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ABSTRACT

Chitosan is a natural polymer that has been employed in dye adsorption. In this work, adsorption
and thermodynamic data for the interaction of =~ Chromium in tannery effluent with chitosan in
aqueous solutions were investigated. The equilibrium adsorption isotherms were determined,
from 298 to 345 K. Adsorption data were adjusted to Langmuir, Freundlich, as well as Pseudo
second order Kinetic model and van't Hoff model of analysis of adsorption parameters. The
analysis showed that the Langmuir isotherm model was the most appropriate for fitting the
experimental data, with a maximum monolayer adsorption of 33.3mg/kg at 298 K this value
decreased with increase in temperature. The enthalpy of adsorption; AH, and the entropy; AS
were — 13.54 kJ mol" and -0.1005kJ mol' K™ respectively. The values demonstrated that the
adsorption process was exothermic, favorable, and that randomness of the system decreased
during the adsorption process. The Freundlich adsorption model, gave favorable constants; Kf
and n consistent with good adsorption process. The pseudo-second reaction model gave straight
line plot with rate constant of 1.1673x 10~ kg mg”' min™ and the q. was 29.85 mg/kg, this
showed that the adsorption of Chromium ion by the chitosan followed the pseudo-second order

kinetic model.
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CHAPTER ONE

1.0 INTRODUCTION

Many Industries such as textile, paper, plastics and dyestuffs, consume substantial volume of
water and also use chemicals during manufacturing and dyeing to color their products. As a
result, they generate considerable amount of polluted water depending on the type of process.
Their toxic effluents are major source of aquatic pollution and cause considerable damage to the

receiving water if discharged untreated.

During the past three decades, several waste water treatment methods have been reported and
attempted for the removal of pollutants from tannery, textile, pulp and paper mill effluents. It is
now recognized that adsorption using low-cost adsorbent is an economic method for water
decontamination. A large variety of non-conventional adsorbent materials have been proposed
and studied for their ability to remove toxic metals from waste water. However, low-cost
adsorbents with high adsorption capacity are still under development to reduce the adsorbent
dose and minimize disposal problems. Much attention has recently been focused on various
biosorbent materials such as fungal or bacterial biomass and biopolymers that can be obtained in
large quantities and that are harmless to nature. Special attention is given to polysaccharides such
as chitosan, a natural amino-polymer. It is clear from the literature that biosorption of toxins
using chitosan is one of the more frequently reported emerging methods for the removal of

pollutants.

In the past century, a rapid expansion in the chemical industries leads to increase in complexity
of toxic effluents. Several industrial processes generate metal containing wastes. Heavy metal
contamination has been a critical problem mainly because metals tend to persist and accumulate

in the environment (Forstner, 1983). Chromium is one such toxic metal which is being widely



used. Chromium is generated by electroplating, tanning and textile industry and is potentially
toxic to humans (Palanisamy & Nomanbhay, 2005) therefore the effluents being generated by

these industries are rich in chromium.

The current physio-chemical processes for chromium removal like precipitation, reduction, ion-
exchange, e.t.c. are expensive and inefficient in treating large quantities. They also cause metal
bearing sludge which is difficult to dispose off. The harmful effects of our tannery effluents

have necessitated the research.

Biosorption which involves active and non-active uptake by biomass is a good alternative to
traditional processes. Widely available biopolymers being used for sorption, they are from cheap

resource (Niu & Volesky, 2003).

Chitosan is obtained from the deacetylation of chitin. Chitin is one of the most abundantly
available polymers after cellulose. Chitosan is a copolymer of glucosamine and N-
acetylglucosamine and it has an amine functional group which is strongly reactive with metal
ions. Considerable research has been done on the uptake of metal cation by chitosan (Rhazi, et
al., 2002). However, there are some metals which exist in aqueous solutions as anions, for
example chromium. The amino groups on chitosan bind metal cation at pH close to neutral. At
low pH, chitosan is more protonated and therefore it is able to bind anion by electrostatic
attraction (Chassary, et al., 2004). Chitosan is chosen as biosorbent because it is cheaply

available polymer, a characteristic ideal for the binding of metal anions such as chromate.

1.1 PURPOSE OF THE STUDY
The aim of the study is to synthesize chitosan from snail shell and also to demonstrate the use of

chitosan as adsorbent for uptake of metal ions. The chitosan will be dispersed in the tannery



effluent and the filtrate can be analyzed for the presence of metals. The concentration of residual
chromium will elucidate the binding ability of chitosan. Some of the other objectives of this

research are:

% To characterize optimum metal uptake conditions of temperature and time
% To determine kinetics of chromium adsorption.

% To determine equilibrium isotherm for the adsorption of chromium.



CHAPTER TWO

2.0 LITERATURE REVIEW

There are many studies on techniques for removal of metals from water. Adsorption using low-
cost adsorbent is one of the economically most viable methods with high efficiency for water
decontamination. A large variety of conventional and non-conventional adsorbent materials have
been proposed and studied for their ability to remove toxic metals. The use of biopolymers is
attracting attention recently. Chitin is one of the most abundant natural polymers and can be
extracted from different sources such as crustaceous cells. It is highly hydrophobic and insoluble
in water as well as organic solvents. Chitosan which can be obtained by deacetylation of chitin is

a linear polysaccharide based on glucosamine unit.

there has been a rapid expansion in the chemical industry. As the use of chemicals increases,
there is increase in the complexity of toxic effluents. Traditional methods of effluents treatment
have to be supplemented with modern and more effective means of treatment. Bioremediation

provides a technique for cleaning up pollutants by means of biological tools.

2.1 METAL CONTAMINATION
Heavy metals are natural constituents of the earth’s crust. Human activities have drastically

altered the biochemical, geochemical cycles and balance of some of the heavy metals. Heavy
metals are stable and tend to persist and accumulate in the environment. They cannot be
degraded or destroyed. Aquatic system is particularly sensitive to pollution possibly due to the
structure of their food chains. In many cases, harmful substances enter the food chain and are
concentrated in fish and other edible organisms (Forstner, 1983). As they move from one
ecological trophic level to another, metallic species start damaging the ecosystem. They also

become difficult to trait as they move up tropic levels. They accumulate in the living tissue



throughout the food chain. Due to biomagnifications, humans receive the maximum impact,

since they are at the top of the food chain (Velosky, 2003).

