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Abstract

This review article is intended to show feasibility of solution combustion process for the synthesis of rare-earth activated insulating materials
at low temperature (350-50Q) and in a very short time (<5 min). Thus, this review starts with combustion synthesis followed by luminescent
properties of combustion synthesized tricolour lamp phosphors. Major focuses in red phosphors are effect of calcinations and of impurities on
luminescence of Eti activated red phosphors. In the®Eactivated blue phosphor section, effect of activator concentraticii)Eund concen-
tration of BaO in BaGbAl,Os are studied. In the case of green phosphors, co-doping?f Eg* and TB* in LaMgAl,,0, is investigated.
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1. Introduction There has been an increasing interest in rare-earth phos-

phors since 1980 as evidenced from the number of inter-
Phosphor materials find wide applications ranging from national conferences hel@—8], technical report§9—24]
fluorescent lamp to luminescence immunoagddyThese  and reviewg25-35]published. Phosphors activated by rare
materials essentially convert one type of energy into visible earth ions exhibit some peculiarities. In the energy level di-
radiation and hence, phosphor materials are called opticalagram of the rare-earth, luminescence processes often cor-
transducer. They are generally crystalline in nature. Since, respond to electronic transitions within the incompletely
the theme of this review article is focused on lamp phos- filled 4f shell, which is extensively shielded from host lat-
phors, we will be concentrating on phosphor materials usedtice [2]. Consequently, these phosphors have narrow band
in tricolour lamp. In the fluorescent lamp, phosphor materials spectra which are to a great extent independent of the na-
convert UV radiation into visible radiation. Lamp phosphors ture of the host lattice. Because of the low interaction with
are mostly white in colour and they should not absorb the the crystal field, luminescence quantum yield of phosphors
visible radiation. activated with rare earths is often high compared to other
Fluorescent lamp is made of glass tube sealed with two phosphors. Quenching occurs only at higher temperatures or
ends in which noble gas and Hg vapour are present in higher activator concentrations. Europium (Il and 1ll) and
400 and 0.8 Pa pressure, respectivilly. About 11.5mg  terbium are of interest as activators for getting tricolour lamp
of Hg is used in fluorescent lamp of diameter 30 mm. In phosphors.
the electric discharge Hg atoms are excited to higher en-
ergy levels. When they return to ground state it emits 85%
254 nm wave length, 12% 185nm and 3% in the visible 2. Synthesis of lamp phosphors
radiation. Phosphor materials coated inside the tube es-
sentially convert 254 and 185nm wavelengths into visi- 2.1. Conventional solid state method
ble radiation. Thickness of phosphor materials coated in-
side the tube is in the order of 20—gfn. Since phosphors The fluorescent lamps are coated with phosphor by using
have direct contact with Hg, potential phosphors such as a suspension of phosphor powder particles. A lamp phosphor
ZnS can not be used because of reaction between Hg ands, therefore, needed as a powder. The luminescent activator
ZnS. Therefore, oxides are used as the hosts for fluorescentoncentration is of the order of 1-3% (atom percent). There-
lamps. fore, high quality starting materials and a clean production
There are three types of fluorescent lamps available cur-process are prerequisite for obtaining luminescent materials
rently and these are halophosphate lamp, tricolour lamp andwith a high efficiency.
special de luxe lamf2]. Among them, tricolour lamp phos- Because of refractory nature of alumina and rare-earth
phors form a special group. The tricolour lamp phosphors oxides, conventional synthesis of lamp phosphors requires
are 60 wt.% %Oz:EL®*, 30wt.% CeMgAL1019:Th%* and temperature greater than 100D. Thus, corresponding metal
10wt.% BaMgAhoO17:EL?*, where, EG*, EW?* and TB* oxides/carbonates are ground well and heated >100The
are activators. In the case of green, non-radiative energy,mechanism of solid state reactions is diffuse control reac-
transfer goes directly from Gé&to Tb®* and hence, lot of  tion and hence, repeated grinding and repeated heating are
cerium and terbium oxides are required. Therefore, this greenrequired[36—44] The controlled atmosphere is necessary to
phosphor has been replaced by other two green phosphorsmaster the valence of the activator (for examplé'eu ELY)
viz. (La,Ce)PQ:Th3" and (Ce,Gd)MgBO10: Tb3*. In these and the stoichiometry of the host lattice. Therefore, doping
newly developed phosphors, ¥'is activated via energy mi-  1-3% of activator in oxide host has been delicate. For exam-
gration in the C&" and Gd* sublattice, respectively. Thus, ple, preparation of TH activated CeMgAl1019 green phos-
concentration of terbium oxide is reduced and hence, cost ofphor has been achieved from a mixture op@§, MgCQOs;,
the phosphor is improvef8]. Because of improved lumen CeQ and ThyO7 at 1500°C, 5h with small quantities of
output and greater radiation stability of tricolour lamp phos- MgF; or AlF3 as a crystallizing agerf1].
phors over conventional lamp phosphor (linear fluorescent), Limitations in synthesis of lamp phosphors by conven-
diameter of the fluorescent lamp could be reduced to 10 mmtional solid state method.
from 38 mm. This innovation results in Hi-Tech compact flu- Preparation of single phase compound is difficult by the
orescent lamps with various sizes and shapes. conventional solid state method. Hence, doping a low con-



