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BIS(2,2,2-TRIFLUOROETHYL)(2-CYANOETHYL) PHOSPHATE —
A NEW URANIUM EXTRAGENT

Abstract. Organophosphate compounds are widely used in industrial hydrometallurgical processes as
extractants and complexones of non-ferrous, noble, rare-carth metals and transuranic elements. Among these
compounds, organic phosphates occupy a special place, as they allow for the extraction processes with good
selectivity and efficiency. However, a significant drawback of known organic phosphates is their low extraction
capacity, as well as rather good solubility in water and their hydrolysability in aqueous acidic solutions, which
leads to both loss of the extractant and contamination of the extracted metal with organophosphorus compounds.
Therefore, the search and development of new uranium effective extractants is an important task for the
development of modern hydrometallurgical processes.This report describes the successful use of available
bis(2,2,2-trifluorocthyl)(2-cyanoethyl)phosphate, which is ecasily obtained from bis(2,2,2-trifluoroethyl)
chlorophosphate and 3-hydroxypropanonitrile in the pyridine/diethyl ether system as an extractant of uranium
from uranium-containing acid solutions. For this functional phosphate containing a cyano group, one should
expect a synergistic effect of the extraction properties of the phosphates themselves, as well as of the known
extractants - contribute to an increase in its incombustibility. The purpose of this research is to develop the optimal
conditions for the scaled synthesis of bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate, to accumulate its enlarged
batch and to study the extraction properties in the production process of uranium extraction from uranium-containing
sulfate and nitric acid solutions.The research results showed that bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate,
easily obtained from the available bis(2,2,2-trifluoroethyl) chlorophosphate and 3-hydroxypropanonitrile in the
pyridine/diethyl ether system, exhibits pronounced extraction properties with respect to uranium. Thus, the use of
this extractant in the production of the extraction of uranium from uranium-containing nitric acid or sulfuric acid
solutions was 20.7% and 18.7%; the content of uranium in the extractant was 63.9 g/dm? and 49. 7 g/dm?,
respectively Positive results were also obtained when studying the synergistic properties of the new extractant and
the traditional - bis(2-ethylhexyl) phosphate. Using a mixture of these extractants (their weight ratio was 1:1.2)
allows you to extract 57% of uranium from the uranium sulphate solution. This is 9% more than in a similar process
using only bis(2-ethylhexyl) phosphate as an extractant. The use of bis(2,2,2-trifluorocthyl)(2-cyanocthyl) phosphate
as a new extractant makes it possible to extract up to 20.7% of uranium from technological nitrate or sulphate of
uranium-containing solutions. With the combined use of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate and the
known extractant bis(2-ethylhexyl) phosphate in this process, a synergistic effect is observed, which increases the
efficiency of uranium extraction and improves the technological indicators of extraction.The extractantbis(2,2,2-
trifluoroethyl)(2-cyanoethyl) phosphate works more efficiently in nitric acid solutions than in sulphate.
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Introduction. Organophosphate compounds are widely used in industrial hydrometallurgical
processes as extractants and complexones of non-ferrous, noble, rare-ecarth metals and transuranic
elements [1-7]. Among these compounds, organic phosphates occupy a special place, as they allow for
the extraction processes with good selectivity and efficiency [1, 2, 4-8]. For example, tributyl phosphate
in most countries, including Russia and Kazakhstan, is used in hydrometallurgy to determine and
separate heavy metals (including uranium) [1, 4-10], as well as to separate uranium from nuclear fuel. 2
There are patent data on the use of bis(2-ethylhexyl) phosphate (the trivial name of the extractant is
di(2-ethylhexyl) phosphoric acid) in the mixture as an extractant of uranium from industrial ores of
Kazakhstan [9]. However, a significant drawback of known organic phosphates is their low extraction
capacity, as well as rather good solubility in water and their hydrolysability in aqueous acidic solutions,
which leads to both loss of the extractant and contamination of the extracted metal with
organophosphorus compounds [2, 12]. Therefore, the search and development of new uranium effective
extractants is an important task for the development of modern hydrometallurgical processes.

