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INTRODUCTION

Presently, water scarcity is a challenge in many nations, and water pollution from the paper,
cloth, printing, plastics, and chemical industries is a second challenge that has to the first (Abdel
Daiemetal.,2012; Moawed etal., 2015; Rafieyan etal., 2022). Organic pollutants, and colorants,
have specific chemical properties that make them harmful not only to humans but also to living
species in the animal and plant kingdom. Even in trace amounts, these organic pollutants should
not be visible in water. They were considering that the majority of them, especially Phthalates,
are carcinogenic, hazardous, and also mutagenic (Net et al., 2015; Moazzen et al., 2018; Shaida
etal., 2018; Alhaddad et al., 2021). In addition, the Phthalates inhibit sunlight from entering the
rivers and limit their capacity for photosynthetic processes, thus causing disequilibrium in their
ecological system (Xu et al., 2007; Gao et al., 2014; Keriene and Maruska, 2022).

n- Benzyl butyl phthalate is an organic compound historically used as a plasticizer, but
which has now been largely phased out due to health concerns. Benzyl butyl phthalate is one of
the most frequently identified in diverse environmental samples including groundwater, river
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water, drinking water, ocean water, soil, lake sediment and marine sediments. Benzyl butyl
phthalate exerted estrogenic activities in several tests (Chatterjee and Dutta, 2008; Liu and
Chen, 2010; Chen et al., 2013; Fallahrodbari, 2017; Nandi et al., 2021). Benzyl butyl phthalate
can be biologically degraded (Wittassek et al., 2011; Just et al., 2012; Shaida et al., 2018;
Alhaddad et al., 2021). Although these microbial systems function in the laboratory under
predetermined culture conditions, the bactericidal toxicants (such as heavy metals) that may in
many wastes would limit their actual effectiveness. This report studied the adsorption properties
of commercially-available polyetheretherketone/polyvinylalcohol nanocomposite modified
with zinc oxide nanoparticles synthesis targeting one dialkyl phthalate ester, namely n-benzyl
butyl phthalate.

In recent years, it has been tried to eliminate specified organics from water samples by
applying diverse potential adsorbents. Membrane fouling is a significant challenge when
separating membranes in industrial applications, which reduces the permeate flow rate by
different mechanisms, such as forming cake and pore blockage. In addition, it can degrade the
membrane and decrease its selectivity and lifetime (Safarpour et al., 2016; Jaleh et al., 2020).
Membrane fouling is enormously impressed by the physicochemical properties of membranes,
such as membrane pore size, surface roughness and porosity, pore morphology, and membrane
hydrophobicity (Zangeneh et al., 2019; Balkanloo et al., 2020).

Zinc oxide nanoparticles are a promising material for adsorption processes. Zinc oxide
nanoparticles were successfully examined as an adsorbent material for removing pollutants from
aqueous solutions. ZnO is synthesized easily, low cost, eco-friendly, and stable in environmental
conditions (Jazebizadeh and Khazraei, 2017; Pournamdari, 2023). ZnO nanoparticles are
efficacious toward removing materials under convenient conditions, such as organic pollutants,
and dyes from aqueous solutions (Li et al., 2017; Mostafa et al., 2020). Using ZnO nanoparticles
can remarkably enhance the removal of phthalates from drinking water and aqueous solutions.

Novelty, it is novel to use adsorbent PEEK/PVA/ZnONPs to remove benzyl butyl phthalate
from wastewater. Hence, to fill in the gap in the literature, we chose the following study:
synthesis of coupling of adsorbents modified by zinc oxide, which are involved in complex
mechanisms of reactions, such as photo, electro, ultrasonic, or combination processes. Containing
wastewater is not a single-component system. Moreover, the effect of other contaminants on the
ion removal process by the adsorbent plays an important role. The results of the present study
show how significantly and efficiently selected adsorbents modified by zinc oxide can be used
for the adsorption and removal of the benzyl butyl phthalate in wastewater. In addition, in the
future, further studies can be done on adsorbents to remove other contaminants and ions from
wastewater.

