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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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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-earth 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-trifluoroethyl)(2-cyanoethyl)phosphate, which is easily 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/dm3 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-trifluoroethyl)(2-cyanoethyl) 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.

Keywords: organic phosphates, polyfluoroalkyl groups, extractant, uranium.
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Introduction. Organophosphate compounds are widely used in industrial hydrometallurgical
processes as extractants and complexones of non-ferrous, noble, rare-earth 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 wuse 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/diethyl 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-
ethylhexyl) 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 HySO4 — 26.95 g/dm?), as well as
a nitric acid solution of commercial desorbate with a uranium concentration of 15.0 g/dm’
(concentrationHNOs - 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 CDCI; 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).

Py/E,0  FsC._O_ 0O

FBC\/O
/\O/P\O/\/

CN

\//O

PR /P\ HO\/\CN
F,c” 0 Cl - Py-HCI FsC
1

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 diethyl 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; H 2.27; F 36.49; N 4.39; P 10.11. C;HsFsNO4P. 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-ethylhexyl) 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 wuranium-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-cyanoethyl)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, 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 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 Extragent1 18.7 (49.7)°

3 Extragentl + Extragent2® 57.0

4 Extragent2 48.0

“In experiment Ne 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 extractantsl 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-cyanoethyl) 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-ethylhexyl) 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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BUC2,2,2-TPUOTOPITUI)(2-HUAHOITU)®POCDAT - YPAHHBIH KAHA DOKCTPATEHTI

Annotanusi. ®ocop opraHMKaIBIK KOCBUIBICTAp ©HEPKACINTIK THAPOMETAILTYPIHSUIBIK IMPOLECcTepAe TYCTI,
acbll, CHPEK-Kep MeTaJlapbIHbIH JXOHE TPAaHCYPaHIBIK DIEMEHTTEPHIH SKCTPAareHTTEepi JKOHE KOMIUICKCOHIAPEI
peTiHae KeHiHEeH KOJAaHBUIaNbl. ByNl KOCBUTBICTapIbBIH IMIiHAE OpPraHUKANBIK (ocdarrap epeKmie OpBIH ajajisbl,
OMTKEHI oJlap AKCTPaKIUs MPOIECTEPiH KAKCHl TaHIaMAJBIKIICH JKOHE THIMIUTIKIIEH JKYPri3yre MyMKIHAIK Oepemi.
Anaiima Oenriai opraHukanbik (GocdarrapaplH MaHBI3ABl KEMIIUIITT OJapAblH SKCTPAKIMUIBIK KaOlICTTUIINHIH
TOMEHJIIT', COHBIMEH Karap CyJia epiriliTiri jKoHe CyJIbl KbIIIKbLI epiTiHUIepiHaeri ruapoi3i 0obin TabbUIaIbI,
Oyl SKCTpareHTTIH JKOFallyblHa Ja, aJblHFaH MeTalublH (ochop OpraHUKaNbIK KOCBUIBICTapPhIMEH JIaCTaHYbIHA
okeneni. COHIBIKTAH ypaHHBIH KaHa THIMII OKCTpareHTTEpiH i34ey KOHE OHBl  d3ipiey  Kasipri
THIPOMETAUTYPIUSIIBIK MTPOLECTEP Il JAMBITYABIH ©3€KTi MiHJETI 00JbIn TaObUIaAbL Byl KapUsIbIMIa KOJDKETIMI
6uc(2,2,2-rpudropostii) (2-maHodTri) docdartsl, Oucren(2,2,2-TpuQTOPITHII) OHAK aNbIHATHIH XJIOp (ochaTThl
JKOHE NUPUIUH/IMATHA 3up JKyHeciHIeri 3-TUAPOKCHIIPONIAHOHUTPHIII KypaMmblHIa YypaH ©O0ap KbIIKbUI
epITIHIUIEpIHEH ypaH SKCTpareHTi peTiHie MaijanaHy Typaibl MaiiMeTtep KenripiuireH. KypameiHga ToObl Oap
¢dyakmmoHanael  gocdar ymiH ¢docdaTTapAblH JKOHE ONAPABIH OENTiml SKCTpPAareHTTepi - MHAHUATEPIiH
SKCTPAKUIMSUIBIK KACHETTEpPiHIH CHHEPTeTHKAIBIK ocepiH KyTy Kepek. COHBIMEH KaTap, Oyl 3KCTpareHTTe
MO TOPATKIIT TONTAPBIHBIH OOTyBI OHBIH YIIECIMCI3IITiHIH apTybIHA BIKIAI €Ty KepeK.

