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ABSTRACT

In this work, a low-cost adsorbent from abanduntly available biowaste jamun seed (Syzygium
cumini) was developed via carbonization and chemical-activation process. It was ultilized to
remove one of the pharmeutical drug, ofloxacin, from its aqueous solution. The surface
morphology and surface area of the repared activated Jamun seed dust were investigated by “Field
Emission Scanning electron microscope” (FESEM) ,“Brunauer-Emmet-Teller”(BET), “Fourier
Transform Infrared Spectroscopy” (FTIR), particle size analysis. The surface area of Activated
Jamunseed (ACJS) was founs as 366.39 m?/g. The carbon content of Jamun seed powder was
found after CHNS analysis is 55.68 %.The removal rate of Ofloxacin from aqueous solution by
activated Jamun seed powder (ACJS) was 96% at 3.5 hr, maintaining pH of the solution is 5. The
highest adsorption capacity of ACJS was 39.97 mg/g. The adsorption kinetics followed linear
pseudo-2"%-order model with R?=0.9999. The isotherm study has shown that Langmuir linear
isotherm fitted with experimental data.From the thermodynamics study indicates the adsorption is
feasible and exothermic process.The activated carbon which is derived from Jamun seed powder,
also cost effective and can be utilized upto five cycles without compromising the removal

efficiency of OFC from aqueous solution.
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CHAPTER 1

INTRODUCTION




1.Introduction

Nowadays one of the most emerging contaminants for the environmental eco-system is
pharmaceutical drugs, which are exerted from human urine, expired medicine,hospitals,
industrial effluent etc. Because of excessive use of medication for different purposes not only
by human lives but also for agricultural purposes,fish farming, veterinary medicine, etc. which
increases the buildup of large amountsof pharmaceutical drugs in wastewater[1]. Different
categories of pharmaceutical residue are identified for uses of human livestock in the
environment, such as antibiotics, steroids, non-steroids, narcotic analgesics, inhalants, etc.
Some of these are highly water soluble, low degradable, and mixed with groundwater (drinking
water) levels through natural filtration, which causes different health issues for not only the

aquatic ecosystem but also other parts of the environment.

Among these pharmaceuticals, antibiotics are largely used in human livestock, and they are
the main source of pharmaceutical pollutants coming from hospitality waste, expired medicine,
and pharmaceutical effluents[2,3]. Pharmaceutical effluent releases a large amount of active
pharmaceutical ingredients (API) of antibiotics. Among the API of antibiotics, few are easily
dissolved in water, few were partly soluble orinsoluble. some antibiotics increase the resistance
of bacterial pathogens, some of them are very toxic to algaeand have harmful
effects[4,5].Sometimes antibiotic does not decrease health proficiency, and physiological
changes but also enhances bacterial health resistance[6,7]. Antibiotics also help recompense
mutation of microorganisms and reimburse their physical fitness[8].It is very sad to say,
negligence of improper management and their carelessness upon discarding the residue of API
of antibiotics into the ecosphere, including aquatic ecosystems, surface, and seawater, which
causes serious health issues due to non-degradable nature.Some non-degradable API can
possess their stability in sewage treatment, conventional activated sludge process which
performs in the removal stage[9,10]. Subsequently, these contaminants enlarge into the

environment by several processes.

Among them, Ofloxacin (OFC) is one of the antibiotics which is largely used.It is a type of
antibiotic in the fluorinated quinolones group[11]. Ofloxacin is a second-generation antibiotic
[12]. A racemic mixture of OFC contains 50 % lev-Ofloxacin and 50% of enantiomer of dextr-
Ofloxacin. The (-) isomer is approximately to a greater extent of 10-100 times enough
influential than the (+) isomer offend gram (+) and gram (-) bacteria for antimicrobial

activity[13]. Ofloxacin is not able to be entirely metabolized through a physical body and it is




mostly exerted through the urine and then dumped into the drainage system in hospitals or
cities. OFC decreased the amount of Chlorophyll in the ecosystem, which causes the
microscopic population’scapacity for photosynthetic processes may have decreased[14,15]. In
addition , the wastewater treatment plant failed to entirely remove OFC. Water from the
surface, the soil, and the slit can be affected by the residual OFC in the wastewater treatment
plant sewage[16].The natural balance of watery ecosystems and microbes may be threatened
by the continual addition of antimicrobial drugs. Cyanobacteria are the aquatic creatures that
are most prone to fluoroquinolones because of their similarities in structure to microorganisms.
After being exposed to OFC, the prokaryotic community’s morphology altered, and its level of
difficulty also decreased considerably. This suggests that OFC may have an impact on the

prokaryotic communal ability to survive and may upset the balance of the ecosystem.

OFC uses for various purposes like eye drops, ear drops, (Oflox, Oflatop,)and tablet like Zancin
200, “O2 for bacterial infections of various organs such as urinary tract, nose infections,
pneumonia, diarhea, and lower respiratory problem.OFC released from human urine is 80%

and remains unchanged.[17]

Bio-degradability is an important factor to decompose antibiotic drugs, in STP but
biodegradation of OFC is very poor[18].If an excess amount of Ofloxacin consumed in the
body is higher than the permissible limit, then it may affect serious health problems
likeabdominal pain, chest pain, anxiety, fever, skin rash, constipation, etc.An excessive dosage
of OFC can cause permanent nerve damage serious nervousness, agitation, etc. Thus removal
of OFC from wastewater is very important. The physical properties and effect of OFC on the

environment are shown below[19].
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Table 1: Properties of Ofloxacin

IUPAC name ((RS)-7-9-fluoro2,3-dihydro-3-methyl-10-(4-methyl-1-
piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-

carboxylic acid)

Molecular weight 361.388

Molecular formula CisH20FN304

Melting point 254°C

Solubility Soluble in aqueous solution between pH 2 to pH 5. Sparingly

soluable in aqueous solution with pH 7.

Table 2:Effects of Ofloxacin on environment

Genotoxicity 1-2 pg/l
susceptible pathogens 7.5 pg/l
Excretion rate (unchanged in the 70%

environment)

Concentration in hospital wastewater 50 pg/l, 1088 ug/l, [20]
During drug production 853 ng/l

Animal culture 4ngl/l

Sewage wastage 123 pg/l
Pharmaceutical wastage 150-160 pg/l [21]
Industrial influent 373 /day[22]

1.2 Literature survey

Liu et. al. [23]removed OFC through the degradation process by a Fenton-like system using
Fe304-CeO2/AC.The ratio of Fe and AC is 1: 3 by weight andCe and AC is 0.54:1 by weight.
The percentage of degradation OFC is at pH 3.3 and initial OFC conc. was 12 mg/l and catalyst
0.5g/l. In this process, much, more chemical is used like FeSO4-7H,0, H.O, HCL, HCOOH,
and H>SO4 NH4OH, Cerium (I11) nitrate hexahydrate, N-Butanol, and KI. The process is very

much expensive to carried out.




Ahmed and Imam[24] developed a degradation process by the Fenton method using a
composite of FezOs Montmorillonite. In this process they used FeCls.6H20, FeSO4.7H-0,
HCL, NH4OH, Montmorillonite, H2O.. Here adsorbent doses 0.75g/l Fe - Montmorillonite, and
the percentage of degradation was about 81 at neutral medium within 120 min in the dark

condition.

E. Hapeshi et al.[12] used sonochemical for the degradation of OFC. In this process, they used
ultrapure water, Hydrogen peroxide, Argon gas, nitrogen,Oxygen, and an ultrasound generator.
Here operating conditions play a major role inthedegradation of OFC, like gas sparging, proper

maintaining ultrasound power, and extra oxidants also present.

A. Thakur et al.[25] worked on the removal of OFC and paracetamol from an aqueous solution.
In this experiment, they used rice husk as an adsorbent. The highest capacity of adsorbent is
7.54mg/g at pH 8, contact time 180 min, and adsorbent doses 100mg/10ml. They prepared AC
from rice husk, and the functional group, a presence on the AC surface, is detected by “Fourier
Transform Infrared Spectroscopy” (FTIR) analysis. Themaximum value of “The Brunauer —
Emmet Teller (BET) surface area is 127.48 m?/g and the total pore volume is 0.3696.

V Bhatia, et al.[26] worked on OFC degradation from an aqueous solution using a Co-doped
TiOzphotocatalytic technique. The efficiency of this technique OFC degraded by about 86 %,
at pH 3 after 6h, and the catalyst used 1.5g/I for 25ppm of OFC concentration. In this process,
the most effective parameter isacatalyst, different sources of light, and doping ratio. The
process is very difficult and complicated. In this process, chemicals are used like TiO2,
Bi(NO3),5H20, Ni(NO3) 5H20,etc. which are also expensive.

