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CHAPTER ONE INTRODUCTION

1.1. Water Pollution:

Pollution is the process of making langter, air and other parts of
environment unsafe to use. Less than 3% of thervaat&arth is fresh water.
1% of this is ready for human and wildlife use. Tdiker 2% is frozen into
polar ice sheets and glaciers. The remaining 97%anth’s water, including
that in the Earth’s oceans is too salty to drinktse not suitable for drinking
[1]. The problems of removing pollutants from wagiéer are increasing with
rapid industrialization so the effect of these pialhts on marine life and on
public health has invited numerous research aigs/iHeavy metals, dyes, oll
and other salts, which are toxic to many living ldnd organisms, are found
in the wastewater streams of many industrial pseEgssuch as dyeing,
printing, mining and metallurgical engineering,ateplating processes, etc.
[2,3]. Therefore, their removal from wastewaterurgent need and this is
done by application of traditional physicochemiadiemical and biological
principles that divided to coagulation and floctiala, adsorption,
biosorption, electrochemical techniques, etc. nong all these techniques,
adsorption is the most efficient method becauseitofsimplicity, high

efficiency, easy recovery and reusability of theafent [5].
1.2. Dyes.

A lot of manufacturing industries such tastile, paper and plastics
industries using dyes to coloring their productsl also consume great
volumes of process water. Due to this, it generatesnsiderable amount of
colored wastewater and increases the fears about &ffect of water
containing these dissolved pollutants [6]. The dyimdustry effluents contain
high value of Biological Oxygen Demand (BOD) andriéeam Oxygen
Demand (COD) and other toxic materials [7]. It waand that dyes may

leads troubles in water in several ways: (i) Dyaesehsevere and chronic
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CHAPTER ONE INTRODUCTION

effects on organisms depending on the dye condemtrand duration of

exposure to the dyes. (ii) Dyes are very visibld aimple secretion effluents
may cause discoloration is abnormal to the watg)y Qyes ability to

absorb/reflect of the sunlight inside the water rayse negative effects on
the growth and biological activity of bacteria (Wyes have synthetic origin
and complex aromatic molecular structures whichertakm more stable and
more difficult to biodegradation and photodegramiat(v) The presence of
dyes in water causing physical and chemical changamssume dissolved

oxygen from the stream and leads to destructiayaatic life [8,9].

1.3. Classification of Dyes:

dyes that used in the textile industries @assified into three classes;
anionic which include direct, acid and reactive gjyeationic which include
all basic dyes and non-ionic which include dispedges [10].

1.3.1. Classification of dyes depending on the chemical

structure:
1.3.1.1. Azo Chromophore:

Azo dyes (figurgl.l)) synthesis involves two steps; first, diazotizatio
process which is the conversion of an aromatic artona diazo compound.
Second, diazo coupling process which is the reaaifahe diazo compound
with a phenol, naphthol, aromatic amine, or a commglothat has an active

methylene group, to produce the corresponding sedtl].

Figure(1.1): Azo group.

~2 ~



CHAPTER ONE INTRODUCTION

1.3.1.2. Anthraquinone Chromophore:

Less commonly used in the textile, leswiety of colors and
expensive compared with azo dyes. This type of tige® the groups =C=0
and =C-C=, forming an anthraquinone complex [122l@®wn in figure (1.2).

Figure (1.2): Anthraquinone group.

1.3.1.3. I ndigoid Chromophore:

Indigoid dyes (figure(1.3) were produced by processing organic
precursors from plant or animal sources which axpoged to reaction
conditions to yield the final indigoid dye which extensively used to color
denim [13].

HE -I [

Figure (1.3): Indigo.

1.3.1.4. Polymethine and Related Chromophores:

Polymethine dyes are bode well conmals for nonlinear optical
applications, such as optical limiting because strang and broad excited-
state absorption in the visible region [14]. Withivis class of dyes, a number
of arylcarbenium dyes are used in the cationictraéand anionic dyes [15].
Figure (1.4) shows a schematic representation @ftiilaryl carbenium dye

(Malachite green).
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Figure (1.4): Malachite green, a triaryl carbenium dye.

1.3.15. Phthalocyanine Chromophor e

Phthalocyanines figure (1.5) are an exciticgtegory of aromatic
macrocycles with distinctive physical and chemipedperties which make
them appropriate for different advanced technoldike optical limiting,
photodynamic therapy, organic field effect trarmist and organic

photovoltaic devices [16].

|
Figure (1.5): Phthalocyanine.

1.3.1.6. Sulphur Compounds and Sulphur Containing
Chromophores:
Sulphur compounds formed when sulphur istdteaogether with
aromatic compounds. Sulphur dyes are polymers atierocyclic rings and
thiophenolic sulphur [15]. Figure (1.6) represent&dpresumed form of

sulphur dye.

Figure (1.6): The presumed form of Sulphur dye.

~4 ~



CHAPTER ONE INTRODUCTION

1.3.1.7. Metal Complexes and Chromophores:

Metal complex dyes consist of an impartdass of chromophores and
it been widely used in many applications such asléedyeing and coloring
polyamide fibers [17]. The metals that used in ine@mplex dyes are
chromium, copper, iron, cobalt and nickel. The loygt (-OH), carboxy (-
C0O2) and amino groups (-NH-) are the most importaoups that used in
complex formation with the metal ion [15].

1.3.2. Classification of dyes depending on dyes applications
[18,19,20]
Table (1.1): Differentapplications of dyes.
Dyes Applications
Acid Dye Water soluble anionic dyes, applied to fibers like
silk, wool, nylon and modified acrylic fibers.

Basic Dye Water soluble cationic dyes, applied twolvsilk,
cotton and modified acrylic fibers.

Direct Dye Used on cotton, paper, leather, wool, silk and mylo

Mordant Dye This improves the stability of the dye the fiber

such as water, light and perspiration fastness.

Vat Dye These dyes are basically insoluble in water anc not
able to dyeing fibers directly.

Reactive Dye Used to dye cellulosic fibers, woal aglon.

Disperse Dye Insoluble in water, applied to Polyester, polyamide
acetate, acrylic and plastics.

Azoic Dye Insoluble azoic dye which is producecedily onto
or within the fiber.

Developed Dyes Applied to fabric and cellulosic fibers.

Solvent dyes Applied to plastics, gasoline, varmesshacquers,

~ 5~



CHAPTER ONE INTRODUCTION

stains, inks, fats, oils and waxes.

Optical/Fluorescent Applied to leather, cotton and sports goods.

Brighteners

Sulphur Applied to cellulosic fibers, cotton angoa.

Organic pigments Applied to cellulosic, blended fabrics, paper and
cotton.

Oxidation dyes Applied to fabric and cellulosic dis, wool and
silk.

1.4. Adsorption:

Adsorption is a surface phenomenon dessrithe attachment of
particles (ions, atoms, and molecules) upon a ahamgconcentration of a
given substance at the interface as compared hatiméighboring phases and
depending on the types of surfaces that are inaconfdsorption occurs in
the following phases; liquid-gas, Liquid-liquid, lisbliquid and solid-gas
[21]. Adsorbate is the substance that has beemnrlz@$@n a surface such as
dyes and metals, but adsorbent is the surfaceatlsatrbs this substance such
as silica gel, sawdust and porous clays [22]. is pnocess, the molecules or
ions are removed from the aqueous solution by @tisoronto solid surfaces
which are characterized by active and energy-ritds ghat have different
energies (the surface is energetically heteroges)esm the active sites are
able to interact with solutes in the adjacent ageguhase [23]. Adsorption
appears on the surface where it causes to redecéalance of attractive
forces and the surface free energy of the hetesmgensystem [24]. The
adsorption process may include the removal of satutlecules from the bulk
solution or solid surface by a process called gegor [25]. The difference
between absorption and adsorption phenomenon ar¢hth absorption is the

process in which a fluid is dissolved by a liquidaosolid (absorbent) but for
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CHAPTER ONE INTRODUCTION

adsorption process the molecules are fixed at tinlace [26]. Figure (1.7)
illustrates the differences between adsorption @pgbrption. Decreasing in
surface free energyAG) is happening through the adsorption process, and
decreasing in entropyA§) at the surface that the adsorption take place

because of losing the degree of freedom possesdectadsorption [27].

| .J. . l.
. L -

Figure (1.7): Adsorption versus absorption (illustration) [28].

1.4.1. Typesof Adsorption:

The attractive forces that occur in theoaptson process of whether in
gases, liquids, or vapors may be nonspecific weagef hold adsorbate and
adsorbent which is called physical adsorption tamger specific forces hold
adsorbate and adsorbent caused by the chemicak dondation which is
called chemisorption [24, 28]. The physisorptiomwcwhen Van der Waals
forces, electrostatic attraction, and solvent ondgeand hydrophobic force,
are present the process and when the surface leamppamore than one layer,
it is called multimolecular but chemisorption ocaunen chemical bonds or
electron transfer is present and the surface cam @@ only one layer of
adsorbate, the adsorption is called unimolecul&; [0]. For example, at
liquid nitrogen temperature (77 K) nitrogen gaadsorbed physically on iron

~T7 ~
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but at 800 K, the energy very high for physical agson bonds so the
nitrogen is adsorbed chemically to form iron nigidoth chemisorption and
physisorption may be appears in the same time Becaudayer of molecules
can adsorbed physically on the surface of monolaje&hemical adsorption
[31]. Table (1.2) shows the main difference betwekamical and physical

adsorption.

Table (1.2): Differences between chemical and physical adsogi#, 18, 28,
31].

Chemical Adsorption Physical Adsorption
High heat of adsorption (greater thi Low heat of adsorption (adsorption less thar
80 kJ.mot) 40 kJ.mot")
Highly specific Non specific
Monolayer only Monolayer or multilayer because the forces

of this type act over greater distance than
chemisorption.

May involve dissociation. No dissociation of adstispecies.

Possible over a wide range of | Only significant at relatively low temperature
temperature. (below the boiling point of the adsorbate).

Activated, may be slow and Rapid, non-activated, reversible (the adsorbe
irreversible which may lead to a layer can be removed by evacuating or

chemical reaction. warming to moderate temperature).

Electron transfer leading to bond No electrons transfer or shared between
formation between adsorbant anc adsorbate and adsorbent surface although

adsorbate. polarization of sorbate may occur.

Highly selective because it occurs Low selectivednse it takes place on all

~8~



CHAPTER ONE INTRODUCTION

only between certain adsorptive and surfaces if the temperature and pressure
adsorbent species and if the conditions are favorable.
chemically active surface is cleaned

of previously adsorbed molecules.

1.4.2. Mechanism of Adsorption:

Whatever the nature of the forces, atonciis located inside the solid
body is exposed to equal forces in all directionsdiom which lies on solid
surface is exposed to unbalanced forces so thednmal being greater than
the outward forces. Thus all adsorption phenomphgsical or chemical) are
spontaneous and result in a decrease of the fregyenf the system which
results from the product of the surface tensiontardsurface area [30].
Adsorption occurs in three steps [32]:

» First, the adsorbate diffuses from the main bodyth& stream to the
external surface of the adsorbent patrticle.

« Second, the adsorbate moves from the relativelyl srea of the external
surface to the pores within each adsorbent parfidie largest amount of
adsorption appears in these pores because ofrtjeedarface area.

* Final, the contaminant molecule upholds to théaserin the pores.

1.4.3. Adsorption techniquesin dyeremoval:

There are different systems that bind thedmsit and wastewater [33]:
1. Batch contact, are highly effective on a smadtale of operation.
2. Fixed-bed contact, it is effectiveness for astant dye concentration in
contact with the adsorbent at all times.
3. Fluidized bed contact, have a high rate of nteassfer, the operating

conditions is highly critical because of the floates and loading volumes.

~0~
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1.4.4. Application of adsorption process:

Adsorption technology finds extensive apgiens both in research
laboratory and in industry. Some of the importgopleations of adsorption

are given in table (1.3).

Table (1.3): The different applications of adsorption technique

Adsorption is used for heavy metal and dyes rembwoeah

Pollution inorganic effluents fundamental process due to| its
flexibility in design depending on pH adjustmentairbasic
solution [34].

Heterogeneous catalysis includes chemical intenasti
between the surface of a solid and the reactingpgaguid

Catalysis molecules. The catalytic cycle is generally comsistof
adsorption steps, surface reaction processes, esution
steps [35].

Soil is a heterogeneous mixture of several orgamd

inorganic compounds that may significantly effeststhe
Soil Science | herbicide behaviors. The adsorption—desorption \dehaf

a soil-applied herbicide is one of the most imparfactors

governing the environment impacts such as deg@dati

transition, and leaching [36].

~ 10 ~
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Chromatography is a technique that used to separate

Chromatographic identify the components in the mixture. The basingiple

Analysis

Biological

Science

Medicine and

pharmacology

of this technique is that components in the mixtoaye
different tendencies to adsorb onto a surface ssotire in

a solvent [37].

Because of the lower treatment costs with no sesgnd
pollution, biological treatment is one of the most
economical methods compared to other physical anc
chemical processes. It comprises biosorption and
biodegradation in either aerobic or anaerobic mneat
process with microorganisms: bacteria, fungi, yeastd

algae or enzymes [38].

New applications of adsorbed proteins that raising
successful development of pharmacology and medicine
determining the feasibility of novel drugs and doatrol of
drug administrations. The great problem | of
biocompatibility of synthetic materials for medical
purposes is regulation of selective adsorption byids

surfaces mixtures of proteins [21].

~11 ~
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1.4.5. Industrial application of adsor ption:

Adsorption has an important role in thentcol of environmental
pollution and life supporting systems. Such proessse good candidates for
separation and purification because of the higiabgity, energy efficiency,
design flexibility, technological maturity and tladility to regenerating the
exhausted adsorbent [39]. The Industrial applicatiof adsorption are:

1. Separation and purify of liquid and gas mixtutask chemicals, isomers
and air.

2. Drying gases and liquids before uploading themdustrial systems.

3. Remove unwanted materials from liquid and gadiane

4. Retrieval of chemicals from industrial and vgases.

5. Water purification [21].

1.4.6. Factorsthat effect on the adsorption process:

1.4.6.1. Nature of the adsorbent:

Various types of natural materials or wastage been used naturally or
with some modifications as adsorbents becauseenf fiotential adsorption
capacities, strong affinity and high loading capadi34]. The typical
properties of adsorbents that make them good age lsurface area, high
action exchange capacity, chemical and mechanteailisy and a layered
structure [40]. There are other factors that mak&eents more effectively
such as freely available, inexpensive and non-lazer in nature, high
contents of carbon or oxygen in the adsorbent, hlglasion resistance, high

thermal stability and small pore diameters [22].

1.4.6.2. Nature of the adsorbate:
The chemical properties (functional grqupse the main factor that

effect on adsorption equilibrium. The adsorptiorepbmenon of adsorbate

~ 12 ~



CHAPTER ONE INTRODUCTION

depends on the differences between their chemicgdepties, structure and
interactions with the surface of adsorbent. The tgpd location of the active
groups have a significant impact on the adsorptegracity [41].

1.4.6.3. Effect of solvent:

The distribution of an organic solute bedw sorbent and solvent phases
results from its relative rapprochement for eachseh which is related to the
nature of forces between molecules of the soluté soivent and sorbent
phases. The type of interaction depends on therenabfi the sorbent,
hydrophobic, polar and physico-chemical charadiersf the sorbate [42].
The solvent can play an important role in a cai@lgystem, hydrogenation
reactions, polarity and its acid—base propertidse Folvent that used in
hydrogenation reactions can be of use to diffefemttions such as dissolving
reactants and products, controlling the reactida esnd any exothermicity,
and determine specific solvent—solute interactitred favor a higher rate
and/or selectivity [43].

1.4.6.4. Effect of pH:

The particle size, surface charge, and kedge positions are strongly
influenced by pH. The positive surface charge igeeted at lower pH and
negative surface charge is predicted at higher @ldes [44]. The adsorption
of such adsorbates is strongly influenced by tloegpr activity in the aqueous
solution which is known as pH and it is influencedy the
protonation/deprotonation of the adsorbate andctimnge of the surface
charge of the adsorbent. Under certain conditiohshe surface charge
density is low, the influence of the pH value oa #dsorbate properties must
considered, and the adsorption that depend on pHbeadescribed by a
simplified multisolute adsorption approach [23].

~13 ~
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1.4.6.5. Effect of temperature:

The endothermic adsorption occur when the adsorptapacity
increase with increasing the temperature whichdedadincrease the kinetic
energy for adsorbing molecules on the adsorbefd®eif45]. The decrease in
the adsorption capacity with the rise in tempetmay be attributed to the
weakening of the adsorptive forces between thevadiites of the adsorbent
and adsorbate and the process called exothermiorpas [46].
Thermodynamic parameters such as changes in fiegyeMGe), enthalpy
(AH°) and entropy AS°) have been calculated at all temperatures to expla

the characteristics of adsorption process [47].

1.4.6.6. Effect of ionic strength:

The relationship between ionic strength #readsorption reactions on
adsorbent surface is highly dependent upon the coemd adsorbed [48]. If
the adsorbate is in an ionic form, increasing aidstrength lead to increase
adsorbate solubility. However, Low adsorption psscenight be expected
unless, there are similar ions, which cause thenvmmion effect reducing the
adsorbate solubility and increase its adsorptién $0].

If the adsorbent is a nonionic form, the ionic syt may lead to the
occurrence of salting out process that decreasesdinbility and increase the
adsorption process [51].

1.4.6.7. Effect of surfacearea:

The pore size, pore shape and porecdiaemistry of adsorbent play
an important role for selective and/or enhanced okah of specific
contaminants. For adsorbing contaminants, the ptisarcapacity was higher
for higher surface area materials which have lapme size due to larger

pore volumes [52].

~14 ~
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1.5. Adsorption | sotherm:

The adsorption isotherms are classifiecbabog to the adsorption of
solutes in dilute solution, which relates their radwderistic shapes to
parameters of the solvent and any second solutereTare four classes of
adsorption isotherm (S, L, H and C) as shown iargg(1.8) are accounted for
by differences in relative magnitude of the actmatenergies adsorption of
solutes and solvent except (C) isotherm is expthibg penetration of
substrata micro pores by solute with or withoutvent, whereby new

adsorption sites are opened up [53].

Figure (1.8): Adsorption Isotherm as in Giles Classification.

Different isotherms were observed and classified@migs and Co-workers
according to the nature of slope of the initial tor of the curve, the main

classes are [54,55]:

~ 15 ~



CHAPTER ONE INTRODUCTION

1. SCurves:. refers to the vertical orientation of adsorbed enales at the
surface, there is strong intermolecular attractuithin the adsorbed layer,
and the adsorbate is monofunctional.

2. L-Curves: the normal or “Langmuir” isotherms, usually illesties the
molecules adsorbed flat on the surface, or, sonestinof vertically
oriented adsorbed ions with particularly strongpiniolecular attraction, a
monolayer adsorption is formed.

3. H-Curves: (high affinity as in the case of high molecular g
compounds like: proteins and polymer), often gibsgrsolutes adsorbed as
ionic micelles and high-affinity ions exchangingthvilow affinity ions,
this isotherm can be observed even if the solusaery dilute.

4. C-Curves. (constant partition), linear curves, given by sedu that

penetrate into the solid more readily than doestheent.

1.6. Theoriesof Adsorption:
1.6.1. TheLangmuir Adsorption |sother m:

Irving Langmuir was given the Nobel [rian 1932 for his
investigations concerning surface chemistry. Acowydto Langmuir's
isotherm of the adsorption of adsorbate onto a@gsdrsurface, the adsorption
was described by three assumptions [56]:

1. The adsorbent surface is in contact with a satutiontaining an adsorbate
which is strongly attracted to the surface.

2. The surface has a given number of sites wheredhge molecules can be
adsorbed. Each site can contract only one adsonhalecule and all sites are
equivalent and no interaction between adsorbedculds [56,57]

3. The adsorption involves the attachment of only @yer of adsorbate to
the adsorbent surface (monolayer adsorption) sd.damgmuir Isotherm best

describes chemisorption processes.

