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Abstract. Hydrometallurgical processing of uranium-containing raw materials generates a significant amount of
liquid industry-related waste, namely waste solutions that require disposal. Sorption is known as one of the most
effective methods for purifying liquid matters contaminated with radionuclides. Various modification options are
being developed for the purpose of using natural sorbents and increasing their sorption capacity. The authors
proposed the methods for modifying natural aluminosilicate and coal-mineral raw materials. Zeolite found at the
Kusmurun deposit and shungite from the Koksu deposit were selected for the research. The methods are based
on obtaining solid-phase extractants. It was proposed to modify natural sorbents with a mixture of tributyl
phosphate and di2-ethylhexyl phosphoric acid in kerosene, as well as a mixture of phosphoric acid and
polyacrylamide. It was demonstrated that the first method is preferable for zeolite, and the second one for
shungite. The research addressed the sorption properties of modified sorbents in static and dynamic modes.
Uranium sorption isotherms were plotted. The maximum sorption capacity and the Langmuir constant were
calculated. The research allowed synthesizing an organopolymer based on shungite, glycidyl methacrylate,
orthophosphoric, and hydroxyethyl diphosphoric acids. Its sorption properties were studied under dynamic
conditions. Its sorption capacity was assessed in comparison with modified natural sorbents.
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Introduction

Recently, more and more attention has been
paid to the ecological safety of the Republic taking
into account the increased threat of radionuclide
contamination, in particular with uranium, since the
processing of uranium-containing raw materials
generates a significant amount of liquid industry-
related waste. The main waste disposal method is
sorption, which requires the use of inexpensive
sorbents [1].

Such sorbents may be obtained based on
domestic natural raw materials. The significant
disadvantages of natural sorbents include low
sorption capacity, which can be increased by
developing effective and inexpensive methods for
their modification.

At the same time, the lack of inexpensive and
easily feasible methods for obtaining modified
sorbents that would work well in the uranium
sorption processes represents a great obstacle to
their use for environmental purposes.

Experimental part

Natural sorbents were modified with organic
extractants and phosphoric acid in combination with
polyacrylamide using the method for obtaining
“solid-phase extractants”. Following the preliminary
flotation, zeolite found at the Kusmurun deposit and
shungite from the Koksu deposit were used as
natural sorbents [2].

The experiments took place in the following
way: 10 g of a natural sorbent (zeolite or shungite)
was filled with a solution of the summed up
extractants Di-2EHPA+TBP (di-
2ethylhexylphosphoric acid and tributyl phosphate)
in kerosene. The resulting compositions were kept
for 72 hours, dried at room temperature for one day,
and then dried in an oven at a temperature of 100°C.

The following conditions were applied for
modification ~ with ~ phosphoric  acid  and
polyacrylamide (PAA): a weighed portion of natural
sorbent in the amount of 10 g was treated with a
diluted (1:4) phosphoric acid solution, the sorbent
was washed from excess acid in 12 h, dried, filled
with a polyacrylamide solution (S: L=1:50) and kept
in such a state for 12 hours. Then the
polyacrylamide solution was poured off, and the
sorbents were washed with distilled water and dried.

Organopolymer based on shungite was
synthesized as described below. Glycidyl
methacrylate (GMA) with the addition of

orthophosphoric acid was loaded into a reaction
vessel equipped with a thermometer and a
mechanical stirrer. The mixture was heated to 100°C
and stirred for 30 minutes. Then a solution of

hydroxyethyl diphosphonic acid (HEDP) in 1,4-
dioxane and the calculated amount of shungite were
added followed by stirring for 30 minutes. Next, the
mixture was kept in an oven in porcelain cups for 10
hours at 100°C, after which it was washed
repeatedly with a solvent and dried to constant
weight under vacuum. The resulting sample was
treated with a 3% alkali solution and washed with
distilled water until the washings were neutral, then
it was converted to the H" form using a 3% HCI
solution.

The sorption capacity of the modified sorbents
was tested under static conditions. Sorption at room
temperature (~25°C) lasted for 4 hours. The initial
uranium concentration in the product solution
amounted to 8.9 mg/dm?, and S: L=1:5.

