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[osiBneHne HO/TyTIPOBOZHMKOBBIX
TEXHOIOTMII TIPUBEIO K 3HAYNUTE/IbHO-
MY HpPOrpeccy B 00acTVi OCBETUTENTbHBIX
puOOpPOB, B 0COOEHHOCTHU OeNIbIX CBETO-
U3Tydarommux Auonos. CBeTORMORbI MMe-
10T 6071ee BBICOKYIO 9 PeKTUBHOCTD, YeM
JIIOMUHECIIEHTHBIE JIaMITbI, JIAMIIbI HaKa-
NVBaHUA VIN TaJIOTeHHBIE JIAMIIBI, @ TaK-
)Ke IIMTEIbHBI CPOK cmyxO0bl (1o 50000
yacoB). CBeTOAMOABI OBICTPO BBITECHSIOT
TPaJUIIIOHHBIE UCTOYHUKN CBETa BO BCEX
obmactax ocseweHua (aBTOMOOMIBHOTO,
YIMYHOTO, BHYTPY ITOMEIIeHN, B JVICIIIe-
ax u ap.). Hanbonee Boctpe6oBaHHBIMM 1
3 PeKTUBHBIMYU MaTepuagaMy i U3TO-
TOBJIEHUsI O€JIbIX CBETOAUOMOB SBJISIOTCS
TIOMMHO(OPBI HAa OCHOBE AIOMOUTTPMU-
€BOrO TpaHaTa, AONMPOBAHHOTO IiepueM
(III) YAG:Ce. IToaTomy cuHTe3 MaTepua-
nmoB YAG:Ce ¢ BBICOKMMMU JTIOMIHECIIEHT-
HBIMJ CBOJICTBAMM SIBJISIETCSI AKTya/lbHON
3amauvei [1-3].

Llenpio maHHOI pabOTHI ABAAETCS TOf-
6op Metona cuHTesa nopoikos VAT:Ce ¢
BBICOKJIM KBaHTOBBIM BBIXOIOM, VI3y4eHIe
COCTaBa U JIIOMUHECIIEHTHBIX CBOJICTB IIO-
JTyYeHHBIX IPOLYKTOB.

B paboTe npuMeHsAIM IBa METOHA CVH-
Te3a 00pasIoB — XMMMYECKOe OCaxje-
HIle ¥ MeTOJ, CaMOPaCIIPOCTPAHAIONIErOCs
BbICOKOTeMIeparypHoro cuHTtesa (CBC).
[ mpoBeneHNs 0CaX/IeHM VICIIONMb30Ba-
m 0,25 M pactBopsl Y(NO;);, AI(NO;),,

Ce(NOs;);, B3siTBIE B MOJPHOM COOTHO-
IIEHNM, COOTBETCTBYIOLIEM CTeXNOMETPUN
rpaHara Y, Ce Al:O,,. K cmecu pactBopos
I0 KaIyIaM fo6asysamm 6 M pacTBop aMMM-
aKa IIpy ITIOCTOAHHOM ItepemeluBanum 300
00/MUH Ha MarHUTHOJI MelIajIKe U TeMIIe-
patype 40°C. Ocafiox oThenAnm LeHTpU-
¢dyrnposaHmeM, IPOMBIBAIN IO HEMTPaIb-
Horo 3HadenuA pH m cymmm npn 80°C.
OT>XNT TIOTy4eHHBIX OCA[IKOB IIPOBOJVIIN
B MydenbHoit meun mpu 1000 - 1600°C Ha
BO3[jyXe /MO0 B BOCCTAaHOBUTEIBHON art-
Mocdepe (Ha yITIepofHOI IOAYIIKe).

