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ABSTRACT

The present environmental concerns over fly ash disposal have sparked a resurgent interest in its
conversion to value added product such as zeolites. Fly ash derived from coal residues has a
tremendous potential for conversion to zeolites. Still more remarkable is the subsequent
utilization of theses zeolites synthesized from fly ash as adsorbent for removal of dye in the
industry. In the present study the coal based fly ash was used to synthesis X-type and A-type
zeolite by alkali fusion, followed by hydrothermal treatment. The synthesized zeolite was then
characterized using various techniques such as X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM). Particle Size, surface area and pore volume of the synthesized zeolites were
also being measured. The synthesized zeolite was then used as adsorbent for removal of different
dyes such as methyl orange, methylene blue and safranine T from the aqueous solution.

Dyestuff production units and dyeing units have aways had a pressing need for techniques that
allow economical pre-treatment for colour in the effluent. At present, there is a growing interest
in using low-cost, commercially available materials for the adsorption of dyes. Zeolite
synthesized from fly ash was found to be a good adsorbent for removal of Methylene blue,
Methyl Orange and Safranine T. Various types of materials such as silica gel, aumina, bentonite,
perlite and clays have already been used as adsorbent to remova of these dyes. Zeolites are
interesting materials because of ther intrinsic properties to remova of these dyes. The
adsorption of basic and acid dyes from aqueous solution onto zeolite synthesized from fly ash
has been studied using an agitated batch adsorber. Physical regeneration of used adsorbent was
studied at higher temperature. Combustion at higher temperature produced effective adsorbents
for further adsorption. Severa factors have been studied: initia dye concentration, adsorbent
mass and contact time. For adsorption of methyl orange experimenal data was fitted to the
Freundlich isotherm better than Langmuir isotherm. Correlation coefficient was found to be
0.998.
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CHAPTER 1
INTRODUCTION

1.1 Zeolite from fly ash

The disposal of coal fly ash from coal based pagulants is a problem of global concern today.
In India, most of the utility thermal power andosbituminous coal with high ash content (30-
50%) resulting in the production of a huge quamnityly ash. Only a small portion of this huge
guantity is used as a raw material for concrete ufsmuring and construction purposes,
remainder being simply dumped on the landfill sitéarrently, more than 90 million tons of fly
ash is being generated annually in India, with &@&86€res of land being occupied by ash ponds.
Without proper disposal options, such a huge qtyaofi ash has posed a great threat to the

environment.

The possibility of using waste coal fly ash in $yggizing zeolite molecular sieves is very much
attractive for its widespread applications in dsréed fields. In fact, high content of reactive
materials like aluminosilicate make fly ash an iegting starting material for the synthesis of
zeolite (Shigemoto et al.,1993; Chang & Shih, 19@8)nverting fly ash into zeolites not only
eliminates the disposal problem, but also turno#uerwise waste material into a marketable

commodity.

Fly ash, an oxide-rich waste product of thermal @oplants, can be used as raw material for
different industries on proper treatment. In Indidittle effort has been paid on proper utilizatio

of fly ash. However, only three percent of fly astbeing utilized, mostly in the manufacture of
pozzolonic cement, ready-made hollow blocks, atest®s sheets and in road embankment and
agricultural purposelwo classes of fly ash are defined by American &ygadf Testing Material
(ASTM):

* Class Ffly ash
» Class C fly ash



ClassF fly ash:

The burning of harder, older anthracite and bitwwuscoal typically produces Class F fly ash.
This fly ash is pozzolanic in nature, and contdiess than 20% lime (CaO). Possessing
pozzolanic properties, the glassy silica and alanoh Class F fly ash requires a cementing
agent, such as Portland cement, quicklime, or hgdrlime, with the presence of water in order
to react and produce cementitious compounds. Altarely, the addition of a chemical activator

such as sodium silicate (water glass) to a ClasshFcan leads to the formation of a geopolymer.

Class C fly ash:

Fly ash produced from the burning of younger lignitr sub bituminous coal, in addition to

having pozzolanic properties, also has some seflecging properties. In the presence of water,
Class C fly ash will harden and gain strength diee. Class C fly ash generally contains more
than 20% lime (CaO). Unlike Class F, self-cement@igss C fly ash does not require an

activator. Alkali and sulfate (Sfpcontents are generally higher in Class C fly ashe

The types of zeolites formed on treatment are wveugh selective to reaction parameters and
also the raw material compositions. The synthegigaoious zeolites from fly ash and their
properties mainly depend on the effect of reactiowe, reaction temperature, alkalinity and fly

ash composition.

