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COMPARATIVE STUDY OF A SILICOPHOSPHATE SORBENT
BASED ON ENRICHMENT WASTES FROM THE AKBAKAY
DEPOSIT AND BENTONITE IN THE SORPTION OF COPPER

IONS FROM AQUEOUS SOLUTIONS

Abstract. This work presents a comparative evaluation of a modified
silicophosphate sorbent, synthesized from gold ore processing wastes of the Akbakay
deposit via treatment with 20% orthophosphoric acid and subsequent calcination at 600°C,
against natural and thermally treated bentonite. Key performance indicators, including
solubility, mechanical strength, and equilibrium sorption capacity for copper ions, were
determined. The Akbakay-derived silicophosphate sorbent exhibited exceptionally low
aqueous solubility (1.22%), in stark contrast to natural bentonite, which actively disperses
to form a stable colloidal emulsion. The modified sorbent demonstrated significantly
superior Cu?* removal efficiency across the entire investigated concentration range. While
the high colloidality and solubility of bentonite constrain its utility in water treatment
applications, the silicophosphate sorbent maintains its structural integrity and operational
performance. This comparative analysis confirms the practical advantage of the modified
sorbent derived from Akbakay technogenic waste for implementation in wastewater
purification systems.

Keywords: silicophosphate sorbent, processing wastes, bentonite, copper cation,
sorption, solubility, mechanical strength, heavy metals, water treatment.
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Introduction. Industrial wastewater streams frequently contain toxic heavy
metal ions, such as copper, which pose significant environmental and health risks
and necessitate efficient remediation strategies [1-3]. Natural aluminosilicate
minerals, particularly bentonite clays, have been extensively employed as
adsorbents for this purpose, leveraging their abundance, low cost, and inherent
cation exchange capacity [4,5]. However, their application, especially in dynamic
filtration systems, is severely hampered by intrinsic drawbacks, including high
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dispersibility, a propensity for emulsion formation, and partial solubility in aqueous
media [6,7].

The development of chemically stabilized sorbents from mineral and
technogenic raw materials represents a promising avenue. Silicophosphate
materials, in particular, offer enhanced chemical durability, resulting in low
solubility and high stability in water [8]. This study presents a direct comparative
assessment of a novel silicophosphate sorbent against conventional bentonite. The
comparison is fundamentally justified by the compositional similarity of the
matrices; both materials are predominantly silicate-based, with silica (SiOz)
constituting 50-60% of their mass. The novelty of this research lies in a
comprehensive evaluation of a sorbent modified from Akbakay gold mining waste
(using 20% HsPOs and calcination at 600°C) versus natural and calcined bentonite,
focusing on critical physicochemical and sorptive properties relevant to practical
application.

Materials and methods. The following materials were investigated:

— A silicophosphate sorbent synthesized from Akbakay deposit processing
waste, modified with 20% orthophosphoric acid and calcined at 600°C;

— Natural granular bentonite (conforming to Technical Specifications TU
2164-004-00204493-2009);

— Bentonite calcined at 600°C.

Analysis Methods:

— Solubility and mechanical strength were determined using standard
methods [9].

— Material Characterization: The detailed mineralogical and elemental
composition of the initial Akbakay processing waste and the derived
silicophosphate sorbent, confirming the structural transformation upon phosphoric
acid treatment and calcination, was established in our prior study using X-ray
diffraction (XRD), scanning electron microscopy (SEM), and other analytical
techniques [8].

— Sorption Experiments: Batch sorption experiments were conducted to
evaluate Cu** uptake. A 3.0 g sample of each sorbent was mixed with 100 mL of
Cu?" solution at varying initial concentrations (1, 10, 20, 30, and 40 mg/L). The
suspensions were stirred at 200 rpm for 24 h at room temperature. After filtration
(0.45 pm membrane filter), the residual Cu** concentration was measured using an
AA-7000 atomic absorption spectrometer (Shimadzu, Japan). The equilibrium
sorption capacity (qe, mg/g) was calculated using the mass balance equation [10].