Besides, the dynamic sorption capacity of the
modified  sorbents and the  synthesized
organopolymer was determined, for which a
uranium-containing solution was passed through the
sorbent layer placed in the column. Samples of 10-
15 ml each were collected and analyzed for uranium
content during sorption.

Desorption took place in a static mode with the
ratio S: L=1:10.

Analysis methods

The quantitative uranium content in the
solutions before and after sorption was determined
with the help of an Optima 8000DV inductively
coupled plasma  (ICP) atomic  emission
spectrometer.

Results and Discussion

There are many ways to modify natural
materials in order to increase the efficiency and
selectivity of radionuclide extraction. Many of them
are based on the introduction of additional
functional groups into the sorbent structure, which
leads to the formation of new adsorption centers and
increased sorption capacity and sorbent selectivity.
Inorganic materials modified with amidoxime or
iminodoxime groups, as well as heteropoly salts,
serve this purpose [3, 4]. Sorbents with amidoxime
groups on various carriers showed high efficiency in
the radionuclide extraction, as well as good kinetic
properties [5-8].

Organopolymer synthesis plays a special part
in the modified sorbent generation. Thus, organo-
zeolite was synthesized based on natural zeolite-
containing tuffs and a water-soluble polymer of
polyhexamethylene  guanidine, as well as
epichlorohydrin as a crosslinking agent, which
simultaneously exhibits cation-exchange, anion-
exchange and bactericidal properties [9]. The
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sorbent is highly effective against oxygen-
containing anions and uranium  carbonate
complexes.

It should be noted that all the described
methods were developed using foreign raw
materials, expensive modifying reagents, and many
of them are difficult to implement.

Among the works presented by domestic
scientists, the most interesting are the examples with
modifying zeolite and shungite, previously activated
with sulphuric acid, copper (Il) and nickel
hydroxide, which are presented in the article [10].
The authors discussed the features and general
regularities of uranium sorption by modified
sorbents. It was shown that the use of pre-activated
and modified shungite and zeolite for the uranium
sorption makes it possible to increase its extraction
in comparison with the use of natural sorbents.
However, the labor-intensive modification process
is a deterrent for the widespread use of sorbents
obtained by this method.

Thus, the described methods have a common
disadvantage  expressed in  their  complex
implementation, high cost, and the use of not
generally available reagents. In addition, the
obtained organominerals are characterized by the
unstable surface layer of the modifier and the need
to create special conditions for optimal sorption.
Therefore, the development of effective and
inexpensive sorption materials using cheap local
raw materials remains urgent in the current
economic conditions [11].

The research included developing the
modification methods and studying the properties of
modified natural sorbents. Among the most
promising with functional groups fixed on polymer
matrices capable of forming complex compounds,
there are sorbents based on natural minerals and
extractants. Such “solid-phase extractants” are
characterized by good sorption properties; therefore,
we chose this method to develop modification
methods. Determining the sorption degree followed
the method described above. The uranium content in
waste solutions is estimated at 5-15 mg/dm?. The
uranium content in the product solutions used was
11.9 mg/dm?. The results are shown in Table 1.

Table 1 Results of sorption by natural sorbents modified
with organic solvents

No| Reagents used for | Zeolite Shungite after
modification flotation
Extraction | Extraction
degree, % | degree, %
1| Di-2EHPA 99.8 98.2
+TBP+kerosene
2 | HsPO,+PAA 97.6 99.7

Table 1 suggests that zeolite modified with a
mixture of di-2ethylhexylphosphoric acid and
tributyl phosphate in kerosene almost completely
extracts uranium from product solutions under the
described experimental conditions. The degree of
uranium extraction by zeolite modified with a
mixture of phosphoric acid and polyacrylamide is
somewhat lower. Meanwhile, an inverse dependence
is observed for shungite. In further studies, the first
method was used to modify zeolite, and the second
method was used for shungite.

The second stage of the research included
doubling the maodifier concentration, modifying
natural sorbents according to the described methods,
and tripled  sorption-desorption.  Desorption
complied with the conditions described above. The
results are shown in Table 2.

