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HccnenoBanbl cBoMcTBa KOMITO3UIMOHHBIX MaTepUalioOB Ha OCHOBAaHMM JHMOKCHJIOB THUTaHa M MapraHua.
M3ydyena 3aBUCUMOCTh MEX]y YCJIOBHUSMHU CHHTE3a, B YAaCTHOCTH, KOLIEHTPALIMU pacTBOpa HACHILIEHUS, U
COpPOLIMOHHBIMU CBOWCTBAMHU IOJMYYEHBIX HOHMTOB. ONHCAaHO BIMSHUE TEMIEpaTypbl CHHTE3a Ha
KHHETHYECKUE MTapaMeTpbl MaTepHajoB.

Knrwouegwle cnosa: TMOKCU MapraHua, THOKCH] TUTaHA, TUTUH, HOHHBIH 0OMEH.

BBEAEHUE

BoctpeboBaHHOCTE TUTHICOAEPIKANTUX COSTUHEHUI CTABUT TIEPE]T UCCIICIOBATEIISIMHU
3a7a4d MOWCKA HOBBIX HMCTOYHUKOB JIMTHEBOTO CHIPbS. B KadyecTBE TaKOBBIX MOYKHO
paccMarpuBaTh BBIJCICHHUE 3TOTO IEHHOTO KOMIIOHEHTa W3 TPHPOAHBIX pPacTBOPOB
Pa3IMYHOW MUHEpaIM3alii, B TOM YHCJIEC U3 OKCAHCKHX BOJ, a TaKXe MepepadoTKy
CYIIECTBYIOUIMX OTXOJOB JJICKTPOJHBIX MaTepualioB JHMTHEBHIX Oartapeil. Hamboiee
9(pPEKTUBHBIMU C O3TOH TOYKHM 3pPEHUS MOTYT OBITh HOHOOOMEHHBIC TEXHOJIOTHH,
OCHOBAaHHBIC Ha WCIOJBb30BAHUU CEJICKTUBHBIX HEOPraHMYECKHX HOHOOOMEHHHKOB.
OnHako, U3BECTHBIE BEICOKOCEIIEKTUBHBIE HOHOOOMEHHBIE MaTepHalibl HA OCHOBE OKCHJIOB
mapranua(lll, 1V) xapakrepusyloTcs HHU3KUMH TEXHOJOTMYECKHMH  CBOMCTBAM H
HEYCTONYMBOCTRIO B IpoIleccax IUKIUpoBaHus [1].

MATEPHAJIBI 1 METO/bI

CxemMa OKHCIUTENbHO-BOCCTAHOBUTEIHFHOTO 30Jb-T€Ih CHHTE3a KOMIIO3UTHOTO
TUTaH-MapraHIeBOr0 HOHOOOMEHHOTO MaTepuana BKIIOYAeT BBEACHHE IHOKCHA
MapraHila Ha CTagdl CHHTe3a B Telb JUOKCHIA THTaHa (TakKe MPOSBIIAIONICTO
HOTJIOTHTEIILHYIO CIIOCOOHOCTh K HOHAM JIUTHs). M30MpaTelbHOCTh K HOHAM JIMTHS
JIOCTUTAETCS TPUMEHEHHEM HANpaBICHHOTO TEPMHYECKOTO CHHTE3a, B XO/A€ KOTOPOTo
CHUHTE3UpPOBaHHBIE TIeNM AWOKCHIOB HACBHIIAIUCh PAcTBOPOM THIPOOKUCH JHTHS U
MOJBEPTAINCh  MPOKATUBAHHIO TMPU  Pa3IUYHBIX  TEMIIEPATYPHBIX  PEKUMaX.
CenexTUBHOCTh TaKUX MaTepHANOB  OMNpEAeNseTcs HalWYheM KPHUCTAILTMYeCcKO
muTHiicoepkaiieit (as3pl, BHYTph KOTOPOW MOTYT HPOHHUKATh TOJBKO WOHBI JUTHS U
NPOTOHEI, a APYTHe KaTHOHBI MOTYT OOMEHUBATHCSA JIMIIb Ha MOBEPXHOCTH U B 1e(EKTHBIX
ydacTkax CTPYKTypsl. IloiydeHHbIe KOMIO3UTHBIE HOHUTHI T110,~MnNO,, B oTinune OT
CHHTE3MPOBAHHBIX TBEPAO(GA3HBIM CIICKAHUEM JIUTHI-MapraHleBbIX IIMUAHeIeH [2],
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MPEJICTaBISAIOT co00¥ rpanyisl pasmepoMm 0,2—0,5MM ¢ BBIpaKEHHBIM METAJUTHYCCKUAM
OyreckoMm.