Many metallic elements play an essential role in the functioning of living organisms, they
constitute our nutritional requirement. However, over abundance of the essential trace elements
can cause toxicity symptoms or death (Volesky, 1990) . There are many sources through which
metal pollution of the environment occurs which include geological weathering, industrial
processing of ores and metals, leaching of metals from garbage and solid waste dumps (Forstner,
1983). There is a tremendous need to control heavy metal emission into the environment. The
use of biological materials including living and non living micro-organisms in the removal and
possibly recovery of toxic substances from industrial wastes has gained important credibility
during recent years because of the good performance and low cost of these materials. The
natural affinity of biological compounds for metallic elements could contribute to the
purification of metal loaded waste water (Sahin & Ozturk, 2005). There are several metals
which are studied mainly due to their toxicity and pollution concerns. Mercury as a pollutant has
received extensive exposure because of its toxicity to humans. In 1953, people died in the
fishing village along Manimata bay in Japan due to mercury poisoning. High levels of mercury
were discharged by the nearby plastics factory and were accumulated in the shellfish eaten by the
villagers. Lead pollution from mining activities and smelting operation is of concern because
inorganic and organic lead is considered extremely toxic. Over two hundred people died in
Zamfara state of Nigeria because of lead deposits from gold mine. Cadmium is the third of the
“big three” of heavy metals with greatest potential hazards in addition to lead and mercury. A

disease known as “Itai Itai” in Japan is associated with cadmium poisoning which results in



multiple fractures in the body. Chromium, cobalt, molybdenum, arsenic are other metals whose

growing levels in the environment have caused major concern (Volesky, 1990).

2.2 CHROMIUM CONTAMINATION
Textile leather, tanning and metallurgical industries extensively use chromium and therefore the

wastes generated by these industries are rich in hexavalent or trivalent forms of chromium.
Leakage, poor storage and improper disposal at the manufacturing and ore processing facilities
have lead to release of chromium into the environment. This has lead to contamination both

ground and surface water (Dantas, et al., 2001).

The processes that are generally used for the removal of chromium are physical and chemical
process such as adsorption by activated carbon, reverse osmosis, reduction of hexavalent
chromium into trivalent form and precipitation as chromium hydroxide. These treatments are

expensive and not completely effective (Sage & Aktay, 2001).

Chromium exists in oxidation states ranging from 0 to +6. It occurs mainly in three forms-
metallic chromium (Cr [0]) is a steel gray solid used to make steel and other alloys. This form
does not occur naturally but is produced from chrome ore. In nature, it exists in two oxidations
states Cr (III) and Cr (IV). Cr (III) occurs naturally in rocks, soils, plants and animals.
Hexavalent chromium Cr (VI) is produced industrially when Cr (III) is heated in the presence of
atmospheric oxygen. Cr (VI) is more toxic than Cr (iii) and has therefore led to greater
environmental concern. ( (Armienta-Hernandez & Rodriguez-Castillo, 1995); (Booker &
Pellerin, 2000)). Chromium (VI) exists in aqueous solution Cr, 0,2, HCrO4?, CrO4 and HCr0”
(Lee, et al., 2005).  The fraction of any particular species depends upon chromium

concentration and pH. (Sage & Aktay, 2001; Udaybhaskar, et al., 1990). At neutral pH Cr (VI)



exist at Hcrog, CrO4? and HCrs0°. Under acidic concentration above lmg/L (Palmer &

Wittbrodt, 1991).

Cr (IIT) is an essential trace element in human nutrition. It is evolved in glucose metabolism.
The required dietary amount has been reported from 50 to 200 pg per day (Katz, 1991; Shupack,

1991).

Chromium (VI) can enter the body on breathing air, consuming food or water contaminated with
it. Short term exposure due to inhalation at high levels can cause nose bleeds, ulcers, irritation of
the nasal mucosa and holes in the nasal septum. Dermal exposure can also cause skin irritation
and allergies (Booker & Pellerin, 2000). Chromium is potentially toxic to humans as it is
considered a carcinogen. It is also known to cause kidney failure, metabolic acidosis and oral

ulcers.

2.3 NEED FOR NEW METHODS OF REMOVAL
The toxic effects of heavy metals and their impact on human health care have been understood

but current technologies used for metal effluents treatment are inadequate due to the quantity of
these wastes. It leads to problems such as metal bearing sludge which are difficult to dispose off.
Some of these traditional methods are extremely expensive thereby proving uneconomical,
especially for developing countries where large small volumes of these waste are generated
(Volesky, 2001). Therefore there is requirement for newer and effective methods which are also
because it is both efficient and cheap. Compared with conventional methods for removing toxic
metals from effluents, the biosorption process has the advantage of low operating cost,
minimization of volume of chemicals and biological sludge to be disposed off and high

efficiency in detoxifying very dilute effluents.



2.4 BIOSORPTION OF HEAVY METALS
The term biosorption refers to many modes of non active metal uptake by biomass. There are

many different types of biosorbents like:

- Active biomass belonging to algae, bacteria or fungi.

- Non active kind of biosorbent which is essentially a waste product or a byproduct of

fermentation process.

- Abundant natural materials or polymers (Volesky & Holan, 1995).

The advantage of biosorption is that the biomass used could be a raw material which is either
abundant, a waste from another industrial operation or could be cheaply available. There are
certain broad range biosorbents which can collect all heavy metals from the solution with small
degree of selectivity. Metal sequestration can occur by complexation, chelation, ion exchange or
coordination. Other mechanisms are physical such as adsorption or precipitation. Any of these
mechanisms may be important in immobilizing the metal on the biosorbent. Since the
biomaterials that are used for sorption are complex, a number of these mechanisms could be
occurring simultaneously (Volesky, 2001). There are several chemical groups in biomass that
could potentially attract and sequester metal ions: acetamido groups in chitin, amino and
phosphate groups in nucleic acids, amino, amido, sulthydryl and carboxyl groups in proteins and

hydroxyl in polysaccharides (Volesky & Holan, 1995).

The biosorption of metal uptake can be quantified by experimental biosorption equilibrium
isotherms. Uptake of species by sorbent involves several steps that transfer the solute from the
bulk of the liquid phase to certain sites on the sorbent (Guibal, 2004). On contact between the

sorbent material and the adsorbed species, equilibrium is established at a given temperature



where certain amount of the metal species controlled by the adsorbent is in equilibrium with the
residue left free in the solution. The affinity of the adsorbent material for the sorbate determines
its distribution between solid and liquid phases. The quality of the adsorbent is judged by how
much sorbate it can attract and retained in immobilized form. The isotherm graphical expression
is a plot of the metal uptake (q) by the biosorbent (weight/weigh or mole/weight units) against

the residual concentration of the sorbate (metal) (Kratochvil & Voleskey, 1998).
Uptake of the metal (Q) in milligrams of metal per gram of biomass is calculated by the formula:

_ V(C1 B Cz)

¢ M

Equation 2:1

Where V = Volume of metal bearing solution.
C, = Initial metal concentration

C, = Find metal concentration

M= Amount of biomass.

