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ABSTRACT

BATCH AND OPTIMIZATION STUDIES OF CIPROFLOXACIN

REMOVAL FROM AQUEOUS SOLUTION BY SPENT TEA LEAVES

LEE SHAO KEN

The feasibility of spent tea leaves (STL) for the removal of ciprofloxacin (CIP)
from aqueous solution was examined in this project. The effect of several
experimental conditions was studied, including initial concentrations of
adsorbate, adsorbent dosage, contact time, pH and agitation rate. Chemical
modifications such as esterification and nitric acid modification were carried out
to determine the influence on the adsorption performance. The equilibrium data
of the adsorption of CIP by STL conform to both Langmuir and Brunauer-
Emmett-Teller (BET) isotherm models, with R? value of 0.9941. Furthermore,
the experimental data fitted well into pseudo-second-order kinetic model with
R? values close to unity. The functional groups present on STL were determined
using Fourier Transform Infrared Spectrophotometer (FTIR), and the surface
morphology and topography were analyzed using Scanning Electron
Microscope (SEM) and Atomic Force Microscope (AFM), respectively.
Response Surface Methodology (RSM) was also employed in this work to
determine the optimum conditions for the adsorption process. The optimum
experimental conditions were found to be 40 mg/L of CIP concentration, 0.03 g

of STL, pH 6.5, 150 rpm agitation rate and 182.5 minutes of contact time.



ABSTRAK

KAJIAN KUMPULAN DAN PENGOPTIMUMAN UNTUK
PENYINGKIRAN CIPROFLOXACIN DARIPADA LARUTAN

AKUEUS OLEH DAUN TEH SISA

LEE SHAO KEN

Kegunaan daun teh sisa (STL) untuk penyingkiran ciprofloxacin (CIP) daripada
larutan akueus telah dikaji dalam projek ini. Kesan beberapa faktor eksperimen
telah dikaji, termasuklah kepekatan awal CIP, dos bahan penjerap, masa
sentuhan, pH dan kadar pengadukan. Pengubahsuaian kimia seperti pengesteran
dan pengubahsuaian asid nitric telah dijalankan untuk menentukan pengaruh
terhadap prestasi penjerapan. Data keseimbangan penjerapan CIP oleh STL
lebih berpadanan dengan kedua-dua model isoterma Langmuir dan Brunauer-
Emmett-Teller (BET), iaitu nilai R? 0.9941. Tambahan pula, kajian kinetik
menunjukkan kadar kinetik bagi penyingkiran CIP adalah mematuhi model
kinetic tertib kedua. Kumpulan berfungsi yang tardapat pada STL telah
ditentukan dengan menggunakan Spektroskopi Inframerah  Fourier
Transformasi (FTIR), dan morfologi pemukaan serta topografi telah dianalisis
menggunakan Mikroskop Elektron Pengimbasan (SEM) dan Mikroskop
Kekuatan Atom (AFM), masing-masing. Response Surface Metholodogy (RSM)
juga dilaksanakan dalam projek ini untuk menentukan parameter proses yang

optimum untuk proses penjerapan ini. Parameter eksperimen optimum didapati



ialah 40 mg/L larutan CIP, 0.03 g STL, pH 6.5, kadar pengadukan 150 rpm dan

182.5 minit masa sentuhan.
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Chapter 1

INTRODUCTION

1.1 Background

In 1928, Sir Alexander Fleming synthesized the first ever antibiotic in the world,
namely penicillin. This achievement has successfully kicked start the antibiotic
era, which marks a significant milestone for the world (Adedeji, 2016). The
advancement of sciences and research continuously promote the development of
health care industries, as abundant of new class of antibiotics have been
discovered over the time. They are particularly important in human society, as
they are able to prevent or treat some types of bacterial infections. Because of
these pharmaceutical properties, the consumption of pharmaceutical compounds
increased significantly over the past years, as people have relied extensively on
antibiotics in hope of better health and immune protection. The use of
pharmaceutical products is not only restricted for human use, instead the
application in livestock and aquaculture due to intensive farming are commonly
known as well. According to Browne, et al. (2021), the global antibiotic
consumption rate covering 204 countries has increased by 46 % from year 2000
to 2018, and the value is expected to increase from time to time. In consequence,

pharmaceutical wastes are found in large quantities in water systems and sewage.
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There are many classes of antibiotic. Specifically, fluoroquinolones, being the
third-largest group of antibiotics, cover a broad-spectrum of antibiotics that are
responsible to hinder or treat various pathogenic diseases like urinary tract
infections, pneumonia, gastroenteritis and so on. The most common members of
fluoroquinolones include ciprofloxacin (CIP), norfloxacin, levofloxacin, and so
on (Bhatt & Chatterjee, 2022). Figure 1.1.1 shows the chemical structure of
several members under fluoroquinolones antibiotic class (Singh, Parwate and
Shukla, 2009). However, despite their ability to benefit the community so
greatly, they come at a price: they cause significant side effects when being
released excessively into water systems, as pollutants. Conventionally,
antibiotics are being released into water systems through various pathways,
which include hospital effluents, discharge from industrial pharmaceutical
plants, improper disposal by the community, excretion and so on (Zuccato et al.,

