto+red+clay.+Chemical+Engineering+Journal%2C+2013.+228%3A+p.+54-62.&btnG=
https://www.cabidigitallibrary.org/doi/full/10.5555/20133320434
https://doi.org/10.1155/2013/694029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.+Ahmed+Adam%2C+O.E.A.+and+A.H.+Al-Dujaili%2C+The+removal+of+phenol+and+its+derivatives+from+aqueous+solutions+by+adsorption+on+petroleum+asphaltene.+Journal+of+Chemistry%2C+2013.&btnG=
https://www.hindawi.com/journals/jchem/2013/694029/
https://doi.org/10.5004/dwt.2022.28589
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.+Hamadneh%2C+I.%2C+et+al.%2C+Impact+of+H3+PO4-activated+carbon+from+pine+fruit+shells+for+paracetamol+adsorption+from+aqueous+solution.+Desalination+and+Water+Treatment%2C+2022.+264%3A+p.+293-306.&btnG=
https://www.deswater.com/vol.php?vol=264&oth=264%7C0%7CJuly%20%20%7C2022
https://doi.org/10.1016/j.mtcomm.2022.105084
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.+J.+H.+Viteri%2C+N.C.%2C+L.+Barbu-Tudoran%2C+and+G.+L.+Turdean%2C+A+paracetamol-poly+%283%2C+4-ethylenedioxythiophene%29+composite+film+for+drug+release+studies.+Mater.+Today+Commun%2C+2023.+34%3A+p.+105084.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352492822019250
https://doi.org/10.1016/j.jece.2015.02.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.+Keletso+Mphahlele+%2C+M.S.O.%2C+Sabelo+D.+Mhlang%2C+Adsorption+of+aspirin+and+paracetamol+from+aqueous+solution+using+Fe%2FN-CNT%2F%CE%B2-cyclodextrin+nanocomopsites+synthesized+via+a+benign+microwave+assisted+method.+Journal+of+Environmental+Chemical+Engineering%2C+2015.+3%284%29%3A+p.+2619-2630.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S221334371500038X
https://doi.org/10.1016/j.jece.2019.103602
https://scholar.google.com/scholar?q=21.+A.+Leudjo+Taka,+E.F.-K.,+K.+Pillay,+X.+Yangkou+Mbiand,+Metal+nanoparticles+decorated+phosphorylated+carbon+nanotube/cyclodextrin+nanosponge+for+trichloroethylene+and+Congo+red+dye+adsorption+from+wastewater.+Journal+of+Environmental+Chemical+Engineering,+2020.+8:+p.+103602.&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S2213343719307250
https://doi.org/10.2478/adms-2022-0006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.+Kaliyappan+Sivaranjani+%2C+S.S.%2C+Jaganathan+Dharmaraja%2C+ENHANCEMENT+PHOTOCATALYTIC+ACTIVITY+OF+Mn+DOPED+CdS%2FZnO+NANOCOMPOSITES+FOR+THE+DEGRADATION+OF+METHYLENE+BLUE+UNDER+SOLAR+LIGHT+IRRADIATION.+ADVANCES+IN+MATERIALS+SCIENCE.+22%2872%29%3A+p.+2.&btnG=
https://sciendo.com/article/10.2478/adms-2022-0006
https://doi.org/10.1016/j.egypro.2013.07.103
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.+Gouamid+M.%2C+O.M.R.%2C+and+Bensaci+M.+B.%2C+Adsorption+Equilibrium%2C+Kinetics+and+Thermodynamics+of+Methylene+Blue+from+Aqueous+Solutions+using+Date+Palm+Leaves.+Energy+Procedia%2C+2013.+36%3A+p.+898-907.&btnG=
https://www.sciencedirect.com/science/article/pii/S1876610213011892
https://doi.org/10.1016/j.desal.2010.10.065
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.+Dom%D8%A3%C2%ADnguez%2C+J.n.R.%2C+et+al.%2C+Removal+of+common+pharmaceuticals+present+in+surface+waters+by+Amberlite+XAD-7+acrylic-ester-resin%3A+Influence+of+pH+and+presence+of+other+drugs.+Desalination.+269%281%29%3A+p.+231-238.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0011916410008088
