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AHHOTauMA. LleAbto MPOBEAEHHOIO MCCAEAOBAHMS IBASIAOCH M3yuyeHne Gpa30Bbix paBHoBeCU B cuctemax Na,O-
R,05-B,05 (R = In, Sc, Yb). B3auMOA€eNHCTB1SA B CUCTEMAX N3YHaAUChb METOAOM TBEPAOYA3HbIX peakLmii. BnepBbie
n3yyeHo ¢pazoobpal3oBaHMe B TPOWHbIX CUCTEMaX OKCUAOB HATPHS, PEAKO3EMEABHOIO METaAAa (CKaHAMS, UHAMS,
nTTEPbUs) u bopa B cybCOAMAYCHOM 0b6AacTh B MHTepBane Temrnepatyp 700-750 °C. [TocTpoeHb! NpeABapUTEAbHbIE
TPMAHTYASILMM U3YYEHHbBIX cUcTeM. M3oTepmuyeckue ceveHus cuctem Na,0-R,0;-B,0;5 (R =In, Sc, Yb) npu 750 °C
MpPeACTaBAEHbl BOCEMbIO, TOMHAALLATbHO M OAMHHAALATbIO TPEYrOAbHMKaMM COCYLLECTBYHOLLUMX pa3 COOTBETCTBEHHO.
B xoae pabotsi B cucteme Na,0-Sc,05;-B,0; HaMu MOATBEPXAEHO 06pa3oBaHue Tpex M3BECTHbLIX ABOMHbIX 60PaToB
HaTpusi-CKaHAMS caeayrolumx coctaBoB: Nas;Sc(BOs),, NasSc,(BO3)s, NaScB,0s. YctaHoBAEHO 06pa3oBaHME ABOMHOMO
boparta HaTpusi-CKaHAMSI OPUEHTUPOBOYHOro coctaBa Nas;ScBg0;s, KOTOPOE MPOUHANLIMPOBAAOCH B MOHOKAMHHOM
CUHIOHUM (OPUEHTUPOBOYHAS MPOCTPAHCTBEHHAs rpynna cummetpum Cc). YTOUHeEHUe napaMeTpoB IAEMEHTaPHOM
Yenku npoBeAeHo Mmetoaom Ne-berrs: a = 12,625(6), b = 7,725(2), ¢ = 10,409(3), B = 53,19(2)°. Cuctema Na,O-
Yb,05-B,05; COAEPXMUT TpU HOBbIX ABOHHbIX 6opaTa: coctaBoB NasYb(BOs),, Na;YbBsO;s 1 cocTaBa, 6AM3KOro K
cTeEXMOMETPMYECKOMY COOTHOLLIEHUO Na,O*Yb,0;°B,0;. BrnepBble aKCnepuMeHTaAbHO noka3aHo obpal3oBaHue
coeariHeHui: Nas;YbBgO;s n3octpyktypHoro Na;GdBsO.s v NasYb(BOs), M30pOpPMYyAbHOI0, HO HE U30CTPYKTYPHOIO
Na;Y(BOs),. TpoliHasi okcuaHasi cucTema ¢ MHAMEM OKa3aAach 3BTEKTUUHOM, TO ecTb 6e3 06pa3oBaHUsA ABOMHbIX
6opaTtoB HATPUSI-UHAMSI.

KAroueBble cnoBa: TPOVMHbIE OKCUAHbBIE CUCTEMbI, ABOVHbIE BOpaThl HATPUS M PEAKO3EMEABHbBIX METAAAOB, TBEPAO-
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Abstract. The study was aimed at examining phase equilibria in Na,0-R,05;-B,0; systems (R = In, Sc, Yb). Interactions
in these systems were analyzed using the solid-state reaction method. Phase formation in the ternary systems of
sodium, rare-earth (scandium, indium, and ytterbium), and boron oxides was studied for the first time in the subsolidus
region within the temperature range of 700-750°C. Preliminary triangulation of the analyzed systems was conducted.
At 750°C, the isothermal cross sections of Na,0-R,0;-B,0; (R = In, Sc, Yb) systems are represented by eight,
thirteen, and eleven triangles of coexisting phases, respectively. The study confirmed the formation of three known
double sodium-scandium borates in the Na,0-Sc,0;-B,0; system: Na;Sc(B0O;),, Na;Sc,(BOs);, and NaScB,0s. Also,
a double sodium-scandium borate of approximate composition Na;ScBg0,s was found to form, which was indexed as
monoclinic (approximate space symmetry group Cc). The unit cell parameters were refined using the Le Bail method:
a=12.625(6); b =7.725(2); c = 10.409(3), B = 53.19(2)°. The Na,0-Yb,0;-B,0; system contains three new double
borates: Na;Yb(BO3),, Nas;YbBs0;s, and borate with a composition close to the stoichiometric ratio Na,0 *Yb,05B,0s.
The formation of the following compounds was first experimentally shown: Na;YbBsO;5 isostructural to Na;GdBgO;s
and isoformula NasYb(BO),, which is not isostructural to NasY(BOs),. The triple oxide system with indium was found
to be eutectic, i.e., without the formation of double sodium-indium borates.