This report describes the successful use of available bis(2,2,2-trifluoroethyl)(2-
cyanoethyl)phosphate, which is easily obtained from bis(2,2,2-trifluoroethyl) chlorophosphate and 3-
hydroxypropanonitrile in the pyridine/dicthyl ether system [13] as an extractant of uranium from
uranium-containing acid solutions. For this functional phosphate containing a cyano group, one should
expect a synergistic effect of the extraction properties of the phosphates themselves, as well as of the
known extractants - contribute to an increase in its incombustibility [14-19].

The purpose of this research is to develop the optimal conditions for the scaled synthesis of bis(2,2,2-
trifluoroethyl)(2-cyanoethyl)phosphate, to accumulate its enlarged batch and to study the extraction
properties in the production process of uranium extraction from uranium-containing sulfate and nitric acid
solutions.

Methods and Materials.As extractants used bis(2,2,2-trifluoroethyl)(2-cyanoethyl)phosphate 1,
specially synthesized under the conditions of scaled synthesis (see below), and commercial bis(2-
cthylhexyl) phosphate 2 (initial content of the main component 70 %), «Khimprom» (Extragent 57, grade
A), TC 2435-337-065763441-2004, density 0.945 g/cm’.

As a source of raw materials used sulfuric acid solution of marketable desorbate from uranium
production with a uranium concentration of 15.0 g/dm? (concentration of H,SO4 — 26.95 g/dm?), as well as
a nitric acid solution of commercial desorbate with a uranium concentration of 15.0 g/dm?
(concentrationHNO; - 52.50 g/dm?). As a diluent for extraction, commercial diesel fuel produced by JSC
PPCP (Pavlodar Petrochemical Plant), GOST 10227-86, density 0.776 g/cm® was used.

The 'H, °C, F, *'PNMR spectra were obtained on a Bruker DPX 400 spectrometer (400.13, 101.61,
376.50 and 161.98 MHz, respectively) in a CDCl; solution, the internal standard is HMDS (*H, '*C),
CFCl; (*F), the external standard is 85% HsPO4 (*'P). IR spectra were recorded on a Bruker IFS 25
spectrometer in a thin layer.

The concentration of the main component - uranium in aqueous solutions and the organic phase was
determined by the bulk method - titration with ammonium vanadate [20].

Enlarged synthesis of the extractant bis(2,2, 2-trifluoroethyl) (2-cyanoethyl) phosphate 1.Bis(2,2,2-
trifluoroethyl)(2-cyanoethyl) phosphate was obtained in a yield of 80% by the interaction of bis(2,2,2
trifluoroethyl) chlorophosphate with 3-hydroxypropanonitrile in the pyridine (Py)/diethyl ether system
(Scheme).
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Scheme - The reaction for the production of bis(2,2 2-trifluoroethyl)(2-cyanoethyl) phosphate

Previously, to obtain this extractant, 30 mmol of the starting chlorophosphate was used [13], in this
report the method of scaled (3 times) synthesis of the preparation of the target compound 1 was developed.
The method of integrated synthesis of extractant bis(2,2, 2-trifluoroethyl) (2-cyanoethyl) phosphate 1.
In a three-necked flask equipped with a reflux condenser and a dropping funnel, a solution of 25.24 g
(90 mmol) bis(2,2,2-trifluoroethyl ) chlorophosphate in 180 ml of absolute dicthyl ether. To the resulting
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solution was added dropwise with stirring a solution of 6.40 (90 mmol) of 3-hydroxypropanonitrile and
7.12 g (90 mmol) of pyridine in 20 ml of diethyl ether for 1 hour at room temperature, while the formation
of a white precipitate of pyridinium hydrochloride was observed.The reaction mixture was stirred at room
temperature for an additional 8 hours and left overnight. The pyridinium hydrochloride precipitate was
filtered and washed with diethyl ether (3x30 ml). The solvent from the filtrate was distilled off under
reduced pressure, the residue was distilled in vacuo. Received 21.5 g (80%) of bis(2,2,2-trifluoroethyl)(2-
cyanoethyl) phosphate 1, clear liquid, BP 129-130 °C (1 mmHg.), Lit. data 129 °C (1 mmHg) [13],
ds*" 1.5191. Found, %: C 26.34; H2.27; F 36.49; N 4.39; P 10.11. CsHsFsNO4P. Calculated,%: C 26.68;
H 2.56; F 36.18; N 4.45; P 9.83. The spectral characteristics are identical to the literary ones [ 13].