~ 16 ~
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The Langmuir isotherm model is shown as [58]:

Ce/de = (L/(K.. Onax) + (1/Chax) Cer-------- (1)

Ce. equilibrium concentration of adsorbate in solutadter adsorption (mg/L).
Je. amount of adsorbate adsorbed per unit weight séd@nt at equilibrium
(mg/g).

Omax: Maximum monolayer adsorption capacity (mg/qg).

k.: Langmuir constant (L/mg).

To estimate the process favorability, the dimensssseparation factor,,

was determined by:
R.=1/(1+k ) --mmmmm- (2)

WhereR, is the equilibrium parameter or separation faatgis the highest

initial concentration. Th&, indicates the biosorption to be [59]:

Unfavourable R >1

Linear R =1

Irreversible R =0
Favourable O<R <1

1.6.2.  Freundlich Adsorption | sotherm:

Herbert Max Finley Freundlich, a Germamygcal chemist which
presented an empirical adsorption isotherm for ideat sorption on
heterogeneous surfaces and multilayer sorption [6Q]909, Freundlich gave
a practical expression explaining the isothermaitrest of adsorption of a
quantity of atoms adsorbed by unit mass of solgbdaknt with pressure [58].
It is the most significant multi-site sorption ieetm for heterogeneous
surfaces. Despite the model originates from emgdiegpressions, it has also
been derived by assuming an exponential decay gmisgibution function
[57].

~ 17 ~



CHAPTER ONE INTRODUCTION

The basic assumption of Freundlich isathey that if the concentration
of the solute in the solution at equilibrium,veas raised to the power 1/n, the
amount of solute adsorbed being qe, théfigewas a constant at an assumed
temperature. This model widely used but it doesprovide information on
the monolayer biosorption capacity and it assunetther homogeneous site
energies nor limited levels of sorption [61]. TrenAinear form of Freundlich
equation expressed as follows:

O = K G/ —mmmmmmmee (3) (non-linear form)
Je. amount of adsorbate adsorbed per unit weight sédent at equilibrium
(mg/q).
Ce. equilibrium concentration of adsorbate in solutafter adsorption (mg/L).
n: adsorption capacity
Here,K; (mg/g) andl/n are Freundlich constants (indicators of the sompti
capacity and intensity, respectively). Taking lagsl rearranging of Eq. (3), it
can give the linear form of Freundlich model whestpressed as:

log ¢ = log K + 1/n log G--------- 4)

The constant&; and 1/n can be calculated from the intercept and slope of

this linear equation, respectively.

1.6.3.  Dubinin-Radushkevich Adsor ption I sotherm:

This isotherm was used to assessment ttusipo of the adsorbent and
the energy of adsorption [62]. The D-R isotherm tiyaspplied to explain the
adsorption mechanism with a Gaussian energy disiolb onto the
heterogeneous surface of the adsorbent and appdiedifferentiate the
physical and chemical adsorption of metal ions .[6Bhis model has
successfully fitted on high solute activities arnk tintermediate range of
concentrations [64].

LN Oe = LN Gpax — B &= (5)
& = RT Ln (1+1/¢) ------------ (6)
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Je. amount of adsorbate in the adsorbent at equihinfiog/g)

Jmax: theoretical isotherm saturation capacity (mg/qg)

B: Dubinin—Radushkevich isotherm constant (ithdf)

€. is the Polanyi potential

R: is the gas constant (8.314 J/mol K)

T: is the absolute temperature

Ce. IS the concentration of adsorbate at equilibriimet

The constanp gives the mean free ener§yof adsorption per mole of the

adsorbate when it is adsorbed on the surface afdhe [63].

1.7. Thermodynamics of Adsor ption:

The temperature in adsorption process isef@al to define the
thermodynamic parameters such as standard Gibésefrergy changaGe,
standard enthalpy changeH-, and standard entropy chang&- [65]. The
adsorption process is endothermic whd#>0 but if AH<O, the process is
exothermic. Through the values Af5, is to know whether the interaction
spontaneous or non-spontaneous [66]. The positilte\vofAS’ resulted from
the increased in randomness and the negative xeduéied from decreased in
randomness [67]. In aqueous phase, the temperaaydave an effect on the
adsorbate solubility, which effects on the adsorptinteraction. If the
adsorbate solubility increases with increase tmep@rature, the adsorbed
amount decreases. Furthermore, if the adsorbatgbibtyl decreases at
increasingly high temperature, then adsorptionraugon and solubility
become competitive [68]. From Van’t Hoff equatiencalculated the standard
enthalpy chang@dH® and standard entropy chang®&- of adsorption as it is

shown in the following formula:
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Ln K = (- AH/RT) + (AS/R) --==-==-- (8)
Where,
K: equilibrium constant.
R: gas constant
T: temperature (K)

TheK value was determined by this formula:

Where,
Je: the amount adsorbed at equilibrium.
Ce. the equilibrium concentratiaof the solution.
The values oAH- andAS- produced from the slope and intercept of a plot of
InK against 1000/T [65].
The change in free energy can be calculated frenfiaimula below [67]:
AG =AH — TAS--------- (10)

1.8. Adsorption Kinetics:
To discuss the kinetic mechanism of theogutgon system, pseudo-first-
order, pseudo-second-order and diffusion intraglartnodels are used to fit

the experimental data.

1.8.1. Pseudo-First Order Model:

In 1898, Lagergren presented a first-ordée equation to describe the
kinetics of liquid-solid phase adsorption, basedhmadsorption capacity and
it is widely used in recent years to describe ttigogption of pollutants from
wastewater in different fields [69]. Lagergren pdedirst order kinetic model
Is mathematically expressed by the formula belody:[7

da/dt =k (Qe — ¢f)--—------ (10)
ed. (10)xan be linearly presented as shown below:
Log (g —¢) = Log ¢ — kit/ 2.303 ------- (11)
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Je. amounts adsorbed at equilibrium (mg/qg).

g:: amounts adsorbed at time (min).

ki: is the adsorption rate constant of pseudo-firdepkinetic model (1/min).
The kinetic parameters of this model was calculdtedh the slope and

intercept of the linear plots of logd —qt) versug [71].

1.8.2.  Pseudo-Second Order Moded:

It is assumed that the adsorption capasipyroportional to the number of
active sites occupied on the adsorbent and thei&iree law can be written
as follows [72]:

dat/dt =k (Ge— q) ---------- (12)
Where k: is the rate constant of sorption (g/mg min).
The rearrangement of the equation gives:
dagt/(a-0 )* = k dt -------- (13)
Integrating this for the boundary conditions t=0t#b and qt=0 to gt=qt, the
result is:
1/ —q=1/¢ + kot--------- (14)
That is the integrated rate law for a pseudo-secund@r reaction and the
rearrangement of the equation gives:
t/qg=1/h + /g t -------- (15)
Where h can be regarded as the initial sorption rat
The constants of pseudo second order model caalb@ated by plotting t/qt

against t.

1.8.3. Intra-Particle Diffuson Modd:
Other kinetic models have been appliedheadsorption process such as
intra-particle-diffusion model by Weber and Mornghich can be described

as follow [73]:
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G = kot +C —-memeev (16)

Where,

g:: amount of adsorbed at any time (mg/qg).

kp: is the diffusion constant (mg/g mif).

t¥2 is the square root of the time (i

C.: is the thickness of boundary layer.

The constantskand C can be evaluated from the slope of thelipkes of g
versus Y2 If the plot passes out of the origin, then irpeaticle diffusion is
the rate controlling step [74] but best fit straighes that do not pass through
the origin which indicate that there is an initimlundary layer resistance. The
plot of g against t? should be a straight line when the adsorption mE®ce

follows the intra-particle diffusion process [65].

1.9. Adsorbate:

1.9.1. Bromothymol BlueBTB :

Bromothymol blue (BTB)ma=591nm, a triphenylmethane dye
(3’, 3"-Dibromothymolsulfonphthalein), is a pH imditor applied in
physiological tissue for following the interactiar lipid with protein. It is
widely used in biomedical, biological and chemieabineering applications.
There are varieties of uses for BTB such as; usatktermine cell walls or
nuclei under the microscope, for the assessmenesmuation of the pH of
pools and fish tanks and to determination of caidbanid existences in liquid
[75,76]. Table (1.4) represents the chemical angsighl properties of
Bromothymol Blue dye.

Table (1.4): The chemical and physical properties of BTB dye.

Chemical formula Cy7/H5gBr.0OsS
Molar mass 624.38 g.mot
lmax 591 nm
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Melting point 202C

Solubility in water Sparingly soluble in water

pH = bluish green

pH indicator pH> 7 yellow
pH < 7 Blue

1.9.2. Malachite Green oxalate M Gox:

Malachite  Green oxalate (MGOX), na=621nm,  ([4-[[4-
(dimethylamino) phenyl]-phenylmethylidene] cyclolae®,5-dien-1-ylidene]-
dimethylazanium;2-hydroxy-2-oxoacetate; oxalic acid), has been used
significantly in aquaculture as a parasiticide andood, health, textile, also
used extensively for dyeing silk, wool, jute, leath cotton and other
industries. It belongs to group of tripenylmethashges. MGox is highly
cytotoxic to mammalian cells and also acts asexr liumor-enhancing agent.
Several passively affect from the consumption & tlye because of their
carcinogenic, genotoxic, mutagenic and teratoggnicoperties [46, 77]. The
chemical and physical properties of Malachite Greewlate dye were

presented in table (1.5).

Table (1.5): The chemical and physical properties of MGox dye.

Chemical formula Cs,Hs54N4O12
Molar mass 927.00476 g.mol
Amax 621 nm

M elting point 159C
Solubility Soluble in water and
alcohol
Green liquid
pH indicator 0 yellow to 2.0 green
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11.6 yellow to 14.0
colorless

1.10. Adsorbent:

There are typical requirements for the g@mborbent such as high
porosity, high internal surface, high adsorptioficegncy in wide range of
adsorbate concentrations, thermal stability unggfiby a cyclic regeneration

and low cost [39].

1.10.1. Sawdust:

Sawdust is a solid waste/by product gendratehuge quantities at
saw mills, usually used for its environmental fdgnbehavior, availability
in nature and the low cost. Untreated sawdust ligelg Consists of
cellulose pectin; hemi-cellulose, lignin, etc an@ny hydroxyl groups;
such as tannins or other phenolic compounds. It lmarutilized as an
efficient and cost effective bio-adsorbent for remg dyes from

wastewater [6,78].

1.10.2. Modification of sawdust with polyaniline:

Polyaniline (PANI) is a poly aromatic aminthat synthesized
chemically from bronsted acidic aqueous solutiamd iais considered one of
the most potentially useful conducting polymers]]7Polyaniline (PANI)
exists in different forms that vary in chemical gpigysical properties [80].
The chemical polymerization of aniline in aqueousli@ by using oxidizing

Agents, such as (NjS;05 can explain as shown in figure (1.9).
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T
- om B

Figure (1.9): The formation of polyaniline in acidic media.

The oxidation process is companied byitisertion of anions of acid
electrolyte to maintain the charge neutrality a fimal polymer product [79].
The protonation and deprotonation and various optmsical and chemical
properties of PANI can be due to the presenceefiH- group. Green and
Woodhead were the first to describe PANI as a clianiline molecules
coupled head-to-tail at the para position of thenwtic ring [81]. The
oxidation of monomeric aniline leads to stable pmdys in at least three
oxidation states can be readily converted to onath&n by simple redox
methods as shown in figure (1.10) [82].

.II II. I.-

Figure (1.10): Various possible oxidation states of polyaniline.

Recently been using polymers such as poly@nih water purification
due to the increasing adsorption capacity of satvdndg because of their
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electrical conductivity and electro negativity ahtdave an advantages of less
sludge generation and effective in both batch aoldnen mode systems
[83,84].

1.11.Literature Review:

Hanafiahl et al [85] Studied the acid blue 25 adsorption on base treated
Shorea dasyphylla sawdust. The potential of bassetd Shorea dasyphylla
(BTSD) sawdust for Acid Blue 25 (AB 25) adsorptisas investigated in a
batch adsorption process. Various physiochemicahmpeters such as pH,
stirring rate, dosage, concentration, contact tiamel temperature were
studied. The adsorbent was characterized with Epuransform infrared
spectrophotometer, scanning electron microscopeBandauer, Emmett and
Teller analysis. The optimum conditions for AB 28sarption were pH 2,
stirring rate 500 r/min, adsorbent dosage 0.10dycamtact time 60 min. The
pseudo second-order model showed the best confotmithe kinetic data.
The equilibrium adsorption of AB 25 was describeg FEreundlich and
Langmuir, with the latter found to agree well witie isotherm model. The
maximum monolayer adsorption capacity of BTSD wéas82 mg/g at 300 K,
estimated from the Langmuir model. Thermodynamicapeters such as
Gibbs free energy, enthalpy and entropy were détean It was found that
AB 25 adsorption was spontaneous and exothermic.

Badu et al [86] studied the evaluation of adsorption of textile <i{py wood
Sawdust. Dyes are usually present in trace quesiiti the treated effluents of
many industries. The effectiveness of adsorptiordfe removal from waste
waters has made it an ideal alternative to othpemesive treatment methods.
This study investigates sorption properties of ®eat grandis, Ceiba
pentandra and Terminalia superba sawdust for teerption of Vat Yellow-
4, Vat Red-1 and Natural dyes in water bodies. fehlyparameters of the

wood sawdust and textile dye such as pH and meistantent were
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determined. The dye removal capacities of the uaneood species were also
calculated. The pH of the dyes and wood sawdust ranged from 5.93 to 9.47;
and 5.06 to 8.59 respectively. The moisture cor@ntalso ranged from 3.00
to 4.00 with an average of 3.50. The dye removedgreage (%) by Tectona
grandis, Ceiba pentandra and Terminalia superbadwsawdust were
respectively found to range from 18.39 to 44.484%0 46.65 and 12.66 to
63.56 for the adsorption of the various dye sampkesd. Adsorption of the
textile dyes unto the selected Ghanaian wood savedudormed to the Type
| isotherm according to the classification by IUPAThe Freundlich model
showed a better fit for the experimental data amalcc be attributed to the
heterogeneous surface energies and exponentiabdigin of active sites
which are characteristic of such cellulosic materia

Kyzas et al [87] Studied the Green Adsorbents for Wastewaters. @nieeo
most serious environmental problems is the exigtaidiazardous and toxic
pollutants in industrial wastewaters. The majordnamce is the simultaneous
existence of many/different types of pollutantyiaslyes; (i) heavy metals;
(iif) phenols; (iv) pesticides and (v) pharmaceaisc Adsorption is considered
to be one of the most promising techniques for ewaater treatment over the
last decades. The economic crisis of the 2000gdsdarchers to turn their
interest in adsorbent materials with lower costthis review article, a new
term will be introduced, which is called “green agtion”. Under this term,
it is meant the low-cost materials originated frdiagricultural sources and
by-products (fruits, vegetables, foods); (ii) aghuaral residues and wastes;
(i) low-cost sources from which most complex adbe@mnts will be produced
(i.e.,, activated carbons after pyrolysis of agricultuisaurces). These “green
adsorbents” are expected to be inferior (regarthieg adsorption capacity) to
the super-adsorbents of previous literature (cormphaterials as modified
chitosans, activated carbons, structurally-compieorganic composite

materials etc.), but their cost-potential makesnttewmpetitive. This review
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Is a critical approach to green adsorption, disogssiany different (maybe in
some occasions doubtful) topics such as: (i) adisorgapacity; (i) kinetic
modeling (given the ultimate target to scale uplhteh experimental data to
fixed-bed column calculations for designing/optimg commercial
processes) and (iii) critical techno-economic daffa green adsorption
processes in order to scale-up experiments (fron tta industry) with
economic analysis and perspectives of the useesingadsorbents.

Agalya et al [88] Studied the kinetics, equilibrium on removal ohimdyes
using a novel non-conventional activated carbore f@asibility of activated

carbon prepared from Euphorbia Tirucalli wood ust&O, for the removal

of Malachite Green (Cationic) and Direct Blue (Ami dyes was
investigated. The effects of initial dye concentrat contact time, pH and
temperature onto ETAC were studied. Equilibriumtheoms and kinetics
were investigated and the experimental data fiited with the Langmuir
model. The maximum monolayer adsorption capactafedSTAC were found
to be 181.81 mg/g and 138.88 mg/g for MG and Dpeesvely. The kinetic
data obtained were analyzed using pseudo-firstromeudo-second order
and intra particle diffusion models. Thermodynanparameters were
evaluated and suggesting the spontaneous and enchath nature of
physisorption. Activation energy for the adsorptioh MG and DB were
12.1402 kJ/mole and 28.8484 kJ/mole.

Gong et al [89 Studied the functionalization of sawdust with meodium
glutamate for enhancing malachite green removabaap In this paper,
waste sawdust was functionalized by monosodiumagiate for improving
its cationic sorption capacity. The functionalizedwdust (FS) and crude
sawdust (CS) were compared for their malachite gr@dG) sorption
behaviors with a batch system. The effects of waricexperimental
parameters (e.g. initial pH, sorbent dose, dye @otnation, contact time, and
temperature etc.) were investigated and the sarptionetic and
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thermodynamic characteristics were understood. Niieremoval ratios on
FS and on CS increased with increasing initial ptdl @ame up to the
maximum value beyond pH 6 for FS and pH 8 for @Spectively. The ratio
of sorbed MG kept above 95% for 250 mg/l of MG #olu when 2.0 g/l or
more of FS was used. The MG removal percentagesdsed more on CS
than on FS with increasing initial MG concentratidime isothermal data of
MG sorbed on FS and on CS followed the Langmuir ehodBy
functionalizing, the sorption capacity (Qm) of sastfor MG was increased
from 85.47 to 196.08 mg/g and the sorption equdior time of MG was
shortened from 23 to 4.5 h. The MG sorption proegssn FS and on CS
followed the pseudo-second-order rate kinetics. 3dmptions of MG on FS
and on CS were spontaneous and exothermic processds lower
temperatures were favorable for the sorption pisees

Baser| et al [90] Studied the application of Polyaniline Nano Conigoor
the Adsorption of Acid Dye from Aqueous Solutions. this research,
Polyaniline coated sawdust (Polyaniline nano com@pwas synthesized via
direct chemical polymerization and used as an deésorfor the removal of
acid dye (Acid Violet 49) from aqueous solutionsheTeffect of some
important parameters such as pH, initial conceptrabf dye, contact time
and temperature on the removal efficiency was inyated in batch
adsorption system. The adsorption capacity of PAGS high (96.84 %) at a
pH of 3-4. The experimental data fitted well foepdo second order model.
Langmuir model is more appropriate to explain theure of adsorption with
high correlation coefficient. The Energy of actieat from Arrhenius plot
suggested that the adsorption of AV49 onto PAC Ive® physisorption
mechanism.

