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ABSTRACT

Scandium (Sc) is a critical element with applications in high-performance alloys
and energy technologies. Yet, its recovery from secondary sources such as coal ash
remains challenging due to low concentrations and strong association with refractory
aluminosilicates. This study evaluated the leaching behavior of Sc from coal ash using
mineral (HCl, H,SO,) and organic (citric, malic, oxalic, tartaric) acids under identical
conditions (80 °C, 0.5 M, solid-to-liquid ratio 1:20). Mineral acids achieved the highest
extraction yields (82-90%). Still, they exhibited poor selectivity, with extensive co-
dissolution of Fe and Al. Among the organic acids, citric acid provided the best balance
between recovery and selectivity, yielding up to 68% Sc with Fe and Al dissolution
below 26%. A complete factorial design varying citric acid concentration (0.1-1.0
M) and pulp density (25-100 g/L) revealed that both efficiency and selectivity could
be tuned, with optimal conditions (0.5 M, 25 g/L) resulting in 64% Sc recovery and

selectivity factors Sc/Fe = 6.40, Sc/Al = 3.76.

1. Introduction

Scandium (Sc) is a critical element widely sought
after for its application in advanced materials,
including solid oxide fuel cells, aluminum-scandium
alloys, and phosphor technologies. However, its
global supply remains limited and is often tied to by-
products of uranium or rare earth element mining
[1-3]. In recent years, coal ash has emerged as a
promising secondary resource for Sc, particularly in
regions with large-scale coal combustion waste. Yet,
Scincoalashistypically presentatlow concentrations
(10-120 ppm) and is strongly incorporated within
refractory aluminosilicate matrices, making its
recovery technically challenging [4-6].

Conventional recovery of Sc from coal ash still
depends mainly on strong mineral acids-most
commonly hydrochloric or sulfuric. Although these
lixiviants readily dissolve Sc, they also non-selectively
solubilize substantial amounts of matrix elements
such asiron and aluminum [7-10]. For instance, high-
strength HCl at elevated temperature can co-extract
~66% Al and ~91% Fe together with Sc (and other
REEs), producing highly multicomponent liquors [11].
This complexity complicates downstream separation

and forces additional purification/precipitation
steps, driving up reagent usage and operating costs.
Beyond process complexity, the lack of selectivity
poses clear environmental and economic risks.
Large volumes of acidic waste streams must be
neutralized and disposed of, adding treatment
expense. Meanwhile, excess Fe and Al in solution
interfere with solvent extraction, adsorption, and
ion-exchange, lowering both the efficiency and
selectivity of Sc recovery [12].

As a result, organic acids have gained attention
as alternative leaching agents, offering the dual
advantage of moderate leaching strength and metal
selectivity via complexation [13-18]. Among them,
citric acid has shown particular promise due to its
biodegradable, non-toxic nature [19-22]. Previous
studies have demonstrated the potential of citric
acid and other carboxylic acids for recovering REEs
and Scfrom a variety of waste streams, including coal
ash, bauxite residue, and metallurgical slag [23,24].
For instance, column leaching experiments using
citric acid as the lixiviant have shown enhanced REE
recovery from coal ash, with selectivity controlled by
pH and ligand strength. Electrodialytic remediation
with citric acid achieved up to 40% REE recovery
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from coal ash, and the process proved to be energy-
efficient and environmentally friendly. Comparative
studies have found that citric acid, dl-malic acid,
and oxalic acid improve the yield of high-value
metals, such as Sc and heavy REEs, mainly due to
their strong complexing ability and effectiveness
in detaching metal ions from refractory glassy or
aluminosilicate frameworks. Other research has
highlighted that using organic acids can reduce
co-leaching of iron and aluminum compared to
mineral acids, simplifying purification and reducing
secondary waste. However, systematic kinetic and
selectivity data for coal ash under controlled leaching
conditions remain limited. Moreover, comparisons
between organic and mineral acids under unified
operating conditions are rarely explored.

