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Synthesis, the study of the structure of YAG
and YAGG phosphors in the radiation field

In the present work, an attempt is made to synthesize a phosphor using powerful hard radiation,fluxes. The
surface, elemental composition, structure, and luminescent characteristics of the obtained Y AG:Ce ceramics
were studied. Ceramics have a heterogeneous structure. The main phase ofythe|obtained ceramics is YAG,
which ranges from 72 to 91 % of the total volume of samples. The remaining volume offhe samples consists
of the ALLO; and CeO, phases. The synthesized ceramics has the characteristic properties of YAG:Ce,
YAGG:Ce phosphors. The surface condition and elemental surface’ cemposition of'the synthesized ceramic
sample were studied using a scanning electron microscope. The images shewed that there are particles with a
well-defined faceting, which indicates the formation of microcryStals. X-ragdiffraction analysis of the syn-
thesized ceramic samples was carried out on a diffractometer ¢X:ray.diffraction analysis showed that the re-
sulting ceramic has a high degree of crystallinity. The quantitativeyphase dependence was determined in the
TOPAS-4.2 program. The results of measuring the luminescence spectra measured upon excitation of the
specimen split surface are presented. The maximum luminescence of YAG:Ce ceramics accounts for 555 nm,
the half-width of the band is 0.45 eV. In YAGG:Ce ceramiics, the luminescence maximum at 555 nm, the
half-width of the band is 0.48 eV.

Keywords: white LEDs, yttrium-aluminum garnet, phospher, ceramics, synthesis in the radiation field.

1 Introduction

White light-emitting diodesy(LEDS), are considered a good lighting devices due to their unsurpassed
qualities, such as energy saving,andylong service life [1, 2]. In the most common LEDs, the blue radiation of
the chip is converted into (yellows, by the phosphor. The combination of blue chip radiation and yellow
phosphor gives white light, As phesphors, microcrystalline powders of yttrium-aluminum garnet (YAG:Ce),
activated with ceriumfare most often used [2—4].

YAG:Ce’" phespher emits in the range of 500-700 nm, the luminescence maximum is 550 nm [5]. The
quantum efficiedicy 0fiY AG:Ce’* phosphor radiation can reach 85 % [6].

YAG:Ce phesphor’is most often synthesized from metal oxides under extreme conditions: thorough
mixing offthe anitialypowders, high temperatures during sintering, crushing to the desired size, annealing at
highntemperatures. The reproducibility of the synthesis with this technology is clearly insufficient. Therefore,
other methodssare being developed: sol-gel method [7], combustion method [8], coprecipitation [9] and
other$. But all the methods of synthesis still end with high-temperature annealing. In the practice of
industrial synthesis is dominated the method of solid-state reaction as the cheapest.

I® recent years, radiation methods for modifying, synthesizing films and even ceramics have been
developed [10, 11]. In this paper, it was attempted phosphor synthesis using powerful hard radiation fluxes.
The surface, elemental composition, structure and luminescent characteristics of obtained YAG:Ce ceramics
were studied.

2 Objects and research methods

YAG:Ce and YAGG:Ce ceramics samples were synthesized in the radiation field. For the synthesis, a
mixture from a powders mixture of Al,O;, Y,0s, Gd,0s, and Ce,0; oxides brands ch.c was prepared. The
ratio of oxides in the charge was equal to stoichiometric. With cerium dopping for activation and gadolinium
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for modification, the ratio of the initial compositions was adjusted. It was supposed that the activator and
modifier ions enter the lattice by replacing yttrium ions. The oxide powders had particles form of irregular
shape with dimensions of about 1 micron and less. In a liquid medium, the particles are trying to combine
into complexes. The charge was poured into a copper melting pot with a layer 5 mm. A flux of electrons with
an energy of 1.4 MeV from the ELV-6 accelerator with an average power of 23 kW/cm® was directed to the
melting pot with the charge. The beam section of a Gaussian shape at half-height was 0.7 cm”. The beam
scanned on the surface of the melting pot at a speed of 1 cm/s. All surface processing of the melting pot was
25 s. As a result of processing, ceramic samples were formed in the melting pot in the form of droplets with
sizes up to 0.5%1.0x2.0 cm. The samples had a high hardness close to sapphire. The split plane had a
teristic for ceramics form with a rough surface. YAG:Ce ceramics samples had a light yellow color like a
YAG:Ce and dark yellow-YAGG:Ce.

