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MeTtoa0M CHIEKTPOCKOI] XiMIYHOTO IOTEHLIANy AOCIJPKeHO TEPMOTUHAMIYHI OCOGIMBOCTI CTPYMOYTBOPEHHS B
K4TOZi BHTOTOBJICHOMY 13 BHXIJIHOTO i JIa3€PHO OMPOMIHEHOTO HAHOJMCIIEPCHOTO JIOKCHJA THTaHy. BCTaHOBIIEHO,
0 B HPOLECI IHTEPKAaLINi B JOCH/DKYBAHMX Marepialax BiAOyBacTbCs YTBOPEHHS rerepodasHuMx CTaHIB y
BIOBiHMX KOHLIEHTpallliifX iHTepBanax. IlokasaHa MOXUIMBICTE BHKOPMCTAHHS HAHOIMCIIEPCHOTO IiOKCHIY
TUTaHy B SKOCTi KaTOJHOTO MaTepiany /g JiTIEBUX JDKEPEN KUBICHHS.
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I. Beryn

Curyanis B ABTOHOMHiM  eHeprermmi i
MIKPOCHEKTPOHII  XapPAKTCPH3YETHCA  BHHHKHCHHAM
OPHHUMIIOBHX  CYMEPEYHOCTEH  Midk  BHMOTaMH

TEXHIYHOr0 TPOrpeCy Ta MOMJIMBOCTAMH 33J0BOJICHHA
iX Tpammuilivumu migxozmaMu Ta TexHomorismu. Ha
JaHHM vac JUIA  BHPINCHHA LMX 33434 IOHPOKO
3aCTOCOBYIOTBCH HAHOTEXHONOTii, 3 JOMOMOIOI0 KHX
MO’KHa CHHTE3yBAaTH HAHOPO3MIpDHI MaTepiany, MO JICTKO
mifmaroreca Moxudikanii, T4 CTBOPIOBATH HA iX OCHOBI
CHCTEMHM i3 HanmcpeX 3aJaHHMH  BIIACTHBOCTAMM,
30KpEMa, npH CTBOPCHHI HAKOMMYYBayiB i
enextTpoximiuHux mxepen eHeprii. CydacHi BHMOTH 10
CIEKTPOXIMIYHHX JDKEpEN EJCKTPHYHOI EHeprii Jameko
HE 3aBKIH  33A0BOJILHAIOTRCA  HasBHOIO  ©a3010
CACKTPOAHUX MarepialmiB  AK 4epe3 iX  HH3BKY
CHEProBiINAYY, TAK 1 4epe3 AOPOTOBH3HY TA HETaTHBHHMH
BIUIMB HA HABKOJMIUHE CEPEIOBMIIC NPH iX OTPHMAHHi
Ta  BHKOpHCTaHHI. ToMY  TIO€IHAHHs  IPOLECY
inrepKamaii AK MeEXaHi3My BHHMKHCHHSA
CTPYMOYTBOPYMX PpeaKmii B JiTIEBHX JDKepenax
XKHBJIEHHS 3 HAHOMATepialaMH Jam0o MOMUIMBICTH
BHKOPHMCTOBYBATH B SKOCTi KATOAHHX MATEPialiB JOCHTh
IHPOKMI KJIAC CrioNyK, fAKi OTPHMaHi 3a A0IMOMOIOHO
HAHOTEXHOJIOTiM, @ came BYIJCIEBi MaTepiaaM, apyBaTi
XaJbKOTEHiAM, wmmivemi 1 Meramivydi okcuau [1-5],
30KpeMa, JIOKCHI THTAHY, CTPYKTYpa Ta (hi3uKO-XiMiuHi
BJIACTHBOCTI AKOTO 3HAXOIATECA Yy (OKyCi 3HA4HOI
KIILKOCTI  CKCHCPHMEHTAIBHHX 1 TEOPETHYHHX
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pocmmpkenb, Lle#t iHTEpeC BHKAMKAHMIL BAKIMBHMH
sacrocyBaHHAMH TiO;, 30KpeMa B SIKOCTi MIrMEHTY, SK
CICKTPONHMI Marepianm B COHsunux Oartapesx [6],
(oToxoMmipkax [7,8], Ak OCHOBM [UIst 3aXHCHUX MOKPHTD i
¢apd [9] Ta in. B nmepmy wuwepry Takuii iHTEpec
3YMOBJICHHH MOMUIMBICTIO OTPHMAHHA Pi3HOMAHITHUX
Moma(pikoBaHux (GOpM TiOKCHAIB THTaHY, 30Kpema
H3HOAMCHEPCHHX 1  HAHOKOMIO3ZMIIHHMX, fAKi €
VHIKaIbHHMH MarepiaJaMu--rocroaapamu’” g
IHTepKANAWIHHUX HaHoTexHonorii [10-13]. Kpim Toro,
JIOKCHI THTaHy BOJOMIE PAJOM NPAKTHYHMX MNEPEBar,
JIETKOAOCTYIHUH, XiMIYHO cTaOinpHui, OCINEBHI 1 He
TOKCHYHHH.

