ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBIJIbIM AKAAEMUACBIHBIH
Satbayev University

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

4 (442)

JULY — AUGUST 2020

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.
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SCANDIUM EXTRACTION
BY PHOSPHORUS-CONTAINING SORBENTS

Abstract. The research and development of a highly effective, economically acceptable technology for
scandium extracting from in-situ leaching solutions of uranium is an urgent scientific and technical task. An effective
way of separation and purification of scandium is considered to be extraction from various solutions, among which
organic acid phosphorus extractants are the most promising. This article is aimed at studying the equilibrium
scandium sorption characteristics from model solutions of organophosphorus ion exchangers. Scandium sorption was
carried out under static and dynamic conditions. In the furtherance of desired goal, scandium sorption by
phosphorus-containing ion exchangers Lewatit TP272, Lewatit TP260, D2EHPA and DRPO from model solutions
was studied. Sorption isotherms and integrated kinetic curves of scandium sorption were obtained. For the studied
ion exchangers, the values of static exchange capacity and total dynamic exchange capacity for scandium were
determined. Saturation on the TP260 ion exchanger at 700 sp.vol. equal to 0.027 kg/m’ and on D2EHPA ion
exchanger at 2382 sp.vol. equal to 0.236 kg/m® were obtained during passed volumes. It was found that desorption
degree with scandium-saturated Lewatit TP260 ion exchanger using a solution of 200 g/dm’ Na,CO; at room
temperature was 87.26%; whereas with TVEX D2EHPA ion exchanger using solutions of sodium carbonate Na,CO;
(200 g/dm’) and hydrofluoric acid HF (3.5M) was about 100%. When using a solution of ammonium fluoride
NH4HF,, scandium extraction degree was 76%. A carbonate-alkaline solution of 0.5M NaOH + 1M Na,CO; and
sodium salt solution of hydrofluoric acid 3.5M NaF showed low desorption characteristics. Obtained results made it
possible to select Lewatit TP260 and D2EHPA ion exchangers for further study of scandium sorption extraction.

Key words: scandium, sorption, desorption, extraction, degree of extraction, exchange capacity, filtrate.

Introduction. Scandium (Sc) is one of the most expensive rare metals with a small volume of
industrial production. Despite the significant content in the earth's crust, scandium rarely forms its own
deposits. The reason is that Sc does not combine with ore-forming anions. In this regard, scandium is
usually stands out as a byproduct in the processing of tailings and residues of various sources, such as
uranium production solutions, titanium pigment production waste, ilmenite chlorination waste,
wolframium and red mud sludge processing residues [1-3]. The main line of scandium application is the
production of aluminum-based alloys used in the aerospace industry, in the manufacture of sports
equipment and firearms. This is facilitated by the unique properties of scandium alloys, such as a
combination of high strength and low weight, heat resistance and mechanical strength. In illumination
engineering scandium iodide is used as an additive in halide lamps, which are one of the most effective
light sources [4-7]. Scandium is a typical dissipated lithophylic element, found exceptionally in the form
of oxide compounds. Scandium's own minerals - thortveitite Sc,[Si,O7] and sterrettite ScPO,*2H,0 - rare
and do not have industrial significance. The problem of industrial production of scandium is solved by
using dissipated scandium, extracted simultaneously from ores of non-ferrous and rare metals. The
scandium content in these products does not exceed tenths of a percent. Scandium oxide of various
qualifications is the final product of the described schemes [8-11]. One of the main scandium sources is
uranium ores containing 10~ - 10%. Global uranium manufacturing in 2016 amounted to 62,366 tons, of
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which 39.4% was produced in Kazakhstan, followed by Canada (22%), Australia (10%), Niger (5.8%) and
Russia (4.8%) [12]. Accordingly, scandium extraction as a by-product in uranium processing is great
consequence. Currently, the processing of uranium-containing leaching solutions for scandium recovery
typically uses hydrometallurgical processes, which are mainly associated with leaching, precipitation,
liquid extraction and related technologies such as ion exchange and liquid membrane extraction [13-15].

