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I'IBCUT I BEMIT K HOBI MATEPIAJIM — I'OCITIOZIAPI
3 CYITPAMOJIEKYJIAPHOIO APXITEKTYPOIO
JJISA LI-THTEPKAJISAIIIAHOTO CTPYMOYTBOPEHHS
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ExcniepumenTansHO 0OTpYHTOBaHA MOYKIIMBICTE O€31T0CEPETHHOT0 3aCTOCYBAHHS TPUPOAHUX MiHe-
pani rioeuty (Al(OH),) i 6emity (AIOOH) mist edextuBHOro Li'-iHTEpKaIALIHHOTO CTPyMOYTBO-
penns. [IpoaHamizoBaHO 3aJieKHOCTI 3MiHH BiIbHOI eHeprii ['i00ca Ta KiHETHYHUX TapameTpiB
peakIii IHTepKaTtOBaHHs BiJ CTYIECHS «TOCTHOBOTO» JITIEBOTO HaBaHTaXeHHs. [lokazaHo, 10 Bill-
MIHHOIO OCOOJHUBICTIO JITIH-IHTEPKAIAIIITHOTO CTPYMOYTBOPEHHS B JIOCHIDKEHUX CTPYKTypax €
BITMB Ha HHOTO MOJIEKYJISIPHO-CUTOBOTO €(eKTy, IKNH BUCTYHA€E MOTYKHUM «IHCTPYMEHTOM) IS
MOKPAIICHHS CHEPIreTUYHUX CIIPOMOXKHOCTEH KaTO/IIB JIITIEBUX JDKEPE CTPYMY.

KarouoBi cioBa: rideuT, 6eMiT, cynpaMosieKyisipHa CTPYKTypa, iHTepKasiis, enepris ['1060ca, miar-
pama Haiikgicra, koedimieHT audys3ii.

I'MBCUT U BEMUT — HOBBIE MATEPUAJIBI — XO35EBA
C CYIIPAMOJIEKYJISIPHOM APXUTEKTYPOM JIJISI LI *-
HUHTEPKAJIAIIUOHHOTI'O TOKOOBPA3OBAHUS
P. 51. IBen

DKCnepruMEeHTaIbHO 000CHOBaHA BO3MOYKHOCTh HETIOCPEACTBEHHOTO TIPUMEHEHHS TIPUPOIHBIX MH-
nepanos rudcura (AI(OH),) u 6emura (AIOOH) mis sddexrusroro Li'-MHTEPKATALMOHHOTO TO-
kooOpa3oBanus. [IpoaHanu3nMpoBaHbl 3aBUCUMOCTH M3MEHEHUS dHepruu [ mb0ca M KUHETHUYECKUX
napamMeTpoB peaKkiMi MHTEPKAINPOBAHUS OT CTENIEHU «TOCTEBOI» JIMTHEBOH Harpy3ku. [lokazaHo,
YTO OTIIMYHUTENbHOW OCOOCHHOCTBIO JIMTHH-MHTEPKATSALMOHHOTO TOKOOOpa30BaHUs B MCCIIEAOBAH-
HBIX CTPYKTYpax SIBJISETCSl BIMSHHE HAa HEr0 MOJEKYJSPHO-CHTOBOrO 3(p(eKTa, BBICTYNAIOLIETO
MOIIHBIM «MHCTPYMEHTOMY IJISl YAYUIICHHS DHEPreTHUYECKUX BO3MOKHOCTEH KaTOJOB JIMTHEBBIX
MCTOYHUKOB TOKA.

KioueBsbie cioBa: ruOCHT, OEMHT, CynpaMoOJIeKy/IsIpHasi CTPYKTypa, HHTepKasuus, sHeprus ['muo-
Oca, nuarpamma HaiikBucta, koaddunment muddysnn.

GIBSITE AND BOEHMITE AS NOVEL HOST — MATERIALS
WITH SUPRAMOLECULAR ARCHITECTURE
FOR LI*-INTERCALATION CURRENT GENERATION
R. Shvets

The possibility of a direct application of natural gibsite and boehmite minerals in effective Li* — in-
tercalation current generation is experimentally grounded. The dependences of Gibbs energy change
and kinetic parameters of intercalation on Li guest load degree are analyzed. The influence of mo-
lecular sieve effect on process of Li*-intercalation in investigated minerals was shown. This effect
is an instrument of improvement in energy and power parameters of cathode materials of Li power
sources.

Keywords: gibsite, boehmite, supramolecular structure, intercalation, Gibbs energy, Niquist diagram,
diffusion coefficient.