The present study aims to evaluate the leaching
behavior of Sc from coal ash using both organic
(citric, oxalic, malic, and tartaric) and mineral (HCl
and H,SO,) acids under identical temperature,
concentration, and solid-to-liquid ratio. A particular
focus is given to time-dependent extraction, co-
dissolution of iron and aluminum, and resulting
selectivity indices. Based on these results, citric acid
is further optimized via a factorial experimental
matrix to explore the trade-off between efficiency
and selectivity.

2. Materials and Methods
2.1. Materials

A representative batch of CA was obtained from
the ash disposal site of the CHPP-2 power plant in
Almaty, Kazakhstan. In total, about 5 kg of CA was
collected directly from the dump. Sampling was
performed using inert, sterile containers to avoid
external contamination.

Analytical-grade organic acids were employed
as leaching agents: citric acid (C¢Hz0,), DL-malic
acid (C,H40s), oxalic acid (C,H,0,), and tartaric acid
(C4HgOg). Concentrations in the range 0.1-1.0 mol/L
were investigated. For comparison, hydrochloric
acid (HCI) and sulfuric acid (H,SO,) were used as
reference mineral acids. All solutions were prepared
with distilled water.

2.2. Leaching experiments

Leaching experiments were carried out in a
1 L round-bottom glass reactor equipped with
a thermometer. The reactor was charged with
500 mL of 1 M citric acid solution and placed on a

magnetic stirrer (IKA RT 5, Germany) to reach the
desired temperature. Once the target temperature
was achieved, 12.5-50 g of coal ash sample was
introduced, corresponding to a solid-to-liquid
ratio of 80-200 g/L. Throughout the experiments,
the suspension was agitated at 400-600 rpm. At
one-hour intervals, aliquots of the leachate were
withdrawn using a micropipette and analyzed to
determine the concentrations of Fe, Al, and Sc. The
leaching efficiency was expressed as the recovery
of the target metal (E), calculated according to the
following equation:

E =" 4100% (1)
m,

Here, m, represents the mass of Fe, Al, or Sc in
the solution, and m is the mass of Fe, Al, or Scin the
initial solid sample.

Selectivity factors (Ss.re and Ss/a) Were defined as:

E

Sserre =7 (2)
SelF E,
ESc

Sseiar = E. (3)

In allleaching experiments, the solid-to-liquid (S/L)
ratio was precisely controlled and expressed both as
mass concentration (g/L) and as a conventional ratio
(solid:liquid). Specifically, coal ash samples were
added in the range of 12.5-50 g per 500 mL of lixiviant
solution, which corresponded to pulp densities of 25,
50, and 100 g/L (equivalent to S/L ratios of 1:40, 1:20,
and 1:10, respectively). This dual representation was
adopted to ensure consistency and reproducibility
across different reporting standards. The selection
of the contact time was based on preliminary
kinetic tests conducted over a duration of 0-24 h.
The dissolution curves demonstrated that scandium
recovery exhibited a rapid increase within the first
3-4 h, followed by a gradual approach to a plateau at
approximately 6 h. Beyondthisduration, nosignificant
enhancement in Sc extraction was observed.
Therefore, 6 h was chosen as the representative
contact time for comparative evaluation of mineral
and organic acids under fixed temperature and
concentration conditions. To ensure statistical
reliability, each leaching experiment was performed
in triplicate under identical conditions. The reported
values of scandium, iron, and aluminum recovery
represent the arithmetic mean of three independent
runs, with standard deviations calculated to reflect
data variability.
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2.3. Analytical Techniques

Phase identification of solid samples was
performed using X-ray diffraction (XRD) with a DW-
27 Mini diffractometer (DFMC, Dandong, China)
equipped with a CuKa-radiation source operating
at 40 kV and 40 mA. Elemental composition of both
solid and liquid samples was analyzed by inductively
coupled plasma optical emission spectroscopy
(ICP-OES, Optima 8300, PerkinElmer, USA). Before
analysis, solid samples underwent alkaline fusion
followed by acid digestion with concentrated
nitric acid in a Tank-Eco microwave digestion
system (Sineo, Shanghai, China). Scanning electron
microscopy (SEM) was performed using a Quanta
200i 3D microscope (FEI Company, USA).

