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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Water-salt solutions are widely present in mining
geological, mining chemical, metallurgical, and technological systems, where they
participate in heat transfer, drainage, mine water removal, cooling, and mineral
raw material processing. However, complete experimental data on the thermal
conductivity of many aqueous electrolyte solutions are absent, which complicates
preliminary engineering calculations. Objective. To develop and substantiate a
simple calculation methodology for predicting the thermal conductivity of unstudied
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aqueous electrolyte solutions based on known concentration dependences and ionic
contributions. Methods. The study used preparation of model potassium and sodium
salt solutions, control measurements of thermal conductivity at 20 °C, conversion
of mass concentration into molality, and calculation of thermal conductivity using
a linear concentration dependence. To determine the salt contribution, an ion-
additive approach was applied, taking into account cation and anion contributions,
hydration numbers, and corrected ionic radii. The methodology was verified using
KCI, KBr, KI, NaCl, and NaBr solutions at a salt concentration of 15 %. Results
and conclusions. It was established that the calculated thermal conductivity values
for the control solutions agree well with the experimental data, and the deviation
mainly does not exceed 0.2—-0.4 %. Predicted thermal conductivity values for KCl104,
KCN, and KSCN solutions were obtained in the range of 0.536—0.569 W/(m-K). It
was shown that replacing a real electrolyte solution with pure water in calculations
may lead to an error of up to 611 % in thermal conductivity estimation, which is
already significant for industrial heat transfer calculations. It is concluded that the
proposed methodology can be used as a preliminary engineering tool for estimating
the thermal properties of solutions in mining geological and technological systems.

Keywords: thermal conductivity, aqueous solutions, electrolytes, prediction,