BCTYII

Crporoani nepeBakHa OUTBIIICTh BIJOMHX €Jie-
KTPOXIMIYHHX CUCTEM TeHepyBaHHS 1 (hapaje-
€BCHKOTO HAKOIIMYEHHS €Heprii B SIKOCTI 5K Ka-
TOAHO-, TaK 1 AHOJHO — AKTHUBHMUX MarepialiB

MICTSITh PEYOBUHHU, 3aIlacH SKUX Ha CTaJii BU-
cHaxkeHHs [1]. BomgHouac 3acTocoByBaHi HUHI
CHUHTETHYHI CTPYKTYPH yXe HE MOXYTh 3a0e3-
MEYUTH BCE3POCTAI0Ul BUMOTHU CY4YacHOI T€XHi-
KH: OTPUMaHI 3HAUEHHS MUTOMOIT €MHOCTI (JI71s1
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€JIEMEHTIB, 110 € Ha PUHKY) HE TIEPEBUIIYIOThH
200 MA*rom/r, mo CTaHOBHUTL TIABKH ~1/20
BiJl TEOPETUYHO MOXIJIMBOI MO BiAHOIICHHIO 10
EJIEKTPOXIMIYHOTO €KBIBAJICHTY JIITIIO.

BpaxoByroun K0pcTKi BUMOTH PUHKY 1010
BapTOCTI OJIHI€T BaT-TOJIMHU €JIEKTPUYHOT €HEep-
rii Ta eKOJIOT1YHOI O€3IIeKH HEOAMIHHO II0CTAE
3aj1a4a MONIyKy HOBOI peCcypCcHO1 6a3u st mpHu-
CTpPOIB aBTOHOMHOI €HEPIreTUKU 3 pO3psny Ae-
[ICBUX, CKOJOTIYHO OE3MEeYHUX, IMIMPOKO PO3-
MOBCIO/[KCHUX B TIPHUPOIi pedoBrH. OYEBUIHO,
10 HANTEPCIEKTUBHIIINM ITiIX0I0M € ii dop-
MYBaHHS 3 IPUPOJHUX MIHEPAJIiB, 3aM1acH SKHX
€ TOCTATHIMU /171l BAKOPUCTAHHS B IOCSYKHOMY
Maii0y THbOMY.

J171s IbOTO BOHU TOBUHHI BOJIOITH CTPYKTY-
POIO 3 HAsIBHOIO CHCTEMOIO TOCTHOBHUX MO3UIIIH
1 IEBHOIO CHEPTi€I0 BIPOBAKEHHS KaTIOHIB JIi-
Tir0, 1oOpuMHU TUQPY31HHUMU XapaKTEPUCTHKA-
MH, BIJIMIOBIIHOIO OYIOBOIO EHEPreTHYHOTO
CIeKTpy [2], XIMIYHOIO 1 EJIEKTPOXIMIYHOIO
cTidikicTio. [[uM BHUMOTram MOBHOIO MIPOIO MO-
’KYTb BIJIIOB1/IaTH MPUPOJIHI MIHEPAJIH 3 ILIAPY-
BaTOIO YU KaHAJIBHOIO CTPYKTYPOIO.

B poGotax [2, 3] Oyna nmokazaHa NpUHIUIIO-
Ba MOXIJIUBICTH peaii3alii JiTii — KaTiOHHOT
CTPYMOYTBOPIOIOYOi peakiii B HIapyBaTOMy
TaibKy Ta Horo moaudikatax. B nmpuponi mm-
POKO PO3IMOBCIOMKEHHI I1I€ ONWH KJIAC MiHe-
pasiB, AKi BOJOAIIOTH HE TUIBKU IIApyBaTOIO
CTPYKTYPOIO, ajie 1 MICTITh JOAATKOBY CHCTEMY
rOCTHOBHUX TO3HUIIIN, JIOKAIi30BaHUX B IIapax
marpuui. [le — ribeur — Al(OH), Ta 6emiT —
AIOOH, kpucTaniyHi CTPYKTYPH SKUX TOKa3a-
HI Ha BCTaBKax Jio puc. 1 [4].

o ribeuT

26,°

Puc. 1. Pentrenoandpakrorpamu BUXiJHOTO TiOCHTY Ta
CHHTE30BaHOTO 3 HhOTO OeMiTy. Ha BcTaBImi — cxemaTmy-
Hi 300paXeHHS CTPYKTYp TiOcuTy 1 Oemity

bepyun no yBarum 3HaueHHS BiJCTaHI Mixk
mapamu (2,548 A — nns ri6euty i 1,862 A —
JU1s1 O0EMITY) Ta pO3MIp TOCTHOBUX TO3UILIN BCE-
peruni mapy (R = 0,6—0,7 A) taki ctpykTypn
MOXHa PE/ICTaBUTH SIK aHCaMOJIb TapaieIbHUX
TITAaHTCBKUX MaKPOMOJIEKYJ HEOPTraHiuHOTO
KpayH — edipy.

