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Synthesis and Optical Spectroscopy of Borate
Glasses, Doped with Terbium and Dysprosium

B.V. Padlyak?®’, B. Pieprzyk, A. Drzewieckf, V.T. AdamiV, Ya.V. Burak and .M. Teslyuk

Abstract. The high optical quality glasses with G&B:Th,
LiCaBG;:Th, CaBO;:Dy, and LiCaBQ@:Dy compositions Il. EXPERIMENTAL

contairing 0.5 and 1.0 mol. % }0; and DyO; have been The glasses with CagD,:Th, LiCaBO;Tb, CaBO;:Dy,

obtainal. By electron paramagnetic resonance (EPR) an : . . ; : ;
optical spectroscopy it was shown that the Tb and Dgnd LiCaBO;:Dy compositions were obtained in the air from

impurities are incorporated in the CaB, and LiCaBQ é’orrgsrmnding polycrystalline compounds using coru_ndum
+ 7 + 6 : crucibles and standard glass technology. For synthesis of the
glass etwork as TH (4f, 'F¢) and Dy"* (4f, °H,s)) ions, _ ) : _ ) _
exclusvely. All observed f — f transitions of *fband Dy* CaB407.Tb,_ LiCaBQ;Tb, CaBO;Dy, and LiCaBQ@Dy
centresin optical absorption, luminescence excitation and@lycrystalline compounds were used carbonates (GaCO
emission spectra have been identified. Luminescence kindtfeCQs) and boric acid (HBOs) of high chemical purity.
shows single exponential decay fof Tand Dy* centres in The Tband Dy were added to raw materials asCgband
the CaBO7 and L|CaBQ g|asses_ Lifetimes for main Dy203 in amounts 0.5 and 1.0 mol. %. Solid-state SyntheSiS
emitting levels of TH and Dy* centres in all investigated of CaBO-Th, LiCaBQO;:Th, CaBO;:Dy, and LiCaBQDy
glasseswere determined at T = 300 K. Spectroscopy showe®mpoumnis were carried out using multi-step heating
that obtained glasses are promising luminescent materials.process. Large samples of the Tb- and Dy-doped,CaB
and LiCaBO; glasses of high optical quality were obtained
Key words: borateglass synthesis, Tb centre, Dy* centre, by fastcooling of melts, heated more than 100 K higher that

luminescence, decay kinetics. the melting temperature for exceeding glass transition points.
The luminescence excitation and emission spectra as well
. INTRODUCTION as luminescence kinetic were registered at room temperature

Rare-eah ions show high luminescence efficiency in aising a HORIBA spectrofluorometer (model FluoroMax-4).
variety host compounds including borates and widely usdde EPR spectra were registered using radiospectrometers
as activator centres in laser and luminescent materials [1].RADIOPAN (SE/X-2013 and SE/X-2013 models).
particular, borate crystals and glasses activated witfi Th
and Dy are considered as effective luminescent materials in Ill.  RESULTS AND DISCUSSION

reen ad yellow-blue spectral ranges, respectively. The . ]
gorate glas)s/es are most I?)erspectivegin compgrison v)\//ith theiar" Spectoscopy of LiCaB@Tb and CagO;.Tb Glasses
crystalline analogies, because the borate single crystals'he Tbimpurity can be incorporated in the structure of
growth is difficult, expensive and long-term. Beside thisOXide crystals and glasses as paramagnetf¢ (@, °S;,)
low velocity of crystals growth and high viscosity of mel@nd na-paramagnetic T8 (4, 'F) ions. In all investigated
leads to problems with rare-earth doping of borate crystals glasseshe EPR spectra of thions were not observed.

The luminescence properties of Th- and Dy-doped borateEMission and luminescence excitation spectra of the
compounds and their potential applications are describedlif*@BOsTb and CagO,Tb glasses are similar. Emission
number papers [2-5]. Particularly, in [3] it was reportegPectraof all Tb-doped glasses exhibit bands belonging to
about synthesis, luminescence properties and scintillatiie *Ds — 'F; (J = 0+ 6) and®D, - 'F, (J=0 + 6)
characteristics at registration of neutroBs € 10 MeV) and  transtions of T" showed for LiCaB@Tb glasses in Fig. 1.
9Co y-radiation of the un-doped and Tb, Cu, Ce, Sm, Eu,

Tm, ard Yb doped lithium tetraborate gB,0;) glasses. In

[4] it was shown that the LiCaB®®*" (M = Eu, Sm, Tb,
Ce, Dy)polycrystalline compounds are promising phosphors
for white light emitted diodes (LED). In [5] by optical and
EPR spectroscopy it was shown that Tb and Dy impurities
are incorporated in the 4B,O; glass structure as Th(4f,

'Fe) and Dy (4f°, ®H,s) ions. The luminescence kinetic
shows igle exponential decay for both ¥band Dy*
centresn the LpB4O; glass network [5].

