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Sources of U(VI) compounds in ground and surface water are uranium-containing minerals and anthropogenic
activity: nuclear and thermal power plants, mineral processing plants, mines, testing nuclear weapon. Due to toxicity
and radioactivity of the compounds of this metal, their content in water is strictly regulated. In order to remove small
amount of U(VI) from water, adsorption and ion exchange look most attractively. In this work, magnetite-containing
composite adsorbent based on cellulose, which was produced from corn cobs, has been developed. Its advantages over
synthetic adsorbents are cheap and available feedstock as well as a simple manufacture procedure. In order to provide
high magnetite content (~ 13.5 mass. %), both hydrophilic and hydrophobic constituents were removed from cellulose
before the particle embedding. Mesopores, a size of which are 10 nm, make a contribution to porous structure of the
composite and magnetite, pure cellulose is characterized by microporous structure. Comparing with this material, the
composite shows a wider pH interval of U(VI) adsorption. The most favorable conditions are realized at pH 4—6, when
the degree of uranium removal reaches 87-97 %. The composite shows a synergetic effect demonstrating the fastest
adsorption than both magnetite and cellulose. Moreover, higher capacity of adsorption monolayer was found for the
composite (0.71 mmol g*) comparing with magnetite (0.14 mmol g™*). For utilization, the adsorbent can be added to
uranium-containing ore before its treatment.
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INTRODUCTION The transformation of metallic uranium into
oxidized UsOg (U,Os'UQO3) form is enhanced
under elevated temperatures and humidity,
especially as a result of explosion [8, 9]. When
U;0s is hydrated and further oxidized in soil and
water so generating UO,*" complexes with
chloride, sulphate, carbonate and nitrate anions.
Analogically to other heavy metal ions, UO,*
cations demonstrate high chemical toxicity, since
they form bonds with proteins via carboxyl [10],
amino- [11] and sulfide [12] groups. They are
attached to the cell membrane with these
irreversible binding and violate its functions and
also the functions of ferments and cells [13].
Thus, the negative impact of UO,>" ions on the
soil [14] and aquatic [15] ecosystems has been
confirmed. These species can entry to the human
organisms through food chains [16] or directly
with drinking water [17] causing diseases of
kidney, liver, heart and other organs [9, 18].

Due to the negative impact on human
health, the maximal allowable concentration of

Uranium is related to dispersed element, since
its content in rocks is rather low (up to
0.003 mass. %) [1,2], ocean and sea water
contains lower U amount (about 3 ppb) [2, 3].
Such U-containing minerals as autunite, carnotite,
monazite, samarskite, and uraninite or
pitchblende are found in rocks with high silicon
content (sands, sandstones and so on). Namely
these minerals are a sources of U(VI) compounds
in ground and surface water. They also appear in
water as a result of anthropogenic activity:
nuclear and thermal power plants, mineral
processing plants, mines, testing nuclear weapon.
Depleted uranium containing less than 0.3 % of
radioactive *°U isotope also produces U(VI)
compounds [4,5]. It is involved into the
production of non-nuclear weapons: for instance,
about ~ 10tons of depleted uranium were
scattered in Kosovo due to projectiles containing
this component [5—7]. Now the projectiles of this
type are used in Ukraine.
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U(VI) in drinking water is 20 ug dm according
to the US Environmental Protection Agency [19].
Regarding industrial wastewater, containing high
amount of U(VI) compounds, flotoextraction
technique can be recommended [20]. In order to
reach the maximal allowable concentration,
adsorption or ion exchange techniques are
desirable. Among synthetic materials for this
purpose, ion exchange fibers [21], polymer-

inorganic  ion  exchange resins  [22],
ferrocyanides [23] and advanced carbon
nanomaterials [24], such as functionalized

carbon nanotubes [25, 26], oxidized graphene
[27, 28] or graphene aerogel [29] should be
mentioned. The problem of finely dispersive
adsorbents, such as carbon nanomaterials or
ferrocyanides of heavy metals, they are framed
with oxides of multivalent metals [30-32],
polymers [33, 34] or microorganisms [35].