The amount of uptake value gives an estimate of the performance of the biosorbent at high
residual concentration of metal. The isotherm mainly represents an equilibrium process where
the metal bound to the adsorbent is in equilibrium with the metal that is free. = Therefore,
sufficient contact time needs to be provided for the system to reach equilibrium. An isotherm
which is steep at low residual metal concentration is highly desirable because it indicates high

affinity of the metal for the given metal species.

It indicates high affinity of the metal for the given metal species. Such a metal will perform well

at low concentration of the metal. The initial concentration of the metal does not play a



significant role in the equilibrium characterization of the metal because the final equilibrium
concentration is of importance. Equilibrium adsorption studies with simple one metal adsorption
systems are usually completed first and then extended into examination of multimetal biosorbent

behavior along with the selected biosorbent.

Kinetics studies are also important in addition to equilibrium data because it helps one determine
the time course of metal uptake. A rapid uptake would mean shorter contact times required
between biosorbent and metal and therefore smaller equipment and reduced cost. Both

equilibrium and kinetics data are important for process design (Volesky, 1990).

2.5 ISOTHERM MODEL FOR ADSORPTION
There are two widely accepted and easily linearized adsorption isotherm models proposed by

Langmuir and Fruendlich respectively. The assumptions of Langmuir model are:

1. The surface consists of adsorption sites.

2. All adsorbed species interact only with sites and not with each other.

3. Adsorption is limited to a monolayer.

4. Adsorption energy of all sites is identical and independent of the presence of adsorbed

specie on the other sites.
A general form of Langmuir model equation is:

_ 9 nax b Ceq

0= 1+5C,,

Equation 2:2

Where q = uptake of species (mg/g), qmax = maximum uptake, Ceq = equilibrium (final

concentration in solution (mg/L) and b= constant related to energy of adsorption. b is the

10



equilibrium or association constant (L/mg) and is related to the affinity between adsorbent and
sorbate (metal). It is also represented as Ka. Dissociation constant of Kp is another constant
which represents the metal concentration corresponding to half saturation of sorbent. Low
values of b are reflected in the steep initial slope of an adsorption isotherm indicating a desirable
high affinity. Thus, for “good” adsorbents a high qmax and a steep initial isotherm slope are

desired.

The values of qmax and Ka can be found using the linear reciprocal plot of the equilibrium

isotherm.
1/q = 1/qmax Ka C + 1/qmax Equation 2.3

This is a plot of 1/q vs 1/C, where qmax and K4 can be found from the slope and intercept

(Tomida & Ikawa, 1993; Mark, et al., 2006; Kratochvil & Voleskey, 1998).

The form of Fruendlich adsorption model is:

Q=K¢ clm Equation 2:4

Where Q= solid phase metal concentration (mg/g),

K= related to adsorption capacity,

1/n = ‘heterogeneity factor’ ranging from 0 to 1 and

C= bulk liquid phase metal concentration.

This can be linearized by taking the natural logarithm of both sides of the equation to give

InQ = InK + 1/n InC Equation 2.5

11



The intercept InK gives the measure of the adsorbent capacity and the slope 1/n gives the

intensity of adsorption.

Both of these models are able to describe many data effectively. Since the parameters of these
models do not have a physical interpretation to them, their use is limited. Fitting the model to
the process behavior does not necessarily imply that a pure adsorption phenomenon has taken

place (Mark, et al., 2006; Volesky, 1990).

Another aspect of biosorption is to determine the strategy for releasing the sequestered metal
from the biosorbent. The kinetics of the adsorption cycle can be established as well as the
regeneration of the biosorbent. The desorption process should yield the metal in a concentrated
form and also restore the biosorbent as close to the original condition as possible so that its metal
uptake capacity is undiminished and there is no physical change or damage to the biosorbent.

(Volesky, 2001; Volesky, 1990).

2.6 EFFECTS OF WASTE WATER COMPOSITION ON BISORPTION
The efficiency of a biosorption process depends not only on the binding properties of the

biosorbents but also on the composition of the waste water that it will be used for treating.
There are certain limits that might be imposed on the biosorption process by the composition of
waste water. Majority of industrial effluents contain more than one toxic metal. For example,
effluents produced at a copper mine would contain a high level of Cu*" and traces of Cd*",
Ni*"and Mn”". If the biosorption involves ion exchange, it will lead to competition among the
metal species for a limited number of binding sites on the biosorbents. Conversely, the industrial
effluent might also contain certain non toxic species that might have a greater affinity for the
binding sites on the biosorbent than the toxic target metal. For example, a variety of ionic specie

of iron is a matter of concern for bisorption processes treating mining effluents like acid-mine

12



drainage. In this case, it is important to establish the selectivity of the biosorbent for toxic metals

over iron (Kratochvil & Voleskey, 1998).

2.7 CHITOSAN AS A BIOSORBENT
Chitin is an abundant organic material found mostly in crustaceans, mollusks and insects where

it forms the constituent of the exoskeleton. It is also represented in fungal cell walls (Guibal,
2004). Chitin can be obtained from fungi, insect, lobster, shrimp and krill. Crabs obtained from
seafood processing waste are an important commercial source (Niu & Volesky, 2003).
According to some reports, 5000-8000 tons of crab shell material is disposed off by the sea food
industry annually. Chitosan is derived from chitin, by a deacetylation reaction using an alkali.
Chitosan is therefore a copolymer of glucosamine and N-acetyl glucosamine (Rojas, et al.,
2005). It is composed of B-(1,4) -2-acetamido-2-deoxy-D-glucopyranose (acetylglucosamine
unit) (Hamdine, et al., 2005). The term chitosan refers to as chitin that has been deacetylated to
greater than 60%. Chitosan has many properties that have generated interest in its use such as

biodegradability, biocompatibility and its non toxic nature (Varma, et al., 2004).

The deacetylated product, chitosan has an amime functional group which is strongly reactive
with metal ions. This has initiated research into the use of chitosan in metal uptake. The
deacetylation degree will control the content of glucose amine and therefore the fraction of free
amine groups available for metal binding. These groups are more reactive than the acetamide
groups present in chitin. Also, the solubility in acidic solution differs, chitosan soluble. The
physic-chemical properties of chitosan depend on various parameters such as degree of

deacetylation, polymer weight, e.t.c. (Guibal, 2004).

These reactive amine groups interact with the metal ions in different ways such as by chelation

or electrostatic attraction, depending on the parameters such as pH and the total composition of
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the solution. At pH values close to neutral or in the non protonated form, the free electron
doublet on nitrogen may be used to form donor bonds with coordination transition metals such as
Cu, Ni, Zn, e.t.c at low pH where protonation of the amino group takes place, the polymer attains
cationic groups which can bind anions through electrostatic interactions (Juang & Shiau, 2000;

Guibal, 2004).