The state of the surface and the elemental composition of synthesized ceramics sam

anode and a graphite monochromator. Diffraction patterns were recorded in the range es (20-110°)
20 with a step of 0.02 20. Quantitative phase dependence was determined in th ‘
half-width of the measured reflections was used to determine the sizes of c
sample. The ratio of the integral intensity of reflections to the total intensi
the degree of crystallinity of the sample.

SEM images it can be seen that the ceramic samples are so ach other particles with sizes of
¢ are particles with a well-defined cut,

HFW |
mm | 149 ym

a—YAG:Ce; b — YAGG:Ce

Figure 1. The morphology of synthesized ceramics in a radiation field

The elemental composition of obtained YAG:Ce, YAGG: Ce samples differ from initial composition in
charge. The proportion of aluminum ions exceeded the charge during the charge formation relative to Y, Ce,
Gd. Therefore, the resulting ceramics has a non-stoichiometric composition (Tables 1, 2).
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Table 1

The elemental composition of the surface of obtained samples of ceramics

ALO; (56,8 %) + ALO; (59.5 %) + ALO; (56,8 %) + ALO; (59,5 %) +
Atom Y,0;5 (34,1 %) + Y.0.(35.7 0/‘; . Y505 (22,7 %) + Y05 (23,8 %) +
(at.%) Ce,05(9,1 %) Ce 02( 438 0/’) (2°2 KBr) Gd,05 (11,4 %) + Gd,05 (11,9 %) +
(22 KBr) et Ce,05(9,1 %) (22 KBr) | Cey05 (4.8 %) (25 KB1)
0 65.84 62.74 69.58 57.51
Al 26.16 33.02 28.72 36.36
Y 7.23 3.66 0.93 4.15
Ce 0.77 0.53 0.63 0.7l
Gd - 0.06 0.15 126
Table 2
The elemental composition of the crushed phosphor
o o,
Atom | ALO; (56,8 %)+ Y;0 (34,1 %) + | "G O9F 10 S YER BET V0 5| AL 0B8R oefet0x (34,1 %) +
(at.%) Ce;0; (9,1 %) (22 KBr) AR (2; KBT)2 B Ces0;(941 Y0025 KB)
0 57.39 52.81 66.32
Al 33.26 37.76 25.65
Y 7.55 7.29 7.49
Ce 1.8 1.35 0.54
Gd - 0.8 -

X-ray structural analysis showed that the resulting ceramicsthas @ high degree of crystallinity, about 80 %
(Fig. 2). The basis of YAG ceramics is made up of crystalsiwith a‘size of 47 nm, YAGG — 81 nm. The exist-
ence of a separate phase of corundum was found ing€eramics. \The lattice parameters of YAG, YAGG, and
Al,O; are close to those known for crystals: a, b, ~<12.023 in\Y AG, 12.055 in YAGG, 4.75 in Al,O; (Table 3).
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a— ALO; (59,5 %) + Y,05(35,7 %) + Ce, 05 (4,8 %);

b— ALO; (56,8 %) + Y105 (22,7 %) + Gd,05 (11,4 %) + Ce,05 (9,1 %)

Figure 2. Diffractograms of the investigated samples
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Results of X-ray diffraction analysis of synthesized ceramics