CaMe B TakuX CTPYKTYpax CJiiJ{ O4iKyBaTh MO-
JKJIMBOCTI IIPOSIBY paHIllIe HE CIIOCTEPEKYBAHO-
TO MOJIEKYJSIPHO — CHUTOBOTO €(eKTy Mix Jac
IHTepKaIALii B apyBari Marpuiii. Monekymsip-
HO—CHUTOBUI €(eKT I TAKOTO HEOPTaHIYHOTO
KpayH — edipy 1O BiJIHOLICHHIO 10 KaTiOHIB
HEBEJIMKOT0 PO3Mipy, 0COOIMBO JITiI0, BUpaXKe-
HU B OUIBIIIH cTemneHi, Hi’K y HOro opraHiyHuX
aHaJyoria [5].

[TepeBaxxHMii MacuB poOIT 3 IHTEPKAJISILIT Ti-
JPOKCH]Y aJIFOMiHit0 OyB MPUCBSIYEHUI, TOI0B-
HUM YMHOM, BMBYEHHIO MOro peakuiiiHoi 31a-
THOCTI TPU B3a€MOJIIi 3 COMAMH JiTiro [6—9],
MPOTE Ha CHOTOMHINIHINA JEHb 3a HAIIUMH J1a-
HUMH BIJICYTHI MyOJiKamii MoA0 3acTOCYyBaH-
HSl TaKMX YHIKalbHUX 00’ekTiB i Li‘-iHTe-
PKaJSIIIMHUX ~ CTPYMOYTBODPIOIOUUX — PEaKIIiil.
Bnacue ocTanHbROMY 1 IPHUCBSIUEHA JaHA pOOOTA.

METO/JAUKA EKCIIEPUMEHTY
Buxigauii Ti0CUT MOHOAMCIIEPTYBABCS 10 PO-
3Mipy 4acTHHOK ~42 £+ 3 MkMm. bemit Hamu
OyB OTpUMaHM{ 3 TPUTIAPOKCUAY ATIOMiHIIO
Al(OH), musaxom (a30BOro nepeTBOPEHHs
npu iioro oOpoOIll TUIABHKOBOK KHCIOTOIO 3
HACTYMHOK TEPMOBAaKyyYMHOIO 00pOOKOI0 MpHu
110 °C ta 3anumkoBoMy THCKY ~10~" MM pT. CT.
BIIPOJIOBXK YOTUPHOX TOJHH.

JInst eMeKTpOXiMIYHUX JTOCTIIKEeHb (popMy-
Baycs enekrpoan rioreto 0,45 cm? Ha Hike-
JIEBIH CITI.

Ckrnaa enekTpomy BH3HAYABCS CITIBBITHO-
HICHHSIM: aKTHBHUH MaTepial — CTPYMOIIPO-
BiJIHa J00aBKa (aleTUICHOBA CaXka) — B’ SIKY-
ynii areHT sk 85 %: 10 %: 5 %. Maca akTuBHOTO
Marepialy He MepeBHIyBaja § MrL.

TepmonuHaMiyHi 3aKOHOMIPHOCTI JIiTi€BOL
IHTepKaIALIl JOCTIIKYBaIuCId B TPbOXENEK-
TPOAHIN EIEKTPOXIMIYHII KOMIPII 3 OTHOMOJISI-
puum posuunom LiBF, B y-Oyruponakroni,
JITIEBUM TPOTHETEKTPOAOM 1 XIIOp-CPiOHUM
€JIEKTPO/IOM MOPIBHSHHS 3 OPraHIYHUM eJleK-
TPOJIITOM.
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KineTuka nmporieciB iHTepKaIsSIifHOTO CTPYMO-
YTBOPEHHS BHBYAJIACsi METOAOM IMIIEIaHCHOI
CHEKTPOCKOMii B aiana3oni yactot 10-°—10° I'ry
3a JIOIIOMOTOI BHMIPIOBAJILHOIO KOMILIEKCY
«AUTOLAB» ¢ipmu «ECO CHEMIE» (Hi-
JeplaHan), YKOMIUIEKTOBAHOIO KOMII FOTEp-
Humu nporpamamu FRA-2 ta GPES. Pentre-
HOCTPYKTYypHUI aHani3 BUKOHYyBaBcs B Co-Ka
— BHITPOMiHIOBaHHI Ha qudpakTomeTpi JJPOH-
3M.