It should be stressed that the oxides of
multivalent metals occupy special position among
known sorption materials, since they possess
amphoteric properties: depending on the solution
pH, cation or anion exchange ability dominates
[36, 37]. This property is favourable for U(VI)
sorption, since this metal can exist both in cationic
and anionic forms in aqueous media [38, 39]. It is
possible to control the surface charge of oxides by
the variation of their chemical composition
[40, 41]. This approach allows one to regulate
sorption of ions of one or other charge [42, 43].
Other advantage of oxides is no sufficient
deviation of the solution pH from the initial value,
since sorption of the U(VI) compounds is strongly
affected by the solution acidity [30-32, 44-46].
Among known oxide materials, magnetite is
favorable for U(VI) sorption due to fast sorption
rate [47,48] and the negligible effect of ionic
strength [48]. For instance, the equilibrium time
is much shorter than 24 h at pH 7, when the initial
concentration of U(VI) species is 0.1-0.2 mol dm™
[47]. The equilibrium time of 6 h is reported in
[48]. In this case, the U(VI) concentration was
0.85-0.13 mmol dm™. When the sorbent dosage
is 1 g dm™, the capacity of 25 pmol g' is reached
at pH 7. Insufficient effect of ionic strength was
also noted: when this parameter is
0.025-0.2 mol dm™, the capacity is 20 and
18 umol g'. No influence of ionic strength on
U(VI) sorption within the interval of
0.001-0.2 mol dm™ (pH 5.5-8.5) is also noted in
[49], this is explained by the surface
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complexation. Other explanation is partial
U(VD)>U(V) reduction, when such oxides as
UO; [47, 50], U30g and UOs3 are formed [47].

Insufficient effect of ionic strength is caused
by partial U(V)->U(IV) reduction [49] and
surface complexation [50]. Other advantage of
magnetic particles is a possibility to separate
nanoparticles with a magnet, i.e. without filtration
or centrifugation. However, adsorption active
magnetite can be obtained in a form of finely
dispersive powder. It means the difficultness of'its
removal from liquids despite magnetic properties.
To avoid this problem, they are coupled with a
coarse component, which also adsorbs U(VI)
compounds. These components are coarse flakes
of oxidized graphene [51], graphene with MOF
[52] etc.

Among the matrices, into which magnetic
particles could be embedded, non-carbonized
natural cellulose-based adsorbents look rather
promising, since they are able to adsorb heavy
metal ions [53]: Pb*" [54-60], Cu®" [55, 57, 59],
Cd*" [56,57,59,60]. Other advantages are
availability and various plant feedstock, such as
sago [54], fern [55], mango peels [56], olive
pomace [57], maize bran [58], sugarcane bagasse
[59] and corn cobs [60], was used for the sorbent
preparation. Agricultural wastes can be also
applied to the sorption removal of U(VI)
compounds from water. Sorption materials can be
obtained from aloe [61], date stones [62],
pomegranate peels [63], rice stems [64],
eichhornia crassipes [65], tea leaves [66],
solanum incanum [67], lemon [68] and red beet
peels [69], sugarbeet pulp [70].

As found previously, corncob-based
composites are characterized by considerable
adsorption capacity towards heavy metal ions (up
to 0.25 mmol g') [60]. Though the capacity is
lower comparing with synthetic materials, this
disadvantage is compensated by availability of
feedstock for the adsorbent production. The aim
of this work is to evaluate the performance of this
composite towards U(VI) removal from water.

EXPERIMENTAL

A feedstock for the adsorbent preparation was
corn cobs (Zea mays). The raw material was
crushed, washed with water, dried under ambient
conditions down to a constant mass, and treated
with 10 % NaOH solution for 24 h to remove
hydrophilic  inclusions like pectins and
hemicellulose. Then the material was rinsed with
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water, dried at room temperature and rinsed with
petrol. This approach allowed us to remove
hydrophobic inclusions, such as lignin and wax,
and to exclude good flotation as opposed to [60].
After the treatment with petrol, the samples were
dried under ambient conditions and then at
120 °C. Plant cellulose was obtained by this
manner.

A weighted sample of the cellulose was
modified with magnetite according to the method
[71] similarly to [60]. The sample was
impregnated with water under vacuum, then with
a mixed solution containing FeCl, (0.1 M) and
FeCl; (0.2M). A 10 M NH4OH solution was
added drop by drop under agitation up to pH 11.
Magnetite was formed as a result of reaction:

FeCl, + 2FeCl; +8NH4OH —

—> Fe;04 + 8NH4CI + 4H,0. (1)

The composite was rinsed with water and
down to pH 7, dried under ambient conditions and
at 120 °C. The magnetite powder, which was
precipitated outside cellulose, was collected for
investigations.

