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MeKIyHAPOIHBIH CHMIIO3UYM IO COPOIMH M IKCTPAKIIUM. MaTepHabl /
oA obmied pea. a1.x.H. Meakoa M.A. — BnaguBocrtok: JlanbHayka, 2008.
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B cOopuuke nyOnukyroTcs  MaTepuaisl  MexayHapOoAaHOTO
CUMIIO3MYMa 10 COPOIMH M IKCTPAKIIMH, MPOXOAUBIIETO ¢ 29 CeHTIOps 1o
4 oxts6psa 2008r. B 1. BnaguBoctoke Ha 6a3e Unctutyra xumuu JIBO
PAH.

Marepuainsl npeiHa3HAaYeHbl AJS MIMPOKOTO Kpyra CIElHaIuCTOB,
CBSI3aHHBIX C BOIPOCAMHU TEOPETUYECKOTO UCCIIEAOBAHUS U MPAKTUYECKOTO
IPUMEHEHHS TPOIIECCOB COPOIIMH U IKCTPAKIIUU B XUMHUH.

Penakmuonnas xosierus.

H.U. CtebneBckass — K.X.H., CTapIIUi Hay4dHbIi coTpyaHuk HMHcTHTyTa
xumuu JIBO PAH;

H.B. IlomsikoBa — K.X.H., Hay4HbIil coTpyaHUK MHCcTUTyTa Xumuun JIBO
PAH,;

A.B. Boiir —Hay4uHblil coTpyaHuK MHctutyTa Xxumun /IBO PAH.

[Tox oOme# penmakmmeir M.A. MenkoBa — A.X.H, 3aBEAYIOIIETO
naboparopuell InepepadOTKU MHHEPAIBHOTO ChIpbsi MHCTUTYTA XUMHUH
JABO PAH.
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CEJIEKTUBHBIE COPBEHTBI B PA/IMOJOKOJIOTUHN

Cepruenko B.1., ABpamenko B.A.
Hucmumym xumuu /lanonesocmounozo omoenenus PAH, a.
Braousocmox, np. 100siemus Braousocmoka, 159, avramenko@ich.dvo.ru

Prospects of development of nanosrtuctured sorpnaterials are
discussed. A principal scheme of these materiadthsgis from xerogels is
presented. The efficiency of new materials for itigradioactive waste is
shown. The focus was made on the materials stakalitd substantial
reduction of the formed solid waste to be senfif@l disposal.

B nokmane paccMOTpeHBI BO3MOKHOCTH HOBBIX COPOLIMOHHBIX U
COpOIIMOHHO-PEAreHTHBIX MAaTepUAOB Ul PEIICHUs Pa3INYHbIX MpodiieM
pPanMOdKOJIOTUM,  CBSI3aHHBIX  C  CEJNEKTUBHBIM  M3BIICYCHHUEM |
KOHIICHTPUPOBAHUEM  PAaIUOHYKIUI0B. HoBbie  copOuuoHHBIE U
COpOLIMOHHO-peareHTHbIE MaTepHalbl, HOJTy4aeMble B BUJIC
HAaHOPAa3MEPHBIX  KPUCTAJUIMYECKHX  CTPYKTYp,  CEJIEKTHBHBIX K
pPalMOHYKJIHMIAM, CTAOMJIU3UPOBAHHBIX TOPUCTHIMU KCEPOTESIMH  WJIH
yIJIePOJHBIMU  BOJIOKHAMH, TIIOKa3bIBAIOT HAMHOIO 0ojiee BBICOKYIO
CEJICKTUBHOCTh 10 CPaBHEHUIO C OOBIYHBIMU KPHUCTAJUIMYECKUMU U
KOMIIO3UTHBIMU COPOEHTaMHU, B KOTOPBIX pa3Mephl KPUCTALTUNYECKON (a3bl
COCTaBIISIIOT €AMHUILIBI M IECATKA MUKPOH.

NmenHo cBepxmalible  pa3Mepbl  KPUCTAIJIOB  OOECIEeuMBaIOT
YHHUKaJIbHbIE COPOLIMOHHBIE CBOICTBAa TakuX CcoOpOeHTOB. B mgokimaze
pPacCMOTPEHBl ~ TEOPETUYECKHE  BOMPOCHI  CHHTE3a  HAHOPA3MEPHBIX
COpOCHTOB, CTAOMJIM3HPOBAHHBIX MOPUCTHIMH MAaTpPUIIAMH, [IOKa3aHa
BO3MOYKHOCTh HAIPaBJICHHOT'O CHHTE3a TaKUX MaTepuasioB. PaccMoTpeHsbl
NPaKTUYECKHE CIOCOOBI CHHTE3a HAHOPa3MEpPHBIX COPOEHTOB U
COpOLIMOHHO-pEareHTHbHIX MaTepHaoB. [TpoBeneno U3yueHue
3aBUCUMOCTH COPOLIMOHHBIX CBOMCTB IOJIy4aeMbIX HAaHOPa3MEPHBIX
MaTepHalioB OT CBOMCTB MCXOIHBIX TPEKYpCOPOB M  CIIOCOOOB
UMMOOHMIIN3allM  HAaHOYACTHUL COPOEHTOB B MMOPUCTHIX MAaTpHUIaX.
[Toka3aHo, 4TO HaHOpa3MepHble COPOLMOHHBIE MaTepualbl 00Jaaal0T
CEJICKTUBHOCTBIO B JIECATKM pa3 BBINIE, YeM HMEIOUIMECS B HACTOSIIEE
BpeMsI MPOMBIIIIEHHBIE 00pa3IIbl CEIEKTUBHBIX COPOCHTOB.

PaspaboTanHple = NPUHIUIOBI  HAMNPaBICHHOTO  CHUHTE3a
CEJICKTHBHBIX K JIOJITOKMBYIIUM PAIUOHYKIHIaM COPOEHTOB MO3BOJISIOT
CO3/aBaTh CEJCKTUBHBIE COPOEHTHI HEMOCPEICTBEHHO [JIsl pEIICHUs
KOHKPETHBIX 3ajad, Bo3HUKawomux npu nepepadbotke KPO Ttoro wmm
MHOT'O COCTaBa Ha KOHKPETHBIX 0OBEKTaX.



Hcnonp30BaHuEe  CEJIEKTUBHBIX ~ HAHOPAa3MEpPHBIX  COPOEHTOB
BO3MO>KHO B TaK Ha3bIBA€MON COpPOLIMOHHO-PEAreHTHON CXEMe€, B KOTOPOU
CEJICKTHBHBIE COPOCHTBHI CHHTE3UPYIOTCS M3 TPEKYypCOpOB (COPOIIMOHHO-
peareHTHBIX MaTepuaioB) B mporecce ouuctku JKPO. CopOuuoHHO-
pearcHTHas CXeMa UMeEeT 3HaUYUTEIbHOE IIPEUMYIIECTBO B TOM, YTO COCTaB
OYHMILAEMBIX PACTBOPOB HEMPEPHIBHO KOPPEKTUPYETCS B MPOLIECCE OUUCTKU
C TeM, YTOObI JOCTUYh MAaKCUMaNbHON 3()PEKTUBHOCTH H3BICUCHUS
JOJITO’KUBYIIUX PAaJUOHYKIIHJIOB.

PaccMoTpeHbl  BO3MOXKHOCTH  HOBOM  COpPOLIMOHHO-peareéHTHOU
TEXHOJIOTHH MEePepadOTKU KUIKUX PaJuOaKTUBHBIX 0TX010B. [IpuBeneHbl
OpUMEpHl pean3alliyd JaHHOW TEXHOJIOTUH TpPHU MepepadOoTKe KUAKUX
pPaZOaKTUBHBIX OTXOJOB Pa3jMUYHBIX THIIOB, O0Pa3yIOLIUXCS B MPOIECCE
DKCILTyaTaluu, peMoHTa u yrunusaunua Al

Pa3paboTaHHble HOBbIE COPOEHTHI U COPOLIMOHHO-PEAreHTHBIE
MaTepuaibl YCIEIIHO alnpoOMpOBaHbl HAa NPAKTUKE M INPUMEHSIOTCS B
HocjeHee BpeMs Ui NepepadOTKU JKUIKUX PaJUOAaKTHBHBIX OTXOOB,
o0pa3yroIuxcsi OpU PEMOHTE, SKCIUIyaTallUM W YTUIW3allld aTOMHBIX
HOJIBOAHBIX JIOAOK. [IpuMeHeHue COpOLMOHHOM TEXHOJOTHUU IO3BOJISIET
co3aaBaTh MOOWJIbHBIE YCTAHOBKH Ui pemieHus npodnem ouuctku KPO
Ha pa3nuuHbIX oObekTax. [lpu 3TOM uHcKIOYaeTcss HE0OXOJUMOCTh
TpancnoptupoBanusi JKPO Ha 3HauntenbHble paccTosiHus. llociennee
ocobenHo aktyanpbHo ansi [lanbHero Bocroka Poccum, rae paccrosHus
MEXIy OOBeKTamMH, Ha KOTOpbiXx oOpasytorcs JKPO, wu, nHampumep,
cTannoHapHbIM 3aBonoM mepepaboTku ([130 «Jlanapim») uzMepsroTcs
WHOTJA ThICSYaMU KHJIOMETPOB. [l MPaKTHYECKOro PpEIICHUs JIAHHBIX
BOIPOCOB  OBLIO CO3[JaHO ONBITHOE IPOU3BOJICTBO HAHOPA3MEPHBIX
CEJIEKTUBHBIX COPOEHTOB M COPOLIMOHHO-PEAre€HTHBIX MaTEPUAJIOB.

DEVELOPMENT OF SOLVENT EXTRACTION FOR
SEPARATION OF SUBSTANCES AND PRODUCTION OF
FUNCTIONAL OXIDE MATERIALS

Kholkin A.l. 1, Patrusheva T.N, Belova V.V.}
Kurnakov institute of general and inorganic chemyistf RAS, Leninskii
pr., Moscow, 119991, Russia, kholkin@igic.ras.ru
’Krasnoyarsk polytechnic institute of Siberian Fed&sniversity,
Svobodniy pr. 79, 660049,, Krasnoyarsk, Russidg@mail.ru

The scientific bases of binary extraction (extm@ctiwith salts of
organic acids with organic bases) have been desdldpinary extraction



was applied in the extraction of copper from leaghisolutions of

oxygenized ores, in the purification of solutionsh iron, in the extraction
of indium, cadmium, molybdenum, noble metals andtimer processes.
Interface distributions of cations and anions i thinary extractant
systems are interconnected; the use of combinafiarganic cations and
anions with different properties in compositionbifary extractants opens
various new possibilities.

The scientific bases of extraction-pyrolitic methoél functional
oxide material production have been developed. Mkthod provides for
solvent extraction of material components, mixin§j extracts with
following pyrolisis of mixtures of extracted spexie

The extraction-pyrolytic method was applied foraobing of films of
HTSC materials. Films 0.1-fi of thickness were obtained. A uniform
distribution of elements was achieved in the filmish buffer layers on
various substrates: silicon single crystals, sapphstrontium titanate,
magnesium oxide. The value of for films was lower than that for pellets.

The developed method was tested for obtaining ajnatc films of
cobalt ferrites. As a result of 3—-10 cycles Co#terfilms of 0.1-0.51 thick
were obtained. DTA curves of the Fe and Co carlaiggl showed that
decomposition and solidification of the componetdsk place at 260—
290 °C. It was found that the optimal annealing tempeeat which the
films became magnetic was 450-5@0)

Ferro-electric materials such as BajiOSrTiO;, BaBiTi;Os,
SrBi,Ti1, O3 (x=0.1; 0.3), PbZysTip 03 were obtained with the extraction-
pyrolytic method. Monophase powders of titanatestobntium, barium
and zirconium were obtained at 880. Compared to the solid synthesis
from a mixture of oxides the temperature of phasmétion was lowed by
500 °C. Films of ferro-electric materials were formed thve surfaces of
citall, polikor and glass. It was shown that Bajiénd SrTiQ films
consisted of uniform towards size and shape ofngrabout the size of
100-150 nm. The values of the dielectric penetmadioBaTiO; and SrTiQ
films were higher (950 and 650) than that for filno§ the same
composition obtained with sol-gel method (140 a&d)2

The extraction-pyrolytic method owing to its simegly and
efficiency may be successively applied to produateomly complicated but
also simple oxidized materials that was shown @alds an example of tin
oxide films for gas sensors. It was shown thathieemal decomposition of
tin carboxylate on substrate (Al-foil) leads to tlmemation of numerous
centers of crystallization as well as nanocrystalstructure obtaining after
annealing. The resistance depending on temperatfusynthesis of tin
oxide films was investigated and the minimal vabferesistance (1.2—



2,3 kOm) was found at 350—400 °C. In agreement WiEA investigations
the solid oxide was obtained in that region of temapure. It was found that
in SnQ films the electronic conductivity was absent.

The developed method, in which organic solutionsnetal extracts
are used as initial precursors in obtaining orgdihmes, was modified to
obtain casing ceramic pigments. To obtain blue kgigments an aqueous
emulsion of mixture of cobalt and aluminum extraetss applied. During
contact with suspension of calcium silicate theraots formed organic
casing. Further the thermal decomposition of theaets and the annealing
of the material at 800—-96C were carried out. According to the procedure,
significant lowering of cobalt consumption and aalimey temperature was
achieved.

The main advantages of the developed extractioahgic method
are:

- homogeneity of organic extracts and their midgyreniformity of
intermediate and final products;

- decreasing temperature and duration of syntledgsoducts due to high
reactive capacity of products of pyrolysis of metairacted compounds;

- method is universal and allows obtaining oxidbssances and materials
of various composition;

- method is universal for addition into materialngmsition of metals
existing in aqueous solutions as cations and @mptex metal containing
anions;

- method is universal for obtaining different mé&tty such as ceramics,
powders and films on substrates of various comioosisize and shape;

- method is characterized by simplicity in sucoesstovering films or
layers of the same or different composition;

- any initial materials including industrial prodscand technological
solutions of different productions, secondary amegdhhogeneous raw
materials can be used because of their cleaningglaxtraction of desired
components;

- simplicity and cheapness (there is no need in ptexn equipment,
expensive extractants and initial metal salts).

Thus, by using the developed extraction-pyrolytietimod functional
oxidized materials such as films, powders and cmsnof various
composition and different properties have been iobth Physical
characteristics of the obtained samples do notembato those of materials
obtained by other methods and in some cases thesacteristics were
better. The developed method can be widely us@daduction of different
materials, for example, covers, lithographs, comjmos materials,
catalysts on substrates, casing pigments and leécniethod can be used in



obtaining of covers and fine dispersion powder®ugh pulverizing of
extracts. Thus, the developed method providesgdpli@tion of extraction
systems for producing inorganic compounds and naddedirectly from
organic extracts avoiding stripping of metals itlte aqueous phase with
following synthesis.

Financial support of Russian Foundation for B&&gsearch (grant N
07-03-00993) and Krasnoyarsk Foundation of Sciggcant “Enesei” N
07-03-96803) are gratefully acknowledged.

DESIGN OF SUPRAMOLECULAR EXTRACTANTS FOR METALS
RECOVERY AND SEPARATION

Yakshin V.V., Kotlyar S.A.
All-Russian Research Institute of Chemical Techmgl83, Kashirskoe
Shosse, Moscow, 115230, Russia

In the present time supramolecular endoreceptomnhaifrocyclic
crown-ethers type have become one of the mostl@ophemical reagents
with a very wide application area, including prass of extraction
recovery and separation of elements close in clamproperties.

Special place in the chemistry of macrocyclic eedeptors is
occupied by dibenzocrown-ethers (DBCE) due to atiked ease of their
obtaining and a wide range of possibilities for thgsis of various
derivatives on their base.

All DBCE can be classified according to mutual koma of
benzene rings as symmetric (distal) and asymmebrgximal) analogs
which can be different in chemical properties. iegence of biphenyl
fragments in DBCE structure additional stabilizatiaf generating
complexes is possible at the expense of changeit@dibnic angle
between planes of phenyl rings (twisting). Analogpicture is observed at
introduction into structure of crown-ethers diphlemyde spacers because
of phenyl rings mobility increase due to hinderethtion of Csp-O—Csp
bond. These regularities can be utilized for desainnew selective
endoreceptors for metals separation in extractrongsses.

With this purpose distal (hn = m) and proximalAm) DBCE (A),
crown-ethers with diphenyl fragments (B) and crosthers with
diphenyloxide spacers (C) have been synthesized:
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The study of extraction ability of distal and pnmal isomers
dibenzo-18-crown-6 (A) in processes of metals recp¥rom nitric acid
media show more high distribution coefficients oétal (DOy,) for distal
iIsomers as compared with proximal analogs but s#ipar coefficients of
metals f) is higher for proximal isomer.

Introduction of orto-substituted diphenyl fragmefB in crown-
ether structure causes the appearance of confamahti mobile
atropoisomers with specific extraction propertiéghile extraction with
these compounds of 23 elements from nitric aciditemis it has been
established that they are better than DB18C6 inesmly,, and macrocycle
with shortest oxiethylen chaifB, n = 1) possesses the highest extraction
ability. As length of oxiethylen fragment increasgs n = 2, n = 3),
extraction ability of crown-ethers decreases imatreh to majority of
studied metals (with exception of Pb and Ag). Memo these
endoreceptors become selective for extraction mgoof lead and silver.

For crown-ethers with diphenyloxide spacers (C)ugaDy, is
higher than for derivatives of type A. For 3d-mstaations the so-called
“selective plateau” is observed. Monotonic increasealues [y for main
subgroup elements of 11l group is emphasized wittwgng of ionic radius.

The established regularities between space staictof
dibenzocrown-ethers and their extraction abilityr&covery and selection
of metals from nitric acid solutions are used fesigning new effective
and selective supramolecular extractants.

EXTRACTION SEPARATION OF ACTINIDE AND RARE
EARTH ELEMENTS BY CROWN-ETHERS

Tsivadze A.Yu.
Frumkin Institute of Physical Chemistry and Electremistry
Russian Academy of Sciences



31-4, Leninsky prospekt, Moscow, 119991, Russia
tsiv@phyche.ac.ru

According to the expert predictions of Russian &pists, the
advancement of separation methods in nuclear aanhichl industry will
be complicated at XXI century due to toughening thées of the
environmental protection, the reduction of the lewé chemical and
radioactive pollution, the minimization of the vole of waste solutions.
The creation of new extraction processes of theaettbn and separation of
radioactive and rare metals based on the more tseleeagents will
allowing make a separation on compact plants wassér amount of
reagents in a shorter period of a contact betweageants and active
solutions. Within the framework of the developmenft fundamental
knowledge of the separation processes, the applicaif macrocyclic
ionophores is considered to be among the most pmogqidirections of
future technology because of the high selectivitgrown-compounds with
respect to recovered metal ions. The mail goalhis direction is to
investigate the influence of the structure of magclic endoreceptors on
their selectivity in processes of metal extractimnsynthesize the reagents
of new generation, to study physico-chemical proger of crown-
compounds and to develop on their basis the higfilgient processes of
the adsorption - extraction recovery and separaifaradioactive and rare
metals during processing the highly active wastedpets in atomic
industry.

The presentation on theéonference consists in three general parts:
(1) introduction; the main results of applicatioh @ crown-ether for
separations process; (2) the data obtained irblgst during realization our
work at IPCE RAS; and (3) the main ideas focusetherfuture.

(1) Solvent extraction of radionuclides bydereceptors of
macrocyclic crown-ethers type is planned to be uledtreatment of
irradiated nuclear fuel (INF) and high radioactivastes (HRW). However,
only a few of these structures are proposed foctima using because of
high price of endoreceptors, dissatisfactory hydodgmus-lipophilous
properties, and necessity in additional reactaftsus, the alternative
direction to create extraction systems, providihg hecessary level of
effectiveness and selectivity of extraction is #ygplying of acceptable
dibenzo -18-crown-6 (DB18C6), dibenzo-21-crown-7 B@AC7),
dicyclohexyl-18-crown-6 (DCH18C6, mixture of isoraeand “A”-isomer),
dicyclohexyl-21-crown-7 (DCH21C7), dibenzo-24-cre®&n(DB24C8),
benzo-15-crown-5 (B15C5). Methods of synthesidhefrtalkyl derivatives
with CH3 - CgH;; radicals were elaborated to improve their hydrdyous-
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lipophilous properties. The carried out investigas allowed relate the
compounds with ter-butyl radicals to extractants thwioptimal
hydrophobous-lipophilous properties. Polyfluorizédn,® was chosen as
organic solvent by summarized useful charactesisgjoalities. It was
shown that solutions of alkyl derivatives of DCHBB® CTn,®> are more
effective and selective to extract Sr. Then Sr learstripped completely
from organic phase by water. The increase in Oistion coefficient of Cs
(Dcg in comparison with R, was noticed for extraction of Cs from 1M3
HNO; solutions in the case of using of alkyl derivasvef DCH18C6,
DB18C6 and DB21C7 irCTns*. Cs can be also stripped completely by
water. Applying of the mixtures of alkyl derivatsveof DCH18C6,
DB18C6 and DB21C7 i€ Tns? allows extract Sr and Cs from nitric acid
solutions of complicated compositions with the @pgent stripping of the
elements by water. These data can be used assbddareate technology
of treatment of HRW to extract Cs and Sr nuclidastheir burying. It is
known that mechanism of solvent extraction of saftgnetals by crown
ethers depends strongly on the form in which thteaekng metal presents
in mineral acid solution. Metals, which are abledisplace hydroxonium
ions from macrocycle (B Hg*, SF, K, TI*, CS) form the compounds
of including , where cations are located in theityaef macrocycle ring as
the “guests”.

(2) The conceptual plan of investigasiofor 2004—2007 was
prepared in order to solve the just described probl (a) Elaboration of
the principium of design and synthesis of macracyehdoreceptors; (b)
Studying of extraction of macrocyclic crown-compdanand calixarenes
of transuranium and Rare Earth elements and detation of regularities
of managing of extraction capabilities of reactafts Modeling of space
an electron structure of new macrocyclic extractaantd their complexes
with Ln and An; (d) New techniques in the using eftraction and
adsorbtion; the goal of the present paragraph &y new technological
methods, allowing to carry out isolation and sepamnaof actinides and
lanthanides effectively in order to solve the stgisoblems.

(3) The main goal of the future work is depenent of perspective
method of Carrier — Mediated Transport (CMT). THdTmethod consists
in transportation of a metal salts through a cotethbquid membrane with
a macrocycle carriers inside. This method consisteur main stages: (a)
complex formation of metal salt with an organic gmund in agueous
media; (b) diffusion of a complex through a memieraic) dissociation of
this complex in the second interface; and (d) akldiffusion of a free
carrier. In presentation will be submit the firesults on application CMT
methods for separation of inorganic cations andraniusing a different
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crown-ethers and criptands, and the main directmngealization of this
method in the field of radiochemistry.

PHYSICAL ADSORPTION IN ULTRANANOPOROUS
ADSORBENTS

Fomkin A.A.
Russian Academy of Science
A.N. Frumkin Institute of Physical Chemistry aneédtochemistry
119991 Moscow, Lenin prospect, 31
fomkinaa@mail.ru

In wide intervals of pressure (0.1 Pa—2@adyland temperatures (77,
120-600 K), adsorptioXe, Kg, Ar, N, O, Hy, CHy4, CO,, He, freons on
microporous carbon adsorbem#éU-10, ACC and zeolites of type X and
A. Adsorbtion of gases, vapors and liquids in wl#aoporous
(microporous) adsorbentsmoothly grows with growth of pressure and
sharply does not change at phase transitions iorlaiiis Isosteres of
adsorptions in coordinatés P = f (1/T) remain linear in wide intervals of
pressure and temperatures and do not change tlmatran at transition
through critical temperature of a gas phase. Defféal molar isosteric heat
of adsorption at high pressures depends on tenyperawing to non-
ideality a gas phase and non-inert adsorbent. i@ifiteal molar isosteric
thermal capacities adsorbemstsstems at high sizes of adsorption have the
maxima testifying to presence of processes of aorgtion of structure in
adsorbat.

OIIBIT PEAJIN3ALIMN THHOBAILIMOHHOI'O ITPOEKTA I1O
IMPOMU3BOJACTBY U IPUMEHEHUIO 'MIPO®OBHBIX
COPBEHTOB, PABPABOTAHHBIX B UHCTUTYTE XUMHU IBO
PAH

OnakoB A.A.
Hncemumym xumuu oanvnesocmounoz2o omoenenusi PAH, Poccus,
2. Bnaousocmox, np.100siemus Braousocmoky, 159

Technology design and organizatiminthe industrial production of

hydrophobic silica-alumina sorptives for cleaningooganic compounds
from waste waters
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Feature of application of new artificial waterpnogf sorbent is that
collected on a surface of granules mineral oille&c@d in open interstices
and process of purification proceeds before fuling its volume, that
essentially increases time of trouble-free worktteé filter.The fulfilled
sorbent is successfully recycled in the same dewloere it is produced or
used in industrial or road construction

The index of critical technologies: 3.6.2 - cherhiaad physico-
chemical technologies, means and systems of natwtdhuman protection.
The index of priority lines: 3.6.5 — industrial éngy.

HNuctutyt xumuu IBO PAH umeer Hemano pa3paboToK, B MEPBYIO
ouepenb B oOjacTu cOpOLUMHM U OSKCTPAKLUUHU, KOTOPHIE MOTYT OBITH
UCIIOJIB30BaHbl B PEaJbHOM IPOMBIIUIEHHOM Mpou3BojacTBE. OpHAKO
WHHOBAI[MOHHBIM  NPOLIECC, TOHUMAeMbld KakK KOMMEpPUHAIA3ALNS
HAy4YHbIX pa3pabOTOK, CTOJIKHYJICS C PSIOM MPOOIeM.