centration (of the order of 1-3%) of activator has always zero because of its conversion to molecular nitrogen during
beendelicate. Thus, the limitations of conventional solid state combustion. Accordingly, the oxidizing (O) and reducing
method are (F) valencies for M(N@)3 and oxalyl dihydrazide can be

1. Inhomogeneity of the product. calculated as follows.

2. Formation of large particles with low surface area and M(NO3)3
hence, mechanical particle size reduction is required, 1)1 =3+
which introduces impurity and defects. 90=18-

3. Presence of defects, which are harmful to luminescence. 3y =

The problem of inhomogeneity could be mitigated by the

use of non-conventional methods (wet-chemical).
where, M =Y, Gd, La, Al, Th, Ce.
2.2. Wet-chemical methods Oxalyl dihydrazide, GHgN4O2(ODH)
2C=8+

Wet-chemical techniques are now available for simple ox- 6H =6+
ide phosphor synthesis such asEactivated %Oz red phos- 20=4-
phor. These techniqudd5,46] are defined as techniques 4N=0
which do not comprise of the normal mixing, calcinations
and grinding operations. Wet-chemical methods such as co-10+
precipitation[47], sol-gel[48,49], hydrotherma[50], evap- The oxidizing and reducing valencies of metal nitrates
orative decompositiofb1], reverse micellaj52,53], surface and fuels used in the combustion synthesis of oxide phos-
modifier [54] etc. have been employed to synthesize rare- phors are summarized ifable 1 Thus, the stoichiometry
earth activated lamp phosphors. These wet-chemical meth-for the preparation of LsOz where Ln=Y, La and Gd from
ods dope rare earth activators uniformly. But, calcination is Ln(NO3)3:0DH becomes 1:1.5.
required to get crystalline (required) phosphors. However,  The preparation of ytrria using yttrium nitrate and oxalyl
to my knowledge, wet-chemical techniques are not avail- dihydrazide (ODH) redox mixture is described below as a
able for the synthesis of complex oxide phosphors (blue andrepresentative of all phosphors.
green phosphors). Therefore, we would like to emphasise  Yitrium nitrate (11.493g, 0.03mol) and oxalyl dihy-
importance of solution combustion process, for the synthe- drazide (5.314 g, 0.045 mol) were dissolved in a minimum
sis of both simple and complex oxide phosphors. In the fol- amount of water in a pyrex dish (100 ma50 mm). The
lowing section, we deal with solution combustion synthe- pyrex dish was introducted into a muffle furnate 28 cm,
sis and luminescent properties of rare-earth activated lampp=17 cm anch=7 cm) maintained at 40CC. The solution

phosphors. boils, foams and ignites to burn with flame to yield volu-
minous, foamy yttria. Flame temperature measured by an
2.3. Combustion method optical pyrometer was 140@ + 100°C. The entire com-

bustion process lasted for about 5 min. The combustion pro-
Combustion metho{b5,56] is yet another wet-chemical  cess is self-propagating i.e., once ignited it goes to comple-
method which does not require further calcinations and re- tion without the supply of additional heat from an external
peated heating. This method was accidentally discovered insource.
1988 in Prof. Patil's lab in India. It is an exothermic reac-
tion and occurs with the evolution of heat and light. Such
a high temperature leads to formation and crystallization of

phosphor materials. Table 1
For any combustion, fuel and oxidizer are required. When oOxidizing and reducing valencies of metal nitrates and fuels

the mixture of fuel and oxidizer are ignited, combustion Compound Oxidizing/Reducing
takes place. For the combustion synthesis of oxides, metal valency
nitrates are used as oxidizer, and fuels employed are hy'M(N03)2 10—
drazine based compounds or urea or glycine. StoichiometricmM(NO3); 15—
compositions of metal nitrates and fuels are calculated basedv(NO3)4 20—
upon propellant chemistry. Thus, heat of combustion is NHaNOs 2=
maximum for O/F ratio J55]. Based on the concepts used g;ﬁbﬁx?;z?de (CH), GOy g:
in propellant ChemiStr}[SS], the elements C,H, V Bor Oxalyl dihydrazide (O'DH), GHGN4O; 10+
any other metal are considered as reducing elements with3-methyl Pyrazole 5-One (3MP50) s8N0 20+
valencies 4+, 1+, 5+, 3+ (or valency of the metal ion in that Diformyl hydrazine (DFH), GHsN20; 8+
compound), respectively and oxygen is an oxidizer having Lf_"\‘ZV'gCOOb 12:

4 3

the valency of 2. The valency of nitrogen is taken as



3. Red phosphors
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Activator used for red phosphor is Eu(4f6) and the
commonly used hosts are®3;, G 03, YVO4 and LnBQG,
Ln=La,Gdand Y.

