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CHAPTER |

INTRODUCTION

1.1 Background

Eutrophication is the process by which a water body obtains a high
concentration of nutrient, especially phosphates« It could stimulate the growth of
aquatic plant and lives;usually resulting in the depletion of dissolve oxygen (DO).
Thus, phosphate is the main. cause of et].trophication that effects to the water quality.
EPA water quality has sgircriteria for phosphate concentration in several suitable the
concentration should not.exceed.0.05 mg{ | for the discharge Steam into any reservoirs.
It is set of 0.025 mo/! within/a lake or reservoirs and 0.1 mg/l in streams or flowing
water to control algag growth (USEPA, iQéﬁ). Phosphate contaminated sources have
been concerned .in both pre- and post-rel’éasgs. There are many phosphate removal
techniques chemical pregipitation, crystal'l_ization, reverse osmosis and adsorption.
The adsorption technolegy is applied iin thiié_:study. Therefore, the focus is to search

for the suitable adsorbent. )

Many adsorbents such'as fly-ash (Cheriztté.-l'., 2006), blast furnace slag, zeolite
and titanium oxide (Ozacar, 2003), activated é]_q'mipa and granulated ferric hydroxide
(Genz et al., 2004), iron oxirde tailing (Zehg- eF al., 2004), modified palygorskites
(aluminium-magnesium-siticate) (Ye et al; 2006); red-mud (Akay et al., 1998) and
layered double hydroxides (LDHSs) (Das et al. 2006; Miyauchi et al., 2009) have been
widely applied for phosphate adsorption. Among them, Mg-Al LDHs effective was
found to be in phosphate removal. It was also claimed that the technique is in low
investment. “Layered double hydroxides (LDH) are ‘also’ known assanionic clay or
hydrotalcite-like-compounds. It "has ‘high anion-exchange" capacities and flexible
interlayer spaces. LDHs are synthesized by co-precipitation method at constant pH.10

which consists ofiprecipitation, aging, washing/filtration, drying.and caleiations.

The obtained adsorbent is in powder form. To prevent the clogging during the
use and able to reuse granular form is also tested. In this study, the granular formation
by mechanical coating (Yoshida et al., 2009) and extrusion technique (Haba and

Narkis, 2003) are implemented.
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Fe,O3 was selected to modify Mg-Al LDHs, to higher phosphate adsorption.

The co-precipitation is still used.

1.2 Objectives

The main purpose of this stuo ynthesize and fabricate of Fe,O3-Mg-Al

sub-objectives of this study are as

osphate over Mg-Al LDHs in

s samples are prepared by using

co-precipitation mett

o Te molar ratio- ;__;_.-A .,.,s__v!- 1s and Mg: Al LDHs is 0.05:2:1

an

i

. The calcinatic or6
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CHAPTER I

BACKGROUND AND LITERATURE REVIEWS

2.1 Phosphate

Phosphate is the common form of the element phosphorus and essential nutrient
for all life. Although, it isthe nutrient for the growthrof organism in most ecosystems,
the increased nutrient.concentrations. cause eutrophication. It is the process of
increasing organic.earichment-and is accelerated by input of excessive phosphate
including an accelerated plant growth, algal blooms, low dissolved oxygen and the
death of aquatic animals (USEPA, 1986). Moreover, harmful algal blooms (e.g.
cyanobacteria and pfigsteria) €an also cause the mortality”in animal and human.
There are many sources of phosphate, botfinatural and human including rock and soil,
wastewater treatment plants, runoff frdp “farm fertilizer, disturbed land areas,
commercial cleaning and laundries*productions. The EPA water quality had set the

standards, as mentioned previously.
.

Phosphate is denoted as PO43 in t;t‘r;hggral structure. The properties of
phosphate are shown in Table 2.3 1n naturg?bf}c;éphates have three forms including
orthophosphate, metaphosphate (@Iyphosphétié)%fnd organic phosphate. Each form
contains phosphiate in different chemical formulas.—Orthophosphate forms are
produced by n;tural process (e.g. freshwater and marine system) and found in
wastewater. Polyphosphate forms are used for treating boiler water and in detergents,
which can changezto the “ortho” form in water. The last form is organic phosphates
that are~important in_nature.and jalso, may effect.in the breakdown of organic
pesticides containing phasphates. In the field of ‘chemically based; compounds for

monitoring phosphate depending on,measuring orthophosphate.



Table 2.1 Properties of phosphate

Molecular formula

MSDS number
Appearance ! odorless
Molecular weight
Solubility
Specific Gravity
pH

Boiling point
Melting point

Health and Environmen
effect

Phosphates ion present i . It can be separated in four forms

regarding to the pH of the 006), present in Figure 2.1.
e The pha N str sic conditions.
e Theh 9{

e The dihyd
e Aqueous pho ‘phorlc acid (H3PQy) is the main form in strong acid.

ﬂ‘lJEJ’J‘l’IEWlﬁWEJ’]ﬂ‘i
ammmmwnwmaﬂ

d ly basic conditions.

en phosphate ion 'O, ) IS common ';] eakly acid conditions.



FPhosphoric acid speciation
100

There are aquatic system, using
widely as physical d biological techniques
Advantages an d in Table 2.2. Most
method is not cost n on a household scale

on household scale. / r', i n and adsorbent will be

discussed.

Physical

ﬂﬂcult of handling.

e production

A ﬁ:ﬁ”ﬂ mmm”iﬁ%mu

solids removal.

2004). scale.
Chemlcal
bed
RGNS TRt gL 1av2 ]
al., 2006) of sludge, easy operation.  handling.
) ) Bio-bacteria Suitable for removal a Use a long time for a
Biological

(Yildiz, 2004) phosphate compounds. reaction.




2.2 Principle of adsorption

Adsorption is a process of forming an atomic or molecular film (adsorbate) that
occurs when a gas or liquid solute to accumulate on a solid or liquid surface
(adsorbent). It is different from absorption, in which a dispersion of substance into a
liquid is or solid to generates a solution that, form a new chemical species at the
exposed surface. The term sorption surround both.processes, while desorption is the
reverse process (Faust and Aly, 1998).

2.2.1 Types of.adsorpiton

Adsorption _is* usually applied for physical, chemical, and biological
systems and it is well-knowa in industrlial operation. In addition, the adsorption is
typically used in wastéwater treatment to.,r"e'move toxic substances from wastewater.
Normally, the adsorption s/ found in the t’értig_ry wastewater treatment as a polishing
step before discharge. Adsorption ean bé—' classified into two categories as follows
(Grisdanurak and Wittayakun, 2004);

e Physical adserption-is pr)eess in which the force of attraction
between the molecules of the.adsorbate and ttiédé’orbent are the van der Waals force.
The interaction energy is very weak. The phyg_ipa_l -adsorption depends on the surface
area of the adsorbent and therrnature of the adéo}Bate. Moreover, it is favored at low
temperature. The —physical—adsorption—process can bereversed by heating or
decreasing the pressure of the adsorbate. So, the physical adsorption is several layers
thick (multilayer).

e Chemical adsorption is process in which the force of attraction
betweenthe adsorbate ‘and the adsorbent are“very strang. The malecules of adsorbate
are formed with chemical bonds (€.g. Covalent and ionic bonds) on the surface of the
adsorbent. The chemical adsorption depends on the nature of the adsorbent and
adsorbate, whilexit occurs usually ‘at"high temperature. So, the surfaceyin ‘chemical

adsorption is covered by a single layer of the adsorbates (monolayer).



