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Abstract

In this study, mesoporous silica (MPS) is made using the sol-gel method from a cheap source (Na2SiO3)
using the surfactant hydroxycetyl hydroxyethyl dimonium chloride as a template. The task is the
adsorption-based removal of the medication metoprolol (MP) at concentrations between 10 and 50 ppm.
Variables such as: contact time, dose of adsorbent, starting concentration of adsorbate, and adsorption
temperature were studied which show the equilibrium time and adsorbent dose are 40 min and 0.05 g
respectively. The Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isotherm models were
fitted to the data obtained from the experiments. Comparing the outcomes showed that, of the four
investigated isotherm models, the Freundlich equation model could accurately predict these data. Based
on adsorption isotherm analysis, as the temperature was raised, it was discovered that the amount of
adsorption rose and that the adsorption was advantageous and may be a physical process. In addition,
the study involved estimation of AH®, AS®, and AG® as thermodynamic parameters. AG® values were
discovered to be between -20.24 and -26.22 kJ/mol and reduced when temperature rose, indicating that
adsorption may be become more spontaneous at higher temperatures. The value of AH® was 38.10
kJ/mol indicate adsorption process was physical in character. AS® for this process had a value of 199.14
J/mol K which suggested the increased degree of flexibility of the adsorbed MP. The sign of AG® and
AH°® were suggested spontaneous and endothermic of the process.

Keywords: Adsorption, Freundlich model, Isotherm, Mesoporous silica, Metoprolol.

Introduction

In recent years, the use of drugs increased,
and abuse has become more common. Because drugs
or their metabolites are relatively stable in the
environment and difficult to control using
conventional methods, these conditions cause drugs
or their metabolites to persist in the environment?.
The report of World Health Organization (WHO) at
20122 agree the pharmaceuticals concentrations in
the treated water are typically lower than 0.05 pg L
and less than 0.1 pg Lt in partially treated water. The
harmful impact of drugs on the environment has been
raised because their widespread exposure to

medicines .From different water sources, residues
reenter people's and animals' bodies and have
negative effects such drug resistance and disruptions
to metabolism®. As a result, it is urgent to remove
medicines from waste water resources in order to
protect the ecosystem .

Although many other methods such as,
photodegradation?, microfiltration—reverse osmosis®,
Microbial degradation®, have been used to remove
contaminants, adsorption appears promise for a
number of reasons .Adsorption, for instance,
outperforms other water treatment methods due to its
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lower initial cost, higher efficiency, straightforward
design, and lower maintenance requirements .
Adsorption also has little effect on the production of
dangerous substances®.

One of the main contaminants in wastewater
treatment plants' effluent is metoprolol .Since over
50% of metoprolol is discharged into surface waters,
its low biodegradability was a selection criterion”®,

Materials and Methods
Materials

Adsorbate: The adsorbate solutions were made using
metoprolol tartrate (Sigma-Aldrich, USA), IUPAC
calls this compound bis (1-[4-(2-methoxyethyl)
phenoxy [3](propan-2-yl)amino[Propan-2-ol,

OH

The purpose of this work was to clarify the function
of adsorption of metoprolol onto mesoporous silica
substrates .To comprehend drug adsorption onto the
silica surface, adsorption isotherms were created .To
further support the adsorption process' exothermic or
endothermic  behavior, the  thermodynamic
parameters were further examined.

chemical formula (CisH2sNO3)2C4HsOs),Molar
mass: 685.81 g/mol; water solubility: 50 g/L;
maximum absorption at wavelength 274 nm. Fig.1
depicts the chemical structure of metoprolol tartrate.

OHQ

H :
y l O\A/NYCH:; o % HOY\/LOH

HaCO =

CHg

O OH

Figure 1. Chemical structure of metoprolol tartrate

Adsorbent: Using sodium silicate (14% NaOH, 27%
SiO, w/w) as a source of silica and hydroxycetyl
hydroxy ethyl dimonium chloride (dehyquart)
surfactant as a template, both of which were obtained
from the state company of vegetable oils in Irag, the
process for making mesoporous silica as an
adsorbent is similar to the one we reported earlier®.