(c)

3.1. Combustion synthesis of Ewactivated oxide red
phosphorg57]

Intensity (arb. units)

For the combustion synthesis of these phosphors, the ap-
propriate metal nitrate, europium nitrate and fuel, either ODH
or urea were used. When ODH was used as the fuel, the com-
bustion was flaming and the flame temperature measured us- L
ing optical pyrometer was about 1400+ 100°C. But, com-
bustion behaviour was smouldering (without flame) when
urea was employed in the combustion process. Theoreticalrig. 2. Powder XRD patterns of combustion prepared LgBODH pro-
equation assuming complete combustion may be written for cess) (a) Ln=Y, (b) Ln=La and (c) Ln = Gd, where * monoclinic G430
Ew* activated %Os red phosphor using ODH as the fuel as

1 1
15 25 35 45 55

20 (degrees)

follows. fore, ammonium meta vanadate served as reducer and hence,
completely decomposable ammonium nitrate was used as ox-
2 — xY(NO3)3 + xEU(NG3)3 + 3CoHgN4O2(ODH) idizer. Formation of borate and vanadate by combustion may

— Y»_,Eu,O3(s) + by products be represented by the following reactions.

(red phosphor) 2LNn(NO3)3 4+ 3CoHgN4O» — Ln,0s(s) + by product

_ (ODH)

wherex=0.05.
Fig. 1shows powder XRD of Ett doped Y,03 red phos- ALn(N

. ) + 3C4HgN20 — 2Ln203(s) + by product

phor synthesized by ODH and urea methods. It is clear that (NOs)s (§M.§502) 205(s) +byp

ODH process shows very sharp powder XRD pattern and urea

process exhibits very broad powder XRD peaks. Therefore, 2H3BO3z — B203(s) + 3H20(g)

by changing the fuel one can control particulate properties

(Specific surface areas =22 and 13gnfor urea and ODH 2NHzVO3 + 3NH4NO3 — V20s(s) + by product

processes). The products formed LiD3, B»03, V205 further re-

) ) ) act to give corresponding metal borates and metal vana-
3.2. Combustion synthesis of #activated borate and date.Fig. 2 shows the powder XRD patterns of as-prepared
vanadate red phosphofSg] LnBO3(Ln=La, GdandY) (ODH fuel). Itreveals that except
for GABQ;s, other borates are single phase crystalline com-
i 'pounds. Thermal evolution of GdBQvas carried out using
aqueous solution of Ln(N§)s, HsBOz and ODHwas heated .\ yder XRD.Fig. 3shows the powder XRD patterns of as-
at 400°C in air. Boric acid is a neutral compound and 0 nareq and calcined GdBQt indicates that single phase
hence, neither extra ammonium nitrate nor fuel was required. GdBO; could be obtained by calcining it at 90G for 1 h. As-

Whereas, ammonium meta vanadate was used as source faf, . ,aq YVO; (3-methyl-pyrazole-5-one, £EigN,03MP50
vanadium in the vanadate red phosphor preparation. There'process) was X-ray amorphous which on heating at*€50

for 1 h showed crystalline phas€&i¢. 4. The amorphous
yttrium vanadate could be crystallized to single phase mate-
rial at 650°C compared to >100CC required in the ceramic
method[59]. The low calcinations temperature required to
form the desired phase may be attributed to the formation of
fine and reactive ¥O3 and \bOs powders in the combustion
process.

For the combustion synthesis of borate red phosphors

Intensity (arb. units)

3.3. Precursor method for the synthesis of oxide red
phosphor

1 1 1
25 35 45 55
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Euw?* activated red phosphor was also synthesized from
Fig. 1. Powder XRD patterns of combustion synthesize®¥EW** (a) redox compound/fuel rich cpmpou.n.d or in other Wo.rd%
urea process, and (b) ODH process. valency of the compound is positive and hence, it is
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Fig. 3. Powder XRD patterns of GABEW" (a) as-prepared, (b) 70C,
and (c) 900 C, where * monoclinic GdB@.

