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blue and tetracycline pollutants on the process of pollutant removal from water were investigated. The effect
of ultraviolet light on the performance of the adsorbent was studied. The adsorbent's ability to remove
pollutants was compared in the presence and absence of UV light. The synthesized adsorbent consists of two
parts. The main part includes the covalent organic framework that shows effective surface adsorption, and

the other part is titanium dioxide, which is connected to the structure of the adsorbent by covalent bonding.
The titanium dioxide is activated when exposed to ultraviolet light and increases the removal percentage of
the adsorbent under optimal conditions. Functionalization of the covalent organic framework with titanium
dioxide created a dual-purpose and efficient adsorbent to remove pollutants.
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1. INTRODUCTION

With the increase in world population, the need for safe water for
developing human societies is inevitable (Pavithra and Jaikumar, 2019).
On the other hand, industrialization and urbanization have caused
extensive pollution of surface and underground water resources
(Gopinath et al., 2020; Eskizeybek et al,, 2012). Pollutants in water and
wastewater usually include heavy metals and organic compounds such as
dyes and drugs, which are a serious threat to people and the environment
(Kanchana and Vijayalakshmi, 2020; Rauf and Ashraf, 2012). Five major
industries are responsible for creating color in environmental effluents.
The textile industry with 54%, the paper dyeing industry with 21%, the
pulp dyeing industry with 10%, the leather industry with 8% and the paint
production industry with 7% introduce polluting dyes into the
environment (De Gisi et al, 2016; Mainya et al., 2013). These non-
degradable organic dyes are often carcinogenic. Increasing the
concentration of these colors in water leads to resistance to the
penetration of sunlight into the depths of the water and destroys the food
chain of aquatic animals (Raufetal, 2010; Liu, et al,, 2012). Methylene blue
can be mentioned as an example of these colored pollutants. Methylene
blue is a dark blue powder that causes various effects on the body such as
cyanosis, kidney failure, tachycardia, hemolytic anemia,
hyperbilirubinemia, gastritis, digestive and nervous disorders, and skin
and eye tissue irritation (Contreras, et al, 2019; Sun, et al, 2019;
Abdelrahman, et al., 2019; Jawad, et al., 2020; Cusioli et al., 2020; Staron et
al,, 2019). Tetracycline is a widely used antibiotic due to its wide range of
use against infections caused by gram-positive and gram-negative
bacteria, mycoplasma, fungi, rickettsia and parasites (Daghrir and Drogui,
2013). Tetracycline is the second most widely used antibiotic (Gu and
Karthikeyan, 2005). Due to its low cost, wide spectrum and oral
administration, it is widely used (Jeong, 2010). Tetracycline is widely
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found in surface and underground water, and its release in the
environment leads to this antibiotic residue in the environment. It can also
cause the creation of antibiotic-resistant microorganisms. (Pulicharl et al.,
2017; Sanganyado and Gwenzi, 2019). The weak and incomplete
metabolism of this antibiotic in the human body causes this compound to
enter the environment actively. Therefore, it is necessary to remove the
residue of this antibiotic from the environment (Selvakumar et al., 2019;
Xiong et al., 2019; Wei et al., 2020). To deal with these problems, suitable
methods of water purification with high efficiency and low cost and design
and manufacture of adsorbents with features such as high adsorption
capacity, fast adsorption speed, economic efficiency, low toxicity for the
environment, ease of separation, strength and reusability is necessary to
removal of environmental pollutants (Che al,, 2018; Ajmal et al., 2014; Lu
etal, 2020).