Research results. Solubility and Mechanical Strength. According to the
results presented in Table 1 natural bentonite undergoes rapid dispersion in water,
forming a persistent turbid emulsion. Thermal treatment at 600°C reduces its
solubility by approximately 50%, yet fails to resolve the fundamental issue of
colloidal stability, consistent with reported behavior of thermally modified clays
[11].

Table 1
Physicochemical Properties of the Sorbents
Sample Solubility, % | Mechanical Strength, %
Silicophosphate sorbent 1.22 91.0
(Akbakay, 600°C, 20% HsPO4)
Natural bentonite 80.0 83.5
Bentonite calcined at 600°C 42.4 90.0
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Equilibrium Sorption of Copper Ions (Cu®?). The silicophosphate sorbent
exhibited consistently high removal efficiency, markedly surpassing both bentonite
variants across the tested concentration spectrum (Table 2). Its performance
advantage is particularly pronounced at medium to high initial Cu?* concentrations
(10-40 mg/L), where the bentonite samples demonstrate unstable and limited
sorption capacity [6,11].

Table 2
Residual Cu** concentrations and calculated sorption capacities after 24 h
equilibrium
Akbakay Silicophosphate Natural Bentonite Bentonite (600°C)
Sorbent
Co Ce Qe Ce q. (mg/g) | Ce (mg/L) | q. (mg/g)
(mg/L) (mg/L) (mg/g) (mg/L)

1 0.0357 0.032 0.0099 0.033 0.0141 0.033
10 0.0299 0.332 0.6461 0.312 0.5739 0.314
20 0.0930 0.664 2.2238 0.593 1.1543 0.628
30 0.0606 0.998 2.0226 0.933 1.3982 0.953
40 0.1802 1.327 0.3845 1.320 1.9594 1.268

The comparative efficiency of the investigated sorbents for Cu?* ion removal
is visualized in Figure 1. The plot reveals a fundamental difference in material
behavior: the silicophosphate sorbent maintains exceptionally low equilibrium
concentration values (C.) across the entire studied range of initial concentrations
(Co = 1-40 mg/L), whereas for both natural and calcined bentonite, a sharp increase
in C. is observed even at moderate loadings (Co > 10 mg/L). This dependence of C.
on Co provides clear evidence of the higher and more stable sorption capacity of
the modified silicophosphate material.

Cu?* Removal Efficiency
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Fig. 1. Equilibrium Cu?* concentration (C.) vs. initial concentration (Co) for various
sorbents

Discussion. The experimental data underscore the superior operational
profile of the modified silicophosphate sorbent derived from Akbakay waste. Its
minimal solubility (1.22%) and high mechanical robustness (91%) are attributable
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to the formation of a consolidated, cross-linked silicate-phosphate network during
acid modification and high-temperature treatment, a synthesis pathway supported
by prior research [8]. Conversely, bentonite, even after calcination, retains
substantial hydrophilic character, leading to dispersion, mass loss via
solubilization, and consequently, increased fouling potential in filtration systems
[6,12].

The sorbent's high and stable affinity for Cu?>" ions, evident from the
consistently low residual concentrations (C. < 0.2 mg/L) across all loadings, can be
attributed to its developed surface area and the presence of accessible, high-affinity
binding sites, primarily protonated phosphate (=P—OH) and possibly silicate (=Si—
OH) groups. These sites facilitate efficient ion exchange and inner-sphere
complexation with Cu?". In contrast, the sorption behavior of both bentonite
samples is non-linear and less effective. Natural bentonite shows a sharp decline in
efficiency at moderate concentrations (10-20 mg/L), suggesting rapid saturation of
its limited exchange sites. While calcination enhances the mechanical strength of
bentonite by dehydroxylation, it does not introduce new sorptive functional groups
and may partially collapse the layered montmorillonite structure [11], resulting in
only a marginal improvement in copper uptake compared to its natural counterpart.

Sorption Isotherms of Cu2*
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Fig. 2. Experimental sorption isotherms of Cu**

The sorption isotherms presented in Fig. 2, depicting the uptake (qc) as a
function of equilibrium concentration (C.), provide a qualitative assessment of the
sorbents’ affinity for copper ions. The curve for the silicophosphate sorbent is
positioned significantly higher and exhibits a steeper initial slope, indicating its
high capacity and efficiency at low concentrations. The isotherms for the bentonite
samples are more gradual and lie below, revealing a lower number of accessible
active sites and weaker binding of Cu?*, which is consistent with the data shown in
Table 2.

