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Abstract: The adsorption regularities of radioisotopes from aqueous solutions of nuclear material waste in
granular activated coal, anthracite, gravel sand, DOWEX HCR S/S resin, and expanded clay masses have
been studied. Among these adsorbents, granular DOWEX HCR S/S resin (72-75%), activated carbon (50-
65%), and expanded clay (47-50%) have the highest adsorption property, and gravel sand (41%) and
granular anthracite (33%) the lowest. Despite the fact that the values of the deactivation coefficient (1.05 -
3.75) of the purification processes carried out with the studied adsorbents are lower than those given in
the scientific literature for the existing purification methods (DC > 4). However, expanded clay masses,
which have large reserves as natural raw materials in our country, may be used for wastewater treatment
to safety standards at the stage of physical oil refining. It was found that the activation energy (E,) of the
uranium isotope desorption process from the studied adsorbents varies in the range of 20.3-26.5 kCl/mol.
These values indicate that the desorption process is a weak endothermic process in contrast to the
exothermic adsorption process. The activation energies determined for the desorption process show that
the adsorption process is of a physical nature (physical sorption) in all 5 types of adsorbents used in the
experiments, and only weak van der Waals forces exist between the absorbed uranium isotopes and the
adsorbent.
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1. Introduction

Natural and synthetic materials with a large specific surface area and high dispersion are
called adsorbents. The absorption of gaseous substances or liquids in adsorbents upon contact
with their surfaces is called adsorption. The average value of the indicator characterizing the
dimensions of internal pores, channels, and free spaces in particles located in crushed porous
bodies or a dispersed system is called the specific surface. The specific surface indicates the ratio
of the total surface area of a porous and crushed object to its volume or mass and is directly
proportional to the degree of grinding and inversely proportional to the particle size of the
dispersed phase. The absorption capacity of adsorbents, the efficiency of solid catalysts, and the
filtering capacity of materials depend on the specific surface area. The specific surface values
range from 500 to 1500 m? per gram for activated carbon, up to 800 m? per gram for silica gels,
up to 70 m? per gram for macroporous ion exchange resins, and up to 10 m? per gram for
diatomaceous gas-liquid chromatographs. Adsorbents are mainly used to purify water from
heavy metals and impurities, as a catalytic carrier mass in gas masks, purify gases and alcohols,
separate alcohols, and absorb foreign gases and toxic mixtures from solutions [1-4].

Natural and synthetic materials with a high specific surface area and high dispersion are
called adsorbents. The absorption of substances from gases or liquids in adsorbents, where they
come into contact with their surfaces, is called adsorption. The average value of an indicator
characterizing the size of internal pores, channels, and spaces of particles in the main phase of a
porous body or disperse system is called the specific surface area.
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2. Methodical part

Isolation of radionuclides from samples taken from environmental objects is carried out
under the conditions of dosimetric and mass spectroscopic control in a stationary laboratory
using traditional analytical and chemical methods, grinding and preparing porridge samples in
blenders, diluting and dissolving in distilled water, heat treatment and processing with aggressive
substances, decantation, settling, filtration, sedimentation on a centrifuge, extraction, and
evaporation.

A conclusion on the effectiveness of the decontamination process was made on the basis
of gamma spectroscopic analyses of minerals obtained after sequential treatment of soil samples
contaminated with radionuclides using weak acidic and alkaline solutions.

Model soil samples contaminated with nuclear waste used for analysis were prepared by
adding a solution of uranyl nitrate with a given activity to 200 g samples of soil taken from the
regions of the country.

To ensure radiation safety, the development of methods for isolating radioisotopes from
soil samples and aqueous solutions obtained by soil extraction is one of the topical aims of
radiochemical research, and there is a need to study such methods. In the experiments carried out
for this purpose water extracts of soils contaminated with uranium isotopes were used adsorbents
used in water treatment technology (granular activated carbon, anthracite, gravel-sand mass,
DOWEX HCR-S / S cation exchanger) and raw materials with large reserves - expanded clay
(brick production waste).

Samples of uranyl nitrate salt (UO2(NOs)2), which is widely used in nuclear reactors,
were used as the nuclear material in the experiments. The types of isotopes (*8U, Z*°U,
234.236.2371)) and their concentration in the uranyl nitrate salt were determined by analyses
performed on a gamma spectrometer with an HPGe detector.