Table 2 Results of uranium sorption-desorption

Stagg Process Zeolite Shungite
Uranium [Extraction|Uranium|Extractio
content, degree, |content, |n degree,
mg/dm®  Do; mg/dm? |%;

desorptio desorpti
n degree, on
) degree,
%
I |Sorption | 0.79 91.12 0.046 | 99.5
Desorption| 9.504 | 40.2 3.8 15.45
Il |Sorption | 7.4 16.0 0.06 99.3
Desorption| 0.39 10.4 18.06 | 81.7
Il | Sorption 7.18 19.3 0.96 89.2
Desorption| 0.3 7.8 11.52 | 63.8

Table 2 suggests that shungite can be used
repeatedly with an increase in the modifier
concentration. No such dependence was observed
for zeolite.

Further, to modify the sorbents, a two-fold
increased modifier concentration was used. The
studies were based on model solutions with a
uranium concentration of 70, 107.5, 142.8, and
212.6 mg/dm3 under static conditions at the ratio S:
L=1:5 for 4 hours.

The balance ratio was used to calculate the
sorption capacity of ion exchangers (SC, mg/g):
SC = (Cinit. — fin.) Vsol. /0,
where Ciyit. and Csin. are the uranium concentrations
in the initial solution and the solution after sorption,
respectively, mg/l; Vsq. is the solution volume, I;
and g is the sorbent sample weight, g.

The study results are presented in Table 3.
The obtained isotherms and their anamorphoses are
shown in Figure 1. According to Figure 1 (a, b), the
curves are convex and may be described by the
Langmuir equation as follows:

Cequil. /SC= Cequil_ /SC00+1/(SCwXConSt.),
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Table 3 Results of uranium sorption from model solutions on modified natural sorbents with an increased concentration
of modifying agents

Initial uranium concentration in the solution, Zeolite Shungite
mg/dm? 70 107.5 | 142.8 | 212.6 70 107.5 | 142.8 | 212.6
Uranium concentration in the solution after 0.07 | 0.063 | 0.51 11.27 | 0.07 | 0.02 0.81 11.48
sorption, mg/dm?
Extraction degree, % 99.9 [ 999 |99.6 | 947 99.9 |99.99 | 99.6 | 94.6
Sorption capacity, mg/g 0.349 | 0.671 | 0.911 | 1.007 | 0.349 | 0.713 | 0.921 | 1.006
Zeolit 10
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Figure 2 Output curves of uranium sorption on modified

1 sorbents: 1 — shungite; 2 — zeolite; 3 — organopolymer
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Figure 1 Isotherms of uranium sorption by modified
zeolites and shungite (a, b) and their anamorphoses inthe  Figure 3 Output curves of iron sorption on modified
Langmuir equation coordinates (c, d) sorbents: 1 — shungite; 2 — zeolite; 3 — organopolymer
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Figures 2 and 3 show the output curves
representing the sorption of uranium and iron from
the process solution on shungite modified with
phosphoric acid with polyacrylamide, zeolite
modified with a mixture of organic solvents and a
shungite-based organopolymer. The flow rate of the
solution on the modified zeolite and organopolymer
is 30 ml/h, and 10 ml/h on the modified shungite.
The studies performed allowed determining the total
dynamic exchange capacity (TDEC, Table 5). As it
follows from the table, the TDEC of the
organopolymer for uranium and iron is lower in
comparison with modified zeolite and shungite.

Table 5 Results obtained from the sorption of uranium
and iron by modified sorbents and organopolymer under
dynamic conditions

Shungite Zeolite Organopoly
TDEC mer
total U Fe U Fe ) Fe
dynamic | 1.068 | 17.2 | 1.07 | 17.26 | 0.77 | 11.3
exchange
capacity),
mg/g

Conclusions

The research included proposed and tested
methods for modifying natural sorbents, which
make it possible to actively extract uranium.
Mixtures of di-2ethylhexylphosphoric acid and

phosphoric acid and polyacrylamide, were used as
modifiers. The methods are based on obtaining
“solid-phase  extractants”  characterized by
functional groups fixed on polymer matrices capable
of forming complex compounds, which is regarded
as the most promising method. Sorption in static and
dynamic modes was studied in the framework of the
research. It was shown that with an increase in the
modifier concentration, shungite can be used
repeatedly. No such dependence was observed for
zeolite.

