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Cay»ZrO;:xEu** (x = 0.05) phosphors have been prepared by using the low temperature solution combustion synthesis. The prepared nano
phospors are well characterized by powder X-ray diffraction, scanning electron microscopy, Fourier infrared spectroscopy and transmission
electron spectroscopy. PXRD results showed orthorhombic phase and SEM images showed porous agglomerated morphology. Influence

reasons for the variation of photoluminescence with nitridation are discussed.

| of nitridation on structural and photoluminescence properties of the phosphor were investigated for wide range of nitridation time. The |
| photoluminescence (PL) intensity was found to vary with nitridation with small shift in the photoluminescence emission peaks. The probable |
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INTRODUCTION

White LEDs, owing to their excellent properties like bright-
ness, durability, energy efficiency, eco-friendly, etc. have emerged
as the new generation clean and energy saving technology in
solid-state lighting devices. However, white light obtained by
the combination of three distinct LEDs has major disadvantage
of high production costs. Research on novel white LEDs comb-
ining suitable light emitting phosphors has therefore gained
momentum [1]. Commercial WLEDs currently use blue-
emitting GaN chip combined with yellow emitting YAG-doped
Ce’* phosphor [2]. However, because of lack of red component,
these LEDs suffer low colour rendering index (RA < 80) and
high correlated colour temperature (CCT > 6000 K). Develop-
ment of novel efficient red phosphors with broad excitation band,
which can produce high quality warm white-light emission
LEDs, is therefore an area of current research interest.

In this context, rare earth (RE) doped with inorganic phosphor
hosts having excellent red emissions have been vastly explored.
Xiao et al. [3] have demonstrated enhanced red emission of
Eu** doped ZnO phosphor compared to undoped phosphor. Role
of Sm* activator in enhancing the photoluminescence of red
light emitting phosphors, Sr.CeO,4 and Sr3Sc(PO,); has been
reported by Monika et al. [4] and Ma & Liu [5]. Efficient red
phosphors with Pr’* as luminophore has also has been reported
[6,7]. Despite several reported studies, Eu** still continues to be
an extensively researched activator for red phosphors [8].

Eu’* doped red phosphors exhibit intense emission band at
~600 nm via the °Dy — F, transition [9]. However, commercial
application of these phosphors are limited owing to poor
excitation of °Dy — "F, transition by the near ultraviolet LEDs
and low colour purity due to broad emission band resulting
from 4f-5d transitions [10]. Red phosphors also have problems
associated with low brightness and chemical instability. Lumi-
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nescent properties of doped phosphors depend on host crystal
lattice structure and chemical environment of the dopant.

In recent years, nitride-based red phosphors, due to high
thermal and chemical stability and interesting photolumine-
scence properties have received considerable attention. Nitrogen
ions when compared to oxygen ions, show larger covalency
and exhibit nephelauxetic effect. The resulting stable structure
with lager crystal field splitting leads to significant red-shifted
luminescence [11].

The charge transfer band of Eu**~N*"is expected to match
NUV-LED chips due to the big covalency of N*~ ions, indi-
cating that Eu* ions can easily obtain the electron from the
N* ions. Hoppe et al. [12] have reported significant red-shift
in the excitation and emission of Eu®* in Ba,SisNs, resulting in
orange emission colour. Thermal quenching characteristic of
the nitride phosphor was better compared to conventional oxide
phosphors in CaAlSiN;:Eu** [13]. Improved photolumine-
scence and after-glow with high reflectance by NHj; treated
CaTiOs:Pr’* was attributed to decreased concentration of oxygen
excesses and lattice strain relaxation [14]. Nitride phosphors
with significant red shift luminescence, high conversion effici-
ency and better thermal quenching characteristics are very suit-
able as down-conversion materials in WLEDs. Kate ef al. [15]
observed higher absorption and emission energy with increase
in Si/N ratio in Eu** doped nitridosilicates. Increase in Si/N
ratio increases N by Si coordination number leading to less
negative effective charge on N atom and increase in bandgap.
This results in reduced covalency of Eu-N bonds, weak nephel-
auxetic effect and reduction of crystal field splitting of the 5d-
levels [15].

