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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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TO THE QUESTION OF RECOVERY OF URANIUM
FROM RAW MATERIALS

Abstract. The problem of extracting uranium from difficult-to-hide ores can be attributed to the most important
scientific and technical problems facing the modern uranium mining industry.

One of the areas of modern scientific and technological progress in the development of radioactive ore deposits
is using of a practically non-waste method of mining uranium — underground leaching (UL). A great interest to the
method of underground leaching is determined by the positive experience of its application and high technical and
economic indicators.

In Kazakhstanin underground uranium leachinga sulfuric acidis used as a leaching reagent. In this case, the
degree of transition of uranium to the productive solution can be due to a variety of reasons, primarily related to the
physico-chemical properties of uranium-containing minerals.

Thus, the use of sulfuric acid as a leaching reagent allows the extraction of only uranium (VI) compounds, since
uranium compounds (IV) in sulfuric acid do not dissolve. To convert uranium (VI) to uranium (IV), oxidizers are
used in industry, most often-ferric compounds. In this regard, the main problem of increasing the extraction of
uranium in underground leaching is the transfer of uranium (IV) to a soluble state.

Analysis of scientific and technical literature has shown that recently one of the main directions for increasing
the extraction of uranium from poorly soluble ores is the use of intensifiers that allow the most complete transfer of
uranium from one valence state to another.In the article, the catalyst "M-1", which is a compound of transition
metals, is considered as an intensifier. Comparative data are given for the study of agitation leaching of uranium
from ore in the presence of a number of oxidants. Priorityuseofthe"M-1" catalystwasnoted.

Sorption methods are used to extract uranium from productive solutions. Ion exchange has certain advantages
over others, since it allows to extract uranium from solutions of various concentrations.

Comparison of the kinetic dependencies of the sorption extraction of uranium by the ionites of Purolite A-500
and Ambersep-920 from the productive solutions of leaching of uranium-bearing ore in the presence of the «M-
I»catalyst showed that they differ insignificantly. The values of activation energy for sorption of uranium on these
ion exchangers and diffusion coefficients are calculated. Their magnitude is characteristic of a mixed external and
internal diffusion process type.

In the literature, there are data on the use of natural sorbents for the extraction of uranium from productive
solutions with low content of uranium. The advantages of such sorbents are their low cost. Within the framework of
the present work, the possibility of sorption of uranium from productive solutions by natural zeolite and schungite in
comparison with synthetic sorbents is investigated.

Key words: uranium, leaching, sorption, intensifier, catalyst, sorbent.

Introduction. Kazakhstan ranks second in the world in terms of natural uranium reserves and the
leading positions in its production. Uranium is present in ores as part of a large number of mineral forma-
tions that differ in their physicochemical properties. According to the literature, the main uranium ores are
the minerals of the tetravalent uranium: oxides (nasturan, uranium black) silicates (coffinite). The most
common in the ores of almost all genetic types are simple oxides of U (IV). Minerals of hexavalent
uranium are of lesser industrial importance [1-3].
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Specificity of technological schemes for processing uranium ores is determined by the composition
and properties of raw materials. Usually, the content of uranium in ores varies from tenths to hundredths
of a percent. Because of the fine impregnation of uranium minerals in ores, the latter are not amenable to
mechanical enrichment and the extraction of uranium from ores is in most cases carried out chemically
[4, 5].

Depending on the composition and properties of the initial ore, one or another method of chemical
processing is used.

Meanwhile, the method of underground well leaching finds an increasingly wide application in the
development of uranium deposits, which, due to complex bedding conditions, as well as high specific
investments and operating costs, cannot be worked out by traditional methods. In Kazakhstan, under-
ground well leaching is the only effective method of uranium mining. Sulfuric acid is used as a leaching
reagent [6, 7].

Minerals of tetravalent uranium do not dissolve in sulfuric acid, unlike to hexavalent. To dissolve the
minerals of tetravalent uranium in dilute solutions of sulfuric acid, leaching is conducted with the addition
of oxidizing agents. It is believed that the main problem of increasing the extraction of uranium from ore
during underground leaching using existing technologies is the conversion of uranium (IV) to a soluble
state. Therefore, at the heart of the overwhelming majority of research works is the question of the most
complete transfer of uranium compounds into a soluble state, i.e. uranium (IV) in uranium (VI) [8-10].