Patil et al [91] Studied the adsorption of malachite green by polye—
nickel ferrite magnetic nanocomposite. This workldevith the development
of an efficient method for the removal of a MG (adlite green) dye from
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aqueous solution using polyaniline (PANI) — Nickirrite (NiFeOy)
magnetic hanocomposite. It is successfully syn#eesin situ through self-
polymerization of monomer aniline. Adsorptive rerabgtudies are carried
out for water soluble MG dye using PANI-Nickel fegr magnetic
nanocomposite in aqueous solution. Different patarselike dose of
adsorbent, contact time, different initial conmdgH have been studied to
optimize reaction condition. It is concluded thatsarptive removal by
PANI-Nickel ferrite magnetic nanocomposite is aricefnt method for
removing a MG dye from aqueous solution than wodked before. The
optimum conditions for the removal of the dye améal concentration 30 mg
I-1, adsorbent dose 5gm I|-1 and pH 7. The adsormapacity is found 4.09
mg g-1 at optimum condition 30 mg.|

The adsorption followed pseudo-second-order kisetithe experimental
isotherm is found to fit with Langmuir equation. €llprepared adsorbent is
characterised by techniques SEM, EDS, XRD and VSM.

Baskaran et al [92] Reported the adsorption of Malachite Green Dyéady
Activated Carbon. The ability of zea mays dust oarto remove malachite
green from aqueous solutions has been studied iffereht adsorbate
concentrations by varying the amount of adsorb&mperature, pH and
shaking time. Thermodynamic parameters suchky AS° andAG°®, were
calculated from the slope and intercept of thedimelots. Analysis of
adsorption results obtained at 303, 313, 323 arftl B3showed that the
adsorption pattern on zea mays dust carbon seefobaw the Langmuir and
Freundlich. The numerical values of sorption freergy indicate physical
adsorption. The kinetic data indicated an intraiplar diffusion process with
sorption being first order. The concentration oflanhite green oxalate was
measured before and after adsorption by using $ibM spectrophotometer.
Khattria et al [93] Studied the Removal of malachite green from dye
wastewater using neem sawdust by adsorption. Nesvdust (Azadirachta
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indica) was used as an adsorbent for the remowvalatdchite green dye from
an agueous solution. The studies were carried magruvarious experimental
conditions such as agitation time, dye concentnatalsorption dose, pH and
temperature to assess the potentiality of neem wstwidr the removal of
malachite green dye from wastewater. A greatergmeage of dye removal
was observed with decrease in the initial concéotraf dye and increase in
amount of adsorbent. The adsorption of dye on nesanwdust was found to
follow a gradual process. Equilibrium isotherms evemnalyzed by the
Langmuir models of adsorption and were applicablgh wmaximum
monolayer adsorption capacity of 4.354mgdhe dimensionless factor, RL
of the malachite green, neem sawdust isotherm keddhat the adsorption
process is favourable in nature.

Karadag et al [94] Investigated the removal of some cationic dyes from
agqueous solutions by acrylamide/itaconic acid hgdis Acrylamide/itaconic
acid (AAm/IA) hydrogels prepared by irradiating itadiating were used in
experiments on the uptake of some cationic dyel aadasic red 5 (BR-5),
basic violet 3 (BV-3) and brilliant cresyl blue (B The removal of the
cationic dyes to AAm/IA hyrogels is studied by ba@dsorption technique.
In the experiments of the adsorption, L3 type (Lang) adsorption in Giles
classification system was found. Adsorption studiecated that monolayer
coverages of AAm/IA hydrogel by these dyes wereaased with following
order; BCB > BR-5 >BV-3.

Kumar et al [95] Reported the removal of Malachite Green and Crystal
Violet Dyes from Aqueous Solution with Bio-MatesaMalachite Green and
Crystal violet are among millions of dyes which d&eing used in every
aspect of day to day life of a human being. Apprately 12% of synthetic
dyes are lost during manufacturing and processpegations and 20% of the
resultant color enters the environment throughueffts from industrial

wastewater. They are toxic and having extremelymiidr consequences;
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hence many governmental and environmental ageheiss put in place very
strict regulation and restriction on dischargenofustrial waste water/effluent
containing dyes into the natural water bodies. &hee various techniques
available for removal of dyes from waste water &dsgorption is the process
of choice. Activated carbon is the best known dosor. But its use in
treating the industrial waste water especially evealoping countries is
restricted due to very high cost. This high cosadivated carbon has forced
the researchers to find out low cost and effecadsorbent which may be
used as an efficient alternative of activated carbo this paper an attempt
has been made to compile the work of various rebeas on removal of
crystal violet and malachite green dyes from ageesalution by using

biomaterials and agricultural waste during the fiast years.

1.12. Theaim of this study:

The aim of the present study is to remoeedyes from aqueous solution
by using available and cheap adsorbent such as USawtid modified by
using polyaniline. Therefore, the scope of the gmésvork will involve the
following steps:

1. Using natural, available, cheap and environmeeftifily adsorbent
(Sawdust) to remove BTB and MGox dyes from aqueoligions.

2. Modifing the SD by polyaniline to promote the aga@mn capacity of
the adsorbent in the removal of BTB (anionic) anGdk (cationic)
dyes.

3. The morphology of the surfaces of each of sawdust modified
sawdust were described by using scanning electrorostopy (SEM),
atomic force microscopy (AFM), infrared spectrosgqiTIR) and

Nitrogen sorption.
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. Determining the effect of contact time, adsorbedise, temperature
and changing the function of the acidic solutiontba adsorption of
BTB and MGox on the surface of SD and SD/PANI byhgsbatch
adsorption methods.

. Studying various isotherms (Langmuir, Freundlichd aBubinin-
Radushkevich isotherm) to illustrate the naturethed adsorption of
BTB and MGox dyes on the surface of SD and SD/PANI.

. Determining the Thermodynamic parametexsi{, ASC andAG®) for
adsorption process of both dyes on the surfaceDofagd SD/PANI
composite.

. Studying the adsorption kinetic models (pseudd-fosder, second
order and Intraparticle diffusion model) to deserithe adsorption
process of BTB and MGox dyes on the surfaces ofa8&® SD/PANI

depending on the adsorption capacity.
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2.1. The Adsor bent:

The adsorbent that used is sawdust which lmamobtained from any
carpentry wood shop. The type of wood uset@lidstonaSa,;. It is low cost and
availability in nature and it is possible to usavithout any modification. First

we used the untreated sawdust and then the moddmsdust by polyaniline.

2.1.1. Preparation of sawdust:

Sawdust was cleaned and washed severas twith normal tap water
followed by distilled water to remove adhered dpstticles. The cleaned
material was kept in an oven for 24hr at 110°C. t@ned mass was then
crushed and sieved. The size of the particles isn7and less [6]. The cleaned

sawdust is ready to use.

2.1.2. Preparation of sawdust coated polyaniline:

To prepare the Sawdust coated polyaniline (SD/PABIOg of sawdust
(size 7 & less) immersed in 100 mL of 0.20 M freshly dlstl aniline in 1M
HCI solution for 12 hrs before polymerization. Thecess of the monomer
solution was removed by simple decantation and #imut 50 mL of oxidant
solution (5g ammonium persulphate (N$,0g) in 50ml distilled water) was
gradually added into the mixture, and leave thetrea to continue for 5 hrs at
298K. Sawdust coated polyaniline (SD/PANI) wasef#td, washed with
distilled water, then dried at temperature abod€gn an oven) and crush and

sieved (Sieve size is {Bn) before use it [84].
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5

Sawdust coated polyanili Treated Sawdust Raw Sawdust

Figure (2.1): Sawdust in different statt

2.2. The Adsorbates:
2.2.1. Bromothymol Blue BTB:

A triphenylmethane dy¢3’, 3"-Dibromothymolsulfonphthalei, Anionic
dye fromPolymethine typ as shown in figure (2.83ndAmax=591nm.

Figure (2.2): Chemical structure of BTB d.
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2.2.2. Malachite Green oxalate M Gox:

MATERIALS & METHODS

([4-[[4-(dimethylamino) phenyl]-phenylmeglidene] cyclohexa-2, 5-

dien-1-ylidene]-dimethylazanium oxalate, Cationye drom Polymethine type

as shown in figure (2.3) ang,=621nm.

Figure (2.3): Chemical structure of MGox dye.

2.3. Chemicals:

The chemicals that used in this work were listethbie (2.1):

Table (2.1): The chemicals that used in the work.

No. Material Molar Mass
(g.mol™)

1 Hydrochloric acid 36.46
(HCL)

2 Sodium hydroxide 40
(NaOH)

3 Sodium chloride 58.44
(NaCL)
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4 Bromothymol Blue 624.38 99.5 RAL
(C27Hngr2058)
5 Malachite Green 927.00476 99.5 SPI-chemicals

oxalate (G2Hs54N4012)

6 Aniline 93.13 99.9 Hi Media Leading Bio
Sciences
7 Ammonium
persulphate 228.18 98.5 Reach center
((NH4)25,0g)
8 distilled water 18 High degree Lab.College of
(H20) of purity Science Al.Nahrain
University

2.4. | nstruments:

Table (2.2) illustrates the list of instremts used in this project work,

their manufacturers, models, functions and theeptddhe instruments.

Table (2.2): List of instruments that used in this project.

No.  Instrument M odel Function Place Of
I nstrument
1 Vacum oven Gallen Kamp For drying the Lab.College of
samples Science Al.Nahrain
University
2 | Electronic balance METTLER Weight =
AE260Delta Range measurement
3 Hot plate with IKAMAG®REO To stir the solution of =
magnetic stirrer the sample
4 pH-meter BP3001JiTrans | Measurement of pH =
instruments

5 | Thermostat shakel JEIOTECH (BS-11) Shaking of conical =
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water bath
6 Centrifuge HERMLE Z
200A
7 UV-Visible Shimadzu.PC
1650 Double
Beam
8 Fourior transform SHIMADZU (IR

Infrared PRESTIGE 21)
Spectroscopy
(FTIR)
9 Scanning Electron  Inspect S 50 FEI
Microscope (SEM) company
10 Atomic Force SPM-AA
Microscope (AFM) 3000,Advanced

Angestrum Inc.
Micromeritics
ASAP2020
V3.04G analyzer
(micromeritics,
Inc,USA

11 Gas Adsorption

analysis

2.5. Deter mination of Amax:

flasks containing
samples
Separation of
adsorbent
from solution
absorbance

measurements

To determine the
organic functional
groups present in
the samples
For studying the
morphology of the
samples

To determine the

Laboratory of Ibn-
Sina

Scientific Company.

College of science,

ALNahrain University

College of Science.

nano average particle Baghdad University

size of the samples.

To determine the

surface area, pore

volume and Porosity

(%).

Petroleum Research
and Development

Center in Iraqg.

A sample of 50 ppm solution of BTB or MGox dwas taken and a UV-

VIS absorption spectrum was measured, they shoviatha at 591 & 621 nm

respectively as shown in figure (2.4).
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Figure (2.4): UV-Visible Absorption Spectrum for both dyes & ppm

solution.

2.6. Preparations of stock solution:

A solution of 50 ppm of both dyes solut@s shown in figure (2.5) was
prepared by dissolving 0.05g of dyes in distilledtev in 1000ml volumetric
flask and several concentrations were prepared fr@mnstock solution by a
subsequent dilution (for BTB: 2, 5, 10, 15, 20, a@bd 30, & for MGox: 2, 5,
10, 15, 20, 25, 30, 35, and 40) ppm.

Figure (2.5): The stock solution of both dyes (BTB & MGox) arahe dilute
solutions of MGox.
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2.7. Calibration Curve:

The calibration curves were accomplished by meagurihe
absorbance of solutions that diluted from stocld (@@ all dilution solutions
at different pH) of BTB and MGox dyes at 591 and 6fn, respectively.
Figure (2.6) represent the pH-meter devise thall useneasurement the pH
of solutions. Figures (2.7) & (2.8) show the plajt of absorbance vs.

concentration for both dyes.

J—-
& Ll

Figure (2.6): The pH meter device.
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Figure (2.7): The calibration curvesf BTB dye at different pt
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4 (3.5-4)
3 .
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MATERIALS & METHODS
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3 .
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"
CE
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Figure (2.8): The calibration curvesf MGox dye at different pt
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2.8. Deter mination several conditions on adsor ption process:
2.8.1. Contact time;

To determine the equilibrium time for thaésorption process, a 0.03 g
of SD was added into the conical flasks (contairf@gnL of 30 ppm of dye
solution) at room temperature and original pH's (8:8-4) and for specific
periods of time (5, 10, 15, 20, 25, 30, 35, and Mibutes) by using
thermostat shaker water bath and centrifuge dewaseshown in figures
(2.9) and (2.10), respectively. The time neededctéxh the equilibrium was
15 and 20 minutes for BTB and MGox respectively.

! S _.'-

Figure (2.9): Thermostat shaker water bath.
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Figure (2.10): Centrifuge.
2.8.2. Adsor bent dose:

To determine the suitable amount of sawdtrst, quantities (0.005,
0.007, 0.01, 0.015, 0.02, 0.025, 0.03 and 0.04gBfB and (0.007, 0.01,
0.015, 0.02, 0.025, 0.03 and 0.04g) for MGox welded into eight conical
flasks containing 30 mL of 30 ppm dye solution éach and shaked for 15
and 20 minutes for BTB and MGox respectively.

2.8.3. Effect of temperature and pH:

A given dose (0.15 g for BTB & 0.025 g fgiGox) of sawdust was
added into conical flasks containing 30 mL of diffiet concentrations of
both dyes in different pH values (3, 5, 7, 9 an{l thht measured by using
pH-meter and shakes for suitable time for both dyjésnin. for BTB &
20min. for MGox) and at different temperatures (2988 and 318)K. The
absorbance of each solution was measured at 5921& 6 for BTB and
MGox respectively by UV-VIS Spectrophotometer.
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2.9. The devices that used in identification the adsorbent

surfaces:

2.9.1. FT-IR analysis:

Fourier Transmission Infrared Spectrosdaghnique has been widely
used for the prediction of organic compounds presethe sample. Figure
(2.11) represents FT-IR spectroscopy device. Bghysg the peak between
a particular frequencies i.e. band, can identifg thpe of the functional
group by scanning over a range of wavelengths (4@@&ni). For the case
of Sawdust, FTIR shows the change in propertigh@turface of adsorbent
on addition of both dyes BTB and MGox.

Figure (2.11): Fourier Transmission Infrared Spectroscopy (FTdBice.

2.9.2. SEM analysis:

Scanning Electron Microscope is an etattnicroscope that produces
images of the solid surface by scanning it withceeten beam which strike
the atoms of the sample surface which generatasugasignals. These
signals give information about the composition andace structure of the

sample. Electrical conductivity at the surfacehis inost important factor for
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SEM characterization of samples. The preparatioth@fsample is done by
coating it with gold to avoid ionization of the sple. The devise of SEM

was presented in figure (2.12).

Figure (2.12): Scanning Electron Microscope (SEM) device.
2.9.3. AFM analysis:

The Atomic Force Microscope that given figure (2.13) is an
instrument which can analyze and characterize sssngli the microscope
level so we can look at surface characteristich wry accurate resolution

ranging from 100 nm to less than 1nm.

Figure (2.13): Atomic Force Microscope (AFM) device.
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2.9.4. Nitrogen Adsor ption-Desor ption analyzer :

Nitrogen adsorption/desorption measwents were done at -196°C
with a Micrometitics ASAP 2020 static volumetricadyzer as shown in
figure (2.14). All the adsorption data which indlugl the BET surface area,
pore volume and pore size distribution get fronfedédnt models, are given
by the workstation of ASAP200 analyzer.

Figure (2.14): Nitrogen Adsorption - Desorption Analyzer.

2.10. Distillation of aniline:

The distillation of aniline done by packiag250C thermometer with
an air condensethe thermometer adopted by screw-cap adaptor lsnd t
flask was heated over gauze using a Bunsen bumehawn in figure
(2.15). Collect the fraction which distils betwe®®C and 188C and the
yield was calculated. The boiling point of anilise184.4C.
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Figure (2.15): Aniline distillation.
2.11. Calculation of adsor bate quantity:
The quantity of adsorbate was calculated by usieddllowing formula:
Oe = (G — &) V(L) / mass --------- (17)
Where,
Je Quantity of adsorbate (mg/g).
Co. Initial concentration of adsorbate solution (mg/L)
Ce. Concentration of adsorbate solution at equilibring/L).
V: Total volume of adsorbate solution (L).
mass. Weight of adsorbent (g).
2.12. Calculation of sorption percentage;
The percentage of sorption was calculated by usiadollowing formula:
%R=(¢—CG/C)* 100 -------- (18)

Where,
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% R: sorption percentage
Co. Initial concentration of adsorbate solution (mg/L)

Ce. Final concentration of adsorbate solution (mg/L).
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3.1. Characterizations of Sorbent:

3.1.1. AFM analysis:

The topography and the roughness of thea®d SD/PANI composite
were determined by using AFM at a scan size qin20Figures (3.1) and
(3.3) show the topographic structures in 2D andv8fv for the layers: SD
and SD/PANI composite respectivelfhe SD in the form of nano-fibers and
the fiber diameter does not exceed 160 nm andgthesf 75um. From all
the below images, it can be seen that one of thieation effects is to
decrease the adsorbent diameter and to increasenthki-lobed character
[96]. It was observed that the size of the parsictd SD have average
diameter of 75.65nm. On the other hand, after nwatibn of SD by
polyaniline polymer, the average particle diametegcame 60.33nm
indicating that the modification of SD by PANI led decrease the size of
surface particles and hence increase the efficimicgurface to adsorbed
pollutant dyes. The 2D and 3D AFM topographic imag&D and SD/PANI
surfaces are shown in figures (3.1) and (3.3),aesgely and the Granularity
Comutation Distribution chart of SD and SD/PANIfages are presented in
figures (3.2) and (3.4), respectively.

m
..

|
Figure (3.1): The 2D and 3D AFM topographic image of sawdusbteethe

modification.
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Granularity Cumulation Distribution Chart
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Figure (3.2): Granularity Cumulation Distribution chart of urdted

Sawdust.

Figure (3.3): The 2D and 3D AFM topographic image of sawdusraft

modification by polyaniline.
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Granularity Cumulation Distribution Chart
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Figure (3.4): Granularity Cumulation Distribution chart of SD/RA
3.1.2. Gas Adsorption analysis:

From determining the specific surface amaSD and SD/PANI
adsorbents surfaces that shown in table (3.1),rélsalts present that the
surface area of SD/PANI (2.7325%gm) greater than that on SD surface
(0.8164 rA/lgm). The presence of the polyaniline layer on soeface of
sawdust leads to morphological changes on it. TGiegpvolume of SD/PANI
(0.0377 gm/cr) greater than that on the SD surface (0.0282 giy/chne
small pores do not allow for complete equilibriuoedo slow diffusion rates

and leads to decreasing in the adsorption rate.

Table (3.1): The measurements data of adsorbent before and afte

modification.
Results
No. Test Sample Code Test Method
SD SD/PAN.

1 Surface area 0.8164 2.7325 ISO-9277-
(m?g) 2010

2 Pore Volume 0.0282 0.0377 1ISO-9277-
(g/cnt) 2010
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3 Porosity 91.1535 83.81 kk
(%)

3.1.3. FT-IR analysis:

3.1.3.1. Sawdust:

The Transform Infrared Spectrum of Sffobe adsorption of dyes is
shown in figure (3.5). The broad band at 3417.86 mmattributed to the O-H
group stretching and the band on 1735.93'omas assigned to the C=0
bonds. The absorption band at 2931.80" ésrdue to a contribution from C-H
stretching and the band in 1654.92 trafers to C=C stretching. The strong
band observed at 1060.95 ¢trand 1037.70 crhindicated the stretching of
C-OH and C-O-C bonds. The medium band obtained 50883 crit

evidenced to aromatic region. [97].

