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Abstract: Raffinate copper leach solution of the Iran Sarcheshmeh copper complex has up to 3 mg/L scandium (Sc), 
which is significantly better than many existing sources, making it a possible source for the recovery of Sc using the ion 
exchange method. Visual Minteq software was employed to ascertain the ionic species likely to be formed under 
operational conditions in the mine and for selecting the suitable ion exchange resin. The cationic resin thus chosen was 
employed statically with ions-bearing synthesized solutions and statically/dynamically for actual copper mining 
raffinate solution. Room temperature and pH of 1.5 showed the highest Sc adsorption. The dynamic tests established the 
full saturation of the resin at 450 BV of the raffinate solution flow. Using sodium carbonate for elution, desorption of  
Sc, Y and Ce from the resin during static elution tests at constant duration was higher than that of Fe, Al and Cu. The 
results from the dynamic tests followed similar trends for the priority and the extent of the elution process. Desorption 
results from specimens of dynamic tests show a 60:1 concentration ratio leading to a 186 mg/L Sc-rich solution. 
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1 Introduction 
 

Scandium is one of the 17 rare earth  
elements [1], which due to its unique chemical and 
mechanical properties is considered one of the most 
promising candidates for the future energy and 
transport industry applications. Thus, it has already 
been classified as one of the metals considered to be 
strategic and critical for the future by the European 
Union [2]. It is widely used in light alloys and solid 
fuel cells, nuclear technology, special coatings, 
sodium−scandium lamps, solid electrolytes, high- 
temperature superconductors, crystal lasers, X-ray 
anodes, electronics and advanced ceramics [3−5]. 

Rare earth elements (REEs) are expensive in 
general due to their scarcity and difficult extraction 
and separation processes [6], and scandium is one 
of the most expensive REEs [7]. To illustrate the 
point, with the average crustal abundance of 

22×10−6 [8], it is the 31st element in the earth’s 
crust. Besides, scandium-extractable ore at 
economic concentrations is very scarce [9], so it 
needs to be produced from by-products of industrial 
extraction of a range of other metals such as 
uranium, titanium, tungsten, aluminum, nickel, 
tantalum and niobium [8,10,11]. For example, the 
uranium leach solution having up to 1 mg/L of 
scandium is used in some Australian and US  
mines [8,12]. 

Generally, scandium extraction studies are 
focused on sources such as uranium leach, 
aluminum red mud, tungsten, nickel and  
zirconium production residues. Although studies of 
extracting rhenium, yttrium and neodymium   
from copper leach solution have been reported, so 
far no scientific research has been published on the 
extraction of scandium from such solutions. The 
leach solution of Iran’s Sarcheshmeh Copper Mine, 
has about 3 mg/L of prized scandium, about three 
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times as in usual uranium leach solutions [13−15], 
without the radioactive hazards associated with 
uranium. 

The extraction methods of rare earth elements 
fall into four main categories of solvent extraction, 
ionic liquids, solvent-impregnated resins and ion 
exchange [16−19]. The first three methods rest on 
the same chemo-physical principles and, are all 
variations of the solvent extraction technique  
which, has major environmental concerns as well as 
problems with evaporation of liquids during 
operation and also, high limit for minimum 
concentration of the ion to be extracted if the 
technique were to be used. The only difference 
between the first two techniques is some 
improvement in their extraction efficiency without 
addressing the above issues [4,20]. Both ionic 
liquids and the solvent-impregnated resin methods 
attempt to limit these deficiencies [16]; however, 
although improved in some respects, they suffer 
from the toxicity of their reagents, challenging 
preparation stages and above all [21]; 
complementary steps yet need to be developed 
before they are fully commercialized [22]. The ion 
exchange technique although not new has 
undergone enormous improvements while still 
being based on the reversible adsorption of ions at 
the solid/liquid interface [23]. The improvements 
are made in the increased ease of use and enhanced 
active surface to volume ratio for the maximum 
extraction capacity [24,25]. However, the main 
disadvantage ascribed to the ion exchange method 
is the lack of ion-specific resins for every rare earth 
metal that has led to the use of general-purpose 
anionic and cationic resins in experimentation with 
rare earth metal recovery [26]. Most electrolytes 
containing rare-earth ions are acidic in nature and 
cationic resins are the primary choice in such 
environments [15], although anionic resins are also 
reported for Sc-carrying oxalic acid solutions [27]. 
Dowex 50W-X8, Lewatit TP, Lewatit S 567, MTC 
1600, Tulsion CH93, AmberliteTM IRN 77H, 
Purolite S95, Purolite 260, Purolite D5041 and 
Purolite C100, are all reported as testbeds for 
various ion separation regimes [15,28−30]. These 
resins and many more experimental polymers have 
shown different degrees of success but the Purolite 
C100 [17,29] and Dowex 50W-X8 [6,28] have a 
better track record in this field although none has 
been used for the Sc extraction from copper mining 

