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A method for Li,O-P,05—B,0;—CaF,-Ln glasses (Ln = Ce, Er, Eu, Lu, Nd, Pr, Gd and
Tb) synthesis is presented as well the optical properties study results of the glasses. The
homogeneity of the elemental composition and absence of significant mechanical stresses
in the samples obtained have been demonstrated. The obtained absorption and photolumi-
nescence spectra of glasses synthesized have been compared with literature data. The
dependences of photoluminescence intensivity on Ce, Eu, and Pr concentrations have been
obtained.

IIpencraBieHbl pe3yJbTaThbl Pa3paboTKU TEXHOJOTMU IIONYYEeHUS U KCCIeLOBAHUSA OITHU-
yecKux cBoiicTs crekon cocrasa Li,0-P,05-B,05—CaF,—Ln (rge Ln = Ce, Er, Eu, Lu, Nd, Pr,
Gd u Tb). IIpozeMoHCTPUPOBaHA OJHOPOLHOCTEL 3JEMEHTHOI'O COCTABA U OTCYTCTBHUE CYILECT-
BEHHBLIX MeXaHMYECKUX HANPAXKEeHUN B IMOJy4YeHHBIX o0pasiax. BLIIo/JHeHo cpaBHEeHNE IIOJIY-
YEeHHBIX JaHHBIX O II0JIOCAX IIOIJIOIIEHUA U (POTOJIOMUHECIEHIIMN C UMEMOIUMUCS B JUTepa-
Type. IlosyyeHBl 3aBUCUMOCTY MHTEHCUBHOCTHU (DOTOJIOMUHECIEHIIUN OT CONEPKAaHUA Iepus,
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€BpOoIIud U IIpaseogruMa B CTEKJIaX.

1. Introduction

The glass-forming materials are used
widely in many fields of science and engi-
neering. Those are a prospective alternative
for single crystals scintillation materials.
The glasses show numerous advantages such
as a low synthesis cost and manufacturing
simplicity of arbitrary shaped large-size ar-
ticles. The oxide glasses are promising ma-
terials to provide an efficient luminescence
of rare earth ions. Due to this feature, they
are widely used in information display and
transfer technologies (plasma display pan-
els, optical fibers and amplifiers), as laser
materials, in radiation spectrometry and
dosimetry [1-4].
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Glasses doped with high concentrations
of lithium, boron, gadolinium reveal an ef-
fective luminescence. Those are prospective
materials for the development of detectors
as well as photo- and thermoluminescence
dosimeters for thermal neutrons [5—8]. The
multicomponent phosphate-borate-fluoride
glasses are very attractive for these pur-
poses. Such glasses are characterized by low
melting temperature, high solvability of
rare earth compounds, transparency and
moisture resistance.

This work is aimed at development of
preparation method for new materials with
high luminescence efficiency - multicompo-
nent glasses of general composition Li,O-
P,0g-B,05-CaF,—RE (RE = Ce, Er, Eu, Lu,
Nd, Pr and Tb).
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2. Experimental

To synthesize the glasses, LiPO3, H3BO3,
Can, CeOZ, Er(NO3)3'5H20, EU203,
LU(NO3)3'4H20, NdC|3, Pr203, Gd203, Tb203
were used. All chemicals were of extra pure
grade and were used without further purifi-
cation. LiPO; was prepared by melting
LiH,PO, in a platinum crucible at 900°C for
40 min. The compositions of synthesized
glassy materials are presented in the Table
below. The required amounts of reagents
were calculated for per 10 g of the initial
mixture.

The glass samples were prepared by melt-
ing the required amounts of compounds in a
platinum crucible and annealing in glass-
carbon crucible using a SNOL 7.2/1300
muffle furnace. The platinum crucible with
the fusion mixture was placed in a muffler
heated to ca. 800°C. Then the temperature
was raised up to 900-1100°C (depending on
the glass composition) and the melt was
hold at this temperature for 90 min being
mixed every 20 min for homogenization. To
prevent the glass devitrification, the ob-
tained homogenious melt was poured in a
glass-carbon crucible heated to 200°C, and
cooled down to room temperature spontane-
ously. The glass samples were annealed at
300°C during 5 h.

