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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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CATALYTIC OXIDATION OF FERROUS IRON
TO INCREASE THE EFFICIENCY OF URANIUM LEACHING

Abstract. Currently, enterprises of the metallurgical complex in Kazakhstan are faced with the problem of raw
materials quality and the impossibility of productive processing of a number of ores. In recent years, not a single
significant mineral deposit has been discovered, and previously discovered deposits are not of industrial interest, due
to the low content of mineral components. «Kazatompromy» enterprises producing uranium by in-situ leaching
method (ISL) were no exception. Today, the metal content in productive solutions is steadily decreasing; to increase
the concentration of uranium production, it is necessary to increase the amount of reagent consumption, which leads
to significant costs. The cost of uranium in the world market has decreased, significant production costs lead to a
decrease in the profitability of production. The mechanism of uranium oxidation by iron ions is catalytic in nature.
To regenerate iron, air oxygen was supplied to the leaching solution along with the oxidizing agent. The paper
presents the results of studies on the possibility of intensifying ISL of uranium by introducing sodium nitrite into the
leaching solution with additional supply of compressed air or oxygen to the leaching solution to ensure the catalytic
oxidation of iron (II) ions by dissolved oxygen. The positive effect of stirring is proven. Research works at the
testing ground with simultaneous supply of sodium nitrite and pure oxygen to LS allowed reaching 1.0 and 1.2 g/l Fe
(IIT) concentrations.

Key words: uranium, in-situ leaching, leaching solution, sodium nitrite, oxidation.

Introduction. To increase the extraction of uranium from ores containing uranium (IV) minerals, it is
necessary to use oxidizing agents to convert the insoluble tetravalent form of uranium to hexavalent. Since
in-situ leaching of uranium-containing ores the solution always contains iron, then interaction reactions of
U (IV) with Fe (III) ions are of both theoretical and practical interest [1, 2]. Interaction process of U (IV)
with Fe (III) ions can follow two mechanisms:

I UO,+ Fe** =UO0," + Fe**
UO;" + Fe** = UO,*" + Fe?* (1)
I UO, +4H" = U* + 2H,0

U* + 2Fe* + 2H,0 = UO,*" + 2Fe*" + 4H"

According to the first mechanism, uranium oxidation occurs on the surface of UO, without hydrogen
ions participation. Since uranium usually dissolves in an acidic medium, the second mechanism, in which
the first stage is the dissolution of UO> in acid followed by the oxidation of U (IV) in solution, may be
equally probable [3].

According to a number of studies, uranium dioxide is poorly soluble in acids. Even at a temperature
of 70°C for 6 hours, 1.76% of uranium is dissolved in sulfuric acid with concentration of 12.5 g/l, at a
concentration of 100 g/l - 2.5%. The same amount of uranium dissolves in perchloric acid, and 1.51-
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1.28% in hydrochloric acid. In this regard, it can be assumed that the second mechanism does not play a
major role in the process, and the oxidation of UO, by Fe (III) ions proceeds according to the first
mechanism.

However, many's the time, due to the regenerative nature of the reservoir, almost all of the iron will
be in divalent form and it must also be oxidized to involve it in the oxidation process [4, 5].

With sodium nitrite appending in leach solutions perhaps two mechanisms of its affecting: direct
oxidation of Fe (II) catalytic effect. Direct oxidation of iron occurs by the reaction:

Fe?* + NO, +2H" =Fe*" + NO + H,0 )

Accordingly, the amount of oxidized iron is directly proportional to amount of added sodium nitrite.
However, using this method, the generated NO will be bound by divalent iron until it ends in the solution,
then when the solution leaves the chink and the pressure drops, intense NO release into the atmosphere
will occur, which will negatively impact the environmental situation.

Fe2* + NO = [Fe(NO)]** 3)

The second mechanism is based on the catalytic effect of sodium nitrite, in which the divalent nitrite
ferrous complex undergoes oxidation. Supply oxygen to the system is necessary and the amount of
oxidized ferrum will depend on the concentration of dissolved oxygen [6, 7].