3. Results and Discussion
3.1. Characterization of initial coal ash sample

The bulk chemical composition of the raw coal
ash was (wt.%): SiO, — 61.34; Al,O; — 25.72, Fe,0,
—9.51, Ca0 -4.02, MgO — 1.59. Minor constituents
detected in the sample were as follows (ppb): Sc —
16347, Ce — 55682, Y — 27582, La — 21959.

The XRD pattern of the coal ash sample is shown
in Fig. 1. The major crystalline constituents of the
sample were determined to be mullite, quartz,
and maghemite. These phases are characteristic
of coal combustion residues and indicate the high-
temperature transformation of aluminosilicate and
iron-bearing minerals during firing [25, 26].

SEM observations revealed that the coal ash
consists of a heterogeneous mixture of angular
particles, glassy fragments, and occasional spherical
grains typical of ash morphology (Fig. 2a). At higher
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Fig. 1. XRD patterns of coal ash sample.
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magnification (Fig. 2b), the surfaces of individual
particles appear rough and porous, with fine
crystallites deposited on larger agglomerates. Such
morphology is consistent with the mineralogical
composition identified by XRD: mullite generally
forms elongated and angular grains, and quartz
occurs as dense fragments with smooth surfaces.
In contrast, iron oxides such as maghemite tend to
appear as fine particles covering the glassy matrix.

The cumulative particle size distribution curve of
the coal ash sample is illustrated in Fig. 3.

The curve was plotted using a logarithmic scale for
particle size to represent the wide range of fractions
present better. The sample exhibited a characteristic
distribution with D,, = approximately 5 um, Dg, =
approximately 30 um, and Do, = approximately 120
pum. Such values indicate the predominance of fine
particles, accompanied by a smaller fraction of coarser
grains. The broad distribution reflects both the rapid
guenching of molten droplets during combustion and
the presence of agglomerated mineral phases.
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Fig. 3. Cumulative particle size distribution curve for
coal ash.

3.2. Leaching behavior

Four organic acids-citric, malic, oxalic, and
tartaric-were selected for investigation, together
with hydrochloric and sulfuric acids as mineral
references. The organic acids were chosen because
they are biodegradable, widely available, and differ
significantly in molecular structure and chelating
ability [27]. Citric and malic acids contain multiple
carboxyl and hydroxyl groups capable of forming
stable complexes with scandium. In contrast, oxalic
and tartaric acids are known to strongly interact
with Fe and Al, which makes their performance
less predictable but important to compare [28].
Hydrochloric and sulfuric acids, in turn, were
included as benchmarks representing conventional
non-selective leaching with high overall efficiency.
To ensure comparability across all lixiviants, the
main process parameters were fixed at 80 °C, 0.5 M
acid concentration, and a solid-to-liquid ratio (S/L)
of 1:20 (50 g/L). These conditions were selected as
a first approximation: 80 °C accelerates dissolution
kinetics without introducing evaporation losses, 0.5
M ensures sufficient proton and ligand availability
while avoiding excessive matrix attack, and 1:20
provides measurable concentrations in solution
without overloading the liquid phase. Time-
dependent tests (0-24 h) were then conducted to
determine the kinetics of scandium release and to
identify the plateau region for each acid.

Figure 4 shows the dependences of Sc recovery
on the acid nature and the duration of leaching.