Hna ocymectsnenna meroga CBC ¢
[IByXKOMIIOHEHTHBIM TOIUIMBOM IIpUMe-
HSA/IM  QIIOMUHVEBYIO OBy BBICOKOI
qicToThl (99,99%), okcup urtpusa Y,Os,
Ce(NO;); a TakKe MOYEBUHY ¥ IMIMIVH. B
YAIIKy /1A BBIIAPMBAHNA ITOMEIIA/IN Pac-
TBOPEHHbIE B a30THOI KMC/IOTE a/TIOMVHIIA
M OKCHUJ, UTTPUA, HABECKM MOYEBMHBI I
DIALMHA, TPUOAB/SIIN HEOOXOAMMOe KO-
mdecTBo gomaHTa B Buae 0,5 M pactBopa
Ce(NO;); 1 pacTBOpAIN B MUHIMAIbHOM
o6beme Bopipl. PacuéT crexmomeTpun Benu,
ucxops us obuieit popmyisl Y;  Ce, Al:O,.
KonmmyecTBo TOmmmBa paccumMThBIBAIN, VIC-
XOJSl U3 CTEXVOMEeTPUM peaKIii TOpeHNs;
MOJIAPHOE COOTHOIIEHVE MOYEBVHA : /M-
uuH = 1 : 1. Cmech Harpeamu npu 200°C
1o 00pa3oBaHMsA BS3KOIO Tejs, a 3aTeM
noppimany temneparypy 300°C go camo-
BOCITaMeHeHNA cMecu. ITomydeHHbI po-
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IYKT IlepeTUpasy B araToBOIl CTYIKe 1 OT-
xxuramm B atMocdepe CO mmm Ha BO3fiyxe B
MydenbHoit meun mpu 800 — 1000°C.

MeTOOM  XMMMUYECKOTO OCaX/EeHNs
ObI0 TIONyYeHO 4 cepum o6pasuoB (Ta-
6mmma 1). B kaxxgoit cepum sKCIieprMeHTOB
YMeHBIIIA/N COfiep)KaHue Liepusi; TAKKe Ba-
PbUPOBAIN TEMIIEPATYPY, AIUTEIBHOCTD U
arMocdepy TepMo06pabOTKIL.

V3 moymy4eHHBIX [JAHHBIX BUIHO, YTO
yMeHbIIEeHNe cofiepKanuA uepua ¢ 1.2 mo
0.3% B cayyae OTXKUIA Ha BO3JyXe IpU
1000°C B TeueHMe 3 4 NPUBOJUT K yBE/N-
YeHII0 KBAaHTOBOTO BbhIXoma ¢ 18 mo 29%,
JajbHeNIee CHVDKEHNE CONEep)KaHusA Iie-
pua po 0.15% He maeT yBenmM4yeHMA KBaH-
TOBOT'O BBIXOZIa M COCTaB/AET Takxe 29%.
BeposiTHO, 9TO 00BACHAETCA KOHIIEHTpa-