B ocraHHi pOKM NOCHJICHO BHBYAJIACK IHTEPKAJALIL
mrito B TiO, pyrwibHOi i aHATA3HOI CTPYKTYpH.
ITokazaso, mo B Li, TiO> MakcuMyM eneKTpOXiMidHOro
BIPOBA/DKCHHA 3MIHIOCTECA B Mexax 0<x <l pmm
pytwiy i 0,5< x <1 mna anatasy [14-17). Posxomkenna
MEX IHTEpKAmOBAaHHA B ImuX poboTax aBTOpH
NOACHIOKOTh BIUTMBOM TeMmepartypu. [lpumyckaerscs,
mo audyzia Moke OyTH oOMExyIoumM (AKTOPOM y
XaPAKTCPUCTHLI PYTHJIYy i aHaTa3ly Ta XapaKTEPUCTHII
BigmigHoro Bix Hux CoO; i MnO,. Ilomepensi
veoperwaHi  poSotu mo LiTiO, B  ocHoBHOMY
30CEpEKEH] HA BH3HAYCHHI IHTEPKAMALIHHHUX MicUb T4
ix monoxeHs B Marepiani-“rocmogapi” [18,19]. Ilpore
OKpeMi JOCHi/UKEHHS HE JAKTh WIMCHOI KApTHHH
IHTEPKAALIHHUX MPOLECIB B JIOKCHAAX THTaHy, IO HE
J03BOJIAE MAKCHMATTLHO €(EKTHBHO BHKOPHCTOBYBATH iX
B AKOCTI MaTepialiiB I [DKEPEN CICKTPHYHOI CHEpTii.
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OcobuBocTi iHTepKaNANii JiTIEM ...

Crynise tnTepkanauii OyJdec BH3HAYATHCA, B OEpy

Yepry, HASABHICTIO B MATEpPiai-"ToCrozapi” BAKAHTHHX 4500
MOJIOKEHb (CTPYKTYPHUX IOPOKHHH, IIOpP, TOMIO), AKi 40004
MOKYTh 3aifiMaTH ioHd fitiio. OmHMM i3 MOMIMBHX 3500
crnoco6iB  36iNbIIEHHA TAKHX MNOJOXKCHD € JIA3epHa
Mo M(pikauis (oTpOMiHEHHS) JIOCI1i JDKYBaHOTO 3000+
MaTepiaJIy. ) o = 2500-
Meroro pobOTH € JOCHIAMTH TEPMOAMHAMIMHI o .
0ocOOJMBOCTI HpOLECY €NEKTPOXiMivHOI iHTepKamauii § 2000
JNTiII0 BHXIXHOTO Ta JlasepHO ompomineHoro TiO, Tta @ 1500+
NOKA3aTH MoxcmBic-n, BUKOPHCTAHHS JAHUX Marepianis 1000 ]
B SKOCTI KATONIB y TPHBOJBTOBHX JHTIEBHX IDKEpEnax
CTpyMy. 500+

II. O6’exTH T2 METOAU AOCIIKEHHSNA

B saxocti 06’extiB gocmimkenHs Oy BHOpaHMi
HAHONMCUCPCHHI  MiOKCHA  THTAHY 3  BLIBHOIO
MOBEPXHEI0 73 M/r,  CHHTC30BAHMH  MiPOTCHHHM
FLIPOMI30OM  TETPAXJOPHAY THTAaHy Y  BOJHEBO-
nosiTpsauomy (paxeni mpu Temmeparypi 1100°C, mo
3abe3neuye cunte3 TiO, y BACIAAl CyMilmi aHartasy i
pyriuty. Cepeniii po3Mip 4acTHHOK B oTpHMaHoMy TiO,
cranoBuB 10+60 HM. B aAxocTi BHXiZHOI CHPOBHHM IpH
curre3i TiO, BHKOPHCTOBYBABCA YOTHPHOXXJIOPHCTHH
THTaH, AKMH TPEACTaBNIB COGOI MpO30PY pPimMHY 3
ryctamoro 1,73 r-cm” mpu 20°C. Temmepatypa KHITiHES
TiCl, mpu 760 mm. pr. cr. crawosuts 136 'C. Jlna
Oprasizaiii nNpouecy TIOpIHHA BOZHEBO-HOBITPAHOL
CYMilli BHKOPHCTOBYBAjJIM HAJBHHKOBMH  HPUCTpPIH
TpyO4aToi KOHCTPYKUii i3 BHUXpOBHM 3MiITyBAHHAM
rajonoMi0HMX KOMIOHEHTIB 3  JiaMeTpOM  rupia
HanbHUKA 32 MM.