For this paper, we are interested in eliminating benzyl butyl phthalate using adsorption on
this material in its native form. The impacts of the temperature and initial benzyl butyl phthalate
concentration on the adsorption capacity of the benzyl butyl phthalate were studied. The
isotherms and thermodynamic parameters of the process. The desorption capacity and recycling
performance of the PEEK/PVA/ZnONPs were also examined, with the latter indicating excellent
recycling capacity. Finally, we applied industrial wastewater treatment to simulate better the
possible application of benzyl butyl phthalate removal in an industrial process.

EXPERIMENTAL

Materials and reagents

Benzyl butyl Phthalate (99%) (Chemical formula (C,;H,,O,) and molecular weight 312.365
g mol ') Phthalates, (see Fig. 1), and other ions were created by dissolving them in distilled
water to produce metal ion solutions at various concentrations for adsorption investigations,
including n-methyl pyrrolidine (n-MP) and polyvinyl alcohol (PVA) from Merck Company,
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Fig. 1. The chemical structure of the benzyl butyl Phthalate.

polyetheretherketone (PEEK) from a Chinese company, ZnO nanoparticles with an average
particle size of 25-30 nm from Tehran Co., Iran. Before utilization, ZnO nanoparticles at 500
°C for five hours to ensure complete drying of nanoparticles. All the above chemicals were
received without any further purification.

Instrumentation

The applied instruments were as follows: The adsorption of dyes was detected using a UV-
visible spectrophotometer Jenway, 6505, UK. Fourier transforms infrared (FT-IR) spectra,
resulting in the investigation with Bruker-Tensor 27, Germany. The morphology of the adsorbent
using SEM, JEOL Japan model # JSM6380A. The pH values of solutions were identified by the
pH-meter (Hanna- Instruments 8519, pH 211, Canada) for the ultrasound-assisted adsorption
procedure.

Preparation of PEEK/PVA/ZnO nanoparticle

To prepare the solution of ZnO nanoparticles (ZnONPs) at 1, 2, and 3 wt% concentrations,
ZnO was dissolved in 10 mL of n-methyl pyrrolidine (n-MP) and sonicated at 45 °C for 3h.
Then, SPEEK was added to ZnONP solutions separately, and the solutions were stirred under
a magnet stirrer at 90 °C for 14 h. Afterward, PVA was in the mentioned solutions at 90 °C
for 24 h. Finally, the Teflon-coated plate was heated at 80 °C for 24 h to evaporate the solvent
and create PEEK/PVA/ZnONPs membranes. Notably, the ratio of SPEEK/PVA in the solutions
and concentration of final solutions (PEEK/PVA/ZnONPs) were 70:30 (w/w), and 6.0 wt%,
respectively. Moreover, to prepare a pure SPEEK/PVA membrane, SPEEK/PVA polymer at a
weight ratio of 70/30 was dissolved in 10 mL of n-MP and stirred at 60 °C for 12 h. Then, the
pure membrane is the same as the nano-composite membranes described earlier (Hamil et al.,
2022; Pournamdari, 2023).

Sampling

In order to test the suitability of PEEK/PVA/ZnONPs adsorbent used in industrial effluents, a
volume of wastewater solution was used in a series of flasks at 25 °C. Under optimal conditions,
the wastewater solution was treated using PEEK/PVA/ZnONPs adsorbent. A sample of industrial
effluents was taken from a location in the city Mahshahr industrial sector of Khuzestan province,
and it was filtered in preparation for a subsequent experiment.

Adsorption method

The adsorption of benzyl butyl phthalate onto PEEK/PVA/ZnONPs in batch mode operation.
The equilibrium time between the adsorbents and the benzyl butyl phthalate molecule was
determined in a 50 mL Erlenmeyer flask. The effects of the experimental conditions investigated
include contact pH, time, temperature, benzyl butyl phthalate concentration, and adsorbent
dosage. The contact time range examined is 30 — 90 min, pH of 2 — 8, a temperature of 298 —
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348 K, benzyl butyl phthalate concentration of 2 — 50 mgL!, and adsorbent dose of 0.03 — 1-0
g. At each experiment, the resulting mixture was filtered, and the concentration of phthalate
molecule in the filtrate was determined by UV — Vis spectrometer at the predetermined maximum
wavelength for benzyl butyl phthalate adsorption capacity (¢,) and efficiency (% R) and was
calculated below (Fallahrodbari, 2017; Shaida et al., 2018).