2.2.2 Factors influencing adsorption

Solid have a tendency to adsorb liquid or gases to satisfy the unsatisfied
valences on their surface. The important factors that influence adsorption of liquid or

gases on solid are the following (Akewaranugulsiri, 2008)

'f//dsorbents

e Chemi urface

e Surface area and p

. Partlcles ‘

e Nature o i'-TW-'- nd adS

o Effect of perature

In both typ t e .;;’
increased temperature with incre i comes constant at high

sorbed at an initially

pressure. Howeve

, pressure | -. d adsorption.
! \

In addition, Several motle d pa
and understand involve the @ 5 | 1
explain the efficiencyand pac_itfi@é‘_ tion as following;

e The per :-f.-fa_ of adsorbed ions on adsorbent is

\\ re described to investigate

¢ ai ameters are widely used to

calculated according to:

TR 2T

— i e— 7]

o T e adsorptlon capacny of adsorbent is the amount of adsorbed

EETSLTFI.{TIEH A &I‘iﬂ"ﬁ el el
9 maqmmwﬁﬁmma d



2.2.3 Adsorption isotherm

Adsorption is usually described through isotherms, that is a function of
the amount of adsorbate on the adsorbent, related to its pressure (if gas) or
concentration (if liquid). The model describing process of adsorption takes the form

of one of the following isotherms.
2.2.3.1 The Langmuir adsorption isotherm

The Langmuir aasorption 1Isotherm was published in 1916 by
Irving Langmuir, and it_issgeneraily modifiable to ehemisorptions. Moreover, it was
originally derivead*from kinetic consideration, the basis of statistical mechanics and
thermodynamics ete. The Langmuir adsolrption isotherm can be assumed as reversible
adsorption and desogption of the adsorbafé molecules. It represents well data for
single componenis based onfour hypotheses; gpussler, 1997)

1. The surface of the adso}bent IS uniform that is all the adsorption
sites are equal. = $

2. Adsorbed molecules do ndt"interact.

3. All adsorption‘ocecurs throudﬁ the' same mechanism.

4. At the maximum adsorptiqnfgnl_x a monolayer is formed molecules
of adsorbate do'not deposit ohr others, already éd:s-brbed, melecules of adsorbate, only
on the free surfaCe-of-the-adsorbent:

In addition, the adsorbed molecules (adsorbate) on solids (adsorbent), the Langmuir

adsorption isotherm can be expressed in equation 1 (Boujelben et al., 2007);

bgC
= T 1
Qe 1700, (1)
and linearized to Ce =i+& (2)
§. | By 78

Where C. is the equilibrium adsorption concentration in solution (mg/l), g denotes
the amount adsorbed per unit mass of adsorbent (mg/g), b denote a constant related to
affinity of the binding sites (I/mg) and g is the maximum adsorption capacity (mg/qg)

The data are fitted well by the Langmuir equation as shown by the regression
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coefficient value. The value of b and g were determined from the slopes and
intercepts of the straight-line plot between C. and Ce/qe.

2.2.3.2 The Freundlich adsorption isotherm

The Freundlich adsorption isotherm was published in 1894 by
Freundlich and Kuster, and is an empirical formula for gaseous adsorbates and can be
used also for mixtures of compounds. Moreover;the Freundlich adsorption isotherm
is generally modifiable o physisorption. TheFreundlich equation can be
mathematically represented by-equation 2 (Boujelben et al., 2007).

oy =KC." 3
. . q
and linearized to log g, = log K¢ +H log C, 4)

Where (. is the amount adsorbed per anit_..mass of adsorbent (mg/g), C. is the
equilibrium adsorption cencentration in so!lution (ma/l), n and Kg is constant related
to energy and intensity,0f adsorption‘and the-:adsorption capacity of the adsorbent. For
linearization of data, the Freundlich equationis plotted between log C. and log gc in a

straight line. The value Kr and n.as calculated from the slopes and intercepts.

2.3 Adsorbent for phosphate adsorptidn:—

There are*'many adsorbents for phosphate adsorption suchas fly ash (Chen et al.,
2006), blast furnace slag, zeclite and titanium oxide (Ozacar, 2003), activated alumina
and granulated ferric_hydroxide (Genz et al., 2004), iron oxide tailing (Zeng et al.,
2004), madified palygorskites+(aluminium-magnesiumssilicate).(Ye.et al., 2006), red
mud (Akay etsal.; 1998) and layered dauble hydroxides (LDHs) (Das et al., 2006;
Miyauchi‘et al., 2009). In addition,.other adsorbents made from agricultural residues
suchzassmodified pwhetyresidue~(Xu gt aly 2009) and coconutphusk (Manju et al.,
1998). Many.adsorbents'regardingto the resource of materials that can ke ‘classified as
waste materials or by-products, commercial materials, agricultural residues and

natural materials.

However, these wastes or by-products are hardly used in application due to their

low and unstable adsorption capacities to phosphate (Namasivayam and Prathap,
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2005). The iron oxide tailing is one of waste tailing which it may be effective in
removing soluble phosphate. The result showed that phosphate adsorption capacity
tended to decrease with an increase of pH was 7 mgP/g tailing at pH 6.7 and
desorbability of phosphate is 13-14%, which the waste tailing contained more than
30% iron oxides.

In addition, the application of easily available materials for phosphate adsorption
such as activated aluminium oxide (AA), granulaied ferric hydroxide (GFH) (Genz et
al., 2004) and modified-palygorskites (Ye et al.;»2006).~Although most materials are
commercial adsorbent that has a.high adsorption capacity, but the materials price for
the adsorptive treatment s high cost. The commercial adsorbents as activated
aluminium oxide andsgranulated ferric-hydroxide were used for phosphate adsorption
in membrane bioreactors (MBR) filtrates. GFH showed a higher maximum capacity
and high affinity atdow phosphate cencentration compared to AA at pH 5.5, was 12.3
mg/g GFH and 7.9 mglg AA.

For modified palygorskites is an alumirium—magnesium silicate and has a fibrous
morphology, which ean be characterized as high surface areas and porosity, thermal
resistance, and chemical inertness. . Therefore, ‘the structure of palygorskites is
attractive adsorbent. The natural-and modifiea fpal-ygorskites are located in China that
was applied to.remove phosphate from adﬂreﬁué‘smutions (Ye et al., 2006). The
modified palygoiskites were prepared by activated with hydrachloric acid and/or
thermal treatment. The result showed that modified palygorskites had faster Kinetics
and higher adsorption capacities than the natural palygorskites at equilibrium pH 7.0
was 9 mg P/g and 4 mg P/g, respective and the desorbability of phosphate is 10-13%.

ForsMg-Al-LDHs, that'is well-shawn asthydrotalCite-like-compounds (HTIcs) or
anionic elays have been widely applied as adsorbents. LDHs proved to be an
interesting material for the removal of anionic surfactant (as phosphate) because it has
low cost and high patential ta clean up laundry leaching in water (Schouten et al.,
2007). Generally, LDHs consist of positively charged mixed metal hydroxide sheets
are separated by anionic ions (A") and water molecules (You et al., 2001). Thus, it has
high anion exchange capacities to remove phosphate from aqueous solution (Miyauhi
et al., 2009; Das et al., 2006).
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Various LDHs for phosphate adsorption in aqueous solution such as Mg-Al, Zn-
Al, Ni-Al, Co-Al, Mg-Fe, Zn-Fe, Ni-Fe and Co-Fe was studied (Das et al., 2006). Mg-
Al LDH with Mg/Al molar ratio of 2.0 showed higher adsorption capacity compared
to other LDHs, which it possessed higher Al**content (Cosimo et al., 1998). However,
Mg-Al LDHs have weak interlayer banding as a result present expanding properties.
Therefore, an attracted in the LDHSs, which ithe. brucite-like layers may impose an
interlayer guests leading to enhanced conirol-of rate of reaction and product
distributions. A few reports-have focused on the use of LDHs as precursors to mixed
oxide formed that have speeific properties, such as-homogenous distribution of metal
cation at the atomic level; high surface areas and high thermal stability (Vulic et al.,
2008; Kishore and Rodaifiues; 2008; Miyauchi et al., 2009). fron (Fe**) is one of the
M(III) ion was mixed into Mg-Al' LDHs. Due to high concentration of M(lII) ion
affect to increased the number of neighbof-ing M(I11) and leads to the formation of
additional M(111)-hydrexide phase and fafmation of complex, multi-phase systems
with specific structural and surface proper!ties. The relation of increases the surface
area and the small amount of iron was 5 mol% in ternary mixed oxides of Mg-Al-Fe
series (Vulic et al.; 2008). Although these adsorbents have effective phosphate
adsorption capacity, mest ¢fthem . are not use in a solution under neutral pH
conditions. The LDHs can effectively adsorbrgfhos:phate under pH 5.5-9 (Kindaichi et
al., 2002). Therefore, the LDHs are investigaiéd i this'study.

2.3.1 Layered double hydroxides (LDHs)

LDHSs are also known as anionic clay minerals or hydrotalcite-like-

compound. The general formula of LDHSs is (Cosimo et al., 1998);
[MZS M (OH), 1 AG, imH,0

Where M?*is a divalent metal ion, uch as Ca**, Mg?’, Zn**, Co*, Ni*pQu?*, Mn?*
etc, M** is a trivalent metal‘ion,'such as AP, Cr**, Fe*, 'Co?" Mn*", eterand AT is an
anion, such as CI, NOs, ClO4, CO3?, SO, etc, as shown in Figure 2.2 . The anions
possess the interlayer region of these layered crystalline materials. The value of x is
equal to the molar ratio of M**/(M?* +M**) which is obtained in a limited range as
0.2<x<0.33 (Cavani et al., 1991).
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The structure of LDHs contains brucite-like layers and interlayer. Brucite consists
of a hexagonal close packing of hydroxyl ions alternate with octahedral sites occupied
by Mg®* ions. The metal hydroxide sheets in brucite crystal are neutral in charge and
stack up against another by Van der Waal’s interaction. In LDHs, these brucite-like

sheets are a substitution region of divalent by trivalent cation and the mixed metal

2

hydroxide layers, [M/ M>(OH),]* thus the formation obtained a net positive

charge. This increasing charge on the metal hydroxide layers is neutralized with the
anion accumulated in the interlayer region. Interlayer region in LDHs contains both
anions and some water-molecules for the stabilization of the crystal structure. The
presence of the anion.and water-molecules leads to the expansion of the basal spacing
from 0.48 nm (brucite)sto 0.77 ar in LDIlL-I.

