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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

BB nomimkoBux ioHiB Si4+,Mg2+ Ha CTPYKTYPY Ta ONTUYHI BJIACTUBOCTI NP030poi Kepamiku Nd3+:YAG

Ha3sBa po6oTH aHIJIilICbKOIO:

Role of Si4+, Mg2+ ions impurities on the structure and optical properties of transparent Nd3+:YAG ceramics

Pedepar yKpaiHCBKOIO:

MeTo10 IpoeKTy 6yJI0 BCTAHOBJIEHHS BIJIMBY JOMIIKY iOHIB Mg@2+ Ta KOMILJIEKCHOI JOMIlIKA Si4++Mg2+ Ha
MIKPOCTPYKTYPY Ta ONTWUYHI BIaCTUBOCTi KepaMiku YAG, CHHTE30BaHOI METOIOM PEaKLiIHOTO TBEPH0(a3HOTOo
CITiKaHH$, BU3HAYEHHS MEXaHi3My BXOJIIKE€HHS ioHiB Mg2+ 1o cTpykrypu YAG, Ta LOCIiI>KEHHS B3a€MHOTO BILJIUBY
ioniB Si4+ Ta Mg2+ n1py BUKOPUCTaHHI KOMIUJIEKCHOI JOMIIIKY. BU3HaYeHO MeXaHi3MM iHKOpIopalii ioHiB Marxiio 1o
CTPYKTYpPH iTPili-aJIOMiHI€BOrO rpaHaTy Ta YTOYHEHO MEXIi PO3YMHHOCTI Mg2+ B Ipo3opin KepaMili Mg2+: YAG.
BcranoB€HO, 1O JIeTyBaHHS i0HaMM MarHio B KoHLeHTpanii 0-0,06 Bar.% npusBoguTh [0 JIiHIHHOTO 3pOCTaHHS
napameTrpy KpucrasniyHoi pewitku YAG. [Togasnbiie nigBUIIEHHS KOHLEHTPaLil CYyIIPOBOKYETHCS
CTPUOKOIOLiOHUM 3MEHIIEHHSIM TapaMeTPy PELIiTKA BHACJIiLOK YTBOPEHHS BTOPMHHUX (a3, 30arauyeHnx MarHieM.
BcTraHoBI€HO, 0 MeXKa PO3YMHHOCTI iOHIB MarHilo B CTPYKTYPi rpaHaTy 3HaXOOUTLCA B Aialla30Hi KOHLIEHTPALiN
0,06-0,10 Bar.% MgO. TeopeTuuHi po3paxyHku Ta gaHi POA cBigyaTh, mo ioHn Mg2+ iHKOPIOPYIOTbCS y CTPYKTYPY
YAG msixoM 3aMillleHHS KaTiOHHUX N03ULii Al3+ 3 yTBOPEHHSIM KUCHEBUX BaKaHCIH, 1110 KOMIIEHCYIOTh
HaJJIMIIKOBUM 3apsm. JOoCliIKeHo CyMiCHUI BILJIMB JOMIIIKOBUX iOHIB Si4+ Ta Mg2+ Ha CTPYKTYpPY Ta BIaCTUBOCTI
kepamiku YAG, oTprMaHOi METO/IOM peakLiiHOro CIikaHHS. BcTaHOBJIEHO, O OMIIIKa KPEMHII0 CyTTEBO 301bIIye
PO34YMHHICTb i0HIB Mg2+ y KepaMilji — moHaiiMmene 10 0,12 aT.% (6e3 101aTKOBUX JOMIIIOK PO3YMHHICTb JOPiBHIOE
=0,07 aT.%). BusHaueHO ONTUMAJIbHUAN CKJIAJ, KOMIIJIEKCHOI JOMIIIKY, IO 3a0e3ledye OTPUMAHHS KepaMiKu BUCOKO]
OIITMYHOI AKOCTI B yMOBax IIPUTHiYeHOro pocty 3epeH — 0,071 a1.% Si4++0,044 a1.% Mg2+. BukoprcTaHHs
KomIuiekcHoi fomimku TEOS+MgO no3Bosisie 36i1bIMTH pOOOUYMH [1ialla30H KOHLIEHTPallii, 1110 PO3LINPIOE

MOXJIMBOCTI KepyBaHHs AU(y3iiHUMU [IpoLecaMy NIpY CUHTE3i J1azepHoi Kepamiku YAG.

Pedepar aHIJIiHCBKOIO:

The aim of the project was to establish the effect of Mg2+ and Si4+ + Mg2+ complex sintering aid on the
microstructure and optical properties of YAG ceramics synthesized by reactive sintering, to determine the
mechanism of Mg2+ incorporation YAG structure, and to study the mutual influence of Si4+ and Mg2+ on their
properties as sintering aids. The mechanisms of incorporation of magnesium ions into the structure of yttrium-
aluminum garnet was determined and the solubility limits of Mg2+ in Mg2+:YAG ceramics was specified. It was
found that doping of ceramics with 0-0.06 wt.% MgO leads to a linear increase in the parameter of the crystal
lattice of YAG. A further increase in the concentration is accompanied by an abrupt decrease in the lattice
parameter due to the formation of secondary phases enriched in magnesium. It was found that the solubility limit
of magnesium ions in the structure of garnet is in the range of 0.06-0.10 wt.% MgO. Theoretical calculations and
X-ray diffraction data show that Mg2+ ions are incorporated into the YAG structure by replacing the cationic
positions of Al3+ with the formation of oxygen vacancies that compensate for the excess electric charge. The
combined effect of Si4 + and Mg2 + impurity ions on the structure and properties of YAG ceramics obtained by the
reaction sintering method was investigated. It was found that the silicon impurity significantly increases the
solubility of Mg2 + ions in ceramics - at least up to 0.12 at.% (Without additional impurities, Mg2+ solubility is =0.07
at.%). The optimal composition of the complex impurity was determined, which ensures the obtaining of ceramics
of high optical quality and with inhibited grain growth - 0.071 at.% Si4 ++ 0.044 at.% Mg2+. The use of a complex
impurity TEOS + MgO allows to increase the operating range of concentrations, which expands the possibilities of
controlling diffusion processes in the synthesis of YAG laser ceramics.
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