wastewater. Purolite C100 enjoys an advantage over 
Dowex 50W-X8 in adsorption capacity which is   
2 eq/L compared to the 1.7 eq/L [26,31]. The 
pilot-scale use of Purolite C100 for rare earth metal 
separation has been reported but the other resins 
lack even such a stage of development [17]. These 
points plus relative price advantage and ease of 
availability made the present study focus on 
Purolite C100 as the main resin for testing against 
synthetic and actual mine leaching raffinate 
solutions. 

Currently, large-scale sulfuric acid leaching for 
copper mining is operational in mines around the 
world, in which, a solution containing copper and 
low concentrations of scandium is obtained. The 
copper is separated from the solution by solvent 
extraction followed by electrowinning, but 
scandium remains in the raffinate solution, which 
can be used as a potential source for its recovery. 
Thus, this study is aimed to investigate the recovery 
of scandium from copper waste solution using ion 
exchange resin. 
 
2 Experimental 
 
2.1 Simulation of possible ion species 

Metals in an aqueous solution can form anions 
or cations [12], therefore, a suitable anionic or 
cationic resin should be used for their optimal 
removal. Visual Minteq software version 3.1 was 
used to select the appropriate resin based on the 
modeling of chemical equilibrium feasible under 
the set conditions that could lead to the formation of 
various ionic species, the concentrations, the 
solubility of solid-phase equilibrium products and 
minerals in the copper raffinate leach solutions. 
This software has been utilized to study the type 
and concentration of ionic species during leaching 
of minerals and also sorption of elements by zeolite, 
various resins and in solvent extraction [32,33]. 
 
2.2 Reagents and chemicals 

The chemicals used were analar grade as 
indicated in Table 1 which shows their chemical 
abstracts service (CAS) registry number, purity and 
molar mass. The metallic salts used for preparing 
synthetic solutions were in nitrate or chloride form. 
This is because the anion of metal salts does not 
play an important role in the ionic strength of the 
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Table 1 CAS registry number, purity and molar mass of chemicals 

Component Chemical formula CAS registry No. Brand Purity/wt.% Molar mass/(gꞏmol−1)

Scandium(III) nitrate Sc(NO3)3ꞏxH2O 107552-14-7 Aldrich 99.9 248.98 

Yttrium(III) chloride YCl3ꞏ6H2O 10025-94-2 Aldrich 99.9 303.36 

Cerium(III) chloride CeCl3ꞏ7H2O 18618-55-8 Aldrich 99.9 372.58 

Iron(III) chloride FeCl3ꞏ6H2O 10025-77-1 Merck 99 270.29 

Copper(II) chloride CuCl2ꞏ2H2O 10125-13-0 Merck ≥99 170.48 

Aluminum chloride AlCl3 7446-70-0 Merck 99 133.34 

Sulfuric acid H2SO4 7664-93-9 Merck 95-97 98.08 

Hydrochloric acid HCl 7647-01-0 Merck 37 36.46 

Nitric acid HNO3 7697-37-2 Merck 65 63.01 

Sodium carbonate Na2CO3 497-19-8 Aldrich ≥99 105.99 

Calcium chloride CaCl2 10043-52-4 Aldrich ≥99.9 110.98 

Sodium chloride NaCl 7647-14-5 Aldrich ≥99 58.44 

EDTA* C10H14N2Na2O8ꞏ2H2O 6381-92-6 Merck ≥99 372.24 

Potassium chloride KCl 7447-40-7 Aldrich ≥99 74.55 
EDTA= Ethylenediaminetetraacetic acid 

 

synthetic solutions which depend only on the total 
concentration and the charge carried by ions in the 
electrolyte [34] which is the same whether nitrate or 
chloride is used. 