There are many theories as far as the structure of chitosan metal ion complex is concerned. One
theory is that, two or more amino groups bind to the same metal ion, the bridge model
According to the bridge model intra or intermolecular complexation may occur between the
metal ion and amine groups from the same or different chains. Some other experiments suggest
that only one amino group is involved in the binding and the metal ion is bound to the amino

group like a pendant, called the pendant model (Vold, et al., 2003; Piron & Domard, 1998).

2.8 PARAMETERS AFFECTING METAL ADSORPTION BY CHITOSAN
There are several parameters affecting the complex formation of metal ion to chitosan. One of

them is the fraction of acetylated units. This determines the number of free amine groups
available for binding. To be good adsorbent the polymer needs to have a high degree of
deacetylation, conversely a low fraction of acetylated units. (Guibal, 2004; Vold, et al., 2003). A
study conducted showed that chitin which was obtained by N-acetylation of chitosan did not

form complex with metallic ions such as Cu (ii) Co (ii) or Ni (ii) (Desbrieres, 2002).

In addition to the number of groups accessible to the metal ions, some of the amine sites are
sometimes involved in some kind of inter and intra molecular bonds. The crystalline nature of
the polymer may make some groups inaccessible to the metal ions (Guibal, 2004). Another
important parameter is the chain length or the degree of polymerization. Also the degree of

mixing of the metal-chitosan complex and the physical state of the chitosan affected the capacity
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of chitosan (Desbrieres, 2002). Chitosan solubility has been widely investigated. It is an
important property which can be controlled by polymer weight, type and concentration of the
acid used for dissolving the polymer and the presence of metal ions in the solution. Metals
present in the solution can bind to the polymer and affect its solubility (Guibal, 2004) chitosan
was found to be soluble in formic, acetic acid, citric acid pyruvic and lactic acids. It does not

dissolve in other organic acids (Hamdine, et al., 2005).

2.9 BINDING OF METAL ANIONS
Several studies have been done on the electrostatic attraction between chitosan and anions and

anionic dyes. These mostly occur at low pH. At neutral pH about 50% of the total amine groups
are protonated and therefore are theoretically available for the binding of anions. The optimum
pH is therefore 2-4, pH lower than this does not give a better uptake because a competitor effect
comes into play. At extremely low pH there is a large excess of competitor anions from the
dissociated acid (Guibal, 2004). Uptake by anions such as selenite (SeO4 ) Vanadate (VO,>)
and Molybdate (MO4>) has been studied. In the case of molybdate, a marked preference of
chitosan for complex polynuclear and poly anionic specie was seen. The poly nuclear species
such as heptomolybdate was found to be highly absorbable on protonated chitosan (Chassary, et

al., 2004).

In the case of chromium, the Cr (VI) ions are present in solution in the form of chromate ions
which are negatively charged (Sag & Aktay, 2000). These can easily bind the cationic amine
group of chitosan at acidic pH. The pKa value of these amine group is 6.3, therefore, at pH
value lower than that, most of the chitosan will be protonated and cationic. Therefore at acidic
pH, anion removal would mostly be by electrostatic attraction and cation removal would be by

chelation or covalent binding. (Rojas, et al., 2005; Guibal, 2004). Above the pKa, the adsorbent
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undergoes deprotonation, is negatively charged and therefore the adsorption capacity decreases
and so chromium removal gets reduced. There is increased adsorption of chromium at lower pH
(Udaybhaskar, et al., 1990; Boddu, et al., 2003). Also, at higher pH, there are fewer protonated
positively charged groups in chitosan and therefore there are fewer repulsion forces between the

molecules leading to aggregation of the polymer (Juang & Shiau, 2000).

2.10 EFFECTS OF IONIC STRENGTH ON BINDING OF ANIONS
Uptake of metal ion is reduced by increase in ionic strength. Changing ionic strength affects

adsorption by affecting the activity of electrolyte ions and causing competition between the
electrolyte ion and the adsorbing anions for the available adsorption sites. The adsorption of
selenite and chromate is greatly affected by at high ionic strengths thereby fortifying the idea that
adsorption of these anions occurs through electrostatic attraction (Velosky, 2003). The removal
of arsenate was almost complete when arsenic solution in deionized water was used, but the
removal deteriorated in the presence of other anions such as sulphate, chloride and Nitrate
(Volchek & Geckeler, 1996). It is also seen that chlorides at low concentration allows the
formation of chloro-anionic species for platinum and palladium and improves its adsorption
capacities. However at high concentration it greatly reduced metal recovery on cross-linked
chitosan. The polynuclear species interacts with different monomer units of chitosan either on

the same chain or adjacent chains (Chassary, et al., 2004).

2.11 BINDING OF CATIONS
The binding of metal cations to chitosan occurs through a different mechanism. The binding site

in this case is also the amine group which initiates a coordinate bond with the metallic ions. The
bond formed is between the free electron pair of the nitrogen in the amine group and the void
orbitals of the metal. The affinity of chitosan for copper has been studied and found that the

optimal pH for copper binding is in the range 5-7 (Desbrieres, 2002). Since low pH favors the
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protonation of the amine groups, the charge reversal would affect the ability to chelate metal
cations. This suggests that binding of cations would take at a more neutral pH. At lower pH,
chelation also gets reduced by the competitor effect of protons. (Chassary, et al., 2004). It is
known that chitosan forms chelates with metal by releasing hydrogen ions. Hence, adsorption of
metal cations with chitosan leads to a decrease in pH (Schmubhl, et al., 2001). A high equilibrium
adsorption capacity for cadmium was also seen. It is seen that uptake process generally involves
pore diffusion through the solid matrix followed by adsorption (Evans, et al., 2002). Cadmium
uptake was also studied in conjunction with ultra-filtration. Chitosan was found a good
candidate for binding cadmium at neutral pH. When the pH was reduced to 4, Cd*" was released
and chitosan was regenerated (Llorens, et al., 2004). According to a study in the case of copper,
a unique complex is formed with chitosan, copper bind to three oxygen atoms and one nitrogen
atom, with square planar and tetrahedral geometry. (Guibal, 2004). Zinc uptake was studied at
different pH. Optimum binding by chitosan derivatives occurred at pH 6.0, since higher pH
allowed adsorption of Zn (II) to non protonated amine groups. Uptake was reduced at pH 7.0
since precipitation of Zn (II) occurred at that pH (Ding, et al., 2006).