HccreroBaHa 3aBUCHMOCTb MOTJIOTUTENILHOM CITOCOOHOCTH OT KOJIMYECTBA BBEICHHOTO
HOHA-alIUIMIIMCHTa W JHUTHHCOoAepkameld (aspl. [l 3TOro mepex TeMIlepaTypHO
o6pabotkoii (500°C) 06pasio ncxomroro Matepuana TiO~MnGO, MpoBeIeHO HACKIIICHIE
UX MOHAMH JIMTHA W3 PAaCTBOPOB T'MAPOOKHUCH JIMTHS Pa3IHYHONW KOHIICHTPAIIH.
CopOuroHHass €MKOCTh TIOJYYCHHBIX MaTepHUaioB OblTa HMCCICIOBaHA B CTaTHYECKHX
yCa0BHsIX M3 pactBopa, comepxkamiero 0,02M LiCl u 0,5 M NaCl,a taxke u3 pactsopa
yKa3aHHbBIX COJIEH ¢ aMMHa4YHBIM Oy(epoM Juist mojepskanust crabmipHoro pH.

PE3YJIbTATBI U OBCYK/IEHUE

Pe3ynbraThl UCCIICAOBAHMUS MOTJIOTHTEIBLHOM CIIOCOOHOCTH 00PA3IloB MPEACTABICHBI
B TabmuIe:
Tabnauna
3aBHCHMOCTDH COPOLIMOHHON eMKocTH MaTepuaioB (A) u ko3 pdunueHToB
cesektuBHocTH (KS Li/Na) ot konunentpamuu pacteopa nacbimenus LIOH (C (LiOH))

: 0,02M LiCl + 0,5 M NaCl, +
ConeprkaHue JIUTUS 0,02M LiCl + 0,5 M NacCl, (NH,OH — NH,CI)
C Conepxanne
(LiOH) B KOHEYHOM Ag, Ana Ks Au, Ana Ks
N /H’ Mmarepuane | Mmous/T | mmonns/r | Li/Na | mmons/r | mmons/r | Li/Na
Li, %

0 0 0,19 1,62 4,9 0,1 1,19 2,4
0,1 2,04 0,82 0,54 81,8 0,73 0,37 76)0
0,4 2,131 1 0,55 109,1 0,95 0,27 127,0
1,6 2,527 0,97 0,57 97,6 0,92 0,29 1171,3

Kak BuIHO, MOBBINIEHHE KOHLEHTPAIlMK pacTBOpa s HaceimeHus cBbime 0,5-1,0
MOJIB/JT  HE3HAYWTENFHO BIMSET HA TMOIJOTHTEIBHYIO CIIOCOOHOCTh MOJYYCHHBIX
MaTepuajoB 10 WOHAM JIUTHS, BEPOSITHO, BCIEICTBHE CTPYKTYPHBIX OTpPaHUYCHUI B
oOpa3syroleiics KpUCTAUTMIECKON pelieTKe.

CocTaB W CTPYyKTypa TNOJYYCHHBIX MaTEPHUAIOB OBUIM HCCIICAOBAHBI METOJaMHU
perrreHodazoBoro u auddepeHInanbHO-TEPMHUUECKOro anaau3a. CorjiacHo MoaydeHHBIM
JAaHHBIM, 06pasiel, mpomeamme oopabotky mpu 400-500°C smstorcss aMOp(HBIME ¢
3auaTKaMM KPHUCTAIUTHUecKOH cTpykTypsl. Ipn 600—700°C mpoucxomut dopMupoBaHme
KPUCTAUTMYECKOH CTPYKTYPhl ¢ 0Opa3oBaHUEM CMENIAHHBIX THTAHATOB M MaHTAaHATOB
nuTst. OHOBPEMEHHO ¢ 9THM TepMudeckas Mogudukarmst pu 500-600°C npuBoaut K
pocty nonoodmMeHHoi#t cnocoonoctu (Puc. 1).
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Puc. 1. 3aBHCHMOCTb CENEKTHBHBIX CBOWCTB THTaH-MapraHIEBBIX HOHOOOMEHHBIX
marepuanioB (KS yna ) 1 kodddurmenro auddy3un nonos iutus (Dyj) ot ycnoBuit ux
THIOJIy4YCHHUS. TEMIIepaTyphbl MpOKajJuBaHUs. (®, W — MpU MOIJIONIEHHH U3 PACTBOPOB C
pH=8, o, 0 — mpu nornomenun u3 pactBopoB ¢ pH=12). [IyHkTHpOoM 0003HAYCHBI
3Ha4YeHUS KOA(PPUINEHTOB CETICKTUBHOCTH [ AUOKCHIA TUTAHA.