P.Papaphilippouet.al[27] produced nano-composite membrane via free radical polymerization
polymer PMMAX-co-PDEAEMAY and magnetization using Iron oxide nanoparticles and uses
as an adsorbent for OFC removal. The maximum removal rate occurs at 80 % at pH4 at an
adsorption time of 24h. In this process, the contact time is too high.They used magnetic
nanocomposite using polymer. Also, they used several solvents like Tetrahydrofuran Ethyl
acetate, ethanol N-hexane, Choloform, etc. which are more expensive.and preparation of

adsorbent is also a complex mechanism.

Q. kong et al.[28] synthesized AC from luffa sponge activated with Phosphoric acid in a high
ratio (1:5). g:ml, contact time 240 min. The AC goes through a two-step activation process

namely physical and chemical processes. The resulting AC is used for the removal of




Ofloxacin. The adsorption process is suitable for the “pseudo-second order “ kinetic model and

the Freundlich isotherm model

According to the research work of R. Wuana, et al.[29],AC obtained from Moringa Olifera pod
for studying the removal of Ofloxacin. The samples were activated with saturated Ammonium
Chloride solution, then carbonized at 623K. The Functional group determined of the prepared
AC was by Fourier Transform Infrared Spectroscopy “FTIR” analysis. The BET surface area
of AC is 235.79 m?g and the maximum capacity is 5.051 mg/g.at 25°C,The resulting
adsorption isotherm match with the Langmuir isotherm model. This absorption process is

exothermic in nature.

G. Kaur et al.[30] developed AC from rice husk for the removal of OFC From aqueous solution.
BET surface area of the samples is 32.6 m?/g and the adsorption capacity ofthis sample is 6.28
mg/g respectively.The prepared activated carbon showing maximum removal efficiency for
Ofloxacin is79.71% at neutral medium and the adsorption time is 430 min. The adsorption
process is endothermic. Characterization of AC using X-ray diffraction (XRD).The adsorption
capacity of the samples utilized a new technique, Central composite design which is based on
the response Surface method.This process takes much more time than the removal of

Ofloxacin.

M. Ashraf et al.[31] prepared activated carbon like granular activated carbon from coconut
shells to investigate the removal ability of Danofloxacin and Ofloxacin from wastewater. The
highest removal is 88% for Ofloxacin at an initial concentration of 30 ppm. The maximum
removal rate was achieved at 240 min.The adsorption isotherm is fitted with the Temkin

isotherm model.

P.King et al.[32] derived AC from Syzygium Cumini tree leaves for the removal of zinc. The
prepared adsorbent has a maximum capacity of 35.84 mg/g followed by the Freundlich
isotherm model. The adsorption process follows the pseudo-second-order kinetic model R? =

0.99.They experimented and prove that tree leaves have good adsorption capacity.

M.Vinayagam et al. [33] prepared activated carbon from Syzygiumcumini fruit shells. At first,
the sample was carbonization done at 700°C and then activated by physical activation by
passing CO». The time consumed for carbonization and activation is 6h. Prepared activated
carbon  characterized by “Fourier Transform Infrared Spectroscopy”( FTIR), “X-ray

diffraction” (XRD), and “Scanning electron microscope” (SEM ) analysis.




R. Araga et al. [34] synthesized AC from Jamun seed. The preparation of AC is two processes.
At first, chemically activated by KOH at 2 days then the resulting sample was carbonized at
900°C. the time consumed by carbonization is 6hr 25 min. The adsorption capacity of the
resulting sample is 3.65 mg/g. After the investigation effect of temperature, the kinetic of
adsorption perfectly matched with the pseudo-second-order kinetic model. Gibbs's free energy
at different temperatures is positive, which indicates the adsorption of Fluoride ions is non-

spontaneous and exothermic in nature.

Vani et al.[35] developed activated Carbon from Jamun seed activated with Silver nitrate. From
Jamun seed powder mixed, with Silver nitrate, they prepared silver nanoparticles. Using these
samples they removed heavy metals from wastewater. The technique is very innovative but
due to the high cost of silver nitrate the resulting nanoparticles are also costly. In the adsorption
isotherm study, the equilibrium data was fitted with Langmuir and Freundlichadsorption

isotherm.

A.Banerjee et al.[36] experimented on Jamun fruit about their antioxidant property. To
determine various properties of Jamun seed they tested the Scavenging activity of the -OH
group, Superoxide radical, lipid peroxidation, antioxidant capacity, etc. They proved thatJamun

fruit has significant antioxidant activity.

F. Chavan et al.[37] prepared AC from Jamun leaves and uses it for the purification of domestic
water. The prepared sample has a surface area of 250 m?/g. and having a carbon content of
65%. They proved that the AC sample eliminated a sufficient amount of COD present in the

wastewater and jamun leaves have good adsorbent towards wastewater.

A. Jampani et al.[38] used jamun fruits for the purification of anthocyanins. The resulting AC
had an adsorption capacity of 1.07mg/ ml and followed the second-order kinetic model. The
desorption capacity of the adsorbent is 87%.

1.3 Purification technologies of removal of OFC from wastewater

1.3.1 Physical process
In this unit processes, screening, sedimentation floatation, and granular medium

filtration occur. All of the process does not purify on a nano-scale. This process only
purify at a certain value, and removed impurities from wastewater. But trace amounts

of impurity are there, and this water can not be used for drinking purposes.




1.3.2

1.3.3

1.34

K/

Biological process:

Activated sludge process, an aerated lagoon, and a Trickling filter are common
examples of biological unit processes.

Activated sludge process

In this process, big amount of foam is produced, and some poisonous gas formed, like
methane and sludge are produced high range of bacteria, viruses etc. which cause safety
problems. Operating costsare the biggest disadvantage ofthisprocess.

Chemical processes :
The chemical processes can be classified by the following categories,which are

discussed below.

Photocatalytic Degradation :

In this process, solar sensitivity is used, in dark conditions. The process is also very
costly. The major disadvantage of this process, it is very costly for operating purposes,
and the instruments, which areused in this experiment also very expensive.
Photocatalytic oxidation is not used for surface treatment. And the process is also

complex.

Membrane separation :

The process is used for domestic purposes, but for industrial scale, this process was not
used due to maintaining cost, some hazardous solvents, Chemicals, destroy the
membrane permanently. The rate of filtration is very slow larger species block the pore

and the porosity of the membrane decreases.

Coagulation :

In this process, investment is lower but the maintenance and operational cost is very
high. In this process sometimes the formation of a large amount of residual non-

biodegradable sludge createsabad impact on the environment.

Adsorption :

Nowadays adsorption processislargely used for domestic as well as industrial purposes.
This technique has two phases, one is a solid phase, and another is a liquid or gaseous
phase. One is adsorbent (solid phase) another is adsorbate. Adsorption is segregated as
physical adsorption which causes by Van der Waals forces of attraction, water
solubility, and particle size, and chemical adsorption occurs by sharing electrons, ion

exchange, hydrogen bonding, etc.[39,40]Due to cost-effectiveness and low cost and




ease to use, the process is used largely.Adsorbents are in highly porous form and
havealarge surface area in the outer part, and diffusing molecules stay for a maximum
time by magnetic forces towards the adjacent surface. In the batch study solution
temperature is an important factor in the adsorption process,mostly in ambient
temperature (25°C to 30°C) the maximum adsorption happened. The adsorption
mechanism of pollutants depends on the solubility of pollutants. Water soluble
compounds adsorb more rather than insoluble pollutants. The characteristics of an

adsorbent are discussed below:

e The surface area should be a wide range
e Pores are equally distributed.
e The prepard adsorbent should have high capacity to remove the contaminant.

e Re-cycle and reuse-ability are also important factors.

This is a surface phenomenon and exothermic process, dependent on temperature.

1.4 Activated carbon as the adsorbent

Activated carbon (AC) is mainly two types: powder activated carbon, and granular activated
carbon. One or both of these AC are manufactured through artificial ways followed by
chemically activation or gas enactment of carbonous substances like coal, organic waste solid,
wood, tires, luffa sponge willow peat, lignite, etc. can create the micro-crystalline kind of
carbon known as activated carbon. For a lower adsorption framework cost, AC have recently
been extracted from agricultural wastes such as, sugar cane, bagasse, coconut shell, rice husks,
mango peel, and various tree leaves and barks, and fruits seed, etc. Preparation of activated
carbon is carried out in a nitrogen atmosphere to remove air, for prevent yield loss and
generation of nascent oxygen. temperature range increases from 450 to 700°C, in the pyrolysis
process using the furnace.Due to their high porosity, larger surface area, dormant nature,
security across a wide pH range, reasonable pore size, and presence of useful various organic
functional groups, activated carbon is broadly utilized for natural micropollutants ejection from
wastewater. The essential contrast between the granular activated carbon and powder activated
carbon, that separates the two different types of adsorbents is that GAC has a more modest

outer surface area and greater particles.