PE3YJIBTATHU TA iX OGTOBOPEHHSI

Ha puc. 1 HaBeneHi peHTreHorpamu riocuty
(Aldrich) 1 cuaTe30BaHOrO 3 HHOTO OEMITY, SIKi
CIIBIIAJIH 3 BIIMOBITHUMH €TAIOHHUMH PEHTIe-
Horpamamu 6a3u ganux CSM.

Ha puc. 2 HaBezieHi 3aleKHOCTI 3MiH €Hep-
riit ['i66ca (AG(x)) Li-iHTepkansAiiHOi CTpy-
MOYTBOPIOIOYOi peakilii riocuty (a) Ta 6emity
(6) Bim CTyMeHs TOCTHOBOTO HAaBAaHTAXKCHHS X
(X — KUIBKICTh BNPOBAPKEHUX KaTIOHIB JITIIO,
10 TIPUITAJAE€ HA OAHY (HOPMYJIBHY OTUHHIIO
BianosigHo Al(OH), uu AIOOH).
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Puc. 2. 3mina eneprii I'i606ca mpouecy mniTieBoi iHTepKa-
mauii Li AI(OH), (@) i Li AIOOH (6) — (To4ku) Ta au-
(epeHIiaTEHOT €MHOCTI SK (DYHKIIN CTYIICHS TOCTHOBO-
TO HaBaHTAKCHHA — (CYILiJTbHA KPHBA)

Baunmo, mo Ha KoHUETpauiHii x — oci
rocteoBoro Haantaxenus Li AIOOH nassHi
IHTEpBaJIU CTAJIOCTI 3MiHU BUIbHOI eHeprii ['10-
Oca peaxuii BopoBamkenHs LiT (0 < x < 0,45;
0,5 <x<0,7) pna sixkux noxigHi Ox/0(AG) nipsi-
MYIOTh 710 0€3MEKHOCTI (CYIUIbHA KPHUBA).

Ile Bka3zye Ha (a3oBi MEpeXoaH IMEPIIOTO
poay, TOOTO Ha ICHYBaHHS B 3a3HaYEHUX 1HTEP-
Bajax /Box¢aszHux obnacrei. [losBa nBOX(a3z-
HOT 00J1acTi B 0ararbox BUIIaJKax 0OyMOBJICHA
CHJIBHOIO B3a€MOJII€I0 «TOCTHOBHX» KaTIOHIB 3
aHIOHAMH «TOCHOAAPS», MPH SIKiH MOXKE BHHHU-
KaTH JAJIEKOCSHKHUM MOPSAIOK aXK 710 YTBOPEHHS
CIOJIYKH TMOCTIHOTO CKJIay.

'y Bunasxy, koiu HoBa (haza Oy/ie 3HaXOIUTH-
sl B pIBHOBA31 3 MONEPEIHBOI0, OTPUMAEMO T'e-
Tepoda3Hy CUCTEMY 3 BIAMOBITHUM IUIATO HA X
— AG(x) niarpami. [TosBa npyroi aBoxdasHoi
obmacti mpm 0,5 < x < 0,7 (x = 1 BignmoBigae
3aIIOBHEHOCTI YCiX OKTaeAPUIHUX TO3UIIINA MK
mapaMu ) HaifiMOBIpHIIIle BUKJIMKaHa epe3ace-
JICHHSIM TOCTHOBOTO JITIIO Y BHYTPIIIAPOBi OK-
TaeIpUYHI TO3MWIIIT 3a/J1s MiHIMI3aIli eHeprii
BIJIIITOBXYBaHHSI.

Oxkin touku MiHIMymMy x = 0,475 Ha KOH-
LHEHTPALIMHUX 3aJIeKHOCTAX Ju(epeHiiaib-
HOI €MHOCTI HaW4YacTile MOB’A3YETHCS 3 yIO-
PAAKYBaHHSIM rocThoBO1 migcucremu [10].

