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Abstract

In recent years, with the development of techniques and methods for in-situ leaching (ISL), additional uranium
extraction from previously worked-out blocks is becoming not only relevant, but also quite achievable. In this
case, the extraction of residual uranium reserves from previously worked-out blocks does not require additional
costs for the necessary infrastructure. One of the most important factors in the formation of residual uranium
reserves in worked-out blocks is the presence of clay minerals in the ore horizon. In this regard, we conducted
a number of studies on the adverse and positive effects of clay minerals on ISL process. Water permeability
and relatively good filtration (not less than 0.5-1 m/day) of ores and rocks of a productive horizon (aquifer)
is the most important hydrogeological factors affecting the performance of uranium ISL. The second most
important hydrogeological factor is the lack of fluid communication between the productive aquifer and non-
productive aquifers, i.e., the obligatory presence of aquicludes. The role of clays in these hydrogeological
factors is twofold. On the one hand, the presence of clays negatively affects both the solutions filtration rate
and uranium extraction. On the other hand, the presence of clay minerals (forming an aquiclude) enhances
the effect of ISL. The study findings allowed the role of clay minerals in uranium ISL to be assessed. The
diffusion coefficients of nitrate ions in the clays were determined, and the protective effect of aquicludes
was calculated. The effect of the clay content in the ore sand horizon on the solutions filtration coefficients
was also established. The static uranium exchange capacity of clays was determined by studying the process
of uranium sorption by clay samples from sulfate and bicarbonate solutions. The studies established the
diffusion coefficients of nitrate ions in montmorillonite and kaolinite clays, which amounted to 3.34-10°¢ and
2.14-10¢ cm?/s. Taking into account the calculated values of diffusion coefficients, the protective time of the
clayey aquiclude for nitrate ions was 43 years. At 20 % clay minerals content, the solution filtration coefficient
decreases to values where ISL conditions become unfavorable. It was found experimentally that the sorption
of uranium by clay minerals depends on both the nature of the clays and the composition of the solution.
Uranium sorption from sulfate solutions proceeds noticeably better than that from bicarbonate solutions. The
highest values of the static uranium exchange capacity were obtained for bentonite (104 mg/g).
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AHHOTaUuA