Conclusion. A novel silicophosphate sorbent, synthesized from Akbakay
processing waste via phosphoric acid modification (20% HsPO.) and calcination
(600°C), has been developed. It exhibits exceptional operational characteristics:
ultra-low aqueous solubility (1.22%), high mechanical strength (91%), and stability
of granule morphology in water.
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Natural and thermally treated bentonites are characterized by significant
dispersibility and solubility in water (42-80%), representing critical limitations for
their deployment in continuous-flow treatment processes.

The modified silicophosphate sorbent demonstrates significantly greater
efficacy in removing Cu?*" ions from aqueous solution across the concentration
range of 1-40 mg/L compared to both bentonite samples. It maintains residual Cu?*
levels below 0.2 mg/L, whereas the bentonites exhibit a sharp increase in Ce,
exceeding 1-2 mg/L, at medium loadings.

The synergistic combination of low solubility, physical integrity, mechanical
strength, and superior, consistent sorption performance validates the practical
viability and promise of this silicophosphate sorbent, derived from technogenic
waste, for the treatment of heavy metal-contaminated wastewater.
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A.K. Kanbimbet?, LLI.H. Ky6ekosa?, B.U. Kanpanosa®
1Cam6aes yHusepcumemi, Anmamesi, Kasakcmanx

CY/bl EPITIHAINEPAEH MbIC UOHAAPBIH COPELUANAY A AKEAKAM KEHIHEH
AJIbIHFAH BAMBITY KAZIAbIKTAPbI HEFI3IHAEN CU/IMKO®OCDHAT COPBEHTIH
BEHTOHUTNEH CA/IbICTbIPMA/1bI 3EPTTEY

AHpaTtna. byn maKkanaga antblH Kypamabl AKBaKalh KeH OpHbIHAA KeHAl eHAeyAeH
aNblHFaH KanabiktapaaH 20% optodochop KbIWKbINbIMEH eHAeY *KaHe KeliHHeH 600°C
TemMnepaTypaga KyWaipy apKbibl CUHTE3genreH moaumdukauuanaHFaH cuankodpocdat
COpOeHTIH Tabufn KoHe KblIyMeH eHAenreH OeHTOHWUTNEH  CanbICTbipFaHAA
canbicToipmansl  6aranaybl 6epinreH. EpiriwTiri, mexaHuKanblk 6epikTiri »KaHe MmbIC
MOHAAPbIHbIH, Tene-TeHAiK copbumsanblk, KabineTi cuAKTbI  Heri3ri  KepceTKiwTep
aHbIKTaNAbl. AKGaKa KeH OpHbIHAH anblHFaH cunnkodochat copbeHTi cyna eTe TemeH
epiriwTiriH kepceTTi (1,22%), 6y TypaKTbl KONNOUATLI 3MYIbCUA Ty3Y YLWiH benceHai Typae
biAblpan KeTeTiH Tabwufu OEHTOHUTKE KapafaHZa KypT Kapama-Kallbl Keneji.
MopubukaumanaHfFaH copbeHT 3epTTenreH KOHUEHTPauMaHbIH, H6ap/blK AMana3oHbiHAA
Cu?* ol TMIMAINIrIH  alTap/bIKTall  MOfapbl  KepCeTTi. BEeHTOHWUTTIH,  Kofapbl
KONNOWUATbINbIFbI MEH epiriTiri OHbl cyAbl TazapTyAa KonAaHyaa wektece, cuankodocodar
COpb6eHTi 83iHiH KYPbIbIMAbIK TYTaCTbIFbIH aHE eHIMAINIK cunaTTamanapbiH cakTangbl.
CanbicTbipmanbl  Tangay AkbakalgblH — ©HEepKaCiNTiK - KanablKTapblHAH  ajiblHFaH
moguduKaumanaHFaH coOpbeHTTi afblHAbl CynapAbl TasapTy KyhenepiHae KONAaHYAblH,
NPaKTUKaNbIK MYMKIHAIrH pacTanapl.