B KoHUEHTpaliifHOMy IHTEpBaji «rOCTb-
oBoro» HaaHTaxeHHs 0,45 < x < 0,5 yTBO-
PIOETBCS  PsIl  HECTEXIOMETPUYHHUX  CIIONIYK
IHTEpKaIIOBaHHS LixAlOOH — BIJIMIOB1AHI XPO-
HOTIOTEHIIIOTpaMU JJIsi KOXKHOTO BUMIPSIHOTO
3HAYEHHS X MPEICTaBIIU cO00I0 MmapanenbHi
IpsiMi 10 9acoBOi OCi, 3MIIleH] Y BiI’€MHY CTO-
POHY MO BiJHOIIEHHIO 10 TMOTEHLIaNy XJIOp-
CpIOHOTO €JIEKTpOAa TMOPIBHSHHSA Ha BEIIMYH-
HY, TPOIOPIIHHY 10 KUIBKOCTI MPOITYIIEHOT
enektpuki [11]. PeHTreHOCTpyKTypHUI aHami3
M0Ka3aB, 1110 MicJs 1HTepKaIALli OeMiTy MosB-
JSE€TbCS IUPOKUM audpakuiiinuii peduexkc B
oxoi 20 = 23,345°.

Bonnowac cioctepiraeThes 3MiHa TOJIOKEHb
TQpakUifHIX MaKCUMyMiB: ipu 20 = 16,79° i
44,80° BOHHM 3CYBaIOTHCSl Y BEJIHUKOKYTOBY 00-
J1aCTh, BIAMOBIAHO 10 20 = 16,98° 1 45,41°, a
npu 20 = 32,87° — y manokyToBy Ha 20 = 0,25°
(puc. 3). I[TopiBHIOIOUH 111 AaHI 3 pe3ybTaTaMu,
OTPUMAHUMHU IS T10CUTY TIPUXOAUMO JIO BUC-
HOBKY, I110:
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* Mepe3acesieHHsl JITiI0 B FOCTbOBI MO3MIIIT
Beepenuni mwapis Li AI(OH), BinOysaeTbes
MpU BUINKX 3HadYeHHsX x = 1. Ile cBiquuTh
po Te, M0 O3HA4YeHI IMO3HWINI BCepearHi
mapiB OeMiTy € OUIBII €eHePTEeTHYHO BHTII-
HHMMH, HIXK B IOCHTI;

*  MOJIEKYJSIPHO — CUTOBUH €(EKT B OeMiTi Cy-
MIPOBOKYETHCS YTBOPCHHSM 1 HAKOITHMYCH-
HAM  CTEXIOMETPUYHOI  (JaJIBTOHIIHOI)
dasu, B TOM wac, ax Li AI(OH), mpu x > 1
€ CHJIBHO CKOPEJIbOBAaHMMHU OEpPTOIITHUMHU
cUCTeMaMHi. 3 MPAKTUYHOI TOUKU 30py Ja-
HUI MexaHi3M 3a0e3neuye 301IbIIeHHS 1~
ToMOi €eMHOCTI (Tipu po3psai a0 2,7 B) Bix
~300MATOo/T (U1 6emiTy) 10~425 MATOI/T
(s ribeury);,

* crTpykTypa pospsanoi kpusoi Li AI(OH), €
CyTTeBO Kpamoro, Hix Li AIOOH.

~J1750
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[ 250

I, imn/c

20,°

Puc. 3. Penrrenomudpaxrorpamu oemity mo (1) i micns
(2) inTepxassiuii JliTiem

Kinetnka mnpomeciB Li*-iHTepKansmiitHOro
CTPYMOYTBOPEHHS TP KIMHATHIN TeMITepaTypi
niy Li AI(OH),, niy Li AIOOH (pwuc. 4) ne mo-
e OyTH olHcaHa KIACUYHOIO MOJeTo PeHn-
nca-Epmnepa [12], OCKUIBKM TIEHTPH BHCO-
KOYaCTOTHHUX JYyT HE JieaThb Ha OCl AiHCHOT
CKJIaIOBOT KOMILJICKCHOTO IMIIEIaHCY, @ KYT Ha-
XUy HU3bKOYACTOTHHMX BITOK Jlarpam [0 IIie€i
oci Bizpi3HseThCs Big 45°.

HaitiMOBipHIIIOI TPUYMHOI OCTAHHBOTO €
Te, Mo nudy3is KaTiOHIB JITiI0 B 00’eMi Yac-
TUHOK JOCIIJKYBAaHHUX TAPOKCUIIB aTIOMIHIIO
HE OIUCYEThCS 11eanbHuM 3akoHOM Dika.