Liquid extraction is one of the well-established hydrometallurgical methods for concentrating
scandium and purifying leaching solutions of scandium-containing raw materials. The technology for the
scandium isolation is complicated by the fact that the multicomponent composition of scandium-
containing solutions necessitates a combination of different methods of concentration and purification.
Process flowsheets for the scandium extraction are quite difficult, so the question of developing effective
methods of extraction concentrating and separation from impurities remains particularly relevant. Review
of the above process engineering solutions for scandium concentrating [16-23] indicates the efficiency of
sorption and the variety of ion-exchange resins used. To concentrate scandium from productive solutions
of uranium in-situ leaching acid extractants are often used. Most commonly the extraction of a metal ion
(Mn"™) with an acid extractant at a high concentration of an element in the organic phase proceeds
according to the cation exchange mechanism [18]. For scandium sorption from acidic solutions of
complex salt composition, it is preferable to use highly selective phosphorus-containing ion exchangers
with high scandium sorbability even when extracted from strongly acidic solutions. In turn, these acidic
extractants are divided into phosphoric, phosphonic and phosphinic [22-27].

Experimental procedure. Scandium sorption was investigated using a sulfuric acid solution
simulating ISL uranium solutions. Standardized test solution for scandium sorption with a volume of
60 dm’ was prepared by dissolving scandium oxide Sc,03 with a purity of 99.9% in a hot solution of 60%
sulfuric acid (CP 94.6%) at a temperature of 80°C for 0.5 hour. Investigation process of scandium
extraction from sulfate solutions was carried out using phosphorus-containing ion exchangers, main
specifications of which are presented in table 1. The following solutions were used in the experiments:
sodium carbonate Na,CO;, ammonium biflouride NH4HF,, fluohydric acid HF, sodium fluoride NaF,
sodium hydroxide NaOH, citric acid C¢HgO5.

Research methods. Before work samples of ion exchangers were preconditioned with hydrochloric
acid and caustic soda solutions according to the procedure described in [28]. Cation exchangers were
converted to H" form, polyampholytes to the H™ and SO,> form when working with sulfuric solutions.
Further, the resins were transferred to the working form by holding for 24 hours in the appropriate
medium, after which they were washed with distilled water to a pH of 3-3.5.

Investigation of sorption under static conditions, a weighed portion of the resin in the range from
0.04 to 4 g was placed in a container with a volume of 5 dm’, a certain amount of solution with a known
concentration of scandium was injected into it and the container was hermetically closed and placed on a
LS110 radial shaker. Taking into account the extremely low concentrations of scandium, the study under
static conditions was carried out with a large ratio of the solution volume to the weight of the ion
exchanger V:W=1000:1 (5 dm®:5 g). Stirring of the container was carried out to prevent resin's particles
deposition for 48 hours.

Table 1 — The main specifications of the resins used in the work

. . . Granules size
Resin Functional groups Matrix type in the air-dry state, mm
Chelating resins
Lewatit TP272 bis(2,4,4-trimethylpentyl)phosphinic acid macroporous, cross-linked 0.30+1.60
polystyrene
Lewatit TP260 aminomethylphosphonic acid macroporous, cross-linked 0.40+1.25
polystyrene
Solid extractants
macroporous,
D2EHPA di-(2-ethylhexyl)phosphoric acid hypercrosslinked 0.65+2.50
polystyrene
macroporous,
DRPO different radical phosphine oxide hypercrosslinked 0.25+0.80
polystyrene
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Stirring of the container was carried out to prevent resin's particles deposition for 48 hours. Samples
for analysis were taken at certain time intervals without interrupting the experiment. System's volumetric
change as a result of sampling did not exceed 5%. Sorption isotherm from the solution was taken off
varying the ratio of the solution volume to the ion exchanger mass V:m. The solution was contacted with
the resin also until equilibrium was established. The equilibrium static exchange capacity (SEC),
calculated by the residual scandium content in the solution, was determined by the formula 1:

Co—Ce V
SEC =u._’
CO m

)
where: C, - scandium concentration in the initial solution, mg/dm’® or mmol/dm®; C, - the equilibrium
concentration of scandium in solution after sorption, mg/dm’® or mmol/dm®; V - the volume of solution
taken for testing, dm’; m - ion exchanger's sample weight, g.

Investigation of sorption under dynamic conditions, prehydrated in distilled water and converted
into the desired form, the ion exchanger was placed in a 30cm’ organic glass column (the ratio of the
height of the sorbent layer to the diameter h/d = 4.8:1). The solution was passed from bottom to top
through an ion exchanger until the resin was completely saturated with scandium. The specific load was
10 sp.vol./sp.vol./hour. At a controlled flow rate, the solution at the column outlet was fractionally
selected for analysis. Throughput raterate was set using a peristaltic pump. Total dynamic exchange
capacity (TDEC) was calculated by the formula 2. Solutions were analyzed by inductively coupled plasma
atomic emission method on an Optima 8300DV spectrometer from Perkin Elmer, LLC.
(Cy—Ca)V

Mie.