3. Discussion of the obtained results

Taken during the radio monitoring carried out in the regions of the country soil samples
were divided into parts weighing 200 grams. In order to obtain model soil samples contaminated
with nuclear material waste from these soil samples, they were mixed with uranyl nitrate
solution. The soil samples contaminated with nuclear waste were extracted with nitric acid,
hydrochloric acid, sodium hydroxide solutions, and distilled water for cleaning them from
nuclear waste. It was determined by the study of the regularities of uranium’s adsorption in
various adsorbents that the activity (activity concentration) of 238U, 2°U, 234236237 jsotopes in
aqueous solutions of a uranyl nitrate salt is in the ratio of 90:60:3.

The soil extracts were analyzed by HPGe gamma spectrometer with a high-purity
germanium detector, provided with the Genie 2000 spectrometric system of Canberra Company
in order to detect uranium isotopes and separate them with natural adsorbents. The activities of
238 and 2%°U isotopes were 90 Bqg and 60 Bq, respectively, in extracts of model soil samples
contaminated with nuclear material and the total activity of 2342623’y jsotopes was 3 Baq.
Analytical chemical analyses showed that investigated model soil samples were contaminated
with contained nitrate salt /UO2(NOs)2/ of isotopes 92U?® and 5,U%*® with trace amounts of U%4,
U2% and UZ'. Activated carbon /charcoal/ widely used in drinking water treatment plants,
anthracite, activated pebble gravel sand mass, DOWEX HCR S/S cationic, and expanded clay
/keramzite/ mass was used for adsorption of uranium isotopes from aqueous solution after drying
at 100°C. Adsorbents in the amounts of 3 g, 10 g, 20 g, 50 g, and 100 g were kept in the solution
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for 30 minutes, then removed and dried for 1 hour. Amounts of isotopes captured by adsorbent
mass (activity determined by gamma spectroscopy) were determined.

Figure 1 and Table 1 show the adsorption of uranium isotopes from uranyl nitrate
solution on activated carbon/charcoal masses and Figure 2 shows the regularity of p-radiation
activity on the activated coal surface
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Fig. 1. Changes in the activity of isotopes in the adsorbent mass and solution as a result of the adsorption
of uranium isotopes from uranyl nitrate solution on activated carbon /charcoal/ masses.
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Fig. 2. The intensity of p-radiation generated on the surface of the adsorbent as a result of the adsorption
of uranium isotopes from the aqueous solution of uranyl nitrate on activated carbon /charcoal/ masses.
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Table 1

Adsorption of 28U and 2*°U radioisotopes with specific activities of 90 and 60 Bq, respectively,
on activated carbon /charcoal/ mass from uranyl nitrate solution and deactivation coefficient of

the process (DC = Ainitially solution/ Asolution residue)-

Adsorption of uranium isotopes from an aqueous solution of uranyl nitrate to
the activated carbon /charcoal/ mass during 1 hour and the change in the
Quantity of deactivation coefficient of the corresponding process
adsorbent, g . DC®®U), Agsorent (V) DC(®),
Adsorbent( U) or B o .
o . ] . (Alnlt. solut./ (Alnlt.solut-.' Asol. (Amlt.solut-./
/Amlt. solution — A\ solution re3|due/ . ) .
Asolut.re5|due) re3|due) Asol. re5|due)
3 5 1.06 2 1.03
10 10 1.13 7 1.13
20 15 1.20 12 1.25
50 25 1.38 22 1.58
100 45 2.00 38 2.73

As can be seen from Figure 1, trace amounts of U%3, U?%, and U?' isotopes in uranyl
nitrate solution are completely absorbed by small amounts of activated carbon /charcoal/ mass.

As can be seen from Table 1, 50% of the U%® isotope (Aads.x100% / Alnitsolut.= 45
Bqx100% / 90 Bq = 50%), and 63% of the U?3 isotope (Aads.x100% / Ainitsolut. = 38 Bqx100% /
60 Bg= 63%) in the uranyl nitrate solution adsorbs in 100 g of activated carbon.

Tables 2, 3, 4, and 5 show the regularity of adsorption of uranium isotopes from uranyl
nitrate solution in granular anthracite, activated pebble gravel sand, ion-exchange resin, and
expanded clay /keramzite/ masses, respectively.