PeHTreHOrpamMu OTPHMAHOIO MATepiasy SHIMATIHCH
Ha gugpaxromerpi JIPOH — 3,0 3 sukopucrannam Cu K,
- BUNpoMiHrOBaHHA (puc. 1). Penrrenodasosuii anamis
MIOKCHIY THTAHYy NOKA3aB HAABHICTh B HbOMY CyMimi
aHaTa3Hol i PYTWIHLHOI CTPYKTYPH B CIiBBiAHOLICHHI
71%:29%. Pyrunm i amata3 Hajuexkarh 1o
TETPArOHAMbHOI CHHIOHI: MPOCTOPOBA Ipyma CHMETpii
anarasy 14, = amd, pyrwry P4, = mnm |20].

INapamerpu KpucTamiyHOi rparku a4 i c, sKi
BU3HAMANKCS LNUIAXOM CKCTPANOJALGl 33 METOAOM
HAHMCHIIMX KBAAPATiB 3 BHKOPHCTAHHAM {opmyr (1) Ta
(2) {21}, moxaHi y Tadn. 1.

' 4 B;sin’6; -B;sin’0;

ey

0'l'i'l'l'l'l']‘l']'!"l"i
10 20 30 40 50 60 70 80 90 100110120130
20, rpaa
Puc. 1. Penrrenisceka qudpakuiiina kKapTuHa
BHXIiTHOTO HAHOJHCIEPCHOTO MOKCHIY THTAHY
(anox Cu).

: M AB-AB
Y4 A;sin®0, - Ajsin®g;

me A=h?+k?iB=12.

Buxiani spaskn miokcuny THraHy OyaH OnpomiHeHi
IMIOYIBCAMH ~ Ja3epa, 1IN0 MPAIFOBAB B PEsKHUMI
MOIYJB0BAHOI  JOOPOTHOCTI  (TPUBANICTE  iMIYJIBCY
t= 10 HC, eHepris B immynsci E = 0,02 Lk, uwacrora
CiayBaHHA iMaoynecie £=40 Ty, TPHBAJCTh
OINPOMIHEHHA 5 XBH/IWH),

Enexrpoximiuna invepkamiiis Li 3nificrrosanace 3a
TPBOXENEKTPOXHOIO CXEMOKO B TEPMETHYHAX
CJICKTPOXiMiYHUX  Komipkax. [Momspmiauidimmit i
NOpiBHANBHME enekTpoau po3Mipamu  10x5 MM i
TOBIMHOIO 0,5+0,8 MM BHIOTOBISIHCH i3 METANYHOTO
miriro. PoGoumit emexrpoa A eNEKTPOXiMidHMX
KOMIPOK BHMTOTOBISBCA y BHIMNAI UPSMOKYTHMKA 3
HikeneBoi CiTku posMipamMu 10x5x0.3 MM, Ha #KY
HAHOCHBCA TOHKMH map cymimi (~ 100 MxMm), saxa
ckrananace 3 88% mocmikypanoi peuoBmuu, 10%
aneTHIEHOBOI Caxd (crpyMompoBizna nobaBka) ta 2%
3B’A3YIOMOTO  areéHTa, PO3YMHEHOr0 B AUETOHI
(dropomnacr). B AKOCTi €NEKTPONITY BHKOPHCTOBYBABCA
IM posumn LiBF, B vy -Oyruponaxromi, sxuit
3alezneuyBaB OZHOYACHO XiMIiYHY Ta CICKTPOXiMidHY
CTIHKICTH aHOA—KATOAHOI IApH B mpoitect BCi€i poborw
KOMIPKH. BMIiCT BO{M B €MEKTpONTI HEC NEPEBHINYBAB
0,003 Bar. %. PoOpMyBaHHA EJICKTPOXIMIYHOI KOMIDKH
OpOBOJWIMCE B CyXOMy  pykaBHuHoMy  OOKCi,