TDEC = )

where: C, - scandium concentration in the initial solution, mg/dm® or mmol/dm’; C, - an average
scandium concentration in solution, mg/dm3 or mmol/dm3; V - passed solution volume, dm3; M, - ion
exchanger's sample weight, g.
The distribution coefficient of scandium was calculated by the formula 3:
_ -V
Re==cm— )
where: Ky - distribution coefficient of scandium, cm’/g; C, - scandium concentration in the initial
solution, mg/dm’ or mmol/dm’; C - scandium concentration in mother solution, mg/dm’ or mmol/dm?;
V - passed solution volume, dm®; m - ion exchanger's sample weight, g.

Result and discussion. Sorption isotherm characterizes the state of ion-exchange equilibrium at a
constant temperature. Researches of scandium sorption isotherm were carried out at a concentration range
as close as possible to the technological conditions of uranium leaching. Scandium sorption isotherms on
an ion exchangers were removed by varying the initial concentration in the solution from 0.03 to
0.6 mg/dm® (0.67*%10° + 13.3*10” mmol/dm’). The value of ion exchanger’s capacity was calculated by
the formula 1, the distribution coefficient by the formula 3. Research results of scandium sorption
isotherms are shown in table 2.

Table 2 — Results of scandium sorption isotherms research

Ton exchanger chndium equ_ilibrium conce3ntrat3ion Ion exchanger cag)acity, Distribution cgefﬁcient K

in the solution, mmol/dm™*10 mmol/g*10 cm’/g

1.68 2.14 1756.0

3.95 4.16 1112.8

TP272 6.12 5.10 914.6
8.28 6.42 1194.8

12.24 10.14 862.8

1.28 1.15 1108.6

4.12 2.86 689.6

TP260 7.76 3.66 788.0
10.21 4.85 646.6

12.80 6.82 658.8
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Coninuation of table 2

1.16 4.08 3546.2

3.42 8.95 4122.3

D2EHPA 6.00 14.56 4852.6
9.20 20.12 3896.2

12.48 27.82 3452.5

1.32 1.24 666.5

3.44 2.75 768.8

DRPO 7.22 6.54 844.0
9.12 7.26 716.8

12.42 9.96 708.6

As can be seen from the graphs in figure 1, scandium sorption isotherms within the studied
concentration range are close to rectilinearly type. Isotherms were processed by the instrumentality of the
Langmuir and Henry equations [29]. The processing results in coordinates 1/E-1/C (Langmuir equation)
and E-C (Henry equation) are presented in table 3.

== NN W
o U O unn O

15

Scandium equilibrium concentration
in the solution, mmol/dm?3*103

Ion exchanger equilibrium
capacity, mmol/g*103
(9]

—@— D2EHPA —@—DRPO TP272 —@—TP260

Figure 1 — Scandium sorption isotherms from standardized test solutions with TP272, TP260, D2EHPA, DRPO

Based on the presented results analysis, it can be concluded that there is no significant difference
between the correlation coefficients in the two equations for the studied resins in the selected
concentration range and conditions.

Table 3 — Scandium sorption isotherm processing results

Ton exchaneer Eauation Concentration range, Constant K, dm’/g (Henry) Correlating
x & a mmol/dm**10° or g/mmol (Langmuir) coefficient, R
Henry 1.12 0.8692
TP272 - 1.68+12.24
Langmuir 198.622 0.7458
Henry 0.72 0.9742
TP260 - 1.28+12.80
Langmuir 108.55 0.9413
Henry 3.56 0.9826
D2EHPA - 1.16+12.48
Langmuir 16.68 0.9748
Henry 0.82 0.9832
DRPO - 1.32+12.42
Langmuir 3.10 0.9812

Scandium sorption kinetic characteristics were studied by the limited-volume method in an
installation with a thermostatically controlled cell at temperatures of 293 K in such a way that the
exchange process occurred in a stirred solution with a volume of 5000 cm® with an initial composition of
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0.22 mg/dm’. In this case, sorbed ion concentration in the solution changes during the experiment, which
affects the speed of the process. With sufficiently intensive mixing, an equilibrium distribution of the ion
concentration in the entire solution volume is achieved, excluded layers directly adjacent to the grain layer
(boundary layer). The integrated kinetic sorption curves of scandium, considered at a temperature of
293K, are shown in figure 2.