All acids exhibited rapid initial dissolution within
the first 3-4 h, followed by a slower approach to
a plateau. Among the organic acids, citric acid
demonstrated the highest recovery, reaching ~68%

——Citric acid —a—Malic acid

—e—Oxalic acid —Tartaric acid

100 r ——Sulfuric acid

——Hydrochloric acid

Sc recovery, %

0 2 4 6 8 10 12 14 16 18 20 22 24
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Fig. 4. Effect of acid nature and leaching duration on Sc
recovery into solution (0.5 M acid, S:L = 50 g/L, 80 °C).

after 24 h, whereas malic acid provided moderate
extraction (~52%). Oxalic and tartaric acids were
much less effective, with final recoveries of only
~22% and ~19%, respectively. In contrast, the
reference mineral acids showed markedly higher
efficiencies: hydrochloric acid extracted up to 90%
of Sc, and sulfuric acid extracted ~87% after 24 h.

The kinetic profiles (Fig. 4) indicate that Sc
dissolution approaches near-plateau values after
approximately 6 h of leaching for all acids. Beyond
this point, only minor additional extraction was
observed, suggesting that 6 h can be considered
a representative contact time for comparative
analysis. Therefore, this duration was selected for
further evaluation of the co-dissolution of Fe and
Al, and for calculating the selectivity factors SSc/
Fe and SSc/Al to compare the different lixiviants.
As can be seen, Sc dissolution plateaued after 6
h, thus this duration was selected for comparative
evaluation.

The dissolution behavior of Sc, Fe, and Al in
different leaching systems is illustrated in Fig. 5,
obtained at 80 °C, 0.5 M acid concentration, and a
S/L=50 g/L after 6 h of leaching.

Among the organic acids, citric acid yielded
the highest Sc extraction (~58%), while malic acid
reached approximately 42%, and oxalic and tartaric
acids remained below 20%. In contrast, hydrochloric
and sulfuric acids achieved significantly higher Sc
recoveries of roughly 85% and 82%, respectively,
but were accompanied by extensive co-dissolution
of Fe (~80%) and Al (~85%). With the organic acids,
Fe and Al dissolution did not exceed 20-26%.
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Fig. 5. Dissolution of Sc, Fe, and Al from coal ash in different acids (80 °C, 0.5 M, S:L =50 g/L, 6 h).
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Fig. 6. Selectivity factors Sc/Fe and Sc/Al for coal ash leaching in different acids (80 °C, 0.5 M, S:L = 50 g/L, 6 h).

Based on the dissolution data, selectivity factors
were calculated to evaluate the preferential
recovery of scandium over matrix elements. The
results are summarized in Fig. 6.

Citric acid exhibited the highest selectivity (Sc/
Fe = 4.8; Sc/Al = 2.9), clearly outperforming the
other organic acids. Malic acid showed moderate
selectivity (Sc/Fe = 2.3; Sc/Al = 1.6), whereas oxalic
and tartaric acids yielded values below unity, due to
the preferential dissolution of matrix elements over
Sc. The mineral acids, despite their high absolute
Sc recovery, demonstrated selectivity close to one,
confirming their non-discriminative nature [29,30].
These results emphasize that citric acid offers the
most favorable balance between Sc recovery and
suppression of Fe and Al dissolution among the
tested lixiviants.

3.3. Factorial optimization of Sc leaching with citric
acid

After identifying citric acid as the most promising
lixiviant due to its balance between extraction
efficiency and selectivity, a focused factorial

optimization was conducted to evaluate further
the effects of two key process parameters: acid
concentration and solid-to-liquid (S/L) ratio. A full
3x3 experimental matrix was implemented, varying
citric acid concentration (0.1, 0.5, and 1.0 M) and S/L
ratio(25,50,and 100g/L), while keepingtemperature
(80 °C) and contact time (6 h) constant. This specific
range of values was selected based on practical
considerations, including maintaining moderate
reagent consumption, ensuring a manageable pulp
density, and maximizing the mobility of scandium
within the organic acid medium. Each experiment
was evaluated by measuring Sc extraction into the
solution, along with the simultaneous dissolution of
iron and aluminum, two major interfering elements.
From these data, selectivity indicators (Sc/Fe and
Sc/Al ratios) were calculated to assess the trade-
offs between recovery and purity. The results of this
factorial design are summarized in Table 1.