) / :_{:T
) I- .,‘_.. ’_-"'.‘, . W Ty i

.

1 -_-

96,68

Figure 2.2 Structure of LDHs consists of M(*") = Ca?*, Mg®, Zn®*, Ni?*, Cu®* etc;
MY = AP, Cr**, Fe¥ "Mn®* etc, A" = CI'NOs’, CIO4, COs%, SO,* (Costa, 2007).

The behavior, of LDHs is a high.reactively.to various.organic.anions, which can
exchange as+80 % 100% of the .nterlayer anions in LDHs (Meyn et al., 1990).
Moreover, it has high anion-exchange capacities and flexible interlayer space and can
accommodate many materials such as contaminants from water, soil, sediment.
Hence, it has been widely used as adsorbents, catalysts, catalyst supports and

electronic chemical agents (Das et al., 2006)
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There are several methods for the synthesis of LDHSs such as the co-precipitation
(Schouten et al., 2007; Reichle et al., 1986), the homogenous precipitation (Yang et
al., 2004), the ion exchange (Khan and Hare, 2002) and hydrothermal crystallization
method (Mascolo, 1995). However, all of methods may not be appropriate for every
combination of metal ions. In this study, using the co-precipitation method synthesize
the LDHs. The pH of the reaction is adjusted in.a range of 8 -10 depending on the
type of the metal ions. Then to obtain crysiallized materials are suspended by
hydrothermal treatment for-a long period. It issan“easy and efficient method to
operation. However, the material is synthesized in.powder form; it causes clogging
during the use. Thereforesthe granular form might be better form and studied.

2.4 Granular fermation‘of adsorbent
Techniques for the formation/fabrjgétion of powder material which are

mechanical coating and extrusion technigues are discussed herewith.

2.4.1 Mechanical coating technigue

The mechanical coaiing techniq'ué has been used in the formation of film
on substrates of various materials with coatiri;g};()’f‘;metallurgy process in Figure 2.3. It
was from the mixing powders in powder :mgyalllurgy process, in which metallic
adhesions on the surfaces of alumina balls in a—pot of a planetary ball mill occur
because of mechanicalfriction-and-abrasion: Therefore; the mechanical coating is a
sample and useful technique for forming film on round-or spherical substrates
(Yoshida et al., 2009). Other works presents the basis of meehanical that was a new
ultrasonic-based drygmechanochemical methad,for coating metallic surface with other
metal (e.g. " Ti, SiC ‘and “Al;Og) or ' ceramic materials.  This ‘method had two
modifications that Were separated into two parts. The first part described that hard ball
and metal or ceramic powder was put into a chamber which is fixedgbeneath the
surface to' be~coated. Final part described that only balls were. put intosthe'chamber
while the surface was precoated with a suspension of a liquid and powder. The
chamber was set into high vibration by an ultrasonic transducer. The results showed
that method allowed the various coatings and armored layers on the metallic surface

production (Komarov et al., 2008).
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Figure 2.3 Mechanical ceating features.

2.4.2 Extrusion_technique
In the"extrusion process, theI synthesis or modification of the polymeric
material take plage simultaneously with itS processing and shaping at increased
temperature into a preduct{Haba and Narkig'; 2003), as shown in Figure 2.4.

DI ¥
< ¥ i&:‘fﬂz Ram )
Extruded e i it .
product — ]
Container+/ _* '_
d

Figure 2.4 Extrusion process.

This téchnique is inexpensive and provides good mixing and heat transfer
at high wiscositiespand.may-lead to jimproved:- compatibility:, The,polymeric materials
were used widely| such as polyethylene (PE) and polypropylene (PR) etc. that was a
commercially available grade of low-density and high molecular weight. Costa (2007)
investigated sthat preparingPE/LDHs: basedynanozcomposites: insseveral parameter
assoclated: with the extruder quality 'of thermoplastics. The results showed.that the
suitable mixing of PE/LDHs in 1:1 weight ratio. Other works present the model was
used for the description of extrusion pressure that using a paste containing zeolite,
bentonite and water. It was found that this model was capable of predicting the

extrusion pressure well (Li and Bridgwater, 2000). The main polymer used in this
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study is polyacrylate as an aqueous emulsion copolymer of pure acrylic. This polymer
was purchased the Chemical Village production, with trade name of ULTRABOND
P261. Several benefits of this polymer are excellent weather durability, excellent
water resistance and rubbing property and high gloss and good dispersing stability.

The properties of the polymer are shown in Table 2.3.

Appearance
Solid Content (%)
pH

Viscosity (Broo
Particle Size
MFFT (°C)
Tg(°C)

ﬂumwamwmm
ammmmummmaa



CHAPTER IlI

METHODOLOGY

The experiments consist of three steps including adsorbent synthesis,

characterization of adsorbents, and phosphate adsorption experiments, which the

, Univar)
97024.4H,0) (81%, Chameleon)
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BT wﬂw%’wmni

e Magnetic stirrer

MG TUUNINGAE

e Shaker

entr



17

Synthesis of adsorbent

by co-precipitation method

7_ ‘ﬁ T and FT-IR .

Pow "'ﬂ'l’l'-mﬁ‘ o
777/ B S
V77 /05% f"\

Figure'3. -ﬁe Scheme

Ao

Characterization with XRD

A phosp 5toeK.-So! .- ,:. P/l was prepared by dissolving
2.1970 g of KH; ,._.._-..._...__.._.....-.' ........ /ater. This phosphate solution was used
as the synth : {"' ater into different
concentrations a

0, g P/l. These are assigned as initial
concentrations of adsorption experiments. The pH value of the phosphate solution was

G Gif ehl @ Wi
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3.2.2 Material synthesis

Fe,03-Mg-Al and Mg-Al LDHs samples were synthesized by a co-
precipitation method. The synthesis was modified from Das et al. (2006).

A mixed aqueous solution “A”, which contains 0.05 M Mg(NO3),.6H,0
(30 ml), 0.025 M AI(NOs)3.9H,0 : .00125 M Fe(NO3)3.9H,0 (30 ml) in
2:1: 0.05 weight ratio for the Fe,0s-Mg nd 0.05 M Mg(NO3),.6H,0 (45
ml) and 0.025 M AI(NOgz)3.9H,C _ | LDHs, was added to the

water and stirred ed aqueous solution “B”

containing 0.5 M e water and stirred for 30
min. Then the so A, Afterwards, the pH of
obtained solution continuously at room
for the crystallization. 01 ) i by centrifugation and

washed with deionized wate , L o ng Fi faround 7. The obtained

Mg: Al: Fe
P\
Wash ,
¥ dry &
calcine
25° C, 30 miﬂ . 550°C, 6 h

Mole ratio
NaOH:Na,CO;=2

A ¥

"“‘“ﬁ“%’wmnﬁ@

25° C, 30 min

ama\mim 91NN

Figure 3.2 Procedure of Fe,O3-Mg-Al LDHSs synthesis.
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3.3.3 Granular formation of sample
In this study, two granular formations are selected to study and

described.

