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C.B.KyJemos

PI3UKO-XIMIYHI OCHOBH EJIEKTPOJIITUYHOI'O CUHTE3Y BYIJIEHEBUX
HAHOMATEPIAJIIB 3 COJIBOBUX PO3IIJIABIB. Yactuna 1

Inemumym 3azanvnoi ma neopeaniunoi ximii im. B..Bepnaocvkoeo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/34, Kuis, 03142, Vkpaina

* e-mail:

iness@ionc.kar.net

Ha nixcrasi ananisy Hanpyr poskiajanus kapOomati (LipCOgz NayCOs, K,COs, CaCOsg,
BaCO3, MgCO3) 3 p13HI/IMI/I BaplaHTaMI/I KaTOJIHUX MPOIYKTIB (eneMeHTHoro BYTJIEII0, MOHO-
OKCHJly BYIJICLIO, METaly i Horo kap0isy) BCTaHOBJICHO TEPMOMHAMIYHO TICPEBAKHMI ILUISX
MPOTIKaHHS KaTOAHOI peakuii JJisi KOXKHOTO 3 BKa3aHWX KapOOHATIB Ta MIOKCHIY BYTJEHIO B Ai-
anasoni temreparyp 300—1900K. [lokazaHO MOXJIMBICTH YIPAaBIiHHS TOTEHIIAJIOM BHJIIJICH-
HSl BYIJICLIO 3 IMX KapOOHATIB IIISIXOM 3MiHM KHCJIOTHOCTI po3miiaBy. BcranoBieHO kputepii
BHOOpPY Matepially Karona Ajisl TeHepalii TpyOuacToi cTpyKTypH rpadiTy Ha OCHOBI aHami3y Qa-
3oBux giarpam Me—C i MeC—C (ne Me — Meranu-Karani3aTopH).

Koo d4oBi ¢ 0B al eleKTPOBIIHOBICHHS, €IEKTPOXIMIYHMI CHHTE3, PO3IUIABH COJIEH,
($a30Bi jgiarpamu, BYIJICIICBI HaHOMAaTEpialH.

BCTVII. Po3poOKka HOBHX METOJIB OTpUMaH-
HS MaTepiajiiB mependadae MmociiioBHE BUKOHAH-
HSl HACTYTIHHX CTaJliil OCIiKEHb.: BUBYCHHS pe-
aKIlii, o JieKaTh B OCHOBI YTBODCHHS HOBHX
(a3; BiIIpaIroBaHHs METOMK 1 TEXHOJIOTI] iX CHH-
Te3y; PO3poOKy €(EKTHBHIX METOIB iX OUHCTKH
1 po3ziieHHs; BceOiuHe JOCIiKEHHSI BIIaCTUBOC-
Tel (enmeMeHTHUH 1 (a3oBHi aHai3, MOPQOIIOTis
1 CTpyKTypa OCHOBHHX (a3 i BKIIOYEHb). Byrie-
nesi HaHomarepiamu (BHM) — ¢ynepenu, tpyo-
KM, OHIOHM Ta IHII — MAarOTh BEJIUKHUI [OTEHII-
aJl 3aCTOCYBaHHS Y PI3HHUX TaTy3sSX TEXHIKH.

He muBnsianch Ha pi3HOMAHITHICT ICHYIOUHX
croco0iB orpumanHss BHM, Bci BOHM BKIIFOYAIOTh
OJTHAKOBI TexHoJoriuHi cranii. Lle necrpykuis Bu-
XiTHOi ByIJIelbBMICHOT pedoBuHH ((Pi3UuHIMHU,
XIMIYHAMH, €JIEKTPOXIMIYHIMH METO/IAMH); B3aEMO-
Jlisl aTOMIB YM KJIACTEPIB BYIVICIIO MixK c0000 abo
3 TPETIM TLIOM; YTBOPEHHS 1 PICT 3apOJKIB HOBOL
ByIJIeneBoi (a3u; picT HOBOI CTPYKTypHOI (haszu
BYIUICIIO; ()OpPMYBaHHS HAaHOMETPOBOTO BYTJIEIIe-
BOTO TPOAYKTY i3 3aJaHHMU BIIACTUBOCTSIMHU.
JKomeH BiOMMII HAa CHOTOMHIIIHINA JEHB METOJ

© 1.A.Hogocenogra, C.B.Kynemos, 2019
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onepxxanHss BHM [1] He mo3Boisie oTpUMyBarH
omHO(Ma3HUI TMPOMYKT 13 3adaHuMHU (Pi3UKO-XiMi-
YHUMH BIIACTHBOCTSIMH, TOOTO 3aBXKIM BiIOyBae-
ThCSl YTBOPEHHS JICKUTBKOX CTPYKTYpP BYIJICLICBUX
¢a3 (Bymienesi KOMIIO3UTH), SIKi CITiJi CHHTE3yBa-
TH, PO3IULITH, MOAU(IKyBaTH (JIEryBaTH), a SKILO
3aCTOCOBYIOThCSI Karalli3aTopy, TO MOTPiOHO ovu-
AT TPOAYKT 1 Biag HHUX. Yncio myOmikarii mo
enexTponiTnaHoMy cuHtesy BHM cknanmae mamy
YaCTUHY 3arajlbHUX MyONiKalliid 1Mo iX o/ep:kaHHIO
1 xapakrepusanii. IlepeBaraMu eneKTpoONITHYHO-
r0 METOJly CHHTE3y €: amaparHa MpocToTa, MOX-
JIMBICTh KOHTPOJIIO CHHTE3Y PEKUMAMH EIEKTPO-
T3y, HA3bKI EHePreTHYHI BUTPATH Ha EJIEKTPOIIi3,
BUKOPHCTAHHS JICIIEBUX BHUTPAaTHUX MaTepialis,
MOXJIMBICTh YIPABIiHHA CTPYKTYpOIO i Mopo-
JIOTI€I0 TIPOIYKTY, @ TaKOXK JICTYBaHHS KapKacHOi
BYIVICIIEBOI (ha3u TiJ] 4ac CHUHTE3Y.
3acHoBHuKamMHU (1995p.) eIeKTPOITHYHOTO OT-
pumanHs BHM 3 conboBHX po3IUIaBiB BBAXKAIOTH
AHDIICHKUX BUeHHX [2], x0oua e B cepemuHi 60-x
pokiB 20 cromitrss B CPCP (I3HX HAHY, IBTE
VYPB PAH) i B iHmmx 1aboparopisix CBITY OTpHU-
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MyBaJIM €NEKTPOJITHIHUN YIBTPAIUCIICPCHHUI BYT-
JIeb €JIEKTPOIII30M KapOOHAT-BMICHUX PO3ILUIABIB.
Mopdororisi 1 CTpyKTypa BYIJICIIEBOTO TPOIYKTY
He Oyna BuBueHa. Crienndika MeToIy, 3aporoHO-
BaHOro y BenmkoOpuranii [2—5], nomnsirae B enek-
TPOBUAUICHHI JTy)KHOTO ab0 JBOBAJEHTHOTO Me-
Tally 3 pO3IUIABICHUX XJOPHIIB Ha rpadiToBOMYy
Karo[i 3 mojansmumM yreopenHsiM BHT y pe3yis-
Tari B3a€EMOJIiT MeTally, IO OCAIKY€EThCS, 3 MaTe-
piaiom karoma. Ilim 4wac emekTpomi3y BinOyBae-
ThCSl €pO3is BYIVICIIEBOTO Karo/a, a MpOyKTaMu
e cymim BHT 1 BenMKOi KUTBKOCTI BYIJICLICBHX Ya-
CTOK PI3HOI CTPYKTYPH 1 JUCIICPCHOCTI (3aJIMIIKH
rpaditoBoro karoza). OCTaHHIM 4acoOM B Pi3HHX
7a00opaTopisiX CBITY MPOBOIWIUCS JIOCTIKCHHS
M0 BJIOCKOHAJICHHIO IHOTO 1 PO3poOIli iHIIMX Ba-
piaHTIB eneKTpomTHqHOFO MeTozy [6—11] [Ipote
Ha CBHOTOJHIIIHIN JeHb B JiTeparypi Hemae ¢i3u-
KO-XIMIYHOTO OOTPYHTYBaHHS EJIEKTPOJIITHYHOTO
METOJy CHHTE3y 3 COJBOBHX PpO3IUIAaBIB, HEMaeE
TEOPETHYHHX i CKCTICPMMCHTAIBHIX JTAHHX TI0 KO-
periLlii BIACTHBOCTCH i CTPYKTYpH BYIIICLIEBOTO
TPOJIYKTY, IO TEHEPYEThCs, BiJl yMOB i mapame-
TpiB enekTposisy. Ilepuum erarom crane TepMo-
JWHAMIYHE OOTPYHTYBAHHS BHOODY CKIIajly ICKT-
POJITHYHOI BAaHHH Ta Marepiajly e/CKTPOLIB s
reHepallii ByIICIeBUX HAHOCTPYKTYD i3 CONBOBHX
pO3IIaBiB.

TepmoanHamiuyHa OLIHKA MOMJIUBHX
IIAXIB eJIEKTPOXiMIYHMX mNpoueciB 3a
YYaCTI0 KHCHEBHMX CIOJYK BYIJIELIO
B COJIbOBHMX pO3ILJIaBax

Ha ¢oni Benukoi kimbkocTi mpamp [12—18],
10 TIPUCBSYEHI BHBYEHHIO €JIEKTPOBITHOBICHHS
PO3IUIABIB, SIKi MICTATh KapOOHAT-IOHU, MOJKHA BH-
ninati podoty beptierra 3i cmiBaBropamu [16],
Jie TIPUBEICHUI TOTIepeHIi TepMOMHAMIYHUN
aHaJI3 eJIEKTPOXIMIYHUX TPOIIECIB 32 yJacTIO Kap-
OoHaT-aHIOHAa Ta BYIJICKUCIIOTH. byna mpoBeneHa
TEpMOIMHAMIYHA OIliHKA YCIX MOXKJIMBHX BapiaH-
TiB €JIEKTPOBIHOBJICHHS KapOOHATIB JIy>)KHHX Ta
Jy>KHO3EMEJIbHUX METAJB 1 JBOOKUCY BYIJICIIO
Ha mizncrasi pospaxyHkiB EPC HacTymHuX ernek-
TPOXIMIYHUX JIAHITFOTIB!

CMe0, Me;CO4[Me,CO4(C0O,, O, Pt; (1)
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P, COMe,0, Me,CO4Me,CO4{CO,, Oy, Pt (2)

MeMe,CO5(ICO,, Oy, P ; )
PMe,O, MeC, Me,CO4][Me,CO5ICO,, O,, Pt ; (4)
C|CO,, po3unnnuk|Oy, Pt ; 5)

Pt, CO|CO,, po3unnnuk |O,,Pt . (6)

BimoBiiHIMU CTPYM-YTBOPIOIOUMMH PEaKIIi-
SIMU Y 1TUX JIQHITFOTAX € PEeaKilii CHHTe3y KapOoHa-
TIB Ta BYIJICKHCIIOTH 32 CXEMaMHU:

3Me,0+ C+2C0s + O, =3MeCO3;  (7)

2Me,O + CO + CO, + 0, =2Me,CO3;  (8)

2Me+ CO, + 1/20, = Me,COg; 9
Me,C, + 6Me,0 + 5CO, + 520, = TMe,COs; (10)
C+0,=C0Oy; (11)

CO + 1/20,=CO,. (12

[Tpu boMy, SIKIIIO aHOIHUI TIPOIIeC MOXe Oy-
TH TIPEJICTABIICHUN JIUIIE OJHIEI0 €JIEKTPOXiMid-
HOIO PEaKII€r0:

COZ ® COp+120,+%,  (13)
TO Ha KaTO/l MOXIIMBO NPOTIKaHHS IOHAHMEHII
YOTUPHOX TPOIECIB IS KapOOHATIB:
YTBOPEHHS BYTJIELIO:

CO3% +4e® C+30%; (14)
MOHOOKCHUIY BYTJIELO.
COs2 +2%6 ® CO+207%; (15)
YTBOPCHHSI METally.
Me™ +ne ® Me; (16)
Kapoiy:
2C07 +106® C,2 +607% (17)

Ta JIBOX TIPOIIECIB JUIS €IEKTPOBITHOBICHHS J[BO-
OKHCY BYTJICIIO:
YTBOPEHHSI BYIJICIIO:

CO, +4e® C+20%; (18)
MOHOOKCHY BYTIJICLIO.
CO,+E® CO+02. (19)

Peakmii, sxi MarOTh HaIMEHII 3HAYEHHS Ha-
NpPYTH PO3KIaay, PO3MISIAIUCS SIK TPOIECH, IO
MaroTh HaOUIBITy BipoTimHIiCTH MpoTikanHsi. Ha
OCHOBI TIPOBENICHUX PO3paxyHKiB aBropu [16] 3po-
OWJIM BHCHOBOK, IIO CKJIaJ KaTOIHUX TPOAYKTIB

ISSN 0041-6045. YKP. XIM. XVYPH., 2019, 1. 85, Ne 2
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Puc. 1. TemmepaTypHi 3a€KHOCTI HAIPYr PO3KIAIaHH:
(E ). a: K,COg 3 ytBopennsam K,0 i C (1), K;0 1 CO (2),
K{co § 6: Na,COg3 3 yTBOpeHHHM NaO i C (1), Na,©
i CO (%) Nai CO (3) CO, 3 yrBopennsm C i O, (4), CO
10, (5); 6! Li;CO5 3yrBopennsam Li0iC (1), Li0iCO
(2) Lii CO % L| 20 1 LiC (4); 2t BaCOjq 3 yrBOpEH-
usiMm BaO i é (1) BaO iCO (2), BaiCO, (3). Puc.1i2
B35TO 3 poboTH [16].
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Puc. 2. TemueparypHi 3a1eHOCTI HAIPYr PO3KJIajaH-
w1 (E,). a: CaCOg33 yreopentsm CaO i C (1), CaOiCO
(2), ¢aico (3) Ca0 i CaC, (4); 6: MgCO3 3 yrBO-
PEHHSIM Mg(% i C(1), MgO 1 CO(2), Mg i CO2 3.
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eneKTpOBi)lHOBJIeHHsI BKa3aHUX Kap60HarriB Oy-
A 3aJIeKaTy, 7K Bl XapaKTepy KarioHHOro 0To-
YEHHS C03 , TaK 1 TEMIEPaTypu PO3ILIABY.
Ha puc. 1, 2 npuseseni Temieparypi 3amex-
HOCTI HANPYT PO3KITAjiB KapOOHATIB, sIKi po3-
osgamacs. Tak, it kapOoHaTy Kalliio OCa/KEH-
HsI JTy’)KHOTO MeTally Ha Karoli € €HEepreTM4HO
HAWBUTIHIIIAM TIPOIIECOM TIPU BCIX TeMITepa-
typax. s NapCO3 MoximBO oTpuMaHHS By-
DICII0 TpH Temreparypax, Hmkunx 3a 870K.
[To Mipi migBUIIEHHS TeMmIepaTrypu OuThIn Oa-
’KaHUM TporiecoM Oy/ie BiTHOBIICHHS JTYKHOTO
meraiy. [l LioCOg, CaCOg, BaCO3, MgCO3 rie-
PEBOKHUMHU TPOIIECAMH CTAHYTh TPH HH3b-
kux temreparypax (<950K) Buninenns Byre-
o, a npu Outkin Bucokux — CO. 3HaueHHsS
Hanpyr poskiagy CO (peaxrii (18), (19)) y
3aJIeKHOCTI BiJl TEeMIEparypu TIpHBENEHI Ha
puc. 1,6 (miuii 4, 5). Moxna mo6a4uTH, 1o Iii
peakIlii MPOTIKAIOTh MPH OUTBII TO3UTUBHHUX
MOTEHI[iajlax 10 BiAHOMIEHHIO 10 KapOOHATHUX
CHUCTeM. [HIIMMU CITOBaMU, TIPSIME BiTHOBIICHHS
COo mae Oytr enepretnuHo BUTiaHImuM. Of-
HaK HU3bKa akTuBHICTE CO7 y KapOoHarax 3a-
BOKaTUME 3HAYHOMY BKJIAJy M€l peakii J10
EIIEKTPOTHOTO TIpoIleCy. Y BIAMOBIIHOCTI 10
BUKJIAJICHUX BHIIE TOJIOKEHb aBTOPIB PO0OO-
TH [16] pO3mIsIHYTO eNeKTPOBITHOBICHHSI Kap-
OoHariB 1o piBHAHHIO (14) Ta TBOOKCHIY BYT-
JICIIEO TIO plBHSIHHIO (18) BbararouncensHi ekc-
TNEPUMCHTAIIBHI TIpalli [MX Ta IHIKMX aBTOPIB
MiATBEPAMIH 3pOOJIeHI BUCHOBKH.
JUist 3py4HOCTI MU CHPOCTHJIM aHOAHI TIpo-
1ecu 10 0e3rmocepeTHHOTO PO3PSTy OKCHII-IOHA Ta
npoBenu po3paxyHok EPC HacTynmHoro snaHigora:

CIMe0, Me;COg3|[MeCO3(02, Pt,  (20)
CTPYM-YTBOPIOIOUOIO PEAKIIIEI0 SKOTO €
MeO + C+ Oy = MeyCOg3. (21)

[TpaBa yactuHa npuBeneHoro jnaHimora (20)
— IUIATUHO-KUCHEBUH €JIeKTpoJ. ToMy MH IIpOBe-
JIM TIO CYTi pO3paxyHOK TEPMOANHAMIYHOTO MOTEH-
[iajly BHIUJICHHS BYIVICIIO 3 KapOOHATHUX pPO3-
TUIABIB BIJTHOCHO TUIATHHO-KWICHEBOTO ENIEKTPOa
nopiBHsHHA. Hanpyry poskianaHHs BiJOBiTHO-
ro KapOOHaTy JIy)KHOTO Ta JIy>KHO3EMEJILHOTO Me-
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Tabnuns 1

Mortennianun (B) BuaineHHs Byriemio 3 KapooHa-
TiB HaTpilo, JiTilo, Ta Jy’KHO3eMeJbHUX MeTAJiB
NpH pi3HUX TeMmepaTypax

Temnepatypa, K

Cnonyka

298 900 1000 | 1100 | 1200
Li,CO,4 1.48 124 121 1.18 114
Nap,CO5 1.73 151 1.48 1.45 142

MgCO3 119 0.93 0.89 — —
CaCOg 135 112 1.08 1.05 101
BaCOg3 1.58 1.34 1.30 1.26 1.22
CO» 1.02 1.03 1.03 1.03 1.03
(6(0) 0.71 0.99 1.04 1.08 113

IMpumitka. Jkepeno TepMoximiunux ganux [19].

Tajy po3paxoByBaiu 3a hopmyJII0r0 E.P DG/
nF, ze DGT — eHepris I'i60ca peakril (22) npwm
Temneparypi 7; N — 4ucio eJIeKIpOHlB o 6epyTh
Y4acTb y KaTOJHIN peakilii BiIHOBICHHs KapOo-
Har-aHioHa, F — umciio ®apanes.

VY tabn. 1 npuBeneHi po3paxyHKOBI MMOTEHIII-
aJi BUJIJIGHHS BYIJIEIO 3 pi3HMX KapOoHariB. [Ipen-
CTaBJieH] JaHi HeoOXigHi JuIsi BUOOPY MeTaliB,
10 MOKYTh BUCTYIATH B SIKOCTI JIETYIOUMX KOM-
MTOHEHTIB TIPU OTPUMAaHHI CKJIaTHIUX KOMITO3HITiH-
HHUX MarepiajiB Ha OCHOBI BYIVICIIEBUX HAHOCT-
pyktyp. Tak, SKIIO TOTEHIaN BUAUICHHS MeTa-
ny-nonanTy piBauid 1.2B, To B sKocTi Bymiere-
BOTO JDKEpernia CIlifi BUKOPUCTOBYBAaTH KapOOHAT
JITIO, OCKUIBKY BOHH MAlOTh MaiyKe OIHAKOBI 3Ha-
YeHHs ITOTEHINaIiB BUIUICHHS.

Oco01MBOCTi BINIMBY KHCJIO0THO-OCHOBHHX
BJIACTUBOCTEH PO3IJIAaBIB HA MOTeHLiaJN
PO3psily OKCUA-aHIOHIB BYIVIEII0

Y IpHBEICHOMY BHILE TEPMOIMHAMIYHOMY
PO3IISI PO3PsAIY CIOIYK BYIVICIIO HE BPAaXOBYBa-
JHCs KIHCTHYHI OCOOIMBOCTI MPOTIKAHHS CIIEKTPO-
XIMIYHHX TPOIECIB B I0HHUX PO3ILIABAX, PO3yMiH-
HS SIKMX TIOJICTIIIY€E YTIPABJIIHHS TIOTEHIIIATIOM €JIeK-
TPOJHOTO TPOIIECY.

1O K Jemimapcekum, B.1IIamoBanom 3i criiB-
poGitHrkamu [20, 21] po3BHHYTa KOHIICHIIS KHC-
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JIOTHO-OCHOBHHX PIBHOBAr s po3nnaB1B SIKi Ml-
CTATE OKCH -aHIOHU WO4 : MOO4 CI’O4 :
C03 SO47", POg™, NO3™, ta ommcannii Brums
Ha KIHETHKY E/ICKTPOBIHOBJICHHS BKA3aHMX aHi-
OHIB HACTYITHUX PIBHOBAI, III0 MAIOTh MiCIIe B i0H-
HUX pO3ILUIaBax:

MOy, =M™ +nf20%~;
[MOp5,1]%" = MO, + 07,

e M —-—W, Mo, Cr, C, S, P, N.

ABTOpaMI/I BCTaHOBJICHA 3aKOHOM1lecTL y
BIJTIOBIHOCT] 10 SIKOI npu HasBHOCTI TakuX piB-
HOBar y TIEpIIy Yepry BiJIHOBIIOIOTHCS YaCTKH 3
HANOUTBI KUCIUMH BJACTHBOCTSIMH, a came MM
ta MOy, y peakuisx (22) ta (23). fxumo peaxiis
(23) Ta nporiec po3psiy eneKTpodiIEHOT YacTKH
MO, 3a cxemor0

MOy, +ne« M +n/20%~  (24)

€ 00OpOTHMMHM, a KHCJIOTHO-OCHOBHA piBHOBAara
(23) xapakTepr3y€eThCsi KOHCTAHTOIO

K =[MOp 0% 1/[MOyp,4]1*,  (25)

TO piBHAHHA HepHcTa /IS MOTEHINATy eIeKTPOI-
Horo mporiecy (24) npuiiMaTtiMe BHUTIIS:

E = E?+ RT/nF Xn{ K[MO},1]%7/
[02—]n/2+1>{M]} )

(22)
(23)

(26)

sz JIOMYCTATH, IO aKTHBHICTH [M] i
[MOp/2+1]” piBHa OaMHHI, TO MOTECHINAT EJECK-
TPOJIHOTO TIpoliecy Oyze 3ajexaTd JIMIIE Bil aK-
TMBHOCTI oKcuz-iona [O%):

E = cond — {232 + )RT/INF 1g[07 ] . (27)

KucnorHo-ocHOBHI piBHOBaru tumy (22), (23)
y JiTeparypi yacto Ha3uBaoTh JItokco-Dironos-
CBKHMH, a OCHOBHICTh BUPAKAIOTh MOKA3HUKOM
pO, piBHIUM HEraTUBHOMY JIoTapu(My aKTUBHOCTI
okcu-ioHa. [lokazauk pO € Takoro X I0HHOIO Xa-
PAKTEepUCTHKOIO JUISl PO3IUIABICHUX CHCTEM, IO
MICTATh KHCEHb, sIK pH JUIT BOJHUX PO3YMHIB.