4[Fe(NO)J*" + O, + 2H,0 = 4Fe*" + 4NO 4)

Experimental part. In order to find a satisfactory solution for Fe (II) oxidation, it was decided to
establish how the process proceeds at atmospheric pressure with aeration and without aeration in a
confined space at overpressure [8, 9].

The oxidation process at atmospheric pressure was carried out in glass tumbler with a volume of
300 ml, a solution volume of 200 ml. The process was conducted while stirring, aeration and in a static
position without external actions. Solution composition and the conditions are as follows: Fe*" stock
solution 2.5 g/1, sulfuric acid 1.54 g/I, sodium nitrite 50 mg/l. Content of Fe** after the addition of nitrite
was 55.85 mg/l. Air supply for aeration was 12 1/hour. Obtained results are presented in table 1.

Table 1 — Fe*" content under various oxidation conditions

Time, h
0.5 1 2 3 4 5
Aeration of Fe**, mg/I 111 125 139 139 139 139
Stirring of Fe3*, mg/l 125 167 223 223 258 279
Statics of Fe3*, mg/l 110 13 139 160 167 181

The concentration of ferric iron in the samples was determined using the volumetric method. The
method is based on the formation of Fe (III) with sulfosalicylic acid, a fulvous color complex at pH 2-3
and the destruction of this complex upon titration with Trilon B to form a stronger complex Fe (III) with
Trilon B, colored in yellow color. Thus, titration is carried out until fulvous color of the solution turns to
yellow [10].

Result and discussion. Received data show that the process proceeds most rapidly with solution
stirring, and upon aeration after 2 hours, the content of Fe (III) does not change, which indicates that the
oxidation process is stopped, it is obvious that nitric oxide is completely blown out of the system. Along
with that, stirring has the most favorable effect, due to the elimination of diffusion restrictions, namely, the
transfer of dissolved oxygen through the surface of the water mirror into the depth of the solution due to
convection. This was mentioned by the authors [11, 12].

Further, the tests were carried out in a pressuretight stainless steel reactor at an air pressure of 8 bar
and with different contents of sodium nitrite, solution volume was 6 liters. The composition of the initial
solution was the same. Table 2 presents the obtained results [13].
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Table 2 — Solution composition in the oxidation of iron at overpressure

Sodium nitrite 50 mg/1
t, min 2 4 10 20 30 40 50 60
Fe’" mg/l 153 167 223 272 307 349 376 397
Sodium nitrite 150 mg/1
t, min 10 20 30 40 50 60 70 17
hours
Fe**, mg/l 321 390 418 446 481 X 726 1075

Dissolved oxygen was 7.8 mg/l, after adding nitrite (50 mg/l) was 6.4 mg/l, which confirms that
dissolved oxygen is not disposed of immediately. After two minutes under a dissolved oxygen pressure of
11.3 mg/l. When sampling, there was instant degassing of the solution due to pressure drop. The air
bubbles are very small, the solution looks turbid, and after about a minute the solution becomes limpid.
The experiment with a sodium nitrite content of 150 mg/l was carried out under similar conditions, after
60 minutes, stirring was carried out for 10 minutes by releasing air from the top point while supplying,
which gave a constant movement of the solution. As can be seen from the table, the dynamics of oxidation
slows down before stirring, and then there is a sharp jump in the content of Fe (III).

Further, oxidation under pressure was carried out with the participation of pure oxygen, the solution
composition is the same, figure 1 shows the reactor in which the process was carried out at an oxygen
pressure of 2.5 and 5 bar and a sodium nitrite content of 50 and 150 mg/l. Figure 2 shows the results.
Detailed description of the participation of oxidizing agents in the leaching process is described by the
following authors [14, 15, 16].