2010).
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Figure 1.1.1: Component structure of members of fluoroquinolones (Singh,

Parwate and Shukla, 2009)

1.2 Ciprofloxacin

In the class of fluoroquinolones, CIP is one of the most popular antibiotics,
owning to its superior pharmaceutical properties. CIP is an FDA-approved
antibiotic used to treat a variety of bacterial illnesses, such as urinary tract

infections, pneumonia, gonorrhea, chancroid, and so on. The chemical structure
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of ciprofloxacin is shown in Figure 1.2.1 below. However, only 15% of CIP is
being metabolized by human body, while up to 50% is excreted out as an
unchanged drug (Movasaghi, Yan and Niu, 2019). The discharge concentration
of CIP in wastewater is determined at about 30 mg/L, with higher concentration
detected in drug manufacturing plant and pharmaceutical industry (Zhang et al.,
2017). Medication released into water systems is proven to harm wildlife
significantly, and the situation worsens when it enters human water supplies,
whereby humans may suffer from adverse health effects such as respiratory
disorders, cancer, reproductive issues, and many more (Ibrahim & Ho, 2023).
The most noted consequence of antibiotic pollution and misuse of drugs is the
development of antibiotic resistance in human body. In this context, the bacterial
species may evolve and generates a defend mechanism to resist the effect of
antibiotics, making them ineffective in most treatments (Movasaghi, Yan and
Niu, 2019). In addition, long term introduction of these compounds into the
environment may have detrimental effect to the ecosystem. Therefore, it is

essential to tackle this issue before it becomes worsen.

F CO,H

Figure 1.2.1: Chemical structure of CIP
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1.3 Adsorption technique

Unfortunately, many researchers have discovered that many contaminants
including pharmaceuticals are not eliminated during wastewater treatment
process due to the limitation of sewage treatment plant. On top of that, they are
incapable to self-degrade and can be quite persistent in wastewater. Considering
the downsides possessed by these contaminants in water systems, it is vital to
discover sustainable methods to tackle the issues. For this reason, several
techniques and mitigations were designed and implemented, such as advanced
oxidation technique, photocatalytic degradation, biological treatment and many
more. Figure 1.3.1 illustrates the cycle and application of various techniques for
wastewater treatment. But most of them show significant drawbacks in its
application (Dutta & Mala, 2020). For instance, some of these advanced
treatments require enormous amount of energy and it is extremely costly to
remediate the wastewater on a large scale. Other than that, most of the materials
involved and the degradation products are toxic and harmful to environment. On
the other hand, adsorption has proven to be one of the optimistic approaches to
remediate the wastewater from contamination due to ease of operation, low
installation expenses, environmentally friendly, as well as high potential to
regenerate the used adsorbent (Bhatnagar & Anastopoulos, 2017). It relies on
the surface phenomenon with common mechanism to realise surface
accumulation of pollutants on adsorbent. The liquid-solid intermolecular force
of attraction initiates the attachment of pollutant molecule from the solution onto

the solid surface, thus achieving removal purpose (Nageed, 2013).
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Figure 1.3.1: Cycle and application of contaminants removal techniques in

wastewater

1.4 Adsorbents

Given the advantages of adsorption process in the removal of contaminants, it is
crucial to explore suitable yet sustainable adsorbent materials sensible to remove
CIP in wastewater. In recent years, many economical adsorbents have been
identified and reviewed to examine their pollutant-binding capacities. The
popular options include locally available materials such as agricultural wastes,
industrial wastes, and manufacturing by-products. Activated carbon, zeolites,
biochar and so on with proven superior ability are also getting more attention.
Unquestionably, most scientists opt to perform activation processes on native
materials due to their improved capacity and efficiency of adsorption. In other

words, the ability of native adsorbents for contaminants removal is often
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overlooked or underestimated. However, most of the activation processes
require tremendous amount of energy, and this simultaneously increases the
operation cost and investment (Dutta & Mala, 2020). By weighing up the pros
and cons of the activation process, it is considered worthy to perform the
adsorption technique by using untreated adsorbents, as it is much more
environmentally and economically sustainable. Therefore, this study focuses on
the evaluation of spent tea leaves (STL) as a potential adsorbent to remove CIP

from the aqueous solution.

1.5 Spent tea leaves

Tea plant (Camellia sinensis) is a species of evergreen, medium sized woody
shrub or tree, under the family of Theaceae. Its leaves were utilized and
consumed by people for medicinal purposes. This fragrant beverage was
originated from China in 2737 BC, and there are various types of teas (Figure

1.5.1), depending on the withering and oxidation process.