Table 2

Adsorption of 28U and 2*°U radioisotopes with specific activities of 90 and 60 Bq, respectively,
from uranyl nitrate solution on granular anthracite masses and deactivation coefficient of the
process (DC = Ainitially solution/Asolution residue)-

Variation of the deactivation coefficient corresponding to the adsorption of

Quantity of uranium isotopes from an aqueous solution of uranyl nitrate to granular
adsorbent, g anthracite mass for 1 hour

A(238u) Dc(238u) A(235u) Dc(235u)

3 2 1.02 2 1.02

10 5 1.06 5 1.06

20 8 1.10 8 1.10

50 18 1.15 13 1.17

100 30 1.5 19 1.27

As can be seen from Table 2, 33% of U2 and UZ*® isotopes in uranyl nitrate solution are

adsorbed in 100 g of anthracite mass.
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Table 3
Adsorption of 28U and 2°U radioisotopes with specific activities of 90 and 60 Bq, respectively,
from uranyl nitrate solution on pebble gravelly sand masses and deactivation coefficient of the
process (DC = Alinitially solution/ Asolution residue)-

Variation of the deactivation coefficient corresponding to the adsorption of
Quantity of uranium isotopes from an aqueous solution of uranyl nitrate to a pebble
adsorbent, g gravelly sand mass within 1 hour
A(*0) DC(*8U) A®U) DC()
& > 1.06 3 105
10 7 1.13 7 113
20 13 1.20 12 1.25
50 25 1.38 20 1.50
100 37 170 24 1.70

As can be seen from Table 3, 41% of U%® and U?%® isotopes in uranyl nitrate solution are
adsorbed in 100 g of pebble gravel sand mass.

Table 4
Adsorption of radioisotopes 23U and ?*U with specific activities of 90 and 60 Bq, respectively,
from uranyl nitrate solution on DOWEX HCR S/S cationite and deactivation factor of the
process (DC = Ainitially solution/Asolution residue)-

Variation of the deactivation coefficient corresponding to the adsorption of
Quantity of uranium isotopes from an aqueous solution of uranyl nitrate onto granular
adsorbent, g DOWEX HCR S/S cationite mass over 1 h
A(238U) DC(238U) A(235U) DC(235)
3 5 1.06 2 1.03
10 15 1.20 7 1.13
20 25 1.38 15 133
50 48 2.14 30 200
100 64 3.46 44 3.75

As can be seen from Table 4, 100 g of DOWEX HCR S/S cationite mass adsorbs 72% of
the U?% isotope and 75% of the UZ® isotope of the uranyl nitrate solution.

Large-scale production areas operating in the country include bricks, glass, glass
containers, cement, bentonite, aluminum, saw stones, travertine, marble and granite facings, etc.
production, ferrous and non-ferrous metallurgy, electrical engineering, chemistry, petrochemical,
etc. industries have a special weight. Among the products and wastes of these production areas,
the substance with the highest adsorption properties is "high-temperature baked porous clay
residue scraps” - expanded clay /keramzite/ mass, accumulated in the surrounding areas as a
waste of brick production plants operating in the Surakhani region of Baku and in most regions
of the country. Since the porous granular baked clay waste (keramzite mass) processed at high
temperatures typical of the brick "baking" industry with a large supply of raw materials is
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suitable for use as an adsorbent, uranyl nitrate solutions were used in experiments to study the
regularities of uranium isotope adsorption.

Table 5
Adsorption of 228U and 2*°U radioisotopes with specific activities of 90 and 60 Bq, respectively,
from uranyl nitrate solution on expanded clay /keramzite/ masses and deactivation coefficient of
the process (DC = Alinitially solution/ Asolution residue)-

Variation of the deactivation coefficient corresponding to the adsorption of
uranium isotopes from an aqueous solution of uranyl nitrate to the expanded

Quantity of clay /keramzite/ mass within 1 hour

adsorbent, g

A (238u) DC (238u) A (235u) DC (235u)
3 4 1.05 2 1.03
10 8 1.10 6 1.10
20 12 1.15 10 1.20
50 23 1.34 20 1.50
100 41 1.84 30 2.00

As can be seen from Figure 1, trace amounts of U%*, U, and U%" isotopes in the uranyl
nitrate solution are completely absorbed by small amounts of adsorbent mass.

As can be seen from Table 5, 47% of the U?*® isotope and 50% of the U2 isotope in the
uranyl nitrate solution are adsorbed in 100 g of expanded clay /keramzite/.

