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Abstract 
 
The phosphors of high luminous intensity for flat panel display (FPD), 
compact fluorescent lamps (CFL) applications must have high purity, 
single phase uniform particle size and clean surfaces, though lot of 
work has been carried out on Y2O3:Eu3+ red nanophosphor, synthesis 
of nanophosphor with high purity, single phase uniform particle size 
still remains a challenge. This paper describes synthesis of Y2O3:Eu3+ 

and Y2-y-xAly O3:Eux
3+red nanophosphors by wet chemical and nitrate 

combustion method and discusses effect of sintering temperature on 
photoluminescent properties of Y2-y-xAly O3:Eux

3+in comparison with 
Y2O3:Eu3+. Photoluminescence characteristics of Y2O3:Eu3+ and Y2-y-

xAly O3:Eux
3+nanophosphors for maximal luminescence were 

investigated through emission spectroscopy, XRD, and scanning 
electron microscopy. 
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1. Introduction 
The phosphor Y2O3:Eu3+discovered several years ago is still considered as the best red 
oxide-phosphor because of its high luminescence intensity, atmospheric stability and 
the lack of hazardous constituents as opposed to sulphide phosphors. It is widely used 
in compact fluorescent lamps (CFL) and other display applications [1]. Phosphor 
particles must have a fine size, narrow size distribution, non aggregation, single phase 
and spherical morphology for good luminescent characteristic. The phosphor particles 
prepared by spray pyrolysis have the characteristics of spherical shape, fine size; 
narrow size distribution, non aggregation and single phase, while the particles prepared 



  M.A. Patwardhan et al  92

by solid state reaction and aqueous solution methods have irregular and agglomerated 
shapes. However, the spray pyrolysis has the crucial disadvantage of hollowness of the 
particles. The hollowness of the particles causes reduction in brightness and long term 
stability. To solve this problem flame spray pyrolysis was also developed to form the 
phosphor particles having dense morphology [2]. Hence phosphor particles with 
spherical shape and filled morphology have been desired for good luminescent 
properties along with good stability. Introduction of trace quantities of Al3+ and B3+ 

ions (added in oxide form) in Y2O3 host enhanced sensitivity due to changes in the 
field strength of the host [3]. Recent interest is concentrated on Y2O3:Yb3+, Er3+ for 
intense red (up-conversion) emission under 980 nm IR excitation [4]. Effect of metal 
carbonate fluxes on crystallinity, morphology, and photoluminescence characteristics 
of Y2O3:Eu3+ nanophosphor have been well studied [5]. In view of the high cost of 
Y2O3:Eu3+, a cheaper alternate to it, is desired. Phosphors that have high conductivity 
and good luminescence intensity in high voltage range are required for field emissive 
displays (FEDs). Therefore, one of the constituent of phosphor material has to be a 
metal such as Zn, Al, Gd etc [3, 6]. In this study quasi-spherical Y2-y-xAly O3:Eux

3+red 
phosphor particles with dense morphology have been prepared by combustion of 
nitrate mixtures at fairly low temperature 6000 C further post treated at 8000 C and 
10000 C. Its luminescent intensity was found to be increased than that of the same 
phosphor prepared by same procedure without Al and a comparative study of 
luminescence intensity under UV excitation is made. 

 
 

2. Experimental Details 
2.1 Synthesis of (Y1.96Eu0.04) O3 by Nitrate Combustion method 
Chemical decomposition by the action of heat is known as pyrolysis. While in 
combustion, the reaction products catch fire, in pyrolysis decomposition results in 
smoke and not fire. (Y1.96Eu0.04)O3 was synthesized by nitrate combustion method by 
adding 2.95 gm Y2O3 + 0.093 gm Eu2O3 to 200 ml doubled distilled water. The 
solution becomes milky white. This solution was heated with a magnetic stirrer at 800 