WHITE YELLOW GREEN OOLONG BLACK PUER

Figure 1.5.1: Different types of tea
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Tea offers a wide range of benefits to human’s health such as prevention of
cardiovascular diseases, antidiabetic, lower risk of atherosclerosis and so on
(Bag, Mondal, Majumder & Banik, 2022). This has significantly escalated tea’s
popularity as it becomes one of the most welcoming yet in-demand beverages in
the world. Statistics published by Statista Research Department (2023) shows
that about 6.7 billion kilograms of tea were consumed worldwide in 2023, and
the demand is expected to increase from time to time, estimated to achieve 7.4

billion kilograms by year 2025.

In terms of the composition of tea, the cell wall of the tea wastes contains both
soluble and insoluble components. After being brewed, the properties and
composition of spent tea leaves that believed to facilitate the adsorption process
remained such as insoluble cellulose, hemicellulose, lignin, and structural
protein. Therefore, it is definitely a wastage if the brewed tea leaves are being
disposed without utilizing them. The high consumption of tea has created
considerable amount of waste over time. Given the waste’s surplus availability,
spent tea leaves have gained many attentions to be considered as adsorbent. In
other words, they are always readily accessible and available. In addition to that,

they are nontoxic and could be easily obtained at low cost.
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1.6 Objectives of the research

1. To assess the adsorption performance of STL for the removal of CIP.

2. To study the effect of different experimental conditions that
influence the adsorption such as initial concentrations of adsorbate,
contact time, agitation rate, adsorbent dosage, and pH.

3. To analyze the kinetic studies and adsorption isotherm models for
the adsorption of CIP by STL.

4. To perform the characterization studies on the adsorbent by using
Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscopy (SEM) and Atomic Force Microscopy (AFM) to observe
the differences in the adsorbent after the adsorption process.

5. To optimize the CIP removal by employing the Response Surface

Methodology (RSM) experimental design.

24



Chapter 2

LITERATURE REVIEW

2. Literature review

The feasibility of using STL as the potential adsorbent in the removal of various
pollutants has been studied and published by several researchers. This chapter
highlighted and discussed some of the published works related to the removal of

different types of waste by tea leaves-based adsorbent.

2.1 Heavy metal removal

STL were determined as a potential adsorbent to remove toxic heavy metal ions.
Celebi et al. (2020) evaluated the usefulness of brewed tea leaves as the
adsorbent to remove several heavy metal ions such as lead (Pb), zinc (Zn), nickel
(Ni), and cadmium (Cd). The experiment was performed under several
experimental variables such as pH, medium temperature, dosage of adsorbent,
and contact time to determine their effect towards the adsorption performance.
As a results, optimistic adsorption capacities for each heavy metal ion were
obtained, which were 1.197, 1.457, 1.163 and 2.468 mg/g for Pb, Zn, Ni and Cd
ions, respectively. The adsorption process was able to reach equilibrium within
relatively short time, indicating the effectiveness of the adsorbent. The result has

proven that tea waste is a great adsorbent as they are capable to eliminate
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considerable amount of toxic heavy metal ions from waste stream effectively.
The authors also suggested that the adsorption process follows three steps:
adsorption, surface precipitation and finally fixation. This is most probably due
to the availability of surface functional groups (predominantly hydroxyl group)
on tea leaves that are actively involved in the physicochemical reactions with
the heavy metals such as complexation. By performing FTIR analysis on the tea
wastes involved, and it was found out that there were several peaks experienced
obvious shifting such as peaks at 2916.62, 2849.35 and 1516.44 cm™' which
represent aliphatic C-H groups and symmetric bending of alkyl group,
respectively. This suggests that the functional groups on STL are particularly
involved in physicochemical reaction and adsorption with metal ions, resulting

in removal.

Tea leaves also possessed an added advantage of extensive porous surface and
rough surface area that facilitated the adsorption process. As cellulose and
hemicellulose are the main components of tea leaves, they contain widely
distributed pores in large surface area, which are favorable in interacting with
the contaminants. Figure 2.1.1 and Table 2.1.1 below show the spectra of FTIR
of tea leave wastes before and after adsorption process, as well as the summary

of main functional groups of tea, respectively.
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Figure 2.1.1: FTIR spectra of tea waste before (red line) and after (blue line)

adsorption

Table 2.1.1: Main functional groups loaded on tea wastes

Frequency / cm™ Assignment
Before adsorption After adsorption
2916.62 2916.42 Aliphatic C-H group
2849.35 2849.23 Aliphatic C-H group
C=0 stretching,
2160.69 2161.07
C=0/C=C stretching
1615.38 1614.97 C-H alkanes in
aromatic rings
1516.44 1471.66 “CHs symmefric
bending
1165.56 1167.43 C-O stretching
718.33 718.31 C-O-H stretching
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Similar study on the adsorption of toxic Cu?* ions was carried out by Etim et al.
(2022). In this particular research, tea fibre and tea leaves were utilized to
remove Cu?* ions. Similarly, the impacts brought by the changes in pH,
concentration of metal solution and the adsorbent dosage were studied. The
authors were able to achieve maximum percentage removal of Cu®* for both tea
fibre and tea leaves at 99.97%, which is highly efficient and attractive. This has

further proven the capability of tea leaves as a promising adsorbent.