OCHOBHBIE U3 HUX:

- HEpa3BUTOCTh HMHHOBALIMOHHBIX CTPYKTYp M MEXaHHU3MOB, KOTOpbIC
HAYMHAIOT CKJIaJbIBaThCSA, HO HAXOIATCS €UIE€ B 3a4aTOYHOM COCTOSIHHM.
Cam MHMHCTUTYT B CHUJIy 3aKOHHBIX OrpaHUYEHUW U OTCYTCTBUS
JIOTIONIHUTEIBHON ()MHAHCOBOW TMOMJEPKKM YacTO HE B COCTOSHHUH
OCYILIECTBISITh MHHOBAIMOHHYIO JIEATEIIbHOCTh B IOJIHYIO CUITY;

- XapakKTep 3aKOHOJATENIbCTBA M HAJOTOOOJIOKEHUS MpeaonpeaeseT
OTCYTCTBHE€  HAJIOTOBBIX  JIBIOT, 4YTO  CYIIECTBEHHO  OCJIOXKHSET
VHHOBALIMOHHBIN ITPOLECC;

- HEJOCTAaTOK KaJapoB, 3aHUMAIOLIMXCA TOJBKO HWHHOBALMSAMU H
CHEUUATU3UPYIONINXCS B JIaHHOM OOJAacTH, — KakK MpPaBWIO, 3TO CaMu
pa3paboTyuKy;

- OTCYTCTBUE€ HAJICKHOM 3aKOHOJATEJIbHOW OCHOBBI U ONBITA MO3UTUBHOU
INPAKTUKU B 3alUTE MHTEJUIEKTYaJIbHOW COOCTBEHHOCTH, UYTO HETaTUBHO
CKa3bIBAaCTCSl HA TEPCIEKTUBAaX pealu3aluyd pa3padoToOK: Mpojiaxe
JIMLIEH3UH, TATEHTOB, OPraHU3alii COBMECTHOTO ITPOU3BO/ICTBA,;

- HU3KUU COpPOC HAa WHHOBAIIMU CO CTOPOHBI Om3Heca. MMerommiics y
MPEANPUATANA UHTEPEC, KaK MPAaBWIO, UMEET IEJIbI0 OMKANUIITYI0 BBHITOTY
W Pa30BOE PEIIEHUE OCTPON MPOU3BOACTBEHHON MPOOIIEMBI.

OpHako  pemraromyM — TpeacTaBiseTcss  (UHAHCOBBIM — aCHeEeKT
KOMMeEpITHaInu3allid WHHOBAIMN, HEPA3BUTOCTh (DUHAHCOBBIX MHCTHTYTOB
NOAJACP>KKU MHHOBaIMi. THHOBaIlMOHHAS JIEITEIbHOCTh HA MIEPBOM dTare
ABIIACTCS 3aTPATHOM, €€ clieyeT (UHAHCUPOBATh U3 OIOJIKETA, T. K. TOUCK
BEHUYPHOTO KallWTajla B CYLWIECTBYIOUIMX YCJIOBHUSX MPAKTUYECKH
Oe3pe3ynbTaTeH. B Takol cuTyanuu Jaxke BHYTPH OJHON opraHu3aiuu (B
JAHHOM ciiydae B VIHCTUTYTE XHMHH) MEKIY COTPYIHUKAMHU WIH
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NOJpa3IeNEHUsIMU, HUMEIOINIMMHU  pa3pabOTKM €  HMHHOBAILIMOHHBIM
NOTEHIMAJIOM, SIBJISIOIIMMUCS TOCTABIIMKOM HOBBIX MEPCHEKTUBHBIX
TEXHOJOTHA W «HOY-Xay» U TOTOBBIMH paboOTaTh HAJ HMX Pa3BUTHEM, H
TE€MHU, KTO HE 3aHUMAJICS U HE cOOMpaeTcs MpH JIHOOOM CTUMYJIHMPOBAHUU
3aHUMAThCA MOAOOHBIMU  paboTaMu, BO3HMKAaeT KOHKYpEHLHS 32
OTpaHUYEHHBIN pecypc dhenepanbHOro PUHAHCUPOBAHHS.

Co Bcemu BHINIIEYKa3aHHBIMU MPOOJIEMaMH CTOJIKHYJIUCH COTPYAHUKA
UHXeHepHO-TexHoJornyeckoro nenrpa MX JIBO PAH, xorama mnocne
3aBEpIICHUS IUKJIA PACUETHBIX M IKCIEPUMEHTAJbHBIX HCCIIECIOBaHUI B
o0jacTu TemyoMaccornepeHoca W CcopOLMU  CTajJo OYEBUAHO, UTO
MOJTy4YE€HHBIE HOBBIE BBICOKOA((pekTHBHBIE TUAPOPOOHBIE COPOSHTHI MOTYT
HAaWTH MIUPOKOE TPUMEHEHHWE ISl OYMUCTKH CTOYHBIX M JIBSUTBHBIX BOJT
MHOTHX MPEANpUSATHNR OT OpPraHWYeCKUX 3arps3HEHUM, BKIHOYas
HEe(PTEPOTYKTHI.

Bo03MOXHBIM MyTeM MpeoIoieHHs] OOJIBIIMHCTBA TPYJHOCTEH HAa MyTH
KOMMEpIUAIN3allud  TIOJIYYEHHBIX  PE3yNbTaToB  (yHIAaMEHTATbHBIX
UCCJIEIOBAHUM  TMpPEACTaBIsIOCh ydacThe B  mporpamme  «Crapt»,
peanuzyemoit @OHIOM COJAEHUCTBUS PA3BUTHUIO MaJbIX (GOpM MpeanpUsITHI
B HAyYHO-TEXHUYECKOU cepe.

ABTOpamu ObLI MpEACTaBIEH HA KOHKYPC MpoeKT «Pa3paboTka Hay4yHO-
TEXHOJIOTMYECKNX  OCHOB  TMOJy4YeHUs  TUApo(HOOHBIX  COpOCHTOB,
BHITIOJIHGHUE TEIUJIOBBIX M adpPOJIMHAMHYECKHX PACUYE€TOB  OMBITHON
YCTAaHOBKW», COOTBETCTBYIOIIMI WHIEKCAM KPUTHYECKHX TEXHOJIOTHH:
3.6.2 — xumuyeckue W (PUINKO-XUMUUYECKHE TEXHOJOTHH, CPEICTBA H
CHUCTEMBI 3aITUTHI IPUPOJILI U YEIOBEKA, 3.6.5 —1pOMEBITIIeHHAS SKOJIOTHS.

[IpoekT HampaBieH Ha YIOBIETBOPEHHE CIIPOCA MPOMBIIUICHHBIX
NpeAnpusITAid B mpuoOpeTeHur rugapodoOHOro copOeHTa IJii OYUCTKH
CTOYHBIX M JBSJBHBIX BOJI OT OPraHMYECKHUX 3arpsi3HeHuid. B pamkax ero
IUIAHUPOBAJIOCH JIOBECTH JO MPOMBIIIJICHHON pead3aliid  MpOLEeCcChl
MOAU(PUKALIMHA TPUPOIHBIX U TEXHOTEHHBIX BHICOKOMIOPUCTHIX MAaTepUATIOB
C IeNbl0 TOJYyYEeHHs] U KOMMEpPUYECKOW peayn3alid COpPOEHTOB s
OYMCTKH  HedTecomepkammx BoA. [Ilpu  BEIMOJHEHWHM  TPOEKTA
Opeanoyiiaraiuch ONTUMHU3ALMA TMpolLecca OYUCTKH BOJ, pa3paboTka
YKOHOMUYECKH ONTUMAJIBHBIX TEXHOJIOTMUECKUX CXEM COpPOLMOHHOU
OUYUCTKU THIPO(POOHBIMU COPOSHTAMHU, CO3/IaHUE U MYCK B SKCILTyaTalnio
ONBITHO-IIPOMBIIIEHHON YCTaHOBKH o runpododuzanuu
BBICOKOTIOPUCTHIX MaT€PUATIOB.

[lo pe3ynpTaTam KOHKypca MPOEKT ObLI MOAEpKaH dKCIepTaMu, ObLIO
CO3JJaHO C YYacTHEM OCHOBHBIX pa3padOTYUMKOB Mallo€ Hay4HO-
npousBojictBeHHOe mpeanpusitue OO0 «TexHocopO0», MONY4YUBIIEE OT
®donpma ¢puHancupoBanue B pazmepe 750ThIC. pyo.
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B nanbneiimem kpome ponosHuTenbHbix HHUOKP u  OKP
UCIIOJIHUTEIISIM MPUIIIOCh 3aHUMAThCSl HOBOM MO XapakTepy
paboToOM, CBA3aHHON C MHHOBAIIMOHHOM JIESITEIHHOCTBIO.

Tak, Hampumep, Obul pa3paboTaH OuW3HEC-IUIaH, OCHOBHBIMU
AJIEeMEHTaMU KOTOPOTO CTaJIH:

-oncanue mnpeanpusatus (chepa ero JAEATEIBLHOCTH, CTENEHBb
3alUTHl MHTEJUICKTyaIbHOW COOCTBEHHOCTH, ()OpMa U CTENECHb Y4aCTHS
rOCy/IapCTBa);

- OINKCaHWE TMPOAYKTa W TEXHOJIOTHH, BKIIOYAs XapaKTEPUCTUKY
E€MKOCTH PBIHKA, aHAJIN3 KOHKYPEHTHBIX MPEUMYIIECTB WHHOBAIMOHHOTO
MPOJTYKTa,

- IpeAroJiaraeMbie MOTPEOUTENTN IPOIYKTA,

- SWOT-ananus ;

- MIPOU3BOJICTBEHHBIHN IIaH (JOCTYIHOCTh PECYypCOB, TpeOyeMbIe
HPOU3BOJICTBEHHBIC MOIIHOCTH);

- TUTaH MapKeTHHTra (CTpaTerusi MapKeTHHTa, [IEHOBas TIOJIMTHKA,
(dbopmupoBaHue KaHaJIOB cObITa U CUCTEMBI
TOBAPOJIBUKCHHUS);

- (UHAHCOBBIA IUIaH (AHAIM3 WCXOJTHBIX JAHHBIX, 00OOCHOBAaHHE
CTaBKM JIMCKOHTUPOBAHWS, WHTETpajbHbIC MOKa3aTeaun 3(H(PEeKTUBHOCTH
IPOEKTA);

- aHAJIM3 PUCKOB (TPUMEHEHHE IKCIIEPTHOTO aHAJIM3a Ha PAHHUX
dTarax OIEHKH PHCKOB).

B pesynbTaTe peanuzauy nepBoro 3Tarna MHHOBAIIMOHHOTO MTPOEKTA,
HECMOTpSI HAa TPYIHOCTH, CBS3aHHBIE HE CTOJIBKO C MPOBEACHUEM
JOTIOJTHUTENBHBIX TEXHOJIOTMYECKUX W OINBITHO-KOHCTPYKTOPCKUX PadoT,
CTOJIBKO C TPOMO3/IKOM OTYETHOCTHIO, MOYUYEHbBI CIAEAYIOIINE PE3YIbTAThI:

1) wuymcnennocts co3manHoro OOO «TexHocopbO» cocraBwia 8
COTPY/AHHUKOB,;

2) obopot 4,0miH. pyo.;

3) pa3paboraHa  TMPOCKTHO-TEXHHUYECKAss M  TEXHOJOTHMYECKas
nokymernranusi [3] Ha momydeHue THIPOPOOHBIX COPOCHTOB W UX
pETreHepaIuio Mocie UCIOJIb30BaHUS;

4) narorosiensl u opopmiieHsl Ha MHcTuTyT Xumuu JIBO PAH u OO0
«TexHocop0» OXpaHHBIE JOKYMEHTHI JJI TATCHTHOW 3allUThl HOBBIX
TEXHUYECKUX M TEXHOJIOTHYECKUX PEIICHUH, TIOTyUYCHHBIX MPU PeaTh3aIiuu
JAHHOTO MTPOEKTa, OJy4YeHbI maTeHThl PO [1, 2];

5) TmOATOTOBJICH TAaKeT HAYYHO-TEXHOJIOTHMYECKOH, IPOSKTHO-
TEXHUYECKON U MATEeHTHOW JOKYMEHTAIMH, IOCTATOYHBIN IJisi CO3JaHusl U
JEATEIbHOCTH MAaJIbIX MPEANPUATANA IO MPOU3BOJCTBY M NPUMEHEHHIO
COpOEHTOB B Pa3JIMYHbBIX PETHOHAX;
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6) co3maHa OMBITHAs YCTaHOBKA II0 IPOM3BOJACTBY T'HAPOPOOHBIX
ATFOMOCHJIMKATHBIX COPOEHTOB, HauyaThl MPOW3BOACTBO M peaau3alus
napTui copoeHTa,

7) p3paboTaHbl MPUHIKIILI IPUMEHEHHS U PeaM3allii IPOU3BOIUMBIX
OO0 «TexHocop0» CcOpOEHTOB Ha CIEUHUAIBHBIX IPOU3BOJACTBAX, B
YAaCTHOCTU B MUIIEBOM MPOMBIIUIEHHOCTH JJISI OYUCTKU TEXHOJIOTUYECKOU
BOJBI OT KUPOB, HA MOPCKOM U PEeYHOM (hJIOTEe JJISi OUYUCTKH JIbSUTBHBIX U
MOATOBaPHBIX BOJ;

8)  mHaiineHsl CTpaTEerM4ecKue  HMHBECTOPHl  JJISI  pPa3BUTUS
MIPOMBITIUICHHOTO TTPOU3BOICTBA COPOSHTOB.

Urak, «aoceBHOe» (PUHAHCUPOBAHME OIHOW HAy4yHOH pa3pabOTKH,
BBITIOJTHEHHOM B aKaJIEeMUYECKOM HWHCTUTYT€ B paMKax MpPOrPaMMBI
«CrapT», obecreunso:

¢ IpuBJICUYCHNE PeCypcoB ((DMHAHCOBBIX, HHTE/UIEKTYaIbHBIX, KaJIPOBBIX)

JUISL peaiu3aliiy IpoeKTa,;

¢CO3/IaHUE CTAPTOBBIX YCIOBUM [IJII Majoro HWHHOBAIMOHHOTO

npeanpusitus OO0 «TexHocopO».

B nienom niis pernona 3To 03Havaer:

- TIpeNJIOKEHHE HOBOW TEXHOJOTHU Il TOTpeOHOCTel Ou3Heca;

pa3BUTHE PBIHKA YCIYT, YJIYy4II€HUE SKOHOMHYECKOHW M COIMAIbHOMN

Cpelbl B pETHUOHE;

- TMOATOTOBKA KBaJU(UIIUPOBAHHBIX CIEIIUATUCTOB, MMEIONIUX OIBIT

WHHOBAIIMOHHOW paboOTHI;

- YBEJTMYCHHUE HAJIOTOBOM 0a3bl M OFOIPKETHOM 00ECIIeYeHHOCTH;

- CO3/IaHM€ HOBBIX PA0OYMX MECT; T. €. COKpAIleHHE CTPYKTYpPHOU

0e3paboTHIIHI;

- TIOBBIIIEHHUE DKOJOTMYSCKON M DKOHOMHYECKON CTaOMILHOCTH.

[IpencraBngerca, uyrto mnoaydeHHsii B WX JIBO PAH onbit
MPUMEHEHUS MHHOBAIIMOHHOTO MEXaHHW3Ma C IOMOIIBI0 «IIOCEBHOT'0»
dbUHaHCUPOBAaHUS B paMKax MporpamMmbl «CTapT» CcleayeT MpU3HaTh
MOJIOKUTENIBHBIM, W OH MOXET OBbITh PEKOMEHJOBaH I JAPYIHX
pa3paboTOK, OpraHu3aIil 1 PETHOHOB.
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INTPUMEHEHME TPETUYHBIX AMUHOB B
IKCTPAKIIMOHHBIX TEXHOJIOTUAX IEPEPABOTKHA
MEJHO-HUKEJIEBOI'O CbIPb

Kacukos A.Tl'.

Hucmumym xumuu u mexHono2uu peoxkux 271eMeHmo8 U MUHEPaIbHO20
coipvsa um. U.B. Tananaesa KHL] PAH, 184209 Mypmanckas o6x.,
2. Anamumot, yn. @epcmana, 0. 26a, Akademeopooox.

kasikov@chemy.kolasc.net.ru

The results of studies into the application ofiéeyt amines in the
processes of cobalt refining and purification ofkei process solutions
from zinc, copper and iron are presented. On tlsshbaf laboratory and
industrial testing it is shown that mixtures oftigny amines and aliphatic
spirits can be recommended for regeneration ctresulphuric acid
solutions, the extraction of osmium and rheniunmfritush-water, and for
the processing of copper-nickel process ferriferaastes at Severonikel
Combine (Kola MMC).

DKCTpakiysi TPETUYHBIMU aMHUHAMHU HallJla [IHUPOKOE NPUMEHEHHE Ha
MPAKTUKE, TAK KAK 3TU SKCTPATrCHTHI SABISIOTCS JOCTYIHBIMU U JIOCTATOYHO
JEMICBBIMU  OPTaHUYECKUMH pEareHTaMu, OOJQJAr0NIMMU  [TUPOKUMHU
BO3MOXXHOCTSIMA MPU M3BJICUCHUU W OYHUCTKE PA3JIMYHBIX DJIEMEHTOB H
MUHEPATBHBIX KUCJIOT [1]. K HOCTOMHCTBaM TPETUYHBIX aMUHOB CIICIyET
OTHECTH HMX HHU3KYIO PAaCTBOPUMOCTh B BOJHBIX pPAacTBOPax, BBICOKYIO
TeMIIEpaTypy BCHOBIIMIKK, a TakKXe YCTOWYMBOCTh K XUMHUYECKOMY H
paaranroHHOMY Bo3zaelicTBhio [1, 2]. BaxkHoe 3HaueHHE MMEET TakXke To,
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4TO TPETUYHBIC AMHUHBI SIBISIOTCS OJAHMM M3 HEMHOTOUYHCJIICHHBIX BHUJ/IOB
IKCTPAreHTOB, MIPOU3BOIUMBIX B Poccuu.

[lepBbie ucceqOBaHMS MO MPUMEHEHUIO TPETUYHBIX AMHHOB MJIS
pa3zelieHus IIBETHBIX METAJIIOB OTHOCATCS K Havainy 1960x rogos. B 310
BpeMsi ObUTH ONyOJMKOBAaHBI MEpBBbIE PAOOTHl MO Pa3JEICHIO HHUKENS U
Ko0ambTa B KOHIEHTPUPOBAHHBIX  XJIOPHIHBIX  pacTBOpax ¢
ucnojip3oBanueM Tpuoktmiiamuaa (TOA) u tpuankmiamuna (TAA) [3-5].
B ornmume ot KUPHBIX KUCIOT, KOTOPBIE UCIIOIB30BAMCH B TO BpEMS IS
MOJly4YeHUs  BBICOKOYHCTOro  Kkobampta Ha  Hopumsckom  ropo-
METAJUTyprHYeCKOM KOMOWHATE, TPETUYHbIE AaMHHBI 00ECIEYHUBAIOT
cyliecTBeHHO OoJiee Beicokue kodhduimentsl pazaenerus Ni u Co.

B 1966rony B Monueropcke moa pykooactsoM D.111. Nodde Obutn
IIPOBEJICHBI TIEPBBIC MOJTYIMPOMBIIIICHHBIE HCTIBITAHUS TEXHOJOTHYECKOU
CXeMBl JKCTpakmuu Kobampra ¢ mnpumeHennemM TAA. B kadectBe
UCTOYHMKA KOOAJIbTa MCIOJB30BaIM aHOABl W3 YEPHOBOTO KOOAIHTOBOTO
CIUIaBa, KOTOpbIC BBILUIABISUIM W3 KOOAIBTOBOIO KOHIIGHTpara [6].
TexHomoruss BKIIOYAa JBa OJKCTPAKIMOHHBIX Tmepenena. Ha mepBom
nepenene u3 anosmrta dkctparupoBanmu  Fe(lll) 5-6 % pacrBopom
TPETUYHBIX aMUHOB B KepocwHe. Jlamee K OYHMIIEHHOMY pacTBOPY
nobassmn  BeicanmuBarenb (CaCl) m akcrparmpoBamm kobaner 30 %
pPacTBOPOM TPETHUYHBIX aMHHOB. Peskctpakiuio CO mpoBOIMIM BOJIOH ¢
nonyderaneM pactBopa COCh, U3 KOTOpOro mocie OYMUCTKH OT OPTaHUKH
ANIEKTPOJIM30M  OCAXJanu KarogHbii Mmertamul. [lomydeHHbBI MeTamn
IPEBOCXOIWI MO KauyeCTBY OTHEBOM KOOAlbT, HO €IIe yCTymall KOOanmbTy
mapku KO, Tak kak comgepxan (B macc.%): Fe — 0.03-0.1; Cu — 0.01-0.05;
Ni —0.01; As — 0.001.

B nanpHelimem ObuTo pa3paboTaHO e€IIe HECKOJBKO BapHaHTOB
nepepabotkn COKOHIIEHTPATOB, a TaKXKe OKCTPAKIMOHHON OYHCTKU
HUKEJICBBIX PacTBOPOB KoMOMHaTa «CEBEpPOHHKEIb» OT JKeje3a u
KoMOuHaTa «HOXKypalHHKeIb» OT Kele3a U MeAu [/—9] ¢ momolIbio
COJITHOKHMCJION COJIM TPUAIKHIIAMUHA.

OnHako, HECMOTpPST HA pAa3BUTHE MPOMBINUICHHOW 3KCTPAKIHH
koOampTa 3a pyoekom [10, 11], paspabortannbie B 1960—-1980¢ romax
IpPOIECCHl 10 Pa3HbIM MPUYMHAM HE OBLIM BHEIPEHBI B OTEYECTBEHHOM
MEIHO-HUKEIEBOM MTPOU3BOICTBE.

B 1990x romax B UXTPOMC KHII[ PAH »skcrpakumnonHas
THIPOXJIOPUIHASL ~ TEXHOJIOTHSI  KOOATbTOBBIX  KOHIICHTPATOB  ObLja
ycoBepuieHcTBoBaHa U B 1999 romy BHeapeHa B MPOM3BOJCTBO Ha
komOuHaTe «CeBepoHHKenb» [12] ms mosydeHus: OCHOBHOTO KapOoHarta
koOanmbTa. OCOOCHHOCTHIO JAHHOW TEXHOJOTUW SBISETCS TO, UTO
IKCTPAKIMS KoOambTa Bemercs 0e3 TpeaBapUTEIbHOTO BBIICTICHUH U3
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pacTBOPOB jKelie3a, KOTOPOE HAXOJUTCSA MPU SKCTPAKIMU B 3aKHUCHOU
dopme [13]. B KkadecTBe OKCTpareHTa JUIsi W3BJCUCHHS KoOallbTa
UCIIOJIB30BAIM  MPEUMYIIECTBEHHO  OTEYECTBEHHBIM  TpUAIKUIIAMUH,
coaepxamuii 97 % Ttpetnunsix amuHOB (pakuuii Cg—C,g mpous3BoacTBa
HITO «Anma3» r. JlepmonToB. [lns npurorosinenus 30—-35 % pactBopa
TAA npumensiiu  Boicokokunsmuid  kepocud (T-6) w  dupmeHHsId
pazbaButenp Jckaiig. OOpa3oBaHue TpeThell (pa3bl MpegoTBpaIIaiy MyTeM
BBeqeHUs B cmech 10 YoanmdaTuueckux coupToB.

[lepBoHauanbHO mTepes H3BICUYEHHWEM KOOambTa MeIb OCaXKIaIU
nemMeHnranuei [14], ogHako B MOCieqHEe BpeMsl U €€ YAaJCHHS TaKXkKe
UCIOJIB3YETCS SKCTPAKLIKSA, IPUYEM TOM K€ CMEChIO, UTO U JIJISl U3BJICUCHUS
koOanbTa [15].

OnTuMu3aisi TEXHOJOTMM M YCTAaHOBKA B KOOAJIbTOBOM
POM3BOJCTBE KOMOWHAaTa «(CEeBEpOHMKENb» HOBOTO JKCTPAKIIMOHHOTO
000pyIOBaHUs CIOCOOCTBOBAJIM MOBBIIICHUIO CTENEHU pa3lieleHUs
KoOanbTa U MPUMECEH U TMOITYYEHHUIO BBICOKOUMCTHIX PACTBOPOB XJIOpHUIA
Ko0asbTa ¥ 0c000 YUCTOr0 MeTaNInIecKoro kobasinra [16].

C npumenenuem pactBopoB TAA Ha xomOuHate «CeBEpOHUKEIH»
Obula pelieHa Takke MpodjeMa OUYMCTKA OTCEYHBIX CEPHOKHCIBIX
3JIEKTPOJIMTOB METHOTO MPOU3BOJCTBA OT UMHKA. L{UHK sIBIsieTcs oAHON U3
HauOosee BpPEOHBIX AJII HUKEJIEBOTO IMPOM3BOJCTBA MHUKPOIPUMECEH, U
MO3TOMY BCE TMOCTYMAOIIME B Ii€Xa OJJIEKTPOJU3a HHUKENs pPacTBOPHI
JOJDKHBI OBITH TMPEIBAPUTEIHHO OT HETO OYMINEHBI. DKCTpaKIuio ZN u3
AIIEKTPOJIUTOB, comepkammx (B r/n): H,SO,— 138-148;Cu — 32.8-43.0; Ni
— 19.1-194; Fe - 1.3-14; Zn - 3.3-4idpoBogwnmm mocie wuxX
«moncanuBanus» NaClmo obecrieueHus B pacTBOpe KOHIIGHTPAIUH HOHOB
xmopa ~ 30 r/i, 4ro HEOOXOAMMO M JOCTATOYHO JJIsi OOpa30BaHHUs
AHUOHHBIX XJIOPUIHBIX KOMILJIEKCOB, KOTOPBIE XOPOLIO 3KCTPArupyroTCs
TPETUYHBIMA aMUHaMU. B  xoje mabopaTopHBIX H  MPOMBILIIEHHBIX
UCIIBITAaHUI Mpolecca IKCTpakiuu ¢ ucnonb3zoBanuem 10 %+oro pactBopa
TAA B uHepTHOM pazbaButesie ¢ 100aBKOH 5 % M300KTUIIOBOTO CIHUPTA
npu O: B = 1: 53a 3 cTyneHu 3KCTpaklUuyd OCTaTOYHOE cojaepkanue ZN B
padunatax cocraBmwio ~ 0.5mr/n. Peskcrpakiuio muHKa TPOBOIMIN BOON
Ha 4 crymensx npu O: B = 1! 1, yto oOecreynBano pereHepanuio
IKCTpareHTa.