In this connection, the purpose of this work was to study the effect of the "M-1" catalyst on uranium
leaching and to assess the extent of its subsequent extraction from the resulting productive solutions.

In accordance with the complex chemical composition of uranium-containing solutions of under-
ground well leaching and low uranium content, the most acceptable method of their processing is sorption
methods, which are based on the use of ion exchange.lon exchange has certain advantages over other
methods (precipitation and extraction) since it allows to extract uranium from solutions of various
concentrations [11-15].

In the literature, there are data on the use of natural sorbents for the extraction of uranium from pro-
ductive solutions with low content [16-18]. The advantages of such sorbents are their low cost. Within the
framework of the present work, the possibility of sorption of uranium from productive solutions by natural
zeolite and schungite in comparison with synthetic sorbents is investigated.

Experimental part. As a raw material for experimental purposes, uranium-containing ore was used,
in which the main uranium-containing mineral is coffinite. The composition of the ore is given below.

Sulfuric acid was used as the reagents which has the qualification "technical", GOST 2184-77, am-
monium nitrate of the qualifications " Reagent", GOST 20478-75, sodium peroxoborateof the qualification
"reagent", GOST 22567.10-93, ferric chloride (III) six-grade of the qualification "pure", GOST 4147-74,
as well as the synthesized “Muhamedzhan-1” (M-1) catalyst [19, 20].

Experimental technique. Experiments on the leaching of uranium ore were conducted in a thermo-
stated reactor according to a generally accepted procedure. Stirring of the pulp was carried out with a
Stirrer-BS stirrer with a variable speed. The stability of the temperature was stabilized with a thermostat
of the brand "TERMEX MOIM". The maximum duration of the process was 48 hours. The ratio of S:L =
=1:4.

Sorption of uranium was carried out on the anionites Purolite-A500 and Ambersep-920 in a static
mode according to the procedure described in [21] from the productive solution from leaching of uranium-
bearing ore. The composition of the solution is given below. There were used the anionitesPurolite-A500
andAmbersep-920 and natural materials — zeolite and schungite.

Methods of analysis. The quantitative content of uranium was determined by chemical methods of
analysis.

Results and its discussion. As mentioned above, the main task of the vast majority of research works
is the question of the most complete transfer of uranium compounds into a soluble state, i.e. uranium (IV)
into uranium (VI).In this connection, we chose the initial ore, in which the main mineral is U [SiOy],
which makes up about 95 % of the total uranium mineralization balance.Uranium-containing minerals are
also represented by leucoxene, accompanying - native selenium, cobalt-nickel pyrite (bravoite) and
sphalerite. The composition of different rocks: quartz - 70-80 %, feldspars - 10-20 %, siliceous rocks -
5-10 %. The average content of uranium is 0.031 %.
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At the first stage of the research, the effectiveness of the "M-1" catalyst's influence on the uranium
extraction degree by agitation leaching with sulfuric acid was evaluated.

Agitation leaching is a preliminary stage in the study of technological properties of the ore, it makes
it possible to estimate its excavation with an optimal concentration of leaching reagents, as well as assess
the effectiveness of the effect of some additives on the process.The investigations were carried out in the
presence of the "M-1" catalyst. Further, for comparison, in the presence of traditional oxidizing agents:
ferric iron, ammonium nosulphateand sodium peroxoborate.

To date, great interest is, along with the study of the effect of traditional oxidants on the process of
leaching of difficult-to-hide uranium-bearing ores, as well as the search for new intensifiers for increasing
the extraction of uranium from persistent raw materials. In this regard, the leaching of uranium-bearing
ore in the presence of the "M-1" catalyst was studied in comparison with the traditional oxidants: ferric
iron, ammonium nosulphateand sodium peroxoborate.

Preliminary studies of the catalyst "M-1" are presented in [20]. The catalyst "M-1" is a mixture of
nitrates, sulfates, chlorides, bromides and iodides of transition metals (Fe, V, Cu, Mn).The total concen-
tration of metals in the catalyst was 0.3 g/dm’. Data characterizing the extraction of uranium by sulfuric
acid in the presence of a catalyst are presented in table 1.