byn 3eprreynin mMakcatsl - ouc (2,2,2-tpudaopoatuin) (2-1uuaHodTiin) GocdarThlH KEHSWTUINeH CHHTE31 YIIiH
OHTAMIIBl JKaFaiiapipl Jkacay, OHBIH YJIKCHTUIreH NapTHACHIH IIBIFapy JOHE ypaH cyiabdaTbl MeH a3oT
KBIIIKBUIBIHBIH ePITIH/IEPIHEH YPaH aly/blH OHIIPICTIK MPOLECIH e SKCTPAKIMSIIBIK KACUETTEP/Il 3epTTey. 3epTTey
HOTWOXKENEpI KOJI JKETIMIl KapusuibiMza Kospketimai  6omc(2,2,2-tpudropostin) (2-umanostun) dochartsl,
oucren(2,2,2-rpudTopaTHII)  OHAll ANBIHATBIH XJOp (OC(ATTHl XKOHE MUPUAWH/IUATHI 3hup KyHecinmeri 3-
THJPOKCUTIPOTIAHOHUTPHUIIAL YpaHFa KaThICThl allKbIH KCTPALMOHIBIK Kacuerrep kepcereai (la-cyper). CoHbIMEH,
OyJ1 SKCTpareHTTi KypambIHJIa ypaH 0ap a30T HeMece Cyb(aT epiTiHAIepiHeH ypaH allyIblH OHIIPICTIK Ipolecinae
xonpany 20,7% sxone 18,7% Kypazbl; 5KCTpareHTTe ypaH MoIIIepi calikecinmme 63,9 r/mv? sxone 49,7 r/aM® KypamsL..
Hacrypai - 6uc (2-atunexcuin) ¢pochaTbiH KIHE jKaHA IKCTPAreHTTIH CHHEPIeTUKANIBIK KaCHETTEePiH 3epTTey Ke3iHue
OH HOTIDKENep aJblHABL. By skcTpareHTTepAiH KOCIIAChH KOaany (canMak kodddumuerTi 1: 1,2) kypamplHaa ypaH
6ap cynbdar epitinaicineH 57% ypan amyra MyMKiHZIK Oepeni. Bys skcrpareHT perinae Tek Ouc (2-3THIEreKchi)
KOJIJaHFaH yKcac mporecteH 9% apThIK.

buc (2,2,2-tpudnopostun) (2-uuanodTui) GocdarsiH KaHA IKCTPAreHT peTiHZe MaiaanaHy TeXHOJIOTHSUIIBIK
a30T KBIIIKbIIBI HEMece KypambiHia ypan Oap cynbdar epitinainepinen 20,7% ypan anyra MyMKiHaik Oepemi. Ocsl
npoueccre o6uc (2,2,2-rpudnopostin) (2-umanodtin) Qocdarsl kKoHe Oenriyi IKCTpareHT Ouc (2-3THIreKcui)
(dochaTbiH KoNaHFaH Ke3/e CHHEPreTHKalbIK ocep Oaiikanmanbl, Oy ypaH ainyJblH THIMIUICIH apTTBIPYIbI
KaMTaMachl3 eTe/ll JKOHE OHIIPYIiH TEeXHOJOTHUIBIK NapaMeTpliepiH xakcapraabl. buc (2,2,2-tpuduiopostmn) (2-
OUAHOATWI) QochaT dKCTpareHTI KYKipT KBIIKBUIBIHBIH CPITIHIIIEpiHE KapaFaHAa a30T  KBIIIKBUIGIHBIH
epiTiHIUIepiHAe THIM )KYMBIC iCTEHII.