Ta6nunua 1 — YcnoBusa CMHTE3a U KBAHTOBbIN BbIXOA, MONYYEHHbIX B paboTe 06-

pasuoB..
Copep- OTxur KBaHTO-
(]
o6pl\;3ua xarine Ce, cl:leZfa BbIli BLIXOA
at.% T, °C BpiMﬂ’ ATMocdepa (PLQY), %
1000 3 18+2
1050 5 203
1 1.2 1200 3 BO34YyX 25+3
1400 3 13+4
1600 3 707
1200 3 23+ 4
1400 3 BO34YyX 9+1
2 0.6
1600 3 8+2
XunmMmyeckoe
ocaxpgeHue 1000 3 CcO 26+ 4
3 BO34YyX 293
3 Cco 38+6
3 0.3 1000
8 BO34YyX 382
8 Cco 57 +7
3 CO 44 + 4
8 BO34YyX 292
4 015 1000
8 CcO 403
3 CcO 21+ 3
3 BO34YyX 66 +5
5 15 800 3 CcO 676
6 Bo3gyx + CO 55+6
CBC 3 BO34YX 74 +8
6 0.5 800 3 CcO 88+7
6 Bo3gyx + CO 91«5
7 0.3 1000 3 CcO 37+2
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I[MIOHHBIM TYIIeHMeM IIpM BBICOKMX KOH-
LEHTPAUMAX MOHOB Iiepud. YBeIndeHue
TeMIlepaTypbl OTXKUra Ha Bo3ayxe ¢ 1000
no 1600°C He mpuBeno K CyLeCTBEHHO-
MY POCTY KBAaHTOBOTO BbIXofa (cepus 06-
pasuoB 1 u 2). Hanbompinit KBaHTOBBI
BbIXOJ (25 1 23%) B MaHHBIX CEpPUAX IKC-
IIepUMEHTOB HalmofaeTcss y o0pasios,
nonydyeHHplx npu 1200°C. JanbHeriiee
yBeM4eHe TeMIIepaTyphl BefleT K YMeHb-
IIEHIIO KBAaHTOBOTO BbIXofda 70 6.9 — 8.4%
npu 1600°C, mpeanonoXuTenbHO, BCE]-
cTBMe okucnenus uepus. [To fanuapiv POA,
BCe 00pasipl cepun 1 U 2 UMeNM CXOXKMUIA
¢dazoBbIit cocTas, ocHoBHasA dasa Y;AL0,,
¢ cogepxxanueM Y, AL, Oy (YAM) 7 - 10%.
Kak coo6maeTcsa B nmureparype, IpUCYT-
cTBMe Hebombloro xomnyectsa ¢as YAP,
YAM, Al,O; He BiMsieT Ha CBOVICTBA JIIOMM-
HodopoB [4].

C wLenbio MpefoTBpalleHNs OKICTIEHN
VIOHOB Ilepys IPOBOAN/IN OTXKUT B BOCCTa-
HoBUTenbHOI aTMocdepe CO. Jlyummit
KBAHTOBBI BBIXOX 57% ObUI IONy4YeH B
clydae oTxKura obpasua cepuu 3 ¢ comep-
kaHueM nepusa 0.3% B TedyeHMe 8 4YacoB.
[TpomoMmKUTETbHOCTD OTXKUTA CYL[ECTBEH-
HO B/UAET Ha KBAHTOBBIN BBIXOJ, B JIaH-
HOM CJIy4ae, TaK IIpU OTXKUTe B TedeHue 3
Y KBAaHTOBBII BBIXOM COCTaBUI Bcero 38%.
Ins obpasuos cepuit 1, 2 n 4 nogo6HOrO
a¢dexra He HAOMIONANOCH, CYIIECTBEH-
HOTO yBe/IMYeHUsI KBAaHTOBOTO BBIXOJa 32
cueT nmpuMeHeHusa arMmocdepsr CO u yBe-
UYEHVs] BPEMEHU TepMOOOpaboTKM He
IPOUCXOANIIO.

Meromom CBC nonmy4ensr o6pasisl ce-
puit 5 — 7, ¢ copepxanneM nepus 1.5, 0.5
n 0.3% coorBercTBeHHO (Tabmuia 1). O6-
pasupl cepum 5 JEMOHCTPUPYIOT JJOBOJIb-
HO BBICOKMIT KBAaHTOBBIN BbIXOM 55 — 67%,
MOCTCUHTEeTNYEeCKasi 00paboTKa He OKa-
3bIBaeT CYIECTBEHHOIO B/INMAHMA Ha JIIO-
MUHeCLIeHTHbIe CBOWCTBa. [{/ 06pasios
cepum 6 y[ajIOCh YBEIMYNUTb KBAHTOBBIN
BBIXOZ 10 74 — 91% 3a cueT yMeHblIeHUA
KOHILIEHTpauuy Lepus. J[ONnONTHUTENbHbIN
OT>KUT Ha BO3JJyXe ¥ B BOCCTAHOBUTE/IbHOM
aTMocepe II03BO/ISAET YBEINYNTb KBAHTO-
BBIVI BhIxO Ha 19-23%. ITo manHbiM PODA,
o0pasipl cepun 5 — 7 UMEIOT U/JeHTUYHBII
cocTas, copiepkaTt okomo 90% Y;ALO,,, a
taoke mpumecu Y 4Al,Oq, YAIO;.