Table 1 — Results of sulfuric acid leaching of uranium in the presence of "M-1" catalyst

Catalyst content, pH ORP, Extraction U, The acid consumption (Cypsos = 5.0 g/dm3),
g/dm’ mV mg/dm’ g/g of uranium
0 2,00 378 35 39.1
0,3 2,01 388 80 14.2
0,6 1,99 396 82 12.8
0,9 1,98 402 84 11.1
1,2 2,00 408 86 9.7

From the data presented, it can be seen that the use of the "M-1" catalyst in the leaching process leads
to an increase in the extraction rate of uranium from the ore. The maximum increase in the concentration
of uranium in the solution is observed at the site of the change in the catalyst content in the range
0-0.3 g/dm’.

Figure 1 shows the leaching of uranium-bearing ore by sulfuric acid in the presence of a catalyst in
comparison with oxidants.
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Figure 1 — Results of sulfuric acid leaching of uranium in the presence of the catalyst "M-1" and oxidants:
1 — sulfuric acid without oxidants and catalyst; 2 — “M-1" catalyst; 3 — ferric ion; 4 — ammonium nosulphate; 5 — peroxoborate
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It can be seen from the table that the uranium content in the leaching solution without catalyst and
oxidizers was 35 mg/dm’ after 12 hours of the experiment and increased to 38 mg/dm’ after 48 hours after
the beginning of the leaching. In the case of using traditional oxidants, an increase in uranium extraction
was also observed with increasing leaching time. The use of ferric chloride during the leaching process
allowed to increase the concentration of uranium in the solution from 50.8 mg/dm’ for 12 hours of
leaching to 58.2 mg/dm’ for 48 hours, and for ammonium nitrate and sodium peroxoborate from 48.3 and
39.2 to 51.8 and 40.9 respectively. When the "M-1" catalyst was used after 12 hours of the experiment,
84 mg/dm’ of uranium extraction was achieved, with increasing leaching time this value varies
88 mg/dm’.

Thus, the highest concentration of uranium in the solution is achieved when the ore is leached with
sulfuric acid in the presence of a catalyst and decreases in the series: the catalyst "M-1" - ferric chloride III -
ammonium perchlorate - sodium peroxoborate - sulfuric acid in the absence of oxidants and catalyst.

It should be noted that the catalyst "M-1" was successfully tested under production conditions and
recommended for use.

The technological cycle of uranium mining by the method of underground borehole leaching includes
the following interrelated technological processes: the actual underground uranium leaching, sorption-
desorption of uranium and the production of concentrate. In accordance with the complex chemical
composition of productive solutions and the low content of useful components, the most suitable variant of
uranium concentrating is the sorption methods.

Unlike other methods, uranium sorption is characterized by the possibility of achieving high puri-
fication factors and a degree of concentration, high selectivity, the possibility of flexible regulation of se-
lectivity by changing pH, oxidation-reduction conditions, complexation, simplicity and compactness of
instrumentation, and a wide variety of artificial and natural sorbents.

Sorption of uranium together with the process of leaching is a kind of indicator of its extraction from
this type of raw material.

Sorption of uranium was carried out in a static mode on Purolite-A500 and Ambersep-920 anion
exchangers. The selected anion exchangers - strongly basic macroporous Purolite-A500 anioniteon the
basis ofstyrenedivinylbenzene matrix and macroporous strongly basic anionite Ambersep-920 based on
cross - linked polystyrene are effectively used in uranium mining enterprises of Kazakhstan.

At the first stage, comparative studies were conducted uranium sorption studies were carried out
according to the above procedure. In the course of the experiment, a productive solution was used from
the leaching of uranium-bearing ore with sulfuric acid in the presence of the "M-1" catalyst. The
characteristics of the productive solutions are given in table 2, and the kinetic curves of sorption are shown
in figure 2.

From the data given, it can be seen that the degree of uranium sorption most rapidly increases during
the first hour, then the extraction rate decreases. The maximum degree of uranium recovery - 89.13% was
achieved from the productive solution from ore leaching using the catalyst "M-1". From the leaching
solution of uranium ore in the presence of an oxidizer-ferric chloride, uranium extraction amounted to
76.35%, and in directleaching with sulfuric acid (without additives) it was 63.31%.

