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*PoccuiicKuit XHMUKO-TEXHOTOrHYecknii yausepentet um. JI. 1. Memnaeneesa

KOMITIO3UTbI HA OCHOBE TUTAHATA JIMTUA 1
YIVIEPOJHBIX HAHOMATEPHAJIOB, KAK AHO/ITHBIE
MATEPUAJIBI JJISI JUTUH-UOHHBIX AKKYMYJISITOPOB

Turtanatr mutus LiyTisO;, paccmaTpuBaeTcsi Kak NEPCTICKTUBHBIN
AQHOJHBIA MaTepuana Uil JIMTUM-HOHHBIX AaKKyMYJISITOPOB B IIE€PBYIO
odyepeab BBHUJIY HHU3KOM Jerpajallid MpU LUKIUPOBAHHHM, MAajoro
U3MEHEHUS o0bpeMa 3JIEMEHTapPHOU STUCUKU B XoJie
UHTECPKASIIIUU/IEUHTEPKAISIIMA ~ WOHOB  JIUTUS, 4TO  Hapsay C
MUHHMMAJIbHON BEpPOSITHOCTHIO (OPMUPOBAHUS JIMTUEBBIX JEHIPUTOB
MO3BOJIIET 00ECIICUUTh JOJTOBEYHOCTh U 0€30MacHOCTh akKymysisitopa. C
JIpYrol CTOPOHBI, AJEKTPOHHass M WOHHas mpoBoauMocTu LiyTisOp;
OTHOCUTEIIbHO  HEBEJIMKH, YTO OrPAHUYMBAET €ro MNPaKTUYECKOE
NPpUMEHEHHE, B T.4. B CHCTEMax, TPEOYIONIUX BBICOKOM IHKOBOM
MoitHocTH. Co31aHue KOMIIO3UTOB C MPOBOASIIMMM MaTepuaiaMu, B
YAaCTHOCTH C YIJIEPOJIOM, MCIOJB3YEeTCd KakK OJWUH W3 MOJIXOJ0B,
MO3BOJISIIOIIUX YIIYYIIUTh SJIEKTPOXUMHUYECKUE CBOMCTBA MAaTEPHUATIOB.

Lenb maHHOM pabOTHI — MOJTYYEHHE KOMITO3UIIMOHHBIX MaTepUalioB
HAa OCHOBE THTaHaTa JIUTHS M YriaepoaHbix HaHOTpyOok (YHT) wumm

136



Hanouemyek (YHY), B T.4. rerepozamemieHHbIX, M HCCICIOBAHUE HX
AJIEKTPOXUMHUYECKUX XaPaAKTEPUCTHK.

Komnosuter LiyTisO,/YHT u LiyTisO,/YHY mnonywyanu myrem
MEXaHUYECKOTO CMEIICHUS] THUTaHaTa JIUTHUS, CHUHTE3UPOBAHHOTO C
MOMOILBIO THAPOTEPMAIBHOTO METO/Ia, U COOTBETCTBYIOIIETO YTJIEPOJTHOIO
HaHOMaTepHuaa. [Tony4yeHHbIe KOMITO3UI[HOHHBIC MaTepHUaIbI
oXapaKTepU30BaHbI Cc MOMOIIBI0O  PEHTTeHO(a30BOro aHau3a,
CKaHUPYIOIIEH  DJICKTPOHHOW  MHUKPOCKOINHH,  HHU3KOTEMIIEpaTypHOU
ancopounn azora (Meron bOT), ummnenancHoit m KP-cmekTpockomnuwu;
MPOBEJICHO UX AJIEKTPOXMMHUYECKOE TECTUPOBAHUE B FaJIbBAHOCTATUYECKOM
peXKHME W METOJIOM LMKIUYECKOW BosibTaMnepomeTpuu. [lokazaHo, 4to
yTJIepOAHBIE HAHOTPYOKH 00pa3yIoT Ha MOBEPXHOCTH TUTaHATA JIUTUSI CETh
IpOBOIANMX KaHamoB. B To Bpems kak B kommosutax LisTisOp; ¢
YIAEPOIHBIMU  HAHOYENTYWKAaMU  TIOCIETHUE TPEICTaBISIOT  COOOM
kpynuble (1o 10 MKM) ariioMepartbl, HEPAaBHOMEPHO pAaCHpEICIICHHbIC
MEXIy 4YacTUIlAMH THUTaHaTa JUTUS U (OPMHPYIONIME B MaTepuaie
M30JIMPOBAHHbBIC TPOBOJAIINE «OCTPOBKKW». ITO MHPUBOJUT K MEHBIIUM
BEJIMYMHAM MPOBOAMMOCTH KOMIIO3UTa C JISTUPOBAHHBIMU  a30TOM
VIJEPOAHBIMU  HAHOYCIIYHKAMU 1O CPaBHEHHIO C  TaKOBBIM €
HenerupoBaHHbiMu  YHY. Haubonpiieil 31eKTpOHHOM MPOBOJAUMOCTBIO
(1.33 Cm/cm)  xapaktepu3yeTcsi KOMIIO3UT  TUTaHaTa JIUTHS  C
rerepo3amenieHubiMa Y HT.