Figure (3.5): The FT-IR Spectrum for untreated sawdust befoseigudion
with dyes.
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The FTIR spectrum of SD after adsorpof BTB dye is presented
in figure (3.6). In a spectrum the band obtaine®488.87 crit to 3348.42
cm’ after adsorption of BTB dye that refer to the Gstretching band that
indicates a high concentrations of phenol and alkdrhe band of C=0 was
shifting to 1732.08 cih The bands at 2935.66 ¢rnand 2908.65 cihrefers
to the stretching C-H band. The strong bands frém®4 cnit to 509.21 cim
refers to R-Br group. Figure (3.7) show that thectum of SD after
adsorption of MGox dye is not much different frone tspectrum of sawdust
before adsorption but the bands are shifting ssctha broad O-H bands at
3394.72 crit and 3348.42 cih and the stretching C-H bands are found at
2908.65 critand 2873.94 cih respectively [98].

.-.%: 'l

Figure (3.6): The FT-IR Spectrum for untreated sawdust afteoigd®n
with BTB dye.
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N 'H B
Figure (3.7): The FT-IR Spectrum for untreated sawdust afteoigd®n

with MGox dye.

3.1.3.2. Sawdust coated polyaniline:

After modification of sawdust with gahiline, some of the bands of
SD have been disappeared and new bands are appezsadt coated with
polyaniline polymer as shown in figure (3.8). Tipoves the formation of
SD/PANI over SD. The band N-H stretching is found3448.72 cii and
3387.00 crit, the N-H bending at 1577.77 ¢mand N-H out of plane in
794.67 crit. The bands in 2935.66 cmand 2877.79 cihreveals the C-H
stretching. Figure (3.9) show the spectrum of SIMPAfter adsorption with
BTB dye. The adsorption bands appeared at 1303388&;.02, 1122.57 and
802.39 cm-1 are attributed to the nitrogen-contgrfunctional groups (such
as C-N, C-N and =N-H) bands. The nitrogen-containing functional g®up
can provide many adsorption sites and leads toeaser the adsorption
capacity for BTB dye by SD/PANI adsorbent [99]. vsll as the spectrum of
SD/PANI after adsorption with MGox dye as showrfigure (3.10) presented

shifting in some of the bands and different in theensity of the others.
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s 3

Figure (3.8): The FT-IR Spectrum for sawdust coated polyanitiaore

adsorption.

-
I o o

sl =

Figure (3.9): The FT-IR Spectrum for sawdust coated polyanifier
adsorption with BTB dye.
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Figure (3.10): The FT-IR Spectrum for sawdust coated polyanidifter
adsorption with MGox dye.

3.1.4. SEM analysis:

3.1.4.1. Untreated sawdust:

It is clear from the images of SEMsi®wn in figures (3.11) and
(3.12) of SD before and after the adsorption ofsgyespectively that the
surface of sawdust is rough with high porosity. 8ast is a heterogeneous
material consisting of particles of irregular shepaving considerable layers

with pores of varying size so it is much possibl@adsorb the dyes [78].
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Figure (3.11): The Scanning Electron Microscope (SEM) for unedat

sawdust.

With BTB dye With MGox dye

Figure (3.12): The Scanning Electron Microscope (SEM) for sawaifisr
adsorption with both dyes.

~ 58 ~




CHAPTER THREE RESULT & DISCUSSION

3.1.4.2. Sawdust coated polyaniline:

The morphology of sawdust surface afwating with polyaniline is
illustrated in figure (3.13). It is indicating thiermation of the polyaniline on
the sawdust surface because the coating with ctindupolymer produced
by surface polymerization is very clear [100,10N¢t only the small particles
of sawdust were coated at the surface but alsbithsizes of sawdust have
been coated. This means that the reaction mixtifiiesds into particles and

all SD inside the particles are coated with poliaai[101].

Figure (3.13): The Scanning Electron Microscope (SEM) for sawdosted
polyaniline.

The SEM image for the sawdust coated polyaniafter the adsorption
with BTB and MGox dyes shown in figure (3.14), mes a different
morphology with sized particles responsible for tbgpecial adsorption

properties [99].
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With BTB dye With MGox dye

Figure (3.14): The Scanning Electron Microscope (SEM) for sawdosted
polyaniline after adsorption with both dye.

3.2. Batch adsorption method of BTB and MGox dyes\b SD
and SD/PANI composite:

The optimum conditions of dye adsorptiontle& surface of each of SD
and SD/PANI were explained by investigating theeefffof contact time,

adsorption dose, pH value and temperature.
3.2.1. Effect of contact time:

Adsorption of both dyes (BTB, MGox) affdrent contact times (5, 10,
15, 20, 25, 30, 35 & 40) minutes were studied a8 X9 using a fixed
concentration of both dyes (30ppm), the weightasgaabent (0.03g), 30 mL
of dyes solutions and at the original pH of dyes.
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3.2.1.1. Effect of contact time on the BTB adsorpi:

The adsorption capacity of BTB on SD and/FSENI surfaces were

investigated as shown in figure (3.15). This figgh®ws that the maximum

percentage removal of BTB on SD and SD/PANI contpoare 49% and

99% respectively achieved at 15 minutes as showtale (3.2). These

results attributed to the presence of many actimdihg sites on SD/PANI

surface and with the gradual saturation of thetes sthe adsorption reaches

to a fixed percentage removal [102].

Table (3.2): Adsorption percentage of BTB dye on the SD andPaD/l
surfaces at 298 K.

Sawdust Sawdust coated polyaniline
Time 1 ¢ Ge %R Ce Ce %R
(min-) | (mg/L) | (mglg) (mg/L) (mg/g)
5 22.014 7.986 26.62 4.071 51.858 86.43
10 17.222 12.778 42.59 2.612 54,776 91.293
15 15.215 14.785 49.28 1.153 57.694 96.157
20 15.182 14.818 49.39 0.755 58.49 97.483
25 15.165 14.835 49.45 0.058 59.884 99.807
30 15.0829 14.9171 | 49.72 0.041 59.918 99.863
35 15.0995 14.9005 | 49.66 0.041 59.918 99.863
40 15.082 14.918 49.72 0.008 59.984 99.973
100 - /r_k._.+.
80 -
60 -
§ <> ¢ —¢—SD+BTB

—0
40 -

20 A

—i—SD/PANI+BTB

0 T T T
0 10 20 30
Time (min)

40

50
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Figure (3.15): Effect of contact time on the adsorption of BTB2dyn the SD
and SD/PANI surfaces.

3.2.1.2. Effect of contact time on MGox adsorption:

From the analysis of adsorption MGox dyebmth adsorbents under
study as shown in figure (3.16), it was found thhbut 87% percentage
removal of dye was occurred on SD surface at 20duato the presence of
large amounts of unoccupied active sites and tbregmtage decreased to
20% on the SD/PANI surface. These findings are istars with the results
that have been obtained from FT-IR measurementshammplained that the
surface of SD is anionic charge because of theepoesof O-H group so the
adsorption of cationic MGox dye is better on SDfate as compared with
the cationic SD/PANI surface which contained of Mptdup [103].

Table (3.3): Percentage removal of MGox dye on the SD and SHNIPA
surfaces at 298 K.

Sawdust Sawdust coated polyaniline
Time Co e %R Ce Oe %R
Min) 1 (mgit) | (morg) (mgll) | (mglg)
5 9.871 20.126 67.096 28.849 1.151 3.837
10 5.130 24.870 82.900 27.397 2.603 8.677
15 4.404 25.596 85.32 25.279 4.721 15.737
20 3.634 26.366 87.886 23.96 6.04 20.133
25 3.619 26.381 87.936 23.901 6.099 20.33
30 3.604 26.396 87.986 23.886 6.114 20.38
35 3.604 26.396 87.986 23.871 7.355 20.43
40 3.590 26.410 88.033 23.841 7.391 20.53
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Figure (3.16): Effect of contact time on the adsorption of MGgedn the
SD and SD/PANI surfaces.

3.2.2. Effect of adsorbent dose:

Adsorbent dosage is representing aroitapt parameter due to its
strong effect on the adsorbent capacity at a gimgial concentration of the
adsorbate. The effect of adsorbent dose on the@tdso of BTB and MGox
dye was studied by contacting different dose ofédD SD/PANI adsorbents,
from 0.005 to 0.05 gm of adsorbent with 30 ml of fin of dyes solutions
for the optimum time of each of dye at original pHdyes and temperature
298 K.

3.2.2.1. Effect of adsorbent dose on the BTB adsdipn:

Table (3.4) shows the values of BTB dyeaagtion from aqueous
solution by SD and SD/PANI adsorbents at fixed eoication of dye and the
data were represented graphically as shown indid@rl7). The optimum
weight of SD and SD/PANI adsorbents to remove tA® Blye is 0.015gm
and the percentage removal is 69% and 97% for SO &DB/PANI,
respectively. This figure shows that an increasadsorbent dosage from
0.005gm to 0.05gm resulted in an increase in tmeepéage removal of BTB

dye until it reaches the optimum amount. The desaa concentration of
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BTB in the experimental data after the modificat@nSD by polyaniline
reaches to high removal percentage due to the kamymunt of unoccupied
site in the SD/PANI compared with the sites in Sitface [104].

Table (3.4): BTB dye adsorption values from solution at 298 KK hfferent
weight of each of SD and SD/PANI surfaces.

Dose Sawdust Sawdust coated Polyaniline
© & G %R Ce Ge %R
(mg/L) = (mg/g) (mg/L) (mg/g)
0.005 | 19.046 | 65.724 | 36.513 10.390 117.66 65.367
0.007 = 15.746 @ 61.088 @ 47.513 6.277 101.67 79.077
0.01 & 11.484  55.548 61.72 2.678 81.966 91.073
0.015  9.245 41.51 69.183 0.771 58.458 97.43
0.02 9.212 31.182 | 69.293 0.721 43.919 97.597
0.025  9.179 24.985 | 69.403 0.705 35.154 97.65
0.03 9.079 20.921 | 69.736 0.688 29.312 97.707
0.04 9.063 15.702 69.79 0.672 21.996 97.76
0.05 9.046 12572 | 69.847 0.655 17.607 97.817
100 - - o

90 -
80 -

70 - & =
60 -
50 —4—SD+BTB

:g ] —@—SD/PANI+BTB

20 A
10 A
0 . T . . T .

0 0.01 0.02 0.03 0.04 0.05 0.06
wt. (gm)

%R

Figure (3.17): Effect of adsorbent dose on BTB dye on each o&8®
SD/PANI surfaces at 298 K.
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3.2.2.2. Effect of adsorbent dose on the MGox adsgadion:

MGox removal efficiencies increase whacreasing the adsorbent
doses. The worst removal efficiency of MGox (18%gswobserved for the
SD/PANI surface at the optimum weight (0.025gm)campared with the
percentage for SD surface before the modificatd?4) as shown in table
(3.5) and figure (3.18). This result is attributieda conjugate effect of an
excess of Hions in the cationic surface of SD/PANI, which kbibe
competed with the positively charged ions of MGamd also to the relatively
low availability of adsorption sites. For SD sudathe removal efficiencies
exceeded 84% due to the presence of abundant astiegethat could react
with MGox ions which facilitates the dye adsorptionto the negative

charged surface area of SD [105].

Table (3.5): MGox dye adsorption values from solution at 298rKdifferent
weight of each of SD and SD/PANI surfaces.

Dose Sawdust Sawdust coated polyaniline

(9)

Ce (Mg/L) %R Ce (Mg/L) %R

0.005 29.441 1.863 29.649 1.170
0.01 24.463 18.456 28.419 5.270
0.015 16.345 45.516 27.086 9.713
0.02 11.071 63.096 25.960 13.467
0.025 4.745 84.183 24.523 18.257
0.03 4.730 84.233 24.493 18.357
0.04 4.685 84.383 24.464 18.453
0.05 4.671 84.43 24.449 18.503
0.06 4.656 84.48 24.434 18.553
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Figure (3.18): Effect of adsorbent dose on MGox dye on each o&6®
SD/PANI surfaces at 298 K.

3.2.3. Adsorption Isotherm:

Adsorption isotherms are used to desctii@e equilibrium actions of
dyes on the SD adsorbent before and after modditatith polyaniline at
different pH (dye's pH, 3, 5, 7, 9 & 11) that inved different concentrations
of dyes solutions and at various temperatures (308, & 318)K. The pH
solution is very important in the adsorption pracescause the variation of
pH might promote changes in the charges of adstslemmd the adsorbates
[106].

3.2.3.1. Adsorption isotherm of BTB on SD and SD/PWI

surfaces:

In order to study the effect of pH valuedatemperature on the
adsorption capacity of BTB dye solution at SD arld/FSANI composite,
several experiments were carried out. The restilthese studies are shown
in tables (3.6) & (3.7) and figures (3.19) & (3.2 SD and SD/PANI
surfaces, respectively using different concentratiof BTB dye solution (10,
15, 20, 25 and 30) ppm at different temperatur@&s,(308 and 318)K and
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solution pH of values (dye pH (3.5-4), 3, 5, 7,r@dll). The pH's of the
solutions are maintained by means of solutions as®p with HCL and

NaOH. The data presents in table (3.6) explainatttie optimum pH which

gives the high percentage removal of BTB dye on sBiface (reaches to
81%, concentration 30ppm, at 318K) is pH=3. On ttker hand, the
optimum pH of BTB dye adsorption on the SD/PANIfaae is the original

dye's pH (3.5-4) with percentage removal reached884, concentration at
30ppm, at 318K as shown in table (3.7). Figurel(Bshows the effect of pH
solution on the removal of BTB dye on SD and SD/PAdrfaces at

concentration 30 ppm.

In the adsorption of BTB on the SD surfasfobe modification, high

adsorption capacity of BTB dye was appeared irathdic medium due to the

increase the concentration of hydrogen ion¥.(Mhis happened by adding a

proton to the SD surface that lead to increasddiues of attraction between

the BTB dye and SD surface and thus gives a higbeentage of adsorption.

On the other hand, the increase in pH value leadketmease the percentage

removal of BTB dye on SD surface from 81% to 36%ause the surfaces of

SD gain more negative charges so electrostaticlgiepuresult between the

BTB dye molecules and SD surface [6, 75].

Table (3.6): Percentage removal of BTB Dye on SD surface

and Temperatures.

derediht pH

298 K 308 K 318 K
PH o T < & | %R | o & | %R | c | & | %R
(/T)g (mg/L) | (mg/q) (mg/L) | (mg/q) (mg/L) | (mg/g)
10 4453 | 11.094 | 55.47 4.270 11.46 57.3 4,055 | 11.89 | 59.45
oH 15 6.410 17.18 | 57.267 | 6.227 | 17.546 | 58.487 | 5.929 | 18.142| 60.473
dye 20 8.483 | 23.034 | 57.585| 8.284 | 23.432 | 58.58 7.769 | 24.462| 61.155
(3.5-4)| 25 9.859 | 30.282 | 60.564 | 9.577 | 30.846 | 61.692 | 9.245 | 31.51 | 63.02
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30 | 11.086 | 37.828 | 63.047 | 10.871 | 38.258 | 63.763 | 10.489 | 39.022| 65.037
10 | 4.043 | 11.914| 59.57 | 4.012 | 11.976| 59.88 | 3.794 | 12.412| 62.06
15 | 4.479 | 21.042| 70.14 | 4.448 | 21.104| 70.34 | 4.261 | 21.478| 71.59
3 20 | 4.071 | 29.858| 74.64 | 4.009 | 29.982| 7495 | 4.635 | 30.73 | 76.82
25 | 5.538 | 38.924| 77.84 | 5.476 | 39.048| 78.09 | 5.040 | 39.92 | 79.84
30 | 6.224 | 47552 | 79.25 | 6.161 | 47.678| 79.46 | 5.538 | 48.924| 81.54
10 | 7.108 | 5.784 | 28.92 | 6.913 | 6.174 | 30.87 | 6.840 | 6.32 | 31.6
15 | 10.173| 9.654 | 32.18 | 9.941 | 10.118 | 33.72 | 9.880 | 10.24 | 34.13
5 20 | 13.360 | 13.28 33.2 | 12.688 | 14.624| 36.56 | 12.664 | 14.672| 36.68
25 | 14.849| 20.302| 40.60 | 14.788| 20.424 | 40.84 | 14.703| 20.594| 41.18
30 | 16.717| 26.566 | 44.27 | 16.473 | 27.054 | 45.09 | 16.437| 27.126| 45.21
10 | 8.095 3.81 19.05 | 8.003 | 3.994 | 1997 | 7910 | 4.18 | 20.9
15 | 11.705| 6.59 | 21.966 | 11.658| 6.684 | 22.28 | 11.628| 6.744 | 22.48
7 20 | 14.807 | 10.386| 25.965| 14.792| 10.416| 26.04 | 14.746| 10.508| 26.27
25 | 17.603 | 14.794 | 29.588 | 17.572 | 14.856 | 29.712 | 17.526 | 14.948| 29.896
30 | 20.614 | 18.772 | 31.286 | 20.506 | 18.988 | 31.646 | 20.322| 19.356| 32.26
10 | 9.080 1.84 9.2 9.014 | 1.972 9.86 8.982 | 2.036 | 10.18
15 | 12.544 | 4912 | 16.373 | 12.495| 5.01 16.7 | 12.200| 5.6 18.66
9 20 | 16.122| 7.756 | 19.39 | 16.073| 7.854 | 19.635| 16.024| 7.952 | 19.88
25 | 19.553 | 10.894 | 21.788 | 19.374| 11.252 | 22.504 | 19.341| 11.318| 22.636
30 | 19.668 | 20.664 | 34.44 | 19.586 | 20.828 | 34.713 | 19.553| 20.894| 34.823
10 | 6.911 | 6.178 | 30.89 | 6.876 | 6.248 | 31.24 | 6.788 | 6.424 | 32.12
15 | 10.204 | 9.592 | 31.973| 10.169| 9.662 | 32.206 | 10.116| 9.768 | 32.56
11 | 20| 13.25 | 13.500 | 33.75 | 13.144| 13.712| 34.28 | 13.091| 13.818| 34.545
25 | 16.454 | 17.092| 34.184 | 16.419 | 17.162 | 34.748 | 15.996 | 18.008| 36.016
30 | 19.235| 21.530| 35.88 | 19.200| 21.6 36.0 | 19.077| 21.846| 36.41
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Figure (3.19): Adsorption isotherm of BTB on the SD surface atedlént pH

and temperatures.

For SD/PANI composite surface, the apison capacity of BTB dye
getting its high value at original dye's pH (3.5which give 99% percentage
removal because of the presence of polyaniline kbat to increase the
surface area of the SD and increase the adsorpdipacity of BTB dye. The

presence of (B ions influence the adsorption capacity to a \arge extent
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so when the pH is low (pH=3), the percentage remo8TB dye decrease
due to the electrostatic repulsion between tfidods in the acidic solution
and the functional groups in SD/PANI surface. Ag tbriginal pH of BTB
dye, the percentage removal of dye increase bet¢haseis a high degree of
protonation occurs in the groups like N-H and Blgresent on the surface of
SD/PANI that in turn increases the electrostaticaation. This subsequently
leads to hydrogen bond formation between the pesiharge on the surface
of SD/PANI and the functional groups on BTB dye. &ulthe pH increase to
9, the percentage removal of BTB dye was decretas@d% due to hydroxyl
ions occupy the active sites of the SD/PANI surfabéch reduces the uptake
capacity [66, 74].

Table (3.7): The percentage removal of BTB dye on SD/PANI siafat

different pH and temperatures.

