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ABSTRACT. Under UV or cathode ray excitation, europium activated yttrium oxide phosphor shows bright characteristic red luminescence. Y2O3: Eu phosphor is especially used in the manufacture of coloured fluorescent lamps and plasma display panels. Phosphor utilisation depends both on powder characteristics and luminescent properties and sensitivity to various excitation radiation. The paper reveals the correlation between photoluminescence (PL) and cathodoluminescence (CL) properties and the synthesis conditions. Polycrystalline phosphor samples were prepared by thermal synthesis at 1100-1400(C, from homogeneous mixtures containing yttrium oxide (host lattice), Eu2O3 (activator source) and alkaline earth salts (flux). PL spectra and CL defectoscopy measurements put in evidence the influence of thermal synthesis conditions on europium incorporation degree into the yttrium oxide host lattice.
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1. Introduction

Under UV or cathode ray excitation, europium activated yttrium oxide phosphor shows bright characteristic red luminescence and could be used in the manufacture of coloured fluorescent lamps, cathode ray tubes and plasma display panels1. 

Usually, Y2O3: Eu phosphor synthesis is performed by ceramic techniques i.e. the direct firing of oxide mixtures 2,3. The phosphor manufacture could proceed also by the firing of some precursors  that were previously prepared by sol-gel method4 or homogeneous precipitation5.

Y2O3:Eu phosphor utilisation depends both on powder characteristics and luminescent properties and sensitivity to various excitation radiation. Photoluminescence and cathodoluminescence properties as well as morpho-structural characteristics strongly depend on phosphor synthesis conditions 6-8. This paper is the first in a series referring to Y2O3: Eu synthesis by both ceramic techniques and homogeneous precipitation route and is aiming at illustrating the correlation between PL and CL characteristics and  the synthesis conditions.

2. EXPERIMENTAL PART

Polycrystalline phosphor samples were prepared by thermal synthesis from homogeneous mixtures containing yttrium oxide (p.a. Merck) as host lattice, Eu2O3 (Merck) as activator source and luminescent grade BaCl2 and borax as flux. Phosphors were fired for 2 hrs, in air (un-closed system), at 1100-1400(C; the as-prepared material was washed, dried and sieved. 

Phosphor samples were characterised by emission and excitation spectra that were performed with 204 Perkin Elmer Spectrofluorimeter. The registration conditions were as follows: emission spectra were registered under 360 nm excitation (S=4x1/10) whereas the excitation spectra were registered for the 618 nm emission (S=3x1/10); excitation: (max =;. Y2O3: Eu phosphor sample produced by KEMIRA-Finland was used as standard. Phosphor powders were examined also by Colour Cathodoluminescence-Scanning Electronic Microscopy method (CCL_SEM) by using a special CCL-SEM attachment.

3. RESULTS and discussion

Phosphor synthesis was performed by ceramic technique, by firing homogeneous and well defined mixtures of yttrium oxides, europium oxide and barium chloride or borax. Phosphor synthesis conditions and some of their general properties are presented in table 1. The phosphor formation could be described by the equation #1 


firing stage



(1-x)Y2O3 + xEu2O3
(((((
Y2-2x Eu2xO3
(1)


flux



Under UV excitation, europium activated yttrium oxide phosphor shows bright characteristic red luminescence.  The most important emission and excitation bands of some samples are revealed by their photoluminescence spectra (fig.1-3). 

Our experimental technique permitted us to observe the following Eu-emission bands:  ~ 460 nm band, in the blue part of the spectrum,  and  589,  611 and 650 nm bands, in the red spectral domain. The main peak position and its relative intensity (Imax) are shown in table 1.

Excitation spectra shows that the 611 nm emission band is well excited in the UV-Vis domain. The main excitation bands are disposed at 267; 317; 366; 397; 416; 472 and 537 nm.

Eu-specific luminescence (the red domain bands) are the result of some 5D0 ( 7FJ electronic transitions inside the activator ion, these ones generating many narrow emission bands into the emission spectrum. Their exact position and relative intensity depend on the activator incorporation degree (AID) into  the Y2O3 host lattice and this one is strongly influenced by the flux presence (fig.4). 

Table 1.  

General properties of some phosphor samples prepared in various conditions.