The produced silica materials results of surface area
and pore characteristics, as determined by
adsorption-desorption analysis with a Quantachrome
Instruments' Autosorb-1 (Boynton Beach, Florida,
USA), are as follows: BJH pore volume and pore
diameter are 0.923 cm®g* and 1.12 nm, respectively,
whereas BET surface area is 1828.9 m?g™.

Adsorption Experiments

Experiments for metoprolol adsorption were carried
out in batch mode. These tests primarily sought to
determine adsorbent dose, temperature, and the
equilibrium time of adsorption.

A specific amount of mesoporous silica sample was
put into conical flask and 100 mL of MP medication
was added, and the mixture was agitated on
thermostatic shaker. After that, one milliliter of the
solution was pipetted and centrifuged at 1000 rpm to

separate the two components for 10 minutes. The
UV-Vis technique was used to determine residual
MP concentration. Effect of MP different initial
concentrations  (10-50 ppm) and different
temperatures (293-313 K) on adsorption process was
examined.

The Eqg. (1) and (2) were applied to estimate the
amount adsorbed (ge) mg/g and the percentage of
removal (R%) for MP:

R%z[@]xmo 1
(C —Co)xV
et ?
where C, (mg/L) equal to the drug initial
concentration; C. (mg/L) equal to the drug

concentration after reaching equilibrium; V(L) is the
volume of the solution used in the adsorption
experiment; m(g) equal to mass of mesoporous silica
as adsorbent.

Adsorption Models

According to Table 1, the Freundlich, Langmuir,
Temkin, and Dubinin-Radushkevich adsorption
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equations were applied to fit the experimental data
from adsorption process. Also, by selecting specific
slope and intercept values from the plots, constants

needed for an exact comparison between them were
found.

Table 1. The adsorption models used in this work

Name Equation (Linear form) Plot Slope Intercept
Langmuir Celqe = 1/gmK_ + Celqm Celge vs. C; 1/qm 1/qmK,
Freundlich logge = log Ks + 1/nlog Ce logge vs. log Ce 1/n log K¢

Temkin ge =B In K¢+ B InCe ge Vs. InCe B B In K;
Dubinin- Radushkevich Inge = Ingm - Be? Inge vs. €2 B Ingm

Where Kr (Freundlich constant) stands for the
adsorption capacity (L/g), K. (Langmuir constant)
refers to the affinity of the binding sites (L/mg), and
gm for maximal adsorption capacity necessary to
create the monolayer. B is constant of Timken where

Results and discussion

Effect of adsorbent weight and contact time

Fig. 2, A displays the removal percent (R%) and
amount adsorbed (ge) of 15 ppm MP medication
against the weight of MPS adsorbent at 293 K. From
this graph, it can be shown that the MP medication
clearance and amount adsorbed rise as the weight of
MPS increases up to 0.05 g in aqueous solution. This
is explained by a rise in the MPS's surface area,
which raises the number of binding sites. Higher
dosages result in a very quick adsorption onto the

B = RT / b and b is an equilibrium constant, p is
related to mean sorption energy E (J/mol) through the
equation: E = (-2 ) "%, and ¢ is the Polanyi potential
described as: £ = RT In (1+ 1/C.).

adsorbent  surface, which
absorption-12,

Fig. 2, B, which depicts the rapid increase in the
amount adsorbed as contact time increase up to 40
minutes in which the high value is shown, provides
an illustration of the impact of contact time on
adsorption. The availability of adsorption sites of the
adsorbents got diminished, leading the amount
adsorbed to be constant?®, so all adsorption studies
were conducted at this equilibrium time (40 min) and
at 0.05 g adsorbent dose.

improves  drug
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Figure 2. Effect of adsorbent dose and equilibrium time on MP adsorption.

Adsorption isotherm

Adsorption isotherms of MP on the MPS surface
using four temperatures ranged from 293 — 333 K
and initial concentrations ranged from 10 -50 ppm
are presented in Fig. 3.
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Figure 3. Adsorption isotherms of metoprolol
/mesoporous silica system.