Table 3

Initialcomposition Pha Lattice Crystallite size, | Crystalline | Phase contain,
cOmpostio s¢ parameters, A nm degree, % %
A1203 (59,5 %) + A12Y3012 — Cubic _
V0. (5.7 %) + 12-34(230) a=11.98300 64.5 oo 71.7
Ce,05 (4,8 %) Al,O; — Rhombo.H.axes — | a=4.74657, 615 ’ 283
(22 KBr, 12.04.2018) R-3¢(167) c=13.01621 ' '
ALO; (56,8 %) + ALY301, — Cubic a=11.96366 483 82.4
Y05 (34.1 %) + 1a-3d(230)
23 Al,O; — Rhombo.H.axes — | a = 4.80604, 91.1
Ce,0; (9,1 %) - 44.7 14.9
(22 KBr, 11.04.2018) R-3¢(167) c=13.04118
S CeO, — Cubic Fm-3m(225) | a = 5.53065 51.7 2.6
A1203 (59,5 %) + A12Y3012 — Cubic _
Y0.(23.8 %)+ 12-34(230) a=11.95920 28.7 83.0
o,
GO; (11.9%) = | \1 6. Rhombo.Haxes— | a=4.72784, Y\
Ce,0; (4,8 %) R-3(167) 50344l 42.9 17.0
(25 KBr, 11.04.2018) ¢ €=l
A1203 (56,8 %) + A12Y3012 — Cubic _
V10,041 %) + 2-34(230) a=12.01313 4611 /. 91.2
Ce05 (9,1 %) Al,O; — Rhombo.H.axes — | a =4.76400, 4da ’ 38
(22 KBr, 11.04.2018) R-3¢(167) c=12.99785 ' '
ALO; (56,8 %) + A123§3C)31(212—3 gub“’ a=11.9425% 47.4 82.3
Y,05 (34,1 %) + a-3d(230)
CSGANa Al,O; — Rhombo.H.axes — | a = 4.79379, 92.4
Ce,05 (9,1 %) - 44.7 2.0
(22 KBr, 12.04.2018) R-3¢(167) c=13.11022
’ CeO, — Cubic Fm-3m(225) | a = 5552306 50.6 15.7
ALO; (56,8 %) + ALY;0,, — Cubic -
0. 027 %)+ 11-34(230) = M.96328 71.5 73.6
Gd,0; (11,4 %)+ [ALO; — Rhombo.H.axes — | ‘@= 4.79285, 082 89.8 17
Ce,05 (9,1 %) R-3¢(167) c =03.07166 ' '
(22 KBr, 11.04.2018) [ CeO, — Cubic Fm-3m(225) | & = 550465 81.7 24.6
ALO; (56,8 %) +
Y,05 (22,7 %) + R
GdyOs (11,4 %) + Alziglémoc)“b‘c a=11.91594 48.5 86.3 100
Ce,0; (9,1 %)
(22KBr, 12.04.2018)

Thus, obtained ceramics is a_system of small crystallites, which can be combined into microcrystals up
to 50 um, has a dominant YAG (or YAGG) phase, the composition is close to the corresponding this phase,
but non-stoichiometric.

4 Photoluminescence when excited by a blue LED

The gynthesizéd YAG ceramics samples intensively luminesce when excited by radiation of a chip at
460mm in theé range of 500—700 nm, like a YAG:Ce and YAGG:Ce phosphors [9, 12—-14].

Figure®8u(@, b) shows the results of measuring the luminescence spectra measured when excited the
sample splitting surface. The whole area of split well luminesces, however, the brightness distribution over
the surface is non-uniform. The luminescence maximum of YAG:Ce ceramics falls on 555 nm, the band
half-width is 0.45 eV. In YAGG:Ce ceramics, the luminescence maximum at 555 nm, the band half-width is
0.48 eV. The shift of the band in YAGG:Ce ceramics relative to the strip in YAG:Ce is a characteristic
feature of phosphors containing Gd** ions as modifiers. The half-widths of the luminescence bands in the
synthesized ceramic samples are within the limits of the corresponding phosphors and ceramics [15] based
on YAG:Ce, measured in [13, 16].
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Figure 3. Luminescence spectra of ceramics when excite

