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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.
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Introduction. Scandium (Sc) is one o f 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 o f tailings and residues o f 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 o f scandium application is the 
production o f aluminum-based alloys used in the aerospace industry, in the manufacture o f sports 
equipment and firearms. This is facilitated by the unique properties o f scandium alloys, such as a 
combination o f 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 o f 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[Si2O7] and sterrettite ScPO4*2H2O - rare 
and do not have industrial significance. The problem of industrial production o f scandium is solved by 
using dissipated scandium, extracted simultaneously from ores o f non-ferrous and rare metals. The 
scandium content in these products does not exceed tenths o f a percent. Scandium oxide o f various 
qualifications is the final product o f the described schemes [8-11]. One o f 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 o f 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 o f the well-established hydrometallurgical methods for concentrating 
scandium and purifying leaching solutions o f scandium-containing raw materials. The technology for the 
scandium isolation is complicated by the fact that the multicomponent composition o f scandium- 
containing solutions necessitates a combination of different methods o f concentration and purification. 
Process flowsheets for the scandium extraction are quite difficult, so the question o f developing effective 
methods o f 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 o f ion-exchange resins used. To concentrate scandium from productive solutions 
of uranium in-situ leaching acid extractants are often used. Most commonly the extraction o f a metal ion 
(Mnn+) with an acid extractant at a high concentration o f 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].

Experim ental 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 dm3 was prepared by dissolving scandium oxide Sc2O3 with a purity o f 99.9% in a hot solution o f 60% 
sulfuric acid (CP 94.6%) at a temperature o f 800C for 0.5 hour. Investigation process o f scandium 
extraction from sulfate solutions was carried out using phosphorus-containing ion exchangers, main 
specifications o f 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 C6H8O7.

Research methods. Before work samples o f ion exchangers were preconditioned with hydrochloric 
acid and caustic soda solutions according to the procedure described in [28]. Cation exchangers were 
converted to Н+ form, polyampholytes to the Н+ 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 o f 3-3.5.

Investigation o f sorption under static conditions, a weighed portion o f the resin in the range from
0.04 to 4 g was placed in a container with a volume o f 5 dm3, a certain amount o f solution with a known 
concentration o f 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 o f scandium, the study under 
static conditions was carried out with a large ratio of the solution volume to the weight o f the ion 
exchanger V:W=1000:1 (5 dm3:5 g). Stirring o f 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

Resin Functional groups Matrix type Granules size 
in the air-dry state, mm

Chelating resins

Lewatit TP272 bis(2,4,4-trimethylpentyl)phosphinic acid macroporous, cross-linked 
polystyrene 0.30-1.60

Lewatit TP260 aminomethylphosphonic acid macroporous, cross-linked 
polystyrene 0.40-1.25

Solid extractants

D2EHPA di-(2-ethylhexyl)phosphoric acid
macroporous, 

hypercro sslinked 
polystyrene

0.65-2.50

DRPO different radical phosphine oxide
macroporous, 

hypercro sslinked 
polystyrene

0.25-0.80
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Stirring o f 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 o f sampling did not exceed 5%. Sorption isotherm from the solution was taken off 
varying the ratio o f 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:

S e c  = c l £ jl . L  ( 1)
C° m ’ v '

where: C0 - scandium concentration in the initial solution, mg/dm3 or mmol/dm3; С e - the equilibrium 
concentration o f scandium in solution after sorption, mg/dm3 or mmol/dm3; V - the volume o f solution 
taken for testing, dm3; m - ion exchanger's sample weight, g.

Investigation o f 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 o f the 
height o f 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.

TD E  С =  (C° ~ Ca> L (2)
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; m ie. - ion 
exchanger's sample weight, g.

The distribution coefficient o f scandium was calculated by the formula 3:

K  = (^ L  (3)
a C ■ m  v '

where: Kd - distribution coefficient o f scandium, cm3/g; С  0 - scandium concentration in the initial 
solution, mg/dm3 or mmol/dm3; С - 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 o f ion-exchange equilibrium at a 
constant temperature. Researches o f 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*10-3 mmol/dm3). The value o f ion exchanger’s capacity was calculated by 
the formula 1, the distribution coefficient by the formula 3. Research results o f scandium sorption 
isotherms are shown in table 2 .