[Tepemmorapudmivamii KOSPIMieHT 3aIEKHO-
CTi PIBHOBXKHOTO ITOTEHINANY JIJIst C032_ Bijg
OCHOBHOCTI PO3IUIaBy JTOPiBHIOE:

E=E%+ 1.725RT/Fp0. (28)
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TakuM 9UHOM, 3MiHA OCHOBHOCTI PO3ILUIABY
MOBHHHA BIUTMBATH HA BEJIMYUHU TOTCHINIATY PO3-
psany kapOoHnar-iona. Hamum Oymm mpoanamizo-
BaHI 3aJIG)KHOCTI TIOTEHIIIay BUAUICHHS BYTJIE-
110 3 KapOOHATHUX CHCTEM BiJl OCHOBHOCTI pO3-
mwraBy npu 900 K (puc. 3). 3a moteHIian po3ps-
Iy OKCHCOJICH BYIJICIIO TPH HYJIOBiI OCHOB-
HOCTI PO3IUIaBy MPUHAMAIIOCS 3HAYCHHS PO3KJIa-
Ay LUX CIOJYK 32 CXEMOIO:

MeMOy,1 =M +Me,0 +n/40,. (29)

Ha puc. 3 BumHO, 1110, 3MIHIOIOYM OCHOBHICTh
pO3IUIaBy, MOXKHA Y IIUPOKUX MEXaX 3MIHIOBATH
3HAYEHHS MOTCHIATIB BUJIUICHHS BYIVICIIO 3 Kap-
OOHATHHUX CHCTEM.

Fl'l.l'

25F 5
EpB

Puc. 3. 3anexHiCTh MOTEHINANIB BUAIICHHS BYTJICIIO
3 OKCHJIY 1 KapOOHATiB BiJf OCHOBHOCTI po3miaBy: 1 —

CO,; 2—CaCOy; 3 —Li,CO, 4 —BaCOy; 5—NayCOy,

Benukuii BIUIMB HA MOTEHIAIM BUIUICHHS
BYDIJICITIO Ma€ i opMa €JIeKTPOXIMIYHO AKTHBHOL
vyactku (EAY). Sk ke Biamivanocs paHiiie, J1o-
CIT/DKEHHSI KIHETUYHUX OCOOJMBOCTEH ENeKTPO-
BIJTHOBJICHHSI KapOOHAT-I0HA 3 PO3IUIABJICHUX XJIO-
PHIIB TOKa3aJH, 0 Tporiec BigOyBaeThes 3a CE-
MEXaHI3MOM, TOOTO i3 TONEPETHBOI XIMIYHOIO
PEaKIli€r0 KUCIOTHO-OCHOBHOTO THITY, sSIKa CIIpS-
KeHa 3 eNICKTPOHUM MPOIIECOM:

CO;>"« CO,+ 0% (30)

Ta HACTYITHUM PO3PSIOM OUTBII eNeKTPOdiLTBHOT
YACTKA — JIBOOKCHJIY BYTJICIIO:

CO,+4e« C+20%. (31)

Y naHoMy BUMAIKy il KHCIOTHHX JOOaBOK
NOJISITAI0Th, MO-TIEpIIe, Y 3MIlIEHHI piBHOBaru
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(30) mpaBopyu Ta 3poCTaHHI KOHIIEHTpAIl Jie-
nonspuzaropa CO,, no-apyre, y 30UIbLICHH] IIBH-
JKOCTI CaMOTO €JEKTPOIHOTO MPOLECy 3a paxy-
HOK ITiJIKHCJICHHSI TIPUENIeKTpoaHOro 1mapy. e
MOBUHHO TIEpII 32 BCE BIUIMBATH Ha CTPYM PO3-
PSAHOT XBHJII, TMOTEHIIANl PO3psiy MpU IBOMY
3MiHIOETBCSL He Habararo. Tak, necstukparse 30i-
JBIICHHS] KOHIIEHTPAL] y PO3IUIaBi TOBUHHO 3Mi-
myBaTtu moteHmian pospsay npu 1023 K nHa
0.051 B. ®opma EAY nipu 1150My 3MiHUTHCS, IO
0B’ A3aHO 3 OlIbIIOIO CTilKicTIO Monekys CO,
y TaJOTEHITHUX pPO3IUIaBaXx.

Bu6ip matepiajiB katoma 1Js eJIEKTPOJIi-
TH4HOro cunresy BHM Ha ocHoBi Ginap-
HHMX JiarpaM CTaHy BYyrJlenib—MeTal,
ByIJlellb—Kapo0ig merasy

Hocmimkerns (Ha3oBoro cKiamay ta MOpgoIo-
rii KaToJHOTO TPOAYKTY ENEeKTPONi3y CHCTEMH
Na, K|CI—CO, (mix THcKOM), TpOBeeHi HaMH
paniie [22—24], nokaszany, 110 ByIVICIIEBUI Oca
MICTUTb MeTajleBl BKIIOYEHHSA. BOHM CKIaIal0Th-
cs 3 Marepiany karoja (IUIaTHHH), a TakokK (azu
aycrenity (g-Fe, + Ni, Ti, Cr ta in.).

ITpu enexrpomizi (rycmHa CTPyMy MEHIII
0.05 MA/cM?) CHOCTCplFaJIaCSI epo3isi Ta JucHep-
TyBaHHs Mmarepiany karoga (Pf) B o0’em emek-
TpomiTy i mpoaykty. Jlxepenom dasu aycreHity €
CTIHKU Ta KPHIIKA CTaJeBOro (KapOCTiiika CTaJb)
peakTopa, B SIKOMY 3IIIHCHIOEThCS CUHTE3. PDA By-
DJICIIEBOTO MPOAYKTY BHSIBUB, IO TIPH CITiBBiTHO-
meHHi (a3 Bymiemo Ta aycreHity 1:1 mpomykt
MICTHTh MaKCHMAJIbHY kipkicts BHT. Takum un-
HOM, MeTaJeBi (1)2131/1 6epyT1) y4dactb y (opMyBaH-
Hi HOBOT BYIJIELEBOI ¢a3u 1 BIUIMBAIOTH Ha 0CO0-
JIMBOCTI TeHepalii Horo CTpyKTypu. AHali3 icHY-
IOYMX KaTaJTiTUYHUX METOJIB CHHTE3y BYIJICIIe-
Bux HaHoTpyOok (BHT) Ta Mexani3miB ix renepy-
BaHHs [25, 26] noka3as, 110 s yCimHoro ¢op-
MYBaHHS TpyOuacToi CTPYKTypH BYIJIENIO Kpa-
IIMMU  KaTali3aropamH BUCTYNAlOTh 30-meTann
(Fe, Co, Ni) Ta 1X CHOJYKH.

Jst 3'sicyBasHs hasoBOi piBHOBATH, 11O BH-
3HAYA€ KaTalliTH4Hy 3/ATHICTH METJliB TeHepyBa-
TH BYIJICIIEBI HAHOTPYOKH, TIPOBENICHO TTOPIBHSIb-
HUH aHaii3 OiHapHMX (ha30BUX Jiarpam ByDIEIb
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'C Hiomic Percentoge Corben p93MipHHx 9aCcTOK Karaji3aropa rpa-
1600 24 6 810 13 20 25 20 3% it moxe OyTy OoTpUMaHuMii 3 TpyOUa-
CTOIO CTPYKTYPOIO. P€3yJIBTaTPI po3pa-

L+ graphite | xyHkiB MonexyIspHOi JMHAMiKH Me-

13217 TOJIOM ITOTEHIUHHOL eHepru OoBepX-

| =i, nposezeni [linrom [28], nokasamy,

(@-Cal+graphite 0 KJIACTepH 3ajli3a IMOBUHHI JIOCATTH
.“"T"““"' PIBHIB MepEeCUYICHHS BYIVICITIO JIO TI0-

4 3 g T g 2 o gar OpMyBaHHs (a3 HAHOTPY-
Weaght Percentage Carbon 6 &y (b p (b Py
OK. L[e HACHYCHHSI TAaKOXK OIMHMCAHC

TR T T -t - ss B pobGoti Ky3HewoBa 3 BUKOpHCTaH-
2100~ = HsM (aszoBux niarpam [26]. IBua-
aacar f Ka z[mby3i;1 BYIJIEITIO B TBEPJIOMY PO3-
L) L L+ grophite wnni C—Fe cnipusie wBmKoMy (opmy-
woor P - BAHHIO Kap61z[y i B mojamemomy —
1300 (onyfoas 1o IIIBUJIKOMY BHJIUICHHIO rpadiToBoi (ha-
00 7 L m}*':w' L 31 3 KapOiHOi. Y BUMAAKY Jiarpam 3
NP F 3 4 5 5 T 8 5 10 KOOQIHTOM Ta HIKEJIeM yTBOPIOFOTHCS
oG Weight Percentage Corbon MeTacTabitbHi kapOinHi dasu (CosC,
1600 CoyC T1a Ni5C [29)]) Binpasy micns Ha-
{4}

L CHYEHHS BYIJIELIEM TBEPJOrO PO3UMHY

1400 1 C—Me. B nopansiiomy ByIiels MoBy-

1260 1 ©Hen mudynmyBaTu yepes kapOinHy (ha-

Austenite 3y, HACUTUTH ii, a BKe MOTIiM rpadirt

1000 - NP == FeaC FaE 1  ocamKyeThes 3 TeHepalliero TpyoyacTol

500 5\ qraphite | cIpyKTypH. .

htisd Takoro Tuiy aiarpaM BymIelb—

o T meran (Fe-Co-Ni) ne mae sxozeH ene-

Fe I 2 3 4 5 € T 8 9 0 |l 2 MCHT Yy J@HOMY IHTCPBAjl TEMIIEPA-

Weight Percentoge Carbon Typ. 1 HeyCHmiIHUX MeTalliB-KaTa-

Puc. 4. Binapui giarpamu craHy KOOaubT—BYIJICIb, JI133TOPIB XapaKTCpHl 1Bl OCO6JH’IBPCH:

HIiKEIb—BYTJIClh, 3aTi30—Byriens [27]. a00 HeMae JOCTATHBOL PO34MHHOCTI BY-

—merail. BeraHosneno, 1o Ginaphi ¢asosi jiarpa- o um‘:“‘““ P“”'E:"OT;“""'" oot o2
MM ByDJIemio 3 Meranamu Tpiaau 3amiza (Fe, Co, 1500 \ - —

. . . . Heor
Ni), siKi yCHIIIIHO 3aCTOCOBYIOTHCS SIK Karaii3a-

Topu reHepyBanHsi BHT y karamitnuanx meromax 1500
iX OTpUMAaHHS, MarOTh TIOMITHY TIOJIIOHICTH (puc. 4). 2800

Ha Bcix mpezacraBienux Ha puc. 4 miarpa-
MaX CIOCTEpIraeThCsl JIOCUTh BUCOKA PO3YMHHICTH
Byrenio (~0.5-1.0% mac.) y TBepoMy po3uuHi
MeTan—ByIlIelb B iHTepBani temmeparyp 700— 1200

L

14 L + grophite

e melg

1000 °C. Ha mexi pO3UMHHOCTI BYTJICHIO B 3a- — Salubility af eorbon in liguid copper
JIi31 YTBOPIOEThCS crabinbamii xkap6in FesC. Tlpn 1000 .
TOBHIH HaCH4eHOCTi KapbinHoi pasu Fe;C Byrie- Cu LNt fli2 L3
uem (npu 6.67 % C) nouwHae BHMALIATHCA TIpa- Weight Percenlage Carbon

¢enoBa popma Bymrero. [Ipu BUKoprucTaHH1 HaHO- Puc. 5. ®azoBa miarpama migs—syriens [27].
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T.C Atomic Percentage Carbon T WEIGHT PER CENT CARBON
o N0 20 30 40 wo—1 ¢ 1 ¢ % § 7T 9%
L + graphite “:
3300F | | £
1800 s
B32%0F |-
1750
3150F
170
3050F J
1650
2930F 3 + graphite | 4
I
! i
2850F I
1550 ]
2800F | i |
131
51 |
10 L
| | .
2700F [, (6] Bl 7 8 | l} !
I
1430 H : .
|
2600F I I I
1400 1 1 1 1 1 | | 1 5001 : . H 1
cr 2 4 6 8 10 12 14 16 Mo 5 0 15 20 25 30 35
Weight Percentage Carbon ATOMIC PER CENT CARBON
Puc. 6. ®a3oBi miarpamMu cTaHy XpOM—BYIJICI[b Ta MapraHelub—Byraeus [27].
IJIEITI0 B MeTalti, ab0 YTBOPIOIOTH- oc Atomic Percentage Carbon
cs1 GararourceNbHi CTaOUTbHI Kap- 3100 p——o—290 30 40 _____S0 60 €5
01T TIpU BUCOKUX KOHIICHTpA-  40F [ / ~ 3080% —~ T~ L*erﬂpjfjpi
; i T i -~ 165% 3194 == 300 -
X BYITICHIO B MCTall. 1akK, y 22700 F L ’/ ’f
P [ p .
cucremax C—Cu; C—n; C;—GdTa aonse b Y / o010 2030 ALxC
C—Cd mexa po3uMHHOCTI ByIUIE- . / S I
10 B MeTai iye Mana (Hanpu- 2300 f / I woorf] sz 1 1
KJIaj, JJIsl MiJli BOHA JIOPIBHIOE  3600F [ J ,' Y 90015 lf'g-
0.0001 % mac. npu 1100°C [30, 91 / ! . Vo
1110 BHLLE TEMIIEpATYDH IUIaBleH- %00 ff .7 - 000%™ N
-  ou Ti 5 5
Hst Miji). Byrnens He MOXe - 433y Weight % C |
(ynnyBati B 3HaYHMX KUIBKOC- . fa-(8-Ti)
TSIX y METaJIeBUX KaTali3aTopax, 1100 | | | . | | 7+ graphite |
. . 1 1 1
1 TOMY 11 YaCTKH1 HE MOXYTb BU- Ti 4 8 12 16 20 24 28 32 36 40

CTYyTIaTH SIK IICHTPHU HyKJIeaTi3a-
il s yreopennst BHT (mpuk-
Jan jgiarpamMM — Ha pHC. 5).
VY IHIUX MOTEHIIMHUX MeTalliB-KaTalli3aro-
piB MOXKe CIOCTepiraticsi JOCUTh BUCOKA PO3YMH-
HICTh ByIVIeIF0 B MeTaii. [Ipote mpu 1150My yTBO-

Weight Percentage Carbon

Puc. 7. ®a3oBi giarpamMu cTaHy THTaH—BYyTIEUb [27].

PIOIOTECA GararouncenbHi kapOinHi dazu: My3Ce,
MyeCs, M7Cg, M3C,. Buninenns Ipa(blTy 3 Me-
Taly HE BIIOYBA€THCS JOTH, TMOKU TPOTIKAE YT-
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BOPEHHS YCiX LUX Kap6lIlHI/IX ¢az. Tomy Horp16-
Ha BEJTMKA KOHIIGHTpAIlis ByIIeIo B cucremi. Yac,
HEOOXiTHUH 1 Tudy3ii ByIJIeIo Ta KapOigoyT-
BOPCHHS, MOKE YIOBUILHIOBAaTH a00 HABiTh iHTI-
OipyBaT OCaJUKEHHS TpadiTy B Takiid Mipi, IO
(dbopMyBaHHS HAHOTPYOOK HE BinOyBaeThes. Take
KapOiI0yTBOPEHHS CIIOCTEpIraeThCsl Ha Jiarpa-
Max 3 XpOMOM, MarHieM, BaHA/IIEM, TUTAHOM, IHp-
KOHi€M 1 JaHTaHoM (puc. 6, 7)

[TpoBenenwnii aHami3 J03BOJHMB C(HOPMYITIOBA-
TH HACTYIHI KPHUTEPii /U1 BIIOOPY KaToIHOTO Ma-
Tepiany Ha 0a3i ga3oBUX JiarpaM ByTJIeIb—Me-
Tal U TeHepallii TpyodacToi CTpykTypu rpadiry:

— yTBOpeHHS TBepaux po3unHiB C—Me mpu
temneparypi 700—900 °C Ta gocTaTHS pPO3YUH-
HicTh Byryeiro (no ~1%ar.) y TBepoMy po3uuHi;

— TCNS HACHYEHHS TBEPAOTO PO3YHMHY BYTJIe-
1IeM BUJIUIeHHs (oca/pKeHHs) Tpadity 3 MeTally I1o-
BUHHO BiI0OyBaTtucs 0e3 YTBOPEHHS HMPOMIKHHX
KapOiTHNX (a3,

— HEeoOXiIHO, 100 y pasi yTBOPEHHs KapOisiB
wysis BYIJIEIO B TBEPIOMY PO3UMHI Ta B Kap-
OimHii (a3l mpoTikana 3 BEIMKOI MBHAKICTIO i
HaWIIBHUIIIIE JOCsATalla KOHIIEHTPALNi MepecuyeH-
HSI BYTJIELIEM IS BUJIUICHHS TpadiTy.

BHCHOBKH. Anaii3 Harpyr po3KJIailaHHs Kap-
OOHATIB JIITIFO, HATPIIO, KAJIiI0, KAJIBILIO, Oapito i
MarHito 3 pi3HUMH BapiaHTAMHU KaTOAHUX TPOIY-
KTiB (€JIEMEHTHOTO BYIJICII0, MOHOOKCHUJTY BYTJIe-
o0, Metany i kap0Oimny) B iHTepBani 300—1900 K
nokasas, mo a1 K,COgz ocakeHHs JTyKHOTO
MeTaly Ha KaToji € HaWOLIbII €HepreTHYHO BH-
TITHAM TIPOIIECOM TIPH BCiX Temmeparypax. Jis
Na,CO3 MoxMBe OTpUMAaHHS Byniemo mpu 7' <
870 °C. Ilpu miBUIIEHH] TEMIIEpaTypH MepeBaxk-
HHM IIPOIIECOM CTa€ BiJHOBIICHHS JIy’KHOTO MeTa-
Iy. I{J’DI L|2C03, C&Og, BaC03, MgC03 Inpu
T <950 °C 6inpin BUTiIHUMU TIporiecamu OyayTb
BUJIUICHHS BYIVICIIO, @ MPU BUCOKUX TEeMIIEpary-
pax — CO. Poskmanauns CO, BIZ[6yBa€TI>C$I npu
OLTBII TO3UTUBHUX TOTEHIIANAX y TOPIBHAHHI 3
kapOoHaTHUMHU cucTeMamu. OJJHaK HM3bKa aKTH-
BHicTb CO, y KapOOHaTBMiCHUX po3IuiaBax Oyze
MIePEIIKO/PKATH 3HAYHOMY BHECKY IIi€i peakiii B
€JIEKTPOJIHUN TPOLIEC.

TepMomuHAMIUHUMH PO3paXyHKAMH 3aJI€XK-
HOCTI TIOTEHIiATy BHJIUICHHS BYIJICIIO 3 KapOo-

76

HaT-aHIOHA BiJI KUCJIOTHOCTI po3IiaBy (KOHIICH-
Tparii OKCH/I-IOHA) TOKa3aHa MOKIIUBICT 3Millle-
HHS 11boro noteHmiary 10 0.8 B unsixoM 3MmiHH
KHCJIOTHO-OCHOBHHX BJIACTHBOCTEH PO3ILIABY.

OU3NKO-XUMHNYECKHUE OCHOBBI 2JIEKTPOJIN-
TUYECKOI'O CHUHTE3A VYITIEPOJHBIX HAHOMATE-
PHAJIOB U3 COJIEBBIX PACIUJIABOB. Yacts 1

N.A HoBocenosa*, C.B.Kynemon

Unemumym obweti u neopeanuyeckou Xumuu

um. B .Bepuaocxkoeo HAH Ykpaunut, npocn. Axa-
demuxa Iannaouna, 32/34, Kues, 03142, Vkpauna
* eemail: iness@ionc.kar.net

Ha ocHOBaHMM aHanM3a HANPSHKCHUH pa3iioKe-
Hus kapooHatoB (LioCO3z, NapCO3, KoCO3, CaCOg,
BaCO3, MgCO3) ¢ pa3nu4YHbIMU BapuaHTaMU KaTo-
JIHBIX TIPOAYKTOB (3JIEMEHTHOTO YIJepoja, OKChaa
yriiepoja, MeTajuia ¥ ero KapOu/a) yCTaHOBJICH Tep-
MOJMHAMHYECKU TPEIIOYTUTENBHBIA MyTh MPOTE-
KaHHsl KaTOJHOW PEaKIUH Ul KaKIOro U3 meped-
CJICHHBIX KapOOHATOB ¥ IMOKCHUJIA YTIIEPOia B AUaria-
3oHe Temmeparyp 300—1900 K. [Toka3ana BO3MOX-
HOCTh YIpaBJICHHS TOTEHIUAJIOM BBIJCICHHS YTJe-
poza M3 3THX KapOOHATOB MyTEM M3MEHEHHs KHCIIO-
THOCTH paciuiaBa. YCTaHOBIICHBI KPHTEPHU BhIOOpa
Marepuaia KaToja Uil TeHepaluy Tpyo4yaron crpy-
KTYpbl rpaduta Ha OCHOBE aHaiu3a (a30BbIX JHAr-
pamm Me—C u MeC—C (rne Me — merasuibi-Kara-
JIM3aTOPBI).

KintodyeBsle cliloB al 3JIEKTPOBOCTAHOBIECHUE,
EKTPOXUMHUYECKUI CUHTE3, PACIUIaBbl COIEH, yrie-
pOJHBIE HAHOMATEepHAIIBI.

PHYSICO-CHEMICAL BASES OF ELECTROLYTIC
SYNTHESIS OF CARBON NANOMATERIALS FROM
MOLTEN SALTS. Part 1

I.A.Novoselova*, S.V.Kuleshov

V.I.Vernadsky Institute of General and Inorganic
Chemistry of National Academy of Sciences

of Ukraine, 32/34 Academic Palladin Avenue,
Kyiv, 03142, Ukraine

* e-mail: iness@ionc.kar.net

An analysis of the decomposition potentials of
lithium, sodium, potassium, cal cium, barium, and mag-
nesium carbonates with different versions of cathode
products (elemental carbon, carbon monoxide, metal
and carbide) in the range of 300—1900K showed
that for Ko,CO3 deposition of alkali metal on the ca-
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thode is most energetically profitable process at
all temperatures. For NaCOs it is possible to obta-
in carbon a T<1000K. With temperature increase,
the predominant process is the reduction of akali
metal. For Lio,CO3, CaCO3, BaCO3, MgCO3 at T<
950 °C carbon deposition will be more advantage-
ous, at higher temperatures reduction up to CO will be
more advantageous. The decomposition of CO, flows
a more positive potentials compared with carbonate
systems. However, low activity of CO, in carbonate-
containing melts will prevent the significant contri-
bution of this reaction to the electrode process. Ther-
modynamic calculations of the dependence of the
carbon deposition potentials from carbonate anion
on the acidity of the melt (concentration of oxide
ions) show the possibility of displacing this potenti-
a up to 0.8V by changing the acid-base properties
of the melt. On the basis of the analysis of binary pha-
se diagrams, Me—C and MeC—C, criteria for selec-
ting the cathode material for generation of the tubu-
lar structure of graphite are established. The diagrams
should contain: solid solutions of C—Me at a tempe-
rature of 700—900 °C and sufficient solubility of car-
bon (upto~1%at.) in the metal should beobserved;
after saturation of the solid solution with carbon, the
precipitation of graphite from the meta should occur
without the formation of intermediate carbide pha-
ses; in the case of the formation of carbides, the dif-
fusion of carbonin the solid solution C—Me and inthe
carbide phase MeC should flow with high speed and
quickly reach the concentration of carbon saturation
for graphite deposition.