Another notable research was carried out by Mei et al. (2019) who studied on
the elimination of fluoride ions by modified tea waste. The authors conducted a
comparison study on the adsorption efficiency between native tea leaves,
extruded tea and zirconium-loaded tea waste. The characterization analysis of
extruded tea waste showed greater pore size, and this could promote the binding
of zirconium for better removal of fluoride ions from wastewater. As a result,
20.56 mg/g of adsorption capacity was able to be attained by zirconium-loaded
tea waste. In order to have a clearer picture of the adsorption of fluoride ions,
SEM was performed, and Figure 2.1.2 displayed the SEM micrographs of (a)
tea waste, (b) extruded tea waste at 5,000 x magnification, (c) extruded tea waste
at 20,000 x magnification and (d) zirconium-bonded tea waste. The porous
structure was highly apparent in extruded tea waste, and this structure offered
an added advantage on exposing their surface functional group to enhance the
adsorption process. Although the native spent tea leaves performance is weaker
than the extruded ones in terms of the removal efficiencys, it is still believed that
the native tea leaves have its own potential in the removal of various pollutants.
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This is because the surface functional groups and physiochemical properties that
originated from native spent tea leaves were the key factors in driving the

adsorption process.

Figure 2.1.2: SEM diagram of (a) native tea waste, (b) extruded tea waste

(5,000%), (c) extruded tea waste (20,000%), and (d) zirconium-bonded tea

waste

2.2 Antibiotics removal

The usefulness of STL as natural adsorbent is further demonstrated by Li et al.
(2018) who utilized spent tea leaves to produce tea-leaf biochar for the removal
of ciprofloxacin through adsorption process. In this case, used tea leaves were

utilized as precursor to produce biochar which possess greater carbon content.

29



In terms of the structure, tea-leaf biochar owns higher surface area and extensive
porous structures, which are the ideal properties that favored adsorption process.
This was proven as the authors were able to achieve a maximum adsorption
capacity of 238.10 mg/g. In addition to that, the system obeyed Langmuir model.
This optimistic result is largely due to the existence of irregular surface with
non-uniform pores possessed by tea-leaf biochar. Figure 2.2.1 presents the SEM
micrographs of tea-leaf biochar to show its surface morphology before and after
adsorption. It could be clearly seen that after adsorption, there are abundant of

foreign particles agglomerated within the pores and surfaces.

Figure 2.2.1: SEM micrograph of UTC before (a) and after (b) adsorption

From the result above, it could be confidently suggested that the spent tea leaves
are capable on binding foreign particles, and the pore structure of biochar further
enhances their binding ability, contributing significant impact towards the

adsorption of contaminants. The authors proposed that the adsorption of tea-leaf
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biochar and CIP was based on chemisorption. This is evidenced by the FTIR
spectra of the adsorbent that displayed significant differences after adsorption.
Therefore, it is suggested that there was chemical interactions and bonding
occurred between the surface functional groups of STL with the contaminants.
The FTIR spectra (Figure 2.2.2) before and after adsorption, as well as a table
(Table 2.2.1) that includes important functional groups and peaks are displayed
below. Through comparison, there are several new peaks and shifted peaks
observed after adsorption process, such as 3400 cm™ to 3413 cm™ for -OH
groups, symmetric bending of CHs from 1435 cm™ to 1456 cm™, as well as new
peaks such as 3038 cm’!, 1490 cm'and 1309 c¢cm that representing N-H
stretching vibrations, secondary amine groups and C-H stretching vibrations,

respectively.
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Figure 2.2.2: FTIR spectra of UTC before (UTC) and after adsorption (UTCaq)
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Table 2.2.1: Important functional groups and peaks in FTIR spectra of UTC

Frequency (cm™)

T Uica Functional groups

3400 3413 Stretching vibrations of -OH groups
3038 N-H stretching vibration

2917 Aliphatic CH; asymmetric stretch

2850 Aliphatic CH, symmetric stretch

1570 1576 C=C band of the aromatic ring or

highly conjugated C=C bond

1490 Secondary amine group

1435 1456 Symmetric bending of CH3
1384 Bending vibration of methyl
1335 Aromatic nitro compound
1309 C-H stretching vibration
1271 Phenolic C-OH stretch

1167 1187 C-0O in phenol
1048 C=0 stretching

Similar phenomenon was detected by Wong et al. (2018) who focused on the
application of activated tea leaves to remove aspirin from aqueous solution. An
optimistic adsorption removal of aspirin was detected at 94.28 %, after 1 hour
of contact time, by using 0.5 g of adsorbent and 100 mg/L of aspirin solution at
pH 3 and 30 °C. The experimental data fitted pseudo-second-order kinetic model
nicely, giving a R? value of 0.9999 which was close to unity. This suggested that
the adsorption of aspirin by the activated STL is dominated by chemical
adsorption, which is in accordance with the study discussed above. The outcome

was further supported by the result of FTIR. The spectra of the adsorbents are
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presented in Figure 2.2.3, and significant bands were summarized in Table 2.2.2.