[Tomo6ubIe cMecH ObBUTM MCIIONB30BAaHbI PaHee U NIl OYUCTKH OT ZN
IIPOMBIBHOW KUCJIOTHI KoMOHMHAaTa «Ceeponukenb» [17]. [Ipu aTom kpome
ZN ObLI0 JOCTUTHYTO YaCTHYHOE U3BjIeueHue u3 kuciaotel Osu Re.

Kpome ouncTHOM TEXHOJOTrMU NPOMBIBHOW KUCHOTHI, B UXTPOMC
Oblja MCHbITaHa KOMIUIEKCHAs TEXHOJOTHUsl €€ NepepadOTKH, OCHOBAHHAS
Ha SKCTPaKUUU U3 PACTBOPA CaMOM CEpPHOM KHUCIOTHI C UCIOJb30BAaHUEM B

19



KaueCcTBE DKCTPAreHTa CMECH TPETUYHBIX AMUHOB U CIIUPTOB. [IprmMeHeHune
JAHHOM cMecu O00eCreymsIo JOCTATOYHO BBICOKYIO CTENEHb HM3BICUYEHUS
KHCIIOTBl B IIMPOKOM HHTEpBaJie €€ KOHLEHTpauud, a TaKxke
KoHIeHTpupoBanne Re m Os B opranmueckoii (daze [18]. B kauectBe
TPETUYHBIX AMUHOB MPEINOUYTUTEIHLHO UCIOIb30BATh PA3BETBICHHBIN TPU-
W300KTUJIAMUH W BTOPHUYHBIE CIUPTHI, OO0Namaromme OoJjiee BBICOKOMN
9KCTPAKITMOHHOM CIIOCOOHOCTHIO 10 oTHOIIeHUto K peruto (VII) [19, 20].

Cwmecs, conepxkanryio 30 % TAA u 70 Yu3ookTanona, MpUMEHSIIA
JUISL  pereHeparii  CEpHOW  KHUCIOThI W3  YIMAPEHHBIX  OTCEYHBIX
ANEKTPOJUTOB MeaHoro mnpousBoactBa Komeckon [MK. B xonme
MPOMBIIIUTCHHBIX ~ MCIBITAHWHA  HapaGoTamo  mpumepro 100  m°
PETeHEpUPOBAHHOW CEPHOM  KHUCIOThI, KOTOPYK) MCIOJb30BAIA B
JNEUCTBYIOLIEM  MPOU3BOJCTBE B3aMEH TOBApHOM  KUCIOTHI  MPHU
BBIIIEJIAYMBAHUN MEIIHBIX OrapkoB [21].

Hcnonb3oBanue mnocieaHel OMHapHON cMecH OKa3bIBaeTcs Oosee
3G ()EKTUBHBIM 1O CpPaBHEHHUIO C PAcCTBOPOM TPETUUYHBIX aAMHUHOB B
WHEPTHOM pa3baBuTene ¢ J100aBKOW MOJU(PHUKATOPOB HE TOJBKO MpPHU
OKCTPAKIMU KHUCJIOTHI, HO ¥ npu wu3BiedeHun xeneza () u3 ero
KOHIICHTPUPOBAHHBIX XJIOPUIHBIX M CYIb(AaTHO-XJIOPUIHBIX PACTBOPOB.
[Ipumenenne OWHapHOW cMecH TO3BOJMIIO TIpoBecTH A (HEKTUBHOE
u3BnedcHune xkene3a (I1l) w3 pacTBOpoB OT BEINMIETAYNBAHUS KEIC3UCTHIX
KEKOB, OCTATKOB JOKUTaHUSI KapOOHWJIHHOTO MPOU3BOJICTBA M OTBAIBHBIX
IIJTAKOB MEIHO-HUKEIEBOTO MPOM3BoIcTBA [21].

Takum oOpa3zoMm, MpUMEHEHHWE TPETUYHBIX AMHHOB B COYETaHUU C
pasTUYHBIMA pa30aBUTENSIMA W TIPU  BAapPbUPOBAHWU WX HCXOJIHOMN
KOHLIEHTpAIlMU B CMECSAX MO3BOJISIET PElIaTh 3aJa4d HE TOJBKO IIyOOKOTO
paszieneHuss B XJOPUAHBIX Cpelax IBETHBIX METAIOB U jKelie3a, HO U
MPOBOJIUTH KOMIUIEKCHYIO NMEepepad0TKy HEKOHAUIIMOHHBIX CEPHOKHUCIBIX
pacTBOpOB, oOecrneunBasi pereHepaluio 0oJbIIeH YaCTH CEPHOM KUCIOTHI.
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A basic package of flowsheets and databaske the modern
technological patterns as a scientific basis féecteg the final decision
has been developed. The principles of developmdnthe modern
extraction technologies of tantalum and niobiumrtgkinto account raw
material’s deterioration and increased requirementaarketable products
quality have been considered. Description of thenrshanges during the
key operations of technological process is given.

MeToa SKCTpakuuu JAaBHO U UIMPOKO HCIOJB3YETCS B TEXHOJOTUHU
BBIJICTICHUS] U OYMCTKH OJM3KHX MO CBOMCTBAM HUOOUA M TaHTana. OgHaKo
NO-TIPEKHEMY  aKTyaJbHbIM  SIBJSIETCS ~ BBEJIECHHE  HM3MEHEHHH B
CYLIECTBYIOIINE IKCTPAKIIMOHHBIE CXEMBbl. JTO CBS3aHO C TOBBIIICHUEM
TpeOOBAHUIM K YUCTOTE TOBAPHBIX MPOAYKTOB HapsaAy C YXYIIUIEHUEM
KaueCcTBa MUHEPAJIbHBIX KOHIIEHTPATOB M KAK CIJIEJACTBUE C YCIOKHEHUEM
cocTaBa TmepepadaThIBa€MbIX pPACTBOPOB M  CHI)KEHHMEM B HHUX
KOHLIEHTPAIUH MOJIE3HBIX KOMIIOHEHTOB.

Hamu pa3paboTaH mnmakeT HOBBIX BapHaHTOB CXEM MOJIYYEHUs
BBICOKOUMCTBIX COCIMHEHHM HUOOMS W TaHTalla NpuU TepepaboTke
Haubosee pacHpoOCTPAHEHHOTO HETPATUIIMOHHOTO PEIKOMETAIIIBHOTO
CBIPBSl, OTIMYAIOIIETOCS MEHBIIINM COACPKAHUEM IOJIE3HBIX KOMIIOHEHTOB.
PactBopbl, HampaBisieMble Ha SKCTPAaKIUHUIO, XapaKTEPU3YIOTCS BBICOKHM
comepxanueM npumeceid. Hambomee BakHBIMH  oOmepanusMu B
npeJiaraéMbIX CXeMax sIBJISIFOTCS CIIEAYIOLIHE!

1) skcrtpakuus HHOOHMS M TaHTana W3 (QTOPHIHBIX PACTBOPOB B
OTCYTCTBHE JIpyTMX MHUHEpaIbHbIX KHCIOT, kpoMme HF. Okcrpakims
b dexTuBHA B IPUCYTCTBUU 3HAYUTEbHBIX KOHIIEHTpaui
dbTopMeTAIIaTHBIX ~ KUCJIOT COMYTCTBYIOIIMX JJIEMEHTOB — THUTaHa,
KpEMHHUS, kKene3a u Jp.;

2) eciu WCXOTHBIC PACTBOPHI METAIOB JUIA OKCTPAaKIUU HE
dTopunHbIE, a CEepHO- WU  COJSHOKUCIBIE, TO  HUCIOJIb3YETCs
npeaBapuTeNibHas SKCTPAKI[MOHHAS KOHBEpPCUST HUOOMS M TaHTajla BO
(bTOpUTHBIE KOMIIICKCHI,

3) perynupoBaHre KOHIICHTpAIMU cBoOo1HOM HF moctruraeTcs 3a cuer
pealM3allid TPOTUBOTOYHOTO TPOIECCa  PA3lOKEHHUS  ChIPbS  WJIH
CBSI3BIBAHUS €€ B MAJIOPACTBOPHUMBIE COEAMHEHHUS, HApUMep BO (DTOPUIBI
P30, aBnsroniuecss ToBapHBIM IPOIYKTOM;

4) TpOMBIBKA METAJUICOJEPXKAIIUX DKCTPAKTOB OCYIIECTBISETCS
BOJAHBIMU  (DTOPUIHBIMU  PAaCTBOPAMH, COACPKAIIMMHU  OYHMIAEMBIN
leMeHT. OTo cnocoOcTByeT 0Oosnee 3(P(HEKTUBHOMY BBITECHEHUIO
INPUMECHBIX 3JIEMEHTOB M3 OpPraHUYECKUMX B BOJHBIE PACTBOPHI 3a CYET
YBEJIMYEHHS KOHIIEHTPALIMKA OYUIIIAEMOT0 METaJlJIla B CUCTEME;
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5) mis nmpenoTBpaiieHuss 00pa3oBaHUS OCAIKOB B 3KCTPAKIIMOHHBIX
CHUCTEeMaX TMPOMBIBKY OKCTPAaKTOB MPOBOAST KHUCIBIMA  BOJHBIMU
pacTBOpamMHu, HE€ COACpXAallUMH KAaTHOHOB aMMOHHS, IIEJIOYHBIX,
HIEJIOYHO3EMENBHBIX U APYTUX JIEMEHTOB;

6) g W30MpATEeIbHOTO CHUHTE3a PAa3IMYHBIX IO  COCTaBY
KOMIUIEKCHBIX (PTOPMETAIIATOB U OKCO(TOPMETAIIIaTOB HUOOMS U TaHTaja
00paboTKy PEIKCTPAKTOB WIIH MPOMBIBKY METAJIIICOJIEPIKAIIUX IKCTPAKTOB
MPOBOJAT PAacTBOPaMH COJIEM aMMOHHUs, Kanuss W Hatpus. llpm stom
PacTBOPUMOCTh HUOOWS ¥ TaHTaJIa CYIIECTBEHHO YMEHBITIACTCS,

7) PpEedKCTpakIUs METAJUIOB TPOBOAWTCS BOJOW WM CIaOBIMH
pactBopamu HF, yTo ympoIiaer coctaB pesKCTpaKTOB MEpe.l BbIACICHHEM
COCTMHEHHUI HHOOUS U TaHTajla U3 pacTBOPOB,

8) nns BbIICIICHUS TOBAapHBIX COCIUHCHUH HHUOOMS WM TaHTala |
pereHepali OCHOBHOTO peareHta TexHosormn — HF — ucnonbsyercs
TUPOJIHN3 KaK BEICOKOA((DEKTHUBHBIN Oe3peareHTHBINA METOT,

9) mns yaajneHHUs SMYJbCHOHHOTO M YaCTUYHO PAaCTBOPEHHOTO
IKCTpareHTa u3 papuHATOB MPUMEHSIIOT METON (hIoTanuu, 4TO CHUXKAET
MOTEPH SKCTPAreHTa U X KOHIICHTPAIUIO B COPOCHBIX BOJHBIX PACTBOPAX;

10) nmpemnoxena cucTeMa  OICHKH  TEXHUKO-dKOHOMHYECKOM
3¢h(HEKTUBHOCTH AIKCTPAKIIMOHHOTO TMporiecca. BakHOW cocTaBistoniei
TI000H SKCTPAKIIMOHHOM TEXHOJIOTMU SIBISIETCS BBIOOP 3((PEeKTUBHOTO
JKCTpareHTa. ABTopaMu mo 8 mokaszaTessiM ImpoBeaeHo comnocTtaBienue 10
HanOoJIee MEPCIEKTUBHBIX JIJIS1 TIPOMBIIIIEHHOCTH SKCTPAreHTOB M ClIeTaH
BBIBOJI, YTO Ha CETOMHS JyUYITUM BapUAHTOM OTEUYECTBEHHOTO IKCTpareHTa
HUOOWSI W TaHTala SBJISETCS OKTAHOJ. OJTOT DJKCTPAreHT TO3BOJISET
Haubosiee MOJIHO peajn30BaTh MPEUMYIIECTBA HOBBIX TEXHOJOTHYECKUX
BapHAHTOB.

Onucanrie HEKOTOPHIX HM3MEHEHUH TEXHOJIOTHYECKOro Ipoliecca
npuBeneHo Hiwke. [Ipu CpaBHEHWH KOJUIEKTMBHOW U CEJIEKTHBHOU
OKCTPAKIIMM TI0 TEXHOJOTUYECKUM U OSKOHOMHYECKHM TIOKa3aTelisiM
NPEINOYTEHUE OTIAETCS MOCIeAHe. B cxemax CeleKTUBHOUM 3KCTpaKIUU
TaHTaJ W3BJIEKAETCS Jierde, 4YeM HHOOWH, MPU MEHbBIIECH KOHIIEHTpAaIluu
cBoOoaHON (TOopoBogOpoaHON KHCIOTHl (HF..5. — cBepx o0pazoBaHUs
dropuanabx KomruiekcoB metauioB — HoTIOF,, HNbR;, HTaR). Tak kak
n30biTouHass  koHreHTpamuss HF.,,;, He TMO3BOJNIET  CENEKTHUBHO
OKCTparupoBaTh TaHTald, TO HEOOXOAWMa CTaAWs PEryJIUpPOBAHUS
koHueHTpauu HF;,s.B pactBope.

CymiecTByeT HECKOJIBKO METOJOB CHIDKCHHS  KOHIICHTpAIluu
cBoOoaHoi HF: ynmapuBanue, pazdaBieHue pactBopa, CBsI3bIBaHue GTOPHU-
MOHA B TPYJHOPACTBOPUMBIE coennHeHus. [lo HammM qaHHBIM J00aBIeHNE
K (QTOpHIHBIM pacTBOpaM THUTaHA C OONBIIMM COACPKAHHEM CBOOOTHOMU
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HF xapOonaToB kanbius ¥ stantana (lll) mpuBoauT K BBIIAJAEHUIO OCAIKOB
CaTiR; u LaFs. ®ropuasl P33 sBISIOTCS TOBApPHBIM MPOIYKTOM, TIOITOMY
nporiecc ogHOBpeMeHHoro nosydeHus LaF; unu cmecu ¢ropunos Lnk; u
YMEHBIIEHUS MPHU 3TOM KoHLeHTpauuu HF ;.5 MOXeT uMeTs mpakTuyeckoe
3HaueHne. Hamu  mpoBeneHbl  HUCCIAEAOBaHUS  COCTaBa  OCAKOB,
BbIMAIal0UX B mporecce perynupoBanus HF.,.;, B HHOOO-TaHTaIOBBIX
TEXHOJOTHYECKUX pacTBOpax CBA3bIBaHHEM (Topa BO  (PTOpHIEI
pEenKO3eMeNbHBIX 3JIEMEHTOB U MOKa3aHO, YTO sl IEPBOM MOJIOBUHBI psa
JAHTaHOUIOB 00Pa3yIOTCs MPOCThIe GTOPUABI PEIKO3EMETbHBIX 3JIEMEHTOB
— Lnk;, a B ciiydae TsoKeNbIX JJAHTAHOMAOB BO3MOXKHO 00pa30BaHUE TaKKe
npuMecei KoMIIeKCHBIX conelt —MelLnF, u MeLn,F.

JUiss  pa3pabOTKH  TEXHOJIOTMM  pEIKOMETAUIBHOTO  ChIpbA  C
MOJIy4YeHUEM BBICOKOUMCTBIX COEIMHEHMA TaHTalla U HUOOUS OYHUCTKY
HKCTPAKTOB OT MpPUMECEe pPEeKOMEHAYeTCS NPOBOJUTH 00pabOTKOM
(GTOPUTHBIMU  PACTBOPAMU JKCTPArUPYEMOIrO 3JEMEHTA. YBEJIUYECHHE
COIepXaHUsl OYMIIAEMOr0 MeTajula B  OJKCTPAKIUMOHHOW  CHUCTEME
CIOCOOCTBYET BBITECHEHUIO MPUMECe U3 OpraHu4eckoil ¢a3bl B BOJHYIO,
T. €. TMOBBIIIEHUIO KayecTBa IMOJy4yaeMol mpoaykuuu. B kadecTBe
METAJJICOJEPKAIET0 TMPOMBIBHOIO pacTBopa ynoOHEe HCIOJIb30BaTh
PEIKCTPAKT MM PACTBOp, IMOJYUYEHHBI pPACTBOPEHHEM IEHTAOKCUIA
ounniaemoro merauia B HF. Ilepen pactBopeHreM THIPOKCHIIBI U OKCHIBI
npokanuBatorcs npu  Temmepatrype a0 900 €, T1. k. Oonee
BBICOKOTEMIIEpATypHble  (OPMBI  OKCHJIOB  METAIJIOB  OTJIMYAIOTCA
NAaCCUBHOCTBIO ¥  IJIOXO  PAacTBOPAIOTCS B KOHIIEHTPUPOBAHHOU
¢dTopoBogoponHOil KucioTe. [IpokanuBaHue MO3BOJSET M30aBIATHCS OT
OCTaTKOB SKCTpareHTa, MpUMecell HOHOB aMMOHHUS, (Topa, cyibdara.
PactBopenue MPOKAJICHHBIX NEHTAOKCHUIOB POBOJIST B
KOHLIEHTPUPOBAHHONW (DTOPOBOJOPOAHON KHCIOTE MapoK «XU» wuiu
«OCU». Ilpu HEOOXOAMMOCTH TOJYyYEHHBIM pPacTBOpP YIMapHBACTCS 0
TpeOyeMOro coiepKaHusl PeIKUX SJIEMEHTOB.

dTOpuaHbIE paCTBOPHI HAMOOJIEE MPUTOIHBI U1l OJTyYEHUS TaHTalla
U HUOOWMSI METOJIOM DKCTPAKIMH IO Py NMPUYUH, B TOM YHCIE H3-3a
BBICOKOM PacTBOPHUMOCTH 3THX 3JEMEHTOB BO (DPTOPUIHBIX Cpelax, HO B
MPUCYTCTBUHM KAaTUOHOB IEJIOYHBIX, IICIIOYHO-3EMENIbHBIX METAJUIOB WITU
aMMOHHS HUX PACTBOPUMOCTb CYIIECTBEHHO YMEHBIIAECTCS BCJEICTBHE
o0pa3oBaHMsI MEHEE PACTBOPUMBIX KOMIUICKCHBIX coiiedd. Illemounbie
AJIEMEHTHl BXOAST B COCTaB PEIKO3EMENbHBIX TUTAaHO-HUOOATOB —
JomapuTa M TEPOBCKUTA,  KpOME  TOro,  KajJWiHbIE  COJH
(renradTopTaHTaNaT ¥ HUOOAT KaJIMsA) HAIUIM MPAKTUYECKOE MPUMECHEHUEC
JUISL  DJIEKTPOJIMTHUYECKOTO TMOJYy4YeHUs TaHTaja U B IPOU3BOJACTBE
MaTepHayoB JIsl aKyCTOAIEKTPOHUKU. IOH aMMOHMS MOMaaeT B paCTBOPHI
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C aMMHMAaKOM ¥ aMMOHHUIHBIMH COJISIMH, HUCIOJb3YeMBbIMH Ha CTaJIusX
IPOMBIBKH 3KCTPAKTOB, PEIKCTPAKLUU WM OCAXKICHUS THIPOKCUIOB
OUMILIEHHBIX MeETAJUIOB. Brlmasenue ocaakoB Ha 000 U3  cTamuid
OKCTPAKLMHU, HE CBS3aHHBIX CIHEIHAIBbHO C OCAXKACHUEM, NPUBOIUT K
HApYIIEHUIO TEXHOJIOTWYECKOr0 Tpolecca U YMEHBIICHUIO ToKa3aresen
U3BJICUCHHSI IICHHBIX KOMIIOHEHTOB. Tak, MPOMBIBKA TaHTAJICOAEP KALIUX
HKCTPAKTOB PACTBOpPAMH COJIEH aMMOHUS, Kaldus W HATpusl MPUBOAMUT K
U30UpaTeIbHOMY BBIJICJICHUIO PA3IUYHBIX MO COCTaBy (TOPTAHTAIATOB U
okcoTopTanTanaroB. B xone skcrepruMeHTOB ObLIH BBIAEICHBI U U3yUYEHbBI
KOMIUIEKCHBIE ~ (PTOPUAHBIE COJIM, BBINAJAIONIME TPU CMEIIMBAHUU
(GTOpUAHBIX PACTBOPOB HUOOWS, TaHTaJla M TUTAHA M PACTBOPOB COJIEH
Kausi, HaTpust 1 aMMoHMsI. OTIMYUE COCTAaBOB KOMITJIEKCHBIX (PTOPUIHBIX
coJieil Hu1oOus, TaHTaja ¥ TUTaHA OTYACTH CBSI3aHO C pa3IMYUeM pa3MepOB
KaTHOHOB ATHUX 3JIEMEHTOB. JlJisl peoTBpaleHus: 00pa3oBaHUs OCAIKOB B
HKCTPAKLMOHHBIX CHCTEMaxX MpPHU IMPOMBIBKE SKCTPAKTOB PEKOMEHAYETCS
UCTOJIb30BAaTh KHUCJBIE BOJHBIE PACTBOPHI, HE COJEpXKallue KaTHOHBI
aMMOHWUSI, KaJIisl ¥ HATPUSL.

B 1memom mpemmaraeMple HaMH [IPHEMbl  COBEPIICHCTBOBAHHUS
mpolecca 3KCTPaKIMM HHUOOMS M TaHTaja CYHIECTBEHHO YIMPOINAIOT
TEXHOJIOTHIO, MO3BOJISIOT PE3KO COKPATUTh PACXOJ] OCHOBHBIX PEarcHTOB
(HF ma 80-90 %, HSO, B 2—3 pa3a) u MOBBICHTH KauyeCTBO KOHEYHBIX
OpOAYKTOB. J[aHHbBIE MPUEMBI MOTYT HCIOJb30BATHCS MPHU IKCTPAKIHUH U
JIPYTHUX 3JIEMEHTOB.
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Cexkuus Ne 1
9KCTPAKIHIMOHHBIE ITPOLHECCHI U CUCTEMbI B XUMHUU U
IT'MJIPOMETAJLIYPI' NN
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IKCTPAKLMS LIUAHUJIA 30J10TA CMECBIO
AJKUIATYAHUJIMHOB C APOMATHYECKUMHM AMUHAMU

['onoynun A.B., Jlapuonosa N.A.
Hnemumym xumuu u xumuueckou mexnonocuu CO PAH
. K. Maprca, 42 2. Kpacrosipck, 660049
m. (3912)27-38-31gharc:(3912)23-86-58
E-mail: chem@icct.ruhttp://icct.ru

The synergic extraction of gold(l) cyanid solutidmss been studies
using a mixture of alkilquanidines with aromaticiaes.

SIBNeHHe CUHEpPru3Ma M3BECTHO IMPH SKCTPAKIMU METAJUIOB KakK U3
KHUCTIBIX, TaK W IIENOYHBIX cpell. CHHEpPru3M OT COBMECTHOTO JCWUCTBHUS
KHUCTIOTHBIX OJKCTPAareHTOB C OPraHMYECKMMH OCHOBAHHSIMH 3a4acTYIO
o0ycliOBIeH 00pa30oBaHMEM CMEIIAHHOJIWTAHIHBIX  KOMILJICKCOB B
oprannveckoit ¢asze [1]. [Ipu skcTpakIuu 30J0Ta U3 MICTOYHBIX PACTBOPOB
AaHMOHOOOMEHHHKAaMH, B YAaCTHOCTH aMHUHAMH, MOIU(PHUIIMPOBAHHBIMU
okucsimMu pochuroB (POC), cuHEPTU3M BBI3BaH YJYacTHEM IOCICAHHUX B
COJIbBATAIIMU IKCTPAruPyeMbIX coleit [2].

Ipu skctpakuun 3omota pactBopamu N,N'-mu(2-9tnarexcun)- u
N, Nl-I[I/I(IIOI[eHI/IJI)FyaHI/II[I/IHa (kepocun), comepxkammmu 10 %
JOJICITAIIOBOTO CITMPTA, HAOIFOMA€TCS HE3HAYNTEIbHBIA CJIBUT B IIEIOYHYIO
obnactp [3]. B mpenpinymiee padore [4] Mbl COOOIIMIN O CHHEPTU3ME TIPH
9KCTPAKIIMK 30J10Ta M3 MICJIOYHBIX PACTBOPOB AJIKIJITyaHUIUHAMH B
MPUCYTCTBUH HEKOTOPHIX JUTMHHOIICTTHBIX aMUHOB.

['yanuauH W ero aJKWIMpOBaHHBIC TPOU3BOIHBIE OTHOCSTCS K
CUJILHOOCHOBHBIM coefuHenusM, pK, kotopeix gocturaetr 13—14 enunuil
[5]. B cnyuae koppensaiuu mexay pK, u pH 50 % MoxkHO ObUIO 0XKHIATH,
YTO ryaHUJUHBI OyayT Oosee 3¢ ()EKTUBHBI B KAUYECTBE SKCTPAreHTOB, YeM
aAMUHBI.

