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The aim o fthe present research is to develop compounds and technologiesfor applying the luminous vitrocrystalline compounds to

smooth and rlbbedé;lass substrates in LED lamp structure with a remote photoconverter that contains oxide low meltlndg glass as the base
and nanostructuredcerium-dopedyttrium-aluminum garnetpowder as the luminophore. The luminescent coatings basedon nanostructured
cerium doped yttrium-aluminum garnet powder and low melting glass of composition Ba()-Bi,0r B/Jr KH)-SiO2 where prepared.

YAG.Ce31powder was synthesized by the method o fthermochemical reaction. Silica glass powder was introduced into the composition as
diffuse scattering component, improving the lighting characteristics. Spectral-luminescent characteristics o fcoatings were studied.

Keywords: light converter, LED, luminophor, coatings, low melting glass, silica glass, yttrium-aluminum garnet

®OPMUPOBAHUVE NFOMWHECLUEHTHbLIX MOKPbLITU C
NCIMOJIbSOBAHWVEM JNEIMKOTIJTABKUX CTEKO/JI

Esrenuii H. MOAAEHEXHbIN1 (podd-evgen@yandex.ru)

EkaTepuHa E. TPYCOBA2 (trusova@jbelstu.by)

AHppein A. BOVIKO1 (boiko@gstu.by)

EkaTepvHa P. KPABLIOBA (katakl623@gmaU.com)

Onbra B AABbIAOBAL(olga_davidova-uretskaya@fnal.ru)

T oMenbCKuiA rocyfapcTBEHHbI TeXHUYECKMA yHnBepcnTeT, Tomensb, Pecnybnvka Benapych

2benopyccKuii rocyfapcTBEHHbIA TEeXHOMOTMYECKWA yHuBepcuTeT, MuHCK, Pecnybnuka Benapych

. Ll.el'IbIO HaCTOALLEro nccnegoBaHma ABNAETCA pa3pa60TKa COCTaBOB M npoLlecca HaHeCeHUA I'IIOMMHOdJOpHOVI CTEKNoKpucTanmn-

YECKOW KOMIIO3NLMN Ha CTEKNAHHbIE NOAN0>KKN B KOHCTPYKLWA CBETOANOAHOIO CBETW/bHIKA C yAaNEHHbIM ¢)0Tonpeo6pa393aTeneM,
cojep>Kallle B Ka4eCTBE OCHOBbI OKCUAHOE NETKOMN/NaBKOE CTEKNO, a B KA4ECTBE I'IIOMMHO(*)Opa - HaHOCTPYKTYpMPOBaHHbLIN NOPOLLOK
NTTPUA-aIIOMUHMEBOTO  rpaHaTa, aKTWBMPOBAHHbLIN NOHAMW LEPUS. M3roToBneHbl NIOMUHECLIEHTHbIE NOKPbITKA Ha OCHOBE HAHOCTPYK-
TYPUPOBAHHOIO NMOPOLLKa UT TPUA-aIlOMUHNEBOTO rpaHaTa, A0NMPOBaHHOIo NOHaMW LEPKS 1 NErKONNaBKOro CTeKNa Ha 0CHoBe CUTCTe-
Mbl Ba0-Bi:03-B,0r KfD-SiO2 Mopowok YAG.Ce* CMHTe31MpoBaH MeTOLOM TepMOXUMUYECKON peakumn. [ns ynyyLieHus cBeTOBbIX U

CMeKTPa/lbHO-MOMUHECLIEH THBIX Xapak TepUCT MK NOKPLITUA B COCTaB BBOAWIM AUAIhY3HO-PACCEMBAIOULLA KOMMOHEHT - MOPOLLOK KBap-
LieBOro CTekna. V3yyeHbl CNeKTPabHO-MIOMUHECLEH T Hble XapaK TepUCT UK NOKPbITUIA.