General method of uranium extraction from uranium-containing acid solutions. Tests were carried
out under various conditions of the organization of the extraction process in the parameters as close as
possible to the production ones. The process of extracting uranium was investigated from uranium sulfate
solutions: extractant 1, a mixture of extractants 1 + 2 and extractant 2, from uranium nitrate solutions:
extractant 1.

At the first stage of work, an extraction mixture was prepared, which included diesel fuel (diluent)
and extractants with a concentration in the extraction mixture of 7%. In the experiment using a mixture of
extractants of bis(2,2,2-trifluoroethyl) (2-cyanoethyl) phosphate 1 and bis (2-cthylhexyl) phosphate 2, a
weight ratio of components 1.0:1.2 was taken. The diluent is used to increase the speed of phase
separation, stabilize and prevent significant losses of the extractant, as well as to increase the yield and
reduce the viscosity of the extractant.

At the second stage of the work, the prepared extraction mixture (diluent and extractant) was added to
aqueous solutions of sulphate or nitric acid product strips. The extraction of uranium was carried out by a
single contact of the organic and aqueous phases with constant stirring on a magnetic stirrer (the
temperature in the production room is 24 °C, the contact time is 20 min). In the case of product sulfate
desorbate, the ratio of organic and aqueous phases used (O:B) used in production was selected: 1.0:17.33;
in the case of product nitrate desorbate, extraction was carried out at a ratio O:B of 1.0:20.8. Under
laboratory conditions, separation funnels were used to separate the phases.

Extraction of wranium from sulfate or wranium-containing nitrate solutions of bis(2,2,2-
trifluoroethyl)(2-cyanoethyl) phosphate 1 was carried out under the above conditions and showed that
extractant 1 is poorly soluble in diesel fuel. As a result, at the final stage of extraction, three phases were
obtained with the following uranium content in them: the lower phase — extractant 1, the uranium content
49.7 g/dm? (in the case of sulfuric acid solutions) or 63.9 g/dm?® (using nitric acid solutions); middle phase
- extraction mother liquor, uranium content 12.2 g/dm® (in the case of sulphate solutions) or 11.9 g/dm?
(using nitric acid solutions); the upper phase is diesel fuel, the uranium content is 0.0 g/dm? (i.e., there was
no participation in the extraction process). Extraction of uranium with extractant 1 was: 20.7% (from a
nitric acid solution) and 18.7% (from a sulfate solution).

Extraction of uranium from uranium sulfate solutions with a mixture of extractants - bis(2,2,2-
trifluoroethyl)(2-cyanoethyl)phosphate 1 and bis(2-ethylhexyl)phosphate 2. As a result of extraction at the
final stage, three phases were obtained with the following uranium content in them: the lower phase -
extractant 1, the uranium content 1.7 g/dm?; middle phase - extraction liquor, uranium content 6.45 g/dm?;
the upper phase is diesel fuel and extractant 2, the uranium content is 10.6 g/dm’. Extraction of uranium
with a mixture of extractants 1 and 2 was 57%.

Extraction of uranium from uranium sulfate solutions of bis(2-ethylhexyl) phosphate 2. As a result of
extraction, at the final stage, two phases were obtained with the following uranium content in them: the
lower phase - extraction mother liquor, the uranium content of 7.8 g/dm?; the upper phase is diesel fuel
and extractant 2, the uranium content is 8.4 g/dm’. The formation of the third phase in this case did not
occur. Extraction of uranium extractant 2 was 48%.

To study the extraction properties of bis(2,2,2-trifluoroethyl)(2-cyanocthyl)phosphate in the process
of extracting uranium from marketable desorbates of uranium-containing sulphate and nitrate solutions, an
enlarged batch of this extractant from bis(2,2,2-trifluoroethyl) chlorophosphate was accumulated and 3-
hydroxypropanonitrile under scaled synthesis conditions. For the synthesis, 3-hydroxypropanonitrile (Alfa
Aesar) (purity 97%) was used; the initial bis(2,2,2-trifluoroethyl) chlorophosphate was obtained according
to a known procedure [13].
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Results and discussion. The research results showed that bis(2,2,2-trifluoroethyl)(2-cyanoethyl)
phosphate 1, casily obtained from the available bis(2,2,2-trifluoroethyl) chlorophosphate and 3-
hydroxypropanonitrile in the pyridine/diethyl ether system, exhibits pronounced extraction properties with
respect to uranium. Thus, the use of this extractant in the production of the extraction of uranium from
uranium-containing nitric acid or sulfuric acid solutions was 20.7% and 18.7%; the content of uranium in
the extractant 1 was 63.9 g/dm?® and 49. 7 g/dm’, respectively (table, experiments 1 and 2).