OnHako B  JICWCTBUTENBHOCTH BenwunHa pHso W3BICUCHUSA
KOMIUICKCHOTO ITHaHHJA 30JI0Ta QJKIITYaHUJUHAMH HAXOIUTCS B
npenenax 10-10,5 [3]. U3 »sToro cnemyer, 4YTO Ha YCTOHYMBOCTH
AMMOHHWEBBIX U I'yaHHJIMHUEBBIX HOHOB BIIMSET MPUPOJA MPOTHUBOMOHA, TO
€CTh HMMEIOTCS pa3jvuvs BO B3aWMOJCHCTBHH YKa3aHHBIX KAaTHOHOB C
nonamu OH u AuU(CN),. Panee Obin1 oOHapyxeH 3(deKT 3aBUCHMOCTH
KHCJIOTHOCTH aMMOHHEBBIX COJICH OT TPHUPOJBLI NMPOTHBOMOHA [6] Tipm
copOMM W JAecOpOIMM METaUIOB C aMHUHOCOJEP)KAlIMX AaHHOHUTOB.
[TokazaHo, YTO KaXAbIi AaHWOH 3aHUMAeT OMpEACIEHHOE MECTO B
AHMOHOOOMEHHOM 3KCTPAKIIUHOHHOM psiy [7].
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Ha pucynke mpencraBiieHa KpuBasi dKCTPAKIUU 30J0Ta PACTBOPOM
N,N*-mu(oxTun)ryanuusa B JUXJIOpPITAHE. B PUCYTCTBUH
apoOMaTUYECKUX aMHUHOB, TakuxX Kak 2,4xcwmmuaud, N-rekxcunanuivH, N-
OKTUJIaHWIMH, N-IeuuIaHWwIMH, M3BJICYEHHE 30JI0Ta MPOTEKAET CTOJb
3¢ PeKTUBHO, UYTO CMECh N,Nl-I[I/I(OKTI/IJI)FyaHI/II[I/IHa ¢ N-neuun-2,4-
kermuanHoM (1:4) mpakTHYeCKH KOJUYECTBEHHO H3BJICKACT 30JI0TO B
nuanaszone pH 8-13.

[TockonbKy OCHOBHOCTH TYaHHJIMHOB B PacTBOpPE IUXJIOPITaHA B
NPUCYTCTBUM aMWHOB MEHSETCS HE3HAUMUTEIbHO (CM. PHUCYHOK), TO
cuHepreTHbii 3¢ dexT, odeBUAHO, OOYCIOBIIEH YyYacTHEM aMHUHOB B
COJIbBATAIlMM WOHHOM TMaphl. TYaHWJIWHUEBBIM KAaTHOH—AHWOH ITMAHUJA
3omota. CocTosHME paBHOBECHS B OpPraHUYEcKOd (a3ze  MOXKHO
MPEICTaBUTh B OOLIEM BUJIE!

[RNH-(C™-NH,)-NHR],,r + AU(CNp) ot NAM = RNH-(C-NHy)-
NHR]JAU(CN,)" nAm,,,

Kommiekcnas coms RNH-(C-NH,)-NHRJAU(CN,)™ nAm ,, B
KOTOPOM aHWOH B OpraHU4Yeckoi (haze OKpyKeH COJIbLBATHOW 000JI0YKOM U3
aMUHOB, OKaXeTcsi OoJjiee YyCTOWYMBOW K jeiicTBuio 1enoun. Kak
CIENCTBHE TMPOIECC PEIKCTPAKIUM WM JecopOrmu MeTtamia OyaeT
3aTpynHEH W moTpedyerT Oojee OCHOBHOTO OIOCHTA. J[eWCTBUTENBHO,
UMEETCsS HEMajio MPUMEPOB, KOTJa PEIKCTPAKIMS U JECOPOIUs 30J0Ta C
a30TCOJIEPKAIMX MOHUTOB KOHIIEHTPUPOBAHHBIMUA PACTBOPAMH IIICIIOYCH
HemocTaTouHo Y dexTrBHa [8].

% 100 '#/

80 -
60
40 o

20

T
8 9 10 11 12 13
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Brusnue amuHOB Ha m3BiieueHue 3o0s0ta pactBopamu 0,01 moms/i
N, N- T (OKTHI)TyaHHIMHA B IUXJIOPITAHE:
1) 0,01moms pactBop N,N*- mu(oxtin)ryannanma B quxnopatare, 2) 0,01
moib pactBop N,N'- nu(okrun)ryannauna B anmmuae, 3) cmecs 0,01 Mob
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pacTBopa N, N*- mu(oxtun)ryanuguaa u 0,04 mone/n  N-germin-2,4-
KCUJTU/IMHA B JUXJIOPITaHE

AHANOTHYHBIE  COJIBBATBHI  TIOCTYJIUPYIOTCA TPH  OOBSICHCHUU
CHUHEpru3Ma B TPOIECCe IKCTPAKIMHM 30JI0Ta aMUHAMH B TPUCYTCTBHU
okuceit pochuHoB [2] M pH FKCTPAKIUK KapOOKCUIIAT- ¥ TPUXJIopaleTar
aanoHoB [9,10] mpousBoaHbIME TpUdTOpAIIETOPEHOHA.

B  3akioueHme  MOXHO  KOHCTaTHPOBATb: oOHapyXeH
TIOJIOKUTEIbHBIA CHHEPreTHBIH 3()@EeKT OoT M00aBKHM apOMaTHYCCKUX
aAMHUHOB K aJIKMJTYaHUJIHHAM, YTO TIO3BOJISIET MPOBOJNUTH KOJHMYECTBEHHOE
U3BJICYCHHE 30J10Ta U3 KOHIICHTPUPOBAHHBIX PACTBOPOB IICIIOYCH.
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HOBASA SKCTPAKIIMOHHASA CMECH JIJIS1 U3BJIEYHEHUW A
HNOBUA U3 COJIAHOKUCJIBIX PACTBOPOB

Kacuxosa H.U., Kacukos A.I'., Koporkosa I'.B.
Hucmumym xumuu u mexHonoeuu peokux 1eMeHmMO8 U MUHEPATbHOO
coipobst, Konvcxuti nmayunvii  yenwmp PAH (184209 2. Anamumeo,
yi. @epemana, 26a, Akademeopoodox. kasikova@chemy.kolasc.net.ru).

The possibility of selective extracting niobium frocomplex in
composition hydrochloric acid solutions, withoutroducing the fluorine
ion at the extraction stage, has been investig&tedpositions of organic
mixtures based on neutral, acid-containing and raakchanging
extracton agents in inert and aromatic dilutants to achieigh levels of
niobium extraction and concentration in the orggol@ase are proposed.
Conditions for quantitative re-extraction of niotmwvith peroxide aqueous
solutions are determined.

JInst  ToJlydeHHWsST YUCTBIX COEAMHEHWUN HUOOWS W3 TUTaHO-HUOOO-
TAQHTAJIOBOTO CBHIPhS W PA3IMYHBIX HHOOUHCOAEPKAIINX MPOMBIIIICHHBIX
OTXOJIOB OOBIYHO MPUMEHSIOT 3KCTPAKIIMOHHBIE METO/bI, KOTOPHIE MOKHO
YCIIOBHO PA3JeNTh HA TPATUITMOHHO MPUMEHSIEMYIO SKCTPAKITUIO HUOOUS
W TaHTanma w3 (TOPUIHBIX PACTBOPOB W TEPCIEKTUBHBIC IPOIIECCHI
AKCTPAKIMKU PEAKUX DJIEMEHTOB U3 PacCTBOPOB, HE cojepKaiiux (Topu/I-
noH. [Tocnennee cBsizZaHO ¢ HEOOXOIUMOCTBIO TIOJIYYEHHSI OKCUIOB HUOOUS
U TaHTajga, B KOTOPBIX (PTOPUI-HOH SIBJISETCS TJIaBHON JIUMUTHUPYEMOU
pUMecChlo. Takue OKCH/Ib HaXOAT IUPOKOE MPUMEHEHNE JIJIS1 HANIBLIICHUS
IIJIEHOK B JIEKTPOHHUKE.

B HUXTPOMC Ha 0OpoTsHKEHUHM  psga JEeT  IPOBOAATCS
CHCTEMATUYECKUE MCCIIECIOBAHUSI MO COJSHOKHUCIOTHOMY PAa3JI0KEHUIO
TUTAHO-HHUOOO-TaHTAIOBOTO ChIphs Kombckoro momyoctpoBa. I[losTomy
npo0emMa CEJIEKTUBHOTO HW3BJICUCHUS HHUOOUS W3 CIOXKHBIX MO COCTaBYy
COJISIHOKHCIIBIX PACTBOPOB SIBIIIETCS AKTYaJIbHOM.

B  peasbHbIX  TEXHOJIOTMYECKHX  PAcTBOpAX,  COAEPXKAIIUX
KOHIICHTPUPOBAHHYIO COJITHYIO KHUCIIOTY, HUOOMI MPUCYTCTBYET B (hopme
AHUOHHBIX KOMIUIEKCOB, YTO OTIPAHMYMBAET KOJMYECTBO 3KCTPATCHTOB,
KOTOpPO€ MOXXHO HCIOJb30BaTh. B 3TUX YyCIOBUAX OOBIYHO MPUMEHSIOT
1100 aHMOHOOOMEHHBIE PKCTPATeHTHI (TPETUYHBIC ATU(paTHUYECKUES aMHUHBI,
YAO), mmbo HEWTpalbHBbIE KHCIOPOJCOJCPKAIIUE PACTBOPUTEIIH.
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B nocnenHee BpeMs Ooybllioe  BHUMAHHE YACISCTCS  U3YYCHHIO
BO3MOXKHOCTH  CEJICKTHBHOTO  BBIJCICHHS  PEAKHX  JJIEMEHTOB C
IPUMEHEHHUEM Pa3JIMYHBIX CMECEH IKCTPAreHTOB.

B nanHol paboTe mpeacTaBicHBI Pe3yabTaThl HMCCICAOBAHUN I10
OMpEACICHUI0 BO3MOYKHOCTH  CCJIIGKTMBHOI'O M3BJICUCHUS HHOOMS U3
pacTBOpPOB,  MOJYYCHHBIX  IPH  COJSHOKUCIOTHOM  Pa3jIOKCHHUH
JIOTIAPUTOBOTO KOHIeHTpara, coaepkamux (r/im): 30—70TiO,; 5-12 NBOs;
0,2-1,0 TaOs; 1,0-1,9 FgO3; 25—-70P3D u 6—12M HCI, a taxxe na"Huble
[I0 MCCJIEMOBAHMIO BO3MOYKHOCTH BBIJENEHNUS HHOOHS M3 COJITHOKHCIIBIX
pactBopoB (HClI ~ 11 M), oOpa3ymomuxcs Tpd PacTBOPSHHUH
TEXHHYECKOTO THUIAPOKCHIA HHOOMS — TIPOMEKYTOYHOTO IPOJIYKTa,
IIOJIyYEHHOTO II0 OJHOW W3 paHee IEHUCTBYIOIIMX 3KCTPAKIMOHHBIX
TEXHOJIOTHH M coJeprKaliero B nepecuere Ha okcuanl (%): 77,5-82 NEOs;
0,23-0,3 AJOz; 2,2-2,5 SiI@ 0,9-1,1 CaO; Ti® - 0,8-1,04; 0,4-0,5
MnO; 3,5-5,5 Fg03; 0,5-0,7 Sng 0,1-0,2 TaOs; 3,0-3,5 WQ.

JIiss M3BJICYCHHS HHOOMS M3 YKa3aHHBIX BBIIIE PACTBOPOB
onpoOOBaH psijfi HEHTPaIbHBIX KHCIOPOJICOACPIKAIIUX IKCTPArcHTOB:

anupaTHUECKUe CHOUPTHI — OKTAHOJ, H300KTaHOJ], JEKaHOJ, KETOHBI:
mukiorekcanon  (LII'H), wmermwmso0ytunkeron (MUWUBK), oxraHoH
arletopeHOH;  HeWTpasnbHble  (pochopopraHMUEecKHe  SKCTPAreHTHI:

tpubytmindocpar (TbD), aHHOHOOOMEHHBIE IKCTPAreHThl — TPETUYHBIC
amusbl. TpuaikmwiaMuH (TAA), tpumzooktmwiamud (TuOA) B MHEPTHBIX
pa30aBuUTENAX U ¢ J00aBKAMU Pa3IMYHBIX MOJIU(UKATOPOB.

YCTaHOBIIEHO, YTO W3 YHWCJIa BHIOPAHHBIX DKCTPAreHTOB IS
CCJICKTHBHOW  OKCTPAKIMU HUOOWS U3  CJIOXKHBIX II0  COCTaBy
KOHIIeHTpUpoBaHHbIX pacTBopoB (HCI > 9 moinb/n) MoxkeT mpeacTaBisTh
WHTEPEC TOJIBKO apOMATHUECKUN KETOH — arleTo(heHOH.

Opnako areto)eHOH B OTCYTCTBHE pa30aBUTENSI UMEET JOBOJIBHO
BBICOKYI0 TioTHOCTh (0 = 1,028r/cM®), GIM3KYI0 K IUIOTHOCTH Pabodmx
pPacTBOpPOB. DTO MPHUBOIUT K BO3HUKHOBEHHUIO TPYIAHOCTEH, CBSI3aHHBIX C
paccianBanueM (a3, moATOMY /ISl CEJICKTUBHOM SKCTPAKIIMK HUOOUS Obliia
ompoboBaHa cMech aretoerHoHna ¢ kepocuHoM. [Ipu skcTpakium HHOOUS
U3 COJISTHOKHCIIOTO PAacTBOPA OT MepepadOTKH JIONAPUTOBOTO KOHIIEHTpATa,
conepkamiero HCl — 9 Myka3aHHO# CMEChIO CTETICHb M3BJICUCHUS HUOOUS
coctaBuna 84,9 Ymnpu He3HAUUTEIHHONW COIKCTPAKIIMY TUTAHA W TaHTaja
(43 u 1,4 % coorBercTBeHHO). OjHAKO TPH 3TOM HAOIIOIATOCH
pacciauBaHue SKCTPAKTA.

3amMeHa WHEPTHOIO paz0aBuTeIs Ha HEUTpaIbHbIN
KHUCTIOPOJICOICP)KAIIMI  SKCTPareHT — OKTAaHOJ TIO3BOJISIET  PEIINTH
npobsieMy 00pazoBaHUsi TpeThed (a3bl B IKCTPAKIIMOHHOW CUCTEME, HO
OTPUIIATENIFHO CKAa3bIBAETCS HAa CEJIGKTUBHOCTH W3BIICYCHUS HHUOOWS,
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nockonbKy B 93tHX ycnoBusx (HClI > 9 M) okraHon KOJUIEKTHBHO
U3BJIeKaeT HUOOWH, TaHTal M THUTaH C BBICOKUMH KOIPPHUIIECHTaMU
pacrpeeeHusl.

Jlns mpenoTBpamieHuss oOpa3oBaHUS JBYX OpraHUYecKkux (a3 B
CUCTeMY aneTo)EeHOH—KEPOCHH J00aBlieH BTOPOW JKCTpareHT —
TpeTuuHbli amMuH — Tpuu3zookTwiamMuH (TuOA). [lpu u3zMeHeHHH
konnentpanuu HCl ot 9 1o 10M B pacTBopax OT BCKPBITHSI JIOIAPHTOBOTO
KOHIIEHTpaTa CTENEHb W3BJICUCHHUs] HHUOOHMS OPraHU4YeCKOW CMEChIO
anetopeHor—TuOA—kepocun Bo3pactaeT oT 90 go 98,9 % npum
HE3HAUNUTEIbHOM COOKCTPAKIMM TUTAHA W TaHTaja. llpum nanpHeimem
TOBBIIICHUH KOHIICHTPAIMK COJISTHOW KHUCIIOTHI 0 11 MOJIb/T M3BIICUCHHE
HUOOUsT octaercs BeIcOKkMM (97,3 %), HO 3HAYHMTEIHLHO YBEIUYHBACTCS
coakcrpakius tutaHa (23,4 %)u Tanrana (18,7 %).

[Ipu wucnonwp3zoBanun cmecu anetoheHoH—TuOA—kepocuH aus
BBIJICTICHUSI HUOOWS W3 COJSHOKHCIBIX PAcTBOPOB, TOJMYYEHHBIX TpU
PacTBOPEHUHN TEXHUYECKOTO THAPOKCHIA B KOHIICHTPUPOBAHHON KHCIIOTE,
HaOII0IAI0Ch paccIanBaHUE OPraHuIecKoi (ha3bl B IPOIECCE IKCTPAKIIUU.

3aMeHa WHEpPTHOro pa30aBUTENs — KEPOCHHA Ha apoOMaTHYECKHUU
TOJIyOJI TIO3BOJISIET HE TOJIBKO MPEIOTBPATUTD PACCIauBAHUE OPTAaHUYECKOM
das3pl, HO W TPUBOAMUT, IO BCEH BUIUMOCTH, K BO3HHKHOBEHUIO
cuhepretHoro »d¢ekra. Ilpu wucnonb30BaHMK OpPraHUYECKON cMmecu
anieropenoH—TuOA—romyon mpu otHomeHnu O: B = 1: 1nonydens! 6onee
BBICOKME KOod(pdumueHTsl pacupenenenus Huodbus (D = 2716,5) no
CPaBHECHHIO C HMCITOJIb30BaHUEM cMmecei: arieroeHoH—ronyon (D = 2,24)u
TuOA—ronyon (D = 68,4)B aHATOTHYHBIX YCIOBHSIX.

YCTaHOBNIEHO, YTO NPUMEHEHHE YKa3aHHOW CMECH JKCTParcHTOB
no3BoyisieT A(G(GEKTUBHO U3BIEKaTh W KOHICHTPUPOBATH HUOOWU B
oprannueckoit ¢aze. [Ipu skcTpakiuu U3 pacTBopa, coaeprxkariero 11,1r/in
Nb,Os, mpu O: B = 1: 20k03dduiiueHT pacnpeaeacHuss HIOOHsS COCTaBHII
D = 10,1,a coaepxanue HHMOOUSI B OPraHMYECKOHN (hpaze yBEIUUYUIIOCH JI0
83 r/m.

HccnenoBan mporecc pesKCTPakiMu HUOOWS C HCIOJIb30BAHUEM
pa3sIUYHBIX  PEIKCTpareHToB. OmpeneneHsl  yCIOBHS — CEJIEKTUBHOMN
PEIKCTPAKIIMKU HUOOUS U3 IKCTPAKTOB, coaepkanmx anetopeHoH—TnOA—
TOJIyOJI C HWCIIOJIb30BAaHWEM BOJHBIX TEPEKUCHBIX PacTBOpOB. HaiimeHbl
YCIOBUSl  MPAKTUYECKH  KOJMYECTBEHHOTO IMepexoja HHOOMS U3
oprannyeckux (a3 B TEPEKUCHBIE PEIKCTPAKTHl 3a OIHY CTYIMEHb.
['uaponu3 npu 3ToM He HAOTIOAIICS.

B mpomecce ocaxmeHuss HUOOWS W3 TEPEKHCHBIX PEIKCTPAKTOB,
CYILIKH M TIPOKaJku noaydeHsl 0opasisl Nb,Os, cogepxamue 99,3-99,6 %
OCHOBHOTO BEIIIECTBA.
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N3meHenne coctaBa TPOMHOW OPraHMYECKOM CMECH B IIPOLIECCE
DKCTPAKIIMK  KOHTPOJUPOBAIM C  HUCIOJIB30BAHUEM  XPOMATO-Macc-
criektpomeTpa GCMS-QP2010hupmer «SHIMADSU». Unentudukaiuto
KOMITOHEHTOB CMECH MPOBOAMIIA MYTEM CPABHEHHS IMOJYYEHHOI'O Macc-
CIIEKTpa C MacC-CIEKTPOM, COJEPKAIIMMCS B KOMIBIOTEPHON OHOIHMOTEKE
NIST 27, NIST 147. [lonydyeHHble JaHHBIE CBUICTEIBCTBYIOT 00
OTCYTCTBHM KaKHX-JIHOO M3MEHEHHI B COCTaBE OPraHMYECKON CMECH Ipu
UCIIOJIb30BAaHUU €€ B TPEX HMUKJIIAX SKCTPAKIIUU—PEIKCTPAKIIIH.

IKCTPAKIIUA KOMIVIEKCHBIX METAJIVIOKUCJIOT U3
KHUCJIBIX PACTBOPOB BBICOKOMOJIEKYJISAPHBIMUA
AIMPATUYECKUMU CIITMPTAMU

KacuxoB A.T'., [TetpoBa A.M.

Hncmumym xumuu u mexnoao2uu peoxkux 31emMeHmos u MUHepaibHO20
coipvsi um. U.B. Tananaesa KHI] PAH, 184209 Mypmanckas ooa.,
2. Anamumeut, yn. @epcmana, 0. 26a, Akademeopooox.

kasikov@chemy.kolasc.net.ru

Solvent extraction of Re(VIl), Au(lll), Fe(lll) and’t(lV) from
hydrochloric media and Re(VIl) and Mo(VI) from sulic media by
aliphatic long-chain alcohol6—C,o was investigated. As established, the
extraction ability of aliphatic alcohols depends acidity of the initial
media, alcohol structure and extracted element ispedlso it was
detected that the secondary aliphatic alcoholsekgingly charged anions
with higher distribution coefficients than the parg ones. The primary
alcohols were more effective for extraction of dedtharged anions.

Bricokomounekyisipabie anudaTiueckue CIUPThl OTHOCSATCS K Kiaccy
KHCJIOPOJCOIEPKAIIUX SKCTPAreHTOB, CIOCOOHBIX M3BJIEKaTh HEKOTOPBIC
AJIEMEHTHl U3 KHUCJBIX PACTBOPOB IO THAPATHO-COJBBATHOMY MEXAHU3MY.
HecmoTpst Ha TO YTO 3KCTPAKIMOHHBIE CBOMCTBA MOJOOHBIX PEArCHTOB B
psne ClIy4aeB yCTyHaroT TPaJUIIUOHHBIM MIPOMBIILICHHBIM
AKCTPAKIIMOHHBIM cucTeMaM, BkimovaromuMm N- u  P-coaepxaiue
AKCTPAreHThl, ATU(PaTHIECKUE CITUPTHI UMEIOT HEKOTOPHIE MPEUMYIIIECTBA,
Takhue Kak Oojiee HHM3Kas 10 CPAaBHEHHWIO C JPYTMMHU pearcHTaMu
CTOUMOCTb, BBICOKAsl CEJIEKTUBHOCTh MPH SKCTPAKIMK W3 PACTBOPOB
CJIOXKHOI'O COJIEBOIO COCTaBa, TEPPUTOpHAIbHAS JOCTYIMHOCTh (MHOIHE
W30MEPBI BBICIIMX CIIUPTOB IMPOU3BOAATCS B Poccun), 4TO Takke MHOTAA
HEMaJIOBOXXHO. [Ipy 3TOM BBICOKOMOJICKYJISIpHBIE aTu(aTHUYECKUE CIUPTHI
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C7—C10 O cBOMM (PUUKO-XUMUYECKUM CBOMCTBAM OTBEYAIOT OCHOBHBIM
TpeOOBAaHUAM K IMPOMBIIUICHHBIM SKCTpareHtam (BBICOKas TeMIlepaTypa
BCIIBIIIKKA, Majasi PacTBOPHUMOCTh B BOJHOW (pa3e, BBICOKAas CKOPOCTH
paccnavBanus ($as), MOITOMY TMPOLECCHl H3BICUCHHS DIIEMEHTOB C
IPUMEHEHHUEM TaKUX CIIUPTOB SBJISIOTCS MEPCIIEKTUBHBIME C TOUKH 3PCHUS
BHE/IPEHHS B TEXHOJIOTHIO.

Ha mnactrosmmii MOMEHT SKCTpareHThl Kiacca anupaTHYecKuX
CIOUPTOB TMPEAJIOKEHO UCIHOIB30BaTh JUIsl W3BICUCHHS] W pa3JesieHUs
HekoTophIx penkux snemenToB (Nb, Ta, Re) [1, 2],1utaTMHOBBIX
omaropoausix metauioB (Au, Pt, Pd) [3J1 HEKOTOPBIX APYTHUX 3JIEMEHTOB
(Fe, V, As u np.) [4] w3 pasnuYHBIX KHCIBIX pPACTBOPOB KakK B
AHATTMTHYECKHX, TaK ¥ B TEXHOJIOTUYECKHX HENsX. 3BEeCTHO, YTO N30MEPHI
COUPTOB MOTYT 3HAYMUTEIBHO pa3jMyuaThCsi MO  AKCTPAKIIMOHHBIM
ceoiictBam [1, 2], omHako maHHOMY (akTy B OOJBIIMHCTBE padOT He
yIIeJICHO JOHKHOTO BHUMAHHUS.

B nacrosmielr paboTe caenaHa TOMBITKA CBA3aTh IKCTPAKIIMOHHBIC
CBOMCTBa BBICOKOMOJICKYJSpHBIX anuparudeckux crnuptoB C—Cpp ¢ ux
CTPOEHHEM U MIPUPOJIOH IKCTPArHPyEMOTO DJIEMEHTA.

B pabore paccmorpena oskcrpakius penusa(VIN), sxemesa(lll),
somota(lll) w mmatwsbI(VI) W3 CONSHOKHCIBIX PAcTBOPOB, a TaKXKe
peausa(VIl) u Mo(VI) u3 CcepHOKHCIIBIX pPacTBOPOB amM(PaTHICCKIMU
crnupTamu pa3nndHoro ctpoenus psaga C—Cio.

W3 mony4eHHBIX MAHHBIX CIEAYEeT, YTO HauOOJIbIlIee BIHMSHUE HA
IKCTPAKIMIO BCEX PACCMOTPEHHBIX 3JEMEHTOB OKAa3bIBAET KUCIOTHOCTDH
BOAHOM (ha3bl. C pocTOM coliepKaHusl HEOPraHMUYECKON KHCIOTHI B BOJHOU
daze 10 ompemeneHHOW KOHIIGHTPAIMH DSKCTPAKIMS BCEX DJIEMEHTOB
BO3pacTaeT, TaK KaK SKCTPAKIUA KOMIUIEKCHBIX aHHOHOB METAJIIOKHCIIOT
IPOXOIUT IO THAPATHO-COJIbBATHOMY MexaHu3My [1—-3, 6]:

MeXy +H" +(n+1)H2O+MmROH« [MROH-(H20) - Hso] MeXy

rae MeXy — aHMOH KOMIIUIEKCHON METAJIJIOKUCIIOTHI,

U yBEJIIMYCHHUE KOHICHTparuu H* BedeT K cABUTY paBHOBECHS B IIPaBYIO
CTOPOHY.

