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Characterization of YAG:Ce ceramics with graphene oxide

Yttrium-aluminum garnet (Y3;Al;05,) is an optical material that shows great potential due to its favorable
light-emitting and mechanical properties, as well as its chemical stability and thermal resistance. It is
commonly utilized in laser technology, optical instruments, and solid-state light sources as a result of its
activation by transition metal or rare earth element ions. In this work, experiments were carried out on the
procedure for compacting samples of luminescent ceramics Y3Als0y,:Ce*, by single-base pressing followed
by sintering. Comprehensive studies of the influence of graphene oxide of variable concentration (x=0.1;0.5;
1 wt.%) on the radiative characteristics of ceramic samples. It was found that the addition of graphene oxide
in an amount from 0.1 to 1 wt. % affects the density and luminescent properties of YAG:Ce ceramics. There
is a decrease in the value of the density parameter at concentrations of graphene oxide 0.1-1 wt. % before
annealing, after annealing, the relative density value increases to ~99 %. The luminescence spectrum when
excited by a blue LED chip appears as a wide band in the spectral range 460-750, the nature of which is
associated with radiative transitions in the cerium ion. It has been established that the light-emitting
characteristics have a downward trend when activated by graphene oxide. The integral luminescence intensity
decreases from 27.1 % to 19 % with an increase in the concentration of graphene oxide.
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Introduction

Graphene is a superconducting, two-dimensional material with unique properties which are promising
for various technological applications in many fields of science and technology [1-4]. Due to the unique band
structure [5] graphene oxide has excellent electrical and thermal conductivity [6] high surface area [7] and
good optical properties [8]. Graphene-based materials have good nonlinear optical properties [9]. The
mechanical characteristics of graphene are similar to those of carbon nanotubes [10]. But unlike carbon
nanotubes, graphene oxide penetrates better into the structure of the matrix material and provides more
effective compaction comparing to nanotubes [11]. These properties make graphene a promising material for
applying in microelectronics, photonic and optoelectronic devices, and laser technique [12-15].

Yttrium-aluminum garnet (Y3AlsO;,) is a highly promising optical material that possesses excellent
optical and mechanical properties, as well as chemical stability and thermal resistance. It is commonly used
in laser technology, optical instrumentation, and solid-state light sources. These materials are typically
activated by transition metal or rare earth ions [16, 17].

The use of yttrium-aluminum garnet activated by cerium ions (YAG:Ce) has experienced a notable rise
in the production of white light-emitting diodes (WLEDs). These materials serve as optical radiation
converters, allowing for the production of high-quality white light. Modern commercial WLEDs consist of a
blue glow crystal and a Ce:YAG phosphor dispersed in an optically transparent coating consisting of
organosilicon, polymer or epoxy resin. The main problem of such light-emitting diodes is the local
overheating of the resin (compound), which leads to degradation of the coating and changing of optical
characteristics [18, 19]. That is why it is possible to use luminescent ceramics based on YAG:Ce as an
optical radiation converter, which is devoid of the above disadvantages. The addition of graphene oxide
(GO) to such ceramics in relatively small concentrations can improve the optical and luminescent properties
of ceramics.

In this work, the effect of graphene oxide on the density and luminescent characteristics of ceramics
based on yttrium-aluminum garnet activated by cerium is investigated

Expiremental

Micro powder of yttrium-aluminum garnet activated by cerium (NIIPP, Russia) and commercial
suspension of graphene oxide (Graphenea, Spain) were used as starting materials.
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Mixing of the initial components was carried out by the wet method in isopropyl alcohol using a ball
mill. The mixing duration was 48 hours. As a result, powder suspensions of the YAG:Ce-xGO (where
x =0.1; 0.5; 1 wt. %) composition were obtained. The resulting suspensions were dried by exposing them to
air at a temperature of 120 °C until all the moisture evaporated completely.

To compact the powder, cold static pressing was performed on a test press IP500 AUTO from Zipo in
Russia, applying a pressure of 400 MPa.