The adsorption technique assumes a significant part by surface area. During adsorption,the
outer surface area impacts the pace of mass exchange, while the inside surface sets quite far as
possible for the capacity of the adsorption process. The adsorption of normal particles onto the
internal surface is also affected by the inward surface area of the material. Therefore, to
facilitate the adsorption of significant particles, the pores should not be unreasonably little.
There are various adsorbents available in the market among them activated carbonisthe most
common and useful. There are various adsorbents available in the market among them activated
carbon is the most common and useful. From both phases either liquid (water) or gaseous, it
widely removes organic contaminants.It also adsorbs low water-soluble compounds and
removes them from water. This is used to remove non-degradable organic micro-pollutants and
removal of pharmaceutical residue and also removes color from the solution. The preparation
procedure of activated carbon is very simple and also prepare, from a natural resource, like tree
leaves, hardwood, bark, fruit shell, etc.

In comparison with different trees, jamun seeds extract has some benefits such as a larger
volume with an excellent affinity for binding, a wide surface area, and little need for nutrients.
Jamun seeds(Syzygium cumini) are simple to grow in huge amounts in the environment,
offering affordable feedstock forbio-adsorption.In recent times Jamun seed used as one of the
resources of activated carbon due to its availability, low cost, and high physiochemical
characteristics[32][36].

Jamun seeds were successfully used in this project work to prepare activated carbon using two
steps, first pyrolysis using a muffle furnace, then chemically activated with potassium
Hydroxide. Because Jamun seed is typical municipal waste and easily available, it was decided
to use jamun seed as the main raw material of activated carbon. potassium hydroxide is used
as a precursor because impregnated activated carbon conducted maximum removal of
Ofloxacin from wastewater. To determine the optimal condition to perform the adsorption
experiment, the factor affecting the process variable was carried out by adjusting process
variable factors like adsorbent doses, contact time, and initial concentration, Kinetic studies are
also carried out in addition to parameters studies. The purpose of the regeneration study was to

determine whether the prepared adsorbent could be reused.
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1.5 Objective of the work

Subsequently, after survey of previously mentioned literarure, the expert discovered various
water purification techniques including electrocoagulation[41] membrane filtration[42],
advanced oxidation, Sonochemical degradation[12], fenton degradation[23] and many more.
Although these techniques have their own benefit in water treatment purposes, it have several
drawbacks also.The main disadvantage of sonochemical degradation, and membrane filtration,
advanced oxidation techniques are high cost expensive. In Photocatalytic degradation process,
handling of the Pyrex glass is too careful, the apparatus is very costly, and the mechanism is
also complex On the contrary adsorption technique for eliminating pollutants from wastewater

IS very convenient. The adsorption technique is an easy and inexpensive process.

Similarly, several adsorbents like neutral alumina, silica gel, zeolite, polymeric adsorbents,
etc. are available for industrial purposes. But according to the above literature reviewed AC
isthe best option for wastewater treatment, because AC is less expensive than several
adsorbents, and raw materials for preparing AC are from natural biomass
sources.Pharmaceutical drugs like Ofloxacin are found in hospital wastewater. In appropriate
intake of Ofloxacin can result in several kinds of disorders, like abdominal pain, chest pain,
anxiety, fever, skin rash, and nervousness. So, Ofloxacin remediation from wastewater is

thereforevey crucial.

The thesis work concentrated mainly on OFC removal using activated carbon derived from
jamun seed, and find its effectivenessin removing OFC from water. The activated jamun seed
has enough potential, which enhances the removal effectiveness of OFC from its solution. The

main goals of the research work are as follows.

e To make an adsorbent from biological resources, like waste jamun seed

e Development of activated carbon by carbonization using a muffle furnace at a certain
temperature and thereafter, chemical activation by KOH at different ratio of carbonized
jamun seed and KOH.

e Characterization of chemically activated jamun seed using SEM, BET, FTIR, particle
size analyzer, CHNS and proximate analyser to determine the physical characteristics

and composition of prepared activated carbon from jamun seed.

11




The batch studies were carried out to find the effect of pH, initialofloxacin
concentration, amount of adsorbent dosage, temperature, and mixing timeon the
adsorption process.

Testing of different isotherm such as Langmuir adsorption isotherm, Freundlich
adsorption isotherm, Temkin adsorption isotherm using the jamun seed derived
activated carbon.

Study of kinetics of the adsorption process of OFC onto the surface of jamun seed
derived activated carbon.

Study of thermodynamic of the adsorption process of OFC onto the surface of jamun
seed derived activated carbon.

Regeneration studies of the prepared activated carbon from jamun seed.
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CHAPTER 2

EXPERIMENTAL
METHODOLOGY




2.1 Chemicals and biomass

Jamun (Syzygium cumini) fruit collected from the planatation situated at the Jadavpur
University compound and also procured from vegetable market. Ofloxacin was purchased from
Sigma-Aldrich. Potassium Hydroxide (KOH) was procured from Oasis Fine Chem, India. 25
% Ammonium Hydroxide (NHsOH)and 37% Hydrochloric Acid (HCL) procured from Merck
Specialities Pvt Ltd. Double distilled water was used throughout the experiment purposes

preparing the aqueous solutions.

2.2 Preparation of activated carbon

The skin and outer part of jamun fruit were removed and the collected seeds were washed
repeatedly with water to remove contaminants and impurities. Then, the seeds were sun-dried
for seven days and subsequently dried in a hot air oven [Make:Spac-N-Service Hot Air Oven
(Maximum temperature 300°C, 1.5 kW)] at 100°C for 48 h. After these procedures, the
seedswere crushed and ground to a fine powder using mortar and pestle and sieved through
amesh size of 250 microns. Then the resultant powder is marked as jamun seed powder (JS)for
the preparation of activated carbon. JS was then chemically activated in the following two-step
processes.In the first step, the JS was carbonized in the programmable muffle furnace [Make:
Spac-N-Service Muffle Furnace (Maximum temperature 1000°C, 4 kW)]. The carbonization
process was carried out with a heating rate of 10°C/min from room temperature (~25°C) to the
temperature of 350°C, thereafter, the temperature was held for 30 minutes to remove the
organic matters, and finally, raising the temperature to 650°C with a heating rate of 10°C/
min.Then, theprocess was maintained at 650°C for 2 hours for completion of carbonization
process and lastly, it was left to cool down till room temperature was reached. The carbonized
product was washed and decanted with distilled water several times to remove ash and dried in
the oven at 120°C for 24hours. The sample was labeled as carbonized jamun seed (CJS). In the
second step, the CJS was chemically activated with KOH. It was treated with an aqueous
solution of KOH taking different ratio of amount of KOH and CJS such as 1:1, 1:5, 1:10 and
2:1 by weight and was agitated at room temperature for 12 hours under magnetic stirring.Then,
the solution was filtered and washed with water until the pH of the water became neutral.
Finally, the chemically treated samples were dried in the hot-air oven at 120°C for 24 hours,
ground, and stored in containers. This final product was named ACJS. The experimental

process flow diagram is given in Figure 2.
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Jamun fruit Jamun seed powder
(Syzygiumcumini) LR e ST (L5 activated with KOH (ACJS)

Figure 2: Experimental steps to prepare ACJS from jamun seed (JS)

2.3 Characterization

The characterization of the jamun seed powder (JS) and subsequently prepared chemically
activated jamun seed powder (ACJS) were performed by various analytical procedures to
gather the knowledge of its surface morphology, functional groups, surface area and porosity
measurement, chemical composition, and elemental composition prepared ACJS. They are

elaborated in the following sections.
2.3.1 Ultimate analysis of JS

The total nitrogen, carbon, and sulfur of the JS and the prepared activated carbon (ACJS) were
determined using an elemental analyzer (make:Elementar, model: vario cube). For the CHNS
analysis, dried crushed samples were weighed (2-5 mg) in a tin capsule, which is then
combusted in a reactor at a temperature of 1150°C. The tin capsule with sample melt and the
tin promotes a violent reaction (flash combustion) in a temporarily enriched oxygen
atmosphere. The combustion products CO2, SO, and NO> were carried by a constant flow of
carrier gas (helium) that passes through a glass column packed with an oxidation catalyst of
tungsten trioxide (WOs3) and a copper reducer, both kept at 850°C. At this temperature, the
nitrogen oxide was reduced to N2. The N2, CO, and SO; are then transported by the helium
too, and separated by a 2 m long packed column and quantified with a thermal conductivity
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detector set at 300°C). The CHNS elemental contents are reported in weight percent. The

oxygen contents were calculated by difference.
2.3.2 Proximate analysis of JS

The amount of moisture in the JS sample was determined using the following procedure: 5 gof
sample was added to vials, which was weighed beforehand. The vials were placed in an oven
at 110°C, dried before being transferred into a desiccator for 1 hr, and reweighed to determine
the percentage of moisture in the sample.