In this work the luminescence excitation, emission and
luminescence kinetic of the CgB;, and LiCaBQ glasses
doped vith Th and Dy are investigated.
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" B.Padlyak@proton.if.uz.zgora.pl Fig. 1. Emission spectra of the TH centres in LiCaBO; Tb glasses.
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In the luminescence excitation spectra of all obtained
glasses doped with Tb are observed several weakly-resolved
and unresolved bands belonging to thé"b- f transitions,
which are shown for Caf®,:Tb glasses in Fig. 2.

Fig. 4. Luminescence excitation spectra of Byin LiCaBO3:Dy glasses.

Luminesence kinetics for most intense yellow emission
band {Fs, — °Higsp transition) of the DY centres in both
glassesshow single exponential decay with the following
lifetimes: z = 680us and 64Qus (LiCaBG;:Dy), r = 706 us

Luminesence kinetics for most intense green emissiof"d 02 ps (CaBO.:Dy) for samples containing 03-5 and
band {D, — 'Fs transition) of the TH centres in both 1.03+mo! % Dy,0s, respectively. In both glasses the Dy
investgated glasses show single exponential decay withy Interaction also reveals with increasing Dy
lifetimesz = 2.4 ms and = 2.35 ms for samples containingConcentation.

0.5 and 1.0 mol. % TXDs, respectively. The lowering of
lifetime with increasing TiD; content in the investigated I[V. CONCLUSIONS
glassess related to influence of Pb— Tb*" interaction [6]. The obsrved luminescence spectra and single exponential
B. Spectoscopy of CaB).:Dy and LiCaBQ:Dy Glasses decay curves in the investigated glasses correspond to one
. . . . ype of the TB" and Dy centres in the glass network with
The Dy impurity can be incorporated in the structure o

_ . lightly different crystal field parameters that reveals as
+ 8 7

oxide compound+s ags Qon-paramagnetmz_ D", “Fe) and inhomogeneous broadening of the spectral lines. Presented

paramagetic DY'" (4, °*Hisp). In all investigated Dy-doped roqits show that CaB, and LiCaBQ glasses activated

glassesat liquid helium temperatures were observed EPRiih Tp** and Dy" ions are perspective luminescent

spectra. of Dy centres. The emission and luminescenc@aterias for green and yellow-blue regions, respectively.
excitadion spectra of the LiCaBfDy and CaBO;Dy

glassesare closely similar. Emission spectra of all Dy-doped ACKNOWLEDGMENTS
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which ae identified for CaB0;.Dy glasses in Fig. 3. Science, Youth and Sport of Ukraine (project No.
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doped with Dy were observed 7 well-resolved characteristic

bands belonging to the Byf — f transitions, which are
identfied for LiCaBO;: Thb glasses in Fig. 4.

Fig. 2. Luminescence excitation spectra of Thin CaB,07:Tb glasses.

REFERENCES

[1] G. Blasse and B.C. Grabmaidruminescent Materials,Springer-
Verlag, Berlin, 1994, pp. 232.

[2] G. Yong, S. Chunshan and W. Ying, “Luminescence properties of
SrB,O;:Eu, Tb phosphors™ater. Res. Bull. vol. 31, no. 5, pp. 439-
444, 1996.

[3] B.l. Zadneprovski, N.V. Eremin and A.A. Paskhalov, “New inorganic
scintillators on the basis of LBO glass for neutron registratieaict.
Mater, vol. 12, no. 2, pp. 261-268, 2005.

[4] L. Panlai, W. Zhijun, Y. Zhiping, G. Qinglin and L. XtLuminescent
characteristics of LiCaB§M (M = EU*, Sni", Tb*, C€*, Dy*)
phospho for white LED”, J. Lumin, vol. 130, no. 2, pp. 222-225,
2010.

[5] B. Padlyak, W. Ryba-Romanowski, R. Lisiecki, B. Pieprzyk,
V. Adamiv, Ya. Burak and |. Teslyuk, “Synthesis and optical
spectroscopy of the lithium tetraborate glasses, doped with terbium
and dysprosium™Opt. Appl, vol. 42, no. 2, 2012.

[6] P. Nachimuthu and R. Jagannthan, *THuorescence as a probe of
cluste formation in lead oxyfluoride glasses), Non-Cryst. Solvol.

183, no. 1-2, pp. 208-211, 1995.

Fig. 3. Emission spectra of the Dy centres in CaBO-:Dy glasses.

International Conference on Oxide Materials for Electronic Engineering OMEE-2012