5 Discussion

YAG:Ce ceramics first synthesized in the field of powerful flux of ~“Ceramics has a heteroge-
neous structure. The main phase of obtained ceramics is YAG, wghich makesp from 72 to 91 % of the total
volume of the samples. The remaining volume of samples cofiSist hases Al,O; and CeQO,. Synthesized
ceramics has characteristics like a YAG:Ce, YAGG:Cephosph

Thus, the synthesis of luminescent YAG:Ce, YAGG
advantages of this method are obvious. The synthesis ti
to the commonly used thermal is determined by ionizati
radiation modes, during the exposure to the radiati
~ 6...10% cm™ electronic excitations (ions, excitor
formation of structural phases occurs from a g

cs in a radiation field is possible. The
nd. The efficiency of synthesis compared
esses, but not by thermal ones. With used ir-
charge absorbs 6.10% ¢V/cm’ in the charge,
on-hole pairs) are creating. Consequently, the
elements with a high degree of ionization, that is,
from a state close to the plasma state. Thi ixing of the elements of the composition, can be
obtained ceramics with a composition et shiometric. The radiation field, the distribution of the ab-
sorbed energy in the charge can be controlled. Consequently, synthesis in the radiation field can provide
high reproducibility of obtained mat
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A. layner6exona, K. bama6ekos, A. Ko3noBckuii, A. YcenHoB

Pammnanus epicingeri UAI :xone UAI'T mromunogopaapbiHbI
KYPBLIBIMBIH 3€PTTeY KJHe CHHTe3/iey

Maxkanaza KaTThl paJMalUsHBIH KYIITI aFbIHIAPbIH INaiiJanaHbll, JIOMHHO@QOPAB CHHTE3/CYre OpEKeT
skacanabl. Anbiarad Y AG:Ce kepaMuKaHbIH O€TKi KYPbUIBIMBI, JIEMEHTTTIK KYPaMbl JKOHE JIIOMUHECLICHTTIK
Kacuertepi 3eprrenni. Kepamuka reTeporenzi KypbsuibiMFa ue. AJBIHFaH KepaMUKaHbIH Heri3ri ¢a3acsl YAG
Gonbin TaObUIABI, O YATUIEPiH >Kalmsl KeneMiHiH 72-91 % kypailibLyY arinepain KanraH kenemi Al,Os
xwoHe CeO, dazanapeiHan Typanpl. CunresmenreH kepamuka YAG:Ce, YAGG:Ce moMuHO(OPIAPHIHBIH
curarramanapbHa ToH. CKaHepil AJIeKTPOHABI MUKPOCKONTHIH KOMCTIMEH CHHTE3/IeNITeH KepaMuKa OeTi MeH
OeTiHiH KYHi 3eprrenmi. 3epTTey HOTIXKECIHIEC MUKPOKPHCTAITAPABIH Maiiia OOIyBIH KOPCETETIH HAKTHI
aHBIKTaJFaH OemmrekTep Gap exeHairi kepcerinai. CHHTE3ISAreH KEpaMUKAIBIK YIATUISPAIH PEHTIEHIIK
tanpaysl gu¢pakromerpae kyprizinmi. TOITACs#2y, OagmapiamacsiHga CaHIBIK  (asa  ToyewluIiri
aHBIKTANABL. YIrinepain OerTik OeiiHy Ke3iHAEHR JIOMHHECIICHTTIK CIHEKTPJCpPIHIH euiey HOTHXenepi
kentipinren. YAG:Ce KepaMHUKacbIHbIH MaKCUMAaTmbl JIOMHUHECLEHIHMACH: 555 HM Kypailbl, jKOJaKThIH
xaptel eHi — 0,45 3B. YAGG:Ce kepaMukachinia JOMHHECICHIMSAHBIH MaKCHUMaIabl MoHI 555 HM,
JKOJIAKTHIH >kapThl e’i — 0,48 3B.