298K 308K 318K
pH Co Ce Ge %R Ce G, %R Ch Ge %R
(mg/L) | (mg/L) | (mg/g) (mg/L) | (mg/g) (mg/L) | (mg/g)
10 0.556 | 18.888| 94.44 | 0.423 | 19.154 | 95.77 | 0.340 | 19.32 | 96.6
pH 15 0.605 | 28.79 [ 95.967| 0.456 | 29.088 | 96.96 | 0.390 | 29.22 | 97.4
dye 20 0.638 | 38.724| 96.81 | 0.522 | 38.956 | 97.39 | 0.456 | 39.088| 97.72
(3.54)| 25 0.688 | 48.624| 97.248| 0.572 | 48.856 | 97.712| 0.489 | 49.022| 98.044
30 0.804 | 58.392| 97.32 | 0.655 | 58.69 | 97.817| 0.556 | 58.888| 98.147
10 3.981 | 12.038 60.19 3910 12.162 6081 3.794 122.462.06
15 4106 | 21.788 72.627 4.044 21912 73/04 3.981 0382. 73.46
3 20 4262 | 31.476 78.69 4.16B 31.664 7916 4.075 531.89.625
25 4636 | 40.728 81.456 4573 40.854 81.J08 4.386 .228] 82.456
30 4885 | 50.23] 83.71f 4.82p 50.336 83.927 4.667 666(. 84.448
10 2.786 | 14.428 7214 2737 14526 7263 2.564 9P4.874.46
15 2.847 | 24306 81.02 2750 248 81.667 2579 24,82.807
5 20 3.360 | 33.28/ 83.2] 3.006 33998 849H7 2945 34.85.275
25 3.934 | 42.132 84.264 3531 42938 85.876 3.409 .1823 86.364
30 4496 | 51.008 85.013 4.142 51.716 86.193 3.971 .0587 86.763
10 2.934 | 14132 70.66 2.878 14234 71R7 2780 414.472.2
15 3.026 | 23.948 79.827 2.888 24.224 80.747 2.811 .3784 81.26
7 20 3.610 | 32.78/ 8195 3.318 33.364 8341 3.0p6 B83984.87
25 4240 | 4152 83.04 4.1001 41.798 83.596 3.763 742.484.948
30 4869 | 50.262 83.77 4.60B 50.784 8464 4.316 681385613
10 4211 | 11578 57.89 3.998 12.004 6002 3.802 39864. 61.98
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15 5.109 19.782 65.94 4.848 20.304 67.68 4.5pP1 580.969.86
20 6.564 26.872 67.19 6.310 27.362 68.405 5.534 9328. 72.33
25 7.887 34.226 68.452 7.528 34.944 69.888 6.580 .843p 73.68
30 8.949 42.102 70.17 8.263 43.474  72.457 7.789 4224. 74.037
70 - pH dye
(3.5-4)

0.4 0.6 0.8

C..(mg/L)

0.2

e 298K
e=fli== 308K

e 318K

2 4
c. (mg/L)

2 3
c. (mg/L)

c. (mg/L)
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s
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6

10

Figure (3.20): Adsorption isotherm of BTB on the SD/PANI surfade a

different pH and temperatures.
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=0=S5D + BTB

=—SD/PANI+BTB
m—— =

pH

Figure (3.21): The effect of pH values of the adsorption of BTBSiD and
SD/PANI at 30ppm and 318K.

3.2.3.2. Adsorption isotherm of MGox on SD and SDANI

surfaces:

This effect of pH values on the adsorpidriMGox dye on the SD and
SD/PANI composite surfaces were investigated afedint initial dye
concentrations (15, 20, 25, 30, 35 and 40) ppmaaibus temperatures as
shown in table (3.8) and figure (3.22). The mectanand extent of dye
adsorption are affected by the pH of the solutienduse of the presence of
different functional groups and atoms on dye andodwkent surface. The
effect of pH of the MGox dye solution was studigaviarying pH values. The
optimum pH value that gives maximum percentage w@in®9%) of MGox
dye on SD surface is 5 for 25 ppm initial MGox cenitation at 318K as
shown in figure (3.24). The percentage removal dbd¥ decreased with
increase the concentration of it. At lower MGox centration, adsorbent
surface area to reactive vacant site ratio is niugher which causes higher
extent of dye removal. Gradual increase in MGoxcemnitrations leads to
increase in the ratio of free MGox molecules to anupied sites that
significantly reduce the mass transport and remeffatiency. At lower pH
(< 5) all reactive sites (SD surface and MGox molesulgot positively

charged because of increase the protony (A aqueous media so the
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repulsive forces between all groups is likely to fased when the pH

decreased leads to decreasing the percentage reofalye. The gradual rise

to pH 5 leads to deprotonation of groups causiregtedstatic interaction,

hydrogen bonding. This increases the magnitude y& thigration and

diffusion to the SD surface. On the other hand, pleecentage removal

significantly decreased at pH up to 5 due to thgatiee charges of both

adsorbent and dye molecules are causing repul8®nq7].

Table (3.8): The percentage removal of MGox dye on SD surfackfferent

pH and temperatures.

pH 298K 308K 318K
Co Ce Qe %R € Ge %R € Te %R
(mg/L) | (mg/L) | (mg/g) (mg/L) | (mg/g) (mg/L) | (mg/g)
15 8.347| 7.983] 44353 7.630 8.841 49[12 6.284 90.458.106
20 | 12.723| 8.732] 36.385 12.008 9.590 39/96 10/993808Q 45.035
3 25 | 17.698| 8.762 29.208 16.917 9.700 32.332 15[20R75Z| 39.192
30 | 21.292| 10.449 29.026 20.510 11.388 31.633 19 6li2465| 34.626
35 | 25.236| 11.716 27.897 24.920 12.096 28.817 24|QBL195| 31.417
40 | 29.429] 12.68% 26.427 28.946 13.264 27.635 28/ 1B1182| 29.547
15 2.197| 15364 85358 1.841 15791 87.727 1.808.4306 91.28
20 3.116| 20.261 84.42 2.804 20.635 8598 2.479 251.087.605
pH 25 | 4.390| 24.732 8244 4034 25159 83.864 3.649 6225. 85.404
dye 30 5.338| 29.594 82.207 5.027 29.968 83.243 4.5641.4330 84.53
(354) 35 6.671| 33.995 80.94 6.316 34.4R1 81.954 6.153 6184. 82.42
40 8.538| 37.754 78.655 8.227 38.128 79.433 7.767.6888 80.583
20
5 25 | 1.099 | 28.681| 95.604| 0.618 | 29.258| 97.52 | 0.076 | 29.908| 99.699
30 | 2.693 | 32.768] 91.023] 0.918 | 34.898| 96.94 | 0.663 | 35.204| 97.79
35 | 5.234 | 35.719] 85.045| 2.557 | 38.931| 92.69 | 1.911 | 39.706| 94.54
40 | 6.783 | 39.860| 83.042| 5.565 | 41.322| 86.08 | 2.903 | 44.516| 92.74
15 1.291| 16.451 91.398 0.571 17.314 96.193 0.806.6327 97.96
20 2.162| 21.408 89.19 1.481 22.22 92595 0.534 3523. 97.33
7 25 3.091| 26.291 87.636 2.825 26.61 887 1.859 97/@.564
30 | 4.928| 30.086 83578 4.075 31.]1 86.416 2.371 15a3. 92.096
35 7541 | 32951 78.454 5.628 35246 8392 3.431 8827. 90.197
40 9.056| 37.132 77.36 8.24p 38109 79.395 5.079 9051. 87.302
15 2.234| 15.319 85.106 1.797 15.843 88l02 1.344 3876. 91.04
20 3.464| 19.843 82.68 2509 20989 8745 2.]137 351.89.315
9 25 | 4.629| 24.445 81.484 3.707 25.551 85.172 2.898.5226 88.408
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30 6.037| 28.75% 79.87 4.629 30.445 84,557 3.966 481.286.78
35 7.364 | 33.163 78.9¢ 6.991 33.610 8002 6.118 584.682.52
40 8.836| 37.396 77.91 8.059 38.3P9 7985 7.331 029.281.67
15 7.467 9.040 50.27 6.133 10.640 59.113 5.467 401.463.553
20 10.8 11.04 46.00 8.8 13.44 56.00 7.467 15)0406662
11 25 13.625| 13.65 45,5 11.125 16.65 555 9.875 18.160.5
30 16.75 15.9 4414 13.625 19.65 5468 12.8375 21.BB.75
35 19.875| 18.15 43.21 16.125 22.65 53192 14,875 1524. 57.5
40 23.625| 19.65] 40.93 20.5 23.4 48.Y5 18.133 26/ZM668
50 1 pH dye 20 - pH=3
(3.5-4)

q. (mg/g)

e 298K
el 308K

e 318K

40

50 pH=5 50
40 40
I —
?30 %ﬁ 30
£ g 298K £
i el 308K o 20
10
0 e 318K 10
0 2 4 6 8 0 i i i X
0 2 8 10
c. (mg/L) ¢, (mg/L
50 ~ 30 ~ pH=11

q. (mg/g)

¢, (mg/f

e 298K
el 308K

e 318K

8 10 0 5

20 25

}:2 (mg/L}

Figure (3.22): Adsorption isotherm of MGox on the SD surface #edent

pH and temperatures.
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The adsorption capacities of MGox dye onSB#PANI surface are given
in table (3.9) and figure (3.23). The data shoves the percentage removal of
dye on the SD/PANI surface is lower than those lme $D surface. The
optimum pH for MGox adsorption by SD/PANI was fouatdthe original pH
of the dye but the percentage removal remain® lfttaches to 30%) as
compared to the results that found on the unmatif® surface. Lower
percentage removal at highly acidic pH might be tdwmehe competition
between the positively charges of MGox and hydroges. Also at low pH
(pH < 4), the SD/PANI surface became more positivelygbd thus reducing
attraction between the adsorbent and dye. Funtiveease in pH (beyond pH
4) may be attributed to the precipitation of MGox @omplexes leads to
reduces the concentration of MGox in the solutiow #hus decreases the
removal efficiency of SD/PANI adsorbent [108,10Bigure (3.24) explained
the results of MGox removal on the surface eactsbfand SD/PANI at
initial concentration (25ppm) that give high perege removal compared
with the other concentrations and at 318K whichstn@w that the percentage
removal of dye on the SD higher than the removahenSD/PANI surface.

Table (3.9): The percentage removal of MGox dye on SD/PANI aefat

different pH and temperatures.

298K 308K 318K
pH Co- Ce. G- %R Ce. Ce- %R Ce. G- %R
(mg/L) | (mg/L) | (ma/g) (mg/L) | (mg/g) (mg/L) | (mg/g)

15 10.893| 4.928 | 27.38 | 10.790| 5.052 | 28.067| 10.464| 5.443 | 30.240
20 15.086| 5.897 | 24.57 | 14.804| 6.235 | 25.98 | 14.538| 6.554 | 27.310
pHdye| 25 20.064| 5.923 | 19.744| 19.441| 6.671 | 22.236| 19.056| 7.133 | 23.776
(3.5-4) 30 24.390| 6.732 | 18.700| 24.227| 6.928 | 19.243| 23.782| 7.462 | 20.727
35 28.716| 7.541 | 17.983| 28.641| 7.631 | 18.169| 28.464| 7.843 | 18.674
40 33.693| 7.568 | 15.768| 33.427| 7.888 | 16.433| 33.175| 8.19 | 17.063

15 12.227) 3.328] 18.487 11.535 4.153 23.1 10/814 235)027.907
20 16.904| 3.715] 15.48 15.836 4.997 20,82 15;325 1 5&3.375
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5 25 21.701] 3.959 13.196 20.468 5.488 19.p32 1.4 .72 § 22.400
30 26.618| 4.058| 11.2783 25.355 5574 15.483 23|7015597| 20.097
35 31.295| 4.446] 10.586 30.062 5.926 14.109 28(558/307| 18.406
40 36.152| 4.618 9.62| 34528 6.566 13.68 33.265 28.086.838
15 12.769| 2.677| 14.873 12.380 3.144 17.467 11|831B043| 21.133
20 17.251) 3.299| 13.746 16.733 3.920 16.834 16/005/944| 19.975
9 25 22.057| 3.532] 11.772 21.604 4075 13.584 20|820085H 16.692
30 26.846| 3.785| 10.513 26.215 4.542 12.617 25/503965| 14.990
35 31.749] 3.901 9.289 31.183 4.580 10.906 30,3415915| 13.311
40 36.523| 4.172| 8.693 36.134 4.639 9.665 35/244 075/711.890
10 - pH dye 10 - pH=5
(3.5-4)
8 4
= B
£ e 298K 3 298K
4 S0k et il 308K
2 - 318K
318K
T : T ) 0¥ . . . ,
0 10 20 30 40 0 10 20 30 40
c. (mg/L) c. (mg/L)
6 pH=9
5 .
54
R =t 298K
®2 il 308K
1 - 318K
0 'vw T T T 1
0 10 20 30 40
c. (mg/L)

Figure (3.23): Adsorption isotherm of MGox on the SD/PANI surfate
different pH and temperatures.
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Figure (3.24): The effect of pH of the adsorption of MGox on Sila
SD/PANI at 30ppm and 318K.

3.3. Equilibrium isotherm modeling of dye adsorptin:

Adsorption properties and equilibrium graeters, usually known as
adsorption isotherms which describe the interastibatween the adsorbent
and adsorbate and understanding the nature of thesgactions at different
temperatures and pH values. The most common medsis employed for
describing the adsorption data, which were Langméireundlich and
Dubinin-Radushkevich isotherms. These isotherms warried out for each
of BTB and MGox dyes on the SD and SD/PANI surfaces

3.3.1. Equilibrium isotherm modeling of BTB dye onthe SD and
SD/PANI surfaces:

3.3.1.1. Langmuir isotherm model:

The Langmuir adsorption isotherm datat theeviously shown in
equation (1.1) for BTB adsorption onto each of St &D/PANI surface
were indicated in tables (3.10) and (3.11), respelgt The graphical plots of
Cd/e Versus g of a linearized Langmuir equation for each adsotlseirface
were also represented in figures (3.25) and (3.B&pectively. From the
slope and intercept of the plot betweglgLversus g the Langmuir constants

~ 77 ~



CHAPTER THREE RESULT & DISCUSSION

which are k and . that related to the energy of adsorption wereutaled.
Also the R (separation factor) was determined from equatlo®)(
Table (3.10): Adsorption values of BTB on SD surface with Langmu

isotherm model calculations at different tempergiland pH.

pH Co 298 K 308 K 318K
(mg/L) Ce Cd/0e Ce Cd/0e Ce Cd/Ce
(mg/L) (9/L) (mg/L) (9/L) (mg/L) (9/L)
10 4.043 0.339 4.012 0.335 3.794 0.305
15 4.479 0.212 4.448 0.210 4.261 0.198
3 20 5.071 0.169 4.009 0.167 4.635 0.150
25 5.538 0.174 5.476 0.140 5.040 0.126
30 6.224 0.130 6.161 0.129 5.538 0.113
10 4.453 0.401 4.270 0.373 4.055 0.34]
pHdye| 15 6.410 0.373 6.227 0.355 5.929 0.327
(3.5-4) | 20 8.483 0.368 8.284 0.354 7.769 0.318
25 9.859 0.326 9.577 0.310 9.245 0.293
30 11.086 0.293 10.871 0.284 10.489 0.269
10 7.108 1.228 6.913 1.119 6.844 1.082
15 10.173 1.053 9.941 0.982 9.88( 0.964
5 20 13.360 1.006 12.688 0.867 12.664 0.863
25 14.849 0.731 14.788 0.724 14.70B 0.713
30 16.717 0.629 16.473 0.608 16.437 0.605
10 8.095 2.124 8.003 2.003 7.910 1.892
15 11.705 1.776 11.658 1.744 11.628 1.724
7 20 14.807 1.425 14.792 1.420 14.74p 1.408
25 17.603 1.189 17.572 1.182 17.52p 1.172
30 20.614 1.098 20.506 1.079 20.32p 1.049
10 9.080 4.934 9.014 4.570 8.982 4.411
15 12.544 2.553 12.495 2.494 12.20D 2.178
9 20 16.122 2.078 16.073 2.046 16.024 2.015
25 19.553 1.794 19.374 1.721 19.341 1.708
30 19.668 0.951 19.586 0.940 19.558 0.935
10 6.911 1.118 6.876 1.100 6.784 1.05€
15 10.204 1.063 10.169 1.052 10.11p 1.035
11 20 13.25 0.981 13.144 0.958 13.001 0.947
25 16.454 0.962 16.419 0.956 15.996 0.888
30 19.235 0.893 19.200 0.888 19.077 0.873
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Figure (3.25): Langmuir adsorption isotherm for the adsorptioB®B dye

on SD surface at different temperatures and pH.
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Table (3.11): Adsorption values of BTB on SD/PANI surface withrigmuir
iIsotherm model calculations at different tempegiand pH.

298K 308K 318K
pH Co Ce Cel e Ce Cel e Ce Cel e
mg/L mg/L g/L mg/L g/L mg/L g/L
10 0.556 0.029 0.423 0.022 0.340 0.018
pH dye 15 0.605 0.021 0.456 0.016 0.390 0.013
(3.5-4) 20 0.638 0.016 0.522 0.013 0.456 0.012
25 0.688 0.014 0.572 0.012 0.489 0.010
30 0.804 0.014 0.655 0.011 0.556 0.009
10 3.981 0.331 3.919 0.322 3.794 0.306
15 4.106 0.188 4.044 0.185 3.981 0.181
3 20 4.262 0.135 4.168 0.132 4.075 0.128
25 4.636 0.114 4.573 0.112 4.386 0.106
30 4.885 0.097 4.822 0.096 4.667 0.092
10 2.786 0.193 2.737 0.188 2.554 0.172
15 2.847 0.117 2.750 0.112 2.579 0.104
5 20 3.360 0.101 3.006 0.088 2.945 0.086
25 3.934 0.093 3.531 0.082 3.409 0.079
30 4.496 0.088 4.142 0.080 3.971 0.076
10 2.934 0.208 2.873 0.202 2.780 0.193
15 3.026 0.126 2.888 0.119 2.811 0.115
7 20 3.610 0.110 3.318 0.099 3.180 0.095
25 4.240 0.102 4.101 0.098 3.763 0.089
30 4.869 0.097 4.608 0.091 4.316 0.084
10 4211 0.364 3.998 0.333 3.802 0.307
15 5.109 0.258 4.848 0.239 4.521 0.216
9 20 6.564 0.244 6.319 0.231 5.534 0.191
25 7.887 0.230 7.528 0.215 6.580 0.179
30 8.949 0.213 8.263 0.190 7.789 0.175

0.035 - PH dye 0.35 - pH=3
0.03 (3.5-4) '
03 - P 03 -
0.025 - N 0.25 -
oy [ ] ) = >
3 0027 " 3 02 - 298K
£0.015 - -. - 'S @ @ 298K Fois - .‘“‘QZ;
> ®308K
0.01 - u m 308K “ 01 - |
| S A318K
0.005 318K 0.05 -
0 . : . o
0.25 0.45 0.65 0.85 25 . s .
c.(mg/L) c. (mg/L)
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Figure (3.26): Langmuir adsorption isotherm for the adsorptio®B®8 dye

3.3.1.2. Freundlich isotherm model:

on SD/PANI surface at different temperatures and pH

The Freundlich isotherm model is earliestattehship that used to

describing the adsorption and the applicabilitheferogeneous surface in the
adsorption process. From the equation (1.4) theuriéiech data was
determine by the plot between Log\wersus Log cand from the slope and

intercept, the freundlich isotherm constantakd n which are the adsorption

capacity of the adsorbent and the adsorption inttensespectively were
obtained. The Freundlich isotherm data of BTB apison on each of SD and
SD/PANI surface are shown in tables (3.12) and3(3.espectively. Also the
adsorption isotherm data for BTB dye on both adsaid are presented in
figures (3.27) and (3.28).
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Table (3.12): Adsorption values of BTB on SD surface with Freuoid
iIsotherm model calculations at different tempegiand pH.

