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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/m3 and on D2EHPA ion
exchanger at 2382 sp.vol. equal to 0.236 kg/m3 were obtained during passed volumes. It was found that desorption
degree with scandium-saturated Lewatit TP260 ion exchanger using a solution of 200 g/dm3 Na2CO3 at room
temperature was 87.26%; whereas with TVEX D2EHPA ion exchanger using solutions of sodium carbonate Na2CO3
(200 g/dm3) and hydrofluoric acid HF (3.5M) was about 100%. When using a solution of ammonium fluoride
NH4HF2, scandium extraction degree was 76%. A carbonate-alkaline solution of 0.5M NaOH + 1M Na2CO3 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 Sc2[Si207] and sterrettite ScCPO4*2H20 - 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 10-3 - 10-4%. 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
(Mnnt) 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 dm3was prepared by dissolving scandium oxide Sc203with a purity 0f 99.9% in a hot solution of 60%
sulfuric acid (CP 94.6%) at a temperature of 800C 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 Na2CO3 ammonium biflouride NH4HF2 fluohydric acid HF, sodium fluoride NaF,
sodium hydroxide NaOH, citric acid C6H807.

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 SO42 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 dm3, 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 dm35 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
macroporous, cross-linked

Lewatit TP272 bis(2,4,4-trimethylpentyl)phosphinic acid polystyrene 0.30-1.60
. . - macroporous, cross-linked .
Lewatit TP260 aminomethylphosphonic acid polystyrene 0.40-1.25
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:

Sec = clfjI.L (1)
c m \Y

where: Co0 - scandium concentration in the initial solution, mg/dm3 or mmol/dm3; Ce - the equilibrium
concentration of scandium in solution after sorption, mg/dm3 or mmol/dm3; V - the volume of solution
taken for testing, dm3; 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 30cm3 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./nour. 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.

TDEC = (C°~Ca>L )

m.e.

where: C - scandium concentration in the initial solution, mg/dm3 or mmol/dm3 C - an average
scandium concentration in solution, mg/dm3 or mmol/dm3; V - passed solution volume, dm3; mie. - ion
exchanger's sample weight, g.
The distribution coefficient of scandium was calculated by the formula 3:
— (N

Ka™Com 2
where: Kd - distribution coefficient of scandium, cma3/g; Co - scandium concentration in the initial
solution, mg/dm3 or mmol/dm3; C - scandium concentration in mother solution, mg/dm3 or mmol/dm3;
V - passed solution volume, dm3; 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/dm3 (0.67*10-3”~ 13.3*10-3mmol/dm3). 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

lon exchanger Scandium equilibrium concentration lon exchanger capacity, Distribution coefficient Kd

in the solution, mmol/dm3*103 mmol/g*103 cm3g

1.68 214 1756.0

3% 4.16 1112.8

TP272 6.12 5.10 914.6
8.28 6.42 1194.8

1224 10.14 862.8

128 115 1108.6

412 2.86 689.6

TP260 7.76 3.66 788.0
10.21 485 646.6

12.80 6.82 658.8
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Coninuation oftable 2

116 4.08 3546.2

342 895 4122.3

D2EHPA 6.00 14.56 4852.6
9.20 20.12 3896.2

12.48 271.82 34525

132 124 666.5

3.44 2.75 768.8

DRPO 7.22 6.54 844.0
9.12 7.26 716.8

1242 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.

30
§ ° Scandium equilibrium concentration
in the solution, mmol/dm3*103
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

. Concentration range, Constant K, dm3g (Henry) Correlating
lon exchanger Equation mmol/dm3*103 or g/mmol (Langmuir) coefficient, R2

Henry 112 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 356 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 Kkinetic 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 cm3 with an initial composition of
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0.22 mg/dma3. 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.

m Scandium sorption duration, hour
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 dm3of 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/m3was obtained.