Table 2 -  Results of scandium sorption isotherms research

Ion exchanger Scandium equilibrium concentration 
in the solution, mmol/dm3*103

Ion exchanger capacity, 
mmol/g*103

Distribution coefficient Kd, 
cm3/g

TP272

1.68 2.14 1756.0
3.95 4.16 1112.8

6.12 5.10 914.6
8.28 6.42 1194.8
12.24 10.14 862.8

TP260

1.28 1.15 1108.6
4.12 2.86 689.6
7.76 3.66 788.0
10.21 4.85 646.6
12.80 6.82 658.8
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Coninuation o f table 2

D2EHPA

1.16 4.08 3546.2
3.42 8.95 4122.3
6.00 14.56 4852.6
9.20 20.12 3896.2
12.48 27.82 3452.5

DRPO

1.32 1.24 666.5
3.44 2.75 768.8
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 o f 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

Ion exchanger Equation Concentration range, 
mmol/dm3*103

Constant К, dm3/g (Henry) 
or g/mmol (Langmuir)

Correlating 
coefficient, R2

TP272
Henry

1.68-12.24
1.12 0.8692

Langmuir 198.622 0.7458

TP260
Henry

1.28-12.80
0.72 0.9742

Langmuir 108.55 0.9413

D2EHPA
Henry

1.16-12.48
3.56 0.9826

Langmuir 16.68 0.9748

DRPO
Henry

1.32-12.42
0.82 0.9832

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 cm3 with an initial composition of
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0.22 mg/dm3. In this case, sorbed ion concentration in the solution changes during the experiment, which 
affects the speed o f the process. With sufficiently intensive mixing, an equilibrium distribution o f 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 o f 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 o f 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 o f 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 o f L:S was 1000:1 (5 dm3 o f scandium-containing solution: 5g o f resin). The container was stirred to 
prevent resin's particles from occurring for 48 hours, after which a sample o f the solution was taken and 
analyzed for scandium. Table 4 contains data on the scandium sorption results in static conditions. 
Sorption extraction o f scandium under dynamic conditions was carried out according to the procedure 
described above, from a sulfate solution at a specific load o f 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 o f solutions, the calculated saturation o f 0.027kg/m3 was obtained.

Table 4 -  Results of scandium sorption in static conditions

Ion exchanger
Sc concentration, mg/dm3

Extraction degree, % Resin capacity, kg/m3
initial final

ТР260
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 a, kg/m3

Sc concentration, mg/dm3 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 a, kg/m3

Sc concentration, mg/dm3 0.186 0.028 0.063 0.098 0.104 0.104 0.084 0.069
0.148Specific volume, unit 1190 1430 1566 1678 1860 2059 2218 2382

Sc concentration, mg/dm3 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/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 o f the height o f 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 o f 200 g/dm3. Main results o f 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 1.98 6.25 4.56 2.40 1.22 0.84 0.62 0.45 0.23 0.23
Sc extraction, % 0 5.64 18.12 37.24 57.22 70.15 81.15 82.20 84.36 85.52 87.26

The amount of passed solution, sp.vol.

the
s
£  sc 
Й ° , o in

Xe
cS

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 o f 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 o f the following concentration were used: 200 g/dm3 Na2CO3; 3.5М NH4HF2; 3.5М 
HF; 3.5М NaF; 0.5М 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 solution
Scandium concentration in strippant, mg/dm3; during desorption, hour Extraction 

degree, %1 2 4 6 12 24
Na2CO3 0.60 1.13 2.33 3.10 4.33 7.05 ~100

NH4HF2 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 + Na2CO3 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 o f sodium 
carbonate Na2CO3 (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 o f 0.5M NaOH + 1M Na2CO3 and a 3.5M solution o f sodium salt of 
hydrofluoric acid NaF showed very low desorption characteristics. An ammonium fluoride NH4HF2 
solution, devoid o f the disadvantages o f 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 o f 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 o f 200 g/dm3 Na2CO3 was 87.26%; whereas with TVEX D2EHPA ion exchanger using 
solutions o f sodium carbonate Na2CO3 (200 g/dm3) and hydrofluoric acid HF (3.5M) was about 100%. 
A carbonate-alkaline solution o f 0.5M NaOH + 1M Na2CO3 and sodium salt solution o f 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 o f the project AP05133140 
"Development and testing o f resource-saving technologies for extraction o f valuable byproducts during 
the processing o f uranium ores with a comprehensive assessment o f its profitability and investment 
attractiveness” due to scientific projects financing under the of the Scientific Committee o f the Ministry of 
Education and Science o f the Republic o f Kazakhstan.
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ФОСФОРЛЫ СОРБЕНТТЕРМЕН СКАНДИЙД1 Б0Л1П АЛУ