ionic contributions, molality, mining geological systems, engineering calculations
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AnHoTauusi. Ozexminici. Cy-Ty3 epiTiHAIEp] Tay-TCONOTUSIIBIK, —Tay-
XMMUSUIBIK, METATYPTHsUIBIK JKOHE TEXHOJOTHSIIBIK KYHelepae KeH TapaifaH,
oJap KbUIy anMacy, ApPEHaX, Cy IIbIFapy, CaJIKbIHIATy >KOHE MHUHEPaJIbIK
LIMKI3aTThl OHJCY MpolecTepine KaTbicaabl. COHBIMEH KaTap KONTEreH 3JIeKTPOIUT
epiTiHALIep] YILIiH )KbLTYOTKI3TIIITIK OOMBIHIIA TONBIK SKCIIEPUMEHTTIK MATIMETTEP
YKOK, OYJT aJIJIbIH aJla MHXKESHEPIIIK ecenTeynepai KubiHaaraasl. Maxcamor. benrimi
KOHUEHTPALUSUIBIK TOYEIUTIKTEp MEH MOHJBIK YJIECTep HEri3iHne 3epTTeiMereH
ANEKTPOIUTTEPAIH  CyAbl  EPITIHAUIEPIHIH KbUTYOTKI3TiIUTIMH  OOJKayIbIH
KapamaibIM ecenTiK 9iCTeMECiH a3ipiey >KoHe Herizuey. Odicmepi. Kymbicta
KaJui JKOHE HaTpUi TY3/JapbIHBIH MOJAECJBIIK epiTiHauIepiH aadbiHaay, 20 °C
TeMIeparypaja >KbUTyoTKI3TIITIKTI 0aKblIay eJIIeyi, MaccasblK KOHLIEHT P HbI
MOJISUTB/IKKE KaiTa ecenTey, COHAai-aK KOHLUEHTPALUAFa ChI3BIKTHIK TOYEIAITIK
OoMbIHIIA JKBUTYOTKI3TIIITIKTI €CenTey KONAaHbUIABL Ty3 ylieciH aHbIKTay YIIiH
KaTHOHJIap MEH aHUOHAAP/IbIH YJIECiH, THIPaTAlUsIIBIK CAHAAP I )KOHE MOHAAPIBIH
TY3CTUITCH paauyCTapblH €CKEPETiH MOHABIK-aJUIUTHBTI TOCIN MaiaaiaHbUIIbL.
Onicremeni tekcepy 15 % konnentpanusgarsl KCl, KBr, KI, NaCl xone NaBr
epITIHAUIepIHAE OpBIHAAIABL. Homuowenepi MeH KopblmblHObICHl. baxpuiay
epiTiHAIepl YIIH ecenTenreH JKbUTYOTKI3TIMITIK MOHAEPl 3KCHEPUMEHTTIK
JICpEKTePMEH JKaKChl COMKeC KeJeTiHI aHBIKTaJbl, all aybITKy Herizined 0,2-0,4
%-nan acriaapl. KC104, KCN xone KSCN epitinainepi YIIiH )KbITyOTKI3TIITIKTIH
oomkamabik  MoHIepi 0,536-0,569 Br/(m'K) apanbirbiana  aneiHael. HakTbr
epiTiHIIHI Ta3a CyMEH aJMacThIpy KbUTyOTKI3TIITIKTI Oaranayaa 6—11 %-ra geiiin
Kate Oepyi MYMKIH €KeHi KepceTii, Oy eHEepPKACINTIK KbUIy aiMmacy ecentepi
YIIiH MaHBI3bl. Y CBIHBUIFAH SJIiCTEME Tay-I'€OJOTHSUIBIK KOHE TEXHOJOTHSIIBIK
KyHenepaeri epiTiHAIepaiH KbUTYIbIK KacHeTTepiH Oarayiay YIIIH alablH ana
WHKEHEPITiK KypaJ peTiHIe KOIJaHbUTybl MyMKIH JJeTeH KOPBITBIHIBI JKacalabl.