Intensity (arb. units)
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Fig. 4. Powder XRD of heat treated at 68D YVO4:Eu?* red phosphor
(3MP50 process).

called fuel containing Eif and Y*. EW* and Y3*
form the following compounds with hydrazine carboxy-
late ligand (MNH3COON:H5), Y(N2H3COO)-3H,O and
Eu(N2H3COO)-3H,0. Powder XRD patternsF{g. 5 of
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Fig. 5. Powder XRD patterns of Y@3COOQO)-3H,O and Eu(NH3
COO}-3H,0.

these complexes are very similar to each other and hence,
these complexes form solid solution when treated*End

Y3* salts with hydrazine carboxylates. Thus, Yttrium (lI1)
chloride and europium (lll) chloride were treated with hy-
drazine carboxylate, M3COONHs at room temperature.
This reaction yields yttrium europium hydrazine carboxylate
precursor, (¥.975EW.025(N2H3COO)-3H,0. This com-
pound was decomposed in air in the temperature range
600-1000C to get red phosphor. Or the redox compound
was mixed with calculated amount of either ammonium ni-
trate or ammonium perchlorate and was rapidly heated at
300°C to get EG* doped red phosphd80].

3.4. Luminescent properties of red phosphors

3.4.1. Ed* activated oxide red phosphors

Y203 has two different crystallographic sites J@nd
Sg) for Y3* ion [61]. C, and S sites are present in 3:1
ratio. Therefore, EX has equal probability of occupying
C and S site. EG* occupying G site shows characteristic
red-orange emissionF{g. 6) at 611 nm. This emission at
611 nm is due to electric dipole transition. It is very sharp
and looks like atomic emission. This characteristic emission
band is attributed to the electric dipole transiti®bg — 'F»
of the EZ* ions [62]. Other transitions of Eif are also
seen in the fluorescent spectra but these are very weak. This
is usually observed if the product is homogeneous, which

Intensity (arb. units)

WUl

540 620 700

Wavelength (nm)

Fig. 6. Emission spectrum of 1YosEug 0sO3 (ODH process). Excitation
wave length was 254 nm.
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Fig. 7. Excitation spectrum of YosEup 0503 (ODH process) when the emis-

sion wave length was 611 nm. Fig. 8. (A) Effectof calcination on luminescence of®¥3 EU** Gd,O3:EU®*

red phosphors. (a) ODH process, (b) urea process, and (c) from hydrazine
carboxylate complex. (B) GDs:Ew?* (ODH process).

favour strong energy transfer fromg 30 G, [11]. Fig. 7 3.4.3. Effect of impurity ions on luminescence of Eu
shows excitation spectrum of 203:El**. It shows very activated red phosphors

broad beak and this peak falls in the region of 254nm. This  |mpurity ions such as G4, Mg?*, zn?*, Cé**, zr**, G+
excitation peak is due to charge transfer from oxygen to (~2.5 mol%) were doped in 03:EW** to study their influ-
europium (I11) ion. Similarly, ES" activated GdOs was also  ence on the luminescence of£uThe position of emission
prepared by solution combustion method using gadolinum ayelengths of ¥Os:Ew3* is not affected by the addition of
nitrate, europium nitrate and oxalyl dihydrazide/urea. Fluo- jmpurity ions. But, the emission intensity is influenced by the
rescent spectrum of G@3:Eu** was very similar to that of  addition of the impurity ions. This indicates that environment

Y205:EW. around Ed" is notinfluenced by the addition of impurity ions.
Table 2summarizes relative emission intensity ofEwith

3.4.2. Effect of calcinations on luminescence o}'Eu different impurity ions. Addition of divalent metal ions en-

red phosphors hances the emission intensity, whereas tetravalent metal ions

Combustion synthesized red phosphors (ODH process,decrease the emission intensity. However, trivalent metal ions
urea process and precursor method) were calcined at differ-do not alter the emission intensity significantly.
ent temperature in order to know the effect of calcinations ~ Since doping of calcia shows appreciable effect, detailed
on their luminescent properties. Calcination does not affect studies on calcia doped,®03:EU** were carried outFig. 9
the position of emission wavelengths of all combustion syn- shows the fluorescence spectra of calcia doped and undoped
thesized red phosphors. It indicates thafEenvironment  Y203:EL®* red phosphors. Calcia dope¢®s:Eu®* shows
is not affected by calcination&ig. 8illustrates the effect of ~ 10-fold increase in emission intensity. The enhanced emis-
calcinations on emission intensity (611 nm) osQs:Euet sion intensity of E&* by the addition of C& may be at-
and Ga0s:Eu* red phosphors. For all the fluorescent ex- tributed to reduction of interstitial oxygee3] (interstitial
periments, the excitation wave length was kept as 254 nm.
Y ,03:Eu** (ODH process) phosphor shows a slightincrease T@ble2 ,
in emission intensity whereas,®3:Eu3* (urea process and ~ Eect of impurity ions on luminescence of B
precursor process) and %:Eu&r (ODH process) red phos- Phosphor, Y 9oMo.05EU0.0503 Relative emission intensity of 611 nm

phors exhibit remarkable increase in emission intensity. The - 35
increase in emission intensity is observed in the temperatureca22++ 450
range 500-800C. But, beyond 1000C, calcination does ;"r% ggg
not alter the emission intensity significantly. The increase g+ 31
in emission intensity of the combustion synthesized these [ a3+ 33
red phosphors on calcinations may be attributed to improved Ce* 26