Аннотация. FbrnbE^bi кажет ететш инновацияльщ технологиялардын дамуы сирек кездесетш жер 
элементтерш eндiру эр1 пайдалануга байланысты, олардын арасында скандий перспектива. Скандийдщ 
ыктимал кайнаркезшщ бiрi -  уранды жерасты шаймалау ертндшерг Казакстанда скандий eндiрiсiнщ 
мыгым элеуеп бар. Уранды жерасты сiлтiсiздендiру аркылы скандий алудын жогары тимда, экономикалык 
тургыдан тиiмдi технологиясын зерттеу жэне эзiрлеу езекп гылыми-техникалык мшдет болып саналады. 
Скандийдi белудщ жэне тазартудын ен тиiмдi эдiсi -  эртYрлi ертндшер экстракциясы. Органофосфор
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кышкылынын экстрагенттерi скандийдi экстракция жэне скандийдi баска элементтерден белу Yшiн перспек- 
тивтi болып келедг

Зерттеу аясында фосфорлы Lewatit TP272, Lewatit TP260, КЭ Д2ЭГФК (катты экстрагент ди-(2 - 
этилгексил) фосфор кышкылы) жэне ФОР (тYрлi радикалды фосфин оксидi) иониттерiмен модельдi ертн- 
дiлерден скандий сорбциясы зерттелдi. Сорбциялык изотермалар жэне скандий сорбциясыныц интегралды 
кинетикалык кисыктары алынды. Зерттелетiн иониттер Yшiн скандийдiц статикалык алмасу сыйымдылыгы 
жэне толык динамикалык алмасу мумкшдш аныкталды. Алынган нэтижелер скандийдiц сорбциялык 
экстракциясын одан эр1 зерттеу ушш Lewatit TP260 жэне КЭ Д2ЭГФК иониттерiн тандауга мYмкiндiк бердi.

Сорбцияны статикалык жагдайда зерттеуде 0,04 ден 4 г дешнп шайырдын елшенген белiгi 5 дм3 
келемiндегi контейнерге орналастырылды, оган накты скандий концентрациясы бар ерiтiндiнiн белгiлi б1р 
мелшерi енгiзiлдi, контейнердi мыктап жауып, LS110 радиалды шайкаушыга салынды. Зерттеу ерiтiндi 
келемiнiн ионит массасына шексiз катынасы аркылы жYргiзiлдi С:К 1000:1 (5дм3:5 г). Динамикалык 
жагдайда сорбцияны зерттеуде ионит 30 см3 органикалык эйнек баганына орналастырылды (сорбент кабаты 
бшкппнщ диаметрге катынасы h/d = 4,8:1). Ерiтiндi тYбiнен жогарыга шайыр скандиймен каныкканга дейiн 
ионит кабаты аркылы етюзшда. Меншiктi жYктеме 10 меншжп келем/менш.кел./сагат болды. Ерiтiндiлердiн 
еткiзiп алынган келемi бойынша TP260 ионитте 700 менш.кел. каныктырылды (ол 0,027 кг/м3 тен) жэне 
Д2ЭГФК ионитте 2382 менш.кел. (ол 0,266 кг/м3 тен).

Динамикалык жагдайда каныккан иониттен Lewatit TP260 натрий карбонаты Na2CO3 ертндгамен 
(концентрациясы 200 г/дм3) скандийдi десорбциялау Yдерiсi жузеге асырылды. Белме температурасындагы 
десорбция дэрежесi 87,26% керсеттi. Каныккан КЭ Д2ЭГФК иониттен скандийдi десорбциясы тYрлi 
десобциялык ерiтiндiлердi колдана отырып, статикалык жагдайда жYргiзiлдi. Темендегi концентрациядагы 
десорбциялык ерiтiндiлер пайдаланылды: 200 г/дм3 Na2CO3; 3,5М NH4HF2; 3,5М HF; 3,5М NaF; 0,5М NaOH + 
1M Na2CO3; 5% -  лимон кышкылынын ерiтiндiсi (citric acid). Натрий карбонаты Na2CO3 ерiтiндiсiн жэне 
гидрофторлы кышкылды HF десорбциялык ерiтiндi репнде пайдалану кезiнде статикалык жагдайда КЭ 
Д2ЭГФК шайырынан скандийдiн толык десорбциясы байкалды. Аммоний фторидiнiн NH4HF2 ертндган 
колданганда скандийдiн белiп алу дэрежеа 76% керсеттi. Карбонатты-сiлтiлi ерiтiндiсi жэне натрий трынын 
гидрофторлы кышкылынын ертндга NaF аса темен десорбция сипаттамаларын керсеттi.