The results presented in Table 1 revealed that
Sc extraction improved significantly with increasing
acid concentration and decreasing pulp density. The
highest scandium recovery of 73% was achieved at
an acid concentration of 1.0 M and a solid-to-liquid
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Table 1. Experimental matrix for the 3x3 full factorial design using citric acid (80 °C, 6 h)

Citric acid Sc

Fe Al

Ru concentration, M S/L. gL extraction, %  extraction, % extraction, % Sc/Fe Sc/Al
1 1.0 50 65 16 26 4.06 2.50
2 0.1 50 35 8 14 4.38 2.50
3 0.5 25 64 10 17 6.40 3.76
4 0.1 100 27 11 18 2.45 1.50
5 1.0 25 73 15 24 4.87 3.04
6 0.1 25 39 5 10 7.80 3.90
7 0.5 50 58 12 20 4.83 291
8 0.5 100 48 14 23 3.43 2.09
9 1.0 100 53 17 28 3.12 1.89

ratio (S/L) of 25 g/L. In contrast, the lowest yield of
27% was observed undertheleastfavorable condition
of 0.1 M and 100 g/L. The experimental parameters
also influenced selectivity trends. The Sc/Fe and
Sc/Al ratios peaked at 7.80 and 3.90, respectively,
under 0.1 M acid and S/L = 25 g/L, showing reduced
co-dissolution of iron and aluminum at lower acid
strength. However, this came at the cost of overall
scandium recovery. Optimal trade-offs between
efficiency and selectivity were observed in mid-level
conditions (e.g., 0.5 M, S/L =25 g/L), yielding 64% Sc
with Sc/Fe = 6.40 and Sc/Al = 3.76.

3.4. Mechanistic consideration

Scandium leaching from coal ash using organic
acids is widely understood to proceed via ligand-
promoted dissolution, in which the acid acts both as
aprotondonorandachelatingagent. Among various
ligands, citric acid has been shown to form highly
stable complexes with Sc** due to its three carboxyl
groups and one hydroxyl group, resulting in efficient
mobilization of Sc even from refractory matrices
such as mullite and amorphous aluminosilicates
[31]. The general mechanism involves the surface
complexation of Sc-bearing phases followed
by detachment into solution as soluble citrate
complexes. In contrast to strong acids like HCI or
H,SO,, which indiscriminately dissolve both target
and matrix elements, organic acids enable selective
extraction, particularly at near-neutral pH, where
iron and aluminum tend to precipitate or remain
sparingly soluble. The poor dissolution of Fe and Al
in our study is consistent with previous work [32].
The slow and progressive nature of Sc dissolution
observed in many systems suggests that leaching

is controlled not by fast surface protonation, but
rather by the gradual deconstruction of complex
aluminosilicate frameworks, followed by ligand
exchange and the detachment of Sc3*. This is
supported by the fact that Sc in coal ash is often
associated with glassy, aluminosilicate, or spinel-
type phases, which are only partially disrupted
under mild organic acid attack [33, 34]. Moreover,
previous spectroscopic studies have shown that Sc
forms strong inner-sphere complexes with citrate,
oxalate, and other polycarboxylate ligands, which
can dominate speciation even in the presence of
competing ions, such as Fe®* [35, 36].

Compared to citric acid, oxalic and tartaric
acids exhibited markedly lower efficiencies for
scandium recovery. This can be attributed to two
main factors. First, oxalic and tartaric acids strongly
interact with matrix elements such as Fe3* and Al*,
leading to preferential dissolution of these species
rather than scandium. Their high affinity toward
iron and aluminum oxides results in competitive
complexation, which reduces the effective
mobilization of Sc3* ions. Second, the coordination
chemistry of these acids is less favorable for
scandium. While citric acid possesses three carboxyl
groups and one hydroxyl group capable of forming
stable chelating rings with Sc*, oxalic and tartaric
acids have fewer coordination sites and lower
stability constants for Sc-ligand complexes. As a
result, they cannot efficiently disrupt the refractory
aluminosilicate framework and promote scandium
solubilization. Consequently, scandium recovery
remains limited, and selectivity factors (Sc/Fe, Sc/
Al) fall below unity for both acids, highlighting their
poor performance relative to citric acid.
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4. Conclusions