Further, we determined the kinetic dependencies of uranium extraction from solution Nel by Purolite
A-500 and Ambersep-920 ion exchangers in comparison. The results of the experiment are shown in
figure 3, from which it can be seen that the ion exchangers practically equally sorb uranium from the
solution. The degree of extraction of uranium on ion exchanger Ambersep-920 reaches 87.6%, Purolite
A-500 - 89.0% for 8 hours of contact.

Table2 — The characteristics of the productive solutions

" Productive solutions U, , Concentratior}l pH Oxidation-re.duction
mg/dm H,S0,, g/dm potential

1 | With the use of the catalyst "M-1" 86.0 5.0 2.0 408

2 | With the use of an oxidizing agent (trivalent iron chloride) 65.0 5.0 1.6 550

3 | Productive solutions(without oxidizers and catalysts) 53.9 5.6 2.1 480
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Figure 2 — The degree of extraction of uranium from solutions 1-3. The characteristics of solutions are given in table 2
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Figure 3 — Kinetic curves of sorption of uranium from the productive solution on anion exchangers:
1 — Purolite-A500; 2 — Ambersep-920

In addition, studies have shown that increasing the duration of the process beyond 8 hours is
ineffective.

It is known from literature sources [16-18] that at low concentrations of uranium it is possible to use
natural sorbents - shungite, zeolite - to extract it.

During the research, sorption extraction of uranium was tested with natural sorbents. The main con-
stituents of the natural zeolite that we used are chabasite - (Ca, Na)[Al,Si40,,]-6H,0, desmin (stilbite) -
Ca[Al,Si;045]-7H,0, analcite - Na,[AlSi,06]-2H,0 and the harmonic - Ba[Al,Sic01¢]. The composition of
schungite for the main components is given in table 4. It should be noted that in the microquantities the
composition of schungite includes such elements as:Sr, Co, Zn, Y, Cu, Sn, Mo, Ba, Ni, Mn, V, etc.

Table 3 — Chemical composition of schungite

Sorbent Content, % wt.
C SIOZ A1203 FezO3 MgO CaO NaQO KQO
Shungite 10 26.01 6.55 3.81 2.5 13.5 0.6 1.46
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The results of uranium sorption from productive solutions are presented in table 4.

Table 4 — Results of sorption of uranium from productive solutions

Sorbent Loading U Uranium content The extraction of Calculated content of U
4 | Sorbent weicht with a in the mother uranium into the sorbent | in the sorbent without taking
et productive liquor of sorption, . into account sorbed impurities,
& solution, mg mg/dm’ mg % % wt.
1 | Shungite 10 21.25 0.85 19.3 90.9 0.193
2 | Zeolite 12 22.0 0.97 19.8 90.1 0.165

It states in the table that the degree of extraction of uranium by natural sorbents is quite comparable
with the synthetic ones (T: F for synthetic sorbents 1: 500, and for natural sorbents 1-1.2: 25), but their
sorption capacity is low. The main disadvantage of synthetic sorbents is their high cost, and therefore, the
use for uranium sorption from solutions with low concentrations (usually for pre-extraction) is unrea-
sonable. To extract uranium from productive solutions, or from liquid waste of uranium chemical-
metallurgical industries, it is more profitable to use natural sorbents. However, due to the low sorption
capacity, their use is limited. At present, we are working to increase the sorption capacity of natural ion
exchangers for uranium.

Conclusions. At the heart of the hydrometallurgical method of extracting uranium from ores in the
industry of Kazakhstan is the method of underground leaching with sulfuric acid.

The tendency in the development of the world uranium mining industry in the development of the
world uranium mining industry has also affected the uranium mining industry of the republic, which
necessitated the involvement of persistent uranium-bearing ores. The minerals of tetravalent uranium
insoluble in sulfuric acid represent such ores, as a rule. Therefore, at the heart of the overwhelming
majority of research works is the question of the most complete transfer of uranium compounds into a
soluble state, i.e. uranium (I'V) into uranium (VI).

When poorly soluble uranium ores containing mainly tetravalent uranium bysulfuric acid is leached,
the main task is the most complete oxidation of uranium (IV) to uranium (VI). Uranium (IV) in sulfuric
acid is insoluble. In this connection, the study of the effect of new intensifiers on the process of uranium
leaching is of great interest.

The influence of "M-1" catalyst on uranium leaching from persistent uranium-containing ore is
studied and its advantage over traditional oxidants is shown.