3.3.3.1 Mechanical coating technique

The obtain

granulated by the mechanic \ ( synthesis was modified from

Yoshida et al. (2009).~ grams of Fezomder and 6.00 g of alumina

balls (& 0.5-1.2 mm) In the ease 203- ranules, and 4.00 g of Mg-Al

powder for Mg-Al gra - 250 ml. Then a pot mill was

rotated continuously with'a pe O l\:#{"\ . After that the alumina
,,

balls with the Fe

and Mg-Al LDHs powder were

ated from the remained
powder. They were dfied Fitee 550°C f 1. The attached Fe,O3-Mg-Al
and Mg-Al powder amg atec

Fe,0;-Mg-Al
powder

4’.'@ ":“':_‘a.‘n
=ity ] | P
) e

'___7\_,,1,“r.;..n;; Rotate24 h

il

h 5

i
Calcine at
- 550°C,24h

ﬂuaqwﬂﬂ5Wﬂ1nﬁ

Figure 3.3 Preparatlogg of granules by mechanical coatlng

amaﬁmmumaﬂmaa
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3.3.3.2 Extrusion technique

The obtained Fe;O3-Mg-Al and Mg-Al LDHs powder were
granulated by the extrusion technique. The synthesis was modified from Costa (2007).
A mixed solution containing Fe,O3-Mg-Al LDHs and acrylic binder in several ratios
asimilar procedure, the solution of Mg-

Al LDHs, was prepared to ex erwerds extruded strands of Fe,Os-Mg-
Al and Mg-Al LDHs were granulate mperature for 4 h, as shown

AU INENTNYINS
QRININIUNRIINYIAE
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3.3.4 Adsorption studies

250 mg of each powdered sample was suspended in 250 ml phosphate
solution containing various phosphate concentrations (1, 5, 10, 20, 30 and 40 mg P/).

The test was carried out at room temperature. The solution pH was adjusted to 5.0 -

aOH suspensions were shaken at 115 rpm for
24 h. The contact times were 5, 10, 20, 3 /!EO 240, 360, 540, 720, 900, 1080

ut 24 h, the solution were

filtered through (W‘r @wed the residue PO,*
concentration fo | | al- vanadomolybdophosphoric  acid

method (APHA, _ih as calculated from the
decrease of the phoSphaié concentration in solt itted to Langmuir and
Freundlich isotherm g i Wit 2 e effect of Fe,O3-Mg-Al
LDHs and Mg- ; t fo coating and extrusion
techniques on phospha "F_ ’ i f experiments using the

same initial phosphate ¢o at _ ilar obtained pH, as shown
in Figure 3.5. 7

I PO solution w

Vanadomolybdo-
phosphoric acid
method

Concentration:1,5,10,
20,30 ,& 40 mg P/

AUEIMETTW TS
ARIAINTNUARIINY QY
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3.4 Analytical methods

3.4.1 Characterization

Powder Fe,O3-Mg-Al was characterized by X-ray diffraction (XRD), BET
technique, Scanning Electron Microscopy (SEM). X-ray Fluorescence (XRF) and
Fourier Transform Infrared (FT-IR).

XRD patterns were acquired with-X-ray diffraction using CuKo radiation
(40kV and 40 mA). XRD shows the detailed information of the chemical composition
and crystalline structure ofenatural and manufactured materials. The major use of
powder diffractionss to identify components in a sample by search/match procedure.
All XRD patterns were gbtained from I1O° to 70° with a scan speed of 5.0°/min
(Bruker axs D5005).

SEM use the areas ranging from about 1 cm. to 5 um in width that can be
imaged in a scannigg maode using convéhtiZ)'naI SEM technique (magnification in
ranging from 20x to 30,000x, spatial resoldﬁg_n Q_f 50 t0100 nm.) by JEOL JEM 2010.

The BETrsurface areas.of the -_samples was determined following N
adsorption-desorption method at liquid nitricig;—éhj.jtemperature (77K) by Quantasorb
(Quantachrome, USA). —

XRF was widely-used to measuire-and identify the concentration of
elemental compesition of materials and were measured the “fineral content of the
extracted iron, Wr;ich the dried samples are pressed at 30 N.m# to make the pellet.
The quantitative elemental was performed with the current of 100 mA and the
potential of 24 kV (Philips PW 2004).

The IR “spectra were _recorded on_ a Perkin-Elmer 1725X
spectrophatometer to check the ‘change in the ‘functional groups of the studied
materials. It presents characteristic of the chemical bond that can be seen in the
annotated. spectrum. Molecular..bond..of the.sample_vibrates.at various. freguencies

depending onythe elements and the.type.of bonds.
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3.4.2 Analysis

The vanadomolybdophosphoric acid method (APHA, 2005) was widely

used to evaluate and confirms an unknown PO,> concentration in solution. Prepared
vanadate-molybdate reagent, which contained 2.5 g of (NH4)sM07024.4H50 in 30 ml
of distilled water and 0.125 g of NF
distilled water. 33 ml of 0.5 |
the distilled water. The 0

y heating to boiling point in 30 ml of

n it cooled to dilute to 100 ml with

llow color.

Mml of sample solution by
pipettes was added 0.0 phthalein as indicator in a 25 ml beaker
Then 12 mg of acti amples and shaken thoroughly
for 5 min. Afterward . he carbon and 2.0 ml of

sample was placed i mia s 1 Dbottle, as added with 0.6 ml of
vanadate-molybdate re | i _ ionized water. After 10
min, the obtained samples ' red the abso 470 nm by UV-Vis
spectrophotometer hle i_' f g 2. ‘ ized water combine with
vanadate-molybdaie re the' e ' ‘ luti addition, the preparation of a

calibration curve from fi PO43" anges was achieved, after that;

, .-ﬂ_fﬂ"-"":’j‘-”’ T

Sl

ﬂum‘nﬂmwmm
ama\mm 1NIINYAY



CHAPTER IV
RESULTS AND DISCUSSION

This chapter presents the results of this study which were separated into
two parts. The first part presents characterization and adsorption studies of Fe,O3-Mg-Al
LDHs and Mg-Al LDHs adsorbents in powder dorm: The characterizations include X-
ray diffraction (XRD), Scanning electron -mieroscopy (SEM), Fourier transform
infrared (FT-IR), X-ray fluorescence (XRF) and Brunauer-Emmett-Teller technique
(BET). The obtained adsorbentswere studied for phosphate adsorption capacities. The
adsorption isotherms Including Langmuir and Freundlich isotherm are evaluated. In
the second part, the.same work was dene in granular from of Fe,O3-Mg-Al LDHs and
Mg-Al LDHs adsorbeats. 4

4.1 Powder form of adsorbents
Mg-Al LDHs and Fe;O3-Mg-Al LDI—Js were synthesized by co-precipitation
technique. The following characterization results are used to confirm in their

properties. =5,
4.1.1 Characterizations -

Figure 4.1 shows the XRD patterns of Mg-Al LDHs and Fe,O3-Mg-Al
LDHs compared-to the standard LDHSs (Das et al., 2006). For LDHs, a serial of sharp
peaks are observed. Both adsorbents have sharp diffraction peaks. The gallery spacing
in the prepared samples of Mg-Al LDHs and Fe,O3-Mg-Al LDHs presented similar
peaks to=LDH platelets;-espegially related to.thespeak of+(003).plane (characteristic
peaks at 20 =4119). Other peaks at relatively high 26 value are indexed to non-basal
(006), (009), (110), and (113) reflections. However, it should be noted that the sharp
charagter-peak, of (LDHs beeome broad jandrwith, a~lowsintensity sin, thescomposites.
This suggestsithat'a partialfintercalaticn-or exfoliation of the LDHs platelets ‘might be
taken place in the composites at 11°, 24°, and 35° and broad, less intense peaks at 38°,
43°, 48°, and 61°. It was confirmed that the peak presented at the sample peak of a
crystallized hydrotalcite-like phase (Mg-Al LDHs) (Kishore et al., 2008; Yang et al.,
2003). After the incorporation of Fe;Os into the layers of LDHSs, the peak at the 20 of
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11°and 48° decreased, while the peak at the 26 of 43° increased because of the
incorporated Fe,O3 in LDHs structure (Chitrakar et al., 2007). Therefore, the intensity
of the diffraction indicated that the LDH structure interacts with Fe,Os, was not
destroyed and no shifting of their positions to lower 26 values was explained as an

increasing ion exchange capacity of th ite-like layer, by adding Fe,Os or Fe**.

Intensity (a.u.)

o a (Daoos
O tocer

—r———
et A ) A
"‘e:, ;'f'\‘/lg'%&r O

i

EM images

DHs a@Mg-AI LDHs samples
are presented in Figlﬂ;e 4.2. The image showed an aggregate of particles. As observed,

A PR N e S
particle' size by Sc . (2007), are erial was relatively
smaller. ﬂe images of all samples‘have spherical s@e, in spite of, incwration of

RS TA TIN
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In order to ensure that Fe,O3 was bonded into the samples as expected.
FTIR of samples was an analyzed. The spectrum of Fe,O3-Mg-Al and Mg-Al samples
are shown in Figure 4.3. The spectrum of all LDH samples, exhibited Mg (Al)-O-Mg
(Al) (at 460 cm™), Mg (Al)-O (at 660-700 cm™) and hydroxyl group (OH’) (at 3450
cm™) (Das et al., 2002; Yang et al., 2003; Geraud et al., 2006). In the spectrum of the
Fe,03-Mg-Al, the intensities of three bands of LDHs decreased while the intensities
of Mg-Al bands increased because of incorporation of Fe,O3; with LDH structure.