Ash content determination was done according to the ASTM D2866-94 method. Dry JS
sample(1.0 g) was placed in a porcelain crucible and transferred into a preheated muffle
furnaceset at a temperature of 450°C. The furnace was left on for 30 minutes, after which
thecrucible and its content was transferred to a another muffle furnace preheated at a
temperature of 775x25°C. The crucible was left in the second muffle furnace for 1lhr.The
crucible was then taken out and allowed to cool. The crucible andcontent were reweighed, and
the weight loss was recorded as the ash content of the rawsample. Then the % ash content (dry

basis) was calculated from Eq. (1).

Total ash % = [(D1 — B1) = (C1 — BI) x 100] (1)
where,

B1 = Weight of crucible (g)

C1 = Weight of crucible with original sample (g)

D1 = Weight of crucible with ashed sample (g)

Volatile organic matter content (wt%) was determined by the ASTM 5832 method.
Approximately 1 g of the JS sample was taken in a crucible with cover (of known weight). The
covered crucible was placed in muffle furnace regulated at 4950 °C for 7 min. Then the covered
crucible was cooled to room temperature in a desiccator and recorded for theweight. The

percentage weight loss was regarded as the percentage of volatile matter.
Volatile organic content % = (D1 — B1) + (C1 — B1) x 100, (2
where,

B1 = Weight of crucible (g)
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C1 = Weight of crucible with original sample (g)

D1 = Weight of crucible with burnt sample (g)

Fixed carbon is a calculated value and it is the resultant of summation of percentage
moisture, ash, and volatile matter subtracted from 100.

Fixed carbon% = [100 — (moisture% + ash% + volatile matter%o)] 3

2.3.3 Scanning electron microscope (SEM) and EDS analysis

In order to study the surface characteristic of the jamun seed powder (JS) and prepared
activated carbon (ACJS), scanning electron microscopy (Make: FEI; Model: INSPECT F50)
was employed to visualize the morphology of the samples. The scan settings were fixed at an
emission current of 100 mA and an accelerator voltage of 10 kV.EDS analysis was also carried

out to micro-scale chemical composition on the surface of ACJS.

2.3.4 BET analysis

Brunauer—-Emmett-Teller (BET) analyzer[make: Quantachro meautosorb model: iQ2 (100-
240V, 50/60Hz)] was utilized to determine the surface area, pore volume,and pore diameter of
samples. At first, the samples were degassed at 250°C for 3hrs under nitrogen atmosphere to
remove unwanted impurities from the prepared activated carbon. An estimation of the volume
of gas adsorbed throughout a broad range of pressure differences at a particular temperature
(liquid N.at 77K) gives an adsorption isotherm. By contrast, desorption isotherms are
determined by eliminating gas as pressure drops.Then the resultant sample was placed into a
BET analyzer, and the gas chamber was filled with liquid nitrogen. The Pore size and surface
are calculated by plotting the volume of adsorbed and relative pressure (P/Po) values. The

equation is given below:

1 1 c-1 P

WI[(Py/P)-1] ~ WpC WinC P,

(4)

where, W is the amount of gas adsorbed, P/P, is the relative pressure, W is the weight of

adsorbate, and Cis the BET constant.

2.3.5 Fourier transform infrared (FTIR) spectroscopy

The presence of functional groups in the prepared samples was investigated by Fourier

transform infrared (FTIR)spectroscopy[make: Shimadzu, model: QATR].The occurrence of
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functional groups in both JS and ACJS were studied in the range of wavelength of 4000cm™
to 400cm™.

2.5. Particle size analyzer

Particle size of the prepared activated carbon was analyzed by Malvern Zetasizer. The particle

size of ACJS are analyzed by Dynamic Light Scattering (DLS) method.

2.5. Batch adsorption studies

Adsorption studies were carried out in a round bottom fluskin batch mode by using a 100 mL
aqueous solution of Ofloxacin (OFC) as the absorbate. A mass of theprepared ACJS was added
to the flask and kept in an isothermal stirring condition. The experiments were performedin a
laboratory incubator shaker with a stirring speed of 180 rpm with a known concentration of
OFC. An equal volume of thesolution was withdrwan at a certain time interval. The withdrawn
sample was filtered through Whatman filter paper and the filtered solution was analyzed in
UV-Visible spectrophotometer (make: Perkin Elmer, Model: lambda 365 ) to estimate the
amount of OFC removed by measuring the absorbance of the solution. For the purpose of
determining the concentration of OFC solutions in UV-Visible spectrophotometer, a standard
stock solution of 100 ppm of OFC was prepared. The subsequent OFC solutions were prepared
by diluting the aqueous stock solution. The solutions of 1.5, 3, 7.5. 12 and 15 ppm were
prepared and the standard graph of concentration versus absorbance were plotted by measuring
the maximum absorbance for OFC at 287 nm. The standard plot is shown in Figure 3. From
the figure, the relation between absorbance and concentration was determined and it is given
in Equation 5.

. absorbance
concentration = ———-— (5)
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Figure 3: Standard plot to determine the concentration of OFC in aqueous solution

The removal percentagesof OFC in batch adsorption studies were determined using the

following formula

Ci

Removal efficiency (%) = __Cf x 100 (6)

Cc
where, Cj and Cs are the initial and final concentrations of OFCsolution, respectively.The effect
of ratio of KOH and CJS was studied to find out the best adsorbent in this study.The effect
various parameters such as solution pH, initial concentration, adsorbent dosage, and
experimental time on the removal of OFC were measured.All the experiments were performed
in triplicate.

The adsorption capacity (ge), the amount of absorbate adsorbed per unit weight of adsorbent at
equilibrium, of the prepared ACJS for the removal of OFC, was calculated by the following

equation.

_ (Ci_ce)V

Qe = ——— ()

m
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where, ge is the adsorption capacity (mg/g),Ce is the final or equilibrium concentration of OFC
(mg/L), Ci is the initial concentration of OFC (mg/L), Vis the volume of aqueous solution (L),

and m is the amount of adsorbent added (g).

2.5 Isotherm models to represent the adsorption process

When a solution comprising of adsorbate, comes in interaction with a solid adsorbent,
molecules ofadsorbate get transmitted from the solution phase to the compact solid phase until
the concentration of adsorbate amongst the solution phase and the compact solid phase are in
equilibrium. This is called adsorption equilibrium. Isotherms are the graphsshowing
distribution process of adsorption between the adsorbed phase and the solution phase
atequilibrium. Various isotherm equivalences have beenused to describe the equilibrium

characteristics ofadsorption.

2.5.1. Langmuir isotherm model

The Langmuir isotherm assumes that dynamic equilibrium occurs between adsorbed and free
gaseous molecules. The adsorption involves the attachment of only one layer to the surface
i.e. only monolayer adsorption is possible onto a surfacewith a finite number of similar active
site sundergoing adsorption. Adsorption occurs at specific homogeneous active sites within
the adsorbent.Adsorbent surface is uniform in terms of energy of adsorption. Adsorbed
molecules do not interact witheach other. Adsorbed molecules do not migrate on the adsorbent
surface. The adsorption isotherm derived by Irving Langmuir for the adsorption of a solute

from a liquid solution is given by Langmuir[43].

K;Ce
1+K;.Ce (8)

e = dm
where, Ce is equilibrium or final concentration of dye(mg/L), ge is amount of adsorbate
adsorbed per unitweight of adsorbent at equilibrium (mg/g), gm is amount of adsorbate adsorbed
per unit weight of adsorbent required for monolayer adsorption i.e. maximum adsorption
capacity of the adsorbent (mg/g)and K. is amount of adsorbate adsorbed at equilibrium(L/mg).