Keywords: ternary oxide systems, double borates of sodium and rare-earth elements, solid-phase synthesis, X-ray
diffraction analysis, auto-indexing
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BBEAEHUE

Hay4HO-TEXHOAOTMUYECKMIM MPOrpecc 3aAaeT HOBble Tpe-
60BaHMs K MaTepranam, obrapatoLLMM GYHKLMOHAABHBIMM
CBOWCTBaMU. B cBA3M C 3TMUM NOCTOSIHHO BeAeTcs paboTta
no MoAMOUKALMM U3BECTHBIX U MOUCKY HOBbIX GYHKLMO-
HaAbHbIX MaTepuanoB. Cpean HUX 0coboe MecTo 3aHUMatoT
MaTtepranbl Ha OCHOBE CAOXHOOKCUAHbIX COEAMHEHWH,
KoTopble, BAaropaps cTabuAbHOCTH, CTPYKTYPHOMY pas-
HOO6pa3no U BbICOKOM CTEMEHU U3YUEHHOCTH, LUMPOKO
UCMOAb3YHOTCA B HAYKOEMKUX OTPACASIX COBPEMEHHOIO
NPOU3BOACTBA.

Bopatbl NpeaAcTaBAAOT COO0M NEPCNEKTUBHBIE 0OBEKTHI
MCCAEAOBaHUI B 06AACTU GOTOHMKU U MOHWKK TBEPAOTO
Tena [1-6] 6aaropapsa psiaAy NPEUMYLLECTB, TaKUX Kak:
1) cTpyKTYpHOE pasHoobpasure, 06yCAOBAEHHOE BO3MOX-
HOCTbIO MOAMMEPU3ALMK U MOAUKOHAEHCALMM BOpPaTHbIX

https://vuzbiochemi.elpub.ru/jour

rpynnupoBok (BO* n BO*); 2) Bbicokas 06AacTb NPO3payYHOCTH,
no3BoAsiOLLAsA 3GPEKTUBHO MCMIOAL30BATh MX B ONTUUYECKMX
NPUAOXKEHUAX; 3) HEBbICOKME TEMMNEPaTypbl CUHTE3a, YTO
YNPOLLAET M YAELLEBASET MPOLLECC NOAYYEHNUA MaTEPUANOB;
4) OTHOCUTEAbHO AELLIEBbIE UCXOAHBIE BELLLECTBA, KOTOPbIE
AOCTYMHbI AASI LUIMPOKOTO Kpyra UCCAepoBaTeneit. ABOVHbIE
6opaTbl HATPHS 1 PEAKO3EMEABHbIX INEMEHTOB NMPEACTABASIOT
Kak HayuHbll, TaK U NPaKTUUECKUI MHTEPEC B KauecTBe
AOMUHODOPOB, HEAMHENHO-ONTUYECKMX U ABYAYUYENPEAOM-
ASIFOLLIMX MaTEPHaN0B 1 TBEPABIX SAEKTPOAUTOB. COrnacHo
NPOBEAEHHOMY AUTEPATYPHOMY 0630y, BbISIBAEHbI CAEAYHOLLIME
ceMencTBa ABOWHbIX 6opaTos: NazR(BOs), (R = La, Pr-Gd,
Y, Sc) [7-11], NaScB,0s [12], Na;GaB,0, [13], NaszR,(BOs);
(R = La, Nd, Sm, Gd, Sc) [8, 14, 15], Na,R,B,0; (R = La,
Nd-Th, Y, Ga, Al) [16-22], NasY5(B0s), [23], NasR¢Bs0,;
(R =La, Nd, Y) [24-26], NasRBsO5 (R = Eu, Gd, Al) [27-29]
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(tabAa. 1.). B cBSI3M C OTKPbITUEM MAESABI HEAMHEIMHO-0MNTH-
Uecknx 60paToB HaMBOAbLLWI UHTEPEC NPEACTABASIOT HELIEH-
TPOCUMMETPUUHbIE coeanHenus: NasR,(BOs);, NasR¢Bg0,;
W HEAABHO OTKPbITbIM ABOMHOM H6opaT NasY;(BOs),, B TO
BPEMS Kak LEHTPOCUMMETPUYUHbIE Ga3dbl UCCAEAYHOTCSA B
KauyecTBe AKMUHOGOPOB. B nocaeaHMe roabl YCTaHOBAEHO
obpasoBaHue coepnHeHnn NazRBgO,5 [27-29] co CAOXHOM
6opatHol rpynnupoBKo BgO,s (BA3T:<2AT>-<A2T><2AT>)
M 0cObeHHbIMMU CBOMCTBaMM [23]. B CBSI3U C HECUCTEMHbIM
NMOAXOAOM MPU U3yyeHUn da3zoobpa3oBaHnil B yKasaHHbIX
cMcTeMax LieAbto HacTosLe paboTbl ABASETCS U3yUeHUe
$a30BbIX PAaBHOBECUI B TPOMHbIX OKCUAHbIX CUCTEMAX
Na,O0-R,05-B,0; (R = In, Sc, Yb).