Thus, the regularities of radioisotope adsorption from aqueous solutions were studied in
granular activated charcoal, anthracite, pebble gravelly sand, DOWEX HCR S/S cationite, and
expanded clay /keramzite/ masses. Among the mentioned adsorbents, the samples of granular
DOWEX HCR S/S cationite (72-75%), activated carbon/ charcoal/ (50-65%), and expanded
clay/ keramzite/ (47-50%) have the highest adsorption property, and gravel sand (41%). and
granular anthracite (33%) is the weakest.

The regularities of adsorption of nuclear material from aqueous solutions on adsorbent
masses of isotopes can be used as an original cleaning method to adapt the physical purification
stage of oil or other radiochemical processes to the safety norms of wastewater.

It was determined as a result of the conducted research that depending on the amount of
adsorbent used, the deactivation coefficient of the process varies according to the types of
adsorbent in the following order: DOWEX HCR S/S cationite - activated charcoal /carbon/-
expanded clay /keramzite/- pebble gravelly sand - granular anthracite.

The process of absorption of a substance or substances from a solution or gas by the
surface of a solid substance is called adsorption, and similarly, the process of absorption of a
substance or substances from a solution or gas by the surface of a liquid is called absorption, and
on the contrary, the transfer of a substance or substances from the surface of phase separation to
the volume is called desorption. Physical and chemical adsorption types are distinguished
depending on the form of interaction between adsorbate and adsorbent particles.

The physical adsorption process is characterized by weak intermolecular VVan der Waals
forces between adsorbent and adsorbate particles. As a result, the presence of opposite processes
of adsorption and desorption, the weakening of adsorption with increasing temperature, and
characteristic small values for the heat of adsorption are observed.
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Chemical adsorption is accompanied by the formation of new chemical bonds, the
process becomes irreversible, the speed of the process increases as the temperature increases, and
a high thermal effect characteristic of chemical sorption is observed.

It is possible to determine the activation energy from the graph constructed for adsorption
or desorption in InW, = f(1/T) coordinate /tgo. = -Ea/R = [(INWo)1 — (INnW0)2]/(1/T1 — 1/T2) /
system.

By determining the desorption of 28U isotope atoms adsorbed to the adsorbent (100 g)
from the uranyl nitrate solution at a temperature of 298 K, proportional to the increase in
temperature (28U activity in the adsorbent at each temperature), a graphical interpretation of the
dependence was made for the mentioned adsorbents (see: Figure 3). The experimental values of
the desorption rate in Table 6 were used to draw up the graphical dependencies in Figure 3. In
the “activation energy” column of Table 6, the values of the activation energy of the desorption
process of 228U isotopes from the adsorbents used in the research, calculated on the basis of the
graphical dependences in Figure 3, are shown.

Table 6
Adsorption of 2%U isotopes from uranyl nitrate solutions on studied 100 g adsorbents at different
temperatures.

Adsorption on adsorbent at room temperature The value of the
partial desorption of the 233U isotope proportional to | activation energy
the temperature increase, of desorption of
Type of adsorbent Bq/100 g. the 228 isotope
208 K 323 K 343 K fmén ?f;?;gf)”ts’
Azgg | D323 | IN(D323/A29g) | Dasz | In(D3sz/A2gg) ’ '
DOWE).( H.CR SIS 64 18 -1.269 32 -0.693 26.5
cationite
Activated charcoal 45 13 -1.242 22 -0.716 24.2
Keramzite 41 12 -1.229 20 -0.718 23.5
Pebble gravelly |07 | 4 11,213 18 0.721 22.6
sand
Anthracite 30 9 -1.204 14 -0.762 20.3
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Fig. 3. Desorption of adsorbed from uranyl nitrate solutions to adsorbents
(100 g) #8U isotopes are proportional to temperature.

-Eo/R = [In(D343/A29g) - In(D343/A298)]/[(1000/T1) — (1000/T2)] =
[In(18/64) - In(32/64)]/[(1000/323) — (1000/343)] =
-1.269 — (-0.693)/(3.096 — 2.915) = -0.576/0.181 = -3.18;
-Eo/R =-3.18; Ea = 3.18%8.3144 = 26.5 kJ/mol.

It shows that the value of a quantity (Ea/R) is 2.44-3.19 for all adsorbents used in the
experiments and the value of activation energy (Ea) varies in the range of 20.3-26.5 kC/mol, after
performing calculations with the same algorithm for other adsorbents (see: Table 6).