Keywords: eectroreduction, e ectrochemical
synthes's, molten salts, carbon nanomaterials.
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MertonamMu CTamioHapHOT BOJIBTAMIIEPOMETPIl Ta XPOHOBOJILTAMIIEPOMETPIl JOCTIHKEHO KaTOA-
Hi mpouecu ocamkeHHs ciutaBiB COWRe npu BapitoBaHHI BMICTY PEHIIO B €JIEKTPOIITI i TYCTHHU
CTpyMy Oca/pKeHHS. BcTaHOBiIEHO, IO TpaHWYHI CTPYMH MarTh IUQY3iiiHYy NpHpoAy i mpo-
MOPIIifiHI KOHIIEHTpallil neppeHat-ioniB. [lokazaHo, mo Buxia 3a cTpyMoM ciuiaBiB csrae 93 %
3a paxyHOK BHCOKOi MEpeHANpyrd BUAIUICHHS BOJHIO Ha TMOBEPXHI cIlaBy. 3a pe3ysbTaTa-
MU JIOCHIJKCHb KaTaJITUYHUX BJIACTUBOCTEH CIUIABIB y peakilii BUAUICHHS BOJHIO BHUSBIICHO,
IO MpH 30UIBIICHHI BMICTY PEHII0 B EJIEKTPOJITI 1 CIJIaBi CHOCTEPIraeThCsl 3pOCTaHHS Tepe-
HATpPYTH BHJUICHHS BOIHIO. 3HaljeHi peMHHI KOpO3iliHOTO Omopy CKIIa/IAI0Th 1—2 kOmx
cMm “y 0.01M HySOy; 20—110 KOM*M 2 y 25% NaCl ; 10—30 kOmxm 2 y 1.0M KOH. On-
THMA/IbHA BEMMYMHA TYCTHHH CTPYMY OCAJUKCHHS A OTPHMAHHA HalO1MBII KOPO31MHOCTIH-
KUX CIUIaBiB J0piBHIOE 10 MAXM

KnmouoBi cuxo B a: cmias, KobaibT, BoIb(ppam, peHid, eIeKTPOOCaKEHHS, OMip KOpo3ii.

BCTVII. Cyniepcrasy, TOOTO CIUIaBU Tyroruia-
BKUX METaiB — Bonb(bpaMy, MOJTIOJICHy Ta PEHII0
3 MeTalIaMK IiJTPYIH 3aJ1i3a Jy)Ke BaXIMBL U CY-
YaCHOT TEXHIKH, OCKUTbKU MAIOTh IIMPOKUI CIIEKTP
[IHHUX MEXaHIYHUX Ta (i3UKO-XIMIYHUX BIIaCTH-
BOCTEH: BHCOKY KOpO3iifHy CTIMKICTb, TBEPICTb, CTiii-
KICTB JIO TepTs Ta 3HOCY, JKapOMIIIHICTh, MArHITHI Ta
eeKTpokaramTiHyHi BiactuBocTi [1, 2]. Cymeperiia-
BH PO3IVISIAIOTHCS SIK OCHOBHA AJIbTEPHATHBA CJICK-
TPOMITUYHOMY XPOMY, EJIEKTPOOCAIDKEHHS SIKOTO MPo-
BOJIATH 3 TOKCHYHOI BaHHH, 1m0 mictuth Cr(VI) [3].

JlocIipKeHHST eIeKTPOOCaPKeHHS CIUIaBiB Re
3 MeTaJlaMH TPyNH 3alliza nodanocs me B 50-x
pokax XX cromitts [4] 1 HalOLIBIIY yBary mo-
CITITHHKIB TIPHBEPHYJIO CIIIBOCA/DKEHHS PEHII0 3
HiKeJleM, a eJlekTpoocapkeHHto cruiaBie CORe mpu-
CBSIYCHO HEBEJIMKY KUIBKICTBH poOiT. Y crarti [5]
BHBYCHO CITIBOCA/DKCHHSI PEHII0 3 METaJaMH Tpy-
M 3aiza 3 LUTPATHIX 1 IUTPaTHO-TIIIIMHATHAX
pO3uMHIB y 3asie)KHOCTI Bix pH, a oTke, Bij cKila-
Ty EJNEKTPOAKTHBHHX KOMIUICKCIB, i BHCIIOBJICHO
TPHUTTYILICHHS, 10 SICKTPOXIMI1He OCDKEHHS CrLTa-
BIB PEHII0 3 MeTajlaMH TpyNH 3aji3a MOB’s3aHe

31 CTBOPECHHSIM Ha EJIEKTPOJIi TOBEPXHEBUX TIeTe-
POSIEPHUX TIONLTIraHIHUX KOMIUIEKCIB 1 X Crmi-
JNBHUM pO3psiztoM. ABropamu poGorn [6] Hase-
JICHi JaHi PO CKJIaJl i BUXOIH 38 CTPYMOM CILIa-
BIB PCHIIO 3 METaJlaMi TPYIH 3ali3a, 0CAPKCHUX
3 TOJUTIFaHIHOTO IUTPATHO-CYITb(paMaTHO-aMOHIi-
HOTO €JIEKTPOJITY. BCTaHOBJIEHO, 10 yTBOPEHHS
criaBy CoRe BiiOyBa€eThCsi 3 MAaKCUMAaIBHUAM JJIST
JaHUX CHUCTEM BHXOAOM 3a cTpyMoM — 96% i
BMicTOM peHito 10 45 %ar.

Hamu 6yJ10 nociipkeHo [7] enmekrpoocas-
KEHHSI TOTPIHHOTO CILIaBY CoMoRe 3 kwucioro
LTPATHOTO ENCKTPOJITY i BUSBICHO MOXKIMBICTE
OTPUMaHHs TIOKPHTTIB Pi3HOI Mopororii 3 pi3-
HUM CITiBBiTHOIIICHHSM MOJI16IIeHy 1 peHiro B 3a-
nexHocti Bin pH enekTposity i yMoB enekrpoi-
3y. EbeKTUBHICTh TOJIUTIraHJHOTO IIUTPATHO-MTPO-
(docdaTHOTO ENeKTPONITY ISl CIIBOCAPKEHHS KO-
0anpTy 3 Boib(pamMoM Oyia TOKazaHa HAMHU pa-
Hime [8], a B po6oTi [9] BUBYEHO YMOBH €JIEKTPO-
ocapkeHHs moTpiitHoro criapy COWRe Ta xopo-
3iiHy CTIMKICTh TMOKPUTTS B CAHTHMOJISIpHIN Cip-
YaHii KUCTIOTI. 3HAWIEHO 00NIacTh 3HAYECHb CyMap-
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HOI KOHIIEHTpAIlii BOJb(pamy i pe-
HIIO y CIUIaBi (23—36%aT) st

Taonuusa 1
CkJan eneKkTpotiTiB 1 ocamkenHs cmiaBiB CoOWRe (M0J1},>51_1)

AKOI T'YCTUHA CTPyMy Kopo311 € Haii-

Menmoo (1o 2407 Axem2). Enexrponj CoSO4x|NapWO  peiy | NgCeHs077 ¢ p o | N2SO4x
Mertoro 1aHoi poboTH € 10CITi- T H0 | 2H30 5.5H0 10H,0

JDKEHHS KATOJTHOTO TPOIIECY Ocal-

KEHHS TIOKPHTTIB  CyIepCIUIaBoM % 81 8; 88% 8; 8; 82

CoWRe metoziamy ~ cTanionapHof 3 0.1 02 005 0.2 0.2 0.3

BOJII:TaMﬂepOMeTpll Ta XPOHOBOJIbT-

aMIiepoMeTpii, BUBYCHHS BILTUBY

XIMIYHOTO CKJIAly €JIEKTPOJITY Ta TYCTHHH CTPyMY
OCaDKEHHS Ha CKJIAJI Ta BUXIJI 32 CTPYMOM CILIaBy,
KaTaTITHYHAX BIIACTHBOCTEH OCA/DKEHHX CIUIABIB Y
peaKIii BiJHOBJICHHS! BOJHIO, & TAKOXK PO3PAXyHOK
MOKa3HUKIB Kopo3ii mokpurTiB COWRE B pi3HHX Ko-
pO3II/IHI/IX CEPENIOBHIIIAX MATEMATHYHOIO 00pOOKOIO
aHOJHOI 1 KaTOJHOI IUITHOK BOJNBTaMIICPOrpam
3riZIHO 3 BIATNOBIIHUMHU DPIBHSHHSAMU: JIOrapud-
MigHOTO — Jy1si Koedirienty b piBasuuas Tadens
1 JTIHIHOTO — JIJTs1 KOPO3IHHOTO OIMOpy 3 METOHO T10-
PIBHSIHHSL PE3yJIbTaTIB 3 JaHuMH podotH [9)].

EKCIIEPUMEHTAJIPHA YACTHHA. Enexrpo-
JTUYHI TOKpUTTS moTpikiHoro cruray CoWRe
OynM OCa/KEHI 3 TOJNUTIraHTHUX IUTPATHO-ITIPO-
docharHUX ENIEeKTPOIITIB, CKIAJ] SKHX HaBEICHO
y Tabn. 1. YMoBM oca/pkeHHS CIUIaBiB aHAJIOTIUHI
BUKJIAJICHUM B p060T1 [9]: TEPMOCTATYBAHHSI €/ICK-
TPOXIMIYHOT KOMlpKI/I npu Temmeparypi 50 °C, rab-
BAaHOCTATHMYHUI PEXUM OCAPKEHHS, MPUMYCOBa
KOHBEKIIiSI TIPU IIBUIKOCTI 0OEpTaHHS MarHiTHOI
mimanku 300 068, PoGoumnm ENEKTPOIIOM OY-
Jla MijHa 1oractuHa rwiomyao 0.25 CM2, Ha I10-
BEPXHIO SIKOi HAaHECEHMH IIap eJIeKTPOIITUIHOTO
KOOAJIBTY, €NEKTPOOCAKEHUH 3 KHCIIOTO CYJb(a-
THO-XJIOPHIHOTO €JIEKTPOJIITY .

Karonnwmii mporiec oca/pkeHHs CIUIaBiB y 1U-
TpaTHO-TTIPOPOocHaTHOMY EIEKTPOITI JTOCIIIKY-
BaJIM METOJIaMU CTaI[iOHApPHOi BOJIBTAMIIEPOMET-
pii Ta XpOHOBOJBTAMIIEPOMETPii TPH IIBHIKOCTI
posroptiu nioteHmiany 1—100 mBxm . BosbT-am-
HGpOMeTpI/I‘-IHi BI/IMipIOBaHHSI KaTaJlITHYHUX BIIa-
CTUBOCTEH CIUIABiB y peaxiii BI/IZ[IJIGHHSI BOJIHIO
NPOBOTHITH Y pozunHi 1. 0 momss L KOH y To-
TEHI[IOCTATUIHOMY pe>1<1/1M1 3 1HTepBaJIOM 20 mB.

JlocmiKeHHS Kopo311 3IIHCHIOBANIN Y PO3-
ypHax: 0.01 MonpX41— HZSO4, 5% NaCl, 1.0 monbx

m L KOH npu temmeparypi 20+ 1°C y tppox-
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€JIEKTPOJIHIN KOMIpIIi, €IEKTPOIOM MOPIBHSHHS
OyB HacWueHHI XJIopcpiOHMiA enekrpon. Karox-
Hi 1 aHO/HI MOJSAPU3ALIfHI KPUBI OTPUMYBAJIN
31 WBHAKICTIO 3a1aBaHHs motenmiany 1.0 MBx 1
Jlnst po3paxyHky koeoirienty b piBasaus Ta-
(ens okpeMi TiIKH BOJIbTaMIIEPOTpaM MOJIENIO-
BaJIM 3a JIOTIOMOTOI0 JIOTapu(PMiyHOTO PiBHSH-
Hs1. OOpaHO JUISTHKH, JJIS SIKAX OMHUCYBaHHS 3a
IIUM DIBHSHHSM Ma€ HalMeHIry nmoxuoky. Ko-
edimieHT b 00uMCIIOBa M 32 PIBHSHHSIM:

DE =a+ bxgj . (1)

Kopo3iiinuii omip y cipuaHiii KUCTIOTI po3pa-
xoBaHO 3rigHo 3 monewto Crepua—Tipi [10] sk
BIJIHOIIICHHS TOJISIPU3AIlil 10 TPHUPOIICHHS TyC-
THUHU CTPYMy Ha MOYATKOBUX BiJl IOTEHIiATy KO-
po3iil JHIMHUX IUISHKAX BOJBTaMIIEpOrpaM st
NOPIBHSAHHSA 3 JaHUMH pobotu [9], ne 3HauyeHHs
oropy pospaxoBano 3a mporpamoro AVTOLAB
GPES 4.7.

OFBI'OBOPEHHA PE3VJIPTATIB. Ha puc. 1, a
NPEJICTABIICHI eKCIIEpUMEHTaNIbHI J—E-3a1e)KHOCTI
JUTSL TIPOIIECIB €JIEKTPOBITHOBIICHHS CIIJIaBy B €J1e-
ktporitax 1—3. Ilpu 3cyBi moTeHIiamy B KaroJ-
HUIA OIK CIOCTEpIraeThCsl HEBEMYKA JIUITHKA TIO-
YaTKOBOTO TalIbMyBaHHSI, 30UIBIICHHSI CTPyMY JI0
OJTHOTO YIiTKO BHPAKEHOTO MaWIaHUYMKy TpaHHY-
HOTO CTPYMy, Jiara3oH IOTEHINATIB iCHyBaHHS
SKOTO 3MEHIIYEThCS, @ BEIMYMHA 30UTBIIYETHCS
IpY 3pOCTaHHI KOHIIEHTpALlil MeppeHary peHito y
pozunHi. [loganbiie 36imbIIEHHS CTPyMy 00yMO-
BJICHO TIPOIIECOM BU/IUICHHS BOJHIO. OCKIIBKH €11
HUM 3MiHHHM T1apaMeTPOM B YMOBAxX €KCIiephMe-
HTy Oyna koHueHtpais penito (VII) y posuusi,
MOXXHa TPUIYCTUTH, IO BEJIMYMHA TPAHUYHHUX
CTpyMiB TIOB’si3aHa came 3 JIOCTaBKOIO JI0 TIOBEp-
XHI TieppeHar-ioHiB. Pe3ynbrari oOuuciaeHHs 1o-
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Puc. 1. CramioHapHi BOJbT-aMIIEpHI KpPHUBI €JIEKTPO-
ocamkenns cmwiasie CoWRe 3 eneKTponiTiB 1—3 Bin-
MOBITHO (a) 3QJIEXKHICTh [PAHUYHAX CTPYMIB BiJl KOH-
LUeHTpalii neppeHaTa Kamio B eleKTPOIITI (@, BOYmO-
BaHUM PUCYHOK); XPOHOBOJIBT-aMIICPOMETPIUHI 3aIexk-
HOCTi mpu mBHAKoCTI posroptku 5(1), 10 (2), 20 (3),
50 (4), 100(5) (6) 1 3anexHICTh MKy CTPYMY BiJl IIBH-
aKocTi po3roptku (6, BOYJZOBaHHI PHUCYHOK).

KazaJy, 10 TPAaHUYHUI CTPYM € JIHACHO TPSIMO TIPO-
TIOPIIIAHAM KOHIICHTpAITii IeppeHara Kalliko.

3 XpOHOBOJIBT-aMIIEPOMETPIYHUX 3AJICKHOC-
Teit (puc. 1, 6) Oyio 3HaIEHO, 110 3aJICKHICTD TTi-
Ky CTPyMy BiJI IIBHJIKOCTI PO3TOPTKH Yy KOOpJH-
Harax | ,—"~“ — 1ie psMa, 10 NPOXOIUTE Yepes
MOYATOR KOOP/IMHAT, a 3aleKHICTh MOTEHIIiay Ii-
Ky B koopauHarax E —Ign e npsmoniniitHoro. Ta-
Ka (popMa 3aJIeKHOCTEH CBIAIHUTH TPO Te, IIO TpPa-
HUYHI CTPYMH KOHTPOJIOIOThCS audysiero [11].
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VY Tabn. 2 HaBeeHi OfIeprKaHi MOKa3HUKH eJIeK-
TPOJITUYHOTO OCA/DKEHHS TOKPUTTIB CIUIAaBaAMHU
CoWRe, 30kpema, XiMiuHHH CKJIa (BMICT B aTOM-
HHX HpoueHTax) Ta BUXIJ 33 CTPyMOM KOpO3iii-
HOCTI/{KMX KOMIIOHEHTIB CILIaBiB BOJb(pamy i pe-
HIIO, a TaKOXX CIUIaBy B LUIOMY. Y TOpIBHSHHI 3
nozgiitauM crtaBom CoW, mo OyB ocapkeHuit
3 aQHAJIOTIYHOTO IUTPaTHO-MipodochaTHOro eneK-
tpodity [8], ne BMICT Bodbdpamy mpu 3MiHi po-
6040 IyCTHHH CTPYMy € TPAKTHYHO HOCTIiHAM
—2022%ar., y pas1 eNIEKTPOOCAHKEHHS TIOTPi-
HWHOTO CIUIaBy KUIBKICTh BOJb(PpaMy B HBOMY
npubmuzno B 2 pasu menme — 3—11%ar.
3HauHa 3MiHa XiMIYHOTO CKJIATy TIOKPUTTIB MpH 30i-
JIBIICHHI TYCTUHU CTPYMY OCAJKEHHS CIIOCTEpi-
raeThesl B iamasoni 5.0—20.0 MAXM 2, Ipu 1o-
JATBIIIOMY TIIBUIIICHHI Ii€] BEJIMYMHU BiH 3aJIU-
IAETHCSI Maike HE3MIHHUM.

Buxossiun 13 PHAHSTOTO JTOCHITHUKAMU MeXa-
Hi3MYy 1HyKOBAHOTO CYMICHOTO OCAJDKECHHS TIO/IBIi-
Horo criasy NiW [12] i 3 Toro, 1m0 Hikelb i Ko-
OasIbT € aHaJoraMH, MOYKHA TPHITYCTHTH, II0 OCa-

Tabnumsa 2

Bwmict komnonentis W, Re Ta Buxina 3a crpymom B,
€JIEKTPOJIITHYHUX MOKPHUTTIB ciitaBom CoWRe

i MA nozrlicTTiB,K%}; ar. BC’ % (Co\ﬁfRe)
o w Re | W | Re %
Enexrpouit 1
5 8.88 12.7 139 234 784
10 6.26 17.7 10.3 338 85.7
20 6.32 27.0 74 36.6 69.7
30 7.08 27.6 69 313 59.2
Enextpomit 2
5 8.93 16.3 129 254 76.2
10 5.93 225 91 401 85.5
20 3.44 34.1 42 489 78.8
30 3.44 35.1 39 46.2 73.1
Enextpomit 3
5 11.24 21.6 125 280 70.4
10 9.30 26.5 112 422 79.2
20 4.92 36.2 6.9 59.1 91.1
30 3.44 38.5 49 649 92.9
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JOKCHHSI KOOANbTy 3 BOJIB(PAMOM € PE3yIIbTaToM
po3psiny OiMeTanieBUX IUTPATHUX KOMIUIEKCIB
cxnany [(Co)(WO4)(H)(Cit)]*". Bizomo, mo pe-
Hill HE YTBOPIOE CAMOCTIHHMUX KOMILICKCIB 3 IIUT-
paroM. BigHOBIEHHS peHil0 MOXJIHBE 3 Teppe-
HaT-i0Hy, ajie 3a BiJICYTHOCTI MeTajiB TpylH 3a-
Ji3a BIH OCAJUKYETHCS TUTBKH Yy BUIVISAL TOJIOK-
CHJIIB PI3HOTO CTyTIeHsI OKMCcHeHHs. [Ipu enexTpo-
OCaJpKEeHHI HOTpiﬁHOFO CIUIaBy KUIBKICT BOJIb(bpa-
My B IOKPHTTi € 3HaYHO HHKYOI y IHOPIBHSHHI
3 aHanoriuauM enektpoiitom s CoW, e 3Ba-
KAIOUM Ha HAJIMIIOK BOJb()pamar-ioHiB y po3-
gyuHi. Taka ToBe/iHKa MOke OyTH TMOSICHEHA THM,
1[0 CIUTaBH BOJIB(paMy 1 PEHiro 3 KOOATETOM HE BU-
TUISIFOTBCS SIK OKpeMi (ha3u, a KOHKYpPYIOTh OJIMH
3 OJIHMM 33 MOXIJIMBICTh CTBOPUTH €JIEKTPOAKTHB-
HUI KOMITIEKC 3 KOOAJIbTOM, 3[aTHUH po3psihKa-
THUCS 3 YTBOPEHHSIM Bi[pa3y MOTPIHHOTO CILIaBYy.
Tomy umM Oubllie B MOKPUTTI PEHil0, THM MEH-
e BOJIb(pamy.

Ckyaq eneKkTposiTy i ryCTUHA CTPyMy MaroTh
TaKOXX BEJHMKWH BIUIMB HA BHXIJ 32 CTPYMOM pe-
HIFO TIPY OCA/KEHHI B CIUIAB, BEJIMYMHA SKOTO 3Mi-
HIOEThCA B Tiana3oHi Big 23 1o 65 %. [pu mpomy
CJIiJI 3BEPHYTH yBary Ha Te, IO TPH HU3bKiH Tyc-
THHI CTPyMy KOHIICHTpAIlisi IEppeHaTy Kalio clia-
00 BIUTMBaE Ha BHXIiJ 3a cTpyMoM (23—28% st
enekTpoiiTiB 1—3), ae Bke Mpu IyCTHHI CTPyMy
30 MAXM “ IIBUIKICTH BITHOBIICHHS PEHIIO 3HAY-
HO 3pOCTa€ MpH 30UTBIICHH] HOTO KOHIIEHTpAIil Yy
po3unHi. TakKuM YUHOM, MOXKHA BBXKATH, IO TPO-
1IeC OCA/PKEHHS PEHII0 Y CITIaB BHOCHTH HAMOUTBIITHIA
BHECOK Y BHXIJl 32 CTPYMOM CIUIaBy B IIJIOMY.

3a manumu TabI1. 2 MOKHA 3pOOUTH BHCHOBOK
Ipo Te, IO eJIEKTPOOCaHKEHHS TIOTPIHHOTO CILIa-
By COWRe BinOyBaeThCs 3 HA3BUYAMHO BUCOKAM
BUXOJ/IOM 32 CTPYMOM, III0 HE € XapaKTePHUM JIs
TOJIBIHUX CIUIABIB TYrOIUJIABKUX METANTIB 3 MeTa-
JIaMH MATPYIH 3aJ1i3a, 1 0J]HA 3 IPUYMH IHOTO T10-
JSIra€ y BUCOKIN IIBHAKOCTI BiJJHOBJICHHS PEHIIO.
IIpote ne He €quHA NMpUYMHA.