Fe O,‘Mg-Al

1369.62

465.05

% Transmittance (a.u.)

1367
; 450.93

T ¥ T ! T = = T v T
3600 3000 2400 1800 1200 600
Wavenumber (cm'])
Figure 4.3 FT-IR spectrum of Fe;,03.Mg-Al LDHs and Mg-Al LDHs.

'_:

Thetamounts of: elements; in=all{samples weresexamined by XRF as
shown In Table4.1.The'main composition of Fe;Os-Mg-Al LDHs consisted of MgO,
Al,O3 and Fe,Os. Similarity, the g4main Mg-Al LDHs composition was MgO and
Al,Os. Both:adsarbents indicated that'the ratio of synthesis contained 0.05:2:4'and 2:1
weight ratio“for Fe,03-Mg-AlFLDHs and"Mg-Al LDHS, respectively: This-was to
confirm that the ratio of synthesis. Moreover, the other compositions of samples
included SiO,, SO3, Cl and CaO, which they were not affect to the properties of

prepared samples.
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Table 4.1 Chemical compositions of prepared materials

Amount of element (% of weight)

Sample

MgO Al,O3 Fe,O3 Others
Fe,03-Mg-Al LDHs 40.85 20.37 2.98 35.8
Mg-Al LDHs ) - 36.11

analysis was carried
and Mg-Al LDHs in
Table 4.2. In the co
studied by Vuli
bit lower than thos

a of Fe,O3-Mg-Al LDHs
/g, respectively, as listed in the
of Mg-Al-Fe and Mg-Al
)btained results were a
e and I\ g-Al LDHs, which was
synthesized wit oncentration of M (111) ion
\“ ions and the formation

of additional M (I11)- : ase of specific surface area

was increased, res

in this study may be resul apfiate concentration of M (11) ions.

Table 4.2 BET surface are

{ \
Adsorbent ‘tﬂ::‘—

— Y]
Fe,03-Mg-Al LDH

Mg-Al LDHs m

Mg-Al-Fe ?

%ﬁ%ﬂlﬁﬂﬁ#@’mi
’QW']&NT]‘EELJ UAIINYA Y
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4.1.2 Adsorption capacity

The remained concentrations of phosphate in the solution over Fe,Os-
Mg-Al LDHs and Mg-Al LDHs powder were carried out at 25°C during the whole 24
h as shown in Figure 4.4 (a and b respectively). The tests were carried out for
different initial concentration (1, 5, 10, 20, 30, 40 mg P/I). The results showed that all
curves had similar trend. As expected, the higher initial concentrations, the remained
concentrations were reduced faster. For Fe,O3-M@g-Al LDHSs, it was found that time to
reach equilibrium for initial concentration of phosphate including 60 min (Co = 1 mg
P/1), 120 min (Co = 5 mg R, 240 min (Co = 10 mg P/1), 480 min (Co = 20 mg P/I)
and 1080 min (Cg= 30 and 40 mg P/I). For Mg-Al LDHs, it was found that time to
reach equilibrium for initial concentratioln of phosphate ineluding 60 min (Co =1 and
5 mg P/l), 240 min (€ =/10/mg P/, and 1080 min (Co = 20, 30 and 40 mg P/I)
compared the congentration profile of both adsorbents (Figure 4.4a and 4.4b), it cloud
be estimated that the phosphate was removed by Mg-Al LDHs slower than Fe,03-Mg-
Al LDHs. To ensure inaall further tests, thé:ggujlibrium time was set to 1440 min for

powder form of testing. F
cs A
1.0 1 = 1mgP/| —e—5mgP/l
1 —&— 10 mgP/l =¥+ 20 mgP/I
0.8 —4— 30 meP/I—P= 40 mgP/]
=" a
0.6 )
>

o =

-~

O 044
0.2
0.0

T T T T r T T T . T 4 T H I
0 200 | 400 | "600 © 800 1000/ 1200 1400
Time (min)
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1.0 —&— | mgP/l —@&— 5 mgP/I
—&— 10 mgP/l —w— 20 mgP/I
—<4— 30 mgP/l —»— 40 moP/l

b)

c/c,

800" 1000°41200 1400
s

Figure 4.4 Cong in the solution over

The'"expgfimental restilis could, ovide the effect of initial
ds " LDHs and Mg-Al LDHs

concentration on phaspha adso+r ‘,EQH' s
ecreased with increased initial

powder. The percentag f ai.r

Sihee “concentration (initial
concentration ofﬁ pleted, it iﬂwot able to be used to
evaluate the adsorptfn isotherm (see in Flggj4 .4). Thus those three concentrations

"ﬁ‘uﬂ RPN IS LI N o
were p 01 ss'b igure 4.5. The
mvestlga n of equilibrium adslerptlons mclu@ Langmuir and Freundlich
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.-Mg-Al LDHs and
N N

s for ! hosphate on Fe;O3-Mg-Al
LDHs and Mg-Al LDHs were linearly fitte 0 Lang 1& d Freundlich models. The

Langmuir isotherm was ented as expr

S

LYy

§
Whereﬂum‘wa j '%’ﬁmm

Qe is the ilibrium phosphate congentratlon on the &Wder samples (mg/ )

WIRNL LN TI VR A

is the Langmuir sorption constant (I/mg) that related to affinity of the binding sites

(Boujelben et al., 2008)

and linearized to
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In order to explain the applicability of phosphate adsorption
equilibrium on Fe;Os-Mg-Al LDHs and Mg-Al LDHs, Freundlich adsorption
isotherm was also applied. This is expressed by the following equation 3.

(3)
and linearized to C. &
Where; -
K is the Freundli f the adsorbent

n is a constant relat

034 ¥=0.0308x+ 0,006

6 Mg-Al
1‘1"‘1 F, [ ] ( ]
e

- 0.2 ;ﬂ.‘ e
= D -Mg-Al
E] b)
g
o 0l

y =0.1229x + 1.3991

0.04

R’=0.9756 Fe,0.-Mg-Al

- log C,
I!l

Figure 4 6 Linearization of the plot; a) Langmuir isotherm and

ﬂuﬂqwﬁ%$%E1ﬂﬁ

Both isotherms Were fitted based on the correlation coefficients (R?) in

smmﬁm:m FAN iR ih 1pg Y11

iangmuw isotherm and Freundlich isotherm are 0.99 and 0.89 - 0.98, respectively.
The value of b of Fe,03-Mg-Al LDHs (16 L/mg) was higher than Mg-Al LDHs (5

L/mg) of two times because incorporation of Fe,Os; in LDH structure may be

0 1 2

effectively adsorbed phosphate concentration. In addition to the g values of both
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Fe,O3-Mg-Al LDHs and Mg-Al LDHs was insignificantly different. The maximum
value of g was around 30 - 33 mg/g of adsorbent.

Consider the Freundlich adsorption evaluation equation. The value of
Ks and 1/n obtained from the slope and intercepts of the straight-line plots in Figure
4.6(b). The value of K¢ in Fe;03-Mg-Al (25) was higher than Mg-Al (22). It indicates
that the phosphate adsorption of Fe,Os3-Mg-Al adsorbent was good. Accordingly to
the value of 1/n, all adsorbenis had the value-between 0 — 1 represent favorable
phosphate adsorption on.fFe>03;-Mg-Al LDHS and Mg-Al LDHs. The correlation
coefficients (R?) for the«Ffeundlich adsorption equation were less than Langmuir. As
a result, Langmuir isothermyis better than fitted compared to Freundlich isotherm.
Considering, the gonstani'values for Lang_mlf_ir isotherm.

Table 4.3 Langmuir and Freundlich constants.

Langmuir fe_ Freundlich
Adsorbent qff *%b R Ke 1/n R
(mgly) (mgy A
Fe,05-Mg-Al 31.250 1600 0999 2506 0122  0.975
Mg-Al 3333 500 0997 . 2291 0197  0.898

Fe, 05 tailings © 0.444 8.21 0.970 3.59 0.190 0.986
8 The equation for phosphate (Zeng et al., 2004)

Further,sthe essential features’ of the Langmuir isotherm can be
described by separation factor, R.-which is defined by-the following equation (Hall et
al., 1966):

AR :
1+ bC,

(5)

Where;
Co is optimum initial concentration of phosphate (mg P/I)

b is Langmuir constant (I/mg)
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The values of R indicate the nature of the adsorption process as given:
R > 1; for unfavorable, R = 1; for linear, 0 < R < 1; for favorable and R_ = 0; for
irreversible. In the present study, the values of R_ with initial phosphate
concentration. The results shows that the R values of Fe;O3-Mg-Al LDHs and Mg-Al
ich indicates that the adsorption process is
203-Mg-Al LDHs had higher than

LDHs were in the range of zero to o
favorable for both adsorbents :
these values of Mg-Al L !