C. Nitric acid was added drop wise under constant stirring till transparent solution was 
obtained. Excess water & nitric acid was evaporated by heating the solution further at 
1000 C. A white precipitate of nitrates was obtained. This precipitate was mildly 
ground and 3.4031 gm glycin was added to it in order to make oxidizer to fuel ratio as 
unity and kept in alumina crucible before being introduced to a furnace preheated at 
6000 C. White foam like a volcanic eruption was formed. The sample was fast cooled 
by withdrawing the crucible from the furnace. This foam was crushed into a fine 
powder which was suspended in Acetone and further sonicated by ultrasonic sonicator 
for 70 min. The resulting solution had some suspended lighter particles along with 
sedimented larger particles at the bottom. These suspended lighter particles were 
collected and dried in oven and used for further characterization viz. XRD, SEM, PL 
spectra. 
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2.2 Synthesis of (Y1.92Al0.04Eu0.04) O3 by Nitrate Combustion method 
The nitrates of Y & Eu are obtained as discussed earlier. To this nitrate solution 0.2 gm 
Al (NO3)3 was added. A white precipitate of nitrates was obtained. This precipitate was 
mildly ground and 3.4031 gm glycin was added to it in order to make oxidizer to fuel 
ratio as unity and kept in alumina crucible before being introduced to a furnace 
preheated at 6000 C. White foam like a volcanic eruption was formed. The sample was 
fast cooled by withdrawing the crucible from the furnace. This foam was crushed into 
a fine powder which was suspended in Acetone and further sonicated by ultrasonic 
sonicator for 70 min. The resulting solution had some suspended lighter particles along 
with sedimented larger particles at the bottom. These suspended lighter particles were 
collected and dried in oven and post sintered at 6000 C, 8000 C and 10000 C for 2 hours. 
These particles were used for further characterization viz. XRD, SEM, PL spectra. 

 
2.3 Synthesis of (Y1.96Eu0.04) O3 by Wet precipitation method 
(Y1.96Eu0.04) O3 was synthesized by Wet precipitation method by adding 2.95 gm Y2O3 
+ 0.093 gm Eu2O3 to 200 ml doubled distilled water. The solution becomes milky 
white. This solution was heated with a magnetic stirrer at 80oC. Nitric acid was added 
drop wise under constant stirring till transparent solution was obtained. Liquid 
ammonia was added to the above transparent solution drop wise under constant stirring 
for 3 hours. Gel-like white precipitate of yttrium hydroxide was formed which was 
washed with de-ionized water & ethanol 3 to 4 times & dried in an oven at 1000 C for 
about 24 hours. This dried precipitate was crushed into a fine powder which was 
suspended in Acetone and further sonicated by ultrasonic sonicator for 70 min. The 
resulting solution had some suspended lighter particles along with sedimented larger 
particles at the bottom. These suspended lighter particles were collected and dried in 
oven which was used for further characterization viz. XRD, SEM, PL spectra. 

 
 

3. Results and Discussion 
It is known that yttrium occupies two crystallographic sites; 25% S6 symmetry and 
75% C2 symmetry as illustrated in Fig. 1. Europium atoms can occupy both 
crystallographic sites; when in the C2 site the lack of inversion centre allows electric 
dipole transition particularly the (5D0  7F2) responsible for the red emission at 613 
nm. On the contrary, magnetic and electric dipole transitions from the S6 site are 
forbidden by the selection rule. Addition of trace quantities of Al3+ (added in oxide 
form) in Y2O3 host was found to assist Eu3+in occupying C2 sites thereby increasing 
sensitivity for electric dipole transition 5D0  7F2. 

Fig. 2 shows the XRD patterns of Y1.92Al0.04O3:Eu0.04
3+ by nitrate combustion and 

sintered at 6000 C, 8000 C, 10000 C and Y1.96O3:Eu0.04
3+ by nitrate combustion and wet 

precipitation method respectively. For Y1.96O3:Eu0.04
3+ by wet precipitation method two 

peaks with h k l planes (420) and (332) are seen for 2θ to be 32.50 and 37.70 along with 
all other major diffraction peaks with [h k l] planes (222), (400), (440), (622) for 2θ to 
be 28.90, 33.60,48.40,57.40 which matches well with those of Y2O3 (JCPDS standard 
no.25-1200).  
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Fig. 1: Symmetry sites for the location of the rare earth atoms in Y2O3 
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Fig. 2: XRD of Y1.96Al0.04O3:Eu3+ by nitrate combustion and sintered at 6000 C, 8000 
C, 10000 C and Y1.96O3:Eu0.04

3+ by nitrate combustion and wet precipitation method. 
 