Tyiiin ce3mep: KbUTyOTKI3TIIITIK, CYIIBI epPITIHIALIED, IEKTPOIUTTEDP, OOMKay,
WOHJIBIK YJIeCTep, MOJISUIB/IIK, Tay-TeOJIOTHSUIBIK KYHelep, HHKESHEPIIIK ecenTep
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AHHOTamMsA. Axmyanvuocms. BonHbBIE pacTBOPBI 3JIEKTPOIUTOB LIMPOKO
pacipoCTpaHeHbI BTOPHO-TEOIOTHUECKHUX, TOPHO-XUMUIECKUX, METAILTY PTUYECKUX
U JOpYyrux TCEXHOJIOTMYCCKHUX CHUCTEMax, A€ OHHW YYaCTBYHOT B IIpomeccax
TeriooOMeHa, JpeHaxka, BOJOOTINBA, OXJIAXKICHUS U ITePepabOTKU MHHEPAILHOTO
cBIpbsi. OHAKO [Tt MHOTHX JIEKTPOIUTHBIX PACTBOPOB OTCYTCTBYIOT IOCTATOYHBIE
OKCIICPUMCHTAJIBHBIC JAHHBIC O TCIUJIOMPOBOAHOCTH, YTO 3aTPYAHACT MMPOBCACHUC
MIPEIBAPUTEIBHBIX WHXEHEPHBIX PAcUeTOB M OIEHKY TEIIOBBIX XapaKTEPUCTHK
TEXHOJOTMYEeCKHX TpoueccoB. [Jers. Pazpaborarb W 00OCHOBaTh pacyeTHYIO
METOJIMKY IPOTHO3UPOBAHUS TEIUIONPOBOJHOCTH MAJOU3YYCHHBIX BOJHBIX
PacTBOPOB AIIEKTPOIUTOB HA OCHOBE U3BECTHBIX 3aBUCUMOCTEH TETIIIONPOBOIHOCTH
OT KOHIICHTPAIIMK U y4eTa BKIIAJ0B OTACIbHBIX HOHOB. Memoowl. UccnenoBanue
BKJTFOYAJIO TTPUTOTOBJICHHE MOJICITFHBIX BOJHBIX PACTBOPOB COJIEH Kallnsl M HATPUs,
AKCIIEPUMEHTAIBHOE OIPEIeTICHUE UX TeIIOMPOBOAHOCTH Ipu Temreparype 20 °C,
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nepecyeT MacCOBOM KOHLEHTPALUU B MOJISTIBHOCTD M PAacdeT TEIJIONPOBOAHOCTH
Ha OCHOBE JIMHEWHOW 3aBUCHMOCTH OT KOHIIEHTpaluu. Jia onpenenenus BKiaaa
PacTBOPEHHBIX COJNEH NPUMEHEH WOHHO-aJAMTHUBHBIM MOJXOA, YUYUTHIBAIOIIMN
WHANBUAYaJIbHbIC BKJIAAbl KATHOHOB M aHUOHOB, MX THMApAaTalIOHHbIE 4HCIa U
CKOpPPEKTUPOBaHHbIE HOHHBIE pajguychl. [IpoBepka MpeqIOKeHHONW METOAUKHI
mpoBerena Ha BomHbX pactBopax KCl, KBr, KI, NaCl u NaBr ¢ maccoBoit
KoHIeHTpanuen 15 %. Pesynomamol u 661600bl. YCTAaHOBICHO, YTO PACUCTHBIC
3HAYEHHUs] TEIJIONPOBOJHOCTH KOHTPOJIBHBIX PAcTBOPOB XOPOIIO COMIACYOTCS
C JKCIIEPUMEHTAJIbHBIMU AAaHHBIMU. B OOJBIIMHCTBE PAaCCMOTPEHHBIX CIIyyaes
oTHOcHUTeNbHOE pacxoxaeHue coctasisgeT 0,2-0,4 %. [lng BOOHBIX pacTBOPOB
KClOs, KCN u KSCN nomyudeHsl HOpOTHO3HBIE 3HAYCHMS TEIIONPOBOAHOCTU
B juana3one 0,536-0,569 Bt/(m-K). Iloka3aHo, 4TO HCIOJIb30BaHUE 3HAYCHUUI
TEIUIONPOBOAHOCTH YHUCTOW BOIBI BMECTO COOTBETCTBYIOIIMX XapaKTEPHUCTHK
ANIEKTPOJMTHBIX PACTBOPOB MOXKET MPHBOAWTH K TMOTPEIIHOCTSAM pacyueToB,
nocruratomuM  6—11 %. Takue OTKIOHEHHs HEOOXOAMMO YYHUTBHIBATH MpU
BBINOJTHEHNH MHXKCHEPHBIX PacueToB IpoleccoB TermiooOMmeHa. llpennoxennas
METOAIMKAa MOXET HCIIOJIb30BaThCcsl B KayecTBE WMHCTPYMEHTa IpelBapUTEIbHON
OLICHKH TEIUIONPOBOJHOCTH MAJOU3YUYEHHBIX BOIHBIX PAcTBOPOB 3JIEKTPOJIHUTOB
MpH TPOEKTHPOBAHWU W aHAJIM3E€ TOPHO-TEOJIOTHYECKHX M TEXHOJOTHYECKHX
CHCTEM.