Fig.3 demonstrates that as temperature rises, MP
adsorption increases, indicating that the operation is
endothermic. This can be taken to mean that when
temperature rises, collisions occur more frequently.
High temperatures may also increase activation
energy or porous dimension4. With increasing initial
concentration of MP drug from 10 to 50 mg/L, the Qe

of drug molecules increases from 14.4to 66.4 after 40
min of equilibrium adsorption time. On the other
hand, Fig. 3 shows adsorption isotherms at low MP
concentrations, yielding an S-type (or Type V)
isotherm®®. This indicates that the direct interaction
between the adsorbent surface and metoprolol
molecules is low, and only after obtaining some
coverage, adsorption increase. A similar observation
was made for several pharmaceuticals in previous
studies®® 18,

Finding a suitable model to be employed requires
analyzing the experimental data and fitting it in
various isotherm equations®®. These isotherm
equations are Langmuir, Freundlich, Temkin, and
Dubinin-Radushkevich. The parameters obtained in
the fitting, along with a correlation coefficient (R?),
are present in Table 2 while typical linear plots of the
four models are shown in fig.4.
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Figure 4. Typical linear plots of the four models at 293 K.
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Table 2. The four models’ parameters for the adsorption process.

Isotherm Parameters Temperature
293K 303K 313K 323K
Langmuir dm(Mg/g) 1428 321 149 94.33
Kc(L/mg) 0.0028 0.026 0.092 0.38
RL 0.959 0.719 0.42 0.149
R? 0.0120 0.6825 0.9941 0.9742
Kr(L.gh 1.94 2.55 3.02 4.1
R? 0.959 0.985 0.974 0.975
Temkin B(L/mg) 30.038 32.123 27.96 18.111
Kr(J/mol) 0.412 0.664 1.066 4.673
R? 0.8637 0.9306 0.976 0.9251
Dubinin- Radushkevich B(mol? J?) -2 x 10°® -1 x 10 -1 x 10 1x 107
gm(mg\g) 47.091 58.061 61.135 55.135
E(kJ/mol) 0.500 0.707 0.707 0.022
R? 0.6559 0.8028 0.8679 0.6707

Table2.

results show that the highest

E, the adsorption energy determined by

adsorption capacity (gmax) according to Langmuir
model ranged from 94.33 to 1428 mg/g and declined
as the temperature range under study was expanded.
The results also show a low value of R? (0.0120 -
0.994). These findings show that the experimental
data could not be explained by the Langmuir
equation, indicating that this model is unsuitable for
analyzing the experimental data of MP adsorption on
MPS.

With the range of temperatures investigated,
KF constant associated to adsorption capacity ranged
from 1.94 to 4.10 L/g. The fact that KF's value grew
as the temperature rose suggests endothermic nature
of the adsorption process. If n equals one, adsorption
is linear; if n less than one, the process is a
chemisorption type; and if n exceeds one, the process
is physisorption type?. The n value shows the degree
of nonlinearity between solution concentration and
adsorption. According to Table 2, the range for 1/n
was between 0.434 and 0.921 at 293 and 323 K. To
put it another way, the n value is between 1.08 and
2.30 for all tested temperatures, which indicates that
MP was physically and favorably adsorbed onto
silica? 22, The equilibrium data had an R? value of
0.959 to 0.985, which fit the Freundlich expression.

The Temkin isotherm's highest binding
energy was connected to an equilibrium binding
constant (Kr) that ranged from 0.412 to 4.673 J/mol.
The relationship between Ky and temperature
increased, demonstrating that the adsorption
process's physical connection between MP and silica
surface and grew stronger as temperature rose.

Dubinin- Radushkevich models, ranged from 0.0223
to 0.707 kJ/mol which are less than 8 kJ/mol. These
outcomes further validate that the process is physical
adsorption procedure?. The equilibrium data had an
R2value of 0.8637 -0.976 for the Temkin expression
and 0.6559 -0.8679 for the Dubinin- Radushkevich
expression.

According to these results, the maximum R?
values are in the range 0.959 - 0.985 for the
Freundlich model. This confirm the Freundlich
model was the optimum model for the adsorption of
MP drug onto mesoporous silica. The produced
mesoporous silica's surface is likely heterogeneous,
with interactions between MP molecules on the
surface, according to the Freundlich isotherm's
excellent fit to the experimental data?.

Thermodynamic study

To assess the viability and the adsorption process
nature, thermodynamic parameters (AG®), (AH°),
and (AS®) were determined®. The following Eqg. (3)
and (4)%, are used to estimate them and the
expression Keq = ge / Ce was used to calculate Keq,
the equilibrium constant.