Zeolites are crystalline, micro-porous, hydrataghahosilicates that are built from an infinitely
extending three dimensional network of [giDand [AlQ;]* tetrahedral linked to each other by
the sharing of oxygen atom. Generally, their stitestcan be considered as inorganic polymer

13+

built from tetrahedral TQunits, where T is &i or A** ion. Each oxygen (O) atom is shared

between two T atoms.

Mx/n [(AIO 2x(SiO2)y] - wH20, where M is an alkali or alkaline earth catiorisrthe valence
of the cation, w is the number of water molecules pnit cell, x and y are the total number
of tetrahedra per unit cell, and the ratio y/x lisuaas values of 1 to 5, though for the silica

zeolite, y/x can be raging from 10 to 100.



The adsorption of dyes onto zeolites has been sixty investigatedy some researchéut
only a few studies have been reported about therpiiisn of dye onto fly ash-based zeolités
comparison of the adsorption capabilities of metirgnge with other larger dyes over zeolites

may provide valuable information about adsorpti@chanisms and the structure of the zeolites.

Structure of Zeolite:

The primary building unit for zeolites is the tdtealron and the secondary building units
(SBUs) are the geometric arrangements of tetrahddra SBUs may be simple polyhedra
such as cubes, hexagonal prisms, or cubo-octahiBkesstructures can be formed by repeating
SBUs.

theon or Aluminum

Figure 1.1 Primary building unit of zeolite structure.

Types of zeolite:

Zeolites Typical oxide formula
Zeolites A Na20.Al203.2Si0.4.5H0
Zeolites X Na20.Al203.2.5SiQ.6H20
Zeolites Y Na20.Al203.4.8Si®.8.9H0

Table 1.2 Typical oxide formula of some synthetic zeolites



1.2 Application of Zeolitesfor the adsor ption of Dyes:

Adsorption and adsorption processes are imporiafdsf of study in physical chemistry.
They form the basis for understanding phenomenah sas heterogeneous catalysis,

chromatographic analysis, dyeing of textiles, aadfecation of various effluents.

Dyes are defined as colored substances which wppled to fibers give them a permanent
color, i.e. resistant to action of light, water aswhp. Practically every dyestuff is made from
either one or more of the compounds obtained bydtklation of the coal tar. The chief of
these are Benzenedd;), Toluene (GHs.CHs), Naphthalene (fgHs), Anthracene (GHio),
Phenol (GHsOH), Cresol (GH;OH), Acridine (G3sHgN), and Quinoline (gH7N).

The present investigation describes the adsorptibrmethylene blue, methyl orange and
safranine T over zeolite catalysts. Dyes or pigmeané widely used in textile industries to color
some products creating environmentally hazardoustevaWaste-water from dyeing and
finishing operation in the textile industry are geally high in both color and organic content.
Color removal from textile effluent has been theéh of great attention in the last few years, not
only because of its potential toxicity, but maimlye to its visibility problems. Recent estimate
indicates that 20% of dyes enter the environmemuth effluent that result from the treatment
of industrial wastewater. The existing technolodiase certain efficiency in the removal of dyes
but their initial and operational costs are verghhiOn the other hand, low cost technologies do

not allow the desired degree of color removal aeheertain disadvantage.

Oxidation and adsorption are two major technologfieg are used for wastewater treatment in
the textile industry. Among oxidation methods, U¥f@e and UV/HO, treatments are
technologies for decolorizing waste water. Adsamtis rapidly becoming a prominent method
of treating aqueous effluents and has been extgsised in industrial processes for a variety
of separation and purification purposes. Adsorpbbrlyes by zeolites has evolved into one of
the most effective physical process for the decdtion of textile wastewater. This process has
been found to be superior to other techniques fitewre-use in terms of initial cost, simplicity

of design, ease of operation and insensitivitytod substances.



1.2.1 Methyl Orange Dye:

A basic azo dye having the molecular formulasHz4N3NaGsS that is used chiefly as an acid-
base indicator and whose dilute solution is yellaven neutral and pink when acid. The

structure of. Methyl orange dye is given below.

Figure 1.2 Structure of Methyl orange dye

1.2.2 Methylene Blue:

Methylene blue is a heterocyclic aromatic chemicmpound with the molecular
formulaGeHi1gNsSCI. It has many uses in a range of different figlduch as biology and
chemistry. At room temperature it appears as a sotiorless, dark green powder that yields a

blue solution when dissolved in water. The strueigrgiven below.

Figure 1.3 Structure of Methylene blue dye



1.2.3 Safranines Dyes:

Safranines are the azonium compounds of 3,7-diajpi®mazine. They are obtained by the joint
oxidation of one molecule of para-diamine with two molecules of a primary amine; tine
condensation opara-aminoazo compounds with primary amines, and byatteon of para-
nitrosodialkylanilines with secondary bases such dgghenylmetaphenylenediamine. The

structure of safranines dyes is given below.

