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ABSTRACT

The luminescent and structural properties of tlkalale earth aluminate phosphors prepared by
solid state reaction, combustion and sol-gel metheré discussed. The Solid state and Sol-gel
methods required much longer time (3-9 hours) fepparation of the phosphors. The annealing
processes in both methods are performed at verp kégnperatures (1000 - 130T).
Furthermore in order to reduce ¥uo EU* toxic gases such as,Mind H were introduced

during the annealing process.

The combustion method is more efficient because phesphors of high efficiency were
obtained at low temperatures (500 — 630 in a very short period of time (5 min). The’Ewas

obtained by adding a small amount of urea to théure during synthesis.

SrAlLO4Eu,Dy** phosphors prepared by a solid state reaction rdetabdifferent annealing
temperatures (1000 - 1280Q), in a reducing atmosphere of Bhd 25%H, were irradiated with
an excitation wavelength of 365 nm. The optimumiftensity was shown by a sample prepared
at 110°C. The broad emission spectra symmetric at 497 aimbe attributed to the % 4f
transition of the EXf.

Ev’* and Dy co— doped calcium aluminate, barium aluminate atréntium aluminate
phosphors were synthesized at an initiating conmusemperature of 508C using urea as an
organic fuel. The crystallinity of the phosphorsswiavestigated by using X- ray diffraction
(XRD) and the morphology was determined by a scaneiectron microscope (SEM). The low
temperature monoclinic structure for both Ca®l and SrA}O4 and the hexagonal structure of
BaAl,O,were observed. Photoluminescent (PL) and phosptemeproperties were investigated
by using a 325 nm He-Cd Laser and a Cary Eclips®rdlscence spectrophotometer,
respectively. The broad band emission spectra mikima at 449 nm for CagD.,.EL?*,Dy*",
450 nm (with a shoulder at 500 nm) for Ba®J:EW?*,Dy** and 528nm for SrADsEW" Dy**

were observed.

Vi



Ca.oAl,04EW 0,0u,DY** 002 phosphors prepared at different initiating contiomstemperatures
were characterized by XRD), SEM and PL systems@dd-aser and Cary Eclipse Fluorescence
spectrophotometer). The PL emission spectra synunatr 450 nm, in all the phosphors,
confirms that only one emitting center, is preséBtf"). The optimum PL intensity and
Phosphorescence was observed from the sample edepatr an initiating combustion

temperature of 608C.

Bao.oAl.04EW0.0,Dy**0.02 powder phosphors were prepared at different tivitietemperatures
ranging from 500 - 808C by the combustion method using urea as a combufé&e most
crystalline hexagonal structure of Ba®) was observed from samples prepared at the inigjatin
combustion temperature of 500 - 680D. Blue-green persistent/long afterglow emissiors wa

observed from all the samples.

Red photoluminescence was observed from a nanatityst STALO,:EU®" powder phosphor
prepared by a sol-gel process. The preparatiooepsowas carried out using Sr(g:]ﬂ)z)z.%

H,0, Al (i-OC3H;); and EuO; as starting materials. The white foamy gel of SPAEW®" was
dried at 66- 200C and calcined at 100C. Nanocrystals of SraD, exhibited an agglomeration
of nano-rodlike particles with an edge thickness-8¥ nm on average. Based on the X-ray
diffraction and photoluminescence data, S04 was found to crystallize as metastable
monoclinic rather than hexagonal phase. The ctystalstructure and photoluminescent

properties of SrA04EU** were reported.
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CHAPTER 1

INTRODUCTION

1.1. OVERVIEW

Luminescence is a phenomenon of emission of eleetgnetic radiation by a physical system in
excess of energy following excitation by electrgphgtons [1]. An example of such a physical
system is a phosphor (luminescent materials) weg$entially emits light by converting one
type of energy into another. They can be crystllor non-crystalline [2]. A phosphor is

composed of a host lattice and one or more activatobamounts from parts per million to a few
mole percent. Either the host or activator can rdatee the luminescent properties of a
phosphor. For example in zinc sulphide/cadmiumtsdia silver (ZnS:Ag/CdS:Ag) the emitted

colors range from blue at zero cadmium throughmgree yellow and into red as the Cd content
is increased. The phosphors are generally powdersdp average particle sizes ranging from

micro to nano-scale [3].

Due to the defects and irregularities in the @ly$attice structure, these materials have the
ability to absorb incident energy and convert fbifight in other regions of the electromagnetic
spectrum. This process involves energy transfamftbe UV source to the electrons in the
phosphor crystals. The phosphor electrons are ligen@sed to levels higher than the ground
state and light will be emitted when electrons metio the ground state [3]. The emission of light
when the electrons return to the ground state @amwlassified in terms of fluorescence and

phosphorescence (long persistent), and the mechamisolved will be discussed in chapter 2.

It has been discovered in the past that some cktheminescent materials show a very long
lived afterglow (phosphorescence), arising fronrrited emission of charge carriers from deep



traps, followed by electron hole recombination mhear a luminescent ion. They are referred to
as long persistent phosphors [4]. ZnS:Cu phosphave been well known as long persistent
phosphors and used in a variety of applicationsesthe beginning of the last century. ZnS has a
long history (Leverenz 1950, Shionoya 1966), ieddiack to 1866 when a French chemist Sidot
found phosphorescence from ZnS crystals he grew.afterglow of specially prepared ZnS:Cu
can be used as a light indicator in clocks and hesticThe afterglow arises from thermal release
of electrons captured by trapg.[However, ZnS:Cu is not bright enough for mapyplecations
and does not maintain its phosphorescence (aftgygto more than a few hours. Furthermore, it
has shown low chemical stability, low efficiency, w&ell as being hazardous due to radioactive
materials used as a continuous excitation sourtelrf5the past, various researchers tried to
enhance the phosphorescence of these phosphomdmgaadioisotopes such as tritiufiH)

and promethium (Pm 147), but this could not maliesadue to safety and environmental
concerns since these isotopes are radioactiverl [grefore there has been great demand of the
radioactive free phosphors which are more reliableerms of stability, brightness as well as

long phosphorescence.

Alkaline earth aluminates (MAD, (M= Ca, Sr, Ba)) co-doped with Euand R&" (RE = Ln,
excluding Pm and Eu) ions are known to exhibit mHirand long lasting afterglow after
irradiating with fluorescent light or sunlight [5ln these types of phosphors (M@L), Euf*
activator serves as a luminescent centre whichtsesum the 415d" - 4f' transitions. The Ei
ions were shown to substitute ;aBa* or Sf*cations in the distorted stuffed tridymite struetur
of MAI,O, [7]. The RE ion (DY") has been proposed to be a hole trapping centee. T
incorporation of R& ions results in many trap centers with approprieth in these phosphors
and consequently prolonging the afterglow time @im temperature [7]. Compared to the
sulphide phosphors the M&,EW* RE** (M= Ca, Sr, Ba)phosphors are safer, chemically
stable, with no radiation, which resulted in anxpeztedly large field of applications such as
luminous paints in highways, airports, buildingsl @eramics products, as well as in textile, dial
plates of glow watches, warning signs and escapgsd5]. In addition, some of the alkaline
earth aluminates such as SI@J:EW?*,Dy*" composites encapsulated in silica can be used as



water temperature sensors. The water temperaturebeaevaluated by the variation of the
phosphorescence intensity of the composite whidpigally excited with a laser diode with an
excitation wavelength of 405 nm as illustrated igufe 1. The phosphorescence intensity
increases linearly with an increasing water tempeea(0 -100C) [8].

Blue LD (A=405nm)
-— A—

Excitation pulse

Optical fiber
Oseilloscope

Thermocouple 1 Photomultipher
Band-pass filter
(A=520nm)
Sensor head
Water
Clomputer

i
| ]

Heater

Figure 1.1: Experimental setup for water temperatue measurements using the
phosphorescent SrAJO4:Eu?*,Dy*" composite sensor head [8].

With the development of current scientific techrgidés on materials, several chemical synthesis
techniques have been applied to prepare phosphdrgha shape and size of the particles may
depend on the crystal type and particle size ofstheting materials as well as the method of
preparation [5]. In this study the sol-gel, combusiand solid state reaction methods were used

to synthesize alkaline earth aluminate phosphors.



1.2. STATEMENT OF THE PROBLEM

ZnS doped with Cu has been known as one of the ptrgphorescent phosphors which have
applications in a wide range of industries. Theeenains, however practically important
problems in ZnS phosphors. One of them is, thagisdé phosphors becomes more unstable and
non luminescent in the presence of residual gasgs as oxygen. Furthermore, the efficiency of
ZnS phosphors decreases with an increase in amataeoi density; this is called brightness

saturation {].

In the past decade long persistent phosphors, wbvelncame the shortcoming of the above
mentioned sulphide phosphors were invented. Thissphors are Eii activated aluminates,
such as SrADsEW' Dy**, CaALO.,EW DY*, SuAl1O.5EW",DY*" etc. These phosphors
exhibit high brightness and long lasting afterglevithout radioactivity and are therefore
regarded as promising materials in the field lursc@at materials [9]. The optical properties of
the phosphors doped with different concentratiohshe rare earth ions, as well as different

preparation temperatures will be investigated.

1.3. RESEARCH OBJECTIVES

To investigate

(i) The luminescent properties of rare earths activalkdline earth aluminate phosphor
materials prepared by solid state reaction, condousind sol-gel methods.

(i) The effect of crystal field splitting and the digton of different host lattices
(MAI,O4EW*,DYy*" (M= Ca, Ba,Sr)

(i) The effects of the initiating combustion temptires on the structural and optical
properties of the long persistent phosphors (GRAEUW*, Dy**, BaAl,O,EW?*, Dy** and
SrAlLOLEU,Dy*H.

(iv) The influence of the stoichiometry (Sr : Al) on tleeninescent and structural properties
of a phosphor ($6AI1,04:EU001,Dy**0.02 and Sg.esAl 204:ELP*0.01,Dy**0.09)



(v) The luminescent properties of Sg@l,:EU** phosphors doped with different

concentrations of B, prepared by a sol-gel method.

1.4. THESIS LAYOUT

Chapter 2 provides background information on the fundament#l phosphors and types of
luminescence in solids. Detailed information abthé phosphorescence mechanism of long
persistent phosphors as well as the electronicsitian of rare earth ions (B EU*) is
provided. The structural properties of the alkalgmrth aluminates (MAD4EW,Dy*") are
briefly discussedChapter 3 gives a brief description of the experimental teghes used to
synthesize and characterize alkaline earth alusipaibsphors. The sol-gel, combustion and
solid state reaction methods used to synthesizelibsphors are discussed in detail. Detailed
information on the principle and operation of tixp@rimental techniques used to investigate the
luminescence and the structure of the phosphorspeesented. Luminescent properties of
SrAlLO4Eu,Dy** phosphors prepared by a solid state reaction mettediscussed ichapter

4. In chapter 5, the luminescent properties infleehby crystal field changes and the distortion
in the host matrix of the phosphors (M@L:EW*,Dy** (M = Ca, Ba, Sr) prepared by the
combustion method is reporte@hapter 6, 7 and 8 present the effects of the initiating
combustion temperatures (500-88) in SrALOLEUW,Dy**, CaALO.EW,Dy*, and
BaAlL,O,EW?*, Dy*". The effects of the concentration of the’Eand Dy* in  Sk.Al 04 ELP,
S Al 0. EU 04Dy, and St Al,04Eu,,Dy**00s phosphors are presenteddimapter 9.
Chapter 10 presents the red emitting Sp@4:Eu** phosphors prepared by a sol-gel process.
Chapter 11 is about the concluding remarks on the overaltlstand suggestions for possible

future studies.
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CHAPTER 2

LUMIINESCENT AND STRUCTURAL PROPERTIES OF PHOSPHORS

2.1. FUNDAMENTALS OF PHOSPHORS

The word phosphor comes from the Greek langwagkit means light bearer, and it refers to a
luminescent or light emitting material [1]. Phosphare mostly inorganic solid materials
consisting of a host lattice, usually intentionallyped with impurities such as rare earth ions [2].
The impurity concentrations in general are reldyiiew because of the fact that at higher
concentrations the efficiency of the luminescenmegss usually decreases due to concentration
guenching effects. Most phosphors have a white komdigr, which is an essential feature that
prevents absorption of visible light by the phogsha@].

Ultraviolet (UV) energy can be used to excite agphor, and the excitation energy can either
be absorbed by the host lattice and then transféarduminescent centres (usually intentionally
introduced rare earth ions or transition metal iondefects) or it can be absorbed by an impurity
ion and transfer to another impurity ion identidal the former. In general, the emission takes
place on the impurity ions, and when these impuiagtys are used to generate the desired
emission, they are referred to as activators [2].

When the absorption efficiency displayed by anvattir is too low, a second kind of impurity
called sensitizer can be added, which will absbgbédnergy and subsequently transfer it to the

activators as illustrated in figure 2.1.
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Figure 2.1: Phosphors containing activator ions Ai¢ns showing the desired emission) and

sensitizing ions S (on which UV excitation can takglace) [2].

The energy transferred involves transport of enghggugh the luminescent materials, and in
most cases, the emission color can be adjustedadiogty by choosing the proper impurity ion,
without changing the host lattice in which the impuis incorporated [3].

It is commonly known that, the emission of lightéited by the luminescent materials is due to
the excited electrons whose quantum state is abmeninimum ground state [1]. There are
several processes by which electrons can be exatkuninescent in materials. Shown in table
2.1 is a list of the most important types of lunsicence processes and corresponding excitation

mechanisms.

In this study, light emission by photoluminescen@t) was investigated when different
materials were excited by a fixed laser wavelength various wavelengths using a
monochromatized xenon lamp. Therefore only thaglhminescence (PL) process is discussed

extensively in the following section.



Table 2.1: The various types of luminescence [4]

Name Excitation Source
Cathodoluminiscence Electrons
Photoluminescence Light (photons)
Radioluminescence X-rays
Thermoluminescence Heating

Electroluminescence

Electric field or current

Triboluminescence

Mechanical energy

Sonoluminescence

Sound waves in liquids

Chemiluminescence

Chemical reactions

2.1.1. PHOTOLUMINESCENCE (PL)

In solids, PL takes place when the electronic stafehe solids are excited by a photon and the
excitation energy is released in the form of lighitThe emission process is more complicated
than the absorption process, and this is becawseadheration of light by luminescence is
initially tied up with the energy relaxation mecksmn in the solid. Furthermore, the shape of the
emission spectrum is affected by the thermal distion of the electrons and holes within their
bands [6]. The PL emission in solids, i.e. in ireonig insulators and semiconductors, is classified
in terms of the nature of the electronic transgi@noducing it. In this study the classification of

the electronic transition due to this kind of lueseence, such as intrinsic and extrinsic

luminescence, are discussed in the next section.




2.1.2. INTRINSIC PHOTOLUMINESCENCE

Intrinsic photoluminescence is a kind of luminesmethat may arise due to the presence of a
variety of defects in a crystal structurd.[This type of luminescence does not involve impurity
atoms. There are three kinds of intrinsic photohaecence namely: band to band, excitons and
cross luminescence. In general there are severbr$a that may influence intrinsic

photoluminescence such as:

Non stoichiometry - a state of a material (semitarior) not having exactly the correct

elemental proportion.

Structural imperfections — owing to poor orderiragiation damage, or shock damage.

2.1.3. EXTRINSIC PHOTOLUMINESCENCE

Extrinsic photoluminescence describes the lumineszethat results due to intentionally
incorporated impurities in the crystal structurg [& this case, defects and trace elements in the
crystal lattice responsible for luminescence, kn@sractivators with energy levels in the band
gap (forbidden zone) provide additional energy lever excitation and relaxation processes [8].
This type of luminescence in ionic crystals and isemductors can be classified into two types:
unlocalized and localized. In unlocalized luminesethe electrons and holes patrticipate in the
luminescence process (free electrons in the commatubaind and free holes in the valence band),
whereas in the localized luminescence excitatiod amission processes are confined to a

localized luminescence center [9].
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2.2. TYPES OF LUMINESCENCE IN SOLIDS

The term luminescence refers to the absorptiomefgy with subsequent emission of light [10].
Luminescence in solids is exhibited by the group safmiconducting materials known
collectively as phosphors [11]. In luminescent mats, fluorescence and phosphorescence are
distinguished by whether the transition to emihligs allowed or forbidden by spin selection
rules. The light emission due to an allowed singiaglet transition is called fluorescence, while
that due to a forbidden transition which usuallpwh long afterglow is called phosphorescence
[12].

2.2.1. FLUORESCENCE

Fluorescence in phosphors occurs when valence@hscare raised to the conduction band and
return immediately via the luminescence centre iliotlie holes in the valance band. In
fluorescent phosphors there are no traps but mamynescent centers [11]. When the excited
electrons return to the ground state, their surphexgy will be emitted in a form of visible light
and the process is instantaneous. If the exciettrehs return to the ground state in a time not
greater than IBsec, the resulting emission is described as fasanece [13]. The energy of light
emitted depends on the difference in energy adtestuminescence centre. The emitted energy
is always less than the energy which originallymsiated the fluorescence. For example,
phosphors exited with higher energy in the ultriatioegion will result in emission in the visible

spectrum which corresponds to less energy.