Figure 1 — Oxidation reactor under the oxygen pressure:
1 — reactor; 2 — oxygen supply from the cylinder; 3 — agitator drive; 4 — manometer; 5 — control module

After the first 10 minutes, the solution discolored, the smell of nitric oxide disappeared. After the
appearance of 1 g/l Fe**, the solution acquires a characteristic rusty color. As can be seen from the figure,
at a concentration of 50 mg/l sodium nitrite, the iron content weakly depends on the generated oxygen
pressure, which may be due to the limitation of the oxidation process by the lack of catalyst. At a
concentration of 150 mg/l, the effect of pressure is more pronounced and at 5 bars complete oxidation of
iron occurs in 20 minutes.

An analysis of obtained data made it possible to compile a summary table on Fe (III) oxidation rate
under various conditions. The results are shown in table 3.

—— g4 ——
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Figure 2 — The dependence of Fe3* content on sodium nitrite concentration and oxygen pressure

Table 3 — Rate of Fe (I1I) oxidation under various conditions

Average oxidation rate, mg/l*hour
Static P=8 atm, P=8 atm, P=5 atm, P=2.5 atm, P=5 atm, P=2.5 atm, P=5 atm,
stirring 50 air, air, oxygen, 50 oxygen, 50 oxygen, 150 | oxygen, 150 oxygen,
mg/1 of 50 mg/l 150 mg/1 mg/l NaNO2 | mg/l NaNO2 | mg/l NaNO: | mg/l NaNO: without
NaNO2 NaNO2 NaNO» NaNO2
36 397 520 1500 1500 7500 5000 0

Based on the obtained data, pilot tests were conducted directly on a single block of one of the fields
[17]. Oxygen and sodium nitrite were fed directly into the main pipeline with leaching solution in
technological acidification construction unit (TAC), sampling was carried out in the node receiving and
distribution of solutions, which was located 300 meters from the TAC. The volume of the leach solution
was 55 m’/h, sodium nitrite was supplied with a concentration of 100 and 150 mg/l, the oxygen flow rate
was 2 m*/h. The main provisions for conducting pilot tests are described by the author [18].

Similar works on iron oxidation in the ISL of uranium was carried out by the all-russian scientific
research institute of chemical tecnology [19]. Principle of method is the addition of ammonium
lignosulfonate, alkali or alkaline earth metals (lignin) for oxidation. Also, a similar technology was used in

[20].

First, oxygen was supplied without sodium nitrite for 30 minutes, analysis of the solution showed that
iron oxidation did not occur, and then sodium nitrite was turned on. From table 4 it can be seen that the
Fe** content continuously increases over time and with a higher concentration of sodium nitrite, this
process is noticeably faster.

Table 4 — Indicators of leaching solution with simultaneous leading of sodium nitrite and oxygen

100 100 100 150 150 150 150
Indicators of LS NaNO2 NaNO: NaNOz NaNO» NaNO: NaNOz NaNOz
mg/l+02 | mg/l+02 | mg/l+02 | mg/l+02 | mg/l+02 | mg/l+02 | mg/l+ 02
15.30 16.30 18.30 10.20 10.40 11.10 11.40
Before leading pH 1.48 - 1.48 - - - -
ORP, mV 373 - 372 - - - -
Fe?', g/l 2.40 - 2.40 - - - -
Fe*', g/l 0.11 - 0.11 - - - -
After leading pH 1.48 1.51 1.53 1.45 1.45 1.44 1.47
ORP, mV 390 419 432 400 403 403 412
Fe?', g/l 248 1.73 1.34 2.01 1.67 1.84 1.28
Fe¥', g/l 0.2 0.73 1.00 0.42 0.81 0.67 1.17