Ha puc. 2 npuBeneHi nonsipu3aiiiiHi 3ayiex-
HOCTI BiTHOBJIEHHs1 BojHIO Yy po3urHi KOH Ha ka-
Tozax 3i cruiaBie COWRe i Ha kaTofii 3 TOKPUTTSIM
YHCTOTO EJIEKTPOIITUIHOTO KOOATBTY, OCaKEHO-
TO 3 CYJL(ATHOTO SNIEKTPOIITY YIS MOPIBHSITBHOT
OIIIHKU €JICKTPOKATATITHYHOI aKTUBHOCTI CIUIABIB.
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Puc. 2. TonspuzauiiiHi 3aJeHOCTI BiJIHOBIEHHS BO-
nuio y posunHi KOH Ha karomax 3 kobanety (1) Ta
criasie COWRe (mo3nauku 2—4 BiAmoBigaoTh elek-
Tpomitam 1—3), 1m0 OCa/KeHI NpPU TYCTHHI CTPyMy
30MAxM2 3 enekTpornitie 1—3.

Buno, 1o mpu 301IbIIeHHI KOHIIGHTpAITT TIeppe-
HaTy KaJIif0 B €JIEKTPOJIITI OCaKEHHS, TOOTO TpH
30UIBIIICHH] BMICTY PEHIl0 Y CIUIaBi, CIIOCTepirae-
ThCSl 3POCTAHHS TIEPEHATIPYTH BUJILICHHS BOJHIO.

HeoOxiHo 3BepHYTH yBary Ha Te, IO €JIEeKT-
POJIIT Oca/pKEHHs CIUIaBiB  (mUTpaTrHO-Tipodoc-
q)aTHHﬁ) Ta NIEKTPOIIT JIOCII/KCHHS e/IeKTPOKa-
tanitnaHoi aktuBHOCTI (KOH) € JIXHUMH PO3HH-
HamH, Ji¢ B 000X BHIIQJIKaX Ha KaToji BinOyBa-
€ThCSI BUJIUICHHSI BOJIHIO, 3 PI3HHIICIO Y TOMY, IO
y po3unHi KOH moBepxHst KaToAHOTO Marepiaty
BKE C(bopMOBaHa a y IUTPaTHO- mpoq)ocq)aTHOMy
PO34MHi BOHA 3HAXOJMTHCS B IIpOLIeci popMyBaH-
Hs1. B 000X BUTIa/IKax BIUIMB XiIMIYHOTO CKJIaTy TIO-
BEpXHi CIUIaBy HAa IIBHIKICTh BHUIUICHHS BOJHIO
Oyne ananorigamii. ToOTO CIIaB, sIKUi MICTUTH Be-
JIKY KUTBKICTB PEHIIO, 30LIBLIY€ NICPEHANPYTY BOJ-
HIO, B TOMY 9HCIIi 1 y UTpaTHO-TipoocharHoMy
eNICKTPOJIITI, TAKAM YHHOM 3MEHIIYE IIBUJIKICTh
no6iunoi peakiii (Hp) Ta Hamae MOXIMBICTD IIi-
TBOBIN peakilii BigOyBaTHCs 3 BUCOKHM BHUXOJIOM
no Toky — 93 %.

Ha puc. 3,a 3 HaBeJeHUX BOJBT-aMIICPHUX
XapaKTePUCTHK (BAX) Kop0311 BHUJTHO, 10 TIPH KO-
posii HOKpI/ITTlB Y cipyaHiif KMCIOTI BUIVIsL]L 3aie-
JKHOCTeli Ta MOTEHLLiall KOposii IPaKTHIHO OJ1Ha-
KOBI, HE3aJI@KHO BiJl XIMIYHOTO CKJIaJly CIUIaBiB.
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Puc. 3. Bonbr-amriepHi XapakTepHCTHKU KOPO3il cruta-
BiB (a) i TaderaeBChbKi MIMSHKK MOMSPU3AiHHAX KPH-
BUX CIIIaBY, OC3/DKEHOTO IIpH TyCcTHHI cTpymy 10
MAXM 2 3 enextpority 1 (6). Koposiitue cepenosurie
(a,6): 1—H,SO,, 2—NaCl, 3—KOH. Enexrpouir (a):
1¢—1; 2¢— 2; 3¢— 3. HOinsaxku BAX (6): 1¢— ka-
ToaHa, 2¢—aHoHa.

V pozunni NaCl moxHa nodaunTu HE3HAYHY 3Mi-
Hy IOTeHIliaTy Koposii 3paska, IO MICTHTb Haii-
OLIBITY KUTBKICTE PEHIIO, OTHAK TUIBKH Y JTy’KHOMY
po3unHi BiOyBa€ThCS 3CYB MOTEHIIANIB Y TMO3H-
TUBHUI OIK Ta 3MiHA MOTEHINANIB AUISTHOK IacH-
Ballii pu 30UTBIIEHHI KUTBKOCTI PEHII0 Y CILIaBi.
V pi3HHX cepeoBUINAX CIIOCTEPIraeThes 3CyB MO-
TEHIJAJIIB KOpo3ii y HeraruBHU OiK Mpy 301UIbIICH-
Hi pH xoposiiiHoro po3umny. Ha puc. 3,6 HaBe-
1eHi TadeNeBChbKi IISTHKU JUTs CIUIaBy, 110 OyB oca-
mxenni 3 enektponity 1. Koedirientu b piBHsH-
us Tadens s aHOAHUX/KATOAHUX JIUISHOK IS
Kucsoro posunHy ckimanarote 0.119/0.121, mwis pos-
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Puc. 4. 3anexHicTh KOPO31HHOrO ONOpPY CILIABIB, OTPHU-
MaHHX 3 eneKrponiTiB 1—3, Big T'yCTHHU CTPyMy OCall-
JKCHHs B KOPOBIiHUX PO3YMHAX: NaCl (a), KOH (6) i
KOPO3iHHOTO OIOpy Bijt BMicTy Bosb(pamy i peHito ()
y po3unni H,SO,, PO3PAXOBAHOI0 33 TPOTPAMOIO AV-
TOLAB GPES47 (1) i 3a ninitiauM piBHAHHAM (2).

yuHy NaCl — 0.115/0.119, asst J1y>KHOTO PO34H-
Hy 0.063/0.89 BigmosigHo. Taka BenuuuHa Tade-
JIEBCHKOTO HAXWITy CBiYHMTH MPO TE, IO y KHUCIO-
My Ta HEHTpabHOMY CEPEIOBHINAX KATOIHHM Ta
AHOJIHUI TIPOIECH JIMITYFOTBCS MPOLIECOM Tiepe-
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HOCY TIEPIIOTO e/EKTPOHa, TOOTO Ha KaTOJHIif -
JISHII — 1€ BUAUICHHS BOJHIO, a HA aHOMAHIA —
PO3YMHEHHS METAJIIB 3 BOJJHEBOIO JICTIOJISIPU3ALTETO.
VY Iy»KHOMY CepeTOBHIIIl aHOTHUM TPOIIEC YCKIIA/I-
HIOETBCSI OTHOYACHUM TIEPEHOCOM J[BOX EJIEKTPOHIB.

Ha puc. 4, a,6 ipencTaBiieHi 3aJI€KHOCTI KO-
PO3iifHOTO OMOPY MOKPHTTIB BiJ TYCTUHH CTPYMY
ocapkens it po3unHiB NaCl ta KOH. Ana-
JIOTIYHA 3aJIEXKHICTh YIS Cip4aHOi KUCTIOTH Oyia
netanpHO ommcaHa B poboti [9]. Ha puc. 4,6
HaBeJIeH] 3aJI©KHOCTI KOPO3IMHOTO OMopy Bifl BMi-
CTy BOJb(paMy i peHil0 y CIUIaBi, po3paxoBaHi
3a nporpamoro AVTOLAB GPES 4.7 [9] i 3a -
HitHUM piBHSHHAM. PO30DKHOCTI MiXK 3HAUEHHS-
MU KOPO3IHOTO OIOpy, PO3PaXOBAHOTO 3TiTHO 3
TMHIMHUM PIBHSHHSIM Ha TMMOYATKOBIN UISHII
MOJSIPMBAIIIMHUX 3AJISKHOCTEH 1 M€ TTPOrpaMoro,
ckianaoTs He Oinpme 5%. ITo mux 3amexxHoC-
TSX MOYKHA 3pOOHMTH OCHOBHHH BHCHOBOK TIPO T€,
10 HAaBaXIMBIUM (AKTOPOM, SKUN 3IaTHUNA
BIUIMBATH Ha KOPO3IHHY CTIHKICTH MOKPHTTIB, € TYy-
CTHHA CTPYMY OCAJDKEHHS, OCKUTBKH BOHA BILIH-
Bac HE TUIBKY Ha KUIBKICHUN CKJIAJ[ CIUIABIB, aje
1 Ha q)a3013p1ﬁ CKJIaJl, CTPYKTYpy Ta Mop(bonoriIo
nosepxHi. Jlist cruiagis, wo Oy1u HaMu OTpUMaHi
3_TPhOX p13H1/1x eNICKTPOJITIB, HAHOLIBII KOPO-
31iHO cmnch BUSIBHJIOCS IIOKPHUTTSL, OCAIKCHE TPH
10 MA%M 2. Pailue BigMidanocs [9], o mpw miz-
BUILIEHHI CTpyMy ocapkeHHs 10 30—40 MAXM
MoOpdoIIorist TOKPUTTIB 3MIHIOETBCS Ta cTae ce-
pouitHyHO0. [IpH MPaKTHYHO MOCTIHHOMY XiMid-
HOMY CKJIQ[Ii BiIOYBa€ThCSl PO3BHHEHHSI (30UTBIIICH-
HsI) TIOBEPXHI Ta MOTipIIeHHS sSKOCTI ocaaiB. Came
e (hakTop Mae HaHOUTBIINMIA BIUTMB HAa 3HUKEH-
HSl KOPO3IIHOTO OITopY.

BHCHOBKH. Tlpn noCTiKeHH] eeKTpooca-
xeuHs cruiaBie COWRe 3 nosiiraniHoro 1HTpa-
THO-TTIPO(OC(ATHOTO EIEKTPOIITY METOJAMH CTa-
I[IOHApHOI BOJBTAMIIEPOMETPIi Ta XPOHOBOJIBTAM-
nepoMeTpii 3HaleHO TpaHUYHI CTPYMH T ]y3iii-
HOI MPUPOJIM, BEMMYMHA SKHX TPSMO IPOIOPIIi-
f{Ha KOHIICHTpAIlil TIeppeHar-ioHiB. 3a pe3yJbrara-
MH BOJIbT-aMIIEPOMETPUYHHX BHUMIpIOBaHb Kara-
JITHYHHUX BIIACTMBOCTEH CIUIABIB y peaxiii Bij-
HOBJICHHSI BOJHIO BCTAHOBIICHO, IIO TpU 3011b-
IIIEHHI BMICTy PEHiI0 y CIUIaBi 3pocTae IepeHar-
pyra BUIUIEHHS BOAHIO. 30UTBIICHHS BMICTY pe-
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HIIO B OCaJli CHpHs€ JOCATHEHHIO BHCOKOTO 3Ha-
YEHHsI BUXOJIy 3a cTpyMoM ciuiaBy (mo 93 %) 3a
PaxyHOK BHCOKOI TIepEeHANPyTH BUIUICHHS BOJIHIO
Ha I[bOMY MaTepiai.

3HaiieH1 Bem/rqmm KOpO3IifHOTO OTOpy CKJIa-
Jat0Th 1—2 KOMXM 2 y 0.01 M H5SOy, 20—110
KOMXM 2 y 25% NaCl, 1030 KOMXM ™2 y 1.0
M KOH. Haii6inpmmii BIJIMB HA BETHMYMHY KO-
PO3IHHOTO OTOPY IHX CILIABIB MA€ TyCTHHE CTPY-
My OCaJpKeHHS, 1 ipH 3Ha4eHHI 10 MA XM 2 MOX-
Ha OTpPUMATH HaHOUIBII KOPO3IHHO CTilKe MMOKPHT-
Ts1. Bu3HaueHi 3HaueHHs1 KoedilieHTy D piBHSIHHS
Tadens npu qocmimpKeHHI KOpo3ii 103BOIMIN 3pO-
GUTH NPUITYIIEHHS PO IPUPOJY JIMITYI04OI CTa-
JUT IIPOLIECIB MEPEHOCY 3apsifly. Y KUCIIOMY Ta Heii-
TPaTbHOMY CEPEOBHILI KATOHMUIA Ta AHOIHMIA TPO-
[IECH JIIMITYIOTHCSI TIPOLIECOM MEPEHOCY MEPILIOro
eIeKTPOHS, TOOTO HAa KAaromHIM IUIAHIU — IIe
BUJIJICHHS BOJIHIO, @ HA aHOJHIN — pPO3YUHCHHS
METaJiB 3 BOJHEBOIO JICTIONISIPHU3AIIIE0. Y JTYKHO-
My CEpEIOBHIII aHOTHWIA TPOIEC YCKIATHIOETHCS
OZTHOYaCHUM TIEPEHOCOM JBOX €JIEKTPOHIB.

OCOBEHHOCTHU SJIEKTPOOCAXIEHMA CIUIABA
KOBAJIbT-BOJIb®@PAM-PEHINU

10.C SAnonnesa*, T.B.Manbuesa, B.C.Kyonanosckuii

Uncmumym obweil u Heopeanuueckou Xumuu
um. B.M.Beprnaockoeo HAH Yxpaumuwi, npocn. Axa-
odemuka Iannaouna, 32/34, Kues, 03142, Vkpauna
* e-mail: juliya_yap@ukr.net

MeTonamMu CTallMOHAPHON BOJBTAMIIEPOMETPUH
YU XPOHOBOJHTAMIICPOMETPHUH HCCIICIOBAHBI KaTOJ-
HbIE Mporiecchl ocaxaenus ciiapoB COWRe npu Ba-
PBUPOBAHUM COJACPXKAHHUS PEHUS B IJICKTPOJIUTE U
TUIOTHOCTH TOKA OCaXJICHUS. Y CTAaHOBJICHO, UTO Ipe-
JICJIbHBIC TOKH MMEIOT NU(()y3UOHHYIO TPUPOAY U
MPOTOPITUOHANBHBI  KOHIIGHTPAIMK  TIePPEHAT-HO-
HOB. [Toka3aHO, YTO BBIXOJ IO TOKY CILJIABOB JIOCTH-
raet 93 % 3a cyeT BBICOKOTO IMEpEeHAIPSHKEHUS BbI-
JICJICHUS BOJIOPO/Ia HA MOBEPXHOCTH cIutaBa. 1o pe-
3yJIbTaTaM MCCJIEIOBAHUN KaTaJTUTUYECKUX CBOMCTB
CIUIABOB B PEaKIMU BBIJICIICHUS BOJOPOJa OOHApy-
JKEHO, YTO MPHU YBEIWYCHUU COJACPIKAHUS PCHHS B
AIEKTPOJIUTE U CIUIaBE HAOJIOAeTCs POCT TepeHaIl-
psOKeHUs BblAENICHUs Bojopoja. HaiinenHsie Benu-
YUHBI KOPPO3UOHHOTO COIMPOTHUBJICHUS COCTABJISIOT
25 0.01M H2S0y, 20—110 kOwvem™ &

1—2 kOmxMm™
52.5% NaCl, 1030 kOmxm~2 B 1.0M KOH. On-
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TUMallbHasl BEJIWYHMHA TJIOTHOCTH TOKA OCaXKIEHHS
IV HOTy4eHHs: Hanbosiee KOPPO3MOHHOCTOMKUX CILIa-
BOB paBHa 10 MAXM™

KnrmodeBsie cioBa: ciuias, KoOanbsT, BoJIb(pam,
PEHUIA, SIEKTPOOCAXKIEHNE, COIIPOTHBIICHUE KOPPO3UH.

PECULIARITIES OF ELECTRODEPOSITION
OF COBALT—WOLFRAM—RENIUM ALLOY

Y u.S.Yapontseva*, T.V.Mdtseva, V.S.Kublanovsky

V.I.Vernadsky Institute of General and Inorganic
Chemistry of National Academy of Sciences

of Ukraine, 32/34 Academic Palladin Avenue,

Kyiv, 03142, Ukraine

* e-mail: juliya_yap@ukr.net

The methods of stationary voltammetry and
chronovoltammetry have been usedto study deposition
processes of ternary CoWRe alloys at different rhe-
nium content of the electrolyte and deposition current
density. It has been found that the limiting currents
have a diffusive nature and are proportiona to the
concentration of perrhenate ions in the electrolyte.
The CoWRe alloys should be formed by the dischar-
ge of bimetalic citrate compl exes of the following
composition [(Co)(WO,4)(H)(Cit)]% and rhenium ele-
ctrodeposition. Rhenium does not form complexes
with citrate ions and deposits better in an alloy with
iron group metals than in the form of an individual
metal from a perrhenate solution. It can be assumed
that the discharge of rhenium into the alloy occurs
from a surface complex, the nature of which has not
yet been established. The aloy current efficiency re-
aches 93% due to the high overpotentia of hydrogen
evolution on the alloy surface. According to the re-
aults of investigations of the catalytic properties of
aloys in the hydrogen reduction reaction, it has be-
en found that with increasing the rhenium content of
the eectrolyteand aloy, anincreasein hydrogen over-
potential is observed. Based on the Tafd coefficients
found, it was found that in an acidic and neutra medi-
um, the limiting stage of the cathodic and anodic reacti-
on is the transfer of the first electron. In an dkaline
medium, the anode process is complicated by the s-
multaneous transport of two electrons. The found va
lues of corrosion resistance are 1—2 kOmyem2 in so-
lutions of 0.01M HZSOA2 20—110 kOmxm=in 2.5
% NaCl, 10—30 kOmxcm™ in 1.0 M KOH. Based on
the dependence of corrosion resistance on the ref-
ractory metals content of the alloy and the electrode-
position conditions, the optimum deposition current
density of 10mAsm has been found.

Keywords aloy, cobat, tungsten, rhenium,
electrodeposition, corrosion resistance.
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Due to the ever-increasing production of electronic portable devices, including gadgets, lithium
recovery is used to produce lithium-ion batteries. Lithium is electrochemically active, has the
highest value of oxidation-reducing potential and the highest specific heat capacity among solid
materials, making it a key dement in the modern revolution of electric vehicles. The crust
contains about 0.007 % lithium, which is not in its pure form, but its insignificant concentrations
are found in virtually all volcanic rocks and in the waters of mineral springs, sea water, and
oceans. There are more than 20 minerals that contain lithium, but only few of them have
content that is sufficient for commercial interest. A promising area is the processing of brines
that are formed after desalination of seawater and mine waters. It is environmentally friendly
and cost-effective. Since the concentration of lithium in such resources is low, sorption methods
are advantageous compared to other. In this article materials that are widely studied in order
to produce lithium-selective adsorbents are described. Most amphoteric oxides and hydroxides
are amphoteric ion exchanges having both cation exchange and anion exchange properties. Such
materials are of scientific interest in connection with the study of fission fragments behavior,
release of radioactive isotopes, decontamination of sewage and concentration of microgquantities
of elements. The synthesis of such ion exchangers as amphoteric oxides and hydroxides is
fairly ssimple and their cost per unit of capacity in most cases is much lower than the cost of
organic resins. The combination of the material formed on the basis of hydrated titanium dioxide
with known lithium manganese spinels alows to obtain a strong ion-exchange material for the
selective extraction of lithium ions.

K ey w ords titanium dioxide, manganese oxide, lithium, ion-exchange material.

INTRODUCTION. The number of high-tech
and dternative energy products that are being
developed and used is steadily increasing, parti-
cularly in the fields of information, communica
tion technologies, energy and mobility. Such
growth contributes to the demand for metals that
previoudy had a limited range of applications.

Most of these technological metds are geo-
chemicaly rare; their average mass concentration
in the earth’s crust is less than 0.01 % [1]. Becau-
se of their importance in modern technology, sci-
entists have begun to search for sources for the
extraction of such metals.

Some of the studies conducted have determi-

© M.O.Chaban, Y.S.Dzyazko, O.V.Bystryk , 2019

ned that the extraction of technological metas is
a multifactorid task, which, among other things,
depends on the environment. For example, since
mine development affects the quality of air, water
and soil, states often start protecting the environ-
ment by inhibiting the extraction of metals. Tech-
nologica innovation helps meet growing needs,
but there is a point of view that negative effects
can only be delayed [2].

In order to determine how significant these
impacts are from a socia point of view, it is ne-
cessary to consider in which products these me-
tals are used and which processes can provide.
Significant resource costs can be justified if the
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use of meta can replace the less efficient techno-
logy, with the use of which the benefits to the en-
vironment will dominate the cost of extraction.

Existing needs in lithium and perspectives

Lithium is dectrochemically active, has the
highest vaue of oxidation-reducing potential and
the highest specific heat capacity among solid
materials, making it a key eement in the modern
revolution of electric vehicles.

Energy conservation is a key factor in the use
of eectric vehicles. Lithium-ion batteries are per-
ceived as traction batteries in demand for eectro-
mobility. The long-term dominance of lithium bat-
tery chemidry is anticipated, which makes lithi-
um one of the most important elements for the
development of eectric vehicles in both short and
long-term periods.

Lithium is only a smal part of a lithium
battery: 39 grams of lithium carbonate per kilog-
ram of the final battery, equal to 12 kg of lithium
carbonate per vehicle with 300 kg of battery. The
amount of lithium needed for the production of
batteries increases by more than 20 % each year
and is projected to continue in the coming years [3)].
However, the lithium market is not limited to the
production of batteries — batteries are the largest
category in lithium consumption (21 % of the mar-
ket in 2009), since they are used in dectronics,
but other uses of lithium are ceramic and glass
industry (30 %), lubricants (10 %), air trestment
(5%), metdlurgy (5%) and primary production
of auminum (3%) [4].

Today, 35% of the world's production of
lithium is used for lithium-ion batteries, and the
growth is projected to rise to 66 % by 2025. In
recent years, the volume of lithium production is
amost unchanged, and in terms of spent mate-
rias, less than one percent of lithium is recycled
for reuse [5]. The demand for lithium is increa
sing annually by 5—7 % and will continue to grow
a the same pace for another decade. This does
not take into account the possible increase in the
production of hybrid and eectric vehicles [6].

Production of lithium

The crust contains about 0.007 % lithium,
which is not in its pure form, but its insignificant

concentrations are found in virtudly al volcanic
rocks and in the waters of mineral springs, seawa-
ter, and oceans. There are more than 20 minerals
that contain lithium, but only four of them (lepido-
lite, spodumene, petalite and ambligonite) have
content that is sufficient for commercia interest.
The most important ore for the lithium industry
is spodumene (LiAIS>Og) [7]. Most lithium is ext-
racted from brines or sea water in the form of
concentrated carbonate during warm time of the
year. Brines from the earth’s crust, called conti-
nental/subterranean brines, are the main source
of lithium carbonate production.

Active lithium extractions from natura brines
are known in Chile, Argentina, the USA and Chi-
na. All processes are based on solar evaporation
for the concentration of brine, sometimes in com-
bination with precipitators or sorbents based on
auminum oxide for selective recovery of lithium
[8]. The largest producer of lithium materias
SQM works with brines from Salar de Atacama
in Chile, with an initia concentration of lithium
of 0.15%. The use of "free" solar energy for eva-
poration is a very important aspect in reducing
the energy needs of the enterprise. The produc-
tivity of the production depends on the topogra-
phical conditions (average temperature, wind,
humidity) and the composition of the brine (the
initial content of lithium and other elements, in
particular, magnesium, which forms hygrosco-
pic salts and keeps a portion of lithium-contai-
ning brine) [8].