Onmnako Qopmbr  kpuBbix Dy —C(HX) 3aBucsaT oT mpuposi
9KCTPArUPyEeMOro JIEMEHTa U ONPECIIAIOTCS €r0 MOHHBIM COCTOSTHUEM B
pactBope. Tak, mus penus(VIl) xpubie Dge—C(HX) mpoxomsar uyepes
makcumMyM B oOmactu 4—6 wmoms/n HClI wmu H,SO,, m cHwkenwue
9KCTPAKIMH B CHIILHOKHUCIION 00JIacTH, BEPOSATHO, CBA3aHO C 00pa30BaHUEM
IUTOXO dKcTparupyeMbix komimiekcoB Tuma H[ReO, (SO,),] [5]. B To xe
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Bpemsi KpuBble 3aBUCHUMOCTH Dpe—C(HCI) He wnMeoT 3KCTpeMyMoOB,
skcrpakius kenesa(lll) ¢ pocrom konnentpanun HCI Toapko Bo3pactaer,
npuuyem npu C(HCD>5,5 mons/n  ocobenno wuHTeHCHBHO — Dre
YBEJIUYHUBAIOTCSA Ha TOPSIOK. Takoe MOBEJICHHE 3aBHCUMOCTH CBSI3aHO C
nepexogom Bcero kenesa(lll) mpu Beicokoi konmentpamuun HCl B
pactBope B xopoiio dKkctparupyemyro Gopmy FeCl,, B To Bpems kak mpu
HU3KHMX KOHIIEHTPAIUAX KACIOTHI yacTh xkene3a(lll) maxomgures B pactBope
B Buzae Fe(H,0)?, FeCl(H,0)Z (uwmu FeCl,(H,0):) u FeCL(H,O) [6].

Koaddurments! pacipenencuus peausa(VIIl), xenesa(lll),
3osi0ta(lll) u mmatunei(V]) nmpu 3KCTpaKIMK U3 CONTHOKHUCIIBIX PACTBOPOB
u perus(VIl) u momu6aena(VI) u3 cepHOKUCITBIX PACTBOPOB HEKOTOPHIMU

uzomepamu anudaruueckux cnuptoB C—Co

6 moxab/n HCI 6 mous/11 H, SOy
DKCTpareHT - -
ReQ, | FeCl, | AuCl; | PtCl; |ReG, | M00O,(SO,):
I'errranon-1 3,0 - - 1,3 16 0,4
['errranon-2 9,6 - - 0,5 48 0,2
Oxranoi-1 2,6 17 280 1,1 10 0,4
OxTtanon-2 8,2 50 570 0,4 82 0,2
Oxranoi-3 11,6 - - 0,2 90 0,1
Honanon-1 1,8 - - 1,0 12 0,4
Hownaunon-4 7,2 - - 0,2 40 0,2

IIpumeuanue. O: B = 1: 1,7 = 5mun, C,, (MeX?") 0107 moms/m.

Uucx.

[ToMrMO KHCIIOTHOCTH BOAHOH (ha3bl Ha SKCTPAKIMIO SJIEMEHTOB
3aMETHO BIHUSET CTPOEHHE CIOUpPTa U OCOOCHHO — TOJIOKEHHE
TMIPOKCHIIBHOW  rpynmbl.  [IpudyeM  SKCTpakuMOHHAs — CIOCOOHOCTD
MU30MEPOB TAK)KE 3aBUCHUT OT 3apsija U3BJIEKaeMOT0 KOMIUIEKCHOT'O aHHOHA.
Tak, oaHO3apsiAHBIE KOMIUIEKCHBIE AQHHMOHBI JIy4YIlEe 3SKCTParupyror
BTOpUYHBIC ajdu(paTHUECKUE COUPTHL. OIJTO OOBSACHSAETCS OOJbIIeh
OCHOBHOCTBIO TUJPOKCUIIBHON TPYMIbI, HAXOASAIIEHCS Y BTOPUYHOTO aTOMa
yraepoaa. OnHako B ciay4yae ABYX3apsSAHBIX aHHOHOB Oojiee 3PPEKTUBHBI
NEPBUYHBIE CIUPTHL. BeposiTHO, 3TO CBSA3aHO C HAJUMYHUEM CTEPUUYECKUX
3aTPYJHEHUN MpU TOIXO0JE KPYIHBIX THAPATUPOBAHHBIX ABYX3aPsIHBIX
AHMOHOB K ()YHKIIMOHAJILHOW TpyIMIe BTOPUYHBIX ciupToB. [lo-Buaumomy,
CTepUYECKHE NPENSATCTBUS TaKXKe SBISIOTCS OJHOW M3 NpUYMH Oojee
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HU3KUX KOA(DPUIIMEHTOB pacrpeaesieHus Mpu SKCTPAKIIUU JBYX3apsTHBIX
AHMOHOB TI0 CPABHEHUIO C OJHO3aPsIHBIMU (Ta0NHIIA).

Kaxk BUIHO U3 TaOnuIbl, yBeIUUYEeHHE ITUHBI Hienu B mpenenax C—Cqy
Majo  BIOMAET HA  3HAaYeHUs  KOA(P(OUIMEHTOB  pacHpelieseHUs.
[Ipeumy1iiiecTBEHHO TIPH MEPEXOE OT FEeNTUIIOBBIX K HOHUJIOBBIM CIIUPTaM
HaOrogaeTCs HEKOTOpOE CHUKEHHE Duwe, OJIHaKO TaKas
MOCJIEA0BATEIBLHOCTh HE BCETIa COOII0IAeTCS.
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IKCTPAKIIUA EBPOIINA U TEPBUA U3 HUTPATHBIX U
XJOPUAHBIX PACTBOPOB B IPUCYTCTBUU
IHOJIU®YHKINOHAJIBHBIX JIMT'AHAOB U UCCJIEJOBAHUE
IHPOAYKTOB TEPMOJIN3A OKCTPAKTOB

H.N.Crebnesckasa, M.A.Meakos,
Hnemumym xumuu /lanvnesocmounoco omoenenus PAH, e. Braousocmox

Extraction of europium and terbium with bene solutions of
tributylphosphate, benzoic acid, acetylacetone dibdnzoylmethane from
nitrate fnd chloride solutions in the presence ofyfunctional organic
compounds: acrylamide, tris-(hydroxymethyl)amindmaete,
phenanthroline, diacetame-5, tinuvine-622 — waslistl Europium and
terbium complexing with the abovementioned ligaisdseing discussed in
relation with the luminescence spectral data ofekeacts. Possibility of
obtaining of EyWO; (Th;0;) and EuPQ(TbPQ,) films on the quartz carrier
by pyrolysis of their saturated extracts was sholWre compositions of the

37



hydrolysis products (Bh7&EW 22001 5, EuFeQ; EwFe0,, , TOMNO;) were
determined and some of their magnetic propertiee steidied.

WccnenoBanust B 00JIaCTH KaK CHHTE3a, TaK M OKCTPAKI[MH HOBBIX
KOMIUIEKCHBIX coequaenuit P33 ¢ S-, N-umu O-comeprkaiuMu JTUranaaMn
CIOCOOCTBYIOT peEIIeHHI0 ¥ (yHIAMEHTAIbHBIX, W NPHUKIAIHBIX 3ajad.
WHTepec K TakuM COECIMHCHHSIM OOYCIOBICH HX CHEHU(DUICCKUMHU
CIEKTPOCKOITMYECKUMHU CBOMCTBAMHU M HE OciabeBacT BBUAY JabHEHIIIErO
pacHIMpEeHHs BO3MOXKHOCTEH TMPUMEHEHHS TaKHMX KOMILICKCOB. B
AHAJTUTHYCCKON MPAKTHUKE MPH ONMPEACICHUN MHKPOKOJINYECTB DJIEMEHTOB
9TOTO Psijia, B MEIUIIMHE B KAYeCTBE JIOMHHECIIEHTHBIX METOK I paHHEH
JTHMArHOCTUKH HEKOTOPBIX MMATOJIOTHH, B TEXHUKE MPH MOJYyYCHHH HOBBIX
ONTHYECKUX, B TOM YHCJIe CBETOTpaHcHOpMHUpYIOIIHX, MaTepranos [1-3].
Kpome toro, P3D HCMOMB3yIOTCS B KaYECTBE 3JIEMEHTOB-MOAM(DUKATOPOB
[P TOJYYCHHUH JIA3E€PHBIX, MATHUTHBIX, CETHETOJICKTPHUUECKUX M JAPYTHX
MaTepuaioB C 3a[aHHBIMU CBOWCTBaMHU. [TepcrieKTHBHBIMH
IPEANICCTBEHHUKAMH TS TIOJyYEHHsI TAaKOTO POJia MaTePHAIIOB SBJISIFOTCS
MOJIEKYJIIPHBIE CMEIIAHHOJUTaHIHbIe KOMIUICKCHBIE coequHenus P3D [4,
5]. U3BecTHO Takke, 4TO OKCHABI M (hocdaThl €BPOIHUS BXOIAT B COCTaB
MHOTHX KOMITO3UIIHOHHBIX MAaTE€PHaIOB Pa3IMYHOrO (YHKIIMOHAIHLHOTO
Ha3zHa4YeHwus [6, 7).

B cBA3M ¢ yCHEHmIHBIM HCIOJb30BAaHMEM 3KCTPAKIMOHHO-
MUPOJIMTHYECKOTO  MeToja [D] Uil  TOJdydeHWs  pa3sHOro  poja
(YHKIIMOHATBHBIX MATEPUATIOB aKTYaJbHBIM CTAHOBUTCS HCCIIEOBAHUE
pacripenenenuss P30 Mexay pasIudHbBIMH BOJHBIMH W OpPTaHUYECKHUMHU
dazaMu ¥ TMOWCK TEPCIEKTHUBHBIX OKCTPAKIMOHHBIX CHCTEM IS
nocieaAyromero  GOpMHUPOBaHHUS  KOMIIO3UTOB W TOHKHX  IUICHOK,
coaepskarux okcuasl P39, KpoMe TOro, MakpoMoJIeKyJIIPHbIE KOMILICKCHI
Eu(lll) u Tb(lll) ¢ HEeKOTOpPHIMU OpPraHUYECKUMHU JUTAHIAMHU 00J1adar0T
UHTEPECHBIMH JIFOMHHECIICHTHBIMA W (POTOXMMHYECKUMH CBOWCTBAMH,
CIMOCOOCTBYIONMMHU MX MPAKTHYECKOMY HCIIOJIb30BaHMUIO [1].

Hacrosiiiee coo0imeHre mocBsIEeHO UCCISIOBAHUIO PACTIPEICTICHUS
CBPONHS W TEPOUsSs MEKIY Ppa3IUYHBIMH DKCTPAareHTaMH W BOIHBIMHU
pacTBOpaMH,  COJAEPKAIMMH  MOMH(YHKIIMOHAIBHBIE  OPraHUYECKHE
COEJMHEHHUS U OIpPEICICHUIO0 COCTaBa MPOJYKTOB MUPOJIHM3a IKCTPAKTOB.
Panee Hamu ObuTa yKe HCCIEIOBaHA OKCTPAKIUsA E€BPOMUS CMECHIO
YeTBEPTHYHBIX AMMOHHMEBBIX OCHOBAHHI K HEKOTOPBIX U3 UCIOJIb3yEMbIX B
JTaHHOU paboTe skcTpareHToB [8, 9]

B kauectBe BOMHOW (ha3el HCIONB30BAIM HHUTPATHBIC HIIH
XJIOPUIHBIE PACTBOPHI €BPOIUS MM TepOHsi, COAeprKallue MepeMeHHbIE
KonuuecTBa  akpuiaamuaa  (AA,), ¢enanrponuna (®PEH), Ttpuc-
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(ruppoxcumetnin)-amuaometana (TTMAM). DKCTpakiyio ITPOBOAMIN
OeH30JI0M WM OCH30JbHBIMU pacTBOpamMu OeH3oitHON KkuciaoTel (BK),
tpudytundocpara (ThD), anermnanerona (AA), nuOEH30MIMETaHA
(IBM), tuHyBuHaA-622 (auromep Ha ocHoBe 1-(2-okcwdTmieH)-2,2,6,6-
TETpaMETHI-4-OKCUTTUIICPUIMHA ¥ JUMETHICYKIIMHATA), Jualerama-5
(2,2,6,61eTpamerrimunepuuiamu-2,2,6,6-
TETPaMETHJIIHITICPUAMIAMAHOIIPOITHOHOBOM KHCIIOTHI).

Ha ocHOoBaHWMM NMaHHBIX O pacmpenesieHnd €BpOnus U TepOous B
YKa3aHHBIX JKCTPAKIMOHHBIX CHCTeMax B codeTaHuu ¢ manabiMu UK u
JIOMUHECIICHTHOW CIIEKTPOCKOIMH IKCTPAKTOB CHIEJIaH BBIBOJ O COCTaBE
oOpasyromuxcsi B OpraHWYeckoi (ha3e CMEMIaHHBIX KOMITJIEKCHBIX
COCTMHECHHUM €BpOMHsI U TepOWsl C yKa3aHHBIMH TOJU(YHKIIMOHATEHBIMHU
OpraHuyeckuMu coenuHeHusiMu. Bsenenue AA,, ®EH, TITMAM B
HUTPATHBIC W XJIOPHUIHBIE BOJHBIC PAaCTBOPHI MPUBOJUT K 3HAYUTEIHHOMY
YCHJICHUIO JKCTPaKIMU €BpOmnusi Kak OeH30i0M, Tak U pactBopamu bK,
Tb®, AA u JIBM B 6eH3oie. Y CcTaHOBICHBI 3aBUCUMOCTU KOG (DHUITUEHTOB
pacnpeaeneHus eBpOIHs " TepOus oT KOHIICHTPAIUH
noMu(yHKIIMOHATFHBIX JIMTAHJAOB B BOAHOM ¢ase, a Takke OT
KOHIIEHTpAIlUU JKCTpPareHToB B opranudeckoi ¢aze. KoaddunmenTs
pacmpeneneHuss €BpOMmHsl I  HEKOTOPBIX  HMCCIENYEMBIX CHCTEM
IpUBE/ICHBI B Ta0IHIIE.

OmnpeneneHo, 4to KOIPQPUIMEHTH paclpeAesieHUus] €BpOoNus U
TepOMsl 3HAYUTEIHHO TOBBIMIAIOTCA B YKA3aHHBIX CHUCTEMAx C POCTOM
KOHUEeHTpauu Th®, 4To MO3BOJIIET JOCTUTaTh BBICOKMX KOHLEHTPALIUU
EBPOIHsI B OPraHUIECKON (ha3e JyIs MOCIEIYIONIETO MHUPOIN3a SKCTPAKTOB.
OnmHako U3 PKCTpakToB Ha ocHOoBe Th® B KadecTBe MpOIyKTa MUPOIU3a
MOJKHO TIOYYUTh TOJBKO (hocdaThl, HO HE OKCHIIbI €BpONUs U TepOus. B
CBSI3UM C 3TUM OBLIM BBISBIICHBI HACBHIIICHHBIC SKCTPAKIIMOHHBIE CUCTEMBI C
bK, AA u [IBM. IlpuueM kKak C yBEJIMYEHHUEM KOHLEHTpauuu AA, B
BOJHOHN (aze, Tak M ¢ yBenmuueHneM KoHIeHTparuun BK B opranumdeckoii
daze korunrenTs! pacnpeaencHus EUymenbiarTcs.

[Ipu sKcTpakiu €BpOMUs U3 HUTPATHBIX PACTBOPOB, B TOM YHCIIC U
B MPUCYTCTBUHM (PeHATPOSMHA, ObLIM OMpPOOOBaHBl B KAYECTBE PEAareHTOB
OTHOCSAIMECS K KIJIAcCy TMPOCTPAHCTBEHHO 3aTPYAHEHHBIX aMUHOB
auarneraM-5 W TUHYBUH-622, wuCHONb3yeMble KaK CTaOUIN3aTOpHI
MOJIMMEPHBIX CBETOTpaHCHOpMHUPYIOIKUX MaTepuanoB [1, 2]. AkTuBHOU
n00aBKOM I TONMYYeHHUS  yKa3aHHBIX  MATEPHAIIOB  CIYXKHUT
Eu(NG;);*®EH, mosTtoMy TakWe SKCTPAaKIMOHHBIC CHCTEMBbI, Ha HAaIll
B3IJISIT, TIPEICTABIISIIOT WHTEPEC ¢ TOYKH 3PCHHSI BO3MOYKHOCTHU TMOTYICHHUS
KOMIIO3UTOB, @ TaK)K€ KaK MOJICJIbHBIE OOBEKTHI /I U3YUYCHHUs TTOBEICHUS
BCEX KOMIIOHCHTOB B TIOJUMEPHON Marpwuiie. EBpomuii CpaBHHTEIHHO
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HEIUJIOXO OJKCTparupyercss OEH30JbHBIM pacTBOPOM JMalleTaMa-d> U3
HUTPATHBIX PAaCTBOPOB, a TakKe OEH30JI0M W3 HUTPATHBIX PACTBOPOB B
npucyTcTBUM (heHaHTposivHa. [Ipyu 3TOM THHYBHMH HE OKa3bIBAET BIMSHUS
Ha DKCTPAKLIWIO €BPONMUS B AHAJNOTMYHBIX YycloBHsX. [Ipu skcTpakuuu
OoeHzonpHbIMU pacTBOpamMu AA u JIBM BBeaeHue ¢GeHaHTpoOJIWHA B
BOJHYIO a3y MPHUBOJUT K 3HAYUTEIBHOMY POCTYy KO3QUIMeHTA
pacmpezieieHusi €Bponus U TepOUus 1O CPABHEHHMIO C DKCTPAKLIMUEH W3
YUCTO HUTPATHBIX PACTBOPOB.

KoadhdummenTs pactipenenenus eBponus Mpu SKCTPAKIIMA W3 HUTPATHBIX
pacTBOpPOB B  NPHUCYTCTBUM  MOTU(MYHKIIMOHATIBHBIX  OPTaHUYECKHUX
COEIMHEHUN

9KCTpaKIII/IOHHa}I CHUCTEMA, MOJIB/JI
Bonnas ¢aza Opranuueckas ¢asa, Dey
PacTBopuTeb— 6eH301

El*-6,6-10; AAM — 0,14 BK — 0,123 0,45
E/Y — 6,6:10; TTMAM —| TB® — 1,79 179
0,083

Eu*-5,28-10; AAm—0,14 |BK-0,123 12,34
Er* - 6,6:10 ; TTMAM —|BK - 0,123 240
0,083

Evr* - 3,3-10: AAm— 1,14 |BK-0,123 0,13
Ev* —5,28:1G: AAm— 1,14 |BK -0,123 2,18
EUV*-6,6-10 ; TBD — 1,79 0,67
EU* - 3,3-10°; AAmM—0,14 | TB® — 1,79 5,79
EU* - 3,3-10°; AAm — 0,14 BK — 0,123 Thb® — 1,79 16,93
Eu*-6,6-10; ®EH — 3-10° | Benson 101,45
Eu*—6,6-10;: ®EH — 3-10° | naneram-5 — 0,009 24,25
Eu*—6,6-10; ®EH — 3-10° | TunyBun-622 — 1,02-16 1,53
Eu’*-6,6-1C°; ®EH -3-10° AA - 1,75 27,64
Eu’-6,6-10 Jlnaneram-5 — 0,009 49,32

[lockonmbKy W3 BCEX UCCIEAYEMbIX JKCTPAKIMOHHBIX CHCTEM
TOJILKO CHCTEMbI, MOJYy4YEHHBIC MPH 3KCTPAKIMU €BpONMHUS U TepOus u3
XJOPUAHBIX M HUTpPATHBIX pacTBOpoB B mpucyrcteun TI'MAM
YKa3aHHBIMH  BBIII€ JKCTPAareHTaMH, XapaKTEPHU3YIOTCS  BBICOKHMH
Koa(duieHTaMu pacrpeesieHnsi, IMEHHO 3TH HACBIIIEHHBIE HKCTPAKTHI
ObLIM MCHOJB30BaHbl JJIS TOJMYYEHUS] TOHKHUX TIUIEHOK Ha KBapleBOU
MOJIOKKE METOJIOM muponu3a. [Ipu muposinsze HaChIIEHHBIX YKCTPAKTOB
(800 €) na 6aze Tb® Hamu Moy4eHbI Ha KBApILEBOM MOIOKKE IICHKH,
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KOTOpBIE MO JaHHBIM PEHTreH0(}a30BOro aHaIN3a UAECHTU(ULIUPOBAHBI KaK
EuPQ (TbPQ), Bo Bcex oCTalbHBIX CAy4asx MPU MUPOJIU3E 00pa3yroTcs
mwienkn EwOs; (ThyO-). Ilpu nuponnse cMemaHHbBIX SKCTPAKTOB BUCMYTa
U €BpONMs, a TaKXKe Keje3a W €BpPONHUs METOJOM PEHTreHo(}a3zoBoro
aHanmu3a wuaeHTHU(UIMpoBaHbl  cieayromme  ¢asel:  Big 774Uy 22401 5
EuFeQ; EwFe0;,. [lo nanHbIM MPOBEACHHBIX MATHUTHBIX MCCIICIOBAHUN
YCTaHOBJIEHO, 4To COCIUHECHUEC Big 774EUg 22401 5 SIBJISICTCS
napamMarHeTukoMm. [locrnennue nBa coeMHEHUsT OTHOCITCS K MaTepualiaMm,
o0JaaronM  MarHUTHBIMH ~ CBOMCTBAMHU, TIOBEJCHUE TIOJIHOW U
OCTaTOYHOW HAaMarHWYEHHOCTEW KOTOPBIX SBISCTCS XapPaKTEPHBIM IS
HAHOKPUCTAUTMYECKUX  (DEPPOMATHUTHBIX  CTPYKTYp H  amMOp(HBIX
MarHuTHeIX ~MarepuanoB. Coenunenne EUFeQ mposBriser sBHO
BBIPDOKEHHbIE (DEppOMArHUTHBIE CBOWCTBA C JOCTATOYHO BBICOKUM
3HAQYEHHEM KOIPUUTUBHON CWibl. B 3akitoueHue ciielyeT OTMETUTb, YTO
MOJIy4YeHHE TUJICHOK TaKUX MaTepuaioB METOJOM MUPOJU3a SKCTPAKTOB
MOXXET MMETh MPEUMYIIEeCTBA IO CPAaBHEHHMIO C BbIpalllUBaHUEM
AMUTAKCUIIbHBIX IJIEHOK METOJI0M MOTPYKEHHS MOJJIOKKH B PACILIIaB.
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ZINC EXTRACTION FROM SULFATE MEDIA WITH CYANEX
301 DISSOLVED IN NONANE

G.L. Pashkov, L.K. Nikiforova).Yu. Fleitlikh,

41



N.A. Grigorieva, N.l. Pavlenko
Institute of Chemistry and Chemical Technology 358 R
660049, Krasnoyarsk, K.Marx Pr. 42, natasha@icct.ru

Thiosubstituted organophosphorous acids have alwatyscted
considerable attention from solvent extraction spists. Interest in these
reagents has grown recently due to the entrancEyahex 301 to the
market [1]. This extractant, with bis(2,4,4-trimgibentyl)dithiophosphinic
acid as the active component, differs from othe@odiganophosphorous
acids, e.g. from dialkyldithiophosphorous acidsitdsas excellent thermal
and hydrolytic stability.

Originally Cyanex 301 has been developed for sigleextraction of
zinc from solutions of processing of a viscosedjhn the further it has
been shown, that this extractant can be used andtfer objects, in
particular, at zinc extraction from solutions ofdding of laterite ores
where itis taken together with nickel and cobali, [@t obtaining of
selective electrodes where the complex of zinc wits(2,4,4-
trimethylpentyl)dithiophosphinic acid is used agsotlodeactive material

[3].

It is necessary to note, that at investigatiozin€ extraction of due
attention to studying of extraction chemistry thiement in our opinion it
was not given.

The paper presents data on zinc extraction frorfateulsolutions
with nonane diluted bis(2,4,4-trimethylpentyl)ddphosphinic acid (HR).
An IR-spectroscopy method is used to examine thete sbf the nonane
diluted bis (2,4,4-trimethylpentyl)dithiophosphinacid. Dithiophosphinic
acid was shown to exist as a monomer up to a ctratem 0,1 M. With a
further increase in concentration the acid formsoeisted species. The
value of the concentration of the monomeric formdetermined as a
function of the total HR concentration in nonan¢hie range of 0,0-1,0 M.

Based on the comparative analysis of the extraaanlibrium data
together with information from IR absorption spactf the zinc extracts,
the configuration of the zinc(ll) complex in theganic phase was
determined to be a low-spin square planar complExe complex
composition was found to correspond to the fornzing,.

This work was supported by Grants 2149.2008.3 (Bdshkov) for
Leading Research Schools of RF.
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PABPABOTKA ®U3NKO-XUMHNYECKHUX OCHOB
CEJIEKTUBHOI'O U3BJIEYEHUSA PEJAKO3EMEJIBHBIX
QJIEMEHTOB U3 MHOI'OKOMITIOHEHTHBIX PACTBOPOB C
UCIOJb30BAHUEM MAKPOIIMKJIMYECKUX COEJJUHEHU

B.N. XKunog, C.B. JleMuH, B.B. AxmmH, A.JO. I{uBaaze
Hncmumym ghuzuueckoti xumuu u snekmpoxumuu um. A.H.@pymxuna
PAH, 119991 Mockea, Jlenunckuii np.,31, tsiv@phyche.ac.ru

The purpose of work was studying chemical systeonssélective
extraction of rare earth elements from complex tgemhg by means of
crown-ethers as extragents. The primary goal trassearch of solvent for
replacement of chloroform. For this purpose usedl,71,
trihydrododecafluoroheptanol.

Extraction of rare earth elements from acid sohgiavas studied. It
Is shown, that extraction ability of rare earthnedémts by dert-butyl-
dicyclohexano-18-crown-6 considerably above, thacyabhexano-18-
crown-6 at the same conditions. It is shown, thaditeon trifluoroacetic
and trichloroacetic acids considerably increasedofa of distribution.
Thus factors of distribution of rare earth elemasita cerium subgroup are
above the sames of elements of yttrium subgroutid of components of
formed complexes in all cases (metal:crown-ethdr) &

Carried out researches show a urgency of the gdisgction at
creation of new processes of extraction and saparaif rare earth
elements.