298 K 308 K 318 K
pH Co Log ¢ Log o Log & Log g Log & Log
mg/L
10 0.606 1.076 0.603 1.078 0.579 1.093
15 0.651 1.323 0.648 1.324 0.629 1.331
3 20 0.705 1.475 0.699 1.476 0.666 1.487
25 0.743 1.590 0.738 1.591 0.702 1.601
30 0.794 1.677 0.789 1.678 0.743 1.689
10 0.649 1.045 0.630 1.059 0.608 1.075
pH dye 15 0.807 1.235 0.794 1.244 0.773 1.259
(3.5-4) 20 0.929 1.362 0.918 1.370 0.890 1.388
25 0.994 1.481 0.981 1.489 0.966 1.498
40 1.045 1.578 1.036 1.583 1.021 1.591
10 0.851 0.762 0.839 0.790 0.835% 0.800
15 1.007 0.984 0.997 1.005 0.994 1.010
5 20 1.125 1.123 1.103 1.165 1.102 1.166
25 1.171 1.307 1.169 1.310 1.167 1.318
30 1.223 1.424 1.216 1.432 1.215 1.433
10 0.908 0.581 0.903 0.601 0.898 0.621
15 1.068 0.818 1.066 0.825 1.06% 0.828
7 20 1.170 1.016 1.170 1.017 1.168 1.021
25 1.245 1.170 1.244 1.171 1.243 1.174
30 1.314 1.273 1.311 1.278 1.307 1.286
10 0.958 0.264 0.954 0.294 0.953 0.308
15 1.098 0.691 1.096 0.699 1.086 0.748
9 20 1.207 0.889 1.206 0.895 1.204 0.900
25 1.291 1.037 1.287 1.051 1.286 1.058
30 1.293 1.315 1.291 1.318 1.291 1.320
10 0.839 0.790 0.837 0.795 0.831 0.80y7
15 1.008 0.981 1.007 0.985 1.005 0.989
11 20 1.122 1.130 1.118 1.137 1.116 1.140
25 1.216 1.232 1.215 1.234 1.204 1.255
30 1.284 1.333 1.283 1.334 1.280 1.339
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Figure (3.27): Freundlich adsorption isotherm for the adsorptbBTB dye

on SD surface at different temperatures and pH.
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Table (3.13): Adsorption values of BTB on SD/PANI surface with
Freundlich isotherm model calculations at differemhperatures and pH.

Co 298K 308K 318K
pH (mg/l) | Logc Log G Log G Log G Log G Log G
10 -0.255 1.276 -0.374 1.282 -0.469 1.286
pH dye 15 -0.218 1.459 -0.341 1.464 -0.409 1.466
(3.5-4) 20 -0.195 1.588 -0.282 1.591 -0.341 1.592
25 -0.162 1.687 -0.243 1.689 -0.311 1.690
30 -0.095 1.766 -0.184 1.769 -0.255 1.770
10 0.600 1.081 0.593 1.085 0.579 1.094
15 0.613 1.338 0.607 1.341 0.600 1.343
3 20 0.630 1.498 0.620 1.501 0.610 1.508
25 0.666 1.610 0.660 1.611 0.642 1.6156
30 0.689 1.701 0.683 1.702 0.669 1.705
10 0.445 1.159 0.437 1.162 0.407 1.178
15 0.454 1.386 0.439 1.389 0.417 1.396
S 20 0.526 1.522 0.478 1.531 0.469 1.5338
25 0.595 1.625 0.548 1.633 0.533 1.63b
30 0.653 1.708 0.617 1.714 0.599 1.716
10 0.467 1.150 0.458 1.154 0.444 1.160
15 0.481 1.379 0.461 1.384 0.449 1.38y7
7 20 0.558 1.516 0.521 1.523 0.502 1.52)
25 0.627 1.618 0.613 1.621 0.576 1.628
30 0.687 1.701 0.664 1.706 0.635 1.711
10 0.624 1.064 0.602 1.079 0.58( 1.0938
15 0.708 1.296 0.686 1.308 0.655 1.321
9 20 0.817 1.429 0.801 1.437 0.743 1.461
25 0.897 1.534 0.877 1.543 0.818 1.566
30 0.952 1.624 0.917 1.638 0.891 1.648
X ?:;Z’; 19 pH=3
1.8 L 2N ?l\. 298K 171 e -
- 16 X N m308K 15 me.
g-;-” L 14 * CH 318K ¥ /’,:;;1/ 298K
1 ¢ u 13 1 “ m 308K
1 11 He 318K
ow 0.1 0.2 ol.3 0.4 0.5 0.9 ' ' '
Loge, 0.55 0.6 Logec, 0.65 0.7
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Figure (3.28): Freundlich adsorption isotherm for the adsorptbBTB dye

on SD/PANI surface at different temperatures and pH
3.3.1.3. Dubinin — Radushkevich (D-R) isotherm modte

The D-R isotherm linear equation (eauraf..5) was used for studying
the adsorption isotherm for BTB on each of SD amiPANI surface at
different temperatures and the data obtained arengin tables (3.14) and
(3.15). The D-R isotherm constanfis (D-R isotherm constant) and.,g
(maximum amount of adsorbate that can be adsorbeddsorbent), were
obtained from the slop and intercept of the plot®fersus In g E values
(the mean free energy of the adsorption per modecdladsorbate) were
calculated by using equation (1.7). The result®d® isotherm data for the
adsorption of BTB dye on SD and SD/PANI surfacesmesented in figures
(3.29) and (3.30), respectively.
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Table (3.14): Adsorption values of BTB on SD surface with D-Rtiserm

model calculations at different temperatures and pH

298K 308 K 318 K
pH G | £23/mol LnG | £2 J/mol Ln G €2 J/mol Ln Ge
10 299824 2.478 324713 2.483 882460 2.519
15 249218 3.047 269691 3.049 310529 3.067
3 20 198714 3.396 217226 3.401 266730 3.425
25 169063 3.662 184490 3.665 229021 3.687
30 136195 3.862 148363 3.864 192518 3.890
10 251990 2.406 289244 2.439 338395 2.476
pHdye | 15 129090 2.844 145612 2.865 170144 2.898
(3.5-4) 20 75649 3.137 85238 3.154 102365 3.197
25 57770 3.411 64283 3.429 73753 3.45(
30 45410 3.633 50792 3.644 57898 3.664
10 106260 1.755 119632 1.820 130017 1.844
15 53874 2.267 60150 2.314 65522 2.326
5 20 31948 2.586 37734 2.683 40322 2.686
25 26046 3.011 28064 3.017 30260 3.025%
30 20712 3.280 22776 3.298 24357 3.30(
10 83258 1.338 90852 1.385 98463 1.43(
15 41233 1.886 44344 1.900 47482 1.909
7 20 26196 2.340 28064 2.343 28225 2.352
25 18739 2.694 20087 2.698 21485 2.704
30 13772 2.932 14830 2.944 16128 2.963
10 66985 0.610 72546 0.679 77466 0.711
15 36104 1.592 38848 1.611 43325 1.723
9 20 22217 2.048 23882 2.061 25617 2.073
25 15250 2.388 16603 2.421 17299 2.426
30 15076 3.028 16228 3.036 17365 3.039
10 111122 1.821 120252 1.832 131609 1.860
15 53665 2.261 57327 2.268 62066 2.279
11 20 32113 2.603 35192 2.618 37801 2.626
25 21321 2.839 22922 2.843 25697 2.891
30 15719 3.069 16855 3.073 18238 3.084

~ 86 ~



CHAPTER THREE RESULT & DISCUSSION

4- pH dye as pH=3
(3.5-4) '
35 . a,
o v 3.5 - N
S 3. g “ #298K
= e 298K S 5 q
308K NN ®308K
2.5 - N e L] R
& WA 25 - LA | 4318K
A 318K
2 T r . ) 2 T T r ,
0 100000 200000 300000 400000 0 100000 200000 300000 400000
€2)/mol €2J/mol
35 - 3.1 -
3 2.6 -
2.5 - @21 e
5 298K s NN #298K
2 1.6 -
- m308K “iRA m308K
1.5 - 1.1 A
A318K A318K
1 ; ; ) 0.6 ; . .
0 50000 100000 150000 0 50000 100000 150000
€2J/mol
€2J/mol
35 - 33 - pH=11
3 3.1 4
2.9 -
25 - 7
¢ 7] 298 K g 221 298 K
Si1s - ¢ 5 23 . .
1 m308K 2.1 - B308K
4318K 19 1 elA a318K
0.5 - 17 . ks
0 . . 1.5 r r )
0 50000 100000 0 50000 100000 150000
€2J)/mol €2J/mol

Figure (3.29): The D-R adsorption isotherm for the adsorptioB®B dye

on SD surface at different temperatures and pH.
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Table (3.15): Adsorption values of BTB on SD/PANI surface withRD
iIsotherm model calculations at different tempeegiand pH.

298K 308K 318K
pH Co- | €2J/mol Ln ce €2J/mol Ln ge €2J/mol Ln ge
10 6502446 2.939 9652843 2.953 13150954 2.961
pHdye | 15 5844477 3.360 8840776 3.370 11293015 3.375
(3.54) | 20 5458607 3.656 7510782 3.662 9424172 3.666
25 4945799 3.884 6703447 3.889 8668766 3.892
30 4010092 4.067 5635227 4.072 7404547 4.076
10 308341 2.488 338770 2.499 382657 2.519
15 291701 3.081 320339 3.087 350817 3.093
3 20 272763 3.449 303182 3.455 336723 3.461
25 234241 3.707 256520 3.710 294929 3.719
30 212957 3.917 232939 3.919 263526 3.92%
10 578674 2.669 636093 2.676 763296 2.701
15 | 556378 3.101 630933 3.199 750729 3.213
S 20 416750 3.505 540933 3.526 597524 3.53(
25 313598 3.741 407835 3.760 462614 3.765%
30 247642 3.932 306008 3.946 352704 3.952
10 528143 2.648 582450 2.657 660127 2.67(
15 500571 3.176 579836 3.187 647633 3.194
7 20 367101 3.490 453667 3.507 522723 3.516
25 275320 3.726 312290 3.733 388289 3.749
30 214235 3.917 251964 3.928 303624 3.939
10 278558 2.449 326877 2.485 381217 2.517
15 196198 2.985 230666 3.011 27917¢ 3.043
9 20 123455 3.291 141561 3.309 192913 3.365
25 87493 3.533 101990 3.554 139944 3.607
30 68896 3.740 85598 3.772 102007 3.794
45 - pH dye 45 - pH=3
 (3.54)
4
4 - ‘\?.\- 0=l
55 | ’\ - &’3'5 g -
2 * - 20k N i ’ u 298K
3 - ’ - 308K = 308K
318K a ¢ ® 318K
25 . . . 2 . . : .
0 5000000 10000000 15000000 200000 250000 300000 350000 400000
€2 J/mol €2 J/mol
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Figure (3.30): The D-R adsorption isotherm for the adsorptioB®B dye

on SD/PANI surface at different temperatures and pH

All the data of the equilibrium isotherm madgl of BTB dye on each of
SD and SD/PANI surface were included in tables §B8.and (3.17),
respectively. Because of the negative values of(Which is Langmuir
constant), it makes Langmuir model unfavorablene@ BTB adsorption on
each of SD and SD/PANI surface. For D-R isothefrthe values of energy E
in D-R model between 8 and 16 kJ/mol then the gd®wor process refers to
chemical ion-exchange, if E less than 8 kJ/mol thBe process is
physisorption and if the energy values more thankd@nol it refers to
chemisorption proced4410]. The results obtained show that the Freuhdlic
model yields a better fit for the experimental apgfon data than the
Langmuir model and D-R model because of the higberlation factor (B

values. From the constants, unfavorable adsorpticars when (n < 1) which
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characterized by predominantly physical interajowhile the favorable

adsorption happens by stronger bonds when the Ih [211]. The results
show that the type of BTB adsorption on each ofeé®D SD/PANI surface is

physical adsorption.

Table (3.16):Adsorption isotherm constants of BTB dye on thesbBidace at

different pH and temperatures.

Langmuir constants Freundlich constants Dubinin and Radushkevich eamst
pH T q max K R, R n Ke R B q max E R
(K)
298 | -11.467| -0.136 | -0.324 | 0.784| 0.765| 1.528 | 0.988 | 8*10° | 156.35| 7.937 | 0.958
3 308 | -11.428| -0.136 | -0.324 | 0.781| 0.794| 1.781| 0.988 | 8*10° | 159.86 | 7.937 | 0.956
318 | -9.398 | -0.158 | -0.267 | 0.851| 0.825| 2.145| 0.992 | 2*10° | 52.404 | 15.823 | 0.810
pH 298 | -65.789] -0.032] 25.000 0.900 0.318 0.171 0.98%*10° | 40.217 | 10.000] 0.908
dye 308 | -77.519] -0.030 10.000 0.848 0.315 0.167 0.986*10° | 40.129 | 10.000] 0.903
(3.5-4) 318 | -93.458] -0.025 4000 0928 0.2f2 0.101 0.976*1024 | 41.112| 11.236| 0.914
298 | -16.420] -0.061] -12.048 0.905 0.579 0.183 0.p6»¥10° | 28.323 5.000| 0.863
5 308 | -18.975| -0.035| -18.867 0.986 0.6D1 0.233 0.p8B10° | 29.122 7.092| 0.89(
318 | -20.284| -0.034] -43.478 0.976 0.604 0.259 0.p8r10° | 28.898 7.092| 0.887
298 | -11.668] -0.031] 13.698 0.969 0.574 0.096 0.p95102 | 20.855| 5.000| 0.917
7 308 | -12.804 -0.029] 9.433 0981 0.5p2 0.113 0.p93102*| 20.493| 5.000| 0.907
318 | -13.755] -0.029] 7.874 0980 0.6b5 0.129 0.988102*| 20.099 | 5.000| 0.88(
298 | -3.312| -0.042] -3.676 0.891 0.3y4 0.005 0.932 104*| 23.605| 3.534| 0.90(
9 308 | -3.575| -0.042] -3.802 0.873 0.383 0.006 0.936 104*| 23.486| 3.534| 0.89"
318 | -3.949| -0.041] -4.132 0.802 0.398 0.008 0.922 103*| 23.769| 4.082| 0.901
298 | -56.176/ -0.014/ 1.751 0.974 0.825 0.385 0.p98101*| 21.924| 7.092| 0.921
11 308 | -59.523 -0.013] 1.70§ 0.943 0.881 0.608 0.p98 101*| 22.014| 7.092| 0.92(
318 | -59.523] -0.014/ 1.742 0942 0.8P9 0.624 0.p97101*| 22.385| 7.092| 0.911
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Table (3.17): Adsorption isotherm constants of BTB dye on the/F5ANI
surface at different pH and temperatures.

Langmuir constants Freundlich constants Dubinin and Radushkevich eonst

pH T | gmax K R R n Ke R? B g max E R’
(K)

pH 298 | -18.416| -0.996 | -0.035 | 0.649 | 0.332| 129.778 | 0.926 | 5*10" 411.702 | 31.250| 0.892

dye [7308]-23.866| -1.139 | -0.030 | 0.765 | 0.406 | 182.222 | 0.966 | 3*10" 285.659 | 41.667 | 0.946

(3.5-4) 318 | -25.641| -1.259 | -0.027 | 0.879 | 0.441| 234.207 | 0.993 | 2*10" 252.775 | 50.000| 0.986

298 | -4.895| -0.192] -0.21Q0 0.66 0.163 0.00( 0.888 1*10° 956.518 | 7.092| 0.864

3 308 | -5.171| -0.193] -0.209 0.64 0.168 0.00| 0.869 1*10° 861.866 | 7.092| 0.845

318 | -4.726| -0.202] -0.198 0.70 0.157 0.00( 0.913 1*10° | 1128.788| 7.092| 0.885

298 | -23.419 -0.160] -0.263 0.52 0.450 1.95 0.889 3*10° 117.684 | 12.987 0.854

5 308 | -20.576| -0.182] -0.224 0.41 0.4p8 1.78| 0.802 3*10° 146.907 | 12.987 0.762

318 | -21.786| -0.187] -0.217 0.48 0.423 2.22| 0.856 3*10° 137.455| 12.987 0.820

298 | -24.876) -0.144] -0.301 0.52 0.466 1.82 0.892 3*10° 109.870 | 12.987 0.868

7 308 | -25.575| -0.150] -0.28¢6 0.4Z7 0.4y3 2.13| 0.832 3*10° 111.676 | 12.987 0.807

318 | -21.368| -0.171 -0.242 0.47 0.424 1.78 0.849| 3*10° 133.220 | 12.987| 0.813

298 | -38.314| -0.060 -1.25] 0.72 0.629 1.26/ 0.988| 6*10° 58.962 | 9.091 | 0.973

9 308 | -37.313] -0.066/ -1.020 0.77 0.6111 1.34 0.979| 5*10° 60.364 | 10.000| 0.974

Wl N B N O W O A~ b © O

318 | -35.336] -0.076f -0.781 0.68§ 0.5f8 1.39 0.997 | 4*10° 69.791 | 11.236| 0.962

3.3.2. Equilibrium isotherm modeling of MGox dye onthe SD
and SD/PANI surfaces:

3.3.2.1. Langmuir isotherm model:

The Langmuir adsorption isotherm data MGox adsorption onto
both SD and SD/PANI surfaces were presented iresaf8.18) and (3.19),
respectively. Also, the plot ofdg. versus g for SD and SD/PANI surface
were explained in figures (3.31) and (3.32), retipely.
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Table (3.18): Adsorption values of MGox on SD surface with Lamngm

iIsotherm model calculations at different tempegiand pH.

Co 298 K 308 K 318 K
PH (malL) Ce Cd/Qe Ce Ce/e Ce Co/Qe
(mg/L) (9/L) (mg/L) (9/L) (mg/L) (9/L)
15 8.347 1.046 7.632 0.863 6.284 0.601
20 12.723 1.457 12.008 1.252 10.998 1.017
3 25 17.698 2.020 16.917 1.744 15.20p 1.298
30 21.292 2.038 20.510 1.801 19.61p 1.578
35 25.236 2.154 24.920 2.060 24.004 1.819
40 29.429 2.320 28.946 2.182 28.181 1.987
15 2.197 0.143 1.841 0.117 1.308 0.08(
pHdye| 20 3.116 0.154 2.804 0.136 2.479 0.114
(3.5-4) 25 4.390 0.178 4.034 0.160 3.649 0.142
30 5.338 0.180 5.027 0.168 4.641 0.153
35 6.671 0.196 6.316 0.183 6.153 0.17¢
40 8.538 0.226 8.227 0.216 7.767 0.201
20
5 25 1.099 0.038 0.618 0.021 0.076 0.002
30 2.693 0.082 0.918 0.026 0.663 0.019
35 5.234 0.147 2.557 0.066 1.911 0.048
40 6.783 0.170 5.565 0.135 2.903 0.065
15 1.291 0.078 0.571 0.033 0.306 0.017
20 2.162 0.101 1.481 0.067 0.534 0.023
7 25 3.091 0.118 2.825 0.106 1.859 0.067
30 4.928 0.164 4.075 0.131 2.371 0.072
35 7.541 0.229 5.628 0.160 3.431 0.091
40 9.056 0.244 8.242 0.216 5.079 0.121
15 2.234 0.146 1.797 0.113 1.344 0.082
20 3.464 0.175 2.509 0.120 2.137 0.10(
9 25 4.629 0.189 3.707 0.145 2.898 0.109
30 6.037 0.210 4.629 0.152 3.966 0.127
35 7.364 0.222 6.991 0.208 6.118 0.177
40 8.836 0.236 8.059 0.210 7.331 0.187
15 7.467 0.826 6.133 0.576 5.467 0.479
20 10.8 0.978 8.8 0.655 7.467 0.496
11 25 13.625 0.998 11.125 0.668 9.875 0.544
30 16.75 1.053 13.625 0.693 12.375 0.585
35 19.875 1.095 16.125 0.712 14.875 0.616
40 23.625 1.202 20.5 0.871 18 0.682
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Figure (3.31):Langmuir adsorption isotherm for the adsorptioM@ox dye

on SD surface at different temperatures anc
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Table (3.19): Adsorption values of MGox on SD/PANI surface with
Langmuir isotherm model calculations at differerhperatures and pH.