KrntoueBble c/10Ba: CBETONPeo6pasoBaTe/lb, CRETOAMNOA, SOMUHOGOP, NOKPbLITUS, NIETKOM/IaBKOE CTEKNO0, KBapLIEBOE CTEKO, UTTPUIA-aItOMHIEBbIV rpaHaT

OSON ERUVCHAN SHISHALARDAN FOYDALANGAN HOLDA
LYUMINESCENT QOPLAMALARNI TAYYORLASH

Evgeniy N. PODDENEJNY" (podd-evgen@yandex.ru)

Ekaterina E. TRUSOVAZ (trusova@belstu.by)

Audrey A. BOIKO1 (boiko@gstu.by)

EkaterinaR KRAVTSOVA? (katak1623@gmail.com)

Olga V. DAVYDOVAL1 (olga_davidova-uretskaya@mail.rul

1Gomel davlat texnika universiteti, Gomel, Belarus Respublikasi
Belarus davlat texnologiya universiteti, Minsk, Belarus Respublikasi

Ushbu tadgiqotning magsadi masofaviyfotoo Z%artirgichli nurdiodli chiroq konstruksiyasidagi shisha asosga lyuminofor shisha-
kristall, ya'ni asos sifatida oson eruvchan shihsa va lyuminofor sifatida seruy lonlari bilan faotlashtirilgan itriy-al uminiy%ranati
saglovctil - nanotuzulishli kukun kompozitsiyalami goplash jaravoni va tarkiblarini ishlab chigishdan iborat. BaO-BifO3-B&yKHO-SiOi
tizimi asosida oson eruvchan shisha va seriy go'shilgan itny-alyuminiy granal nanostrukturali kukuni asosida lyuminessent goplamalar
tayzorlangan. YAG:Ce3+kukuni termokimyoviy reaksiya usuli bilan sintez gilindi. Yorug'lik va spectral-lyuminessent xususiyatlarini yaxshi-
!as_k l.iCh_Un tarkl?ga diffuzion sochuvchi Tomponent sifatida kvarts shisha kukuni kiritildi. Qoplamalarhing spektral-lvuminessent xarakter-
istikalari o'rganilai.
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Introduction chips into a wide spectrum corresponding to solar

LED lamps are widely used due to their
cost-effectiveness, energy efficiency as compared
to incandescent lamps, and have a long service life
[1-3]. Such lighting devices are based on white
light-emitting diodes (LEDs) of various shades -
from pure white (cold light) to pinkish yellow
(warm light). The most common method of pro-
ducing white LEDs is the use of microcrystalline
luminophores that convert light emitted by blue
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spectrum with the use of microcrystalline lumino-
phores manufactured based on cerium-doped yttri-
um-aluminum garnet (YAG:Ce3t) [4-6]. The tech-
nology for creating white LEDs involves applying
a ready compound consisting of a luminophore, an
organic binder and stabilizing additives to the sur-
face of the crystal, after which the structure is heat
treated. With this approach due to LED heating
during its operation, conversion efficiency and
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brightness of LED decrease over time; spectral
composition of light emission also changes over
time. There are several publications that suggest
that the luminophore should be put away at some
distance from the chip, which would reduce the
thennal degradation of the light converting layer,
increase the lifespan of LED device, increase ho-
mogeneity of light emission and improve the lamp
light emission pattern [10-12]. Such converter can
be manufactured in form of semi-translucent com-
posite or ceramic plate, and luminescent coating
on transparent substrate [13, 14]. Besides, this ap-
proach can also offer a structural variety of forms
of the remote converter - flat, hemispherical,
spherical, and at the same time allows the increase
of lighting device efficiency due to the structural
features by 25-30% [15].

The aim of the present research is to devel-
op compounds and technologies for applying the
luminous vitrocrystalline compounds to smooth
and ribbed glass substrates in LED lamp structure
with a remote photoconverter that contains oxide
low melting glass as the base and nanostructured
cerium-doped yttrium-aluminum garnet powder
as the luminophore.

Research methods

The following requirements are applied to
low melting glass as the matrix for introduction of
ultradispersed luminophore powder for transparent
glass substrates coating:

i) glass-softening point is 450-530 °C;

ii) the temperature of complete spreading
over the glass substrate during heat treatment is
not higher than 600-650 °C;

iii) thennal expansion coefficient is (80-
100)-10~7 KT,

iv) chemical resistance is not lower than
I class.

v) refractive index is not less than 1.6.