2.12 MODIFICATION OF CHITOSAN

The versatility of chitosan allows it to be easily modified in order to change its properties,
depending on the field it needs to be applied to. It can be physically modified into gels, beads
and membranes. Chemical modification is more common which involves either grafting a
specific group onto the chitosan backbone or cross-linking. This is done to increase metal
adsorption capacities or improve selectivity of the polymer for certain species. Modification is
also done to prevent dissolving of the polymer where soluble chitosan is not required and the
sorbation is performed at acidic solutions. Cross-linking can be done using cross-linking agents

such as glutaraldyhyde, cyclodextrin and epichlorohydrin. However, cross-linking step might
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reduce the uptake efficiency of chitosan especially in the case of glutaraldehyde. Reaction of the
chitosan amine groups with glutaraldehyde leads to the formation of imine functional groups
thereby reducing the number of amine groups. Epichlorohydrin and ethylene glycol can also be
used since they react with —OH groups of chitosan, therefore they would not affect the residual
amine functional groups for binding. (Tienwei, et al., 2001) the adsorption capacity depends on
the extent of cross linking and generally decreases with increase in the extent of cross linking.
According to the study by Rojas et al, adsorption of Cr (VI) onto cross-linked chitosan was

found to be 215 mg/g (Rojas, et al., 2005)).

A novel diethylene triamine derivative of chitosan was studied with regards to its binding
properties with palladium, silver, copper and cadmium ions. This introduction of diethylene
triamine into the chitosan backbone prevents the loss of amine groups due to cross-linking
reaction with aldehydes. This modification enhanced the adsorption ability and selectivity of
chitosan for silver ions. (Y1, et al., 2006). New functional groups are also grafted to increase the
density of the sorption sites, to broaden the optimum pH range and to increase the selectivity of
the target metal. According to a study by (Chassary, et al., 2004), polythyleneimine (PEI) was
grafted onto chitosan and tested for platinum and palladium uptake. Grafting of PEI gives
chitosan supplementary amine functions, primary, secondary and tertiary amines. It was found
that this grafting improves sorption capacity but had limited effect of sorption selectivity. The
grafting of carboxylic functions is also done mainly to design chelating derivatives for sorption

of metal cations (Guibal, 2004).

2.13 RECYCLING OF CHITOSAN AND ADSORPTION OF METAL
The studies of metal desorption and polymer recycling is important to improve the cost-

effectiveness of the sorption process. The cost of polymer can be a limiting factor except in the
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case of precious metal sorption. The recovery of metal also determines the efficiency of the
process. In desorbing processes, regeneration of the biosorbent may be accomplished by
washing the metal laden biosorbent with an appropriate solution, the type and strength of which
would be determined by how the metal is bound to the bisorbent. The sorption mechanism can
help design a desorption strategy (Volesky, 2001). Since pH is an important parameter in
binding a sample, change in pH can allow the metal to desorb. Chelating agents such as EDTA
can also be used especially for desorption of metal cations. When law pH is used for desorption
of metal anions, increasing the PH might allow the reverse reaction since binding occurs at low
pH of anions. Molybdate and Vanadate have been recovered using sodium hydroxide to increase
pH (Guibal, 2004). Successful desorption of chromate from chitosan was carried out using 10-
100mM EDTA. The sorbent were regenerated and could be used again to adsorb heavy metal
ions (Baral, et al., 2006). However, continued recycling of chitosan may not be possible due to
its biodegradability. Recycling is less important in the case of precious metal sorption because
the cost of the target metal would allow use of the polymer. Also, since chitosan is essentially
derived from a waste product of the food industry, its production cost is not too high. Also metal
loaded chitosan can also be used for other sorption processes, taking advantage of the affinity of
the metal loaded on chitosan for other solutes. For example, the chelating affinity of molybdate
for arsenic has been used. Molybdate loaded chitosan beads have been used for uptake of As (V)
and As (III) from dilute solutions. This makes use of the knowledge that chitosan has a strong

affinity for molybdate and molybdate is known to form strong complexes with arsenate ions

(Dambies, et al., 2002).

An important aspect to be studied here is during a desorbing process, the desorbed sorbate

(metal) stamp in the solution and a new equilibrium is established between that and the metal
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still bound to the biosorbent. This leads to the concept of a desorption isotherm where the
equilibrium is strongly shifted towards the sorbate dissolved in solution. Recovery of the metal
from these concentrated desorption solutions can be carried out by using electroplating

procedures (Volesky, 2001).

2.14 RHEOLOGICAL STUDIES
The study of rheology is the study of deformation of matter resulting from the application of a

force. The type of deformation depends on the type of matter. Gases and liquid will flow when
a force is applied while solids will be deformed by a fixed amount. The stress is defined as the
force divide by the area over which it is applied to a material. When a fluid system is studied by
the application of stress, motion is produced until the stress is removed. Consider two surfaces
separated by a small gab containing a liquid. A constant shear stress must be applied on the
upper surface for it to move a constant velocity ‘U’: the rate of strain or shear rate is given by
velocity/displacement i.e. u/x when a plot of shear stress versus shear rate is linear, the liquid
behavior is simple and the liquid is Newtonian, the constant slope of the straight line being the
viscosity of the fluid. Fluid such as water and ethanol are Newtonian. Any fluid that does not
obey the Newtonian relationship between the shear stress and shear rate is called non-Newtonian.
High molecular weight liquids are usually non-Newtonian. When the viscosity decreases with
increase in shear rate, the fluid is called a shear thinning whereas if the viscosity increases with
increase in shear rate, the fluid is called shear thickening. The backbones of most polymers are
made up of carbon chains. The bonds are usually single but there may be a significant number of
double bonds. The side group or side chain are important because these control the rotation
around the bonds. This bond rotation gives the polymer its flexibility. (Goodwin & Hughes,

2000).
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2.15 RHEOLOGICAL PROPERTIES OF CHITOSAN
Polymers exist as an intermolecular entangled state in concentrated domain in which accurate

rheological characterization helps in determining the processibility and activity of the polymer.
The physiochemical properties of dilute solutions of the chitosan are governed by pH, ionic
strength, degree of deacetylation, concentration of molecular weight. The effect of concentration
of chitosan has been studied and it was found that viscosity increases with increase in
concentration of chitosan (Nystron, et al., 1999). For a low concentration, the chitosan solution
exhibits a Newtonian behavior, but increasing polymer concentration leads to the appearance of
non-Newtonian behavior. Also at low concentration, Newtonian behavior can be maintained but
not at high shear rates. At low shear rate, a constant zero shear viscosity can be maintained, the
rate of intermolecular disentanglements brought about by shear force exerted is nearly the same
as that of newly formed entanglements. Conversely, the viscosity decreases with increasing
shear rates, because the rate of entanglements is higher than that of entanglements (Hwang &
Shin, 2000; Desbrieres, 2002). The polymer starts to show shear thinning with increase in
concentration. As the polymer concentration is increased, the freedom of movement of the
individual chains becomes restricted due to the increased number of enlargements to replace
does disrupted by deformation. Thus, the shear rate at which Newtonian behavior is lost

progressively moves to lower values (Hwang & Shin, 2000).