Positive results were also obtained when studying the synergistic properties of the new extractant 1
and the traditional [9] - bis(2-ethylhexyl) phosphate 2. Using a mixture of these extractants (their weight
ratio was 1:1.2) allows you to extract 57% of uranium from the uranium sulphate solution. This is 9%
more than in a similar process using only bis(2-ethylhexyl) phosphate 2 as an extractant (table, cf.
experiments 3 and 4).

Figure 1 - Extraction of uranium using bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate (a),
using the mixture of uranium bis (2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate and bis(2-ethylhexyl) phosphate (b)

Table - The results of determining the content of uranium in the extraction products from acid solutions of commodity desorbate®

Ne Extragentsland2 Extraction of uranium from
experience solution, %
1 Extragentl 20.7 (63.9)
2 Extragentl 18.7 (49.7)
3 Extragentl + Extragent2® 57.0
4 Extragent2 48.0

*In experiment No 1, uranium-containing nitrate solution was used as a raw material; in experiments
Ne 2-4 - uranium sulfate solutions. ®In brackets - the uranium content in the extractant 1, g/dm?. in the
weight ratio of extractants1 and 2 =1:1.2.

Thus, the conditions for the enhanced synthesis of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate 1
based on the reaction of bis(2,2,2-trifluoroethyl)chlorophosphate and 3-hydroxypropanonitrile in the
pyridine/diethyl ether system have been worked out. an experimental batch of phosphate 1 and studied its
extraction properties with respect to uranium.

Conclusion

1. The use of bis(2,2,2-trifluoroethyl)(2-cyanocthyl) phosphate as a new extractant makes it possible
to extract up to 20.7% of uranium from technological nitrate or sulphate of uranium-containing solutions.

2. With the combined use of bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate and the known
extractant bis(2-cthylhexyl) phosphate in this process, a synergistic effect is observed, which increases the
efficiency of uranium extraction and improves the technological indicators of extraction.

3. The extractant bis(2,2,2-trifluoroethyl)(2-cyanoethyl) phosphate works more efficiently in nitric
acid solutions than in sulphate.
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BUC(2,2,2-TPH®TOPI TH)(2-ITAHOI T DOCPAT - YPAHHBIH JKAHA DJKCTPATEHTI

Annotamust. ©ochop OpraHUKANBIK KOCBLIBICTAP OHEPKACINTIK THAPOMETAILIYPIHSIIBIK IIPOLECTEPAE TYCTI,
achlll, CHpPEK-’KEp METANNAPBIHBIH >KOHE TPAHCYPAHABIK 3JIEMEHTTEPIIH JKCTPATCHTTEP] KOHE KOMILICKCOHAAPHI
peTiHAE KCHIHCH KONJAHBUIAABL DByl KOCBUIBICTAPIBIH iIMIHAE OPraHUKANBIK (poc(arrap epeKine OpBIH aJNadbl,
OUTKEHI OJIap 3KCTPAKIN MPOLECTEPIH KAKCHI TAHAAMANBIKIICH KOHE THIMITIKIICH JKYPTi3yre MyMKIiHAIK Oeperi.
Anaiina Oenrimi opraHukamelk (pocaTTapablH MAHBI3ABI KCMIIITI OJAPIBIH 3KCTPAKIMAIBIK KAOIMCTTiMTiHIH
TOMEH/ITi, COHBIMCH KAaTap CyJa CPIriIlTiri KOHE CyJIbI KBIIKBII CPITIHAICPIHACTI THAPOII31 OOIBIN TAOBLIATBIL,
OyJ1 SKCTPArcHTTIH >KOFANYBIHA 14, AIBIHFAH METaIAblH (OocOop OPraHWKANBIK KOCBHLIBICTAPBIMCH JIACTAHYBIHA
okeneni. COHABIKTAH YPaHHBIH KAHA THIMAL OSKCTPATCHTTEPIH i374€y JKOHE OHBI  d3Ipiey  Kasipri
THIPOMCTAJUTY PrESUIBIK MPOICCTEPIl JAMBITY ABIH 63C¢KTI MIHACTI OOIBIM TAaOBLTAABLBYIT sKapHsaIbIMaa KOJDKSTIMIL
omc(2,2,2-rpudropoatmn) (2-umaHo3THI) ocharTer, OucTeH(2,2,2-Tpu(TOPITHI) OHAM ATBHATHIH XJI0p (hochaTTh
JKOHE MHPHIWH/TMATHA 3(up >KyHeciHAeTi 3-THAPOKCHIPONMAHOHWUTPHIAI KypaMmbIHAA VpaH ©0ap KbIIIKBLI
EPITIHAUICPIHEH ypaH 3KCTPArcHTI peTiHAe MaiJalaHy Typasbsl MAmiMerTep KearipinreH. KypampiHma ToObI Oap
¢yuxumonannel  gocdar yumriH (ochaTTapabIH  KOHC OJAPABIH OCHTiM 3KCTPATCHTTCPI - UIHAHHUATCPIIH
SKCTPAKIMSUIBIK KACHETTEPIHIH CHHEPIETHKANBIK oCEpiH KyTy Kepek. COHbIMEH Karap, OyJ1 3KCTparcHTTe
TOMM()TOPAJIKKI TONTAPBIHBIH OO0JIYBI OHBIH VHIICCIMCI3AITiHIH APTYBIHA BIKIAJ €TY1 KEPEK.