The linear form of Langmuir adsorption isotherm is

C 1 C,
~€ — + —€
de aqmKL dm

(9)

The plot between Ce and Ce/ge gives the calculation of Langmuir constants. Langmuir isotherm
model can be utilized to evaluate the non-dimensional separation factor or the equilibrium

parameter (RL) by the following equation:

20




R, =1/(1+K.C) (10)

where, is the equilibrium parameter and C; is the maximum initial concentration. R, values are
indicative of thetype of adsorption that is taking place, namely favorable (0< R <1),

unfavorable (R.>1), linear (RL =1) or irreversible (R. =0).
2.5.2. Freundlich isotherm model

The Freundlich isotherm is an empirical relation between the solute concentrations on the
adsorbent surface to the solute concentration in the contact liquid. It is obtained by considering
heterogeneous surface with a non-uniform distribution of heat of adsorption. It assumes
logarithmic decline in the heatof adsorption with increase in the extent of adsorption. It also
indicates exponential variation in distribution sites with respect to adsorption energy. It does
not show sufficient limit for monolayer filling.The non-linear form of adsorption isotherm

derived by Freundlich shown below [44]:

e = Kp.CJ" (12)

where, Kr is the adsorption coefficient that is indicative of the amount of adsorbate adsorbed
on the surface of the adsorbentfor a unit equilibrium concentration (L/mg) and n
(dimensionless) is the Freundlich constant which determines the favorability of the adsorption
process. The value of 1/n between 0 and 1 provides a quantitative measure of the adsorption
intensity. A non-uniform distribution is pronounced when the value of 1/n approaches zero. On
the other hand, a value of lessthan 1 for 1/n suggests that a normal Langmuir isotherm can
explain the adsorption process while a value greater than 1 is a characteristic of cooperative

adsorption.Linear form of Freundlich adsorption isotherm is given below.

Inge =InKp +-InC, (12)

The constants Kr and 1/n can be calculated by plotting the graph between InCe and Inge.

2.5.3 Temkin adsorption isotherm model

Temkin isotherm model takes into account the effects of indirect adsorbate/adsorbate
interactions on the adsorption process; it is also assumed thatthe adsorption heat of all

molecules decreases linearly with the increase in coverage of the adsorbent surface, and that
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adsorption is characterized by a uniform distribution of binding energies, up to a maximum

binding energy. The Temkin isotherm can be described by Equation (13)[45].

e =~—InKr+ =InC, (13)

where,Kr is Temkinisotherm contant (L/g)and bis theTemkin constantwhich is related to
binding energy (J/mol). The plot between ge and InCegives the calculation of constants of

Temkin isotherm.
2.6 Adsorption kinetic studies

Adsorption is the process by which solute molecules attach to the surface of an adsorbent. The
adsorption process is done in batch or column setup. Kinetics of adsorption kinetics describes
the rate of retention or release of a solute from an aqueous solutionto solid interface at a given
adsorbents dosage, temperature, flow rate and solution pH.During adsorption two main routes
are involved; physical adsorption (physisorption) or chemical adsorption (chemisorption).
Physical adsorption is as a result of weak van der Waals forces of attraction, whereas
chemisorption involves the formation of a strong bond between the solute and the adsorbent
that involves the transfer of electrons.Adsorption kinetics is one of the main factors that must
be understood before the applicability of any adsorbent. In every adsorption process, linear or
non-linear analysis of the kinetics is applied.Pseudo-First-order (PFO), Pseudo-Second-order
(PSO), and Intra-particle (IP) model are some of the kinetics that forecasts the adsorbent-
adsorbate interaction. The first two models have been widely applied in almost every sorption
process. The suitability of any model depends on the error level—correlation coefficient (R?)
or Sum of Squared Errors (SSE). The linear forms have been applied to study the adsorption

Kineticsunder batch adsorption experiments.
2.6.1 Pseudo first order kinetics

The pseudo firstorder Kinetics is mostly used to analyze adsorption data obtained from the
adsorption of adsorbates from aqueous solutions. It describes the rate of adsorption which is
proportional to number of unoccupied binding sites on adsorbents and represented by the

following mechanism;

d
= ki(qe — q0) (14)

where,qids the adsorbate adsorbed onto adsorbent at time t (mg/g), geis the equilibrium

adsorption capacity (mg/g), and kais the pseudo first order rate constant per min. The integral
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of Eq. (14) from t=0 to t=t and =0 and q:=q: yields a linear expression of pseudo first order,
Eqg. (15).

ln(CIe - qt) =Inq, — kqt (15)
The value of ki is determined by plotting In(q, — q;) Vs. t.
2.6.2. Pseudo second order kinetics

The pseudo second order kinetics describes the adsorption of adsorbates onto adsorbents where
the strong chemical bonding between adsorbates and functional groups on the surface of
adsorbents are responsible for the adsorption and the rate of adsorption of solute is proportional
to the available sites on the adsorbent. Here the reaction rate is dependent on the amount of
solute on the surface of the adsorbent—the driving force,(q. — q;), is proportional to the

number of active sites available on the adsorbent. The mechanism is given below:

d
=t = ky(qe — q1)? (16)

where, k2 is the pseudo second order rate constant (g/mg-min). The integral of Eq. (16) from
t=0tot=tand q=0andq:=qtyields a linear expression of pseudo second order, Eq. (17).

t 1 t
= — 17
qc  k2q2 + de (17)

A plot of t/gt against t should demonstrate a linear system, from which the amount of adsorbate
adsorbed at equilibrium (ge, mg/g) and the equilibrium rate constant of pseudo-second-order
sorption (k2, g/mg-min) can be evaluated from the slope and intercept, respectively. The
pseudosecondorder kinetic model has been applied successfully to determine chemisorption in

several sorption systems.
2.7 Intra-particle diffusion model

Intra-particle diffusion model has been widely applied to examine the rate limiting step during
adsorption. The adsorption of solute in a solution involves mass transfer of adsorbate (film
diffusion), surface diffusion, and pore diffusion. Film diffusion is an independent step, whereas
surface and pore diffusion may occur simultaneously. Intra-particle diffusionwas studied by

Weber and Morris[46] and the linearized form of this model is given as

1
Qe = kppts +C (18)
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where,k;,, is the intra-particle diffusion contant (mg/g.min®®) and C is the boundary layer

thickness.The values of C determines the boundary layer effect higher values, the greater the

effect. The plot of g:vs t%, gives a linear function. If the line passes through the origin, intra-
particle diffusion controls the adsorption process. However, on many occasions, the plot does
not pass through the origin and it gives multiple linear sections; these sections corresponds to
different mechanisms that control the adsorption process. There are four main mechanisms that
describe the transfer of solute from a solution to the adsorbent. The first is called mass transfer
(bulk movement) of solute particles as soon as the adsorbent is dropped into the solution. This
process is too fast, thus it is not considered during the design of kinetic systems. The second
mechanism is called film diffusion; it involves the slow movement of solutes from the
boundary layer to the adsorbent’s surface. When the solute reach the surface of the adsorbent,
they move to the pores of the adsorbent—third mechanism. The final mechanism involves rapid
adsorptive attachment of the solute on the active sites of the pores; being a rapid process, it is
not considered during engineering design of Kinetics. If the system is characterised by poor
mixing, small solute size, and low concentration, film diffusion becomes the rate controlling

step; otherwise, intra-particle diffusion controls the process.

2.8 Adsorption thermodynamic studies

According tochemist JacobusVan't Hoff chemical thermodynamicsfor a given chemical
reaction determine the internalheat energy, enthalpy, and entropy and free energyvalues of the
system during chemical or physicaltransformation and inspect how they are dependent onto the
reaction conditions. Inspection of the thermal parameters that accompany chemical reactions
andthe thermal properties of the reactants like Gibbs free energy change (AG®),change
inentropy (AS®) and enthalpy (AH®) are major parameters which govern the feasibility and
spontaneitycould make itpossible to lay forward a general measure about thespontaneity of the

reaction and helps to obtaininformation about the equilibrium.

The Gibbs free energy change (AGP) is related tothe adsorption equilibrium constant by the
standard Van’t Hoff equation:

AG® = —RTInK (19)

According to thermochemistry, the Gibbs free energy change (AGP) is also related to the change
inentropy (AS®) and heat of adsorption (AH®) at fixed temperature. It is shown by the following

equation:
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AG® = AH® — TAS® (20)
Combining the above two equations, result in the following equation:

-AG® AS®  AHO1
InK = ===

RT R R T

(21)

where, K is the single point or distribution coefficient and is the ratio of ge to Ce, AGCis thefree
energy change in kJ/mol, AH? is the change in enthalpy in kJ/mol, AS?is the changein entropy
in kd/mol.K, Tis the absolute temperature in K and Ris the universal gas constant i.e. 8.314
Jimol.K. Thus, thermodynamic parameter, AS° and AH? can be determined by the intercept and
slope of the linear Van’t Hoff plot i.e. as InK versus (1/T), respectively. Batch adsorption study

was carried out at various temperature to determine the thermodynamic parameters.