These values confirm that the adsorption process is a weak exothermic process, while the
desorption process is a weak endothermic process.

As can be seen from Table 6, 28U isotope adsorbed on DOWEX HCR S/S cationite at
room temperature (298 K) (weak exothermic process) partially desorbs as a result of increasing
the temperature to 323 K and 343 K (weak endothermic process). The fact that the value of the
activation energy determined for the desorption process is in the range of 8-40 kC/mol, indicates
that the adsorption process in all 5 types of adsorbents used in the experiments, including
DOWEX HCR S/S cationite, have a physical nature (physical sorption), and it is not
accompanied by chemical sorption, indicates that only weak Van der Waals forces exist between
the adsorbed uranium isotopes and the adsorbent.

It can be seen from the obtained regularities that when using the same type of adsorbent,
the reduction of uranyl nitrate from the solution occurs inversely proportional to the increase in
the amount of adsorbent.

4. Conclusions
The regularities of adsorption of radioisotopes from aqueous solutions of nuclear material

waste in granular activated carbon /charcoal/, anthracite, pebble gravel sand, DOWEX HCR S/S
cationite, expanded clay masses have been studied. The samples of granular DOWEX HCR S/S
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cationite (72-75%), activated carbon /charcoal/ (50-65%), and expanded clay /keramzite/ (47-
50%) have the highest adsorption property among the mentioned adsorbents, and the weakest
adsorption property has pebble gravel sand (41%) and granular anthracite (33%).

The values of the deactivation coefficient (1.05 - 3.75) of the cleaning processes carried
out with the application of the studied adsorbents are smaller than the deactivation coefficients of
the existing cleaning methods (DC > 4) shown in the scientific literature. However, expanded
clay /keramzite/, which has large natural raw material reserves in our country, can be used as a
cleaning component for adaptation of the physical purification stage of oil to the safety standards
of wastewater.

It was determined that the activation energy (E.) of the desorption process of uranium
isotopes from the studied adsorbents varies in the range of 20.3-26.5 kJ/mol. These values
indicate that the desorption process is a weak endothermic process, in contrast to the exothermic
adsorption process. The values of the activation energy determined for the desorption process
show that the adsorption process has a physical nature (physical sorption) in all 5 types of
adsorbents used in the experiments, and only weak Van der Waals forces exist between the
absorbed uranium isotopes and the adsorbents.
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N3YUYEHUE 3AKOHOMEPHOCTEM AJICOPBIIUA
PAJUOHYKJ/INIAOB HA AICOPBEHTAX

X.®. Mammanos, X.H lHIupanueBa

Pezrome: I/IBY'{CHBI 3aKOHOMCPHOCTH az[cop6u1/m pPaguon30TOIOB M3 BOAHBIX PAaCTBOPOB OTXOAOB
AACPHBIX MATCPHUAJIOB I'PAHYJIMPOBAHHBIM AKTUBUPOBAHHBIM YIJIEM, AHTPALWUTOM, FpaBHﬁHLIM IIECKOM,
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karnorutom DOWEX HCR S/S, kepamsutoBeiMu Maccamu. Cpenu yKa3aHHBIX —aJCOpPOCHTOB
HauOOJBITNICH aJICOPOIMOHHON CITOCOOHOCTRIO 00JagaroT 00paslbl TPaHYJHPOBAHHOTO KATHOHHTA
DOWEX HCR S/S (72-75%), aktuBupoBanuoro yris (50-65%) u kepamsura (47-50%), a HaumeHbIeH
aJICOPOLIMOHHON CITOCOOHOCTBIO TpaBHHBIA mecok (41%) u rTpanynupoBaHHBIA aHTpauut (33%).
3HaueHns kodbdunuenta nezaktuBarmu (1,05 - 3,75) TporeccoB OYMCTKH, TIPOBOAWMEIX C
MPUMEHEHNEM HCCIIEIOBAHHBIX aJCOpPOEHTOB, MEHBIE TIPUBEACHHBIX B HAYYHOH IJIUTEpaType
KOA(GUIMCHTOB JIe3aKTUBAIlUU CYINECTBYOMUX MeToqoB ouncTku (DE > 4). OnmHako, kepaM3UTOBEIC
MacChl, MMEIONUE OOJbINE 3amachkl B KayeCTBE MPUPOJHOTO CHIPbS B HaIlleH CTpaHe, MOXKET OBITh
WCTIOJB30BaH JIJISl OYMCTKHM CTOYHBIX BOJ CTaAMH (PH3HUECKON OYHCTKH He(pTH A0 HOpM OE301MacHOCTH.
YcranoBneHo, uro 3Heprus aktuBaiuu (Ea) mporecca aecopOimu M30TOMOB ypaHa M3 HCCISAYEMBIX
agcopOenToB konebnercss B mpenenax 20,3-26,5 kKi/monb., DT 3HaueHUs yKa3blBalOT Ha TO, YTO
MIPOIIECC AECOPOINH SBISETCA CIa0bIM SHAOTEPMUYIECKIM TPOIIECCOM, B OTJIMYHE OT DK30TEPMHUECKOTO
mporecca ancopOuuu. 3HAYeHWs JHEPTUW aKTUBAILMH, OMpENeNIeHHBIE Ui Mpolecca JecopOIuu,
MOKA3bIBAIOT, YTO IMPOIECC aJICOPOIMU UMeeT (PU3NUCCKYIO mpupony ((usmueckas copOuus) BO BCeX 5
TUTIAX aJICOPOCHTOB, UCIIONB3YEMBIX B OKCIIEPUMEHTAX, ¥ MEX/IY IOTIOMAEMBIMU W30TOMIAMH ypaHa U
azcopOeHTa CyIeCTBYIOT JIUIIE cllabble BaH-nep-BaanscoBrie criibl.