Purolite C100Na ion exchange resin was also 
commercially available per the properties presented 
in Table 2. Figure 1 shows the chemical structure of 
this resin. 

 
Table 2 Physical and chemical properties of Purolite 

C100Na ion exchange resin 

Property Description 

Structure Gel type 

Matrix Polystyrene/divinylbenzene

Functional group Sulfonic 

Ionic form Na+ 

Bead size/mm 0.3−1.2 

Specific gravity 1.29 

Moisture retention/% 44−48 

Total capacity/(eqꞏL−1) 2 

 

 
Fig. 1 Structure of Purolite C100Na ion exchange resin 

(R represents styrene-divinylbenzene copolymer) 

 
2.3 Preparation of resin 

The purpose of the resin preparation is to 
remove impurities and open up the resin pores and 
cavities for optimal sorption. The resin was 

submerged in a large beaker containing five times 
its volume deionized distilled water to be 
vigorously stirred by a shaker for 1 h, after which 
the liquid is left to settle. The water was then 
drained and the process was repeated several times 
before the mixture was filtered, and the resin was 
spread on glass and dried in an oven at 50 °C for 
24 h. The dried resin was transferred to a desiccator 
for storage and later use. 
 
2.4 Effect of solution acidity on ion sorption 

The effect of electrolyte pH on scandium 
sorption was investigated, using a synthetic solution 
containing 10−3 mol/L each of scandium, yttrium, 
cerium, aluminum, iron and copper. The pH was 
altered between 0.13 and 2. Tests were performed 
using 0.1 g of washed and dried resin and 50 mL of 
synthetic solution continuously stirred in a shaker at 
25 °C for a duration of 24 h. The resin was then 
extracted from the solution and analyzed by 
ICP-MS (Agilent Technologies HP4500), and the 
sorption (S) of elements was calculated as follows: 
 

0 e 0( ) / 100%S C C C                     (1) 
 
where C0 and Ce are the initial and equilibrium 
concentrations of scandium in the aqueous phase, 
respectively. 
 
2.5 Effect of temperature on scandium ion 

sorption 
The effect of electrolyte temperature on 

scandium sorption was investigated to find the 
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optimum temperature. In these experiments similar 
set up as described above was used; however, the 
solution was kept at pH=1.5 while the temperatures 
were adjusted at 25, 35, 45 and 55 °C for 24 h and 
afterward the sorption was calculated. 
 
2.6 Sorption isotherm test 

Different adsorption isotherms were assessed 
to establish the most appropriate model for 
describing the adsorption of the two elements of 
scandium and its main rare earth competitor  
yttrium [6]. Isothermic experiments were performed 
for either of them separately on 50 mL of acid 
solution at pH=1.5 containing 150−400 mg/L of 
scandium while the yttrium concentrations were 
varied between 300 and 500 mg/L to simulate the 
range of concentrations encountered in real leach 
raffinate and actual mine solutions. All tests were 
conducted at 25 °C for 24 h while the electrolytes 
were exposed to 0.1 g of washed and dried resin. To 
determine the isotherm model governing the 
sorption process, equilibrium data from scandium 
and yttrium adsorption were analyzed using four 
generally applied isotherms: Langmuir, Freundlich, 
Temkin and Dubinin−Radushkevich (Eqs. (2)−(6)) 
[35−37]: 
 

Langmuir: e e

e max max l

1C C

q q q K
               (2) 

 
Freundlich: lg qe=lg Kf+(1/n)lg Ce                   (3) 
 

Temkin: e eln lg
RT RT

q A C
b b

              (4) 
 
Dubinin−Radushkevich (D−R): 
 

2
e m

e

1
ln ln [ ln(1 )]q q RT

C
                (5) 

1

2
E


                                (6) 

 
where qe is equilibrium capacity of the resin; Ce is 
equilibrium concentration of the metal ion in 
solution; qmax is the maximum resin capacity; Kl is 
the Langmuir constant related to the sorption 
energy; Kf is the Freundlich constant for the 
sorption capacity; 1/n is the heterogeneity 
parameter; A and b are Temkin constants; qm is the 
Dublin−Radiskovic capacity; β is the constant of 
energy; E is average sorption energy per mole of 
absorbent. 