0,8

o o 2o
N O

o

0 10 20 30 40 50

Scandium sorption duration, hour

Scandium ion exchanger
capacity, mg/g

—&— D2EHPA —@—DRPO TP272 —@—TP260

Figure 2 — Integrated kinetic curves of sorption of scandium from model solutions
with TP272, TP260, D2EHPA, and DRPO ion exchangers at a temperature of 293K

Figure 2 shows that TP260 ion exchanger showed the lowest kinetic and capacitive indices, TP272
and DRPO ion exchangers are saturated with scandium in about 6 hours, while D2EHPA resin exhibits a
lower saturation rate at a significantly higher equilibrium capacity. However, the strong affinity of the ion
exchanger to the recoverable element expectedly complicates scandium subsequent extraction from the
resin phase during desorption. Obtained results made it possible to select Lewatit TP260 and D2EHPA ion
exchangers for further study of scandium sorption extraction. Before scandium sorption on selected ion
exchangers under dynamic conditions, an experiment was conducted in a static mode. In this case, the
ratio of L:S was 1000:1 (5 dm® of scandium-containing solution: 5g of resin). The container was stirred to
prevent resin's particles from occurring for 48 hours, after which a sample of the solution was taken and
analyzed for scandium. Table 4 contains data on the scandium sorption results in static conditions.
Sorption extraction of scandium under dynamic conditions was carried out according to the procedure
described above, from a sulfate solution at a specific load of 10 sp.vol./ sp.vol./hour. The results of
scandium sorption on the ion exchangers TP260 and D2EHPA are shown in tables 5 and 6. With the
passed volume of solutions, the calculated saturation of 0.027kg/m’ was obtained.

Table 4 — Results of scandium sorption in static conditions

Sc concentration, mg/dm’ ) ) ) 5
Ion exchanger — Extraction degree, % Resin capacity, kg/m
initial final
TP260 0.186 0.155 16.72 0.031
D2EHPA ' 0.139 25.27 0.047

Table 5 — Results of scandium sorption on the ion exchange TP260

Specific volume, unit 0 100 200 300 400 500 600 700 o, kg/m®

Sc concentration, mg/dm® 0.186 0.081 0.157 0.161 0.180 0.184 0.183 0.176 0.027

Table 6 — Results of scandium sorption on the ion exchange D2EHPA

Specific volume, unit 0 150 320 486 650 780 942 1120 o, kg/m3
Sc concentration, mg/dm3 0.186 0.028 0.063 0.098 0.104 0.104 0.084 0.069
Specific volume, unit 1190 1430 1566 1678 1860 2059 2218 2382 0.148
Sc concentration, mg/dm’ 0.062 0.058 0.055 0.057 0.058 0.064 0.069 0.072
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Saturation was 0.148 kg/m’, with the passed solution volume; the following calculated saturation was
obtained: 0.236 kg/m’. Thus, it was possible to obtain saturation on the TP260 ion exchanger at
700 sp.vol. equal to 0.027 kg/m’ and on D2EHPA ion exchanger at 2382 sp.vol. equal to 0.236 kg/m’.
Scandium was desorbed from saturated ion exchangers in organic glass columns with a volume of 30 cm’
(the ratio of the height of the sorbent layer to diameter h/d = 4.8:1) filled with a saturated resin from a
previous sorption experiment. From the bottom up, a desorption solution was passed through a clamped
ion exchanger using a peristaltic pump, and the specific load was 1 sp.vol./sp.vol./h. At a controlled flow
rate, sorption filtrates were fractionally selected for analysis. Scandium desorption from saturated Lewatit
TP260 ion exchanger was carried out under dynamic conditions with a sodium carbonate solution Na,CO;
with a concentration of 200 g/dm’. Main results of the experiment on the scandium desorption from resin
TP260 are shown in table 7 and figure 3.

Table 7 — Results of scandium desorption from resin TP 260 in dynamic conditions

Specific volume, unit 1 2 3 4 5 6 7 8 9 10
Sc concentration, mg/dm3 1.98 6.25 4.56 2.40 1.22 0.84 0.62 0.45 0.23 0.23
Sc extraction, % 5.64 | 18.12 | 37.24 | 57.22 | 70.15 | 81.15 | 82.20 | 84.36 | 85.52 | 87.26
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Figure 3 — Scandium desorption curve and degree of scandium extraction from TP260 resin