Table 4 - Results of scandium sorption in static conditions

Sc concentration, mg/dm3

lon exchanger initial final Extraction degree, % Resin capacity, kg/m3
TP260 0186 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  a kg/m3

Sc concentration, mg/dm3  0.186 0.081 0.157 0.161 0.180 0184 0183 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  a, kg/m3
Sc concentration, mg/dm3  0.186 0.028 0.063 0.098 0.104 0104 0084  0.069
Specific volume, unit 1190 1430 1566 1678 1860 2059 2218 2382 0.148

Sc concentration, mg/dm3  0.062 0.058 0.055 0.057 0.058 0064 0069 0072
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Saturation was 0.148 kg/m3, with the passed solution volume; the following calculated saturation was
obtained: 0.236 kg/m3. Thus, it was possible to obtain saturation on the TP260 ion exchanger at
700 sp.vol. equal to 0.027 kg/m3 and on D2EHPA ion exchanger at 2382 sp.vol. equal to 0.236 kg/m3.
Scandium was desorbed from saturated ion exchangers in organic glass columns with a volume of 30 cm3
(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 Na2CO3
with a concentration of 200 g/dm3. 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 0 1 2 3 4 5 6 7 8 9 10
Sc concentration, mg/dm3 0 198 625 456 2.40 122 084 062 045 023 023
Sc extraction, % 0 564 1812 3724 5722 7015 8115 8220 8436 8552 87.26

]

S

£.. SéC

W

%

s

The amount of passed solution, sp.vol.

TP260 TP260 extraction
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/dm3 Na2CO3
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 cm3. Desorption solutions volume was 200 cm3.
Desorption solutions of the following concentration were used: 200 g/dm3 Na2C0O3; 3.5M NH4HF2; 3.5M
HF; 3.5M NaF; 0.5M NaOH + 1M Na2CO3; 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 D2EHPA 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

Desorbing soltion Scandium concentration in strippant, mg/dm3 during desorption, hour Extraction
2 4 6 12 24 degree, %
Na2CO3 0.60 113 233 310 433 7.05 ~100
NHHF2 18 2.62 33 365 375 4.32 76
HF 4.74 553 5.86 6.27 6.56 722 ~100
NaF 0.0025 0.068 0.068 0.065 0.070 0.096 2
NaOH + Na2CO3 0.48 0.85 115 1.20 115 109 13
Citric acid 0 0 0 0 0 0 0
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J la 0 5 10 15 20 25
£ E Duration, hour

3¢ Na2CO3 NH4HF2

00 HF NaF

—+ — NaOH + Na2CO3 —B— Citric Acid

Figure 4 - Kinetic curve of scandium desorption from TVEX D2EHPA resin using various desorption solutions
and extraction degree fromthe resin

From the data presented in table 8 and figure 4, it can be seen that when using solutions of sodium
carbonate Na2C0O3 (200 g/dm3 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 Na2CO3 and a 3.5M solution of sodium salt of
hydrofluoric acid NaF showed very low desorption characteristics. An ammonium fluoride NH4HF2
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 NH4HF2 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/m3
and on D2EHPA ion exchanger at 2382 sp.vol. equal to 0.236 kg/m3 were obtained during passed
volumes. It was found that desorption degree with scandium-saturated Lewatit TP260 ion exchanger using
a solution of 200 g/dm3 Na2CO3 was 87.26%; whereas with TVEX D2EHPA ion exchanger using
solutions of sodium carbonate Na2CO3 (200 g/dm3 and hydrofluoric acid HF (3.5M) was about 100%.
A carbonate-alkaline solution of 0.5M NaOH + 1M Na2CO3and 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 ofthe Ministry of
Education and Science ofthe Republic of Kazakhstan.

H. C. NBaHoB, A. 3. AbunbmanrkaHos, H. M. LLIokobaes, N. E. Agenbbaes, A. E. HypTasuHa
«[1.B. COKONMbCKWIA aTbIHAArbl XKaHapMaid, KaTans XXaHe 3/IEKTPOXUMUS MHCTUTYTbI» AK, AnvaTtbl, KasakcTaH
®OCPOP/Ibl COPEEHTTEPMEH CKAHAUWAL E0N1N ANTY