The sintering process was conducted using a high-temperature furnace (LHT 02/18, Nabertherm,
Germany) in an air atmosphere. The temperature range for sintering was set between 1250 °C and
1650 °C. The samples were exposed to each sintering temperature for duration of 2 hours. The heating and
cooling rate during the process was maintained at 200 °C per hour. The resulting samples had a thickness of
approximately 2 mm and a diameter ranging from 8.5 to 9 mm. The selection of the sintering parameters was
based on previous findings [20].

Following the sintering process, the samples underwent grinding and polishing using a Buehler
AutoMet 300 Pro machine (Switzerland). Polycrystalline diamond suspensions from Kemix (Russia) were
used for this purpose.

The density of the samples was determined by measuring their mass and linear dimensions, according
to the formula:

p=m/V @

X-ray phase analysis of the ceramics was performed using an XRD-7000 X-ray diffractometer
(Shimadzu, Japan). The resulting diffractograms were analyzed using specialized software and the
international crystallographic database “PDF-4".

To study the optical properties of the ceramics, measurements were conducted in the ultraviolet, visible,
and near-infrared spectral regions using a two-beam scanning spectrophotometer SF-256 UVI (200-1100)
(Lomo-Photonics, Russia).

The integral spectral efficiency was measured using an integrating sphere and a calibrated AvaSpec-
3648 spectrophotometer (200-1100 nm, inverse linear dispersion 1.2 nm/mm). A light-emitting diode with a
wavelength of 447 nm was used as the excitation source. The excitation of the sample was carried out using
a flow integrated by a sphere. The spectrum and radiation flux of the diode falling on the geometric location
where the test sample was positioned were measured. Next, the radiation spectrum was measured with the
sample under study. By employing this technique, it became possible to precisely subtract the diode
spectrum from the luminescence spectra of the ceramics, while maintaining the original form of the spectral
lines. As a result, it became feasible to ascertain the reflected flux, absorbed flux, and radiation flux of the
ceramic sample. The overall spectral efficiency was then computed as the ratio of the integral flux emitted by
the sample to the integral flux absorbed by the sample.

Results and discussion

Figure 1 shows the dependence of the relative density of powder compacts before and after sintering at
a temperature of 1650 °C on the concentration of graphene oxide.
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Figurel. Dependence of the relative density of samples on the concentration of graphene oxide (a) before sintering; (b)
after sintering at a temperature of 1650 °C.
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Relative density of the powder compact from the powder of “pure” yttrium-aluminum garnet activated
by cerium is 70.5 + 0.5 %. The addition of 0.1 wt. % graphene oxide to YAG:Ce leads to a slight increase in
the relative density of the compact (up to 70.9 =0.5 %), however, the observed increase in density is within
the confidence interval of measuring value. Further increase of graphene oxide concentration from 0.1 wt. %
up to 1 wt. % leads to a decrease in the relative density of the compact from 70.9 £ 0.5 % to 68.7 £ 0.5 %.

For samples after sintering, unlike powder compressions, with an increase in graphene oxide
concentration from O to 1 wt. % there is an increase in the relative density of samples from 97.4 +0.5 to
98.9+0.5 %. The maximum value of the relative density is observed at a graphene oxide concentration of 1
wt. %.

X-ray phase analysis revealed that the YAG:Ce ceramics samples were composed of cubic YAG in a
stoichiometric ratio. All observed peaks corresponded to the YAG phase (PDF-Card#010-83-7850). No
additional phases were detected in the samples, and there was no broadening of the peaks or presence of any
other peaks on the diffractograms. The absence of peaks characteristic of graphene oxide is due to their
relatively low content (less than 5 wt. %), which does not exceed the sensitivity limit of the diffractometer.
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Figure2. Integral photoluminescence spectrum of ceramics based on YAG:Ce

The photoluminescence spectra of the samples excited by an LED with a wavelength of 447 nm are
shown in Figure 2. The spectra are typically for the YAG:Ce system [21]. A maximum is observed in the
region of 550 nm. Addition of graphene oxide in an amount from 0.5 to 1 wt. % leads to a shift of the
maximum position to the region of 545 nm and a decrease in the intensity of radiation.