Today, covalent organic frameworks as a new type of porous material with
high adsorption capacity, resistance to heat and acidic and basic
environments, and the ability to act with diverse and selective functional
groups, as new adsorbents for removing various pollutants, have been
noticed. (Wang and Zhuan, 2020; Cote et al,, 2005; Zhang, 2018; Medina et
al,, 2017). Functionalization of the covalent organic frameworks is carried
out by different methods (El-Kaderi et al, 2007; Das et al,, 2015). The
covalent connection of these compounds with semiconductors, creates a
strong attraction for the removal of pollutions. (Jiang et al., 2018; Zhou et
al,, 2019, Lu et al, 2019). The surface adsorption characteristics of the
covalent organic framework along with the properties of photocatalytic
degradation of semiconductors, simultaneously caused removal and
destruction of contaminants in aqueous solutions (Liu et al., 2018; Thote
etal., 2014; Cheng et al,, 2018; Shen et al,, 2022; Wang et al.,, 2022; Guo et
al,, 2020; Sun etal,, 2021; Sun et al,, 2019; Liu et al,, 2022). Comparing the
effectiveness of simple and functionalized covalent organic framework
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adsorbents in removing various pollutants reveals the necessity of
functionalizing these compounds. The design and construction of covalent
organic frameworks functionalized with semiconductors such as titanium
dioxide and the creation of efficient dual-purpose adsorbents are one of
the main goals of this research. Synthesis of covalent organic framework
functionalized with titanium dioxide was carried out and the removal of
two pollutants, tetracycline and methylene blue, was optimized in
different experimental conditions. Optimizing the pH and time of contact
with the adsorbent and the amount of adsorbent and the concentration of
pollutants were investigated. The removal of methylene blue and
tetracycline was investigated in the presence and absence of ultraviolet
light. The comparison of the adsorbent in removing methylene blue and
tetracycline pollutants clearly showed the ability of the synthesized
adsorbent.

2. EXPERIMENTAL
2.1 Chemicals and storage solutions

Chemicals and solvents used in this thesis with an analytical purity higher
than 99% were obtained from Merck (Germany) and used without
purification. All aqueous solutions were prepared by double distilled pure
water. The stock solution of analytes such as tetracycline and methylene
blue was prepared by dissolving the appropriate amount of their powder
in double distilled water, and the other solutions used with specific
concentrations were prepared by diluting the stock solution with double
distilled water.

2.2 Instrumentation

The absorption spectra of the solutions were performed using an Agilent
model 8453 UV-Vis single-beam spectrophotometer. The pH of the
solutions was measured using a pH meter model 827 made by Metrohm,
Switzerland. An ultrasonic water bath was used for the synthesis of
nanomaterials and also for dispersing them in the studied solutions.
Fourier transform infrared spectrometer Perkin Elmer Spectrum GX
model was used to record the infrared spectra of covalent organic
frameworks.

2.3 Synthesis of covalent organic framework functionalized with
titanium dioxide

Titanium dioxide nanosheets were synthesized. Then,
aminopropyltriethoxysilane-functionalized ~TiO2 nanosheets were
prepared. Terephethaldehyde as a precursor was added to this compound
and a combination of amine and aldehyde was carried out. Finally,
melamine and terephthaldehyde were added to this compound and a
covalent organic framework functionalized with titanium dioxide was
synthesized according to the method described in the literature (Li, 2020).

3. RESULTS AND DISCUSSION
3.1 Fourier transform infrared of adsorbent

To characterize the functionalized covalent organic framework and
confirm step by step each of the synthesized structures, are shown in

Figure 1. In the infrared Fourier transform spectra for compounds (A)
Ti02, (B) APTES-TiO2 and (C) CHO-TiOZ2, there are specific peaks at the
wave numbers of 498 cm! and 3500 cm%, which are respectively caused
by Ti-O bond and surface hydroxyl groups. Are. In comparison with the
spectrum of TiO2 nanosheets, the spectrum of APTES-TiO2 shows clear
peaks at the wave numbers of 1630 cm! and 2930 cm'?, which belong to
the N-H vibration in the NHz and CHz groups in APTES, respectively. A peak
at 928 cm'! wave number indicates the stretching vibration of Ti-O-Si,
which is caused by the connection of silanol groups of APTES to the
hydroxyl groups of TiO2 nanosheets.

In comparison with the APTES-TiO2 spectrum, the CHO-TiO2 spectrum
shows additional peaks at 1620 cm™ and 1460 cm, which respectively
indicate the formed C=N group and C=C of the benzene ring of
terephthaldeyde molecule. The peak at 1560 cm ! wave number caused by
N-H groups of APTES-TiO2 compound has disappeared in CHO-TiO2,
which indicates the successful binding of terephetaldehyde. Also, the
absorption spectra in the wavenumbers 2920 cm? and 1620 cm’,
respectively, are caused by C-H and C=0 bonds of terephthalaldehyde
compound. In the last step, the precursor CHO-TiO2 reacts with two
monomers, terephthalaldehyde and melamine, and the final composition
of the covalent organic framework functionalized with titanium dioxide is

obtained.
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Figure 1: Infrared Fourier transform spectra for compounds (A) TiO2,
(B) APTES-Ti02 CHO-TiO2 (C), COF-TiO2 (D), COF (E).

