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Abstract: A synthetic superabsorbent polymer hydrogel nanocomposite was prepared by
the free radical graft co-polymerization method. This study included the preparation of
two surfaces: first sodium alginate-g-(acrylic acid-co-sodium; 4-ethenylbenzenesulfonate),
SA-g-poly (Ac-co-EBS) hydrogel, and second surface hydrogel after zinc oxide loading SA-
g-poly (Ac-co-EBS). Hydrogel nanocomposite was prepared from different monomers for
the removal of pollutants. The physical characterizations of nanocomposite have been
studied using several techniques like UV-vis, FTIR, FE-SEM, TEM, EDX, and XRD. The
data from the adsorption study show that E% increases with increasing contact time, with
the best agitation time of 1 h, after which the adsorption becomes constant. The increase
in adsorbent amount 0.01-0.1 g, the percentage removal of tetracycline (TC) and phenol
(PH) increased from 60.639-97.085 and 487.71-94.05%, respectively, and Q. decreased
606.39-97.08 to 487.1831-94.456 mg/g on hydrogel. The AH value is endothermic. All
processes of adsorption are considered spontaneous, from a negative value of AG to a
positive value of AS. The release of the TC drug was studied in conditions similar to those
in the human body in terms of acidity and temperature. The cumulative release of TC
drug in 3 h was 50.65%, 42.33%, pH = 7.5 and pH 1.2, respectively.
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m INTRODUCTION

Pharmaceuticals are chemicals commonly used in
the treatment and diagnosis of diseases. Also, they are
used to include veterinary compounds applied to illegal
drugs [1]. Pharmaceuticals are produced in very large
quantities and consume a variety of drugs that are used in
the treatment of mankind, including synthetic hormones,
statins, antibiotics, cytotoxins, and anti-inflammatories
[2-4]. Tetracycline (TC) has been most utilized in human
treatment and husbandry animals, with a global yearly
production of more than 20,000 tons; thus, it has been one
of the most repeatedly discovered antibiotics in

wastewater [5]. Utilized to treat a number of infections,
including acne, malaria, brucellosis, cholera, plague, and
syphilis. Common side effects include vomiting, rash,
diarrhea, and loss of appetite. TC has a formula of
C22H24N,Os with a molecular weight of 444.4 g/mol [6].
Phenol (PH, also called carbolic acid, phenylic acid
hydroxybenzene) is also a common water pollutant, and
it is considered a carcinogen and a danger to human
health, even at low concentrations. Therefore, the
treatment of industrial water containing PH has become
necessary. PH is an aromatic organic compound with
the molecular formula CsHsOH. It is a white crystalline
solid that is volatile. The molecule consists of a phenyl
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group (—CsHs) bonded to a hydroxy group (-OH) with a
mildly acidic, molecular weight of 49.113 g/mol, Amwx =
270 nm, and IUPAC name of benzenol. PH and its
chemical derivatives are essential for the production of
polycarbonates, epoxies, bakelite, nylon, detergents,
herbicides such as phenoxy herbicides, and numerous
pharmaceutical drugs [7-8].

The presence of zinc oxide (ZnO) nanoparticles as
additives to the polymers leads to an increase in the
surface area and a high loading rate of the materials, in
addition to an increase in selectivity and low toxicity,
making them ideal systems for increasing the loading of
some pollutants from aqueous solutions after the
polymers were suffering from a decrease in their
effectiveness. That can be achieved by increasing the
nanofillers, which will give a better solution to get rid of
the problem of weak polymers in terms of durability,
selectivity, and surface charge [9-10]. ZnO nanoparticles
and other nanoparticles are also widely used in various
fields because of their distinctive physical and chemical
properties. They have been widely used recently in the
polymer industry, as they can provide corrosion
resistance to polymer composites and improve the
polymer’s high performance in terms of hardness, weight,
and aging resistance [11].