B mociegHue ToAbl C pasBUTMEM TEXHUKM U TEXHOJIOIMM IOJ3eMHOro BhimienaunBauus (I1B) mouspieue-
HIE ypaHa U3 paHee OTpa6OTaHHbIX 6J'IOKOB CTAHOBUTCSI HEe TOJIBKO aKTyaanoﬁ, HO M BIIOJIHE OOCTUMXKU-
MOIJi 3aJjaueii, TaK KaK M3BJaeUYeHe OCTaTOUHOrO 3aIaca ypaHa 13 paHee 0Tpab0TaHHBIX GIOKOB He TpebyeT
JIOTIOJIHUTEIBbHBIX PACXOJI0B Ha HEOOXOAMMYI0 MHOGPACTPyKTypy. OmHUM U3 BaskHemux ¢hakTopoB ¢Gop-
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MMPOBAHMSI OCTATOYHOTO 3aIlaca ypaHa B OTPaOOTaHHBIX 6JI0Kax SBJSIETCS MPUCYTCTBUE TJIMHUCTBIX MU-
HepaJIOB B PYJTHOM TOPU30HTE. B CBSI3U ¢ 3TMM HaMu ObLI MIPOBEJEH PSIZT MCCAeLOBAHUI IO M3YUEHUIO OT-
pULIATEIBHOTO U MOJIOKUTEbHOTO BAMSIHUS ITIMHUCTBIX MUHepasioB Ha mnpotuecc [1B. BogonpoHuiiaeMocTb
¥ OTHOCUTEJIbHO Xopomrast hpunbrpauus (He meHee 0,5-1 mM/cyT) pya U MOPOJ MPOIYKTUBHOTO FOPU30HTA
3aHMMAIOT IIepBOe MeCTO B PsILy TMApOoTeosiornueckmx GakTopos, BAusonux Ha a¢gdextupHoCTb 1B ypaHa.
BTOpBIM MO 3HAUMMOCTU TUAPOTEOJOTUUECKUM (DAKTOPOM SIBJISIETCSI OTCYTCTBME TMAPOJIOTUYECKON CBSI3U
TIPOIYKTUBHOTO BOJOHOCHOTO FOPM30HTA C HEMTPOAYKTUBHBIMYU TOPU30HTAMM, TO €CTh 00513aTe/IbHOe HaJu-
yiie BOJOYIIOPOB. [Ipy 9TOM poJIb IJIMH B YKa3aHHBIX TUIPOTre0ornyecknux pakropax — gBosikas. B mepsom
Cryyae HaJIM4Me TIVMH HeTaTUMBHO CKa3bIBAETCST KaK HA CKOPOCTU (PMIbTpaIiMu pacTBOPOB, TaK M HA U3BJIe-
yeHUM ypaHa. Bo BTopoM — Hanmume MNIMHUCTBIX MUHEpPaIoB (B KaueCcTBe BOLOYIIOPOB) ycuinBaeT addexT
[1B. B pe3synbTaTe UCCIeIOBaHMS AAaHA OIl€HKA POJIM TIMHUCTBIX MUHEPAJIIOB B MPOILIecce Mo 3€MHOTO BbI-
IeauMBaHms ypaHa; ornpeaeneHbl KoabduuyeHTsl auddy3unm HUTpaT-MOHOB B IVIMHAX M PACCUMTAHO 3a-
IIVTHOE JeiiCTBYE BOAOYIIOPOB; YCTAHOBJIEHO BIMSIHME COlePsKaHUS IJIMH B PYJTHOM IT€CYaHOM rOPU30HTE
Ha K03hGUIMeHThI GUABTPAIMM PACTBOPOB; OTIpeIe/IeHbl CTATUYECKYIEe OOMEHHBIE eMKOCTY IJIMH I10 YpaHy
MyTeM MCCIeIOBaHMsI TIpoliecca copouyy ypaHa Ha TIMHUCTBIX 06pasiiax M3 CepHOKMUCIBIX M GMKapboHaT-
HBIX PAcTBOPOB. [IpOBeIeHHBIMU UCCIIEOBAHUSIMIU YCTAHOBIEHbI KO3 dunyeHTs! nuddy3nun HUTpAT-UO0-
HOB B MOHTMOPM/JIOHMTOBBIX ¥ KAaOJIMHUTOBBIX ITIMHAX, KOTOpbIe cocTaBuian 3,34-107° u 2,14-10°¢ cm?/c.
C yueToM MOJYYEeHHbIX pacueTaMy 3HayeHuit Ko3bduimeHToB n1udbdys3un 3ammTHOE BpeMS [JIMHUCTOTO
BOAOYTIOpA AJISI HUTPAT-MOHOB CcOCTaBuUIO 43 rona. [Ipu 20%-HoM comepskaHUM INIMHUCTBIX MMUHEPAJIOB KO-
aduumeHT GuabTpaIMM PaCTBOPOB CHMUKAETCS 10 3HAUEHM1, KOTAa yeIoBust IIB cTaHOBSITCS He6GIaronpm-
SITHBIMM. DKCITePUMEHTATbHO YCTAHOBJIEHO, UTO COPOIMS ypaHa IMTMHUCTBIMY MUHEPATIaMU 3aBUCUT KaK OT
TIPUPOZBI IJINH, TAK U OT COCTaBa pacTBopa. M3 cepHOKMCIIBIX PACTBOPOB COPOIMS ypaHa MTPOTEKAET 3aMETHO
JIy4Iiie, uem 13 6MKapObOHATHBIX PACTBOPOB. IIpM 3TOM HaMbObIINE 3HAUEHUS CTATUUECKO i 0OMEHHOIT eM-

KOCTHM TIO ypaHy MMOy4YeHsbI 115t 6eHToHMTa (104 Mr/T).

KnioueBble cnoBa

ypaH, MOA3eMHOe BbIllleslauMBaHNe, rMHa, GuabTpamys, Koabduiment nquddysnmn, BogOTPOHUIIAEMOCTD,
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Introduction

In-situ leaching (ISL) mining methods find
large-scale implementation and ensure the effective
operation of mining industry in many countries [1-4].
The properties of the rocks and minerals involved in
ISL processes determine its performance. Therefore,
research aimed at studying the key physical and
chemical processesin ISL processis of great importance.