50

#F
Figure 4.7 Separation facto

/A 4 __,,.I‘ g
| P o o
Insummary, the phosphate e,05-Mg-Al LDHs
and Mg-Al LDHS/in powder form indicated that both F £,03-M0-Al LDHs and Mg-Al

LDHs had the oﬂme , maddltion, studying the
effect of initial phesphate concentration showed that the pé centage of adsorption of
both adsorbents dirﬁpd with increaseﬂnitial phosphate concentration. The

el 1=K b iio s R ik ey
ammmmwnwmaﬂ




35

4.1.3 Kinetic study

The adsorption kinetic study was to estimate how well the behavior of
adsorption before reaching equilibrium. The adsorption rate can be determined by
using kinetic model, which calculated by the change of phosphate concentration over

the time. The kinetic equation b sorption capacities, as Lagergren’s first-

order rate equation. It is su

(7)

Where;
Qe is the adsorption ca
gt is the adsorption capaci
ki is the rate constant o

involving covalent forces that to

In order to"_ hemis
sorben 2006b). The Kinetic rate

share the elec o‘—

e

e ————————————————————————————————
equations can e rewritten as follows: : 'y

m S k(4 -’
A“”'ﬂﬂﬁ]ﬁ’?’l*ffmw EJ']ﬂ'ﬁ
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Where;
ge is the adsorption capacities at equilibrium (mg/g)
q: is the adsorption capacities at any time, t (mg/g)
k, is the rate constant of adsorption (mg/g min)
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Figure 4.8 Linear plots of pseudo-first-order model for phosphate adsorption
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Figure 4.9 Linear plots of pseudo-second-order model for phosphate adsorption
on a) Fe,0s-Mg-Al LDHS'and b) Mg-Al LDHS.

Both the adsorption‘kinetic models of pseudo-first-orders were fitted

based on thé-edrrelation coefficients (R?) in Figure'4.8. The rate constant (kK).and the

equilibrium adsorption capacity (ge) can be determined from the slope and intercept of

the straight-line plots (Figure 4.8) and were present in Table 4.4. It shows that R? of
pseudo-first-order model on Fe,03-Mg-Al LDHs and Mg-Al LDHs are 0.93 - 0.98
and 0.95 - 0.96, respectively. The values of ge of Fe,O3-Mg-Al LDHs were different

insignificantly with Mg-Al LDHs. The comparison between adsorption capacities
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from the experiment and kinetic model on both adsorbents showed that the adsorption
capacity from pseudo-first-order models (16 - 25 mg/g) was badly with the adsorption
capacity values from experiment (30 - 33 mg/g). For the k values of both Fe,O3-Mg-
Al LDHs and Mg-Al LDHs were different insignificantly.

The pseudo-second-order. models on both adsorbents were fitted based
on the correlation coefficients (R?) in Figurei4.9. It shows that R? of pseudo-first-
order model on Fe;Os-Mg-Al LDHs and /Mg-Al LDHs are 0.98 - 0.99 and 0.98,
respectively. The rate constant (k) and the equilibrium adsorption capacity (de)
obtained from the slope and intercept of the straighi-line plots (Figure 4.9) and were
present in Table 4.4._Fhe ge¢values of Fe;,Os-Mg-Al LDHs (24 - 33 mg/g) were
different insignificantlyawithsMg-Al LDHs (22 - 35 mg/g). They were found that the
pseudo-second-order modelsalmost agreed with the experimental adsorption capacity
(30 - 33 mg/g). For the values of k of Fegng::Mg-Al LLDHs (6x10™ - 3x10™ mg/g min)
and Mg-Al LDHSs (3x107/~ 2x10* img/g min) were different significantly. These
confirmed that the phosphate adsorption of"rl both adsorbents was fitted well with the
pseudo-second-order kinetic model: FegOglMg-AI LLDHs present the high adsorption
capacity with short equilibrium time: f_,-’_ b

Accordingly, ihe pseudo-secohd-gr_f_der Kinetic model showed that the
adsorption mechanism is predominant and tﬁ__eTr;ates of phosphate adsorption process
appear to control by the chefical adsorptidﬁ -(Efﬁibh and. Li, 2003). This adsorption
mechanism may=invalve covalent force through the sharine’ ef electrons between
phosphate and"adsorbents (Chen et al., 2008).
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Table.4.4 Pseudo-first-order and pseudo-second-order Kkinetic constants and
correlation coefficient (R?) for adsorption phosphate on Fe;Os-Mg-Al LDHs and Mg-
Al LDHs adsorbents

Adsorbent Initial Pseudo-first:order Pseudo-second-order
PO,*
conc. Qe kqx10™ o Qe kox10™ .
(mg p/ymkmars) (mi_'_ﬂ'l) (mg/g)  (mg/g min)
Fe,0s- 20 19.45 460 +.0.99%,23.81 5.680 0.99
Mg-Al 30 2366 F20304 % 0.9, 833 2.946 0.98
40 28.28 -2.20 R WHO06N, 8283 3.060 0.98
20 16.83 +2o30 A N0WEN, WR 27 3.741 0.99
Mg-Al 30 2550 230, 096 @448, 2441 098

40 2582 22.30, 40.97 ' 35.71 2.200 0.98

4.2 Granular form of adsorbents = /.
The obtained Fe,0s-Mg-Al-LDHs and Mg-Al LDHs powder in the first parts

were applied to form granular-adsorbents for t__?e,use. The granules would decrease the
clogging problem in the unit operation and :t-herdifficulty of adsorbents reuse.
Mechanical coatthg-and-extiusion-technigue-were-two-iiethots to be done. The

physical properties and the adsorption compared to powder form were discussed.

4.2.1 Surface area

The 'specific surface area of granular formation of Fe;0s-Mg-Al LDHs
and Mg-Al LDHswith mechanical coating and ‘extrusion methods was 185.4, 201.6,
0.942 and 1.043 m?/g, respectivelyias tabulated in Table 4.5. The resultgshowed that
the specific surface areas ofithe both ‘granular adsorbents of mechanical-coating were
higher thah extrusion method. Some results were observed by Boujelben et al. (2008).
The specific surface area of mechanical coating was less than that of alumina ball.
This would be due to the materials of LDH compounds clog the mesopores and/or

macropores of alumina balls.
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Table 4.5 BET surface areas of granular adsorbents

Adsorbent BET area (m?/g)
Fe,03-Mg-Al LDHs by mechanical coating 185.4

Mg-Al LDHs by mechanical coating 201.6

Alumina ball 340.0
Fe,03-Mg-Al LDHs by extrusion 0.942

Mg-Al LDHs by extrusion 1.043

Fe,O3 coated sand? ] 2.609

# Boujelben et al., 2008

4.2.2 Phosphate adsorption

The experiment was studied-the percentage of adsorption of phosphate
on the Fe;O3-Mg-Al LDHs and Mg-Al tDHS granular of mechanical coating and
extrusion with acrylic emulsion binder technidues. This effect of both samples on the
initial concentration of phosphate 5 mg P/Ir,r'iat pPH 5.5 and ambient temperature was
studied at the same amount of adsorbent p(;}wder (1 g/l). The results are shown in
Figure 4.8. The percentage -of phosphate _a_-d-sojr—ption on granulated Fe;O3-Mg-Al
LDHs (99%) was higher than that on Mg-AlF LDHs (90%). However, the comparison
of percent adsorption between alumina balls and! Fe,03-Mg-Al LDHs granular was
similar because-amount of phosphate might be depleted at this concentration level.
The higher coneentration condition of phosphate might be shown different results.

The case of the extrusion technique, the results were shown in Figure
4.8. The percentage of phosphate adsorption of granulated Mg-Al LDHs (76.63 %)
was about.6% higher than Fe,Os;-Mg-Al LDHS (70.29 %). According to the property
of acrylic emulsion binder, It /might result the agglomeration .surface area of
adsorbent. It related to the low specific surface area observed with iron oxide coated
sand.(2.609 m*/g) by Boujelben.et al. (2008).



40

100
F/ 2B & @ A L
’l

80

= 3 .
= o0 X | 4
£
=]
wn
3 40 B Fe,0,-Mg-Al
= ® Mg-Al
Alumina ball
20
jechanlcalcnating

'—ﬂlsmn
T

\\- 1200 1440
Figure 4.10 Perce ated Fe,O3-Mg-Al LDHs

and Mg-Al Shanica son techniques.