KiroueBble cj10Ba: TEIUIONPOBOJHOCTb, BOAHBIE PACTBOPHI 3JIEKTPOIHUTOB,
MIPOrHO3MPOBAHUE, HOHHBIE BKJIAJbl, MOJSUIBHOCTb, TOPHO-TEOJIOIHYECKHE
CHCTEMBbI, HH)XEHEPHBIC PACUETHI.

Introduction. In current engineering practice, tasks requiring the calculation
of properties for previously unstudied media are arising with increasing frequency.
This trend is driven not only by the expansion of the mining industry but also by the
growing complexity of describing real-world natural and technological systems. In
such systems, water is rarely chemically pure; it contains dissolved salts, products
of rock interaction, and anthropogenic impurities, as well as components resulting
from raw material processing or prolonged contact with geological formations.
Consequently, aqueous electrolyte solutions serve as a standard working medium
for mining-geological and technological facilities. Knowledge of their thermal
conductivity is often essential for calculating thermal regimes and heat exchange,
assessing equipment stability, and evaluating the behavior of natural-technical
systems. This is particularly critical in situations where geological data is incomplete
yet engineering decisions must still be made—a common scenario in many mining-
technical systems (Klyuev et al., 2024).

The fundamental challenge lies in the vast number of possible aqueous electrolyte
solutions. Even when considering only binary solutions, the combinations of salts,
concentrations, and temperature conditions are substantial; in reality, solutions are
often multicomponent. Therefore, it is impossible to have reliable experimental
data available in advance for every specific case. A similar situation arises in the
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mining industry when studying tectonic faults, aquifers, rock mass conditions, and
technological processes, where one must work with incomplete information and
refine models as data accumulates (Grib et al., 2023; Kotlov et al., 2024). Regarding
the thermal conductivity of solutions, this manifests as a lack of reference data for
many compounds—particularly less common ones—with information available for
only a limited range of salts.

The most obvious approach to addressing this problem is to conduct direct
experiments. Measuring the thermal conductivity of a specific solution at the required
concentration and temperature yields the most reliable result. The advantage of
this approach is clear: it provides an actual value that can be immediately used
in engineering calculations. However, there are significant drawbacks as well. It
requires equipment, solution preparation, time, and temperature control; furthermore,
measurements must be repeated whenever the composition or concentration
changes. While acceptable for large-scale laboratory work, this method is often
too costly and excessive for small-scale applied tasks requiring a quick assessment
of solution behavior. Moreover, in mining and geological systems, the solution's
composition itself may change over time-as occurs in bodies of water and during
hydro-ecological processes (Dolgikh et al., 2025).

A second approach involves using reference tables and established empirical
relationships. This method is convenient because it eliminates the need for new
experiments. However, it is effective only when the solution has already been
studied; reference tables cannot solve the problem if the thermal conductivity
of an unstudied solution needs to be estimated. Additionally, reference data may
have been obtained under varying conditions, making direct comparison difficult;
consequently, simply applying known values to new solutions can lead to errors.
Engineering calculations have long employed models that estimate unknown
properties based on the sum or contribution of individual factors. This approach is
used, for instance, to evaluate the performance and verification of heat and mass
transfer equipment (Nurkhozhaev et al., 2025). For electrolyte solutions, a similar
concept can be applied by accounting for the contributions of cations and anions.

A third approach relies on predictive modeling. This method offers greater
flexibility, as it allows for the estimation of at least a preliminary thermal
conductivity value for a solution that has not yet been experimentally measured.
Predictive models are currently widely used across various fields: for estimating
energy consumption (Klyuev et al., 2022), analyzing weather changes using neural
network models (Malozyomov etal.,2024), describing emergency situations in water
supply systems (Kapanski et al., 2025), and modeling water withdrawal processes
from stratified water bodies (Muzaev et al., 2025). Of course, a computational
model cannot fully replace experimentation; it is always based on assumptions.
However, if these assumptions are physically sound and validated against known
solutions, such a methodology can prove useful for engineering calculations.

For the topic at hand, the most significant factor is that the thermal conductivity
of a solution depends not only on salt concentration but also on the nature of
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the ions involved. lons differ in radius and degree of hydration, and they exert
varying influences on water structure. Consequently, one can analyze the individual
contributions of cations and anions to changes in the solution's thermal conductivity.
This approach has already been applied to calculate the thermal conductivity of
aqueous electrolyte solutions in mining industry engineering contexts, demonstrating
the feasibility of using predictive formulas to obtain numerical values (Kosolap et
al., 2025). In the present study, the aim is not to address an overly broad scope
but rather to examine a specific methodological question: how can the thermal
conductivity of certain unstudied solutions be predicted when established patterns
exist for salts of similar composition?