ТYЙiн сездер: скандий, сорбция, десорбция, экстракция, белш алу дэрежеа, алмасу сыйымдылыгы, 
CYзiндi.
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АО "Институт топлива, катализа и электрохимии им. Д. В. Сокольского", Алматы, Казахстан 

ИЗВЛЕЧЕНИЕ СКАНДИЯ ФОСФОРСОДЕРЖАЩИМИ СОРБЕНТАМИ

Аннотация. Развитие наукоемких инновационных технологий связано с получением и применением 
редкоземельных элементов, среди которых перспективным является скандий. Один из потенциальных источ­
ников скандия -  растворы подземного выщелачивания урана. Казахстан обладает необходимым потенциалом 
для производства скандия. Исследование и разработка высокоэффективной, экономически приемлемой 
технологии извлечения скандия из растворов подземного выщелачивания урана является актуальной научно­
технической задачей. Наиболее эффективным способом разделения и очистки скандия является экстракция 
из различных растворов. Кислотные фосфорорганические экстрагенты являются перспективными для 
экстракции и отделения скандия от других элементов.

В рамках работы проведены исследования сорбции скандия фосфорсодержащими ионитами Lewatit 
TP272, Lewatit TP260, ТВЭКС Д2ЭГФК и ФОР из модельных растворов. Получены изотермы сорбции и 
интегральные кинетические кривые сорбции скандия. Для исследуемых ионитов определены значения СОЕ 
и ПДОЕ по скандию. Полученные результаты позволили выбрать иониты Lewatit TP260 и Д2ЭГФК для 
дальнейшего изучения сорбционного извлечения скандия.

При исследовании сорбции в статических условиях навеску смолы в диапазоне от 0,04 до 4 г помещали 
в емкость объемом 5 дм3, вводили в нее определенное количество раствора с известной концентрацией скан­
дия, герметично закрывали емкость и ставили ее на радиальный шейкер LS110. Исследование в статических 
условиях проводили при большом соотношении объема раствора к массе ионита Ж:Т 1000 : 1 (5дм3 : 5 г). 
При изучении сорбции в динамических условиях ионит помещали в колонку из оргстекла объемом 30 см3 
(отношение высоты слоя сорбента к диаметру h/d = 4,8:1). Через слой ионита пропускали раствор снизу- 
вверх до полного насыщения смолы скандием. Удельная нагрузка составляла 10 уд.об./уд.об./час. При 
пропущенных объемах растворов удалось получить насыщение на ионите TP260 при 700 уд.об. равным
0,027 кг/м3 и на ионите Д2ЭГФК при 2382 уд.об. равным 0,236 кг/м3.
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Десорбцию скандия с насыщенного ионита Lewatit TP260 проводили в динамических условиях 
раствором карбоната натрия с концентрацией 200 г/дм3 Na2CO3. Степень десорбции при комнатной 
температуре составила 87,26 %. Десорбцию скандия с насыщенного ионита ТВЭКС Д2ЭГФК проводили в 
статических условиях с использованием различных десорбирующих растворов. Были использованы 
десорбирующие растворы следующей концентрации: 200 г/дм3 Na2CO3; 3,5М NH4HF2; 3,5М HF; 3,5М NaF;
0,5М NaOH + 1M Na2CO3; 5% -  раствор лимонной кислоты (citric acid). При использовании растворов 
карбоната натрия Na2CO3 и фтористоводородной кислоты HF в качестве десорбирующих растворов 
наблюдалась практически полная десорбция скандия со смолы ТВЭКС Д2ЭГФК в статических условиях. 
При использовании раствора фторида аммония NH4HF2 степень извлечения скандия составила 76%. 
Карбонатно-щелочной раствор и раствор натриевой соли фтористоводородной кислоты NaF показали весьма 
низкие десорбирующие характеристики.

Ключевые слова: скандий, сорбция, десорбция, экстракция, степень извлечения, обменная емкость, 
фильтрат.
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