95 =——
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Conclusion. The process under consideration proceeds rather slowly at atmospheric pressure, while
aeration contributes to the complete removal of the catalyst from the system, as a result of which the
process ceases. Stirring has a significant effect. Significant intensification of the process is observed
during testing at excessive pressure of air or oxygen. The beneficial effect of stirring is also confirmed.
Maximum efficiency was recorded when using pure oxygen as an oxidizing agent with its excess pressure
and mixing in a confined space. Moreover, the effect of pressure is negligible at low concentrations of
oxidizing agent. The oxidation reaction of Fe (III) when using pure oxygen as an oxidizing agent, but
without the addition of nitrite does not proceed. Research works at the testing ground with simultaneous
supply of sodium nitrite and pure oxygen to LS allowed reaching 1.0 and 1.2 g/l Fe (III) concentrations at
nitrite concentrations of 100 and 150 mg/l, but the peak was not reached by iron content in view of the
limited duration of the experiments. Thus, the efficiency and feasibility of using sodium nitrite
simultaneously with oxygen supply under pressure to leaching solution magistral during Fe*" oxidation in
the process of uranium in-situ leaching.
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YPAHJIBI HIAMMAJIAY TUIMJILIITTH APTTBIPY YIIIH BUBAJIEHTTI
TEMIPII KATAJIUTUKAJIBIK TOTBIF'YbI

Annoranus. Kazipri yaksirra Kaszakcrangarsl MeTaLUTyprust KeIICHiHIH KOCITOPBIHAAPEI IIUKI3aT Carackl XKoHe
Oipkarap KeHIepai eHIMIl KaiiTa eHuey MYMKIH eMecTiri MocenenepiMer Oerre-0et kenyae. by npobiiema Taburwy,
OUTKEHI COHFBI OHKBUIABIKTapAa KOITEeTeH ipi KeH OpBIHIAp ©3ICpiHiH OHAIPICTIK MYMKIHIIKTEpiH CapKBII bl
CoHBIMEH KaTap, COHFBI XbUIHAphl Oipme-Oip MaHBI3IBI Maiinanel Ka30a KeH OpHBI TaObUTFaH JKOK. [laiimambr
KOMITIOHEHTTEpP/IH TOMEH KypaMblHa OalIaHBICTBI aIlIbUIFAaH KEH OpPBIHAAPBl ©OHEPKACINTIK KBI3BIFYIIBIIBIK
TyAbIpMaiibl.