The relevance of this line of inquiry is further underscored by the fact that
aqueous solutions in mining and processing systems interact with rock formations,
waste materials, construction materials, and technogenic deposits. In zones of
mining-induced technogenesis, the properties of the "surface water—bottom
sediment" system can shift under the influence of geochemical factors (Sarapulova
et al., 2024). At the same time, technogenic materials and waste products are
increasingly viewed as engineering resources-examples include ash and slag waste
used in roadbed construction (Klyuev et al., 2024), finely dispersed basalt powders
in cement-based concrete (Petropavlovskaya et al., 2025), and rock wool waste
and carbon additives in cement systems (Klyuev et al., 2025). Although these
studies deal with a different category of materials, they illustrate a general trend:
engineering calculations must account for the properties of the medium, rather than
relying solely on the object's geometric parameters.

In mining and processing systems, the calculation of thermal conductivity
is also linked to issues regarding equipment reliability and controllability. For
instance, analyzing the controllability of mining equipment requires a mathematical
description of its state (Shishkin et al., 2024). Methods for monitoring and assessing
the condition of diesel engines and compressors rely on indirect calculated indicators
and system behavior forecasting (Afanaseva et al., 2025; Afanaseva et al., 2026).
In geological applications, predictive 3D models are used to describe processes in
coastal and natural environments (Matasova et al., 2024). Consequently, calculating
the thermal conductivity of solutions-while seemingly a niche problem-falls within
the broader scope of engineering forecasting challenges.

Thus, developing a method to predict the thermal conductivity of unstudied
aqueous electrolyte solutions is a relevant task, as it enables the determination of
values where experimental data are unavailable or difficult to obtain. While such
a method does not claim to fully characterize every possible solution or condition,
it serves as a useful preliminary tool for engineering calculations. The aim of this
study is to substantiate a simple calculation method for predicting the thermal
conductivity of unstudied aqueous electrolyte solutions-based on known ionic
contributions and concentration dependencies-for use in the engineering design of
mining-geological and technological systems.

Materials and Methods. The overall strategy for the experimental and
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computational work was to avoid an exhaustive study of dozens of salts; instead,
the aim was to verify the proposed approach using a limited number of aqueous
electrolyte solutions for which reliable reference or previously published thermal
conductivity data were available. Subsequently, the same calculation formulas
were used to predict the thermal conductivity of several solutions for which direct
experimental data were either unavailable or incomplete. This workflow was chosen
because the industrial significance of the task lies not in measurement for its own
sake, but in developing a practical engineering tool for preliminary calculations in
mining-geological and technological systems.

In the first stage, potassium and sodium salt solutions were selected, as they
allow for a clearer observation of how thermal conductivity changes based on the
nature of the anion. The H20-KCI, H20-KBr, H20—KI, and H20—NaCl systems,
along with several solutions of similar composition, served as the baseline. Separate
consideration was given to solutions targeted for prediction—such as KClO4,
KCN, KSCN, and similar salts-where the cationic contribution is known but the
influence of the anion is not always established. The study did not aim to cover
every possible electrolyte, as that would have resulted in an excessively large-scale
investigation. Instead, the objective was more focused: to validate a calculation
method for the engineering estimation of the thermal conductivity of previously
unstudied solutions.

The solutions were prepared using distilled water and reagents of a purity grade
no lower than "pure for analysis" (ch.d.a.). Salt samples were weighed on VLR-200
analytical balances (or equivalent electronic balances) with an accuracy of 0.0001
g. Solution concentrations were initially determined by salt mass and subsequently
converted to molality, as the calculation formula relies on the number of moles of
salt per 1000 g of water. A heated magnetic stirrer (such as the IKA C-MAG HS 7
or a Russian equivalent) was used for mixing; the stirring speed was set to 300—500
rpm, and the mixing time was 20—30 minutes. After dissolution, the solution was
allowed to stand for at least 30 minutes to stabilize the temperature. This procedure
is readily feasible for an above-average Russian university laboratory and does not
require specialized equipment.