For SEM observation and recording energy
dispersive spectra, a SEO-SEM Inspect S50-B
microscope (FEI Company, USA) was used. The
samples were preliminarily coated with ultrathin
Ag film. Porous structure at the level of
micropores and mesopores was investigated with
a  Quantachrome  Autosorb 6B  device
(Quantachrome instruments).

A size of particles (d) was determined using
sieves with holes of different diameter (40 um —
3 mm). A contribution of each fractions (w) was
determined via:

w="" 100%

m 2)

where myand m; are the mass of fraction and total
mass of adsorbent respectively. The average size
of particles (d) in each fraction was estimated as:

d:3ﬁ
d, +d,

where d; and d; are the diameters of holes of
adjacent sieves.

A pH of the point of zero charge (PZC) was
determined similarly to [72]. A series of a 0.05 M
KCl solutions (40 cM’ of each) was prepared, their

3)
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pH was regulated with 0.1 M HCl or KOH
solutions. Then the liquid volume was increased
up to 50cm’ with a KCI solution, 0.1 g of
adsorbent was added. The flasks were shacked
intensively with a Water Bath Shaker Type 357
system (Elpan, Poland) during 48 h, then the pH
was measured using a with a [-160 MI pH-meter
(Analitprylad, Ukraine). The differences between
the initial and final pH was determined for each
solution, then obtained values were plotted vs
initial pH. The PZC corresponded to the
intersection of the curve with abscissa axis.

Adsorption of U(VI) was investigated under
batch conditions, a system of solution-adsorbent
was vigorously shacked. The ratio of the masses
of solid and liquid was 1:500, the temperature was
kept at 20£1 °C. To study the adsorption rate, a
weighted sample of the adsorbent (0.05 g) was in
contact with the solution (25 cm®) containing
2.1x10™* mol dm™ of U(VI) (50 mg dm™), the
initial pH of the solution was 6. The contact time
was 5-120 min. Samples (2cm’) were
periodically taken, filtered through the filter with
pores of 13-25 um and analyzed later.

The effect of pH was researched as follows. A
pH of the solution containing 2.1x10™* mol dm™ of
U(V]D) was regulated with 0.1 M HCl or KOH
solutions in the interval of 2—8. Then the weighted
samples of adsorbent were added. The contact
time was 48 h.

When the adsorption isotherms were
investigated, the concentration interval was
2.1x10°-2.1x10*mol dm™, the initial pH was 6.

The solution after adsorption was analyzed
according to the method [73]. An aliquot of the
filtrate (2 cm®) was diluted up to 10 cm®, 10 %
hexamine solution was added to achieve the pH of
5.5, then 1 cm®0f 0.1 % Arsenazo I1I solution was
put on the solution. The solution was diluted to
25 cm’ with deionized water. The absorbance was
measured at 640 nm by means of a Shimadzu
UV-minil240 spectrophotometer (Shimadzu,
Japan).

A degree of U(VI) removal from the solution
(R) and sorption capacity (4) were calculated via:

RV=C1'_C><100% 4)

e

A:VS(C,-—C), 5)
m
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where C; and C are the initial and equilibrium
concentration respectively, Vs is the solution
volume, m is the sorbent mass.

RESULTS AND DISCUSSION

Low-resolution SEM images allows us to
observe the largest structure elements of plant
cellulose, namely fiber bundles (Fig. 1 @). Their
thickness are irregular (1-10 um). The bundles
are chaotically intertwined forming cellular

——
25um

a

Fig. 1.

Fe Kal

f 25um '

a

structure with holes, a size of which is from
several to several tens microns. Modifying causes
partial destruction of the cellular structure
(Fig. 1 b). The bundles show cracks, their width is
from up to 1 um. Moreover, large particles of
irregular shape are visible on the surface, these
fragments are probably related to the fragments of
biopolymer.  Additionally, small particles
(£ 1 um), a shape of which is close to globular,
are visible, their size is smaller than 1 pm.

SEM images of pristine cellulose (a) and its magnetite-containing composite (b)

Fe Kal

: 25um !