Byn 3eprreyain MakcaTsl - Ouc (2.2,2-tpudaopostwn) (2-mmano3Tin) (ocaTThIH KCHCHTINTCH CHHTS31 YIIiH
OHTAWIBI >KAFAAHIApABl $Kacdy, OHbBIH YJKCHTINIGH NAPTHACHIH IIBIFAPY SKOHE YpaH Cyiab(aTsl MEH a3oT
KBIMIKBLTBIHBIH CPITIHAUICPIHCH YPaH Ay abIH 6HTIPICTIK MPOLUCCIHAC IKCTPAKIIIBIK KACHCTTCPAL 3CPTTICY. 3ePTTCY
HOTIDKCJICPT KON OJKCTIMII >KAPHATBIMOA KODKeTiMai  Omc(2,2,2-tpu(ropostmn) (2-umano3twia)  (pocdarTsr,
6ucten(2,2,2-rpupTOp3THI)  OHAM aNBIHATHIH XJOP (OCATTH KOHE NHPUAMH/IWATHI 3(up >KyHecinaeri 3-
THAPOKCHIPOTIAHOHUTPIUIL YPAaHFA KATHICTHI aHKBIH IKCTPAMOHIBIK KacuerTep kepcereni (la-cyper). CoHbIMEH,
OYJI1 3KCTPArCHTTI KypaMbIHAA YPaH 0ap a30T HeMece Cyab(aT CPITIHIIACPIHCH YPaH a1y IbIH OHIIPICTIK MPOUCCiHae
koamany 20,7% sxone 18,7% Kypamsl, SKCTPAreHTTE ypaH MeIIepi colikecinme 63,9 r/nm? sxoue 49,7 r/am® KypapL..
Jocrypmi - Ouc (2-3tmnekcuin) GocgaThiH KOHE KaHA IKCTPATCHTTIH CHHEPTECTUKAIBIK KACHETTEPIH 3ePTTCY KE3iHIe
OH HOTIZKCIICP albIHABL. ByJ1 SKCTparcHTTCPAIH KOCIACHH KOJIIaHy (caiMak kodgdumuenTi 1: 1,2) KypaMbHIAa YpaH
0ap cyae(dar epitinaicinen 57% ypan amyra MyMKiHIik Ocpeni. By akcTparcHT petiHae Tek OHC (2-3THICTCKCHI)
KOJIIAHFAH YKCAC MPOLCCTCH 9% apThIK,