The elemental composition of obtained
glasses was controlled using a Jeol JSM-
6390LV scanning microscope with X-ray de-
tector INCA 350 (Jeol, Japan). The glass
phase composition was studied by the X-ray
structure analysis using a Siemens D500
powder diffractometer. To study the inter-
nal stresses, the optical polarization method
was used (a PKR-125 unit).

To study the glass optical properties, the
samples were cut and polished with ACM-5-
3 diamond powder. The sample thickness
was 3 mm. The absorption spectra were re-
corded between 195 and 1000 nm on a SF-
2000 spectrophotometer ("Spektr” corpora-
tion, St. Petersburg). The luminescence
spectra of the glasses were recorded using a
Varian Cary Eclypse (USA) spectrofluorime-
ter at 20°C.

3. Results and discussion

The parameters to be optimized are the
synthesis temperature, the duration of melt-
ing and the melt homogenization stages. It
has been shown that the intimate mixing of
all initial reagents was attained at 900-—
1100°C, depending on the rare earth ele-
ment concentration in the mixture. The syn-
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Table. Initial mixtures composition for
synthesis of glasses

Series Precursor, mass. %
Ne- | Lipo, |H,BO,| CaF, | Ce, |Er, Lu,
Eu, Pr|Nd, Tb
1 100 - - - -
2 90 10 - - -
3 80 20 - - -
4 80 10 10 - -
5 70 20 10 - -
6 78 10 10 1 1
7 79-79.8 10 10 1(0.2-1.0 -

Fig. 1. Photo of glass sample (Series 4) in
polarized light: a, unannealed; b, annealed.

thesis temperature of 900°C allows the
maximal concentration of lanthanides in a
glass of 2 wt. % to be added. Increasing the
synthesis temperature up to 1100°C, the
maximal concentration of rare earth ele-
ments of 6 wt. % was reached. The thor-
ough stirring of compounds was carried out
every 20 min for homogenization. In all
cases, the melting was continued during
90 min that was enough to obtain a visually
homogeneous melt.

Varying the initial temperature of the
glass-carbon crucible where the glass is
formed, the optimal cooling condition for
the fused mixture has been determined. It
has been found that to prevent the glass
devitrification, the fused mixture should be
poured into the crucible heated up to 200°C.
Then the fused mixture is to be allowed to cool
spontaneously down to room temperature.

The homogeneity of the glass composi-
tion was verified by the "point-to-point”
elemental analysis using an electron scan-
ning microscope. Perfection of the obtained
glasses was monitored by the optical polari-
zation method. It has been shown that the
synthesized glasses are characterized by low
internal stress values (Fig.1l, a). The glass
annealing at 300°C results in a deteriora-
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Fig. 2. Absorption spectra of glasses (Series

1-5).

tion of the glass properties (Fig. 1, b). The
glass sample structure was studied by the
X-ray structure analysis that has shown
that the annealed glass samples do not con-
tain any crystal phase.

The absorption spectra of obtained
glasses (see Table) are presented in Fig. 2.
All the spectra exhibit a wide band in the
near UV spectral region with maximum at
240-250 nm. That can be ascribed to the
intrinsic absorption of phosphate matrix
predominant in the glasses. When the
glasses contain calcium fluoride, a higher
optical transmission in UV region was ob-
tained. When the initial mixture was
formed by 20 wt. % of H3BO3, the obtained
glasses revealed a large amount of different
defects, which impair the glass tran-
sparence. The optimal content of H3;BO; for
further synthesis was found to be of 10 wt.
% .

In the glasses doped with rare earth ele-
ments (Fig. 8), the following absorbance
bands are obsreved agreeing well with the
data [9-14]: Ce(lll), — 300-340 nm; Pr(lll)
— 445, 470, 482, and 592 nm; Nd(lll), 350—
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Fig. 3. Absorption spectra of glasses doped
with rare earth elements (Series 6): 1 — Ce,
2-Pr,3—Nd,4-Em,5—-Tb, 6 — Er, 7 — Lu.