. 4
crystalline. zr 28
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Fig. 11. Plot of calcium content and emission intensity of
- Y 1.05-xCaEy 0503 red phosphor.
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\/‘J y 3.4.4. Luminescent properties of Ewactivated borate

540 ! 6'20 ! 200 red phosphors
The borates of the lighter rare earths (lanthanum to

Wavelength (nm) neodymium) possess the aragonite structure: orthorhombic
with Pnam as the space gro{®]. The lanthanum, occu-
pying the 4c crystallographic position, has a Cs point site
symmetry. The borates of the heavier rare earths (samarium
to luetetium) have the vaterite structure with an octahedrally
coordinated and 12-coordinated sites foPLions in the ra-
tio 2:1, respectively. For the 12-coordinated site, six oxygen
neighbours are at shorter distances while the other six oxy-
gens are at longer distances 3Eaccupies at the rare-earth
ion site and exhibits different luminescent properties.

Fig. 12 shows the fluorescence spectra ofEdoped
LnBO;3 (Ln=La, Gd and Y). It shows characteristic red
orange emission. The emission spectrum of LafEDe*
consists of two bands at 615 and 595 nm and these bands
are attributed t®Dg— ‘F» and °Dg— ‘F; transition of
9-coordinated E¥f ions, respectively. But, there are three
bands at 625, 610 and 595 nm observed for G¢BG®* and
YBO3:Eu** phosphors. The band at 595 nm is attributed to
magnetic dipol®Dg — ’F1 transition of E*, whereas the
bands at 625 nm and 610 nm are attributed to electric dipole
5Dy — F» transition for 12 and 8 coordinated Euions,
respectively. Since electric dipole transiti®o — ‘F» de-
pends upon the structure, there are two bands observed for
different coordinated BXf in GdBOs:EW®t and YBO;:EWP™.

Fig. 9. Fluorescence spectra of CaO doped and undopegCé,Os:EL*
red phosphor (ay=0 and (b)x=0.05.Aexc= 254 nm.

oxygen absorbs part of the excitation radiation and exhibits
no emission). Calcia content was increased in the formula,
Y 1.95-xCaEUp 0503 in order to investigate its effect on the
luminescent properties of Bl Typical powder XRD pat-
terns of as prepared¥s_xCaEuy 0503 phosphorsX=0.5
andx=0.75) are shown ifrig. 10 It can be seen that up to
x=0.5, formation of single phase is observed. ker0.75,
presence of CaO is also observedy. 11shows the plot of
calcium content versus relative emission intensity. It reveals
that emission intensity is more at the initial calcia addition.
Further addition of calcia increases the relative emission in-
tensity slightly up tox=0.5. Beyond the value of=0.5,
drop in emission intensity is seen in the plot. The decrease in
emission intensity may be attributed to the formation of non-
luminescent calcia or less luminescence ot ‘Ebped CaO.
The presence of calcia was confirmed by the powder XRD
pattern of as-prepared phosphéig. 10. Thus, expensive
yttrium could be substituted by inexpensive calcium upto 25
mol% without affecting the luminescence of £u
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Fig. 10. Powder XRD patterns of as-preparachy xCaEuy 0503 red phos- Fig. 12. Fluorescence spectra ofactivated LnBQ:Eu3* red phosphor

phors (a)x=0.5 and (b)x=0.75 where * indicates CaO. (a) Ln=La; (b) Ln=Gd and (c) Ln =Y. Excitation wave length was 254 nm.



of YVO4:EW®* (619 nm) increases in the temperature range
400-600C. Then, itincreases moderately up to 1000and
remains almost unaffected beyond 10Q0 Improved crys-
tallanity may be responsible for the increase in the emission
intensity with calcinations temperature.

