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Terbium doped and europium doped NaAISiO4 nano glass-ceramics for LED
application
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Terbium doped and europium doped homogeneous glasses from the system Na,O-Al;03-SiO»-NaBO; are prepared.
Glass-ceramics are obtained after thermal treatment of the parent glass at different temperatures and time. The
crystallizing phases, the degree of crystallinity and the particle size are determined. The main crystallizing phase after
thermal treatment is NaAISiO4. X-ray analyses show the presence of Na,SiOs as the second phase. The crystallinity
degree after 24h thermal treatment at 650°C of the glass-ceramic samples is about 90%. The particle size for NaAISiO4
is between 50 and 60 nm, and for Na,SiOs - between 30 and 70 nm. Emission and excitation spectra of the glass-
ceramics show the characteristic peaks of Th® and Eu®". The main emission peak of Tb3* is °Ds —Fs transition at 549
nm, corresponding to green color. The Th** excitation spectrum shows the strongest peak located at 379 nm. The main
emission peak of Eu®* is Dy —'F, transition at 612 nm, corresponding to orange-red color. The Eu®* excitation

spectrum shows the strongest peak located at 393 nm.
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INTRODUCTION

Light emitting diodes (LED) are of special
interest as they are environmental friendly and
efficient energy saving devices [1, 2]. The
commercial white LEDs (WLEDs) can be realized
by combining a blue chip with yellow phosphor or
by combining of blue, green and red (RGB)
emitting tricolor multiphased phosphors [1, 3].
Therefore, it is important to investigate novel
blue, red and green phosphors which show high
emission intensities.

The luminescence behavior of the rare earth
activated phosphors depends strongly on the
composition of the host, concentration of the
activator and methods of preparation [3]. Silicates
are one of the most suitable materials because of
their high chemical and mechanical stability and
various crystal structures [2]. In addition, silicate
glasses and glass-ceramics doped by rare earth
ions are among the most commonly used
materials for optical fibers, wave guides for opto-
electronic communication and color display
devices. Many investigations are published on
Eu?* and Mn?* doped (Ba,Sr)3MgSi.Os [4], Ce**
and Th* doped BalLu:SisO10 [5], Eu?** doped
Ba,ZnsSis011 [6], Ce** and Eu?* doped CasSi.O;
[7], Ce* and Mn?* doped CasSc:SizO1, [8],
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Li>SiOs doped by Er**, Eu®*, Dy*, Sm®, Th*,
Ce* [9, 10], Eu?* doped NaAlSiO, [11], Ce** and
Mn?* doped NaAISiO, [12], Fe** doped NaAISiO,
[13], Eu?** doped NaAlISiO, [14], Tb* doped
NaAISiO; [15], Dy** doped NaAISiOs4 [16]. These
compounds are synthesized by conventional solid
state method or by sol-gel method. Compared
with these phosphors and glasses, rare earth doped
glass-ceramics are a good alternative because of
the low cost preparation process, simple
manufacturing procedure, free from halo effect.
Mechanical, thermal, electrical and optical
properties of the material could be improved by
controlled heat treatment of the parent glass [17-
19].

NaAlSiOs compound is with nepheline like
structure.

The crystal structure of this compound is
hexagonal with space group P63. It consists of
AlO4 and SiOy tetrahedra, connected with oxygen
bridges. Charge compensation is achieved by
incorporation of sodium cations in the cavities of
the structure [20, 21]. At room temperature the
nepheline compound also exists in different
polymorphic modifications, depending on the
method of preparation [22, 23]. These
modifications transform themselves to hexagonal
at 160 — 200°C [24].

NaAlISiO4 glass-ceramics are investigated for
optical and  telecommunication  systems
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applications, [19, 25], for medical applications
[26, 27], for ceramic hot plates and microwave
ovens [28]. The structure of NaAlSiOs allows
doping by Rare Earth ions.

Tb* and Eu** doped phosphor materials have a
strong excitation band in the near UV region. Tb*"
ion shows green emission due to °Ds—'Fs
transition. The increase of Tb®" concentration
leads to decrease of emission intensity from °Ds,
which is due to cross relaxation between *D3;—’F;
and "F;—°D4 Eu** ion shows orange-red emission
corresponding to ’Do—’F; or ’Dy—’F, transitions
[3, 10, 15].