In our opinion, insufficient attention has been
paid in historical studies to the influence of clay
properties on the ISL process [5-8]. For example,
in [5, 6], the emphasis was placed on the influence
of clays on the filtration of solutions through an
ore horizon, while quantitative characteristics of
the filtration coefficients were not presented. In
[7], for the first time, the role of clayey aquicludes
was included in the list of the classification factors
for deposit developed by ISL. method. However, the
numerical values of the diffusion coefficients of
elements were not presented, and no examples of
calculating the thickness of the protective aquiclude
were given. In [8], the influence of clays on the water
permeability of an ore layer was described, but similar
to [5-7], nothing was said about the influence of clay
minerals on the sorption of uranium from pregnant
solutions, leading to losses of leached metal.

40

The purpose of our study was: a) to estimate
the coefficients of diffusion in clay minerals and
calculate the thickness of a protective aquiclude;
b) to study the effect of the content of clay minerals
on the solutions filtration coefficient; and c) to study
the sorption of uranium by clay minerals.

Positive effect of the properties
of clay minerals on ISL processes

In order to establish the thickness (height) of
a clayey aquiclude as a screen to protect against
the harmful effects of leaching solutions on natural
waters, we conducted studies to determine the
diffusion coefficients of some chemical components
in clays. Since clay aquicludes are mainly represented
by montmorillonite (bentonite), less often kaolinite,
these clay minerals were considered in the study.
First, it was taken into account that the rate of
penetration of chemical components through clays
is limited by diffusion [9]. Second, a relatively toxic
NO; —anion (MPC =45 mg/L) present in the pregnant
solutions of uranium ISL was selected as the chemical
component to be studied.

It is incorrect to use metal cations (e.g., UO*) as
chemical components in diffusion studies, since the
diffusion process is accompanied by cation-exchange
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sorption of metals by clays (in exchange for Ca*', Mg*',
Na*) by reaction:

+2 2+ +2 +2
R-Caj,, +UO} =R-UO, +UOZ. (1

As for anions, according to data of [9] and our
studies [10], NO; anions are not sorbed by bentonite
and kaolinite.

Samples of intact bentonite and kaolinite
clays were used in the experimental studies.
The identification of constituent minerals of the
clays was carried out using a “Dron-3.0” X-ray
diffractometer with a tube 03BSV - 25-Cu. The
content of exchangeable forms of cations and the
total cation-exchange capacity (CEC) of the clays
were determined based on their interaction with
a0.1N solution of ammonium acetate at pH= 7.0 [11].
The composition of the clay samples is presented
in Table 1. It shows that alkaline-earth bentonite
contains 93 % of montmorillonite, while the content
of the main mineral in the kaolinite clay sample
is 88.2 %.

The studies to determine the diffusion coeffi-
cients in the clays were carried out according to the
technique described in [12, 13] in a laboratory setup,
the schematic of which is shown in Fig. 1.

An intact clay sample with known area S and
thickness h was placed in a glass tube. Gauze swabs
were placed on both sides of the sample for stability
and destruction prevention. The tube containing the
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clay sample was connected to the vessels through the
rubber stoppers. Vessel A was filled with a solution of
volume V, with known concentration NO;. Vessel B
was filled with distilled water of volume V. The same
level of the liquids in the vessels was maintained on
both sides. Magnetic stirrers were used to stir the
solutions, in order to create a uniform concentration
of NO; throughout the whole volume. The conditions
of the experiments were constant: t = 200 °C, stirring
solutions at arate of n=50rpm; V,=V,=1L.

The diffusion coefficients were calculated based
on the experimental data obtained using Fick's first
law equation:

D=Am(h/1)S(C,-Cy), @)

where D is diffusion coefficient, cm?/s; Am is weight
of substance transferred during diffusion, mg,
Am = C,Vy; h is thickness of clay sample, cm; t is
diffusion time, s; S is area of clay sample, cm?; C, is
equilibrium concentration in vessel A, mg/cm?; C; is
equilibrium concentration in vessel B, mg/cm?>.

The conditions and findings of the experiments
and the calculated diffusion coefficients of NO; - ions
in the clays are presented in Table 2.

As can be seen from Table 2, the values of the
diffusion coefficients obtained agree well with the
findings of [14, 15]. In particular, according to [15],
the diffusion coefficient of Cl- in bentonite was
3,0-107° sm?%/s.

