Journal of

ALLOYS
AND COMPOUNDS

Journal of Alloys and Compounds 408-412 (2006) 867—870

www.elsevier.com/locate/jallcom

Synthesis of a new phosphor based on rare earth oxycarbonate
Kazuhiko Koyabu, Toshiyuki Masui, Shinji Tamura, Nobuhito Imanaka

Department of Applied Chemistry, Faculty of Engineering and Handai Frontier Research Center, Osaka University,
2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

Received 31 July 2004; received in revised form 17 December 2004; accepted 13 January 2005
Available online 15 June 2005

Abstract

A new synthesis route to easily obtain the Il-type lanthanum oxycarbonate in a single phase has been developed by using a simple
flux method, and photoluminescence properties of Ear Th**-doped LaO,CO; were characterized. These new phosphors, the lI-type
La,0,CO3:El** and LgO,COs3: Th**, were synthesized by the calcination with a flux in a flow of 109%C8D%N, gas, where lithium carbonate
or a 0.476L3CO:—0.270NaCO;-0.254K CO; eutectic mixture was employed as the flux. The higher emission intensity was observed by
employing the LiCO;—N&CO;—K,CO; eutectic system, which has a considerably lower melting point (663 K) than that@Db (999 K).

The red and green emission intensities became maximum at the compositiosOsCiGa:6at.%Ed* and La0,CO;:17at.%TH*, and the
relative emission intensities compared with the commerci@-YEL®* and LaPQ:Ce**, Th** phosphors were 22.5 and 60.0%, respectively.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction conventional A-type rare earth sesquioxides which are well
known as good hosts of phosph¢2$. Among these struc-
Itiswellknown thattrivalentrare earthions have sharpline tures, the ll-type is the most suitable for the host material
emission spectra because the 4f-elecrons are well shieldedf phosphors because it has the highest thermal stability and
from the surroundings by the filled 5s and 5p orbitals. There- durability against water and carbon dioxide. However, lumi-
fore, rare-earth-doped phosphors have been widely studiechescent properties of Btractivated REO>COs have been
for application to luminescent materials. As host crystalline reported only for the la-type materig)].
phosphor materials, rare earth oxides such g93Y which In the series of rare earth oxycarbonates, lanthanum oxy-
is commonly used as a host material of red phosphor in the carbonate (LgO,CQOg) is the most appropriate compound as
tricolor fluorescent lump and color displays, was vigorously a host material, because it has the highest thermal stability
investigated. As well as rare earth oxides, various rare earthamong the several rare earth oxycarbonates, and two methods
compounds such as borates, phosphates, and aluminatelsave been reported for the preparation of@aCOs [2]. One
have been also extensively investigated as host latticesis the thermal decomposition of lanthanum compounds con-
[1]. taining both carbon and oxygen such as oxalates and acetates,
It is known that rare earth oxycarbonates have three dif- and the other is the reaction of lanthanum oxide with,CO
ferent structures such as tetragonal (I-), monoclinic (Ia-), and However, it is difficult to obtain the 1l-Lg0,COg3 in a single
hexagonal (I1)-REO»,CO3 (RE: rare earths). The structure phase by the conventional methods described above, because
of the phases | and la bears very close resemblance to theahe I- or la-type oxycarbonates are produced by the thermal
rare earth oxysalts such as oxyhalides, oxysilicates, oxysul-decomposition of oxalates and acetates or it is necessary to
fates, and oxymolybdates, while the phase Il is similar to the heat lanthanum oxide at 773 K for a week under humig CO
to obtain type Il oxycarbonafe,3].
* Corresponding author. Tel.: +81 6 6879 7352; fax: +81 6 6879 7354, In our previous work, on the contrary, we have found
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talline ll-type lanthanum oxycarbonate in a single phase
by using lithium carbonate as a flux, and photolumines-
cence properties of the Blsxdoped LaO,COs were char-
acterized[4]. In the present study, we have successfully
synthesized the Il-type PH-doped LaO,COs in a sin-

gle phase by the flux method. Furthermore, we have suc-
ceeded in increasing the emission intensities of the Il-type
Lay0,COz:EL®* and La0,COs:Th3* by employing the
0.476LpCO3—0.270NaC0O3-0.254KCO3 eutectic system

as the flux.

