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LIJIIXOM PEAKLiHOrO CIliKaHHS [TOPOLIKOBUX CyMilllell CTEXIOMETPUYHOIO CKJIaZly FpaHaTa y BakyyMi. B TpeTbomy
PO3Iii JOCiIKeHO BIIMB YMOB KOHCOJIiawii Ha ONTUYHI BJIACTUBOCTI Ta CTPYKTYpHO-($a30BUIl CTaH KepaMiku
YAG:Sm3+ (5 aT.%). HaBezieHO pe3ysibTaTu AEeTalbHOIO AOCiIpKEHHS 3aKOHOMiIpHOCTE! POpMyBaHHS
MIKPOCTPYKTYpH Ta ONTUYHUX BiacTUBocTell kepamiku YAG:Sm3+ (5 aT.%) criedeHoi B iHTepBasii Temeparyp
1700-1800°C. BcranoBneHo onTuMasnbHi ymoBu KoHcodiganii (T=1725°C, 10 roguH), o 3a6e311evYyoTh IOBHE
BUJaJIeHHs 110p Ta popmyBaHHs KepaMiku YAG:Sm3+ (5 aT.%) 3 ontuyHuMu Brpatamu 0,08 cm - 1 Ha LOBKMHI XBuUJIi
808 HM, cepenHiM po3Mipom 3epeH ~20 MKM Ta KoedillieHTOM ONTUYHOTO MOTJIMHAHHS 0=2,25 cM-1 Ha JOBXUHI
xBuiii 1064 HM. [TokazaHo 10, 3a Temreparypu KoHcosiganii 1700°C He 3aBepiyeThCs YIIJIBHEHHS KEPaMiKU He
IVBJISTYMCDH HA BUCOKY PO3TaJIyKeHiCTh CUCTEMU I'PaHUIb 3epeH. BcTaHoBeHo, 1m0 6iMOIanbHUN POCT 3€peH B
kepamini YAG:Sm3+ (5 at.%), mo PikcyeTbes 3a Temnepatypu 1800°C, nos’s13aHuil i3 0JHOYACHUM CIiBiCHYBaHHSIM
IBOX ab0 Oisible THUIIIB TPAaHMULb 3€PEH i3 Pi3HOI PYXJIMBICTIO, IO MOXe OyTH 0OYMOBJIEHO CErperalielo YaCTUHU
ioHiB camapiio 1o rpaHuIsX 3epeH. AHOMaJIbHUN PiCT 3€peH CYIIPOBOIKYETHCS 3aXBaTOM IIOP B 06'€M 3epHa, 1[0
YCKJIQHIOE TI0AJIbIlIE YIIiIIbHEHHS Ta IPU3BOJUTD 10 3HWKEHHS ONITUYHOI IKOCTi. B ueTBepTOoMy po3aiini
IIPOaHali30BaHO BILJIUB KOHLEHTpallii ioHiB Sm3+ Ha CTPYKTYpHO-(a30BUI CTaH Ta ONTUYHI BJIaCTUBOCTI
peakuiiiHocneueHoi mpo3opoi kepamiku YAG:Sm3+ (3-15 ar.%). BctanoBieHO yMOBU (GOPMYBaHHS BUCOKOJIETOBAHOI
ontuyHoi Kepamiku YAG:Sm3+ i3 BMicTOM i0oHiB camapiio <9 aT.%. B kepamini YAG:Sm3+ 3 KOHLIEHTpalli€lo
nerysaHHs 11, 15 aT.% BifOyBaeTbCsl YTBOPEHHS JOMILIKOBOI a3y N0 rpaHULISIX 3€PEeH BHACIIIOK YaCTKOBOTO
po3Iazy NepecuueHoro TBepLoro po3ynHy 3amimeHHs Y1-xSmxAG Ha neposckit Y1-xSmxAIO3 ta Al203. TTokasaHo,
110 TBEpAUI po3unH 3amimeHHs (Y1-xSmx)3AI5012 ¢popmyeTbes y BCbOMY AOCIiIKYBAaHOMY JUana3oHi
KOHLeHTpauiil. [TapameTp pewitku kepamiku YAG:Sm3+ J1iHifHO 361/1bIIyeThCS 3i 30i7IbIIEHHSIM KOHIIEHTpallii