H-C N CHs
e,
=
HoN N7 NHo
Cl

Figure 1.4 Structure of saffranine dye

Zeolitized fly ash products was successfully usetbe cost adsorbents for cationic and anionic
dyes. Equilibrium and kinetic results obtained Imststudy may be useful for designing a

treatment plant for dye removal from industrialared effluents.

1.3 The objectives of the present investigation are:

» Synthesis of zeolite-X, and A from fly ash
* Characterization of synthesized zeolite

» Application of synthesized zeolite as an adsorf@mntemoval of dyes.



CHAPTER 2

LITERATURE REVIEW

Recent investigations have shown the potentiallyofabh as a raw material for synthesis of
various types of zeolites. The conversion of fly1 &8 zeolite has gained importance due to
intensive research on zeolite growth in geologiwaterials such as volcanic rock and clay
minerals. High content of reactive materials likenaino silicate makes it interesting starting
material for the synthesis of zeolite with a widmge of applications. Various methods of
synthesis of zeolite from fly ash have, so far,joeeented and patented. Some of the important
techniques are alkali fusion followed by hydrothatitneatment (Shigemoto et al., 1993), slurry
method (Grutzeck & Siemer, 1997), molten salt metiiBark et al., 2000a, 2000b). Fusion
method is found to be the most efficient and a gdrmaethod for synthesis of X-type, Y-type,

and A-type from a large variety of fly ash.

A modified fusion process to synthesize zeoliteandl X from fly ash was studied by Chang et
al. (2000). It was found that the addition of aimimam hydroxide to the fused fly ash solution
followed by hydrothermal treatment at 80 produced single —phase zeolite A and X depending
on the source of the ash received fly ash. Theltresmfirms that the quantity of dissolved

aluminium specie is critical for the type of zeelibrmed from fused fly ashes.

Sutarno et al. (2007) synthesized faujasite froynafth and its application for hydrocracking
catalyst of heavy petroleum distillates has beedist. Faujasite was synthesized from fly ash
by hydrothermal reaction in alkaline solution wambination of reflux treatment of fly ash
with HCI and fusion with NaOH.

Ojha et al. (2004)synthesized X-type zeolite by alkali fusion follodvdy hydrothermal
treatment. The synthesized zeolite was charaedd using various techniques such as

X-ray diffraction, scanning electron microscopyguFer transform infrared spectroscopy

Querol et al. (2002) synthesized zeolitic materfebm fly ash using two different

methodologies.(a) impure zeolitic material obtair®d direct conversion from different fly
7



ashes, and (b) a high purity 4A-X zeolite blendtkgrized from the silica extracts obtained from

the Meirama fly ash.

Lu et al. (2010) synthesized zeolite NaPI by a bgftermal method from coal fly ash, the
possibility of using modified zeolite NaPI as a eral for removing fluorine from drinking

water was studied.

Fukui et al. (2003) studied the effects of NaOH aamiration on the crystal structure and the

reaction rate of zeolite synthesized from fly astinwa hydrothermal treatment.

Rungsuk et al. (2006) synthesized zeolite by fusioethod. The synthesis conditions were
optimized to obtain the product with high cationcleange capacity (CEC). CFA was mixed
with NaOH at various ratios and the results rewvédleat the optimal ratio between CFA and
NaOH.

Vadapalli et al. (2010) studied solid residuesuling from the active treatment of acid mine
drainage with coal fly ash were successfully ested to zeolite-P under mild hydrothermal
treatment conditions. Scanning electron microscmwed that the zeolite-P product was highly
crystalline. The product had a high cation exchaceacity (178.7 meq / 100 g) and surface

area (69.1 r%ﬂg) and has potential application in waste-wateattnent.

Sutarno et al. (2007) synthesized faujasite froynafth and its application for hydrocracking
catalyst of heavy petroleum distillates has beedist. Faujasite was synthesized from fly ash
by hydrothermal reaction in alkaline solution wambination of reflux treatment of fly ash
with HCI and fusion with NaOH.

Ojha et al. (2004kynthesized X-type zeolite by alkali fusion follodvdoy hydrothermal
treatment. The synthesized zeolite was charaedd using various techniques such as

X-ray diffraction, scanning electron microscopyuFer transform infrared spectroscopy

Querol et al. (2002) synthesized zeolitic materfebm fly ash using two different
methodologies.(a) impure zeolitic material obtair®d direct conversion from different fly
ashes, and (b) a high purity 4A-X zeolite blendtegrized from the silica extracts obtained from

the Meirama fly ash.



