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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Hosi cynepioHHi NpoBigHMKY HAa OCHOBI apripoJiUTiB /1J151 BUCOKOE(EKTUBHUX TBEPOEIEKTPOLITUYHUX IPKEPE

eHeprii

Ha3sBa po60oTH aHIJIiHCBHKOIO:

New superionic argyrodite based conductors for highly effective solid-state energy sources

Pedepar yKpaiHCBKOIO:

Ha ocnoBi nanux audepenuiiinoro-tepmivnoro (ITA) Ta pentreHogasosoro (POA) ananisiB po3po61eHO 6113bKi

IO OTITUMAJILHUX TE€XHOJIOTIYHI PEXKUMU CUHTE3Y Ta BUPOILYBaHHS MOHOKPHUCTAJIB TBEPIVX PO3UMHIB CKIIALy
Ag7(Gel-xSix)S5I (ne x=0, 0.2, 0.4, 0.6, 0.8, 1.0). YI0CKOHaTIEHO METO/I0JIOTiI0 BUTOTOBJIEHHSI CyIIePiOHHUX KepaMiK
Ha OCHOBI MiKpO- Ta HAHOKPUCTAJIIYHUX NTOPOLIKiB TBepAUX po3unHiB Ag7(Sil-xGex)S51. Onepxkani

MOHOKPHCTaJIiuHi Ta KepaMiuHi (OTprMaHi 3 MIKpo- Ta HAHOKPHUCTAJIIYHMX [TOPOLIKIB) 3pa3KU NOCJIIKEHO 3
BHUKOPHCTaHHSIM PEHTT€HOCTPYKTYPHOTO, PEHTT€HO(a30BOr0 Ta MiKpOCTPYKTYPHOTO (CKaHyl04a eJIeKTPOHHA
MiKpPOCKOIIisl Ta €HEProfuCIiepCiiiHa PEHTTeHIBChbKA CIIEKTPOCKOIIiS) aHali3iB, ONTUYHUX METOMIB (OU(y3HOro
BiZIOMBaHHSI, ONITUYHOTO [IPOIyCKaHHS, CIEKTPAJIbHOI eJIiNCOMETPii), BUMipIOBaHHS €JIEKTPOIPOBIAHOCTI (METOZ,
iMIlelaHCHOI CIIeKTPOCKOIIii) Ta MIKpOTBEPAOCTI. Briepiie BCTaHOBIEHO MeXaHi3M YTBOPEHHSI TBEPIUX PO3YMHIB
Ag7(Gel-xSix)S5I. 3a fonomoroo Teopii PyHKIiOHATY 'YCTUHU BCTAHOBJIEHO, 10 KaTiOHHe 3aMimeHnHs Si+4nGe+4
IIPU3BOJUTS 10 30i/IbIIEeHHS CTabiIbHOCTI KPUCTAIYHOI rpaTKu. JJoCmimKeHHs 3MiHU MiKPOTBEPOCTi B paMKax
rpazieHTHOI Teopii NJIaCTUYHOCTI CBiAYaTh PO IJIACTUYHY Jedopmallilo MOHOKPHCTAIYHUX Ta KepaMiyHUX 3pasKiB
TBepAuUX po3unHiB Ag7(Sil-xGex)S5I. 3a pe3ysbTaTamMmy BUMipIOBaHb €J1eKTPOIIPOBIAHOCTI METOLOM iMIIeIaHCHO]
CIEKTPOCKOIIii MOHOKPUCTAJIUHI Ta KepaMiyHi 3pa3ku TBepAuX po3unHiB Ag7(Sil-xGex)S5I xapaKTepU3yThCs
IOCTaTHbO HM3bKUM 3HAYEHHSIM €JIEKTPOHHOI (0iOH>>0€eJ1) Ta BUCOKMMU 3HAYEHHSIMU i0HHHOI CKJIal0BUX NPOBiIHOCTI.
[TokaszaHo, 110 3MEHIIEHHS PO3Mipy KPUCTAJITIB (BUKOPUCTAaHHS KEpaMiuHUX MaTepiasiB) IPU3BOIUT 110
30i/1bLIIEHHS iI0HHOI CKJIa[I0BOi TPOBiIHOCTI, 1[0 103BOJIS€ MiIBUIIATY 3arajabHy TEXHOJIOTIYHICTh MaTepialiB AJis
[IPaKTUYHOTO 3aCTOCYBaHHA. 3a JOIIOMOIOI0 ONITUYHUX METOMIB HOCIiIKEHHS BCTAHOBJIEHO HAABHICTD
KOMIIO3ULIIHOTO PO3YNOPSAKYBAHHAM KPUCTAJIYHOI CTPYKTYPU NIPU KaTioHHOMY Si+4n0Ge+4 3aMimeHHi. EnekrpuyHi,