The development of ore deposits is active in
Audgrdia, Brazil, Canada, China, Portugd, and Zim-
babwe. Lithium is found in many minerals, but
only spodumene or petaite ores are commercial-
ly interesting. Concentrates of ore containing lithi-
um oxide, are used mainly in the glass and cera
mic industry and are not converted to lithium
carbonate, since obtaining carbonate from brines
is much cheaper [9].

The problem of producing lithium from sea
water has been consdered since 1970, when it was
assumed that thermonuclear installations would
greatly increase the demand for lithium. Due to
the positive prospects for lithium-ion batteries, the
problem has become rdevant again. Sea water is
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an attractive source of lithium, as the total lithium
content in it is about 2.430M tons. However, the
average concentration of lithium is 0.173 mg/l,
which is approximately 10 thousand times less
than that in brines [10].

It was proposed to combine solar evapora-
tion, ion exchange and dilution of lithium chloride.
Recent studies focus on ion-exchange methods,
in particular, on adsorbents based on manganese
oxide because of its high selectivity to lithium
ions. However, for today the existence of real
factories that would use these technologies is
unknown.

With an efficiency of 20% and a concentra-
tion of 0.173 mg/l to produce 1 kg of lithium car-
bonate, 5430 m> of seawater must be processed.
In order to meet current needs (68500 tons in 2010)
only with sea water, it is necessary to process
3.7201 m3 of water per year.

Lithium from brinesis estimated to cover on-
ly 0.49—1.37 % of the needs for lithium batteries,
while producing lithium from seawater can cover
32—82% of the needs [8].

From the calculations made it can be conclu-
ded that the costs of lithium production will not
be overcome by the advantages of eectric motors
for the environment, unless sea water is used as
a source of lithium.

Hydrated titanium dioxide

Most amphoteric oxides and hydroxides are
amphoteric ion exchanges having both cation ex-
change and anion exchange properties. Such ma-
terias are of scientific interest in connection with
the study of fisson fragments behavior, release
of radioactive isotopes, decontamination of sewa-
ge from radiochemical indudtries, studies in the
field of radiochromatography and concentration of
microquantities of radioactive elements.

Inorganic ion exchangers have severd advan-
tages over synthetic resins, since in most cases
the latter are destroyed in solutions at temperatu-
res above 150 °C, as well as unstable against ag-
gressve media and radiation, in contrast to inor-
ganic ion exchangers.

The synthes's of such ion exchangers as am-
photeric oxides and hydroxides is fairly smple and

their cost per unit of capacity in most cases is
much lower than the cost of organic resins [11].

When using inorganic ion exchangers for the
purification and decontamination of industrial so-
lutions and sewage, it is often not necessary to re-
generate ion exchanger, its one-time use is econo-
mically judtified. Such inorganic ion exchangers,
which have zirconium and uranium hydroxides
(as wdll as zirconium phosphate), are characteri-
zed by high sdlectivity and alow clear separation
of elements of the same group of periodic system.

In addition to ion-exchange sorption, ampho-
teric oxides and hydroxides dso have the ability to
chemica and molecular sorption.

The main disadvantage of such materials is
their low sorption capacity compared to synthetic
resns. Moreover, amphoteric oxides and hydroxi-
des are dissolved in concentrated solutions of
acids and akalies, which makes impossible to use
them in processes with sgnificant change in the
concentration of hydrogen ions. However, if aion
exchanger has polymer mesh structure, it is practi-
cdly stable in any range of pH.

By rational use of the anion and cation excha
nge properties of hydroxides and oxides, specific
amount of impurities can be introduced to the sur-
face, which will have a great influence on the re-
gulation of sorption properties.

It is known that the properties of solids are
determined not only by chemical composition, but
aso by the peculiarities of their structure, there-
fore, new solid phase materials can, in principle,
be created both by the use of new chemica com-
positions and by the development of new produc-
tion processes that allow ateration of structural
properties dependent on defects in eectron and
crystalline structure [12].

In the study of the properties of hydrated ti-
tanium dioxide, a significant contribution of water
to it was found. When investigating such substan-
ces for the purpose of their practical use, one of
the key issues is the determination of oxygen-wa
ter groups, as well as their quantitative ratios and
interactions with the ions.

Structure of hydrated titanium dioxide. When
sysematicaly studying the ion exchange sorption
of cations of mono- and bivalent metals with dif-
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ferent dispersed modifications of titanium (rutile,
anatase, amorphous) it was shown that for hyd-
rated titanium dioxide three types of sorption
centers with different acidity are usual (pKq=6—
8, pKo =9.8—10.2, pK3 =11—12), which are suc-
cessively filled with sorbed ions when the acidi-
ty of the solution decreases. The absence of the
first type of sorption centers in rutile determines
its significant difference from other modificati-
ons of hydrated titanium dioxide. The sdectivity
of sorption, which is seen mainly in the first sta-
ge of exchange, is expressed in the overwhe-
ming sorption of both small (Li*) and large (K¥)
and similar is size (Ba2") cations. At the same ti-
me, ions of medium size (Na', Ca&*, S2%) are
practically not adsorbed. The sorption of selective-
ly absorbed cations is activated — increasing with
increasing temperature.

These results can be explained by the follo-
wing. First, the surface of titanium dioxide is
formed by valence-unsaturated oxygen atoms.
Given that the coordination number of oxygen
in the crystaline modifications of this oxide is
equd to three, according to Poling’s rule, the un-
compensated charge of these atoms, depending on
the coordination degree from the substrate by the
titanium aoms, may vary and equal to the num-
ber of fractions of three —2/3 and —4/3 (for cases
of coordination from the matrix with two and one
titanium atoms, respectively). The hydrogen ions
neutralize the surface charge, forming on the sur-
face a functional grouping consisting of hydroxyl
and bridge groups (Ti—-O(H)-Ti) [13].

Secondly, in the surface layer of the titanium
hydroxide particles, there are cavities formed by
oxygen atoms that are both valence-saturated and
unsaturated from the matrix. The size of these
atoms is discrete and is determined by the method
of packing of the cavity forming atoms (tetrahed-
ron, octahedron, cube, etc.). Various cavities may
be adjacent and separated by the oxygen atoms
that are common to them.

Thirdly, the cation sorption in the cavity can
occur without the prior dissociation of functiona
groups and is energetically determined by the po-
ssbility of replacing the hydration shell of the ion
with "solvating" oxygen atoms of cavity, followed

by displacement of hydrogen ions, a process smi-
lar to the formation of surface titanates [14].

Such a structure of the hydrated titanium
dioxide surface can explain the prevailing sorp-
tion of lithium and potassium ions by anatase
and amorphous titanium dioxide at low pH va-
lues (pK around 7) by the presence of a structu-
ra correspondence between the absorbed ion and
the center of sorption — a cavity formed by oxy-
gen atoms. At the same time, taking into ac-
count the proximity of the sizes of potassium
and barium cations, the reason for the similari-
ty of their sorption behavior becomes clear. The
interaction of a cation in the cavity with elect-
rodonor oxygen atoms, which occurs at the sa-
me time, leads to an increase in the energy of
cation-cavity interaction due to the increase of
the covalent component. It is the growth of the
fate of the covalent contribution to the energy of
interaction, on the one hand, and the difference
in the energies of hydration and "solvation" of
the cation cavity, on the other hand, that leads
to a right-hand displacement of the ion-exchan-
ge reaction equilibrium

M-O-H" + Kat* ® M-O-Kat™ + H*
and determines a noticegble difference in the aci-
dity of the adsorption centers in the absorption of
akai and dkaline earth metal ions (the first pha
s of the exchange).

In the second stage, which includes the preli-
minary dissociation of functiona hydroxyl groups
that are not part of the cavities, there is no noti-
ceable difference in the acidity of the adsorption
centers, depending on the type of cation.

The third stage of the exchange, most pro-
nounced for amorphous titanium hydroxide, is ob-
vioudy associated with bridge groups, the amount
of which in amorphous modification must be
much greater, because the formation of titanium
hydroxide occurs through the polymerization step
of polydynamic complexes, which are connected
by the bridge groups.

The analysis of the crystallochemical featu-
res of the structure of the investigated modifica-
tions of titanium hydroxide shows that in the
surface layer of crydallites there are cavities for-
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med by different combinations of octahedra [TiGg]
— the main dructura unit of the lattice, where
absorbed cations can be located. Considering the
location of oxygen atoms on the facets, we can di-
stinguish three types of cavities. For anatase, the-
se are distorted tetrahedron (oxygen atoms 1—4),
octahedral cavity (5—9), and digtorted cube (6—13).
On the surface of the considered face of ruitile,
only two types of cavities can be distinguished —
tetrahedral (1—4) and octahedra (5—9). For amor-
phous modifications of hydrated titanium dioxi-
de, it is possible to have dl types of cavities fo-
und on the facets of crystalline modifications.
This gives reason to believe that the place of li-
thium cations localization in the first stage can be
tetrahedral cavities, and for potassum cations —
cubic, the absence of which in rutile explains the
difference in the sorption of these cations compa-
red with anatase. The difference in the absorpti-
on of Li* by these modifications of hydrated tita-
nium dioxide is due, apparently, to the geometric
dimensions of tetrahedral cavities, which are sma-
ller in the anatase because of the difference in
the length of Ti—O bonds. Available on the surfa-
ce of dl modifications of titanium dioxide octa-
hedra type cavities when absorbing of akali and
akaline earth metal ions are not filled due to the
difference in size [15] (Fig. 1).

Known from the literature the ability of hyd-
rated titanium dioxide to selectively absorb ions
of transition metals, the average ionic radii of
which are in the gap between the sizes of cations
of lithium and potassium, on the one hand, and
the presence on its surface of octahedral cavities
with dimensions, intermediate between tetrahedral
and cubic, on the other hand, alow assuming that
they are the sorption centers of d-metd cations [14].

The proposed structure of the sorption cen-
ters of hydrated titanium dioxide involves inhibi-
tion during smultaneous sorption of ions that are
selectively absorbed. The total amount of sorption
from binary solutions containing lithium and po-
tassum ionsis significantly lower than the corres-
ponding vaues of single-component solutions.
The presence of Na* in solutions with Li* practi-
caly does not affect the sorption of the latter, but
the reverse effect is very significant: in the pre-

I

Fig. 1. Schematic representation of crystallographic
facets of rutile (a) and anatase (b) with oxygen atoms:
1—below, 2—on, and 3—above the picture plane.

sence of Li* or K* sorption of Na* is signifi-
cantly reduced. The mechanism of such interac-
tion can be explained by mapping the surface in
the form of charged cavities, the size of which
corresponds to Li* and K™. In this case, for sorp-
tion from one-component solutions, a certain sur-
face area is capable of absorbing twice the amo-
unt of one ion than when two-component soluti-
on is used. However, the surface of titanium dio-
xide does not contain cavities of the correspon-
ding size of sodium cetion, therefore, for sorption
from a multicomponent solution containing ca
tions of lithium or potassium, sorption of sodium
is practicaly absent [16].

The main method for obtaining titanium dio-
xide is the hydrolyss of its various sdts. At low
pH vaues, primary products are sdts of variable
compostion. At higher pH, hydrated forms of ti-
tanium dioxide are formed, the content of water
molecules in which depends on aging and drying
conditions. Freshly deposited titanium dioxide has
a high adsorption capacity both for cations and
anions. The resultirg; gel is non-porous with par-
ticle size of 30—60A, aggregated into chains or
clusters. The specific surface of the gd is 250—
500 m?/g depending on the conditions of deposi-
tion. During the thermal treatment of gdls, it crys-
tallizes to form anhydrous TiO,. Depending on
the heating temperature, polymorphic transfor-
mations of hydrated titanium dioxide into anata-
s, rutile or brookite, accompanied by a change in
the specific surface and porous structure, are pos-
gble Thus, a temperature below 600 °C, the crys-
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tallization process proceeds with the formation of
an anaase with practicaly the same vaues of po-
re volume and specific surface area. At higher tem-
peratures, the trangition of anataseto rutile is obser-
ved, which is accompanied by a sharp decrease in
pore volume and specific surface. Minera impuri-
ties may aso affect the temperature of polymor-
phous transformation. Recently, the sol-gel me-
thod is increasingly used to obtain titanium dioxi-
de, which alows obtaining of nanoscde particles
of titanium dioxide with given structure and pro-
perties. The formation of spherica granules of gd
occurs due to alkaine coagulation of dispersed par-
ticles of hydrosol. Another way of obtaining hyd-
rogds — through the stage of volume neutraiza-
tion of excess acidity of the initid sdt solution of
multi-valent metal with ammonia [17].

Sorption properties. According to [18] titani-
um dioxide exhibits anion exchange properties in
acidic and neutral solutions and cation exchange pro-
perties in akaline solutions. The presence of such
amphoteric properties is explained by the hyd-
rolysis of this oxide with the formation of a surfa-
ce layer of hydroxide and its dissociation in two
directions, with the formation of functional groups
H* and OH~ capable of exchange. Colloidd tita-
nium dioxide is considered to be a sorbent capab-
le of molecular sorption of sdts and acids, and
notes that the sorption of neutral satsis negligible
in comparison with sorption of acids [14]. It was
found that from a mixture of two acids — sulfuric
and hydrochloric — the sulfuric acid is adsorbed
predominantly. At a significant equilibrium con-
centration of sodium sulfate (sulfuric acid is for-
med by the interaction of hydrochloric acid con-
taining in ash and sodium sulfate), the dependen-
ce of the sorption of sulfate ions on the pH of the
solution is linear.

Titanium dioxide has cation exchange pro-
perties and in water the reaction of hydrolyzation
occurs as follows:

TiO, + 2H,0 «  TiO,(OH),?~ + 2H*,
where hydrogen ions provide the ability to cation
exchange.

The ion exchange properties of amphoteric
oxides and hydroxides are usualy influenced by
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two factors. Fird, the composition and structure
of the sorbent. Available impurities can draméti-
caly change the capacity and sdlectivity of the ion
exchanger. The sructure of the sorbent aso has
an effect on the sdectivity of the sorption — crys-
talline ionites have a significantly higher sdlecti-
vity than amorphous. The second factor is the so-
[ution parameters, the most important of which is
the concentration of hydrogen ions. Since the most
ion exchangers are weak bases and weak acids,
this dependence is very noticeable.

The patterns of ion exchange on amphoteric
oxides and hydroxides can be explained from the
point of view of two possble mechanisms.

In the first mechanism, functiona groups, ca-
pable of exchanging are groups of H" and OH™ on
the surface or in the volume of oxide and hydroxi-
de [18]. In this case, the exchange sorption is usua
lly strongly dependent on the pH of the solution,
gnce the dissociation reaction of the acid or base
type with the transition of protons or hydroxyl ions
into the outer part of the double dectric layer is de-
termined primarily by the pH of the solution.

The second mechanism of ion exchange re-
lates to materials with impurities capable of sorp-
tion. The impurities may be prepresent in the sor-
bent or formed when material is in contact with
solution. In this case, the amphoteric oxide or
hydroxide functions as a rigid skeleton with fixed
groups capable of exchange. Depending on the na-
ture of the functiona groups, these sorbents may
be weak or strong ion exchangers. Often such ion
exchangers have larger capacity than pure oxides
and hydroxides.

Literary data indicate that the following sorp-
tion processes are possible on amphoteric oxides
and hydroxides:

— ion exchange in the primary layer with po-
tential-determining ions (cations in acidic, anions
in akaline medium);

— ion exchange in the outer layer (anionic in
acid, cationic in akaline medium);

— simultaneous anion and cation exchange in
the outer layer (near the isodectric point);

— chemical sorption in acidic medium with the
formation of basc sdts and other surface com-
pounds,
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— chemical sorption in an akaline environment
with the formation of aluminates, ferrites, zincates
and other compounds;

— molecular sorption at high concentrations of
electrolyte and close to neutrd pH;

— exchange of cations and anions in molecu-
les sorbed by mechanism of molecular sorption
on cations and anions of solution;

— dmultaneous sorption of anions with multi-
ply charged cations and cations with multiply char-
ged anions asociated with recharging of the surface.

According to the research [19], the adsorp-
tion of double charged meta cations on the surfa-
ce of oxides and hydroxides from solutions of
strong eectrolytes does not depend on the electro-
lyte anion (except when the meta forms an amor-
phous complex with an anion), the dependence
of adsorption behavior on ionic strength varies for
different electrolytes. For example, in solutions of
sodium nitrate ionic strength has almost no effect,
in contrast to sodium chloride solutions, in which
the sorption of transition metals decreases with
increasing ionic strength, athough NaClO,4 solu-
tions are observed to increase of adsorption capa-
city with increasing ionic strength.

Also, the influence of intercalation processes
on the properties of inorganic materials is cons-
dered [20]. Intercalation is reversible topotaxia
chemical reactions with the inclusion of impurity
molecules in the matrix of solids. Such mechanism
dlows the synthesis of new compounds with a
complex of unique physico-chemica properties.
"Guest" molecules are embedded in the interlayer
gpace, which leads to the fact that into the same
matrix molecules quite different in Sze and geo-
metry can intercaate, that is, the molar-sieve ef-
fect is absent. Relative ease of incluson in the
interlayer space of hydrated titanium dioxide of va-
rious ions dlows to create structures with an ad-
justable composition and the Size of interlayer spa
ce, which have sdective ion exchange properties.

Also, in the literature there are investigations
of sorption properties of thermaly trested tita-
nium dioxide in comparison with non-trested in
the sorption of severa cations. It was found that
the heating of hydroxides to 400 °C does not ef-
fect the amphoteric properties of the materia, but

ggnificantly reduces the cation exchange capa-
city of the sorbent by reducing the content of OH-
groups and reducing the surface area. The sorpti-
on capacity of the material correlates with the size
of the hydrated cetion, the rate of sorption is de-
termined by the diffusion of cation to the OH-
group, not the ion exchange. However, in some
samples during the calcination, increasing meso-
porosity increases the availability of OH-gro-
ups for exchange, so the dependence of the sorp-
tion rate on the diffusion of hydrated ion is neg-
ligible, as in the case of non-porous gels [21].

Studies [22] demonstrated that ion exchange
characteridics are very dependent on obtaining con-
ditions. And in the study of the distribution coeffi-
cients of some cations, it was found that hydrated
oxides of metals do not have a direct correation
with change in porosity [23], specific surface area,
and densty of the maeria obtaned as a result of
the previous hest treatment. In addition, the distri-
bution coefficients of cobalt ions on crystdline
titanium dioxide increase with increasing tempe-
rature of cacination [24].

Manganese oxides

Porous crystals are interesting with their spe-
cific properties and variety of structures. Alumi-
nosilicates, including zeolites, clay minerals and me-
soporous silicates, can be distinguished as the ma-
in classes, but in recent years attention has been
paid to porous materials from transtion metal oxi-
des. Manganese oxides with tunnd and layered
dtructures can represent a wide range of materials
from ultra-microporous to mesoporous. Most man-
ganese oxide structures congs of octahedras MnOg
Separated by angles or facets [25].

Macroporous silicon granules and macropo-
rous gel beads from cellulose were used as car-
riers for selective lithium ion sieves, but their capa-
city was very limited. Other studies have sug-
gested the use of polyvinyl chloride and polysul-
fone for granulation or membrane cregation, but it
is difficult to implement on an industrial scale due
to environmental problems with the use of these
materids. Non-woven fabric, which is dso used as
acarrier for ion sieve, does not provide sufficient
delay in the particles of the sdlective material [26)].
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It is suggested to create lithium-selective ma-
terial based on polyurethane template method.
Since the obtained foam was porous and inert,
there should not have been a significant reducti-
on in the adsorption capacity/capecity of the in-
troduced material, but this was not confirmed ex-
perimentally. The capacity has dropped signifi-
cantly compared to pure lithium manganate [27].

Since manganese oxides exhibit excellent ca
tion exchange and adsorption properties, they can
be used as ion sieves, molecular Sieves and cata-
lysts, as well as duminosilicates. The eectroche-
mica and magnetic properties of manganese oxi-
des alow their use as cathode materials in lithium
batteries and modern magnetic materials.

Structure of manganese oxides. Today, many
types of tunnd and layered porous manganese
oxide are known. The structural variability of oxi-
des is determined by the reversible conversion be-
tween Mn3* and Mn** and the formation of defects
in crystals.

According to the classification, proposed in
[28] tunndl and layered manganese oxides can be
divided into groups of pyrolusite-ramsddllite with
(1xn) tunnel Structure, hollandite-romanechite with
(2xn) tunnel structure and todorokite with (3x n)
tunnel structure. All structures contain chains of
octahedras MnQOg, connected by faces, and num-
bers 1, 2, 3 and n show the number of octahedra
along the width of one lattice. Chains, connected
through an angle, form a one-dimensional tunnel
network. When n =38, the network corresponds to
a layered structure.

Schematically, the structures of some manga
nese oxides with one-dimensional tunnd and lay-
ered structures are shown in Fig. 2. The structures
of the pyrolusite and ramsdellite have one-dimen-
sional tunndl structures respectively. On the other
hand, oxides such as birnessite and buserite have
layered structures with main ranges of about 0.7
and 1.0 mm, respectively [29].

Metal ions can occupy tunnels of hollandite,
romanechite, todorokite, Rbg ,sMnO,, and aso the
interlayer space of birnesste. Mangan in oxides
is predominantly quadrivalent, but part of it is tri-
valent to compensate the charge of impurity ions.

Also, in manganese oxides, nonperiodic growth

o 85665
e VYV VY &

Fig. 2. Schematic representation of one-dimensional
tunnel and layered manganese oxides: a — MnOg octa-
hedron; b — (1x1) tunnel pyrolusite; ¢ — (1x2) tunnel
ramsdellite; d — (1x8) layer lithium-manganese spinel.

of two or more tunnel phases is observed. In addi-
tion to one-dimensiona (mx n) tunnels, other types
of layered and tunnel structures are also known.
For example, the spinel has a three-dimensional
(1x3) network of tunnels with a combination
of 8atetrahedra units and 16s empty octahedra
units of a cubic dense pack of oxygen lattice. It
is possible to form a series of spinels of the gene-
ra formula LigMno,O4 (LEN£1.33 0EXE
0.33, n£ 1+x). Typical representatives of this seri-
es are (L)MN'"MnV]0, ad (Li)[LigzaMnV16704,
where () and [ ] are 8a tetrahedral and 16d octe-
hedral units, respectively. In the spinel (Li)[Mn'!'-
Mn'V]0,, lithium cation occupies the tetrahed-
ral location of 8a, and the trivalent and quadriva-
lent manganese — 16d octahedral. In (Li)[Lig33-
Mn'V{ 67104, lithium is placed a 8a tetrahedral
and free 16d octahedrd, and the whole manga-
nese is quadrivaent [30].

Synthesis of ion exchangers based on manga-
nese oxides. Synthess of ion and molecular Seves
based on manganese oxide can be presented in
two stages: (1) tunnel or layered oxide is prepared
using template ions or molecules to form tunnel
sizes and between spherica cavities; (2) template
ions and molecules are topotacticaly removed from
the material with the formation of a sieve. Such
manganese oxides can be formed using a variety
of processes that can be conventiondly divided
into dry processes (solid phase reactions and inter-
action of salt melts), wet processes (oxidative-re-
ductive deposition, hydrotherma chemica proces-
ses) and mixed processes (s0l—gdl). Stable phases
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with small sized gaps such as spind, hollandite,
romanechite, and birnessite can be synthesized by
any of these processes. The ion-sieve, electroche-
mica and catalytic properties of manganese oxi-
des often depend on the synthesis conditions.