Table 1

Clay composition

Alkali-earth bentonite 93.0 2.0 5.0

- 6.32 0.60 0.05 0.15 0.372

Kaolinite - 88.2 5.8

6.0 1.85 0.19 0.07 0.12 0.113

Fig. 1. Schematic of the laboratory setup for determining the diffusion coefficients in clays: I - vessel A with initial

concentration C,

n’

equilibrium concentration C, and volume V,; 2 - vessel B with equilibrium concentration C, and volume

Vy; 3 — stirring devices; 4 — intact clay sample; 5 — glass tube connecting the vessels; 6 — rubber stoppers
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Secondly, the diffusion coefficient in bentonite is
about 1.5 times higher than that in kaolinite. This is ex-
plained by the fact that kaolinite has a strong, fixed lat-
tice, the interpacket distance in which is 0.71-0.72 nm.
In montmorillonite, the crystal lattice packet is mo-
vable, three-layered; the interpacket distance is 1.5 nm
and can expand up to 14 nm. The difference in the lat-
tices of these clays can be clearly seen in Fig. 2.

The established values of diffusion coefficients
are of great practical importance, as they allow
calculating the clay aquiclude protective action
time. For example, the concentration of NO;-ions in
the pregnant solutions of the ore horizo C,, = 2,0 g/1
(2 mg/cm?®) and does not change in the process due
to flow renewal. The concentration of NO;-ions
in natural waters should not exceed C,=0.045 g/l
(0.045 mg/cm?®). The area of the bentonite aquiclude
S =1000 m? (1-107 cm?), and the thickness h = 10 m
(1-10%cm). The volume of natural water is taken to be
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2000 m? (2-109 cm?®). The weight of NO;, transferred
by diffusion to natural waters, Am = 9-107 mg.
According to formula (2), the time of the protective
action of the aquiclude is determined as follows:
t=m(h/D)S(C, - Cp) =
=9-107-1-10%/3,34-10°-1-107-(2,0 — 0,045) =
=1,37-10°s or 10 years.
However, right there the positive effect of clays
on the ISL process ends.

Negative effect of the properties
of clay minerals on ISL processes
The other three properties of clay minerals: ex-
tremely low filtration coefficient (K= 10™*-10" m/day
[15, p. 3-6]), noticeable sorption properties in relation
to metal cations [10], and the tendency to form colloi-
dal solutions have a negative impact on the process of
uranium ISL.

Table 2
Diffusion coefficients determination results
Experimental conditions Findings
Clay sample Cro. (i _
2 No; (in), [Cal, [Cs], C,-Cs, 2

h, cm S, cm’ mgs/cms 1,8 mg/em® mg/cm® g/em’ Am,mg | D, cm?/s
Bentonite 0.5 7.0 1.0 2.6-10° 0.65 0.35 0.30 350 3.34-10°
Kaolinite 0.5 7.0 1.0 2.6-10° 0.70 0.30 0.40 300 2.14-10°

G nHzo
S

14,31 °A
Och C

Ocb 6

Kaolinite
Al[Si,0;](OH),

Ochb C

Montmorillonite
{Al,[S1,0,0](OH),} + nH,0

e @ O AIKSi (in muscovite every fourth atom of Si is replaced with Al)

Oo

OeoH

Fig. 2. Crystal lattices of clay minerals
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Effect of clay content in sand on water and solution filtration coefficients fables
Clay content K: in the presence of bentonite, cm/s - 10 K: in the presence of kaolinite, cm/s - 10~
in sand, % H,0 10g/1H,80, | 1g/1NaHCO, H,0 10 g/1H,80, | 1g/1NaHCO,
0.0 2.2 2.2 2.2 2.2 2.2 2.2
3.0 1.2 1.1 1.0 1.3 1.3 1.1
6.0 0.9 0.8 0.6 1.1 1.0 0.9
15.0 0.4 0.3 0.2 0.6 0.5 0.4
20.0 0.2 0.1 0.05 0.3 0.2 0.1

First, let us elaborate on low filtration coefficients
of clays. Permeable ore horizons mainly consist of
sand. In addition to sand, an ore horizon often con-
tains clay minerals that cement the sand (hence the
name “sandstone-type deposits” has arisen [16]). The
content of clay minerals limits the rate of solution fil-
tration through the ore horizon.