AGe =—RTInK,, 3
ik, = _SH" A5 4
Meqa = pr TR

As illustrated in Fig.5, the linear relationship
between the In Keq plot against 1/T of Eq.4 and the
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values of AH® and AS® can be inferred from the slope
and intercept. Table 3. contains the calculated
thermodynamic parameters.

10
9.8
9.6

9.4 y'=-4583.6x + 23.953
9.2 R?2=0.989
9

8.8
8.6
8.4
8.2
0.003  0.0031

InK

0.0032 0.0033

1T

0.0034 0.0035

Figure 5. The vant Hoff plot of the adsorption of
MP on MPS process.

Table 3. The thermodynamic function of the
adsorption of MP on MPS.

Temperature(K) AH® AS° J/mol AG®

kJ/mol K kJ/mol
293 38.10 199.14 -20.24
303 -22.23
313 -24.23
323 -26.22

Conclusion

In a batch experimental setting, the MP drug
adsorption from an aqueous solution onto MPS was
investigated. Langmuir, Freundlich, Temkin and
Dubinin-Radushkevich  models of adsorption
isotherm  were employed to examine the
experimental data of MP onto MPS. It was
discovered that adsorption was advantageous, that its
capacity increased with temperature, and that it was
a physical process. When the results of the four
different adsorption models were compared, it

Author’s Declaration

The authors would like to declare that there is no
conflict of interests, hereby declare that this
submission is entirely our own work, in our own
words, and that all sources used in researching it are
fully acknowledged and all quotations properly
identified. It has not been submitted, in whole or in

Author’s Contribution

S. H. K. suggested and planned the research idea.
M. A. S. designed and carried out the experiments.

As shown from Table 3. The value of AH®
was 38.10 kJ/mol indicate adsorption of MP drug on
MPS surface was physical in character and involved
weak attraction between them. AH® value of less than
40 kJ/mol indicates the physical adsorption of the
adsorbate molecules and the adsorbent surface?.
Additionally, the fact that AH® is positive shows the
endothermic nature of adsorption.

AG® values were discovered to be between -
20.24 and -26.22 kJ/mol and reduced when
temperature rose, indicating that adsorption may be
become more spontaneous at higher temperatures.
Higher negative values represent an adsorption
process that is more energy-beneficial, and the AG®
measures the spontaneity of the adsorption process.
The study's negative AG® values at all temperatures
under investigation attest to the adsorbent’s viability
and the spontaneity of adsorption 2329,

AS° for this process had a value of 199.14 J/mol K.
The increased degree of flexibility of the adsorbed
MP is suggested by the positive value of AS°. Based
on this finding, it was shown that MP adsorption
improves the randomness of the overall system while
water molecules surrounding it were released during
adsorption.

became clear that the Freundlich model had the
highest accuracy in its ability to explain the MP
adsorption  equilibrium  data, indicating a
heterogeneous surface with interactions between the
MP and MPS. The adsorption thermodynamics
results indicate that (1) the adsorption of MP on MPS
was; (1) physisorption, and tended to be endothermic,
(2) spontaneous, and became more spontaneous at
higher temperatures, and (3) increased randomness at
the solid/liquid interface.

part, by me or another person, for the purpose of
obtaining any other credit / grade. We understand
the ethical implications of our research, and this
work meets the requirements of the Faculty of
Science, Sciences Research Ethics Committee.

All authors contributed in the analysis and
discussing of the results and writing the manuscript.

Page | 1034


https://dx.doi.org/10.21123/bsj.2023.8827
https://dx.doi.org/10.21123/bsj.2023.8827

2024, 21(3): 1029-1036
https://dx.doi.org/10.21123/bsj.2023. 8827
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

References

1.

10.

Fallah Z, Zare EN, Ghomi M, Ahmadijokani F, Amini
M, Tajbakhsh M et al. Toxicity and remediation of
pharmaceuticals and pesticides using metal oxides and
carbon  nanomaterials.  Chemosphere. 2021,
257(1):130055.
https://doi.org/10.1016%2Fj.chemosphere.2021.1300
55.

. Parashar D, Gandhimathi R. Zinc lons adsorption from

aqueous solution using raw and acid-modified orange
peels: Kinetics, Isotherm, Thermodynamics, and
Adsorption mechanism.Water Air Soil Pollut.
2022;233(10):400. http://dx.doi.org/10.1007/s11270-
022-05857-6 .