Lu et al. (2010) synthesized zeolite NaPI by a bgftermal method from coal fly ash, the
possibility of using modified zeolite NaPI as a eral for removing fluorine from drinking

water was studied.

Fukui et al. (2003) studied the effects of NaOH aamiration on the crystal structure and the

reaction rate of zeolite synthesized from fly astinwa hydrothermal treatment.

Rungsuk et al. (2006) synthesized zeolite by fusioethod. The synthesis conditions were
optimized to obtain the product with high cationcleange capacity (CEC). CFA was mixed
with NaOH at various ratios and the results rewkdlat the optimal ratio between CFA and
NaOH.

Mondragon et al. (1990) investigated on possible ofcoal fly ash, in general and synthesis of
zeolitic material from it, in particular. But likenost other investigators, they also tried the

hydrothermal method.

Lin et al (1995) extensively investigated the effeaf the hydrothermal reaction parameters such as
temperatures, molarity of caustic reagents andticratime on the properties of the treated fly ash

and also optimized the reaction parameters to k& product of the best quality.

Park and coworkers (2000b) developed a new metlodsynthesizing zeolite under molten
conditions without any addition of water. This isnaw and alternative approach for massive
zeolitisation of various mineral wastes at low cés#bwever, complete zeolitisation of fly ash could
not be accomplished by this molten salt methodbgody due to low temperature and in sufficient

contact of NaOH with raw materials.

Adsorption of dyes over zeolite: Although the adsorption of dyes onto zeolites hagnb
extensively investigated only a few studies haserbreported about the adsorption of dye onto

fly ash-based zeolites .

0.0zbayrak et al. (2004%tudied the adsorption conditions of Toluidine B@g which is
phenothiazine derivative.. The adsorption time, pbhcentration range and temperature were
optimized and amount of loaded dyes were calculdtadgmuir and Freundlich isotherms were

also studied.



Gulten Atun et al (2011) investigated the adsorpttharacteristics of two basic dyes, thionine
(TH) and safranine T (ST), onto fly ash (FA) and ihree zeolitized products prepared at

different hydrothermal conditions.

Shaobin Wang et al (2006) studied adsorption oe¢ural zeolite and synthetic zeolite such as
MCM-22, as effective adsorbents for the removal af basic dye, methylene blue, from
wastewater. Two methods, fenton oxidation and béghperature combustion, have been used

for regeneration of used materials.

L.Markovska et al (2005) studied the adsorptioasic and acid dyes from aqueous solution
onto natural zeolite using an agitated batch dsoiSeveral factors had been studied such as
agitation, initial dye concentration and adsorbeass. The adsorption isotherms parameters for
Langmuir, Freundlich,combined Langmuir-FreundliamdaRedlich-Peterson were determined

using the adsorption data.

A. Bhatnagar et al (2006) studied the suitabilify agtivated carbon and other alternative

adsorbents for wastewater treatment .

J.H.Potgieter (1991) studied the adsorption of glette on activated carbon and different type
of isotherm (Langmuir,Freundlich,and Frumkin adsiorpisotherms) had been studied.

E.Voudrias et al (2002) investigated the removalvarious reactive dyes from agueous
solutions over activated carbon. Batch kinetic @&wtherm experiments were conducted to
determine the sorption-desorption behavior of tkemgned dyes from aqueous solutions and
wastewaters by different sorbents, including atéigiacarbon, fly ash, bentonite and bleaching

earth.

10



CHAPTER 3

EXPERIMENTAL SECTION

3.1 Materials:

The Catalysts were synthesized from fly ash (ctdl@drom NTPC, Dadri and Bathinda thermal
power station) using hydrothermal treatment. Sodidydroxide and Hydrochloric acid and
different dyes such as Methyl orange, MethylengeplSafranine T, were procured from Puja

Chemical, Patiala. All reagents were analyticallygy(99%) and used without purification.

The fly ash samples contained both amorphous (in&8i®,, Al,O;) and crystalline components

(mainly quartz and mullite). Table 3.1 presents physico-chemical properties of the fly ash

samples used in the present investigation.

Table 3.1 Composition (wt %) of fly ash

Components NTPC BTPS
Na,0 1 0.7
Al.O. 27 86 291
SiO. 60.03 55 6
K.O 0.0 1
cac ns 2
TiO- 4.2 2
Fe.O). 40 4
RaC n?o 0
MqgO 1.8 2
Surface area (m2/a) 1 3

N
o
o
®

Mean particle sig 13

Depending upon the source and makeup of the caad lbeirned, the components of fly ash vary
considerably, but all fly ash includes substan@amhounts of silicon dioxide (Sip (both
amorphous and crystalline) and calcium oxide (Cad@ifroscopic structure of fly ash is given

below.