0))

Tabus 1

CTpyXTYypHI IapaMeTpH mnqxcpnmqni*moro nioxcgzxy TUTaHY BH3HAYCHHI
mpu KIMHATHIH TeMmeparypi

Tlapamerpu rpaTks, HM
AHarta3 Pyrun
3pasok p c - .
TiO,
(1100°C) 0,3778 0,9472 0,4588 0,2957
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ocymenomy P,Os. Tlicns repmermsanii rairpBaHivHi
€NEMEHTH BUTPHUMYBANHCS NPH KIMHATHIH TeMnepatypi
npoTATOM 24 ron.

Tpouec  emexrpoximiunoi  imrepramamii  (EI)
JIOKCHTy THTAHY OTIHCY€TBCS PEAKII€IO:
TiO, +xLi" +xe” =Li,TiO,, 3)

J€ X — KOHLICHTPAIifA “rOCThOBHMX iOHIB IiTiFO HA OHHY
dopmyneHy ommumizo Ti0O,, #Axa BH3HAYanace i3

BIOOMHX BENHMYHMH KiNIBKOCTI €JEKTpHKM 1 MacH

aKTHBHONO  MaTepialy  Karody B NPHIYIUCHHI
PiBHOMIPHOTO pO3NOALTY JTiHO
O M

X = (nF) Tn—q, @

&€ N — KUIBKICTh BAJICHTHHX CICKTPOHIB, Mo OepyTh
Y4acTh B Peakyii 3rilHO OKHUCHO —~ BiAHOBHOIO TPOIECY,
F — crana ®apages, M i m — momapHa Maca 1 maca TiO,
BIINOBIAHO, 1 ~ po3pAAHmMi CTPYM, t — 4aC PO3PAIKH.

Da30B0-TEPMOTUHAMIMHUN AHANI3 €NEKTPOXIMIYHOL
mitiesoi inTepkamamii mposoguecsa MeropoM EPC 3
BHKOpHCTaHHAM (popMaisMy cmexrpockonii XiMi4HOro
noTeHwiamy [22]. JocmiKEHHA TWPOBOAWIHCH B
tepmocrari “TC - 80 MVY4.2” B inrepBan temneparyp
25+55°C 3 xpoxoM 5°C Ta BHTPHUMKOK INIpH JaHiH
TeMmneparypi nporarom 24 roa. Buwmipioroun B xomi
IPOLECY IHTEpKALALii  PENaKCOBAHI JHAYCHHA
encKTpopywiiiHoi CcHaM (mpH  yMOBi, INO Hampyra
BiZKPMTOr0 KOJa HE 3MIHIOETLCA INCNAd NPHIMHECHHA
nomsApu3auii ne Oinplue Hk Ha 4 MB nporarom 12
rOAUH), MO’KHA pOOMTH NMEBHI BHCHOBKY ITPO MEXaHI3MH

VTBOPCHHS iHTEPKANATHUX KOMIUICKCIB “‘rocrmozap-
rictb” KODHCTYIOMMCH, IPH IbOMY, BiINOBIZHHMM
MOJCILHEMH ITPEACTABACHHAMHE [22].

Bucoke 3HaueHHs  €NEKTPOAHOTO  MOTEHIHATY

HaHoaucnepcHoro TiO, BigHOCHO miTiro (~ 3,2-3,4 B) 1a
CTablIBHICTD ENICKTPOXIMIMHMX MAPAMETPIB JiOKCHAY
THTAHY JA03BOILTIOTH posrianaTi Horo SIK
NCPCNICKTHBHUI KaTOOHMIT MaTepial Aid CTBOPEHHA
BHCOKOCHCPICTHYHHX TGPBHHHHX JITIEBHX DKEpen
aupicHHA. CrpyMOYTBODIOKOYME MpOUEC y JpKEpemax
TAKOro THITY 34iHCHFOETBCS B PE3Y/ILTATi BIIPOBAKCHHA
ioHiB JiTil0 B MaTepian karoay. OauH 3 METOAIB, AKUH
O3BOJIAE CYTTEBO 30iNBIIMTH KiNbKICTh abCOPOMIHHHMX
LEHTPiB i NOJEFINMTH JOCTYN J0 HHX 1OHIB miTilo,
NOJMAra€ B MAKCHMAJIBHO MOMUIMBOMY AHCHEPIyBaHHI
Marepiany karoay. [IpH upoMy, AKIIO PO3IMIpH YACTHHOK
OyayTh HIDK4I AEAKOI MOPOroBOi BEIHYHHH, BiaOyayThca
3HA4YHL 3MiHH Horo (i3UKO-XiMiUHHX BIACTMBOCTE.
EnexrpoxiMiusi KOMIpKH PO3PAIKAITHCE B
raJbBAHOCTATHYHOMY pEKHMI NPH TYCTHHI CTPyMy
20 MxA/cM® i xiMHATHI# TemMmepaTypi (puc. 2)