3.5. Blue phosphor&6]

The activator used for blue phosphor itEand the com-
monly used hosts are BaMga17, BaMgpAl 16027 and
Bay.64A112018.64

3.5.1. Combustion synthesis of%wactivated blue
phosphors
Eu?* doped barium based compounds were prepared by

K’\ rapidly heating an aqueous concentrated solution containing

stoichiometric amounts of metal nitrates and a fuel (carbohy-
drazide or diformyl hydrazine or urea) at 400/5@ The-
oretical equation for the formation of BaMgg_Qng:Eu2+
and 0.64Ba@Al,03:EL?* from M(NOs),» (M = Baand Mg),

Fig. 13. Fluorescence spectra of ¥uactivated YVQ red phosphor M(NO3)s (M =Aland Eu) and urea at 50@, assuming com-
(3MP50 process). Excitation wave length was 254 nm. plete combustion, may be written as

Relative Intensity (arb. units)

L I I I I
570 590 610 630 650 670

Wavelength (nm)

0.64 — xBa(N Eu(N 12AI(NO
3.4.5. Luminescent properties of Euactivated *Ba(NGy)z + xEUNCy)s + (NO2)s

vanadate red phosphors +23.3CHsN4O(CH)
Yttrium vanadate is a tetragonal crystal structure having B EuAl 150 by product
the ZrSiQ; structure and the space group is 141/g8]. In ~ 80‘64_(ﬁ|ue)5hoslpzhorl)8’64(s) oYP

this structure the vanadium atoms are tetrahedrally coordi-

nated with oxygen atoms, while yttrium ions are surrounded
by eight oxygen neighbours arranged in the form of two dis- 1 — ¥Ba(NOs)2 + xEu(NGs)3 + Mg(NOs); + 10AI(NOs)3

torted tetrahedral. EXi occupies at eight-coordinated®Y 128.33CH;N,0(urea)
site in YVOsq.
Fluorescence spectrum ofp¥sEug 0sVO4 is shown in — Bay_Eu:MgAIl10017(s) +by products

Fig. 13 It shows emissions at 595, 611, 615 and 619 nm. (blue phosphor)

7
The bands at 611, 615 and 619nm result fromp > ’F; Formation of blue phosphors was confirmed by powder

transition for EG* ion. The crystal field splitting of théF, XRD. Fig. 15shows the powder XRD patterns of Eudoped
level can lead to five distinguishable states, and the transi-

tion at 611, 615 and 619 nm differ in regard to the particu-
lar ’F, state on which they terminaf83]. The emission at
595nm is due t@Dg > ‘Fy transition as reportedrig. 14
shows the plot of relative emission intensity of Yy@u**

as a function of calcinations temperature. Emission intensity

(b)

~
o
T

8 &
T T
Intensity (arb. units)

(a)

Relative intensity
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o &~
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Fig. 14. Plot of relative emission intensity of YMEEW* as a function of Fig. 15. Powder XRD patterns of EudopedxBaO6Al,03, (a) x=0.64;
calcinations temperature. (b) x=0.82; (c)x=1.00 and (dx=1.3, where * BaAJO4.



xBa0O.6AL03, x=0.64-1.3. It is observed that hexa alumi-
nate having barium content lower than 0.82 does not show any
additional XRD. Whemx > 0.82, additional peaks correspond-
ing to those of BaAlO,4 are noticed. Quantity of BaAD, b
increases with increase of the barium content in barium hexa
aluminate. According to Kimura and coworkd6¥], coex-
istence of two phases (barium poor and barium rich) was
indicated by the splitting in (107) reflections, whereas ac-
cording to Smets et d68] splittings of (0 0 1) reflections are
more diagnostic indicators of the phase multiplicity. There-
fore, selected reflections were recorded under slow scanning
mode for high resolution. No splitting was observed in any
one of these reflections for the as-prepared as well as calcined
(1300°C) phosphor. These results indicate that the phosphors
obtained by the combustion process are monophasic nonsto-
ichiometric hexa aluminate.

3.5.2. Luminescent properties of £uactivator blue
phosphors

Both BaMgAkoO17 and BaAl,O19 are structurally
related to hexagonal beta-alumina, Ngf&;; [69,70]
Beta-alumina is built out of spinel blocks separated by an
intermediate layer, which accommodates two large ioris Na
and &~ per spinel blocks. In this structure when all Na
ions are replaced by B& and AP* ions are replaced by
Mg?* in the spinel blocks maintaining charge balance to
obtain BaMgALgO17. But, to get BaAl2019 75% of the | 1 |

sodium ions are randomly replaced by?Band 25% by
O?~ in beta-alumina NaAkO17. EL?* occupies at barium 380 440 500 560

site to exhibit blue emission.
velength (nm
Presence of EAl was confirmed by fluorescence Wavele g ( )

o + .
spectra. Emission spectra of as-prepared*Eactivated Fig. 16. Emisssion spectra of Eu activated (a) BaMgAkOs7, (b)
BaMgAl10017, BaM@Al 16027 and Ba 64Al 12018 64 Show BaMgpAl 1607 and () Ba 4Al 12018 64blue phosphors (urea process). Ex-
characteristic blue emission at 450, 450 and 435 nm, respec-itation wave length was 254 nm.