We performed experimental studies, in order to
determine the coefficients of filtration of water and
solutions through sand and a mixture of sand with
different content of clay minerals (bentonite and
kaolinite). The studies were conducted in steady-state
regime (the filtering material layer was unchangeable
in all experiments) at a constant head gradient
according to GOST 25584-2016'. In the experiments,
a thoroughly washed sand of 0.25-0.50 mm fraction
and powdered clays were used (see Table 1). Samples
of the sand with the given clay content were thoroughly
mixed before being loaded into the cylinder of the
filtration unit. Water and solutions of 10 g/1 H,SO,
and 1 r/n NaHCO;. were used as filtering liquids.
Filtration coefficient K, was calculated by Darcy
equation based on the experimental data obtained
(using the determined filtration rate).

v=K/(AP/h), (3)

where K is filtration coefficient, cm/s; v is filtration
rate, cm/s, v = V/St; Vis volume of filtered liquid, cm?;
S is filtration area, cm?; t is filtration time, s; AP/h
is pressure gradient in the layer (slope ratio of the
filtration rate versus filtration time plot); AP is water
pressure fall, cm; h is thickness of filtering layer, cm.

The findings of the studies to determine the
filtration coefficients are shown in Table 3.

The data presented in Table 3 shows that K;of the
liquids decreases markedly with increasing the clay
content. Notice that K; in the presence of bentonite

1 GOST-2016 25584. Soils. Methods for laboratory deter-
mination of filtration coefficient. Moscow: Standardinform; 2016.

is lower than in the presence of kaolinite. This is
due to the different swelling properties of the clays,
as mentioned above. The use of sulfate and sodium
bicarbonate solutions also affects the K, and the use
of NaHCO; solution (even at a lower concentration
than that of the sulfate solution) has a stronger
effect. This is explained by the fact that, due to the
cationic exchange of Na* ions for Ca%" counterions in
the clays,

R-Ca*

(main)

+2Na+(r)=R- UO(Z;M) + UOfr*), @)

clay swelling takes place. At the content of clay of 20 %
K; decreases to the values, at which the conditions
become unfavorable for ISL [6, p. 405].

¢) Next, let us focus on the sorption properties of
clays, which produce adverse impact on uranium ISL
process. Table 4 presents the data on CEC values of
some clay minerals [17].

As shown in Table 4, vermiculite and montmoril-
lonite (the main mineral of bentonite clays, being the
most characteristic of uranium ISL conditions), have
the highest CEC values.

Table 4
Cation exchange capacities of clay minerals
Clay type Mineral CEC, g-eq/kg
Kaolinite group Kaolinite 0.02-0.10
Muscovite 0.105
Illite group
Mllite 0.13-0.42
Fibrous clay Attapulgite 0.18-0.22
Nontronite 0.57-0.64
Montmorillonite Saponite 0.69-0.81
group
Montmorillonite 0.8-1.5
Biotite 0.03
Resinous derivatives
Vermiculite 1.0-1.5
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We have conducted studies specifically on the
sorption of uranium from different solutions by
bentonite and kaolinite clays. The studies were
performed under static conditions with the use
of a thermostatically controlled stirred reactor
at a temperature of 20 °C, Solid / Liquid ratio of
1000, and the agitation time of 1 h (saturation re-
gime) [17]. After agitation, the suspension was fil-
tered, the sediment was washed with water, dried,
and analyzed for uranium by X-ray spectral analy-
sis at a ARF-7 spectrometer. The experiments used
actual production solutions taken from sulfate and
bicarbonate uranium ISL sites. The composition of
the solutions is presented in Table 5. Table 6 pre-
sents the experimental data on the uranium static
exchange capacity (SCEC) of the clays.

The data presented in Table 6 shows that the
sorption of uranium by clays depends significantly
on the nature of both the clay and the test solution.
Uranium SCEC of bentonite is markedly higher than
that of kaolinite. This can be explained by the higher
values of bentonite CEC (see Table 1). The uranium
sorption from sulfate solutions is also markedly
higher than that from bicarbonate solutions. This
is because the stability constants of sulfate anionic
uranyl complexes (K = 76-2500) is much lower
than those of the carbonate complex (K = 2,0-10').
It is very likely that the sorption of uranium from
bicarbonate solutions proceeds not by the ion-
exchange mechanism, but as adsorption.

Clayey rocks of sedimentary strata often contain
carbonaceous organic matter, which is also a good
sorbent for uranium.