Oxide-based phosphors such as Y>Os, Dy>Os, Z1rO,, CaAl,Os,
CaTiOs;, CaSiO:;, etc. due to their excellent thermal and chemical
stability, ease of synthesis and non-hazardous nature have
emerged as a preferred choice in WLEDs. Many inorganic hosts
have been extensively studied for their luminescent properties
[16-18]. Calcium zirconate (CaZrOs), with high chemical and
thermal stability, is a potential material for futuristic LED
applications. Few researchers have explored the luminescence
behaviour of trivalent lanthanide ions such as Eu**, Er**, Tm®,
Tb*, Gd*" and Sm’* in CaZrOs [19,20]. Photoluminescence
behaviour of Eu** doped CaZrO; has been discussed in our
earlier studies [19]. Influence of nitridation on the lumine-
scence behaviour of Eu** doped CaZrO; is not been reported.
The present study reports the influence of nitridation on struc-
tural and photoluminescence behaviour of CaZrO;:Eu** nano-
phosphors.

EXPERIMENTAL

The precursors used in this work for reactions were of
analytical grade (Merck Ltd.) and no further purification process
was carried out whatsoever. The reactants used were calcium
nitrate (Ca(NO;),-6H,0, 99.99%), zirconium nitrate (ZrONOs),-
xH,0, 99.99%), europium oxide (Eu,Os, 99%), glycine (C;HsNO,,
99%), nitric acid and ammonia.

In the present study, nano CaZrOs: Eu was synthesized
with different nitrogen doping concentrations. Firstly, synthesis
of CayesZrO;: Eug s was carried out by adopting a simple solution
combustion route. Stoichiometrically calculated amounts of

calcium nitrate and zirconium nitrate was added into a crystall-
ization dish and 20 mL distilled water was used to dissolve the
contents in the dish until a transparent solution was obtained.
Calculated amount of europium oxide is converted to its nitrate
form. Further the quantity of fuel (in this case glycine) was cal-
culated in terms of a ratio of fuel to oxidizer based on the oxid-
izing and reducing valencies. The calculated amount of glycine
was then added to the solution and fully dissolved. The dish
was then placed inside a muffle furnace, which was preheated
to a temperature of about 500 = 10 °C. The mixture initially
undergone dehydration at that temperature. It then was observed
to begin with small ignitions by the fuel and immediately result
in a flame throughout the dish. Once the flames ceases and
the combustion was complete, then fluffy white products of
CaZrO; were obtained and then calcined for 3 h at 700 °C.
The material wass further processed to undergo nitridation in
a nitridation chamber at elevated temperatures with ammonia
to obtain nitrogen doping in CaZrOs. The variation in the diff-
erent set of CaZrO; doped with nitrogen is defined with respect
to the subjected time of exposure CaZrOs in the nitridation
chamber (0, 20, 40, 60, 80 and 100 min).

Characterizations: X-ray diffraction (XRD) studies were
performed for the powder samples using a Shimadzu 7000
diffractometer with A = 1.54 nm using CuKo.. Fourier transform
infrared (FTIR) spectroscopy studies for the same samples
were recorded using a Perkin-Elmer Rx 1 instrument. Imaging
for this work was carried out by Scanning electron microscopy
technique using a JEOL (JSM-840A) setup. CaZrOs being an
insulating material is required to be coated with gold for the
purpose of electron micrography. Analysis based on transmission
electron microscopy was done using micrographs obtained from
a Hitachi H-8100 (LaB6 filament, accelerating voltage up to
200 kV). Photoluminescence (PL) studies was carried out with
a Jobin-Yvon Spectro fluorimeter (Fluorolog-3), which uses a
xenon lamp (450 W) as an excitation source.

RESULTS AND DISCUSSION

XRD analysis: XRD patterns of the calcined samples
were recorded post nitridation and are shown Fig. 1. The graphs
of all the samples exhibit a clear orthorhombic phase as
observed and can be indexed with the JCPDS card No. 35-
0790. A pure phase of CaZrO; observed from the diffraction
patterns with no impurities. The doping of Eu* can be
substituted in two possible cation sites based on the percentage
acceptable ionic radius calculations where Eu** occupied the
Ca position [19]. There exists no change in the crystal struc-
ture however, the patterns show a negligible amount of shift
in the peaks of the samples, which could be due to the different
N-doping concentrations, a similar observation is made by
Sethi et al. [20]. In the highest concentration of N doping,
there exists an additional peak at ~ 29°, this result is similar to
Cole et al. [21], where it also discussed as an additional peak
being present in higher N concentration doping.