298K 308K 318K
pH € Ce Ce/Ce G Ce/Ce Ce Ce/Qe
(mg/L) (g/L) (mg/L) (/L) (mg/L) (g/L)
15 10.893 2.210 10.790 2.136 10.464 1.922
20 15.086 2.558 14.804 2.374 14.53¢8 2.218
pH 25 20.064 3.387 19.441 2.914 19.05¢6 2.672
(223/_64) 30 24.390 3.623 24.227 3.497 23.782 3.187
35 28.716 3.808 28.641 3.753 28.464 3.629
40 33.693 4.452 33.427 4.238 33.175 4.051
15 12.227 3.674 11.535 2.778 10.814 2.153
20 16.904 4.550 15.836 3.169 15.325 2.732
5 25 21.701 5.481 20.468 3.764 19.4 2.887
30 26.618 6.559 25.355 4.549 23.701 3.135
35 31.295 7.039 30.062 5.073 28.558 3.694
40 36.152 7.828 34.528 5.259 33.265 4.116
15 12.769 4.770 12.380 3.938 11.83( 3.110
20 17.251 5.229 16.733 4.269 16.00% 3.339
9 25 22.057 6.245 21.604 5.302 20.827 4.159
30 26.846 7.093 26.215 5.772 25.503 4.726
35 31.749 8.139 31.183 6.809 30.341 5.427
40 36.523 8.754 36.134 7.789 35.244 6.174
5 I;’::\:)E 107 PH=5
4 ,::;;ﬂ:::::‘ ':.8 _ 9"‘/.
! 3 9:?:'.‘ 3% & B 20k
gi /;ﬁ::::‘ * 298 J - Q‘I. 308K
o = m 308K m N
318K 2 1 318K
1 13 28 58 ’ 0 10 20 30 10
c(mg/L) c(mg/L)
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Figure (3.32): Langmuir adsorption isotherm for the adsorptioh@ox dye

3.3.2.2. Freundlich isotherm model:

on SD/PANI surface at different temperatures and pH

Freundlich isotherm data for MGox dye on &l SD/PANI surfaces

were presented and plotted in tables (3.20 and) &@d figures (3.33 and

3.34), respectively.
Table (3.20): Adsorption values of MGox on SD surface with Fraligh

isotherm model calculations at different tempergiland pH.

pH Co 298K 308K 318K
mg/L Log & Log ¢ Log & Log g Log & Log g
15 0.922 0.902 0.883 0.947 0.798 1.019
20 1.105 0.941 1.079 0.982 1.041 1.034
3 25 1.248 0.943 1.228 0.987 1.182 1.070
30 1.328 1.019 1.312 1.056 1.293 1.096
35 1.402 1.069 1.397 1.083 1.380 1.120
40 1.469 1.103 1.462 1.123 1.450 1.152
15 0.342 1.187 0.265 1.198 0.117 1.126
20 0.494 1.307 0.448 1.315 0.394 1.328
pH 25 0.642 1.393 0.606 1.401 0.562 1.409
dye 30 0.727 1.471 0.701 1.477 0.667 1.483
(3.5-4)| 35 0.824 1.531 0.800 1.537 0.789 1.539
40 0.931 1.577 0.915 1.581 0.890 1.587
20
5 25 0.041 1.458 -0.209 1.466 -1.119 1.476
30 0.430 1.515 -0.037 1.543 -0.178 1.546
35 0.719 1.553 0.408 1.590 0.281 1.599
40 0.831 1.601 0.745 1.616 0.463 1.649
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15 0.111 1.216 -0.243 1.238 -0.514 1.246
20 0.335 1.331 0.171 1.347 -0.272 1.368
7 25 0.490 1.420 0.451 1.425 0.269 1.444
30 0.693 1.478 0.610 1.493 0.375 1.521
35 0.877 1.518 0.750 1.547 0.535 1.578
40 0.957 1.570 0.916 1.581 0.706 1.622
15 0.349 1.185 0.255 1.200 0.128 1.214
20 0.540 1.298 0.400 1.322 0.330 1.331
9 25 0.665 1.388 0.569 1.407 0.462 1.424
30 0.781 1.459 0.665 1.484 0.598 1.495
35 0.867 1.521 0.845 1.526 0.787 1.540
40 0.946 1.573 0.906 1.584 0.865 1.593
15 0.873 0.956 0.788 1.027 0.738 1.058
20 1.033 1.043 0.944 1.128 0.873 1.177
11 25 1.134 1.135 1.046 1.221 0.995 1.259
30 1.224 1.201 1.134 1.293 1.093 1.325
35 1.298 1.259 1.207 1.355 1.172 1.383
40 1.373 1.293 1.312 1.369 1.258 1.419
17 - I:H dy()e 17 -
16 - 3.5-4 4 115 -
I ol I I B
ol4 - . i 4
LEER “ 298K §°0.9; ] . ..’ ¢ 298K
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Figure (3.33): Freundlich adsorption isotherm for the adsorptbMGox

dye on SD surface at different temperatures and pH.

Table (3.21): Adsorption values of MGox on SD/PANI surface with
Freundlich isotherm model calculations at differémmperatures and pH.

Co 298K 308K 318K
pH | (mg/l) | Logc Log g Log Log g Log Log g
15 1.037 0.693 1.033 0.703 1.020 0.736

20 1.179 0.771 1.170 0.795 1.163 0.817

pH 25 1.302 0.773 1.289 0.824 1.280 0.853
dye 30 1.387 0.828 1.384 0.841 1.376 0.873
3-54) [ 35 1.458 0.877 1.457 0.883 1.454 0.894
40 1.528 0.879 1.524 0.897 1.521 0.913

15 1.087 0.522 1.062 0.618 1.034 0.701

20 1.228 0.570 1.200 0.699 1.185 0.749

5 25 1.336 0.598 1.311 0.735 1.288 0.827
30 1.425 0.608 1.404 0.746 1.375 0.878

35 1.495 0.648 1.478 0.773 1.456 0.888

40 1.558 0.664 1.538 0.817 1.522 0.908

15 1.106 0.428 1.093 0.497 1.073 0.580

20 1.237 0.518 1.224 0.593 1.204 0.681

9 25 1.344 0.548 1.335 0.610 1.319 0.700
30 1.429 0.578 1.419 0.657 1.407 0.732

35 1.502 0.591 1.494 0.661 1.482 0.747

40 1.563 0.620 1.558 0.666 1.547 0.756
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Figure (3.34): Freundlich adsorption isotherm for the adsorptbMGox
dye on SD/PANI surface at different temperatures @in.

3.3.2.3. Dubinin — Radushkevich (D-R) isotherm modte

The adsorption isotherm for MGox on reaf SD and SD/PANI
surface at different temperatures are presentebias (3.22) and (3.23). The
plots of D-R isotherm on SD and SD/PANI surfaces sinown in figures
(3.35) and (3.36), respectively.
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Table (3.22): Adsorption values of MGox on SD surface with Ddetherm

model calculations at different temperatures and pH

298 K 308 K 318K
pH Co € 2J/mol Ln ge £ 2J/mol Ln ge £ 2J/mol LN Ge
15 78399 2.077 99228 2.179 153145 2.347
20 35464 2.167 41976 2.261 52920 2.38D
3 25 18573 2.170 21310 2.272 28638 2.464
30 12433 2.347 15112 2.433 17479 2.528
35 9339 2.461 9976 2.493 11753 2.580
40 6686 2.540 7582 2.585 8565 2.652
15 863968 2.732 1235394 2.759 2255669 2.799
pH 20 474511 3.009 610135 3.027 803486 3.046
dye 25 258571 3.208 320339 3.225 409458 3.243
(3.54)| 30 181034 3.388 214874 3.400 265857 3.415
35 119787 3.526 141730 3.539 159416 3.544
40 75318 3.631 86740 3.641 102365 3.655
20
5 25 2570672 3.356 6075600 3.376 49108851 3.398
30 612259 3.489 3561011 3.552 6061123 3.561
35 187694 3.576 714614 3.662 1238439 3.682
40 116119 3.685 179117 3.721 612582 3.796
15 2022930 2.800 6717180 2.852 9804083 2.870
20 886593 3.064 1746326 3.101 7781865% 3.151
7 25 481364 3.269 602159 3.281 1292753 3.324
30 210136 3.404 314568 3.438 865788 3.501
35 95935 3.495 176406 3.562 457393 3.634
40 67692 3.614 86011 3.640 226529 3.735
15 840208 2.729 1283845 2.763 2162988 2.796
20 394937 2.988 738029 3.044 1030959 3.085
9 25 234885 3.196 374107 3.241 612579 3.278
30 144244 3.359 251964 3.416 353500 3.442
35 99550 3.501 117230 3.515 159416 3.546
40 70576 3.622 89737 3.646 114551 3.669
15 97476 2.202 149548 2.365 197290 2.437
20 48634 2.402 75980 2.598 110441 2.711
11 25 30951 2.614 48593 2.812 65054 2.890
30 20654 2.766 32901 2.978 42220 3.05Q
35 14796 2.899 23745 3.120 29597 3.184
40 10321 2.978 14878 3.153 20148 3.267
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Figure (3.35): The D-R adsorption isotherm for the adsorptioM@&ox dye

on SD surface at different temperatures and pH.
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Table (3.23): Adsorption values of MGox on SD/PANI surface wiihR
iIsotherm model calculations at different tempergiand pH.

298K 308K 318K
pH Co £2J/mol LN . €2 J/mol LN Ge. ¢”J/mol LN .
15 47363 1.595 51952 1.620 58243 1.694
20 25292 1.774 28024 1.830 30940 1.880
pH 25 14525 1.779 16501 1.898 18290 1.9656
dye 30 9913 1.907 10730 1.936 11861 2.010
354) [ 35 7194 2.020 7582 2.032 8336 2.060)
40 5252 2.024 5699 2.065 6166 2.103
15 38319 1.202 45335 1.424 54691 1.614
20 19948 1.312 24593 1.609 27937 1.725
5 25 12461 1.376 14924 1.693 17663 1.905
30 8351 1.401 9814 1.718 11941 2.023
35 6075 1.492 7023 1.779 8282 2.045
40 4476 1.530 5346 1.882 6134 2.090
15 34905 0.985 39904 1.145 45872 1.336
20 19496 1.194 22098 1.366 25681 1.56f
9 25 11887 1.262 13282 1.405 15377 1.611
30 8212 1.331 9192 1.513 10343 1.686
35 5905 1.361 6535 1.522 7352 1.721
40 4480 1.428 4781 1.534 5473 1.742
2.3 pH dye 2.2 pH=5
(3.5-4) 5 |
21 4 A
e oy
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Figure (3.36): The D-R adsorption isotherm for the adsorptioM@&ox dye
on SD/PANI surface at different temperatures and pH

All the data of the three isotherm mod&s MGox on SD and
SD/PANI surfaces are presented in tables (3.24)a&%), respectively. The
correlation factor (B values in the tables as shown below indicate tiat
Langmuir isotherm is the best for MGox dye thanulRddich isotherm and
Debinin- Radushkevich isotherm. Values of Between 0 and 1 shown
favorable adsorption of MGox on SD and SD/PANI aaes in Langmuir
isotherm. The Langmuir analysis shows the greatestolayer capacity of
MGox on SD and SD/PANI surfaces. The comparisohasfgmuir isotherm
constants for MGox dye on each of SD and SD/PANiase indicates that
SD is an effective adsorbent for the MGox dye campdao SD/PANI surface
[112]. Values of n which are more than 1 in freuctudlmodel explained that
the type of interaction is chemical adsorption. Hneundlich isotherm gives
an indication of surface heterogeneity of the adsotr while Langmuir
iIsotherm suggest towards surface homogeneity ohdserbent. This leads to
the indication that the surface of sawdust is magl®f small heterogeneous
adsorption patches which are very much similaraocheother in respect of

adsorption phenomenon [113].

Table (3.24): Adsorption isotherm constants of MGox dye on tBes8rface
at different pH and temperatures.

Langmuir constants Freundlich constants | Dubinin and Radushkevich constants
T | amax | K. R R? n Ke R? B q max E R?
(K)
298| 17.036| 0.084 0.280 0.900 2.783 3.471 0.861 %*1011.440 10 0.627
308| 16.313| 0.117 0.222 0.936 3.385 4.629 0.842 #*1012.029 11.236| 0.638
318| 15.873| 0.219 0.312 0.986 4986 6.928 0020 2*1013.037 15.873| 0.633
pH | 298| 79.365| 0.109 0.234 0.982 1.485 9.256 0.993 "1*1086.925 22.222| 0.932
dye | 308| 67.568| 0.15§ 0.174 0.988 1.664 11.010 0.p95 0%*1 35.913 27.027 | 0.904
(3.54)| 318| 56.180| 0.261 0.118B 0.970 1.685 11.852 0.992 0%+ 33.778 35.714 | 0.81%
298| 42.373 | 1.484| 0.022 0.990| 5.959 | 27.990 | 0.958 | 1*10* | 37.382 | 71.429 | 0.811
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5 308 | 43.103 | 3.937| 0.008| 0.999 | 7.018 | 33.220 | 0.875 | 5*10° | 41.364 100 0.989
318 | 45.045 | 8.547| 0.004| 0.991 | 9.823| 38.159 | 0.945 | 6*10° | 40.459 | 333.333 | 0.767
298| 45.045| 0.428 0.072 0.992 2.582 15442 0.075 0%4*1 33.623 35.714| 0.919

7 308| 43.290| 0.743 0.048 0.987 3.2f2 20.105 0.p92 01*1 32.314 71429 | 0.772
318| 45.872| 1.372 0.024 0.973 3.463 25722 0.p62 0%1*1 36.911 71.429| 0.714
298| 75.758| 0.106 0.23p 0.971 1529 8950 0.999 1*1034.939 22.222| 0.887

9 308| 59.524| 0.209 0.138 0.978 1.8p2 12.131 0.p74 07*1L 36.573 27.027| 0.950
318| 54.945| 0.379 0.082 0.989 2.0p2 2.340 0.977 4*1036.503 35.714| 0.928
298| 48.309| 0.029 0.535 0.948 1.416 2.145 0.993 9*1019.401 7.463 0.892

11 | 308| 55.866| 0.03§ 0.46f 0.905 1.418 2994 0.974 &*1124.059 9.091 0.919
318| 59.880| 0.044 0.43L 0.989 1.419 3559 0.994 &*1(26.478 10 0.951

Table (3.25): Adsorption Isotherm Constants of MGox dye on tiRgF3\NI

surface at different pH and Temperatures.

T Langmuir constants Freundlich constants Dubinin and Radushkevich constan
pH | (K)

gmax | K, R R? n Ke R’ B q max E R?

pH 298 | 10.449 | 0.078 | 0.299 | 0.969 | 2.613 | 1.996 | 0.944| 1*10° 7.588 | 7.092 | 0.862

3d;/e4 308 | 10.460 | 0.090 | 0.270 | 0.991 | 2.687 | 2.170 | 0.956 | 9*10° 7.980 | 7.463 | 0.960
(35-4) 318 | 10.395 | 0.111] 0.231| 0.998 | 2.988 | 2.581 | 0.961| 7*10° 8.315 | 8.475| 0.984

298 | 5.721 | 0.107| 0.238| 0.991| 3.421 1.605 | 0.980 | 9*107° 4.564 | 7.463 | 0.893
5 308 | 8.584 | 0.082| 0.289 | 0.981 | 2.680 1.716 | 0.958 | 1*107? 6.438 | 7.092| 0.932
318 | 12.034 | 0.064 | 0.343 | 0.980 | 2.202 1.699 | 0.964| 1*107? 8.266 | 7.092| 0.905

298 | 5.659 | 0.075| 0.308 | 0.993 | 2.561 1.035 | 0.958 | 1*107 4.270 | 7.092 | 0.980

9 308 | 6.083 | 0.097 | 0.256 | 0.986 | 2.257 1.366 | 0.902 | 1*107? 4,910 | 7.092 | 0.977
318 | 7.418 | 0.100 | 0.250 | 0.991 | 2.866 1.707 | 0.909 | 1*107? 5.983 | 7.092 | 0.985

3.4. Thermodynamic parameters:

The adsorption studies for both BTB and MGlyes solutions were
carried out at different temperatures (298, 3083%8) K and at initial
concentration of 30 ppm for BTB and 25 ppm for MGadyes solutions.
Thermodynamic data for adsorption of BTB and MGgrgisolutions on SD
and SD/PANI composite are presented in tables J3.627), (3.28) and
(3.29), respectively. From equation (1.9), the Hoim constant K for both
dyes at different temperature was calculated. Taedsrd enthalpy change
(AH®) and entropy chang@®°) values for the adsorption of BTB and MGox
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dyes solutions on SD and SD/PANI composite surfacee determined from
the slope and intercept of linear regression batvielé and 1000/Taccording
ed. (1.8) as shown in figures (3.37-3.40). Als® #pontaneously of the
adsorption procesaG°) was calculated using equation (1.10). The resutts
given in tables (3.30-3.33). Thermodynamically paaters showed that the
adsorption of both dyes is endothermic in natuiabse the positive value of
AH® indicates that adsorption was favorable at higeerperature (318K).
The increase in adsorption with increase the teatpexr may be due to the

increase in available active sites on the surfabEhlwleads to an enhanced

RESULT & DISCUSSION

rate of intraparticle diffusion of dyes [114].

Table (3.26): Effect of temperature on thermodynamic equilibriaanstant

for the adsorption of BTB on SD surface at difféneH.

pH TIK

pHdye| 298
(3.5-4) | 308
318
298
3 308
318
298
5 308
318
298
7 308
318
298
9 308
318
298
11 308
318

1000/T

3.356
3.247
3.145
3.356
3.247
3.145
3.356
3.247
3.145
3.356
3.247
3.145
3.356
3.247
3.145
3.356
3.247
3.145

Co
(mg/g)

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
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(mg/g)
11.086
10.871
10.489
6.224
6.161
5.538
16.717
16.473
16.437
20.614
20.506
20.322
19.668
19.586
19.553
19.235
19.200
19.077

BTB on SD
K

3.412
1.258
1.314
7.640
7.738
8.834
1.589
1.642
1.650
0.910
0.925
0.952
1.051
1.063
1.068
1.119
1.125
1.145

Ln K

1.227
1.258
1.314
2.033
2.046
2.178
0.463
0.495
0.501

-0.094

-0.077

-0.049

0.049
0.061

0.065
0.112

0.117
0.135
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Figure (3.37): The Van't Hoff plot for adsorption of BTB dye dmetSD
surface at different pH.

Table (3.27): Effect of temperature on thermodynamic equilibriaonstant
for the adsorption of BTB on SD/PANI surface afeliént pH.