Desorption degree with scandium-saturated Lewatit TP260 ion exchanger using 200 g/dm’® Na,COs
and passing 10 sp.vol. at room temperature it was 87.26%, which allows making a conclusion about
effectiveness of selected scandium desorbent. Scandium desorption from saturated TVEX D2EHPA ion
exchanger was carried out under static conditions using various desorption solutions. The volume of
saturated D2EHPA resin for each experiment was 5 cm’. Desorption solutions volume was 200 cm’.
Desorption solutions of the following concentration were used: 200 g/dm3 Na,CO;; 3.5M NH4HF,; 3.5M
HF; 3.5M NaF; 0.5M NaOH + 1M Na,COs; 5% citric acid. Results of scandium desorption from resin
TVEX D2EHPA in static conditions are shown in table 8 and figure 4. It was established in [30] that
scandium can be extracted from D2EHPA with carbonate - alkaline solutions or solutions of hydrofluoric
acid or its salts. But then again, carbonate-alkaline solutions application for scandium desorption from
TVEX is unacceptable, because D2ZEHPA will be emulsified and washed out from the TVEX's phase.
Certain salts of hydrofluoric acid are also unallowable, as this will lead to the formation of sparingly
soluble complex salts in TVEX's phase.

Table 8 — Results of scandium desorption from resin TVEX D2EHPA in static conditions

. . Scandium concentration in strippant, mg/dm®; during desorption, hour Extraction

Desorbing solution
1 2 4 6 12 24 degree, %

Na,CO;4 0.60 1.13 2.33 3.10 4.33 7.05 ~100
NH,HF, 1.8 2.62 3.35 3.65 3.75 4.32 76
HF 4.74 5.53 5.86 6.27 6.56 7.22 ~100
NaF 0.0025 0.068 0.068 0.065 0.070 0.096 2
NaOH + Na,CO; 0.48 0.85 1.15 1.20 1.15 1.09 13
Citric acid 0 0 0 0 0 0 0
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Figure 4 — Kinetic curve of scandium desorption from TVEX D2EHPA resin using various desorption solutions
and extraction degree from the resin

From the data presented in table 8 and figure 4, it can be seen that when using solutions of sodium
carbonate Na,CO; (200 g/dm’) and hydrofluoric acid HF (3.5M) as desorption solutions, almost complete
scandium desorption from the TVEX D2EHPA resin was observed in static conditions. Nevertheless, a
carbonate-alkaline solution of 0.5M NaOH + 1M Na,CO; and a 3.5M solution of sodium salt of
hydrofluoric acid NaF showed very low desorption characteristics. An ammonium fluoride NH4HF,
solution, devoid of the disadvantages of carbonate-alkaline desorbates, is applied to desorb scandium from
phosphorus-containing ion exchangers. In our experiments desorption degree with scandium-saturated
TVEX D2EHPA ion exchanger using a 3.5M solution of NH4HF, at room temperature was 76%. As can
be seen, the desorption results obtained are in good agreement with the literature.

Conclusion. Scandium equilibrium sorption characteristics from model solutions by organopho-
sphorus ion exchangers were studied. Scandium sorption by selected ion exchangers was carried out under
static and dynamic conditions. Saturation on the TP260 ion exchanger at 700 sp.vol. equal to 0.027 kg/m’
and on D2EHPA ion exchanger at 2382 sp.vol. equal to 0.236 kg/m’ were obtained during passed
volumes. It was found that desorption degree with scandium-saturated Lewatit TP260 ion exchanger using
a solution of 200 g/drn3 Na,CO; was 87.26%; whereas with TVEX D2EHPA ion exchanger using
solutions of sodium carbonate Na,COsz (200 g/dm®) and hydrofluoric acid HF (3.5M) was about 100%.
A carbonate-alkaline solution of 0.5M NaOH + 1M Na,CO; and sodium salt solution of hydrofluoric acid
3.5M NaF showed low desorption characteristics. Consequently, phosphorus-containing ion exchangers
Lewatit TP260 and TVEX D2EHPA can be proposed as promising sorbents for scandium extraction from
uranium in-situ leaching solutions.

Funding. The research was carried out within the framework of the project AP05133140
"Development and testing of resource-saving technologies for extraction of valuable byproducts during
the processing of uranium ores with a comprehensive assessment of its profitability and investment
attractiveness” due to scientific projects financing under the of the Scientific Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.