Ile, B cBotO Yepry, mepeadadae mpu mooy-
JIOB1 IMIEJaHCHOI MOJell 3acTOCYBaHHS B
SAKOCTI CTPYKTYpHOTO IU(y31HHOTO eneMEeHTY
KiHeyHoro imnenancy BapOypra. MoaentoBan-
HS OTPUMaHUX 3aJIEKHOCTEH 3MIHCHIOBAIOCS

—Im Z, Om

4000 6000 8000

Re Z, Om

0 2000

3000 4
2500 1

2000

1500 1

—Im Z, Om

0 500 1000 1500 2000 2500 3000 3500
Re Z, Om

o

Puc. 4, a — niarpamu HalikBicTta mporiecy JiTieBoi iH-
TepKasLii riOCUTy NpH pi3HUX 3HaYeHHsX x. Ha BcraBii
— eKBIBaJIGHTA EJIGKTPUYHA CXeMmMa; O — jiarpamu
HaiikBicta mporecy JiTieBol iHTepKaisuii OemiTy s
KOHIIGHTpAIIHUX IHTEpBaliB TOCTHOBOIO HAaBaHTa-
xeHHs: 1| — meproro ¢aszoBoro nepexoay I pomy; 2 —
HEeCTeXiOMETPHUYHHX (a3 BIPOBAUKEHHS; 3 — JPyroro
¢azoBoro nepexony I pomy. Ha BcraBmi — ekBiBajieHTa
CJIEKTPUYHA CXEMa

rpado-aHaITHYHUM METOJAOM B CEPEIOBHIII
nporpamHoro nakety ZView 2.3 (Scribner As-
sociates). Sk 3’sicyBasiocs, iMIe[aHCHI MOJIE,
SK1 aJICKBaTHO BIAMOBIIAIOThH MAKETy €KCIIepHU-
MEHTAJIBHUX JJAHWUX, € OTHOTUITHUMH JUJTsl OO I-
BOX MATPHIIb 1 IPECTABISIOTHCS EICKTPUIHOIO
CXEMOI0, HaBeJICHO0 Ha BCTaBKax 110 puc. 4. B
Hiii onip R — 1€ ONip EJIEKTPOJIITY, MapaseabHa
R, || C, nanxa BinoOpaxae CTpyMOIPOXOIKEHHSI
yepes3 NacuBalliifiHi IUTIBKY KaTOy 1 aHOLY, cepis
MOCTIIOBHO TiA’€THAHUX [0 MOAM(]IKOBAHOT
nanku Penpica—Epuuiepa C, || (R,—W) na-
panenbhux R, || C,, R, || C, i R, || C, manok

78

OIIT ®UII PSE, 2014, 1. 12, Ne 1, vol. 12, No. 1



P. 5. LIBELb

MOJIENIOE TIEPEHECEHHS 3apsay BIAMOBITHO Ye-
pe3 MiX3epeHHi 6ap’epu, 001acTh IPOCTOPOBO-
ro 3apsaay y 4acTHHI OemiTy abo riocuty Ta
BiJIoOpakae MOTEHIIaILHUN Oap’ep A mepe-
3aceJIeHHs KaTiOHIB 3 FOCThOBUX IMO3ULIN MiXk
mapaMu J10 OKTaeAPUYHUX MO3UIIIA BCepearHi
mrapy.

[lepeBipka anekBaTHOCTI MOOYI0BaHOI MO-
JelTi TIaKeTy EeKCTIePUMEHTATbHUX TaHHWX II0-
Kazasna g00pi pe3ynbraTi: KoedimieHT Kpamep-
ca—Kpownirane nepesunryBas 3- 105, pi3HUIIEBi
YaCTOTHI 3aJIEKHOCTI MEPIIOro MOPSAKY Masld
MOBHICTIO BHIAJKOBUIl Xxapaktep. Komm torep-
Ha MapaMeTpuyHa ieHTH(]IKalis OTPUMaHHUX
IMIIeJTaHCHUX 3aJIe)KHOCTEH Jjajia 3MOTry BU3HA-
YUTH KIHETUYHI MapaMeTpu MpoLecy s yCix
3HAYEHb X.

[i pesynbTaty 1718 NPUHLHKIOBO BAaXKITHBHX
JUIsL  TIOTYXXHICHHX XapaKTePUCTUK JIKEpen
JKUBJICHHS TIapaMeTpiB JaHOI1 cXeMu (KpiM Ta-
paMeTpiB, sKi I[IJIKOBUTO 3aJIe)KaTh BiJl TEXHO-
JIOTIYHUX PEeXHUMIB (OPMYBaHHS EJIEKTPOJIIB)
HaBeJIeH1 Ha pHC. 5.