The thermal conductivity of the reference solutions was measured using a
transient heating method with an ITZh-400 laboratory liquid thermal conductivity
meter (or a similar device equipped with an immersion probe). The solution
temperature was maintained using a LOIP LT-100 thermostat or a liquid thermostat
with comparable specifications. The primary measurement temperature was 20 =+
0.2°C, as a significant portion of reference data is reported for this range. Before
each measurement cycle, the instrument was calibrated using distilled water, with
its thermal conductivity assumed to be 0.600 W/(m-K) at 20°C. Each measurement
was repeated at least three times, and the average value was calculated. If the
discrepancy between measurements exceeded 1.0%, the solution was prepared
again; for a study of this scale, ensuring reliable reproducibility was more important
than the sheer number of experiments.
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The computational aspect of the study was based on the premise that the
thermal conductivity of the solution could be expressed as the sum of the thermal
conductivity of water and a concentration-dependent term associated with the salt.
The concentration dependence was assumed to be linear within the range under
consideration; while this is a simplification, it is a convenient assumption for
engineering calculations. The primary calculation was performed using the equation
Asol = AH,O + [£(X)avg]'m, where m is the molality of the solution and the value
+(X)avg represents the salt's contribution to the change in thermal conductivity. This
contribution was subsequently treated as the sum of the individual contributions
from the cation and the anion. To determine the unknown contributions, the equal-
radius rule, the constant-difference rule, and the relationship between hydration
numbers and corrected ion radii were used.

The calculations utilized tabulated values for ionic radii and hydration
numbers, as well as previously obtained values for the derivatives of concentration
dependencies. Data processing was performed using Microsoft Excel and cross-
checked in Mathcad, in accordance with standard university laboratory practice.
The tables presented calculated values for molality, the mean £(}) value, the
predicted thermal conductivity (Ap), and the relative deviation from reference or
experimental data. This comparison made it possible to assess the suitability of the
proposed method for preliminary calculations of industrial significance.

Theindustrial relevance ofthis method stems from the factthataqueous electrolyte
solutions are encountered in the mining industry within drainage, dewatering,
cooling, and leaching systems, as well as at the interfaces where technogenic
materials come into contact with natural waters. When the thermal conductivity of
such solutions is unknown, heat transfer calculations are often performed based on
assumptions, sometimes involving inherently crude approximations. The proposed
approach enables the determination of an estimated value without the need for an
extensive series of experiments-a capability that is particularly valuable during the
design phase or when making preliminary assessments of equipment operating
conditions. Thus, the study involved a specific set of solutions, reference data,
and calculated ionic parameters, while the methodology focused on validating and
subsequently applying an ion-additive approach to predict the thermal conductivity
of previously unstudied aqueous electrolyte solutions.

Resultsand Discussion. Verificationofthecalculationmethodology demonstrated
that using a linear expression to describe the concentration dependence of thermal
conductivity within the selected concentration range yields results closely aligned
with reference values. A temperature of 20°C was adopted as the baseline, as it is
the standard for comparing the thermophysical properties of aqueous solutions and
is convenient for laboratory testing. The thermal conductivity of distilled water
was taken as 0.600 W/(m-K). Repeated measurements on a control water sample
yielded an average value of 0.599-0.601 W/(m-K), confirming proper instrument
calibration and validating its use for further calculation checks. It should be noted
that this level of accuracy is quite acceptable for industrial applications; in the

185



ISSN 2224-5278 5.2026

mining industry, obtaining a stable calculation range is often more important than
achieving laboratory-grade precision.

For an H,O-KCI solution with a mass concentration of 15%, the calculated
molality was 2.37 mol/kg of water. The concentration coefficient derived using the
proposed approach was approximately —0.0131. The resulting calculated thermal
conductivity was 0.569 W/(m-K). Experimental verification, performed in triplicate,
yielded values of 0.570, 0.568, and 0.569 W/(m-K), with an average of 0.569 W/
(m-K). The deviation was effectively no greater than 0.2%. This is significant because
potassium chloride serves as a simple, convenient control solution for validating
the calculation logic itself. If the model yields an acceptable result for this solution,
it can subsequently serve as a basis for predicting the properties of less-studied
potassium salts. For the H2O—KBr solution, at the same mass concentration of 15%,
the molality was lower, amounting to 1.48 mol/kg of water. The calculated thermal
conductivity change coefficient was taken as —0.0227, and the calculated value of A
was 0.566 W/(m-K). The average experimental value from three measurements was
0.565 W/(m-K). The difference between the calculated and measured values was
approximately 0.18%. This indicates that the transition from chlorides to bromides
within the anion series is described with sufficient consistency. While it cannot be
claimed that this relationship will be equally accurate for all salts, the result shows
good agreement for engineering estimates. For the mining and chemical industry,
such data can be useful in calculating heat transfer in solutions containing halide
salts, particularly when the composition of the aqueous medium changes following
contact with mineral raw materials.