2.7 Scandium ion adsorption under dynamic 
state 
In dynamic sorption tests, the flow of the real 

raffinate from copper leach solutions at pH=1.5 
whose composition is listed in Table 3 was passed 
through a column containing 20 mL of resin at  
100 mL/h. The solution was then analyzed at 
intervals by ICP-MS for determining the 
concentration of various elements. 
 
Table 3 Chemical composition of copper raffinate leach 

solution (mg/L) 

Sc Y Ce Al Fe Cu 

3.2 14.9 2.6 8037 6034 153 

 

2.8 Elution and desorption of scandium in static 
experiments 
Hydrochloric acid, nitric acid, and EDTA laced 

hydrochloric acid, sodium carbonate, calcium 
chloride, sodium chloride and potassium chloride 
were used as the eluent for scandium desorption 
from this resin. Each elution test was carried out on 
0.1 g of the dry resin following saturation during 
the adsorption tests. The resin was removed after 
submerging in the eluent under test and the solution 
was analyzed by ICP-MS to determine the 
desorption (d): 
 

0ad ead

0ad

100%
C C

d
C


                      (7) 

 
where C0ad and Cead are the initial and equilibrium 
concentrations of scandium in the sorbent, 
respectively. 
 
2.9 Elution and desorption of scandium in 

dynamic experiments 
The result of the static tests showed that the 

sodium carbonate solution has the highest 
desorption efficiency for scandium, yttrium and 
cerium, while the desorption of the intruding 
elements including iron, aluminum and copper is 
postponed to later stages. Therefore, this compound 
was selected for studying dynamic elution tests 
where the eluent would pass continuously through 
the column containing 20 mL of the saturated resin 
at a flow rate of 100 mL/h. Then, the passing 
solution was analyzed by ICP-MS to determine the 
concentration of the elements at intervals. 
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3 Results and discussion 
 
3.1 Simulation of ion species 

Past research indicates that scandium in sulfate 
media appears mainly as cationic species [15]; 
however, the choice of the most appropriate ion 
exchange resins for the extraction of metal ions 
depends on accurate prediction of the form and the 
abundance of the ionic species present in a solution 
under actual operating conditions [12]. Therefore, 
types of scandium and other elements present in 
ionic form were investigated by Visual Minteq 
software under the conditions of raffinate formed in 
copper leaching operation. As listed in Table 4, the 
raffinate solution forms three cationic species 
mainly 84.52% Sc3+ of the total followed by  
ScSO4

+ and ScOH2+. This justifies the choice of 
Purolite 100Na as the polymeric resin for Sc 
adsorption. 
 
Table 4 Simulation of type and percentage of ionic 

species of scandium, yttrium, cerium, iron, aluminum, 

and copper in raffinate copper leach solution using 

Visual Minteq software 

Component 
Ionic 

species 
Proportion/ 

% 
Concentration/

(mgꞏL−1) 

Sc 

Sc3+ 84.52 2.705 

ScSO4
+ 15.435 0.494 

ScOH2+ 0.036 0.001 

Y 
Y3+ 96.481 14.376 

YSO4
+ 3.516 0.524 

Ce 
Ce3+ 94.994 2.469 

CeSO4
+ 5.003 0.13 

Fe 

Fe3+ 75.699 4567.677 

FeOH2+ 6.11 368.677 

Fe(OH)2
+ 0.011 0.664 

Fe2(OH)2
4+ 1.92 115.852 

Fe3(OH)4
5+ 0.013 0.784 

FeSO4
+ 16.242 980.042 

Al 
Al3+ 92.28 7416.544 

AlSO4
+ 7.703 619.09 

Cu 

Cu2+ 99.726 152.581 

CuSO4 (aq) 0.243 0.372 

CuHSO4
+ 0.031 0.0474 

 