In solid-phase reactions, the size of obtained
defects in structure depends on the size and amo-
unt of metal ions used as templates. The source
of manganese for such syntheses may be MnCQOg,
MnOy, MnyO3, MNOOH, Mn(CH3COO),, etc.,
and the source of metal cations is M>CO3, MOH,
MNO3, MCH3COO, and others.

Manganese oxide with spind structure is pre-
pared using lithium cation. Since manganese oxi-
des play a sgnificant role as cathode materias
in batteries, a large number of studies are devoted
to finding an effective method for their synthesis.
The series of LinMny_,O4 (LEN£E£1.33, O£ X£E
0.33, n£ 1+x) oxides can be obtained in the tempe-
rature range of 350—900 °C. The degree of oxidation
of manganese and the compostion of the oxide
formed depend on such conditions as the tempera-
ture, the source maerids and the amosphere |n
which the syrthesis tekes place. Spine Limn'-
Mn'V]0, is formed a high tem|oerature (above
700°C), and spind (Li)[Lig33Mn 167]04 — a
low (below 500 °C) [31].

Ooi and colleagues [32] investigated the
effect of the template akai meta cation on the
solid-phase reaction process. The authors have
cooled gM nO, saturated with metal ions (Li,
Na*, K¥) a 600°C for two hours With I|th|um
the spi nel was obtained, and with cations of sodium
and potassum — hollandite.

Also, some techniques based on the sol—gel
method have been developed to produce spind [33]
and his colleagues received Li,MnyO4 spind by
precipitation of Mn(CH3COO), solution with li-
thium hydroxide and subsequent precipitate cal-
cination at 300 °C. Scientist [34] received a highly
crysdline spind LisMns012 by heating eutectic
mixture of LIOAc and Mn(NO3), to 700 °C under
an amosphere of oxygen. Sol-gel process was de-
veloped for spind and birnessite [35]. AMNOg4 [A
=Li, Na K, NHy, N(CHg)4] was reduced with for-
mic acid at room temperature until amorphous xe-
rogel was formed. The spinel phase and LiMnO,

were formed during the calcination of the LIMNO4
—C4H404 gel a 600 and 1000 °C, respectively.

In addition to the above, the methods of syn-
thesis of spinel and birnessite by hydrothermal tre-
atment of ¢MnO, in solutions of lithium and po-
tassum or sodium hydroxides are also developed.

Sorption properties of manganese oxides. Ooi
divided the adsorption centers of manganese oxi-
des into specific (in volume of the crysal) and
nonspecific (on the crysta surface). Specific cen-
ters in turn are divided into ion exchange and oxi-
dative-reductive [36].

The ion-seve properties of manganese oxi-
de are investigated by potentiometric titration and
by measurements of the scattering factor. The spi-
nel type ion Seves show a sgnificantly higher sorp-
tion capacity for lithium relive to sodium and po-
tassum, due to the size of lithium ion that can
pass through the tunnel, smaller than the sodium
and potassum ions. Sodium and potassum are
adsorbed on the surface of crystals (non-specific
adsorption), and lithium adsorbs at specific cen-
ters after dehydratatlon Although bivalent ions
such as Mg?*, Ni2*, Co?* are also characterized
by small radn they do not pass through the tun-
ndl, since thar dehydratation energy is too high [36].

Hollandite type ion sieves show high values
of capacity for potassium ion a low pH. With
increasing pH, the adsorption capacity increases
with decreasing ion radius, as the steric interac-
tions between meta ions in the tunnd begin to
predominate.

Birnesste ion sieves have different adsorp-
tion properties for small and large ions, for exam-
ple, they are tribasic or dibasc acids relative to

it and monobasic relative to Na*, K*, Cs"

Similar characterigtics are dso given to ion Se-
ves of todorokite type, such as dicarboxylic acids
for lithium, sodium, and potassium ions, and mo-
nobasic for cesium ions. This is since large ions
can be adsorbed only in the center of the tunnd,
while the small ones are located closer to the
walls. The pore radius of the pyroluste and
ramsdellite is too small for metal ions, so the lat-
ter are adsorbed only on the surface.

The selectivity of the ion sieves of manga
nese oxide directly depends on their structure. For
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example, for a spinel, the selectivity increases in
the series Na'< K*< Rb*< Cr*<< Li*, for hollan-
dite Li*< Cs'< Na‘*<< Rb*<K™, for bimesste Li*<
Na'< Cs*,K*< Rb*, and for todorokite Li*< Na‘<
K*<Rb*<Cs'. Such dependencies are explained
by the structure of the materia: (1x3) the spind
tunnds fit in size for the lithium ion, (2x3) tun-
nels for potassium and rubidium ions, interlayer
gpaces in birnessite correspond to the size of rubi-
dium ion. The dependence of sdectivity for todo-
rokite coincides with the growth of the ionic radii
of metds, since dl the ions are contained in (3x3)
tunnels.

Volkhin and others found that spinel type
oxide without metalic ions in tunnels can be ob-
tained by extraction of lithium with acid from a
spinel type lithium manganate. Spine exhibits
adsorption properties to lithium ion [37]. The oxi-
dation-reduction mechanism of the reaction was
proposed:

aLimMn"MnV10, +8H ® 3()Mn'V,]0,+
+4Li* + 2Mn?* + 4H,0 .

The driving force for ddlitiation is the dispro-
portionation reaction of Mn'!! to MnlV and Mn'! in
acidic medium. The oxidative-reducive release of
one lithium cation is provided by the dispropor-
tionation of one Mnl!! atom by the reaction

Mn' ® v2mn'Y + 172mn'!

in the non-lithium spinel the whole manganese is
quadrivalent.

When lithium is adsorbed, there is an inver-
se reaction of the trangtion of a part of tetravalent
manganese to trivaent with the release of oxygen.

(O)IMnV;]0,+LioH ® (LiyiMn""'Mn'V10, +
+0.5H,0 + 0,250, .

On the other hand, there is aso ion exchange
mechanism for the adsorption/release of lithium
ion. Studies have shown that the choice of an oxi-
dative-reductive or ion-exchange mechanism de-
pends on the degree of oxidation of manganese
and the digtribution of metd ions in the spingl. The
reaction of ion exchange is as follows:

(Li)[Lig33M n|V1_67]O4 +1.33H" «
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« (H)[Ho_ggM nIV1_67] O, + 1.33Li".

In this spind, the whole manganese is quad-
rivalent (I -MnOy), so the dispersion reaction do-
es not occur in the acidic medium. In the spind
structure, one Mn!'! ion corresponds to one oxi-
dative-reductive center, and one Mn defect in the
16d octahedra structure corresponds to four ion-
exchange centers. In most red spinels there are
both oxidative-reductive and ion-exchange cen-
ters, number of each depends on the conditions
of the spind [38].

Ancther variant of this type of manganese
oxides can be obtained by introducing bivalent and
trivalent metal cations into the lithium manganese
spinel. The oxidative-reducive spingl contains
metal ions that can be oxidized to higher valences
when lithium cations leave spinel cavities.

The spind type manganese oxides exhibit
sdlectivity to lithium against sodium and potas-
sium, as lithium cation due to a small radius can
penetrate the spinel structure tunne without po-
tassum and sodium cations. The latter are non-
selectively adsorbed on the surface of the crystd,
while Li* adsorbed on specific centers after de-
hydratation.

CONCLUSONS It is possible to satisfy the
demand due to the effective removad of lithium
from cheap primary or secondary resources, in
particular by obtaining it from brines or sea water,
where the most promising is the use of ion-ex-
change sdlective materials.

Hydrated titanium dioxide contains in its
structure cavities of various shapes and sizes,
which may allow sorption of certain ions, without
dissociation of functional groups. And with the
help of directed thermal synthesis it is possble
to create a certain size of cavities in the structure
of hydrated titanium dioxide.

Lithium magnesium spinels are the most sui-
table for sorption of lithium ions, due to high
sdlectivity for lithium and a good sorption capa
city, but these compounds are characterized by
unsatisfactory physical properties due to the fra-
gility of the material. The combination of the
material formed on the basis of hydrated tita-
nium dioxide with known lithium manganese
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spinels dlows to obtain a strong ion-exchange ma-
terial for the selective extraction of lithium ions.

MATEPIAJIN HA OCHOBI OKCHUAIB THUTAHY 1
MAHI'AHY [JId CEJIEKTUBHOI'O BUIIYYEHHA
JIITIIO 3 BOAHUX JIOKEPEJI

M.O. Yaban*, 10.C. [I3sa3bK0, O.B. buctpuk

Incmumym 3aeanvnoi ma HeopeaHiuynoi Ximii

im. B.I.Beprnaocvkoeco HAH Yxpainu, npocn. Axa-
demixa Ilannadina, 32/34, Kuis, 03142, Vkpaina
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Uepes MOCTIHHO 3pOCTaroue BUPOOHHUIITBO €Jie-
KTPOHHUX MOPTATUBHUX MPHUCTPOIB, B TOMY YHUCJIi Ta-
JOKETIB, JUIsl OJICPIKAHHS JITIH-IOHHUX aKyMYJISITOPIB
HEOOXiZHO IIyKaTH crocoOW BHIy4eHHs JiTito. Jli-
Till € SIEKTPOXIMIYHO aKTUBHUM, MA€ HAMBHIIE 3HA-
YCHHSI OKHCHO-BIJJHOBHOI'O TOTCHIIAy 1 HaHBUIILY
MUTOMY TEIUIOEMHICTh Cepell TBEPUX MaTepialiB, 10
POOUTH HOro KIIFOUOBUM €JIEMEHTOM Y CYYacHii pe-
BOJTIOLI] ENEKTPUYHUX TPAHCIOPTHHUX 3aC00iB. 3eM-
Ha kopa mictuthk 6mm3bko 0.007 % mitito, HE y UUCTO-
My BHIJISA[li, @ HOrO HE3HAYHI KOHIICHTpAIlii BUSBIIS-
IOTBCSl TIPAKTHYHO Y BCIX BYJKaHIYHHX MOpoJax, a
TaKOX Y BOJax MiHEpaIbHUX JDKepes, MOPChKIii BO-
ni Ta okeaHax. Icaye Oinbiie 20 miHepais, 110 Mic-
TATH JITIH, aje JMie AesdKl 3 HUX MaroTh BMICT, JIOC-
TaTHIH, 1100 BUKJIMKATH KoMepiiiHuii iHTepec. [lepc-
MEKTUBHUM HANPSMKOM € MepepoOKa pO3COIiB, 10
YTBOPIOIOTHCS MICINISL OMpPiCHEHHS MOPCHKOI BOIU 1
maxTHUX BoA. Llell HampsMOK BBaXKAa€ThCS EKOJIOTi-
YHO YMCTHM 1 peHTabenbHuM. OCKUTbKU KOHIICHTpa-
IIis1 JTITiFO B TAKKUX PECypcax € HU3BKOI, COPOIIiHI Me-
TOJM BHIAIOTHCS OLTBIN JOPSYHUMU, TIOPIBHSIHO 3 iH-
mUMH. Y JaHii cTaTTi onMcaHi MaTepiay, 1o HIMpo-
KO BHBYAIOTHCS 3 METOI0 OTPHMAaHHSI JITiii-CeleKTHB-
HUX aJcopOeHTiB. binbuiicTe aMpOTEepHUX OKCHIB i
TIPOKCHAIB € aM(pOTepHUMH HOHOOOMIHHHUKAMH, IO
3JIaTHI SIK JI0 KaTiOHHOT'O, TaK 1 JI0 aHIOHHOTO OOMiHY.
Lli MmaTepiany TPEACTABISAIOTh HAYKOBUM IHTEpEC y
3B’ 513Ky 3 BUBUCHHSIM MOBEIIHKH PaJi0aKTUBHUX 130-
TOITIB, JIE3aKTHBAIlIl CTIYHUX BOJ| Ta KOHIICHTPYBaH-
HSl MIKpOKiIbKOCTEH eneMeHTiB. CHHTE3 TaKuX 10HO-
OOMIHHHMKIB, K aM(pOTEPHI OKCHUIH 1 TIAPOKCHUIIH, €
JIOCUTh TIPOCTUM, 1 IXHS BapTiCTh HAa OJMHUIIIO EMHO-
CT1 B OUIBIIOCTI BUITAJKIB HA0AraTo HIXK4YE, HIXK Op-
raHiyaux cmoi. KomOiHarisi marepiaiiB Ha OCHOBI
T1IpaTOBaHOTO TIOKCHAY THUTaHY 3 BiJIOMHMH JIiTi€-
BUMH MapraHICBUMHU IIIIHEISMU JIO3BOJISIE OTpPHU-
MaTH 10HOOOMIHHMI Matepiai AJisl CEIEKTUBHOTO BH-
JIY4CHHSI 10HIB JITitO.
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KniovoBi cJao0B a JIOKCUI TUTAHY, OKCUJ
MaHTaHy, JiTii, iIOHHUH OOMiH.

MATEPHAJIBI HA OCHOBE OKCHJIOB TUTAHA U
MAPI'AHIIA [JI CEJIEKTUBHOI'O U3BJIEHEHUA
JIMTA U3 BOJAHBIX NCTOYHUKOB
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H3-3a MOCTOSHHO PACTYILLErO MPOU3BOICTBA DJIe-
KTPOHHBIX IIOPTATUBHBIX YCTPOUCTB, B TOM YHUCIIE r'a-
JUKETOB, JUISL TOJIYYEHUS JIMTUH-UOHHBIX aKKyMYJIs-
TOPOB HEOOXOANMO UCKATh CIIOCOOBI U3BIICUCHHUS JIU-
THsl. 3emHas kopa conepxut okono 0.007 % nutust, He
B YMCTOM BHJE, @ €r0 HE3HAUYUTEJIbHbIE KOHLIEHTpA-
LUU OKA3bIBAKOTCS IPAKTUYECKU BO BCEX BYJIKAHU-
YECKUX IOPOAAX, a TAKKE B BOAAX MUHEPAJIBHBIX HC-
TOYHHMKOB, MOPCKOIi BoZie 1 okeaHax. CyrmiectByet 0o-
nee 20 MUHEpAJOB, COAEpIKAIIMX JUTHH, HO JIHIIb
HEMHOTHUE U3 HUX UMEIOT COIEPKAHUE, JOCTATOUHOE,
4TOOBI BhI3BaTh KOMMeEpYeckuii uurepec. [lepcrek-
THUBHBIM HaIlpaBJeHUEM SBIsieTcsl mepepaboTka pac-
COJIOB, 00pa3yIOIUXCsl OCJIE ONPECHEHUS] MOPCKOM
BOJIbI U IIAXTHBIX BOJ. DTO HAIpaBJIEHHE CUUTAETCS
9KOJIOTUYECKH YUCTHIM M peHTa0ebHbIM. [10CcKONIbKY
KOHIICHTpAIIXS JINTHA B TAKHX pecypcax Hu3Kas, copo-
LUOHHBIE METOMABI KaXyTcs 0ojiee yMECTHBIMH, MO
CPABHEHMIO C APYTMMH. B aHHOH cTaThe ONMMCaHbI
MaTepuabl, KOTOPbIE IIMPOKO HM3YUaAIOTCS C LIEIIBIO
TOJTY4EHUSI TUTHIH-CENIEKTUBHBIX a1cOpOEHTOB. boib-
HIMHCTBO aM(OTEPHBIX OKCUIOB U TUAPOKCHIOB SIB-
JSFOTCA aM(OTEpHBIMA HOHOOOMEHHUKAMH, CIIOC00-
HBIMHU KaK K KATHOHHOMY, TaK M K aHHOHHOMY 00Me-
Hy. Takue Marepuasbl MPEACTABISIOT HAYYHBIA WH-
TEpEC B CBSI3U C U3YyUYEHUEM IOBEACHUS PaJUOAKTU-
BHBIX M30TOIOB, €3aKTUBALUU CTOYHBIX BOJ U KOH-
LIEHTPUPOBAHUSI MUKPOKOJIMYECTB 3JIEMEHTOB.

KanrmouyeBBle Cc0Ba: IMOKCUI THTAaHA, OKCHUI
Maprasiia, JIMTHI, UOHHBIA OOMEH.
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Brnepme meronamu q)i31/n<o -ximiunoro ananizy (JITA, PO®A, MCA) nocmimkeHo q)a3OBi piBHO-
BarM B KBa3iIOTPIHHIA cHCTeMi TIZSe—TIInSez—TI4PZSeG no0y/I0BaHO TPOCTOPOBY Aiarpamy
CTaHy, NPOCKLIIO TOBEPXHI JIKBiZyCy HA KOHUCHTPALiHHMA TPUKyTHHK. Beranoiero, mo cuc-
TEeMa XapaKTepU3yeThCS CBTEKTUYHMM THIIOM B3a€MOJIl 3 YTBOPEHHSIM TPAHHMYHHX TBEPIUX
PO3UMHIB HAa OCHOBI BHXIJHMX KOMITOHEHTIB. 3 KPHUCTAJOXIMIYHUX TO3WIIA PO3IISHYTO 3aKO-
HOMIPHOCTI 3MIHM THIy XIMIYHOrO 3B’sI3Ky IpH Inepexoai Bix OiHapHoro Tl,Se no TepHapHHX
cnonyk TlInSey, Tl4P,Seg Ta MexanizsMy (opMyBaHHS TBEpPAMX PO3UUHIB.

KanwuoBi cuo B a: cenenogupocdaru, Ga3osi piBHOBaru, giarpama CTaHy, KpUCTaiid-

Ha CTPYKTypa, TBEpIi PO3UYWHH.

BCTVII. CTpiMKHii pO3BHTOK €JIEKTPOHHOI TeX-
HIKM TOTpeOye BiJ] HAYKOBIIB, SIKi MPAIOIOTH B Ta-
Jqy3i HEOpPraHiYHOTO Marepiallo3HaBCTBA, CTBO-
PEHHSI HOBHX MaTepiajiB 3 KOMIUIEKCOM IMPOTHO-
30BaHUX BIIACTHBOCTEH. BUpINICHHS X 3aB/IaHb
0a3yeTbCsl HA OJEp)KaHHI HOBHX PEUYOBHMH IILISI-
XOM IIJIECTIPSIMOBAHOI 3MiHH CKJIay 130- Ta rere-
POBAJIEHTHUM 3aMIIICHHSM CKJIIOBUX CTPYKTYpH,
(dbopMyBaHHSI TBEPIUX PO3YHHIB, KOMIIO3UTHUX €B-
TEKTHYHHX (MEPUTEKTHYHKX) 3’ €/IHaHb, YIOCKOHA-
JICHHSIM TEXHOJIOT1YHMX PEXUMIB cuHTE3y. Bus-
4yeHHA (i3UKO-XiMIYHOI B3aeMojii GararokoMmo-
HEHTHUX CHCTEM J03BOJISIE 3 HAyKOBUX ITO3MILIN
BCTAHOBHUTH 3aKOHOMIPHOCTI (pa30yTBOPECHHS B 3a-
JIOKHOCTI BiJl CKIIaJly Ta TEMIICPATypH, BUSHAYNTH
TpaH4Hi KOHIIeHTpaIIlI/IHl MeXi TBEP/WX PO3UH-
HIB, MEXaHI3MHU 1X YTBOpPEHHS, 3HAWTH KOOPIUHA-
TH HOH-, MOHOBapiaHTHHX TeEPETBOPEHb, Miiopa-
TH paliOHATBHI CKJIaM BUXIJHOI POCTOBOI IIUX-
TH 1 TEXHOJIOTIYHI YMOBHU OJIEp’KaHHS SIKICHUX MO-
HOKPHCTAJIB, PO3IISIHYTH 3aKOHOMIPHOCTI CKJIa[
—KpucTayiyHa Oy/10Ba — BIACTHBOCTI.

CkiamHi XaJdbKOTEHITHI MaTtepiajiy, 30Kpema

TaJIlI/IBMICHl ceneHu:[H iy TI4BIVSQ;, TI Bl VSe2
TIBSeG(B —In,BY —Ge S, P, BY — S, Bi),
3HAMIILTM MIMPOKE MPAKTUYHE BUKOPHUCTAHHS B SIKO-
CTi poOOYMX €JIEMEHTIB Y MPUJIaiaxX JJIsi ONTOeIe-
KTPOHIKH, (POTOCIEKTPOHIKH, TepMOeieKTpukn [1
—5]. Crionyxu Tury MoP>Seg (M — Ag, Cu), moxiHi
Bi SpP>S [6], 3aBmisiku CBOTH KpHCTAIYHIN CTPY-
KTYpi BOJIOZiIOTh TIEPCIIEKTUBHUMH CETrHETOCIIEK-
TPHYHHMH, 1T €30CTICKTPHIHAMH, CIICKTPOOITHIHIMI
BIIACTHBOCTSIMU g 13]. T'erepoBalIeHTHE 3aMilleH-
HS KaTIOHlB y ckiani cnonyk MoP>Seg Ha
YOTHPH AMY* nosunue NPUBOJMTH 10 Aehopma-
LLii KPUCTAIIYHOI CTPYKTYPH, 3MiHH BEIMYMHHU JH-
MOJIGHOTO MOMEHTY 1, BIATIOBIZHO, €1eKTpodizny-
HHUX BJIACTHBOCTEH.

3 omIsAAy HA HAaBEJICHE BHUIIE, JTOCIHIHKCHHS
(a30BUX piBHOBAr y KBa3iMoTpiiHii cuctemi TloSe
—TlInSey—T14P>Seg (BropuHHa Bin 3arajbHOI CH-
cremu TloSe—nySes—PoSey”), BUBUCHHS Xapak-
Tepy mpomeciB (i3UKO-XiMIYHOI B3aeMOil, Kpuc-
TaJIOCTPYKTYPHHUX OCOOIMBOCTEH MPOMDKHHX CITO-
JYK € aKTyaJIbHUM SIK 3 TEOPETUYHOI TOUKH 30Dy,
TaK 1 CTOCOBHO MPAaKTHYHOTO BHKOPHUCTAHHSI.
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Cucrema TloSe-n,Ses—P,Sey” xapakrepu-
3Y€ThCS YTBOPSHHSIM MIPOMDKHUX crOykK: T1InSey
iaBuThesi kourpyeHtHo npu 1023 K, TlingSeg
YTBOPIOETHCS 32 MEPUTEKTUYHOIO peakiiero L+

HmpSez «  TlingSeg mpu 1029K (cucrema TloSe
—nySe3) [14], TI4PoSez 3 KOHrpyeHTHHM Xapak-
tepom tuiaeieHHs mpu /58K (TloSe—PrSey”),
Iny(PoSeg)3 yTBOPIOEThCS 32 CHHTEKTHYHOKO pe-
akriero L1+L2 « |n4(P2566)3 npu 880K (| nZSeg
—PoSey”) [15], TIINP,Seg dopmyeThest Ha miepe-
tuni nepepizie Tl4PoSeg— ny(PoSeg)3 ta TlINSe
—'PySey”. Tpianrymsuis cuctemu TloSe—nySe;
—'PoSey” [16] nokasana, 1110 BOHA MOAUISETHCS
KBa3ibiHapHUMH Tiepepizamu  1NoSez—TIINP,Seg,

THNSey—TI4P>Seg, TIINP>Seg—T14PSes, TlInSe,
—TIINP,Seg, TIINP,Seg—ns(PoSeg)3 Ta TlINP,Seg

—'P>Se,” Ha mICTh BTOPMHHHMX KBa3iMOTPIHHUX
MiJICUCTEM, cepell SIKMX KBa3iloTpiiiHa cucreMa
TI>Se—TlInSe;—T14P>Seg € npenmerom Haroro
JOCTI OKEHHS.