Knrwouesvie cnosa: ancopObeHTbI, OTXOIBI U PACTBOPHI AAEPHBIX MAaTEPHAIOB, H30TOIIbI, AeCOpOLus.

ADSORBENTLORDO RADIONUKLIDLORIN ADSORBSIYASI
QANUNAUYGUNLUQLARININ OYRONILMOSi

X.F. Mammadov, H.N. Siraliyeva

Xiilasa: Niivo materiali tullantilarinin sulu mohlullarindan radioizotoplarin danavar aktivlosdirilmis
komiirda, antrasitds, ¢inqilli qumda, DOWEX HCR S/S kationitindo, keramzit kiitlolorinds adsorbsiyasi
ganunauygunluglar1 6yranilmisdir. Qeyd edilmis adsorbentlordon an yiiksok adsorbsiya xassasini donovar
DOWEX HCR S/S Kkationit (72-75%), aktivlogdirilmis komiir (50-65%) vo keramzit (47-50%)
niimunalori, oan zoif adsorbsiya xassasini isa ¢inqilli qum (41%) va donaver antrasit (33%) niimunalori
gostormisdir. Tadqiq edilmis adsorbentlorin tatbigi ilo aparilmis tomizlomo proseslorinin dezaktivasiya
omsalinin (1.05 - 3.75) giymatlarinin elmi odobiyyatda gostorilmis mdéveud tomizlomo tisullarinin
dezaktivasiya omsallarindan (DO > 4) kigik olmasina baxmayaraq 6lkomizds tobii xammal ehtiyatlari
boyiik olan keramzitdon istifado etmoklo neftin fiziki tomizlonmosi morholssinin tullanti sularmimn
tohliikasizlik normalarina uygunlasdirilmasi tigiin tomizloms tisulu qisminda istifado edilo bilor. Todgiq
edilmis adsorbentlordon temperatur yiiksalmasi ilo bas veron uran izotoplarinin desorbsiya prosesinin
aktivlosmo enerjisinin (Ea) giymatinin 20.3-26.5 kC/mol intervalinda doyisdiyi toyin edilmisdir. Bu
giymatlor ekzotermik adsorbsiya prosesinin oksino olaraq desorbsiya prosesinin zoif endotermik proses
oldugunu gostorir. Desorbsiya prosesi iiglin toyin edilmis aktivlogsmo enerjisinin giymatlori tocriiboalords
istifado edilon biitin 5 nov adsorbentlordo adsorbsiya prosesinin fiziki xarakter dasidigim (fiziki
sorbsiya), udulan uran izotoplari ilo adsorbent arasinda yalmiz zoif Van-der-Vaals qiivvalorinin mévcud
oldugunu gostarir.

Agar sdzlar: adsorbentlor, niivo material tullantilar1 vo moahlullari, izotoplar, desorbsiya.
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