Tyiiin ce3nep: opranukansik hocharrap, moaudTOPaIKUI TONTaphl, SKCTPAreHT, ypaH
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BHUC(2,2,2-TPU®TOPITIU)(2-IIMAHOITUT)®OCPAT - HOBBII SKCTPATEHT YPAHA

AnHorammsi.  @DochopopraHudeckre  COCIMHEHHS  IIMPOKO  MPUMEHSIOTCS B IPOMBILUICHHBIX
THOPOMETAIUTYPrHUECKHX MPOLEccaX Kak IKCTPAareHThl U KOMIUIEKCOHBI [IBETHBIX, 0J1aropoIHbBIX, PEIKO3EMEIbHBIX
METAJUIOB M TPAHCYPaHOBBIX 31eMeHTOB. Cpeam 3THX COeIWHEHHWI opranmyeckue (ocdaTsl 3aHUMAIOT 0c0oboe
MECTO, TaK KaK OHHM IO3BOJISIOT NPOBOJMTH SKCTPAKLHMOHHBIE IPOLECCHl C XOpOoIieil H30UpaTeIbHOCTHIO M
s dexktuBHOCTRI0. OTHAKO CYIIECTBEHHBIM HEIOCTAaTKOM H3BECTHBIX OpraHudyeckux QocdaToB sBisgeTcs HX
HEBBICOKAsl DKCTPAKIMOHHAs CIIOCOOHOCTh, a TakKe JOBOJILHO XOpoulas pacTBOPUMOCTh B BOJE M HX
THIPOJIN3YEMOCTh B BOJIHBIX KUCIIBIX PacTBOpaX, YTO MPHUBOJAUT KaK K IMOTEPE IKCTPAreHTa, Tak U K 3arps3HEHUI0
JKCTparupyemMoro Meramia (GochopopraHMUECKUMH coelnHeHHUsMU. [loaToMy moMcK W pa3paboTka HOBBIX
3G QEeKTUBHBIX  JKCTPAareHTOB  ypaHa  SBISIETCS  aKTyaJlbHOW  3ajadyell  pa3BUTHS  COBPEMEHHBIX
THUIPOMETAJUTYPrHYeCKHX HpoueccoB.B  HacTtosmeM cooOLIEHMM TPUBOJATCS JaHHBIE 00  YCHEIIHOM
UCIIOJIB30BaHUM JIOCTyNHOro 0uc(2,2,2-tpudropatin)(2-unanostin)docdara, nerko momyyaemoro uz omc(2,2,2-
TpudTOopITHN)- XNopdocdara u 3-THAPOKCUIIPOTIAHOHUTPUIIA B CUCTEME MUPHUINH/TUITWIOBHINA 3pHUp B KadecTBe
IKCTpAareHTa ypaHa W3 YPaHCOAEPXKAIUMX KHUCIOTHBIX pacTBopoB. s astoro ¢yHkumoHampHOro Qocdara,
COJIepIKalero [MaHOTPYIILY, CIEAYET OXKUAATh CHHEPTU3M JEHCTBHS SKCTPAKLMOHHBIX CBOWCTB caMuX (ocaTos,
a TaKKe M3BECTHBIX OJKCTPAareHTOB — IHWaHHIO0B. Kpome TOro, Hamuuue NOJU(PTOPAIKWIBHBIX TIPYNI B
JAHHOMDKCTPareHTe A0JDKHO CIIOCOOCTBOBATH IMOBBIILICHUIO €0 HETOPIOYECTH.