YpaHapl xKepacThUIBIK YHFBIMA apKbUIbI IIaiiManay ojiciMeH InbirapaThiH "Ka3aromeHnepkacin” ma epekiiernik
emec. byriHri kyHi eHiMAl epiTiHIiNepAeri MeTalIblH KypaMmbl YHEMI TOMEHIEWAl, ypaH OHIIpICiHIH KOHIEHTpa-
LUSICBIH apTThIPY YLIIH peareHTTEepl TYThIHY KOJIEMIH apTThIpy Ka)eT, OyJl alTapibIKTall IIBIFbIHIAPFA JKeJe/.
Cinrici3genaipy epiTiHAICIHIET] KBIIIKBUI KOHLIEHTPALMICHIHBIH >KOFapbUIaybIMEH OaiJIaHBICTBI 3JIEMEHTTEpPAiH
MeJmepi apraxsl, Oy1 opi Kapaih eHueyre tepic acep ereni. KyH caiiblH ypaH KoCIMOpHBIHA XKY3IET€H TEKIe
pearentrep KakeT. COHFBI >KbUIIApbl ypPaHHBIH QJIEMJIK HApBIKTarbl Oarachl TOMEHJIETEHIIKTEH, OHIIpICTiH
alTapNbIKTall MIBIFBIHAAPE OHIIpIC PEeHTAOCTBIUTITIHIH TOMEHIEYiHe anbll Keledi. OHIMHIH epiTiHAiIepiHaeri
YpaHHBIH KOHIICHTPALMACHIH apTTHIPY YIIIH EPITiHIIHIH mmaiiManay MMOTEHIHAJBIH apTTRIPY KakeT. OmeduerTep
OolfbIHIIIA, KabaTTarel ypaH TETPABAJICHTTI JKOHE AaNTHIBANCHTTI Kyiime Oomampl. XKepacTBUIBIK YHFBIMA apKBLIBI
nraiiManay KesiHze epiTiHIire TeK auTBIBAICHTTI ypaH Kipexi, TeTpaBaJieHTTI ypaH KabaTTeIKTa Kamaasl. Epitinaire
TETPABAJICHTT] ypaH ajly YIIiH OHBI aJTHIBAICHTTI KYHTe ACHiH TOTBHIKTHIPY KEpeK, OJ1 YIIiH TOTBIFY areHTiH eHri3y
apKBUIBI CUITICI3ACHIIPY €PITIHHICIHIH TOTBIFY-TOTHIKCHI3AHY MOTEHIIMAIBIH apTThIPY Ka)KeT, OHBIH MOJIIepi eTe
HIEKTEYNi. ByJl TOTBIKTBIPFBILI 3aTThIH KOpIIAFaH OpTara ocepi MEH TOTHIKTBIPFBIII 3aTThIH ©3iHAIK KYHBIHA
OaiinaHbICThl. TOTBIKTBIPFBIILITAPIBIH KeJIecl Typiepl KOJJaHBUIAIbL: CYTEeK MEPOKCHIl, OTTEri, YIIBAJEHTTI TeMip,
HaTpuil HUTPUTI koHe T.0. CyTeK MEepOKCHUII TOTBHIFBI JKOFAapbl TOTBHIKTBHIPFBIN KacueTke ue xoHe "Kazaromenep-
KacCin" KociMOphIHAApBIHA KeH OPHBIHBIH TEXHOJIOTHSIIBIK KOHABIPFBICHIH KBIIIKBUIIAHABIPY1a KOIaHbuIa bl bipak
KBIMOATIIBUIBIK, TICPOKCUITI YHEMI KOJJaHyFa MYMKIHIIK Oepmeimi. OTTeri €H ap3aH TOTHIKTBIPFBIII OOJBITT
TaOBUTAJIBI, aNaiila OHBIH THUIMALUIITT ayaJarbl KYpPaMbBIHBIH a3AbiFbIMEH (= 21%) koHE CYHBIK (ha3amarbl TOMEH
epIrimTiriMeH meKTeNe i, OHBIH KypaMBIHIA TY3 KOl MeJepae O0IybIHa Ko OepMeiIi.

XepacTeublK yHFBIMA apKeUIbl maiiManay kesinge Ily-Capeicy ypaH Mera-npOBHHIMSCHIHBIH KEH
OPBIHIAPBIHIAAFBI HETI3T1 TOTBHIKTHIPFBIII - YIIBAJICHTTI TEMip HOHAAPHI 0O0JIBIN Ta0BLIa IbI, OJIap dpAaiibiM KabaTrapaa
Gonamel. YpaHHBIH TeMip HOHAAPBHIMEH TOTBHIFY MEXaHW3Mi TaOWFaTTa KaTAIUTHKAIBIK O0JbIn TaObuianbel. TOTBIFY
Ke3iHJe TeMip OMBANEHTTI KYHTe TOTHIKCHI3AaHABIPBUIAIBI 1a IPOIIECTIH JKbUIAAMIBIFBI TOMEH IS I, CINTICI3AeHAIpY
epITIHIICIH KaiiTa OelceHAipyAl KaXeT eTell, SFHU ePITIHIIre KOChIMIIA TOTHIKTBIPFBILI 3aTTapAbl CHI13y apKbLIbl
YIIBAJICHTTI TeMip MOHAAp/bIH pereHepauusichl. COHbBIMEH TeMIpAl pereHepanysiay YIIH KOCBIMIIA TOTBIKTBIP-
FBIIITBHl €HT13y MYMKIHZIIri Oap. ByJl TOTBIKTBIPFBILI KeJeci eieMaepre CoMKec OHTailibl OONybl Kepek: KYHBI -
OipiHII Ke3eKTe Kasipri Tay-KeH ©HAIpici KoCIHOPBIHAAPIBIH KBI3BIKTHI, Keleci — THIMIUIIK, COHFBICHI -
naljanaHplIFaH PEareHTTiH 3WSHCHI3/BIFB, OWTKEHI KOpIIaraH opTara KENTIPeTIH 3alayiibl a3alTy eHIipic
TipeKkTepiHiH Oipi OoJbIn TaObUIaEl. OHeOHEeTTep OOMBIHINA CUITICI3ACHIIPY CPITIHAUICPAIH TOTHIFY OSJIICeHILTIrH
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apTTHIPYy YIIiH aTMocdepanblK OTTEeriH KOchIMINA naiaananyra Oonansl. CLITICI3ACHAIPY epITIHIICIHE TOTBIKTBIP-
FBILI 3aTreH Oipre aya OTTEriH KamTamachli3 erefi. Ta3a oTTeri CHSKTHI aya OTTETiHIH 631 THIMII eMecTiri Oenriii.
Ocbifad 0aiIaHBICTBI KYMBICTBIH MakcaTbl TeMmipaiH (II) MOHIapbIHBIH epiTUIreH OTTEeriMEeH KaTaluTHKAaJIbIK
TOTBIFYBIH KaMTaMachl3 €Ty YVIIIH CHIFBUIFAH ayaHbl HEMece OTTEriH CUITICI3IeHIpy epiTiHIICiHe KOChIMIIa
KaMTaMachl3 €TYMEH CUITUII epiTiHAIre HaTPUi HUTPUTIHIH TOTBHIKTBHIPFBILIBIH €HII3y apKbUIbl YPaH/Ibl )KePaCTIIBIK
YHFBIMa apKbUIbI MaiMalayabl KyIenTy MYMKIHJITIH 3epTTey OOJIIBL.