CTPYKTYPHI Ta OIITUYHI JOCJiIP)KEHH [I0Ka3aJIY, 10 IIapaMEeTPH, SKAMU XapaKTEPU3YIOTbCSI MOHOKPUCTAJIIYHI T

Pedepar aHIJIiHCBKOIO:

Based on the data of differential thermal analysis (DTA) and X-ray diffraction analysis (XRD), close to optimal
technological regimes for the synthesis and growth of single crystals of solid solutions of Ag7(Gel-xSix)S5I
composition (where x = 0, 0.2, 0.4, 0.6, 0.8, 1.0) were developed . The methodology for the preparation of
superionic ceramics based on micro- and nanocrystalline powders of Ag7(Gel-xSix)S5I solid solutions has been
improved. The obtained single crystalline and ceramic (obtained from micro- and nanocrystalline powders)
materials were studied using X-ray diffraction and microstructural (scanning electron microscopy and energy
dispersive X-ray spectroscopy) analyses, optical methods (diffuse reflection, optical transmission, spectral
ellipsometry), electrical conductivity (impedance spectroscopy) and microhardness measurements. The
mechanism of the Ag7(Gel-xSix)S5I solid solutions formation has been established for the first time. Using the
density functional theory, it was found that the cationic substitution Si+4n0Ge+4 leads to an increase in the stability
of the crystal lattice. Studies of microhardness changes within the framework of the gradient theory of plasticity
indicate plastic deformation of single crystals and ceramic samples of Ag7(Gel-xSix)S5I solid solutions. According
to the results of electrical conductivity measurements by impedance spectroscopy, single-crystal and ceramic
samples of Ag7(Gel-xSix)S5I solid solutions are characterized by a rather low value of the electronic and high
values of the ionic components (oion>>nel) of conductivity. It has been shown that reducing the size of crystallites
(applicable to ceramic materials) leads to an increase in the ionic component of conductivity, which makes it



possible to increase the overall manufacturability of materials for practical applications. Using optical methods, the
presence of a compositional disorder of the crystal structure at cationic Si+40Ge+4 substitution was established.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hassa HTII ykpaiHCBKOIO: [lepcriekTuBHi Ag+ NPOBiHI MaTepianm Ha OCHOBI TBEpAUX po3unHiB Ag7(Gel-
xSix)S5I 3i CTPYKTypOIO apripoiuty ofep>kaHi y MOHOKPUCTAIIYHOMY, MTOJIIKPUCTATIIYHOMY Ta HAHOKPUCTATIYHOMY

BUTISI.

HasBa HTII aHI/IifiCbKOIO: Perspective Ag+ conductive materials based on Ag7(Gel-xSix)S5I solid solutions

with an argyrodite structure in single crystal, polycrystalline, and nanocrystalline form
HTII, sxy nepezn6ayasiocsi CTBOPUTH:

IIpuunHnu, yepe3s saki HTII He 6ysi0 cTBOpeHO:

OTpumaHi pe3yJIbTaTH: Marepianu

l'asy3s 3aCTOCYBaHHS: EHeproouaiHi TeXHOIIOTi

PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Onepskani B pesysbrari BukonanHs HIP GpyHKIiOHAIBHI MATEpPiaiy € OCHOBOK CTBOPEHHS
TBEPAOTLIBHUX JIKepeJsl eHeprii Ha OCHOBI Ag+ iOHHUX IPOBiIHUKIB, 32 PaXyHOK BUCOKOi ioHHOI mposigHocTi (10-
3010-2 Cm/cM), a OTKe | BUCOKUX 3HAUeHb €eMHOCTI. [lani napameTpu nokpaiieHi B 1.202.8 pa3u Ipu BUKOPHUCTAHH] B
SIKOCTI €JIEKTPOJ0aKTUBHOTO MaTepialy MiKpo- Ta HAHOKPUCTAJIIYHUX 3Pa3KiB 32 PaXyHOK 361i/1bII€HHS €(PeKTUBHOI
po6040i IJI01Ii, a TAKOX Bil3HAYATUCS IPOCTOTOIO Y BUPOOHUIITBI, BiICyTHICTIO Aerpafalii Ha MOBiTpi, a TAKOX

HAJIIAHICTIO Ta 6E3MEeYHICTIO i} YaC BUKOPUCTAHHSL.

ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI mpoayKuii (Matepiasis,

TEXHOJIOTI} TOILO) /151 3a6€311eYEHHs €KCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO iMIIOPTY
BnyiuB HTII Ha moBKiJjjis:
BnposapaskeHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
ITouaToK eramy:
3aKiHYeHHs eTamny:
Crio>KHuBavi NPOAYKILii:
IlepcnekTHBHI pUHKHU:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaJAIOTHCS iHBECTOPY IIiCJIsI 3aBepIIeHHs POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmanist:
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