While the peaks with h k l planes (420) and (332) which are seen for 2θ to be 32.50 

and 37.70 are found to be absent from the diffraction pattern of the samples prepared by 
nitrate combustion. These observations confirm the strong homogeneity of dopant 
repartition in the mixed oxides for samples prepared by nitrate combustion as 
compared to that of Wet chemical method. Diffraction peaks become sharper because 
of better crystallization at higher sintering temperatures. No other crystalline forms 
were detected in the XRD pattern of the above samples indicating the formation of 
cubic phase. The crystallite size of each sample was calculated from the half width of 
(222) diffraction line of the sample using the Debye Scherrer equation d = 0.92{λ / 
(β1/2×cosθ)}, where d is the diameter of crystallite, λ the wavelength of X-ray, β1/2 the 
line width at half maximum in radians and θ the peak angle of the diffraction line. The 
calculated crystallite sizes were shown in the table 1.1. The crystallite sizes of sample 
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Y1.92Al0.04O3:Eu0.04
3+ varies from 11.19 nm to 27.11 nm as sintering temperature is 

increased from 6000 C to 10000 C. 
 
 

Table 1.1: Size of Y1.96O3:Eu3+
0.04 and Y1.92Al0.04O3:Eu0.04

3+by XRD. 
 

SN Sample Crystallite Size by XRD 
1 Y1.96O3:Eu3+

0.04 wet precipitation 15.54 nm 
2 Y1.96O3:Eu3+

0.04 nitrate combustion 13.32 nm 
3 Y1.92Al0.04O3:Eu0.04

3+nitrate 
combustion sintered at 6000 C 

11.19 nm 

4 Y1.92Al0.04O3:Eu0.04
3+nitrate 

combustion sintered at 8000 C 
20.47 nm 

5 Y1.92Al0.04O3:Eu0.04
3+nitrate 

combustion sintered at 10000 C 
27.11 nm 

 
 

Table 1.2: Relative PL intensity of Y2-xO3:Eux
3+ verses Eu concentration. 

 

SN Eu concentration mol (%) Relative PL intensity 
λexcitation = 254 nm 
λemission = 613 nm 

1 0.7 0.46 
2 1.6 0.55 
3 2.4 0.77 
4 4 1.00 
5 6.1 0.76 

 
Table 1.2 shows the relative intensity of the sample Y2-xEuxO3 for Eu3+ 

concentration in mol% where 0.007 < x < 0.061. The maximum brightness is obtained 
at x = 0.04. At higher Eu concentration (6.1 mol %) the PL intensity decreases due to 
concentration quenching [9]. 

 

 
Fig. 3a: Relative PL intensity of Y2-xO3:Eux

3+ verses Eu concentration. 
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Table 1.3: Relative PL intensity of Y2-y-xAlyO3:Eux3+ verses Al concentration 
 

SN Al concentration mol (%) Relative PL intensity 
λexcitation = 254 nm 
λemission = 613 nm 

1 0.7 0.48 
2 1.6 0.55 
3 2.4 0.74 
4 4 1.00 
5 6.1 0.86 

 
Table 1.3 shows the relative intensity of the sample Y2-y-xAly O3:Eux

3+ where y is 
Al concentration mol% and 0.007 < y < 0.061 and x is Eu concentration mol%. The 
maximum brightness is obtained at x = 0.04 and y = 0.04. At higher Al concentration 
(6.1 mol %) the PL intensity decreases due to concentration quenching. 

 
Fig. 3b: Relative PL intensity of Y2-y-xAlyO3:Eux3+ verses Al concentration. 

 
Table 1.4 shows comparison of relative PL intensity of Y1.96O3:Eu0.04

3+ by nitrate 
combustion, wet precipitation and Y1.92Al0.04O3:Eu0.04

3+ by nitrate combustion sintered 
at 6000 C, 8000 C and 10000 C. The maximum brightness is obtained for the sample 
Y1.92Al0.04O3:Eu0.04

3+ sintered at 10000 C with relative PL intensity 1.20 as compared 
with that of commercial yittria red phosphor with relative PL intensity 1.00. 
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Table 1.4: Comparison of Relative PL intensity of Y1.96O3:Eu0.04
3+ by nitrate 

combustion, wet precipitation and Y1.96Al0.04O3:Eu3+ by nitrate combustion  
sintered at 6000 C, 8000 C and 10000 C. 

