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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 Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH 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 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 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).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The high hardness of natural waters used in the heat-
power sector of Kazakhstan has a hydrogeological origin: calcium and magnesium
ions enter surface water and groundwater through the leaching of carbonate rocks
and evaporites during natural water—rock interaction within catchment areas. When
such water is heated in the boilers and heat exchangers of thermal power plants
(TPPs) and combined heat and power plants (CHPs), dissolved hydrocarbonates
decompose and precipitate as carbonate scale, which is a technogenic analogue of
natural carbonate mineral formation. Scale sharply impairs heat transfer, increases
fuel consumption and may cause equipment failures, while conventional chemical
water treatment requires expensive reagents and pollutes water resources. Objective.
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To substantiate an environmentally safe, reagent-free method for reducing
carbonate scale formation based on the electromagnetic treatment of process water
with a combination of high-power direct-current (DC) and alternating-current
(AC) electromagnets, taking into account the hydrogeological origin of water
hardness. Methods. A laboratory installation with a non-magnetic polypropylene
pipeline was developed, in which tap water from the municipal network of Astana,
supplied from the Vyacheslav (Astana) Reservoir on the Esil (Ishim) River and
retaining the natural hardness governed by the hydrogeochemistry of'its catchment,
underwent a single-pass combined DC/AC electromagnetic treatment at a flow
rate of 5 L/min. Forty water samples (20 taken before and 20 after treatment) were
analysed in a blind laboratory experiment. Results. The treatment reduced pH
from 7.73-7.89 to 6.0-6.1, the calcium content from 490 to 301 mg-eq/L and the
magnesium content from 68 to 29 mg-eq/L; the combined DC/AC configuration
was on average 10% more effective than previously tested permanent magnets.
The crystallisation mechanisms of calcium carbonate during scale formation were
shown to be analogous to the formation of natural travertines and speleothems.
Conclusions. The results link the mineralogical mechanisms of carbonate
crystallisation with the hydrogeochemical characteristics of the water source and
show that reagent-free electromagnetic treatment can serve as an ecologically
clean water-preparation technology for TPPs, CHPs and cooling systems using
hard waters of the different hydrogeological provinces of Kazakhstan, as well as
in the metallurgical and manufacturing industries.

Keywords: scale, water hardness, water treatment systems, electromagnetic
treatment, hydrogeology, hydrogeochemistry, water—rock interaction, mineralogy

For citations: Mekhtiyev A.D., Aldoshina O.V, Khudaibergenov B.D.,
Mekhtiyev R.A., Seraly A.N. Hydrogeological origin of water hardness and its
reduction by electromagnetic treatment of process water at thermal power plants.
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AHHOTauusi.  Oszexminiei.  Ka3akCTaHHBIH  JKbUIy  SHEpPreTHKACBIHAA
naiiiadaHbIaTblH TaOUFU CYJIAPABIH KOFAapbl KATTBUIBIFBl THAPOTCOIOTHSIIBIK
