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bstract

In order to prepare fine powders of red emitting Y2O3:Eu phosphors, the reagent simultaneous addition (SimAdd) technique was developed
nd the influence of some preparative conditions on morpho-structural and optical properties of phosphors was studied. There was revealed that

he precipitating reagent type and the pH of the precipitation medium influence on the photoluminescence (PL) properties as well as on the

icrostructure and morphology of phosphor particles. The SimAdd-technique enables us to prepare fine powders (<1 �m) of Y2O3:Eu phosphors
ith relatively good PL performances to be used in modern optoelectronic devices.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Europium activated yttrium oxide (Y2O3:Eu) is a well-known
ed emitting phosphor whose utilisation depends on lumines-
ence performances and powder characteristics that are defined
uring the synthesis stages. Nowadays, there is a continuous
emand for fine powders of efficient phosphors for modern opto-
lectronic devices [1–3]. Luminescence efficiency and colour
urity, particle morphology or size and crystalline order degree
re factors that determine the use of Y2O3:Eu based powders in
lasma display panels (PDP’s) or light emitting diodes (LED’s).
sually, Y2O3:Eu phosphor is prepared by solid-state reaction

SSR) route that leads to microcrystalline (5–10 �m) powders
ith intense photoluminescence [4]. Alternative synthesis meth-
ds like wet-chemical and, particularly, sol–gel routes are used

n order to obtain small phosphor particle sizes [5–11]. The goal
f our studies is to synthesize, by wet-chemical synthesis route,
ne powders of Y2O3:Eu phosphors with good luminescent per-
ormances. In this respect, the reagent simultaneous addition
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echnique (SimAdd) was developed and the influence of some
reparative conditions on morpho-structural and optical proper-
ies of Y2O3:Eu phosphors was studied.

. Experimental part

Luminescent materials were prepared by the thermal treatment of precur-
ors obtained from yttrium–europium (Y–Eu) nitrate mixture and ammonium
xalate, urea or ammonium carbonate as precipitating reagent (P.R.). The
.97Y(NO3)3–0.03Eu(NO3)3 mixture was prepared by dissolving Y2O3 and
u2O3 (both 99.99%, Merck) in diluted nitric acid (Merck). Equal volumes of
–Eu nitrate mixture (0.30 M) and P.R. solution (0.45–0.60 M) were simultane-
usly added into 1:10 diluted P.R. solution. Precipitation was carried out under
ontinuous stirring and pH control. The post-precipitation stage consisted of
4 h aging, centrifuge separation, water wash and drying. The precursors ther-
al treatment was performed at 1100 ◦C, for 2 h, in air, without or with barium

hloride additive to give the so-called no-flux phosphors or BaCl2–phosphors,
espectively. The as obtained material was water washed, dried and sieved; no
all milling was used.

Precursors and phosphors were characterised by thermal analysis (Paulik-
rdely Derivatograf OD-102; heating rate 6 ◦C/min), infrared absorption spec-

roscopy (JASCO 610 FTIR Spectrometer; KBr pellets technique), photolu-

inescence measurements-PL (Perkin-Elmer 204 Fluorescence Spectropho-

ometer; λexc = 254 nm), X-ray diffraction-XRD (DRON3M-Diffractometer; Co
� radiation; Fe filter) and scanning electronic microscopy-SEM (JEOL-JSM
510LV Microscope; Au-coated; secondary electron mode at an accelerating
oltage of 20 kV). XRD data were processed in order to determine the crystalline

mailto:jennypopovici@yahoo.com
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Table 1
Precursor synthesis conditions (P.R. type, reagent ratio M:X, temperature, medium pH) and some characteristics of precursors (weight loss at 1100 ◦C, �W; thermal
effect) and phosphors (PL intensity)

Precipitation conditions Precursors Phosphors

P.R. type M:Xa T (◦C) pH Code �W (%) Thermal effectb General composition Code PL (%)