Fig. 2. Maps of the Fe distributions in pristine («) and modified cellulose (b)

According to elemental analysis, iron is
homogeneously distributed through the matrix of
cellulose that is free from both hydrophilic and
hydrophobic components (Fig. 2 a). The content
of this element in the biopolymer matrix was
found to be 0.37 mass. %, it is typical for
microelements (the energy dispersive spectrum is
given in Fig. 3 a). For comparison, the amount of
Cuis 0.74 %.
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It should be also stressed, that the content of
Alis 0.2 %. In general, soil contains 0.03 % of Al
in a form of mobile compounds. It means the
capability of corn to accumulate this element. The
energy dispersive spectrum shows a presence of
Si, however, its content is lower than 0.1 %. This
element penetrates into plant in a form of soluble
metasilicates, which are formed from insoluble
silicates under the influence of microorganisms.
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The map of Fe distribution in the composite
shows higher concentration of this element in the
biopolymer matrix (see Fig. 2 b). Its distribution
is more heterogeneous, the regions of elevated Fe
content are visible as opposite to unmodified
cellulose. The concentration of this metal is
9.74 % (the energy dispersive spectrum is shown
in Fig. 3 b). It means the content of magnetite is
13.45%. Let us make some quantitative
estimations. Bulk density (determined with
Archimedes method) and apparent density
(estimated from the mass of sample and its
geometrical parameters) of corn cellulose is 1.5

Fig. 3.
magnetite-containing composites ()

Fe-based adsorbent was related to magnetite
according to the XRD analysis, the pattern was
given earlier [60]. Among investigated
adsorbents, the inorganic material is characterized
by the smallest particle size: the fraction of
micron size dominates (Table 1). The particle size

Table 1. Characterization of the samples

and 0.3 g cm respectively. It means that 1 g of
biopolymer contains 1.95 cm® of pores which can
be filled with a solution of Fe(Il) and Fe(IIl)
during the modifying procedure. Thus, 0.22 g of
magnetite can be deposited from this volume of
solution taking into  consideration the
concentration of iron salts. Thus, 1g of the
composite can contain 18 % of magnetite and
even larger, since some amount of the modifier is
deposited on the outer surface. Nevertheless,
smaller amount of magnetite has been found
evidently due to closed pores of the cellulose,
which are unavailable for liquids.

CyMMapHbIi CeKTp KapTbi

CymmapHii crexTp KapThi

Energy dispersive spectra for cellulose after the removal of hydrofilic and hydrophobic components (), and

of the adsorbent produced from corn cobs
depends on grinding. In our case, the adsorbent
contains mainly large particles, the maximal size
of which is about 2 mm. Namely this fraction
dominates.

Parameter Magnetite Cellulose Composite
Particle size, mm 0.056-0.464 0.198-2.735 0.198-2.735
Size of dominated particles, mm 0.056 1.916 1.916
pH PZC 6.3 4.1 4.1
Size of dominating pores, nm <1 10 10
Surface area, cm? g! 140 1.5 20
Volume of micro- and mesopores, cm® g”! 0.414 0.006 0.058
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The sufficient advantage of magnetite over
biopolymer is much higher surface area and also
larger volume of micro- and mesopores, which
determine the selectivity and rate of adsorption. A
size of dominating pores is 10 nm (Fig. 4). The
pore size distribution shows also a shoulder,
which corresponds to 2—4 nm. The maximum is
located in a wide region (1-20 nm) indicating
irregular pores due to widenings-narrowings as
well as tortuosity. Biopolymer demonstrates a
fragment of sharp peak at <2nm. A diffuse
maximum is located at 2.5 nm. Regarding the
composite, the peak position coincides with that
for magnetite, however, the maximum is rather
diffuse. It is possible to suggest that the inorganic
constituent determines porous structure of the

0.4

composite. Their specific surface area and volume
of small pores are the values of the same order.

As opposite to porous structure, namely
biopolymer affects the pH of PZC: in the case of
biopolymer and cellulose these magnitudes are
similar. Positive charge of the cellulose surface is
due to adsorption of H" ions, the negative charge
is caused by dissociated carboxyl groups and also
by OH adsorption (carboxyl groups were
recognized earlier [60]). Regarding magnetite, the
pH of PZC is higher and close to neutral. Positive
or negative charge is due to protonation or
dissociation of hydroxyl groups respectively,
adsorption of H" or OH™ ions can also make their
contribution. ~ Charge  surface  determines
adsorption of uranium species on magnetite,
cellulose and their composite.

dv/d(logd), cm}g‘lnm‘I

—@— Magnetite | 2 Tg
—-O0—  Cellulose e
——-4—— Composite )
<
"
%
%
1 2
g
=
0

10?