Kinm ce30ep: ax apblK AWOATApBl, WTTPUI=ANNIOMUHMI TpaHaT, TIOMHHOG(Op, KepaMuKa, pajuarfis
epiciHzeri cuures.

K. KapurfGaer, {yMycaxanos, B. Jlucunein, I'. AnmbicoBa,
M. TongéBekuiyJl. Jlucunpina, A. TynerenoBa, A. AKbUIIOEKOB,
A. Jlayneroekosa, K. banabekos, A. Ko3nosckuii, A. Y cenHOB

Cunres, ucciegosanue crpykryposl UAI' u UAI'T sromunogopos
B M0J1e pauanuu

BgcTagbe TipenpuHATA ITONBITKA CHHTE3a JIOMHHO(Opa C UCIONB30BaHIEM MOIIHBIX ITOTOKOB JKECTKOH pa-
Juaugin. dIpoBeeHbl UCCIEN0BaHMs MMOBEPXHOCTH, 3JIEMEHTHOTO COCTaBa, CTPYKTYPhI U JTIOMHHECLEHTHbIE
Xapaxteprctuku nonydeHHod YAG:Ce kepamuku. Kepamuka nmeer reTeporeHHy0 CTpykTypy. OCHOBHOM
¢azeiifonyueHHoi kepamuku ssiserca AT, kotopas cocrasnser oT 72 10 91 % ot Bcero oobema oOpas-
1oB. OcTanpHO#t 06beM 00pa3ioB coctaBisiioT (a3l Al,O3 u CeO,. CHHTE3UpOBaHHAS KepaMUKa UMEET Xa-
paxtepubie a1 MAI@:Ce, MAI'T:Ce momuHopopoB cBoiicTBa. COCTOSHHE MOBEPXHOCTU M JIEMEHTHBIH CO-
CTaB IIOBEPXHOCTH 00pa3lia CHHTE3NPOBAaHHOH KePaMUKH ObLIH H3y4YEHBI C HCIOJIb30BAHUEM CKAaHHPYIOIIETO
JIEKTPOHHOTO MUKpocKkoma. CHUMKH ITOKa3aJy, YTO BCTPEYAIOTCS YACTUIIEI C XOPOIIO BBIPAKEHHOH OTpaH-
KO, 3TO CBU/ICTENBCTBYET O (POPMHUPOBAHUN MHUKPOKPUCTAIUIOB. PEHTIeHOCTPYKTYPHBII aHAJIN3 CHHTE3UPO-
BaHHBIX 00pa3IOB KepaMUKH MPOBOMMIN Ha IudpakroMerpe. PEHTreHOCTpYKTYpHBIH aHAIHM3 IOKa3al, 4To
MOoNTy4YeHHasi KepaMUKa MMEET BBICOKYIO CTENeHb KpUcTauinuyHocTH. KommyecTBeHHas a3oBasi 3aBUCUMOCTh
onpenensack B nporpamme TOPAS-4.2. IIpuBeneHs! pe3ynbTaTbl H3MEPEHUS CHEKTPOB JIIOMUHECLCHIIUH,
N3MEPEHHBIX TPU BO30YXKAEHHH MMOBEPXHOCTH packosa o0pas3nos. Makcumym momunecueHimu MAT:Ce ke-
paMUKu MpHUXOAWTCS Ha 555 HM, momymmpuHa nosockl paBHa 0,45 3B. B UAIT:Ce kepamMuke MakcumMym
JIOMMHECLIEHIIMY Ha 555 HM, noiymupuHa noaocs! pasHa 0,48 3B.

Knrouesvie crnosa: Genbie CB€TOAUOOHI, HTTprI-aIIIOMPIHPICBBIfI I'paHart, IIIOMI/IHO(i)Op, KE€paMuka, CHHTC3 B I10-
JIC paauanuu.

Cepusa «dusmka». Ne 4(96)/2019 29