B Hacrosieil pabote M3y4eHbl YCIOBHSI CEIEKTUBHOTO BbIJEICHUS
PEIKO3EMENIbHBIX JJIEMEHTOB C HCIOJb30BAHMEM JTHUIMKIOTEKCcaHO-18-
kpayH-6 (uzomep A) (JALI'18K6) u mnumpem-OyTuia-aunukiIorekcano-18-
KpayH-6 (ATBALII18K6) C UCII0JIb30BaHUEM 1,1,7-
TPUTHIPOAOACKAPTOPrenTaHoia B KauecTBe pacTBoputens. s u3ydenus
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IPOIIECCOB M3BJICYCHUS PEIKO3EMEINIbHBIX 31eMeHTOB (PDD) ucnonb3oBaiu
pactBop cymmbl P30 mmoc nantan u urtpud B 0,1 M HNO; ¢
conepskanreM 100Mr/in kaxa0ro.

[Ipumenenrne noMOOHOrO pa3z0aBUTENsT MO3BOJISIET OTKa3aThCsl OT
XJIOPIPOU3BOJIHBIX YTIEBOAOPOJIOB, 00MaIal0IIMX HU3KOW paJuallMOHHON
YCTOMUYHUBOCTBIO. Kpome TOro, OH HEroproouuii, MaJOTOKCHYHBIM,
JIOCTaTOYHO XOPOIIIO PACTBOPSET KpayH-3(UPHI U UX MPOM3BOJHBIC (Tak
ATBAIII18K6 pactBopum cbitie 0,5 mMoinb/n, To ecth cBbime 250 1/i),
t°um = 170°C:

HCF,—(CF;)s—CH, OH.

MerogoM  XpomaTo-Macc-CIIEKTPOMETPUM  HAaMU  ONPECIICHBI
B3aMMHbIE  PAacTBOPUMOCTM  KOMIIOHEHTOB B  cucteme  1,1,7-
TpUTHAPOI0ACKaTOprenTaHoi—BoAa: Boja B cnupte — 0,5 Yomacc., cnupt
B Boge — 0,16 %wmacc. [yt aToro Obljaa MCIHOJIB30BaHA XPOMATO-Macc-
cnektpoMerpuueckas cucrema (Gupmbl “Agilent Technologies” CIIA),
cocTosiass M3 Ta30XKHAKOCTHOTO xpomartorpada cepun 6890 wu
KBaJIPYIOJIBLHOTO Macc-criekTpomeTpa 5973 N.

KoHueHTpanuu BceX 5JIEMEHTOB OIpPEACNsIA METOJOM aTOMHO-
IMHCCUOHHOW CIIEKTPOCKONHH C WHAYKTUBHO-CBsi3aHHOU mia3moin (ICP-
AES)na mputope IRIS Advantagepupmer «Thermo Jarrell Ash.».

Kak Obuto mokazaHo HamMu Ha mpumepe usBineueHus P30 kpayn-
apupamu B cucteme xjopodopm—Bozaa, cooctsenHo pactopsl JLIT 18K6
u JTBJALI'18K6 B x1opodopme mpakTUuecku He 3KcTparupyioT P30 us
a30THOKUCTIBIX pacTBOPoB. JloOaBiieHHE XJIOPHOM KHUCIOTHI MPHUBOIUT K
aHaJOTMYHOMY  pe3ynbTaTy. B ciyuae  ucnonb3oBanus  1,1,7-
Tpuruapoaoaekadroprentanona IONOJHUTEILHO K 3TOMY HaMHu ObLIO
MOKa3aHO MPAaKTHUYECKH TMOJHOE OTCYTCTBUE OHKCTPAKIMHM €Ile U MpHU
N00aBJIEHUHU TPUMETUITYKCYCHOM M MUKPUHOBOM KUCHOT. [lonoxuTenbHbie
pe3ynbTaThl  OBUIM  MOJY4YEHbl HaMHM JIMIIb TOpU  J00aBlIEHUU
tpudTopykcycHort (TOVK) wu tpuximopykcycuorr (TXVK) xkucnor.
[Toka3zano, uto »skctparupyemocts P30 JITBAII'18K6 3nauntenbHO
BbIIIE, YeM COOCTBEHHO AMIIMKIOTeKCaHO-18-KkpayH-6 nmpu nmpoyux paBHBIX
ycnoBusx. [Ipu 3ToM HaiifieHo, 4TO MeTayUibl mepueBod moarpynmsl (La,
Ce, Pru Nd) umerot B cpeiHeM Ha JBa Mopsiaka 0oJbiue KodpPUIneHTsI
pacmpeneneHus, 4eM METaJUTbl UTTPUEBOM MOATpymmbl. MHTEpecHO mpu
TOM OTMETHTH, 4TO Ko3(pduimenTs pacupenencHuss P35 ymensinatorcs B
obenx mMmoArpymnmax CTPOro B COOTBETCTBUU C TOPSIKOBHIM HOMEPOM
areMenTa. M3 moctpoenHbix 3aBucumoctedd Ilg Dy ot Ig Cof  mis
skcTpakuuu P30 cieayer, UYTO CTEXHOMETPHUS  DKCTPArupyeMbIX
KOMILIEKCOB cocTtaBiger 1: 1. Pe3ynbTaThl m3ydeHust skctpakuuu P30
npuBeieHbl B Tabmauie. Ocodboro BHUMaHUs 3aciyuBaeT cuctema ¢ 0,5M
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ATBALI1I8K6 w3 M TXVK, obOnagarmomas  HaWIydIIUMH
XapaKTEPUCTHKAMHU KaK 10 MU3BJICYCHHIO, TaK U 10 pasnueieHuto P30,

OO0oOmiass  MoMydeHHBbIC  pe3yJabTaThl, MOXKHO CKa3aTh, 4YTO
ucronas3oBanue 1,1, 79puruapononekadroprentaHosa B KayecTBe
PacTBOPHUTEIIS I KpayH-3(QHUPOB MEPCIECKTUBHO U MO3BOJIIET CEICKTUBHO
BBIICATh W PA3feisaTh PEIKO3EMENbHBIC JJIeMEHTHl. Hawmmydmmmu
XapaKkTepucTukaMu oO0JajaeT »dKcTpakuumoHHas cucrema ¢ 0,5 M
JNTBALI18K6 u 3M TXVYK. IlpoBenennpie uccieoBaHUSI MOKA3BIBAIOT
aKTyaJIbHOCTh JAHHOTO HAIpPaBJICHUS TMPHU CO3IaHUHM HOBBIX IPOIIECCOB
nepepadoTKi OTPAOOTAHHOTO SIAEPHOTO TOTUIMBA M BBICOKOAKTHUBHBIX
OTXOJOB W TpeOYIOT MaTbHEUINEr0o pa3BUTHSA, a HMEHHO W3YYCHUS
COOILIMOHHBIX METOJIOB U3BJICUECHHS.

KoaddurmenTs! pazaenenus P39 npu sxctpakmum (cuctema 1,1,7-
TpuruapoaoaekapToprentanoi—Boja) B npucyrctBuu TXYK u TOYK u
0,1M HNO; npu xoHuentpanuu kpayn-3¢upos 0,5M

Kon KoaddunmenTs! pazaenenus
1eH
Ii{’;‘g;‘ "3 LaiC | Laf | La/ | LalE | Ce| Ce/| Cel| Pr/ | Pr/| Na
e Pr | Nd u |/PriNd| Eu| Nd | Eu| Eu
KHC
JOT
3M
™ | 15 | 3,3 10,5 363 448,1| 251| 3,2| 140 33,3
ATBJ | VK
ar |(4M
T® | 16 | 40| 359 113 2,836,1| 69,4 89 | 217, 3,0
YK
o 2 2| = = 122 2>
Ar ;Fli 1,3 3| 5, 500 1,8| 3,9 500! 22 | 500 > 500

45




PA3SPABOTKA ®N3UKO-XUMHUYECKHNX OCHOB
CEJIEKTHUBHOI'O U3BJEYEHMUS NE3US U CTPOHIIUA U3
MHOI'OKOMIIOHEHTHBIX PACTBOPOB C
NCIOJIb30BAHUEM MAKPOIIMKJINYECKHX
COEJIMHEHUN

C.B. Jlemun, B.1.Kuos, B.B. SIxmmn, A.JO. [luBagze
Hucmumym ¢uzuuecxoti xumuu u snekmpoxumuu um. A.H.@pymxuna
PAH, 119991 Mockea, Jlenunckuti np.,31, tsiv@phyche.ac.ru

The purpose of work was studying systems for sekeextraction of
strontium and cesium from complex solutions by nseaincrown-ethers as
extragents. The primary goal thus was search ekablfor replacement of
chloroform. For this purpose used 1,1,7-trihydragtadfluoroheptanol.

It has been studied the extraction strontium, caesand other
elements from a solution modelling raffinate of FE}Rprocess by
dicyclohexano-18-crown-6 and itstelit-butyl derivatives in system 1,1,7-
trihydrododecafluoroheptanol - water. It is showmgt strontium at these
conditions is extracted with distribution factor 0tPO0 and thus is
separated from sodium (having in these conditi@tiof of distribution
less than 0,5).

The complexes stoichiometry of the studied crowrees with nitric
acid at it coextraction (1: 1) was found. Carriast cesearches show a
urgency of the given direction at creation of nawgesses of utilization of
the spent nuclear fuel and highly active waste.

CeNIeKTUBHOE U3BJIEYEHUE LE3USI U CTPOHIMS M3 CIOXKHBIX 10
COCTaBy pAacTBOPOB AaKTYaJIbHO C TOYKHM 3pEHHS YTWIH3AUUHU KUIKUX
paarOaKTUBHBIX OTXO/IOB, o0Opa3yroluxcs npu nepepadoTKe
otpabotanHoro saepHoro Toruea (OST) u ne3akTuBaiuu 060pya0BaHHUS.

[lenpto  HacTosimiel  pa®OTHI  SABISJIOCH  W3YYEHHE  YCJIOBUU
CEJIEKTUBHOI'O BBIACIICHHUS CTPOHLMS H 1E3Hsl C HUCHOJIb30BAaHUEM
IUIHKIorekcaHo-18«payn-6 (m3omep A) (JLII'18K6) u mumpem-OyTun-
nurkiorekcano-18«payn-6 (ATBALI'18K6) ¢ ucnoms3oBanmem 1,1,7-
TpUrHApoaoAeKadTOprenTanona B KadecTse pactBopureis. [lpu stom s
U3Y4YEHUSI IMPOLIECCOB M3BJICYEHUSI CTPOHLMUS W LE3Us HCIOJIb30BAIU
monenbHbIN papunar PUREXpouecca.

[IpumeHnenne nogoOHOTO pa30aBUTENS MO3BOJSET OTKAa3aThCS OT
XJIOPIPOU3BOJIHBIX YTIEBOAOPOJIOB, 001aIa0MIMX HU3KOW paJuallMOHHON
YCTOMYUBOCTHIO.
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KoHueHTpanuu Bcex 3JIeMEHTOB KpOMeE I11€3Usl ONPeAessiiii METOI0M
aTOMHO-PMHUCCUOHHOW CHEKTPOCKONUU C MHAYKTUBHO-CBS3aHHOM MIa3Moi
(ICP-AES) na npubope IRIS Advantagepupmer «Thermo Jarrell Ash.».
KoHueHTpanuio 1e3ust onpeaessyii MeToaoM (QOTOMETpUM IUIAMEHHU Ha
npubope AAS-30 pupmer «Carl Zeiss Jena.

Pesynbrarel mokazansl B Tabn. 1 m 2 Ha mpuMmepe HU3BIICUEHUS
IIEJIOYHO3EMETBHBIX METAIOB (IPEXk/Ie BCEro, CTPOHITHS), IE3HsI K HATPHS.
Bunno, dro o6a kpayH-3dmpa Mano OTAWMYAIOTCA APYr OT Jpyra IO
IKCTPAKIMOHHOM cmocoOHocTH. [Ipu 3TOM 00a CENEeKTUBHO H3BIIEKAIOT
CTPOHLIMM, TPAKTUYECKU HE U3BJIEKAS [IPU 3TOM HATPUU U KAJIbLIUH.

Tabmuma 1. Koaddurments! pactpeneneHus meaouH03eMeTbHbBIX
AJIEMEHTOB, 11€31s U HAaTpusl Mpu dKcTpakiuu u3 padpunata PUREX-
nporiecca ¢ nomorisio JII" 18K6

eMEHT Konuenrpanus kpayH-3dhupa, MOJb/I1
0,05 0,075 0,1 0,125 0,25 0,5
Kanpuuii 0,010 | 0,015, 0,020 0,030 0,050 0,100
Bapwii 1,8 3,1 4.6 6,5 18,6 61,0
CTpoHImi 2,4 3,8 6,0 9,3 27,3 126,8
Hatpuit <0,01 | 0,015 0,02 0,03 0,07 0,2
Ie3nii <0,01 0,01 0,01 0,02 0,03 0,11
[Ipouent
W3BJICYECHUS 70,6 79,2 85,7 90,3 96,4 99,2
CTPOHIIHS
Koaddunment
DasACIICHIA - 190 | 300 | 310| 390| 634
Sr/Na
C 1enbl0 HU3yYEHHUs pacupelelicHHs a30THOH KHCJIOTHI IIpU

HKCTPAKLMU METAJUIOB U3 MOJEIbHOIO pPACTBOpA COJEpKaHUE €€ B
peakcTpaktax ompeaensin tutpoBanuem 0,01 M pactBopom NaHCQ.

Panee ObLIO

II0Ka3aHo,

qTo

a30THasn

KHCJIOTa

JTUIUKIOTeKCaHO-KpayH-3(upaMu BMECTE C HOHAMHU METAJIJIOB.
OmnpeneneHo, 4YTO CTEXHMOMETPHs 3KCTPArMpyeMoro KOMILIeKca
a30THOM KUCJIOTHI C KpayH-3upom st 000ux KpayH-3(UPOB COCTABISET

1:1.
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[Tokazano, uto ucnonszoBanue 1,1, 7TpurnapononekadroprentaHosia
B KaQ4eCTBE PACTBOPUTENS JUIS KpayH-3(PHPOB MEPCIEKTHBHO M IO3BOJISACT
CEJICKTUBHO BBIIACIATH CTPOHIIMM W3 CIIOXKHBIX TI0 COCTaBY KHCIIBIX
pactBopoB, Takux kak padunar PUREXponecca. IlpoBenaeHHbie
WCCJICIOBAHMS aKTYaJbHBI JUIS CO3JIaHHUS HOBBIX IPOIIECCOB MEPEepadOTKU

OTpa6OTaHHOFO SAACPHOTO TOINIMBA U BBICOKOAKTHUBHBIX OTXOI0B.

Tabmuna 2. Koaddurments! pactpeaeieHus meaouH03eMeTbHbBIX
AJIEMEHTOB, LI€3UsI U HATPHsI MIPH dKCTpakuuu u3 papunara PUREX-

nporecca ¢ momombio JITBJIIII'18K6

SeMEHT KonnenTpanus kpayH-3hupa, MOJIb/JI
0,05 0,075 0,1 0,25 0,5
Kanpuuii 0,02 0,025 0,03 0,1 0,3
bapwuit 1,1 2,2 3,8 15,7 52,4
CtpoHuumii 2,2 53 10,0 54 1 207,6
Hatpwii 0,05 0,07 0,09 0,2 0,5
Le3wmit 0,02 0,02 0,03 0,06 0,14
[Ipouent
W3BJICYCHUS 62,5 84,1 90,1 98,2 99,5
CTPOHIIMS
Koaddunment
PasACICHIA 44,0 75,7 111,1| 270,5| 541,2
Sr/Na

Ta6nuna 3. Konnentpanust HNO; B paBHOBECHON OpraHUueCcKoi
daze mpu SKCTPAKIIMU PA3IMIHBIMU KpayH-2(UpaMu

KonuenTtpanus kpayH-3pupa B opraHu4eckon ¢ase,
Kpayn-a¢up MOJIB/JT
0,05 0,075 0,1 0,123 0,25 0,9
JUII'18K6 - 0,072 0,088 0,114 0,2 0,36
JATBAIT18K6 0,044 | 0,056| 0,076 - 0,154 0,252
[Ipumeuanne. KoHUIEHTpanmuss a30THOM KHCIOTBI B HMCXOJHOM

pactBope — 3MOJIB/ 1.

KUIAKOCTHASA XPOMATOI'PA®USA CO CBOBO/IHOM
HEINIOJABU/KHOU ®A30U BE3 IPUMEHEHUA HEHTPUOYT
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A. E. Kocrausg, Bomkna A. A.
Hncmumym obweti u neopeanuyeckoti xumuu um. H.C. Kypnaxosa PAH,
119991 Poccus, 2. Mockea, Jlenunckuii np., 31. Kost@igic.ras.ru

The main disadvantage of all existing counter@nirr
chromatography techniques is the complexity aridnogn the centrifuge
application, which makes the commercial devices dgpensive. A new
simple counter-current chromatography technique besn developed
which operates without centrifuge application. T$tationary phase is
retained in spiral columns by imparting the recgattng motion to the
contents of the columns. The intensity of the baokl forth motion of
liquid phases in spiral columns can be varied byyiwg either the
frequency or the amplitude of the pulsations gdedrdy a pulsation
device. Experimental studies have demonstrated glespectives of
application of new technique for preparative andchmécal scale
separations.

OCc0OEHHOCTBIO pacCMaTPUBAEMBIX B HACTOSIICH pabOTe METOOB
KHUJKOCTHOM XpoMaTorpaguu co CBOOOJHON HEMOABIXKHON  (a3oif
ABIIETCA OTCYTCTBHE TBEPJOTO HOCUTENS] HEMOJBWKHOW (hasbl, KOTOpas
HAXOJUTCSA B KOJOHKE B CBOOOJZHOM cocTosHmM [1-4]. DOtm
IKCTPAKIIMOHHO-XPOMATOTrpapUUecKue CrocoObl pa3/ieieHHs] OTINYAI0TCA
BBICOKOM 3(()EKTHUBHOCTHIO: pa3[eleHHe KOMIIOHEHTOB >XUAKOM cMmecu
IPOUCXOAUT MYyTEM MX MHOTOKPATHOTO MEpepacnpeesieHuss MeXIy ABYMs
KUIKUMU (a3zaMu B CHOHUpalibHOW TpyOKe, HaMOTaHHOW Ha OapabaH
TUTAHETAPHOW MEHTPUQYTH, UM B IIETIOYKE KaMep, 3aKPEIUICHHBIX Ha Bally
oObruHOM meHTpudyru. Iloanmexamyro pas3leleHHI0 CMeCh IMOJal0T
OTJICTPHBIMU TOPIHUSIMH BMECTE C OAHOW H3 (pa3, KoTopask HEMpephIBHO
NPOKAYMBACTCS 4epe3 Ipyryro (HEMOABMKHYK) (a3y, yAepKUBaeMyl B
YCTPOMCTBE C MOMOIIBIO IEHTPOOSKHBIX CHI. Ha BhIXome u3 ycTpoiicTBa
oTOMparoT (pakuuud KOMIIOHEHTOB. B 3apyOexHON nuTepaType Takue
IpoIleCChl Ha3bIBAIOT MPOTHBOTOYHOU (countercurrent chromatography —
CCC) wmm  ueHtpoOexHOM  xpomaTtorpadueit. AmnmapaTsl s
OPOTUBOTOYHOM  KUAKOCTb-)KHJIKOCTHOM  XpoMarorpaguu  MOXKHO
pa3fenuTh Ha JBE TPYIIBL TUAPOCTATHUYECKHE — IOCJIEI0BATEIbHO
COCIMHEHHBbIE KaMephl pa3MelleHbl B OOBIYHOM UeHTpudyre u
TUAPOIMHAMUYECKHE — KOHTAKT (ha3 MPOUCXOJUT B CIUPAIBLHOM KaHale,
COBEpIIAIONIEM IUIAHETApHOE NBIKEHUE. JJOCTOMHCTBOM BTOPOW TPYIIIBI
anmapaToB SBISETCS OTCYTCTBHE TOJBMKHBIX CATBHUKOB M 00JIe€ BBICOKAs
3 PeKTUBHOCTH MaccooOMeHa, 00ycoBIECHHAS WHTEHCUBHBIM
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NepeMENIMBAHUEM JKUIKOCTEH B MyJbCUPYIOLIEM IOJE IEHTPOOESKHBIX
CUJL.

Henoctatkom M3BECTHBIX METOJOB >KUJIKOCTHOM XpomaTtorpaduu co
cBoOomHON HemoaBmwkHON Ga3zoit (KXCH®), mnpensaTcTByromuM HX
NPUMEHEHUIO B MPOMBIIUIEHHOM  MacmiTabe, SBJISETCS CI0XKHOCTh U
JIOpPOTOBHM3HA ammapaTypHoro odopmieHus. Hamu paspaboTran HOBBIT
meron JKXCH®, cBobomsblli OT OTMeueHHOro Hemocratka [5]. Kak
MOKa3aJy Hallll SKCIIEPUMEHTAIIbHbIE UCCIEOBAaHUS, YACPKUBAHUE OJHOM
U3 XKHUIKUX (a3 Mpu MPOKAYMBAHUU Yepe3 Hee BTOPOU (as3bl B CIUPATEHOM
KaHaJie, MOXXHO 00ecCIeuuTh, coodIas (azaM BO3BPaTHO-MIOCTYIATEIHLHOE

JIBU)KEHUE B KaHajie C [OMOUIBIO

6 = ’ mMyJIbcaTopa.
g Ha puc. 1 — 3 cxemaTu4Ho
9 N300paKeHBl HEKOTOPHIE  BapHAHTHI
s WCTIOJTHCHHSI IpeJIaracMoro
v ’p XpomaTorpaduieckoro criocoba
<) paznenenus komrnoHneHToB. Ha puc. 1 u
s puC. 2 TIPEACTAaBICHBI  BapUAHTHI
— /'e 7 peanMzanui crnocoba, Korjaa MpoIecce
% pasneneHus: KOMIIOHEHTOB MPOBOIUTCS
9 B CIIUPAICBUIHOM KaHaje,
— s PacIoI0KEHHOM
v Ha TTOBEPXHOCTH ITWIHH]IPA.
P 3 Ha puc. 3 nmokazan  BapuaHT
————¥]
. s paszzeneHus KOMITOHEHTOB B
2 4~~~ CIHPAIECBUIHOM KaHaje,
5 pacrlojOKEHHOM Ha  TTOBEPXHOCTH
TAICKA.
Puc. 1.

Ha puc. 1 uzoOpaxeHna cxema crnoco0a, KOrja B KayecTBE KaHaia
UCIOJIB3YIOT TPYOKY.

Ha puc. 2 u puc. 3 u3o0paxkeHbl cXeMbl CI0c00a, KOTJa B Ka4eCTBE
KaHajia MCIOJIb3YIOT PSJI PACIOJIOKEHHBIX MO CHHUPAIM MOCIEJ0BATEIHHO
COETMHEHHBIX Kamep.

[IpennaraemMslii cioco0 OCyIIECTBISETCS CAEAYIOIUM 00pa30oM:
CrimpasieBUIHBIA KaHAT 1 3amoHSASTCS HEMOABMXKHONW (a3oit (3T0 MOXKeT
ObITh TsDKenas (aza —puc. 1, 2,unm nerkast gaza — puc. 3) ¥ 1Mo JIMHUH 2 C
MIOCTOSTHHOW CKOpPOCTBbIO MoAaeTcs mnoaBuxHas (aza. OZHOBPEMEHHO C
HA4yaJIOM IOJayu MOABMKHOM (ha3bl JKUIAKOCTSIM B KaHalle MO JMHUUA 3
coO0IIaeTcss  BO3BPATHO-TIOCTYNATEIbHOE  JBUKEHHUE C  I[TOMOIIBIO
nyiascatopa 4. bnaromaps TakoMy HPUHYAWTEIBHOMY BO3BPATHO-
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MNOCTYNIAaTCJIbHOMY ABUKCHHUIO XHIAKHX (1)33 B CIHPaJICBUAHBIX BHUTKaAX
KaHalla CO3JacTCia IICPECMCHHOC II0JIC I_ICHTpO6C)KHLIX CHUJI, KOTOpOC
YACPKUBACT HCIIOABUKHYIO (1)8,3}/ B KaHaJIe ¥ 0o0ecneunBacT MHTCHCUBHOE
NepEMCIIMBAHHUEC U KOHTAKT (1)8,3.

Puc. 2.
[Tocne ycTraHOBIEHUS CTAlMOHAPHBIX THAPOJAMHAMHUYECKUX YCIOBHUH,
XapaKTEPU3yEMBbIX
IIOCTOSIHCTBOM

dakTopa yIep>KUBaHUS HETOJBIKHON
dazsl (momm o0bpeMa KaHania,
3aHMMaeMOM HEMOABMKHOM (ha3oii), 1o
JUHUA 5 OTIAEIbHBIMU TOPLHSMU B
BHJIE HUMITYJIbCOB I10J1aeTCs
nojJIeKaIasl  pa3fAeieHuI0  CMeECh
KOMMNOHEHTOB. O0oraiieHHbie hpaKkiuu
OTJIEIbHBIX KOMIIOHEHTOB BBIBOJSATCS
U3 YCTPOMCTBA C MOJABMIKHOM (pa3oit mo
JAHAH 6.

Puc. 3.

B moxazanHom Ha puc. 1 BapmaHTe TpemIaraeMoro MeToaa B KadecTBE
KaHaJla MCHOJB3YIOT TPyOKy 1, HAMOTaHHYI0 Ha OOKOBYIO MOBEPXHOCTH
mHApa 7. OTMETUM, 9TO B Ka4eCTBE CITUPATHLHOTO KaHaia TaK)Ke MOTYT
OBITH HCIIONB30BaHBl 3aKPHITHIE CBEPXY KaHaBKH, TIPOpPE3aHHbIC Ha
MOBEPXHOCTH IMIIMHIPA WU TUCKA.