https://doi.org/10.1088/1755-1315/1029/1/012028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.+Hussain%2C+N.A.%2C+et+al.+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=25.+Hussain%2C+N.A.%2C+et+al.+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://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Removal+of+Pollutants+from+Aqueous+Solutions+by+using+Natural+Surfaces+%28Cotton%29+as+a+Model+for+Reusability+and+Highly+Adsorbent+Surface&btnG=
https://doi.org/10.1016/j.cej.2011.04.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.+Ahmad%2C+M.A.a.A.%2C+R.+%2C+Removal+of+malachite+green+dye+from+aqueous+solution+using+rambutan+peel-based+activated+carbon%3A+equilibrium%2C+kinetic+and+thermodynamic+studies.+Chemical+Engineering+Journal+2011.+171%3A+p.+510%E2%80%93516.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1385894711004700
https://doi.org/10.1016/j.cej.2012.01.111
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+Ghaedi%2C+M.%2C+Sadeghian%2C+B.%2C+Pebdani%2C+A.A.%2C+Sahraei%2C+R.%2C+Daneshfar%2C+A.%2C+Duran%2C+C.%2C+Kinetics%2C+thermodynamics+and+equilibrium+evaluation+of+direct+yellow+12+removal+by+adsorption+onto+silver+nanoparticles+loaded+activated+carbon.+Chem.+Eng.+J.%2C+2012.+187%3A+p.+133-141.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.+Ghaedi%2C+M.%2C+Sadeghian%2C+B.%2C+Pebdani%2C+A.A.%2C+Sahraei%2C+R.%2C+Daneshfar%2C+A.%2C+Duran%2C+C.%2C+Kinetics%2C+thermodynamics+and+equilibrium+evaluation+of+direct+yellow+12+removal+by+adsorption+onto+silver+nanoparticles+loaded+activated+carbon.+Chem.+Eng.+J.%2C+2012.+187%3A+p.+133-141.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1385894712001532
https://doi.org/10.1016/j.jcis.2014.12.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.+Mansouri%2C+H.%2C+Carmona%2C+R.J.%2C+Gomis-Berenguer%2C+A.%2C+Souissi-Najar%2C+S.%2C+Ouederni%2C+A.%2CAnia%2C+C.O.%2C+Competitive+adsorption+of+ibuprofen+and+amoxicillin+mixturesfrom+aqueous+solution+on+activated+carbons.+.+J.+Colloid+Interface+Sci.+%2C+2015.+449%3A+p.+252-260.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021979714009643
https://doi.org/10.22124/cjes.2023.6943
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.+Alhattab%2C+Z.D.%2C+et+al.%2C+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+p.+657+-+664.&btnG=
https://cjes.guilan.ac.ir/article_6943.html
https://doi.org/10.1007/s10924-020-01719-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.+Adel+%2C+M.%2C+et+al.%2C+Preparation+and+Characterization+of+Anionic+Composite+Hydrogel+for+Dyes+Adsorption+and+Filtration%3A+Non-linear+Isotherm+and+Kinetics+Modeling.+Journal+of+Polymers+and+the+Environment%2C+2020.+28%3A+p.+1710%E2%80%931723.&btnG=
https://link.springer.com/article/10.1007/s10924-020-01719-6
https://doi.org/10.30638/eemj.2013.060
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Abdulla%2C+N.I.%2C+et+al.%2C+Kinetics+and+equilibrium+Adsorption+study+of+lead+%28II%29+onto+low+cost+clays.+Environmental+Engineering+and+Management+Journal%2C+2013.+12%283%29%3A+p.+483-491&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.+Abdulla%2C+N.I.%2C+et+al.%2C+Kinetics+and+equilibrium+Adsorption+study+of+lead+%28II%29+onto+low+cost+clays.+Environmental+Engineering+and+Management+Journal%2C+2013.+12%283%29%3A+p.+483-491&btnG=
https://openurl.ebsco.com/EPDB%3Agcd%3A16%3A18351696/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A88316364&crl=c
https://www.ajchem-a.com/article_189783.html