H. C. UBaHnoB, A. 3. AbuiasmarxkanoB, H. M. Illoko6aes, U. E. Anean6aes, A. E. Hypra3una
«J1.B. CokonbCckuil aTbIHAAFbI XKaHapMai, KaTaJlu3 KoHE dNMEKTPoXuMus HHCTUTYTh AK, Anmatsl, Kazakcran
®OCDOPJIBI COPBEHTTEPMEH CKAHIUI I BOJIIII AJTY

AHHOTanusi. FhUIBIMIBI KaXKET €TETIH WHHOBALMSUIBIK TEXHOJIOTHSIAPIBIH JIaMybl CHPEK KE3JECETiH Kep
AIIEMEHTTEPIH OHIIpy opi maiimamaHyra OalilaHBICTHI, ONAPIBIH apachlHAa CKaHIWH TMepcreKTUBTI. CKaHIUHIIH
BIKTUMaJI KaiiHapKe3iHiH Oipi — ypaHIbl KepacThl LiaiimMainay epitinaiiepi. Kazakcranma ckaHIuii eHJIIpICIHIH
MBIFBIM oJieyeTi 0ap. YpaHbl )KepacTbl CUITICI3IEHIIPY apKbUIbl CKaHAWI Ay (bIH XKOFapbl THIMI1, 5KOHOMHKAJIBIK
TYPFBIIAH THIMJII TEXHOJIOTHSCHIH 3€PTTEY JKOHE o3ipiiey ©3eKTi FhUIBIMH-TEXHHUKAJBIK MIHAET OOJBIN CaHAIA/IbL.
Ckanguiini OeryliH JKOHE Ta3apTyAbIH €H THIMII 9ici — opTypii epiTiHmuiep skcrpakuuscel. Opranodochop
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KBIIIKBUTBIHBIH KCTPAreHTTEPl CKAaHIUIII SKCTPAKIKs KOHE CKaHIUI I OacKa 3JIeMEeHTTepAcH 0oy YIIiH Iepcrek-
THBTI OOJIBII KEJIEIl.

3eprrey asceiHma ¢ochopasr Lewatit TP272, Lewatit TP260, KO JI20I'®K (karTel 3KcTpareHT au-(2-
strirexkcun) ¢hochop Keimkpuibl) xoHe POP (Typmi pamukanasl GocHHUH OKCHII) HOHUTTEPIMEH MOICIbAl €PIiTiH-
IiIepaeH cKkaHaui copOumsicel 3eprreinai. CopOUUsIbIK H30TepMaliap JKOHE CKaHIHA COPOIMSCHIHBIH HHTETPAIIbI
KUHETUKAIBIK KACBHIKTAPhl aJIbIHIIbl. 3ePTTENETIH HOHUTTEP YIIiH CKaHAMM/IIH CTATUKAJBIK aJIMacy ChIABIM/IbUIBIFBI
JKOHE TOJBIK TUHAMHUKAJIBIK aIMacy MYMKIHAI aHBIKTAIbl. AJIBIHFAH HOTIDKEIICD CKAHIUHIIH COPOIUSIIBIK
9KCTPAKUIUACHIH OfaH opi 3eprrey yurin Lewatit TP260 sxone K3 J[20I'®K nonuTTepin TaHIayFa MYMKIHIIK Oepi.

CopOuUHsHBI CTATHKANBIK Karaaiina seprreyme 0,04 neH 4 r meifiHri mailbIpAbIH eJIICHTeH Goiri 5 aM’
KeJIEMiH/IET1 KOHTEHHepre OpHAIACTBIPBUIAbI, OFAaH HAKTHl CKaHAWI KOHIEHTpAlMsCHl Oap epiTiHAiHiH Oenrimi Oip
MeJIepi eHri3ingi, KoHTeWHepai MbIKTam kaybin, LS110 paguamapl maikayiiblFa CamblHABL 3epTTey epiTiHmi
KONIeMiHIH HMOHMT MAacCachlHa IWIEKCi3 KaThIHACHI apKbUIbl kyprizimmi C:K 1000:1 (5am’:5 r). JMHaMHKAIBIK
JKargaiina copOusaHb! 3eprreyae HoHUT 30 cM3 opraHUKANIBIK JifHEeK OaraHBIHA OPHAIACTHIPEUIIBI (COPOSHT KabaThl
OmikTirinig nuamerpre kateiHacel h/d = 4,8:1). EpiTiaai TyOiHEH )KoFapbIFa Ialblp CKaHINHMEH KaHBIKKaHFa JICHIH
MOHUT KabaThl apKbUTBI OTKi31ai. MeHmIikTi xkykreMe 10 MEHOTIKTI Kemem/MeHI.kel./caraT 0oxnel. Epitinainepain
OTKi3in ambiHFaH Kenemi Goiibima TP260 nornTTe 700 MEHIILKOI. KAHBIKTHIPSULAB (01 0,027 Kr/M® TeH) XKoHe
JI2OT @K nonutre 2382 MeHurkeL. (o1 0,266 kr/M® Tew).