[Tpu HU3KUX  IUIOTHOCTAX  TOKa  pa3psiHbIe €MKOCTH
KOMITO3UIIMOHHBIX ~ MarepuanoB  Liy/TisO, ¢ YHT, B 1.
reTepo3aMeIleHHbIMU, OJIU3KU K TeopeTudyecKoi BeanuuHe. [Ipu BhICOKHMX
CKOPOCTSIX 3apsjia/pa3psiga €MKOCTh MOJIYYEHHBIX AaHOJHBIX MaTepHaioB
3HAYUTEJILHO TPEBBIIIAET TAKOBYIO MCXOJIHOTO TUTaHATa JUTUA. Tak, mpu
ckopoctu 37C oOpaTumbie pa3psiaHbIE €MKOCTH THUTAaHaTa JIUTHSA, €ro
KOMIIO3UTOB ¢ rerepo3amemicHHbiMu  YHT wu  omHocteHHbiMu YHT
cocTaBig0T cooTBeTcTBeHHO 60, 97 m 90 MAu/r. Mcnonap3oBanue YHY
TaK)K€ TPUBOJUT K HEKOTOPOMY YBEIMYEHMIO pa3psaHOM emMKkocTu (68
MAY/rT mpu ckopoctu 37C), B TO BpeMs KaKk TpU BBEICHHUH
reTepO3aMeIICHHBIX YTIEPOAHBIX HAHOUEITYyeK, HAIpPOTHUB, HAOIIOAACTCS
MaJicHUe E€MKOCTH TIOJYy4YeHHOIO0 KOMIIO3UTa BO BCEM HCCIIEIyEMOM
JIHANa30He  CKOPOCTEM  UUKIWpoBaHWs. Ha  OCHOBaHMM  JTAaHHBIX
UKJIMYCCKOM BOJILTAMIIEPOMETPUH paccuuTaHbl ¢ peKTHBHBIC
koahurreHTsl U Py3un KaTUOHOB JUTHUS B MOJTYYEHHBIX KOMIIO3UTAX.
Jlerpananusi BceX MCCIEAYEMbIX KOMIO3UIIMOHHBIX MAaTEPHAIOB HEBEJIUKA
u coctapjsieT MeHee 0,08% 3a k.
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WccnenoBanrie  BBIMOJHEHO  NpU  (PUHAHCOBOM  TOJIEPIKKE
Poccuiickoro ¢onna dhyHaaMeHTaIbHBIX UccieaoBaHui (mpoekTt Ne 16-29-
05241).
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LI, sAL¢sGE; 5(PO4); GLASS-CERAMICS AS SOLID
ELECTROLYTE FOR LITHIUM BATTERIES: CONDUCTIVITY
AND STABILITY VERSUS LITHIUM

Power sources have played important roles in energy storage and
conversion. Lithium-based batteries, such as Li-ion and Li batteries are
considered the most promising power sources due to their high energy
density [1]. All-solid-state Li batteries with nonflammable solid
electrolytes are believed to be safer, and to have longer cycle life, higher
energy density, less requirements on packaging and also state-of-charge
monitoring circuits [2]. Li batteries owing to their high energy density can
be used in large electrical power storage systems such as electrical vehicles
and electronic devices. Solid electrolyte should be highly dense and stabile
in contact with electrode materials and have high Li-ion conductivity (not
lower than 10™ S/cm at room temperature) for practical applications in all-
solid-state Li batteries.

According to [3, 4] lithium germanium phosphates, in particular, the
system Li;,Al,Ge,(PO,4);, have the high Li-ion conductivity, which
dependent on the conditions of the electrolyte synthesis. An advantage of
conductors based on phosphate systems is the possibility of the formation
of an amorphous phase, from which one can derive a high-conductivity
NASICON-type glass-ceramics Li;sAlysGe;s(PO4); composition (or
LAGP).

LAGP solid electrolytes were prepared via glass—ceramic route. The
glass of 19.75Li,0-6.17A1,05-37.04Ge0O,—37.04P,05 composition was
synthesized by melt quenching. The starting materials were Li,COs
(>99.4%), ALO; (>99.9%), GeO, (>99.9%) and NH4H,PO, (>98.0%).
Glass-ceramics LAGP were obtained by thermal treatment of monolithic
glass at 820 °C for 8 h. Glass-ceramics has NASICON-type structure, high
Li" conductivity at 25 °C (0.39 mS/cm) and rather dense microstructure.

The stability of the LAGP glass-ceramics in contact with metallic
lithium was determined using two methods: by holding the samples in
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