SKCNEPUMEHTAABbHAA YACTb

McxoaHbIMK BewecTBamu CAayxman Na,CO5 (4.a.a.),
Sc,05 (x.4.), In,05 (x.4.), Yb,05 (x.4.), H3BO3 (u.a.a.). Peak-
LMOHHbIE CMECHK ONPEAEAEHHOIO CTEXMOMETPUYECKOTO
COOTHOLLEHUA (TabA. 2) B3BELMBAAUCH U OTXUFAAUCH B
Mydene B TemnepatypHoM nHTepsane o1 500 ao 550 °C.
B3anmoaencTBma B cUcTeEMax MCCAEAOBAAOCH A0 06pa30-
BaHWA XUAKON dasbl, TO €CTb B CyOCOAMAYCHOM 0OAACTH.
06L1as NPOAOAXKMUTEABHOCTb OTXMra cocTaBasiAna 200-240 u.
MepBOHAYaAbHbIM LLIATOM MPW U3YYEHWUM AAHHbBIX CUCTEM
ABASINCA TBEPAODA3HBIN CUHTE3 U PEHTreHO0da30BbI aHaAW3
COCTaBOB COEAUHEHUI U3 TAOA. 1. Aaree AAA YTOUHEHUSA
TPUAHTYASILMU CUCTEMbBI U/UAN AOKAAM3ALMKU COCTABOB
HOBbIX COEAMHEHWI «<HabMpPaAUCb» AOMOAHUTEAbHbIE PEaK-

LMOHHbIE cMeCU. PeHTreHoda30Bbli aHaAn3 MPOBOAUACS
Ha AndpakTometpe D8 ADVANCE (CuKa-usnyyeruem,
netektop VANTEC) (Bruker AXS, TepmaHus).

OBCY)XAEHUE PE3YAbBTATOB

B cuctemax Na,0-R,0; (R = Sc, In) 3adrkcupoBaHo
obpasoBaHne NaRO, (R = Sc, In) [30, 31]. KpucTtanno-
rpaduueckue xapaktepuctukn NaRO, (R = Sc, In) npea-
cTaBAeHbl B uctoyHukax [30, 31]. B cuctemax R,0;-
B,O; (R = Sc, In) 3apuKkcupoBaHo obpasoBaHue RBO,
(R=Sc, In)[32, 33].

AaHHble No ABOMHOM OKcuAHOM cucteme Na,0-B,0,
npeactaBAeHbl B pabote O.4. fanaxosal: Na;BOs, Na,oB,0,4,
Na4BQO5, NagB409, NaBOQ, Na486011, NazB4O7, Na4810017,
NaB30s, Na,Bg0,5, NaBs0g, NaBgO,4.