Hydrogels and their composites are currently
considered one of the methods used to remove industrial
pollutants that directly affect the environment and
humans by means of adsorption technology [12], which
has the ability to swell and control the controlled delivery
of drugs, so many researchers have used hydrogels and
their composites to remove water contaminants such as
dyes, drugs, and organic compounds by adsorption,
among wastewater treatments such as oxidation processes
(which include photolysis and ultrasonic decomposition)
methods
membrane separation). The adsorption technique is one

and conventional (reverse osmosis and
of the methods used to remove pollutants because of its
ease of application, high efficiency, and the possibility of
returning the adsorbed materials to the solution by
controlled release [13].

The study of kinetics and thermodynamics is one of

the important measurements to find out the time period
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to reach the equilibrium state of the adsorbed
contaminated materials at which the adsorption process
depends, while thermodynamics was studied to know if
the adsorption process was exothermic or endothermic
before and after the addition of the nanomaterial and to
know the direction of the reaction and the nature of
powers and an indication of their importance for
comparison in studies.

In this investigation, experimental variables like
pH, concentration, and temperature were examined in
order to better understand the TC and PH adsorption
capabilities of hydrogels. The adsorption isotherm,
kinetic, and thermodynamic parameters have been
computed from the experiment findings.

m EXPERIMENTAL SECTION
Materials

The materials used in this study were sodium-4-
ethenylbenzenesulfonate hydrate (EBS, 99%); acrylic
acid (Ac, 98%); potassium persulphate (KPS, 98%),
sodium alginate (SA), N'N-dimethyl acrylamide (MBA,
96%), and ZnO, where all analytical chemicals are of
high purity and were used directly without further
purification and all obtained from Sigma Aldrich
(China, Shanghai). TC (91%) and PH (99%) are getting
from Sigma-Aldrich (Overijse, Belgium).

Instrumentation

The instrumentations used in this study were UV-
vis spectrophotometers (Perkin Elmer, Lambda 35), X-
ray diffraction spectroscopy (S-4800, Hitachi, Japan),
KBr disks (4000-400 cm™), FTIR spectroscopy (84008,
Shimadzu, Japan). Field emission scanning electron
microscope (FE-SEM, MIRA3, TESCAN, Iran) with an
accelerating voltage of 15 kV and transmission electron
microscopy (TEM) (MIRA3, TESCAN, Iran).

Procedure

Adsorption experimental

The adsorption technique was studied using
adsorption parameters such as the concentration of the
pollutants at a time. All experiments on adsorption and
drug delivery have studied kinetic and isotherm
parameters through UV-vis spectrophotometer. The
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results were followed up by plotting the amount of the

adsorbent against the concentration of the adsorbent and

knowing its effect on the adsorption process. The amount

of adsorbent was found using the Eq. (1);

Qezvsol(CO_Ce) (1)
m

where Cy and C. are TC and PH concentrations (ppm) at

the initial concentration and equilibrium time,
respectively. Q. (mgg™) is the amount of TC and PH
adsorbed on the hydrogel adsorbent (g). V is the volume

in the liter unit.

Preparation of ZnO-loaded SA-g-poly (Ac-co-EBS)
hydrogel nanocomposite

The free radical graft copolymerization method is
based on the preparation of super adsorption and swelling
hydrogel by dissolving 1 g of SA in 20 mL of distilled water.
The magnetic bar was used to stir until bubbles were
removed, and then 0.1 g of ZnO NPs was dispersed in
20 mL of distilled water and shaken ultrasonically for
30 min. Then, it was gradually added to the SA solution,
followed by stirring at 25 °C for 2 h until a homogeneous
gel was dispersed. At this point, 0.5 g of EBS was added,
followed by 3 mL of AC, and consistent mixing at 25 °C
was performed. Then 0.03 g of KPS was added to 1 mL
distilled water with continuous mixing for 5 min. Next,
0.05g of MBA was added to the mixture after N, was
purged. It was finally set in a water bath at 70 °C to
complete the co-polymerization reaction and obtain the
Zn0O-loaded (Ac-co-EBS)
nanocomposite, as shown in Fig. 1.