Zhang WX. Nanoscale iron particles for
environmental remediation: an overview. J Nanopart
Res. 2003;5:323-32.
https://doi.org/10.1023/A:1025520116015 .

Hora PI, Novak PJ, Arnold WA. Photodegradation of
pharmaceutical compounds in partially nitritated
wastewater during UV irradiation. Environ Sci
(Camb). 2019;5(5):897-909.
https://doi.org/10.1039/C8EW00714D .

Gidstedt S, Betsholtz A, Falds P, Cimbritz M,
Davidsson A, Micolucci F.et al. A comparison of
adsorption of organic micropollutants onto activated
carbon following chemically enhanced primary
treatment with micro sieving, direct membrane
filtration and tertiary treatment of municipal
wastewater. Sci  Total Environ .2022; 10
(811):152225.
https://doi.org/10.1016/j.scitotenv.2022.152225 .
Girijan 'S, Kumar M. Microbial degradation of
pharmaceuticals and personal care products from
wastewater. Microbial Bioremediation &
Biodegradation. 2020:173-201.
https://doi.org/10.1007/978-981-15-1812-6_8

Vieno N, Tuhkanen T, Kronberg L. Elimination of
pharmaceuticals in sewage treatment plants in Finland.
Water Res. 2019;41(5):1001-12.
https://doi.org/10.1016/j.watres.2019.12.017 .
Deblonde T, Cossu-Leguille C, Hartemann P.
Emerging pollutants in wastewater: a review of the
literature. Int J Hyg Environ Health. 2011;214(6):442-
8. https://doi.org/10.1016/j.ijheh.2011.08.002.
Hussein EA, Kareem SH. Mesoporous silica
nanoparticles as a system for ciprofloxacin drug
delivery; kinetic of adsorption and releasing. Baghdad
Sci J . 2021;18(2):357-365
. https://doi.org/10.21123/bsj.2021.18.2.0357 .

Barros JM, Fernandes GJ, Araujo MD, Melo DM,
Gondim AD, Fernandes Jr VJ, et al. Hydrothermal
Synthesis and Properties of Nanostructured Silica
Containing Lanthanide Type Ln-SiO2 (Ln= La, Ce,
Pr, Nd, Eu, Gd, Dy, Yb, Lu). Nanomaterials.
2023;13(3):382.
https://doi.org/10.3390/nan013030382 .

11.Ahmed HR, Raheem SJ, Aziz BK. Removal of
Leishman stain from aqueous solutions using natural
clay of Qulapalk area of Kurdistan region of Iraqg.
Karbala. Karbala Int. J. Mod. Sci. 2017;3(1):165-75
https://doi.org/10.1016/j.kijoms.2017.05.002

12. Aljeboree AM. Removal of vitamin B6 (Pyridoxine)
antibiotics pharmaceuticals from aqueous systems by
ZnO. Int. J. Drug Deliv. 2019;9(2):125-9.
https://doi.org/10.25258/ijddt.9.2.3 .

13. Al-Sa’adie, Kholod A., Sara B. J. "Adsorption study
for chromium (VI) on Iragi bentonite. Baghdad Sci J.
(2010);7(1): 745-756.

14.Kareem SH, Ali IH, Jalhoom MQ. Kinetic and
thermodynamic study of triton X-100 removal from
aqueous solution of functionalized mesoporous silica.
Int J Sci: Basic Appl Res. 2015;2(21):293-308.
https://doi.org/10.1007/s11356-021-15021-y .

15.Sparks DL. Sorption phenomena in soils.
J. Environ. Chem. 1995:99-139.
https://doi.org/10.1016/B978-012656446-4/50005-0