4

-
14
iv

ﬂumwamwmm
ammmmummmaa



CHAPTER V
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Fe,03-Mg-Al and Mg-Al were synthesized by a co-precipitation method. The
material was in layered double hydroxides (LDHSs) form, confirmed by XRD, SEM,
XRF, FT-IR and BET 'specific surface area. Thereswas no collapsing of the LDHs
structure after the insertion ofFe;0s. InJaddition, the addition of Fe,Os to the structure
increased the specific sugface area and affect to the adsorption capacity for phosphate.

The phosphate adserptionson Fegqg-Mg-Al LDHSs in powder form was 31 mg
Plg Fe,0s-Mg-ALEDHs andshigher than another adsorbent (Mg-Al LDHs), because
of an incorporation of Fe,05 in LDH structare. The equilibrium time was reached in
the adsorption system of these aQsorbents—joqger than 1,000 min. To study the effect
of initial phosphate ,€oncentration showedfzhdt the percentage of adsorption of both
adsorbents decreased & with -dncreased V-ih_i__tial_- phosphate concentration. Under
equilibrium adsorption, the adsorption isoﬂhgrins of both Mg-Al LDHs and Fe,0s-
Mg-Al LDHs for phosphate; adsorption Werj_e;'rf:i;tgd well to the Langmuir isotherm
describing monolayer coveragje oh homogenp’&é‘;tfrface.

The adsorption rate 6f=phoéphate adsdfpﬁcﬁ'dn both adsorbents could be well
described by«the pseudo-second-order model as evidenced from the agreement
between the expérimental and kinetic model values.

The granular:formation of both adsorbents with mechanical coating technique
had higher the perrrcentage of phosphate adsorption than that of extrusion technique.
This might be noted that high surface-areas of, granular-adserbent. by mechanical

coating could adsarb to phosphate concentration.
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5.2 Recommendations
1. Only one species in synthesized waste water was studied, the real waste water
should be studied for unexpected stimulus; for examples anions such as sulfate ion,

nitrate ion and carbonate ion.

g/l) for studying the adsorption
equilibrium of phospha e at ow initi e@ mg P/l) so the loading of
Fe,03-Mg-Al LDHs andMg-/ s adsarben d be done with the loading
less than 1 g/1. i

AU INENTNYINS
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Table 1 C/Cy of phosphate using Fe,O3-Mg-Al LDHs in powder form as adsorption in
terms of time and initial phosphate concentration

Time C/Cy
(min) 1mgP/l | 5mgP/l | 10 mg P/l | 20 mg P/l | 30 mg P/l | 40 mg P/I
0 1 1 1 1 1 1
5 0.710 0.560 0.455 0.866 0.835 0.872
10 0.564 0.36 0.412 0.764 0.740 0.799
20 0.0005fe0:308 | +0.208 0:783 0.728 0.789
30 0.0005{**0.285 0.175 0.667 0.719 0.77
45 0.0005.* 0200 0.145 0.623 0.65 0.708
60 0.0005 " 04408 0,105 0.534 0.56 0.64
120 00005 40,0001/ | 0,058 0.461 0.51 0.61
240 0.0005f | 40.0004 | -8.73E°05 | | 0.312 0.39 0.543
360 0.0005 4" 00001, | 8.73E-05 |, 0.114 0.333 0.445
540 0.0003" | £0.0001 |/8.73E-05 | 0.038 0.25 0.405
720 0.0005 J 00001,/ 873605, 10028 0.106 0.317
900 0.00054"| 0.0001, +}:8:786:05 | 0.014 0.053 0.244
1080 0.0005 |+ 0.000% 8.73E-05 - 4.13E-05 | 0.013 0.219
1440 | 00005 | 00001 | 8.73E-05 [ 4.13E-05 | 0009 | 0.212

TS A e e e

¥
¥

Wia —=— | mgP/l —@—5mgl]
- —A— 10 mgP/l —w— 20°mgP/l
0.8 - —<4— 30 mgP/l —— 40 mgP/|
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0.2
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0 200 ©7400- 6000 F800 1 1000 1200 “1400
Time (min)

Figure 1 C/C, of phosphate using Fe203-Mg-Al LDHs as adsorption in terms of time

and initial phosphate concentration.
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Table 2.C/C, of phosphate using Mg-Al LDHs in powder form as adsorption in terms
of time and initial phosphate concentration

Time CICo
(min) | 1mgP/l | 5mgP/l | 10mg P/l | 20 mg P/l | 30 mg P/l | 40 mg P/I
0 1 1 1
5 0.767 0.904 0.946
10 0.609 0.837 0.880
20 0.010 0.788 0.841
30 0.005 0.731 0.786
45 0.00 0.6813 0.752
60 0.00 0.609 0.696
120 0.00 0.529 0.633
240 0.005 ‘ ' 0.432 0.567
360 0.005 4" 000017 4 "0.001 0.332 0.458
540 0.008" | 000w L 0.279 0.409
720 0.005 4 goolz. | Lo 0.151 0.345
900 0.00 jl’j’ 17 1506 0.035 0.239
1080 0.00 Y e 0.014 0.216
1440 0.005 4 0.0017 - 0.010 0.213
bl
1.0 ' mgp/] —e— 5 mgP/l
| ;‘“0
fat
A
f E[ J
U i
(|) 200 600 l 800 ﬂo 1200 1400 U
AEIAN, m;ml-ﬁ. ok )2l LAE],

and initial phosphate concentration.
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Table 3 Adsorption capacity of Fe;O3-Mg-Al LDHSs in powder form as function time

and initial concentration

Time Adsorption capacity (mg/g)
(min) | 1mgP/l | 5mgP/l | 10mgP/l | 20 mg P/I | 30 mg P/l | 40 mg P/I
0 0 0 0 0 0
5 0.477 2. 2.94 5.15 5.109
10 0.718 ' 4 19 8.13 8.164
20 1.649 24 8.536 8.536
30 1.64 858 8.8 9.3
45 1.6 7, 1889 10.75 11.55
60 1.64 980 | 1025 | 13540 | 14.455
120 1. SO N, 86 15.29 15.7455
240 1. 5 ! 4 18.87 18.5091
360 1.649 1 K 20.94 22.455
540 1, 410,408 21.18 23.509 24.1
720 1.649 T ; .50 28.08 27.618
900 1.6 30 |, 10:408 2170 29.72 30.509
1080 1.649 130544 110, 2. 30.98 31.6273
1440 1.649 130, 4} 110, 22.0 3113 | 31.9045

+b4AN iR R
:

‘Tﬁ

200 600 800 1200 1400

WD &
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Table 4 Adsorption capacity (q) of Mg-Al LDHs in powder form as function time and

initial concentration

Time Adsorption capacity (mg /g)

(min) | 1mgP/l | 5mgP/l | 10 mg P/1 | 20 mg P/l | 30 mg P/I | 40 mg P/I
0 0 0 0 0 0
5 0.368 54 1.877 3.145 2.236
10 0.61 5.313 4.99
20 1.581 6.92 6.65
30 1.57 8.79 8.927
45 1. 10.45 10.36
60 1.57 12.79 12.7

120 e 15.431 15.36
240 1.5 18.6 18.1
360 ; 21.88 22.65
540 15 ~ 8.604 1 23.62 24.71
720 . 309, |(,-8.60 8. - 27.79 27.39
900 1.57 5809 .. 8.604 19.8 31.6 31.827
1080 1 09 . 8. 0, 32.30 32.80
1440 1.57 kL 7 32.41 32.91
¥ -
40
i ffﬁ)zmgP/]—P-{tmm P/
e
-5 ] . .
200 #00 600 800 000 1200 1400

ama\mmmmm”
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Table 5 Adsorption percentage of Fe;O3-Mg-Al LDHs in powder form as function

time and initial concentration

Time % Adsorption
(min) | 1 mgP/l | 5mgP/l | 10mg P/l | 20 mg P/l | 30 mg P/l | 40 mgP/I
0 0 WA b 0 0
5 28.92 Y H ff& 36 16.42 12.735
10 4352 g;}dﬂg 25.90 20.090
20 99.94 | 698 | 68 | 27.17 | 21072
30 99.94 17148 8248 E}FE‘ 28,01 22.957
45 99.94"™70.08"4" 8541 | 3767 | 3421 | 29118
60 99.94_*850% #8943 \| 46552 “{.043.09 35.783
120 | 9994 09998 /| 9419 | 5380 | 4866 | 38.868
ZRECT P £ /0T P NS TR
360 | 99.94 |©9908" 1799.99 7| 857 | 6666 | 55408
540 | 99.04¢ | 9998 /| 99.99. §4.82 59.492
720 99.94 #Foglogliis. 99 89, 68.21
900 | 99.9447 9998 | | . 75.516
1080 | 99.94 | 79998 | 98.61 78.074
1440 | 99.94 | 9998 |, ¢ 99.08 | 78.758