CHIIAaTKA Me: KaJIbLIUH MEH MarHiui HOHAAPHI CY KUHAY aJlanTaphl HIETiHIE «Cy—Tay
KBIHBICBD» KYHECIHAETT TaOUFH opeKeTTecy OaphIChIHa KapOOHATTHI KBIHBICTAP
MEH 3BaNOPUTTEPAiH MANbUTybl HOTHXKECIH/IE KEePYCTi JKOHE JKEPacThl cylapblHa
tyceni. MyHnpait cy sxputy siekTp craHuusiapel (JKOC) MeH Kbuly 3IEKTp
opTranbIKTapelHblH (OKDO) KazaHABIKTApbl MEH JKBUTY alMacThIPFBILITAPbIHIIA
KBI3ABIPBUIFaHa, €pireH T'HIpPOKapOOHATTap bLABIpAN, TaOMFH KapOOHATTHI
MUHEPANTY3UTyliH TEXHOTEHAIK aHaJOTHl OONBIN Ta0BIIATEIH KapOOHATTHI
KaK TypiHzme TyHOara Tycemi. Kak »xpury Oepydi KypT Hamrapiataibl, OTHIH
LIBIFBIHBIH apTTHIPAAbl ’KOHE KaOAbIK anarTapblHa SKeIyl MYMKIiH, ajl ACTYpIi
XUMUSJIBIK Cy JablHIay KbIMOAT peareHTTepAl KaXXeT €Till, Cy pecypcTapbiH
nactaiapl. Maxcamei. Cy KaTTBUIBIFBIHBIH THAPOTCOJIOTHSUIBIK TaOWUFaThIH
€CKepe OTBIPHIN, TEXHOJIOTHSUIBIK CyAbl TYPaKThl >KOHE aiHBIMAlbl TOKTBIH
KyaTThbl 3JIEKTPOMAarHUTTEPiHIH KOMOMHALMSICBIMEH 3JCKTPOMArHUTTIK OHJICYIe
HETi3/IeNTeH, SKOJIOTHSUTBIK KayillCi3 opi peareHTCi3 Kak Ty31IyiH TOMEHIETY 9JIiCiH
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Herizney. 9dicmepi. MarHuTTi eMec MOJUMPOIMIEH KYOBIphI 0ap 3epTXaHabIK
KOHABIPFBI o3ipimenni; onnma Ecin (Mmum) e3eninmeri BsiuecnaB (Acrana)
Cy KoWMachlHaH OepileTiH XoHe Cy J>KMHAy alla0bIHBIH THIPOTCOXMMHSICHIHA
OaiiTaHBICTHI TAOWFU KATTBUIBIFBIH CAKTAaWTBHIH ACTaHa KaJlachIHBIH KYOBIP CYBI
S N/MUH TIBIFBIHAA Oip PETTIK apajac AIEKTPOMAarHUTTIK eHAeyAeH oTTi. KhIphiK
cy ceiHamacel (eHaeyre naediin 20 »xoHe onmaH KeiiH 20) COKBIp 3epTXaHAIBIK
AKCMIEPUMEHT 9/IiCiMeH Tannauisl. Homuowcenepi. Onaey notmxecinae pH 7,73—
7,89-nan 6,0—6,1-re, kanpimii Memepi 490-nan 301 Mr-skB/m-re, MarHuii Memmepi
68-1eH 29 Mr-sKkB/i-re JIeiiH TOMEHIel; «TYpPaKThl + aifHBIMAIBI TOK)» apalac
cXeMachl OYPBIH ChIHAIIFAH TYPAKThl MAaTHUTTEPTe KaparaHaa opra ecerreH 10%-
ra THiMzipek 6omapl. Kak Ty3iny Ke3iH/eri KaabIuil KapOOHATHIHBIH KPUCTAIaAHY
MEeXaHM3MJIepi TaOWFW TpaBepTUHAEP MEH CIEeNeOTeMICPAiH KaJbIITacy
mpolecTepiHe yYKcac eKeHi KepceTunmi. KopwimbinObl. AJBIHFAH HOTIDKEIEP
KapOOHATTap KPUCTAJAHYBIHBIH MHWHEPAJIOTHUIBIK MEXaHH3MJIEPiH CyMEH
XKaOJBIKTay KO3i1HIH THIPOTCOXUMUSIIBIK CHUIIaTTaMajapbIMeH OailaHBICTHIPAIbI
JKOHE XUMHSUIBIK pPEareHTTep/l KaKeT eTHEHTIH SIeKTPOMAarHUTTIK ©HIEYIiH
KazakcTaHHBIH opTYpIIi THAPOTEOIOTUSIIBIK TPOBUHIIMSIIAPBIHBIH KATThI CYJIapbIH
naiigananateiH XKOC, XKD O xoHe caTKbIHIATY )KYHenepi, COHIai-aK MeTaJuTy prust
MEH OHJIEY OHEPKICiO1 YIIIiH AKOIOTHIIBIK Ta3a Cy JalbIH/Ay TEXHOIOTHICH O0Ia
AJaThIHBIH KOPCETe/].

Tyiiin ce3aep: Kak, Cy KaTThUIBIFBI, CY JaHbIHAY KYHeIepi, 3IeKTPOMarHUTTIK
OHJICY, TUIPOTEOJIOTHS, THIPOTCOXUMUS, CYy—Tay KBIHBICHI OPEKETTECYyi, MUHEpa-
JIOTHS
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AHHOTAUA. AxmyanrbHocms. Bbicokas KECTKOCTh TPUPOIHBIX  BOI,
WCIIONB3YeMBIX B TeIiodHepreTuke Kazaxcrana, MMeeT THAPOTEOIOTHYECKOE
npoucxokaeHne. VOHBI KanblMg W MarHus TOCTYNAlOT B IOBEPXHOCTHBIE
M TIOA3EMHBIC BOJBI BCJICACTBUEC BBIIIC/IIAUNBAaHUs KapOOHATHBIX TOPOA U
9BAIlOPUTOB B TIPOIECCE ECTECTBEHHOTO B3aUMOJCHCTBHS B CHUCTEME «BOJa
— mopoja» B Tpejesiax BOIOCOOpHBIX OacceiftHoB. [lpu HarpeBaHUM TaKoW
BOABI B KOTJIAX M TEIUIOOOMEHHWKAX TEIUIOBBIX dnekTpoctanmuit (TOC) u
teroanekTponeHrpaneit (TOLl) pacTBop&HHBIE THAPOKAPOOHATHI pa3ararTcs
Y BHIIAJAIOT B OCAJOK B BHJEC KapOOHATHON HAKWIIH, TPEICTABIIIONICH COOOM
TEXHOTCHHBIH aHaJIOT TMPUPOJHOTO KapOOHATHOTO MHHEPAIO0OpPa30BaHHUS.