buc (2,2,2-tpudnopostnn) (2-mmaHosTrin) (GochaThH jKaHA IKCTPArCHT PETiHIAEC MANJANaHy TEXHOJIOTHSLIBIK
a30T KBIIKBIIBI HEMECE KypaMbIHAA ypaH 0ap cynbdar epitinainepiner 20,7% ypau aayra MyMKieAik Oepeni. Ochl
mpoueccte ouc (2,2,2-tpudmopostmn) (2-mmanHosTI) (ocdaTel koHE Oeariimi 3KCTPAreHT OHC (2-3THIATCKCHIT)
(ochaThiH KONTAHFAH KE3[¢ CHHECPICTHKANBIK ocep Oaikanmazel, Oya ypaH aiyAblH THIMIUIIIH apTTHIPYIbI
KAMTaMAaChI3 CTCl >KOHC OHIIPYMIH TCXHOJOTHSIBIK MAPaAMCTPIICPiH skakcapramgsl. buc (2,2.2-tpudmopostwn) (2-
mHAHOATH) (pocaT IKCTPArCHTI KYKIPT KBIOKBUIBIHBIH CPITIHAUICPIHC KAparaHAA Aa30T KBINIKBLTBIHBIH
EpITIHAUIEPIHAE THIM JKYMBIC 1CTCHII.

Tyiiin ce3aep: opranuKaiIbIK ocdarTap, mOM(PTOPATKAT TONTAPHL, IKCTPATCHT, YPaH
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BHUC(2,2,2-TPU®TOPI TI)(2-IIUAHOI TUI)®OCHAT - HOBBII IKCTPATEHT YPAHA

Annoramust.  DocopopraHmveckue  COCAMHCHHS  IMHPOKO  NMPUMCHIIOTCA B IPOMBIIUICHHBIX
THAPOMETAJLIY PTHICCKUX IPOLECCAaX KAK IKCTPATCHTHI M KOMITJICKCOHBI IIBETHBIX, OJIaTOPOIHBIX, PEAKO3EMEIBHbIX
METAUIOB M TPAHCYPAHOBBIX 37eMEHTOB. Cpeau 3THX coenamHEHWH opraHmdeckue (ochartsl 3aHHMAOT 0co00e
MECTO, TaK KAaK OHH IO3BOIIFOT IMPOBOAWTH 3KCTPAKUMOHHBIC IPOLECCHI C XOPOIIECH H30MPATEIBLHOCTHIO H
3¢ ¢pexTnBHOCTEIO. OTHAKO CYINECTBCHHBIM HEAOCTATKOM M3BECTHBIX OpraHmdeckux (ocaToB sBIIETCI HX
HEBBICOKASI IKCTPAKIHOHHAS CIIOCOOHOCTh, a TAaKKE JOBOJBHO XOpOINAash PAaCTBOPHMOCTh B BOAC M HX
THIPOJIN3YEMOCTh B BOJHBIX KHCIBIX PACTBOPAX, UTO MPHBOAMUT KAK K MOTEPE IKCTPATEHTA, TAK M K 3aTrPSI3HCHUIO
JKCTparmpyemMoro meramia (ocopopranmieckuMu coeTuHEHUAME. [lo3TOMy TOMCK M pa3paboTKa HOBBIX
3((eKTHBHBIX  JKCTPArCHTOB  VpaHa  sBISICTCA  AKTYaJbHOM  3aJaveld  Pa3BUTHI  COBPEMCHHBIX
THIPOMETAJUIYPTHUCCKHX TpoueccoB.B  HacTosmeM COOOIICHWM TNPUBOJATCS JAHHbIE 00  YCHEIIHOM
HCTOB30BAHHH AOCTYMHOTO Omc(2,2.2-tpudropatmn)(2-mmano3tmn)pocdaTa, IETKO MOay4acMoro m3 Omc(2,2,2-
TpudTopITHN)- XI0pPochaTa M 3-THAPOKCHITPONMAHOHHTPHIA B CHCTEME NHPHIAMH/IU3THIOBBIA 3(up B KauecTse
SKCTPArcHTa YpPaHa W3 YPAHCOACPKAIIMX KHCJIOTHBIX pacTtBopoB. w1 a3toro ¢yHkumonamsHOTO (ocdara,
COJCPKAIIETO IHAHOTPY LY, CICAYET 0’KUAATh CHHEPTU3M JICHCTBHS SKCTPAKIUOHHBIX CBOMCTB caMuXx (oc(haros,
a TaKKe W3BECTHBIX OHKCTPATCHTOB — OHAHWAOB. Kpome TOro, Hamumuwme MOMU(PTOPANKIUIBHBIX TPy B
JAHHOMIKCTPATCHTE JODKHO CIIOCOOCTBOBATH MOBBIIICHUIO €TO HETOPIOYUCCTH.