In this paper we report our efforts to obtain
Tb* and Eu** doped NaAlSiOs nano glass-
ceramics for LED applications. To our knowledge
this kind of investigations are not published to this
moment.

EXPERIMENTAL

NaxCOs (p.a.), AL O3 (p.a.), SiO; (p.a.), H3;BOs
(p.a.), TbsO7 (p.a.) and Eu,0s (p.a.) were used as
row materials. Glass synthesis were carried out in
a resistive furnace with Kantal heating wire
permitted maximum working temperature of 1200
°C and in a chamber furnace with MoSi, heating
elements  permitted  maximum = working
temperature of 1550 °C. The temperature was
controlled with Pt/Pt—10%Rh thermocouple and
Eurotherm controller. Glasses were melted in
platinum crucibles. First the mixture was heated at
700 °C for decomposition of the sodium carbonate
and boric acid. Then the melt was heated at 1400
°C during 4h for homogenization and obtained
glass were cooled to the room temperature by
quick removing from the furnace. Finally the
glasses were thermally treated for establishing of
the crystallizing phases. The structural
characterization was carried out by powder X-ray
diffraction using a Bruker D8 Advance powder
diffractometer with Cu Ka radiation and SolX
detector. X-ray diffractograms were recorded at
room temperature. Data were collected in the 26
range from 10 to 80° with a step 0.04° and 1 s
step—1 counting time. X-ray diffractograms were
identified using the Diffractplus EVA program.
The mean crystallite size were calculated from the
integral breadth of all peaks using Scherrer
equation and the TOPAS 3 program 3 — General
profile and structure analysis software for powder
diffraction data, 2005, Bruker AXS, Karlsruhe,
Germany. The area of the amorphous phase was
determined by using a straight line for description
of the background and single line for fitting the

amorphous component. The emission and
excitation spectra where measured on Horiba
Fluorolog 3-22 TCS spectrophotometer equipped
with a 450 W Xenon Lamp as the excitation
source. All spectra were measured at room
temperature.

RESULTS AND DISCUSSION

Our previous investigations show, that the
glasses from the system Na;O-Al;03-Si0O2-B,03
are suitable for preparation of the glass-ceramics
containing  NaAlSiOs phase. For these
investigations  NaAlSiO4-NaBO, =  66:34
component ratio was chosen and the concentration
of the dopants was 0.25, 0.33 and 0.5 at% for Th**
or 0.1 at% for Eu®* related to NaAlSiOs. The
experiments show that the maximal terbium
concentration is 0.5 at.% and the maximal
europium concentration is 0.1 at.%, at which the
homogeneous glasses can be prepared in the
described conditions.

The glasses were thermally treated at 650°C
during 2, 5 and 24 h for determination of the
crystallizing phases, crystal part and mean particle
size of the nano-crystals. These regimes were
chosen on the base of our previous investigations.
The result after thermal treatment at lower
temperatures is a large glass part and small peaks
of NaAlSiO.. Thermal treatment of the glasses at
650°C more than Sh leads to crystallization of
NaAISiO, and NaySiO; in both terbium and
europium doped glasses. XRD patterns of the
terbium doped glass treated at 650°C during 24h is
shown in Fig. 1.

* NaAISiO4 PDF 88 1231
* NaAISiO, PDF 52 1342

4 NaySiO; PDF 16 0818
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Fig. 1. XRD patterns of the terbium doped glass
ceramic treated at 650°C during 24h.

Crystal part of the samples doped by 0.5 at.%
Th® or 0.1 at.% Eu®* treated at 650°C with
different duration and the ratio between two
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crystallizing phases NaAlISiO; and Na,SiOs are
presented in Table 1. As can be seen from the
table, terbium makes the crystallization process
more difficult in thermal treatment during 5h. So
the crystallinity degree of terbium-doped glass-
ceramic is 54%, while the degree of crystallinity
of europium-doped glass-ceramic is 78%. The
crystallinity degree after 24h thermal treatment is
about 90%. XRD patterns of the samples treated
at 650°C for 5 and 24h, presented in Fig. 2, show
the same tendency. The intensity of the peaks is in
a good collation with the crystallinity degree.