Code
Phosphor  formula
Synthesis conditions
PL

colour
PL characteristics



Europium

(mol %)
Flux
Firing temperature

(max
(nm)
Imax
(%)

L1
Y1.990Eu0.010O3
1.0
-
13000C
pink
608.4
47.0

L2
Y1.970Eu0.030O3
3.0
-
13000C
reddish
610.0
54.8

L3
Y1.950Eu0.05O3
5.0
-
13000C
reddish
611.7
64.6

L4
Y1.925Eu0.075O3
7.5
-
13000C
red
611.7
66.2

L5
Y1.990Eu0.010O3
1.0
BaCl2 (2%)
13000C
reddish
610.6
55.3

L6
Y1.970Eu0.030O3
3.0
BaCl2 (2%)
13000C
red
610.0
68.0

L7
Y1.950Eu0.05O3
5.0
BaCl2 (2%)
13000C
red
610.6
72.5

L8
Y1.925Eu0.075O3
7.5
BaCl2 (2%)
13000C
red
610.6
96.2

L9
Y1.950Eu0.05O3
5.0
-
11000C
pink
608.4
47.9

L10
Y1.950Eu0.05O3
5.0
BaCl2 (2%)
11000C
pink
609.5
50.4

L11
Y1.950Eu0.05O3
5.0
-
14000C
red
610.6
67.9

L12
Y1.950Eu0.05O3
5.0
BaCl2 (2%)
14000C
red
610.6
96.9

L19
Y1.925Eu0.075O3
7.5
BaCl2 (5%)
13000C
red
610.6
106.0

L20
Y1.925Eu0.075O3
7.5
Borax (5%)
13000C
red
611.7
146.5


STANDARD
-
-
-
RED
610.6
100.0
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Figure 1. Emission and excitation spectra of L12-samples 

[5 mol% Eu; 2% BaCl2 1400(C]
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Figure  2 .Emission  spectra of some Y2O3: Eu samples: L8 [7.5 mol % Eu;  2% BaCl2] ; L19 [7.5 mol % Eu;  5% BaCl2 ] and  L20  [7.5 mol % Eu;  5% Borax] 
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Figure 3. Excitation  spectra of  some Y2O3: Eu samples: L8 [7.5 mol % Eu; 2% BaCl2];  

L19 [7.5 mol % Eu; 5% BaCl2] and L20 [7.5 mol % Eu; 5% Borax ]


[image: image4.wmf]0

50

100

150

200

250

300

350

400

450

500

no flux

   L4

BaCl

2

 (2%)

     L8

BaCl

2

 (5%)

   L19

Borax (5%)

   L20



 

Emission Intensity (a.u)

 591 nm

 611 nm

 650 nm


Figure 4. Dependence of the Eu- emission bands intensity on flux nature and concentration - phosphor samples L20; L19; L8 and L4  ( Y2O3:Eu (7.5 mol %)

The preparation conditions  i.e. quality of the host lattice generating material, activator amount, mineralising agent nature and concentration, thermal synthesis conditions and  conditioning regime determines the Y2O3:Eu sample characteristics.

The activator incorporation degree (AID) depends on phosphor synthesis conditions. The specific emission band of L1-L20 samples is disposed between 608.4 and 611.7 nm whereas the relative emission intensity vary from 47.9 % to 146.5 %. 

Colour Cathodoluminescence - Scanning Electronic Microscopy images are very illustrative for the specific luminescence colour of the Y2O3: Eu powders. CCL-SEM photos illustrate the effect of firing temperature on the chromatic hue of powder surfaces. One observes that the higher the temperature, the more saturated the red colour. 

The preparation conditions i.e. quality of the host lattice generating material, activator amount, mineralising agent nature and concentration, thermal synthesis conditions and  conditioning regime determines the Y2O3:Eu sample characteristics.

PL spectra and CL defectoscopy measurements put in evidence the influence of thermal synthesis conditions on Eu- incorporation degree into the yttrium oxide host lattice.

One can conclude that:
The presence of mineralising agent as well as the high firing temperature facilitate the formation of the cubic Y2O3 - Eu2O3 solid solution and consequently an efficient activator distribution. The highest AID seems to be attained at 1300oC in the presence of 5% borax. The very high PL brightness of the sample is due to its very high excitability, especially in the ~ 398 band. The optimal activator concentration is de 7.5 mol%. 

In order to obtain high AID and consequently efficient Y2O3:Eu samples,  flux nature and concentration, firing  temperature and activator amount have to be carefully chosen.
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