Figure 2.2 illustrates the electronic transitionasf excited electron to the conduction band,
which is followed by a subsequent return to theneé band via the luminescence centers. The
photon emitted during this process has an energy ithequivalent to the energy difference
across the luminescence centre. This energy difterevill determine the emission wavelength

and the colour of fluorescence [11].
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Figure 2.2: Energy band diagram of fluorescent phosphor11].

2.2.2. PHOSPHORESCENCI

Phosphorescence ishen the recombination of the photogenerated elestrand holesis
significantly delayed in a luminescent material.olie of the excited states of a luminest
center is a quasistable state (i.e., an excitae st@h very long life time) a percentagf the
centers will be stabilized in that state during i&ton. Excited electrons and holes in

conduction and valence bands of a phosphor can b&ecaptured by impurity centers or cry:
defects before they are captured by emitting cenWwihenthe probability for the electron (hol

captured by an impurity or defect center to recorabwith a hole (electron) or to be reactiva

12



into the conduction band (valence band) is nedlgsimall, the center or defect is called a t

[5].
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Figure 2.3: An energy band diagram representing a phosphorescephosphor [11]

Figure 2.3 shows the electrons (holes) capturedrdgys, which may cause phosphoresce
when thg are thermally reactivated into the conduction doéwmalence band) and radiative
recombined at an emitting center. The decay timghosphorescence due to traps can be as
as several hours and is often accompanied by tbeopbnductive phenomen5]. The decay
curve of the long afterglow due to traps is notegafly represented by a simple exponer
function. The form of a decay curve is dependenth@nconcentration of the traps and on

electron capture crossections of the traps and the emitting center.Heumore, it also depen

on the excitation intensity [5].
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2.3. LUMINESCENT CENTERS

A wide variety of centers give rise to luminescenteemiconductors and insulating materials,
including rare earth ions, transition metal ions;i®ns, donor-acceptor pairs, and ions with% d
or & electronic configuration state [14]. The resultiobaracteristic luminescence can be
comprised of either relatively sharp emission limesa broad band in the visible part of the
electromagnetic spectrum [2]. The sharp emissiogslithat are usually illustrated by most of the
rare earth ions arise from purely electronic trtimiss and the effect of the environment is felt
mainly through their effects on the lifetimes oé thtates [14]. The broad emission bands arise
from the interaction between the electronic systérthe luminescent centre and the vibrations
of the atoms or ions, which surround it. This isedo the simultaneous transitions of both
electronic and vibrational systems [14]. Furtherentire broad band spectra are observed when
the character of the chemical bonding in the groamd excited states differs considerably. This
process goes hand in hand with a change in equitibdistance between the emitting ion and its
immediate environment and is commonly explainechwhte configuration coordinate diagram

shown in figure 2.4 [2].

Figure 2.4: Configurational coordinate diagram [2].
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As illustrated in the diagram,@nd Q represent the metal-ligand distances in the grani
excited state, respectively, Bnd E are the energies at which the absorption and rieséon
bands have their maximum intensity, respective]ylTfZ& zero phonon energy given bys the
transition which involves the completely relaxedcieed and ground states, and no excited
photon states are involved- hence the name okihdsof transitions.

Thehoy andhoe are the phonon energies in the ground and theéeekstates, respectively. The
relaxation energies in the ground and excited sted@d be expressed as a product of the phonon
energy and the Huang-Rhys factors. The Huang-Rag®ris § and S in the ground and the
excited state, respectively give the mean numbephainons involved in the absorption and
emission processes, respectively [2]. Accordintheoharmonic approximation the curvature of
the parabolic bands, the phonon frequencies andHtlang-Rhys factors are the same in the
ground and excited state [2]. This diagram is velgmentary, in the sense that it does not
describe the thermal expansion of the lattice. Hewé does give a lot of insight, for example,

it can be used to illustrate that a larger Stokeift & expected on increasing lattice relaxation
and also in the description of thermal quenchinthefemission [2].

2.4. OPTICAL TRANSITION OF RARE EARTH IONS

Rare earth (RE) is a common name for the elementha Lanthanum group. The specific
feature for these elements is the incompletelgdidf shell [15]. The 4f orbital lies inside thaio
and is shielded by the filled 5and 58 orbitals [16].The rare earth ions may be embedded
different host materials in the form of divalent mivalent ions. The influence of the host
materials on the optical transitions within the foguration is small and this is due to shielding
[16]. The energy level diagram which is a substdrgart of the energy levels originating from

the configuration 4fas a function of n for the trivalent ions is shawrigure 2.5.

15



50r _297/2 - — — || - - iD.r./z
. — I [ ]
s, 9/2 I — I - — vz
— 1 —
— -
! : - — 2
—_ —13/2
= B I - 3
== _—17/2
2;7/2 ——— . — -_— 172
40 - - = — /2 —
sl m 2w e W =7 e,
— = —_ | | —
1 8/2 6y = 24
- — — — — -2 ___
- - — =172 — - _:,
] e — 2 =3 —s/z2 mmE
: o T — = P2 = z 7> . — 72
— —
— 5/3 — —s/2 —o p— ;/2 —— _ P
- 172 — - 72 e L} 3/2 —592 — 372
30 | - | — / —
—12 m W
= i - -_— —_— ils}
=z — D |} B, ==’ mm,, —2
(3] —_—
% Bt o 2} [ = | ’T‘-5 ‘: —15/2 e _— 112
= 2p ] | m— & o — 5G —_ /2
Ps/z amt —_— =3 —_—5
= 3P, FEpV2 =2 - — 1z 4F32
— mm. =|;5.2 sp — sz =s/2 1
] | = 13/2 2 s — — -t
L ] =D, W D5 —3n
20 - L =p¥2 Hiyz
= —_
72 372 —_— =
D, — !( ='5/2 4532
= ] —o0
- _ﬂ"n/z 35 SF. 4,.—9/2 3F
—L9/2 s & — =2
7/2 —3 2 — 4 3 y
— — “
=z —- —_c/2 -t
— 3/2 8 Pa—
10}k £4 L IPZ% — 12 =s/2
— /2 _— — -’-H5
3F'4 _— :42 - —
—— _—
=3 syl gy ey e—ay2 —13/2 3p,
mama 2 a—— P — D e g —_ ;'. —F
| 3 J—
132 e mmu/2 :5 - 132
Sz wms ey, == —_: —
o= _— = | —_— _.—:lz _ — — —-— -_— —_— =
2Fs2 3H, *Iosz 51, SHy )y Fo 8s TFg SHysp, PIg 45, PHg Fara
Ce Pr Nd Pm Sm Eu Gd To Dy Ho Er Tm Yb

Figure 2.5: Energy level diagrams of the 4fconfigurations of the trivalent lanthanides [17].

The width of the bars as illustrated by figure ZJves the order of the crystal field splitting.erh
optical absorption of these trivalent ions is sglgrforbidden by the parity selection rule, which
states that for a permitted atomic (ionic) traositihe wave function of the initial and final state
must have different parity [18]. When doped in Ads@ centric perturbation of the crystal field
can create admixture functions with opposite pdfiy instance 4¥* 5d') yielding the so called

electric dipole transitions [19].
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2.4.1. THE f-f TRANSITION OF Eu®*" (4f%)

The emission of this ion usually consists of shiamps in the red spectral region. The sharp
emission lines arise from the f-f transition of #B&’* ions. These emission lines have found an
important application in lighting and display (cokelevision) [16]. A simple electronic energy
level diagram of EXf shown in figure 2.6 illustrates the transitionsnfr the singly degenerate
excited staté8Dy to the different sublevels within the terminalte&lF; (from J = 0 to 6), which

correspond to different emission lines.

20000 —

E [em™]

15000 —

10000 — 1 2 3

T
5000 — %

Figure 2.6: A simple electronic energy level diagma of Eu** [21]

The°Dy — Fy emission is forbidden at the electric dipole orded is not observed. Since the
°Dy level is not split by the crystal field (becausé)]=the splitting of the emission transition
yields crystal field splitting of th&F; [20]. In addition, the emission from higher D-s&{D3,

°D, and°D3) may also be observed and their presence will ierchined by several factors
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which will not be discussed in this stuc16]. The®Do — ‘F; emission is very suitak to survey
the transition probabilities of the sharp spediras of theEL** ion. In SrALO, the transitions

within EU** may give sharp luminescence lines between 580 2€ nm [21].

2.4.2 THE d-f TRANSITION OF Eu** (4f")

Divalent europium (Etl) is the most well known and widely applied examdleave earth ions
and gives aery intense and broad emission sgum in the visible range [22The broad band
result from the inteconfigurational electronic’( 8S;,) — fd transition [23 The electric dipolt
transition which is responsible for the promotidrooe f electron fror anf to d- orbital occurs
between twaconfigurations of opposite parity and thereforeythee totally allowed at first ord:
[23]. The energy of the %Bd" state depends on the crystal field, because utiikelf electron:
the 5d electron is irhe outer shell and not shielded by th?5p° electrons 23]. As a result the
exated 5d energy levels are split by the crystaldfigito 1,y and g components as illustrated
figure 2.7 [20].

I -
afssdt
\_ ....... P21
[ 2oty
:/
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A4 857/2

Figure 2.7: Energy level diagram of the 4’ (S;,,) — 4£5d" configuration of Eu®*ion [24].
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The E&* emission is caused by the electronic transitiomfrhie lowest excited state to the
4f'(®s;,) state. The interaction of the crystal field sg#nwill determine whether the lowest
4f°5d" is above or below the excited the #iultiplets which are insensitive to the host &ati
[25] .When the lowest excited stafe,, of 4f - configuration is located below the lowest state
of the 4f5d" — configuration, a sharp emission line will be eved [23]. On the contrary, when
there is no 4f state below tAR;, the broad emission band inEwill arise from dipole allowed
4f°dt — 4f. Furthermore, the emission wavelength depend$ierstrength of the crystal field
around the Etfion [23].

2.5. PROPERTIES ASSOCIATED WITH PHOSPHORS.

2.5.1. NOTATION

In order to obtain an efficient phosphor, the notabetween the host and the activator is a key
factor. Most phosphors consist of a host compositimd the activator, added in carefully
controlled quantities. The activator itself willtaxs a substitutional defect and is subject tackatt
phonon perturbations [10]. Therefore it is essérnhat charge transfer on the substitutional
cation is equal to that of the host lattice catjootherwise an efficient phosphor will not be
formed. A typical example of phosphors can be dahdty: MYOy:Nx where M is the cation,
YOy is the anion and N is the activator. It is undsydtthat the N- ion is in solid solution in the
host matrix, and the above formula is actuallyx¥%,YOyp: X NYO,, [10]. Thus for europium
activated strontium aluminate phosphor, we wouldtenSrALO4Eu o1 = 0.99 SrA}O4: 0.01
EuAl,O; . In this case St is the cation, and Elis the activator.
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2.5.2. QUANTUM EFFICIENCY

In terms of photoluminescence, the quantum effiyeE (A1) at a given excitation wavelength
is defined as the ratio of emitted quanta to thenlmer of the absorbed quanta at a certain
excitation wavelengthAj [5]. As already mentioned, the proper choice a$trand the activator

is essential to obtain an efficient phosphor. Namsider a case where one hundred (100)
photons are incident upon a phosphor. It is wetiviim that a portion of these photons will be
reflected, some will be transmitted and, if the gftoor is an efficient combination of host and
activator, most of the quanta will be absorbed [BRit not all the absorbed quanta will result in
an activated center, and once these centers beaotivated, not all will emit a subsequent
phonon. Some become deactivated via relaxatiorepsas. The quantum efficiency of phosphor
can be expressed as follows: QE = (photons emuitvetkbns absorbed). In general, phosphors

with quantum efficiencyof 80% or greater, are considered as efficiensphors [10].

2.5.3. BAND SHAPES

During excitation the density states arise duéhtorandom process phonon perturbation of the
excited state, both before it relaxes and aftersvas well. It is this random formation of

Gaussian energy states that result in broad erfgagys, which give rise to a broad band in
excitation and to a broad band in emission [10he Zero phonon line that will arise depends on
the nature of the electronic transitions takingcplaand is broadened by the vibronic coupling
process. As the temperature rises, increased pheovane branching — intensities results and the

emission band will be broadened further.

Figure 2.8 illustrates that the integrated emrssidensities of one band will remain constant,
and only the peak intensity will change as the bamédens. To this point it has been accepted
that vibronic coupling leads to broadening of theci@tion and emission bands of
semiconductors (phosphor). The diagram shows thdaha temperature increases, the phonon
spectrum becomes broader, thereby leading to bniraglef the bands [10]. Thus, at -2Q0) the
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number of phonon vibrations is restricted aa rather sharper band is observed. As
temperature increases, the number of separate pharamches increases (the empty phc
levels become occupied) and the emission (exaitatiand is further loadened. It is importal
to mention that as the temperature increases a8@°C according to this example, the phor
vibrations will increase to the point where the gsion intensity will decrease to zero. In {
case, what happemsthat the relaxion processes through vibronic coupling have dotas the

overall electronic excitation and emission proce410].
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Figure 2.8: Experimental measurements illustrating that an incease in temperature wi
broaden the emission bandsl[C].
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2.6. LONG PERSISTENT PHOSPHORS

Long persistent phosphors are luminescent mateti@s have long afterglow emission or

phosphorescence. The long persistent phosphoss dsbussed in this section are different from
the radiation stimulated phosphors which rely oolear decay radiation as an excitation source
[5]. The long afterglow mechanism of the luminedaeaterials in this study rather relies on the

trapped electrons produced by an excitation source.

Excited state

¥
Ground state

Figure 2.9: lllustration of the long persistent phephorescence mechanism of a phosphor

[5]

Figure 2.9 illustrates the long persistent phosgboence mechanism which can be explained in
terms of a simplified three level diagram, whickludes a ground state, an excited state and a
metastable trapping state for the active elect&]n [As shown in the figure, {Gand G are
trapping and detrapping rates, respectively anché B are the excitation and emission rates
respectively. The phosphorescence lifetimes arallyslonger than the lifetime of the excited
state and depend on the trap depth and trappimgpgehg mechanism. The phosphorescence of

the phosphors can be classified according to fagnlie. Very short persistent phosphorescence
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has a lifetime of the same order of magnitude aditetime of the exited state. Normally this is
not longer than a few milliseconds and this isitafted to shallow traps. Short persistent
phosphorescence which is noticeable to the humangewperally can last for few seconds [5].
Most common phosphors may show some short timaspemse especially after being exposed
to the UV, electron beam, plasma beam, X-rays ogdmma rays. On the other hand the
persistent phosphorescence and long persistenppbiescence have lifetimes in minutes or
hours respectively [5]. The persistent lifetimearig afterglow phosphors can be defined as the
afterglow emission intensity to decay to 0.032mdd/which is approximately 100 times the

limit of human perception with dark adapted eydgs [5

2.7. PHOSPHORESCENCE MECHANISM OF ALKALINE EARTH
ALUMINATE (MAI ,04Eu®,Dy*") PHOSPHORS

Phosphorescence, as mentioned earlier, referghtodmission by a material that persists at room
temperature after stopping the excitation soursedlly UV radiation). The delayed emission in
these materials arise from the fact that chargeecar(i.e. electrons and/ or holes) generated by
excitation are trapped at certain defect sitesthan detrapping is thermally activated [26]. The
trapped carriers can be excited out of traps thikymdnen the temperature is sufficiently high.

The rate of electron escape from the trap can peeeged as:

55
P=fe kT 2.1

whereW,; is the trap depth and the frequency faétas given by the product of the density of
states of the band into which the carriers areassld, the thermal velocity of the carrier and the
capture states cross section of the trap [27]. gi@sphorescence mechanism of the alkaline
earth aluminate phosphors (M@l El?*,RE*") was first proposed by Matsuzawtal .[28] and
was later modified by various researchers such@abauet al. [26], Aitasaloet al. [29],
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Beaugeret al. [30] etc. The widely accepted mechanism is the proposed by Clabaat al.