It was determined that the frequency of symmetric bending of CH3 and

asymmetric stretching of C=0O experienced certain shifting after the adsorption

of aspirin. The changes in frequency have been suggested due to the interaction

between aspirin and activated spent tea leaves. In addition, the authors proposed

that this adsorption system obeyed to Freundlich isotherm, where heterogenous

and multilayer adsorption takes place.
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Figure 2.2.3: FTIR spectra of activated STL before and after adsorption of

aspirin (Wong, et al., 2018)

Table 2.2.2: FTIR spectral characteristics of activated STL before and after

adsorption of aspirin (Wong, et al., 2018)

Frequency (cm™)

Functional groups

Before adsorption After adsorption
3442 3442 Bonded -OH group
1628 1631 C=0 stretching
1381 1384 Symmetric bending of CH3
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2.3 Dyes removal

Besides from heavy metal ions, dyes are one of the most emerging contaminants
found in the environment. Many treatments have been applied to tackle the issue,
including solar photo-Fenton degradation, photocatalytic degradation and so on.
Amongst these, adsorption process is proved to be the most optimistic methods
for removal of dyes. Hameed (2009) conducted a study to determine the
effectiveness of STL in removing Methylene Blue (MB) dye from wastewater.
The outcomes have demonstrated that the adsorption system is best described
by Langmuir isotherm theory, where the adsorption of MB is monolayer onto
homogenous sites of STL. To be more specific, a maximum monolayer
adsorption capacity of 300.052 mg/g was accomplished in this adsorption
system. In order to further validate the feasibility of using STL as a potential
adsorbent in its native form, a comparison study of monolayer equilibrium
capacity of MB with different adsorbents was carried out. The results shown that
STL owned the highest adsorption capacity, as compared with coffee husk, Luffa
cylindrica fibres, dehydrated wheat bran carbon and oil palm fibre activated
carbon with adsorption capacity of 90.09, 47.0, 185.2 and 277.78 mg/g,
respectively. The adsorption kinetics were also studied, and pseudo-second-
order model was found to be more accurately represented the experimental data.
All the results calculated at different MB concentrations were able to achieve
coefficient of determination, R? of nearly unity. Therefore, it was proposed that
adsorption process was controlled by chemisorption. This was supported by the
FTIR results, where significant shifts in FTIR peaks were observed after the
adsorption process, due to the chemical bonds formation between functional

groups of STL and adsorbates.

34



Reza et al. (2016) studied the adsorption of Reactive Blue 21 dye by using tea
leaves waste. They conducted the batch adsorption experiment by varying
different parameters, including pH, mass of adsorbent, contact time, and
concentration of dye solution to investigate their effects towards the adsorption
performance. They concluded that the tea waste performed optimally at pH 6.0
and 90 minutes of contact time where equilibrium was attained. In addition to
that, this adsorption system obeys to Langmuir isotherm, which led to a

monolayer adsorption capacity of 28.99 mg/g.

In another work, Nasar (2021) reviewed the usefulness of raw tea wastes for the
remediation of toxic dyes from polluted water. Figure 2.3.1 represented the SEM
micrographs of un-adsorbed tea waste and Acid Blue 25 adsorbed tea for
comparison purposes. A change of surface morphology was detected after
adsorption as fewer cavities were observed as compared to the one before
adsorption. This phenomenon was believed due to the penetration and
attachment of Acid Blue 25 onto tea residues, filling up the pores and cavities.
Another work involving the remediation of MB dye was also highlighted by Jain
et al. (2020). The adsorption system was shown to obey to Langmuir isotherm
and pseudo-second-order kinetic model, suggesting a monolayer adsorption

(300.052 mg/g) and chemisorption of MB dye by the adsorbent.
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Assembling the findings from the above studies, it is evident that tea waste could
be one of the ideal adsorbents for dye removal due to the occurrence of strong
interactions between dyes molecules with tea residues. This statement was
highly supported by Liu, Fan and Li (2018) who suggested that the adsorption
was accomplished by many different mechanisms, including hydrogen bonding,
electrostatic interactions, complexation of functional groups, as well as other
interactions like m-m interactions and ion exchange. This shows that the organic
functional groups on tea waste played a vital role in contaminant removal.
Therefore, tea leaves have been suggested as a potential adsorbent due to its
beneficial contribution in the removal of contaminants. In this work, the authors
were able to achieve a great adsorption capacity of tea waste in the removal of

MB, which was 113.1461 mg/e.