[TopiBHIOIOUM 11i JaH1 3 pe3ylbTaTaMHu Tep-
MOJMHAMIYHOIO aHamizy OeMiTy Ta Ti0CUTy
(puc. 2), 6auuMO BIMIHHY KOPEISIIO JUIsI
NEepIIoro 3 HUX, SIKA MOXE CIYXKHUTH MiATBEp-
JOKEHHSIM TIPHUITYINEHHS [I0OAO0 Tpuponu ¢a-
3oBoro mneperBopenHs mpu 0,5 < x < 0,7,
OCKINBbKM TpH (hikcalii KaTioHIB JITiI0 Bcepe-
JTUHI mapy 1 ciig OyJo O4iKyBaTH CyTTEBOTO
3MEHIIeHHsS K KoedilieHTy #Horo maudysii
(0GepHeHo mponopuiiinoro no W), Tak i cy-
MyTHBOTO POCTY OIOPY CTaJii MepeHeCeHHs 3a-
PATY 3 CICKTPONITY B MATPHITIO OEMITY.

Jlnst TiOCUTy KOHIIEHTpaIliiiHa TOBEIHKA €
JIeIIO 1HIIIOK0, & CaMe HaBEeJIeHI Ha puc. 5 mapa-
METpH, SK BHUIHO, TMPAKTHYHO HE MIiHSIOTHCS
B pe3yibTaTi Tepe3acesieHHs TOCThOBOTO Jii-
TiI0 y BHyTpimaposi no3uuii. [le o3navae, mo
OCTaHHIM IpoLec HE € JIIMITYIOUUM JUIsl KIHETH-
ku inTepkansuii Li AI(OH),.

TakuM YHMHOM MOJIEKYJISIPHO — CHUTOBMMU
eeKT CyTTEBO MOXKE BIUIMBAaTH Ha MPOLECH
Li*-iHTepKaJIAIfHOTO CTPYMOYTBOPEHHS 1 BH-
CTYNaTHU TOTYXHUM «IHCTPYMEHTOM» JUISl IO-
KPALIECHHS €HEPreTUYHO — MOTY>KHICHUX CIPO-
MOYHOCTEH JTITI€BUX JKEPEN CTPYyMY 3 KaToiaMu
Ha OCHOBI IIAPyBaTHX MIHEPAIIiB 3 1I€PAPXIYHOI0
apXITEKTYPOIO TOCTHOBUX MO3HUIIIM.
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Puc. 5. €EMHOCTI TONBIMHOTO ENEKTPUIHOTO Iapy Mexi
PO3IITY 3 EIEKTPONIITOM (a), OTIOpY CTaii mepeHeceHHs
3apsiIy 3 eIEKTPOIITY B TBepy (hasy (6), imnemanca Bap-
Oypra (8) Ta cranoi yacy peiakcaiiifHoro mporecy Ie-
pe3acesieHHs KaTiOHIB Y BHYTPIIApOBi TOCTHOBI MO3MIIIT
(@) mna Li AI(OH),, (temni kpyxeuku) Ta Li AIOOH
(cBITIIT KpYIKEUKH)
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TI'IECHT I BEMIT AK HOBI MATEPIAJTH— I'OCITIO/JAPI 3 CYIIPAMOJIEKY/IAPHOIO APXITEKTYPOIO...

Ha 3akiH4eHHS HaBOAMMO TaOIUIIO MOPIB-

HSUIBHUX JIaHUX 3 TTMTOMOT €MHOCTI KaTOTHHX
MaTepialiB JITIEBUX JDKEpeN >KuBJIeHHs [13],
10 € Ha PUHKY 1 3alIPOTIOHOBAHUX MPUPOTHUX

JOCTIIKEHUX CTPYKTypax CyTTE€BO BIUIMBAE
MOJIEKYJISIPHO — CUTOBHH e(eKT, BUCTymMa-
04U MOTY>KHUM «IHCTPYMEHTOM)» Ui MO-
KpallleHHs €HePreTUYHO — MOTYXHICHUX

MiHEpaJiB. CIIPOMOXKHOCTEM KaTOJIB JITIEBUX JHKEpPET
CTPpyMy.
Tabmus 1
ITuToMa eMHicTh KATOMHUX MaTepiaJiB JiTIEBUX JxKepes CTPyMy npHu po3psiai 10 2, 75 B
Karonnuii marepiaJ Iutoma emHicTh KaToay (MA*roa/r)
CF _(B enementax BR) 150
MnO, (8 enementax CR) 160
Bewmit 300
T'i6cur 425
BUCHOBKHA JITEPATYPA
1. Bmepie noBeaeHa MOXIUBICTH Oe3moce- 1. Onumenko /I. B., [IetaukoB A. K., Ilomo-

PEIHBOTO 3aCTOCYBAaHHS MPHUPOTHUX MiHE-
paiiB riocuty 1 OemiTy s e(eKTUBHOTO
Li*-iHTepKaISIiiHOTO  CTPYMOYTBOPEHHS.
IX muTOMa €MHICTH CKIama€e BiAMOBiIHO
425 mAron/r ta 300 MAron/T TIpu po3psii
1o Harnpyru 2,7 B, 1o Oubi, HIX B 2 pa3u
MEPEBUIILY€E BIIMOBIAHI 3HAYEHHS JIJIs KaTo-
JTHUX MaTepiajiB, 10 € HA PUHKY.