R% = S0 =S 4100 (1)
CO
V(C,-C,)
=— 75100 2
q; W (2)

q, (mgg™") = the quantity of benzyl butyl phthalate adsorbed per unit mass of adsorbent, C_
(mgL™") = initial benzyl butyl phthalate concentration, C, (mgL™") = the benzyl butyl phthalate
concentration at equilibrium, V (mL) = the volume of benzyl butyl phthalate solution, and W
(g) = the mass of the adsorbent (Dinari and Haghighi, 2017; Rafieyan et al., 2022).

RESULTS AND DISCUSSION

Sample characterization of adsorbent
BET; analysis of PEEK/PVA/ZnONPs as an adsorbent

The BET analyses determine the physical characteristics and porosity of the adsorbents.
Specific surface area, pore diameter, and total pore volume are obtained from N, adsorption-
desorption isotherms. Fig. 2, lists the surface properties of the PEEK/PVA/ZnONPs (Zhang,
2017; Pournamdari, 2023). The adsorption capacity of PEEK/PVA, and ZnONPs depends on
the porosity and chemical reactivity of functional groups at the surface. Knowledge of surface
functional groups would give insight into the adsorption capability of the adsorbent. This is
because when the ZnONPs into the PEEK/PVA channels, the most probable pore diameter
was reduced, indicating that the ZnONPs entered the PEEK/PVA channels (Taher et al., 2017;
Pournamdari, 2023).

FTIR analysis

The FT-IR, spectra of the PEEK/PVA/ZnONPs in the 4004000 cm™ wavenumber range, as
demonstrated in Fig. 3a, the FT-IR spectrum of PEEK/PVA/ZnONPs presents a clear peak at
481.85 cm! related to Zn—O, and peak at 1300-1655 cm™! were associated with the groups of the
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Fig. 2. N, adsorption—desorption isotherms of PEEK/PVA/ZnONPs.
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CH-CH and (-CH,) , -CH, bonds. The weak signal of the 2850 cm-1 to C=C bonds. The peak at
3485 cm! can relate to —O-H stretching (Zhang, 2017; Hamil et al., 2022; Pournamdari, 2023).

X-ray diffraction

Fig. 3b shows the XRD patterns of the PEEK/PVA membrane and the PEEK/PVA membrane
modified by 2.0 ZnONPs. As seen in (Fig. 3b), in all membranes, there are specific peaks
around 20 =18.4° due to the existence of the crystalline surface of sulfonated polyether, ether
ketone, and polyvinyl alcohol. The intensity of the diffraction peaks is related to the crystalline
region of the polymer membrane by adding zinc oxide nanoparticles to the membrane. This
phenomenon is caused by the influence and crystallinity of sulfonated polyether ketone and
polyvinyl alcohol from the strong force resulting from the intermolecular interaction of the
chains. Since, mass transfer occurs from within the amorphous regions of the membrane, the
decrease in the crystalline areas and, as a result, the increase of the undeveloped parts of the
polymer are favorable events for intensifying mass transfer. On the other hand, the presence of
zinc oxide nanoparticles in the polymer network creates such a rigid structure that the chains
do not have enough ability to move freely (Taher et al., 2017; Hamil et al., 2022). Energy-
dispersive X-ray spectroscopy of the EDX spectrum after the formation of PEEK/PVA and
PEEK/PVA/ZnONPs in (Fig. 3c, d) (Zhang, 2017; Hamil et al., 2022).