This study compared the efficiency and selectivity
of scandium leaching from coal ash using mineral
(HCl, H,S0,) and organic (citric, malic, oxalic, tartaric)
acids under identical experimental conditions.
Mineral acids demonstrated the highest overall
scandium recovery (82-90%), but their non-selective
behavior resulted in extensive co-dissolution of Fe
and Al, complicating downstream separation. In
contrast, citric acid provided the most favorable
balance between efficiency and selectivity, achieving
up to 68% scandium extraction with significantly
reduced dissolution of matrix elements. Factorial
optimization further demonstrated that scandium
recovery and selectivity can be tuned by adjusting
the acid concentration and pulp density, with
optimal trade-offs achieved at moderate conditions
(0.5 M citric acid, S/L = 25 g/L). Mechanistic
considerations suggest that citric acid enhances
scandium mobilization through the formation of a
stable citrate complex, while limiting the solubility
of Fe and Al.
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CpaBHUTeNbHOE uccnepoBaHue Bbllesla4YMBaHUA CKAHAUA U3 30/1bl YINA MUHEPANbHbIMU U OPraHUYECKUMHU
KUCnoTamum

K. KamyHyp'’, A. batkan?, E.K. beKraii?

'Ka3axcKuii HauMOHaNbHbIV YHUBEPCUTET UMeHU anb-Gapabu, np. anb-Gapabu, 71, Anmatbl, KasaxcrtaH
2Ka3axCKMi HauMOHa bHbI TEXHUYECKMIA YyHMBepCUTEeT nmeHn KaHbiwa CatnaeBsa, ya. CaTnaes, 22, Aamathbl, KasaxcTaH

AHHOTALMNA

CKaHaui (Sc) sBnseTcs cTpaTermyeckn Ba*KHbIM 31eMEHTOM, BOCTPebOBaHHbIM B NPOM3BOACTBE BbICOKOMPOY-
HbIX CN/IaBOB U 3HEPreTUYECKUX TEXHONOTUIA, OAHAKO ero U3BaeyYyeHne U3 BTOPUYHbIX MCTOYHMKOB, TaKMX KaK 30/10-
LUNAKM, OCTAETCA 3aTPYAHUTENbHBIM M3-33 HU3KMX KOHLEHTPAUWM U MPOYHOM CBA3K C YNOPHbIMM aNtOMOCUAMKATA-
MW. B gaHHOI paboTe uccnenoBaHo NoBeaeHUe CKaHAUA NPU BbileNauynBaHUM U3 30/10WW1aKa C UCMO/b30BaHUEM
MuHepanbHbix (HCI, H,SO,) u opraHnMyeckux (1MMoHHas, s6104Has, waBenesas, BUHHANA) KUCAOT B UAEHTUYHbIX YC-
nosuax (80 °C, 0,5 M, Teepgoe:kuaKkoe = 1:20). MuHepanbHble KUCAOTbl 06ecneymnnn HamebiCLUME CTENEHU U3B/E-
YyeHun (82-90%), HO NOKa3aAN HU3KYIO Ce/IEKTUBHOCTb M3-3a MHTEHCMBHOIO COMYTCTBYHOLWEro pactBopeHus Fe u Al.
Cpean opraHMYeCcKMX KUCNOT Hanay4dwnii 6anaHc mexay 3dPpeKTUBHOCTbIO M CENEKTUBHOCTbIO MOKA3ana IMMOHHasA
KMUCNOTa, JOCTUTHYB A0 68% n3BneveHnsa Sc npu pactsopeHumn Fe n Al meHee 26%. MonHbIN GaKTOPHbIN 3Kcnepu-
MEHT C BapbMPOBaHNEM KOHLEHTPALMU IMMOHHOM KncnoTbl (0,1-1,0 M) 1 nnoTHocTu nyabnbl (25-100 r/n) BbigBuA
BO3MOXHOCTb PEry/iMpoBaHMa Kak 3GEKTUBHOCTH, TaK U CEIEKTUBHOCTU; B ONTUMA/bHbIX ycnosusax (0,5 M, 25 r/n)
OOCTUTHYTO 64% n3BNeveHus Sc npu KoapdumumeHTax cenektTnsHocTn Sc/Fe = 6,40 n Sc/Al = 3,76.