Hydrophobic chitosan were prepared by modification of raw chitosan and its rheological
properties were studied. The hydrophobic chitosan shows unusual rheological characteristics
which arise due to intermolecular associations of neighboring hydrophobic substituent. It was
shown that intermolecular association phenomenon was promoted by increasing hydrophobicity.

(Nystron, et al., 1999).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Sample Preparation
Snail shell was obtained from waste disposal in Abuja. The snail exoskeleton was crushed into

pieces using pounder (pestle) and the particles were filtered to fine sizes using sieve.

3.1.1 Deproteination

The chitin and chitosan sequence involve the crushing and washing of discarded exoskeletons.
The snail’s powdered exoskeleton (100g) as placed in 250ml beakers and treated in boiling
sodium hydroxide (4% w/v) for two hours to dissolve the proteinous matters and sugars. The
crude chitin particles were allowed to settle down and the sediment was isolated after washing

with distil water. The crude material was allowed to cool at room temperature. (Yield, 95.2 %).

3.1.2 Demineralization

The deproteinated material above weighing approximately 30g was demineralized with 100ml of
5% HCL The samples were allowed to soak for 24 hours to remove the minerals (mainly
calcium carbonate). The demineralized sample was also treated with 2% NaOH (50ml) solution
to decompose the albumen into water soluble amino acids. The remaining chitin was washed

with distil water and dried. (Yield, 35%)

3.1.3 Deacetylation (Formation of Chitosan)
This process was carried out by adding 100ml of 40% NaOH to each sample and then boiled at

100°C for 10 hours on a hot plate. The samples were cooled at room temperature and further
washed with distil water and the solid matter, chitosan was retained. After the final distil water
wash, the chitosan was further washed with methanol and lastly with acetone. The samples were

left uncovered in 250ml beakers to dry at room temperature for 24h.
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3.1.4 Formation of Fine Particles

Chitosan solution was prepared by dissolving 3g chitosan flakes into 100ml of 5% acetic acid
solution for 10h. The solution was dropped into 2.0M NaOH which neutralized the acetic acid
within the chitosan, forming pure white fine particles. The fine particles were washed with
distilled water. The distilled water was poured into 500ml beaker containing the fine particles
and the particles were allowed to settle down after which decantation followed to remove the

water. The washing was done repeatedly and the solution was finally filtered using filter paper.

3.1.5 Cross-Linking of Chitosan

15g of wet sample of chitosan (fine particles) was dissolved in the solution comprises of 200ml
ethanol, and 10ml of glutaraldehyde. The solution was stirred for 24h using magnetic stirrer and

the cross-linked chitosan was washed with distiled water, decanted and dried.

3.2. CHARACTERIZATION

3.2.1 Infrared Spectroscopy

The IR of the cross linked chitosan was run to determine the functional groups present.

3.2.2 Determination of Degree of Deacetylation

Chitosan (0.3g) was dissolved in 30ml, 0.5M HCI at room temperature with stirring in a beaker,
two drops of methyl orange indicator was added and titrated against 0.1M, NaOH. The readings

were tabulated. The percentage of free NH, groups in chitosan was calculated as follows:

NH, %= [(C; Vi-C2V>) x 0.016]/ [G (100-W)] X100 Equation 2.6

Free NH, % =[NH,/ 9.94% ]x 100 Equation 2.7

Chitosan theoretical NH, content % = (16/161) x 100% =9.94% Equation 2.8

The Degree of deacetylation = [NH; %/9.94 %] 100% Equation 2.9
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C,. Concentration of HC1 (M); C,. Concentration of NaOH (M); V;: the volume of NaOH added

by titration (ml); G: Sample weight (g); W: sample water content (%).

3.3 ADSORPTION ISOTHERM ON CHROMIUM ADSORPTION
Ten test tubes each containing 0.1g chitosan samples were used for the experiment. Different

volumes of tannery effluents were added to the 0.1g sample of the test such that each test tube
had different volume of the effluent. The volumes of the effluents ranged from 1, 1.5, 2, 2.5
....... 5.5ml and different volumes of distilled water at range of 5, 4.5, 4......0.5 respectively so
that each test tube contained 6ml of solution. The solution was treated for six hours to obtain
equilibrium adsorption of chromium by the chitosan. At the end, the solution in each of the test
tubes was filtered using filter paper. The concentration of chromium in various filtrates was
determined using atomic adsorption spectrometer. The experiment was repeated at 45, 55, 64 and
72°C without stirring. The amount of chromium (VI) concentration retained in the adsorbent

phase (Q.) was calculated according to the equation.

Qc=(Co-Ca) V Equation 3 :0

Y

Where Cj and C. are the initial and final concentrations (mg/L) of Chromium (VI) solution

respectively

3.5 KINETIC STUDY OF CHROMIUM ADSORPTION
The kinetic adsorption study was conducted in seven test tubes each containing 0.1g of cross-

linked chitosan in 7ml of tannery effluent. The chitosan was placed in the test tubes at the same

time and each sample was allowed to adsorb at predetermined time. The time given to the
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samples in the test tube one after the other was 60, 100, 210, 250, 430,580 and 670 minutes
respectively. The samples were filtered at the given time and the concentration of the filtrate was
determined by atomic adsorption spectrometry. The experiment was carried out at room

temperature (25°C)
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSIONS

4.1 Table for Determination of Degree of Deacetylation by Acid Base Titration

Titre 1 Volume (ml) 2"Volume (ml)
Final 26.50 26.50
Initial 0.00 0.00
Average 26.50 26.50
Data:
V;=26.50ml
V2=10m1

C;=0.5M (concentration of HCI)

C,=0.1M (concentration of NaOH)

G=0.3g (weight of chitosan) = 0.03 in 1000cm’

W=28.9%

NH; %= [(C; Vi-C,V») x 0.016]/ [G (100-W)] X100

Free NH; % =[NH,/ 9.94%] x 100

Chitosan theoretical NH, content % = (16/161) x 100% =9.94%

The Degree of deacetylation = [NH; %/9.94 %] 100%
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NH; % =(25.5X0.5-0.1X10) X0.016X100/0.03(100-8.9)

=(13.25-1)X1.6/0.03(91.1)

=19.6/2.733

=7.172

The Degree of deacetylation = [NH; %/9.94 %] 100%

= (7.172/9.94) X 100%

72.15%

The deacetylation process was carried out using 40% NaOH for over ten (10) hours. The result
of determination of degree of dacetylation by Acid-base titration shows that 72.15% of the chitin
was deacylated and that qualified the chitosan and made it good adsorbent as required by theory
(Guibal, 2004). Solubility of chitosan in acidic solution depends on it degree of deacetylation.
The term chitosan refers to chitin that has been deacetylated to greater than 60% (Varma, et al.,

2004).