[Tporiec iHTEepKaNSAIii KaTiOHIB JITIIO IS
Li AI(OH), cynpoBOKY€ETbCS Y TBOPEHHSM
nBox¢a3zHux cTaHiB B iHTepBanai 0 <x < 1.
Jnist GemiTy HasiBHI 1BI KOHIIEHTpaLiifHi 00-
nacti (azoBux nepexoniB 0 < x < 0,45 Ta
0,5 <x <0,7). Ilpu 0,45 < x < 0,5 yTBO-
PIOETBCS PsAZl HECTEXIOMETPUYHUX CIIONYK
inTepkamosanns Li AIOOH.
[TepesacenenHst JiTiI0 B TOCTHOBI TO3H-
uii Bcepenuni mapiB Li AI(OH), BinOy-
Ba€ThCSA TMPHU BUIIUX 3HAYCHHIX (x = 1),
HDK i 6emity (x = 0,5). Tlpu nupomy Mo-
JIEKYJISIPHO-CUTOBHH e(peKT B 6emiTi cympo-
BO/DKYETHCSI YTBOPEHHSIM 1 HAKOMTUYCHHSIM
CTEXIOMETPUYHOI (AaNbTOHIAHOI) ¢a3u, B
Toi yac, sk Li AI(OH), mpu x > 1 € Gep-
TOJITHUMH CUCTEMaMHU.

Kinetnka mpouecy iHTepkamsmii Oemity i
ribcuTy XapakTepu3yeThCsl KiHETHYHO-IH-
dy3iiiHIM KOHTpoJIeM. IMmerancHa MoIeTh
€ OJHOTHITHOIO i OOMJBOX MAaTpHLb i
BKJItouae nudysiiiHuil imnenanc BapOypra
IUTSI HeiieanbHOT Audy3ii.

Ha rtepmoauHaMiky 1 KIHETHUKY T —
IHTEpKANALIHHOTO CTPYMOYTBOPEHHSI B

Bu4Y A. A. u 1p. CHHTE3 HOBBIX KaTOJHBIX Ma-
TEPHAJIOB IS JIUTUEBBIX XUMHUYECKUX HCTOY-
HUKOB TOKa // DIEKTPOHHBIN HAyUYHBIN KYypPHAI
«HMccnenosano B Poccum». — 2007. — Ne 118.
— C. 1232—1242.

Hunmyxna A. FO., I'puropuax U. 1., Hukunan-
gyk M. B., Ocraguituyk b. K., Bynzynsax 1. M.,
Muuos M. M., S6nous JI. C. UuTepkansuu-
OHHOE TOKOOOpa30BaHUE B TAJIbKE, JISTHPOBAH-
HOM KHUCIIOPOZIOM U C€poil // DIEeKTPOXUMHIL.
—2012. —T. 48, Ne 5. — C. 598—602.

. I'puropuax. 1. I. Tanpk, sk HOBHI MaTepiad —

«rocTIoNiap» B IHTEPKAJSAIiMHIX HAHOTEXHOJIO-
risx // Homosimi HAH VYkpaiam. — 2002. —
Ne 6. — C. 110—113.

Cononkwutit H. @., Hlampukos A. C., [Torpeden-
koB B. M. MuHnepabHO-CBIpheBas 6a3a Ypaia
JUIS. KepaMUYECKOM, OTHEYMOPHOU U CTEKOJIb-
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Tomck: U3a-so TITY, 2009. — 332 c.

. HUcynos B. II. IHTepKanslMOHHbIE COEUHE-

HUS TuApokcuaa amromuuus // XKypHan cTpy-
krypHO# xumun. — 1999. — T. 40, Ne 5. —
C. 832—2848.

. Ucynos B. IlI., Hemynpeiii A. II., Konymna-

o H. I1., Camconosa T. 1. O B3aumonencTBuu
TUAPOOKHUCH aJTIOMUHUS C BOOHBIMU PacTBOpPA-
MU XJIOpUAa JUTUA. // XUMHS U TEXHOJOTHUS
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