B obnactn, boratoi okenpom Hatpusa (boree 50 MoA.%
Na,0), cuctembl CTaHOBATCSH HEPABHOBECHLIMU B CUAY
HEMNOAHOIO Pa3NOXeHUs kapboHaTa A0 okcuaa. Moatomy
06AaCTb TPOMHOM OKCUAHOM CUCTEMBI OblAa OrpaHUyeHa
R203—NaR02—NaBOQ—BQO3.

CocTaBbl peakLMOHHbIX CMECeN U3yyaemMbiX CUCTEM,
YCAOBUS CUHTE3a U MX Ga30BbIM COCTaB NPEACTABAEHbI B
Taba. 2. Homep obpasiua cooTBETCTBYET MOAbHOMY COOT-
HOLIEHUIO OKCMAOB HAaTpUA, PEAKO3EMEABHOIO SNEMEHTA
1 6opa COOTBETCTBEHHO.

®a3oo0bpasoBaHue B cucteme Na,0-Sc,05-B,0;. PaHee
yCTaHOBAEHO 06pa3oBaHue caepyroLmx ¢as: NasSc(BOs),
[11], NasSc,(B0s)s [15], NaScB,0s [12].

Tabauua 1. M3BecTHble cocTaBbl coeaMHeHur B cuctemax Na,0-R,05-B,0; (R = Ln, Bi, Y, In, Sc, Fe, Ga, Cr, Al)

Table 1. Known compounds in Na,0-R,05-B,05 (R =Ln, Bi, Y, In, Sc, Fe, Ga, Cr, Al) systems

SneMeHT CoepUHEHNE
Nas;R(BO3), NaRB,Os | NasRB;O, | NasR,(BO3); Na,R,B,0; | NasR3(BOs)s | NazRyBgO,; | NazRBgOss

La P2,/c (7, 8] - - Amm?2 [8] P2,/c [16] - P-62m [24] -

Bi - - - - - - - -

Ce - - - - - - - -

Pr P2./c 9] - - - - - - -

Nd P2./c [7, 8] - - Amm?2 [8] P2,/c [17] - P-62m [25] -
Sm P2./c 9] - - Amm?2 [8] P2,/c [18] - - -

Eu P2,/c [9] - - - P2,/c [18] - - P-1[27]
Gd P2,/c [10] - - Amm?2 [14] P2,/c [18] - - P-1[28]
Tb - - - - P2,/c[19] - - -

Dy - - - - - - - -

Ho - - - - - - - -

Y P2,/c [10] - - - P2,/c[20] | P6smc[23] | P-62m [26] -

Er - - - - - - - -

Tm - - - - - - - -

Yb - - - - - - - -

Lu - - - - - - - -

In - - - - - - - -

Sc P2,/c[11] | P2y/c[12] - R-3c [15] - - - -

Fe - - - - - - - -

Ga - - P2,/m [13] - P2,/c[21] - - -

Cr - - - - - - - -

Al - - - - P2,/c[22] - - P2,/c [29]

lpumeyaHue. YKkasaHbl NPOCTPAHCTBEHHbIE rpynnbl CUMMETPUN U CCbIAKU Ha UCTOYHUKU AUTEPATYPbI.

1 AMarpamMmbl COCTOSIHUSI CMCTEM TYrOMAABKMX OKCMAOB: CMpPaBOYHMK. Bbin. 5. ABOMHbIEe cuctemMbl / OTB. pea. O.A. Manaxos.
A.: Hayka, 1985. 384 c.
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Tabauua 2. CoctaBbl peakLMOHHbIX CMecen U UX ¢asoBblii cocTaB