[26]. They reported that the problem with previgl®sphorescence mechanisms is that most of
them are not consistent with a number of imporexgerimental and theoretical observations.
Their new proposed mechanism (figure 2.10) relieshe fact that the d- state of £is located
near the bottom of the conduction band of $B3] and also the Eii concentration decreases
under UV excitation, and that the phosphor samplesys have small amounts of ¥tons,

because it is impossible to reduce alfHons to EG" under the synthetic conditions employed.

kT
RT BC
[SAY \Y4
’\'\J\,\ 0
2+
Eu
Eu*
blue UV
VSr _ﬁ_
N
BV

Figure 2.10: Phosphorescence mechanism proposed ®labau et al. [26]

Under UV excitation, the electrons are promotednfrihe occupied 4f levels of Euto the
empty 5d levels and from the top valence band efuthoccupied 4f levels of residual Ei.e.
charge transfer) [26]. The excited electrons praudio the 5d level can be trapped at the
oxygen vacancy ¥ located in the vicinity of the photogenerated®Eas illustrated by figure
2.10, while the holes created in the valance bamdoe trapped at the strontiurg,\ér aluminum
Va vacancy. The thermal energy at ambient temperatuitelead to detrapping of trapped
electrons directly to the conduction band (CB)é&ckls of EG", hence leading to the it — 4f
(S712) green phosphorescence. According to Cladtal. [26] the role of the trivalent rare-earth
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(R€*") co - dopant such as [** is to enhance phosphorescerand the trap depth and |

number of electron traps in the vicinity of2*[26].

The phosphorescence mechanism of ,O,EW?*,Dy** proposed by Liret al. [31] is shown in
figure 2.11.

CONDUCTION BAND

(Eu?*)* Metastable State

Excited State 4f55d Relaxation

400 nm

Ground Statedf’ - Eu? Trap Level
A (@)
5 Nd
v AT Dy
La

VALANCE BAND

Figure 2.11: Ptosphorescence mechanism of Ca,O4Eu?*,Dy*" (Re*") proposed by Lin et
al. [31]

As reported earlier, when the " ions are excitedthe electrons will be promoted from t
ground state 4fto the excited stat4f’5d* and the holes will be generaté@bme of these fre
holes are thermally released to the valance baddame of them are trapped by-doped rare
earth ions (Dy, Nd, La).Wen the excitation source is removed the trappésshare released |
therma bleaching to recombine with some of the free tetets which leads to long afterglc
[31]. The discrepancieis the phosphorescence mechanism Al,O4EUW*, R€* (Dy, Nd, La)

proposed by various researchdill require further investigation.
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2.8. CRYSTAL FIELD CHANGES AND DISTORTION IN MAI ,0,Eu®" (M
= Ca, Sr, Ba) HOST LATTICE

The phosphorescence of £in most aluminate hosts is well known and it iieved to be due
to the 4f — 5d transition. The peak positions & éimission spectra depend strongly on the nature
of the EG* surroundings, and therefore, ®ions can emit visible light of different wavelehgt
due to the changes in crystal fields [32]. The gpgosition for the lower d- band edge for’Eu

in various hosts can be calculated by the followengpirical relation:
E = Q [1 _ (%)1/4 10—(n><EA xr)/BJ 2.2

and can be used to provide a good fit to the eongseak data. Here Q is the energy position for
the lower d- band edge for the free ion; V is théercy of the active cation (for Ca, Ba and Sr,
V = 2); n is the number of anions in the immedigkell about this ion; EA is the electron
affinity of the atoms; and is the radius of the cation replaced by the aatatgon in the crystal
structure of the host [32]. It is well known tha&etemission wavelengths of the M@, Eu
phosphors do not shift from short to long wavelbangith increasing ordinal number of the
alkaline earth metals (Ca, Sr and Ba), but thisliee to the distortion and crystal field changes
experienced in the host lattice wherfEions substitute the sites of the cations. Wheoreign
atom is introduced at an interstitial site, thidlwie accompanied by a distortion in the host
lattice. The distortion arises from a size mismdielween the doped and the substituted ions in
the matrix [33]. In the case of MAD,, an anamorphic crystal lattice will result, where t
surroundings of EU ion is changed and so the emission wavelengthd ehiange
correspondingly [33]. Figure 2.12 shows the schanetergy level of Eif ion in MAI,O, as a
function of the crystal field strength and distortiin the host lattice.
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Figure 2.12: Schematic energy level diagram of F*ion due to crystal field and distortion

in the MAI 04 (Ca, Ba, Sr) phosphors32].

2.9. STRUCTURAL CHARACTERISTICS OF ALKALINE EARTH
ALUMINATE (MAI ,04 (M= Sr, Ca, Ba) HOST

Alkaline earth aluminate (MAD,) hosts belong to the stuffed tridymite structunel ghe three
dimensional framework of corner sharing 4 tetrahedra. Each oxygen has one negative ci
and the balance is accomplished by lent cations (Ca, Ba, Sr) which occupy the int&edt

sites within the tetrahedral framewo 32].

2.9.1. CRYSTAL STRUCTURE OF SrALO,

Strontium Aluminate (SrAD,) exists in two crystallographic forms aa reversible transitio
occurs at 65C. The monoclinic Sr~04 which is stable at lower temperature, is a distt

form of the hexagonal Sr4D, The distortion involves a reduction in the symmaedfyrigonally
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distorted rings [35]. The low temperature Sr,O, phase (monoclinic, space group;, a=
8.447A, b =8.816 A, c = 5.163 A, b = 93.24 A) isllnestablished, but that of high temperat
(hexagonal, space group#£8, a = 5.140 A, c = 8.462 A) is n6]. The low temperature pha
shown in figure 2.13.a hasthree dimensional network which is constructed bgner share:

AlO, tetrahedrdorming zigzag strings and Sr peneing the openingsf the structur{36].

Figure 2.13.a:Monoclinic SrAl,O4 ( P2;) viewed along (100) direction [36].

2.9.2. CRYSTAL STRUCTURE OF BaA,0O,

BaAl,O,; has a very high melting pointf 1815 °C and holds a stuff tridymite (hexagon
structure with lattice parameteas= 10.449 A and ¢ = 8.793 A. The Ba®|, structurebelongs to
the — Pe space group [37 Figure 2.14 shows the cryait structure of Ba/0O,4, which
consistsof two types of tetrahedral rings; trigonal andmasyetrical rings. The trigonal ring

comprising 25% of the total number of rings, comta their center the Ba atoms with f
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special position. This implies thihe triad axes exist in the center of the ringslaante they ar
distorted trigonally [3p On the other hand the Ba atoms in the asymnagtricgs are located
the general position (6¢) site. The alterrg arrangement of these two types of rings withm
layers leads to doubling of the-axis with respect to the tridymite unit cell. Thaid linesin
figure 2.14 represent the unit cell and the closerdes are Ba atoms at special posis (2a
sites) [36]. In BaAlO4there two different sites, one site (s-1) is twice asbundant as the oth
(site -2) [37].

Figure 2.14: BaAbO, crystal structure viewed along (0001)36].

2.9.3. CRYSTAL STRUCTURE OF CaA,04

Mono-Calcium aluminate, Ca,O, finds potential application as refractory castablegh
strength polymer modified cement based materigitic@ materialsand ceramics38]. The
crystalline structure of monaluminate Ca#/0, is comprised of channels formed by -
membered rings of aluminium tetrahedra, filled wetdicium ions. Ca/04 has a - tridymite

type monoclinic structure space group:i/n where [AlIQ] compose a three dimensiol
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framework as shown in figure 2.15. Each oxygen a®shared with two aluminium ions. There
are three CA sites in the CaAD; lattice: one is nine-fold coordinated and othews six-fold

coordinated with oxygen atoms [39].

Figure.2.15: A B- tridymite type monoclinic structure of CaAl,04[39]
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CHAPTER 3

EXPERIMENTAL TECHNIQUES

3.1. INTRODUCTION

In this chapter a brief description of the expemntaé techniques used to synthesize and
characterize the alkaline aluminate phosphorsasemted. The combustion, sol gel process and
solid state reaction methods were used to syntheke alkaline earth aluminate phosphors. X-
ray diffraction (XRD) and scanning electron microgg (SEM) coupled with the energy
dispersive X-ray (EDX) spectrometer were used testigate the crystalline structure, particle
morphology and elemental composition of the phosglawders, respectively. Transmission
Electron Microscopy (TEM) was also used to exantiveecrystalline structure of the phosphors.
A 325 nm He-Cd laser fitted with a SPEX 1870 O.5pectrometer and a photomultiplier
detector was used to collect photoluminescenceidaa at room temperature. A Cary Eclipse
fluorescence spectrometer fitted with a monochramanon lamp was also used to investigate
the photoluminescence (excitation and emissionpgmees and decay characteristics of the

phosphors.

3.2. SYNTHESIS TECHNIQUES

The growth of nanosciene and nanotechnology inastedecade has been made possible by the
success in the synthesis of nanomaterials. Théegist of the nanomaterials includes control of
size, shape and structure of the materials [1]r@he past few years, nanopatrticles (powders) of
ceramic materials have been produced on large sstaleemploying physical and chemical
methods. The considerable scientific progress @pgmation of hanomaterials such as ceramics

and semiconductors has been made possible by siteehniques such as co-precipitation,
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sol-gel, combustion method, etc [1]. In this studgmbustion, solid state reaction and sol gel
methods were used to synthesize the alkaline @duthinate phosphors doped with rare earth

ions.

3.2.1. COMBUSTION METHOD

The combustion method has emerged as an imporjathetic route for the synthesis and
processing of advanced ceramics (structural andtifumal), catalysts, composites, alloys,
intermetallics and nanomaterials [2]. The combuspoocess has generated more interest in the
field of nanomaterials such as luminescent magifahosphors) and other ceramic materials,
because fine particle sizes, multicomponent, chystaand homogenous materials can be

achieved at relatively low temperature and lesg {ji#j.

The combustion process involves a redox (reductoxidation) reaction between an oxidiser
such as metal nitrates and an organic fuel sualrees (CHN,O), carbonhydrazide (G 4O),

citric acid (GHgO;) or glycerine (GHsNOy). In general good fuels should react non-violently
produce nontoxic gases, and act as a chelatingt &gemetal cations [3]. Among the well
known fuels, urea and glycerine have demonstratedversatility for combustion synthesis
method by the successful preparation of large nunalbesingle phase and well crystallized

multicomponent oxides.

The combustion process involves an exothermictiggathat occurs with evolution of heat.
Once the precursors are ignited the energy nege$sathe combustion reaction is supplied
from the reaction itself, and hence this processametimes called self-propagating low

temperature synthesis. [4].

The luminescent materials (phosphors) preparetidgdmbustion method have low density and
have a fluffy texture. Ultra fine particles proddceluring the combustion reaction are
accompanied by the evolution of gases. As moresgasereleased, either agglomerates are not
formed or disintegrated into fine particles [4].
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Furthermore, compared to other conventional cergmicessing techniques, the combustion

method has shown several advantages such as:

(i) Short reaction times.
(ii) Inexpensive processing equipment.
(i) Production of final product in one step usitige chemical energy of the reactants.

(iv) Liberation of volatile impurities and thus lhigr purity products.

3.2.2. SOLID STATE REACTION METHOD

The solid state reaction method is the oldest stiidthe most commonly used method of
preparing multicomponent solid materials by direeaction of solid components at high
temperatures. Since solids do not react with eaitlferoat room temperature — even if
thermodynamics favours product formation-high terapges are necessary to achieve
appreciable reaction rates. The advantage of sbéite reaction method is the availability of

precursors in abundance and the low cost for powdetuction on the industrial scale [5].

The solid state reaction method is commonly usedsjmthesis of luminescent materials at
elevated temperatures. During the synthesis of gitars, a host matrix is formed from high
purity starting chemicals and the impurities, alstown as activators and co-activators of
specified quantities are diffused into the crysddlice. The formation of a phosphor host and
doping process by solid solution is critical andighly dependent on the reaction temperature
and the environmental conditions. During synthéises purity of the starting chemical is very
important, typically 99.9 — 99.999 %. Furthermaiteis important to minimize contaminants

such as Fe, Ni, Co etc, which can seriously atfeetperformance of the phosphor [6].

The starting chemicals are mixed in the presencanofppropriate flux such as@®@ (boric
oxide) and fired at high temperatures (900 -1%0pin air or in a controlled atmospherey(IT,
CO, or N with 25% of H). The flux is added in order to improve the crisaucture of a

36



material. The presence of flux materials of low tngl compounds such as alkali halides helps
to complete the doping process at low temperat[6esThe morphology, particle sizes and

shapes are largely influenced by the starting cbalsiand the flux. The luminescence efficiency
and the crystal structure of the phosphors wilbdle influenced by the calcination conditions
such as the firing temperature, duration of firifigng atmosphere and the heating rate and
cooling process [6]. The solid state reaction métivas used in this study to synthesize the

alkaline earth aluminate phosphors doped with earéh ions.

3.2.3. SOL-GEL METHOD

The sol-gel method is a chemical technique that usetal alkoxides for the synthesis and
production of glasses or ceramics, through a sefiehemical processes, including hydrolysis,
gelation, drying and thermal treatment. The solmgethod was discovered as early as 1864 by T
Graham. The potential of the sol-gel method wasoedered in the 1980’s due to its usefulness
during the synthesis of various materials of pcattimportance such as optical glasses and solid
state laser materials [7]. Since then the methadréeeived considerable attention and has been
investigated extensively. The starting point o§timethod is a sol, which is a colloidal dispersion
of small particles suspended in a liquid. A sol barstabilized by peptization, i.e. the addition of
peptizing agents (e.g. HNDwhich form an electrically charged layer arouratle particle;
electrostatic repulsion then prevents the partittesggregate. Under suitable chemical and
thermal conditions, the particles in some solslmamade to react or interact electrostatically so

that they form a continuous, three dimensional netvof connected particles called gel [8].

The sol-gel method of phosphor preparation is gghras wet a chemistry method. The metal
alkoxides, during preparation, are either in ligiadn or are soluble in certain organic solvents.
Through the use of appropriate reagents, the psesesuch as hydrolysis and gelation can be

induced to produce heterogeneous gels from mixtofealkoxides. To obtain a powder or

37



ceramic samples, the gels can be baked, sintened powderized as in other traditional methods

[7].
Compared to other traditional methods, the solrgethod presents several advantages such as:
High homogeneity of the chemical composition of taterials produced.

Thin films and multilayer coatings of sol-gel ma&és can be readily prepared by spinning or

dipping methods during the gelation period.

High uniformity of the doping ion distribution ests. No local concentration quenching will

occur because of impurity clustering and higherngiggoncentration becomes possible.
Control of the microstructure of the materials.

Sol gel method was used in this study to synthesidemitting SrAIO,:EU®* phosphors.

3.3. CHARACTERIZATION TECHIQUES

3.3.1. SCANNING ELECTRON MICROSCOPY (SEM)

The Scanning election microscope (SEM) is ofterdus® the analytical instrument of choice
when the light microscope no longer provides adequesolution. The SEM consists of an
electron optical column mounted on a vacuum chamilir electron gun placed on top of the

column, as illustrated in figure 3.1.

The electron gun, which consists of a tungstenabslfilament or a field emission electron gun
is used to generate electrons, when the applieémucauses resistance heating which generates

the electrons [9].

When a high energy electron beam impinges on thmplea a variety of electrons and/or x-rays

will be generated. Depending on the nature of Hmpde, these can include secondary electrons
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(electrons from the sample itself), backscattetedtens (beam electrons from the filament that
bounce off nuclei of atoms in the sample) and Xsrahis technique can be used to investigate
the topography, morphology, and elemental compsitif materials (if coupled with an EDS)

on the micrometer to nanometer scale. The secorglaggrons can be used to investigate the

image and the topographic features of solid sasnpléie SEM coupled with EDS, is used
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Figure 3.1: Schematic representation of a SEM [9]
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during the analysis of the characteristic x-raysitteth as a result of electronic transitions
between the inner core levels to provide a quamniand qualitative elemental composition of
the sample [10]. The analysis of elemental commostcan be performed by measuring the
energy and intensity distribution of the x-ray sitphgenerated by a focused electron beam. Due
to a well defined nature of the various atomic ggdevels, it is clear that the energies and
associated wavelengths of the set of x-rays wileheharacteristic values for each of the atomic

species present in a sample [10].
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The morphologies and elemental compositions optih@sphor powders were obtained by using
a Shimadzu Superscan SSX-550 SEM coupled with a®XEEDS from the Center of
Microscopy at the University of the Free Statelasas in figure 3.2.

| .
R
=

Figure 3.2: Shimadzu Superscan SSX-550 model ScangiElectron Microscope.

3.3.2. TRANSMISSION ELCETRON MICROSCOPY (TEM)

In Transmission Electron Microscopy, the thin sotid diluted sample can be analyzed by
bombarding the sample with a focused beam of @estunder high vacuum [11]. The focused
electron beam in TEM can be used to produce imagdgo determine the crystallographic and
morphological information of the material under estigation. Owing to its high resolution,
TEM is in principle appropriate for providing topaghic data in the nanometer range [12]. In
addition to the high resolution, TEM provides thiwantage that not only the sample surface, but
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also the interior, e.g., the arrangement of thergyis visualized due to the contrasts in the

material [12].

In TEM the accelerated electron beam is projectd#d the sample by means of the condenser
lens system and the beam can be deflected or ndt menetrates the sample. The greatest
advantages that TEM offers are high magnificatianging from 50 to 19 and its ability to

provide both microstructure and diffraction infortoa from a single sample [13].