The low melting glass compositions of-
fered in the scientific literature in most cases are
multi-lead or boron-zinc systems that do not en-
sure achieving required properties in tenns of ther-
mal linear expansion coefficient values or refrac-
tive index. Therefore, accordingly, a compound is
proposed as low melting glass with a melting point
below 600 °C, wt.%: B20 3 15.65-19.30; ZnO 0.2-
1.0; A120 30.05-4.13; Bi20 323.18-53.38; CdO 0.1
-1.5; CuO 0.01-1,5; NiO 0.01-0.5; PbF2 29.27-
58.01[16]. The disadvantages of this glass are the

16 CHEMISTRY AN» CHEMICAL ENGINEERING
XUMUA U XUMUYECKAA TEXHONorud K I;I'

MATERIALS SCIENCE AND ENGINEERING

MATEPVANOBEOEHWE N TEXHOIOINA
MATERIALSHUNOSLIK VA TEXNOLOGIYAI

use of toxic and volatile PbF2 and relatively low
refractive index (less than 1.6). The following
compositions can be given as example of lead-free
boron-zinc glass [17]. The latter are developed in
Zn0-B20 3-P 20 5 system, which are main compo-
nents, and A120 3 MgO, CaO, BaO introduced as
optimizing additive. The content of the primary
components is 85 wt.% and more. The limit of the
primary components content (wt.%) is ZnO 45-
80; B20 35-45; P20 5 1.0-35; optimizing: A120 30-
10; MgO 0-15; CaO 0-10; BaO 0-5 (total 15 or
less). The disadvantage of this glass is the intro-
duction of significant amounts of P20 5 which is a
highly volatile component, and the low refractive
index values. There is also bismuth-containing low
melting glass [18], wt.%: Bi20 3 50-65; B20 3 25-
40; A120 3 1,5; ZnO 5,0; Sh20 33,5; BaO 5-15 used
for pastes in microelectronics. Their disadvantages
are the significant content of bismuth oxide that
causes active colouring of original glass, which
significantly increases absorption of the passing
light.

It has been established that the introduc-
tion of BaO and CaO into the glass composition
increases thermal linear expansion coefficient val-
ues of borate glass and contributes to the increase
of the original glass meltability in general due to
their ability to form meltable calcium-barium bo-
rates of compositions Ca(B02)23Ba0(B02)2 Ca
(B022Ba(B022 n 2Ca(B022Ba(B022 with
melting temperatures of 1056, 1088 and 1074 °C,
respectively [19].

Low melting glass based on bismuth-
borate system for light converting coatings that
complies with specified requirements, with ther-
mal expansion coefficient values within the range
of (85-100)-10'7 K'1 and the refractive index of at
least 1.7 corresponding to the refractive index of
luminophore - yttrium aluminum garnet - and
provides for spreading on glass substrate at tem-
perature not exceeding 600 °C [20]. The glass
compositions are, wt.%: Bi20 3 25-35; B20 3 30-
40; ZnO 6-10; BaO 13-16; CaO 2-4; K20 7-10.

The raw materials (99.99 % purity) were
weighted and homogenized in 50 ¢cm3 aluminum
oxide ceramic crucible. The synthesis was per-
formed at maximum temperature 1100°C in the
electric furnace for 1 h. Obtained samples were
annealed at 400 °C for 4 h in the muffle furnace.
The developed glass compositions have thennal
expansion coefficient values consistent with the
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thermal expansion coefficient values of the glass
substrate and the increased refractive index close
to the refractive index of luminophore.

The 2-3 mm-thick -transparent glass
plates, both smooth and ribbed, were used as the
substrates for coating.