BTB on SD/PAN

pH T/IK 1000/T Co Co K Ln K
(mg/g) (mg/g)
pHdye 298 3.356 30 0.804 72.627 4.285
(3.54) 308 3.247 30 0.655 89.603 4.495
318 3.145 30 0.556 105.914 4.663
298 3.356 30 4.885 10.282 2.330
3 308 3.247 30 4.822 10.443 2.346
318 3.145 30 4.667 10.856 2.385
298 3.356 30 4.496 11.345 2.429
5 308 3.247 30 4.142 12.486 2.525
318 3.145 30 3.971 13.110 2.573
298 3.356 30 4.869 10.323 2.334
7 308 3.247 30 4.608 11.021 2.400
318 3.145 30 4.316 11.902 2.477
298 3.356 30 8.949 4.705 1.549
9 308 3.247 30 8.263 5.261 1.660
318 3.145 30 7.789 5.703 1.741
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Figure (3.38): The Van't Hoff plot for adsorption of BTB dye dmet
SD/PANI surface at different pH.

Table (3.28): Effect of temperature on thermodynamic equilibriaonstant
for the adsorption of MGox on SD surface at diffeneH.

MGox + SD
pH TIK 1000/T (mzo/g) < < TR
(mg/g)
298 3.356 25 17.698 0.495 -0.703
3 308 3.247 25 16.917 0.573 -0.557
318 3.145 25 15.202 0.773 -0.257
pHdye | 298 3.356 25 4.390 5.634 1.729
(3.5-4) 308 3.247 25 4.034 6.237 1.830
318 3.145 25 3.649 7.021 1.949
298 3.356 25 1.099 26.097 3.262
S 308 3.247 25 0.618 47.343 3.857
318 3.145 25 0.076 393.526 5.975
298 3.356 25 3.091 8.506 2.141
7 308 3.247 25 2.825 9.419 2.243
318 3.145 25 1.859 14.938 2.704
298 3.356 25 4.629 5.281 1.664
9 308 3.247 25 3.707 6.893 1.931
318 3.145 25 2.898 9.152 2.214
298 3.356 25 13.625 1.002 0.002
11 308 3.247 25 11.125 1.497 0.403
318 3.145 25 9.875 1.838 0.609
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Figure (3.39): The Van't Hoff plot for adsorption of MGox dye tive SD
surface at different pH.

Table (3.29): Effect of temperature on thermodynamic equilibriaonstant
for the adsorption of MGox on SD/PANI surface dtetent pH.

MGox + SD/PAN.

pH TIK 1000/T (mc;/g) S K LnK
(mg/9)
pH dye 298 3.356 25 20.064 0.295 -1.221
(3.5-4) 308 3.247 25 19.441 0.343 -1.070
318 3.145 25 19.056 0.374 -0.983
298 3.356 25 21.701 0.182 -1.704
5 308 3.247 25 20.468 0.266 -1.324
318 3.145 25 19.400 0.346 -1.061
298 3.356 25 22.057 0.160 -1.833
9 308 3.247 25 21.604 0.189 -1.666
318 3.145 25 20.827 0.240 -1.427
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Figure (3.40): The Van't Hoff plot for adsorption of MGox dye tire
SD/PANI surface at different pH.

Table (3.30): Thermodynamics parameters for adsorption of BT8 oy SD

surface at different pH.

pH T AH AS R® AG
(K) kJ/mol J/mol kJ/mol
298 -3.029
pH dye [ 308 3.417 21.631 0.9667 3245
(3.5-4) | 318 -3.462
298 -4.988
3 308 5.660 35.733 0.8016 -5.346
318 -5.703
298 -1.157
5 308 1.508 8.944 0.8778 -1.247
318 -1.336
298 0.237
7 308 1.767 5.134 0.9748 0.186
318 0.134
298 -0.122
9 308 0.915 3.479 0.999 -0.157
318 -0.191
298 -0.272
11 308 0.900 3.934 0.8922 -0.312
318 -0.351
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Table (3.31): Thermodynamics parameters for adsorption of BTB dn
SD/PANI surface at different pH.

pH T AH AS R AG

(K) kJ/mol J/mol kJ/mol

pH 298 -10.63
dye 308 14.909 85.703 0.998 11.488
(3.5-4) [ 318 -12.345
298 -5.763

3 308 2.157 26.578 0.936 -6.029
318 -6.295

298 -6.037

5 308 5.693 39.362 0.971 -6.43
318 -6.824

298 -5.778

7 308 5.628 38.275 0.996 -6.161
318 -6.543

298 -3.848

9 308 7.577 38.339 0.995 -4.231
318 -4.615

Data presented in tables (3.30) and (3sBby the calculated values of
standard thermodynamic quantities for the BTB dgisogption on SD and
SD/PANI surfaces. Values @fH° in the range of 2.1-20.9 kJ mblindicate
the favorability of physisorption, while when thalwes within the range
20.9-418.4 kJ mot indicate chemisorption [115]. It is very clear frche
results of tables that physical adsorption of BTy dsolution on SD and
SD/PANI composite surfaces is much more possibite pgositive values of
AH° indicate the endothermic nature of adsorption @sec[116]. The
negative values of the Gibbs free energy chan@ explained that the
adsorption process was spontaneous. Also, thelymstlues of the entropy
AS’ refers that the increased randomness at the solide during adsorption
process and it may also indicate that ion exchaegetions take place and

create steric hindrances [117].
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Table (3.32): Thermodynamics parameters for adsorption of MGga dn
SD surface at different pH.

pH T AH AS R AG

(K) kJ/mol J/mol.k kJ/mol

298 1.808

3 308 17.502 52.666 0.954 1.281

318 0.754

pHdye| 298 -4.275
(3.5-4) 308 8.658 43.401 0.996 -4.710
318 -5.144

298 -7.450
5 308 106.207 381.401 0.893 -11.265
318 -15.079

298 -5.155

7 308 22.022 91.199 0.868 -6.067

318 -6.979

298 -4.111

9 308 21.659 86.476 0.999 -4.976
318 -5.840

298 -0.078

11 308 23.996 80.784 0.973 -0.885

318 -1.693

In table (3.32), the values Af3° (a change of Gibbs free energy) for
adsorption of MGox dye solution on SD adsorberngtats were negative and
this indicate the spontaneous nature of adsorptimreasing the negative
values of AG® with an increase in temperature gives better atisor and a
more energetically favorable adsorption. This migatbecause of the faster
movement of solute molecules in the aqueous sol@idigher temperatures
that increases their absorptivity processed towlaedadsorbent surface [118].
The value of AH° was positive referring to the endothermic natufe o
adsorption and it is greater than 20.9 kJmathich means the type of

adsorption is chemisorption.
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Table (3.33): Thermodynamics parameters for adsorption of MGga dn
SD/PANI surface at different pH.

pH T AH AS R AG

(K) kJ/mol J/mol.k kJ/mol

pH dye 298 3.002

(3.5-4) 308 9.403 21.480 0.982 2.787

318 2.572

298 3.323

5 308 19.560 54.488 0.993 2.778

318 2.233

298 4.575

9 308 15.962 38.213 0.985 4.192

318 3.810

Table (3.33) represents the thermodyndumictions for the adsorption
of MGox dye solution on SD/PANI composite surfatke positive values of
AG® refer to nonspontaneous adsorption process. Thall smd positive
values ofAH® indicates the endothermic nature of physisorpgimtess. The
positive values ofAS°® presented in the table (3.33) show the increased
disorder and randomness of MGox dye adsorbed orP/AW/ adsorbent
[119].

3.5. Adsorption kinetics:

The determination of efficiency of adsorptigprocess requires an
understanding the kinetic of uptake dyes by adsdsbeor the time
dependence of the concentration distribution insithle@tion and identification
of the rate determining step. From the studiesooftarct time effect of BTB
and MGox dyes solutions, the adsorption reachesilegum after 15 and 20
minutes, respectively. The adsorption kinetics de¢se evaluated by using
pseudo-first, pseudo-second order and intrapartaiffusion model to
determine the controlling mechanism of BTB and MGiyes adsorption
from aqueous solution using SD and SD/PANI composiirfaces were
shown in tables (3.34) and (3.35) respectively.
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Table (3.34): The Adsorption data of;@nd @ for BTB dye on the SD and
SD/PANI surfaces at 298 K.

t Vtime q G (Ge-t) Log(c-q) t/Ge
(min)
5 2.236 7.986 6.914 0.840 0.626
10 3.162 12.778 2.122 0.327 0.783
2 15 3.873 14785 4900 0.115 -0.939 1.015
20 4.472 14.818 0.082 -1.086 1.350
25 5 14.835 0.065 -1.187 1.685
5 2.236 51.858 8.060 0.906 0.096
10 3.162 54.776 5.142 0.711 0.183
SD/PANI 15 3.873 57.694 59.918 2.224 0.347 0.260
20 4.472 58.49 1.428 0.155 0.342
25 5 59.884 0.034 -1.469 0.417

Table (3.35): The Adsorption data of,@nd @ for MGox dye on the SD and
SD/PANI surfaces at 298 K.

t \time q G (Ge-) Log(c-at) t/gy
(min)
5 2236 | 20.129 6.281 0.798 0.248
10 3.162 24.87 1.540 0.188 0.402
15 3.873 | 25.506 0.814 -0.089 0.586
Sb 20 4.472 26.366 | 26.410 0.044 -1.357 0.759
25 5 26.381 0.029 -1.538 0.948
30 5.477 26.396 0.014 -1.854 1.137
35 5916 | 26.396 0.014 -1.854 1.326
5 2.236 1.151 6.240 0.795 4.344
10 3.162 2.603 4.788 0.680 3.842
15 3.873 4.721 2.670 0.427 3.177
SD/PANI 54 4.472 6.04 7.391 1.351 0.131 3.311
25 5 6.099 1.292 0.111 4.099
30 5.477 6.114 1.277 0.106 4.907
35 5.916 7.355 0.036 -1.444 4.759

3.5.1. Pseudo first order model:

From The Lagergren pseudo-first order aquafl.11) t is the contact
time. The adsorption rate constan{) (&nd @ values were calculated from the
plot of log (q-q) against t as shown in figures (3.41) and (3.4@) f
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adsorption of BTB and MGox dyes solutions, respetti on SD and
SD/PANI composite surfaces.

15 -
1 .
0.5 . ~~~~~~ b
_ I N -
g 0 T ~
s | T T
W -0.5 - # SD+BTB
= o =~ o RS
E L ‘ ’ ® SD/PANI+BTB
-15 - |
-2 T
0 5 10 15 20 25 30
Time(min)

Figure (4.41): The pseudo first order kinetic model to BTB dyetlom SD
and SD/PANI surfaces.
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h m SD/PAN+MGox
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Figure (3.42): The pseudo first order kinetic model to MGox dyetloe SD
and SD/PANI surfaces.

3.5.2. Pseudo second order model:
The pseudo second order equation (1.X8)dlarified previously
was used to study the adsorption of both dyes ona&d SD/PANI
composite surfaces. Values ofand k were estimated from the slope

and intercept of the linear plot of t/ggainst t and the corresponding
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RESULT & DISCUSSION

graphs on both adsorbents are presented in fig8ré3) and (3.44) for

BTB and MGox dyes, respectively.

1.8 -
1.6
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1.2

t/q,

0.8 4
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0.2 4

& SD+BTB

B SD+BTB/PAN.

15

Time(min)

25

30

Figure (3.43): The pseudo second order kinetic model to BTB dyée
SD and SD/PANI surfaces.
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Figure (3.44): The pseudo second order kinetic model to MGoxatye
the SD and SD/PANI surfaces.

3.5.3.

The effect of intraparticle diffusion resistenon adsorption of both dyes

Intraparticle diffusion model:

on SD and SD/PANI surfaces were calculated by usmgtion (1.16) where
C is the intercept andpkis the diffusion constant of intraparticle diffasi

which are determined from the linear plot efersus 2 as shown in figures
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(3.45) and (3.46) for BTB and MGox dyes, respetyivédll the data of
kinetic studies are presented in table (3.36).
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Figure (3.45): The Intraparticle diffusion model to BTB dye oet8D and
SD/PANI surfaces.
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Figure (3.46): The Intraparticle diffusion model to MGox dye dwetSD and
SD/PANI surfaces.
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Table (3.36): Adsorption kinetics constants of BTB (30ppm) & MGo
(25ppm) dyes on the SD and SD/PANI surfaces at298

OJ

Pseudo-first order Pseudo-second order Intrapartical diffusion
Ky e R? ks e R Ko C R®
(L/min) | (mg/g) (mg/g.min) | (mg/g) (mg/g.mirt?)
BTB
SD -0.252 | 17.026 0.867 0.010 18.622| 0.979 2.438 3.902  0.801
SD/PANI | -0.244 | 52.699 0.794 0.013 62.500| 0.999 2.925 45.57% 0.98
MGox
SD -0.222 | 12.939 0914 0.027 27.624| 0.999 1.467 18.846 0.698
SD/PANI | -0.134 | 19.226| 0.722 | 0.00027 | 32.573| 0.246 1.644 -2.210| 0.9369

Examining the results in table (3.36) it denseen that the adsorption of
BTB dye solution on SD and SD/PANI surfaces andattigorption of MGox
dye solution on SD surface, the correlation cogffits (R) are much greater
fitting with the pseudo second order model whioh iarthe range of 0.979 to
0.999 confirming a very good agreement with expental data. The best fit
to the pseudo second order kinetic indicates thatadsorption mechanism
depends on both of the adsorbate and adsorberds IP4]. On the other
hand, the correlation coefficients3jRf the adsorption of MGox dye solution
on SD/PANI is fitting with the pseudo first orderodel. For intraparticular
diffusion kinetic study of BTB dye adsorption, thalue of C increase from
3.902 to 45.575 and this change in C value attedbuid increase in thickness
of the boundary layer and decrease the chanceeoéxternal mass transfer
and subsequently prominent increase in the amduimternal mass transfer
[122]. Generally, the adsorption process can plassugh three stages: the
outer diffusion that is an instantaneous adsorp#éiod is probably due to a
strong electrostatic attraction between dye and eketernal surface of
adsorbent. The inner diffusion is a gradual adsmmpstage, which can be
attributed to diffusion of dye molecules througle tores of adsorbent. The
final stage corresponds to the equilibrium adsorptivhen dye molecules

occupy all active sites of the adsorbent so thergtisn process may be
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controlled by outer and/or inner diffusion [123f.the plot of q versus ¥?

was linear and the straight line passed througlotlggn then the adsorption
rate was controlled by intra-particle diffusion pnlOtherwise, the other
diffusion mechanism will be joined by intra-parédiffusion [124]. It is clear
from figures (3.45) and (3.46) that plots gaveigtralines for the dyes on
each adsorbent but did not pass through the osigimtra-particle diffusion
was not the unique rate-controlling step for theosgtion of BTB and MGox

dyes.
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4.1. Conclusion:

1. Results proved that SD and SD/PANI adsorbents are very effectivein
the removal of dyes from aqueous solutions. The effectiveness of
SD/PANI greater than the effectiveness of the SD in the removal of
BTB dyes from agueous solutions. On the other hand, the
effectiveness of the SD in the removal of MGox dyes from agueous
solution greater than the effectiveness of the SD/PANI adsorbent.

2. The effect of pH investigated for values ranging from 3 to 11, showed
maximum removal of BTB on the SD was at pH=3 and on SD/PANI
was at pH dye (3.5-4) but the maximum adsorption of MGox on the
SD was at pH=5, and on SD/PANI at pH dye (3.5-4).

3. Theresults of the isotherm adsorption study of the BTB on the surface
of SD and SD/PANI showed that the adsorption is subject to the
Freundlich isotherm which indicates that the surface of the adsorbent
IS heterogeneous leads to physica forces (Vander Waas & H-
bonding) that occur between the active functional groups in the BTB
and adsorbent surface. On the other hand, the adsorption of MGox
obeyed to Langmuir isotherm which indicates that the surface of
adsorbent is homogeneous leads to chemical bonds between adsorbent
and adsorbate.

4. Through thermodynamic functions values (AH®, AS®, AG®) obtained, It
is very clear that the positive values of AH® indicate the endothermic
nature of adsorption and the negative values of the Gibbs free energy
change AG® explained that the adsorption process was spontaneous.
Also, the positive values of the entropy AS’ refers that the increased
randomness at the solid-solute during adsorption process.
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5. The kinetic study of the dyes adsorption on the surfaces of SD and
SD/PANI showed that the adsorption is obeyed to pseudo second

order equation.
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In this research the effectiveness of sawdust SD and Sawdust coated
polyaniline SD/PANI composite, which is one of the environmentally
friendly materials, cheap and available in very large quantities were
testing to remove the bromothymol blue BTB and malachite green
oxalate MGox dyes as chemical contaminants for industrial bio-waste
water using Batch Adsorption technique. The adsorbents surfaces were
diagnosed by using Fourier Transmission Infrared Spectroscopy (FTIR),
Scanning Electron Microscopy (SEM), Atomic Force Microscopy
(AFM), and UV-visible Spectroscopy to measure the adsorption capacity.
The particle size of SD and SD/PANI composite surfaces were measured
by particle size analyzer and the results of surface area of SD (0.8164)
and SD/PANI (2.7325) m? /g. This was due to the addition of polyaniline
that led to increase the surface area of the sawdust and thus to increase
their efficiency in the removal of the dyes.

The adsorption properties of both adsorbents in the removal of dyes
include the study of several factors on the adsorption process, which are
contact time, the quantity of adsorbent, pH and temperature. It was found
that the maximum removal of BTB is 49% and 99% at 15 minute on the
surface of each of SD and SD/PANI composite, respectively while the
maximum removal of MGox dye at 20 minute is 88% and 20% on the
surface of each of the SD and SD/PANI composite, respectively. The rate
of remova of dyes increases with increasing the adsorption time until
reaches to the equilibrium time. The obtained results represented that the
appropriate weight to remove BTB is (0.015)g and the percentage
removal reaches to (69% and 97%) for each of SD and SD/PANI

composite respectively. On the other hand, the suitable weight to remove



the MGox is (0.025)g and the percentage removal reaches to (84% and
18%) for each of SD and SD/PANI composite, respectively.

By studying the pH (3, 5, 7, 9, 11) effect at different temperatures
(298, 308, 318)K, it was found that the highest percentage remova of
BTB on the surface of SD reaches to 81% when pH = 3 and on the
surface of SD/PANI composite the maximum percentage removal of dye
reaches to 98% at the origina pH of dye (3.5-4), and found a higher
percentage removal of MGox dye on the surface of SD reaches to 99% at
pH =5 and on the surface of SD/PANI composite the percentage removal
does not exceed 30% at the origina pH of dye (3.5-4).

From the analysis of the results of adsorption both BTB and MGox
dyes on surfaces each of SD and SD/PANI composite by using Langmuir,
Freundlich and Dubinin-Radushkevich isotherms, the results showed that
Freundlich isotherm model is best suited to represent the adsorption of
BTB dye and Langmuir isotherm model to represent the adsorption of
MGox dye.

In addition, the thermodynamics parameters (AH°, AS’, AG°)
represented that the percentage remova increase with increase the
temperature which indicate that the adsorption is endothermic process.
The negative vaues of AG® show that the process is spontaneous.
Positive values of AH® indicate an endothermic process in nature and
indicating that the process occurs is physical adsorption in the adsorption
of BTB because the values of AH® less than 20.9 kJ/ mol but the process
Is chemical adsorption in the adsorption of MGox because the values of
AH® more than 20.9 kJmol. The positive values of AS® indicate an
increase randomly system and from the negative values of AG° found that
spontaneous interaction where increases with increasing temperatures.
Adsorption Kinetic study was found to follow a pseudo-second order rate

expression for BTB dye on the surface of SD and SD/PANI composite



and for MGox dye on SD. On the other hand, the adsorption kinetic study
was found to follow a pseudo-first order rate for MGox on SD/PANI

composite.
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