JlanbHeliiee MOBBIICHUE TEMIEPATyPhl MPOKAIMBAHUS HA CTaJUW CHHTE3a THTaH-
MapraHIeBbIX HOHHUTOB CIOCOOCTBYET YBEIHMYCHHIO COJCP)KAHUS JUTHHCOIEpKaIIeh
($a3pl, a 3HAYUT OOIIEMY COACPKAHHMIO MOHOB JUTHSA. OIHAKO, COTJIACHO IOJYYCHHBIM
JTAHHBIM T10 COPOIIMOHHON €MKOCTH ¥ KHHETHKH TIOTJIOIIECHUS NOHOB JIUTHS, TAKOW JTUTHN
SBIISICTCSI  HEOCTYIIHBIM  JUIsI HMOHHOTO OOMEHa JaXe II0CI€ OTMBIBKH  OT
aINMUIAITIPYIONIEro HOHA.

3AKIIOYEHHUE

1. Haubosee ONTUMAIBbHBIMH YCIOBHSIMH TOJYYCHUS] HOHOOOMEHHBIX MaTepPHAIOB Ha
ocaoBe TiO~MnQ,, 1pH KOTOPBIX COYETAIOTCS CEIEKTHBHOCTH M CKOPOCTH
MOTJIONICHHST HOHOB, SBISCTCSA TEPMUUICCKOE MOTU(DUITUPOBAHUE JTUTHIT-3aMEIIIEHHBIX
o6pasios npu 500-600°C.

2. B mpemoKEHHBIX  YCIOBHSAX  CHHTE3a  IIGHTPHI  CEJICKTUBHON  copOIuu
MPEANOIOKUTEINEHO (POPMHUPYIOTCS B OCHOBHOM B IIOBEPXHOCTHOM CJIO€ C(HEpHUCCKUX
rpaHys COpOCHTOBR.
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JocmimpkeHo BIaCTUBOCTI KOMIO3ULIHHAX MaTrepiaiiB Ha OCHOBI JIOKCHIIB THTaHy Ta MaHraHy. BuBueHa
3QJIEXKHICTh MDK YMOBaMH CHHTE3y, 30KpeMa KOHIICHTPAIL€I0 PO3YMHY HACHYEHHS, Ta COpOmiHHMMH
BJIACTUBOCTSIMH OTPUMAHHUX HOHITIB. ONHCaHO BIUIMB TEMIICPATYpH CHHTE3y Ha KiHETHYHI MapameTpu
Marepiais.

Kniouosi cnoea: nioxcun MaHraHy, AiOKCHJ TUTAHY, JiTii, HOHHUI OOMIH.
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Rozhdestvenska L.N, Tretyak M.A, Palchik A.V., Bakpv V.N.
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The demand for lithium-containing compounds makesearchers look for the new
sources of lithium raw materials. Natural solutiafsvarying salinity, ocean water and
electrode materials waste can be considered todiesources. In this view ion exchange
technology based on the use of selective inorgammcexchangers is the most effective
way for lithium recovery. However, well-known sdfige ion-exchange materials based
on manganese(lll, IV) oxides are characterized dwy technological efficiency and
instability during sorption-desorption cycles.

In this work the research in composite titanium-garese ion-exchange material
developing was conducted. The material was obtdiyeidtroducing manganese dioxide
into titanium dioxide gel, which also shows absoryefor lithium ions. Formation of
selectivity to lithium ions was achieved by dirdbermal synthesis — the materials
saturated with lithium ions were calcined at difigr temperatures. It was shown that
selectivity of such materials depends on lithiumtaining crystalline phase which allows
only lithium ions and protons inclusion, other oa8 can exchange on surface and
structural defects only. On the contrary to lithiamanganese spinels, granules in obtained
TiO~MnGO, are 0,2—-0,5 mm in diameter with noticeable metdlister. It was shown that
the concentration of saturation solution (LiOH) haegligible influence on the final
sorption and selectivity properties of the matsrighccording to X-ray analysis and
differential-thermal analysis the samples obtaiimethe temperature range 400-50C
are amorphous with crystal grains and can be ifiethtas mixed lithium manganates and
titanates. At 600-700 °C spinel type crystal sticectis formed. Rise of heat treatment
temperature to 500—600 °C during synthesis leadscteasing of ion exchange capacity
and selectivity to the lithium ions.

Although the expansion of crystalline phase fractleads to lithium ions selectivity
improving, the rise of calcination temperature 601C during synthesis leads to a 10
times decrease of lithium ions diffusion coeffidiemherefore, optimum condition for
obtaining ion exchange materials based on AMNMNO,, with combining of high
selectivity and high rate of absorption of ions, tiermal modification of lithium-
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substituted samples at 500-6Q0D. % can be assumed that under these conditions the

selective adsorption centers are formed mainlyhan durface layer of sorbent spherical
granules.
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