As the luminescent powder forming part
of the light converter coating, nanostructured ceri-
um doped yttrium-aluminum garnet powder was
used that had been obtained by the thermochemi-
cal reaction of oxidation of relevant nitric acid
salts in reducing agents (sucrose, citric acid and
acetic acid) [21-23]. Method of synthesis of lumi-
nescent ultradispersed powder with
Y 298Ce0.05A150i12 chemical composition, used as
active filling agent, is described in the research
papers [24-26].

In order to improve light and luminescent
spectroscopic parameters of the coatings, a diffuse
-dispersing component - silica glass powder with
various granulometric composition - was intro-
duced into the composition of the slimy (average
particle size from 12 to 400 microns). Silica glass
is introduced into the coating as a component that
is transparent for blue light emission of the LED
chip, and white light is formed by blue passing
light being combined with light emission generat-
ed by cerium-doped yttrium-aluminum garnet par-
ticles. Thick film coating was also applied to the
ribbed glass. In this case there is no need to intro-
duce a light diffusion component, because emis-
sion of blue LED partially passes through the are-
as of ribbed surface of the substrates that are not
covered by the slurry (Fig. 1, b).

The thickness and the composition of the
luminescent compound layer are selected in such
a way that blue light emission of LED Emission =
455 nm) excites broadband radiation in the phos-
phor with a maximum at a wavelength of 570 nm
(yellow glow). Total emission of blue LED and
yellow luminophore is perceived by the eye as
white light or “warm” white light depending on
ratio of amount to size of the silica glass that is
transparent to light emission and luminophore
composition.

Design of the converter that is made on
the ribbed substrate with a layer of luminophore
compound applied to the recesses, requires lower
consumption of expensive luminescent powder
and maintains uniformity of light emission. Uni-
form distribution of the compound containing lu-
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minophore particles based on yttrium-aluminum
garnet in recesses of the glass plate ensures stabil-
ity and uniformity of the luminous flux with its
transformation into the -broadband light emission
with a longer wavelength. Light flux ofblue colour
uniformly passes through transparent areas of the
substrate. Total emission of the blue LED and the
yellow luminophore is perceived by the eye as the
white or “warm” white light depending on the ratio
of transparent areas to recesses filled with lumino-
phore.

Introduction of the luminophore compound
only into the recesses of the light transformer sig-
nificantly reduces the consumption of luminophore
while maintaining the uniformity of the luminous
flux of the lamp and the uniformity of light emis-
sion.

Ground silica glass powder used as diffuse
reflection filling agent, was pre-washed and etched
in ultrasonic bath UZU-025 at a frequency of 50
Hz, ultrasonic power- 250 W, in 10% NH4HF2
aqueous solution for 30 minutes. After the powder
is washed, its transparency increases, dust and de-
fects are removed from the grain surface, and the
refractive and reflective capacities increases.

Luminophore composition was prepared
and applied to the glass substrate. In order to ob-
tain light converting coating, ground frit of low
melting glass containing 25 wt.% Bi20 3 was mixed
in isopropyl alcohol medium with nanostructured
cerium-doped yttrium-aluminum garnet powder
and the silica glass powder with a ratio of 44,5:
11.0:44.5 wt.%.

The resulting suspension was sprinkled on
the glass substrate and dried in the air at 50°C in
the dryer for 20 minutes. The coated substrate was
then placed in a muffle furnace on a ceramic stand
and gradually heated to a temperature of 650 °C
with a temperature rise rate of 10 °C/min. The sub-
strate was held at 650°C for 30 minutes, then slow-
ly cooled down with the furnace to the room tem-
perature [24].

Scanning electron microscope TESCAN
(Czech Republic) was used to study morphology
ofthe coating.

Luminescence of the YAG:Ce3t+ based
coating with the introduction of silica glass pow-
ders was excited in Ce3+ion absorption band area
within the blue area, by LED-003W-07C-020-
030LM-EL-P with a wavelength in 440M60 nm
spectrum, which corresponds to transitions from
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Figure 1. SEM image of phosphor coating containing quartz powder with an average particle size of 400 (a) and 12 microns (b).

4fF 52to 5d split levels.
Luminescence spectra were recalculated
using the reference cold-white LED spectrum.