PaGorocriocobHocth U 3h(PEKTUBHOCT,  ammapaToB  JUIA
paccMaTpruBaeMbIX IPOIIECCOB KHUJIKOCTHOM xpomatorpaduu
OTpeseNsaeTCs BENMMYMHON (pakTopa ynepKMBaHHS HETOJBMKHOU (a3bl.
DKCTepUMEHTAIEHOE MCCIIEIOBAaHUE yICPKUBAHMS HEMOJBIKHOW (asbl B
CHOUPATBHONW MyJIbCALIMOHHOM XpoMaTrorpaduyeckoil KOJIIOHKE MOKa3alo
NMEPCIEKTUBHOCTh HOBOTO METO/a Xpomarorpaduu: B ONBITaX OBLIN
JOCTUTHYTBHI JocTaToyHO BbIcOKHME (mo 90 %) Bemmuumnbl  (akTopa
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yAEPKUBAHUSI HEMOJABUKHOM (ha3bl. OMBITH MPOBOJUIUCH CO CIUPATLHON

KOJIOHKOM, § 100 -

W3TOTOBJIEHHOM u3 90 -

CTEKJITHHOM TpyOKHU 80 -

auameTpoM 3,4 MM, 70 -

auaMeTp Choupaid  — 60 -

22vM, 00BEM OJHOTO | @Y. % 5O -

Butka — 1 M. Ha puc.4 40 -

B Ka4eCTBE MpuMEpa 30 -

MOKa3aHa 3aBUCUMOCTD 20 -

dakTopa yaepKUBaAHUS 10 -

(®Y) or ammauTyabI 0 ‘ ‘ ‘
nynbcarmii = (A) B 0 0,5 1 1,5
TrOpU30HTATBLHOMN A mn

KOJIOHKE [IJISl CHUCTEMBI
10 % BomHbIl pacTBOp cyib(daTa aMMOHHMSI — TOJYOJI MPU MPOKAYUBAHUHU
oprannudeckoit ¢as3wl ¢ pacxoaom 1,1 mi uepes3 BoaHyO hasy.

Puc. 4.
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EXTRACTION OF METALS WITH BINARY EXTRACTANTS
BASED ON CYANEX 301
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YInstitute of Chemistry and Chemical TechnologyRR3S, 42 Marksa,
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Alkyl derivatives of phosphinic acid such as didihosphinic,
dialkylmonothiophosphinic, dialkyldithiophosphiniacids are widely
studied as extractants for recovery and separatiometals from acidic
solutions [1-12]. We studied distribution of chhbei and nitrate of metals
from their mixture solutions Iin systems involvingalts of
tetraoctylammonium, triocylammonium and diocylammiom with
di(2,4,4-trimethylpentyl)-dithiophosphinic acid (&yex 301) depending on
compositions of the aqueous and organic phases.

Data for the metal extraction from 0.1 M HCI saat in their
common presence  with solutions of  tetraoctylammniu
dialkyldithiophosphinate in toluene depending omaantration of the

gDy 69 b?nary_ extractant are
given in Fig.1.
41 40
{ 20 Figure 1. Extraction of
metals from 0.1 M HCI
00 in their common
4,0 presence with solutions
logCex { 20 of tetraoctylammoniu
dialkyldithiophosphinat
1 a0 e in toluene.

As it follows from data obtained metals distinguish their
extractability that provides separation of thesetatse Distribution
coefficients of metals decrease in the order: Aj$ Pd (II) > Cu (ll) > Pt
(IV) > Cd (Il) > Sn (II) > zZn (1), In () >> Fe(lll), Co (ll). Studied
metals may be extracted with the binary extractahtsugh different
mechanisms forming favorably ionic associates sisch
grr;'n)w(a) + MClyy ™ ) + (M-N)RNA ) = (RaN)m-iMClrm ) + (M-N)HA (g
1
or salts of metals with Cyanex 301:

Mn+(B) +N C[(B) +Nn R4NA(O) = n RNCI ot MA, ()

2)

In some cases both extraction mechanisms can tage.p

Data for the metal extraction from 0.1 M HR®olution in their
common presence  with solutions of  tetraoctylammniu
dialkyldithiophosphinate in toluene depending omaantration of the
binary extractant are given in Fig. 2. Metal nisaaire known to be unable
to form stable nitrate complexes in aqueous salgtidherefore, they are
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favorably extracted as dialkyldithiophosphinateshie following order: Bi
(11> In (1) > Cu (1) > Pb (1) > Zn (1) > Co(ll) > Fe (lII), Ga (lII).

The effect of composition of binary extractantstiba Pt and Pd extraction
was studied in the systems involving triocylammaomiu and
diocylammonium dialkyldithiophosphinates, which wefound to be
weaker extractants compared to tetraoctylammonium
dialkyldithiophosphinate.

logDwm 6.0

14 | Figure 2. Extraction of

metals from 0.1 M
1 20 HNO; Iin their common
presence with solutions
of tetraoctylammonium
dialkyldithiophosphinat
e in toluene.

0.0

4 -2.0

1 40

The stripping of metals from the organic phase staslied using
consecutively 0.05 M 50, and NH solutions. It was shown that Fe, In,
Zn and Ga were stripped with a weak solution ofusid acid. Copper
stripping as in the systems involving binary exiaats based on
dialkyldithiophosphoric acids occurred with Blidolutions. Noble metals
were stripped using stronger complex agents sueltlasurea.

Financial support of the Russian Foundation fosiB&esearch (grant
N 07-03-00993) is gratefully acknowledged.
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BINARY EXTRACTANTS FOR RARE EARTH METALS FROM
NITRATE SOLUTIONS

Belova V.V., Voshkin A.A., Kholkin A.l.
Institute of General and Inorganic Chemistry of RS Leninskii
pr., Moscow, 119991, Russia, belova@igic.ras.ru

In this paper the results for extraction of raegtle metal (REM)
nitrates with binary extractants such as salts AB@nd dialkylphosphinic
acids with varying compositions of the agueous arghnic phases are
given. The aim is to survey extraction behavior s@l@ctivity, and to make
preliminary deductions regarding likely stoichionnes.

The extraction isotherm of individual rare earthtah nitrates from 2
M NaNG; (Figure 1) was obtained in the extraction withuesle solutions
of trioctylmethylammonium bis(2,4,4-trimethylpenphosphinate. As one
can see, the extractability of REM nitrates incesas the order La < Nd <
Yb, which in general corresponds to their periatienbers. Under loading
conditions a ratio of concentrations of La and ¥ilthe organic phase to
the initial concentration of the binary extractentlose to 1:1 (Figure 1). A
complicated character of the extraction isothermioed indicates that
not one, but two, or several extracted speciesf@reed in the organic
phase.
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The extracted species involving ¥ncations can be formed in the
extraction of lanthanides nitrates by trioctylméamymonium
dialkylphosphinate similar to the initial systemthvithe organic acid. In
this case, equilibrium could be described as fattow
Ln3+(a) + (3%X) RiNA ) + 3 NGy () « LNA3(NO3)y (o) + (3-X) RINNOs () (1)
wherex = 0-2 andC, and C.,) are the analytical concentrations of
lanthanide in the aqueous and organic phases,atesgg.

In binary extractant system, metal-containing asiamth mixed
ligands can be also formed according to the folhgnequation:

Ln3+(a) +Y RINA () + 3 NG5 & (RaN)yLNAY(NO3)3 (o) (2)
The presence of different extracted species annol togrelation in the
organic phase are determined by their thermodynatalality. Analysis of
equations (1) and (2) shows that an increase ir@eiconcentrations of
NOs; should enhance the D values independently based on the
composition of the extracted species. Influencethef binary extractant
concentration is similar but depends on stoichioimebefficientsx andy.

A study on the effect of binary extractant concatndn on lanthanide
extraction by trioctylmethylammonium  bis(2,4,4-tathylpentyl)-
phosphinate in toluene showed that logarithmic splott the distribution
factors for REM against the concentration gNR are characterized by
linear slopes close to 1.

0.06

Yb

0.04 La

0.02 Nd

CLn(org), mol/L

CLn(aq) y m0|/|_

Figure 1.Isotherms for the extraction of individual lanthai
nitrates with 0.05 M solution of trioctylmethylammam bis(2,4,4-
trimethylpentyl)phosphinate in toluene(,, = 2 mol/L).

The effect of NaN®@ concentration on the La(NR distribution in
the binary extractant systems compared to the mgstenvolving
trioctylmethylammonium nitrate and dialkylphosplaini acid was
investigated. In the range > 0.05 M NajNOa distribution coefficients
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changed insignificantly owing to possible extractiof nitrate-ion. The
extraction power of binary extractants towardsHanum nitrate decreases
in the row: dialkylphosphinate > dialkylmonothiogphinate >
dialkyldithiophosphinate of trioctylmethylammoniumand the La
extraction increases with increasig,,, in the all extraction systems

studied.
Table 1. Separation factors of rare earth metals in
trioctylmethylammonium bis(2,4,4-trimethylpentylgdphinate
system (G,=0.005 mol/L, ¢, i,i+=0.0002 mol/L)

Element Separation factor
(Ln) Nd/ Sm/Ln Eu/Ln Gd/Ln  Dy/Ln Ho/Ln Er/ Yb/
Ln Ln Ln
La 3.2 6.5 147 6.32 11.5 10.4 11. 33
Nd 2.0 4.5 2.0 3.6 3.2 4 10.
Sm 2.3 1.8 1.6 35 2
Eu 1.8 5.1
Gd 1.0 2.3 1.8 1.6 2.3
Dy 1.3 1.8 5.2
Ho 1.4 1.1 2.9
1.1 3.2
2.9

The separation factors of some rare earth meted pere calculated
using the experimental data obtained (Table 1). fighest separation
factors towards rare earth metals were observegttienbium because of its
position in the lanthanide series. The strippingR&M from the organic
phase in their common presenc:e_n(g)::(o.8—1)105 mol/L) with 0.05 M
H,SQO, solution was studied, and it was shown that allalsevere stripped
into the aqueous phase (70-80 %) in a single Mg\ aq= 1:1).

Thus, the extraction isotherms of La, Nd, and Ylrates in the
trioctylmethylammonium  bis(2,4,4-trimethylpentylidphinate  system
showed a ratio of fgorg:Cex depends on the composition of the aqueous
phase as well as the binary extractant concentraGeater distribution
factors of REM in the extraction from nitrate sadas were found in the
binary extractant system in comparison with théiahication-exchanged
and anion-exchanged extractants. Under loadingittonsl, the capacity of
trioctylmethylammonium dialkylphosphinate incregsesxd a ratio of
Cwmorg)-Cex Is close to 1:1 for all elements studied. The abi@r of given
dependencies of the metal extraction indicated ftmmation of several
extracted species in the organic phases, whose aztigms were
discussed.
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CONTROLLED-CYCLE OPERATION — A NEW POSSIBILITY TO
IMPROVE COLUMN CHROMATOGRAPHY

Artak E. Kostanyan, and Irina M. Prosina
Kurnakov Institute of General & Inorganic ChemistRussian Academy of
Sciences, Leninsky prosp.31, Moscow 119991, Risssied95 9554834,
e-mail: kost@igic.ras.ru

Controlled-cycle performance of counter-current pasation
processes such as distillation, liquid-liquid egtian and adsorption have
been known for a long time [1-5]. It was theordticaas well as by
laboratory experimentand industrial application, demonstrated that the
transition from the conventional continuous modepération of counter-
current columns to the controlled-cycle operatiapgreciably increases
their efficiency.

We have recently used [6, 7] the concept of cyelade to analyse
the processes of counter-current and dual counteertt chromatography
on the basis of Craig’s counter- current distriboitiThe objective of this
work is to introduce the controlled-cycle chromatgahy as a new [8, 9]
promising technique in the field of column chrongaaphy.

The operating cycle as applied to a chromatogcapbiumn would
consist of two individually timed periods: 1. Floperiod: a specified
volume of mobile phase is fed into one end of tl@ummn at a
predetermined rate, displaced through it, and diged out of the other
end of the column. 2. Delay period, penmifta sufficient contacting
time to be provided, and, in an ideal case, anlibgum concentration
distribution between stationary and mobile phasede attained. The
mobile phase flow during flow periods can be cdid with regard to
absolute rate and duration. The duration of theodsrduring a cycle
would be determined by the desired average mohéseflow rate.
Mathematical description of controlled-cycle chraeaggaphy

We consider linear chromatographic processes ssuhae that:

 The chromatographic column consists of n identsdments (or
cells); the concentration in the mobile phase lega segment is in
equilibrium with the average concentration in thetisnary phase in
that segment.
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» The chromatographic column is operating with a Bgecsequence
of mobile phase transfers and equilibrations. Thabila phase is
discontinuously, i.e. in separate portions, fedthte column. The
volume of each portion is equal to the mobile phaskeime in a
column segment. The portions of the mobile phasevemo
instantaneously from segment to segment.

It is to be emphasized that the theory of corgmbltycle operations
of counter-current mass transfer columns was basedsimilar
assumptions [2].

Under the assumptions being considered, the diod@ess

concentrations of a compound in the eluted portadmaobile phase can be
described as follows:

_ | n-05 n+i—1i o
SRCNT (“—j (fj” @

_ 1 __K F_KyS
a+k')’ 4 a+w)’k'd—s
and the elution times of the portions:
t =@A-S)A+i/n) i=0,1,2,3,.. (3)

where kg is the distribution constant, S is the fractiomalume of the
stationary phasef = 7F /V, and X = x/x are the dimensionless time and
concentration, respectively,= Q/V, is mean concentration in the column, Q

Is the amount of the compound in the samplg,i¥ the total volume of
stationary and mobile phases in the column.

Equations 2 and 3 describe single peaks of coatalycle
chromatography. The expression for the theoretwtwbmatogram of a
sample containing j components can be derived meige form as follows:

_ n i) (n+i-1)
_(1—S>Jz_n(l+n—1j ( i )Wl”

| | (4)
+qA), .+ (A-0,-d, .= q_)A Y]
/]1: 1. Y, = k1 A = 1. y, = kz
a+k,) " o+k)’ 2 @+ky)’ 2 (1+ky)’
A = 1 Yy, = kJ
oa+k)T @k

k, =K,,S/(1-9), k, =K_,S/(1-S), k} =Ky S/A-9), ¢=Q/Q, 9,=Q,/Q
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whereKpi, Kpz, Kpj are the distribution constants of the compone®is,
Qo..... are the amounts of components in the san@eQ;+ Q,+...+Q; is
the total amount of components in the sample.
Comparison of controlled-cycle and continuous opet#ons of
chromatographic columns

The analogous to expression 4 chromatogram equatar
continuous operation of chromatographic columns ban derived as
follows:

_ n-1 nY . . L
2= etat expt-tnp

+0,p, expl-1-npt) +(-q -, —..—q) P’ exp-1-npt)]
1 _ 1 _ 1
1-S+SK,, 2 1-s+sk, 1-S+SK,
To tell from controlled-cycle operation, the dims@nless
concentration in eq 5 is designatedZft) = x(t)/X.

Applying eq 3 we can the chromatogram equationcfmtrolled-
cycle performance 4 approximate by the continuoustion of the time:

ot n—o.s[ S ]@ 0 n(t+S-1)
= 3 NS s e =
X(t) \/2”(1‘3)(t+8—1){(n—l)(l—S)} n(t+S-1) [ql/]lyl

n(t+S) n(t+S-1)

+q L), +.+1-q-..—q_)Ay = ]

(6)

In Figure 1 the simulated chromatograms of a tomaponent
sample for conventional continuous and controllgde operations are
compared for different values of stationary phasleme fraction S. As can
be seen from Figure 1 there is an essential difterdbetween continuous
and controlled-cycle chromatography processes: ¢thatrolled-cycle
performance provides much higher separation effcye than the
continuous performance. With decreasing S the rdiffee between two
processes increases. The following relationshivéen the efficiencies of
continuous and controlled-cycle chromatography @sses measured with
1+k'

o ()
where n is the number of theoretical plates reaaméide continuous
operations of a chromatographic column ang. ¢ the number of

(5)

pl:

number of theoretical plates can be establiskggd: n
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[EEN

4 S=0. .

theoretical plates which would provide the columrthe controlled-
cycle operation.

o / \ Figure 1 Comparison of controlled-
S ONA X4 . "\l cycle and continuous operations of a
8 1 12 14 16 chromatographic column for different
t values of stationary phase volume
fraction S. n=400; K;=1; Kp,=2;
S=0. Kps=3; 0,=0.3; 3=0.2. The terms are

T 1 defined in the text.

S=0.

0.8 1 1.2 1.4 1.6
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PA3PABOTKA KOJIOHHBIX MUHU-3KCTPAKTOPOB /111
PAIJMOXUMHNYECKHUX TEXHOJIOI'MH

A. E. Kocrausg, Bomkna A. A., Kogun H.B.
Hncmumym obweti u neopeanuyeckou xumuu um. H.C. Kypnaxosa PAH,
119991 Poccus, 2. Mockea, Jlenunckuii np., 31. kost@igic.ras.ru

The report concentrates on the development of-extractors on the
basis of column technique. Different versions ohirgxtraction columns
are discussed. Two types of intensified apparatuseabrating-disc and
pulsed coiled mini-extraction columns - have beewohed and
experimentally studied. Experimental studies hawmahstrated the
perspectives of application of new technique fonimiscale separations.

[Tpu CO3J1aHUH HOBBIX TEXHOJIOTUYECKUX IpPOIIECCOB
PaTMOXMMHUYECKOW MPOMBIIIICHHOCTH  (mepepaboTka  O0TpabOTaHHOTO
SZIEPHOTO TOIUIMBA, pa3zelieHHe aKTUHUIOB U PEIKO3EMENIbHBIX METAIJIOB,
Ne3aKTUBAIMSI U XPAaHEHUE OTXOZOB H JIP.) Ui OTPAOOTKH TEXHOJOTHU Ha
«ropsunx» pabouux cucremMax TpeOYyIOTCsS MUHHU-AINapaThl, B YaCTHOCTH,
aKcTpakTopsl emkocThio 10-20 mu, obecneunBarommue 3()pPEeKTUBHOCTD
MaccooOMeHa, COOTBeTCTBYyIOIIyt0 5-10 Teopermueckum cryneHsM. B
Poccuiickoii @enepaunn B HACTOSLIEE BpEMsl Takoe OOOpPYIOBAHHE HE
npou3BoAUTCs. Pa3paboTKu MHMHHU-IKCTPAKTOPOB MPOBOASTCS BO MHOTHX
pa3BUTHIX cTpaHax. Kurtail MpoM3BOIUT U SKCIOPTUPYET LEHTPOOEKHBIE
MUHHU-3KCTPAKTOPbI, OJHAKO OHM HE OTBEYAIOT BBIIICYKa3aHHBIM
TpeOOBaHUSIM M HEHaJeKHbI B pabore. Tem He MeHee, KHUTalCKHe
anrmaparbl 3aKynalTCsi MHOTUMU CTPaHAMH.

Haunbosee mnepcneKTUBHBIM HA Haml B3IV [PEICTaBISETCS
pa3paboTKa KOJOHHBIX MHUHHU-3KCTPAKTOPOB. DKCTPAKIIMOHHBIE KOJOHKH C
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00JIBIIION BeTUYMHON OTHOMICHHS BhIcOTHI L k guamerpy d (L/d> 50)
emkocTthio 10-20 M moryr obecreuuth TpeOyemyro 3(hPEeKTUBHOCTH
nporiecca. B 3aBucuMocTr 0T PU3NKO-XUMHUYECKUX CBOHCTB IPUMEHSIEMBIX
KUIKUX (Da3 IKCTPAKIMOHHBIE KOJIOHKA MOTYT paboTaTh C MOJABOJIOM HJIH
6e3 moaBonma sHeprum M3BHE. Ha puc.l moka3aHO HECKOJBKO BapHAHTOB
TaKUX KOJIOHHBIX MHHH-IKCTPAKTOPOB.
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Hacaoounas xononka Hacaodounas kononka — Konouka c subpupyiouseti
C YUKauyeckou nooade ¢hasz HACAOKO

Puc. 1.KosioHHBIE MUHH-3KCTPAKTOPHI

Hacanounas konmonka 3¢p¢GeKTUBHA JJIs 5KUKOCTHBIX CHCTEM C
HEOONBIINM MeXK(a3HbIM MOBEPXHOCTHBIM HATsDKeHHEM. D(PGEKTUBHOCTD
ATUX allapaToB MOXHO TIOBBICUTH, JKCIUTyaTUPYS HUX B ITUKIUYECKOM
peknve (Ha JUHWM Ogadd (a3 B KOJIOHKY YCTaHABJIMBAIOTCS
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peryJHMpyIolue KiamaHbl, Ha KOTOPBIE MOAAETCS CUTHAIT LHUKIMYHOCTH).

Kononka ¢ BuOpupyromeil Hacaakol NpeAcTaBiseT UHTEPEC, KOraa
TpeOyeTcss TOHKOE ApOOJEeHUE Kamejlb M WHTEHCUBHBIA KOHTAKT (a3. B
ATHUX CIIy4asX MOKET IPUMEHSATHCS TaKXKe MyJIbCallMOHHAs KOJIOHKA.

DKCIEpUMEHTHI, IPOBECHHBIE HAMU HAa MUHU — BUOPOIKCTPAKTOPE,
NOJITBEPAUIN TEPCHEKTUBHOCTh pPa3pabOTKU Takux ammapartoB. Jlis
OTIBITOB MCIIOJIH30BAIM MOJIETBHYIO 3KCTPAKIIMOHHYIO CHCTEMY KEPOCHUH —
OeH30lHasi KUCIO0Ta — BOJIA. DKCTPAKIIMOHHAs KOJIOHKA ObLTa M3rOTOBJICHA
U3 CTEKJIIHHOM TpyOKH ¢ BHYyTpeHHUM auamerpoM 11,5mm u Beicoroit 400
MM. BHyTpu BepTUKaNbHOI TPYOKH IMOABIKHO pa3MelieHa mranra (g m)
C M3rOTOBJIEHHBIMH U3 (proporuiacta 40 yceueHHbIMU AMCKAMH TOJIIUHON
5 mMm. lITanra coenunena ¢ BudpomnpuogoM. CBOOOIHBIN 00beM anmapara
cocrapmsier 20 miu. B omblTax wHccinenoBaaM  MPOLECC SKCTPAKLHU
OCH30MHOW KHUCIOThI M3 CIUIOIIHONW BOJHOM (a3bl B JAUCIEPCHYIO
opraHuueckyro. HekoTopble pe3yibTaThl 3KCHEPUMEHTOB NPUBEICHBI B
TalIuUIE.

TaOnuua: ycnoBus u pe3yabTaThl ONBITOB Ha BUOPALIMOHHON KOJIOHKE
Ne Amnimutyna  Yacrora Pacxon Boxg. Pacxomopr. Ywucno

Ol puGpanwmit, Bubpanwii, ¢as3sl, dba3sl, TEOP.
MM. 1/e. MIT/MUH. MJT/MUH. crymeneit
1 2 3 4 5 6
1 9.4 1.75 6.0 6.4 2.1
2 9.4 1.5 6.0 6.4 2.0
3 9.4 2.0 6.0 6.4 2.5
4 9.4 2.0 3.8 4.4 2.6
5 9.4 2.5 3.8 4.4 1.8
6 3.0 4 3.8 4.4 2.8
1 2 3 4 5 6
7 5.0 2.5 3.8 4.4 2.6
8 5.0 2.5 6.0 6.4 2.6
9 5.0 4.0 6.0 6.4 2.3
10 5.0 4.0 3.8 4.4 2.2

* - JUCHEPTUPOBAHUE OpraHWYECKOW (a3pl HAOIIOJATOCHh TOJIHKO B
HIDKHEM 4YacTH KOJOHKHM, B BEPXHEHM YacTU MPOUCXOJWJIA
KOAJIECIICHIUS Kallellb.

64



AHanu3 OMBITHBIX JAHHBIX CBHJIETEIBCTBYET O BO3MOXKHOCTHU

CYIIECTBEHHOTO  TOBBIMICHUS  3(PPEKTUBHOCTH  KOJOHKA  IyTEeM
ONTUMHU3AINH €€ PEKUMHBIX IMapamMeTpoB. Tpedyercs Takke ONTUMHU3ALNS
KOHCTPYKTHUBHBIX TMapaMeTpoB (TOJIIMHA JMCKOB, BEJIMYMHA YCCUYCHHOU
YaCTH M PACCTOSIHUE MEKIY JTUCKAMHU).
Hamu Ttakxe pa3paboraHa mylibCallMOHHAs YCTAHOBKA [JISl JKHJKOCTh-
KHUJKOCTHOM Xpomatorpaduu, BKIIOYAIONIAs CIHUPAICBUIHYIO KOJOHHY,
BBIMIOJJHEHHYI0O B BHJI€ BEPTUKAJIBHOTO CTEKISIHHOIO 3MEEBHKA, U
NyJabcaTop, COOOIIAOMMK >KUAKUM (a3aM B KOJOHKE BO3BPATHO-
MOCTYIATEILHOE newkenne  [1].  MccnmepoBaHums — mokazaid
NEPCIEKTUBHOCTh  Pa3pabOTKH  COHMPAJECBUAHBIX  MMYyJbCAIIMOHHBIX
OKCTPAKIMOHHBIX ~MHUHHU-KONOHH. Ha puc.2 mnpeacraBieHa cxema
MyJTBCAIMOHHON SKCTPAKIIMOHHOW KOJOHKH, PabOTaroIIel B MUKINIECKOM
pexume [2, 3].

J1®

T TO o
__ Puc. 2. IlynscanmonHbIi

— —| CHUPATBHBIA MUHU-3KCTPAKTOP C
— IUKJINYECKON Togaueit (a3

To
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3. Kocransin A.E., Bomkun A.A. IlonoxuTenbHOE pENICHHE I10
3asBke 2006137384. 2007.
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MU3BJIEYEHUE AMEPULIUSA(II]) COPBEHTAMUA HA OCHOBE
MAKPOIUKINMYECKUX ITOJIUIPUPOB U3 CJIO’KHbBIX 110
COCTABY PACTBOPOB

H.H.ITonosa, B.B.fkmuH, N.I".Tananaes, B.1.2Kunos, C.B./lemuH,
A.JO.IluBanze

The sorption of americium(lll) by sorbents on tresis of dibenzo-,
dicyclohexano-18-crown-6, and their diisooktil- andlittret-butil
substitutors from solutions of HNQbdf various concentrations and from
solutions of HNQ contained TCAA (trichloracetic acid) was studiedhe
present investigation, including the kinetics ofpdimn. It is necessary to
note that sorption properties of the investigatedents noticeably depend
on acidity of medium in the investigated intervdl @ncentrations of
HNOs. It was found, that the sorbents containing ofedidn-, and
dicyclohexano-18-crown-6, crown-ethers without akkybstitutor have the
maximal factors of distribution in solutions forM2 nitric acid. and also in
solutions near to neutral. It was shown, that tsmnpof americium(lil) for
sorbents on the basis of dicyclohexano-18-crownr@l aheir alkyl
substituted derivatives in the presence TCAA ishaig than for dibenzo-
18-crown-6 and their alkyl substituted ones, thaiwever, depends on
components ratio in solution and medium. It is draavconclusion, that
application of macrocyclic polyethers for extraotiof americium (lIl)
from acid solutions is prospective technique.