Morphology of prepared membranes
Filament fibers were observed for the surface of the pure membrane (Fig. 4). Moreover, SEM
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Fig. 4. (a) SEM image of PEEK/PVA (b) ZnONPs (c) PEEK/PVA PEEK/PVA/ZnONPs.

images of ZnONPs and PEEK/PVA/ZnONPs membranes (ZnONPs-modified membrane) are
indicated in (Fig. 3). Accordingly, the surface structure of the PEEK/PVA/ZnONPs membrane
metamorphosed into pseudo-flowering from fibrous. Furthermore, the transparent layers of the
membrane surface confirm the hardening of the polymer-particle interface and an indistinct
separation when the modification occurs. Notably, PEEK/PVA/ZnONPs possessed a rounded
shape with a size in the range of 40—65 nm (Taher et al., 2017; Pournamdari, 2023).

Effect of pH on the adsorption

The effect of pH on the benzyl butyl phthalate removal onto PEEK/PVA/ZnONPs using
the batch method. The adsorption mechanism may be a physicochemical interaction between
the adsorbent/adsorbate pair (Fallahrodbari, 2017; Pournamdari, 2023). The effect of pH on
the percentage of benzyl butyl phthalate removal was investigated within the range of 2 to 8.
As shown in Fig. 5a, the highest percentage of benzyl butyl phthalate removal was achieved
at pH 5. Considering that benzyl butyl phthalate at pH values lower than its pKa, it exists
as a cationic species; at pH values equal to its pKa, as a neutral species; and at pH values
higher than its pKa, as an anionic species. In alkaline conditions (pH values higher than 5),
benzyl butyl phthalate becomes deprotonated, resulting in an increase in negative charge on the
adsorbent surface, making it more negatively charged, and ultimately leading to electrostatic
repulsion that reduces the adsorption efficiency. For pH values greater than pKa and less than
5, electrostatic attraction between the benzyl butyl phthalate and the positively charged surface
of the adsorbent enhances the adsorption capacity. In this pH range, the adsorbent and benzyl
butyl phthalate possess opposite surface charges, leading to increased adsorption. For pH values
lower than pKa, adsorption occurs through van der Waals interactions or hydrogen bonding, and
benzyl butyl phthalate remains in its molecular form, resulting in a positively charged adsorbent
surface. So, the pH =5.0 is the optimum value in the benzyl butyl phthalate adsorption onto the
PEEK/PVA/ZnONPs adsorbent, as shown in (Fig. 5a) (Rahmani Piani et al., 2021; Alhaddad et
al., 2021; Rafieyan et al., 2022).

Effect of the dosage of absorbent

The quantity of adsorbent used during the adsorption procedure is a critical factor, considering
both economic and industrial implications. It is essential to consider the potential negative
effects of using too much adsorbent, as it can ultimately contribute to environmental pollution
and require expensive purification processes (Rahmani Piani et al., 2022; Silori et al., 2023).
It is crucial to balance the amount of adsorbent used to ensure efficient and safe adsorption
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processes. Fig. 5b presents the results of benzyl butyl phthalate onto PEEK/PVA/ZnONPs
adsorption capacity and removal efficiency at different adsorbent doses ranging from (0.03-1.0
g). By increasing the adsorbent doses from (0.03-1.0 g), the benzyl butyl phthalate removal
efficiency improved significantly, from 45% to nearly 88%. Increasing the amount of adsorbent
leads to more active sites capable of removing benzyl butyl phthalate. To optimize the remaining
aspects, a sorbent dosage of 0.3 g was selected for subsequent analyses, as it delivered the
maximum efficiency in benzyl butyl phthalate removal (Shaida et al., 2018; Alhaddad et al.,
2021; Ghazali et al., 2023).

Effect of contact time

Effect of contact time on the adsorption of benzyl butyl phthalate using PEEK/PVA/ZnONPs
were defined at different contact times (30-90 min) for benzyl butyl phthalate while keeping
another parameter constant. It, from Fig. 5c, that the efficiency of benzyl butyl phthalate removal
increases with time until equilibrium. The maximum value of benzyl butyl phthalate removal at
60.0 min (the optimal value for the contact time parameter) for benzyl butyl phthalate, and the
efficiency after it remains nearly constant due to the saturation of active sites (Fallahrodbari,
2017; Shaida et al., 2018).
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Fig. 5. (a) Effect of pH (benzyl butyl phthalate = 15 mgL-!, dosage sorbent = 0.3 g, time = 60 min). (b) Effect
of the dosage of absorbent (benzyl butyl phthalate = 15 mgL!, pH =5, time = 60 min). (c) Effect of contact time
(benzyl butyl phthalate = 15 mgL™!, pH =5, dosage sorbent = 0.3 g). (d) Effect of temperature (benzyl butyl

phthalate = 15 mgL!, pH =5, dosage sorbent = 0.3 g, time = 60 min).
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Effect of temperature