16.Dogan M, Ozdemir Y, Alkan M. Adsorption kinetics
and mechanism of cationic methyl violet and
methylene blue dyes onto sepiolite. Dyes Pigm .
2019;75(3):701-13.
https://doi.org/10.1016/j.dyepig.2019.07.023 .
17.Khazri H, Ghorbel-Abid I, Kalfat R, Trabelsi-Ayadi
M. Removal of ibuprofen, naproxen and
carbamazepine in agqueous solution onto natural clay:
equilibrium, Kkinetics, and thermodynamic study. Appl
Water Sci. 2017;7(6):3031-40.
https://doi.org/10.1007/s13201-016-0414-3 .
18.Khalaf SM, Al-Mahmoud SM. Adsorption of
Tetracycline Antibiotic from Aqueous solutions using
Natural Iragi  Bentonite. Egypt J  Chem.
2021;64(10):5511-9.
https://doi.org/10.21608/ejchem.2021.76358.3734 .
19.Levakov |, Shahar Y, Rytwo G. Carbamazepine
Removal by Clay-Based Materials Using Adsorption
and Photodegradation. Water. 2022;14(13):2047.
https://doi.org/10.3390/w14132047 .

20.Shin  HS, Kim JH. Isotherm, Kkinetic and
thermodynamic characteristics of adsorption of
paclitaxel onto Diaion HP-20. Process Biochem.
2016;51(7):917-24.
https://doi.org/10.1016/j.procbio.2016.03.013.

21.Dey AK, Dey A, Goswami R. Adsorption
characteristics of methyl red dye by Na2CO3-treated
jute fibre using multi-criteria decision making
approach. Appl Water Sci. 2022;12(8):179.
https://doi.org/10.1007/s13201-022-01700-9.

22.Hiawi FA, Ali IH. Study the Adsorption Behavior of
Food Colorant Dye Indigo Carmine and Loratadine
Drug in Aqueous Solution. Chem. Methodol. 2022;
6(10):720-730. https://doi.org/10.30526/36.1.2316 .

23. Togue Kamga F. Modeling adsorption mechanism of
paraquat onto Ayous (Triplochiton scleroxylon) wood

Page | 1035


https://dx.doi.org/10.21123/bsj.2023.8827
https://dx.doi.org/10.21123/bsj.2023.8827
https://doi.org/10.1016%2Fj.chemosphere.2021.130055
https://doi.org/10.1016%2Fj.chemosphere.2021.130055
http://dx.doi.org/10.1007/s11270-022-05857-6
http://dx.doi.org/10.1007/s11270-022-05857-6
https://doi.org/10.1023/A:1025520116015
https://doi.org/10.1039/C8EW00714D
https://doi.org/10.1016/j.scitotenv.2022.152225
https://doi.org/10.1007/978-981-15-1812-6_8
https://doi.org/10.1016/j.watres.2019.12.017
https://doi.org/10.1016/j.ijheh.2011.08.002
https://doi.org/10.21123/bsj.2021.18.2.0357
https://doi.org/10.3390/nano13030382
https://doi.org/10.1016/j.kijoms.2017.05.002
https://doi.org/10.25258/ijddt.9.2.3
https://doi.org/10.1007/s11356-021-15021-y
https://doi.org/10.1016/B978-012656446-4/50005-0
https://doi.org/10.1016/j.dyepig.2019.07.023
https://doi.org/10.1007/s13201-016-0414-3
https://doi.org/10.21608/ejchem.2021.76358.3734
https://doi.org/10.3390/w14132047
https://doi.org/10.1016/j.procbio.2016.03.013
https://doi.org/10.1007/s13201-022-01700-9
https://doi.org/10.30526/36.1.2316

2024, 21(3): 1029-1036
https://dx.doi.org/10.21123/bsj.2023. 8827
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

sawdust Appl Water Sci. 2019;9(1):1.
https://doi.org/10.1007/s13201-018-0879-3 .
24.Abu-Nada A, Abdala A, McKay G. Isotherm and
kinetic modeling of strontium adsorption on graphene
oxide. Nanomaterials. 2021;11(11):2780.
https://doi.org/10.3390/nan011112780 .

25.Dhahir S A, Abdul-Hussein E, Sarhan S T, Faraj N.
Adsorption of malachite green dye from aqueous
solution onto Iragi raw Al-Hussainiyat clay. Eur Chem
Bull. 2013; 2(11): 866-872.

26. Patil SA, Kumbhar PD, Satvekar BS, Harale NS, Bhise
SC, Patil SK, et al. Adsorption of toxic crystal violet
dye from aqueous solution by using waste sugarcane
leaf-based activated carbon: isotherm, kinetic and
thermodynamic study. J Iran Chem Soc. 2022; 19(7):
2891-906.
https://doi.org/10.1016/j.heliyon.2022.e10873 .