AHHoTauumsa. FbrnbEMbi kaxeT eTeTll WMHHOBaUMANbLY, TeXHOMOTUANAPAbIH AaMybl CUPEK Ke3LeceTLl Xep
aNeMeHTTepWw eHgipy 3pl naiifanaHyra 6GainaHbICTbl, ONapAblH apacblHAa CKaHAW nepcnekTmBa. CkaHAWMAALL,
bIKTUMa/1 KaiiHapke3wLw, 6ipi - ypaHfbl >kepacTbl Walimaiay epTHAWepr KasakcTaHga CKaHAWA eHAipiciHLy,
MbIFbIM 371eyen 6ap. YpaHabl XepacTbl CINTICI3LeHAIPY apKblibl CKaHAWA anyfblH XXOrapbl TMMAA, 3KOHOMMKa/bIK
TYpProlfaH TUiMAI TEXHOMOMUACBIH 3epTTeY X3He 33ipsiey e3eKn rbiNbIMU-TEXHUKANbIK MLUAET 60/biN caHanajbl.
CkaHawingi 6enyfLl >xksHe Ta3apTydblH eH TWiMai agici - spTYpni epTHALWeEP 3KcTpakumscebl. OpraHogocdop
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KbILIKbI/IbIHBIH 3KCTPareHTTepi CkaHANAAI 3KCTPaKLms X3He cKaHauigi 6acka anemeHTTepaeH 6eny YLLiH nepcnek-
TUBTI 60/1bIN Kenear

3eptTey adacbiHAa ocgopnbl Lewatit TP272, Lewatit TP260, KO [A23I®K (kaTTbl 3KCTpareHT au-(2-
aTunrekcusn) ¢ochop KbIlKblbl) aHe ®OP (TYpni pagukangsl hocthunH OKCUAi) NOHUTTEPIMEH MOAENbAI ePTH-
JinepaeH ckaHaumid copbumscel 3epTTengi. CopoumManbik U30TepManap dxaHe CKaHAWA COpOLMACHIHbIL, UHTErpagbl
KVHETVKA/bIK KUCLIKTapbl aNblHAbl. 3epTTeNeTiH NOHUTTep YLUIH CKaHAMAAIL CTAaTUKaNbIK anmacy CblbIMAbIbIMbI
X3HE TOMblK AVHAMUKANbIK anMacy MyMKLUAW aHblKTangbl. AJbIHFAH H3TWXKeNep CKaHAMAAIL copbuMAnbIK
3KCTpaKLMACbIH ofaH 3pl 3epTTey ywi Lewatit TP260 aHe K3 231 @K MoOHUTTEPIH TaHAayra MYMKIHAIK Gepai.

CopbumsaHbl cTaTMKanbiK Xargaiga 3eptreyge 0,04 feH 4 © AewHn WaiblpAblH enweHreH Geniri 5 gm3
KeneMiHAeri KOHTelHepre OpHanacTbIpbligbl, OFaH HaKTbl CKaHAWMI KOHLUEHTpauusacsl 6ap epiTiHAiHIH 6enrini 61p
MefLepi eHri3ingi, KOHTelHepAi MbIkTan »aybin, LS110 paguangbl waikaylbira canbliHabl. 3epTTey epiTiHgi
KeNeMiHiH WMOHWT MaccacblHa LUEeKCi3 KaTblHachl apkbiibl XYprisingi C:K 1000:1 (5amM35 r). [uHamMUKaibiK
Xarpainga copbunsHbl 3epTTeyae MoHUT 30 cM3 opraHuKasiblK 3liHeK 6araHbiHa OpHanacTbIpbiigbl (COPOeHT kabaTbl
6WKNNHW, AvameTpre KatbiHackl h/d = 4,8:1). EpiTiHai TY6iHeH Xorapbira waiiblp CKaHAMAMEH KaHbIKKaHra AefiH
NOHMT KabaTbl apKbi/bl eTHo3WAa. MeHLWIKTI XXYKTeMe 10 MEHLKN Keiem/MeHL.kesl./caraT 6ongel. EpiTiHginepaiH
eTKI3iN anblHraH Kenemi 60ibiHWa TP260 mMoHuTTe 700 MeHLU.KeNl. KaHbIKTbIpbiagbl (01 0,027 Kr/mM3 TeH) >kaHe
L0237 ®K noHuTTe 2382 MeHLw.ken. (01 0,266 Kr/M3 TeH).