Figure 2.3.1: SEM image of unadsorbed tea waste (a) and Acid Blue 25

adsorbed tea waste (b)
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Another notable study was performed by Sikdar, Goswami and Das (2020) who
utilized tea waste to produce activated carbon to remove Indigo Carmine from
wastewater. Different environmental variables were studied, including
adsorbent dosage, concentration of dye, temperature and agitation speed. The
optimized condition was determined by using RSM. As a result, it was
determined that conditions set at pH 6, 0.05 g of adsorbent and 120 minutes
reaction time obtained the highest percentage removal, which was 89 %. The
data demonstrated that the system followed Langmuir isotherm and pseudo-
second-order kinetic model, with maximum uptake capacity of 20 mg/g. The
result was compared with different adsorbents on similar dye, and it was proven
that tea waste-based carbonaceous material owned better adsorption capacity, as
compared to Brazil nut shells, activated carbon from Acacia nilotica (babool)
sawdust and citrus reticulate peels cellulosic waste, which possessed 1.1, 4.8 and
15 mg/g of adsorption capacity, respectively. This shows that tea leaves-based
adsorbent is considered as more powerful and valuable biosorbents in adsorption

technique.

2.4 Comparative study

The tables summarized the adsorption capacity of multiple adsorbents for the
removal of CIP from aqueous solution (Table 2.4.1), as well as the adsorption
performance of tea-leaf based adsorbents in removing different types of
adsorbates (Table 2.4.2). Based on the results, it was clearly shown that tea-leaf

biochar performed the best in removing CIP as compared to the others, and also
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possessed the greatest adsorption capacity, which is 238.10 mg/g. This shows
that the STL possessed powerful characteristics and properties that actively
involved in adsorption process, resulting in great adsorptive performance. The
removal of different types of adsorbates by tea-leaf based adsorbents also shown
promising results. This further demonstrated that STL is indeed an “all-rounder”
whereby its efficiency in contaminant removal have been shown these studies.
They own crucial features such as capable to interact with a wide variety of
substance and achieving the purpose of contaminant-separation from aqueous
medium. In summary, STL is a highly efficient adsorbent to purify the aqueous

medium from contamination.

Table 2.4.1: Maximum CIP adsorption capacity of various adsorbents

Maximum
Adsorbent adsorption capacity References
(mg/g)
Tea-leaf biochar 238.10 (Li, et al., 2018)
Aged-microplastics 46.91 (Zheng, et al., 2023)
Biochar derived from 78.43 (Wakejo, et al.,
bamboo sawdust ’ 2022)
(Ma, Yang, Yu and
P h 1 235.
orous graphene granules 35.60 Zheng, 2015)
(Akpomie, et al.,
Yam peel powder 42.81 2023)
Chitosan-modified graphene 102.00 (Parashar, et al.,
oxide ’ 2022)
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Table 2.4.2: Adsorption of different adsorbate by tea-leaf based adsorbent

Maximum
Adsorbent .
Adsorbate adsorption References
(Tea-leaf based) .
capacity (mg/g)
STL activated . (Wong, et al.,
carbon Aspirin 178.57 2018)
Black tea wastes 115.20
Lead ions (Zuorro and
Lavecchia, 2010)
Green tea wastes 83.80
Nickel ions 90.91 Malakahmah,
Waste black tea Tan and Yavari,
Zinc ions 166.67 2016)
Reactive Blue (Reza, et al.,
T 28.
ea waste 25 dye 8.99 2016)

2.5 Characteristics of STL for adsorption

In general, soluble polysaccharides and proteins, as well as insoluble lignin,
cellulose, and structural protein, make up the cell walls of tea leaves. After being
brewed, the remaining insoluble components could facilitate the adsorption
process for the purpose of contaminants removal (Nazir, Raoov and Mohamad,
2020). On dry weight basis, phenolic substances, fibers and proteins are the
major constituents of STL. Due to the existence of these constituents, STL are
well-known as carbonaceous materials, and this offers them outstanding
physiochemical characteristics for adsorption. Based on the FTIR, it was evident
that functional groups like carboxyl, hydroxyl, amine, and alkyl are present in

abundance on the tea leaves surface. According to Nazir, Raoov and Mohamad
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(2020), it has been proposed that these functional groups were involved actively
in certain interactions with CIP to aid the adsorption process. The proposed
interactions involve hydrogen bonding, n-m interactions and electrostatic
attraction. CIP molecules consist of moieties like aromatic heterocyclic groups,
benzene ring and fluorine. Such moieties are believed to act as important role in
its interaction with the functional group present on STL such as C-OH, COOH,
C-N and so on. For instance, the high electron-withdrawing property of fluorine
on benzene ring makes it a m-acceptor, while the amine groups in tea leaves serve
as electron-donating groups. As a result, n-x interaction is initiated. In addition
to that, hydrogen bonding possesses significant contribution in the adsorption of
CIP onto STL due to the presence of hydroxyl and carboxyl group that are
capable to form hydrogen bonding. Other than that, electrostatic interaction is
another possible mechanism as CIP exists as zwitterion in nature, and they are
easily protonated or deprotonated at different pH on carbonyl and amine group,
respectively (Igwegbe, et al., 2020). In summary, there are a great number of
possible mechanisms between CIP and STL, and therefore it is confident that

the adsorption of CIP by STL could be carried out effectively and efficiently.