2.9 Regeneration study

The exhausted ACJS were regenerated with eluents such as dilute HCI and dilute NH;,OH. All
the regeneration experiments were carried out at room temperature. The exhausted ACJS was
treated with 0.1M HCL or 0.1 M NH4OH, washed with distilled water till neutral pH was
achieved, and then, dried in hot air oven at 110°C for 24hr. The desorption and reuse of ACJS
with initial adsorbent dosage of 1g/L, initial OFC concentration of 15 ppm, with solution pH~5,

were evaluated for five regeneration cycles.
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CHAPTER 3

RESULTS AND
DISCUSSION




3.1 Characterization
3.1.1 Proximate and elemental analysis

The proximate composition of jamun seed is 28.1 wt% moisture, 18.6 wt% ash, 20.4 wt%
volatile matter, and 32.9 wt% fixed carbon, which makes it suitable precursor for obtaining
activated carbon. The ultimate analysis performed in CHNS anayser is shown in Table 3 for JS
and ACJS.

Table.3 The CHNS analysis of JS,ACJS

(%) C H N S
JS 55.68 15.91 1.85 0
ACJS 61.37 2.480 1.36 0.009
3.1.2 SEM-EDS

Scanning electron microscopy (SEM) is one of the most versatile and widely used of the surface
analytical techniques as it allows both the morphology and composition of various materials in
modern science to be studied. The surface micrograph of jamun seed powder (JS)
andactivtatedjamun seed powder (ACJS)were analyzed by FESEM analyzer and it is shown in
Figure 4.1t can be seen from the figure that after activation, the surface characteristics have
changed considerably. The surface morphology of the ACJS as adsorbent exhibited
nonuniformity with numerous the uneven surface with occasional cracks, pits, channels, and
ridges which may have contributed to the increased surface area required for the OFC to
interact with the adsorbent. In addition, various micro and macro pores facilitate adsorption on
the ACJS surface. Moreover, it was found that the surface pores were of varying sizes and they
were held responsible for the efficient adsorption performance. The pores were large enough
to allow the OFC molecules to penetrate and get adsorbed on the surface after interacting with
the functionalities present at those sites.The energy dispersive spectroscopy (EDS) technique
is mostly used for qualitative analysis of materials but is capable of providing semi-quantitative
results as well. The EDS spectrum of prepared ACJS is shown in Figure 5. The EDS spectrum
evidently denoted the occurrence of only C atom in jamun seed while just K and O atoms in
the KOH sample. This result is attributed to the reaction between KOH and C, which is
considered the main reaction. It is expected that large amount of carbon decomposed by
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reaction with potassium hydroxide[47]. Therefore, the activated carbons obtained by KOH
activation have higher potassium and oxygen contents.In addition, the EDS spectrum of ACJS
displayed that the ACJS contains carbon, potassium and oxygen as main elements and KOH

reacts with CJS to form mostly oxidative compound KzO.

40 pm
davpur University, Physics, Inspect

Figure 4: SEM morphology of (a) JS and (b) ACJS
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Figure5:EDSspectrum of ACJS
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3.1.3 FTIR analysis

Fourier-transform infrared spectroscopy (FTIR) analysis exhibits the infrared spectrum of
absorption or emission of a material by collection of high-resolution spectral data over an
extensive spectral range. It displays the extent of absorption of a single wavelength infrared
light by a sample at each wavelength.The functional groups were identified in the FTIR
spectrum between 4004000 cmand the result shown in Figure 6 for both JS and ACJS. The
raw JS shows a broad-bandaround 3306 cm™ indicating O—H stretching (alcohol group). Also,
this peakshows the presence of cellulosic components. The band at 2934 cm™ confirms the
presence of alkyl groups which is the indication of asymmetric C—Hband alkyl groups (methyl
and methylene group). The band 1615 cm™ (C=C ring stretching) corresponds toaromatic
compounds. Aliphatic ether C-O and alcohol (C-O stretching) components were confirmed by
the peak of 1016 cm™. As shown in the figure, the activated sample possesses lower
transmittance than the carbonized sample showing that ACJS has higher absorbance than the
JS sample. After carbonization and subsequently KOH activation,all strong peaks like
hexagonal, alkyl and alkanes groups disappeared, whereas aromatic groups are still visible. The
shallow peaks were observed in the samples of ACJS at the band1540 and 1001 cm™, which
can be assigned to aromatic group(C=C ring stretching) and 2 adjacent H deformation,

respectively.[48,49]
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Figure 6: FTIR spectrum of (a) JS and (b) ACJS
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3.1.4 BET analysis

The shape of N adsorption—desorption isotherms can be different. The majority of
physisorption isotherms may be grouped into the six types[50]. Type I isotherms are given by
microporous solids having relatively small external surfaces (e.g.activated carbons, molecular
sieve zeolites and certain porous oxides), the limiting uptake being governed by the accessible
micropore volume rather than by the internal surface area. The reversible Type Il isotherm is
the normal form of isotherm obtained with a non-porous or macroporous adsorbent. The Type
Il isotherm represents unrestricted monolayer-multilayer adsorption. The reversible Type Il
isotherm is convex to the relative pressure axis over its entire range and therefore does not
exhibit a Point B . Isotherms of this type are not common, but there are a number of systems.
Characteristic features of the Type IV isotherm are its hysteresis loop, which is associated with
capillary condensation taking place in mesopores, and the limiting uptake over a range of high
relative pressure. The Type V isotherm is uncommon; it is related to the Type Il isotherm in
that the adsorbent-adsorbate interaction is weak, but is obtained with certain porous
adsorbents. The Type VI isotherm, in which the sharpness of the steps depends on the system
and the temperature, represents stepwise multilayer adsorption on a uniform non-porous
surface. The step-height now represents the monolayer capacity for each adsorbed layer and,

in the simplest case, remains nearly constant for two orthree adsorbed layers.

The nitrogen adsorption—desorption isotherms of prepared ACJS is shown in Figure 7. The
isotherm belong to type Il of IUPAC classification[50]. A Type Il isotherm is associated with
macroporous structure adsorbent with unrestricted monolayer-multilayer adsorption related to
monolayer coverage and macroporous structure. By comparing with hysteresis loops, in ACJS
is analogous to type H3, which related to wedge shaped pores[51].From the BET analysis, the
specific surface area of pyrolyzed jamun seed (CJS) and the pore volume of the same were
found to be as 391.3568 m?/g and 0.2254 cc/g, respectively. On the other hand, the specific
surface area of chemically activated jamun seed (ACJS) and the pore volume of the same were
found to be as 366.39m?/g and 0.2169 cc/g, respectively. The surface area of ACJS is
comparatively high and good relative pressure indicates high monolayer coverage for
OFC.[51-53]
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Figure 7:Hyteresis loop of ACJS in BET

3.1.5 Particle size analysis

The particle size distribution of ACJS is shown in Figure 8. The average particle sizevalue

was found to be as 602.38 nm.
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Figure 8: Particle size distribution of ACJS

32

10000




3.2 Batch adsorption studies
3.2.1 Effect of ratio of KOH and CJS

The optimum adsorbent ACJS was chosen after developing various adsorbents obtained from

activating via various ratios of KOH and

CJS. The effect of ratio of KOH and CJS of the

adsorbent on the removal perfomance of OFC at pH ~ 5 with temperature of 298K by taking

the initial concentration of 15 ppmwas car

9. It is seen from the figure that the remova

ried out in the batch process and is shown in Figure

| performance was increases with time of adsorption

in all the cases. But, the maximum removal efficiency was found to be 96% after 210 minutes

of contact time with the adsorbent that was

chemically activated with KOH having the 1:1 ratio

of KOH and CJS. So the adsorbent developed with 1:1 ratio KOH and CJS was taken as the
optimum adsorbent in the present study and the further experiments were performed with the

same adsorbent.
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Figure 9: Effect ratio of KOH and CJS of adsorbents.