The scattering processes experienced by electumirsgdtheir passage through the specimen can
be used to provide information about a sampleabtial scattering between the primary electrons
and the electrons in the sample at heterogensitiels as grain boundaries, dislocations, second-
phase patrticles, defects, density variations, etezise complex absorption and scattering effects,
leading to a spatial variation in the intensitytloé transmitted electrons. The elastic scattering
involves no energy loss and gives rise to diffi@actpatterns [13]. In this kind of scattering the
selected-area diffraction (SAD) offers a uniqueatality to determine the crystal structure of
individual nanomaterials such as nanocrystals, maisoand the crystal structures of different
parts of the sample. The SAD patterns are ofted teseletermine the Bravais lattices and lattice
parameters of the crystalline materials using #raesprocedure as in XRD [13]. Specimens to
be examined by TEM are often deposited on or iniramembrane resting on a grid. The grids
are usually made of copper and form a supportiferfitm, which is usually only self-supporting
over a small area. The powder samples are usudlited and a drop is placed on the grid by

means of a pipette or hydrometer syringe [14].

In this study the images, particle sizes and tlfieadiion of alkaline earth aluminate phosphors
were obtained using a JEOL JEM-2100 Model Trandomsg&lectron Microscope shown in

figure 3.3.
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Figure 3.3: JEOL JEM-2100 Model Transmission Electon Microscopy.

3.3.3 X-RAY DIFRACTION (XRD)

X- ray diffraction is a versatile analytical techne for examining the crystalline structure of
solid materials, which include ceramics, metalscebnic materials, organics and polymers. The
materials may be powders, multilayer thin filmsetiis, sheets or irregular shapes, depending on
the desired measurements. The X-ray diffractonfaetebroadly into two classes: single crystal
and powder. The powder diffractometer is routinelged for phase identification and
guantitative phase analysis [15]. X-ray diffractaereconsist of three basic elements: an X-ray

tube, a sample holder, and an X-ray detector. TirayX are produced in a cathode ray tube by
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heating a filament to produce electrons. When tiitage is applied, the electrons will accelerate
towards the target material. When electrons havicsunt energy to dislodge the inner shell
electrons of the target material, characteristica)X-spectra will be produced. These X-ray
spectra consist of several components and the coasnon are Kand K. The target materials

that are usually used are Cu, Fe, Mo and Cr. Edchhese has specific characteristic

wavelengths [16].

In order to generate the required monochromatiayémeeded for diffraction, a filter such as a
foil or crystal monochrometers is usually used. @opis the most commonly used target
material for single-crystal diffraction, with Cu,Kadiation = 1.5418A. The resulting X-rays are
collimated and directed onto the sample. As thepsarmnd detector are rotated, the intensity of
the reflected X-rays is recorded. When the geometrthe incident X-rays impinging on the
sample satisfies the Bragg Equation, constructinterference occurs and characteristic
diffraction peaks of the sample will be observed][1

The X-ray diffractometer Bruker XRD D8 Advance shown figure 3.4, from University of
Zululand, Department of Chemistry was used to aathie samples in this study.

Figure 3.4: BrukerD8 Advance model x-ray diffractoneter.
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3.3.4 PHOLUMINSCENCE SPECTROSCOPY (HELIUM-CADMIUM L ASER)

The Helium—Cadmium (He-Cd) laser is the best knavember of a family of lasers that uses a
metal with a low vaporization temperature as thevaanedium [17]. The He-Cd laser consists
of a tube, terminated by two Brewster angle windats two laser mirrors mounted separately
from the tube [18]. In a typical setup of the He-l@der, the tube is filled with high pressured

helium gas at 6 to 8 torr and a cadmium resereaiated near the anode as shown in figure 3.5

Brewster Cadmium E
window reservoir Cathode el

window

_ ; Tilt plate
Ballast Resonator rod

Figure 3.5: The cavity structure of He-Cd Laser [19

When the temperature of the cadmium reservoir isedato higher values (e.g. 28) the
desired vapour pressure of Cd atoms will be prodlucghe tube. The net results will cause the
He atoms inside the tube to undergo ionizationexwuitation when they mix with the Cd vapour.
The energy transferred from the exited He ionsaatral atoms by collision, will lead to further
excitation and ionization of a Cd atom inside aet{ib9]. This electronic transition between the
exited ionic state and the ground state insideba,twill lead to the output lines of a laser beam
either in the deep blue (441.6nm) or ultraviole2§8m) range with an output power of 20 -
100mw [20]. Due to its coherence and low opticabapthe He-Cd laser can be used in Raman
spectroscopy, fabrication of holographic gratingd ahotochemical processing of materials. In
this study a 325nm He-Cd laser was used to inwagstithe photoluminescent properties of the
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phosphors. This was conducted by directing ther lasam on to a sample by using the opt
lenses and mirrors, followed by the chopper that used to ensure that the light beam is se
packets as illustrated in figure . To ensure that only the light beam from the samglsen
through the photomultiplier tube detector, the gléss 385 was used to block the laser be

The HeCd laser system, shown in figure 3.7 used in thislys was from Nelson Mande
Metropolitan Lhiversity (NMMU) in Port Elizabetl

//\\‘\
e -
= A
e
Photomultiplier Lock-in:
ampiifier
I Plotter

Figure: 3.6 Schematic representation of tr PL system [21].
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Figure 3.7: PL system used to investigate the lumascent properties of the phosphors.

3.3.5. FLUORESCENCE SPECTROPHOTOMETTRY

Fluorescence spectrophotometry is used to medseariubrescence or phosphorescence emitted
by a substance when exposed to ultraviolet, visibie other electromagnetic radiation.

Measurement of the fluorescence intensity can baenby using the fluorescence spectrometer,
which consists of a radiation source, monochromatmmple holders and fluorescence detection

system as shown in figure 3.8.
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Figure 3.8: Schematic representation of the Cary Eclipse uorescence Spectrophotomete

The monochromatorare equipped with narrow slits, which provide hrgksolution and spectr
purity [22]. There are various sources that are used in toeeffcence spectrophotometer s
as mercury lamps, tungsten lamp and Xenon arc |3im@.Xenon ardamp is commonly usel
because it has an energy continuum extending flamuttraviolet into the near infrared. T
fluorescence spectrophotometer is superior wheontes to fluorescence measurers due to

wavelength selectivity, flexibility and convience [22].
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In this study a Cary Eclipse Fluorescence Spectigpheter (shown in figure 3.9) coupled with
monochromator xenon lamp was used to collect femerce data in air at room temperature.
The photoluminescence excitation and emission spastwell as exponential decay times of the

alkaline earth aluminates phosphor powders wererahéted.

Figure 3.9: Cary Eclipse Florescence Spectrophotortex
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CHAPTER 4

Sro.0AL,04EU*0.01,Dy**0.0. PHOSPHORS PREPARED BY A SOLID STATE
REACTION METHOD

4.1. INTRODUCTION

Strontium aluminate phosphors doped with rare eantls are of interest in materials science
because of their high chemical stability, and brigimission intensity in the visible region of the
electromagnetic spectrum [1]. The green lumineseamission is usually observed when the
luminescent center ions, such agEsubstitute for Sr in the distorted stuffed tridigvstructure

of SrALO,4[2]. It is well known that the incorporation of tite-activator ion such as Biywill

act as a hole trapping center. Its presence vathter many trap centers with appropriate depth in
the host matrix and consequently, prolong the gifbgr at room temperature [2].

Due to their high quantum efficiency and long pitasescence properties, SgBk:Eu*,Dy**
phosphors have high potential to be used in varibsiglay devices, such as luminescent paint,
screens, glow signs, emergency escape routes tidate€ structural damage, etc [3]. It is well
known that thermal processing parameters such amnberates, heating time and cooling rates
have great influence on the optical properties diogphors [4]. In this chapter the
photoluminescent and phosphorescent propertied,Grdoped with 1 mol% EU and 2 mol%

of Dy** prepared by a solid state reaction method atreiffeannealing temperatures(1000 -1200

°C were investigated.
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4.2. EXPERIMENTAL PROCEDURE

4.2.1. SYNTHESIS

Sro.97A,04:EWf "0 01, DY* 0,02 powder phosphors were prepared by a solid statgioeamethod.
The appropriate oxides (A3, Dy,0O3, ElO3) and the carbonate (SrG) all in analytical purity

of 99.9% were used as starting materials and 10%mnof boric oxide (BO3z) was added into the
mixture in order to improve the crystallinity ofethphosphors. The mixture was dissolved in an
acetone medium, and then milled until the acetoap@rated completely. This procedure was
repeated at least three times in order to ensur®r@ homogenous sample. The mixture was
then calcined in air at 980 in a furnace for 3 hours. A white product of a remitting
SrAlLOEU**,Dy** phosphor powder was obtained. The product was tfidded into small
portions, and then annealed at different tempegatur a reducing atmosphere of &hd 25% of
H,. Figure 4.1 shows a flow diagram of o §Al,04EW .01, Dy*"0.0» phosphor prepared by the

solid state reaction method.

4.2.2 CHARACTERIZATION

The samples were annealed in a tube furnace equipiple a microprocessor based temperature
controller with an accuracy of 5°C. The diffraction patterns of the phosphors beforeealing
and after annealing were determined with an X'PB® MPD X-ray diffractometer (XRD) with
Cu Ka atA = 1.5406 A. The photoluminescent and phosphor¢smeperties of the phosphors
were investigated at room temperature with a PSI istem and a Cary Eclipse

Spectrophotometer both equipped with a Xenon lamp.

52



n
>
?
<|‘ )
>
(V2]
)
(21

Annealingin a reducing atmosphere of |
N, and 25% H, at 1000 - 1200°Cfor3h |
< L
- i

Figure 4.1: Flow diagram ofSrg /Al .04 Eu®*5 01,Dy**0.0ophosphor prepared by a solid state
reaction method.

4.3. RESULTS

Figure 4.2 shows the XRPpattern of the phosphors annealed at different temperaturies
main diffraction peaks correspond to the %O, monoclinic phase according to JDS card
number 34 —0379. Some unknown diffraction peaks denoted byssta figure 4.2 wer:
observed in some of the samples and may be at#dlatimpurity phasesuchasSr;Al,Og, etc.
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Figure 4.2: XRD patterns ofSrq ¢7AI.O4EUu**0 01,Dy*"0.0oanneakd at different temperatures.

4.3.1 PHOTOLUMINESCENCE

Figure 4.3(a) shows the emission spectrum of ,O4:EW**,Dy** annealed in air at 95°C. The
red emission lines observed are due to f transition of the E¥ ions in the host lattice
Typical emission lines of Eliions in various hosts can be observed in the rafdg&0— 750
nm and can be assigned to the transitions Do -'F; (J = 0,1,2,3,4) respectiveh5]. As
observed in the figure, the ession peaks at 615 nr’Dy -'F,) and 700 nm°D, -'F4) are much
stronger than the other emission peaks. Fet al. [5] reported the strongest emission pea
610 nm Dy -'F,) for BaALO,EW', and attributedthat to the fact tha”Dy -'F» is a
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hypersensitive transition and is strongly influethcdy the surrounding environme
Furthermore, they reported that when®* ions occupy the sites with higher symmetry,
emission from théDo-'F, becomes very wealotherwise the emission will be stror5]. In this
study the strong emissions observed may be attdbiat the E** ions when they occupy low:

symmetry Sr sites [6].

E 3000} \SD: i 7F: / \‘ / w
g 1 \L:,/\'V‘/ A%

Figure 4.3.a: PL emission 08rg¢7Al,04Eu®*01,Dy*"0.02annealed at 950C in air.

The emission spectra of the phosphors annealed medacing atmosphere at differe
temperatures are shown in figure 4.3(b). The sasnplere excited with a xen lamp at a
wavelength of 365 nm. The phosphor prepared at °C showed the lowest intensity. This v
be attributed to the fact that Ewas not completely reduced. Furthermore, when Husphor
was observed after being irradiated with the UVrseuhe orangeed color, which is related !

the transitionsDy -'F; of the Ei®Yions, was still dominant. For the samples anneatetl00°C
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and 1200°C a broad emission band at 497 nm was observed.effission at 497 nm is
attributed to the transition from the excited stff&d to the ground state 46f the EG ions.
The maximum intensity was observed for the phos@mealed in a reducing atmosphere at
1100°C. It has been reported in the literature [7] #mthe annealing temperature increases the
luminescence intensity will increase due to a nuystalline structure of the host. Zhaeigal.

[8] further pointed out that an increase in thatmgent temperature, will allow the doping rare
earth element to easily transfer into the lattidetloe matrix, which may result in the
enhancement of the luminescence intensity. On ¢mérary, the highest intensity in this study
was observed from the sample prepared at a termper&wer than 1200C. The lower
luminescence intensity observed on the sample pedpat 1200°C compared to the one
prepared at 1108C may be attributed to the impurities or some dsfdduring synthesis of the
phosphors, it was observed that as the annealingesture increases (1280 and above), the
samples were starting to melt and it was very diffi to remove them from the crucibles.
Furthermore, formation of large particles with lewrface area and hence mechanical particle
size reduction by milling was required. This magraduce impurities and defects, which may
degrade the luminescence intensity of the phospEbimnget al.[8] prepared SrAO4EL*, Dy**

with the gel combustion method at different tempees (900 - 1200C) in a reducing
atmosphere, and the maximum intensity was obsereeta sample prepared at 11%D. They

[8] attributed the lower intensity from the samptesated at higher temperatures to defects that
might have been dispersed on the surface of thepghioos, which may result in a relatively
smaller amount of the luminescent centre*’Eim the SrA}O, lattice available for direct

radiation, thus causing the weaker luminescence.

As mentioned earlier, the broad emission bandsreeddérom the samples annealed at 1400
and 1200°C both peak at 497 nm. This may be attributed éofdct that only one luminescent
center, which is the EU is present in both phosphors. Tagl. [9] reported an emission peak
at 500 nm for SrAD,:EW?*,Dy* prepared by a gel method, which is slightly higvewvelength
than the results obtained in this study. The viamatin the emission peak energies as mentioned

may be attributed to the preparation techniquestier reason for these variations may be due
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to changes in the crystal field environment of Bu?* ions [1Q. Since the excited state® 5d' is
sensitive to changes in the crystal environment, in contrastthe shilded 4f state
configurations due to the shielding function of theer electrons10]. Thedifference in peal
energyin this study may also be attributed to the faet tihhe 5d couple strongly to the latt
Hence the mixed state of the 4f anc stateswill be split by the crystal field which may leaal

the blue shift in the emission peall].
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Figure 4.3(b): PL emission of SrpeAl.04EU?*00,Dy** 002 anneded at different
temperatures
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4.3.2 PHOSPHORESCENCE

Figure 4.4 shows the phosphorescence spectra @rhl,O,EUW**, Dy*" phosphor annealed
1100°C. The sample was excited witrdeuteriumlamp until the saturation point was reacl

then the souewas switched oand the afterglow data was averaged after evergeténd.

PL. Intensity (arb.units)

Figure 4.4: Three dimensional decay time cSrg oAl .04 Eu?*y.01,Dy**0.0,annealed at

1100°C.

Figure 4.5 shows the phosphorescence decay cufvése gphosphors annealed different
temperatures. The phosphor sam were irradiated with a monochromatized xenon | and

the sample annealed at 11%@showed the optimum and phosphorescence inte
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Figure 4.5: Decay curves of the S7Al 04 Eu®01,Dy* 0. 00annealed at 1100 and 120%C.

The decay curves in figure 4.5 were fitted by tive¢ order exponential decay equation (4.1):

I =A.exp ( ) + A,exp (—é) + Azexp (— é) 4.1)

_t
71
wherel is the phosphorescence intensity at any timger cutting off the UV excitatigrAs, A,

and Az are constantand r, > and 1z are decay times for the exponential componerfite. T

decay parameters for the fitting data are listeglole 4.1.

59



The phosphorescence decay times as shown in tablardl are described as follows: initial

rapid decay, intermediate transitional and thengldasting phosphorescence [12] of the
phosphors. The curve fitting and the phosphorescemechanism for the abovementioned three
exponential decay curves will be illustrated injutea 7.

Table .4.1: Decay parameters of thphosphors.