Fig. 4. Pore size distributions for polymer, inorganic and polymer-inorganic adsorbents

Other sufficient factor, which affects U(VI)
adsorption is its speciation in a solution.
Regarding chloride-containing media, UO,*"
cations dominate at pH 2—4 [74]. However, the
surface of adsorbents is charged positively, that is
why adsorption of U(VI) at pH 2 is inconsiderable
(Fig. 5). Adsorption is enhanced within the order:
cellulose<composite<magnetite. In this case,
U(VI) complexation with carboxyl (cellulose,
composite) and hydroxyl groups (magnetite) as
well as U(VI) reduction (magnetite, composite)
play a key role.

At pH 4-4.5, both UOy(OH)" and UO,*"
cations coexist in a solution. In this case, the
removal degree exceeds 70 %. Maximal
adsorption is achieved at 4.5 (cellulose) and 4
(composite). Regarding magnetite, the removal
degree shows a plateau in a wide pH interval
(4-10) with a tendency to decrease in alkaline
media. A plateau is evidently caused by the
U(VD)—U(V) transformation.
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A decrease of adsorption is at pH >4-4.5
(cellulose, composite) is due to the appearance of
uncharged UO»(OH), species, which is in
colloidal form. Moreover, UO,(OH);™ anions exist
at pH > 6. In this region, physical adsorption on
cellulose is possible. In the case of composite,
adsorption can be accompanied by the U(VI)
reduction. It should be stressed that the maximum
of the R — pH for the composite is much wider
comparing with cellulose.

The rate of U(VI) adsorption is shown in
Fig. 6 a. The R — ¢ curves (where ¢ is the time)
show the regions of fast growth and plateau. The
equilibrium is reached after 15 (composite) and
20 (magnetite and cellulose) min. of the contact
of a solution with adsorbent. At the same time, the
highest removal degree (97 %) is reached for the
composite. Magnetite demonstrates lower R value
(94 %), the lowest magnitude has been found in
the case of cellulose (80 %).
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Fig. 5. Effect of pH on U(VI) adsorption
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Fig. 6. Degree of U(VI) removal as a function of time (a), application of the model of pseudo-second order (b) and

Elovich model (¢)

The model of chemical reaction of pseudo-
second order proposed by Ho and McKay was
applied (Fig. 6 b) [75, 76]:

t_ 1

t (6)

= 3 +— -
A KAZ A,

where K is the rate constants, 4 is the equilibrium
adsorption capacity. As seen from Fig. 6 b, the /4
— ¢t curves are linear. The model parameters are

given in Table 2. Very high values of the
correlation coefficient are observed for all three
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sorbents. Moreover, the experimental and model
A.magnitudes are very close to each other. The
highest initial adsorption rate (7):
r,=KA. (7)
was found for the composite. According to the
model, cellulose shows the slowest adsorption
rate, the fastest rate is attributed to composite.
This can be explained by higher reactive ability of
adsorption centres of embedded magnetite for
U(VI) species. However, the constants of equ. (6)
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are practically the same for both materials.
Pseudo-order is due to a small concentration of
adsorbed ions comparing with the concentration
of adsorption centres.

The Elovich model can be also applied to
describe the adsorption rate [77]. This equation is
often used for describing chemisorption in
heterogeneous systems, when the rate decreases
exponentially with increase of adsorption
capacity. The interaction between adsorbed ions

given in Table3. Rather low correlation
coefficient is due to scattering data. Nevertheless,
the 4-Inf curves can be linearized demonstrating a
tendency of increasing adsorption capacity over
time. The highest initial adsorption rate and
desorption constant have been found for the
composite. Cellulose shows the lowest values.
Magnetite occupies an intermediate value.
Regarding the regularities of adsorption rate, the
data for cellulose and composite are in agreement