 
SN Sample Relative PL intensity 

λexcitation = 254 nm 
λemission = 613 nm 

1 Y1.96O3:Eu3+
0.04 wet precipitation 0.28 

2 Y1.96O3:Eu3+
0.04 nitrate combustion 0.32 

3 Y1.92Al0.04O3:Eu0.04
3+nitrate combustion 

sintered at 6000 C 
0.48 

4 Y1.92Al0.04O3:Eu0.04
3+nitrate combustion 

sintered at 8000 C 
0.84 

5 Y1.92Al0.04O3:Eu0.04
3+nitrate combustion 

sintered at 10000 C 
1.20 

6 Commercial Yittria red phosphor  1.00 
 
 

 
 

Fig. 4a: SEM micrograph of Y1.96O3:Eu0.04
3+ by nitrate combustion. 

 
 

 
 

Fig. 4b: SEM micrograph of Y1.92Al0.04O3:Eu0.04
3+ by  

nitrate combustion and sintered at 10000C. 
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Fig. 4a and Fig.4b shows SEM micrograph of Y1.96O3:Eu0.04
3+ by nitrate 

combustion and Y1.92Al0.04O3:Eu0.04
3+ by nitrate combustion and sintered at 10000 C 

respectively in which quasi-spherical particles with filled morphology can be clearly 
seen.  

 
3.1 Photoluminescence study: 
Fig. 5a & 5b shows PL emission spectra of Y1.96O3:Eu0.04

3+ by nitrate combustion, wet 
precipitation and Y1.92Al0.04O3:Eu3+ by nitrate combustion sintered at 6000C, 8000C and 
10000C respectively. The Eu3+emission spectra consisted of peaks ranging from 580 
nm to 640 nm, which are associated with the transitions from the excited  

5D0  7FJ (J=0, 1, 2, 3…) with 613 nm (5D0  7F2) electric dipole transition being 
the brightest under 254 nm excitation 4f - 4f transition for all the samples but higher 
sintering temperature lead to better crystallization and result in improved luminescence 
intensity. 
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Fig. 5a: PL emission spectra of Y1.96O3:Eu0.04

3+ by  
nitrate combustion, wet precipitation. 

 
Introduction of trace quantities of Al3+ (added in oxide form) in Y2O3 host 

enhanced sensitivity due to changes in field strength of host. Hence the 4f-4f transition 
for Y1.96Al0.04O3:Eu0.04

3+
 are relatively more intense than Y1.96O3:Eu0.04

3+ synthesized 
by nitrate combustion and wet precipitation [7-8]. 
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Fig. 5b: PL emission spectra of Y1.92Al0.04O3:Eu3+ by nitrate  

combustion sintered at 6000C, 8000C and 10000C. 
 
 

4. Conclusion 
PL intensity for Y1.96O3:Eu0.04

3+ by nitrate combustion method has been found to be 
increased as compared to by Y1.96O3:Eu0.04

3+ wet Precipitation method. PL intensity for 
Y1.92Al0.04O3:Eu0.04

3+ by nitrate combustion method has been found to be increased 
with the sintering temperatures 6000 C, 8000 C and 10000 C as compared to 
Y1.96O3:Eu0.04

3+ with maximum luminescence intensity for sample sintered at 10000 C. 
Introduction of trace quantities of Al (added in oxide form) in Y2O3 host enhanced 
sensitivity due to changes in field strength of host [7-10]. SEM micrograph of 
Y1.96O3:Eu0.04

3+ by nitrate combustion and Y1.92Al0.04O3:Eu0.04
3+ by nitrate combustion 

and sintered at 10000 C shows quasi-spherical particles with filled morphology desired 
for good luminescent properties along with good stability. The intensity of emission 
peak especially the 613 nm (5D0  7F2) electric dipole transition being the brightest 
under 254 nm excitation 4f - 4f transition for all the samples but higher sintering 
temperature lead to better crystallization and result in improved luminescence 
intensity. 
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