Tyiiin ce3mep: ypaH, *epacTbUIBIK YHFbIMa apKbUIbI HIaliMajay, CUITICI3IEHIIpY epiTiHAici, HATPUH HUTPHTI,
TOTBIFY.
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KATAJIMTUYECKOE OKUCJIEHHUE JIBYXBAJIEHTOI'O KEJIE3A
JJIA ITIOBBIINEHUSA 9O PEKTUBHOCTHU BBIIIIEJTAYNBAHUSA YPAHA

AnHOTanus. B HacTosIIee BpeMst IpeANPUATHS METAILTYprHYecKoro KoMIuiekca B Kazaxcrane, CTOJIKHYJIUCH C
npoOJIeMol, KadecTBa CHIPbS W C HEBO3MOXHOCTBIO NPOJYKTHBHOW mepepaboTku psjaa pya. HdaxHas mpobiema
3aKOHOMEpHA, MOTOMY KakK 3a TOCJIEOHHE IECSATHICTHS MHOTHE KpPYIHBIE MECTOPOXKACHHUS HWCUEPIIald CBOHM
MPOMBINIICHHBIE BO3MOXKHOCTH. Tak jke 3a IOCIeAHHWE TONbl He OBUIO OTKPHITO HU OHOTO 3HAYUTEITHHOTO
MECTOPOXKICHHS TIOJIE3HBIX HCKOMaeMbIX. OTKPBITBIE MECTOPOXKICHHS HE TIPEACTABILIIOT IMPOMBIIUICHHOTO
HWHTEpeca, B CBSI3U C HE3HAUYUTEIBHBIMH COIEPKAaHUSIMU TIOJIE3HBIX KOMIIOHEHTOB.