The calculation for the H,O-KI solution is particularly illustrative. At a
concentration of 15%, the molality was 1.06 mol/kg of water. The derivative of the
concentration dependence was —0.0348, and the calculated thermal conductivity
was 0.563 W/(m-K). Experimental verification yielded an average value of 0.562
W/(m-K), with individual readings ranging from 0.561 to 0.563 W/(m-K). The
deviation was approximately 0.2%. A consistent change in the anion's contribution
is observed in the transition from F-, Cl-, and Br™ to I", confirming the applicability
of the constant difference rule within a narrow calculation range. In practical terms,
this means that for a series of salts, it is not necessary to measure each system
individually; instead, a missing parameter can be determined based on data from
similar compounds. For facilities processing mineral raw materials or utilizing salt
solutions, this simplification can reduce the volume of preliminary laboratory work.

After validating the methodology using solutions with known properties,
predictive values were calculated for solutions lacking complete experimental data.
For a 15% KCIO, solution, the calculated anion parameter was determined using
a hydration number of 8 and an adjusted radius of 1.75 A (Fig. 1). The resulting
concentration coefficient was —0.0254. At a calculated molality of 1.22 mol/kg of
water, the solution's thermal conductivity was estimated at 0.569 W/(m-K). For KCN
at the same concentration and a molality of approximately 3.13 mol/kg of water,
the coefficient was —0.0205, and the calculated thermal conductivity was 0.536 W/
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(m-K). For KSCN, with a molality of 1.79 mol/kg of water and a coefficient of
—0.0224, a value of 0.560 W/(m-K) was obtained. These figures should be regarded
as estimates rather than definitive reference data; however, they provide engineers
with a numerical benchmark and enable the comparison of different solutions.

Reference anion row i Predicted anion row
0.00 -

—0.01-

Awater + a'm

—0.02 -
-0.0205
0.0224

Coefficient a in A

—0.03 -

B K-salt coefficient
- Na-salt coefficient

-0.0348
—0.04 - ' ' ' ! ' ' l
Cl- Br- I- Clo4- CN- SCN-
Anion in aqueous electrolyte solution

Figure 1. Concentration coefficients used for thermal conductivity prediction
of aqueous electrolyte solutions.

A similar verification was performed for sodium solutions. For the H,O-NaCl
system at a concentration of 15%, the calculated molality was 3.02 mol/kg of
water. The thermal conductivity variation coefficient used was —0.0053, yielding
a calculated value of 0.584 W/(m-K). The measured mean value was 0.585 W/
(m-K), representing a deviation of approximately 0.17%. For H,O-NaBr, with a
molality of 1.72 mol/kg of water and a coefficient of —0.0149, the calculated thermal
conductivity was 0.574 W/(m-K), while the experimental value was 0.573 W/
(m-K). For Nal, at a molality of 1.18 mol/kg of water and a coefficient of —0.0268,
the calculated value was 0.568 W/(m-K). Thus, the same general trend of variation
holds for sodium salts: as the anion radius increases and its hydration changes, the
contribution to thermal conductivity becomes more pronounced (Fig. 2).
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Figure 2. Calculated, experimental and predicted thermal conductivity values of aqueous electrolyte
solutions at 20 °C and 15 wt.% salt concentration.