11



Figure 3.1 Microscopic spherical structure of fly ash

3.2 Zeolite Synthesis Method:

Before any treatment, the raw fly ash samples iesescreened through a BSS Tyler sieve of
80-mesh size to eliminate the larger particles. Theurnt carbon (4-6%) along with other
volatile materials present in fly ash were remo¥bgdcalcinations at 800 (+10 or -10) °C for 2
h. Fly ash samples were further treated witfdrdchloric acid to increase their activity in
zeolite formation. The acid treatment helped tolwlaaate the fly ash and removed iron to a
certain extent, thereby increasing the activityerthal stability and acidity of the zeolite, all
aiming for better catalytic applications. Mixturé sodium hydroxide and fly ash (calcined and
HCI treated) in a pre-determined ratio, was millead fused in a stainless steel tray at
different temperatures ranging from 500-650°C fdr. The sodium hydroxide to fly ash ratio
(by weight) was varied from 1.0-1.5. The resultarged mixture was then cooled to room
temperature, ground further and added to waterg(y ash/100 ml water). The slurry thus
obtained was agitated mechanically in a glass bidakaeveral hours. It was then kept at around
90°C for 6 h without any disturbance. The flow dag of the synthesis process is shown in
figure 3.2. The resultant precipitate was then aggdly washed with distilled water to remove
excess sodium hydroxide, filtered and dried. Thdiso hydroxide added to the fly ash not
only works as an activator, but also adjusts tlteuso content in the starting material. Mullite
and a- quartz present in the fly ash are the sourceswhimum and silicon, respectively, for

zeolite formation. The steps for synthesizing zeslfrom fly ash are given below.

12



Fly ash

NaOH (s)

Mixing

v

Fusion

v

Grinding

Water

y
Stirring at room temperature (aging)

v

Curing at 363K

A

Filtration

X
Washing

v

Drying at 353K

Zeolite X

Figure 3.2 Process flow diagram for synthesis of zeolite Xetyjpom fly ash
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Fly ash : NaOH(

g=1:12 e Curingat60°C

Washing with distilled water

Centrifuging

Heating at 550 °C for 1 hour

Grinding

Stirring | day at RT

1'Ii1|l- “““‘l 1-l1||||||i|h

Zeolitc A

l-m .

¢ | Drying at 80 °C for 12 hours
Addition of aluminum

saidddddiddaindEd

hydroxide hydrate

Figure 3.3 Process flow diagram for synthesis of zeolite Aetyyom fly ash
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3.3 Regeneration of zeolite (ZX,):

Regeneration of zeolite (ZX was done by keeping the used zeolite {{ZXin the furnace
around 556C for 5 hours. Catalyst is regenerated by calcination at highetpeerature. By
calcination adsorbent structure becomes stablehiglier temperature moisture with other
volatile matters goes out and also the adsorbedpoands are desorbed so that the entire

surface of the catalyst becomes available for sogation.

3.4 Adsor ption of different dyesover zeolite (ZX;).

The adsorbent used in the experiment was zeol¥g)(Zynthesized from fly ash. A methyl
orange solution with a concentration of 5 mg/L waspared from analytical-grade reagent and
distilled water..

Adsorption kinetics and isotherm experiments filrsamples were undertaken using a batch
equilibrium technique. The adsorption of dye wadgrened by shaking 0.001 g of adsorbent in
250 ml of dye solution with an initial concentraticof 5mg/L at 500 rpm at different
temperatures. The determination of dye concentratvas done spectrophotometrically on a
Spectrophotometer (USA) by measuring absorbangg.abf 464 nm, 630 nm and 560 nm for
Methyl Orange, Methylene Blue and Safranine-T re8pely. The data obtained from the
adsorption tests were then used to calculate therption capacity,dmol g*), of the adsorbent
by a mass—balance relationship, which represeatartiount of adsorbed dye per amount of dry
adsorbent. All experimental run were conductedsaiC2

3.5 Adsorption analysis was done by the Spectrophotometer: A spectrophotometer is a
photometer (a device for measuring light intenditygt can measure intensity as a function of the
light source wavelength. Important features of sp@hotometers are spectral bandwidth and
linear range of absorption or reflectance measunéniée spectrophotometer is commonly used
for the measurement of transmittance or reflectasicgolutions, transparent or opaque solids,
such as polished glass, or gases. However theglsarbe designed to measure the absorbance
on any of the listed light ranges that usually ezoaround 200nm - 2500nm using different
controls and calibration. Within these rangesigit| calibrations are needed on the machine

using standards that vary in type depending onvinge length of the photometritetermination.
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CHAPTER 4
RESULTSAND DISCUSSION

4.1 Properties of Zeolite

Zeolite was synthesized from fly ash using hydrotia treatment. The synthesized Zeolite;ZX
is having the following properties given below.