The effect of temperature is essential in the adsorption system, as a change in temperature can
cause variation in the equilibrium constant and adsorption capacity of the adsorbent for a given
solute. The relation between temperature and adsorption of benzyl butyl phthalate onto PEEK/
PVA/ZnONPs adsorbent in (Fig. 6d), respectively. The data indicates that the removal of benzyl
butyl phthalate decreases with rising temperature (the optimal value of temperature parameter
for the adsorption of benzyl butyl phthalate onto adsorbent is 25 °C), as the temperature rise
may decrease the adsorptive forces between benzyl butyl phthalate molecules and the active
sites on the PEEK/PVA/ZnONPs adsorbent surface (Nandi et al., 2021; Pournamdari, 2023).

Adsorption isotherms studies

The results of adsorption investigations of benzyl butyl phthalate on the PEEK/PVA/ZnONPs
adsorbent were examined in this paper by applying Langmuir, Freundlich, and Temkin isotherms.
Batch adsorption isotherm tests were carried out by increasing the starting concentration from 2
to 50 mgL! at various temperatures.

The Langmuir isotherm depends on the material surface homogeneity notion, which states
that all adsorption sites are identical and have the same energy (Shaida et al., 2018; Rahmani
Piani et al., 2022; Silori et al., 2023).

The adsorption mechanism between the material and the materials particle must have a
similar adsorption activation energy, which explains the presence of a monolayer of materials
particles just on the material surface. Langmuir linear form is as follows:

-——+— 3)

1
qe quLCe q

m

Where, qe (mg/g) represents the quantities of the material under equilibrium, C_ (g/L)
represents the materials concentration in the sample at equilibrium, the Langmuir coefficient
K, (I/mg) to the value of the free energy of adsorption, with q_ (mg/g) represent the optimum
amount of adsorption. The result, is shown in (Fig. 6a, and Table. 1).

The experimental Freundlich isotherm, which does not predict the saturation of the adsorbent
by the pollutant, suggests monolayer adsorption in addition to a heterogeneous surface (Shaida
et al., 2018; Rahmani Piani et al., 2021). The Freundlich model formula is given.

Inq, =ilnCe+anF (4)

Where, K, (mg/g) represents the Freundlich coefficient, which determines the relative
adsorption capacity of the adsorbent, and the experimental coefficient n is allied to the surface
heterogeneity of the adsorbents. Factor n significantly affects the way the adsorption process
functions (Dinari and Haghighi, 2017; Rafieyan et al., 2022). The result, is shown in (Fig. 6b,
and Table. 1).

According to the Temkin isotherm, which is commonly used to describe the phenomenon
of dangerous pollutants adhering to heterogeneous mechanisms (Rahmani Piani et al., 2021;
Nandi et al., 2021), the heat of adsorption also decreases linearly in the existence of evenly
distributed adsorption binding energies and interactions between materials and adsorbent.

The Temkin model expression has the following linear regression form:

qe=B hC_+B hA_ (5)

Knowing that T matches the absolute temperature in (Kelvin) units with R symbolizing the
material coefficient (8.314J/mol.K), the value of the Temkin coefficient bT (J/mol) is linked
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with the heat of adsorption, while the optimum value of the binding energy is expressed as KT
(I/mg). The result, is shown in (Fig. 6¢, and Table. 1).