EKCIIEPUMEHT TA OBI'OBOPEHHA PE3Y-
JIbTATIB. BuxinHi TepHaphi croiayku T1InSe,
TI4PoSeg oneprxyBastit IpsIMUM OJTHOTEMITEPATYP-
HUM METOJIOM HUISIXOM CIUIaBICHHS CTEXiOMeT-
PUYHUX KUTBKOCTEH IONEpeHhO CHHTE30BAHOTO
taniii (I) ceneniny 3 exemeHTapHUMH iHIIEM, (oc-
dopom Ta ceneHoMm y BakyymoBanux jo 0.13T1a
KBapILIOBUX aMITysax. BUKOpHUCTOBYBaiM efneMeH-
TapHi KOMITOHEHTH BHCOKOTO CTYII€HS YHCTOTH
(re menme 99.99 %): Tamiit mapku TI-000, iHmii
oc.4. In-7N, docdop oc.u. 9-3, cenen oc.u. 17-3.
MakcrManbHa TeMIeparypa CHHTE3y CTaHOBHJIA:
st TIInSey, — 1073, Tl4P>Seg — 853 K, Butprm-
Ka MPH MaKCUMaJIbHUX TeMIeparypax — 72 roau-
HU. JIiHIMHICTS TPOLIECIB HArpiBaHHs Ta OXOJOJ-
xennst (mBuakicts 50 K/ronx) koHTpOstoBamy mpo-
rpamoBanuM TpuctpoeM PID-101. [lns BuBYEH-
HS (pa3oBHUX piBHOBAr y KBa3iMOTPiHHIN cucTeMi
Tl>Se—TIINSe—Tl4P>Seg 3 BuxinHux cronyk 0Oy-
JI0 CHHTE30BaHO 26 MOJBIMHKX Ta MOTPIMHUX CIUIA-
BiB, CKJIaJ SKUX IiJIOMPABCs JJIsI BCTAHOBJICHHS
KOOPJIMHAT HOHBApiaHTHUX TPOIIECIB, TPAHHIIb B3a-
€MHOI PO3YMHHOCTI KOMIIOHEHTIB Ta MPOBEICHHS
MaTeMaTUyHOTO MOJIETIOBaHHSA  (Di3MKO-XIMIYHOT
B3aeMOJil. MakcuManbHa TemIieparypa CHHTE3y
Ta Yac BUTPUMKH CIUIABIB CTAHOBIUTU BiJIIIOBITHO
1073K Tta 48ronmuH, MBHUIKICTh HArpiBaHHS Ta

oxonopkennst 250 K/ron. [lns mpuBeneHHsS CIijia-
BiB y piBHOBaXHMI cTaH npu 573 K npoBomum
TOMOTeHI3ylounii Biaman npotarom 336 roauH 3
HACTYITHUM 3arapTyBaHHsIM Yy “JbOJsSHIN Bomi”.

InenTudikariiro ckJIaIHUX CIIOIYK Ta JOCIIJI-
JKEHHS CIUIABIB CUCTEMH 3IIHMCHIOBAIIM METOIAMU
mudepentiabaoro Tepmigaoro (ATA) (xpomens-
almoMesieBa TepMOIapa, TOUHICTh Br3HaYeHHS S K,
aBTOMaTH4Ha (piKcallis mpoIeciB Ha KOMIT F0Tepi),
pentreHiBcbkux  ¢azosoro (PDA) (JPOH-3,
JIPOH 4-13, CuKy, Ni-dpiteTp) Ta CTpYKTYpHOTO
(PCA) (Guinier Huber G670 3a metomom [iHbe
Ha MMPOXOKeHHs BUunpoMiHtoBanHs CUKg 1), Mik-
poctpykrypHoro (MCA) (MeramypriiHui MiKpo-
ckon Lomo Metam R-1) awnanizis. [Ipu BcTaHOB-
JeHHi (a3oBOTO CKIIA/y CIUIABiB BUKOPHUCTOBYBA-
mu komruieke nporpam Powder Cdl 2.1, xpucra-
JoxiMiuHKX po3paxyHkiB — WINCSD [17]. [ins ma-
TEeMaTU4HOI TOOYJOBH TPOEKIIii MOBEPXHi JIKBi-
IyCy MOJEIIOBaIH (Pi3HKO-XIMIYHY B3a€EMOIIIO Y
0araTOKOMIOHEHTHUX CHUCTEMAax 3a CHMIUIEKCHUM
metozoMm [18, 19].

Ha ocHosi pesynsrariB JITA, POA, MCA, mare-
MaTHYHOTO MOJICITIOBAHHS Ta TEPMIUHMX IOCTI[-
xenb [14,20] Brepire moOynoBaHI MPOCTOpOBa
Jiarpama CTaHy KBas3imoTpiitHOi cuctemu TloSe—
THNSey—TI4P>Seg (puc. 1), mpoekiist JKBigyCy
Ha KOHLICHTpaliiHui TpukyTHUK (prc. 2). Temme-
paTypu KOHIPYEHTHOTO IUIaBJIEHHS CIOJIYK CKia-
narothb T15Se (655K), TlInSe, (1029 K), TI4P>Ses
(789K), BiAmoBiaroTh BEpIIMHAM TPUTOHAIBHOT
npmmu A, B, C. na cnonyku Tl4PoSeg, Buiie
3a TeMIieparypu roMoreHizyrodoro Bianany 573K,
3adikcoBaHi moyiMop¢Hi epeTBopeHHst mpu 689
K (C’) ta 772K (C). CropoHH KBa3iMOTpPIiHOI CH-
cremu TloSe—TIINSe—T14P,Seg yTBOpIOIOTH TpH
CHCTEMH €BTEKTHYHOTO THUITY 3 (pOpMyBaHHIM Tpa-
HUYHUX TBEPAUX PO3YHMHIB HA OCHOBI CKJIQJHUX
ceNeHifiB: & — Ha ocHOBI T12Se, b — TlInSey, g,
d, e — Ha ocHoBi Itm-, mtm- ta htm-Tl4P,Seg (ne
[tm-, mtm Ta htm+ BiZNOBIIHO HU3BKO-, CEpei-
HBO- Ta BHCOKOTeMIIeparypHi mMomudikarii). B cu-
cremi TloSe—TlINnSey, BinOyBaeThCst OiHAPHHI HOH-
BapiaHTHUI eBTeKTH4HUI mporec L « TlySe+
+ TlinSe, (e1 — 614K) [17]; y cuctemi TloSe—
Tl4P>Seg (vactroBa Bin TlpSe—PoSes”) — HOH-
BapiaHTHUI eBTeKTHYHMI Tporec L «  TlySe+
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Ksasinompiiina cucmema Tl,Se=TlInSe,—TI4,P,Seg

Tl,Se Tl P;Seq

Puc. 1. IIpoctopoBa niarpama CTaHy
kBaszinoTpiiinoi cucremu Tl,Se—TIINSe,—TI,P,Seg.

[tmTI14P>Seg (e2 — 610 K), merarexkTnuHmii Tpo-
ec htmT|4P2566 « L +mtmTI4P2566 (m2 —
47 K), merarektiuHuil miporiec Mtmil,PoSeg «
L +1tmTl4P>Seg (Ml — 40K); y cuc-
temi  TlInSe—TI4P>Seg  (kBasiOHa-
pHUI Tiepepi3 3aralibHOi TPUKOMIIO-
HeHTHOT cuctemu TloSe—In,Ses—
“P>Ses’) — HOHBapiaHTHHI €BTEKTH-
yHui mpouec L «  htmTl4P,Seg +
TlInSe; (5 — 776 K) [20].

JlikBimyc cucremu TloSe—TlINSe,
—T14P>Segs (puc. 2) yTBOPIOIOTH MOJIS
NEPBUHHUX KpHCTamizamii a-dasu
TlySe-e1-E1-e2-Tl»Se, b-pazu TINSey-
e5-U2-U1-E1-TIInSey, g-dasm ml-Ul-
El-e2-ml, d-pazm m2-U2-Ul-ml-m2,
e-dazu Tl 4P>Seg-€5- U2-m2-Tl 4P>Ses.
[Tnommua alblcl siamoBimae HOH-
BApiaHTHOMY EBTEKTUYHOMY IEpPETBO-
pennto LTloSe+ TlInSe, + ItmTl4P>Seg
(539K). [IBi moBepxHi XapakTepu3sy-
IOThCSI TIPOXOJKCHHSM TIEPUTEKTHY- 650
HUX TPOIECIB HA OCHOBI MOJIMOpP(]-

[tmTI4P>Seg + TlINSe,, 620K). Cucrema TloSe —
TIINSey—TI4P>Seg xapakTepusyeTbesi POXOHKEH-
HSM MOHOBAPIAHTHUX EBTEKTUYHHUX MPOIIECIB:
L « htmTI4P>Seg+ TlInSey (e5-U2, 776—
693K), L« TISe+TlInSs, (€l-£1, 614-539K),
L« TS +ItmTI4P>Seg (€2-E1, 610—539K);
MOHOBapiaHTHUX TEPUTEKTHUHUX Tporecis: L +
+ mtmTl4- P>Seg «  ItmT14P>Seg (m1-U1l, 640
—620 K), L +htmTl4PSeg « mtmTl4PoSeg
(m2-U2, 747—693K), L + mtmTI|4P>Seg «

TlInSey (U2-U1, 693—620K), L +ItmTl4P>Seg
« TlInSe; (U1-E1, 620—539K). Jlinii MoHO-
BapiaHTHUX pIBHOBAr MEPETUHAIOTHCS B TPHOX
toukax: U2 — HOHBapiaHTHHI MEPUTEKTHYHHHA
nporec L +htmTl4PoSeg « TlInSey + mtm-
TI4P2Seg (12 % mon. TloSe, 20 % Mmoo, TlINSe,, 68
% mou. TI4P>Ses 693 K), Ul — HoHBapiaHT-
HUW neputekTHIHHMA nporec L +mtmTl4P>Seg
« TlInSes + ItmT14P>Seg (38 % moun. TloSe,
9%wmomn. TIINSey, 53 %wmon. Tl4P>Ses, 620 K),
E1 — HoHBapiaHTHHUII eBTeKTHYHHMI mporiec L «

TloSe+ TlInSe, + ItmiT14P>Ses (47 % mon. TloSe, 7
% wmon. TIINSey, 46 % mon. Tl4P>Seg, 539 K).

TlinSe,

HUX TIEPETBOPEHL TEPHAPHOI CIIONYKH
T|4P2566 — U2b3c3uU2 (L +htmTI4-

P,Ses«  mtmTl4P,Seg + TlInSe,, 693
K) ta U1b2c2U1 (L + mtmTI4P>Seg «

Ti,Se
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Yo MO,

Puc. 2. Tlpoexiiisi TIOBepXHi JIKBIAyCYy Ha KOHLEHTpPALiHHMIA
TPUKYTHUK KBasinotpiiinoi cuctemu Tl,Se—TlInSe;,—Tl,P,Se;.
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Tabnuns 1
Kpucranoximiuni mapamerpu cnoayk TI,Se, TlInSe,, TI4P,Seq

KpucranoctpykTypHi JOCIiKEH-
HS CcKJIagHuxX ceneHiais TlInSey,
TI4P>Seg npoBomu MeTo10M TOpO-

Cnonyka CHHTOHis, TIp.TP. Mapavierpn HIKY. VTO?EIGHH’I CTpYKTYpHHX I1apa-
KPUCTAII9HOL TPaTKH METpPIB 3AIMCHIOBAIM METOAOM Pit-

BeJbJIa, LUIIXOM IOPIBHSHHS Teope-

Tl,Se[23] Terparonamsua, P4/n  a=8.5400; ¢ = 12.3800 A THYHO PO3PAaXOBaHOTO Mpodimo au-
C_b :98.8(3()1)' (tabm.1). B sxocti BuXximHOI Mojeni

TI4P>Seg [24] TerparonansHa, a=28.06413(4) ura crionykn TlaPaSeg BHKOpHCTOsz-
14/mem c = 6.83310(4) R BaJIM MOJENb, B3ATy 3 podoru [21],

s cnonyku T1InSey pospaxyHku

3.305

5.:11. ' /a.

LT

p
3.345 /7
5u|./‘ge|\$c1

Se2|
3480

3.232 3232
Sel ~ | 45:_.1
5el =Lr Sel
3.232 T2l 3332

Tlake

2,796 W 547

Puc. 3. Yxnananns okraenpis [TISeg], xoopauHariiine OTOYEHHs aTOMIiB Talilo y CTPYKTypi

conyku Tl,Se ta mixarom

TlInSe o
P oM
Puc. 4. Yxnanauns tetpaeapis [INSe,], Terparonanbuux
antunpusm [TISeg] y crpykrypi conyku TlInSe, ta
MmickaroMHi Bixcraui TI—Se, In—Se [20].
YTBOpPEHHSI HOBUX CKIIAIHUX CIIOJIYK B CH-
cTeMi He BUsIBIEHO. HaiOiunbn mpoTspKHI 0071acTi

TOMOTEHHOCTI BCTAHOBJIICHO Ut crioiyk T1InSep
ta Tl4P>Seg (58 % mon.).

104

Hi Bigcrani TI—Se [23].

NPOBOAMJIM Yy HAOMVIKEHHI 0 CTPYKTYPHOTO TH-
ny TIGaTey [22].

VY crpykrypi TloSe (ctpykrypauii Tumn TlgSeg)
MOYKHA BUJIUTMTH JIBA COPTH aroMiB Tajito (puc. 3).
KarioHHy mifirparKy yTBOpoIOTH ionm TI11* Ta
TI12%, sxi KOOpAMHYFOTH HAaBKOJIO cebe iOHM
(po3TaioBaHi BiAMOBITHO y BEpIIMHAX CHJIBHO
nedopMoBaHOro Ta JAeheKTHOro —1 OKTae/apiB).
TI21* ta TI22* BucTynaroTh B AKOCTI LIEHTPATL-
HOTO aHIOHOYTBOPIOIOYOTO aToMa i PO3TaIIOBYIO-
Thesl BeepenuHi  oktaenpis [T1Seg).

Crpykrypy cnonyku TlINnSey, moxkHa po3mis-
JaTh SIK TOXiZHY CTpyKTypu OiHapHoro T1Se, B
AKI TIISAXOM 130BaJIGHTHOTO 3aMiIlICHHS 10HU
In3* 3aiimarors mosunii TI3* y ILEHTpax TeTpa-
enpis 3 ionis S (puc. 4). Karionn TI™ xoopau-
HYIOTh HaBKOJIO ce0e BichMOMa 3B’ SI3KaMH 3

~ aHioHHI TpynH [INSey] >,
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Tl4P25eq

3.232

3,385 3.082 :
Se3 \i}/' Seh
Tl1

Puc. 5. Yxnamauns 3pomeHux TeTpaenpis anionHoi rpymu [P,Seg] y cTpykTypi
cnonyku Tl,P,Seg Ta mixkaromui Biacrani TI—Se [24].

Kpucramiuna crpykrypa Tl4PoSeg gopMy-
€ThCS aroMaMu aHioHHOT Tpymu [PoSeg]™, mik
SKUMH Y TeTpaeApHUYHUX ITyCTOTaxX PO3TAIIOBaHi
karioan TI* (puc.5). AnionHa rpyma [P2866]4_
YTBOPIOETHCS MApOr0 aroMiB P—P, koxxHWMIA 3 KX
3B's13aHUI 3 TphOMA iOHAMU SE (PO3TaIIOBYFO-
ThCSl y BEPIIMHAX 3POILICHUX TETPAC/IPIB).
KpucranoxiMiuHi  JOCHIIKEHHS  TO3BOJIHIIH
JaTH OIIHKY TUITY XIMIYHOTO 3B’ SI3KY y CKJIaJHUX
CeJEHIIaX IIUIAXOM CIIBCTABIECHHS PO3pPaXyHKO-
BUX Ta EKCIIEPUMEHTAIFHUX 3HAYCHb MIKaTOM-
HUX BificTaHel (Tabi. 2). AHami3 pe3ysbTaTiB BKa-
3ye Ha Te, 110 Juis OiHapuoro Tamii (I) ceneHimy
XapaKTepHUN 3MIIIaHUA THUIT XIMIYHOTO 3B’SI3KY
— ioHHO-KOBaJieHTHHH. JloBxkuHa 3B's3ky TI—Se
HaGIIKAETHCS 0 CyMH {0HHHX pamiycis TIT i S,
0 CBiJYUTH TPO TIEpeBary i0HHOI CKJIaI0BOI.
ITpn mepexoni Bing Ginapuoro Tl,Se no Tep-
HapHoi croiyku Tl,P,Ses, 3aBasku TpaHc-BILIM-
By y cucteMmi 3B si3kiB Tl—-Se-P, 36iibmryeThes mo-
nsipu3attist 38’ s3kiB TI-Se, 1m0 Bkaszye Ha 3pocTaH-
HSl BKJIQJy 10HHOI CKJIQJIOBOi XIMIYHOTO 3B’ SI3KY.
[IpoTunexHa KapTHHA CHOCTEPITAa€ThCS IS 3B’ 5I-
3kiB IN=Se'y cnomymi THINSe,, monspusanis axux
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Tabnuusa 2

Po3paxyHkoBi Ta excnepuMEHTAILHI 3HAYEHHSI MiK-
aTOMHHMX BiJIcCTaHell y CKJAJHHUX ceJleHizax TIZSe,

TIInSe,, T1,P,Ses

Cronyxa TI—Se In—Se P—Se
ExcriepuMeHTaNbHI BiJICTaHI, B\
Tl>Se 3.11—-3.82
TlInSe) 343 2.62
TI4PySeg  2.98—3.98 2.10—2.25
Po3paxyHkoBi BiacraHi, R [25]
Sr,,, 2.64 2.60 2.22
Sr,, 3.38 2.72 235

IIpuw™iTk a. MibkaTOMHI BiJIcTaHi MpenCcTaBlieH]
mix karionamu TI*, In3* ta S€?~ anionnux rpym. St
[ Sri on — BIANOBIJHO CyMa KOBAJIEHTHHX Ta 10HHHX
paniyciB Juis KpUCTAiB.

3MeHIyeThes (1 GimapHoro In,Se; 3Bs30k
In-Se cxmamae 2.75—3.52 /g\), 0 MPUBOIUTH JI0
TTiIBUIIICHHS BKJIAY KOBAJICHTHOI CKJIAJ0BOI.
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Tabnuusa 3

PospaxyHok KpucTajgoXiMiuHUX (GOpPMY/ILHUX CKJIAMIB CHOJIYK

TlInSe,, TI4,P,Se; i TBepaMx po3umHiB Ha ii ocHOBI

Tl ta 2000 atomiB P (xarionHa miarpar-
ka) npunanae 6000 atomiB Se (yTBO-
protots 1000 amionnux rpyn [P,Seg]).

®daza

Kpucranoximiuauii ckian

IIpu pozunnenni 5% momn. Tl,Se 'y ma-
TpuuHiit crpyktypi Tl4,P,Seg omepxye-

(T14P,S85)0.95(T1556)g 05 50l ]

T?IQOO[
3900 1900

Crexiomerpis Tl4PoSeg

(T14P2Seg)0.95(T1INSen) .05

(TlInSe2)0.95(T14P2Ses)0.05
Crexiomerpis TlInSe

(T1InSe)0.95(T12S€)0.05

38
%385& N5oP1000

700 100

OO[ 000
-??4000 20006000

'”solpzsee] 9508100 <€

Tls3I N3P 45581000

Tls00! N500€1000
Tlsp5N755€g75] 155

MO CKJIaJl TBEPJOr0 PO34MHY, SKHH OIHU-
Cy€TI>C$I KPHCTAJIOXIMIYHOIO q)opMyJIOIo
;19_00865700[ ] 100, J€ Ha 5800 ionis
KaTIOHHOI MirpaTKy MpUIia-

1a€e 5700 ioniB Se?~ (yrBoprowTs 950
aHIOHHHX TPYII [PZSee]) IO NPUBOIHTE
JI0 YTBOPCHHSI B aHIOHHIH TIiArparii Baka-
HCIH, 1, BIAMOBIAHO, CTPYKTYpPH BiHIMa-
HHs1. [Ipu posunnenni 5% mon. TlINSe,
KPUCTAJIOXIMIYHHI CKJIa]] TBEPIIOTO PO3-

800

Po3rissHeMo MexaHi3M yTBOPEHHS TBEpPIUX
po3urHiB Ha ocHOBI cronyk T1INSey, TlsP>Seg
3 TIO3UIIN KPUCTAIOXIMIYHUX (DOPMYIIBHHUX CKIIa-
niB [26].

Hnsa cnonyku TlINSe, crexiomeTpHdHOTO
CKJIQJly KpHUCTaJOXiMidHA ¢opMyia BiIMOBiTae
Tlg0lN5ppSe1000- Ha 1000 aromis (500 ar. Tl + 500
ar. In), sixi GOpMyIOTh KaTiOHHY MiArparKy, Mpu-
nagarore 1000ar. Se B anionHid miarparmi (Taom.
3). Ipu posumHenni 5 % mor. Tl,Sey MarpudHiii cTpy-
ktypi TlINSe, onepkaHo ckiaj TBEPAOro po3du-
HY, SIKUH OMHCYETHCS KpHCTanoxiMquOIo q)opMy-
JIOKO Tl 525| n4755%75[ ]25 Y KaTlOHHlI/I Hl[IFpaTIIl
3aBaskd 130BasieHTHIN 3amidi IN°T wa 3TIY 3ara-
JbHE YHCI0 aToMIB 3anumraeTbest cranuM (525
ar. Tl +475ar. In). B aHiOHHIN MiArpaTIi YUCIO
aToMiB Se MeHIe, HiX I CTeXIOMETPUIHOTO
CKJIaJly, IO BKa3ye Ha YTBOPEHHs BakaHCii. Tae-
PAHii PO3UMH YTBOPIOETHCS 32 MeXaHI3MOM 3a-
MIIIEHHsI y KaTiOHHIA MIATparii Ta BiTHIMaH-
HS 'y aHiOHHIN miarparii. KprcranoxiMiuyHuid cKiiaj

Cy€TI>C$I q)OpMy.TIOIO T|523| n432P458€1000 Yucno
aTOMlB y KaTlOHHlI/I Ta aHlOHHlI/I Hl[II'paTKaX 3aJin-

LIAETCS  CTAIMM, IIO BKasye Ha (hOpMyBaHHs
TBEPJOTO PO3YHMHY 32 MEXaHI3MOM 3aMillICHHS
(In5* + 3TITP4H).