3.2.2 Effect of solution pH

The effect of pH on the OFC adsorption onto adsorbent, ACJS, was carried out at room

temperature of 298K with the adsorbent d

osage of 1g/L, initial OFC concentration of 15ppm,
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for 210 minute and itis shown in Figure 10. It can be seen from figure that the adsorption is
strongly dependent on pH.OFC removal increases with a increase in pH initially but, it
decreases at higher pH before going through an the optimulvalue.The highest percentage of
Ofloxacin adsorptionwas recorded at pH 5. Ofloxacin is slightly acidic in nature. The Ofloxacin
exists indifferent species at different ranges of pH.The pKa values of OFC are pKa1=5.45 and
pKa2=6.2.[26] Ofloxacin is cationic below pKa: (due to the presence of nitrogen in position 4
of the piperazinyl group), anionic above pKaz (due to 6-carboxyl group), and zwitterionic i.e.,
neutral between pKa: and pKao.[54] The adsorption will be governed by the pH of the solution,
it can alter the adsorbent surface charge and chemical properties of the prepared ACJS and
OFC solution [26,29].As OFC contains negatively charged COO" ion, at pH 5, slightly acidic
medium has the highest removal rate of 96%due to the high ionic interaction between OFC and
the charged surface of ACJS. It may be due to the fact that at a low pH value near 6, the H*
ion concentration in the solution is attached the OH" ion of OFC in ACJS surface and as a result
at pH~5, the adsorption increases.[31,55].At highly acidic conditions, at low pH ~3, the
removal rate is 83 % due to the presence of the high H*ion concentration. At extremely low
and high pH, cationic repulsion occur and chemical change will also occur between OFC and
surface of ACJS, which causes removal rate decreases. And at pH =5, aw — m interaction occur
between —OH group , and aromatic ring of OFC and ACJS, adsorption capacity of ACJS
increases[28,56]. And it can be seen that aromatic ring of OFC and =-m interaction should
play major role on the removal of OFC from aqueous solution.[57]A possible hydrogen
bonding may also occurs between ACJS surface and phenolic —-OH groups of OFC and
increases adsorption on ACJS surface.[56] Also OFC has fluorine group which has high
electron withdrawing ability, and carboxyl group on aromatic ring has high  acceptor ability
which also take part on adsorption.[58]. But at pH ~9 to pH ~10, at high value of pH,20% of
OFC has zwitterionic form and as a results decreases the adsorption of OFC on ACJS.[54]At
very high pH or very low pH high electrostatic repulsion will occur between OFC and active
surfaceof ACJS.[59] So, pH of the solution for adsorption process was played a major important

role for removal of OFC using ACJS from aqueous solution.

34




Removal Percentage (%)
&
1

Solution pH

Figure 10: Effect of pH of solution
3.2.3 Effect of adsorbent dosage

The effect of ACJS dosages on removal of OFC at 15 ppm of initial OFC concentration with
solution pH of 5 for 210 minutes adsorption time is shown in Figure 11. The amount of dosage
was varied from 0.25 to 1.0 g/L of OFC solution under the optimized condition of agitation
time. The result shows that by increasing the amount of adsorbent, the percentage removal also
increases. At 0.25g/L ACJS dosage, the removal percentage of OFC was obtained as 40 %
whereas, with the adsorbent dosage of 1.0 g/L, the removal percentage of OFC was found as
96 %.Various factors are reported which can cause the effect of adsorbent dosage. Those
includes: (a) with an increase in the adsorbent dosage, the unsaturation of adsorption sites may
lead to drop in adsorption capacity (b) agglomeration of adsorbent particles at higher doses

may lead to reduce in the surface area and increase the diffusional path length[60,61].
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Figure 11:Effect of ACJS dosage on removal of OFC
3.2.4. Effect of initial concentration OFC

To study effect of initial concentration of OFC, prepared aqueous solution of OFC,at various
concentration like, 15ppm, 24ppm, 30ppm, 45ppm, 60ppm,with pH=5,therefore adsorbent
dosage 1g/L ACJS added on it. The incubator shaking speed 180 rpm, mixing time 210 minute.
Effect of initial concentration is more important to calculate the capacity of prepared adsorbent,
ACJS. Effect of initial concentration on the removal of OFC is shown in Figure 9. After nearly
equilibrium reached, the percentage of removal for 15ppm OFC solution is 96.11 %, for 30ppm
OFC solution the removal percentage 77 %, for 60ppm OFCsolutionthe removal percentage is
68 %. With increasing initial concentration of OFC,the capacity of ACJS increases, but at the
same removal efficiency decreases broadly, that was because the adsorbent surface area was
fixed and active pore was insufficient for adsorbing large amount of OFC molecule in agueous
solution. The equilibrium adsorption capacity with the change in initial concentration of OFC
is shown in Figure 12.1t can be seen that in this study with increasing initial concentration
equilibrium capacity raised 14.575 mg/g to 39.979 mg/g. Here with increasing concentration,
no of active sites which act as driving force for adsorption [62] are filled, as a result removal

efficiency decreases.
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37




3.2.5 Effect of temperature

After analyzing various parameters like pH, adsorbent dosage, mixing time, and initial
OFCconcentration, the effect of temperature was determined. To determine the impact of
temperature on the adsorption of OFC, we studied 5 different temperatures, from 25°C to 50°C,
at pH =5, adsorbent dosage 1g/l, initial OFC concentration 15ppm, and shaking speed is
180rpm. At 25°C the removal efficiency is 96%, and at 50°C the removal efficiency is 69%.
From the experimental study, we see that as temperature increases from 25°C to 50°C the
removal efficiency decreases from 96% to 69%, which shows that the adsorption of OFC is
exothermic in nature.[55]. The removal of OFC is desireable at low temperature.
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Figure 13:Effect of temperature on the removal of OFC

3.3. Isotherm studies

In the wastewater treatment process via adsorption technique to describe the whole work the
adsorption isotherm is the most important parameter.The isotherm model predicts the linearity
or non-linearity of the process. At certain temperatures, pH, and adsorbent dosage,by altering
the concentration of OFC 15ppm to 60ppm, to evaluate the isotherm model. For designing an

isotherm model equilibrium concentration is to be considered. Many researcheres introduced
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their model to predict adsorption isotherm. The various adsorption isotherm results carried out

in this work are given in Table 5.

Table 4 . Experimental results on various adsorption isotherm

Adsorption Isothem
Isotherm type
Langmuir Non linear
Isotherm model
Linear
Freundlich Nonlinear
Isotherm model
Linear
Temkin Linear

Isotherm model

Equation

_ o K;Ce
e = Gmax X T 70 e

de B QmKL a
R, =1/(1+K,Cy)

C_ 1 G

1
de = KrC, A;

logq, = logKr + (1/n)logC,

RT RT

qe = TanT + TlnCe
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Plot Results of Parameters

evsCe Omax(mg/g) =33.06
KL(Lmgh) =1
R%=0.60

eysc, Om(mg/g) =45.745

e

Ki(Lmg?) =0.231
R2=0.95

RL=2.24E-01

QevsCe Kr (mg/g)(mg/L)"=12.70
n (g/L)=2.70
(1/n)=0.36
R?=0.92
loggevslogCe Kr (mg/g)(mg/L)"=15.228
n(g/L)= 3.56
(1/n)=0.28
R?=0.9467
gevsInCe Kr(Lmg?) =5.914

b(j/mol)=367.25

R?=0.89




After analyzing different adsorption isotherms, from the above table, the regression coefficient
value is maximum for linear isotherm of Langmuir adsorption model; R?= 0.95, and maximum
adsorption capacity gmax(mg/g)= 45.745, but for the nonlinear model of Langmuir isotherm the
regression coefficient R? = 0.60, maximum adsorption capacity is 33.06(mg/g) so according to
regression coefficient and adsorption capacity, comparing with different models of Langmuir
adsorption isotherm, it was found that the adsorption capacity in linear model was greater than
than the Langmuir non-linear model. Separation factor of Lanmuir isotherm was found as R.
= 0.224 (for linear isotherm). So for linear Langmuir adsorption isotherm, R.< 1, the
adsorption is favorable.[63] The linear and non-linear graphs are given in Figure 14(a) and

Figure 14(b), respectively.
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Figure 14 (a) Langmuir linear adsorption isotherm plot.
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After experimental study, it was to be seen that the regression coeffient of Freundlich linear

model is 0.94, and for non linear model it is 0.92. Freundlich constant for linear isotherm is

15.22, and for non linear isotherm is 12.70. The calculated (1/n) values for non linearisotherm

0.36, and that of for the linear isotherm is 0.28. The regression coefficient for linear Freundlich

adsorption isotherm was greater than the that of the nonlinear Freundlich adsorption isotherm.