27. Aragaw TA, Alene AN. A comparative study of acidic,
basic, and reactive dyes adsorption from aqueous
solution onto kaolin adsorbent: Effect of operating

parameters, isotherms, kinetics, and thermodynamics.
Emerg Contam. 2022;8(1):59-74.
https://doi.org/10.1016/j.emcon.2022.01.002 .

28. Hiawi FA, Ali IH. Study the Interaction Adsorptive

Behavior of Sunset Yellow Dye and Loratadine Drug:
Kinetics and Thermodynamics Study. lbn al-Haitham
J Pure Appl Sci. 2023; 36(1): 186-

96. https://doi.org/10.30526/36.1.2974.

29. Aljeboree AM, Alshirifi AN, Alkaim AF. Ultrasound-

assisted adsorption of pharmaceuticals onto clay
decorated carbon Nano composites as a novel
adsorbent; as a Applicable for environmental studies.
J Phys.. Conf Ser 2020; 1664(1):012098.

I0PPublishing.
https://ui.adsabs.harvard.edu/link_gateway/2020JPhC
S.1664a2098A/ https://doi.org/10.1088/1742-
6596/1664/1/012098 .

Ao gia LSl o J gl g sinal) o150 3) 35N 4yl oal) AuSaaiaal) J) gall g cila g 9 509

§_pasall abosal
ﬁ}ﬁﬁawuﬁ;&u#m#ﬁ)&

LBl calazg calazg daala il ?JM‘ Al el ('aaaé

AaMAY

Al2iub(NasSiOs3 ) ey saas (e da-dsw 43k aladiuly (MPS) ) alusell o e IShud) aaiaad o3 ¢ A pall 020 8
(MP) Jslssize Jlaal ) e o dalall Al 3Y1 8 dagall Jiaiiy i 2y 1S g gy Sl (oS g y0 il S5y
salall 4t ¥) S0 A 68 el Bald) AaS ¢ puadlill i g o Jin ol paatiall Al ja i G salal) 6 3a 505 10 O s SE SIS
Gubki o3 Al e ol e 0,05 53883 40 Lea 3Ll salall 4S5 o) Y ey o) gl o gl 31 850 g Aa ja g b Yiaal)
sl e lgle J a5 Al @bl Je Dubinin-Radushkevichs Temkin, Freundlich , Langmuir < i s 3)
bl o3¢y 558 Freundlich Aabae 73 sail ¢Sy ¢ Lpand o ll Gy )V Cile 55 5291 2 3lai (G O ¢ 43 i) 45 e < yedal 8
s e S 31351 (s i) D) 5N B o 5 oal) a5 i) e 4 i S 58Y) a5l et e sl VU5 Aay
O IS AG® Aad ) 2a 55 Al s ASalss Jal 528 AH®, AS?,AG® i Al pall it elly ) ALYl S 5l ¢ 53
Alal 3l el la o A ) sy ) 55eY) o o J Laa sl sall a3 i) qe Jiig g IS0 Jsm5US 26,22+ 520,24-
199.14 <l AS® dad Lal L 5ull 5158 ¢ 55 e 5155 dalee ol iy )5 Jige IS s 58 38,10 (o8 AH® ad ilS

B0 all Lala g 4080 dlaall G AH® 5 AG® 3LS by g MP 3 jiaall 8alall g jall il 533005 Je Ja Al 3 Jsa I s

(R 5 3 g e sl g siae Wil (s ) 505 e g gl ¢l el sdpalidal) cilalgl)

Page | 1036


https://dx.doi.org/10.21123/bsj.2023.8827
https://dx.doi.org/10.21123/bsj.2023.8827
https://doi.org/10.1007/s13201-018-0879-3
https://doi.org/10.3390/nano11112780
https://doi.org/10.1016/j.heliyon.2022.e10873
https://doi.org/10.1016/j.emcon.2022.01.002
https://doi.org/10.30526/36.1.2974
https://ui.adsabs.harvard.edu/link_gateway/2020JPhCS.1664a2098A/
https://ui.adsabs.harvard.edu/link_gateway/2020JPhCS.1664a2098A/
https://doi.org/10.1088/1742-6596/1664/1/012098
https://doi.org/10.1088/1742-6596/1664/1/012098