Phosphor ni(sec) | 1n(sec) | r(sec)
Sro.0ALO4Eu?*y 01,Dy* .02 (1000°C) 0.3 2.6 38.0
Sro_97A| 204:EU2+0_01, Dy3+o_02 (11000C) 1.0 9.8 66.1
Sro.0ALO4Eu?*y 01Dy 0,02 (1200°C) 0.8 8.1 61.6

4.4. CONCLUSION

Sro.97A1 .04 EP 0,01 DY*"0.02 phosphors prepared at different temperatures wgrehesized
successfully by the solid state reaction methdte main diffraction peaks of the monoclinic
structure of SrAIO, were observed in all the samples®Bwas successfully reduced to%£in

the reducing atmosphere of hd 25% of H.The broad emission band peaking at 497 nm may
be attributed to the %Bd" - 4f' transition of the Eil ions. The long afterglow displayed by the
phosphors annealed at different temperatures maattbuted to the DY ions, which play an

important role in prolonging the lifetime of lumsmence.
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CHAPTER 5:

PHOTOLUMINESCENT AND PHOSPHORESCENT PROPERTIES OF
MAI,O;Eu®Dy* (M = Ca, Ba, Sr) PHOSPHORS PREPARED AT AN
INTIATING COMBUSTION TEMPERATURE OF 500 °C

5.1. INTRODUCTION

The photoluminescent properties of divalent eunopiion (E§") doped alkaline earth
aluminates MAJO,EU”(M = Ca, Ba, Sr)have been widely studied by various researchers due
to their high quantum efficiency in the visible i@g[1]. It is well known that the Eti emission
can be tuned from blue to red depending on thelhtiste (MALO,). The fine tuning is possible
because the optical transition involved &4t — 4f where the outer d-orbitals can experience
the crystal effects more than the inner 4f orbif2lsMAI,O;EW?*,Dy** (M = Ca, Ba, Sr)are
potential persistent materials to replace ZnS badedphors used e.g. in luminous paints. The
luminescence is characterized by a rapid decay ft@rEd"* ion followed by a long afterglow
due to the DY ion which acts as the auxiliary activator [3]. &amataet al. [4] proposed that
the long afterglow persistence from?Eions in the aluminates is based on the hole trapgiie

to the Dy" ions.

It is well known that the quality of a luminescenaterial is largely influenced by the synthesis
technique [5]. Over the years, MA,Eu2+ (M = Ca, Sr, Ba) phosphors were mostly
synthesized by the high temperature solid-statetima method, which requires quite long
reaction times at high temperatures. In recentsytrsa combustion method has displayed unique
advantages of lower synthesis temperatures, sheytghesis times and controlled size of the
particles, and it is a more reliable method forpareng long afterglow phosphors [5]. In this

chapter photoluminescent and phosphorescent prepdiie phosphor powders of Ca®@l,
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BaAl,O, and Sr AJO, doped with 1 mol% of Eii and 2 mol% prepared at an initiating

combustion temperature of 580 were investigated..

5.2. EXPERIMENTAL

5.2.1. SYNTHESIS

The powder samples of €aAl04sEW 00Dy 002 BaogrAl:04EWF 001Dy 002 and
Sro.97A1 .04 EP"0,01DY*"0.02 phosphors were synthesized using the combustiothatie The
precursors calcium nitrate (Ca(M@4H.0), barium nitrate (Ba(N§s.4H,0), strontium nitrate
(Sr(NGy)3.4H,0), aluminum nitrate (AI(N@)2.9H,O), europium nitrate (Eu(N£k.6H0),
dysprosium nitrate (Dy(N§)s.5H,0) and urea (CO(N}).) all in analytical purity were weighed
according to the stoichiometry. The precursorsefach phosphor were mixed and milled in a
mortar using a pestle, and a thick white pastefaased from water of crystallization present in
metal nitrates. The resulting paste was then heatadnuffle furnace at an initiating combustion
temperature of 508C. The paste melted, underwent dehydration, arallfimlecomposed with
the evolution of gases (oxides of nitrogen and amia)o The mixture frothed and swelled,
forming the foam that ruptured with a flame andwgd to incandescence. The entire
combustion process was completed in less than GtegnThe voluminous combustion ashes of
the Ca.9Al,04EW001,DY>*0.02, Bao.9Al,04EW001,Dy** 002 and  Sg.97A1 204:ELF*0.01,Dy* 0.0
were grounded using a pestle and mortar to makedowdersNote: The sintering process is
not required for this method. The reducing atmosplueeated during combustion is enough to
change the ionization state of ¥uto EU*. A flow diagram for the preparation of
MAI,O,EW?*,Dy** (M = Ca, Ba, Sr) phosphors is shown in figure. 5.1
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Figure 5.1: A flow diagram for the preparation of MAI ,04Eu®",Dy** (M = Ca, Ba, Sr)
phosphors

5.2.2.CHARACTERIZATION

The crystalline structure, particle morphology aslémental composition of the phospl
powders were investigated using a Burker D8 (Bufker German) -ray diffractometer (XRD
with Cu Ko at = 1.5406 A and Shimadzu Superscan 550 system for scanning electr
microscopy (SEM) coupled with the energy dispersf-rays spectrometer (EDS) respective
A 325 nm He-Cd laser aral SPEX 1870 0.5 rmonochromatoand a photomultiplier detect
was usedto collect the photoluminescence daA Cary Eclipse florescence spectrome
coupled with a xenon lamp was also used to invatgithe phosphorescence decay curves ¢

phosphors. The photoluminescence data were calléctair at room temperatur
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5.3. RESULTS AND DISCUSSION

The XRD spectra of the samples are shown in figug Figure 5.2 (a) shows a monoclinic
structure of CaAl0,, and the main diffraction peaks index well witke tbard file (JCPDS: 70 -

0134) [6]. Similar results were reported in thesrigture [6], where the samples were also
prepared by an initiating combustion temperaturBasf°C. The diffraction peaks indicated by a

star may be attributed to other phases and imparfiormed during the combustion process.

o
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Figure 5.2: XRD patterns of (a) CaA}OsEu?,Dy*": (b) BaAl,04Eu® Dy** and
SrAlL,O4Eu?,Dy**

Figure 5.2 (b) represents the hexagonal strua@i®aAl,O4, and the main diffraction peaks
index well with the card file (JCPDS: 17 - 0306)m#ar results were also reported [7]. The
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monoclinic crystal structure of SrfD,, with the main diffraction peaks indexed accordionghe
card file (JCPDS: 34 — 0379) is shown in figure &R The monoclinic phase of Sk, was
also reported [8], when the samples were preparedh anitiating combustion temperature of
600°C.

Although the main peaks of the crystal structuresemobserved, there were also additional
peaks which may be attributed to un-reacted CajhMH,O, Ba(NQ)3.4H,O , Sr(NQ)3.4H,0
and AI(NG;)2.9H,O precursors or other impurity phases. Haigeral. [9] reported that the
presence of other phases or some of the precucsorsbe attributed to the fact that the
combustion wave is not uniform and a portion of grecursors might not react completely

during the combustion process.

The average particle sizes of the phosphors wermasd from the XRD reflections using the

Scherrer’s equation:

kA
- Bcos 6

5.1

where d= diameter, k = Scherrer constar.9, 4 = wavelength of x-ray radiatio= full width

at half maximum of the diffraction peak amd= angle of diffraction. From figure 5.2 the
estimated particle sizes for Ca@:El?*,Dy**, BaALOsEW*,Dy** and SrAJO.ELf*, Dy*" were
40.8 nm, 41.3 nm and 26.0 nm respectively.

Figure 5.3 shows the powder morphologies that weken at a magnification of 3000 X. The
surfaces of the powder samples show lots of vorus @ores formed by the escaping gases
during the combustion process. These are morefisigmi on (a) CaAlO, and (b) BaAJO..
When a gas is escaping under high pressure, poeefoaned with the formation of small
particles near the pores [6], and this is cledhhsirated by figure 5.3(a). The microstructure of
these samples reflects the inherent nature of dmebastion process. The non uniform and
irregular shapes of the particles shown can beébatéd to the non-uniform distribution of

temperature and mass flow in the combustion flame.
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Figure 5.3: SEMmicrographs of (a) CaALbO4Eu®",Dy**, (b) BaALO4Eu?*,Dy** and (c)
SrAl,04Eu?*,Dy**respectively.

All the elements incorporated in MyO4EW*01,DY*"0.0{M=Ca, Ba, Sr) phosphors preparec
the initiating temperature of 5 °C were detected in the EDS spectra,ept the dopants
(spectra not shown) whosencentrations we far too low to be detected.
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Figure 5.4 shows the PL emission spectra of ,O,EW" Dy*, BaALOsEUW* Dy** and
SrAlLO,Eu,Dy** phosphors prepared by the combustion method. &i§ut(a) depicts a
relatively narrow emission banof CaALO,EW,Dy** which is symmetric around 449 n
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Figure 5.4: Emission spectra of as prepared samples: (a) Ca0sEu® Dy**, (b)
BaAl,OsEu® Dy** and (c) SrALO,Eu?*,Dy**

The narrowing of the enssn spectrum was also reported Chenet al. [10], and they
proposed that this may be due to the existencenbf one kind of luminescent centre
CaALOLEW" Dy*" , namely EF* substituting on the nine foldeordinated C** sites [10].
Figure 5.4 (b) shows the emission spectrum of LO,EW?*,Dy** with main peak at 450 nm ai

a shoulder at 500 nm. In a host lattice witt** ions on different crystallographictes, more
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than one emission band may occll]. In BaALO, there are two different sites, one occurr
3 times more frequently than the other. Both bargites are coordinated by nine oxygen ic
one is slghtly more regular than the othel2]. Suriyamurthyet al. [13] reported that the bor
length difference of B& at Ba (1) and Ba (2) sites, meause the crystaldld strength at on
site to be stronger than at tbéher sit, which will result in the difference in theemission
intensities. Thédroad emission spectrum of S,04EW**,Dy** which peakst 528 nr, is shown
in figure 5.4(c). An additional peak obsed at 685 nm is attributed to the unreduce®" ions
in the host lattice. The broad emissspectra displayeldy these phosphors as depicin figure
5.4, are attributed to the transition betweenexcited (4f5d") and ground4f’) states of the
Ew?*ion[10]. Chenet al. [10] whom used a solution phase synthesis and postading proces
to prepare the phosphors, reported the emissiod4@t nm, 495 nm and 51nm for
CaALO4EUW,Dy*" ,BaAlLO,EL?",Dy*" and SrAbO4EU*,Dy** respectively. However the 4
nm and 512 nm for CasDsEu**,Dy** and SrAYO4Eu*,Dy** are shorter than the waveleng
obtained in this study of 449 nm and 528 nm, retbpelg. These vaations in the emissio
wavelengths may be related to electric dif— allowed transition, 46d" — 4f, originatin from
Ev”* doped MALO,, which seem to depend profoundly on the partide [10]. This is bicause
the 5d energy level has a closer relation with ¢baduction band, so when the grain ¢
changes , the band gap may become wider or narr@amerthe 5d energy level may chal

correspondingly [14].

"

Figure 5.5: Snapshotof (a) CaALO4Eu®",Dy*, (b) BaAlLO4Eu?*,Dy* and (c)
SrAl,04Eu®,Dy**,
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Figure 5.5 shows the snap shots of the purple-bblige-green and green emissions from
CaALO,EL?* Dy*, BaALOsEW ,Dy** and SrAbO.EW,Dy*" after being excited with a UV
lamp. Chenet al.[10] pointed out that the emission wavelengthsttef MALO,EUW**,Dy**
phosphors do not shift from short to long wavelangith increasing ordinal number of the
alkaline earth metals (Ca, Sr and Ba), but thiduis to different crystal field strength (Ca < Ba
<Sr) and the distortion experienced by the hosicetvhen Ef' ions substitute the sites of the
cations (M") [10]. When a foreign atom is introduced at areiistitial site, this will be
accompanied by a distortion in the host latticee Thstortion arises from a size mismatch
between the doped and the substituted ions in tagixm[15]. In the case of MAD, ,an
anamorphic crystal lattice will result, when thersundings of Eti ions is changed and so the
emission wavelengths will change corresponding8).[ihis is supported by different emission
colors depicted by figure 5.5 when #uon substitutes the sites of the cations in thel @A
(M= Ca, Ba and Sr) host lattice. The ionic radiiG#*, B&#*, S** and EG" are 1.0 A, 1.38 A,
1.21 A and 1.20 A, respectively [16]. When a laEé" ion substitutes for Gain CaAbOs,
Eu”* experiences lesser repulsion owing to the expansidhe crystal lattice, which shifts the
emission peak to a short wavelength [10,16].Orctirary, when a smaller Elion substitutes
for B&" in BaALO,,ELf* endures lesser attraction owing to the shrinkdge crystal lattice
[10]. The atomic radii variations between?Band C&" ions explain why BaAD,:Eu**,Dy*" is
emitting at a slightly longer wavelength comparedCaAbO,:EL**,Dy*" when their respective
sites are substituted by Elons.On the other hand the atomic radii of'Sand EG* are very
similar, so when the Etiion occupies the S sites in  SrAIO.EW?*,Dy** the local distortion

will be similar and the influence in the crystalusture will be quite minimal [16].

Comparative decay curves of the phosphors, aftergberadiated with a monochromatized

xenon lamp are shown in figure 5.6. The logarithpimts of the curves were fitted by a three
order exponential decay equation as discusseddpteh4. The parameters for the fitting data
are listed in table 5.1.
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Figure 5.6: Decay curves of (a) CaAD.Eu?'Dy**, (b) BaALOsEu®* Dy** and (c)
SrAl,04Eu®,Dy**,

Table 5.1: Decay parameters of thphosphors.

Phosphors n(sec) 1x(sec) 13(sec)
Cao_97A| 204ZEL12+0.0;]J Dy3+o.02 3.61 3.85 48.80
Baolg7A| 204: EUZ+0.0;]J Dy3+o.02 0.16 1.42 23.29
SI’o_g7A| 204ZEUZ+Q.0]J Dy3+o.02 0.24 2.34 26.89
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The exponential decay times as shown in table f&eldascribed as (1) initial rapid decay, (2)
intermediate transitional and then (3) long lastingsphorescence [17]. The initial rapid decay
is due to the short survival time of an electroiEif*, the intermediate transitional decay might
be the capture of Eliby a shallow trap energy centre and the very lasting decay could be
attributed to the deep trap energy centre of'Dy7]. It is well known that, for long afterglow
persistence , Eiiacts as a luminescent center and'xgts as trap levels which capture the free
electrons, release the trapped holes and recombitie electrons, which give rise to
luminescence [17]. The emission lifetime will b8wenced by the depth of the trap level and the
trap types [17]. Owing to DYy added as a co-dopant and partly substituting likedime earth
metals M* of MAI,O, and their energy levels hameclose relationship to the composition of the
structure of the host. In this case Ca&J and SrA}O, have monoclinic crystal structures, so
more appropriate traps will be produced which vk followed by the long afterglow
phenomena [16,18]. However the hexagonal crystattsire of BaAJO4 will produce shallow
traps [17], which are attributed to the shorteragyetimes shown in figure 5.6

5.4. CONCLUSION

Phosphors of CadDsEUW**,Dy**, BaALO,EW* Dy*" and SrAO.EW**,Dy** were successfully
synthesized at an initiating combustion temperatdir800°C. The low temperature monoclinic
structure for both CaAD, and SrA}O, and the hexagonal structure of Bg®] were observed.
The broad band emission spectra observed at 4494%®nm — with a shoulder peak at 500nm )
and 528 nm for CaAD,Eu**,Dy**, BaALO,EW?*,Dy**and SrAbO..Eu,Dy** respectively, are
attributed to the distortions experienced in thetHattice when EU ions substitute the sites of
the cations. The monoclinic crystal structures@htCaALO, and SrA}O,4 are more appropriate
in creating the traps, and this is directly relatedhe long afterglow phenomena. However the

hexagonal structure of Baf&d, can only produce shallow traps.
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CHAPTER 6

LUMINESCENT PROPERTIES OF  SrgeAl;04EU?00,Dy* 00, AND
Sro.95Al,04EU%*501,Dy* 004 PHOSPHORS PREPARED AT DIFFERENT
INITIATING COMBUSTION TEMPERATURES

6.1. INTRODUCTION

The green luminescence from SiB} co-activated with divalent europium ions Buand
trivalent dysprosium ions (3Y) have attracted much interest in recent yeacsuse of their
persistent phosphorescence, high quantum effigijeared good chemical stability [1]. It is well
known that the blue-green emission from these phmsp arises from the %d—4f'((3S;.)
transitions of E&i" ions while Dy* ions are only responsible for the long aftergletdviour of
the phosphors. It is widely reported that the laftgrglow is a result of trapping and detrapping
of charge carriers (electron and/or holes) by tieyels in the lattice [1]. In this chapter
SrALOLsEW" phosphors doped with of different concentratiorisDy>* prepared by the
combustion method at different initiating combustitemperatures were investigated. The
procedure was illustrated with a flow diagram inagter 6. TEM and XRD were used to
investigate the microstructure and the crystalcstime of the phosphors. A 325 nm He-Cd laser
and a SPEX 1870 0.5 m monochromator and a photgoinedtdetector and a Cary Eclipse UV-
Vis spectrophotometer equipped with a monochroredtizxenon lamp to collect

photoluminescence (PL) data in air at room tempeeat
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6.2. RESULTS

6.2.1. MORPHOLOGY AND STRUCTURES

Figure 6.1 shows the TEM images of SX®J:Eu**,Dy** phosphors prepared at an initiating
combustion temperature of 56C. The irregular shapes, as shown by figure 6.1 d@arly
illustrate the inherent nature of the combustionthoé@. Figure 6.1(b) shows the particles at

higher resolution.