Tipek ce3pep: cunnkodochat copbeHTi, eHaey KanAablKTapbl, GEHTOHUT, MbIC
KaTMOHbI, COpOLMA, epiriluTiK, MeXaHWKasbIK BEpPIKTiK, ayblp MeTangap, cyabl Ta3apTy.

A.K. Kanbimbet?, LLI.H. Ky6ekosa?, B.U. Kanpanosa®
1Cam6aes YHusepcumem, Anmamel, KazaxcmaH

CPABHUTE/IbHOE NCCNTEAOBAHUE CUJTUKOPOCHATHOIO COPBEHTA HA OCHOBE
OTXO/A0B OBOTrALLEHNA MECTOPOXOEHUA AKEAKAN U BEHTOHUTA NPU COPELIUMA
MOHOB MEAU U3 BOAHbLIX PACTBOPOB

AHHOTauMa. B paHHoM paboTe npeacTaBneHa  CPaBHUTE/NbHAA  OLEHKa
moanduumpoBaHHoro cuamkodocdaTHoro copbeHTa, CUHTE3MPOBAHHOTNO M3 OTXOA0B
nepepaboTKKn 30710TOCOAEP KALLEN PYAbl MecTOpoXKaeHUA AKBakalt nyTem 06paboTkm 20%
optodocdopHOI KMCNOTOM M nocneayrowero npokaamsanuma npm 600 °C, ¢ npMpogHbIM U
Tepmuyeckn obpaboTaHHbIM H6EHTOHWUTOM. BblM onpeaeneHbl OCHOBHblE MOKasaTenu
3bdEKTUBHOCTH, BK/ItOYAA PACTBOPMMOCTb, MEXAHWYECKYID NPOYHOCTb M PABHOBECHYHO
COPOLMOHHYIO eMKOCTb MO MOHaM mean. CunnkodocdaTtHbl COPOEHT, NOAYYEHHBIN U3
MecTopoxKaeHUa Akbakai, NPOAEMOHCTPUPOBA UCKNIOUYUTENIbHO HU3KYIO PacTBOPUMOCTb
8 BoZe (1,22%), 4uTo pe3Ko KOHTPACTUPYET C NPUPOLHbIM HEHTOHUTOM, KOTOPbIN aKTUBHO
avcneprupyetca c obpasoBaHuem ycToM4mnBOM KONNONAHOM 3MYNbCUM.
MoamnounumpoBaHHbI  cOpbEHT MNPOAEMOHCTPUPOBAN 3HAYUTENbHO MPEBOCXOAALLYIO
a¢pdeKTMBHOCTL yaaneHmsa Cu?* Bo Bcem MCCAe0BaHHOM AMana3oHe KOHUEHTpaumit. B To
BPeMA KaK BbICOKAA KOMIOMAHOCTb M PACTBOPMMOCTb OEHTOHWUTA OrpaHMYMBAlOT ero
NPUMEHEHNE B OYUCTKE BOAbI, CUANKOPOCHATHBIN COPOEHT COXPAHAET CBOIO CTPYKTYPHYHO
LEeNOCTHOCTb W 3KCMYaTaLMOHHbIE XapaKTepUCTUKKU. [MpoBeAeHHbI CPaBHUTE/bHbIN
aHanu3 noaTsep:KaaeT NPaKTUYECKYHo LuenecoobpasHOCTb MCMNONb30BaHUA
MmoanduuMpoBaHHOro copbeHTa, MONYYEeHHOrO W3 TeXHOreHHbIXx oTxoaoB Akb6akas, B
CUCTEMAX OUYUCTKM CTOYHbIX BOA.

KntoueBble cnoBa: cunnkodochaTtHbI copbeHT, oTxoabl nepepaboTkn, GEHTOHUT,
KaTUMOH meam, copbumsa, pacTBOPUMOCTb, MeXaHMYeCcKas MPOYHOCTb, TAXKE/ble MeTabl,
BOZLOOYMCTKA.
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