The deacetylation degree controls the content of glucose-amine and therefore the fraction of free
amine groups available for metal binding. These groups are more reactive than acetamide group

present in chitin.
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4.2 Adsorption kinetics
In order to investigate the controlling mechanism of adsorption processes such as mass transfer

and chemical reaction, the pseudo second order equation was applied to model the kinetics of

chromium adsorption on to chitosan.
The pseudo second order equation is expressed as:
t/qi=1/h +1/qc (t) equation 3.1 (Kumar & Kirthika, 2009)

Where h =kq.” (mgg'min™) can be regarded as the initial adsorption rate as t—O0 and k is the rate

constant of pseudo second order adsorption (g mg™ min
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Figure 4.1 Graph of pseudo second order kinetic model

Adsorption kinetics is an important parameter to evaluate the basic qualities of a good adsorbent.

It helps us to determine whether or not the adsorbent adsorbed metals and to what extent. These
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indicate that fairly good binding of chromium occurs in the presence of chitosan. These also give

indication that there is a time required by the metal polymer reaction to reach equilibrium.

Co and C. are initial concentration and equilibrium concentration at specific time t, respectively.
Pseudo-second order kinetic model yielded correlation ratio (0.998). Removal of copper (IT) and
lead (II) from wastewater by sorption on bottom ash has been reported in many literatures. A
plot of t/Q¢ against time for sorption of copper (II) and lead (II) for the Pseudo-second order
model gave values of the correlation coefficients 0.990 . The pseudo-second order rate constant
(k) for chromium adsorption in this work was 1.1673x 10~ kg mg” min™ and the q. was 29.85
mg/kg. Figure 4.1 illustrates the plot using pseudo-second order kinetic model. The result
suggested that the adsorption of chromium ions by the chitosan follows the pseudo second order

model, which relies on the assumption that chemisorptions may be the rate limiting step.

4 .3 Adsorption isotherm
Table 4.2 Freundlich Adsorption Isotherm parameters

Temperature ‘C) R’ K¢ n

25 1.000 10.0041 1.002
55 1.000 10.0041 1.001
64 0.998 9.8947 0.9901
72 0.988 10.5066 1.0504

From Equation 2.4, krand n are the Freunlich constants; the characteristics of the system. krand n

are the indicators of the adsorption capacity and adsorption intensity respectively. The ability of
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Freunlich Model to fit the experimental data was examined. For this case, the plot of log C. vs

logQ. was employed to generate the intercept values krand the slope of n.

Freundlich equilibrium constants were determined from the plot, on the basis of the linear form
of Freundlich equation. The “n” value indicates the degree of nonlinearity between solution
concentration and adsorption as follows: if n=1, then adsorption is linear; if n<I, then adsorption
is a chemical process; if n>1, then adsorption is a physical process. (Desta, 2013) If 1/n = 0,
hence extent of adsorption becomes independent of pressure the “n” value in Freundlich equation
was found to be 0.9901-1.0504 (Table 4.2). The values of “n” Within the range of 1-10 represent

good adsorption. In the present study, since “n” lies between 0.9901 and 1.0504 it indicates both

physical and chemical adsorption of metal ions onto Chitosan. (Desta, 2013)

The magnitude of krand n show easy separation of chromium ion from the aqueous solution and
indicate favourable adsorption. The intercept k¢ value is an indication of the adsorption capacity
of the adsorbent; the slope 1/n indicates the effect of concentration on the adsorption capacity
and represents adsorption intensity. As seen from Table 4.2, n values were found high enough for
separation. The Freundlich isotherm is more widely used but provides no information on the
monolayer adsorption capacity in contrast to the Langmuir

model. Freundlich isotherm fitted well with correlation coefficient of 0.998.

It is important to note that the Freundlich equation has some limitations. The main flaw of the
equation can be seen as the system approaches saturation. In accordance with the mathematics
of Equation 2.5, the ratio of x:m will continue to increase with increasing solute equilibrium
concentration. This, however, is not the case at saturation. At saturation, the ratio of x: m=Q. (x

= the amount of solute adsorbed m = the weight of adsorbent) is a constant, independent of
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changes in the solute equilibrium concentration. At this point, the Freundlich equation will not
accurately describe the system at hand. There is also no guarantee that the equations will
accurately describe systems with concentrations less than the saturation concentration because of

the empirical nature of the equation.

Table 4.3 Langmuir Adsorption Isotherm Parameters

S/N | T (k) UT (k') |Kemg/ml | qma (mg/g) | Inkg Dp (kJmol™)
1 | 298 0.002356 | 0.000300 | 33333.33 -8.1117  |20.09732
2 |317 0.003155 | 0.000500 |20 000.00 -7.6009 | 20.03245
3 [328 0.003049 | 0.000909 11111.1 -7.0131 | 19.12467
4 337 0.002967 | 0.000802 12500.00 -7.1309 | 19.97948
5 |345 0.002886 | 0.000707 14285.71 -7.2644 | 20.83670

1/q=1/qmaxk C¢ + 1/qmax - Equation 3.3

In the Langmuir adsorption Isotherm model, the maximum adsorptions (qmax) for chromium at all
temperatures were calculated from linear regression analysis of the experimental data. The
maximum adsorption at 25°C was 33.3g/g and was the highest. The result indicated that, this
value decreased with increase in temperature within the limits of experimental errors. The

Langmuir constants (Kg) increased with increase in temperature as shown in Table 4.3.

It has been reported that up to -20kJ/mol are consistent with electrostatic interaction between

sorption sites and the metal ion (physical adsorption) while  Ap values more negative than -
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40kJ/mol involves charge sharing or transfer from the biomass surface to the metal ion to form

coordinate bonding ie chemisorptions (Kumar & Kirthika, 2009)

Thermodynamic considerations dictate that the Ap value is the fundamental criterion for
determination of adsorption process characteristics. In this study Ap values decreased with
increase in temperature as seen in Table. 4.3, the decrease in value of Ap with increasing
temperature indicates the spontaneity (Alok, M; Jyoti, M; Lisha, K, 2007)of the adsorption
process at higher temperature. A negative AH value of -13.54 kJ mol” was obtained from the
slope in Figure.3 (graph of Ink v. 1/T) which confirms the exothermic nature of the adsorption
process. In the graph AS was calculated from the intercept to be -0.1005kJ mol’ K™ which
indicates that the degree of disorderliness or randomness of the solid-solution interface during
the adsorption of chromium ion by chitosan was low. The negative AH and AS values suggest
that enthalpy contributes more than the entropy in the adsorption process the degree of
randomness is low. This result is in conformity with thermodynamic parameters that were
obtained for chitosan adsorption of chromium ion (Sakkayawong, et al., 2005), Reactive Red n°

189 ( (Chiou, et al., 2001); (Dos Anjo, et al., 2003).