Figure 6.1: TEM images of SrAbO4:Eu?*,Dy*" phosphors prepared at an initiating

combustion temperature of 500C

Figure 6.2.a shows the XRDyAl O, prepared at different initiating combustion tengperes.
The main diffraction peaks of these samples mateheld with the standard JCPDS file 34 -
0379. The XRD also indicates some peak which manela¢ed to other impurity phases such as
SrAl,O7 [2] and SgAl,Os [3] and some may be due to unreacted precurschsasiSr(NG); [4]

during the combustion process.
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Figure 6 .2.a: XRDpatterns of Siyg5Al204 prepared at different initiating combustion

temperatures

Figure 6.2b shows the XRD patterns ofg 97AlO, prepared at different initiating combusti

temperatures. The peaks indicated by sta = 26’ may be attributed to other impurity pha

such as SrAD;.
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Figure 6.2.b: XRD patterns of Sry¢7AlI04 prepared at different initiating combustion

temperatures.

6.2.2. PHOTOLUMINESCENCE

Figure 6.3 shows the foamy product 0¢.97AlI 04 EWf*o.01,DY*"0.02 phosphors prepared by t
combustion method. Figure .a showsthe foamy product with a white body colour bef
excitation and the greenish product as shown hyrdig..b was observed after the sample
excited with a UV lamp in the darkom. The green emission colour can be attributethdx

electronic transition from the excited’sd" to the ground state 46f the EG* [5].
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Figure 6.3: (a) Foamy product before excitation andb) foamy product after excitation.

Figure 6.4 show the broad emission spectra @804 EU01,Dy* .02 phosphors prepared

at different initiating combustion temperatureseToptimum PL intensity was observed on a
sample prepared at an initiating combustion tentpezaof 500°C. Furthermore, the samples
prepared at 500 — 68D showed emission peaks at 528 nm, which can biutd to the

electronic transition of the Eliions [6].

The samples prepared at initiating combustiorpenatures of 700 - 80 showed the lowest
intensity with sharp emission lines instead of @alremission spectra which may be attributed
to the fact that as the temperature increasesgrnkizonment may not be conducive to reduce
EU® to Ef*. The sharp emission lines observed from these leangan be attributed to the
parity - forbidden intra-configurational 4f 4f transitions of un-reduced Etions present in the

host matrix [5].
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Figure 6.4.a: Emission spectra of Sog7Al:04 Eu®*001,Dy*"0.0. phosphors prepared at

different initiating combustion temperatures.
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Figure 6.4.b: Emission spectra of SogsAlo0s Eu®*90,Dy*"0.04 phosphors prepared at

differ ent initiating combustion temperatures
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Figure 6.4.b shows the emission spectra @&Bt,04 EWf*y 01Dy 004 phosphors prepared at
different initiating combustion temperatures. Thatimum PL intensity was found for the
sample prepared at 580. As the initiating combustion temperature incesathe intensity tends
to decrease. The emission lines shown by theselsarpnfirm the presence of the’Eions,
and from these results we may deduce that the higli@ting temperatures are not a suitable

environment to reduce Euto Euf*.

6.2.3. PHOSPHORESCENCE

In general the stoichiometry of Sr:Al can be expegisas 1:2 according to the empirical formula
SrAlLQ,. It is well known that stoichiometry and methodgeparation can significantly affect
the luminescence properties of phosphors [7]. leg.5 (a) and (b) show the afterglow curves
of phosphors with different stoichiometric compmsit In figure 6.5 (a) according to
Sro.07A1,04 EUF'0.01.DY* 002 the ratio of Sr: Al is 0.97: 2 and in figure g% as shown by the
formula Sg.esAl 04 EU 01Dy 004, the ratio is 0.95: 2. The variations in Sr conte these
phosphors were done in order to accommodate theeatration variations of luminescent ions
(Eu) and the co- activator ions (B). The concentration of the luminescent ions*{EL mol

%) were kept constant in both phosphors, but treentration of the co- activator ion (By
was varied from 2 - 4 mol%. The samples doped @ithol% of Dy* ions showed much higher
intensity and the longer decay times than thosepksmoped with 4 mol% of By as shown in
figure 6.5 (a) and figure 6.5 (b), respectively.isTltlearly shows that non-stoichiometric
composition and the concentration variation of twe - activator ions may result in either

enhancing or quenching of the luminescence of bwsphors [7].

Figure 6.5 shows the decay curves 0§¢%l.0s EUf001,Dy* 002 phosphors prepared at
different initiating combustion temperatures. Alese samples were prepared in almost a similar
environment with the initiating combustion temparas ranging from 500 — 8. In figure

6.5 the optimum phosphorescence intensity wastifitesd by a sample prepared at an initiating
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combustion temperature of 580. Similar trends were observed for the samplesvshuy the
Sro.95A1:04. EU001,DY* 004 Samples where the optimum PL intensity was itatst by a
sample prepared at lower temperature. As the teatyerincreases the PL intensity decreased

rapidly as a function of time.

: 2+ 3+
- sr«).s)7Alzo4'Eu o.m’Dy 0.02 500 °c
] 600 °C
700 °C
= 193 800 °C
- g
: -
:_ o
a |
™
s |
>
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'
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o
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1 hi. L
L i\l . l‘L
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Figure 6.5: Decay curves of Srg7Al,04 Eu®*y01,Dy>"0.0. phosphors prepared at different

initiating combustion temperatures.
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The decay times of the phosphors as shown in @ablevere obtained by fitting the decay curves

using the three order exponential decay equatiahsasissed in chapter 7.

Table.6.1: Decay times of SyoAl:O4 Eu?'001,Dy*"0.04 phosphors prepared at different

initiating combustion temperatures.

Phosphors n (sec) 1> (sec) 13 (sec)
Sro.97AI,04EU7"0,0, DY 0,02 (500°C) 0.9 8.0 48.9
Sro.97AI,04EU?"0,0, DY 0,02 (600°C) 0.7 5.14 30.3

It is well known that for long afterglow persisten&d" acts as a luminescent center andDy
acts as trap levels which capture the free hotdsase the trapped holes and recombine with
electrons, which accompanies luminescence [8].érission lifetime will be influenced by the
depth of the trap level and the trap types [8]this study the concentration of Byions, the
stoichiometric ratio of Sr: Al and the initiatingmbustion temperature play an important role in

the phosphorescent and photoluminescent propeitie phosphors.

6.3. CONCLUSION

Sro.9AAI 04 EP 001Dy 002 @and  SgosAl20s EUF001,DY* 004 phosphors were successfully
prepared at different combustion temperatures. @rbad emission spectra illustrated by these
phosphors can be attributed to the electronic itiansof the EG* ions from the excited state
4f°5d" to the ground state 4fSip.g7Al .04 ELP0.01DY*0.0o Showed better luminescent properties
compared to SksAl 0 ELfo01DY* 0.0sand this may be attributed to the concentratiothef
Dy*".
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CHAPTER 7

LUMINESCENT PROPERIES OF Cag oAl ,04Eu*01,Dy*00, PHOSPHORS
PREPARED BY THE COMBUSTION METHOD AT DIFFERENT
INITIATING COMBUSTION TEMPERATURES

7.1. INTRODUCTION

CaALO,EL"Re* phosphors have been considered as a useful vimbsppor in the application
of luminous clocks and watches, as well as potentigdoor night time displays [1]. Ca/),

has a stuffed tridymite structure with two sitestfoe large cation, each with 9-fold coordination
[2]. Zhonget al. [3] reported that the quality of the luminescergterial is largely influenced by
the synthesis technique. Over the years, MREu2+ (M = Ca, Sr, Ba) phosphors were mostly
synthesized by high temperature solid-state anegaloimethods, which require quite long
reaction times at high temperatures. In recentsyda combustion method has displayed unique
advantages, such as shorter synthesis times amibléech size of the particles, and it is a more
reliable method for preparing long afterglow phasmgsh[3].In this chapter the luminescent
properties and the XRD patterns of Ca®d:EW*"o01,Dy**00, phosphors prepared at different

initiating combustion temperatures (500 — 80P were investigated .

7.2. EXPERIMENTAL

The powder samples of EaAl.04EW 0 0,Dy>*0.02, phosphors were synthesized at different
initiating combustion temperatures (500 — 880). The precursors Calcium nitrate
(Ca(NGy)3.4H,0), Aluminum nitrate (AI(NQ)2.9H,0), Europium nitrate (Eu(N£s.6H,0),
Dysprosium nitrate (Dy(Ng)s;.5H,0) and Urea (CO(NE),), all in analytical purity were
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weighed according to the stoichiometry. The combuosfprocess used to synthesis these
phosphors at different initiating combustion tengperes have been illustrated with a flow
diagram in chapter 5. The crystalline structuretigla morphology and elemental composition
of the phosphor powders were investigated usingraalgtical X-ray diffractometer (XRD) with
Cu Ka at 2 = 1.5406 A and Shimadzu Superscan SSX-550 systenmsdanning electron
microscopy (SEM) coupled with an energy dispersfveays spectrometer (EDS) respectively.
A 325 nm He-Cd laser and a SPEX 1870 0.5 m monothtar and a photomultiplier detector
and a Cary Eclipse UV-Vis spectrophotometer equdppith a monochromatized xenon lamp to
collect photoluminescence (PL) data in air at raemperature.

7.3. RESULTS AND DISCUSSION

Figure 7.1 shows the XRD Caf phosphors prepared at different initiating comioumst
temperatures. There is no significant change irdifieaction peaks of the phosphors prepared at
different initiating temperatures. The main diffiao peaks indexed well with the monoclinic
structure of CaAlO, according to the card file (JCPDS: no: 70 - 0184)h additional impurity
phases (marked with stars) that can be attribube@aAlLO; [4] or some of the unreacted
precursors during the combustion process. Hageah. [5] reported that the presence of other
phases or some of the un-reacted precursors magtiiguted to the fact that the combustion
wave is not uniform and a portion of some of thecprsors might not react completely in the
process. It must also be noted that the small abafustoped rare earth ions has almost no effect
on the CaAlO, phase composition. Singtt al. [6] reported similar XRD results when they
prepared similar phosphors by the combustion me#h@ah initiating combustion temperature of
600°C.
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Figure 7.1: XRD patterns of Céo.67Al 04 Eu**0.01,Dy**0.02 Samples prepared at different

initiating combustion temperatures

Figure 7.2.a:Lower resolution SEM micrograph of Ca o .97Al ,04EUu%001,Dy**0.0oprepared
at 600°C
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Figure 7.2: Higher resolution SEM micrograph of Ca.g/Al,04Eu?"0.01,Dy*"0.0oprepared at
600°C.

Figure 7.2 shows the SEMhicrograph of the phosphorsrppared by combustion method
600°C. The nomdniform and irregular shapes of particles showrignre 7.2(a) illustrate th
inherent nature of the combustimethod. Singlet al. [7] ascribed the irregular rticle shapes
to the nonaniform distribution of temperature and mass flawthe combustion flame. Tl
morphology of a porous product with the small mdes close to the pores at higher resolutio
shown by figure 7.2(b) occurs during the combuspirocess when the gases escape under
pressure. Although the samples were prepared fretit initiating combustion temperatu

there were no significant variatioin the surface morphology of the phosph

Figure 7.3 shows the Pémissiol spectra of Cgy7Al 04 EU0.01,DY* 0,02 phosphors prepared
different initiating combustion temperatures. Treraw emission bars at 418 nm for all the
phosphors can battributed to the £5d" to 4f transition of the Etf ion. The similar narrov
band spectr were also reported by Cl et al. [8] and they proposed that this may be due tc
existence of only one kind of luminescent centr€anLO,Eu**,Dy**. Furthermore, Paret al.
[9] reported that there are three®” sites in the CaAD, lattice, one is nineoordinated and th

others are six eoordinated by oxygen atoms. In the C,O, host lattice, EXf ions prefer the
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nine - fold coordinated Géasites rCa;: 1.18 A) to two six- fol&toordinated onesrCa: 1.0 A),
because larger spaces are demanded for the stibatiodi EL** ions ¢Eu: 1.30 A ) due to th

ionic size difference [10].

arl.wmiis)
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h

PL Intensity |
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Figure 7.3: PL emission specta of the Cag7Al:04EU%001,Dy* 002 phosphor powder

samples prepared at different initiating combustiontemperatures

As illustrated in figure 7.3 the sample preparedrainitiating combustion temperature of €C

showed the highesintensity. Thi PL intensity decreased drastically when the tempeszaias
increased to 700 and 88C. The difference irthe PL intensity as a function of the initiatil

combustion temperature may be attributed to thetfet at lower initiating temperatures (!

°C), the lower reaction heat may lead to the incompleéetion of raw materials. On the otl

hand higher initiating combustion temperatures malgasemore heat which may not k
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favorable for the formation of a more crystallinbopphor [11].Yuet al. [14] prepared
SrAlLO,EU at different initiating combustion temperaturesgiag from 400 -1008C, and the
highest luminescence intensity was observed formapte prepared at 6(RT. Liu et al. [12]
reported an emission peak at 443 nm for GAAEL**,Dy** phosphors prepared at an initiating

combustion temperature of 660.

Figure 7.4 shows the decay curves of the samplésr djeing irradiated with the
monochromatized xenon lamp. As can be seen, tleasity of the decay curve of the sample
prepared at the initiating combustion temperatfré0® °C is higher than the intensity of all
other samples. This clearly shows that the inftgattombustion temperature plays a major role

in determining the luminescent properties of thasesphors.

. 2+ 3+
Ca._Al.O:Eu O.Ol,Dy 002

097 "2 4"

500 'C

100 -

104

PL Intensity (arb.units)

v v v —
0 20 40 60 80 100 120 140
Time (s)

Figure 7.4: Decay curves of CggAl.04:Eu®01,Dy**0.0ophosphors prepared at different
initiating combustion temperatures
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In order to illustrate different decay times, fitings of the decay profiles of the phosphors
were performed based on equation 7.1

t t t
I = A.exp <— T_1) + A,exp (—T—2> + Azexp (— g) (7.1)

wherel is the phosphorescence intensity at any timker cutting off the UV excitatigrAs, A,
andAgz are constantand i, > and 7z are decay times for the exponential componentyp#al
curve fitting results of GayzAl,04Ef 001Dy 002 phosphor prepared at an initiating
combustion temperature of 68Q is shown in figure 7.5. The three parameters wifferent

decay times described as exp 1, exp 2 and exp@eady shown in figure 7.5.

1000 4 7 T T T T T T T T T T T T —
experimental data
— fitted data

exp 1

— exp 2

@ p

S 100 5 exp 3 3

:3 . ]

=2
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2

‘©
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£ 104
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Figure 7.5: A typical curve fitting results of the Cag o7Al 04 Eu?*y01,Dy*"0.02 prepared at an
initiating combustion temperature of 600°C.
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As mentioned in the previous chapters, the thrgmreeantial decay times of the long persistent
phosphors can be described as (1) initial rapichgle(2) intermediate transitional and then (3)
long lasting phosphorescence. The initial rapidagleis due to the short survival time of an
electron in EG', the intermediate transitional decay might be dhpture of E& by a shallow
trap energy centre and the very long-lasting dexayd be attributed to the deep trap energy
centre of Dy*. Table 7.1 shows the decay parameters of the pbesgalculated using equation
7.1.

Table 7.1: Decay parameters of the phosphors calaikd by curve fitting technique.

Phosphors n (sec) 1> (sec) 13 (sec)
Cap.07Al,04Eu"0.01,Dy> 0,02 (500°C) 2.4 10.8 49.7
Cap.oAl .04 EU*"0,01,DY> 0,00 (600°C) 3.9 13.5 54.0
Cap.oAl,04EU"00,Dy* 002 (700°C) 2.5 10.3 44.3
Cap.07Al,04Eu®"0,01,Dy> 002 (800°C) 1.7 10.5 49.00

The results in table 7.1 reveal that the phosphepared at an initiating combustion temperature
of 600 °C has better afterglow properties than the othessphors. The difference in the
afterglow properties of GaAl.OxEW 0 0,Dy** 002 prepared at different initiating combustion

temperatures can be explained in terms of theerdifit types of traps..