JluHaMuKabIK JKaFmaiga KaHbIKKaH wWOHHTTeH Lewatit TP260 Harpuii kapOonatel Na,COs; epitiHmiciMeH
(xoHmenTpammsics 200 r/aM°) cKaHuii Jecopbumsiay yaepici kysere achipbiiabl. BenMe TeMmiepaTypachiHIaFsl
necopbrust  gopexeci 87,26% kepcerti. Kanbikkan KD JI2OT'®K woHHTTEH CKaHIUIAI JIECOPOIMSICH TYpJi
JIECOOLMSIIBIK, ePITIHIUIePAl KOIaHa OTHIPBII, CTATUKAJBIK JKaFqaina xyprizinmi. TeMeHaeri KOHIICHTPaIUsIaFbl
JIeCOpOIUSITBIK epiTiHauIep maiaanansuias: 200 /oM’ Na,COs; 3,5M NH,HF,; 3,5M HF; 3,5M NaF; 0,5M NaOH +
IM Na,CO;; 5% — nuMOH KBIIIKBUIBIHBIH, epiTinmici (citric acid). Harpuii xkapoonatsr Na,CO; epiTiHAiCIH XKoHE
runpodTopibl Kenukeuael HF mecopOumsnmblk epiTiHal peTiHAe maimamaHy Ke3iHAe CTaTHKANBIK Jkarmaiima KD
JI20T'®K maifblpbiHaH CKaHIWHAIH TOJBIK AecopOmmsach Oaikanapl. AMMonuit ¢ropuninin NH4HF, epitinapicin
KOJIJaHFaH/1a CKaHIUIIIH Oein aimy gopexeci 76% kepcerti. KapOoHATTHI-CINTiINI epiTiHAiCI )KOHE HATPHHA TY3BIHBIH
ruapodTOPJIBI KBIMIKBUIBIHBIH epiTiHaici NaF aca TeMeH mecopOuus cumaTraManapbid KOPCETTI.

Tyiiin ce3mep: ckanaumii, copOuys, aecopOLus, IKCTPaAKIMs, OO alny IOpexeci, aIMacy ChIbIMABLIBIFDI,
CY3iH/I.

H. C. UBanoB, A. 3. Aouabmarxkanon, H. M. lllokobaes, U. E. Anenn0aes, A. E. Hypra3una
AO "UncTHTyT TOIUIHMBA, KaTanm3a u snekTpoxumun uM. [1. B. Cokonsckoro", Anmatsl, Kasaxcran
MN3BJIEYEHUE CKAHJIUA ®OCPOPCOJAEPKXAIIMMU COPBEHTAMUN

AnHoTtanusi. Pa3BuTHe HayKOEMKHMX WHHOBAIIMOHHBIX TEXHOJIOTHMH CBS3aHO C IOJyYeHHEM M IPHUMEHEHHEM
PeIKO3eMEIIbHBIX AJIEMEHTOB, CPEAN KOTOPBIX MEPCIIEKTHUBHBIM SIBIIsieTCsl CKaHAUK. OMH U3 MOTEHINAIBHBIX UCTOY-
HHUKOB CKaHIMs — PaCTBOPHI IIOI3EMHOT'0 BhIIeNIadiBaHus ypaHa. Kazaxcran o0yasaeT He0OX0ANMBIM MTOTSHIIMATIOM
Ul TIpOM3BOACTBa ckaHaus. MccienmoBanme u pa3paboTKa BBHICOKOI((EKTHBHOH, SKOHOMHUYECKH HpPHEMIEMON
TEXHOJIOTUH M3BJICYCHUS CKaHANS M3 PACTBOPOB IOA3EMHOTO BHIIIECIAUYNBAHUS ypaHa SBISAETCS aKTyaIbHON HAyIHO-
TexHU4eckor 3amadeir. Hanbomnee 3 pexTHBHBIM CITOCOOOM pa3fiesieHrs U OYUCTKH CKaHIHUS SBISETCS SKCTPAKIINS
U3 Ppa3NIMYHbIX pacTBOpoB. KuciioTHble ¢ocdopopraHudecKre >KCTPareHThl SBIAIOTCA HNEePCHEKTUBHBIMH I
9KCTPAKLUH U OTIENICHHS CKaHANS OT JPYTHX JIEMEHTOB.