Ha OCHOBI BHMIpIOBAHHA  TCMIEPATYPHOI
sanexdocti EPC  pospaxoBaHi 3MiHM  eHTpomii
po3unHeHHsa aiTiF0 (AS) B JOCHIUKYBaHMX 3pa3Kax
BiJTHOCHO JITIEBOIO €JCKTPOAY TOPIBHAHHA 3TiJHO
CHiBBiITHOMCHHS (5):

OE
AS =nF . (—-0,000534), 5
(61" ) 5

e E — EPC enexrpoxiMiyHOi KOMIDKH, BuMipAHa B
pexuMi BinkpuToro koia, T — abcomoTHa TeMneparypa.
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@Q 30
bg 2,81
2,6
2,4+
2,24
2,04
1,84
1,61
1,4 4+—— T T T T - — r——
-0,5 00 05 10 15 20 25 3,0 3,5 4,0
X8 TiO,
Puc. 2. Po3psaHi KpHBI HAHOQHCIICPCHUX JIOKCHIIB
THTAHY B 3aJJ€KHOCTI BiJl KOHUEHTPALI] BIPOBAIHKESHOIO
nitito. Kpusa 1 — suximsmit TiO; Ta xpeBa 2 — 1a3epHO
onpominennit TiO;.

1

JIOCTDKCHHA METOZOM BTOPHHHOI JOHHOI Mac-
cnexrpockorii (BIMC) nposoaumuce Ha ycranosui MC-
7201M 3 BHKODHCTAHHAM INCPBHHHHUX PO3MUIOKYHX
ionis Ar' 3 emepricto 4,0 xeB TpH rycTuHi ioHHOTO
cTpyMy mopaaxy 0.4 MA/cM® y kaMepi 3 3aTHLIKOBHM
THCKOM  He  Oimeme  mix  10°Tla.  BIMC
BHKOPHCTOBYBABCH K METOJ XiMi4HOTO T4 €JEMEHTHOTO
aHalizy CKIady 3pa3kiB Ta Ui HOCIIDKEHHA PO3NOAiIy
OCHOBHHMX KOMIIOHCHT IO TOBIIMHI IPHIIOBSPXHEBOIO
mapy. 3Ba¥AOYM HA Majn IIBHAKOCTI  1OHHOIO
TPaBICHHA, AKi B OinpmOCT] BHMALKIB HE HEPEBUILYIOTH
0,1-0,05 um/c,  FHocTymHHMH I aHamisy ¢
NpHNOBEPXHEBI  0O0NACTi, TOBOIMHHM  SKHX  He
nepesriytors 200-300 HM.

III.Pe3ynbTaTi eKcriepuMeHTY Ta ix
o0rosopeHHsn

BuKOPHCTOBYIOUH METOX CHEKTPOCKOIT XiMIiYHOro
HOTCHIUANy JUIf JOCH/DKYBAHHX CHCTeM  (pHC. 3),
OPHXOAMMO [0 BHMCHOBKY, INO pi3ki CHag HAmpyrd i
38’4338l i3 HEMH MiHiMymMH Ha dx/dE BHxmKaH |
BTIOPAJKYBAHHAM [JAHOi CHCTCMHM, 4 TOPH3OHTAJbHI
ninaukd Ha E - X i 38°43aH1 3 HUMM HECKIHYEHHI PO3DHBH |
B obmactax 13<x<22 ma 0,6 <x<1 (iHrepsam
BIATIOBIMHO A1 BMXINHOIO i JIA3CPHO OMPOMIHEHONO
TiO,), imoBipro, BimnoBizawoTs ¢a3zosoMy mnepexoxy
nEPLIOTO oAy, AKHE BHIIHKAHHNA CHALHOK0 B3aEMOICI0
“ricTb-TOCHOAAP” 3 YTBOPCHHAM JANBHBOIO TIOPAIKY.
OCTaHHE O03HAYAE, IO B JAHHX KOHICHTPALUMHHX |
ofmacTax “rocTbOBOr0”  HABAHTAKECHHA  OYEBHIHO, |
cmiBicHye gBi (a3m. Lle wiTKO MiATBEPIKYETHCA |