Uranium sorption isotherms were plotted. The
maximum sorption capacity and the Langmuir
constant were calculated.

The research allowed synthesizing an
organopolymer based on shungite, glycidyl
methacrylate, orthophosphoric, and hydroxyethyl
diphosphoric acids. Its sorption properties were
studied under dynamic conditions. Its sorption
capacity was assessed in comparison with modified
natural sorbents.
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TypneHaipinreH copbeHTTEpMEH ypaH any

L A6aukepum B.E., * Kenxanues B.K., ! Cypkosa T.10.,?2 Anauk H., ! Bepkun6aeBa A.H.,
! DocbimGaesa 3.4., ' YMup6ekosa H.C.

1 Memannypeusi xeHe KkeH 6alisimy uHcmumymoi, Satbayev University, Anmamsi, KazakcmaH
2 [Dxoesikapma memiekemmik yHueepcumemi, VIHOoHe3usi

Tyiingeme. KypampiHga ypaH Oap IIUKI3aTTBl THIPOMETALUTYPTUSUIBIK OHJACY Ke3iHAe CYHBIK TEXHOTCHIIK
KaJIBIKTAPABIH €Ioyip O6JIiri - KOABl KaXKeT e€TeTiH KAJIABIK epiTiHainepi naiaa 6onanpl. CopOuus CYMbIK 3aTTap/Ibl
JIACTaHFaH PaTUOHYKIUATEPACH Ta3apTyFa apHaJFaH THIMII peuenTopiapabiH Oipi Oonbim TaObutafpl. Tabwru
COpOEHTTEPAl KOJIIaHy KOHE OJapbIH COPOLUSIBIK KabiIeTiH apTThIPY YIIiH MOAUUKAIUsIap skacamyaa. ABTopiap
TaOWFH AJFOMOCHIIMKATTHl JKOHE KOMip-MHHEpaIAbl MIMKi3aTThl MOAM(UKanusiIay OmiCTepiH YCHIHABL. 3epTreyre
KocMypbIHHBIH 11eonuTi koHe KOKCyAbIH IIYHTUT KE€H OpBIHAAphl TaHAAIABL. 3epTTey oMdic KaTThl (ha3aiibl
9KCTPAreHTTepAl axy oniciHe HerizgenreH. TaOuru copOeHTTepai KePOCHH KypaMBIHAAFsl TpuOyTmidochar nen nu2-
STHATEKCWI(POCPOP KBIIKBUIBIHBIH KOCIACBIMEH, COHIai-aK (ochop KBIIKBUIBI MEH NOJHAKPHIAMHJ KOCITACHIMEH
MoIuHUKAIMsIAY YCHIHBUIAABI. BIpiHIN oNIiC HEONHT YIIH, ajl eKiHII OJiC IIYHTUT YUIH KOJaWIbl eKEHMIrl
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kepcerireH. MoanpukauusulanFan COpOEHTTEPIH COPOLMSUIBIK KacHeTTepi CTaTUKAIBIK JKOHE JMHAMUKAIIBIK
peKUMIEpAE 3epTTeNui. YpaHHBIH COPOLMSIBIK n30TepManapsl chi3buradH. CopOLMsSHBIH MakcuMmaiasl KabOineTi MeH
Jlanrmiop koHcraHTacel ecenrenai. UlyHrut, raunuaniMeraakpuiar, opTtodocdop KkaeHe oxcudITHIIU]OCchHOp
KBIIKBUIIAPEl THAPOKCETIIIIHE HETI3ZeNTeH opraHomoimMmep cuHTe3nenngi. OHBIH COpOIFSIIBIK  KacHeTTepi
IUHAMUKAJBIK pexumae 3eprrenreH. OHBIH copOISUIBIK  KabineTiH Oaramay MOTUUKANWSIAHFAH TaOWFU
COpOCHTTEPMEH CaIIBICTRIPFaHAa OepiTeH.