7.4. CONCLUSION

Ca.0Al .04 EW 0,0, DY**0.0. phosphors were successfully prepared by combustiodifferent
initiating temperatures. The monoclinic structuoea 97Al O, Were obtained for all initiating
combustion temperatures. The broad emission spkectedl the phosphors were all symmetric at
449 nm, which confirms that the emitting centesti the same, which is a Euion. The decay
curves of the long persistent phosphors were fateztessfully fitted using the three exponential

decay times.
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CHAPTER 8

LUMINESCENT PROPERTIES OF BagoAl,04:Eu001,Dy*"0.02
PHOSPHORS PREPARED AT DIFFERENT INITIATING COMBUST ION
TEMPERATURES

8.1. INTRODUCTION

Persistent luminescent materials such as BaAEW", Dy*" are a ubiquitous part of everyday

life, finding use in a wide range of commercial Bgadions such as luminescent watch dials and
emergency lighting [1]. In this study, the effeofsinitiating temperature on photoluminescent
and phosphorescent propertiesBaf oAl 0, ELP*o01,DY**0.0. phosphor powders prepared by the

combustion method were investigated.

8.2. EXPERIMENTAL

The powder samples of BgAl.OsEW 0 0,Dy* " 002 phosphors were prepared at different
initiating combustion temperatures ranging from 60800 °C . The following precursors:
Barium nitrate (Ba(Ng)s.4H,O) and Aluminum nitrate (AI(Ng)..9H,O), Europium nitrate
(Eu(NGs)3.6H,0), Dysprosium nitrate (Dy(N£).5H,0) and Urea (CO(NE).), all in analytical
purity, were weighed according to the desired sioimetry. The samples were prepared by the
combustion method as illustrated by a flow diagranchapter 5. The crystalline structure,
particle morphology and elemental composition dreltiminescent properties of the phosphors

were investigated as mentioned in chapter 5.
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8.3. RESWTS AND DISCUSSION

The XRD patterns of BaAl.OsEW 0 0,Dy* "0, powder samplespreparedat initiating
combustion temperatures of 5~ 800C are shown in figure 8.1. Baf,; has a very high
melting point and holds a stuffed tymite (hexagonal) structure with lattice paranrs a =
10.449 A and ¢ = 8.793 A J2The hexagonal structures of BiO; were observed all
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Figure 8.1: XRD patterns of Bay.oAl.04Eu®0,Dy*002 prepared at different initiating

combustion temperatures.
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samples, and the JCDPS file no.17- 306 was usettoh the characteristic peaks. Although the
main peaks of the crystal structures were obseitvexee were some additional peaks which can
be attributed to unreacted Ba(Rp)e4H,O and AI(NQ)..9H,O precursors or other impurity
phases. Haiyeat al. [3] reported that, the presence of other phasesme of the precursors can
be attributed to the fact that the combustion wiaveot uniform and a portion of some of the
precursors might not react completely during thenlsostion process. The X-ray diffraction
spectra of the samples prepared at 500 —60§how more intense peaks than those prepared at
700 — 808C. This clearly illustrates that better crystalls@mples can also be obtained at lower
combustion temperatures.

Figure 8.2(a) shows the low and high resolution SEMges of BggAl04EW 01Dy 002
phosphor powder prepared at the initiating combosiemperature of 56CQ. In general, the
morphologies of the phosphors did not change saamifly with different initiating combustion
temperatures. The non- uniform and irregular shapgmrticles observed in figure 8.2(a) may
be attributed to the non-uniform distribution ofmgerature and mass flow in the combustion
flame [4].

prepared at 500°C .
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prepared at 500C.

The SEM image obtained at a higher resolution mashin figure 8.2(b). The morphology
shows the pores and small particles within thengr#that formed during the combustion process
due to the high pressure of gases escaping in #aginly process. The microstructure of
Bao.g7Al .04 EWP*0.01,Dy*0.02 particles reflects the inherent nature of the costibn process.

Al

Relative Intensity (au)

Au

T —T7T——T——7——
[} 1 2 3 4 5

Energy (KeV)
Figure 8.3: EDS spectrum of the BggAl ,04:Eu?"0,01,Dy**0.02 phosphor prepared at 508C.
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All the elements incorporated in the o.g7Al,04EUW 001 ,DY*0.0. phosphor prepared at t
initiating temperature of 50tC, are present as shown in the EDS specin figure 8.3. All the
phosphor powders were coated with gold to redueestbctron beam induced surface charg

The Dy*" and EG* concentrations were too low to be detected by |

The emission spectra of BaAl 04 Eu* 001Dy "0.02 prepared at different initiating combusti
temperature are shown in Figure 8.4(a). The broaé - green emission spectra can
attributed to the 46d" - 4f transition of EF* ions in the host matrix [5AIl the samples wer
excited with the 325 nm HEd laser. The phosphor sample prepared at thatingi temperatur
of 500°C showed much higher intensity compared to othempses. The broad emission spec
in all the samfes range from 350 to 650 nm. As shown in figur@). there is a peak at 450 1
with a shoulder at 500 nm fegome sampl¢. The 450nm peak tends to decrease as the initie
temperature increases and vanishes complfor the sample prepared at 88D. Yu et al. [3]
prepared SrAD,EW?* using the combustion method with initiating temperas of 40-1000
°C, and the optimum PL intensity wobserved at 60¢C.

— 0.04- / \ T &35 .62
:‘f B /500"(:\1

'E 0.03 / \

.E 0.02 / A~ \\

iE 1 /ﬁim'f\\k

400 500 600 700
Wavelength (nm}

Figure 8.4.a: PL emission spectra of lagoAl.O4Eu?00,Dy*002 phosphors powder

samples prepared at different initiating combustiontemperatures
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The shift to lower energy of the emission spectréha temperature increases as shown in fi
8.4(a), may be attributed to changes in trystal field around EU ions [6]. Aiziwa et al. [7]

proposed that the PL peak shift towards the lowergy side of the spectrum with an increas
temperature igttributed to an increase of the crystal fieldregte surrounding the F* centers
in BaAl,O,. Ravichandranet al. [5] accounted for different emission spectra obserire
BaAl,O, by assuming that there is ifferent distribution of E&" over the two cations sites. T
wavelength and intensity variations observed osdlsamples may be attributed to crystal {
effects on the 5d electrons states of* ions due to the variation of parameters sucl
compodgion, preparation temperature, et8]. Suli et al. [9] reported that different pha
compositionscan lead to chans in crystal field of the Eii ion and this habeen observed i

different excitation and emission spec

0.05
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0.04 - \\/
z ) 450 b
‘= 0.03 -
3
- " Ba
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Z 0.02-
c
g X
- 0.014
o
0.00 - ——/
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Figure 8.4.b: A Gaussian fit of the emission spectrum of Ey g7Al,04:Eu?*0.03,Dy*"0.02

phosphors prepared at an initiating temperature of50C °C.
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Penget al. [10] reported that the structure BaAl,O, compound haswvo different barium site
Ba (1) and Ba (2) positioned on 6¢ and 2a and d¢oatreld by nine oxygen ions with average-
O distances of 2.97 A for Ba(1) and 2.89 A for Ba¢espectively10]. Figure 8.4(b) shows tr
Gaussian fit performed on a sample with the maxinRimintensity, in order to account f
different Ba sites that can be occupied by th®* in the matrix. The data of the fitted emiss

spectra are shown in table 8.1.

Table 8.1 Fitting parameters of PL emission spectrum of 8 ¢7Al,04:Eu?*901,Dy**0.02

phosphors

TFeak Area Center Width IMeight

-
-
-
N
!
f
»
]
»
N
]
»
9
)

49034 300 33.03 993506

[ ]

The observed emission peaks that are symmetri®@taAad 50 nm are ascribed to the Ba |
and Ba (2) sites in the matrix when occupied b** ions, respectivelyThe 500 nm emissic
peak which is more intense and broader compardidet@d50 nm peak may be attributed to

energy transfer from the 450 nm to the 500 nm aongseak 11]. The 500 nm emission pein

the present work isnore intense and much broader than the peak atn#! and this is in
contrast with the results obtained by Pet al. [10] where the peak related to the Ba (1) site

broader and more intens8uriyamurthyet al. [12] reported that the bond length difference
Ba-O at Ba (1) and Ba (2) sitesay ausethe crystal field strength at one site to be steorijar

at theother site will result in the fference in emission intensities. Saktal. [8] reported the
main emission peak at 500 nm for B,O,:EL?*,Dy*" prepared by the floating zone techni
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Figure 8.5: The PL excitation and emission spectra ( BaggAl04sEu*y01Dy**0.02

phosphor powder prepared at an initiating combustim temperature of 50CC.

Figure 8.5 presents the Rixcitation and emission spectra of theyoAl-04EW 01Dy 002
phosphor prepared at an initiating temperature00 °C. The spectra wenecorded using th
Cary eclipse fluorescence spectrophotometer. Theadorband excitation spectrum

Bay oAl .04 EU 01, Dy 0.02With @ maximun peakat 310 nm is due to the crystal field splitti
of the Ed" in the d orbital [13];The emission spectrum is similar to the resultigare 8.4(a,

where the samples were excited with a 325 nm diaitgource
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Figure 8.6: Decay curves of Bgy7Al,04Eu"001,Dy*"0.0ophosphors prepared at different

initiating combustion temperatures.

The phosphorescence decay curves were obtainedrrbgiating the samples with a
monochromatized xenon lamp at an excitation waggltermf 320 nm. Figure 8.6 shows the
phosphorescence spectra of the phosphors prepéardidfeaent initiating temperatures. The
sample prepared at the initiating temperature®086hows a higher initial compared to the other

samples. The decay parameters for the fitting dagdisted in table 8.2.
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The different decay times observed for these phmspimay be attributed to the different
initiating combustion temperatures. The aftergloecaly times as shown in table 8.2 are
described as follows: Initial rapid decay, intermagel transitional and then long lasting
phosphorescence [15,16]. The initial rapid decaguis to the short survival time of an electron
in EL?*, the intermediate transitional decay might becéeture of E€ by a shallow trap energy
centre and the very long-lasting decay could bébated to the deep trap energy centre of Dy
[16].

Table 8.2: Decay parameters of curves of BaAl,04Eu?*y0,Dy*0.02 phosphors prepared

at different initiating combustion temperatures.

Phosphors 11 (Sec) 1> (sec) 13 (Sec)
Ba.g7Al 204 EU* 0 01,Dy* 002 (500°C) 0.2 11.0 44.3
Ba.g7Al 204 EU*(.01,Dy* 002 (600°C) 0.21 2.2 20.7
Bao.g7Al ;04 EU 001Dy 002 (700°C) 0.21 10.3 40.3
Bao.g7Al 204 Eu 001Dy 002 (800°C) 0.2 1.78 26.4

8.4. CONCLUSION

Bay.o7Al 04 EU* 0 0,DY* 002 phosphors were successfully prepared at differiitiating
temperatures using the combustion method. The XREewerformed and the results suggest
that phosphors with better crystallinity can bedueed even at a low initiating combustion
temperature. The blue-green emission attributetiecElf* ion when it occupies one of the two
available sites of Ba in BaAl-OsEW 01Dy *0.02 phosphors was observed. From a Gaussian
fit of the PL two peaks at 449 nm and 500 nm thataitributed to EU ions occupying the Ba

(1) and Ba (2) sites, respectively were identified.
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CHAPTER 9

THE EFFECT OF THE CONCENTRATION OF Eu 2" and Dy*" in Sr1.,Al,04Eu®,,
Sr1,Al,04:Eu?* 04, Dy*", and S Al ,04:Eu?*y,Dy* 04 PHOSPHORS PREPARED BY
COMBUSTION METHOD

9.1. INTRODUCTION

In this chapter the main objective is to invesegtite effects of the concentration of’Eand
Dy** ions in the host matrix. The combustion synthesit Sr.Al,OsEW",Sh.
AlLOLEW 04Dy, and St Al,04:EU,,Dy**o 04 Was carried out by varying the concentrations
of the dopant and the co-dopant. The preparatiooguiures for these phosphors were illustrated
using a flow diagram in chapter 5. The photolumiees and phosphorescent properties of the
phosphor were investigated using a 325 nm He-Cdr |&#ted with a SPEX 1870 0.5 m
spectrometer and a photomultiplier detector) an@Gaay Eclipse UV-Vis spectrophotometer
equipped with a monochromatized xenon lamp (32%Rraitation wavelength).The PL data was

collected in air at room temperature.

9.2. RESULTS AND DISCUSSIONS

To study the effect of concentration of the lumieg ions (E&") and the co — activator ions
(Dy*" it is essential that the preparation conditionshsas the temperature and the preparation
time should be kept same. The PL excitation spettrecorded with a monochromatized xenon
lamp, is shown in figure 9.1. The typical absomtgpectrum is attributed to the transition from
the 4f ground state to the excited stat&4ff of the EG* ion [1]. The spectrum consists of two

excitation bands at 340 and 375 nm.
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Figure 9.1: PL excitation spectrum recorded using monochromatied light from xenon

lamp.

Figure 9.2 shows the PL emission spectra «.Al,OsEW" (x = 0.015, 0.02, 0.03, 0.04 a
0.45). The PL intensity increased with concertrafrom 1.5- 3 mol % of EG* and drops at 4 —
4.5 mol % of EG". The drop in the PL intensity at 4 mol% of?* can be attributed t
concentration quenching effects. The critical qimemg concentration of E** in SrQ;AlLO5:ELP*
was observed at 3.6 m&b by Wanget al. [2]. The highest Plintensity was observ: for the
Sro.07AIL, 04 EW 0 03 (i.e. EGF* = 3 mol %) spectrui, with the dominantmissionband at’520 nm
and minor emissions lineg &15 and 690 nm. The emission at 520 nm can biwgd to
4f°5d—4f"(®S;)) transition of E** and the line emissions are associated with ra@i’Do-F; (]
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= 1,0,3,4) transitions arising from residual®*Eions which have been reported to be always
present in trace amounts [3,4] in the host matiixshould be noted that the green emission from
the E* singly doped SrAlD, was fluorescent, i.e. emission stopped immediatélgn the UV

excitation was cut off.

0.04

.2t
520 nm Srl_XAIZO 4 Eu

0.03+

0.024

Xl= 0.015

PL Intensity (arb. units)

0.014

' ' I I |
400 500 600 700

Wavelength (nm)

Figure 9.2: PL emission spectra of SrAl04:Eu?* with different concentrations of Etf*.

Figure 9.3 shows the emission spectra ef8r04ELf o0, Dy*" with the concentration of Bl

being kept constant at 4 mol% while varying theasmration of Dy from 1 to 4 mol%. The
optimum PL intensity was observed when the coneéintr of Dy"* was 1.5 mol%, with a broad
emission spectrum peaking at 525 nm. The minimuensity was observed at 4 mol% of Dy

and similar results were reported [3]
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Figure 9.3: PL emission spectra of S;,Al,04Eu®*y0s DY**, (z = 0.01, 0.02, 0.03 and 0.(

Figure 9.4 shows the Plspectra of Sr£0,; co-doped with Eff and Dy* ions. The
concentration of Eif was varied from — 4 mol% and that of DY was maintained at 4 mol%
An intense stable green phosphorescence attrittatthe 4f5d" — 4f'(®S;,,) transition of E2*
was observed at ~528 nm from all the powders. Memissiol lines from residual E** were
presentat 590, 615 and 685 nm. The highest PL intensith wrolonged phosphorescence \
observed from the powder -doped with 2 mol% of EU and 4 mol% of D* (i.e.
So.04Al 04 EP 0.0 DY*"0.00), and thelowestintensity, probably due to concentration quench

was observed from the powder-doped with equal concentrations of’Eand Dy**, i.e. 4mol%

each (S5.92Al,04:ELF*0,.04DY>0.00).
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Figure 9.4: PL emission spectra of Sp.g6. Al 204 Eu®"y,Dy**004(y = 0.01, 0.02, 0.03 and 0.0

A snapshot of the §5:A1,04EU**0 02Dy 004 powder, with prolonged green phosphorescel

taken after the UV excitation was removed,shown in figure9.5. The phosphorescence las

for several minutes. It is obvious from the PL d#tat Dy** ions play an important role

prolonging and increasing tigeeer phosphorescence of Sp@lL:EUW** phosphcs.
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Figure .9.5: A snapshot of SgeAl 04 Eu?*y.02Dy**0.04 Showing persistent green

phosphorescence
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Figure 9.6: Decay curves of combustion synthesize¥o g6, Al04Euy, Dy**004 (y = 0.01
and 0.02) phosphors.
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The decay characteristics ofOSJ_yAI204:Eu2+, Dy**0.04 (y = 0.01 and 0.02) phosphors are
shown in figure 9.6. The data were collected usingonochromatized xenon lamp. The decay
curves of both phosphors are characterized by éialinapid decay followed by long lasting
phosphorescence in the same as reported in r&fs Tée decay parameters for the fitting data
are listed in table 9.1. The decay times of thgs®i,04EW* 002Dy 004 Were slightly longer
than Sg.95A1,04:EUW*0.01,Dy**0.04

Table: 9.1: Decay parameters of the phosphors

Phosphors 11 (Sec) 1> (sec) 13 (Sec)
Sro.9sAl:04:EU0.01,Dy* 0,04 0.3 2.6 23
Sro.96Al204:EU 002Dy 0.04 0.6 5.1 30

9.3. CONCLUSION

ShALOLEW,, SiosAl204EW 004Dy, and Sg.es.,Al204:EL,,Dy**0.04 phosphor powders
with different concentrations of Bl and Dy* were successfully synthesized using the
combustion method. The SAILOLEW,,Dy* 004 and St,Al;04:EWF 0 0,Dy*", phosphors
showed persistent phosphorescence at 525 nm andnBR8espectively. In the case of
SrAlLO4EU, an intense green fluorescence was observed anB2®r 3 mol% E&" doping..