2. Experimental

An aqueous solution of stoichiometric mixture of
1.0molL~! La(NO3); and 0.2mollc! Eu(NGs)s or
0.1 mol L1 Th(NOs)3 was dropped into 0.5 molt! oxalic
acid aqueous solution. The amount of3Ewr Tb** was
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Fig. 1. X-ray powder diffraction patterns of standard Il-type
La;0,CO; (a), La0,COs:6at.%ES" prepared with LiCOsz (b) or
LioCO3—NgC0O3—-K2CO;3 (c), and LaO,CO;5:17at.%TH* prepared with
LioCOg3 (d) or Li;CO3—NaCO3—K,CO;3 ().

adjusted between 2 and 21 at.%. The precipitate was filteredples prepared using the 4C03—NaCO3—-K,CO3 eutectic

and washed for three times with distilled water. After dry-
ing at 353 K, the sample was calcined at 873K for 6 h in air.
The calcined sample was mixed with 10 mol%CO3 or

50 mol% 0.476L3C0O3—0.270NaC0O3—0.254KCO3 (these
ratios were optimized to give the highest emission intensities)
and heated at 873K for 12 h in a flow of 10% g@iluted

system from the X-ray fluorescence analysis. In our previous
work, however, it has been elucidated that a small amount of
flux species remained in the sample did not affect the lumi-
nescence properti¢4].

SEM images of the samples prepared with@O; and
LioCOs—NaCO3-K>COg3 are depicted irFig. 2 with com-

with N> gas. Then, the sample was washed again for threemercially available ¥Os:Eu** and LaPQ:Ce**, Tb** phos-

times with distilled water and once with ethanol, and dried at

phors. The average particle sizes estimated by measuring the

room temperature. The crystal structure of samples was iden-diameters of 100 particles on the SEM photographs were

tified by X-ray powder diffraction (XRD, Rigaku Multiflex)
analysis and the sample composition was determined by X-
ray fluorescence (Rigaku ZSX100e) analysis. Morphology of

3.1 and 2.7um for the Y>O3:EL?* and LaPQ:Ce**, Tb3",
respectively, whereas those of the,0aCOs:6at.%EF*
and La0,CO3:17at.%TB* prepared with the LLiCOs flux

the particles was characterized by means of scanning electrorwere 1.03 and 0.7Zm, respectively. In addition, the particle

microscopy (SEM, Hitachi S-4300SD). Photoluminescence

became smaller and more homogenous by the flux treatment

excitation and emission spectra of samples were measured atvith the LipCO3—NaCO3—-K2CO3 eutectic mixture. The

room temperature with a spectrofluorometer (Shimadzu RF-

mean particle sizes were 0.pén for LapO,COs:6at. %EF*

5300PC). The emission spectra were recorded for excitationand 0.65.m for Lap0,COs:17at.%TH*, which were less
at 254 nm, and the excitation spectra were recorded by mea-than a quarter of that of the commercial phosphor.

suring the emission at 612 nm for Ewor at 543 nm for TB*.
The relative emission intensities of theJ @ CO5:Eu3* and
the Le0,CO3: Th3* phosphors were estimated by comparing
the integrated areas of the emission peaks at 612bg {F2
transition of E§*) and 543 nm3D4-'Fs transition of T5*)
with those of the commercial X03:Eu?* and LaPQ:Ce*",
Tb3* phosphors, respectively.