SA-g-poly hydrogel

m RESULTS AND DISCUSSION
Characterization

FTIR of SA-g-poly (Ac-co-EBS) and SA-g-poly (Ac-
co-EBS)/ZnO hydrogel composites were investigated
before and after adsorption of TC drug and PH pollutants
(Fig. 2). Also, the absorption bands and their vibrations
are summarized by FTIR bands of SA, Ac, and EBS. The
grafting of Ac is supported via a new characteristic
adsorption band 1718 cm™, assigned to C=0 stretching in
the spectrum of ZnO-loaded SA-g-poly (Ac-co-EBS)
hydrogel nanocomposite. The amalgamation of ZnO NPs
in the structure of the composite, the bands indicate the

interaction among ZnO hydrogen and nitrogen atoms to
result in the Zn-O bond at around 460-490 cm™. The
hydroxyl group (O-H) of acrylic acid and alginate-
stretching vibration caused all the hydrogels to exhibit a
recognizable wide-stretching frequency at 3000-
3500 cm™'. A weak band with several peaks at 1040, 1113,
1236, and 1262 cm™ is ascribed to alcohols, carboxylic
acids, and ethers (1000-1320 cm™ is attributed to C-O
stretch), while a prominent peak at 1713-1725 cm™ is
indexed to the carbonyl group (C=O) stretching
[14-16]. After the
adsorption of TC and PH, we find the expansion of the

vibration for all components

bands due to the presence of an abundance of drug
hydroxyls, the occurrence of electrostatic attraction, and
the effect of van der Waals forces [17].

X-Ray Diffraction Patterns

XRD patterns of both SA-g-poly (Ac-co-EBS)
hydrogel, ZnO-loaded SA-g-poly (Ac-co-EBS) hydrogel
composite, and ZnO NPs are shown in Fig. 3, which
indicates that SA-g-poly (Ac-co-EBS) is amorphous, but
ZnO-loaded SA-g-poly (Ac-co-EBS) hydrogel composite
appears to be crystalline materials that net from the
peaks present in the broadband of a nanocomposite at
36.6° [18-19]. These analysis results showed that the
sample as well as the synthesis results, had a low crystal
phase purity. The crystallographic structure of SA-g-
poly (Ac-co-EBS) composites was changed by usinga

—

Fig 1. Image of a superabsorbent ZnO-loaded SA-g-poly
(Ac-co-EBS) hydrogel composite
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Fig 3. XRD patterns for (a) ZnO NPs according to JCPDS 36-1451, (b) SA-g-poly (Ac-co-EBS)/Zn0O, and (c) SA-g-

poly (Ac-co-EBS)

variety of amounts of ZnO and a new pattern for
nanoparticles due to the strong interaction with the
hydrogel and the formation of hydrogen bonds in the SA-
g-poly (Ac-co-EBS)/ZnO hydrogel nanocomposite with
little shift to a higher angle with the peak appearing at
33.2° [20].

TEM-EDX and FESEM are shown in Fig. 4. In TEM

images of ZnO-loaded SA-g-poly (Ac-co-EBS) hydrogel
composite and ZnO NPs. As shown in Fig. 4(a,b), quazi-
spherical ZnO NPs with sharp edges were disseminated
throughout the hydrogel matrix, as seen in the TEM
image. Moreover, the average particle size confirmed for
the SA-g-(AC-co-EBS)/ZnO NPs was ~150 and 100 nm
for ZnO NPs with a smooth morphology, where ZnO
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NPs observed embedded inside the SA-g-poly (Ac-co-
EBS). The incorporation of ZnO NPs into SA-g-poly (Ac-
co-EBS) is supported by the presence of zinc and oxygen
peaks in the EDX of ZnO-loaded SA-g-poly (Ac-co-EBS)
hydrogel composite, as shown in Fig. 4(f) [21]. The
synthesized composite includes elements O, C, Zn, Ca, S,
and Al, which indicates the presence of ZnO NPs on the
ZnO-loading SA-g-poly (Ac-co-EBS) hydrogel composite

[22]. FE-SEM images appear to indicate that the
presence of ZnO NPs in the structure of hydrogel
contributes to filling hydrogel pores and minimizing the
heterogeneous surface. This leads to increased surface
texture protuberance and coarseness. The ZnO loading
SA-g-poly (Ac-co-EBS) hydrogel composite. After
adsorption and loading pollutant TC and PH is extra
smooth [15,23-24], as shown in Fig. 4(c-e).