Figure 3 shows the van't Hoff plot, of Ink v. 1/T and a straight line graph was obtained, the slope

of which yields AH and AS values.

InKp- AH/RT+ AS/R  Equation 3.4

AU = -RT InKd Equation 3.5

AU = AH -T AS Equation 3.6
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Where R is the universal gas constant (8.314 J mol ' K'') and T is the temperature (K), AH is
enthalpy change, AS is entropy change and Ap is Gibbs free energy of adsorption. The van't Hoff

plot was considered satisfactory due to the coefficient of correlation value, 0.991

In the system, the adsorption resulted in the removal of metal from the tannery effluents as it gets
adsorbed onto binding sites on the adsorbent. These leads to a decrease in free chromium in
solution and increase in chromium adsorbed on the adsorbent, until the equilibrium is reached
between uptake of chromium by chitosan and the equilibrium concentration of chromium in
solution. At this equilibrium, there is a defined distribution of metal between the solid and the
liquid phase.

4.4 CHARACTERIZATION
The IR result from the graph below gives the following readings:

3447c¢m’ this is due to O-H and N-H stretching Vibration
At 1622 cm™' due to NH, Characteristic adsorption

At 2917.66 and 2881.54 cm ™' due to C-H stretching vibration of methyl and methylene

R=H or COCH,

Figure 4.10 Chemical structure of chitosan
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(www.google.com.ng/search?q=chemical structure of chitosan)
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CHAPTER FIVE

5.0 CONCLUSION & RECOMMENDATIONS

5.1 CONCLUSIONS
In the present work, it was found that chitosan is an effective adsorbent for the removal of

Chromium ion from solution. The equilibrium adsorption isotherms were carried out at 298 to
345 K. Maximum adsorption was observed at the temperature of 298 K, corresponding to 33.3
g/g. two isotherm models were studied and the Langmuir model was the most appropriate for fit
of the equilibrium experimental. The kinetics of chromium adsorption on the cross-linked
chotosan was found to follow second order rate mechanism. Cross-linked chitosan was shown to
be an effective adsorbent for the removal of chromium from tannery water. Thermodynamic

parameters indicate that the adsorption process is favorable and exothermic in nature.

5.2 RECOMMENDATIONS
e More research is needed to be done on chitosan extracted from snail shell to make it good

enough for industrial use in treatment of waste water.

e The use of chitosan for treatment of waste water does not need heat because it is
exothermic process. Therefore its usage could fulfill the dream of the industrial sector in
that it minimizes energy consumption in water treament.

e Other cross linking agents such as thiourea, epichlohydrine, formaldehyde etc can be
used to optimize the process.

e The demineralization of the snail shell releases carbon dioxide into the atmosphere and

therefore needs to be carried out in a system that has carbon capture apparatus.

35



Studies show that chitosan has unique ability to bind and dissolve and bind to fat and
cholesterol in human stomach and prevent the lipid from being absorbed in digestive
tract. This can ultimately promote safe weight loss reduction in cholesterol level

A system need to be put in place in Nigeria to produce chitosan from insect pests like

locus. This will serve as effective biological pest control
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Appendix

Table 4.4 Pseudo First order Kinetic data for removing chromium by cross-linked Chitosan.

Weight of | Time of | (Citrate Ce(mg/L) | Qe(mg/kg) | t/Q C/Co
chitosan (g) | adsorption (ppm)
(minutes)

0.1 60 1.1991 2.2355 22.36 2.6833 0.6509
0.1 100 1.0670 2.3676 23.68 4.2230 0.6893
0.1 210 0.9654 2.4692 24.70 8.5020 0.7190
0.1 250 0.7113 2.7233 27.23 9.1810 0.7923
0.1 430 0.6707 2.7639 27.64 15.5572 | 0.8047
0,1 580 0.6402 2.7944 27.94 20.7588 | 0.8136
0.1 670 0.5182 29164 29.16 22.9767 | 0.8491

41




Table 1 adsorption Isotherm

Ce (mg/kg Q. (mg/kg Ce(mg/kg) | Q. (mgkg) | C.(kg/ke) Q«(mg/kg)
At 25°C At 25°C At 45°C At 45°C At 55°C At 55°C
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2.7131 27.13 2.5607 25.61 2.6115 26.12
2.7741 27.74 2.7436 27.44 2.8147 28.15
2.8147 28.15 2.7741 27.74 2.8351 28.35
3.0180 30.18 2.9976 29.97 2.9570 29.57
3.0485 30.49 3.0078 30.08 3.0789 30.79
3.0789 30.79 3.0281 30.28 3.0993 30.99
3.1704 31.70 3.0281 30.28

3.2212 32.21 3.2314 32.31 3.1602 31.60
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Table 1 Adsorption Isotherm

Ce (Mg/L) Qe (mg/kg) Ce. (Mg/L) \At 720C Qe (Mmg/Kg)
At 64°C At 64°C 720C
0.0000 0.0000 0.0000 0.0000
2.7639 27.64 2.7833 27.83
27741 27.74 2.8351 28.35
2.8960 28.96 2.9570 29.57
3.0078 30.08

3.0100 30.10 3.1298 31.30
3.0789 30.79 3.1602 31.60
3.0891 30.89 3.2110 3211
3.2517 32,53 3.2619 32.62
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Table 4.5. The kinetic data of chromium adsorption (At 25" (0)}

Weight of | Time of | (Céitrate C.(mg/L) Q. (mg/kg) t/Q (mg/kgs
chitosan (g) adsorption (mg/L)

(minutes)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.1 60 1.1991 2.2355 22.36 2.6833
0.1 100 1.0670 2.3676 23.68 4.2230
0.1 210 0.9654 2.4692 24.70 8.5020
0.1 250 0.7113 2.7233 27.23 9.1810
0.1 430 0.6707 2.7639 27.64 15.5572
0,1 580 0.6402 2.7944 27.94 20.7588
0.1 670 0.5182 29164 29.16 22.9767
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Figure 3.0: The van't Hoff plot, of Ink versus 1/T
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Figure 4.2, Graph of freundlich adsorption isotherm at 25°C
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Figure 4.4 Graph of freundlich adsorption isotherm at 55°C
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Figure 4.5 Graph of freundlich adsorption isotherm at 64°C
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Figure 4.6 Graph of freundlich adsorption isotherm at 72°C
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Figure 4.7 Langmuir Isotherm at 25°C
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Figure 4.8 Langmuir Isotherm at 44° C
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Figure 4.9 Langmuir Isotherm at 55°C
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Figure 4.10 Langmuir Isotherm at 64° C
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Figure 4.11 Langmuir Isotherm at 72° C
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