3. Results and discussion

Representative XRD patterns of 4@,CO5:6at. %EGH
and La0,CO3:17at.%TH* prepared with the flux of LLICO3
or Li,CO3—NaCO3-K,CO;3 eutectic system are shown in
Fig. L All samples were identical to a single phase of II-
type La0,CO3 and any impurity peaks were not observed.
This result shows that the Biand T8 ions substituted the
La3* site whose symmetry waszE[2]. A small amount of
Na and K remained<1 mol%) was identified in the sam-

Fig. 3 represents the relationship between the lumines-
cent intensity of the Lg0,COs:M3* (M=Eu or Th) par-
ticles and the atomic concentration of the activator3(Eu
or Tb®"). The maximum red and green emission intensities
were obtained at the compositions of»COs:6at. %EG*
and La0,CO05:17at.%TB", and the relative emission inten-
sities compared with the commercial ,®3:Eu** and
LaPQy:Ce¥*, Th3* phosphors were 22.5 and 60.0%, respec-
tively. The excitation at 254 nm causes charge transfer from
0% to EU* in the case of LgO,COz:Eu®* and transition
between 4 and 4f 5d states of TH' in Lay0,CO3:Th3*.
This might be one of the possible reasons for the consid-
erable difference between the relative emission intensity of
La,O,CO3:EW3* and that of LaO,CO3:Th3*.

Fig. 4 illustrates the excitation spectra of Huand
Th3* emission in La0,COsz prepared with LiCOs
and LbCO3—NaCO3—KoCOs. The excitation spectra of
La,0,COs:6at.%EG* consists of a strong broad peak with
a maximum at 280 nm, corresponding to charge transfer
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Fig. 2. SEM photographs of the samples;0aC0Oz:6at.%EF* prepared with (a) LICOz and (b) LbCO3—Na,CO3—-K,COs; (c) commercial ¥Os:Eu™;
Lay0,CO3:Th3* prepared with (d) LiCOs and (e) LhCO3—NaCO3—-K2COs; (f) commercial LaP@:.Ce**, Th3*.

. 3 2L Lap,0,CO05:17at.%TH" also consist of a broad band with
z S 20 < - |00z a maximum at 260 nm, corresponding to the energy transi-
g4 2 s B ; tion from the 4f to 4f'5d configuration of the T8 [6]. The
§ gm 20 g9, small peaks in the range of 310-390 nm are assigned to tran-
2 > 1o 36 é g sitions between the energy levels of th@ dénfiguration. In
5 § " 54 84 both samples, excitation peak intensity is increased by apply-
% S 9 g é ing the LbCO3—NaCO3—K,CO3 eutectic mixture instead of
RN “z 8 Li»COs.

160 p T 7550 e Fig. 5 shows the emission spectra of ZIQ_QCO;:Gat.

Concentration of R3* R=Ew. Tb) / at% %EWP and La0,CO3:17at.%TB* prepared using LiCOs

or LioCO3—NaCO3—K,CO3. Characteristic luminescence
Fig. 3. Luminescent intensity variation of the 4@COs:EL?* (a) and corresponding to th€Dg — ’Fj transition of E§* and
La,0,C03:Th™" (@) particles prepared with the 4€03-N&CO3-K>COs the °D4 — 'F; transition of TH* are observed. Simi-
flux as a function of the atomic concentration of europium and terbiumion. |5r to the results of the excitation spectra described in
) ) Fig. 4, the emission intensity increased by using the
state (CTS) of E¥ and some weak peaks in the region Li,COs-NayCOs—K,CO; flux, although the particle size
of 350-400 nm. The peaks result from transitions between becomes smaller than that of the samples prepared with

thesgrou(;]dhstate ang thﬁlf?xgited rllevels cﬁdcbrfigu;]agon . LioCOs. These differences can be clearly explained from
[5.6], an t_ ese peaks shifted to s orte_r wave ength by usingy, o melting point of these two fluxes. The melting points of
eutectic mixture as the flux. The excitation spectra of the
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Fig. 4. Excitation spectra of the p@&,CO3:M3* (M=6at.%Eu or Fig. 5. Emission spectra of the $@,CO3:M3* (M=6at.%Eu or
17at.%Tb) samples prepared with 20Oz (broken line) and with 17at.%Tb) phosphors prepared with,CiO; (dotted line) and with
LioCO3—-NgCO3—K2CO;3 (solid line). LioCO3—NgCO3—K2CO;3 (solid line).
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