Lems JaHHOTO HCCICAOBAHHUSA - OTPAOOTKA ONTHMAJBHBIX YCIOBHIT MacmITaOMPOBAHHOTO CHHTE3a Omc(2,2,2-
tpupTopITHN)(2-tMano3TII)PochaTa, HAPAOOTKA €T0 YKPYITHEHHOM HMAPTHH M M3YUCHUE 3KCTPAKIMOHHBIX CBOHCTB
B NMPOM3BOJICTBEHHOM ITPOIIECCE SKCTPAKIMH YPAaHA W3 YPAHCOACP KAIIMX CEPHOKHUCTBIX M A30THOKHCIIBIX PACTBOPOB.
PesymbraTsl mccnenoBaHUs MOKazamm, uro 6mc(2,2,2-rpudropatun)(2-uunanostum)docdar, 1erko moaydacMbIil u3
JoctymHBIX O0uc(2,2,2-tpudropatrn)xiaopdochaTa u 3-rTHAPOKCHIPOTIAHOHUTPHIA B CHCTCMC MTHPHIHH/THITHIIOBBIH
3(up, TPOSBIICT BBHIPAKCHHBIC 3KCTPAKIMOHHBIC CBOHCTBA IO OTHOHICHHIO K ypaHy (pucyHox la). Tak,
HCTIONB30BAHHE 3TOTO JKCTPAr€HTAa B IPOM3BOACTBCHHOM IPOLECCE 3KCTPAKIMH YPaHA W3 YPAHCOACP KAIIHX
A30THOKUCIIBIX HWIIH CCPHOKHCIBIX PacTBOPOB coctaBmwio 20.7% wm 18.7%; mpu 3TOM COACpKAHHC YpaHa B
aKcTpareHTe 6610 63.9 r/mv’ 1 49.7 t/mM>, COOTBETCTBEHHO. [T0I0KHTENBHBIE PE3YIBTATHL OBLIH TIOJTYYEHBI TAKIKE
TIPH W3YYCHUM CHHEPTCTUYCCKHX CBOICTB HOBOTO AIKCTPArcHTa M TPAJWIMOHHOTO - Omc(2-sruiarexcmm)docdara.
HcnonpzoBanne cMecH 3THX SKCTPAreHTOB (MX BECOBOE COOTHOHICHHE COCTAaBLUIO 1:1.2) mo3BomseT n3Bnekats 57%
VpaHa W3 CEPHOKHCIOTO YPAHCOJACP)KAIIEro pacTBopa. 310 HA 9% Oo0MbINE, YeM B AHAJOTHYHOM ITPOLIECCE C
MIPUMCHEHHUEM B KAUECTBE 3KCTPATCHTA TOJIBKO OHC(2-3THITEKCHI).

IMprmmeneHne Omc(2,2,2-tpu@Top3Tin)(2-maHosTII)Pochara B KAYCCTBC HOBOTO 3KCTPATCHTA IO3BOJICT
m3BnekaTh 10 20.7% ypaHa W3 TEXHOJIOTHYECKHX A30THOKHCIBIX MM CEPHOKHCIBIX YPAHCOACPKAIMUX PACTBOPOB.
IMpn xOMOWHMPOBAHHOM WCIIOJB30BAHHH B 3TOM mporecce Omuc(2,2,2-tpudropstun)(2-unanostwi)Pochara u
H3BECTHOTO JIKCTpareHra - Omc(2-stmarekcui)(pocaraHadroaacTCsl CHHEPTETHIECKUH 3PQEeKT, 00eceUnBAONIHNH
MOBBINICHUE 3(P(PEKTUBHOCTH H3BICUCHUS YpaHA M YIYYIHAOMMN TEXHOJIOTHHCCKHE IOKA3ATEIH 3KCTPAKIIHH.
OrcrpareHr  O6mc(2,2,2-tpudropatin)(2-mmmanostun)pocar padoract Oomee 3PPEKTHBHO B  A30THOKHUCIBIX
pacTBOPax, YeM B CEPHOKHUCIBIX.

Kmouernie ciioBa; opranaucckue Gpocdarsl, mommu()TOPaIKHUIBHBIC TPY L, YKCTPATCHT, VPAH.
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