All the emissions observed at 520 nm (@4 ,04:ELF), 528 nm (Syes,Al 04 ELF*y,Dy**0.00)
and 525 nm (Ss-Al-0sEW 0 04,Dy*",) were attributed to transitions of Euion from the
4f°5d" exited state to the 41®S;,) ground state. The co-dopant Pyn the host material is
responsible for deep traps in the energy band Gagse traps are in a form of hole — trapping
levels and when the excitation source is removeareélaxation of these secondary ions from the
deep traps is very slow and this process is redpensor the long persistence of these

phosphors.
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CHAPTER 10

RED-EMMITTING SrAl ,0,:Eu** PHOSPHORS PREPARED BY A SOL-
GEL PROCESS

10.1. INTRODUCTION

Recent studies have shown that aluminates ¢RAIM = Sr, Ca or Ba) are getting more
recognition as promising host matrices for rardkeactivators to prepare long afterglow
phosphors that could be used in a variety of agptios in the lighting industry. Because of their
chemical stability, high quantum efficiency and domfterglow luminescence, rare-earths
activated aluminate phosphors are seen as pogatbl® replacement for traditional sulphide-
based phosphors [1] in the lighting industry. Greenl blue SrAO,.EW!,Dy** [1-8] and
CaALOLEW*,Dy*[2,9] long afterglow phosphors respectively haverbsynthesized using a
variety of methods including solid state reactibr8], combustion [4,10], floating zone [2,7] and
sol-gel [5,6,9]. In both phosphors, emission isitatted to a 5d- 4f transition in EG* while Dy**

is an auxiliary_-activator that acts as a trap for charge carrieogeg) and this process accounts
for the long-afterglow characteristics of the phosphorsnc8i these phosphors are not
radioactive, they can be used in luminous paintiches and clocks [2,4,6]. In this study, an
intense orange-to-red emission was observed frofi iBua singly activated SraD, matrix
prepared by a sol process. Although this emissias aufficiently intense to be detected in
normal laboratory lighting, it did not show longexfylow and it is possible that co-activation
with Dy** or other rare-earth activators can lead to mudbhter orange-red emission and
persistent afterglow, and the study to this effech progress. Since SrA,like other already
studied oxide-based host matrices fof'Esuch as yttrium oxide (Ds) and gadolinium oxide
[Gd,O3] is reported to be chemically stable, its potdnaa a red emitting phosphor is

demonstrated in this study.
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10.2. EXPERIMENTAL
SrAlLOLEU** was prepared by dissolving 2g of strontium acetgtirate (Sr(CIgCOZ)Z% H,0)

and 2 g of aluminium isopropoxide (Al(i-QB7)s in 50 mL of distilled water and 50 mL of
mono-glycol ethyl-ether (§1,00,) and the two mixtures were vigorously stirring2&tand 96C
respectively. X g of europium oxide or £ ( where X = mass of EQ3; weighed for 0.5, 1 or
1.5 mol% Ed" doping) dissolved in 10 mL of 0.6 M nitric acid \is) was added to the
strontium acetate solution and the mixture wasestifor 30 minutes. The solution of aluminium
isopropoxide was then added drop wise to the Ssitution and the mixture was stirred for 1
hour at room temperature. To prevent undesirateeipitation of AI(OH)}, 10 ml of glycerol
(C3HgOs3) was added drop wise to the solution while stgrinrhe solution was dried in an oven
at 60 — 75C for 14 hours to remove unwanted volatile ions alst to convert the resulting sol
to a gel. The gel was further dried in the ove@GA°C for 24 hours. The dried gel was ground
to get a fine powder which was later annealed iiraiLl 006C for 4 hours. The schematic flow

diagram for the synthesis of Sp@l,;:EL** phosphors by sol-gel method is shown in figurel 10.
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Figure 10.1:Flow diagram of the synthesis of SrA0.4:Eu** phosphors by sc-gel method.

10.2.1. CHARACTERIZATION

The crystalline structure, particle morphology asttemi@l composition of the powder we
analyzed using a Siemensr¥y Diffractometer (model D5000) with Cug atA = 1.5418 A and
a Shimadzu Superscan SS8O system for scanning electron microscopy (SEMipled with
energy dispersive X-ragpectroscog (EDS). A 325 nm Hé&d laser fitted with a SPEX 18
0.5 m spectrometeand a photomultiplier detector was used to collglebtoluminescenc

emission data in air at room temperati

10.3 RESULTS AND DISSCUSIONS

Figure 10.1 shows the ¥y diffraction (XRD) ptterns of Ed" doped SrAIO, powder. The
structure compares very well with a monoclinic ghag SrA,0O, (JPCDS file no. 3-0379) and
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is similar to structures reported in the literat{e5,8,10]. Two phases have been reported for
SrAlL,O4, namely a high temperature hexagonal phgs@hése) and a low temperature
monoclinic phaseofphase). The transition from the low temperaturenoatinic to hexagonal
phase occurs a650°C [4,11,12].

310
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20 30 40 50 60 70
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Figure 10.2 XRD spectrum of SrAbO4:Eu®" powder calcined at 1008C.

A hexagonal SrA0, phase was observed in samples prepared at 8002C1510,11]. In this
study, SrAJO..EU®" samples were prepared and dried at relatively temperatures but were
annealed at a high temperature of TOdor four hours. Pengt al. [6] have used the
combustion method to prepared SB:EW, Dy** at 500C and annealed some of the samples
at 1100C for 2 hours and they observed stablghase (monoclinic) from both annealed and as

prepared samples.

Figure 10.3 shows the SEM image of SB¢Eu*" powder annealed at 100 The powder
consists of highly agglomerated nano-sized rodk @it average edge thickness of 27 nm. The
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EDS data in figurel8.confirms the presence of all the elements (A4nd Sr) together with tr
adventitious carbon. Ell ions were not detected probably due to their nedhfi low

concentration (0.51-5 mol%) in the Sr/,04 matrix.

AccY Piobe Mag WD D=t I | lum
500KV 2.0 ® 24000 10 SE

Figure 10.4: SEM image of SrA,04Eu®" powder calcined at 1008C
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Figure 10.4: EDS spectrum of SrAI04:Eu®* powder calcined at 1006C.

Figure 10.5 (a) shows PL emission spectra for diffemolar concentrations of Etin SrALOs.
The intensity was high for 1.5 mol% Ewoping. It is known that the characteristic entssi
lines in Ed* ion involve transitions from the singly degenereteited®D, level to the crystal-
field-split 'F; (J = 0,1,2,3,4,5,6) sublevels of thé dfectronic configuration [13,14]. Although
the EJ* optical transitions were not determined in thisdgt the emission lines observed in
figure 10.4 can be assigned®®y— 'F1, °Do— 'F», °Do— 'F3 and®Dy— 'F4 transitions based on
the literature [15-18]. Prominent emission linesuténg from the’Do— 'F, 4 transitions are at
620 nm and 700 nm respectively. Figure 10.5(b)vsha simplified energy level diagram for
these transitions. The Euransitions observed in SrA, are similar to those observed in other
hostmatrices such as,®¥; and GdO; as reported in the literature [15-19]. This okiagon is

in agreement with the reported practical insensytiof the absorption and emission spectra of
the EJ" ion to different host crystals [14]. It shouldwever be noted that the emission lines

and intensities are sensitive to crystallographigienment of the sites in which Euion is
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accommodated [15]. Because of this, the’'Eion can be used to probe crystallographic
symmetries of host lattices. For example, monacl®dd,O3 provides three differents sites
whereas cubic G€; provides two sites§ andC,) for EU** occupation [20]. Thus, Etiions
show different emission lines and intensities ie tiwo different GgOs; crystal structures.
Actually, differences in the PL emission lines amignsities for cubic versus monoclinic crystal
lattices have been reported for fiber single cigdtes], thin films [20] and nanocrystallites [16].
The Ed* transitions for monoclinic SraD, host lattice observed in figure 4 resemble those
observed from monoclinic G&; [15-18]. Prominent emission lines fi, - 'F» 4 transitions
were observed in monoclinic @ and it has been reported that they originate fforned
electric dipole transitions of the Euion occupying G sites where there is a lack of inversion
symmetry [18]. Similar effects are most likely pessible for the prominent emission lines of
Eu®" at 620 nm and 700 nm in monoclinic 1@} where Ed" is expected to readily occupy
Sr** as is the case in other reported Sr-containingesys [21]. Although the emission peak at
700 nm {Do— 'Fs) is lower in intensity than that at 620 nfiD§— 'F,) for 1.5 mol% Ed"
doping, it appears to be at a comparatively high&nsity than other similar and widely
reported peaks observed in(4 and/or GgOs; hosts. This observation further confirms the
sensitivity of the E% ion to different crystallographic symmetries. Ipoactical application, red
emission resulting from th&Dy— 'F» hypersensitive forced electric-dipole transitien ised.
The PL data for 1.5 mol% Elin SrALO, suggest a need for more studies to elucidate @n ho
to improve the weakly forced electric dipol®o— ‘Fs transition for future consideration in

lighting industry.
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Fig 10.5.b:simplified energy level showing possible transitionin Eu**.
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10.4. CONCLUSION

Red emitting SrAI04EUW** (EU** = 0.5, 1 or 1.5 mol %) phosphors were synthesimidg a sol-
gel process. The structure, morphology and photimlascent properties were analyzed using
scanning electron microscopy, x-ray diffraction @825 nm He-Cd laser respectively. SO
was shown to grow as agglomerated nanorod-likagbestwith an average edge thickness of
~27 nm. The SrAD, nanorods were found to crystallize as a metastablgoclinic phase when
annealed at a temperature of 1D@or four hours. Prominent red photoluminescesméssion
peaks from EU ion at 620 nm and 700 nm due to a hypersensitiveetl electric dipole

°Dy— 'F, and a weak forced electric dipdB, — 'F4 transition respectively ,were reported.
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Chapter 11

SUMMARY AND CONCLUSION

CONCLUSIONS

In this study the luminescent and structural progerof the alkaline earth aluminate phosphors
prepared by solid state reaction, combustion ahgedanethods are discussed. The Solid state
and Sol-gel methods require much longer time (@$) for preparation of the phosphors. The
annealing processes in both methods are performeerg high temperatures (1000 - 13tm)

and require a lot of energy. Furthermore in ordereduce EXf to Eff* toxic gases such as;N

and H must be introduced during the annealing process.

The combustion method is more efficient because phesphors of high efficiency were
obtained at low temperatures (500 — 630 in a very short period of time (5 min). The’Ewas

obtained by adding a small amount of urea to théure during synthesis.
In this study the following were investigated:

The Optical properties of Sr&D,Eu**,Dy*" phosphors prepared by solid state reaction method
(1), the effect of crystal field changes and distor of the host matrix prepared at an initiating
combustion temperature of 580 (2), the effects of the initiating combustion fEeratures ( 500

- 800 °C) in CaAbOsEW" Dy*, BaALO,EW" Dy**and SrAJO.EW! Dy** phosphors (3),
SrAl,O, doped with different concentrations of Dyand EG" ions (4) and SrAD4EU (EU* =

0.5, 1 or 1.5 mol%) annealed in air at 1800 (5). The luminescent properties of the phosphors
were determined by a 325 nm He-Cd laser and a Ecliyse fluorescence spectrophotometer.

SrAlLO4Eu*,Dy*" phosphors were successfully synthesized by thié stite reaction method at
different annealing temperatures (1000 — 120Din a reducing atmosphere of &hd 25% of
H,. The broad emission bands at 497 nm confirmtti@teducing atmosphere was sufficient to
reduce the EU ions to EG' ions. The long afterglow displayed by the S@EW Dy**
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phosphors, may be attributed to the®*Djons acting as the hole trap levels, which play an
important role in prolonging the lifetime of lumsmence. The main diffraction peaks of the

monoclinic structure of SrAD, were observed in all the samples.

The effect of the crystal field changes and digtarin different hosts were investigated. The
CaALOLEW" Dy*", BaALOsEW",Dy*" and SrAO.EW?",Dy*" phosphors were synthesized at
an initiating combustion temperature of 5@ The low temperature monoclinic structure for
both CaAbO, and SrAbO, and the hexagonal structure of Bg®{ were observed. The broad
band emission spectra observed at 449 nm, (450with-a shoulder peak at 500nm ) and 528
nm for CaApO,EW" Dy*", BaALOsEUW” Dy**and  SrAJO.EW* Dy** respectively, are
attributed to the distortions experienced in thetHattice when EU ions substitute the sites of
the cations. The monoclinic crystal structures @hliCaAbO, and SrA}O4 are more appropriate
in creating the traps, and this is directly relatedhe long afterglow phenomena. However the
hexagonal structure of Baf&d, can only produce shallow traps.

The luminescent properties of ¢Sl 04 EW0.0,Dy* 0,02 Cao.o7yAl204:EWF 0.0.DY* 002 and
Bayo.07/Al204:ELF 0.0, DY**0.02 phosphors prepared at different initiating comiomstemperatures
(500 — 800°C) were investigated.. The optimum PL intensigrevobserved at an initiating
combustion temperature of B for both  S§eAl0sEW 00Dy 002  and
Bayo.97yAl 204:ELF 0,01, DY *0.02. FOr Cao.97Al 204:EUF 0,01, Dy* 0,02 the optimum intensity illustrated
by a sample prepared at an imitating combustiorpézaiure of 600C. The broad emission
spectra for these phosphors can be attributedetdréimsition of the Eii ions from the excited
state 4%5d" to the ground state 4fThe long afterglow observed in all the samples atributed
to deep electron traps due to the*Digns incorporated in the host matrix.

ShxALOLEWY, Sk AlLOLEW00sDY*", and StyAlOzEW,,Dy** 004 phosphors powders
doped with different concentrations of£uand Dy" were prepared by the combustion method.
In the case of SrADLEUW (x = 1.5- 4.5 mol% of EXl), an intense green fluorescence was
observed from 3 mol% Etidoping concentration at 520 nm. The.@4,04:EL*,,Dy**0.04 and
Sr,AlLOLEW 0 04 DY*, phosphors showed the broad emission spectra anB28nd 528 nm
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respectively. The maximum PL intensity for1$<klzo4:Eu2+y,Dy3+o,o4 (y = 1- 4 mol % was
illustrated by a phosphor doped with 2 mol % of'Band in the case of S)AI,O4sEW o 04Dy,
(z = 1- 4 mol% ) the optimum intensity was obserae1.5 mol% of DY/ concentration.

Red emitting SrAI0.EU" (EU** = 0.5, 1 or 1.5 mol %) phosphors were synthesiming a sol-
gel process. The structure, morphology and photimlescence properties were analyzed using
scanning electron microscopy, x-ray diffraction @825 nm He-Cd laser respectively. Sy
was shown to grow as agglomerated nanorod-likagbestwith an average edge thickness of
~27 nm. The SrAD, nanorods were found to crystallize as a metastabl@oclinic phase when
annealed at a temperature of 16Q0for four hours. Prominent red photoluminescesmgssion
peaks from Etf ion at 620 nm and 700 nm due to a hypersensitiveel electric dipole
°Dy— 'F, and a weak forced electric dipolB, - 'F4 transition, respectively were observed. The
maximum PL intensity was shown by a sample withradd % doping concentration of the £u

ions.
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FUTURE PROSPECTS

The alkaline earth aluminate (MA4EW?*, Dy*") (M= Ca, Sr, Ba) phosphors are well known
luminescent materials emitting in the visible regiwhen doped with suitable activators. Many
researchers have proposed different phosphorescereshanisms for the alkaline earth
aluminate phosphors and the discrepancy on the aneshs still require further investigations.
To further investigate the effects concentratiothef RE* (Dy**) ions on the emission peak and
the traps leading to phosphorescence.

The TEM analysis on the phosphors prepared atrdifteinitiating combustion temperatures
must be done in order to determine the particleessand the diffraction patterns in order to
compare them with the XRD results obtained. It feamd that XRD structure of Sr4D, show
some impurity phase, therefore it is importantpiove the synthesis technique. In addition PL
emission spectra of Sri&D,:EL?*,Dy** prepared at different temperatures showed somssemi
lines that are related &y therefore it is important to establish the @oamount of urea, that

will create a reducing atmosphere in order toucedEd* completely.

To further investigate the phase transition of ZDAlfrom the low temperature structure
(monoclinic) to the higher temperature structurexg@gonal), and its influence on the optical
properties of the phosphors.
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