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The study of change in extraction degree under the influence of oxidizers
while leaching Uranium ore with sulfuric acid

Sulfuric acid is extensively used in uranium production with In-Situ Leaching method. The
influence of various components on the extraction degree has to be studied in order to optimize
the solution spending and extraction degree of uranium. In the context of this article, the
extraction degree and overall dynamics of the leaching process is studied by numerically calculating
concentrations of dissolved uranium mineral. The calculation is implemented along the path of
leaching solution from injection well to production well. Properties that is being studied is the
change in extraction degree. The change in extraction degree over time at production well is
calculated first without and then with addition of oxidizers, which in case of this work were Iron
and Pyrolusite. On the basis of chemical processes a mathematical model was created to simulate
uranium extraction process. The results show that adding Iron and Pyrolusite to leaching reaction
can increase overall extraction degree of uranium minerals.

Key words: extraction degree, sulfuric acid, oxidizer, in-situ leaching, uranium, numerical
modeling.

Kypmanceitit M.B., Aixkynos I.E., Tyuararaposa M.C.
KyKipT KbINIKBIJIBIMEH ypaHAbI MIaliMajiay Ke3iHae oHIipy aaperKeciHe
TOTBIKTAH/IBIPFBINITHIH, 9CEPIH 3epTTEey

2Kep acrol maitmasiay oIiciHae ypaHabl KBIITKLIT apKbLIbI OHIIPY KEeH TapaJraH 9/1ic OOJIbIn Ta-
ObLIAa/bI. OP-TYPJii XUMUASJIBIK, KOMIIOHEHTTED/IIH OHIIPY J9PEKEeCiHe 9CepiH 3epTTey aTajFaH [po-
IEeCTiH, TUIMILIINIH apTThIpyFa MYMKIHJIK Oeperni. Bepinren makanaga eHIipy JopexKkeci MeH po-
IIECTIH, YKAJIIBI JIMTHAMUKACHI afiJafThIH YHFBI MEH OHJIPY YHFBICHI apachIH/Ia TapaJaThbIH epireH
YPaH KOHIIEHTPAIUSICHIH CAHIBIK, MOJIEJIbIEY aAPKBLIbI 3epTTeseai. OHIIPY YHFBICHIHIATBI OHIIDY
JIOPEKECiHIH O3repici TOTBIKTHIPFBINITHI, SSFHU KAPACTBIPBLIBIIT OTHIPFaH KarF/1aiiia TeMip MeH ITH-
POJTIO3UTTI KOCKAH 2KOHE KOCIAFaH KAFAAMbl €CEeNTeiH/Il. Y PaH/Ibl Kep acThl IMaliMaJay dJTicin
CUMYJISIIUSIAY YIIiH O€PLITeH XUMUSJIBIK, ITPOIECCTIH HEri3iHJie MaTeMATUKAIBIK MOJIE KYPbLIJIbI.
Asbraran HoTHKEJIE MaiiMaJiay Iporeci Ke3iHje TeMip MeH MUPOJIIO3UTTI KOCY Maiiiaibl KOMIIO-
HETTIH OHJIPY JTOPEeKeCiH ocipyiHe aJabll KeJEeTiHIH KOPCETTI.

Tyitin ce3aep: enipy mopexke, KYKIPT KBIIIKBIIbI, TOTBIKTBIPTHIII, K€D aCThl IaiiMasay, ypaH,
CaHJIBIK, MOJIEJIB/IEY.

Kypwmanceitit M.B., Aitxymos J.E., Tyararaposa M.C.
N3yuyenue BaUSHUS OKUCJIUTEJEN HA CTEII€Hb M3BJIEYEHUS MPU BBINEJIAYUBAHUN ypaHa
pacTBOpaMu CEPHOU KUCJIOTHI

Kuciorroe BhimmeraunBanre HanboJiee MOIYISPHBIA METO[ IPOU3BOCTBA, yPAHA METOIOM TO3eM-
HOT'O CKBaKUHHOTO BBIMEeIadnBanus. VccaegoBanme BIUSHIE PA3INIHBIX XUMAIECKAX KOMITOHEH-
TOB Ha CTEIEeHDb U3BJICUEHUS MOYKET 3HAMNTEILHO ONTUMUA3UPOBATE JAHHBIN mporecc. B KomnTekcTe
TEKYIIel CTaThbU, UCCJIEIYeTCs CTEIeHb U3BJICUYeHUs U O0INasl JUHAMHUKA, TPOIECcca MyTeM TUCICH-
HOI'0O MOJIEJIMPOBAHUS KOHIIEHTPAIIMU PACTBOPEHHOI'O ypaHa.
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MopennpoBaHre TPON3BOINTCS BIOJb IIYTU CJIEOBAHNS BBIIIEJIAYUBAIONIETO PACCTBOPA OT 3aKad-
HOU CKBaXKWHBI JI0O OTKAYHOU CKBaKUHBI. lI3MeHeHne cTelenn n3BIedeHns Ha OTKATHON CKBaXKIHE
BBIYHCJIAETCS ¢ U 0e3 100aBleHns] OKUCIUTENEl, KOTOPHIMY B HAIIEM CJIydae SBJISIOTCS 2KEeJIe30 1
nupostio3uT. C ydeToM 3aKoHA JEHCTBYIOMMX MAacC; HA OCHOBE XMMHYECKOH IPOIEccoB ObLIa Imo-
CTPOEHa, MATEMATHYIECKasT MOJED JIJIsT CUMYJIAIIH IIPOIECCA BBIMIETAINBAHNAS ypaHa. Pe3yabTaTs
[MOKA3BIBAIOT, 4TO JI0DaBJIEHUE Kejle3a U MUPOJIIO3UTA B IPOIECCE BBIMIEIAYNBAHNASI MOIYT ITOBbI-
CUATbH CTEIIeHb U3BJICYEHUS I10JIE3HOI'O KOMIIOHEHTA.