3.2 Effect of acidity on sorption of various ionic 
species from sulfate solution 
One of the controllable factors that influence 

the formation of ionic species and subsequent 

sorption of elements from a solution is pH [12]. 
This effect was studied on scandium sorption in the 
presence of yttrium, cerium, aluminum, iron and 
copper in the static tests. As shown in Fig. 2, 
increasing the medium pH enhances the sorption of 
scandium and other RE elements. Experimental 
results demonstrated that the sorption of scandium 
at pH≥1.5 reached the highest level at about 90%. 
Based on the pH of the actual copper raffinate 
solution, however, the pH=1.5 was preferred as 
there is no need to change the pH of the raffinate 
solution for peak scandium sorption while, iron 
sorption at this pH was about 20% lower. 
 

 

Fig. 2 Effect of medium pH on scandium sorption in the 

presence of yttrium, cerium, aluminum, iron and copper 

in static tests 

 
3.3 Effect of temperature on sorption of various 

ions from sulfate solution 
Another controllable factor that influences 

ionic species formation and sorption from solutions 
is the solution temperature [12]. This effect on 
scandium sorption in the presence of yttrium, 
cerium, aluminum, iron and copper was studied in 
static set up. As shown in Fig. 3, the sorption of all 
the elements, except iron, decreased as temperature 
increased. In the case of iron, the sorptions at 25 
and 55 °C were about 70% and 80%, respectively. 
Therefore, the lower medium temperature is 
preferable as it combines the highest sorption of 
scandium with the minimum iron adsorption. On a 
purely practical level, one also has to take into 
account that any increase in temperature is 
associated with the added cost of energy, so 25 °C 
is optimum in this regard as well. 
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Fig. 3 Effect of medium temperature on scandium 

sorption in the presence of yttrium, cerium, aluminum, 

iron and copper in static set up tests 

 
3.4 Various sorption isotherms for scandium and 

yttrium 
Sorption isotherms are used to describe how 

the ions and molecules of the adsorbed material 
react with the sites on the sorbent surface if the 
temperature is kept constant, i.e. the equilibrium 
parameters predict that how the sorbent and 
adsorbed materials would mutually interact. 
Equilibrium studies can help for understanding  
the sorption process, optimizing the parameters 
affecting sorption, calculating the sorption capacity, 
and the general behavior of elements during the 
sorption [38,39]. The present study evaluated the 
constants of four isotherms commonly applied to 
the problem of ionic adsorption. These include 
Langmuir, Freundlich, Temkin and Dubinin− 
Radushkevich whose equations for two elements of 
scandium and its main competitor for adsorption, 
yttrium [6], were evaluated and their parameters 
were determined. Table 5 shows a high coefficient 
of determination (R2) for adaptation to the 
Freundlich model of adsorption data for both 
scandium and yttrium, indicating that it is the best 
model describing their sorption mechanism from 
aqueous solutions. 

In the Freundlich model, when the value of the 
parameter (n) is in the range of 1−10, the sorption 
process is considered to be optimal. The higher 
values of n indicate increased heterogeneity of the 
sorbent surface for element sorption and, thus, 
enhanced the adsorption [40]. According to Table 5, 
the value of n for both elements is in this range, 
indicating optimal sorption from the solution; 

however, a slightly higher value for yttrium when 
examined individually may be taken as its tendency 
to get absorbed better. This is also shown in Figs. 2 
and 3 from experiments at different pH and 
temperatures, but, this variation needs to be 
investigated specifically when the ions compete for 
the adsorbent sites. 
 
Table 5 Isotherm constants of different sorption models 

for scandium and yttrium on Purolite C100Na resin 

Model Constant Sc Y 

Langmuir 

qmax/(mgꞏg−1) 98.03±0.01 106.29±2.01

Kl/(Lꞏmg−1) 8.50±0.84 6.89±0.01

R2 0.9 0.89 

Freundlich

Kf/(mgꞏg−1)ꞏ 
(mgꞏL−1) −1/n 

46.05±2.62 47.31±2.03

n 6.65±0.27 7.20±0.07

R2 0.99 0.94 

Temkin 

A/(Lꞏmg−1) 3.52±0.28 3.10±0.14

b/(Jꞏmol−1) 85.79±3.37 55.49±0.31

R2 0.98 0.94 

Dubinin– 
Radushkevich

qm/(mgꞏg−1) 12.37±0.00 13.69±0.01

β/(mol2ꞏkJ−2) 2×10−8±0.00 3×10−8±0.00

E/(kJꞏmol−1) 5.00±0.00 4.08±0.00

R2 0.84 0.86 

 