3.2 EDAX of adsorbent

EDAX of a covalent organic framework functionalized with titanium
dioxide is presented in Figure 2. The results obtained from this analysis
show that the organic covalent framework functionalized with titanium
dioxide is composed of 25% carbon element, 18.05% nitrogen element,
28.02% oxygen element, 5.17% silicon element and 23.77% titanium
element.
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Figure 2: EDAX spectrum of covalent organic framework functionalized with titanium dioxide.

3.3 Determination of point zero charge

To determine the point of zero charge of the covalent organic framework
functionalized with titanium dioxide, 0.01 grams of this compound was
added to 10 ml volumes of 0.01 molar sodium nitrate solution, whose pH
was previously adjusted by sodium hydroxide solution and 0.01 molar
nitric acid. was added at room temperature. Then the solutions were

closed and stirred for 24 hours. At the end, the final pH of the solutions
was measured and the difference between the initial and final values
(ApH) was calculated. As shown in figure3, the ApH diagram was drawn in
terms of initial pH and pHpzc was obtained from the intersection point of
the chart with the horizontal axis. The value of pHpzc for the synthesized
compound was 3.63.

Cite the Article: Raheleh Farahani (2024). Adsorptive and Photocatalytic Removal of Methylene Blue and Tetracyline Residue by

Covalent Organic Framework Functionalized with Titanium Dioxide Nanosheets Adsorbent. Journal CleanWas, 8(1): 11-16.




Journal CleanWAS (JCleanWAS) 8(1) (2024) 11-16

o =N
I

19 1 2 3 5 6 7 8 9 10 11 12
-2
-3
-4

ApH

-6
pPH;

Figure 3: ApH diagram versus initial pH for covalent organic framework
functionalized with titanium dioxide.

3.4 Optimizing of different parameters for removal of methylene
blue

3.4.1 Effectof pH

To investigate the effect of pH on the surface absorption of methylene blue
by the adsorbent, one should first pay attention to the structure of the
adsorbent under investigation. This absorber consists of two parts. The
first part includes the covalent organic framework, which has a surface
covered with N-H groups, has a high specific surface area and many holes,
and shows a good surface absorption for the methylene blue molecule. As
demonstrated by the percentage curve of removal of methylene blue at
different pH values and in the absence of ultraviolet light in Figure 4, the
surface absorption of methylene blue is carried out on the part of the
covalent organic framework. By increasing the pH of the methylene blue
solution, the pair of electrons on the surface of the adsorbent is exposed to
the methylene blue molecule with the dominant cationic form, and thus
the percentage of removal increases at alkaline pHs until the maximum
percentage of methylene blue removal on the adsorbent is observed at a
pH equal to 10.

As the curve of percentage removal of methylene blue at different pH
values and in the presence of ultraviolet light shows, the solution of
methylene blue along with the absorbent is exposed to ultraviolet light
under completely identical conditions. In this case, in addition to the effect
of the covalent organic framework on the surface absorption of methylene
blue, the second part of the absorber, which is the titanium dioxide group,
destroys a part of the methylene blue molecules against ultraviolet light,
and thus, the removal percentages of methylene blue at different pH levels
slightly increase. Gives. According to the x-ray energy diffraction spectrum
of the absorbent, which determined the amount of titanium in the
absorber to be 23.77%, it is clear that this increase in the removal
percentage of methylene blue by the absorbent is due to the amount of
titanium dioxide attached to the covalent organic framework.
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Figure 4: The effect of solution pH on the removal percentage of
methylene blue by the covalent organic framework functionalized with
titanium dioxide, diagram A with ultraviolet light and diagram B in the

absence of ultraviolet light (conditions: 0.02 g of absorbent, stirring time
15 minutes, initial concentration of methylene blue 150 mg L, initial
volume 10 ml).