Table 2. Compositions of reaction mixtures and their phase composition

Homep obpasua Na,0 Sc,0; B,0; ®as30BbIl cocTaB
312 3 1 2 Nas;Sc(BOs),
323 3 2 3 NasSc,(BOs);
112 1 1 2 NaScB,0s
314 3 1 4 NaScB,0s, NaBO,
111 1 1 1 Sc,03, NazSc,(BO3)s
334 3 3 4 NasSc,(B0s)s, Sc,03, NaScB,0s
318 3 1 8 ScBO3;, NaScB,0s, X
398 3 9 8 ScBOs, Sc,05, NaScB,0s
424 4 2 4 NasSc,(B0s)s, NaBO,
631 6 3 1 NaScO,, Na;Sc(BO3),, Sc,05, Na,CO4
611 6 1 1 Na,CO3, Na;Sc(BOs),, NaScO,, Sc,04
2313 2 3 13 ScBO3;, Na,Bg045
613 6 1 3 Na;Sc(BOs),, NaBO,
118 1 1 8 ScBO3;, NayBg045
17238 17 2 38 X, Na,B,0;
Homep obpasua Na,O In,04 B,0; ®a3oBbIi cocTaB
312 3 1 2 In,03, NaBO,, NalnO,
323 3 2 3 NaBO,, In,0;
112 1 1 2 InBOs, NaBO,
314 3 1 4 InBO, NaBO,
111 1 1 1 In,03, NaBO,
334 3 3 4 InBO3, NaBO,, In,04
318 3 1 8 InBO3, Na,B,0;
398 3 9 8 InBO3, NaBO,, In,04
631 6 3 1 NalnO,
611 6 1 1 Naln0O,, Na,CO;
613 6 1 3 NaBO,, NalnO,
118 1 1 8 InBO;, Na,Bg0,5
Homep obpasua Na,O Yb,04 B,0; ®as30BbIM cocTaB
312 3 1 2 Nas;Yb(BOs3),
323 3 2 3 NasYb(BOs3),, YbBO;
112 1 1 2 YbBO3, NaBO,
314 3 1 4 YbBO3, NaBO,
111 1 1 1 NasYb(BO3),, YbBOs, Yb,0s, Y
334 3 3 4 NasYb(BO3),, YbBO;
318 3 1 8 Na;YbBs015, YbBO;
398 3 9 8 Yb,03, YbBO3, Na;Yb(BOs),
311 3 1 1 NasYb(BOs3),, Yb,04
794 7 9 4 Yb,03, Na;Yb(BOs),
12107 12 10 7 Yb,03, Na;Yb(BOs),
6113 6 1 13 Yb,03, Na,B,0;
613 6 1 3 NasYb(BOs3),
118 1 1 8 YbBO;, Na,BgO,3
Homep obpasua Na,O Bi,03 B,0; ®a3oBbIl cocTaB
312 3 1 2 HeunsBecTHble pasbl, TpebyeT yTOUHEeHUs
314 3 1 4 Bi,B,0,, NaBO,
323 3 2 3 Bi,03, NaBO,, Bi»B,03¢
111 1 1 1 Bi,0s, X
334 3 3 4 Bi,B,04, NaBO,, Bi,05
112 1 1 2 Bi,B,04, NaBO,
318 3 1 8 Bi,B,0,, NaBO,
398 3 9 8 HewnsBecTHble ¢pasbl, TpebyeT yToUHEHUSA
611 6 1 1 Bi,B,0,
613 6 3 1 HeunsBecTHble pasbl, TpebyeT yTOUHEeHUs
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B pe3yabraTte NnpoBEAEHHOIO aHaAM3a OCYLLECTBAEHO
TpuaHryamposaHue cuctembl Na,0-Sc,05-B,0; npwu
750 °C (puc. 1). Pa3pes Sc,0;-NaBO, kBa3nbuHapeH,
YyTO AOKa3aHO Toukamu «111» n «424», Pa3dpes Sc,05-
Na;Sc(BOs), npoBeAeH Mo aHaAOrMK C UCTOUYHUKOM [34],
Ha Hall B3rAfA, B AAHHOM 0OAACTU @aHAAOTUUYHbBIX CUCTEM
AOMUHUPYIOT OKCUABI PEAKO3EMEABHbIX IAEMEHTOB 1 00bIUHO
KBa3MbUHapHbIe pa3pesbl NPOBOAATCA TaKUM 00pa3om
[35]. B obracTn Sc,0;-NaB0,-ScBO; Takxe AOMUHUPYET
OKCMA PEAKO3EMENBHOIO AAEMEHTA, UTO MOATBEPXKAAETCS
coctaBamu «334» 1 «398». B obnactn ScBO;-NaBO,-B,0;
AOMUHUPYHOLLMM BELLECTBOM CTaHOBKUTCHA SCBO3, noatomy
npoBeAeHbl pa3pesbl ScBO;-Na,0xB,0; (x =1, 3, 4, 5),
YTO TaKXe CornacyeTtcs ¢ AaHHbIMU UCTOUYHMKa [34].