Table 1. Crystal part of the samples doped by 0.5 at.%
Th3* and 0.1 at.% Eu®* treated at 650°C with different
duration [%] and ratio between two crystallizing phases
NaAISiO4 and Na28i03,

Sample
Th:NaAlSiO4 Eu:NaAISiO4
Time[h]

2 glass

5 54% 78%
68:32 69:31

24 88% 90%
71:29 70:30
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Fig. 2. XRD patterns of the samples doped by 0.5 at.%
Tb and 0.1 at.% Eu treated at 650°C during 5 and 24h.

The ratio between the two crystallizing phases
NaAISiO; and Na.SiOs; is 70:30 and does not
depends on the dopants and thermal treatment
time. The mean particle size for NaAISiO4
nanocrystals is between 50 and 60 nm and weak
depend on the dopants and thermal treatment time.
The particle size of Na;SiOz nanocrystals is
between 30 and 70 nm.

Emission and excitation spectra of 0.5 at.%
Th3* doped sample and 0.1 at.% Eu doped sample
treated at 650°C during 24h are presented in Fig.
3. The Tb%:NaAlSiO, glass-ceramic excitation
spectrum covers the range from 300 to 500 nm.
The sample shows characteristic transitions of
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Th®: "Fe—°H- transition for 317 nm, 'F¢ —°D>
transition for 350 nm, “Fs —°L1o transition for 357
nm, 'F¢ —°Ds transition for 379 nm, and the "F
—°Dy transition for 482 nm. These lines are
attributed to the f—f transitions of Tb%". The
strongest peak is located at 379 nm corresponding
to the 'Fg —°D5 transition.
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Fig. 3. Excitation (a) and emission (b) spectra of the
0.5 at.% Thb doped glass-ceramic sample and 0.1 at.%
Eu doped glass-ceramic sample treated at 650°C during
24h. CIE 1931 coordinates for Th3* doped sample
x=0.23, y=0.27. CIE 1931 coordinates for Eu®* doped
sample x=0.45, y=0.29.

The main emission peak of Th*:NaAlSiO,
glass-ceramic is °Ds —'Fs transitions at 549 nm,
corresponding to green color. Other transitions
from 5D3 —>7F5, 5D3 —>7F4, 5D4 —>7F5, 5D4 —>7F4
and °D, —'F; are located at 415, 436, 458, 485,
583 and 620 nm [3, 29].

The Eu®*:NaAlSiO, glass-ceramic excitation
spectrum covers the range from 300 to 500 nm.
The sample shows characteristic transitions of
Eu": "Fo—°H3 transition for 320 nm, 'Fo —°Ds
transition for 361 nm, 'Fy; —°L; transition for 380
nm, ‘Fo —5Lg transition for 393 nm, 'Fy —°D3
transition for 413 nm, and 'Fo —°D: transition for
463 nm. These lines are attributed to the f—f
transitions of Eu®". The strongest peak is located
at 393 nm corresponding to the Fo —°Ls
transition. The band around 250 nm is due to the
charge transfer Eu*-0?,

The main emission peak of Eu3*:NaAlSiO,
glass-ceramic is Do —'F; transitions at 612 nm,
corresponding to orange-red color. Other
transitions from Dy —’F1, *Dy —'F3; and °Dy
—'F, are located at 592, 653 and 704 nm. The red
emission at 612 nm is an electric dipole transition



Koseva et al.: Terbium doped and europium doped NaAlSiOs ...

and displays the highest intensity. The orange
emission at 592 nm is allowed magnetic dipole
transition. The second emission intensity is lower,
which indicates that Eu®" ions occupy sites
without an inversion center [3, 30, 31].

Comparison of the samples with different
concentrations of terbium ion is shown in Fig. 4.
It is seen that the Th** emission is the most intense
at a concentration of 0.5 at% in the investigated
concentration range.

0.5at.% Tb
— — 0.33at.% Tb
—- 0.25at.% Tb

A=379 nm

Intensity [a.u.]

500 550 600
Wavelenght [nm]

Fig. 4. The emission spectra of samples with different
terbium ion concentration.

Comparison of the spectrum of Tb**:NaAISiO,
glass-ceramic with those of the sol-gel prepared
Tb3*:NaAlISiO, powder [15] show difference in
the range 400-530 nm. The peaks in the first
spectrum are more intensive and clearer. This may
be due to the additional emission from some part
of the glass and Na.SiO3 as the second phase. The
spectrum of Eu®*:NaAlISiO, glass-ceramic is very
similar to the spectrum published for Eu®* doped
NaAIlSiOs-NaYSisO2s glass-ceramic [31].