3.4.2 Effect of mass of adsorbent

To investigate the effect of the amount of adsorbent, equal amounts of a
covalent organic framework, in the range of 0.005 g to 0.03 g, were added
to two identical flasks containing 10 ml of methylene blue solution of 150
mg L1 at a pH of 10 and then for 15 minutes. They were stirred by a

magnetic stirrer in the presence and absence of ultraviolet light. Then the
suspensions were centrifuged for 20 minutes. Absorption of the
supernatant solutions was measured and the removal percentage of
methylene blue was obtained in both cases. The results are shown in
Figure 5. The removal percentage of methylene blue increases with
increasing amounts of absorbent, both in the absence of ultraviolet light
and in the presence of ultraviolet light. This phenomenon is due to the fact
that with increasing amounts of adsorbent, more active sites and surface
area are exposed to the analyte. When the adsorbent is exposed to
ultraviolet light, the titanium dioxide part of the adsorbent is activated.
The percentage of methylene blue removal increases slightly in all
amounts of adsorbents compared to when there is no ultraviolet light. The
amount of 0.02 grams of absorbent was obtained as the optimal amount.
The following experiments were performed with this amount of
absorbent.
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Figure 5: The effect of absorbent amount on the removal percentage of
methylene blue by covalent organic framework functionalized with
titanium dioxide, diagram A with ultraviolet light and diagram B in the
absence of ultraviolet light (conditions: pH: 10, stirring time 15 minutes,
initial concentration of methylene blue 150 mg L-, initial volume 10 ml).

3.4.3 Effect of agitation time

To investigate the effect of contact time on the removal of methylene blue
by the adsorbent, an amount of 0.02 g of covalent organic framework
powder was added to two identical bottles, each of which contained 10 ml
of methylene blue solution of 150 mg L-! at a pH of 10. One human was
exposed to ambient light and the other to ultraviolet light. The solutions
were stirred between 10 and 70 seconds by a magnetic stirrer and then
centrifuged for 20 minutes and the absorbance of the supernatant solution
was measured. Finally, the percentage of methylene blue removal was
calculated at the mentioned times. As Figure 6 shows, for the solution
exposed to ultraviolet light, the removal percentage reaches its maximum
value in 30 seconds. Meanwhile, for the other solution, the highest
percentage of methylene blue removal was obtained in 1 minute. The
synthesized adsorbent consists of two parts of the covalent organic
framework, which has a large specific surface area and many holes, and is
considered a suitable adsorbent for methylene blue, and the titanium
dioxide part, which is activated in the vicinity of ultraviolet light and
causes an increase in the removal percentage of methylene blue. It is
formed in a shorter time. This high surface absorption rate represents the
very high ability of the covalent organic framework functionalized with
titanium dioxide to interact and remove methylene blue.
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Figure 6: The effect of contact time on the removal percentage of
methylene blue by the covalent organic framework functionalized with
titanium dioxide, diagram A with ultraviolet light and diagram B in the

absence of ultraviolet light (conditions: pH: 10, 0.02 g of absorbent, initial

concentration of methylene blue150 mg L1, initial volume 10 ml).
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3.4.4 Effect of initial concentration of methylene blue

To investigate the effect of the initial concentration on the removal of
methylene blue by the adsorbent, two series of methylene blue solutions
with concentrations ranging from 150 mg L-1to 300 mg L-! were prepared.
Then their pH was adjusted to 10. 0.02 grams of covalent organic
framework absorbent powder functionalized with titanium dioxide were
added to the solutions of the first and second series under completely
identical conditions. The solutions of the first series were exposed to
ultraviolet light and the solutions of the second series were exposed to
ambient light. Both series of solutions were stirred for 1 minute by a
magnetic stirrer and then centrifuged for 20 minutes. At the end, the
concentrations of the supernatant solutions were measured and the
removal percentage of methylene blue was calculated in both series. As
Figure 7 shows, with increasing methylene blue concentration, the
removal percentage decreases. This phenomenon occurs because the
surface adsorption sites are saturated at higher analyte concentrations. In
the case of solutions exposed to normal ambient light, this decrease in
removal percentage indicates that the part of the organic covalent
framework, which contains many holes and a large specific surface area, is
being saturated. The same phenomenon has caused the reduction of
methylene blue removal percentage in the solutions of the second series
that were exposed to ultraviolet light. Of course, due to the presence of the
agent attached to the covalent organic framework, titanium dioxide, which
is activated by exposure to ultraviolet light, this reduction in removal
percentage occurs at a slower rate. According to the test results, the
concentration of 150 mg L-! was obtained as the optimal value of the initial
concentration for methylene blue solution.
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Figure 7: The effect of the initial concentration of methylene blue
solution on the removal percentage of methylene blue by the covalent
organic framework functionalized with titanium dioxide, diagram A with
ultraviolet light and diagram B in the absence of ultraviolet light
(conditions: pH: 10, 0.02 g of absorbent, stirring time equal to 1 minute,
initial volume 10 ml).