tively (Fig. 16). The concentration of Ei in BaMgAl10017
was optimised in order to obtain maximum UV stabil-
ity with minimum concentration quenching. The phosphors
with activator concentration ranging from 2 to 20 mol%
were prepared by the combustion of corresponding meta

nitrates and urea at 50C. The as-prepared phosphors _ . -
. . doped barium aluminate (Baf®4) shows emission band
showed single phase crystalline nature. The room tem- ) i . .
ge p y at 505nm [71]. This observation is confirmed by the

perature fluorescence spectra of all the phosphors were

recorded under the same condition by exciting at 254 nm EB)OVX\(IjeOr XRDh Ft')g' .13’ .Wr?'Ch ShOV,V_S theSpresencle ,Of
and the relative emission intensity was monitored. It S&/1204 In the barium rich compositions. Since solution

revealed that relative emission intensity increased with c;)nlpustlontprp(lzesz myolvefaé%n:lcklevell homotggnglty of
increasing activator concentration. Above the 16 mol% starting matenals, doping o akes piace at barium

activator concentration, sudden drop in relative emission S't? in both barium hexa aluminate and barium aluminate
intensity was observed and it is probably due to concen- spinel.

tration quenching. Hence, 16 mol% was found to be the

optimum concentration of activator for maximum emission 3.6. Green phosphoi32]

intensity.

Fig. 17 shows emission spectra of #u doped Th3* is commonly used as activator for the green emis-
xBa0.6AbO; (0.64<x>1.3). All the phosphors show sion. The oxide host employed for b green emis-
characteristic emission in blue region (435-462nm). This sion is (La,Ce)MgAl1019. Other possible green phos-
emission band is attributed to Bu4f65d— 4f7 transition.  phors for fluorescent lamps are (Ce,Gd)M@Bo: Th** and
It is noticed that with increase in barium content the (La,Ce)PQ:Tb3*.

Intensity (arb.units)

emission band shifts towards longer wavelength. The shift
in emission band towards longer wavelength at higher
Ibarium concentration may be attributed to formation of
Ew’* doped BaAjOy4. It has been reported that Eu
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Fig. 19. Emission spectrum of (a) (b.8Ce.02)MgAI11019, (b)
(Lap.98Cen.02)MQAI 11019:Th3*. Excitation wave length was 254 nm.

Intensity (arb. units)

1— xCe(NQ)3 4 xTh(NO3)3 + Mg(NO3), + 11AI(NO3)5
+3167CHiN,O(urea)

— Ce;_,Th,MgAl11019(s) +by product
(green phosphor)

(b)

(a)

Fig. 18shows the powder XRD pattern of LaMgAD1 g,
which reveals single phase crystalline nature. This observa-
tion is notable because conventional ceramic synthesis of
Fig. 17. Emission spectra of ElidopedxBa0.6AL0s (a) x=0.64; (b) LaMgA|11019. requires elevateq temperature (>140) and
x=0.82; (c)x=1.0 and (dx=1.3. Excitation wave length was 254 nm. always contains AiO3 as 'mpurltY[Sg]'

T T
340 440 540 600
Wavelength (nm)

3.6.2. Luminescent properties offbactivated green
phosphors
phosphor LaMgAl;11019 is having a true magnetoplumbite-like
Th3* activated (La,Ce)MgAhOig green phosphor was strycture simil_ar to hexagonal rare-earth aIumina[ﬂ—ﬁ;._
This structure is related to the structure of the betal-aluminas.

obtained by rapidly heating an aqueous concentrated so- X > X X
lution containing stoichiometric amounts of metal ni- It consists of spinel blocks separated by an intermediate layer

trates (La(NQ@)s, Ce(NQy)s, Th(NO3)s, Mg(NOs),) and _containing three oxygen, one_rare—earth, and one aluminium
urea/diformyl hydrazine redox mixture at 500. The stoi- 10" Per spinel blocks. The Mg ions are accommodated into
chiometric composition of the redox mixtures for the combus- the sp!ne.l blocks as in BaMgAdO7. ) )

tion was calculated using the total oxidizing (O) and reducing  EMission  spectrum  of -~ combustion  synthesized
(F) valencies. Thus, M(N§):urea (1:1.66), M(N@)z:urea  (L0.08C€.02MgAl11019 shows a broad band at 3;10 nm
(1:2.5), M(NOs)2:DFH (1:1.25) and M(N@)s:DFH (1:1.88)  (Fig. 19). The emission of & is due to 485d— 2F;

redox compositions were used for combustion. Theoretical (With 1=5/2 and 7/2) transition. Addition of ™ in
equation assuming complete combustion can be written as(L0.98Ce.0JMgAI 11019 resulted in emissions at 480
follows. and 543nm in addition to G& emission Fig. 1%). The