CONCLUSION

Terbium doped and europium doped
homogeneous glasses from the system Na,O-
Al,03-S810,-NaBO, are prepared with the highest
concentration of the dopants 0.5 at% for Tb** and
0.1 mol% for Eu**. Glass-ceramics are obtained
after thermal treatment of the parent glass at
different treatment time. The main crystallizing
phase after thermal treatment at 650 °C with
different duration is NaAlISiO4 and some presence
of Na,SiO; as a second phase is detected. The
ratio between these two phases is 70:30. The
crystallinity degree of the glass-ceramic samples
could reach up to 90%. The particle size for the
two crystallizing phases is between 30 and 70 nm.

Emission and excitation spectra of the glass-
ceramics show the characteristic peaks of Tb*"
and Eu*".

The obtained results show that as prepared
terbium doped NaAlSiO4 glass-ceramics could be
used as a green phosphor. Europium doped
NaAlISiO4 glass-ceramics could be used as an
orange-red phosphor. It would be interesting to
find a suitable terbium and europium
concentration into the glass-ceramics, giving the
mix between these two colors.
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JIOTUPAHA C TEPBUI U EBPOITMII HAHOPASMEPHA CTBHKJIOKEPAMUMKA ChIBPXKAIIA
NaAlSiO4 3A MTPUJIOXKEHUE KATO JIVMUHECHEHTEH MATEPUAJI

Ug. Kocena, I1. IIBeTkoB, I1. BanoB!, AH. HNopnanosa, B. Hukoios
Huemumym no obwa u neopeanuuna xumus, bvieapcka akademus na naykume, 1113 Cogusi, Boreapus
YUncemumym no onmuunu mamepuanu u mexnonozuu, Bvreapcka axademus na naykume, 1113 Cous, Bvazapus

Iocrenuna va 10 okromBpu 2016 r.; kopurupana Ha 20 HoemBpu, 2016 T.

(Pesrome)

CuHTe3upaHu ca JOTHpPaHW ¢ TepOHMii M eBpomuii XOMOreHHH cThkia ot cuctemara Na;O-Al;03-Si0-NaBO;.
CThKIIOKepaMHUKaTa € MOJydeHa Cle]] TEPMUYHO TPeTHpaHe Ha Te3W CTHKJIA MPH Pa3ludHU TEeMIEepaTypH C pazandHa
NPOXBIDKUTENHOCT. OnpeieNieHn ca KpucTanu3upaiure a3y, CTeNeHTa Ha KPUCTAJIHOCT M pa3Mepa Ha 4acTHIUTE B
cThKIIOKepamMukaTa. OCHOBHaTa Kpuctanusupaina dasa cien repmudHo Tpetupane e NaAlSiOs. PeHtreHoBHTe aHANU3H
nokassat Hannuuero Ha NapSiOz kaTo BTopa KprcTanusupaiia ¢asza. CTerneHTa Ha KPHUCTaTHOCT Ha CTBKIOKePaMHUKaTa
ciien TepMUYHO Tpetupane npu 650°C B npoasmkeHne Ha 24 daca e okosio 90%. PasmepsT Ha yactuuute Ha NaAlSiO4
e mexy 50 u 60 nm, a ua NapSiOz — mexxay 30 u 70 nm. CriekTpuTe Ha eMHCHS U Bb30YXK/IaHEe Ha CTHKIOKEpaMHUKATA
TIOKa3BaT XapakTepHute 3a Honute Th® u EU®* mukoBe. OcHOBHUAT emucHoHeH Tk 3a Th% ce nbmku Ha mpexona °Da
—7Fs u e nokanusupas npu 549 nm, otropapsin Ha 3ejeH 1BAT. CHEKTHPBT Ha Bb3OYKIaHe 10KA3Ba Haill-HHTEH3UBEH
nuk npu 379 nm. OCHOBHUAT eMUCHOHEH TIHK 3a EUS* ce ibimxu Ha npexona °Do —'F2u e nokanmusupan npu 612 nm,
OTroBapsilll Ha OpaH)XeBO-uepBeH LBAT. CIeKTbPBT Ha Bb30YK/1aHe MI0Ka3Ba Haii-MHTEH3UBEH MUK 1pu 393 nm.
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