The Langmuir model is one of the earliest 
isotherms used to describe the sorption from 
aqueous solutions. It assumes no interactions 
between the adsorbed ions and the uniform 
distribution of active surface sites on the sorbent 
which leads to monolayer adsorption [41]. Table 5 
shows the application of experimental results to the 
Langmuir model, indicating that the maximum 
monolayer capacities of Purolite resin for scandium 
and yttrium are 98.03 and 106.29 mg/g, respectively. 
This capacity is demonstrably high for Purolite 
resin when compared with the reported capacities of 
other resin adsorbents as can be seen in Table 6, 
signifying that it is the most appropriate for Sc 
extraction from aqueous solutions. An important 
point to consider is the Langmuir constant, Kl, 
which is used to gauge the strength of bonding 
formed during the sorption of an element. This as 
can be seen from data of Table 5 is higher for 
scandium than yttrium. 

The Temkin sorption isotherm was developed 
by considering the mutual absorbent/sorbent  



H. HAJMOHAMMADI, et al/Trans. Nonferrous Met. Soc. China 30(2020) 3103−3113 

 

3109

Table 6 Capacity for Sc adsorption with various ion 

exchange resins  

Ion exchange resin 
Maximum resin 

capacity/(mgꞏg−1) 
Ref. 

Purolite D5041 33 [15] 

Tulsion CH 93 40 [15] 

TP 260 66.23 [42] 

TP 209 22.47 [42] 

TP 272 11.29 [42] 

Purolite C100 98.03 This work 

 

interactions at intermediate sorbent concentrations. 
This is based on the assumption that the heat of 
sorption, being a function of the temperature of all 
the molecules in the adsorbed layer, would decrease 
linearly as the process progresses and the adsorbent/ 
adsorbate interactions develop [43]. The Temkin 
specific constant (b) similar to the Kl value in the 
Langmuirian isotherm represents the amount of 
energy needed to separate a mole of adsorbed ion 
from the adsorbate, which again is higher for 
scandium than yttrium. Another isotherm used to 
describe the sorption mechanisms is the Dubinin– 
Radushkevich model [44]. Here, the constant (E) 
represents the average energy needed for desorption 
of the species adsorbed on the sorbent surface and 
has been used to determine the physical or chemical 
nature of the sorption process. It is argued that 
when the value of E is less than 8 kJ/mol, the 
sorption process is physical and when it falls in the 
8−16 kJ/mol range, the adsorption is chemical [38]. 
As shown in Table 5, this value is less than 8 kJ/mol 
for both elements although slightly higher for 
scandium than yttrium, indicating the dominant role 
of physical sorption in both cases. 
 
3.5 Sorption from raffinate solutions under 

dynamic experiments 
The sorption curves of scandium, yttrium, 

cerium, aluminum, iron and copper by Purolite 
resin from the real solution of raffinate copper leach 
solutions are shown in Fig. 4. 

As shown in Fig. 4, the complete resin 
saturation for scandium and yttrium happens at 450 
and 300 BV flows of the actual solution, 
respectively. 

 
3.6 Different eluents for desorption of cations 

from purolite in static experiments 
Studies for evaluating the desorption efficiency 

of various reagents have been reported for different 
ion-exchange resins and various cations. For 
example, HCl (2−6 mol/L) for DOWEX50W-X8 
and a synthesized acid resin with a glycolamic acid 
function group, HNO3 (2−6 mol/L) for Purolite 
C100, Na2CO3 (1.7 mol/L) for TULSSION  H 93, 
CaCl2 (2 mol/L) for Purolite S957 and NaCl 
(4 mol/L) for Purolite S957 are used for elution of 
rare earth elements scavenged by ion exchange 
resins [4,6,15,17,27]. EDTA has also been used as 
an adjunct complexing agent along with eluents for 
the desorption of rare earth elements [45]. The 
present work tested these most reported eluents for 
the specific task of desorbing various cations at 
various time intervals and assessed the observed 
efficiencies. HCl (2−6 mol/L), HNO3 (2−6 mol/L), 
Na2CO3 (1.7 mol/L), CaCl2 (2 mol/L), NaCl     
(4 mol/L) and EDTA added HCl solution were 
examined to assess it for efficiency as an eluent for 
scandium desorption and also to investigate the 
effect EDTA may have on the desorption of other 
ions present in the tested solutions. 
 