Ipennpusatus «Kazatomnpomay, moObIBaromue ypaH METOAOM ITOJ3€MHOIO CKBaXKWHHOTO BBIIIETAYHBAHUS
(IICB) ©e cramm uckiroueHneM. Ha ceromHSAIIHWN [I€Hb COAEp)KaHWEe MeTaula B NPOSYKTUBHBIX PacTBOpax
HCYKJIOHHO CHHMKACTCA, UIA YBCJIMYCHUA KOHICHTpAallUW YPaHOBBIM IIPOU3BOJACTBAM H606XOJII/IMO YBEJIMYMBATH
KOJIMYECTBO HOTpe6J'IeHl/ISI PearcHToB, 4YTO MNPUBOAUT K 3HAYUTCIILHBIM 3aTpaTaM. C MOBBIIIEHUEM KOHICHTpalunu
KHCJIOThI B BbIIICTIAaYMBAIONIEM PACTBOPE YBCIMYUBACTCA COACPIKAHUC IMOMYTHBIX DJJICMCEHTOB, YTO HCTaTUBHO
CKa)XeTcs Ha JaybHelIIeil mepepaboTke (B OCOOCHHOCTH OOJBIIOE BIMSHHE OKa3bIBA€T OKCHJA KPEMHUS).
ExecyTouHO ypaHOBOMY MpPEANpPHATHIO HEOOXOAWMBI COTHH KyOOB peareHTOB. Tak Kak B IIOCIEIHHE TOJbI
CTOMMOCTh ypaHa Ha MHPOBOM PBIHKE CHHU3WJIACh, 3HAUMTEIbHBIE 3aTPaThl MPOU3BOJCTBA NPHUBOIAT K CHIDKEHHUIO
peHTa0enpHOCTH NOOBIYM. J[Isi MOBBINIEHUS KOHICHTPAMK YpaHa B TPOAYKTHBHBIX PacTBOpaxX, HEOOXOIMMO
YBEJNMYHTH BHIMICTAYUBAIOIINI TOTEHIMAN pacTBopa. CorflacHO ITUTEepaTypHBIM JaHHBIM, ypaH B IUIACTE 3aJIETaHUs
HaXOJWUTCS B YETBIPEXBAJICHTHOM M IIecTHBaieHTHOM coctosHuu. [Ipum IICB B pacTBOp NEpexOmuT TOJIBKO
IIECTUBAICHTHBIN ypaH (C COMyTCTBYIOMUMHY I€MEHTAMH), YETHIPEXBAJICHTHBIN YPaH OCTASTCs B IJIACTE 3aJICTaHuUs.
Jnsa wm3BiedeHHS YETHIPEXBAJICHTHOTO YpaHa B pacTBOp, HEOOXOOMMO OKHCIUTh €ro J0 IIeCTHBAIEHTHOTO
COCTOSIHHUS, JUIS 9ero HeOoOXOIUMO MOBBICUTH OKHCIHTEIHHO-BOCCTAHOBUTENBHBIA ITOTEHIIHAI BBIIICTAYNBAIOIIETO
pacTBOpa C IOMOILBIO BBEJCHUSI OKHCIUTENS, KOJMYECTBO KOTOPHIX BECbMa OrPaHUUYEHO. DTO CBS3aHO C BIMSHUEM
OKHCJIUTENS HA OKPYIKAIOUIYIO CPEAY U CTOMMOCTBIO OKUCIUTENS. VICHONB3YIOTCS CIeAYIOIIUE BUIbI OKUCITUTENEH:
MEpOKCU/I BOJOPOJA, KUCIOPOJ, TPEXBAJIEHTHOE JKEJe30, HUTPUT Harpusi u 1p. Ilepokcuy Bomopoma obiagaer
BBICOKMMH OKHCIIUTEIbHBIM CBOHCTBAMH M €r0 HCIIOJB3YIOT IIPH 3aKHCIEHHHM TEXHOJOTHYECKOro OJoKa
MecTopoXkJeHusl Ha npeanpusatusix «Kazarommpomay». Ho goporoBu3Ha He MO3BOJISET UCIOIB30BATh NMEPOKCHI HA
MIOCTOSTHHOW OCHOBe. Kucnmopon Bo3ayxa SBISIETCS CaMBIM JEUICBBIM OKHCIHTENEM, OTHAKO ero 3(h(HeKTHBHOCTh
OrpaHWYEeHa MaJBIM cozepXkaHHeM B Bo3ayxe (= 21% 00.) m manoif pacTBOPHMOCTBIO B JKHIKOW (ase, uemy
MPETATCTBYET 3HAYUTEIBHOE COJIECOAEPIKaHIE B TOM YHCIIE.