aktuBartopa Bin 3 1o 15 at.% y BianosigHoCTi 70 paBusia Berappa BctaHOB/IEHO, 1110 iHTEHCUBHICTD CaTEJIITiB
OCHOBHUX CIIEKTPaJIbHUX JIiHiM, SIKi BifMOBiZa0Th HaOIMKYMM N.N. apaM ioHiB RE3+ y monexkaenpruyHii no3utii,
3pocTae 3i 36iJbIIeHHIM KOHIIeHTPallii ioHiB Sm3+. [TinBuIIeHHs iHTEHCUBHOCTI CaTeJliTiB TPU3BOAUTH 10
pO3IIMpEeHHs CIeKTpayIbHUX JiHil norauHanHS B Aianasoni 1060-1070 HM i BogHOYac [0 36inbieHHs KoedillieHTa
nornuHaHHg 11pu 1064 HM. Koe@iuieHT nornuHaHHg ioHiB Sm3+ npu 1064 HM 3pocTae 3i 36i1blIEeHHSIM KOHLIEHTPaLlii
Sm3+ Bin 1,27 cm-13a 3 at. % no 7,91 cm-1 3a piBH# seryBanHs 15 aT.%. MoHOda3Ha BUCOKOJIETOBaHA KepaMiKa
YAG:Sm3+ (9 at.%) Mae 3HaueHHs KoedillieHTa ONTUYHOTro norrHanHs 01064umM=4,5 cM-11 oNTUYHI BTpaTu
0808HM=0,07 cM-1. B ’'aToMy po3zini AOCIIIPKEHO B3aEMHUI BIJIUB Pi3HUX KOHLIEHTPalil ioHiB Si4+ Ta Mg2+ Ha
0CO6IMBOCTI KOHCOJIiAanii, popMyBaHHS MIKDOCTPYKTYPH Ta ONTWYHI BIAaCTUBOCTI KepaMiku YAG, YAG:Sm3+.
JocminkeHo npolecH yiinbHeHHs MogesnbHoi cuctemu YAG (Sid+,Mg2+), mo 3abesnedye KepyBaHHS [IPOLeCaMu
TBEPJOTIJILHOTO CIiKaHHS 32 PaxyHOK 3MiHM KOHIleHTpalii fedeKTiB sIK B aHiOHHIH, Tak i KaTiOHHI miarpari.
[TokaszaHo, o BifHOMmEHHs KOHLeHTpanii CSi/CMg Moxe 6yTH BUKOPUCTaHe sIK e(peKTUBHUI KPUTEPill IpoLeciB
yminbHeHHs Kepamiku YAG (Si4+,Mg2+). DopMyBaHHS €J1IeKTPUYHO-HENTPAJIbHUX KOMILJIEKCIB

oMgo_ (Al(octa))™'+oSio_(Al(tetra))™ y cycigHix By3siax KpUCTaJiyHOI IpaTKu 3a piBHOI KOHLIEHTpallii ioHiB Sid+, Mg2+
IIPU3BOJUTH 10 CYTTEBOTO 3MEHILIEHHS KoedilienTy nudysii, raibmye npolecu yiijlbHEHHS Ta CYIIPOBOIKYETHCS
3aXOIVIEHHSIM IOP B 00'eM 3€peH. BU3HaueHO ONTUMAaIbHUAN CKJIAJ, KOMILJIEKCHOI OMilIKM Si4++Mg2+, o MiHiMi3ye
KOHILIEHTPALil0 ONITUYHO-aKTUBHUX JedeKTiB y cTpyKTypi YAG, i ogHOYacHO ninBuiye npotunndysiio CKi1anoBux
ioHiB mif yac KoHcouiganii. [TokasaHo, 0 BUKOPUCTAHHS KOMIUIEKCHOI foMimku MgO+SiO2 onTUMi30BaHOTO
CKJIany 3abe3nedye 3HWKEHHS ONTUYHUX BTpAT KepaMiku YAG:Sm3+ y Tpu pa3u y NOPiBHSIHHI i3 TpaguLiiHOIO

noMimkoro SiO2 Ta [03BOJII€ OTPUMYBATH KEPAaMiKy Ha PiBHI MOHOKPHMCTA/IiYHUX aHAJIOTIB.