Ox .
KpPHBHMH EE:f (X) Ha dgKHX CIOCTCPIrarThCA

HecKiHYeHHI po3pHBH. Tak y BKa3zaHiit rerepodasuii
obnmacti Oyme sBinOysatucs moCTynoBe 30iIbIucHHA
KOHIICHTpaii KUIBKOCTI Apyroi ¢asm, axa ChiBiCHye 3
IHIIOI0 HE IHTEPKAABbOBAHOIO (Ha300 JIOKCHOY THTAHY, |
HA NMOYATKy po3psaay, ab0 )X 3 iHIIOK IHTEPKAIBOBAHOK
thazoro.
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Puc. 3. 3anexHICTh CACKTPOPYIIAHOT CHIH Ta AH(DEPEHINIATIEHOT €MHOCT CACKTPOXIMIMHIX KOMIPOK Bix
KORLICHTPALI] BIPOB2/PKSHOTO JITiHO NPH Pi3HHUX TEMICPATypaX, BUTOTOBICHUX Ha OCHOBI BrximHoro TiO; Ta
Ja3epHO onmpoMineHoro TiO;.

BHaciiaok na3sepHoro ompomMiHeHHA BinOyBaeThCA
3CyB AAHOTO IHTepBajy BAIBO MO KOHUEHTpAuUiiHi# 0OCi,

ox
Ta #oro 3ByxeHHs mo0 0,6<x<1 Ezf(x).

AHAIOriYHA KapTHHA CHOCTEPIiracTbCA MpPH 3POCTAHHI
teMnepatrypu 10 47,5°C, npu SKMi HECKIHYCHI PO3PHBH
cmocTepiraroteca B obmactax 1,1 <x<17 Ta
0,35 <x <0,65. Ina manoro TiO; B okoni x=0,51i 3,5
ta x=1,85 1 3,065 wHa 3a3HaYCHUX KPHBHX

. . Ox
CIOCTEPITAIOTLCA CKAYKH HA 3AJICXKHOCTI ?ﬁng (x)

(puc. 3), aKi HajiBiporigmime nos’ssatd 3 (as3oBuMM
nepexogaMu 11 pomy THHy “TIOpAROK-OC3NMOPAIOK” B
“rocTeOBiH” MACHCTEMI, 1o 3YMOBJICHI
Nepe3aceNeHHAM “TOCTHOBOIO™ JHTIX 3 TETPACAPHUHHX
NO3ULIH B OKTaCQpHHHi.

3 rpadikiB samexmocti 3MiHM ewrpomii AS Big
KIIBKOCTI BIOPOBAMKCHONO JITiIO (puc.4 1@ 6) i
temneparypu (puc. 5 i 7) B iHTepBadi 0 <x < 1,5 ana
puxigHoro TiO, Ta B inrepBan 0 < x < 1,2 ana nasepro
onpomiresoro TiQ, BHIHO, mO 3MiHAa eHTpOmil €
BII'EMHOI0 y BKasaHoMy iHTepBam. Kpim ToOTO,
cnocTepiraerbca  crpubkomomibna 3miHa AS, fxa
xapaxrepHa s (a30BOr0 MEPEXOAY TIEPIOTO POAY.
Pict “rocTtsOBOr0” HABAHTAKCHHA TPH3BOOHTE [0
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30inbeHHs BemuuMHE AS, iIMOBIDHO 33 paxyHOK
3POCTAHHA KINLKOCTI KONMBHHMX CTYNCHEH BilbHOCTI
iHTEpKaNAHTA, MO CHIHANI3YE PO PO3NOPAIKYBAHHS
inTepkanboBanoi Matpuui TiO, B inwrepBam 1,5<x <4
(puc. 4 i 6).