Na,0

Puc. 1. Tpuanryasums cuctembl Na,0-Sc,03-B,05 npu 750 °C
Fig. 1. Triangulation of the Na,0-Sc,0;-B,0; system at 750 °C

CoctaB «318» nokasan HeupaeHTUdULMpyeMble ped-
AEKCbl Ha AMdpakTorpamMme, KOTOpble MPUNUCHIBAKOTCA
HaMu HOBOW da3e B AaHHOWM cucTtemMe. Hapsaay ¢ Henaes-
TMOUUMPYEMBIMU pedAeKcaMU HAaBAOAAIOTCA PePAEKCHI
®asbl ScBO; 1 NaSc(BO3),, UTO CBMAETEABCTBYET, Ha HalLl
B3rAsiA, 00 M3ObITKE OKCMAA CKaHAMSA U Bopa. AAS AOKAAK-
3aumm 06AaCTU HOBOrO COEAMHEHMSA HAMK U3YYEeH COoCcTaB
«17238», 0AHAKO UHTEHCUBHOCTM PeGAEKCOB HOBOW dasbl
MOHWU3UAKC, YTO FOBOPUT 06 OTAGAEHMM OT UCTUHHOFO COCTaBa.

CoraacHo AuTepaTypHomy 0630py, B AaHHOM 06AaCTH
Aokanmaytotea coctaBbl Na;GdBsO045 [28], K(Rb)sRBgO1-
[37]. CpaBHeHUE pAndpaKTOrpaMm AUTEPATYPHbLIX AAHHbIX
n cocTtaBa «318» nokasano HEM3OCTPYKTYPHOCTb AQHHbIX
COeAMHEHW. TeM He MeHee MOXHO NoAarathb, UTo BOPOKHMC-
AOPOAHBIN MOTWB aHAAOTMYEH M3BECTHBIM COEAMHEHUSIM:
Na;GdBg045 an K(Rb)3sRBgO 1.

CoctaB «318» ynanOCb MHAMLMPOBATb B MOHOKAMHHOM
CMHIOHWM (OPUEHTMPOBOYHAA NPOCTPAHCTBEHHAA rpynna
cummetpun Ce) ¢ napametpamu a = 12,625(6), b = 7,725(2),
¢ =10,409(3), B = 53,19(2)°. MoAyueHHblE AAHHblEe 0bpa-
60TaHbl MeTopoM Ae-beinas (puc. 2, Taba. 3).

®azoobpasoBaHme B cucteme Na,O-In,05;-B,05. Ha
puc. 3 npeacTaBAeHa TpuaHryaaumsa cuctembl Na,0-1n,05-
B,0;. Mo HaWKWM AaHHBIM, OHa ABASIETCA 3BTEKTUUYECKOM
(cM. Taba. 2). YcTaHOBAEHbI KBa3MbUHapHble pas3pesbl
Naln0,-NaBO,, In,0;-NaBO,, InBO;-NaBO,, octanbHble
pa3pesbl MPOBEAEHbI C YYETOM MOAYHYEHHbIX 3KCNEPUMEH-
TaAbHbIX U AUTEPATYPHbIX AQHHbIX.
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Puc. 2. 06pabotka ardpakTorpaMmbl coctaBa «318»
meToaom Ne-benina

Fig. 2. Le Bail refinement of the diffraction pattern
for composition “318”

Tabauua 3. [NapameTpbl 3AeMEHTAPHOM AYENKM U R-DaKTopbI
HOBOro ABOMHOro 6bopata B coctaBe «318»

Table 3. Unit cell parameters and R-factors of the new double
borate in “318”

MpocTpaHCcTBEHHas rpynna MoHoKAHHaSs, CC
CUMMETPUU
a, A 12,625(5)
b, A 7,725(2)
c, A 10,409(3)
B, rpaa. 53,19(2)
206-uHTEpPBAA, rpaA. 5-100
Rups % 4,540
Ry % 3,490
Rexpr % 2,775
X2 1,636
Reg1s, % 0,155
RB(SCBO3)r % 1,670
RB{NaSc(BO3)2)v % 1,223

Na O

2

1:1 B.O

Puc. 3. Tpuanryaaumsa cuctemol Na,0-1n,05-B,05 npn 750 °C
Fig. 3. Triangulation of the Na,0-1n,05-B,0; system at 750 °C
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Puc. 4. TpuaHrynaums cuctembl Na,0-Yb,05-B,0; npun 750 °C
Fig. 4. Triangulation of the Na,0-Yb,05-B,0; system at 750 °C

N Na,Yb(BO,),

Na,Y(BO,),

MHTEHCUBHOCTD, a.e.
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26, rpaa.