Based on the studies reviewed above, it can be concluded that STL are potential
adsorbent to remove a wide range of contaminants in wastewater, not only
restricted to antibiotics, but also heavy metal ions and dyes. Although many
works were performed by using activated tea wastes, it is evident that native
STL still own the fundamental physiochemical properties and important surface
functional groups that are useful in adsorption process. Not only this, the
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application of adsorption technique by using STL in its native form depict an

effective and successful green technology approach.
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Chapter 3

MATERIALS AND METHODOLOGY

3.1 Chemicals and reagents

The chemicals and reagents used throughout the final year project were tabulated

in the Table 3.1.1.

Table 3.1.1: Chemicals and reagents used in this project

Chemicals / Reagents Manufacturer Assay

Ciprofloxacin hydrochloride hydrate Acros Organics -
Quality Reagent
Concentrated hydrochloric acid 37 %
Chemical (QREC)

Concentrated nitric acid Fisher Scientific 68 %
Methanol Merck KGaA -

Sodium hydroxide pellet GENE Chemicals 99 %
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3.2 Methodology

3.2.1 Preparation of adsorbent

STL were obtained from a Chinese restaurant in Kampar, Perak. The tea leaves
were washed with distilled water to remove adhering dirt and impurities. The
collected tea leaves were boiled at 80 °C in distilled water to remove any soluble
components. The STL were then filtered, and the boiling process was repeated
until the final solution was completely clear and achieved neutral pH. The boiled
tea leaves were then filtered, washed, and dried in oven at 60 “C overnight to
remove the moisture content completely. The dried tea leaves were grounded
into powder form and screened through 250 pm sieve before stored in a sealed

bottle containing silica gel for future use.

3.2.2 Preparation of adsorbate

CIP was chosen as the adsorbate in this project. The CIP used in the project was
purchased from Acros Organic, in the form of ciprofloxacin hydrochloride
hydrate, 98%. CIP has molecular formula of Ci7Hi1sFN30O3; with molecular
weight of 331.346 g/mol. A 500 mg/L stock solution was prepared in a
volumetric flask. The solution was kept in dark to avoid photodegradation.

Dilution technique was employed to prepare the working solution in the future.
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3.2.3 Batch adsorption experiment

0.02 g of STL was added into 20 mL of CIP solution in a centrifuge tube. The
mixture was agitated at 150 rpm using orbital shaker for 4 hours. The batch
experiment was prepared in duplicates, as well as a control set without STL to
prove that the adsorption of CIP was due to STL, instead of the wall of centrifuge
tube. After the desired contact time was attained, the mixtures were centrifuged
at 7500 rpm. The absorbance of the supernatant was measured using UV/vis
spectrophotometer at wavelength of 276 nm. This is the maximum wavelength
of CIP. The concentration of CIP could be calculated using the equation from
the calibration curve, which shown in the Appendix A. The mean result for each
experimental set was obtained, and the uptake removal, as well as the adsorption

capacity of CIP could be calculated using the equations below:

(Co - Ct)
Uptake removal = — X 100%

o

where C, = initial CIP concentration (mg/L), C; = CIP concentration at time, t

(mg/L)

(Co - Ct)V

Adsorption capacity = —

where C, = initial CIP concentration (mg/L), C; = CIP concentration at time, t

(mg/L), m = adsorbent mass, V = volume of CIP solution
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0.02 g of STL was added Agitated on orbital
to 20 mL of CIP solution shaker at 150 rpm
in 50 mL centrifuge tube for 4 hours.

03

Centrifuge at 7500 Measurement of
rpm for 5 minutes absorbance using UV/vis

spectrophotometer at 276
nm

Figure 3.2.3.1: Overview of batch adsorption experiment
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The influences of several variables on CIP adsorption were investigated as

follows:

3.2.3.1 Effect of initial concentrations of CIP

The effect of initial CIP concentrations was examined by using different
concentrations of CIP solution, which were 20, 30 and 40 mg/L. The agitation
rate and STL dosage were fixed at 150 rpm and 0.02 g, respectively. After
certain time intervals, the samples were collected and measured for its

concentration using UV/vis spectrophotometer.

3.2.3.2 Effect of contact time

In order to investigate the effect of contact time, the samples were withdrawn at
different time intervals, which were 5, 10, 15, 30, 60, 120, 180, 240, 300 and
360 minutes for three different concentrations of CIP (20, 30 and 40 mg/L). The

agitation rate and STL dosage were fixed at 150 rpm and 0.02 g, respectively.