Table 5
Composition of ISL production solutions
Concentration, mg/1
Solution pH
U | SO} |HCO, | Fe* |Fe? | Al*

Sulfate 404 | 12750 | - 730 | 240 | 544 | 1.2
Bicarbonate 36.2 | 67 665 | 30 | - - 19.3
Table 6

The findings of determining static uranium exchange
capacity of clays

Uranium SCEC of clays, mg/g
Sy ezl from sulfate from bicarbonate
solution solution
Bentonite 104 15
Kaolinite 32 5
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It should be noted that laboratory studies do not
fully simulate natural conditions. The differences
between the laboratory experimental conditions and
the natural processes consist in the lack of rock pres-
sure and the associated changes in the values of po-
rosity, moisture, and anisotropic component of the
artificially prepared clay layer.

The simulation of rock pressure during the re-
search requires the use of special installations. As for
the isotropy of samples, it is clear that the quantita-
tive relationships between individual parameters can
be established only when the composition is homoge-
neous and its characteristics are known.

In any case, in natural ISL conditions, along with
the process of uranium leaching, a parallel process of
partial sorption of uranium by clay minerals ensues.
This is both by the boundary surface of clay aquicludes,
and by the clays contained in a sandy ore horizon.

In conclusion, let us consider three other prop-
erties of clay minerals which produce an adverse
impact on the ISL process. First of all, this is the
ability of clays to form colloidal species. When clays
interact with a large volume of solutions that takes
place at ISL, peptization, the process of forming clay
colloidal species (gels) proceeds. The gels entrained
by the flow of pregnant solutions, move towards
extraction wells. Some of the gels are sorbed on
the surface of the host rock, some are deposited on
filters, and some are pumped out with the pregnant
solution for sorption uranium extraction. In order
to prevent the gels and other solids from entering
the sorption columns, at the ISL mines, settling
sumps are provided. However, in those cases where
the concentration of colloidal species is high (turbid
opalescent solutions are formed), the area of settling
sumps is not enough, a clogging of the sorption resin
with these species happens. This leads to reducing
the performance of sorption columns, and sometimes
to their shutdown. In this case, the uranium sorbed
by colloidal species of clay is lost with the sediments
at the bottom of the sumps.

When drilling and constructing ISL process
boreholes, clay layers and interlayers are often in-
tersected in the stratigraphic sequence. During the
drilling process, the clay drowning takes place, caus-
ing them to swell inside the borehole, resulting in re-
ducing the specified borehole diameter. This, in turn,
prevents the casing from descending. In practice, we
have to use technical means to eliminate this prob-
lem that leads to additional labor costs when casing
boreholes.

Drilling, including the penetration of a productive
horizon, is carried out with the use of clay mud as
a washing fluid, creating a clay crust on the borehole
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walls. In the filter installation interval, claying of
the near-filter zone also takes place. Preflushing the
borehole with clean water and pumping after casing
are carried out for the filter cake removal. These
measures do not allow the near-filter zone to be
completely cleared from clays which subsequently
adversely affect the borehole productivity. It is
especially difficult to clean a borehole from clays
in the conditions of low groundwater head on the
productive horizon roof.

When constructing the process sumps, a special
attention is paid to waterproofing of their bottoms.
The bottom is waterproofed using bentonite clays,
which, as mentioned above, also sorb uranium that
leads to its losses.

Conclusions

1. Clay minerals have a great deal of both positive
and adverse effects on uranium ISL process.

2. Clay minerals are very effective as aquicludes,
preventing the flow-out of pregnant and extracting
solutions. The studies conducted enabled the diffu-
sion coefficients of nitrate ions in montmorillonite
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and kaolinite clays to be determined, amounting to
3,34-10°%and 2,14-10° cm?/s.

3. Taking into account the calculated values of the
diffusion coefficients, the protective time of the clayey
aquiclude for nitrate ions was 43 years.

4. Clay minerals present in a sand ore horizon
adversely affect the filtration coefficient of the
solutions. The decrease in the filtration coefficients
of the solutions with increasing the content of
montmorillonite and kaolinite clays in a sand ore
horizon has been experimentally established. At 20 %
content of the clay minerals, the solution filtration
coefficient decreases to values at which the conditions
become unfavorable for the ISL.

5. Exhibiting cation-exchange sorption abilities,
clay minerals also adversely affect uranium extraction.
It was found experimentally that the sorption of
uranium by clay minerals depends on both the nature
of the clays and the composition of the solution. The
uranium sorption from sulfate solutions proceeds
noticeably better than from bicarbonate solutions.
The highest values of the static uranium exchange
capacity were obtained for bentonite (104 mg/g).
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