Th3* emissions, which arise due to energy transfer from
Ce*, are attributed to°D3 — 'F5 and °D4 — ‘F5 transi-
tions. In order to minimize the ultraviolet €& emission
(340 nm), TB* concentration was increased in the formula,
(Lag.gg_x ThxCep.02)MgAl 11010. Fig. 20illustrates the effect

of terbium concentration on the luminescence ofCand
Tb3* in LaMgAl11019 when the excitation wavelength
was 254nm. With the increase in ¥'b concentration,
emission intensity of T increases at the expense of
Ce** emission intensity. This observation may be attributed
to increased availability of T for absorbing the C¥

3.6.1. Combustion synthesis offTtactivated green

Intensity (a.u.)

| |

! |
20 25 %0 3% 40 45 emission. The T# emission intensity increases up to

d . .
20 (degrees) x=0.35 and beyond the value £ 0.35, there is a drop in

Fig. 18. Powder XRD pattern of (kasCe sTby s9MgAl110;0 (ureapro-  €MIssion intensity of T%T._ But, ultraviolet cé emission
cess). continues to decrease with increasing®Tizoncentration.



Table 3
Luminescent properties of LaMgAlO1:Ce3*, T3 E2*

Phosphors

Emission wavelengjtmm

EW* cet Th3*
LaMgAl;1019:Ce* (10) - 349(738) -
LaMgAl;1019:EL?* (5) 442(714)
LaMgAl;1019:CE* (10), EE* (5) 442(1277) 351(320) -
LaMgAl;1019:Th3* (8), EL* (5) 441(310) - 542(202)
LaMgAl;1019:C€* (10), TB** (8), EW* (5) 437(615) 354(68) 542(457)

# Excitation wavelength = 254 nm; Parentheses = Intensity.

T
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1500
[

Relative intensity

750

0.0 0.2 0.4 0.6
Conc. of Tb

Fig. 20. Plot of emission intensities of &eand TH* with concentration of
Th3* in (Lag.os_x ThxCep.02)MgAl 11019 green phosphors(t) Th3* emis-
sion, @) Ce** emission.

The decrease in emission intensity of3Tk{x>0.35) may
be attributed to concentration quenchifdg. 21 shows the
plot of cerium concentration versus emission intensities
of Ce* and TB" in (Lage3-xTho.3sCe)MgAl11010. It
reveals that with increase in &e concentration, T%
emission also increases, whereas*‘Cemission intensity
decreases. For the value »f 0.3, emission intensity of
Tb3* remains unchanged. But, emission intensity of‘Ce
decreases. Therefore, maximum®Tiemission is observed
for (Lag.15Cey.5Thp.35iMgAl 11019 green phosphor. Substi-
tution of La®* by G&* in the green phosphor does not affect
the luminescence of Pb. But, substitution of L&" by Sn#*
quenched T#" emission.

4800 - 480
S 1
= =
g 3200 —320 2
2 2
£ 3 ]l =
Qo )
2 =
T 1600 160 ®
i) [}
o o

0 1 1 1 1 1 0
0.0 041 0.2 0.3 0.4 0.5 0.6

Conc. of Ce

Fig. 21. Plot of emission intensities of &eand T with concentration of
Cé3+ in (L80_63_XC6KTb0_35)MgA| 11019 green phosphor.

Since LaMgAL1019 can also be a host for Bty investi-
gations were carried out to study the effect of simultaneous
doping of Cé*, Th®* and E#* in LaMgAl11019. The lumi-
nescence properties of these ions are summariZeahle 3
The results indicate that the addition ofCenhances B
emission with adecrease in emission intensity cfCé/here
as the addition of TH decreases the Bliemission intensity.
Hence, E&* can also be used as a sensitizer fof ThUnlike
Ce**, EW?* sensitizer does not emit in the ultraviolet region.
However, TB* emission intensity is greater when €ds
used as a sensitizer. The increase in th& Emission may
be due to non-radiative energy transfer fronfCe EWZ*.
Co-doping of all the activators resulted in emission at 437
(EW?Y), 354 (C€"), and 490 and 542 nm (Pb).

4. Conclusions

Rare earth doped lamp phosphors obtained by versatile
solution combustion process are single phase in nature ex-
cept GOz EL?*, GABOs:Eu*™ and YVO:EL?*. The for-
mation of homogeneous single phase lamp phosphors not
only demonstrates the capability of the combustion process
in the atomic level doping of impurity ions in the host lattices
but also confirms the highly exothermic nature of combus-
tion. The major advantages of the combustion process are
improvement in processing time, energy saving and the fine
particle nature of the combustion products.
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