(NH4)2C2O4 2:3 20 8.0c PG5 54.5 Endo-220, 420 ◦C; exo-460, 620 ◦C Y2(C2O4)3·xY(OH)3·yH2O P5 59.3
(NH4)2C2O4 2:3 20 4.0c PG7 54.0 Endo-220, 420 ◦C; exo-470, 660 ◦C Y2(C2O4)3·xY(OH)3·yH2O P7 84.3
(NH4)2C2O4 2:3 20 6.0c PG8 60.0 Endo-220, 430 ◦C; exo-460, 660 ◦C Y2(C2O4)3·xY(OH)3·yH2O P8 63.1
(NH4)2C2O4 2:3 20 5.0c PG9 59.0 Endo-250, 450 ◦C; exo-470, 620 ◦C Y2(C2O4)3·xY(OH)3·yH2O P9 62.7
(NH4)2C2O4 1:2 80 5.0 PG13 62.0 Endo-250, 420 ◦C; exo-510, 600 ◦C Y2(C2O4)3·xY(OH)3·yH2O P13 81.5
(NH2)2CO 1:2 80 5.7 PG14 40.8 Endo-195, 390, 620 ◦C Y(NO3)·xY(OH)3·yH2O P14 23.4
(NH4)2CO3 1:2 80 5.2 PG15 45.5 Endo-310, 615 ◦C Y2(CO3)3·xY(OH)3·yH2O P15 60.8

a Stoichiometric (2:3) and in excess (1:2) P.R. amounts.
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b Characteristic thermal effects on DTA curves.
c Ammonia pH-correction.

tructure and cell parameters (CrysFire method program) as well as the micro-
rystalline parameters (XRLINE program based on Warren-Averbach applied
o band-profile).

. Results and discussion

Objectives of this paper were to study the influence of the
recipitating reagent (P.R.) on precursor and phosphors quality
nd to put in evidence the effect of the pH of the precipitation
edium. In this respect, two precursors series were prepared

amely PG13, PG14 and PG15 samples obtained with ammo-
ium oxalate, urea and ammonium carbonate as P.R. and PG5,
G7, PG8, and PG9 samples obtained at different precipita-

ion pH. Experimental conditions (harmonised to P.R. type) and

ome of precursor and phosphor characteristics are presented
n Table 1. The mentioned precursor composition neglects the
uropium activator (∼3 mol%) and the carbonate traces presents
n almost all the samples. The PL intensity of the corresponding

ν

ν

ν

f

Fig. 1. Excitation (left) and emission (right) spectra
o-flux phosphors was determined from the emission spectra, in
omparison with the SSR-standard (Y2O3:Eu, Kemira) consid-
red 100%.

.1. Influence of the precipitating reagent on precursors
nd phosphors quality

Precipitating reagent directly determines the precursor com-
osition, as shown by their thermal behaviour and FTIR spectra.
he thermal analysis curves possess typical features for basic
xalate (specific exo-effect!), basic nitrate and basic carbonate
s formed with ammonium oxalate, urea and ammonium carbon-
te, respectively. The vibrational spectra of precursors consist of
ome characteristic bands, i.e. ν(H–O) ∼ 3470, ν(C O) ∼ 1640,

(C–O) ∼ 1325, δ(O–C O) + (Y–OH) ∼ 814–790 for PG13;
(H–O) ∼ 3495, ν(NO3) ∼ 1384, ν(Y–O) ∼ 638 for PG14 and
(H–O) ∼ 3422, ν(CO3) ∼ 1535, 1400, ν(Y–OH) ∼ 838 cm−1

or PG15.

of phosphor sample P13 (P.R. = (NH4)2C2O4).
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The thermal treatment of precursors leads to their com-
lete conversion into europium activated yttrium oxide samples,
2O3:Eu or Y2−xEuxO3. Photoluminescence of red emitting
2O3:Eu phosphor was evaluated on the basis of excitation

nd emission spectra (Fig. 1). Phosphors excitation proceeds
ainly in the charge transfer band (Eu3+–O2−), in the UV

omain. Under 254 nm excitation, the phosphor emits predomi-
antly in the red domain, i.e. at ∼590 nm (5D0 → 7F1electronic
ransition) and ∼611 nm (5D0 → 7F2 transition). PL properties
how that, in our thermal synthesis conditions, Y–Eu precur-
ors are converted into Y2O3 crystalline lattice in which part
f the Y3+ ions are substituted by Eu3+ species. The ionic radii
Eu3+ = 0.109 nm; Y3+ = 0.104 nm) as well as the precursor com-
osition are favourable to the formation of the emission centres.