The results of measuring the efficiency of luminescence and diffuse reflection of the studied samples
are shown in Figure 3. It can be seen that the efficiency of luminescence with an increase in graphene oxide
concentration from 0 to 1 wt. % varies from 27.1 to 19 %. The lowest luminescence efficiency is observed at
a graphene oxide concentration of 0.5 wt. %. Diffuse reflection of samples increases from 13 to 16.8 % with
an increase in graphene oxide concentration from 0 to 1 wt. %.
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Figure3. Efficiency of luminescence (a) and diffuse reflection (b) of YAG:Ce ceramics with different graphene oxide
concentration
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Impact of graphene oxide on YAG:Ce ceramics remains ambiguous. Although the inclusion of
graphene oxide does result in an increase in ceramic density under identical conditions, it also has a negative
effect on the luminescent properties of the ceramics.

Conclusion

As a result of the work samples of luminescent ceramics based on yttrium-aluminum garnet activated
with cerium with graphene oxide additives were manufactured. The influence of graphene oxide on the
density and luminescent properties of ceramics was investigated.

It was found that the addition of graphene oxide in an amount from 0.1 to 1 wt. % leads to an increase
in relative density from 94.7 £ 0.5 to 98.9+ 0.5 %, an increase in diffuse reflection from 13 to 16.8 % and a
decrease in luminescence efficiency from 27 to 19 %.

It is shown that the addition of up to 1 wt. % graphene oxide to YAG:Ce ceramics provides 1.5 %
increase in relative density.
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YAG kepaMmuKkacbhIHbIH cHNIaTTaMachkl: rpaden oxkcuai 6ap Ce

Urpuit amomunnii rpanarackl (Y3Als01,) KaKChl KapblK INBIFAPATHIH JKOHE MEXaHHWKAIBIK KaCHETTEDI,
XUMHSUTBIK TYPAKTBUIBIFB KQHE TEPMHSUIBIK TYPAKTBUIBIFBI 0ap HEepCHEKTHBANBI ONTHUKAJIBIK MaTepHall.
OTrieni MeTan HeMece CHpeK JKep MOHIaphl apKbUIbl OeJICEHAIPUIreH UTTPUH-aTIOMIHUMA IpaHaT HeTi3iHeri
MaTepHaiIap Ja3epilik TEeXHOJOTHsAA, ONTHKAIBIK aclalTapia JKoHe KaTThl KYHIeri jKapblK Ke3aepiHze
KEHIHECH KOJIaHBUTAAbl. Byil s>kymbIicTa Y3Als04,:Ce®* momuHecteHTTi KepaMuKa YIriUIepiH Oip Herismi
MpecTey, CoJlaH KEeiiH aryioMepanysiay apKbUIbl HBIFBI3IAY MPOIEeaypackl OOUWBIHINIA TOKIpHOeep xKacalabl.
Kepamukanslk yarizepain coyie IIblFapy CHIIATTaMajapblHa aybICHalbl KOHIEHTpaUUsgarsl TpadeH
oxcuainig (x=0,1; 0,5;1 mac. %) ocepine kemeHni 3eprreynep xyprizinai. I'paden oxcuninig 0,1-meH
1 mac. % pmeitinri memmepaeri Kocrachl YAG:Ce KepaMUKACHIHBIH TBHIFBI3IBIK JKOHE JTFOMHHECICHIIHS
KacHeTTepiHe acep eTeTiHi aHbIKTanpl. JKymcapranra aeifin rpaden okcuminiyg 0,1-1 mac. % koHIEHTpanus
KE3iHJIe THIFBI3JIBIK MapaMeTpi MOHIHIH TOMEHICHTIHI, all )KYMCapFaHHAH KEHiH CaJbICTHIPMAIIbl THIFBI3/IBIK
MoHI ~99 % neliH >xoFapbUIalThIHBI Oaiikamabl. Ko3y ke3iHjaeri JTIOMHHECICHIUS CIICKTPi KOK OOJaibl, an
JKAPBIKIHOATE gt 460-750 CrieKTpItik AUama3oHbIHIA KeH JKOJIaK TYPiHIe KOpiHe i, OHbIH TaOWFaThl IIEPUi
WOHBIHAAFBI COYJe IIBIFApaThIH aybICYMEH OaiaHblcThl. JKaphlK IIbIFapaThlH cHNATTaMajapAblH TpadeH
OKCHIIMEH OeJICeHIIpIIreH Ke3[e TOMEHIEY AWHAMUKACHI Oap eKeHMIri aHbIKTanmel. ['padeH okcuuaiHig
KOHIICHTPALUSCHl JKOFapbUIaFaH Ke3/e >KApPBIKTBIH WHTETPANAbl KapKeIHABUIBIFEI 27,1-1eH 19%-Fa npeitin
TeMeHAE .