356, 513-526, 583, 747, 804, and 875 nm;
Er(lll), 358, 466-474, 687, and 793 nm;
Eu(lll), 395 nm.

The luminescence spectra (Series 6, see
Table) were recorded in spectral range up to
1000 nm. Intense luminescence bands were
obtained only for glasses doped with Ce,
Eu, and Pr ions (Fig. 4). The photolumines-
cence excitation wavelengths were deter-
mined from the absorption data: 295 nm for
glasses doped with Ce; 445 nm, for Pr
doped ones; and 395 nm, for those doped
with Eu. The luminescence bands of Ce
doped glasses (maximum at 340 nm) are as-
sociated with the electron transition from
4f to 5d shell [10-12]. In luminescence
spectra of Eu doped glasses, the bands are
located at 580, 590, 620 nm and are condi-
tioned by transitions 5Dy > "Fy, 45,4 in
Eu(lll) [10, 13]. The luminescence spectra of
glasses doped with Pr exhibit two intense
bands that correspond to the basic transi-
tions: the band at 490 nm (3P0 - 3H4 tran-
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Fig. 4. Photoluminescence spectra of glasses doped with Ce, Eu, Pr (Series 6).
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Fig. 5. The photoluminescence bands inten-

sity dependence (relative units) on Ce

(340 nm), Eu (580 nm) and Pr (610 nm) con-

tent in the glasses (Series 7).
sition) and one centered at 610 nm
(3P, — 3Hg transition) [10, 14].

To study the influence of rare earth ele-
ment concentration on the main photolumi-
nescence band intensity, the Series 7 sam-
ples (see Table) were used. The increase of
Ce ion concentration causes a significant
decrease of luminescence intensity in the
glasses (Fig. 5). It seems to be associated
with the effect of luminescence concentra-
tion quenching.

4. Conclusions

An efficient technique has been devel-
oped to obtain the phosphate-borate-fluoride
glasses doped with rare earth elements. The
glass samples prepared have homogeneous
elemental composition and do not reveal sig-
nificant mechanical stresses. The optical
properties of glasses doped with Ce, Eu, Pr
have been studied in the region from 195 to

1000 nm. All absorption bands are typical
of the trivalent rare earth elements. For
glasses doped with Ce, Eu, and Pr, the in-
tense photoluminescence bands have been
obtained. The concentration quenching of
luminescence for Ce doped glasses (band
340 nm) has been observed.
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CuHTe3 Ta ONTHMYHI BJIACTHBOCTI
dochar-6opar-pTopuTHNX CTEKOJ i3 moOaBKaMM
pigKicHO3eMeJbHUX eJIEMEeHTIiB

K.M.Benixoe, M.M.I'pebentox, O.B.I'puwuna, H.JI.€zoposa,
€.0.11o6posin, C.M.I'ankin

Haseneno pesyibraru po3po0KM TeXHOJOril OTPpUMAHHSA Ta AOCHiIKEeHHS OIITHYHUX BJAC-
TuBocreil crexon ckiany Li,O-P,05-B,05-CaF,—Ln (me Ln = Ce, Er, Eu, Lu, Nd, Pr Ta Tb).
IIpoaeMoOHCTPOBAHO OAHOPIAHICTHL €JIeMEHTHOrO CKJAAy Ta BiICYTHICTH iCTOTHMX MeXaHiUHMX
HAIPY’KeHb B OTPUMAHMX 3paskax. IIpoBeneHO MHOPIBHAHHS OTPUMAHUX TAHUX OO0 CMYT
HOrJMHAHHA Ta (oToaoMiHecueHIil 3 HaBemeHuMHu y Jgiteparypi. OrpuMaHo 3ajeKHOCTL
inTeHcuBHOCTi (porosromineceHil Bixg BMicTy Iepiro, €BpOIIil0 TAa IpPaseoguMy y CTEKJaX.

Functional materials, 17, 2, 2010

265