3.5 Optimizing of different parameters for removal of tetracycline
3.5.1 Effect of pH

To investigate the effect of pH on the surface absorption of tetracycline by
the adsorbent, we must first pay attention to the structure of the adsorbent
and the structure of tetracycline. This absorber consists of two parts. The
first part includes the covalent organic framework, which has a surface
covered with N-H groups and has a high specific surface area and many
holes. Tetracycline molecule has different charges in different pH ranges.
tetracycline has a positive charge at pHs less than 3.3. In the pH range
between 3.3 and 7.7 itis in the form of a dipolar ion, and at pHs higher than
7.7 it has a negative charge. At pHs higher than the pHpzc of the adsorbent
(3.63), the adsorbent surface has a negative charge, and the free electron
pairs of the nitrogens on the adsorbent surface are exposed to the positive
charge of the tetracycline molecule, and the electrostatic attraction
increases the surface absorption of the tetracycline molecule on the
adsorbent surface and increases the removal percentage of this pollutant
from the solution. As can be seen in Figure (8), with the increase of pH, in
the presence of ultraviolet light and the absence of ultraviolet light, the
percentage of tetracycline removal increases, and at the optimum pH of 7,
the maximum percentage of tetracycline removal will be observed. With
the increase in pH, the tetracycline molecule becomes negatively charged,
the electrostatic interaction of the absorbent surface with tetracycline
decreases, and for this reason, the percentage of removal is observed. In
the presence of ultraviolet light, titanium dioxide attached to the covalent
organic framework is activated and causes an increase in the percentage

of tetracycline removal in the desired pH range. The design and synthesis
of the covalent organic framework functionalized with titanium dioxide
increases the percentage of removal and the efficiency of the adsorbent in
removing organic pollutants such as tetracycline.
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Figure 8: The effect of solution pH on the percent removal of tetracycline
by covalent organic framework functionalized with titanium dioxide,
diagram A with ultraviolet light and diagram B in the absence of
ultraviolet light (conditions:0.02 g of adsorbent, stirring time 15minutes,
initial concentration of tetracycline mg L-! 170, initial volume 10 ml).

3.5.2 Effect of mass of adsorbent

To investigate the effect of the amount of adsorbent, amounts of 0.005 g to
0.035 g were added to two series of 170 mg L1 tetracycline solution at pH
7 under completely identical conditions. The first series of prepared
solutions were stirred by a magnetic stirrer for 15 minutes in normal
ambient light and then centrifuged for 20 minutes. As can be seen in Figure
(9), in the absence of ultraviolet light, the percentage of tetracycline
removal increases with the increase in the amount of absorbent. This
phenomenon is because with increasing amounts of adsorbent, more
active sites and surface area are exposed to the analyte. Finally, the curve
reaches a constant value, where the removal percentage has reached its
maximum. The amount of 0.03 grams of absorbent is determined as the
optimal amount of absorbent. When the adsorbent is exposed to
ultraviolet light, the titanium dioxide part of the adsorbent is activated.
The percentages of tetracycline removal increase slightly in all amounts of
adsorbent compared to when there is no ultraviolet light. The optimum
amount of absorbent in this case is 0.02 grams. It is clear that the design
and synthesis of covalent organic framework adsorbent functionalized
with titanium dioxide. In addition to causing higher removal percentages
in all amounts of adsorbent, consumes a lower amount of adsorbent to
reach the maximum removal of tetracycline.
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Figure 9: The effect of the amount of adsorbent on the percentage of
tetracycline removal by the covalent organic framework functionalized
with titanium dioxide, diagram A with ultraviolet light and diagram B in

the absence of ultraviolet light (conditions: pH: 7, stirring time 15
minutes, initial concentration of tetracycline 170 mg L-, initial volume 10
ml).