» Particle size- 1-1.5 mm
» Porosity- 0.28
« Surface area- 425Mg
Surface area of fly ash was found to be 3%fgmmean Particle size 24.90 um.

4.2 The synthesis conditions of different type of zeolites X, Y and A prepared from fly ash.

Table 4.1 Zeolite synthesis condition

Zeolite synthesis condition
Zeolite Source NaOH/Fly | Fusion | Aging | Hydrothermal
Designation | of fly ashratio | Temp | Time | Treatment
Temp Time

ash (K) (h) (K) (h)
ZXq NTPC 1.2 823 24 363 6
ZX, NTPC 1.3 823 24 363 6
ZX3 NTPC 14 823 24 363 6
ZA; BTPS 1.2 823 24 353 6
ZA; BTPS 14 823 24 353 6
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4.3 Effect of Hydrochloric (HCI) treatment:

Alongwith SiG, and ALOgs, fly ash contains several other components thatuadesirable in
synthesized zeolite. Some of these componentssaat@ison during catalytic applications of
zeolite. Some of these unwanted materials couldeb®ved by acid treatment. In the present
study, HCI was used to reduce the concentratioronfand alkali oxide present in fly ash. Thus,
it helped in increasing the Sj@ontent of the reaction mixture. On acid treatmewot) oxide

present in the original fly ash was removed in s@xtent.

Table 4.2 Composition of fly ash (SEM) without HCI treatment

Element WHti¢%o)
AlOs 25.46
Si® 58.84
KO 9.36

TiQ 2.84
FeO @.5
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Table 4.3 Compositon of fly ash (SEM) with HCI treatment

Element WHi§o)
AlO; 26.46
Si® 60.84
KO 10.01

TiQ 2.95
FeO ®.5

4.4 Thermal stability of zeolites

Crystalline zeolites are more resistive to heanthanorphous materials, the main reason
being the geometrical structure of the crystallimamework. However, the effects of
silica/alumina ratio and level of cation exchangetlermal stability also cannot be denied.
The commercial zeolites having high (SI8I,05) ratio can resist muchigher temperature.
The zeolitepresentlypreparedvas observed to lose its crystallinity beyond &73and the
crystalline structure was mostly collapsed abo®&31K (figure 4.4).
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Fig 4.1 Thermal stability of synthesized zeolite

4.5 Characterization:

4.5.1 X-ray diffraction

The X-ray (powder) diffraction (XRD) patterns offfégrent fly ash samples and synthetic
zeolitic materials were obtained using a Philipsray- diffractometer (Philips BW1710).
Operating conditions involved the use of Gokadiation at 4 kV and 30 mA. The samples
were scanned from 10-50°g2whereq is the angle of diffraction). Various crystalline
phases present in the samples were identified thieghhelp of JCPDS (Joint Committee on
Powder Diffraction Standards) files for inorganiongpounds. Quantitative measure of the
crystallinity of the synthesized zeolite was mageubing the summed heights of major peaks

in the X-ray diffraction pattern (Szostak 1976).eTmajor peaks were selected specifically
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because they are least affected by the degreedrhtign of samples and also by others. The
percentage crystallinity was taken as the sum efpglak heights of the unknown materials

divided by the sum of the peak heights of a stahdzaterial that has been assume to be 100%
crystalline i.e.

% Crystallinity = (sum of the peak heights of uatum material) x 100/ (sum of peak heights of
standard material).

45.2. Particlesize and surface area:

The average particle sizes of various samples wletermined by particle size analyzer
(Malvern Instruments M7).BET method is used to measpecific surface area of the samples

(Flowsorb-I1l, Micromeritics).

4.5.3 Morphological analysis by scanning electron microscope (SEM):

The morphological structure of the raw fly asheated fly ash and synthesized zeolitic
materials were obtained by using scanning electnarograph (JeolJSM 5800). The bulk
composition was also estimated from SEM/EDXS byraat method. The elemental composi-
tion of the samples was first determined from the&M$ EDXS, and from these data, the
percentages of oxides were calculated. The reauts further verified by X-ray fluorescence
(XRF) data.
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zeolite.
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4.6 Application of synthesized zeolite asadsorbent for theremoval of dyes.