Fig 4. TEM images of (a) ZnO NPs and (b) SA-g-(AC-co-EBS)/ZnO NPs. FESEM images of (c) SA-g-(AC-co-
EBS)/ZnO NPs, (d) TC loaded SA-g-(Ac-co-EBS)/ZnO NPs, (e) PH loaded SA-g-poly (Ac-co-EBS)/ZnO NPs, and (f)

EDX of SA-g-(AC-co-EBS)/ZnO NPs
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Fig 5. Effect of equilibrium time on removal percentage and adsorption efficiency for removal of TC drug and pH by

ZnO loading SA-g-poly (Ac-co-EBS)

Effect of Several Factors on the Adsorption Method
for the Removal TC and PH

Effect of contact time

The effect of equilibrium time was studied with the
initial TC drug and PH concentrations of 100 mg L™" at
30°C. The adsorption efficiency is a function of
equilibrium time and primary concentration. The
adsorption increased quickly in the first 30 min, and the
uptake rate was initially fast until an equilibrium constant
value was reached after 2 h of contact. When the initial
concentration of TC drug and pH increased to 100 mg L™
at 30 °C, the adsorption capacity increased from 106.88 to
215.67 and 79.45 to 203.44 mg/g, while the percentage
removal increased from 42.72 to 86.26 and 15.90 to
81.34% at the same order. In the range of higher
concentrations of removal, the percentage of removal is
lower, while in the range of low concentrations, the
percentage of removal of the pollutant is always higher
[25]. The results are illustrated in Fig. 5.

Mechanism of adsorption

The effect of TC and PH concentrations was studied
on the surface prepared by using different concentrations
at a temperature of 25 °C and an acidity function (pH =
7.0), and a constant weight of 0.04 g was used for the two
surfaces. The results showed that a greater concentration

of pollutants led to an increase in the amount of the
adsorbent, and the reason is that the increase in the
concentration in the solution will increase the number
of adsorbent particles on the surface of the adsorbent, as
shown in Fig. 6. It was also noted that the amount of
adsorbent for a drug (TC) and the phenolic substance
(PH) had very similar values, and the reason for this is
that both substances are substances that ionize in the
solution into positive charges and negative charges due
to the presence of hydroxyl substances in both
substances in addition to containing tetracycline, which
contains the amine group NH, within its chemical
structure. As for the adsorbent surface, SA-g-poly (Ac-
co-EBS) contains functional groups such as -COOH,
OH, C-0O-C, C=0, and SOs specific in EBS that are
negatively charged in their chemical composition, which
will work on hydrogen bonding with the pollutants, as
well as the presence of electrostatic interactions between
the positive and negative charges of both the surface and
the pollutants as shown by Fig. 6, in addition to the n-nt
interferences, as well as van der Waals forces, and thus
adsorption will increase [26-27]. The high removal
efficiency of TC (149 mg/g at pH =7 and 25°C)
compared with that reported by powdered activated
carbon (PAC) and phenolic hydroxyl (bayberry tannin)
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Fig 6. The TC and PH adsorption mechanism by SA-g-poly (Ac-co-EBS)

functionalized copper alginate (63 mg/g at pH = 7 and
30°C) [28-29], It is also compatible kinetically and
thermodynamically, and the adsorption process was
endothermic and spontaneous. The highest TC removal
(90%) was achieved by the rubber waste as an adsorbent,
as reported, while the PH adsorption was done by
different adsorbents such as metal oxides, ZnO, and
coating Fe;O4 with humic acid 90% capacity, less of 100%
and 60 mg/g, respectively [30-32]. In contrast, the
capacity of adsorption of SA-g-poly (Ac-co-EBS) for TC
and PH was 225 and 215 mg/g at pH = 7 and 30 °C,
respectively.