Kntouesble cnosa: 30/10WNaAK, BblleNavynBaHume, CKaH,ﬂMﬁ, NTMMOHHaA KNUCAO0Ta.

Kemip KyniHeH cKaHAMWAI MUHepanpgblK >KaHe OpraHUKanblK KblWKblAgapmeH LwaliimanaygbiH,
canbicTbipmanbi 3eprreyi

K. KamyHyp'', A. Batkan!, E.K. BekTaii?

'9n-dapabu atbiHaafbl Kasak yATTbIK yHUBepcuTeTi, an-dGapabu 4., 71, AnmaTbl, KasaxcraH
2KaHbiw Catbaes aTbiHAafbl Kasak yATTbIK TeXHMKanblK yHUBepcuTeTi, CaTnaes K., 22, Anmatbl, KasakcraH

AHOATNA

CkaHaui (Sc) — »KoFapbl OHIMA] KOpbITNasap MeH 3HepPrua TeEXHOOTUANapbIHAA KONA4AaHbIIATbIH MaHbI3abl 3/1e-
MEHT, anaiza OHbl KEMip KyniHAel eKiHWiNiK Ke3aepaeH any TOMeH KOHLEHTPALUUAFA KaHe 0TKa Te3imai antomocu-
NIMKaTTapMeH bepiKk balinaHbicbiHa 6alnaHbICTbl KypAei 60bin oTbip. By 3epTTeyae Kemip KyaiHeH Sc wanmanay
ypaici muHepangpbik (HCl, H,SO,) »kaHe opraHuKanbiK (IMMOH, anMa, KbIMbI3[blK, WApan) KblWKbl1Aap KemerimeH
6ipaeit »kafganaa (80 °C, 0,5 M, KaTTbl MeH CYMbIKTbIH, KaTbiHacbkl 1:20) 6afanaHabl. MUHepanabiK KbiWKbIA4Ap €eH,
YKOFapbl 3KCTPAKUMA WbifbiMbiH (82-90%) KepceTTi, anaitga onapablH, CENEKTUBTINIM TomeH 6onbin, Fe meH Al-gbiH,
KeH Kenemge Kocankbl epin KeTyi 6alikangbl. OpraHnKablK, KblWKbIAAAPAbIH ilWiHAE IMMOH KbILWKbI/bl €H KoMalbl
HaTUKe Bepin, WbIFbIMAbIFbl 68%-Fa AeliH XeTTi, an Fe meH Al epiriwTiri 26%-aaH acnagbl. LLUTPaT KbIWKbINbIHbIH,
KoHueHTpaumacbiH (0,1-1,0 M) »aHe KoMblpTnak Tbifbi3ablfbiH (25-100 r/n) e3repTe OTbIPbIM KYPri3ifireH TObIK,
baKTopPAbIK XKocnapnay TUIMAINIK NeH CeNeKTUBTINIKTI peTTeyre 601aTbiHbIH KepceTTi. ONTMmanabl *Kafgannapaa
(0,5 M, 25 r/n) 64% Sc KannbiHa KenTipingi, an cenekTusTiNiK KoappuumeHTTepi Sc/Fe = 6,40 »kaHe Sc/Al = 3,76
MaHAEPIH KepceTTi.

TyiiH ce3pep: Kemip Kyni, Wwalimanay, CKaHAUN, TMMOH KbILKbI/bI.