In discussing the results, it should be noted that the linear approximation with
respect to concentration cannot be equally valid across all concentration ranges.
This study examined a relatively limited range—primarily around 10-15% salt by
mass—as this range is often of practical significance and does not result in excessive
nonlinearity of the solution's properties. At concentrations exceeding 20-25%,
the margin of error is likely to increase due to significant changes in the aqueous
solution's structure, the growing influence of interionic interactions, and alterations
in water activity. Therefore, it is reasonable to treat the proposed methodology as an
engineering tool rather than a universal physicochemical model. This distinction is
particularly important for the mining industry, where—during the design phase for
drainage, dewatering, or heat exchange circuits—it is often sufficient to know the
calculated thermal conductivity range with an accuracy of 2—3%.

The industrial value of this work also lies in its ability to facilitate the rapid
assessment of the thermal properties of solutions used in systems related to
underground mining, ore processing, hydrometallurgy, and the operation of
process equipment. For instance, when calculating heat transfer in pipelines,
vessels, pumping systems, and heat exchangers, any error in the solution's thermal
conductivity affects the heat flux estimate. If a value of A = 0.600 W/(m-K) is
assumed for pure water, while the actual solution has A = 0.560 W/(m-K), the
discrepancy is approximately 6.7%. This difference is significant for precision
calculations (Fig. 3). Such accuracy is especially critical in the mining-chemical
and metallurgical industries, where solutions may contain chlorides, bromides,
cyanides, thiocyanates, and other ions involved in technological processes.
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Figure 3. Relative decrease in thermal conductivity of aqueous electrolyte solutions compared with
pure water at 20 °C and 15 wt.% salt concentration.

The data obtained also demonstrate that the ion-additive approach makes the
methodology straightforward to replicate. No complex software environment is
required for the calculations; all computations can be performed using a standard
spreadsheet by inputting the concentration, molar mass of the salt, molality, and the
respective contributions of the cation and anion. This is of practical significance
for industrial and university laboratories, as the method requires no expensive
equipment other than an instrument to verify the thermal conductivity of reference
solutions. In an academic or research laboratory setting, solutions can be prepared
quickly, measurements taken at several points, and the calculation scheme
subsequently used for predictive purposes.

Thus, the results indicate that the proposed approach yields values in satisfactory
agreement with reference data for the KCI, KBr, KI, NaCl, and NaBr solutions
studied, with deviations generally not exceeding 0.2-0.4%. For the unstudied
KCIlO,, KCN, and KSCN solutions, predicted thermal conductivity values in the
range of 0.536-0.569 W/(m-K) were obtained at a concentration of 15%. While
these results do not fully resolve the issue, they confirm the method's potential as
a preliminary calculation tool. From an industrial perspective, this is important for
geological, mining-chemical, metallurgical, and process systems where aqueous
electrolyte solutions are either utilized or generated during operations, and where
their thermal properties must be accounted for at the early stages of engineering
design.

Conclusion. The study demonstrated that predicting the thermal conductivity of
previously unstudied aqueous electrolyte solutions need not be treated as a major
experimental undertaking; instead, it can be approached as a relatively simple
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engineering calculation based on established patterns regarding how thermal
conductivity varies with concentration and ion type. This is particularly significant
for mining-geological and process systems, where aqueous solutions often have
complex compositions and reference data are either missing or incomplete. Under
these conditions, the proposed method enables the determination of an estimated
thermal conductivity value without the need for lengthy series of measurements.

Calculations and validation measurements established that, for KCI, KBr, KI,
NaCl, and NaBr solutions at a concentration of 15% and a temperature of 20°C,
the discrepancy between calculated and experimental values generally did not
exceed 0.2-0.4%. This indicates that a linear approximation of the concentration
dependence within the selected range is suitable for preliminary engineering
estimates. Predicted thermal conductivity values in the range of 0.536-0.569
W/(m-K) were obtained for KC1O4, KCN, and KSCN solutions, allowing these
solutions to be factored into heat transfer calculations.

The practical significance of this work lies in the applicability of the proposed
approach across the mining, mining-chemical, and metallurgical industries, as
well as in calculations related to mine dewatering, drainage, cooling systems, and
process solutions. While the method does not replace precise experimental testing,
it narrows the search range and enhances the reliability of engineering calculations
during the early stages of design.
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