Effect of dose of adsorbent

The effect of the quantity of the adsorbents was
essential to observing the smallest possible quantity,
which shows the maximum adsorption stoichiometry.
The quantity of the adsorbent ranged from 0.01-
0.10 g/100 mL of ZnO-loaded SA-g-poly (Ac-co-EBS).
The results are illustrated in Fig. 7.

The influence of the ZnO loading SA-g-poly (Ac-co-
EBS) dosage on the removal percentage of TC drug and
PH adsorbed from aqueous solutions showed that
increasing the ZnO loading SA-g-poly (Ac-co-EBS)

dosage steadily improved the removal potential of TC
drug and PH. Increasing the weight of ZnO loading SA-
g-poly (Ac-co-EBS) from 0.01 to 0.10 g was followed by
increasing the E% adsorbed from 60.64-97.08% and
48.71-94.05 %. Increasing the masses of SA-g-(AC-co-
EBS)/ZnO results in decreasing the removal capacity of
the same series of PH from 606.39-97.08 to 487.18-
94.46 mg/g at the same order. This is possible because
increasing the volume of adsorbent produces a larger
surface area or more adsorption sites for pollutants [33-
34].

Effect of solution pH

The pH solution is one of the essential parameters
that have to be accounted for when analyzing the
adsorption behavior of sorbate sorbents [35]. The results
are illustrated in Fig. 8 around the influence of the initial
solution of TC drug at pH 3 to 10 on the adsorption
efficiency of TC drug and PH on ZnO loading SA-g-poly
(Ac-co-EBS) hydrogel composite. At the optimum
conditions of the study (500 mg L"), TC drug and PH
were adsorbed on 0.04 g ZnO loading SA-g-poly (Ac-co-
EBS) for 2h of equilibrium time and rate shaking
120 rpm. The adsorption capacity for TC drug and PH
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was lowest at pH 3, 153.31 and 86.85 mg/g, respectively;
maximum adsorption was achieved [36] at pH 10, 248.66
and 242.95mg/g at the same order [37]. Where the
removal percent for TC drug and PH was lowest at pH 3,
i.e,, 61.1 and 35%, respectively, and maximum removal
was achieved at pH 10, i.e., 99.7 and 97%, respectively. In
pH < 7, hydrogen ions will be increased in the solution,
the adsorbent surface will shrink, and hydrogen bonding
will occur between the chains. The surface will be in a state
of contraction, indicating the difficulty of diffusion of PH
and TC molecules into the surface as well as the
occurrence of electrostatic repulsion between the surface
and the adsorbent materials, thus reducing adsorption. In
pH > 7, the -COOH and -OH groups on the adsorbent
and adsorbate surfaces will ionize, lose H*, and become
negatively charged groups where the adsorbent surface
charge is negative, and electrostatic attraction will occur
between the adsorbent surface and the different charged
adsorbate molecules, which leads to increased adsorption.
In addition to that, repulsion occurs between the
negatively charged functional aggregates on the adsorbent
surface, swelling, and expansion occur, allowing the
adsorbate particles to spread within the adsorbent surface.
So, the optimum adsorption conditions for TC and PH
were pH > 7 [38-39].

Effect of temperature
To limit whether the ongoing adsorption process
was exothermic or endothermic in nature. The adsorption

250
TC drug
200 —
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(=]
E ]
(]
54 100 —=—qp°C
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50 —V¥—40°C

I
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model was estimated for different pollutant-adsorbent
methods. The removal of TC drug and PH has been
studied at various temperatures (283.15, 293.15, 303.15,
and 313.15 K) in the presence of various initial TC drug
and PH concentrations 10-100 mg L. Results appear in
Fig. 9, the adsorption process increases with increasing
temperature, so the adsorption process is endothermic.
In this experimental study, the effect of solution
temperature on adsorption will also aid in the
calculation of thermodynamic parameters like AH, AG,
and AS of the adsorption method. The equilibrium
constant (K.) of the adsorption method at all
temperatures was studied from Eq. (2);
K, = Qunax X Wy (0.04 ¢) %1000 (2)
C.xV(0.1L)
where Qua is the quantity adsorbed in (mgg™), C.
equilibrium concentration (mgL™), 0.04 g mass of the
ZnO loading SA-g-poly (Ac-co-EBS) adsorbent, and
0.1 L volume of the solution TC drug PH utilized in the
adsorption method. The change free energy can be
calculated in Eq. (3) [40];
AG =-RTInK, 3)
where AG: Gibbs free energy (JK'mol™), T is the
absolute temperature in Kelvin, R is the gas constant
(8.314]JK'mol™"). The change enthalpy can be
calculated in Eq. (4) [41];