Sorption methods are used to extract uranium from productive solutions. The concentration of ura-
nium on Purolite-A500 and Ambersep-920 ion exchangers and natural sorbents - zeolite and shungitewas
studied. In view of the low cost of natural sorbents, their priority use is considered for the extraction of
uranium from productive solutions and liquid waste of uranium chemical and metallurgical industries.

The present work was carried out within the framework of the state order for the implementation of
scientific and technical projects on the budget program "Grant financing of scientific research"” on the
topic: "Development of innovative technologies for selective uranium mining from uranium-containing
solutions using new modified sorbents based on natural minerals of Kazakhstan", funded by the Scientific
Committee of the Ministry of Education and Science of the Republic of Kazakhstan.

B. K. Kemxamunes" %, T. FO. Cypkosa', A. H. Bepkun6aesa', 3. JI. loceimbaeBa’, M. T. UykmanoBa' >

'«Metamtyprus xoHe KenbaiibTy HHCTHTYTh AK, Anmarer, Kazakcras,
*«K. U. CorGacBarhinarsiKa3sakyITThIKTeX HUKATbIK3epTTeyyHuBepcuTeTi» KEAK, Anmatsr, Kazakcran

MUHEPAJIABI IUKIBATTAPJAAH YPAHABIBOJIIII AJTY MOCEJIECI

AHHoTauMs. PannoakTuBTI KeH OpBIHIApbIHAH YpaH eHIIpyAe3aMaHayH FRIIBIMU-TEXHOIOTHSUIBIK MTPOTPECTIH
GarsITTapBIHBIH 0ipi iC XKY3iHIE KaNABIKCHI3 Urepy oaici xkepactsl maimanay (JKIII) 6ombim Tabbuiaab.

KyKIpT KbIIKBUIBIH IIaliMajiay peareHT periHue KojaaHy Tek ypanHblH (VI) KochuibIcTapblH allyFa MyMKIHJIK
Oepeni.YpauubiH (IV) KocbuibicTapbsl KYKIPT KbIIKbUIbIHAA epimerni.Uunyctpusina, ypaugst (VI) ypanra (IV)
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alfHaNABIPY YIIiH TOTBHIKTHIPFRIITAp KeOiHece, KypaMbIHAA TeMip 06ap KOCBUIBICTap KoimaHbanel. OchiraH Oaiina-
HBICTHI J)Kep acThI MaiMalnayaa ypaHabl eHIipydl apTTHIPYIBIH Heri3ri Moceneci - ypas (IV) epirim kyiire aysicy.

Maxkaraga eTrmeni MeTanaapAblH KOCHIHIBICH OOJNBIT TaObUIATHIH «M-1» KaTanm3aTophl KYIIEHTKIII peTiHme
KapacThlpbutaabl. CasBICTBIPMalbl JepeKkTep pylajaH ypaHIbl YAeTHeN MaiManayapl OipHelle OKCHAAHTTHIH
KaTBICYbIMEH 3epTTEYIEePKYPri3iareH. «M-1» KaTannu3aTopbIHBIH 0aCHIMIBIKTHI Al lalaHbUTY bl OaiiKaIabl.

VYpaHzs! epiTiHALIEpAeH aly YIIiH COPOLMSIBIK 9licTep KoylgaHbuIaasl. « M-1» KaTaau3aTOPBIHBIH KaThICYBIMEH
ypaHbl 0ap KeHaepai makManay epitinaiiepiner ypanasl Purolite A-500 xone Ambersep-920 nonurTepiMeH copo-
LUsUIAY/IbIH KMHETHKAIBIK TOYEIAUTIKTEpl OJaplblH adblpMallbUIBIFBIHBIH [IaMalibl €KEeHIH KepceTTi. OnelOuer
Ke3/IepiH/ie YPaHHBIH a3 MeJIIepIMeH OHIMIII epiTiHAIepAeH ypaH aly YUIH Ta0uFu COpOCHTTEp.l mainanany Ty-
pansl ManmiMeTTep Ke3peceni. MyHnail copOeHTTepiH apTHIKIIBUIBIKTaphl ONapAblH KYHBIHBIH ap3aHJIbIFbl OOJIBII
TaObla6l. TaOMFU LIEOINT NEH NIYHTUTIEH YPaHHBIH COPOLMSIIaHYbl TYPalbl MaJIIMETTEp OepiliireH.