AHami3 CKIaaHOi iHTCTPANBHOI KAPTHHM PO3MOLIY
CNCMCHTIB B TOHKMX INPHNOBEPXHEBHX 00IACTAX,
orpuMmany 3 BukopucranduaM BIMC, mpeacraBicHo Ha
puc. 8 3 BpaxysawHsM TOro axry, MmO AOCIHIIDKYBAHi
3pa3KH € NOJIKPUCTANIYHHMH JPiOHOTMCIIEPCHHMM
CHCTEMaMH, i TOMY ©pH NpPOBEACHHI MOMAPOBOro
aHAL3y MOXHR TOBOPHTH PO YHMCTO AKICHMH,
yCepeJHEHHH MO BCil JOCHI/UKYBaHid MOBEPXHI 3paska

XapakTep PO3NOAiTY KOMIOHEHT,

Byno NMPOBECACHO MAaC-CICKTPOMETPHYHE
JOCHI/DKEHH. CTPYKTYpH Matepiany-“rocnogaps” TiO,
i3 pisHMM CrymeHeM BOpoBakeHHT JiTiio (0 < X < 4,0)
T4 BCTAHOBNCHO, MmO posmomix Li mo ToBIIMHL
TIPUIIOBCPXHEBOTO IIAPY MA€ BHIVIAL, CXEMATHYHO
HABCACHMH Ha puc. 9.

Maxkcumym  iHTEHCHMBHOCTI Mac-nimii ioHy Li B
NIOYATKOBMH MOMCHT TPaBJICHHA (ZimsHka I Ha puc. 9)
HaifiMOBipHile 3ymMoBNEHA BIUIMBOM Ha KoedimieHT
PO3IIICHHA Ta 3APANOBHIi CTAH PO3MUICHHX KOMIOHEHT
OKCHIHOTO CTaHy TIOBEPXHI Ta anCOpPOOBAHMMH TYT
HEKOHTPOJBOBAHHMH JOMIITKAMH. B Mexax noxubku
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Puc. 4. 3a1€KHICTh 3MiHK €HTPOTII PO3YHHEHHA TTIiO B
puxigsomy TiO, Bix #oro xonueHTpanii mpu 27,5°C
(xpusa 1) ra 47,5°C{ xpuBa 2).

t'c
Puc. 5. TeMneparypHa 3ai€xHICT 3MiHH CHTPOT]
PO3UMHEHHS JITIIO B a3epHO oupoMincHomy TiO, mma
Pi3HHX KOHUCHTpaLi# ioHiB diTiro: 1-x = 0,56; 2-x = 1,72;
3-x=2,13Tad —x=3,59.
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Puc. 6. 3aneKHiCTh 3MIHH CHTPONI] PO3YHHCHHA JiTilO B
nazepuo onpoMincHoMy TiO; Big HOro xoHuUeHTpauii mpu
27,5°C (xpusa 1) 1a 47,5°C (xpuBa 2).

02,5

0
‘ Fe,Ni TiLi
c

NALILN. 4L,

Puc. 7. TeMmnepaTypHa 3a1€XKHICTb 3MIHH CHTPOMIL
PO3YHHEHHA NITiIO B JIa3epHO onpoMineHoMy T10, as
Pi3HHX KOHUEHTpaui# ioHiB xitito; 1-x = 0,55; 2-
x=1481;3-x=251 a4 -x=341.

I, (BigH.in.)

“u

50 T 1
0 50 100

Yac TpasneHHs

Puc. 9. 3ajesxHicTs IHTCHCHBHOCT! Mac-fiHii Li
IHTEPKANBOBAHOTO B “rocTeoBy” cTpyKTYpY TiO; (1100 C)
BiJ{ YaCy iOHHOTO TPABJICHHA. !

Puc. 8. TunoBuil BUTTIAA MAC-CIICKTPY, OTPHMAHOTO
Npu JOCITDKEHHI iHTepKans0BaHoro gitiem TiO,.
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OcobOnuBoCTi IHTEpKALAIT JTTIEM ...

Ansg BCIX JOCHI/DKYBAHHX 3pa3KiB Hg obnacrte Mae
NpHOAM3HO OAHAKOBY TOBLMHY B Mexkax 20-30 mm. Ha
UMX K¢  IIuOuHax ~ iHTEHCHBHICTP  MAcC-MIKiB
agcopbosBanux Ha mnosepxHi Na, Ca, N cnamae no
MIHIMAIBHOTO 3HAYCHHA, MPAKTHYHO 0 piBHA (pony. Ha
mux ke raubuHax iHteHcHBHicTy mimil Ti i3
MIHIMATBHOTO 3HAYCHHA NOONH3Y IOBEPXHI BHXOIMTh
HA HACHYEHHJ 1 HAJAM 3aJHMINAETBCA MPAKTHYHO
HE3MIHHOIO. 3a BHKIFOYEHHAM TOHKOIO HEPEXiIHOro
mapy, B 06’emi camoro TiQ, inTepKaisOBaHHM miTiH
po3noaizeHuii TPOCTOPOBO-OIHOPIIHO.