AH’
InX,, =———+Cons (4)
RT
225
{PH
200
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Fig 9. Effect of solution temperature on the adsorption of TC drug and PH on the surface of ZnO loading SA-g-poly

(Ac-co-EBS), pH 4.6, mass adsorbent 0.04 g/100 mL
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where X,: is the maximum value of adsorption at a certain
value of equilibrium concentration (C. mg/L). X, values
at several temperatures TC drug and PH. Plotting In X,
versus (1/T) should produce a straight line with a slope
—AH/R as shown in Fig. 10. The values of AH and AS can
be studied from the slope and intercept, respectively.

The negative AG value indicates the spontaneity of
the adsorption method. The AS value had been estimated
to be large, which indicated an increase in entropy as a
result of adsorption [42]. In Table 1, the values AH of two
pollutants are positive, indicating that the adsorption
method is endothermic. All adsorption processes are
regarded as spontaneous when AG is negative. The reason
for this is that the increase in temperature leads to an
increase in the movement of particles due to the increase
in kinetic energy resulting from breaking the bond forces
between them, as well as an increase in the rate of spread

5.5
- ®  TCdrug

5.4 n

[ ! I ! I ! I ! I ! I ! I
3.15 3.22 3.29 3.36 3.43 3.50 3.57
1000K/T

Indones. J. Chem., 2024, 24 (1), 185 - 199

of the particles adsorbed on the adsorbent surface layer.
Also, the surface porosity and pore size increase with
increasing temperatures [43].

Kinetic Models

The mechanism of adsorbate-adsorbent interaction
is best described by studying the rate expression for TC
and PH adsorption on ZnO loading SA-g-poly (Ac-co-
EBS); this can be made known by examining the
influence of time on the adsorption method and fitting
the experimental findings to several conventional
models. Agreed function for model fittings for perfect
prediction of experimental results at various times [30].
The rate expression can be determined by analyzing the
adsorption result with several kinetic models: the first
model, the second model, and the Elovich model (Tables
2 and 3). Description of the adsorption of the kinetic

5.10 — T —— T ——T—
3.22 3.29 3.36 3.43 3.50
1000 KIT

Fig 10. Plot In X, against the absolute temperature of the adsorption TC and PH onto (SA-g-poly (Ac-co-EBS)/ZnO

NPs)

Table 1. Thermodynamic functions AG, AS, and AH of TC drug and PH adsorbed on the ZnO loading SA-g-poly (Ac-

co-EBS)
ZnO loading SA-g-poly (Ac-co-EBS) adsorbent
TC adsorbate PH adsorbate
-AG AH AS -AG® AH° AS°
T/K K (k) mol™)) (kfmol?) (JK!'mol?) T/K K (k mol™!)  (kfmol?) (JK!mol?)
283.15 11607.14  -22.0213 283.15 9941.176 21.6568
293.15 12678.57  -23.0145 293.15 10705.88 22.6026
13.26 86.97275 4.742 59.43013
303.15 15982.14  -24.3833 303.15 11411.76 23.5348
313.15 19642.86  -25.7248 313.15 12058.82 24.4551
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Table 2. First-order, second-order, and Elovich including correlation coefficients for TC drug adsorption onto ZnO

loading SA-g-poly (Ac-co-EBS)

Kind Factors Value Stand. Error R?