ﬂuﬂ

100 H

u 0-

200 ‘400 600 800

N8N TR

—
000
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Table 6 Adsorption percentage of Mg-Al LDHSs in powder form as function time and

initial concentration

EJV]‘E:MJ 3

—4—30 mgP/l —»— 40 mgP/1

Time % Adsorption
(min) 1mgP/l | 5mgP/I | 10 mg P/l | 20 mg P/l | 30 mg P/l | 40 mg P/I
0 0 0 ol 0 0 0
5 23.27 6. . .04 9.60 5.341
10 39.08 ' 47. 4 16.21 11.93
20 99.00 79 21.12 15.883
30 99.42 | 70.92 26.82 21.322
45 99: ), 81,20 : 31.89 24.753
60 99. 8. 44, 39.02 30.33
120 99.4 N/ 4912 | 47.08 36.69
240 9 | 998 5 ~ 56.74 43.23
360 99.4 4 — 99, 7 66.77 54.12
540 9 / —09:89 | 78. 72.07 59.02
720 4 % | Vab 2 84.80 65.432
900 99. 8 19 5. 96.40 76.01
1080 99.4 -8 «idi [ O9 3 98.57 78.36
1440 99.4 9.8 ,42199; 99.95 98.90 78.62

’QW’WMﬂ'ﬁE’UﬂJWHﬂﬂ"’IﬁH

Figure 6 Adsorption percentages of Mg-Al LDHs.




Table 7 Langmuir adsorption isotherm of Fe;O3-Mg-Al LDHs and Mg-Al LDHs

55

PO~ Co Ce (Co-Co)/M Ce/[(Co-Ce)/IM]
conc. Fe- Mg-Al | Fe- Mg-Al | Fe- Mg-Al | Fe-Mg- | Mg-Al
(mg P/I) | Mg-Al Mg-Al Mg-Al Al
10 104 | 8.61 | 0.001 | 0.009 | 10.408 | 8.604 | 8.6E-5 | 0.001
20 220 | 20.7 | 0.3 21.711| 19.881 | 0.0147 | 0.043
30 314 | 32.7 728 | 29.77 | 0.0568 | 0.100
40 40.5 41.8 31.82 0.324 0.315
b .
=
=
25 \ -
._EP 7 !
5 20 o 4
= - |
4 = -A
o0 - -
: 2
) Jr 6 10
" | o
..:ij-.f“
0.1 Mg-
® Fe O -Mg-Al
ﬂ‘uﬂ e
Ce (mg/l)

9 RARDIUAUBAINEIAY

Fe,O3-Mg-Al LDHs and Mg-Al LDHs.



Table 8 Separate factor (R.)

56

PO,%conc Co b RL

(n‘; piy | FeMg- [Mg-Al [Fe-Mg- [Mg-Al |Fe-Mg- [ Mg-Al
9 Al Al Al
1 1.65 1.58 5 0.012 0.036
5 5.1318 5 0.005 0.0226
10 10.409 0.002 0.009
20 22.031"20.745 0.001 0.006
30 31.418 0.001 0.004
40 40.509 0.036 0.112

ﬂumwﬁVf%W ’m'ﬁ
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Table 9 Freundlich adsorption isotherm of Mg-Al LDHs

log ge logCe
conc. (mg P/I)
Fe-Mg-Al Mg-Al Fe-Mg-Al Mg-Al
1 0.21724 -3.04575 -2.0457
F " / ] ]
5 J‘ f 3.04575 2.0457
10 “*x.. 04 -2.0457
20 o 2984w -0.49485 -0.0636

% I l’/ ﬂm: 7886 | 0.4771
- M!iﬁlﬁ\&x 1.0017

/e \\\\

~ 986 5,.4
o e | =
[ ] .

""'.I

ol usidnyng °zﬁ| ok dok s Lovn

Mg -Al LDHs.
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Table 10 Pseudo-first-order and pseudo-second-order kinetic constants

Adsorbent | Initial Pseudo-first-order Pseudo-second-order
PO4” 3 4
conc. Ge klx_l(_)l R Qe kzx10 | R?
(mg P/l) (mg/g) | (mi (mg/g) | (mg/g min)
Fe,05- 20 19 9 23.81 5.680 0.99
Mg-Al 30 : -2.30 33.33 2.946 0.98
20 23 33 | 3060 | 0.98
2 -2.80 3.741 0.99
Mg-Al 2.80 2441 | 0.98
40 - .S 2.200 0.98
EFY "..-I.‘
2 ‘:ﬁ -
AR
A\
::# K U.Z: .-;91.367
2 + T
? 5
E-D ) ‘i;‘g‘rl‘i y=—0.z 11(.939.374 X
o j".": : 5
051 X30mgpd, + —y
el
Y
. 800
E 1.4
4 . 0./ y=-0.001x + 1412
2= 0.965 |
ﬂ U7 ik
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= 0.6 1

’QW’W&NT’[‘?HQ mn’n

=0. 0011( + 1 408

A 40 mg P/l
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Figure 10a Linear plot of pseudo-first-order kinetic model for phosphate adsorption
on Fe;0O3-Mg-Al LDHs and Mg-Al LDHs.
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Table 11 Concentration of phosphate using granulated form by mechanical coating

technique at 5 mg P/l over time

Phosphate concentration (mg/I)
Time(min)
Fe,03-Mg-Al Alumina ball
0 5.263636
5 1.768182
10 1.590909
20 1.027273
30 1.472727
45 5 1.436364
60 . 0.809091
120 0.595455
240 9 0.377273
360 0.55 0.231818
540 9091 0.181818
720 .5590 0.186364
900 0. 1 0.177273
1080 9 0.177273
1440 0.176818

-" -
Jl.nl 80 0

Time (min)

1200

o

d

1400

Figure 11 Concentrations of phosphate using granulated form by mechanical coating

technique over time.
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Table 12 Concentration of phosphate using granulated form by extrusion technique at
5 mg P/l over time

Phosphate concentration (mg /1)

Time(min)
Fe.03-Mg-A Mg-Al
0 6.0045 '=,I I7 6.381818
5 oeal /Sl 5.972727
10 5036364 el 4.918182
20 272739 = 5.322727

30 —tlries | 5.340909
45 5995455 | | .. 4736364

60 47836 ﬂl\‘“&"ﬁx 031818
120 IIJ’ .’_E l‘*ﬁm\ 4.286364
240 \Z.& 381818
360 2.80989

540 J At @A
0 | g LA
300 4 7. WAN

w080 | 4 Jusiip 0 L
1440

.513636
1.363636
1.490909
1.490909
1.490909

AAneyIweINy

200 ﬁOO 600 800 ﬁoo 1200 1400

QW']@NT]?EU IMTINYNAY

Flgure 12 Concentrations of phosphate using granulated form by extrusion technique
over time.




62

Table 13 Percentage of adsorption of phosphate using granulated form by mechanical

coating and extrusion technique at 5 mg P/l over time

% Adsorption
Time(min) Mechanical coating Extrusion

Fe,03-Mg-Al | Mg-Al | Alumina ball | Fe,03-Mg-Al | Mg-Al-
0 0 0 0 0 0
5 38.71 26.641 66.407 3.20 6.41
10 49.24 62.64 69.77 15.17 22.93
20 55.73 59.43 80.48 20.01 16.59
30 5037 63.26 72.02 9.82 16.31
45 85.65 7934 || 72an 11.11 25.78
60 86.30 84431 | 8462 19.44 21.15
120 95,39 90.79- |- 7'88.68 20.94 32.83
240 98.77 90.79- =+ 92.83 215 47.00
360 98.77 90.79" |} 95.59 32.83 56.12
540 98.77 90.79. | .. 96.54 34.25 76.28
720 98.77 -90:79 1196145 37.25 78.63
900 98.77 90.79 /| 96.63 56.90 76.63
1080 98.77 ~ 90.79 - 96:63 70.29 76.63
1440 08.77" 28079 96.64 70.29 76.63

40

% Adsorption

20

S B Fe,0,-Mg Al
/ E----WT o
@ / @ Mg-Al
i ” .
--- g A_Alumina ball

—— Mechanical coating

~+-=. Extrusion

240 480 720 960

Time (min)

1200 1440

Figure 13 Percentage of adsorption of phosphate using mechanical coating and

extrusion techniques.
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