Photoluminescence intensity of phosphors strongly depends
n the precipitating reagent (see Table 1). The best results are
btained with ammonium oxalate (P13, I = 81.5%) whereas the
orst with urea (P14, I = 23.4%). One supposes that for urea, the

ow precipitation pH generates precursors with low PL ability. In
act, the correction of pH from ∼5 to ∼8 leads to a considerable
L improvement (49.1%).

Crystalline structure of phosphors is rather homogeneous,

llustrating the Y2O3–Eu2O3 solid solution formation with no
ide or residual products (Fig. 2). Well-crystallized powders with
ubic structure were formed, in agreement with the literature
ata (PDF 251011).

(
(
p
w

ig. 3. SEM images of precursors prepared with ammonium oxalate (PG13), urea (PG
P13, P14, and P15).

ig. 4. Dependence of the PL relative intensity (left) and cell unit volume (right) on
ig. 2. XRD pattern of the no-flux phosphor prepared with ammonium oxalate
s P.R.

The precipitating reagents could also influence the precursor
nd phosphor morphology and particle size, as illustrated by the
EM images (Fig. 3). Precursors consist of aggregates of crys-

als with different shape and sizes: 1–3 �m prismatic-lamellar

PG13), 0.2–0.3 �m spherical (PG14) and ∼5 �m needle shaped
PG15). As for the corresponding no-flux phosphors, these ones
reserve the original precursors shape, but they diminish in size
ith about 50%.

14) and ammonium carbonate (PG15) and the corresponding no-flux phosphors

the precipitation pH of no-flux and BaCl2–phosphors (Vtheor = 1.1924 nm3).
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ig. 5. SEM images of precursors and the corresponding no-flux phosphors and
F5).

.2. Effect of the pH of the precipitation medium

Photoluminescence intensity and structural parameters of
hosphors are influenced by the acidity of the precipitation
edium (Fig. 4). For no-flux phosphors, the PL intensity

ecreases with the pH increasing, in parallel with the decrease of
he unit cell parameters and volume (V = 1.1964 → 1.1879 nm3).
or BaCl2–phosphors, the PL intensity increases with the pH,
hereas the unit cell parameter/volume is slowly decreasing

V = 1.1904 → 1.1883 nm3). Flux effect is observed only at pH
igher than 6.

The XRD patterns show that all these phosphors possess
imilar cubic crystalline arrangement with variable crystallite
imensions (Deff), depending on the precipitation pH. One can
ote that Deff decreases with the pH increasing, namely, from
1 (P7; pH 4) to 24 nm (P5; pH 8) for no-flux phosphors and
rom 32 (PF7; pH 4) to 26 nm (PF5; pH 8) for BaCl2–phosphors.
he flux effect is also put in evidence. The precipitation pH also

nfluences the morphology and particle sizes of phosphors, as
llustrated by the SEM images (Fig. 5). Precursors consist of
ggregates of crystals with different consistency, from isolated
article material (PG5) to compact one (PG7). As for the lumi-
escent materials, the no-flux phosphors preserve the precursors
ppearance whereas BaCl2–phosphors become much more dis-
ersed (powders of about 0.3–0.5 �m).

. Conclusions
The SimAdd technique is an alternative wet-chemical syn-
hesis route for phosphor synthesis that has the advantage to
acilitate the control of some of the preparative parameters.
he study revealed that both the precipitating reagent type and

[
[

2–phosphors obtained at pH ∼ 8 (PG7, P7, and PF7) and pH ∼ 4 (PG5, P5, and

he precipitation pH influence on the PL properties as well
s on the microstructure and morphology of phosphor parti-
les. The SimAdd technique enables us to prepare fine powders
<1 �m) of Y2O3:Eu phosphors with relatively good PL per-
ormances (intensity higher then 80% of the RSS–phosphor).
urther experiments are to be performed in order to improve the
L characteristics and powder dispersion ability.
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