3.5.3 Effect of agitation time

To investigate the effect of agitation time on the removal of tetracycline by
the adsorbent, 0.03 g of adsorbent powder was added to two series of
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170mg L-'tetracycline solution under the same conditions and at a pH of 7.
One series of solutions was exposed to ambient light and another series of
solutions was exposed to ultraviolet light. The solutions were stirred by a
magnetic stirrer for 10 to 120 seconds and then centrifuged for 20 minutes
and the absorbance of the supernatant solutions was measured. Finally,
the percentage of tetracycline removal was calculated at the mentioned
times. As Figure 10 shows, for solutions exposed to ultraviolet light, the
removal percentage reaches its maximum value in 1 minute. Meanwhile,
for solutions exposed to normal ambient light, the highest percentage of
tetracycline removal was obtained in 2 minutes. This phenomenon occurs
because the synthesized adsorbent is composed of two parts. The first part
is the covalent organic framework, which has a large specific surface area
and many holes and is considered a suitable adsorbent for tetracycline.
The other part is titanium dioxide, which is connected to the covalent
organic framework by covalent bonding. Titanium dioxide is activated in
the vicinity of ultraviolet light and increases the percentage of tetracycline
removal in shorter times. This high surface adsorption speed represents
the very high ability of the covalent organic framework functionalized
with titanium dioxide to interact and remove tetracycline.
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Figure 10: The effect of contact time on the removal percentage of
tetracycline by organic covalent framework functionalized with titanium
dioxide, diagram A with ultraviolet light and diagram B in the absence of
ultraviolet light (conditions: pH: 7, adsorbent 0.03 g, initial concentration

of tetracycline 170 mg L1, initial volume 10 ml).

3.5.4 Effect of initial concentration of tetracycline.
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Figure 11: The effect of the initial concentration of tetracycline solution
on the percentage of tetracycline removal by the covalent organic
framework functionalized with titanium dioxide, diagram A with
ultraviolet light and diagram B in the absence of ultraviolet light

(conditions: pH: 7, 0.03 g of adsorbent, stirring time equal to 2 minutes,

initial volume of 10 ml).

To investigate the effect of the initial concentration on the removal of
tetracycline by the adsorbent, 0.03 g of adsorbent was added to two series
of tetracycline solutions with concentrations between 150 mg L-* and 350
mg L1 at a pH of 7. The solutions of the first series were exposed to
ultraviolet light and the solutions of the second series were exposed to
normal ambient light. Both series of solutions were stirred for 2 minutes
by a magnetic stirrer and then centrifuged for 20 minutes. At the end, the
concentrations of the supernatant solutions were measured and the
percentage of tetracycline removal in both series was calculated. As Figure
(11) shows, with the increase in tetracycline concentration, the removal
percentage decreases. This phenomenon occurs because the surface

adsorption sites are saturated at higher analyte concentrations. In the case
of solutions exposed to normal ambient light, this decrease in removal
percentage indicates that the part of the covalent organic framework,
which contains many holes and a large specific surface area, is being
saturated. The same saturation of the covalent organic framework in the
solutions of the second series that were exposed to ultraviolet light has
also caused a decrease in the percentage of tetracycline removal. Of
course, due to the agent attached to the covalent organic framework of
titanium dioxide, which is activated when exposed to ultraviolet light, this
reduction in removal percentage occurs at a slower rate. According to the
test results, the concentration of 170 mg L1 was obtained as the optimal
value of the initial concentration for the tetracycline solution.

4. CONCLUSIONS

In this research, the synthesis of a covalent organic frame work
functionalized with titanium dioxide was carried out. Then, the ability and
performance of the adsorbent in removing methylene blue and
tetracycline pollutants were investigated. Different experimental
parameters were optimized to achieve the most effective conditions for
using the adsorbent. The covalent binding of titanium dioxide to the
covalent organic framework, in addition to creating strong adsorption
against environmental conditions, can remove more significant amounts
of tetracycline and methylene blue in a shorter period and using fewer
amounts of adsorbent. All the results show that the new adsorbent shows
excellent capabilities in removing environmental pollutants such as
tetracycline and methylene blue.
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