 

Fig. 4 Sorption curves on Purolite C100Na resin of 

cations present in raffinate copper leach solutions 

 

The desorption of scandium and other 
elements from Purolite resin using the above 
reagents is shown in Table 7. The 1.7 mol/L sodium 
carbonate solution has the fastest and highest 
desorption for scandium, yttrium and cerium, and 
the lowest desorption for the intruding elements 
including iron, aluminum and copper. The EDTA 
results showed only a slight effect on the desorption 
of the above elements, so sodium carbonate 
(1.7 mol/L) was selected as the preferred eluent for 
the dynamic desorption phase. 
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Table 7 Degree of scandium desorption from saturated Purolite C100Na resin by various eluents 

Eluting agent 
Degree of desorption/% 

Sc Y Ce Al Fe Cu 

HCl (2 mol/L) 33.3±1.0 41±1.0 31.3±2.3 50.5±1.8 71.8±1.1 84.8±0.9 

HCl (4 mol/L) 72.1±0.9 88.7±2.1 70.8±1.6 66.8±2.1 91.6±1.3 96.4±0.8 

HCl (6 mol/L) 87.3±2.0 90.9±3.4 87.1±1.2 76.9±1.6 92.9±1.0 97.9±1.0 

HNO3 (2 mol/L) 51.5±1.8 55.5±1.7 53.9±2.0 51.8±1.3 92.2±2.4 88.7±1.4 

HNO3 (4 mol/L) 81.1±1.0 91.3±1.0 81.7±1.1 68.5±1.9 93.8±1.6 92.9±2.3 

HNO3 (6 mol/L) 88.9±1.0 92.8±1.9 87.9±3.0 78.8±2.1 95.1±1.0 95.5±1.7 

Na2CO3 (1.7 mol/L) 92.6±1.7 95.2±2.3 91.1±1.5 9.8±2.0 7.9±3.0 28.5±1.0 

CaCl2 (2 mol/L) 73.2±2.3 86.9±1.5 73.7±2.9 67.7±1.6 71.8±1.7 88.1±1.9 

NaCl (4 mol/L) 66.5±1.4 93.5±1.4 66.4±1.6 65.9±1.7 68.7±1.4 97.1±1.7 

HCl (6 mol/L)+ 0.0002 mol/L EDTA 87.4±0.9 94.3±2.5 87.9±2.0 77.2±1.8 93±1.3 98±0.8 

HCl (6 mol/L)+ 0.002 mol/L EDTA 88.1±1.6 95.4±2.0 88.9±.01 77.6±1.4 94.1±2.3 98.6±0.8 

KCl (4 mol/L) 64.9±3.1 83.3±0.8 60.7±1.7 57.5±1.9 61.8±2.5 91.3±2.0 

 

3.7 Elution and desorption studies using Na2CO3 
(1.7 mol/L) in dynamic tests 
As mentioned before, the 1.7 mol/L sodium 

carbonate used for desorption in static tests, showed 
high desorption efficiency for scandium, yttrium 
and cerium while deferring desorption for iron, 
aluminum and copper, so it was tested under 
dynamic conditions as well. The elution curves for 
this step are shown in Fig. 5. Fifteen separate 
samples were collected during the desorption stage 
with each sample representing a total volume of 
1 BV or 20 mL of wash. The peak value of 
scandium appeared during desorption at 7 BV after 
yttrium peak. Earlier the importance of Kl value in 
the Langmuir model as the measure of sorption 
strength of a particular sorbent was noted. As 
shown in Table 5, the Kl was lower for yttrium than 
that for scandium, and thus, the precedence of 
yttrium over scandium during desorption, as can be 
seen in Fig. 5, is to be expected. In other words, the 
yttrium peak appears first due to its lower adhesion 
to the resin followed by the scandium peak with its 
strong adhesion. This is also confirmed by the 
calculated parameter b in the Temkin and E in the 
Dubinin–Radushkevich models, both of which 
represent the amount of energy required to separate 
a mole of the adsorbate. According to Table 5, both 
of these parameters are lower for yttrium than those 
for scandium; therefore, less energy is required for 
its separation from the resin. 