KimroueBbie ciioBa: CcTenenb M3BJICYEHUS, CEPHAs KICJIOTA, OKUCIUTENb, IOA3€MHOE BbIIIETadm-
BaHue, ypaH, YMCJIeHHOe MO/IeJIMPOBaHHueE.

1 Introduction

In 2015 Kazakhstan was number one country by uranium production accounting for as much
as 39% of all produced uranium in the World [2]. About 80% of all known Kazakhstan’s
uranium resources can be recovered using in-situ leaching (ISL) method. In fact, 45% of
share of uranium production can be attributed to ISL method [1].

There are two main techniques for leaching of uranium ore: acid and carbonate. the main
factor for determining which technique to use is the type of the ore [3]. The solution that is
used at ISL mines in Kazakhstan is sulphuric acid (H25S0,) [1], while the most common of
uranium ores that are: Uraninite (UO,, U3Og) and Coeffinite(U[SiOy, (OH),)) [4]. Uranium
ore mainly exists in four- and six-valent compounds. Unlike six-valent, four-valent uranium ore
dissolves with complications. In fact, evidence show that most of it stays underground after
leaching was conducted. Therefore, adding oxidizers to leach remaining four-valent uranium,
becomes a necessity. By adding oxidizers the speed of four-valent uranium leaching can be
increased, thus rising overall extraction degree. One of the most common oxidizers used
in uranium industry is Iron (Fe) along with Manganese Dioxide (MnO;) also known as
Pyrolusite [3].

In the context of this article, computational methods are used to study the effects of Iron
and Pyrolusite on uranium leaching process. The results of kinetics for the reactions with
and without Iron along with Pyrolusite were achieved and compared to identify the effects
of said oxidizers on uranium leaching.

2 Chemistry of acid leaching

Uranium trioxide leaching proceeds by the following chemical formula:

UO3(sotiay + 2H fj0iq) — UOg(ﬁiqmd) + H20iquidy, (1)
U03+HQSO4 — UOQSO4+H20, (2)

This reaction happen relatively fast and without complications [3].
Experimental evidence show that Iron is the oxidizing agent which accelerates uranium
dioxide leaching by the following scheme [3]:

UOQ(SOlid) + 2F€?l—l_quzd) — Uogzl_zquzd) + 2F€%l—:quid)’ (3)

Iron which plays the role of oxidizing agent decreases its valence which is a major issue,
since it is no longer available for succeeding reactions. To return it to its original valence,
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Pyrolusite is added by the following principle:

— 2Fe3”r
(liquid)

2F et

(liquid) + MnOQ (solid) + 4H

(liquid)

Hence, overall life cycle should look as follows:

Fe?t + oxidizer —» Fe3t + UM — Fe?t + oxidizer —» Fe3t

The resulting chemical model is described by the system in the formula number (6).

( HQSO4(liqUid — 2Hl—:quzd + SO4(llquzd
Fe(OH) 3(solid) + 3Hl id — Fe(lzquzd + HQO(liqmd)
2
UOZ(SOZUd + 2F€(l2quzd) — UO22l_7,quzd) + 2F€(lzquzd)
2Fe?qumd) + MHOQ solid) + AH ) —
3
2F6(l—l_qmd) + Mn(lzquzd) + QHQO(hqmd)
UO3(50lld) + 2H(lzquzd) — Uog(Jlrzquzd) + H2O(liquid)

\ Ungl_zqmd) + 3502_ [UOZ(SO4) ]

4(liquid)

iqui

(liquid

(liquid)

3 Mathematical model

+ Mn(lzquzd) + 2H20(liquid)

(4)

+ U*" — and etc. (5)

The domain under consideration is one dimensional from injection well to production well,

where the distance between them is equal to L.