These models were applied at optimal dosages of adsorbent while other variables were
kept at optimal conditions (Table. 1). Fitting the experimental data to these isotherm models
and considering the higher values of correlation coefficients (R2 = 0.9935) for benzyl butyl
phthalate, that the Langmuir isotherm is the best model to explain the benzyl butyl phthalate
adsorption onto PEEK/PVA/ZnONPs. It also shows the equilibrium distribution of benzyl butyl
phthalate between the solid and liquid phases (Rahmani Piani et al., 2021; Rafieyan et al., 2022;
Ghazali et al., 2023).
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Fig. 6. Adsorption isotherm models (benzyl butyl phthalate = 15 mgL"!, pH = 5, adsorbent dose = 0.3 g, time =
60 min).

Table 1. The adsorption isotherm models benzyl butyl phthalate = 15 mgL"!, pH = 5, adsorbent dose = 0.3 g,
time =60 min).

Isotherm Parameters Ad % benzyl butyl phthalate by PEEK/PVA/ZnONPs
gm (mgg™) 34.24
Langmuir K. (L mg™h) 0.0056
R? 0.9930
n 1.006
Freundlich Kr (mg)' " Lng! 1.726
R? 0.9512
Bt (J mol™) 12.75
Tempkin Kr (L mg") 1.2
R? 0.8950
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Determination of thermodynamic parameters

Entropy change (AS®), enthalpy change (AH®), and change in Gibbs free energy (AG®) are
significant thermodynamic variables for evaluating adsorption mechanism spontaneity and heat
change.

InK=. 2 A% )
RT R
AGO= AH'— T AS® ©)

The AG® value of material is negative, implying the possibility, and also of spontaneity of
the adsorption process; this value also means that as the temperature decreases, the adsorption
process is favorable. As the temperature increases from 298 to 348 K, the adsorption performance
decreases, suggesting an exothermic process (the AH® value is negative). This drop is related to
the decreased tendency of the benzyl butyl phthalate to contact the surface of the PEEK/PVA/
ZnONPs adsorbent (Shaida et al., 2018; Ghazali et al., 2023). This result is possibly justified by
the degradation of the bond that links the benzyl butyl phthalate to the active sites of the material,
and by the important solubility of the adsorbate when the temperature is increased. Considering
the negative AS° results indicate that a significant benzyl butyl phthalate arrangement is
established onto PEEK/PVA/ZnONPs (Fallahrodbari, 2017; Rafieyan et al., 2022).

Recycling of the Adsorbent
As seen from (Fig. 7), the benzyl butyl phthalate removal efficiency decreased slightly with

Table 2. Thermodynamic values for benzyl butyl phthalate adsorption onto PEEK/PVA/ZnONPs (benzyl butyl
phthalate = 15 mg L*!, pH =5, dosage sorbent = 0.3 g, time = 60 min).

Samples T (°K) value of AG°(kJ/mol)  value of AH°(kJ/mol)  value of AS° (J/mol K)
298 -11.7
benzyl butyl phthalate 308 -13.0
(15 mg/L) 318 -14.3 -77.0 -274.0
328 -15.1
348 -15.9
100 -
80 -
B PEEK/PVA/ZnONPs
X
= 60 -
.2
g
2 40 -
o
[a]
20 -~
0 1 T T T T T T T 1
Cyclec 1 Cyclec 2 Cyclec 3 Cyclec 4

Number of Cycles

Fig. 7. Cycles adsorption of the benzyl butyl phthalate (benzyl butyl phthalate = 15 mg L"!, pH =5, dosage
sorbent = 0.3 g, time = 60 min).
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Table 3. Results for removal of benzyl butyl phthalate from water samples.

0,
Water samples % Removal benzyl butyl phthalate

RSD (n=3)
Well water 99.68 + 1.1
Tap water 9539+13
Wastewater 94.08 + 1.7

Table 4. Comparison of phthalates adsorption on different adsorbents.