B mannoOi paboTe MOKa3aHBI METORMU-
kn nomyderns Y; , Ce,Al:O,, ¢ BpIcOKMM
KBaHTOBBIM BbIXOgoM. Metog CBC saB-
JIeTCS  TIPEANOYTUTEIbHBIM, IIOCKOJIBKY
MO3BOJIAET YBEIMYUTh KBAHTOBBIN BBIXOJ
BIIOTH 10 91% mpu 800°C, B TO BpeMs Kak
IV [PYTUX METOROB TPeOYIOTCS TeMIlepa-
Typbl oT 1000°C u BpIIIe. MeTop sKcpecc-
HbII1, He TpebyeT CI0)KHOTO 000PyLOBaHMSA
U KOHTpONA ycnoBuil cuHresa. Ilomyuen-
Hble MaTepuajbl MepCHeKTUBHBI AA CO3-
[laHNA BBICOKO9( P EKTUBHBIX CBETOVIOOB
0e1oro cBeYeHusl.

Pabora BbIIONHEHa IpU (UHAHCOBON
nopgep>kke 6asoBoro mpoekra VIXXT CO
PAH FWES-2021-0014 ¢ mcnonb3oBaHu-
eM obopynoBanusa KpacHosipckoro peruo-
HaJIbHOTO IIeHTPa KOJIEKTMBHOTO I10/1b30-
Bannsa OUI] KHII CO PAH.
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The development of semiconductor
technology has led to significant advances
in the field of lighting products, especially
white light emitting diodes. LEDs have
a higher efficiency than fluorescent,
incandescent or halogen lamps, as well
as a long service life (up to 50000 hours).
LEDs are rapidly replacing traditional light
sources in all areas of lighting (automotive,
outdoor, indoor, display, etc.). The most
popular and effective materials for the
manufacture of white LEDs are phosphors
based on yttrium aluminum garnet doped
with cerium (III) YAG:Ce. Therefore, the
synthesis of YAG:Ce materials with high
luminescent properties is an actual task
[1-3].

The purpose of this work is to select
a method for the synthesis of YAG:Ce
powders with a high quantum yield, to
study the composition and luminescent
properties of the obtained products.

Two methods of sample synthesis were
used in the work: chemical deposition
and the method of self-propagating high-
temperature synthesis (SHS). Precipitation
was carried out using 0.25 M solutions
of Y(NO;);, AI(NO;);, Ce(NO;);, taken
in a molar ratio corresponding to the
garnet stoichiometry Y; Ce Al:O,,. A 6
M ammonia solution was added dropwise
to the mixture of solutions with constant
stirring at 300 rpm on a magnetic stirrer
at a temperature of 40°C. The precipitate
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was separated by centrifugation, washed
to neutral pH and dried at 80°C. The
precipitates obtained were annealed in a
muflle furnace at 1000-1600°C in air or in a
reducing atmosphere (on a bed of carbon).

To implement the SHS method with two-
component fuel, high-purity aluminum foil
(99.99%), yttrium oxide Y,0;, Ce(NOs)s,
urea and glycine were used. Yttrium oxide
and aluminum dissolved in nitric acid,
weighed portions of urea and glycine
were placed in an evaporation dish. The
required amount of dopant in the form
of a 0.5 M Ce(NOs;); solution was added.
The stoichiometry was calculated based
on the general formula Y5 ,Ce,Al:O,,. The
amount of fuel was calculated based on the
stoichiometry of combustion reactions; the
molar ratio of urea : glycine = 1 : 1. The
mixture was heated at 200°C until a viscous
gel was formed, and then the temperature
was raised to 300°C until the mixture
spontaneously ignited. The resulting
product was ground in an agate mortar and
annealed in a CO atmosphere or in air in a
muffle furnace at 800-1000°C.