Lenp maHHOTO MCCIEAOBAaHUA - OTPAOOTKA ONMTHMANBHBIX YCIOBHH MacIITaOMpOBaHHOTO cuHTE3a Omc(2,2,2-
tpudTopaTHI)(2-ManodTH)pocdara, HapaOOTKa ero yKpYIMHEHHON NapTHU U U3y4YEHUE SKCTPAKIMOHHBIX CBOMCTB
B MIPOM3BOJICTBEHHOM IIPOLIECCE IKCTPAKIIMHU YpaHa U3 yPAHCOCPIKAIIUX CEPHOKHUCIIBIX U a30THOKHCIIBIX PacTBOPOB.
PesynbraThl nccnenoBaHus Mokasaiu, 4ro 6mc(2,2,2-rpudropatn)(2-nuanostun)docdar, JIETKO MOTy4aeMbIid U3
JOCTYHHBIX 6uc(2,2,2-tpudropatin)xiiopdocdara u 3-ruApOKCUIIPOIIAHOHUTPHUIIA B CUCTEME NTUPUANH/ TU3THUIIOBBIN
3¢up, NPOSBISIET BBIPAKEHHBIE SKCTPAKIMOHHBIE CBOWCTBA IO OTHOIICHHMIO K ypaHy (pucyHok la). Tak,
UCIIOJNB30BaHME 3TOrO JKCTPAreHTa B IPOM3BOACTBEHHOM IIPOLECCe OKCTPAKUMHM ypaHa M3 yPaHCOIEpIKaLIHX
A30THOKHUCIIBIX WJIM CEPHOKHUCIBIX pacTBOpoB coctaBwio 20.7% wu 18.7%; mpm 3ToM conepkaHWe ypaHa B
sKcTparenTe 6510 63.9 r/av’ 1 49.7 r/amM°, cooTBeTCTBEHHO. [10T0KUTENBHBIE PE3YIIBTATEl OBUIH IIOTy9IEHBI TAKKE
NpU U3YYEHHUH CHUHEPreTHYECKHX CBOMCTB HOBOIO DKCTPAareHTa W TPaIUIMOHHOrO - Ouc(2-stmnrexcuin)docdara.
Vcnonp30BaHue CMECH 3THUX SKCTPAreHTOB (MX BECOBOE COOTHOIIEHHE COCTABIIO 1:1.2) mo3BosseT u3Bnekats 57%
ypaHa M3 CEpHOKHCIIOTO YpaHCOAEpXamero pacreopa. O1o Ha 9% Oomblne, 4eM B aHAJOTHYHOM IIPOIECCE C
NPUMEHEHHEM B Ka4eCTBE 3KCTPAreHTa TOJIbKO OUC(2-3THITeKCHI).

[Mpumenenne ©Ouc(2,2,2-tpudropatiin)(2-uuaHodTuwin)pocdara B Ka4eCTBE HOBOIO IKCTPAreHTa IO3BOJISIET
n3Bnekath 10 20.7% ypaHa M3 TEXHOJOTMYECKHX a30THOKHMCIBIX WIIM CEPHOKHCIBIX YPaHCOAEPIKAIUX PacTBOPOB.
ITpu KOMOMHMPOBaHHOM WCIIOJB30BAaHMM B 3TOM Tporecce Ouc(2,2,2-tpudropatmn)(2-nuanostwn)pocdara u
M3BECTHOTO IKCTpareHTa - ouc(2-stmirekcuin)pocdaraHadiiiogaeTcs CHHEpPreTHIecKid 3G QeKT, odecrneunBaomni
NOBBIIIEHHE A(P(PEKTUBHOCTH H3BJICYECHUS ypaHa M YJIyYLIAIONIMHA TEXHOJOTHYECKHE IOKAa3aTeld 3KCTPAKIHH.
OkctpareHT 0mc(2,2,2-tpudropaTin)(2-nnanodtmwi)pocdar padoraer Oomee 3PPEKTHBHO B  A30THOKHUCIBIX
pacTBOpax, 4eM B CEPHOKHCIIBIX.

KaroueBsble ci10Ba: opranndeckue pocdarsl, MOTUGTOPAIKIIbHBIC TPYIIIEL, KCTPAareHT, YpaH.
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