is also suggested. The model takes into with the model of pseudo-second order.
consideration both adsorption and desorption: Chemisorption means complexation of U(VI)-
; / containing ions with carboxyl (cellulose,
A==In(af) +—Int. ®) composite) or hydroxyl groups (magnetite,
B B composite).
Here a is the initial adsorption rate, {3 is the
constant of the desorption rate. The results are
Table 2.  Application of the model of pseudo-second order to U(VI) adsorption
Adsorbent Axx10% mol g™! Correlation Kx10, rox10%,
Experimental Model coefficient g mol'min! mol g'min!
Magnetite 9.8 9.9 0.9999 15.0 1.45
Cellulose 8.4 8.5 0.9996 6.4 0.45
Composite 10.1 10.2 0.9999 15.1 1.53
Table 3.  Application of the Elovich model to U(VI) adsorption
Adsorbent %105, dm®* mol! a, mol g"'min’! Correlation
Magnetite 2.5 1.94x10° 0.7404
Cellulose 1.7 0.11 0.9169
Composite 3.3 3.21x107 0.9479

The dependences of U(VI) removal degree on
the initial solution concentration are given in
Fig. 7 a. The R value predictably decreases within
the interval of 2.1x10°-2.1x10"*mol-dm™.
However, a decrease of the removal degree is not
too sufficient (8-17 %). The curves show wide
plateau in a wide interval of concentration.

Isotherms (dependences of adsorption
capacity on the equilibrium concentration of the
solution) are given in Fig. 7 5. They show 2 semi-
waves in the case of magnetite and composite.
Regarding cellulose, the isotherm is characterized
by sigmoidal shape.

As found, the Langmuir approach [77] was
found to be the most adequate to describe the
curves. This model allows us to obtain linear
dependencies with high correlation coefficient on
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the one hand and to evaluate reliable constants on

the other hand. Following equation was used:
1 1 1

—= +—

A K,A,C A,

)

ml

where A,; is the monolayer capacity, the K;
parameter characterizes energy of interaction of
molecules with surface. The data are given in
Table 4. As shown, much higher monolayer
capacity was found for the composite comparing
with magnetite. At the same time, the K; constant
is smaller for the composite indicating lower
interaction of U(VI) with surface.
The Dubinin-Radushkevich model [77]:

, , BT
md=ind_ .-

=

Tim(1=1/C 7
| il ) (10)
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was found to be the most suitable to fit the
adsorption isotherm for cellulose ting linear
approximation within a certain interval of
concentration of equilibrium solution (Fig. 7 d).
Here 4, is the Dubinin-Radushkevich constant,

which is related to total capacity, £ is the
adsorption energy (Table 4). The energy value is
in the interval of 8-16 kJ mol” indicating ion

exchange mechanism of adsorption. The
100
90
S
=
80
—&— Magnetite
—0O— Cellulose
—v— Composite
70
Cx10°, mol dm™
a
16
®  Magnetite ¢
A Composit
o
'.6< L
g
en
T8
2
£
4

0 2 4 6 8
1/Cx10™*, dmr’mol”!
c

Ax10° mol g'l

Iy

application of this model shows that large UO,**
ions occupy whole volume of micropores. Indeed,
microporosity follows from the pore size
distribution (see Fig. 4). Based on the obtained
results, faster adsorption of U(VI) on the
composite comparing with cellulose can be
explained by screening biopolymer pores with
inorganic constituent similarly to [78], where the
embedded particles of hydrated iron oxide
accelerated sorption of Pb*" ions.

—@— Magnetite
—O— Cellulose
—w— Composite

-10

-11

0 1 2 3 4 5

Cx1 057 mol dm™

b

o Czllvloz=

120 160
[a(1+1/C"

d

Fig. 7. Removal degree of U(VI) compounds vs their initial concentration (@), adsorption isotherms (), application
of Langmuir (¢) and Dubinin-Radushkevich (d) models to adsorption on magnetite, composite (¢) and

cellulose (d)

Table 4. Application of Langmuir and Dubinin-Radushkevich model to adsorption isotherms

Adsorbent  A,;ux10%, molg?' Kirx104, dm3>mol! Apgx10% mol g~! E, kJ mol™! Correlation
Magnetite 1.45 5.82 0.9995
Cellulose 8.3 11.37 0.9932
Composite 7.08 0.40 0.9924
CONCLUSIONS with [60]. It means no flotation of the adsorbent

Removal of hydrophobic components from
the corn cob cellulose allows us to incorporate
considerable amount of magnetite comparing
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particles in aqueous media giving a possibility to
use the composite as an adsorbent. Comparing
with corn cob cellulose, the magnetite-containing
composite shows a wider pH interval of U(VI)
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adsorption. The most favorable conditions are with U(VI) can be added to uranium ore for
realized at pH 4-6, when the degree of uranium further recovery of this metal.

removal reaches 87-97 %. The composite shows The advantage of composite over pure
a synergetic effect demonstrating the fastest inorganic constituent is coarse dispersion, this
adsorption than both magnetite and cellulose. facilitates the separation of adsorbent from
Moreover, higher capacity of adsorption liquids. The advantages over synthetic adsorbents
monolayer was found for the composite are cheap and available feedstock as well as a
comparing with magnetite. The adsorbent loaded simple manufacture procedure.