Puc. 5. CpaBHeHwne andpaktorpamm NasY(BO;), n NasYb(BOs),

Fig. 5. Comparison of NasY(BO3), and Nas;Yb(BOs;), diffraction
patterns
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Puc. 6. dxcneprMeHTaAbHble, pacCUMTaHHbIE K PA3HOCTHbIE
AnopakTorpammbl NasYbBgO45 M YbBO; B cocTaBe «318»

Fig. 6. Experimental, calculated and difference diffraction
patterns of Na;YbBg0,5 and YbBO5 in the composition “318”

®azoobpasosaHme B cucteme Na,0-Yb,05-B,0;. Tpu-
aHryaaums Na,0-Yb,0;-B,0; npeactaBaeHa Ha puc. 4,
a $a30Bbli COCTAB PEaKLMOHHbIX CMecel — B TabA. 2.
YctaHoBA€HO 06pa3oBaHue ABOVHbIX 6opaToB NazR(BO3),
(R =La, Pr-Gd, Y, Sc), KpMCTaAAU3YIOLLMXCA B MPOCTPaH-
CTBEHHOMN rpynne cummetpun P2,/c [7-11]. B pabote [37]
HaMW NPOUAAKOCTPUPOBAHO 06pa3oBaHKe U TEPMUYECKOE
noseaeHue NazEr(BOs),, KpMCTaAAU3YIOLWLETOCA B TOM Xe
CTPYKTYpHOM TUNE (P24/C). B AaHHOM MaTepuane nokasaHo
Takxe obpasoBaHue ABoiHoro 6opata NasYb(BO;),. OaHako
€ro NopoLKorpaMmma CBMAETEABCTBYET O GOPMUPOBAHUU
CTPYKTypHOro t1na, otanyHoro ot NaszR(BOs), (R = La, Pr-Gd,
Y, Sc) (puc. 5.). YctaHoBAeHO ob6pa3oBaHne NasYbBg0,s,
n30CTpyKTypHOro Na;GdBgO,5 [28], UTo AoOKa3aHO METOAOM
PutBenabpa (puc. 6). Kpome T0ro, He UCKAtOUEHA BO3MOX-
HOCTb CYLLLECTBOBaHUS eLle OAHOM HOBOM da3bl B cUcTEME,
NMOCKOAbKY Hapsiay ¢ pedaekcamu dpa3 NasYb(BOs),, YbBOs,
Yb,05 3adpuKcrMpoBaHbl HEMAEHTUOUUMPYEMbIE PEDAEKCI
Ha AndpakTorpamme coctaBa «111».

3AKAKOYEHUE

B xoae NpoOBEAEHHOr0 MCCAEAOBaHWSI BMNEPBblE W3Y-
yanocb Gazoobpa3oBaHKe B TPOMHBLIX OKCUAHbBIX CUCTEMAX
Na,0-R,0;-B,0; (R = Sc, In, Yb). YctaHOBAEHO 06pa-
30BaHMWe HOBOro ABOMHOro 6Hopata HaTpusa-CKaHAMA B
obnactn coctaBa 3Na,0Sc,0;°8B,0;. MeTopOM aBTOUH-
AMUMPOBAHMS ONpeAeneHa CUHIOHUSA (MOHOKAMHHASA), Npo-
cTpaHcTBeHHas rpynna (Cc) n napametpsl (@ = 12,625(6),
b=7,725(2), c=10,409(3), B = 53,19(2)°). HanaeH HOBbIV
M30CTPYKTYPHbIN aHanor Na;GdBg0,5 [28] Ha 0CHOBE UTTEPOUS.
Briepsbie nposeaeHa TpraHryasumnsa cuctembl Na,O-In,05-B,0s,
06pa3oBaHme TPOMHbIX COEAUHEHWI B HEN HE OBHAPYXEHO.
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