The present investigation describes the adsorptioMethylene Blue, Methyl Orange, and
Safranine T, the organic dyestuffs commonly usedréxer studies over different type of zeolite
synthesized from fly ash. In thpresent case adsorption of methyl orange was fowrfitl the
Freundlich isotherms better than the Langmuir isoth for the specific type of adsorbent
used.The time-dependent amount of dye adsorbgdvés calculated from the concentration
changes during the adsorption process using thenfiolg equation:

= (G- G) VIW

where G and G are the molar concentrations of dyes at times aabt, respectively. V/W is
the ratio of the solution to the mass of adsorli@ntL/g). The concentration of dyes were
measured with spectrophotometer at a wavelengttesgmonding to the maximum absorbance
for each dye, 464 nm, 630 nm and 560 nm for wsmty Methyle Orange, Methylene Blue
and Safranine T. In accordance with the LambererBaw the adsorbance was found to vary

linearly with concentration and dilutions were artdken when adsorbance exceeded 0.6.

4.6.1 Kinetic experiments over zeolite ZX,, ZA; and Fly ash with different dyes:

In the sorption isotherm experiments, dye solutioveye added to different quantities of
sorbents into glass-stoppered bottles and substygueaced on a shaker for 15-25 h at 25°C.
From the initial concentrations of sorbents 'ty &nd dyes (mgY) the amount adsorbed in the
sorbent were measured. Percent removal of dyeszewdite ZX, ZA; and Fly ash as a function
of contact time, are shown in Fig. 4.2, Fig 4.3 &igl4.4 respectively. The amounts sorbed were
determined by difference between initial and finahcentrations and expressed as mg of dye/g
of sorbent. Under the conditions of the experimetitsystems approached equilibrium within
15 h of contact time. The adsorption capacity alise ZX; was higher due to larger pore size
and surface area compared to;Z#d Fly ash.Molecular size of Methyl Orange facilitate the
adsorption, resulting in higher adsorption capadthgn Methylene Blue and Safranine T.
Reduced adsorption in 4As due to the inability of the molecule to penetrall the internal

pore structure and less available surface.
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Figure: 4.5 Adsorption of dyes over fly ash

4.6.2 Effect of pH on dyeremoval

The pH values of Methyl orange, Methylene Blue &adranine T solutions were measured as
8.92, 6.32 and 6.34, respectively. The effect diitemn pH on dye removal at 298K was
investigated by changing the initial pH (2-10) atijug by HCI or NaOH. Fig. 4.5 shows the
dynamic adsorption of Methyl Orange, Methylene Blmd Safranine T on zeolite Z)Xat
different initial pH values at initial dye conceation of 5 mg/l, 25mg/l and 10mg/l
respectively. It is seen that adsorption increasethe pH is increasing when the pH is changed
from 2 to 10. Several investigations also havewshthat MB adsorption will have higher
adsorption at higher pH values (Al-Ghouti et aDP2; Singh et al., 2003; Gupta et al., 2004;
Wang et al., 2005a,b). For cationic dyes like M&thg Blue, lower adsorption of MB at acidic
pH is probably due to the presence of exceSsoHs competing with the cation groups on the
dye for adsorption sites. As surface charge degityeases with an increase in the solution pH,
the electrostatic repulsion between the positiveiarged dye (MB) and the surface of the
adsorbent is lowered, which may result in an ineeda the extent of adsorption. But in the case
of Methyl Orange, adsorption is higher because atdower pH, excess H+ ions balances the

anionic charge of the dye. The excess anionic glathe Methyl Orange get attracted to the
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cationic adsorption surface and thereby enhaadssrptionWith increase in solution pH due

to the reduction of Hion more anionic dyes can be adsorbed on thertatgurface of the

adsorbent
70 | — "
- ./
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I —Aa— % (SafranineT)
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2 4 6 8 10

solution pH

Fig. 4.6 Effect of solution pH on adsorption of differentedy

4.7 Adsor ption behavior of regenerated adsorbents

The high temperature regeneration was conductBd®E for 5 h. The regenerated zeolite ZX
was tested again for Methyl Orange and MethyleneeBidsorptionFig. 4.6 and Fig 4.7
represents the comparison of the performance of faeshregenerated ZXor the adsorption of
Methyl Orange and Methylene Blue respectively.hibwgs lower adsorption compared with the
fresh sample. Adsorption of dyes on adsorbentwsilially be deposited on the surface and pores
of solids. High temperature calcination in air fesun the decomposition of adsorbed dyes to
gases, thus releasing the surface and pores fats@ption.