[vHamyKanblK arfaiga KaHblKkaH WMOHWMTTeH Lewatit TP260 Hatpuii KapboHaTbl Na2CO3 epTHArameH
(koHUeHTpaumsacel 200 r/gm3 ckaHauingi gecopbumanay Yaepici xxysere acbipbingsl. Benme TemnepaTypacbiHAarb
fecopbuns pgapexeci 87,26% kepceTTi. KaHbikkaH K3 [23M®PK noHMTTEH cKaHAuiai gecopbuuscel TYpni
fecobumsnbiK epiTiHAINEPAI KogaHa OTbIpbIM, CTaTUKabIK Xargaiga XYprisingi. TemeHaeri KOHUeHTpauusgarsi
fecopbumsanbik epiTiHginep naiganadsingbl: 200 r/am3 Na2CO3; 3,5M NH4HF2; 3,5M HF; 3,5M NaF; 0,5M NaOH +
1M Na2CO3 5% - NMMOH KbILWKbINbIHBIH epiTiHgici (citric acid). Hatpuii kap6oHaTbl Na2CO3 epiTiHAICIH >k3He
rMapodTopbl Kbiwkbigel HF gecopbumanbik epiTiHAl penHae naiganaHy KesiHae CTaTuKa/blK xargaiga KO
[23rdK waiiblpbiHaH CKaHAWAAIH TONbIK gecopoumschbl 6aiikangbl. AMMOHWIA dTopugiHiH NH4HF2 epTHAraH
KOMJaHraHaa cKaHauigiH 6enin any gapexxea 76% kepceTTi. Kap6oHaTTbI-CINTINI ePITIHAICI K3HE HATPUIA TPbIHbIH
rMapodTop/bl KbILWKbINbIHBIH epTHATA NaF aca TemeH gecopbums cunaTTaManapbiH KepeeTTi.

TYViiH cesgep: ckaHauii, copbuus, aecopbuus, aKCTpakuws, Gen any Aapexkea, anmacy ChiibIMAbUbIFb,
CY3iHgi.

H. C. MBaHoB, A. 3. AbunbmarkaHos, H. M. LLIoko6aes, L. E. Agenbbaes, A. E. HypTasuHa
AO "VIHCTUTYT TONNnBa, KaTanun3sa v anektpoxmmun um. [, B. Cokonbckoro"”, Anmatsl, KasaxctaH
N3BNEYEHUNE CKAHONA ®OCPOPCOAEPXKALWLMMUN COPBEHTAMN

AHHOTauus. Pa3BuTe HayKOEMKUX WHHOBALMOHHbLIX TEXHOMOMMIA CBA3AHO C MO/YyYEHWEM W MPUMEHEHVEM
peLKo3eMeNbHbIX 3/IEMEHTOB, CPEAM KOTOPbIX MEPCNEKTUBHBLIM SBASETCS CKaHAWA. OAUH N3 NOTEHLUMaIbHBIX UCTOY-
HWUKOB CKaHAMs - pacTBOPbI MOA3eMHOr0 BbiLLe/la4unBaHns ypaHa. KasaxcraH 06n1afaetT He06X0AMMbIM MOTEHLMAIOM
ON1S NpOM3BOACTBA CKaHAus. WccnepfoBaHue M pa3paboTKa BbICOKOIM(EKTUBHOM, 3KOHOMUYECKU NpUeMIEMON
TEXHOMOTMW U3BNEYEHNSA CKaHAWSA 13 PACTBOPOB NOA3EMHOI0 BbliLLeNauMBaHys ypaHa ABNSETCA aKTyasibHON Hay4HO-
TEXHNYECKon 3apavein. Hanbonee sththeKTMBHBIM CMOCOGOM pa3feNieHns U OYUCTKM CKaHAWS SBNSETCS 3KCTPaKLmA
M3 pasfiMuHbIX PacTBopoB. KMCNOTHble dochopopraHnyeckme 3KCTPareHTbl ABAAOTCA MEPCNEKTUBHLIMU ANA
3KCTPaKLUWKN 1 OTAENEHNA CKaHAWSA OT APYTUX 3/1eMEHTOB.

B pamkax paboTbl NpoBeAeHbl MUCCNefoBaHUA coOpOuMM CKaHAuA docgopcofepalimmmy noHmTamm Lewatit
TP272, Lewatit TP260, TBOKC [23r®K n ®OP un3 mogenbHbIX pacTBOpPOB. lMony4yeHbl U30TEPMbI COPOLMN U
MHTErpasibHble KMHETUYECKMe KPUBblE COPOLMM cKaHaus. [na nccnefyeMbiX MOHUTOB onpefeneHbl 3HaveHns COE
n MAOE no ckaHgnto. MonyyeHHble pesynbTaTbl MO3BOUAN BblOpaTb MOHMTHLI Lewatit TP260 n 023 ®K ans
[a/bHeNLIEero n3yyeHns COPOLMOHHOIO M3BNEYEHNS CKAHAUS.