MarHeTuTOBMiCHMI KOMIIO3UT HA OCHOBI 1€JII0JIO3H KAYaHiB KYKYPYI3H
s aacopouii cmoayk U(VI)

0.B. IlepJioBa, 10.C. /I313pK0, M.E. KapimoBa, O.B. [laasuuk, JI.M. IlonomapsoBa, €.0. Kosomienn

Ooecwkuti HayionanvHull yHisepcumem imeni 1.1. Meunuxosa
eyn. sopsanceka, 2, Odeca, 65082, Vrpaina, olga perlova@onu.edu.ua
Inemumym 3aeanvnoi ma neopeaniunoi ximii im. B.I. Bepraocvkozo Hayionanwroi akademii nayk Ykpainu
np. Axademika Iannadina, 32/34, Kuis, 03142, Yxpaina
Cymcokuil depoicagrull yHigepcumem
eyn. Xapxisecvka, 116, Cymu, 40000, Yrpaina

IDicepenamu cnonyk U(VI) y niozemuux i nosepxnesux 600ax € YPAHOBMICHI MIHepanu ma AHMPONO2eHHA
OIAIbHICMb: AMOMHI MA MEeNi08i eneKMpOCmManyii, 30a2a4y8anbHi KOMOIHAMU, WAXMU, BUNPOOYBAHHS A0EpHOL 30pOi.
Yepes mokcuunicms i padioakmugHicms CROYK Yb020 Memany, ixuiil emicm y 800i cy8opo peciamenmyemscs. [lis
sudanenns Hesenukoi kinokocmi U(VI) 3 600u Hatlbinbut 0oyitbHUMU € MemoOu adcopoyii ma ioHHo20 00Miny. ¥ OaHiti
pobomi po3pobieHo MacHemuUmoBMICHULL KOMIO3UYIUHUNL a0copOenm Ha OCHOBI Yemtos03U, OMpUManoi 3 Kauanie
KyKypyosu. Ilepesacu xomnozumy nepeo cunmemuyHuUMU a0copbeHmamu noiseaioms y 0ewesil i 00CMYnHil CUposUHi
0715 11020 8UPOOHUYMEBA, d MAKoiC Y Npocmii npoyedypi cunmesy. [L[ob 3abe3neyumu ucoxull emicm mazHemumy
(=~ 13.5 mac. %), neped moougixysannsam iz yearonosu Oyau uoaneni 2iopodinsui ma 2iopogobni cknadosi. [lopucma
CMPYKmMypa KOMHO3UMY ma mazHemumy (opmyemscs, 30kpema, mezonopamu posmipom 10 um, a yucma yenronosa
Xapaxmepusyemvcs MiKpOROPUCMO cmpykmypoio. TIopieHsaHo 3 yum mamepiaiom, KOMRO3UM 0EMOHCTNPYE UUPUULL
inmepean pH aocopoyii cnonyx U(VI). Haubinow cnpusmauei ymosu peanizyromuvcs npu pH 4—6, xoau cmyninb
sudanenusi ypany oocsieae 87-97 %. Jlna komnosumy npumamanHum € CUHEp2emUdHUll egpekm: 6iH OeMOHCMPYE
Hatweuouty adcopoyiio, Hidsic maznemum i yenronosa. Kpim moeo, susasneno uuyy eMHicmos adcopoyitinozo MOHOWApPy
ona komnosunmy (0.71 mmons 2*) nopisnano 3 maznemumonm (0.14 mmono ). Ana ymunizayii adcopbenm mooicna
dodasamiu 8 ypanosmicHy pyoy nepeo ii 00pooxoro.

Kniwouosi cnosa: aocopbyis ypany, yenronosa, Kauanu KyKypyosu, MazHemum, KOMHO3UM
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