Tyiinai ce3aep: Taburu copOeHTTEp, MOAUPHUKANINS, YPAaHHBIH COPOIISICH], OpraHOMHUHEpaIIap.

M3BneyeHue ypaHa moancpuumMpoBaHHbIMU COpOEeHTamMum

L A6aukepum B.E., * Kenxanues B.K., ! Cypkosa T.10., 2 Anauk H., ! BepkuH6aesa A.H.,
1 DockimbGaesa 3.[., ' YmMup6ekosa H.C.

1 lncmumym memannypeuu u oboeaweHus, Satbayev University, Anmamesl, KasaxcmaH
2 [ocydapcmeeHHbil yHugsepcumem [kokbsikapmabl, IHOOHe3ust

AnHoTamms. [lpm rugpomeTaTypruueckoid mepepaboTKe ypaHCOIACPIKAIlero ChIpbs 00pasyercs 3HauYUTENbHOS
KOJIMYECTBO KUAKAX TEXHOTCHHBIX OTXOJOB — COPOCHBIX PAacTBOPOB, TpeOYrOmMX yTuiau3auuu. OmgHUM U3 Hauboliee
3 (EKTUBHEIX TPHEMOB OYHCTKH, 3arpA3HEHHBIX PAJIUOHYKIHIAMH JKUIKUX OOBEKTOB sBisieTcs copbuus. C menbo
UCIIONB30BAaHMS TPHPOAHBIX COPOCHTOB M YBEJIMYCHHS HX COPOMOHHOW €MKOCTH pa3padaThIBAIOTCS BapHAHTHI
MojuduKauu. ABTOpaMH HPEATI0KEHbl CHOCO0bI MOIU(HUIIMPOBAHHS TPHUPOIHOTO ATIOMOCHIMKATHOTO U YTOJIBHO-
MHUHEPAIBHOTO ChIpbsi. J[s nccnenoBaHuii BIOpaHBI LIEOJIUT MECTOPOKAECHUsT KOCMYypyH M LIYHTHUT MECTOPOXKICHUS
Kokcy. B ocHOBY crtOCOOOB 1MOJIOKEH METO/I MOJIY4YeHHsI TBEpAO(Pa3HbIX SIKCTpareHToB. [1peanoxkeHo MoanpruupoBarTh
NPUPOJHBIE COpOeHTHI cMecblo TpuOyTmidochara U au2-3TUIreKcuIhocHOPHO KHUCIOTHI B KEPOCHHE, a TaKkKe
cMechio (hocopHOIT KUCTIOTH U noiuakpuiamuia. IlokasaHo, 4To s [EoIuTa MPeANoYTHTEeIbHEH HepBhIi coco0, a
JUIl IIYHTUTa — BTOpOil. M3ydeHbl COpOLMOHHBIE CBOMCTBA MOIU(PUIMPOBAHHBIX COPOEHTOB B CTaTHYECKOM U
JOMHAMUYECKOM pexuMax. [1ocTpoeHsl H30TepMbl cOpOLU ypaHa. PaccynTaHbl MakCUMalbHasi COPOLIMOHHAS €MKOCTh
u kKoHctaHTa Jlenrmiopa. CHHTE3UpPOBaH OpPraHOIONMMEpP HA OCHOBE INYHTUTA, TIHLIUIUIMETAaKpHiaTa,
optodochopHOit 1 okcHdITUIANPOCHOPHON KHUCIOT. M3ydeHBI ero cCopOLHOHHBIC CBOWCTBA B TMHAMHYECKOM PEXKHME.
[laHa olieHKa ero COpOLMOHHOI eMKOCTH B CPaBHEHHH ¢ MOIU(DUIINPOBAHHBIMH IPUPOJIHEIMU COPOCHTAMH.
KunroueBble ciioBa: NprpoaHbIe COPOSHTHI, MOAU(HUKALINS, COPOLHS ypaHa, OpraHOMHHEPAJL.
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