IIpu I[ICB ypana ra mectopoxxaernsx Llly-Capricyiickoii ypaHOBOIH Mera-IpOBUHIIMA OCHOBHBIM (ITPUPOIHBIM)
OKHUCITUTEJIEM SBIIIOTCS WOHBI TPEXBAJCHTHOTO JKelie3a, KOTOpbIe BCErAa MPHCYTCTBYeT B IulacTe. MexaHW3M
OKHCIICHHS ypaHa HOHAMH KeJie3a HOCUT KaTaINTHYECKUI XxapakTep. B Xxome okucneHns xene30 BOCCTaHaBIHBACTCS
JI0 JBYXBAJEHTHOTO COCTOSIHMS M CKOPOCTH IpoIlecca MaaaeT, 4To TpeOyeT MOBTOPHOW aKTHBallMd pPacTBOpa
BbIIIC/IAYMBaHUsA, T.C. pErC¢HEPAIIUM NOHOB TPECXBAJCHTHOI'O KE€JI€3a 3a CYHCT BBCIACHHUSA B PACTBOP AOIOJIHHUTCIIbHBIX
okucnutener. Tak Juis pereHepaluy jkene3a BO3MOXKEH BBOJI JIOTIOJHUTEILHOTO OKUCIUTENS. JJaHHBIH OKUCIHUTENh
JIOJDKEH OBITh ONTHMAIBHBIM IO CICAYIOUIMM KPUTEPHUSIM: CTOMMOCTD JJII COBPEMEHHBIX JOOBIYHBIX MPEAPHUSITHI
HaXOJWTCSl HAa MEPBOM MecTe, naiee sABIseTcs 3(QGEeKTHBHOCTh W IOCIEAHEEe 3TO 0E3BPEIHOCTH HCIIOJIB3YyEMOro
peareHTa, T.K. MUHIMHU3aIMs BPEa SKOJIOTHH SIBIISIETCS OJJHUM M3 CTOJINOB Pon3BocTBa. COTIacHO JIMTEpPaTypPHBIM
JAHHBIM, JJIS TIOBBIIICHUS OKWCIUTENFHOW AaKTHBHOCTH pACTBOPOB BBHIIICIAYMBAHUAS MOXXHO HCIOIB30BaTh
JIOTIOJTHUTENIFHO KHCJIOPOJA BO3IyXa. B BEINIETaYMBAIOIINIT PAacTBOP BMECTE C OKHCIHTENEM IIONaTh KHUCIOPO.
BO3Iyxa. 1I3BECTHO, YTO KHUCIIOPOJI BO3IyXa caM 1o cebe He A (eKTUBEH, Takke, KaK U YUCTHIN Kuciaopo. B cBs3u ¢
9TUM LeNbl0  Pa0OThl CTajJO HCCIENOBaHHE BO3MOXKHOCTH HHTEHCU(PHKAIMKM IIOJ3EMHOT0 CKBOKHHHOIO
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BBIIIICJIAYMBAHMS ypaHa 3a CYET BBEACHUSA B BBILIECIAYMBAIOLIMN DPACTBOP OKHUCIUTENS HUTPUTA HATPUS IPU
JIOTIOJTHUTENFHOM I0Jladue CXKAaTOr0 BO3AyXa WM KHCIOPOAA B BBHIENAYMBAIOIINI PAacTBOp UIA OOeCIIeYeHHUs
KaTaJIUTHYECKOT0 OKUCIEHHs HOHOB kene3a (II) pacTBOpeHHBIM KHCIOPOAOM.

KiroueBble cjioBa: ypaH, MOJ3€MHOE CKBaKMHHOE BBIIIETAYMBAHKE, BBIINIEIAYUBAIOIIUI PacTBOpP, HUTPUT
HaTpHs, OKUCIICHHE.
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