Kinm ce30ep: Y AG-kepamuka, arfioMepalius npoiieci, rpadeH OKCuIi, MeXaHUKaJbIK KaCHETTEPi.
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Xapakrepuctuka kepamuku YAG:Ce ¢ okcuom rpagena

Urrpuit-amomutuesbiii  TpaHat (Y3Als0p;) sIBIsleTCss MMEPCHEeKTHBHBIM — ONTHYECKMM MATEPHAIOM  C
XOPOIIMMH CBETOM3NYYAIOIIUMH M MEXaHHYECKMMH CBOWCTBAMM, XHMMHMYECKOH CTaOMIBHOCTBIO U
TEPMHYECKOH CTOMKOCThIO. MaTepuansl Ha OCHOBE HTTPHH-aTIOMHHHEBOTO TpaHaTa, aKTHBHPOBAHHOTO
HMOHAMH TEPEXOJHBIX METAJUIOB WM PEAKO3EMENBHBIX 3JEMEHTOB, IMIMPOKO MCIONB3YIOTCS B JIa3epHON
TEXHHKE, ONTHYECKOM MPHOOPOCTPOSHUH M TBEPJOTEIbHBIX HCTOYHUKAX CBeTa. B HacTosimel pabote ObutH
MPOBENICHBl SKCIEPUMEHTHI MO MpPOIEAype KOMIIAKTHPOBAHUS OOpa3IOB JIIOMHHECLCHTHONW KEepaMHUKH
Y3Als01,:Ce®, myreM ONHOOCHOBHOrO IPECCOBAHHMS C IOCIHGAYIOWMM CIEKaHHeM. IIpOBeieHbI
KOMILJIEKCHBIE MCCIIE0BAHUS BIMAHMS OCKMIa rpadeHa nepeMeHHol koHueHtpauud (x=0,1; 0,5; 1 Bec. %)
Ha M3JIy4aTeIbHbIE XapaKTePHUCTHKK 00pa3IioB KepaMHKU. BbUto ycTaHOBNIEHO, YTO 106aBKa okcuaa rpadeHa
B konmdectse oT 0,1 no 1 mac. % BIMseT Ha IUIOTHOCTH U JIOMHHECIHEHTHBIE cBoiicTBa YAG:Ce kepamuky.
Habnronaercs CHIWKEHHE 3HAUSHUS MapaMeTpa IUIOTHOCTH MPU KOHIEHTpalmsax okcuia rpadena 0,1-1 Bec.
% 1o omkwWra, mocie OTXKHIa 3HAYeHWE OTHOCHTEIHHON IUIOTHOCTH NOBBIMaercs 10 ~99 %. Crextp
JIFOMHUHECLICHIIMH TIpU BO30YXKACHHH CHHHUM, YUIIOM CBETOJMOJA MPOSBISCTCS B BHAC IIMPOKOW MOJIOCHI B
CHEKTpaJdbHOM nuanazoHe 460-750, npupona KOTOpOH CBsi3aHAa ¢ H3ITy4aTeNbHBIMHM NEPEXOJaMU B HOHE
Hepusi. YCTAQHOBJICHO, YTO CBETOHM3IIyYaloOUIMe XapaKTePUCTUKU HMEIOT JHHAMUKY K CHIDKCHHUIO IIpH
aKTHBALMK OKCUIIOM rpadeHa. MHTerpagbHas MHTEHCHMBHOCTh CBeYeHMsl yMeHbliaeTcs ¢ 27,1 no 19 % npwu
TIOBBIIIICHUH KOHIICHTPAIIMK OKCHa rpadeHa.

Knioueswie cnosa: Y AG xepamuka, IIpoIecc CrieKaHus, OKCHA IpadeHa, MeXaHMIeCKUe CBOMCTBA.
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