Phthalates Adsorbent ]sjo(;ls)iiet pH Time Aéi;l;);gt:;n References
Benzyl butyl . 1 Chatterjee and
phthalate MTCC 4818 0.1g 7.0 120 min 6.2 mgg Dutta, (2008).
Benzyl butyl . 1 (Fallahrodbari,
phthalate Ag-MWCNTs 0.1g 6.0 12 min 10.0 mgg 2017)
Di ethyl . . 1 (Shaida et al.,
phthalate Chitosan 05¢g 5.8 240 min ~ 42.67 mgg 2018)
Arthrobacter sp. via .
Benzyl butyl . . . o (Nandi et al.,
phthalate msl:;fgzggta 0.1g 7.0 120 min 10.28 mgg 2021)
Benzyl butyl . o
phthalate PEEK/PVA/ZnONPs 03¢g 5.0 60 min 34.24 mgg Present study

an increase in cycle number. After four cycles, the efficiency reduced from (96.2% to 90.0 %).
The result proved the stability of the PEEK/PVA/ZnONPs for the degradation of benzyl butyl
phthalate in the adsorption process. In addition, the decrease in the degradation efficiency of
benzyl butyl phthalate is caused by the adsorption of intermediates on the surface of PEEK/PVA/
ZnONPs. Now, the necessary correction has been done, and of the section added in manuscript
(Rahmani Piani et al., 2022; Pournamdari, 2023).

Application to real samples

Samples from water (50 mL) were contacted with 0.3 g of the PEEK/PVA/ZnONPs adsorbent
and agitated on a rotatory shaker for 60 min. The results of the adsorption study in (Table. 3),
the pollution parameters concentrations were decreased after sorption, under the predetermined
optimal conditions. Subsequently, the PEEK/PVA/ZnONPs adsorbent was collected using a
magnetic field, and the remaining amount of benzyl butyl phthalate was measured by UV/
Vis spectrophotometer. The results of the analysis of real samples are presented in (Table. 3)
(Alhaddad et al., 2021; Pournamdari et al., 2024).

Comparison with other adsorbents for removal of phthalates

Many adsorbents have to adsorb phthalates, and the achievement of wastewater treatment
and their operational parameters. The adsorption capacity of PEEK/PVA/ZnONPs adsorbent
was compared with previous studies, and the findings are presented in Table 6, highlighting the
advantages of the current results. The table demonstrates that PEEK/PVA/ZnONPs adsorbent
effectively eliminates phthalates from aqueous solution. This comparison by the maximum
adsorption capacity (qmax) obtained for removal of phthalates, and individual results in (Table. 4).

CONCLUSION
Synthesized polyetheretherketone/polyvinylalcohol nanocomposite modified with zinc
oxide nanoparticles, and its characterization revealed that the synthesis adsorbent has a good
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ability for benzyl butyl phthalate removal from wastewater. The adsorption is impacted by
experimental parameters like temperature and initial benzyl butyl phthalate concentration.
High temperatures do not favor the benzyl butyl phthalate adsorption mechanism, and the
best elimination rate at a temperature of 298K. To investigate and optimize the influence of
concentration (2-50 mg L), process time (30-90 min), amount adsorbent (0.03-1.0 g), and pH
(2-8) on the removal efficiency of benzyl butyl phthalate on the PEEK/PVA/ZnONPs adsorbent
was employed. Benzyl butyl phthalate adsorption on the PEEK/PVA/ZnONPs adsorbent
followed the Langmuir isotherm model, with the optimum adsorption amount achieved for
PEEK/PVA/ZnONPs adsorbent being 34.24 mgg''.

Based on the Langmuir isotherm results at several temperatures, the thermodynamic
parameters of adsorption are determined from these results. The negative standard enthalpy value
indicates the exothermic character of the interaction of the benzyl butyl phthalate particle with
the adsorbent. The adsorption mechanism is spontaneous, according to the negative results of
AG®. The adsorption mechanism shows that electrostatic interactions and the H-bonding are the
main driving forces when benzyl butyl phthalate adsorbs onto PEEK/PVA/ZnONPs adsorbent.
The study of the desorption and reusability mechanism of the benzyl butyl phthalate gives
a positive result, after having performed four cycles of desorption-adsorption, the adsorbent
keeps a critical adsorption capacity. The PEEK/PVA/ZnONPs adsorbent-based adsorbent was
shown to be effective in phthalates removal from wastewater samples.
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