 
Fig. 5 Elution curves of certain elements from Purolite 

C100Na resin by Na2CO3 (1.7 mol/L) solution 

 
The raffinate solution left from leaching 

operation of the copper mine under investigation 
carries 3 mg/L of Sc and as Fig. 5 demonstrates that 
following the Sc extraction process the eluted liquid 
contains around 180 mg/L of Sc at 7 BV, showing a 
respectable 60:1 concentrating ratio. Table 8 lists 
the concentrations of Sc, Y, Ce, Al, Fe and Cu 
before and after the scavenging process, exhibiting 
that the first three elements have increased 
considerably in concentration while the latter three 
have diminished substantially. The result is a Sc-, Y-, 
Ce-rich solution, lending itself to any of the more 
economically appropriate separation techniques. 
This two-stage approach has been reported [6,17] 
for scavenging low-grade rare earth metals first 
through the ion exchange method followed by 
solvent extraction. 
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Table 8 Chemical composition  s of raffinate and eluted 

solution at 7 BV (mg/L) 

Element Raffinate Eluted solution 

Sc 3.2 186 

Y 14.9 470 

Ce 2.6 152 

Al 8037 463 

Fe 6034 7 

Cu 153 40 

 
The recovery of rare earth metals by ion 

exchange resins may be done through scavenging 
the intruding elements such as iron and aluminum 
from the electrolyte first to be followed by the 
actual resin operation. For instance, Bayan Obo 
mine in China uses lime to precipitate iron and 
aluminum first [46]; however, in his study the 
recovery of Sc was initiated from raw raffinate 
solution directly received from the mining 
operation without a priori sequestration stage. This 
leaves avenues for further work with a two- or 
three-stage extraction where the final efficiency 
may be even high. 
 
4 Conclusions 
 

 (1) Visual Minteq modeling indicated that Sc 
in the copper raffinate solution is present mainly  
in cationic form, therefore, recovering it by 
ion-exchange using Purolite C100Na was decided 
upon. This was done with variables of pH and 
temperature. Batch experiments showed that   
room temperature and pH 1.5 are the optimized 
conditions for adsorption. 

(2) Modeling scandium and yttrium adsorption 
isotherms showed that it follows Freundlich type 
adsorption where the value of “n” affirms the 
suitability of the process. 

(3) The desorption studies indicate that sodium 
carbonate has the highest elution for Sc, thus it was 
chosen as the selective eluent under dynamic tests. 

(4) The outcome of experiments on the 
leaching solutions obtained from an actual mine 
indicated that a 60:1 ratio for Sc beneficiation in the 
final solution is routinely achievable. 
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用离子交换法从潜在钪资源的 
铜浸出残液中回收钪 
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摘  要：伊朗 Sarcheshmeh 铜联合企业的铜浸出残液含有高达 3 mg/L 的钪，明显高于许多现有的钪资源，因而成

为用离子交换法回收钪的可能原料。使用 Visual Minteq 软件确定在矿山工艺条件下可能形成的离子物种，从而选

择合适的离子交换树脂。所选择的阳离子树脂在静态试验中用于含有离子的合成溶液，以及在静态/动态试验中用

于实际的铜矿浸出残液。室温和 pH 值为 1.5 时，钪的吸附率最高。在动态试验中，残液流量为 450 BV 时，树脂

达到完全饱和。在恒定时间的静态洗脱试验中，使用碳酸钠洗脱，树脂中 Sc、Y、Ce 的解吸率高于 Fe、Al 和 Cu。

动态洗脱试验结果表明，洗脱的优先顺序和洗脱程度具有相似的趋势。动态试验样品的解吸结果表明，浓缩比达

到 60:1，可得到 186 mg/L 的富钪溶液。 

关键词：钪；离子交换；吸附；解吸；铜浸出液 
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