Tyiiin ce3nep: ypaH, maiimanay, COpOIMs, KYIIEHTKIII, KaTalu3aTop, COPOEHT.

b. K. Kemxamues" %, T. ¥O. Cypkosa', A.H. bepkuntaesa', 3. JI. locbim6aea’, M. T. Uykmanoa'”

'AO Wuctutyt Metamtypruu u oboramenusi, Anmatsl, Kazaxcras,
’HAO Ka3axckuii HAMOHAIBHBII HCCIIEI0BATEIBCKII TeXHIUecKuil yanBepentet nm. K. U. Carmaesa,
Anmarel, Kazaxcran

K BOITPOCY OB U3BJIEYEHNHN YPAHA N3 MUHEPAJIBHOI'O CbIPbA

Annotanusi. OJHMM U3 HalpaBlICHHH COBPEMEHHOTO HAyYHO-TEXHHYECKOro Iporpecca B pa3paboTke
MECTOPOXKICHUH paJliOaKTHBHBIX PYA SBILIETCS IPUMEHEHHE MPAKTHYECKH OE30TXOAHOr0 Crocoba NoObuH ypaHa —
no3emMHoro BoimenaunBanus (I1B).

[IprmMeHeHne cepHON KUCIOTHI B KaYECTBE BBIIIEIAUMBAIONIETO PEAreHTa MO3BOJISIET M3BJICUb TOIBKO COCIH-
HeHns ypaHa (VI), Tak kak coenuHenus ypana (IV) B cepHoii kucnote He pacTBopsitoTcs. s nepeBona ypana (VI) B
ypa# (IV) B nmpOoMBINUIEHHOCTH HCIIONB3YIOT OKUCIUTENH, Yalle BCETO — COSAMHEHUS] TPEXBAJIEHTHOTO Xkene3a. B
3TOW CBA3M OCHOBHas IpoOjeMa MOBBILCHUS W3BJICUCHUS ypaHa IIPU NMOJA3EMHOM CKBa)KHOM BBILIECTAYUBAHUM -
nepeBon ypasna (IV) B pacTBopumMoe COCTOSHHE.

B crarbe B kauecTBe MHTEHCU(HKATOPA paccMaTpUBaeTcsi KaTaau3atop «M-1», KOTOpBIH MpejcTaBisieT co0on
COCIMHCHUSA NNEPEXOAHBIX METAJIJIOB. HpI/IBeZ[eH])l COIIOCTAaBUTCJIbHBIC JaHHBIC UCCIICAOBAHUSA aruTallMOHHOI'O BBIIIIC-
JIaYMBaHUsI ypaHa W3 PyAbl B MPUCYTCTBUU psifa okuciutenaed. OTMEUEHO NMPHOPUTETHOE HCIIOJIb30BAaHUE KaTallH-
3aropa «M-1».

Jnist u3BIIeUeHns ypaHa U3 IPOAYKTHBHBIX PacTBOPOB IMPUMEHSIOT COPOIMOHHBIE MeToibl. CpaBHEHHE KHHETH-
YECKUX 3aBUCHUMOCTEH COpPOLMOHHOrO W3BJIeUeHHs ypaHa noHHTamuPurolite A-500 m Ambersep-920 u3 mpomyk-
TUBHBIX PaCTBOPOB OT BBIIIEIAUYMBAHNS YPaHCOAEpXKAIIEH pybl B IPUCYTCTBUH KaTanu3aropa «M-1» mokazao, 9to
OHH OTJIMYAIOTCS] HE3HAYUTEIBHO.

B nutepatype mmeloTcs cBeAEHHS O NPUMEHEHUHM HPUPOAHBIX COPOEHTOB IJIS M3BJICUCHHUS ypaHa M3 IPO-
JIYKTHUBHBIX PaCTBOPOB C HU3KUM €T0 cojep:kaHueM. IIpenmyInecTBa Takux COPOCHTOB — UX HEBBICOKAsi CTOUMOCTb.
[TpuBeneHsl JaHHBIE O COPOLMK YpaHa MIPUPOJAHBIMH LIEOJUTOM U LIYHTUTOM.

KiroueBble cjioBa: ypaH, BhIIEIaYlBaHUE, COPOLIMS, HHTEHCH(DUKATOP, KATAIM3aTOP, COPOCHT.
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