3 METOK OLiHKM EKCIUTyaTaliHHAX mapaMerpis
(muromoi emuocti C, 1 nuToMmol eneprii E;) mitieBux
CJIEMEHTIB, KATOAOM B AKHX BHCTYHANa CyMilll aHATa3y i
pyTHY B CHIBBigHOWIGHHI 7 :3, OyIH BHFOTOBJIEHI
BIANOBIZHI  EJCKTPOXiMiYHi  KOMIpKH, pE3yJLTATH
JOCIILZDKECHHS AKX HaBeJcHi y Tabm. 2.

Tabmns., 2
Po3paaHi XapakTEPHCTHKH €JICKTPOXiMIYAMX KOMIpOK,

BMTOTOBJICHUX H2 OCHOBI BHXIZHOIO 1 JIA3epHO
onpomiHeHoro Harogucnepcroro TiO,
Marepian X C.. Arop/xr | E,, Brrog/xr
TiO; ] 595 1320 2700
BHUXIIHUA
TiO; masepro |- 5 4, 1140 2490
ONMPOMIHEHHIH
1V.BucHoBku

1. BcranosieHo, WO B NMPOHECI CICKTPOXiMivHOL
inTepkamAUii  ioHAMH NiTIEO B JIOKCHAL  THTaHY
CIOCTEPIracThC  YTBOPCHHA TeTepodas3HuxX CTaHiB Y
BiOBLIHHX KOHUEHTpaLi HHMX iHTEpBaNaX.
36iMBIICHHA TEMIEPATYPH IPOLECY MNPH3BOAMTE [0
3BYKCHHA BKAa3dHUX IHTEpPBAJB, AHOJOTIYHHI edexr
JIOCATAETHCA NMPH iMIY;ILCHOMY Ja3€pHOMY ONMPOMiHEHI
puxigaoro TiO,. KpiM TOro xasepHe ONMpOMiHCHHA
Marepiany NpPHU3IBOAMTL A0 HEBEJIMKOTO INi{BUIICHHA
PO3pAaHOI HAVIPYTH JAHOI ENEKTPOXIMIMHOI KOMIDKH,

aje 3MEHINY€ CTYIHb BIPOBAHKEHOTO JHTIIO.

2. BCTaHOBJNCHO, INO0 NPH HHU3ZBKHX CTYNEHAX
€REKTpOXiMIYHOro iHTepkamoBaHud x=0+ 1,5 Bech
niTi# oxHOPIAHO pO3MOAiNCHuil B 00’eMi iHTepkanary.
Picr ctynena iHrepkaymoBamHs A0 X =1,6+45 npu
BHCOKHX TYCTHHaxX CIpyMy KATOAHOI mOmApH3anii
NPH3BOAMTE BXOKCHHA IOHIB JiTiI0O B 00'€M miOKCHIY
Tutady (10 % Ha oaHy (OPMYIBHY OAMHHIFO MATPHII
MIOKCHAY THTaHy) Ta 3YMOBIIOE YTBOPEHHSA rpazieHTa
KOHUCHTpaNii JiTil0 B HANPAMKY ENEKTPUYHOTO MOJHA,
OMOKYBaHHA NOJATBINOI iHTEPKANAUII TA BHHHKHCHHA i
POCTY TOBHIMHH NIACHBHOTO NOBEPXHEBOIO APy,
¢(hOpMOBAHOIO IOHAMH JIITIFO.

3. Bxka3saHo Ha  MOXUIMBICT  3aCTOCYBAHHA
BUXIZHOrO 1 JAa3epHO OMPOMIHEHOTO IPOr€HHOrO
JiOKCMAy THMTaHy (Cymimi amarasy i pyrwityy y

CIIBBiJHOIIEHH] 7:3) B AKOCTi KATOAHOIO Marepiamy ans
rANbBAHIYHHAX JITIEBHX DKEPEII CTPYMY.
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Lithium Intercalation Peculiarities of Initial
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The thermodynamics peculiarities of current origin in the cathode made on the basis initial and laser pulsed
nanodispersed titania are explored by the method of chemical potential spectroscopy. It is set, that the formation of
the heterophase states takes place in some concentration intervals during intercalation process in the explored
materials. Possibility of the use of nanodispersive titania as cathode material for the lithium power sources is marked.
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