CTGXIOMCTpI/I‘-]HOMy CKJIQJLy CIIOTYKH Tl ,PySeg
Bi/lNOBiae KpucTanoximiuna popmyna Tl a0 P,-

Sesl1000 (T14000P20005€6000): 1€ Ha 4000 atomis
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eTbest  opmynoro  TlagsnlngyPy

(T|3850| nso[stee]gsoseloo) 3a anYHOK reTe-
POBAJICHTHOI'O 3aMIIICHHA TI « In Ta 3aI10B-

HEHHS yTBopeHI/Ix 50 BakaHCiii MO aHIOHHIH TpyIi
[PZSee] ioHaMu Se“~ (hopMyBaHHS TBEPAOTO PO-
34MHY BiJOYBa€ThCA 32 MEXaHI3MOM 3aMilICHHS
SK B KaTiOHHIM, TaK i aHIOHHIN MiJrpaTKax.
BHUCHOBKH. 3a pesynbraramu J{TA, PDA,
MCA Tta mMareMaTMyHOrO MOJIEJIIOBaHHS BUBYEHO
xapakTep (i3uKo-XiMiYHOI B3aeMOZii y KBasiro-
TpiitHii cuctemi TloSe—TlINSe,—T14P>Seg, moby-
JIOBAHO TIPOCTOPOBY JliarpaMy CTaHy Ta MPOCKIIII0
MOBEPXHI JIKBIAYCYy Ha KOHIEHTpAIiiHUI Tpu-
KyTHHUK. BcTaHoBieHo, 10 B cucteMi BiiOyBaro-
ThCSl HOHBAPiaHTHI Tpolecu: eBTekTuuHnid E1 —
L « TISe+ TlInSey + ItmTl4P>Seg (47 % monn.
TloSe, 7% wmon. TlINSe,, 46 % mon. Tl4PoSes, 539
K), mepurextnunmii ULl — L + mtmT14P>Seg «
THNSey + ItmT14P>Seg (38 %o mon. TloSe, 9 % mon.
TIINSey, 53 % mon. TI4P>Seg, 620K), U2 — me-
purektnunnii L + htmTI4PoSeg «  TlInSey +
mtmTI4P>Seg (12 % mon. TloSe, 20 % mon. TIINSe,
68 % mon. Tl4P>Ses, 693K). B cucremi yrBOpro-
IOTBCSI TPAaHWYHI TBEP/i PO3UMHU HA OCHOBI BHUXi-
JTHUX KoMItoHeHTIB (10 5—8 % mos1.). dopmyBan-
HS HOBHX CIIONIyK He 3adikcoBaHo. Kpucranoxi-
MmiyHuil aHani3 cnonyk TloSe, TlInSey, TI4PoSeg
MOKa3aB, 110 BOHU XapaKTEePU3YIOThCS 3MIIaHUM
10HHO-KOBAJICHTHHM THIIOM XIMiYHOTO 3B'SI3KY.
IMpu mepexoxi Bin 6inapHoro Tl»Se no TepHapHOT
cionyk TIINSey BiOyBaeThCsl MOCHIICHHS KOBa-
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JICHTHOI CKJIaZ0BOi 3B’ 513Ky IN-Se, no TI4PoSeq
— crocTepiraeThesi MPOTHIICKHA 3MiHA, 3pOCTaH-
Hs 10HHOT KOMITOHEHTH 3B’ 513Ky T1-Se. Pesysbra-
TH JIOCIII[DKEHb MEXaHi3MiB (OpMyBaHHS TBEp-
JMX PO3YMHIB 3 MO3UIINA KPUCTAIOXIMIYHUX (hop-
MYJIBHHX CKJIA/IiB BKa3yIOTh Ha YTBOPEHHS CTPYK-
TYp 3aMillleHHs TIPH B3a€MHI PO3YMHHOCTI Tep-
HapHuX crionyk T1InSey, Tl4PoSes. PozunnenHs
oinapHoro TloSe y TepHapHHMX ceneHimax Hpu-
BOJIUTH JI0 (hOPMYBaHHSI TBEPIUX PO3YHHIB 32 Me-
XaHI3MOM 3aMIillleHHsI Ta BiJHIMAHHSI.

KBA3BUTPOIHASI CUCTEMA Tl,Se-TlInSe,~TI,P,Se;

W.E.Bapunii* B.A.T(isrl, M.HﬁceIiKI/IZ, AA De;
nopuyk”, A.N.Ilorogun~, M.M.@unen—, M.I1.Crepuo
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Yencmoxosckuii ynusepcumem umernu fra Jlyeowa,
ya. Apmuu Kpaiiosoii, 13/15, Yencmoxosa,
42200, [Torvua
JIveosCKUL HAYUOHANBHBLI YHUBEPCUMEM
B8EMEPUHAPHOU MEOUYUHBL U OUOMEXHON02UU,
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* e-mail: i_barchiy@ukr.net

Knaccuueckumu meropamu (pU3MKO-XHMHUYEC-
koro ananu3a (JITA, POA, MCA) u MaTeMaTH4eCKOro
MOJICJIMPOBAHUsI BIIEPBbIe U3Yy4eHbI (Da30BbIe paBHO-
Becust B KBasuTpoiHo# cucreme Tl,Se—TlINnSe,—
Tl4P,Seg, mocTpoena npocTpaHCTBEHHAs JUarpamMMa
COCTOSIHHSI, MPOCKIIMS MOBEPXHOCTH JIMKBHIYCa Ha
KOHIICHTPAIIMOHHBIA TPEYTOJbHUK, YCTAHOBJICH Xa-
paKkTep M KOOPIMHATHI HOHBapPUAHTHBIX IPOLIECCOB.
ITokazaHo, 4TO cucTeMa XapaKTepU3UPyeTCs SBTEK-
THYECKMM THIIOM B3aHUMOJEHCTBUS C 0Opa3oBaHU-
€M I'PaHUYHbBIX TBEPJBIX PACTBOPOB HA OCHOBE MCXO-
JHBIX coerHeHui. C KPUCTANIOXUMUYECKUX TT03H-
LU pacCMOTPEHBI 3aKOHOMEPHOCTH M3MEHEHHS TH-
na XMMHUYECKOM CBs3M INpH Tepexone oT Tl,Se k
TpoitHbIM coequHenusaM T111NSe, u TI4P,Seg, mexa-
HM3Ma 00pa30BaHMs TBEPAbIX PACTBOPOB.

KnoueBroie cuoBa: ceneHoaudocdarsl, ¢a-
30BbIC PABHOBECHs, JUAarpamMMa COCTOSIHHUS, KpPHUC-
TaJUIMYEeCKash CTPYKTYpa, TBEpPIbIC PAacTBOPHI.

Tl,Se-TlInSe,TI,P,Ses QUASITERNARY SYSTEM

|.E.Barchiy!, V.A. Tovt!, M.Piasecki, A.A.Fedor-
chuké‘e,‘rA.I .Pogodi nf M.Y.Fi Ie?)fc I.P.Stercho

L Uzhhorod National University, 46 Pidgirna Str.,
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%thgor od, 88000, Ukraine
J.Dlugosz University, 13/15 Armii Krajowej Str.,
zestochowa, 42200, Poland
Lviv National University of Veterinary Medicine
and Biotechnologies, 50 Pekarska Str., Lviv,
79010, Ukraine
* email: i_barchiy@ukr.net

Complex chalcogenide compound are widely
used as working elements for semiconductor optical
technology, thermal generation, solar power. Specia
attention is paid to compounds of the M ,P,Seg type
(M — Ag, Cu) which due to its layer crystal structu-
re possess promising ferroelectric, thermoelectric and
electro-optical groperti&s. Heterovaent subgtitutions
of cations 2M2* « 4M1* in the composition of
M,P>Seg type compounds must leads to deformati-
on of the crystal structure, changing in the value of
the dipole moment and, accordingly, to change the
electro-physica properties.

The Tl,Se—nySes— P,Sey” system characteri-
zed by the formation of intermediate complex com-
pounds which melts congruently TlinSe, (1023 K),
TI4P>Seg (758 K), TlInP,Seg (875K) and TlinsSeg
(melts incongruently L +InySe3TlinsSeg at 1029 K),
Ing(P>Seg)3 (formed by syntactic reaction at 880 K).
Triangulation of the Tl>Se—n,Ses—PoSey” system
was shown that then divided on secondary quasiter-
nary systems, oneof themisTl>Se—TIINSey—T14P>Se;.

Phase equilibriainthe Tl ,Se—TI1nSe;,—T14P>Seg
guasiternary system were studied using classical
methods of physicochemical analysisDTA (chromel-
alumel thermocouple, with an accuracy of 5K), XRD
(DRON-4-13 diffractometer, CuK, radiation, Ni fil-
ter, Guinier Huber G670 diffractometer, CuKg1 ra-
diation), MSA (metallographic microscope Lomo
Metam R1) in combination with the simplex method
of mathematical modeling of phase equilibriain mul-
ti-component systems. Crystal structure calculation
was carried out with program WinCSD.

Investigation of physical-chemical interaction
allowed to constructed perspective view of phase sta-
te diagram and liquidus surface projection of the
TloSe—TlINSe—TI14P,Seg ternary system. In the ter-
nary system formed the boundary solid solution: a —
onthebasisof Tl,Se, b—onthebasisof TIInSey,
g d,e — on the basis of Itm-, mtm- and htm-T14P,Seg
(Itm:, mtme, htm — low, middle and high temperature
modification, respectively). The liquidus of the terna-
ry system consists of primary crystalization are-
as. TloSe-e1-E1-¢2-Tl,Se (a phase), TlInSey-e3-U2-
U1-E1-TlInSe;, (b phase), m1-U1l-E1l-e2-m1 (g pha
se), m2-U2-U1-m1-m2 (d phase) and Tl 4P,Seg-€5-
U2-m2-TI4P>Ses (e phase). The TlySe—TlInSe,—
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Tl4P>Seg quasiternary system is characterized by the
pro- cesses: monovarianteutecticL «  htmTI4P,Seg +
+ TlInSe, (€5-U2, 776—693 K), monovariant eutectic
L « TI,Se+TlInSe, (e1-E1, 614—539K), monova-
riant eutecticL «  TlySe + ItmTl4P,Seg (€2-E1, 610—
539 K); monovariant peritectic L + mtmTI4P,Seg
« 1tmT14PoSes (M1-U1, 640—620 K); monovariant
peritectic L +htmTl4P,Seg « mtmTI4P,Seg (m2-
U2, 747—693K); monovariant peritectic L +mtm-
TI4PSeg « TlInSe, (U2-Ul, 693—620K); mono-
variant peritectic L +ItmTI4P>Seg «  TlInSe, (U1-
El, 620—539K). Lines of the monovariant equilibria
are crossed in three point: U2 — invariant peritectic
process L +htmTl4PSeg «  TlInSe, + mtmTl4P»Seg
(12% mol. TI»Se, 20% mol. TlInSey, 68 % mol.
TI4PoSeg, 693K), Ul— invariant peritectic process
L+ mtmTI4P25e6 « T nSe2 + |tmT|4P2566 (38 %
mol. Tl,Se, 9% mol. TlInSe,, 53% mol. Tl4P,Seg,
620K), E1 — invariant eutectic processL « Tl,Se+
THNSe, + ItmT1,4P,Seg (47 % mol. T1,Se, 7% mol.
TIINSey, 46 % mol. Tl,P,Seg, 539 K). New complex
compounds were not observed in the ternary system.
Limited solid solutions on the basis of TlInSe,,
Tl 4P>Seg initial compoundsare not up to 5—8 % mol.

Crystal-structure studies of Tl,Se, TlInSe, and
Tl 4P,Seg complex chalcogenideswere carried out by a
powder method, refinement of the structural parame-
ters— by the Rietveld method. The lattice parameters
are: TI,Se— P4/n,a = 8,540, ¢ = 12.380 R; TlInSe, —
[4/mcm, a=8.064, c=6.833 A, Tl,P,Se; — P121/c1,
a=12.239, b=9.055, c= 12.328&, b=98.83. Crys
tal-chemical analysis of the compounds showed that
they are characterized by a mixed ion-covalent type
of chemica bond. During the transition from the bi-
nary Tl,Seto TlInSe, ternary compound the covalent
component of the In—Se bond is enhanced, the oppo-
site change is observed for Tl4P,Seg, an increase in
the ion component of the TI-Se bond. The study of
the mechanisms of formation of solid solutions sho-
wed that with the reciprocal solubility of the TIInSey,
TI4P>Seg ternary compounds characterized by the
formation of substitution structure, the dissolution of
Tl,Sein ternary selenides follows the substitution and
subtraction mechanism.

K ey w or ds: selenodiphosphate, phase diagrams,
dtate diagrams, crystal structure, solid solutions.
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IMPABUJIA [JIS1 ABTOPIB

OO0mue TpedoBanms. Penakiys nprHUMAET K paccMo-
TPEHUIO 0030pHBIC U OPUIHHANBHBIC HAay4HBIC CTAThH, a
TaK)ke KPaTKUe COOOIIEHH s, OTBEUAOIIHE TEMATHKE U3a-
HUS: CHHTE3, UCCIIEIOBAHUE CTPOCHHSI M CBOVICTB HEOPTaHH-
YECKHX, OPIraHMYECKHUX U BHICOKOMOJICKYIIIPHBIX COCUHE-
HHUI, aKTyaJbHbIe MPOOIeMbl HU3NUESCKOH XUMHUH, B 4aCT-
HOCTH, KHHETHKA U KaTaJli3, TEPMOJMHAMHKA, STIEKTPOXH-
Must, HOTOINEKTPOXUMHUSI, CCHCOPHBIC U SHEPTOTEHEPHPY-
FOIIHE CUCTEMBI.

Pemienrie 0 COOTBETCTBUH CTAThU MPOQUITIO KypHA-
Jia MPUHUMAET PEAaKIMOHHAS KOJUIETHs.

CTaThs MPEACTABIISAETCS BAJICKTPOHHOM BHJIC U B BU-
Jie IBYX TBEPIIBIX KOIHI HAa PYCCKOM, YKPAHHCKOM HIIH aHT-
JIMACKOM SI3bIKE, TIPOHYMEPOBAHHASI C MIEPBOM JI0 TIOCIIEIHEH
CTpaHHIIBI.

[penenbHBIi 00BbeM cTaThil — 25 CTPaHUIL, KPaTKOTO
coobienuss — 6 crpanuil (BKJIFOYAs] PUCYHKH W TAOJIHIIBI).
OO0beM 3aka3HbIX M 0030pHBIX CTaTell He OTPaHUYNBACTCS.

Tekcr nomker ObiTh HaOpaH B penakrope Word mpud-
ToM 14 xernst depes 1,52 uHTEpBaNa Ha OJHOW CTOPOHE JIU-
cra Oymaru opmata A4. Tlomst cTpaHwmI : JIEBOE, BEpXHEE U
HiwkHee — He MeHee 20 MM, ipaBoe — 10 mMm.

Pyxomucs odopmisiercs cnenytomum odpazom. Ha
IIepBO¥i CTpaHwMIle B JIeBOM BepxHeM yrity mmmdp YK, mox
HUM — WHUIMAAJTB U (paMUIHA aBTOPOB, Ha3BaHUE CTa-
TbH (KUPHBIM IPU(TOM), HA3BAHHE OpraHM3alMU (OpraHu-
3a1lui), T/ BBIMOJIHEeHA paboTa, M OYTOBIH ajapec (ampeca),
9JIEKTPOHHBII aj[pec OJIHOTO M3 aBTOPOB (KYPCHB), Jayice —
annoTaiws (He 6osee 10 CTPOK) Ha SBRIKE CTATHH C KITFOUYEBBIMU
coBamu (10 10), TEKCT CTAThU MEYaTaeTcs cO BTOPOH Crpa-
HUIBL [lepen pestoMe Ha YKPauHCKOM (PYCCKOM) sI3bIKE YKa-
3BIBAIOTCS HA3BAHKE CTAThH, (JAMUIMN aBTOPOB C WHHIIHA-
JIaMH, TTOYTOBBIN ajpec (aapeca) opraHU3aIlid, dJIEKTPOH-
HBII aJpec aBropa, TO e MpeIBapsieT Pe3oMe Ha AHIIHIAC-
KOM si3bIKE. Pe3toMe Ha aHTTIMIICKOM SI3BIKE JIOJKHO COCTaB-
nsTh He MeHee 1800 3HaKoB, BKITFOUast KITH0UeBbIe clioBa. Ecitu
CTaThs TIPENICTABIICHA HE HA YKPAUHCKOM SI3BIKE, TO PE3IOME
Ha YKPaMHCKOM JIOJDKHO TaKKe COCTaBiATh He MeHee 1800
3HAKOB. B KOHIIE pyKOTIMCH — J1aTa OTIPaBIICHHS €¢ B pe-
JAKIUI0, TOJMUCH aBTOPOB, ajapec s mepenwcku. Ha
MOJISIX PYKOIMICH OTMEUYAETCS MECTO PUCYHKOB M TAOIHIL
JlyOrmpoBanue Matepuana B TEKCTE, TAOMMIAX M PUCYHKAX
HE JIOTYCKAaeTcsl.

ITpu BBIOOPE EIMHKI] H3MEPEHHUSI ABTOPBI OJKHBI TIPH-
JIepKUBATHCS MEXTyHapotHOU crcrembl eanHui CU.

K mevatu npuHUMAIOTCS CTPYKTYPHPOBAHHbBIE CTA-
TBU. TIOCTAHOBKA MpoOJemMbl (66edenue), PopMynupoBa-
HHeE 1€l cTaThu (Yenb), U3II0KEHHE OCHOBHOTO MATEpPH-
ana (axcnepumenm u 06cydcoeHue ), BBIBOJIBI.

®opmyasl. Bee popmynsl (pocThie M CIOXKHBIE,
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CTPYKTY pHBIE) MepeaaTcs OyKBaMU JIATHHCKOTO anda-
BUTa 1 HAOMparoTcs NpsMbIM mpudrom. Hymeposats crie-
JIyeT TOJIGKO Te ()OPMYIIBbI, HA KOTOPBIE UMEIOTCSI CCBHIJIKH.
Bce nponymepoBaHHbIE (OPMYIBI BBIKIIFOUAIOTCS B Kpa-
CHYIO CTPOKY, @ HOMEp CTaBHTCS B KPYTJIbIX CKOOKaxX. 3Ha-
KM TIPENUHAHUS CTaBST 10 CMBICIY HEIOCPEICTBEHHO 3a
(dbopmyIoit.

Taommpl. TaOmurel, ecnu ux 0ojee oxHOM, HyMe-
PYIOTCS M BKJIAJIBIBAIOTCSI HEMOCPE/ICTBEHHO TOCIIE CTpa-
HUI, Ha KOTOPBIX €CTh MepBas CChIJIKA HA HUX. 3ar0JIOB-
K¥ rpad HeoOXO MO MHCATh MOJIHOCTHIO, O€3 coKpare-
HUH, C yKa3aHUEM eIMHUI u3MepeHust. B Tabaumax cie-
JlyeT TOMEIaTh TOJbKO IepeMEHHbIE BEIWYHMHBI, IO-
CTOSIHHBIE YCJIIOBHS OIIBITOB JAIOTCSl B TEKCTE MJIM 3aro-
JoBKe TabiuIBl B ckoOkax. CHOCKM M NpUMeYaHUs K
TaOJIUIIe [Te9aTaroTCs HEMTOCPEACTBEHHO O/ HEll.

HNnmocrpanmu. PucyHku cneayeT npeacraBisTh B
JIBYX MJIEHTHYHBIX dK3eMIuripax. Hannvucn Ha HUX 107-
KHBI OBITH KPATKUMU, UX CIIEAYET 10 BO3ZMOXHOCTH 3a-
MEHSITh nudpaMu WK OyKBaMH, KOTOPBIE pacIn(ppOBBI-
BAalOTCA B ITOJAIUCSIX K HUM; KDUBbIE HYMEPYIOTCS apaOCK-
uMH 1ppamMu. OJHOTHIIHBIE KPHUBBIC BBIMOJHSIOTCS B
0/INHAKOBOM MacIitabe Ha OJIHOM pHCyHKe. PexomeHty-
ercs IPUMEHITh HECKOJIBKO MAacCIITaOHBIX IIKaJ s
00beTMHEHNS Pa3TMYHBIX KPUBBIX B OJMH PUCYHOK. M30-
OpakeHHe Ha PUCYHKaX CTPYKTYPHBIX U IPYTHX (GOpMYIT
HexxenarenbHo. Dororpaduu KOKHEL OBITH YepHO-Oe-
JIBIMH, YETKUMH M KOHTpacTHbIMU. Bee mintroctpanum Hy-
MEpYIOTCS B IOCIIENI0BATENbHOCTH, COOTBETCTBYIOIIEH
YIIOMHHAHUIO MX B pyKomnucu. Ha crpanuiie ¢ pucyHkamu
yKaspIBaeTcsi paMIIus aBTOpa, Ha3BaHUE CTaThu. PucyH-
KM ¥ (oTorpaduu NpusararoTcs B BUj€ OTACIBHBIX (aii-
noB ¢opwmara tif, pcx, ipg, bmp.

Bubsmorpaduaeckne cepuikn. Crimcox oudnmorpa-
(UYECKUX CCBUIOK COCTaBIJISICTCSA B TOPSIKE YIIOMHHA-
HHSl UCTOYHHKOB B TEKCTE, TJIe OHH OTMEYAIOTCS LHU]-
pamu, 3aKIF0YCHHBIMH B KBapaTHbIC CKOOKH, U IaeTCs B
KOHIIC CTaThH Ha OTIEIBHOM crpanuie. CChUTKH HA WHOC-
TpPaHHBIC UCTOYHUKH MPHUBOJATCS Ha SI3bIKE OPUTHHA-
na. Ha HeomyOIMKOBaHHbBIE MaTepHalbl CChUIKH HE J0-
MYCKAOTCS.

Crmcok  OubnMorpaduueckux CChUIOK oQopmitsiercs
cIeyromuM 00pa3oM. B craThbe Ha AHTTIMICKOM SI3BIKE TPH
[UTHPOBAHUH AHTTIOS3BIYHBIX U3JaHUH, MepeBeNCHHBIX
Ha YKPAaWHCKUH WJIM PYCCKUH SI3BIK, JAETCSA CChIJIKA Ha
OpUTHHAJBHOE HW3/IaHUE, MPHU IUTHPOBAHUU HCTOYHH-
KOB Ha YKPaWHCKOM HJIHM PYCCKOM SI3bIKE B KOHIIE yKa-
spiBaercs (in Russan / in Ukrainian). Omnaxo, eciu Takue
HCTOYHHKH MMEIOT TIEPEBOJ HA AHINIMIICKHIl S3BIK, YKa3bl-
BAIOTCS BBIXOJIHBIC JAHHBIC AHTJIOSI3BIYHOTO H3IaHHMS.
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Kpome nepeuncieHHbIX, peaakius MpOCUT YYUTHI-
BaTh Cleyrolue TpeOoBaHus:

— 0030pHBIE CTaThbHM 3aKa3bIBAIOTCS DPEIKOJUIETHEH;

— HeoOOCHOBAHHOE pa3ZielieHne MaTepuajia Mo OIHOMY
BOIPOCY Ha HECKOJIBKO CTaTel He JIOIyCKaercs;

— K PYKONHCH HEOOXOAMMO NPHIIOKHUTH JaHHBIE 00 aB-
Topax (Mecro paboThl, aapec, TenedoH, PamMuus, MOJTHOE
HMS M OTYECTBO) M COMPOBOJHUTEIBHOE MHCBMO, B KOTO-
POM JIOJDKHO OBITH OTMEYEHO, UTO CTaThsI HE ITOChLIANach
B JIpyrHe KypHaJbl;

— Tocie IOpadOTKH CTaThbH aBTOPAMH B PENAKIIMIO BMEC-
Te ¢ nepepabOTaHHBIM TeKCTOM (2 3K3.) BO3Bpalaercs mnep-
BB BapuaHT pykonwmcH. [1pu 3amepKke cTaTbil aBTOPOM
Ooree Mecslla epBOHAYAIbHAs JaTa MMOCTYIUICHHUS HE CO-
XpaHsercs;

— OTKJIOHHMB PYKOIINCh, PEaKIMs OCTaBJIsIET 3a co0O0it mpar
BO HE BO3BpAlllaTh aBTOPY OJMH 3K3EMILISP.

HecoOmonenue aBTopamu mpu 0poOpMIICHHH PYKO-
TIFCcel IpaBIJl HAIIero JKypHana SIBISIETCS OCHOBAHHEM TS
OTKJIOHEHHUS TIPEJICTABIISIEMbIX CTaTeH.
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