Further investigations of calcination temperatumed &ime on adsorption recovery were
conducted and the results are shown in It is skah temperature and time will affect the
regeneration efficiency. Higher temperature andyéortime can recover most of the adsorption

capacity but will reduce somewhat the adsorptiqgracdy, probably due to pore collapse.
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4.8 | sotherms;

Langmuir and Freundlich isotherms are used fomf{ttthe experimental data in adsorption
studies to understand the extent and degree ofrdhiy of adsorption. The two isotherms
depend on temperature and they have two constaditsie their general form given respectively
by equations (1) and (2), indicating

* Adsorption capacity: b of Langmuir equation and kEceundlich equation

* Energy of adsorption: a of Langmuir equation

* Intensity of adsorption: (1/n) of Freundlich eqoati

Qe=b (@Q)/(1+C) 1)

Qe=k (Co)™" 2
The Freundlich constant, n also indicates the degfefavorability of adsorption (Treybal,
1981). Both the isotherms depend upon temperaljrel e Freundlich constant, n should have
values lying in the range of 1 to 10 for classifica as favorable adsorption. The constants a and
k are used to estimate the enthalpy of adsorpt®ingh and Srivastava, 2001). From the
enthalpy of adsorption, the spontaneity (Patnaik Bas, 1995) and nature of adsorption as to
whether it is exothermic or endothermic is predicf8ingh and Srivastava, 2001; Ajmal et al.,
1998; Manju and Anirudhan, 1997; Raji and Anirudhd897). A smaller value of (1/n)
indicates a stronger bond between adsorbate armmtbas (Ramu et al., 1992), while a higher
value for k indicates rate of adsorbate removdligh (Ajmal et al., 1998). Hence it should be
noted that the Isotherm constants are importannaerstanding the adsorption mechanism and
their subsequent application for prediction of sommportant design paramaters. They are
dependent on temperature since temperature is @oriamt parameter in estimating the

thermodynamic parameters.
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4.8.1 Freundlich I sotherm

Table 4.4 The experimental data for freundlich isotherm avergy below :

Zeolite Initial Final MO | Mass of | MO after | Q=(X/m) | log C | log(X/m)
Mass MO mass| mass after MO adsorption

(mQ) before | adsorption adsorbed| (mg/dnT)

adsorption  (mg) (mg)
(mg)

1 0.5 0.42 0.08 4.2 0.42| 0.623| -0.376
5 0.5 0.28 0.22 2.8 0.056| 0.447 -1.251
10 0.5 0.16 0.34 1.6 0.016/ 0.204| -1.795
12 0.5 0.07 0.43 0.f 0.00583| -0.154| -2.234
100 0.5 0.02 0.48 0.2 0.0002| -0.698| -3.698
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Fig 4.9 Freundlich isotherm curve

From the above graph, the adsorption coefficiers K.01266 and n is 1.43. The Freundlich
constant,n should have values lying in the range Joto 10 for classification adavorable

adsorption (Rao and Bhole, 2001; Raji et al., 1995)ce the above data fit the freundlich
isotherm.The Correlation coefficient was found to be 0.998
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4.8.2 Langmuir isotherm:

Table 4.5 The experimental data are given below for Langnsatherm:

C 1/C X 1/X
4.2 0.238 0.42 2.38
2.8 0.3571 0.056 17.857
1.6 0.625 0.016 62.5
0.7 1.428 0.00583 171.52
0.2 5 0.0002 5000

5000

4000

3000

1/X

2000 -

1/C

Fig 4.10 Langmuir isotherm curve

The above graph shows that, experimental datenddé the Langmuir isotherm.
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CHAPTER 5

CONCLUSIONS

Zeolites of X-type and A-type were synthesized from fly ash by alkali fusion, followed by
hydrothermal treatment. The main crystalline phase of fly ash could be converted to different
types of pure zeolites at suitable treatment conditions. The properties of zeolites materia
formed strongly depended upon the treatment conditions and composition of the raw
materials. Zeolites of varying surface area, silica/aluminaratio, and crystallinity were obtained
by changing the reaction parameters such as aging time, fusion temperature and fly ash/ NaOH
ratio. The cost of synthesized zeolites was very low as compared to commercial zeolite
availablein the market as it has been prepared from waste fly ash. The synthesized zeolites used
successfully for removal of dyes from agueous solution. It can also be applied to wastewater
treatment and ion exchange applications . This work, therefore, shall be very much useful to
synthesize zeolites at low cost and apply it in commercially important fields. For Methyl
Orange dye the experimental data exactly fitted the freundlich isotherm than Langmuir
isotherm. Value of n was found to be 1.4. The correlation coefficient was found to be 0.998.
The % removal with increase in the pH of the solution increases is almost constant within the
range of of solution pH 8-10 . The high temperature regeneration was conducted at 540°C for 5
h. which shows that regenerated catalyst has adsorption capacity dightly less than the fresh
catalyst.
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