Four series of samples were obtained
by chemical deposition method (table 1).
In each series of experiments, the cerium
content was reduced; also varied the
temperature, duration and atmosphere of
heat treatment.



Table 1 — Synthesis conditions and quantum yield of obtained samples.

Cerium ) Annealing Quantum
Sample content, Synthesis yield (PLQY),
number o method o
at.% T,°C Time,h  Atmosphere %
1000 3 18 £2
1050 5 20+3
1 1.2 1200 3 air 25+3
1400 3 13+4
1600 3 7+07
1200 3 23+ 4
1400 3 air 9+1
2 0.6
1600 3 8+2
Chemical
. 1000 3 CcoO 26 £ 4
deposition
3 air 293
3 CcoO 38+6
3 0.3 1000
8 air 38+2
8 CcoO 577
3 CcoO 44 + 4
8 air 292
4 0.15 1000
8 Cco 403
3 Cco 21+3
3 air 665
5 1.5 800 3 Cco 676
6 air + CO 55+6
SHS 3 air 748
6 0.5 800 3 Cco 887
6 air + CO 91«5
7 0.3 1000 3 Cco 37x2

It can be seen that a decrease of the
cerium content from 1.2 to 0.3% in the case
of annealing in air at 1000°C for 3 h leads
to an increase of the quantum yield from
18 to 29%. Further decrease in the cerium
content to 0.15% does not increase the
quantum yield and it remained 29%. This
is probably due to concentration quenching
at high concentrations of cerium ions. An
increase of the annealing temperature in

air from 1000 to 1600°C did not lead to a
significant increase of the quantum yield
(series of samples 1 and 2). The highest
quantum yield (25 and 23%) in these series
of experiments is observed for samples
obtained at 1200°C. A further increase
of the temperature leads to a decrease in
the quantum yield to 6.9-8.4% at 1600°C,
presumably due to the oxidation of cerium.
According to XRD data, all samples of series
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1 and 2 had a similar phase composition. The
main phase was Y;Al;0,, with a Y,AL,O,
(YAM) content of 7-10%. As reported in the
literature, the presence of a small amount of
YAP, YAM, Al,O; phases does not affect the
properties of phosphors [4].

To prevent the oxidation of cerium ions,
annealing was carried out in a reducing
atmosphere of CO. The best quantum yield
of 57% was obtained in the case of annealing
a sample of series 3 with a cerium content of
0.3% for 8 hours. The duration of annealing
has a significant effect on the quantum yield
in this case; for example, upon annealing for
3 h, the quantum yield was only 38%. For
samples of series 1, 2, and 4, such an effect
was not observed. A significant increase in
the quantum yield due to the use of a CO
atmosphere and an increase in the heat
treatment time did not occur.

Samples of series 5-7 were obtained by
the SHS method, with a cerium content of
1.5, 0.5, and 0.3%, respectively (Table 1).
Samples of series 5 demonstrate a rather
high quantum yield of 55-67%, post-
synthetic treatment does not significantly
affect the luminescent properties. For series
6 samples, it was possible to increase the
quantum yield to 74-91% by reducing the

cerium concentration. Additional annealing
in air and in a reducing atmosphere makes
it possible to increase the quantum yield by
19-23%. According to XRD data, samples
of series 5-7 have an identical composition,
contain about 90% Y;Al;0,,, impurity
phases Y,Al, Oy, YAIO,.

In this work, we show methods for
obtaining Y;,Ce,Al;:O,, with a high
quantum yield. The SHS method is preferred
because it allows increasing the quantum
yield up to 91% at 800°C, while other
methods require temperatures of 1000°C
and higher. The method is express, does
not require complex equipment and control
of synthesis conditions. The obtained
materials are promising for the creation of
high-efficiency white light-emitting diodes.
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