[Ipu mepepaboTke M (PpaKIMOHHUPOBAHUU KUIKHX PaJHOAKTHBHBIX
OTXOJOB  PaAMOXUMHUYECKHX  TPOU3BOJICTB, HauOoJiee  IIHUPOKO
UCIIOJIB3YFOTCSL  DKCTPAKIIMOHHBIE M COPOIIMOHHBIE  TEXHOJIOTHH
W3BJICUCHHUS, OYMCTKH W KOHIICHTPUPOBAHUS PAJTUOHYKIUIOB C IIEIJIBIO
YTHJIM3AIIUU BCEX BHJIOB PAJHOAKTUBHBIX OTXOJIOB, ITOJYYCHUS MTPOTYKTOB,
NPUTOAHBIX JUIS JUTUTEIBHOTO XpaHEHWs WM 3axopoHeHus. Hampuwmep,
PaAVOHYKIIUJIOB B CBSI3aHHOM COCTOSIHUM B OTBEPKICHHBIX MaTepHaiax
WJIM TIPUTOJIHBIX JUISI WCTIONB30BAaHUS B JAJbHEHIIEM B BUJIE W30TOIMHOMN
MIPOTYKITHH.

OcHoBHas Macca paJuOHYKJIHIOB TOCIIEC PETeHepaIuu 00Ty4eHHOTO
SIEPHOTO TOIJIMBA 3aKJIFOYeHA B JKUJIKUX BBICOKOAKTUBHBIX OTXOJaX,
KOTOPBIE HAPSy C BHICOKUM COJIEPIKAHHEM CTAOMIBHBIX MaKpOIIPUMECEH -
HATpHS, ATIOMUHUSA, JKeJe3a, PEAKO3eMENbHBIX U APYTHX 3JEMEHTOB, IO
KOJIMYECTBY cocTaBismomux B cymme a0 300 r/mn, comepikar HeOOJbIIME
KOJMYECTBA PAAVOHYKIUIOB II€3Us, CTPOHIMSA H  TPAHCYPAHOBBIX
9JIEMEHTOB.
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W3BecTHO, YTO OYECHb MEPCICKTHBHO TNPUMEHEHHE B KadeCcTBE
KOMIUTIEKCOOOpazoBaTesied MakpOUMKINYECKUX TOIMIPHUPOB - KpayH-
3(pUPOB Pa3TUIHOTO CTPOCHUS, 00IATAIONINX YHUKATHFHON CEJIeKTUBHOCTHIO
K PpaguoOHYKIHAaM C JOCTaTOYHO IIHPOKHM CIHEKTPOM BO3MOXHBIX
pazbaBuTenel IS CO3JaHMsI DKCTPAKIMOHHBIX cMeceld. M3BecTHO, dYTO
KpayH-3(Upbl 00pa3yOT YCTOWYUBBIC KOMIUICKCHI ¢ HOHAMHU METAJUIOB U
SABISAIOTCS A (DEKTHBHBIMUA  3KCTPAareHTaMH IS WX HW3BIICUCHHS U
pazaenenusi. Ocoboe 3HaUE€HHWE ATH CBOMCTBA KpayH-3(UpPOB MpHOOpEnu
npu  pa3pabOTKE HOBBIX OSKCTPAKIMOHHBIX IPOIECCOB  M3BJICUCHUS
pPaIMOAKTUBHBIX 3JIEMEHTOB M3 CIOXKHBIX I10 XHUMHYECKOMY COCTaBY
pacTBOPOB, OOpaA3YIOMUXCS TpHU TepepadoTKe OOJYyUYeHHOTO SAEPHOTO
TOTUTMBA W BBICOKOAKTUBHBIX OTX0/0B. Hambonee TpymHoW 3amadeit
SBIISIETCSL pa3[eJICHNe JIAHTAaHWJIOB M TPAHCIUTYTOHHEBBIX aKTUHUJIOB,
HaXOASIIUXCS B TPEXBAJCHTHOM  COCTOsHUW. s yiydimieHus
OKCTPAKIIMOHHBIX W CEJIEKTHUBHBIX CBOWCTB OJKCTPAareHTOB MPHUMEHSIOT
CHUHEPTeTHYECKYIO0 DKCTPAKIMIO C WCIOJIh30BAaHHUEM XEJIATHBIX PEarcHTOB,
TaKUX Kak [3-AMKETOHBI, MHUPA30JIOHBI, KHUCIbIE (ochopopraHuuecKue
OKCTPAreHThl W Jp. a TaKkKe KpayH-d3QUpbl B KA4eCTBE HEHUTPaIbHBIX
9KCTPAreHTOB.

B nactosmeit padote nzyuena copoumst amepunus (I11) copéentamu

Ha  ocHoBe aubOenszo-  (JIB18K6), aumnmkiorekcaHo-18-kpayH-6
(JALII'18K6), a takxke ux guuzooktia- (JIMOJAB18K6 u JJUOIIII18K6)
u  gumpem-oytumsamemiennbix  (ATBJAB18K6 u JATBALII18K6) wus
pacrBopoB HNO; pasmmunbix kormertpamuii (or 10° 1o 3M) (tabm.1) u
u3 pactBopoB HNO; ¢ no6asnennem TXVYK (10% zo 2 M) (pucyrok 1).
BblTa Takke M3ydeHa KHHeTHKa copbumm AM’*' Ha kaxmoM oGpasie.
YcTaHOBIIEHO, YTO paBHOBECHE HACTYIAeT YXe depe3 2 9 Mocje Hadajia
IKCIIEPUMEHTA.

HccenoBanre mporiecca COpOIMH TPOBOJIUIOCH B CTaTHYECKUX
ycnoBusix. HaBecka copOenra (50 Mr) momerianach B KOHHIECKYIO KOJIOY €
ompeIeIeHHbIM 06beMoM pacTBopa (5 mi), comepxamum 107 M Am**,
CooTHolIeHHE 06beMa pacTBOpa K Macce copberra V/m = 100 cm/r.
Pearentsi B KkOnOe mepeMemMBAIMCh TNPU  TMOMOINUA  IIEHKepa.
Ilepromudeck OTOMpAINCh NPOObI pacTBOpa, comeprkamero Am-*,
00BeEMOM 0,05 M. KonnenTparuto TEXHELUS oTpeIeIIsIn
paIMOMETpUYECKH TO O-aKTUBHOCTH C TpUMEHEHHeM anb(a-0era
panuometpa YM®D-2000. [Io naHHBIM pagMOMETPUUYECKOTO OIpPEAeTICHHS
AM?*' B pacTBOpe 10 M TOCIe COPOLHH PACCUHTHIBANHA KO3(DPHUIHEHT
pacnpezaenenus amepunusi-241 Ky):

Kg = [(lo = I)/1:]1QV/m),
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rie l, — aKTUBHOCTH HCXOJHOTO pacTBopa amepunusa-241; | —

aKTUBHOCTH pacTBOpa mocie copOimu; V — 00beM HCCIeayeMOTo

pactBopa (cM°); 1 m —macca obpasua copGenra (T).

Pe3ynbTaThl AKCMEPUMEHTOB MO M3YyYEHHUIO COPOIMOHHBIX CBOWCTB
COpOCHTOB Ha OCHOBe KpayH-3pupoB B ortHomeHud amepuiusa(lll)
npecTaBieHsl B Tabnuie 1 u Ha pucynke 1.

Ta6muma 1. 3aBucumocts Ky mpu copOumn AM>*' copbeHTaMi Ha OCHOBE
kpayH-3¢upoB ot kxonueHtpaimmun HNO; B pactBope (V/m=100, Bpems

copOrym 24 4).

[HNOg], | Aur |as | ATBAUC | ATBAB | AMOALT | AMOAB
M 18K6 | 18K6 | 18K6 18K6 18K6 18K6
0,001 18,54/ 13,32 5,78 6,23 7,36 11,89
0,01 8,11
0,1 6,32 | 5,32 5,61
0,5 587 | 447 | 6,34 6,5 6,63
1 9,45 | 6,5 8,49
2 14,35| 158 | 7,04 8,04 7,19 10,79
3 2,75 | 7,1 2,41 9,32 3,27 9,88
- #—-[1518K6-10-3 M HNO3
--O0-- AB18K6-2 M HNO3
30 1 —&— [JLIr18K6-10-3 M HNO3

20 -

10

0 ‘ ‘
0 05 1
[TXYK], M

1,5 2

241
Puc.1. 3aBucumocts Ky ipu copoumin AM“" copOeHTaMu Ha OCHOBE KpayH-

a¢pupoB oT koHueHTpammu TXVYK B pactBopax HNO; paznuunoii
konneHrpaiuu (V/m=100,Bpems copOruu 24 ).

N3 Tabnuupl 1 BUIHO, 4TO COpOIMOHHBIE CBOMCTBA MCCIIEAOBAHHBIX
COpOEHTOB B 3HAYHMTEIBHON CTENEHU 3aBHCAT OT KUCIOTHOCTH Cpebl B
UCCIIEIOBAHHOM  HMHTEpBaje  KOHIICHTpaIui HNO:;. CopOeHTHI,
coJieprkale 1uOeH30- U TUIMKIIOreKcaHo-18-kpayH-6, kpayH-3¢upsl 6e3
AJIKUII3aMECTUTENIEN, UMEIOT MaKCUMaJlbHbIE KO3 HUIIUEHTHI
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pacrpesiesiCHus: B pacTBOpaxX ¢ KOHIEHTPAIMA a30THOW KUCIOThI 2 MOJIB/JI.
Xoporiree wuspnedenne amepunus(lll) wHaOmomaeTcss u U3 pacTBOPOB
omm3kux K HeutpanbHbiM. CopOmuum Ha Hocutene — Ilopomace-T
NIPAaKTHYECKH HE HabIogaeTcs.

[Tokazano, uto cop6rus Am(lll) B ciydae wucHoab30BaHUs
COpOGHTOB ~ Ha  OCHOBE  LUKIOrekcaHo-1l8«payn-6 u  ero
ATKUI3aMEIIEHHBIX TPOU3BOIHBIX B TPUCYTCTBUU TPUXIOPYKCYCHOM
kucinotel  (TXVYK) Heckompko Bbime (pucyHok 1), 4em 1mipu
UCIIOJIb30BaHUU OeH30-18«payH-6 m ero ajkwi3aMenieHHBIX, 4YTO,
OJIHAKO, 3aBUCHUT OT COOTHOIIIEHUS KOMIIOHEHTOB U cpefbl. Hammyumme
pesynbTaThl  (Kyg=35,95) Obutm  momyuensl mpu  copOruu  Am(lII)
copoentom Ha ocHoBe JIIII'18K6 u3 pactBopa, coxepxkamero 0,001
monb/m HNO; u 0,1 moas/n TXVYK. Jas Toro d4roObl caeiaTh
OKOHYATENIbHbIE BBIBOABI O CEJICKTHBHOCTH COpPOIIMM W O COCTaBe
IKCTPArUPYEMBIX KOMIUIEKCOB HEOOXOAMMO TIPOBECTH JallbHEHIIIHE
WCCJICTOBAHMsI, OJTHAKO HA HACTOSIIEM 3Tare paboThl MOXKHO CKa3aTh, YTO
NPUMEHEHHE  MAaKpOIMKIMYECKUX  TOMUAPUPOB ISl  M3BICUYCHUSA
amepurusi(l1l) U3 KHCIBIX PaCTBOPOB SBJISICTCS TIEPCIICKTHBHBIM.

SELECTIVE EXTRACTION OF URANIUM ON SOLID
CARRIERS FOR DETERMINATION OF ACCOMPANYING
TRACE IMPURITIES BY METHOD ICP - OES

Vilkova O.M., Yakshin V.V.
All-Russian Research Institute of Chemical Techgg|o
115409 Moscow, Kashirskoye shosse, 33
kudr@vniiht.ru

The uranium atom has low ionization potential rextely difficult
emission spectrum, at which alongside with linese@itral atoms there are
lines of the ionized atoms located on a backgrowhdan intensive
continuous spectrum. In this connection the detestron methods of trace
impurities in pure uranium compounds include trstiltftion of impurities
with the suitable carrier, or in a case of highguranium materials -
selective separation of macro component by extagctisorption,
precipitation. The analysis becomes labour-consgntimus toxic and fire
hazard organic compounds frequently are used. Tdrerdevelopment of
selective, express concentration methods of tnapeiiities at the analysis
of uranium materials is still urgent.
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In the present work for extraction of uranium freeid solutions are
offered solid extractive solutions (FES), representirm granule, formed
during cooling fusion of liquid and low-melting eattants with low-
melting solvents, such as paraffin, naphthalenphehyl, etc. These
materials can be received as spherical granulaldets of any diameter,
and melting point can change over a wide rangheatkpense of selection
of the appropriate compositions. The sorption odnium from nitric,
sulphuric, hudrofluoric and mixed medium by sorlsenin a basis of
dioktylisoamylphospfinoxyde and naphthalene is stgmted. FES with
the contents 20 % of active substances are recawagpherical granule by
a diameter of 0.5-1 mm. The sorption of uraniunnfraitric solutions
occurs quickly enough, the equilibrium is reached45 minutes at a ratio
of solid and liquid phases 1:10. Maximal sorptiacurs in 0.5 HNOS3,
thus the distribution coefficient exceed’16omplete capacity of sorbents
corresponds to formation of a complex compositidhy 2haracteristic for
complex formation reaction of uranylnitrate andatkylphosphinoxydes.
From sulphuric acid solutions the sorption of usamioccurs much more
slowly and the equilibrium is not reached even4drours of contact. The
maximum of sorption is observed in range frphh 4 up to 0.81 H,SQO,,
the distribution coefficient more than 100. In hoftlroric solutions the
distribution coefficient is even below also equa& atpH 3. The mixed
hydrofluoric nitric solutions are more perspectivithe distribution
coefficient is more than 1000 at concentration K&FLM, and it decreases
with the KF concentration increasing.

The method of selective separation uranium fromamgolutions by
FES with ICP analysis of a trace impurities conetis developed. The
method is tested on real pure uranium salts andesy

EXTRACTION SEPARATION OF CS AND SR BY CROWN-
ETHERS IN POLYFLUORIZED
SOLVENTS FROM HIGH LEVEL WASTE

V.V. Yakshin, I.G. Tananaev, I.V. SmirnoyV.A. Babain’,
A.Yu. Tsivadze, B.F. Myasoedov
Frumkin Institute of Physical Chemistry and Electiemistry
Russian Academy of Sciences
31-4, Leninsky prospekt, Moscow 119991 Russia
"Khlopin Radium Institute
28, 2 Murinsky av., St-Petersburg 194021 Russia
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The need to separate metal ions from their aqueolusions is a frequently
encountered industrial and ecological problem. Ha tcold war" years
great amounts of radioactive waste were accumulkatélde American and
Russian facilities for weapon plutonium productiérl0® m’ of high level
radioactive wastes (HLW) of total activity ~2L68° Ci is known to have
accumulated in Russia. Trace amounts of uraniunpértdnium as well as
minor actinides (Np, Am, Cm), lanthanides (Eu, Gesgion products (Sr,
Cs, Tc), and stable elements are present in HLWe Pphoblem of
radioactive waste treatment and storage is at ptresee of the most
important ecological problems in Russia in the WoiSolution of this
problem has two general aspects: (1) developmeatfeftive methods of
HLW partitioning and disposal; and (2) determinati@ecognition, and
isolation of hazardous radionuclides in the Envinent. The last aspect
has particular significance because migration dlfiarguclides in Russia
had contaminated a broad area. To satisfy bothedet demands the main
guestion is choice of highly accurate methods dfarauclide recognition,
separation, and recovery of long-live isotopes froomplex media. The
present work connected with solution of the mospontant question —
isolation of Cs-137, and Sr-90 (~90% of total atgiyrom the radwaste)
from HLW by liquid-liquid extraction technology witthe use of crown-
ethers.

Crown—ethers last 10 years were active investigate@ potential
extractants with great selective capacity for treait of HLW. There are
many technical processes based on the crown-etdesedoped in Russia
and U.S.A. [1]. American variant provided combipatiof two most well-
known schemes — CSEX- and SREX-processes. It coedICs and Sr
extraction of di-tret-butylcyclohexyl-18-crown-6 latons (DTBCG1&6)
and crown 100 in isoparaphine diluents. During expental runs the
99,9% recovery of Cs and Sr has been determineun feme volume of
treated HLW were obtained: 2 volume of water ad@tfimat (concluded
also Pb, K, Na and Hg amount), and 0.5 volume oiaste from
regeneration of extractant [2]. Russian variantedasn extraction of
DTBCG1&6 and dibenzo-21-crown-7 (DBRKY) in flroropole with
addition of high alcohols as stabilizing agents. [89,5% of Cs and Sr
recovery from HLW using this scheme has been fouhwde volume of
treatment waste accumulate 1 volume of a reexmaead 1 volume of
waste from regeneration of the extragent.

However the developed scheme for Sr and Cs separatas not
introduced at technological scale because of tgh kolubility of organic
phase (extractant and solvent) in aqueous mediaast established that
total concentration of crown-ether (dicyclohehytd®wn-6 and dibenzo-
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21-crown-7) and solvent (fluorinated alcohol-telog)e in aqueous
solutions is up to 240 mg/L. The maximum solubiliof the main
component- dibenzo-21-crown-7 in nitric acid wa$ more than 30 mg/L
in high radioactive solutions containing up to 1IB.®f **'Cs and up to 10
Ci/L of *sr.

For optimization of known liquid-liquid extractischeme of Cs-137
and Sr-90 isolation we provided a systematic wofksearch of new
perspective solvents for crown-ethers applicatibmereupon we assumed
that the future solvents should low solubility imter, and high oxidation /
radiation stability. In our opinion, the polar pfiyrized solvents could
have a mentioned role.

The polar solvents, the polyfluorized solvents udg, actively
studied in the frame of HLW liquid-liquid extractigoartitioning. The main
advantages of these solvents are their chemidailistahigh density, and
low fire risk. Different polar polyfluorized reagesn— from simple and
complex ethers, nitro-aromatic compounds, to fledi sulfones — have
been studied as technical solvents. In our presentwill be discussed an
influence of structure of fluorized solvents on malt solubility with
different extractants, and on the extraction behavilt was found that
polyfluorized solvents in many cases guaranteeetsential advantages
during HLW treatment. The especially preference entraction
possibilities and solubility become apparent forghpiolar di- and
polydentatnes extractants, for example bydentatpédsphororganic
compounds, crown-ethers, calyx[n]arenes, diamidéscarbonic acids
(malonic, diglycolic, dipicolinic) and so on [4-7].

In the some cases (for example for cobalt dicaidmlichloride) in
technology only high-polar solvents could apply.@rovide a solubility of
polar extractants in non-polar solvent a specibeegtractant should use.
For example for provide necessary solubility of GMBf malonomides in
hydrocarbon solvents the TBP, or monoamides acmesespondingly, as
a co-extractant are used. The critical analysis aofvantages and
disadvantages of application of polar polyfluorizedivents had been
accomplished. The application of polyfluorized solv for liquid-liquid
extraction for Cs-137 and Sr-90 by crown-ethers hadn studied. The
mixtures of fluorinated alcohol-telomere and fluoote-732
(metanitrobenzotrifluoride) for these purposes wegted for extraction
isolation of Cs-137 and Sr-90 by di-ter-butylcyatalgl-18-crown-6. The
extraction operations were curried out in the pne28 different chemical
elements from nitric acid solutions (0.1 — 5.0 Mihe distribution
coefficients (D) of Cs-137 and Sr-90 in differemdndition had been
calculated. It was found that the D for Cs andrSthie 50% mixtures of
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N =

fluorinated alcohol-telomere and fluoropole-732 {@e
nitrobenzotrifluoride) are calculated as 2.7, arstQcorrespondingly. The
mixture above has an optimal volumes of density79.5/cm, and
viscosity 6.19 mPa (at 20C) for extraction technology. The “hot”
operations on extraction isolation of Cs-137 aneb@rfrom model high
radioactivity waste (0.5 Ci/L) had been carried. dtibwsheets for cesium
and strontium separation on the base of crown gtinefluorized solvents
and their mixtures of these diluents were prop@setistudied.
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The solvent extraction of HNOfrom water solutions by diphenyl(N,N-
dibutylcarbomoylmethyl)phosphinoxide (Pu2Bu2) waweistigated. The
isotherm of extraction was obtained experimentallysing software
«EXTREQ-2» mathematical modeling of extraction h&sim was carried
out. The extraction of associated disolvdi®NO;-2Pu2Bu2), monosolvate
(HNOs-Pu2Bu?2), free HNQ and free associated (HNwere postulated.
The thermodynamic extraction constants of eachaetdble form were
calculated.

[Ipumensiemble TEXHOJIOTUYECKHE MPOLECCHl IO KOHIIEHTPUPOBAHUIO
U pasleleHu0 aKTUHUAOB HW P30 mpoBonmdr, Kak MpaBujio, U3
a30THOKHUCIBIX cpell. [Ipu pa3paboTke SKCTPAKIMOHHBIX TEXHOJIOTHYECKUX
cxeMm TpeOyercs MoyHas MHPOpMalUs HE TOJbKO 00 AKCTPAKIIMOHHON
CIIOCOOHOCTH OPraHMYECKUX PEareHToB K MeTajlylaM, HO TakKXe O €ro
B3aUMOJICICTBUM C TPUMEHSAEMOM CPENOM, T.€. C A30THOW KHUCIIOTOU.
W3BecTHO, YTO a30THAsi KUCIOTa, 00pa3yeT COEIMHEHHUS C IKCTPAreHTOM,
CHUXasl €ro CBOOOJIHYIO KOHILIEHTPAIHUIO.

B nureparype umeercss OOJBIION MacCHUB HSKCHEPUMEHTATbHBIX
JaHHBIX 1O  OKCTPAaKUMUKW  a30THOM  KHUCJIOTBl  MOHOICHTATHBIMHU
HEHTpaJdbHBIMU peareHTamu. HauOosiee MOMHO H3yuyeHa SKCTpPaKLUsA
azotHOW kucnoTel TpuOytuiadpocharom (TBD), koTOpbIH sBISETCS
OCHOBHBIM  TEXHOJOTHMYeckMM  dkctparentom  [1].  Jna  Thd
HKCMEPUMEHTAJIBHO MOMYyYEHBI U30TEPMBI MPH PA3TUUYHBIX KOHIICHTPAIUIX
peareHTa, YCTaHOBJEHBI  COCTaBbl  SKCTPArMpyeMbIX  KOMIUIEKCOB
(mosmycosibBaT, MOHOCOJIBBAT, JIMCOJILBAT), OINPEHCICHbI KOHCTAHTHI
AKCTpaKIMK, pa3zpaboTaHa MaTeMaTHYeCcKas MOJENb OMHCAHUS CHUCTEMBI,
aJIeKBaTHas SKCIIEPUMEHTAIbHBIM JaHHBIM [2-3].

B Hacrosimiee Bpemsi HanbOosee nepcrneKTUBHBIM METOAOM W3BJICUCHUS
3 JKPO panuoHyknMaoB  SBISETCS  MCIOJB30BaHHE  KUIAKOCTHOU
OKCTpPAKIMK  OUJEHTAaTHBIMM  HEUTpanbHbIMH  (ochopopraHndecKuMu
coequaenusmMu (BH®OC). Cpenu 3THX coeMHEHHWH HanOoJiee NIMPOKO
u3ydeHbl 3amelnieHHble kapOamomnmerwidhochurokeuapl (mudermnn(N,N-
IOy THI-KapOoaMomMeTriT) pochUHOKCHT). B a30THOKHCIBIX pacTBOpax
9TH COEIUHEHUS O0JaJaf0T BBICOKOW 3KCTPAKIIMOHHOW CIIOCOOHOCTHIO TIO
otHoweHn0 K TYD wm P3D. Opgnako HaaeKXHbIE 3KCHEPUMEHTAIbHBIC
JaHHBIE TI0 SKCTPAKIIUHN a30THOM KUCIOTHI OTCYTCTBYIOT.

B Hacrosmieit pabore w3ydeHa OKCTPAKIMsl a30THOM KHCIIOTHI
nudennn(N,N-1uoytrakapoaMonMeTra)pocHUHOKCHIOM, noJTy4eHa
U30TE€pMa OSKCTPAKIMU, METOJAOM MATEMaTUYECKOr0 MOJEIUPOBAHUS C
UCIOJIb30BaHUEM mporpamMmHoro komiuiekca «EXTREQ-2» ompenenen
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COCTaB IKCTPAarupyeMbIX COCIMHEHUN W PACCUUTAHBI TEPMOJAUHAMUYCCKUE
napaMeTphl SKCTPAKITUH JIJIsI KAXKIOTO U3 HUX.

B pabore Obimu wucnonb3zoBanel HNO; o.cu.,, KOH 4.n.a.
«Chemapol»gudenmn(N,N-1uoytuikapoaMoni-mMeTh)HochUHOKCHT
(Pu2Bu? — cunres MHO0OC PAH nabopatopus dhochopopraHuuecKoro
cuHTe3a, xjopodopm, mneperHannbiii Hax P,Os. HactBopsr HNO;
aHaJIM3UPOBaANIM NoTeHnomMeTpudeckum TurpoBanuem 0,1 M KOH. 0,05M
pacTBOp OpPraHMYECKOro pereHra B XJIOpPO(OpME TOTOBHIM IO TOYHOM
HaBeC