FTIR analysis: Fourier transform infrared spectra (Fig. 2)
was used to analyze the purity and phase formation. A sharp
stretching band at ~ 545 cm™ is observed, which is a charact-
eristic band of CaZrO;. The peak at ~ 3462 cm™ corresponds
to the adsorbed water, this is a common observation in the nano-
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Fig. 1. PXRD patterns of CaZrOs:xEu** (x = 0.05) with different nitridation

time

materials produced by solution combustion synthesis method.
Peaks at ~1400 and ~1115 cm™ were observed as sharp and
can be attributed to CO5 stretching, These carbon traces maybe
due to glycine (organic fuel) post combustion process. The
spectra clearly show that no significant absorption variation was
observed due to doping of Eu** as well as N.

SEM analysis: Images from the scanning electron micro-
scopy (SEM) for samples of CaZrO; are shown in Fig. 3. The
micrographs exhibit flakey agglomerations seen to be highly
porous as formed. This formation in the material is to be attri-
bute to the method of the synthesis adopted in this work. The
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Fig. 2. FTIR patterns of CaZrOs:xEu** (x = 0.05) with different nitridation
time
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gases exited the solution mixture post combustion leaves the
highly porous morphology to the synthesized CaZrO:s. It has
also been reported in majority of the literature on combustion
synthesis that this is a common occurrence in the products of
this route. The agglomerations observed in this work happen
due to the high temperatures aiding sintering of particles and
hence resulting in agglomerations. In addition, there was sudden
changes in temperatures as the ignition begins reaching a high
maximum and quickly ends in a short duration and a decrease
in temperature was observed. This is also responsible for the
obtained agglomerated mass morphology observed.
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Fig. 3. SEM images of CaZrO;:xEu™ (x = 0.05) with different magnification
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TEM analysis: Transmission electron microscopy (TEM)
and high-resolution TEM (HRTEM) is performed to be able
to accurately determine the particle size distribution in the as-
formed CaZrOs. The image shown in the Fig. 4 exhibits that
the average particle size was ~ 40 nm clearly exhibiting that
the material falls under the nano regime. It also showed the
agglomerated formations of particles owing to the method of
preparation adopted.

Fig. 4. TEM image of CaZrOs:xEu** (x = 0.05)

Photoluminescence emission spectra: The photolumine-
scence emission spectra for nitrogen doped CagosEugosZrO;
(N-doping = 0, 20, 40, 60, 80 and 100 min) upon excitated at
272 nm is shown in Fig. 5. Irrespective of the duration of
nitridation time all the samples exhibited a sharp and intense
peak centered at ~ 615 nm corresponding to characteristic
emission of Eu™. It can also be seen from Fig. 5 that in addition
to the band at 615 nm, a well resolved emission bands are also
seen at ~ 577, 594, 653 and 690 nm. These can be readily
indexed to the f-f transition of Eu** luminophore. The emission
peaks at 577, 594 and 653 were due to the transitions ’D,—"F,
*Dy—'F,, ’Dy—F;, respectively. Further, it should also be noted
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Fig. 5. Photoluminescence emission spectra of CaZrOs:xEu* (x = 0.05)
with different nitridation time

that no variation in the peak position is observed with varying
nitriding time studied. The intensity of the emission peaks were
observed to vary as the N-doping concentration changes. It is
also clear from the intensity variation plot (Fig. inset) that the
emission intensity increases with increase in N-doping time
until it reaches a maximum at T = 80 min. Further increase in
the time of N-doping was observed to result in the quenching
of the emission intensity.

Conclusion

In summary, Ca,ZrOs:xEu®* (x = 0.05) phosphors were
successfully prepared by solution combustion method. Powder
X-ray diffraction studies confirmed the phase purity and ortho-
rhombic crystal structure of the prepared phosphors. Scanning
electron micrographs revealed porous agglomerated morphology.
Transmission electron micrographs showed that the prepared
samples are in nano regime with particle size ~40-50 nm. The
influence of nitridation with varying time intervals showed
the effect on the photoluminescenc properties. The photolumi-
nescenc intensity was found to increase with the nitridation
upto 80 min and beyond which it decreases.
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