2. The dissertation is dedicated to the investigation of the formation processes, structural-phase state,
morphology, optical and luminescent properties of highly doped YAG:Sm3+ ceramics obtained through the
consolidation of nano powder under the phase transformation conditions. The fundamental physical-technological
parameters of the synthesis of optical highly doped YAG:Sm3+ ceramics were determined. The conditions for
obtaining YAG:Sm3+ ceramics by using a complex dopant MgO+SiO2 with functional parameters at the single
crystal analog level were implemented. In the first chapter, the optical properties of Sm3+ ions in YAG ceramics
are described, the potential use of YAG:Sm3+ as a sensitizer for forced spontaneous emission in YAG:Nd3+ lasers is
highlighted. In the second chapter, the experimental methodologies for powder compaction and fabrication of



optical ceramic samples through reactive sintering of powder mixtures with a stoichiometric composition of the
garnet in vacuum are described. In the third chapter, the influence of consolidation conditions on the optical
properties and structural-phase state of YAG:Sm3+ (5 at.%) ceramics is studied. The results of a detailed study of
the formation patterns of microstructure and optical properties of YAG:Sm3+ (5 at.%) ceramics sintered in the
temperature range of 1700-1800°C are presented. It is shown that at the consolidation temperature of 1700°C, the
densification of ceramics is not complete despite the high branching of grain boundaries. It is established that the
bimodal grain growth in YAG:Sm3+ (5 at.%) ceramics observed at the temperature of 1800°C is connected with the
simultaneous coexistence of two or more grain boundaries types with different mobility. Optimal consolidation
conditions (T=1725°C, 10 hours) are determined, ensuring complete removal of pores and the formation of
YAG:Sm3+ (5 at.%) ceramics with optical losses of 0.08 cm-1 at the wavelength of 808 nm, an average grain size of
~20 um, and the optical absorption coefficient 0~2.25 cm-1 at the wavelength of 1064 nm. In the fourth chapter, the
influence of Sm3+ ion concentration on the structural-phase state and optical properties of reactively sintered
transparent YAG:Sm3+ ceramics (3-15 at.%) are analyzed. The formation conditions of highly doped optical
ceramics YAG:Sm3+ with a samarium ion content <9 at.% are established. In YAG:Sm3+ ceramics with doping
concentrations of 11 and 15 at.%, the secondary phase formation at grain boundaries occurs due to the partial
decomposition of the supersaturated substitutional solid solution Y1-xSmxAG into perovskite Y1-xSmxAlO3 and
AI203. It is shown that the substitutional solid solution (Y1-xSmx)3Al5012 is formed throughout the entire
concentration range under investigation. The YAG:Sm3+ ceramics lattice parameter linearly increases along with
the activator concentration increase from 3 to 15 at.% according to Vegard’s rule. The satellite intensity of the
main spectral lines, corresponding to the NN pairs of RE3+ ions in the dodecahedral position, increases with the
Sm3+ ions concentration. The satellite intensity enhancement leads to the broadening of absorption spectral lines
in the range of 1060-1070 nm. The Sm3+ ions absorption coefficient at 1064 nm increases with the concentration of
Sm3+ from 1.27 cm-1 for 3 at.% to 7.91 cm-1 for 15 at.%. Monophasic highly doped YAG:Sm3+ ceramics (9 at.%) is
characterized by the optical absorption coefficient 01064nm=4.5 cm-1 and optical losses 1808nm=0.07 cm-1. In the
fifth chapter, the mutual influence of Si4+ and Mg2+ ions different concentrations on the consolidation features,
microstructure formation, and optical properties of YAG and YAG:Sm3+ ceramics is studied. The consolidation
processes in the YAG (Si4+, Mg2+) model system are investigated to control solid-state sintering processes by
changing the concentration of defects in both the anionic and cationic sublattices. It is demonstrated that the
concentration ratio CSi/CMg can be used as an effective criterion for the densification processes of YAG (Si4+,
Mg2+) ceramics. The formation of electrically neutral complexes oMgn_ (Al(octa))™'+oSio_(Al(tetra))”™- in adjacent nodes
of the crystal lattice with equal concentrations of Si4+ and Mg2+ ions leads to a significant reduction in the
diffusion coefficient, hinders the densification processes, and is accompanied by the entrapment of pores within
the grain volume. The optimal composition of the Si4++Mg2+ complex dopant is determined, which minimizes the
concentration of optically active defects in the YAG structure and simultaneously enhances the interdiffusion of
constituent ions during consolidation. It is shown that the use of optimized the MgO+SiO2 complex dopant
composition reduces the optical losses of YAG:Sm3+ ceramics by three times compared to the traditional SiO2
dopant, allowing the production of ceramics comparable to single-crystal counterparts.
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