. qe (mg g) 206.1850 6.4640

First del 0.9566
trstmode ke (min™) 0.1270 0.0233

e -1 218.954 444

Second model G (mg gﬁ ) L 8.9540 54440 0.8555
k, (g mg"' min™) 0.2403 0.0410
~! min™ 86.5370 7.0540

Elovich model o (mg g B min™) 0.8123
B (gmin™) 4.5677 1.3010

Table 3. First-order, second-order, and Elovich including correlation coefficients for PH adsorption onto ZnO

loading SA-g-poly (Ac-co-EBS)

Kind Factors Value Stand. Error R?
. Q. (mgg™ 20.4230 1.6308
First model 0.9894
st mode k (min™) 0.0615 0.0022
qe (mgg™) 234.4500 4.2560
S d model 0.9567
econd mode k, (g mg™' min™") 0.0810 0.0067
) a(mg g’ min™) 104.7920 8.2410
El h model 0.8844
ovichmode B (g min™) 1.4958 0.1988
240 240
* * 200
160 —
Ry
S 4
E
0120 —
(¢]
i 80 — K *  Expiremental PH
*  Expiremantal TC drug
120 — First Model 1 First Model
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Fig 11. Adsorption rate curve kinetic fitted to TC drug and PH adsorption on the ZnO loading SA-g-poly (Ac-co-
EBS). (a) first-order; (b) second-order; and (c) Elkovich (mass dosage 0.04 g, pH 4.6, Temp. 30 °C)

model the equation first-order calculated in Eq. (5) [44]:

q¢ =q[1—exp(kst)

(5)

Kinetic model, the equation second-order calculated in

Eq. (6) [45].
q, = Kyq:t
! 1+K,q,t

The non-linear model of the che

(6)

misorption (Elovich

kinetic model) [46] the equation calculates in Eq. (7).

1 1
q¢ =—1plnaf+—Int
Cp p

(7)

Further, the kinetic second model has higher
correlation coefficients than the first and Elovich
models. As a result, adsorption is better suited to the
second model than the first and Elovich models. The
adsorption of two pollutants onto ZnO-loaded SA-g-
poly (Ac-co-EBS) with time shaking 0-240 min and
solution initial concentration 500 mg/L. Although the
adsorption of pollutants was initially so high, the rate of
adsorption slowed over time and progressively reached
a constant value, as shown in Fig. 11.
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Fig 12. Drug release profiles of TC from the ZnO loading
SA-g-poly (Ac-co-EBS) in pH 1.2 and pH 7.4 at 37 £ 0.5 °C

Effect pH on Release Ratio of Tetracycline Drug In
Vitro

The release of TC was studied in conditions similar
to those in the human body in terms of acidity and
temperature. It was found that the speed of TC release was
higher when the acidity function was higher (pH = 7.5),
and this is due to the degree of swelling of the hydrogel
and the fact that the dissolution of TC depends on the
acidity function. The speed of release of TC in the alkaline
medium as a result of the increase in the rate of swelling
is greater than in the acidic medium [39]. As for the acid
function pH = 1.2, the concentration of H" increases,
which competes with the unlinked amino group, and
thus, the percentage of hydrogel swelling decreases, and
thus the percentage of drug release decreases. The initial
burst release of 28 and 21.56% in the first hour was
observed for TC. The cumulative release of TC in 3 h was
50.65, 42.33% from pH 7.5 and pH 1.2 in the same order
as shown in Fig. 12.

m CONCLUSION

The adsorption efficiency and removal efficiency
E% of TC and PH rise with increasing equilibrium time,
temperature, and surface area. However, adsorption
efficiency (Q.) has decreased with the mass increase of the
surface. The best equilibrium time for equilibrium to be
attained was found to be 2 h. It is essentially due to the

saturation of the active site, which does not allow more
adsorption to take place. The adsorption capacity of the
TC drug and PH were to rise with an increase in solution
pH in the base medium. The negative value of AG
confirms the spontaneous adsorption method. The
positive value of AS illustrated the increased randomness
at the solid-solution interface through adsorption, and
the positive value of AH indicated the adsorption
method was endothermic. The first model exhibited the
best fit for the kinetic studies. The release values of the
TC drug from the hydrogel are in the hypothetical bowel
fluid pH = 7.5.
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