Mpu “ccnegoBaHUK copbLMM B CTATUYECKMX YCNOBUAX HABECKY CMObI B AuanasoHe ot 0,04 go 4 r nomelanu
B eMKOCTb 06beMOM 5 M3, BBOAWAN B HEE ONpejeneHHOe KOMIMYeCTBO pacTBOpa C M3BECTHOWM KOHLeHTpaLmeli CKaH-
ONS, TEPMETUYHO 3aKpbIBa/I EMKOCTb U CTaBWU/M €€ Ha paguanbHblii weikep LS110. ViccnegoBaHne B CTaTUHECKUX
YCNOBMSAX NPOBOAWM NpY 6ONBLIOM COOTHOLLEHMM 06bema pacTBopa K Macce moHuTa X:T 1000 : 1 (5gm3: 5 ).
Mpy n3yyeHUn copbumm B AUHAMUYECKUX YCNOBUAX MOHWUT MOMELLaNM B KOMIOHKY U3 oprcTekna o6bemom 30 cM3
(oTHOLWEHME BbICOTHLI CNOs copbeHTa K Anametpy h/d = 4,8:1). Yepes c/ioil MOHWTa NPOMyCKanu PacTBOP CHMU3Y-
BBEPX A0 MOSHOTO HACbLILEHMS CMOMbl CKaHAMEM. YpenbHas Harpyska coctaensna 10 yp.06./yp.06./yac. Mpw
NponylLLeHHbIX 06bemMax pacTBOPOB YAanocb MOMAYUUTh HacbllleHne Ha uoHute TP260 npu 700 ya4.06. paBHbIM
0,027 kr/m3 1 Ha noHute 23 dK npm 2382 yg.06. paHbiM 0,236 Kr/m3,
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[Jecopbumio ckaHgMsi C HacbIWeHHOro noHuTa Lewatit TP260 npoBOgWM B AMHAMUYECKUX YCIOBUAX
pacTBOpPOM Kap6oHaTa HaTpus C KoHueHTpaumeid 200 r/gm3 Na2CO3 CreneHb fAecopbuuy npu KOMHaTHOW
Temnepatype coctasuna 87,26 %. [decopbumio CKaHAUA C HacbIWeHHOro noHuta TBAKC A23I K nposognnu B
CTaTUYEeCKUX YCNOBUAX C WCMOMb30BAHMEM pPa3/IMUHbIX [ecopbupytoLMX pacTBOPOB. bBbiM  MCNO/b30BaHbI
fecopbupytoLime pacTBOpbI CleaytoLlein kKoHueHTpaumn: 200 r/gm3 Na2CO3; 3,5M NH4HF2; 3,5M HF; 3,5M NaF;
0,5M NaOH + 1M Na2CO3 5% - pacTBOp NMMOHHOW KMcnoTbl (citric acid). Mpu ncnonb30BaHMM pacTBOPOB
KapboHaTa HaTpus Na2CO3 u (hTOpUCTOBOAOPOAHON KucnoTel HF B KauecTBe AecopOupyrOWMX pacTBOPOB
Habnoganach NPakTUYECKU NosHas gecopbuus ckaHaus co cmonbl TBOKC 23 dK B cTaTMUecKmx YCMOBUSX.
Mpy ucnonb3oBaHUM pacteopa qropupa ammoHusa NHAHF2 cTeneHb U3BNeYeHWs CKaHAMA cocTasunia 76%.
KapboHaTHO-LLe04HO pacTBOpP ¥ pacTBOP HaTPUEBOI CoMn HTOPUCTOBOLOPOAHOM KncnoTbl NaF nokasanu BecbMa
HU3KMe JecopompytoLLme XapakTepucTuKu.

KntoueBble cnoBa: CKaHAWiA, copbuwms, Aecopbuus, SKCTPaKuWsi, CTeMeHb M3BAeYeHUs, 06MEeHHas eMKOCTb,
hunbTpar.
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