B pamkax pa0OoThl IpoBeleHBI HCCIeNOBaHMs copOuMK ckanausi ochopconepkamumMu HoHnTaMu Lewatit
TP272, Lewatit TP260, TBOKC 120T'®K u ®OP u3 monenbHbIX pacTBOpoB. IToiydeHbl M30TepMBbl COpOLMHU U
HWHTETPAJIbHBIC KUHCTUYCCKHUE KPHUBLIC COp6LII/II/l CKaHaus. I[J'ISI HCCIICAYEMbBIX MOHUTOB OIPCAC/ICHBI 3HAYCHUA COE
n I[IJIOE no ckanauto. [lomydeHHbIe pe3ynbTaThl MO3BOJIMIM BbIOpaTh MOHUTHI Lewatit TP260 u J20I'®K ms
JIANTbHEHIIIET0 N3yYeHUs] COPOIIMOHHOTO U3BJICUEHHST CKaH M.

[Ipu uccnenoBanny copOUMHU B CTATHYECKUX YCIOBHUSIX HABECKY CMOJIBI B uanasone ot 0,04 no 4 r nomenianu
B €MKOCTH 06BEMOM 5 JIM’, BBOIHIIH B Hee ONpEJE]IEHHOE KOIMUECTBO PACTBOPA C H3BECTHOM KOHIIEHTpAIHEH CKaH-
JTUsl, TEPMETUYHO 3aKPBIBAIM EMKOCTh M CTAaBIIIM e Ha pamauanbHbil mefikep LS110. MccneqoBanue B cTaTHIECKUX
YCIOBHSAX TPOBOMMIN MPH GONBIIOM COOTHOLICHHH 06BbeMa pacTBopa k Macce monmta JXCT 1000 : 1 (5am’ : 5 1).
Ipy u3ydeHHH COPOLMM B TMHAMHYECKHX YCIOBMAX HOHHT HOMEIIANH B KOJNOHKY M3 oprctekna oobemom 30 cm’
(oTHOIIEHHE BBICOTHI ciiosi copbenrta k nuamerpy h/d = 4,8:1). Uepes cioit MOHHMTA NPOIYCKANN PacTBOP CHHU3Y-
BBEPX [0 TIOJIHOTO HACBHIIIEHHUS CMOJIbI CKaHAWEeM. YJielibHas Harpys3ka coctasisuia 10 ya.06./yn.06./gac. [pu
MPONYIICHHBIX 00bEMaxX PacTBOPOB YJIAJIOCh MOJyYUTh HackimeHne Ha uMoHuTe TP260 mpu 700 ym.00. paBHBIM
0,027 xr/m’ i Ha nonmte JI2OTOK npu 2382 y1.06. pasHbvM 0,236 Kr/nm.
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HecopOmmro ckaHmusi ¢ HachlleHHOro woHmTa Lewatit TP260 mpoBoawnmu B AWHAMHYECKUX YCIOBHIX
pacTBOpoM KapGoHaTa Hatpus ¢ Konuentpammein 200 r/mm’ Na,COs. CremeHb AeCOpOLMM NMpH KOMHATHOM
Temrepatype coctaBmia 87,26 %. IecopOumio ckanaus ¢ HackimeHHoro noanta TBOKC J20I'®K mpoBoauim B
CTaTHYECKUX YCJIOBHAX C MCHOJIBb30BAHUEM PA3IMYHBIX JIECOPOMPYIOIIMX pPACTBOPOB. bbUIM HCIIOIB30BaHBI
JlecopOupyroIne pacTBOPHI clexyromei konnerTpanuu: 200 /v’ Na,COs; 3,5M NH,HF,; 3,5M HF; 3,5M NaF;
0,5M NaOH + 1M Na,CO;; 5% — pactBop siuMoHHO#H kucioThl (citric acid). IIpu ucmosb30BaHuKM pacTBOPOB
kapOonara Hatpusi Na,CO; u ¢ropucroBonopoanoii kuciorsl HF B KkadecTBe necopOHMpyIOIIMX pacTBOPOB
HaOJII01aIach MPAKTUYECKU MONHAs aecopOius ckauaust co cMoibl TBOKC J[20I'OK B craTHYeCKHX YCIIOBHSIX.
IMpu wucnonb3oBanun pactBopa ¢ropuna ammonuss NH HF, crenenr wusBiedenus ckanmust cocraBuia 76%.
KapOoHaTHO-111eI04HOM pacTBOp M PacTBOp HaTpHUEBOM cosin PToprcTOBOOpOoAHON KucioTel NaF nokaszanu BecbMma
HHU3KHE 1ecOpOMPYIOIINE XapaKTePUCTHKI.

KaroueBbie cioBa: ckanaui, copOIms, necopOuus, SKCTPAaKLIUs, CTEICHb H3BJICUYEHHS, OOMEHHAs! €MKOCTb,
(upTpar.
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