To model uranium acid leaching numerically, let us introduce the following conventions:

Ch H* hydrogen concentration
Cy S Oi’ sulfuric oxide concentration
Cs Fe3t iron(IIT) concentration
C,y Fe** iron(II) concentration
Cs UOs* oxidized uranium dioxide concentration
Ce [UO(SO4)3]* uranyl sulfate concentration
Cq Fe(OH); iron hydroxide concentration
Cyo MnQOs pyrolusite concentration
Cs3 UOs uranium(VI) trioxide concentration
Coa UQOs uranium(IV) dioxide concentration
i velocity field
0] porosity
K filtration coefficient
h hydraulic pressure
ki,i=1,6 rate of reaction, where ¢ is respective number

of chemical equation from formula (6)
D;i=1,6 diffusion coefficient

Due to the fact that leaching process take place in porous subterrain environment, Mass
Conservation Law and Darcy’s Law equations are used for modeling purposes.

div(U¢) =0
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Up = —Kgrad(h) (8)

By substituting the Darcy’s Law in to Mass Conservation Law we will obtain the following
hydraulic head equation.

div(Kgrad(h)) =0 (9)

By using Law of Mass Action we can derive the following differential equations that are
used for a numerical research:

(0Cs1 _ ko
o = T (1=d)ps Clef’
agtsz —— (1—;)ps (—k4CyuC3CY + kC1C3)
0Cs3 __ k
8t3 - (l—g)ps 053012
0Csy __ k
5t =~ Ol
301 —+ Ugradol = dw(DlgradCl) + ﬁ( 3]@20510? — 4]{/’4052026% — 2]65053012) (1())
802 + UgradCy = div(DaygradCy) + %( 3keC5C3)
dCB + UgTCLdC;g 'U(DgQ’I"(lng) + ¢Lpl< 2]{305403 + 2]64052026% + kQClef’)
804 + UgradCy = div(DagradCy) + 3 (2ksCuC3 — 2ksCoC3CY)
805 + UgradC% = div(DsgradCs) + L(1636'5402 + ksC3C? — keC5C3
\ 8826 + Ug?“adCG = div(DggradCsg) + 10503
Initial and boundary conditions for mentioned differential equations are as follows:
hlpt—o =0 Chlzp=0=0 Colpt=0 =0 Csz,0=0 = 0.004
C4’x,t:0 = 0.001 CS‘x,t:O =0 C6‘x,t:0 =0 Csl‘x,t:O =0.04
052|x,t:0 - 009 Cs3|x,t:0 = 0002 Cs4‘w,t:0 = 0001
h|x:0,t = hO % ‘x:L,t: 0 Cl|x:0,t =0.2 C2’$=0,t =0.1
C3’:v:0,t =0 C4|z:0,t =0 C5|m:0,t =0 C6|x:0,t =0
Osl|z:0,t =0 CsQla::O,t = 0.02 C’s3|:v:0,t =0 Cvs4|:c:0,t =0
801 |x Lt— (QC; |:c=L,t: % |x:L,t: 83% |x:L7t: % |:c:L,t: % |x:L,t: 0
a1 r=Lt= 8 - ‘m— = J |z Lt= (%4 |x:L,t: 0
where k;,i = 1,6 are usually determined experimentally, while in our case they are

constant and equal to one, since all reactions are occurring at the same time.

4 Results

The idea is to study the kinetics of leaching process from injection well (where leaching
solution is injected) to production well (where leaching solution containing dissolved uranium
mineral is obtained). Therefore, one dimensional problem was considered, and results
were achieved by using implicit method for pressure calculation and explicit method for
concentration calculation [5].
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Figure 1-Kinetics of leaching process from injection well to production well
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Figure 2-Extraction degree of Uranyl Sulfate by numerical time

In Figure 4, after some time when leaching front has reached middle point between
injection and production wells, the concentration of Uranyl Sulfate is indicated by red
and green lines, for leaching with and without oxidizers respectively. The blue line shows
the decreasing concentration of sulfuric acid. It can be clearly seen that Uranyl Sulfate
concentration is higher when Iron and Pyrolusite participate in reaction.

Extraction degree of Uranyl Sulfate by numerical time at production well for both cases
(with and without Fe and MnQO,) can be examined on Figure 4. Evidently, Iron and
Pyrolusite positively affect extraction degree of uranium components when added.
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5 Conclusion

A work has been done to numerically demonstrate that presence of Iron and Pyrolusite in
Uranium leaching reactions can increase the extraction degree of Uranium as well as increase
overall reaction speed. The results show that extraction degree can be increased depending
on concentrations of oxidizers, whereas without addition of oxidizers sulfuric acid would only
leach six valent uranium (UOs3), leaving most of four valent uranium (UO2) underground.
The addition of oxidizers increase the speed of dissolution of four valent uranium, thereby
increasing overall extraction degree.

In future, the influence of other components on leaching process can be studied in a similar
fashion without expensive laboratory experiments. This work was accomplished within the
GF4/3290 project under financial support from Ministry of Education of Kazakhstan.
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