The value of n was found as 3.56 for linear isotherm whereas, the value of n for non-linear

isotherm was found as 2.7. The n values indicates the adsorption process is favourable.[64] The

linear and non-linear plots of Freundlich adsorption isotherm are given in Figure 15(a) and

Figure 15(b), respectively.
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Figure 15(b) Non linear Freundlich adsorption isotherm model

Temkin adsorption isotherm is related to binding energy, and heat required during adsorption
or heat of adsorption studies. Herewe plot of equilibrium capacity vs logarithm of equilibrium
concentration, gevsInCe. From the intercept we get the value of Temkin constant K+. In these

studies the regression coefficient value of Temkin adsorption isotherm is 0.89,(R? = 0.89)
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which shows that the adsorption of OFC does not suitable with Temkin adsorption isotherm.
The Temkin constant Kt = 9.56 (I/mg). The plot of Temkin adsorption isotherm is given in
Figure 16. So comparing the value of regression coefficient, it was found that Langmuir

adsorption isotherm >Freundlich adsorption isotherm >Temkin adsorption isotherm.
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Figure 16 : Temkin adsorption isotherm
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3.4. Kinetic Studies on Adsorption

Kinetic

model

Pseudo 1%

order model

Pseudo 2"

order model

Intra-particle
diffusion

model

Type

Linear

Linear

Linear

Equation

K;
log(qe—qt)=logqe—m
t 1 N 1 ®
A Ksq%,,  deq

1

quvs t2

Table 5. Results on adsorption kinetic model

Parameter

Ge,ca=2.537(mg/g)
R?=0.98
K1=0.0179
ge= 3.79(mg/Q)
Ks=1.01

R?=0.99

R?=0.96
Ki=0.17

C =12.086

Experiment
al capacity

Qe(Mg/g)

14.4176

The data of adsorption kinetics are given in the Table 6. In pseudo 1* order model, at first plot

log(ge-qt) vs t. from the intercept and slope, we calculate the value of adsorption capacity and

rate constant of pseudo 1% order model. From linear form of pseudo 1% order model, the

calculated equilibrium capacity value Qeca = 2.537 mg/g are very less than the experimental

capacity value.and rate constant of linear 1% order model K; = 0.0179, The graph of linear

psedo 1% order Kinetis are given below.
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Figure 17(a) the plot of linear pseudo 1% oreder kinetics

After analyzed pseudo 1% order model we fitted the data with the pseudo 2" order model. After

ploting t/qevs t, for pseudo 2" order linear model , we calculate capacity value (adsorbed OFC

concentration) and 2" order rate constant value from the slope, and intercept. From the table

6, it was to be seen that the adsorbed capacity ge = 3.79 (mg/g) for linear pseudo 2" order

equation, and regression coefficient R? = 0.99. Also, it was found that 2" order rate constant

Ks linear kinetics is 1.01.
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Figure 17(b) the plot of linear pseudo 2" order kinetics.

In Intraparticle diffusion model after ploting givs t2 | from slope we get the value of K;

intraparticle diffusion constant, and from intercept we get the C value.the regression coeffient

of this diffusion model , R? = 0.96,and Intraparticle diffusion rate contant K = 0.17, C is model

constant related to boundary layer = 12.086, standard deviation =0.186.Here C value predict

about the thickness of boundary layer. From the study C value is higher, so adsorption of OFC

has effect of boundary layer.[65] From the Intraparticle diffusion model ,it was stated that,

from the plot of qwvs t&2 if the straight line passes through the origin, then the adsorption model

follow the Intraparticle diffusion model, but in these case the straight line does not passes

through the origin, so the adsorption do not follow the Intraparticle diffusion model, but from

the C value and regression coefficient R? value , the adsorption influenced by the Intraparticle

diffusion model.
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Figure 18 The plot of g;vs t&2 for intraparticle diffusion model

3.5. Thermodynamics study on adsorption

Thermodynamic parameters are very important to check the spontaneity and feasibility of the
adsorption process. They provide necessary information to design an adsorption process.
Usually, thermodynamic parameters, that is, heat of enthalpy (AH), Gibbs free energy (AG),
and entropy (AS).To describe the feasibility on adsorption of OFC by ACJS calculation of
thermodynamic parameter are very important. The calculated value of thermodynamic
parameter. Enthalpy, Entropy, Gibbs free energy are shown in the table 8 .Using Vant’shoff
equation, plot of InKgvs (1/T) are shown in the figure 19. From the intercept of the plotinKqvs
(1/T),we calculate EntropyAs® and from the slope we calculate Enthalpy, AH® of this batch
adsorption of OFC. Gibbs free energy AG°are calculated by using the equationAG® = AH® —
TAS® ,from different temperature 298K, 308K, 313K, 318K, and 323K The results are discuss
below.

So from the below Table 8, it was to be seen that the entropy AS°negative, which indicates the
disorderness between adsorbate and adsorbent molecules decreases during the adsorption of
OFCI55]. It was to be seen that from the literature also the theentropy in adsorption of OFC,
also negative and suggests randomness of adsorption decreases.[28,55].During the adsorption
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of OFC, the force of attraction between OFC molecules and ACJS molecules, and the OFC
molecule get adhered to the surface of ACJS which cause decreases of Entropy of this batch
adsorption process.[34].
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Figure 19 Thermodynamic study on adsorption of OFC,

The Gibb’s free energy AG at 298K is -7.946 KJ/mol, at 308 K is -5.550 KJ/mol, at 323K is -
1.95543 KJ/mol. The AG value at temperature 298K to 323K are negative which implies that
the spontaneity and feasibility of the Adsorption of OFC.[31] The Enthalpy AH are
negative.AH = -79.359. means the adsorption is exothermic in nature, means with increasing
temperature adsorption of OFC decreses. The activation energy calculated by ploting In(1-©)
vs (1/T) shown in the Figure 20. The calculated value of activation energy, AE = -68.7356
KJ/mol.
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Figure 20. Determination of activation energy on adsorption.

Table 6 Represents the Thermodynamics studies

Thermodynamic

Thermodynamic

Analytical value

Equation Parameter
S =(1—-06)exp(—E,/RT)
0=(1- %) Ea (KJ/mol) -68.7356
0
AH?® (KJ/mol) -79.3591
InKe= —28423
¢ RT R
AS° (JmoltK?) -239.64
plot of InKevs (1/T)
T=298 K -7.94643
AG® = AH® — TAS®
T=308 K -5.55003
AG° (KJ/mol) =AH°-TAS®
T=313K -4.35183
T=318K -3.15363
T=323K -1.95543
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3.6. Regeneration study

In this batch adsorption study recyle of ACJS is most important for cost effective analysis. At
first cycle initial adsorbent dose 1g/I, initial OFC concentration 15ppm, at pH=5, T= 298K,
180rpm , the removal efficiency 96 %. After 2" and 3" regeneration the removal efficiency

drop down 89 % to 84 %. It was to be seen that the removal efficiency not so much lower.
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Figure 21 Regeneration studies of ACJS

But after 4"and 5" cycle the removal efficiency becomes 75% to 65%. After every cycle
,adsorbent wash with 0.1m HCL solution. to remove unwanted particles. The batch adsorption

of OFC is high at acidic medium, for purification of ACJS, acid treatment was done.
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CHAPTER 4




4. Conclusion

In this project work the adsorbent (activated carbon ) prepared from jamun seed for the removal
of pharmaceutical drug , Ofloxacin. The ratio of KOH : pyrolysed jamun seed powder is (1:1)
was best for the removal of OFC. A surface area of 366.39 m?/g was obtained for the activated
carbon developed from jamun seed powder activated with KOH. The highest removal
percentage of 96% of OFC by ACJS was found after 210 minutes of batch adsorption study.
The adsorption isotherm was best fitted with linear Langmuir model, and the kinetics of the
adsorption followed the pseudo 2" order linear model. From the thermodynamics study the
activation energy , entropy , entropy also negative, which indicates the adsorption is feasible
and exothermic process(AE= -68.7356KJ/mol,AS = -239 J/mol.K, AH =-79.3591 KJ/mol ). The
maximum capacity of the ACJS for removal of OFC was obtained as 40.39mg/g. So it can be
concluded that the activated carbon derived from bio waste (jamun seed) was very useful for
the removal of Ofloxacin from aqueous solution. The activated carbon which is derived from
Jamun seed powder , also cost effective ans can be utilized upto five cycles without

compromising the removal efficiency of OFC from aqueous solution.
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