3.2.3.3 Effect of STL dosage

The effect of STL dosage was evaluated by adding different amounts of STL
into 20 mL of 20 mg/L CIP solution in the centrifuge tube. The amount of STL
was ranging from 0.01 to 0.06 g, with 0.01 g intervals. The mixture was then
agitated at 150 rpm by orbital shaker for 4 hours to attain the equilibrium before

being measured for its concentration using UV/vis spectrophotometer.
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3.2.3.4 Effect of pH

The influence of pH on the CIP adsorption by STL, the pH of the CIP solution
was adjusted to the desired pH (pH 2-11) using various concentrations (0.1, 0.5
and 0.1 M) of hydrochloric acid (HCI) or sodium hydroxide (NaOH) solution.
The agitation rate and contact time, as well as the STL dosage were fixed at 150

rpm, 4 hours and 0.02 g, respectively.

3.2.3.5 Effect of agitation rate

The effect of agitation rate was investigated using different agitation rates,
which were 100, 150 and 200 rpm. The initial concentration of CIP and STL

dosage were fixed at 20 mg/L and 0.02 g, respectively.

3.2.4 Determination of isoelectric point of STL (pHpzc)

20 mL of 0.1 M NacCl solution were prepared and the pH of the NaCl solution
was adjusted using 0.1 M HCI solution or NaOH solution to produce solution
with varying pH from pH 2 — 12. The initial pH of each solution was measured
and recorded as pH;. For each pH, 0.02 g of STL was added into each solution,
and the mixtures were agitated at 150 rpm for 24 hours. After 24 hours, the final

pH values of each supernatant were measured and denoted as pHs.
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3.2.5 Esterification of STL

The esterification of STL via acidic methanol method was performed by using
3.00 g of STL and added in 210 mL of 99.9 % methanol and 1.8 mL of
concentrated HCI. The esterified STL was then rinsed with distilled water
several times until neutral pH was obtained. Then, the esterified STL was dried

in oven at 50 °C for 24 hours.

3.2.6 Nitric acid (HNO3) modification of STL

2 g of STL was mixed with 50 mL of 5 M HNOj3 solution. The suspension was
heated at 80 °C and continuously stirred for 4 hours. After 4 hours, the modified
STL were washed with distilled water several times until neutral. Then, the STL

were dried in oven at 50 “C overnight to remove all the moisture.

3.3 Characterization analysis

3.3.1 UV-visible Spectroscopy

The absorbance of the supernatant of CIP solution after the adsorption process
was determined at wavelength of 276 nm using UV/vis spectrophotometer,

model Thermo Scientific GENESYS 50.
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3.3.2 Fourier Transform Infrared Spectroscopy

The surface functional groups present on the STL could be determined using
Fourier Transform Infrared Spectrophotometer (FTIR), model Spectrum RX1
by Perkin Elmer. The tea leaves with grinded with KBr powder to form
homogeneous mixture. Then, the powder was made into pellet for analysis. The

FTIR analysis was performed in the range of wavenumber from 4000 — 400 cm"

1

3.3.3 Scanning Electron Microscopy

The surface morphology of the STL was analyzed at emission current of 4.0 kV

using SEM model JEOL-JSM-6701F.

3.3.4 Atomic Force Microscopy

The surface topography of the STL was examined using AFM model Park XE-

70 AFM.

49



Chapter 5

CONCLUSION

5.1 Conclusion

In conclusion, STL were proven to be an effective yet potential adsorbent for
the removal of CIP from aqueous solution in this study. The adsorption system
was believed to obey pseudo-second order kinetic model, which suggested that
chemical adsorption was involved in the adsorption process, with a R? close to
unity. In addition to that, the experimental data fitted well to both Langmuir and
BET models with R? value of 0.9941 as compared to Freundlich isotherm model.
This suggested the adsorption extended beyond monolayer coverage over
homogeneous surface. In FTIR analysis, there were several peak shifts after
adsorption process, proving that certain interactions were occurred between
particular surface functional groups of STL and CIP. Furthermore, SEM and
AFM analysis further confirmed successful adsorption by showing significant
changes of surface morphology and topography of STL after the adsorption of
CIP, by comparing with the STL before adsorption. In the adsorption system of
CIP by STL, initial concentrations of adsorbate, contact time, dosage of
adsorbent and pH were determined as the significant factors that influence the
adsorption strongly. The optimum level of each parameter to achieve maximum
adsorption of CIP by STL was investigated using RSM, and a model equation
was generated. The optimum condition was determined at 40 mg/L of CIP

concentration, 0.03 g of STL, pH 6.5, 150 rpm agitation rate and 182.5 minutes
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of contact time. The percentage of differences calculated for the experiments

was within 8 %, which proven the validity and reliability of the equation.

5.2 Future prospects

For future studies, it is advisable to utilize STL as the adsorbent to remove
different types of adsorbates, not only restricted to antibiotics, but also dyes and
heavy metal ions, to examine their adsorption performance. Other than that, it is
recommended to carry out modifications on the STL as it is believed that

modified or activated STL could resulted in better adsorption performance.
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