Results and Discussion

SEM image of phosphor coating filled
with silica glass powder (average particle size
from 12 (a) to 400 microns (b)) in a low melting
glass matrix with submicron YAG:Ce powder is
shown in Fig.l. Silica glass is introduced into the
coating as a component that is transparent to the
blue light emission of the LED chip, and white
light is generated by mixing blue emission and
yellow radiation generated by activated yttrium
aluminum garnet particles.

Analysis of the luminescence (Fig. 2) of
coatings containing transparent silica particles has
proved that highest luminescence intensity has
been shown by the luminophore coatings produced

(1-0.15 mm, 2- 0.25 mm, 3- 0.4 mm)
Figure 2. Luminescence spectra of coatings depending on the size of
siiica glass particles.

with the use of cerium-doped yttrium-aluminum
garnet produced by being burnt in citric acid, cal-
cified in the argon atmosphere at a temperature of
1100 °C silica glass powder with an average parti-
cle size of 150-400 pm being added as diffusion
component.

The measured luminophore emission spec-
tra had a wide band within 500-700 nm, which
corresponds to transitions of Ce3+ ion from 5d to
4f-shell levels, with the maximum being approxi-
mately 550 nm [27]. Luminescence spectra of the
samples depending on the particle size of diffuse-
dispersing component of silica powder Ne 1- 150
pm, Ne 2 - 252 pm, Ne 3 - 400 pm is present in
Fig. 2. As the size of diffuse-dispersing powder
increases, the luminescence intensity increases,
too, because total amount of blue LED quanta
passing through the composite and excited in yel-
low luminophore particles increases.

In order to create remote light transducers
emitting light in a wide range of colour temperatures
(from cold-white to pink), they were formed by
combination of two types of luminophores emitting,
respectively, yellow-green and red parts of the spec-
trum. For example, introduction into glass matrices
of the red luminophores Y203: Eu3t, which were
obtained by the thermochemical reactions, together
with YAG:Ce3t based yellow luminophore, allows
us to move light emission band to red, thus obtain-
ing “warm” white color light from the device. In
order to achieve this, a combination of two lumino-
phores was prepared with a ratio of 80/20 wt. %
(yellow / red). When such a composite is irradiated
by LEDs with X =455 nm, a combined light emis-
sion spectrum with a wide band of 400-700 mn and
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an intensive narrow band of 612 nm is obtained,
which with the use of the blue light allows to adjust
the“warm” white light emission (Fig. 3).

Figure 3. Emission spectrum of a phosphor coatings when irradi-

ated with LED with X= 455 nm: i with YAG:Ce3 luminophore

and 2 - combination of two luminophores YAG:Ce3+/ Y20 3: Eu3+
with a ratio of 80/20 wt. % (yellow /red).

The obtained samples of the luminescent
coatings consisting of low melting glass with 25
wt.% of BbO3, nanostructured cerium-doped yt-
trium-aluminum garnet powder, and silica glass
powder taken in ratio of 44.5 : 11.0 : 44.5 wt. %
enabled to achieve white light from blue and UV-
LEDs, the total light emission spectrum of which
is shown in Fig. 4 with corresponding chromatici-
ty coordinates X=0.29-0.36 and ¥Y=025-0.38

(Fig. 5).

Conclusion

The composition of luminophore coating
on the glass substrates for convertor that trans-
forms light emission of blue LEDs or chips into
white light has been developed based on applica-
tion and firing of composite slurry using low
melting bismuth-containing glass and obtained

Figure 4. Total spectrum of a blue LED and a composite thick-film
light converter.
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Figure 5. Color diagram for a light converter when irradiated with

light from a blue LED with X= 455 nm.
by burning cerium-doped Y3AI5012 yttrium-
aluminum garnet ultradispersed powder; with
additional introduction of light-diffusing silica
powder. Highest luminescence intensity at excita-
tion at wavelength L=460 mn has been achieved
by the luminophore coatings obtained with the
use of diffuse-dispersing component of silica
glass powder with the medium particle size of
400 pm.
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