Hakurp cyliecTBEeHHO yXy/IIaeT TeIuionepeady, yBeJInIMBaeT pacxo TOILIMBa
U MOXET TPHUBOAUTh K aBapusiM oOopymoBaHus. llpm sToM TpagummoHHas
XUMHYECKasi BOJIOTIOATOTOBKA TPEOyeT MPUMEHEHHUS JJOPOTOCTOSIIIIUX PEarcHTOB U
CIOCOOCTBYET 3arpsI3HEHHUIO BOJHBIX PeCypcoB. []enn. O00CHOBATH SKOJIOTHICCKH
Oe3omacHbIi Oe3peareHTHBIN METO ] CHI)KEHHU ST HAKUIIE00pa30BaHusl, OCHOBAHHBII
Ha JJIEKTPOMArHUTHOW 0OpabOTKEe TEXHOJIOTHYECKOW BOJBI C HCIIOJIb30BAaHHEM
KOMOWHAIIMM MOIIHBIX 3JIEKTPOMArHUTOB ITOCTOSHHOTO W TIEPEMEHHOTO TOKa
Y YYUTHIBAIOUIUN THAPOTCOJOTHUYCCKYI0 MPHUPOY KECTKOCTH BOABL. Memoosi.
Pa3paborana nmaboparopHasi yCTaHOBKa C HEMArHUTHBIM ITOJHITPOITHIECHOBBIM
TpyOomnpoBogoM. BomompoBojgHas Boga ropoaa AcCTaHbI, IOCTYIAOMas U3
BsiaecnaBckoro (AcTaHWMHCKOTO) BogoxpaHmiunima Ha peke Ecwns (Mmumm) un
COXPaHSIOMIAsl TPUPOAHYIO KECTKOCTH, 00YCIOBIEHHYIO THAPOTSOXUMHUIECKUMHU
0COOCHHOCTSIMU BOJIOCOOpa, TMOJBEprajiach OJHOKPAaTHOH KOMOMHHMPOBAHHOMN
JIIEKTPOMArHuTHON o0paboTke mpu pacxome 5 s/muH. COpok TIpoO BOIEI,
Bkitouast 20 mpod 1o 06pabotku u 20 mpob moce He€, ObUTH MPOaHAIN3UPOBAHBI
B paMKax CIJIETOTo JabopaTopHOTO J3KcrepuMeHTa. Pesyrsmamsi. B pesynprare
oOpaboTtku 3Hauenne pH cHusmioce ¢ 7,73-7,89 mo 6,0-6,1, comepkanue
kanbis — ¢ 490 1o 301 Mr-skB/J1, a comepikanue Marausi — ¢ 68 10 29 Mr-sKkBs/I.
KoMmOuHUpoBaHHas cxeMa «IOCTOSHHBIA TOK + MEPEeMEHHBIH TOK» OKa3aiach B
cpensem Ha 10 % sddekTuBHEEe paHee UCTIBITAHHOW CXEMbI C HCIOJIb30BAaHUEM
MMOCTOSHHBIX MAarHUTOB. YCTaHOBJIEHO, YTO MEXaHU3Mbl KPHUCTALTU3AINN
KapOoHaTa KajblMsl TIPU HAKUIEOOPa30BaHWU aHAJOTHUYHBI  IIpOIEccam
(hopMupoOBaHUS TTPUPOTHBIX TPABEPTUHOB U CIEIEOTEM. Bouigodbi. IlomydeHHBIC
Pe3yABTATHl MO3BOJISIOT YCTAHOBUTH B3aUMOCBSI3b MEXKY MHHEPAIOTHYECKHUMH
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MEXaHU3MaMH  KPUCTAJUIM3AalMd  KapOOHATOB W THUAPOTCOXUMHUYECCKHMU
XapaKTepUCTUKAMH MCTOYHHKA BOIOCHAOXKEHHS. DIEKTpOMarHuTHas oopaboTka,
He TpeOyromas MPUMEHEHHSI XMMHUYECKHX pPEarcHTOB, MOXKET HCIIOJIb30BAThCS
B Ka4yeCTBE HKOJIOTHYECKH 0€30TMacHOW TEXHOJIOTHH BomomoarotToBku Ha TOC n
TOL, B cuctemMax OXJIaXJIEHHUs, IKCILTYaTHPYIOMIUX KECTKUE BOJABI Pa3IMUHBIX
TUJIPOTCONIOTHUECKUX TpoBUHIME KazaxcraHa, a Takke Ha MNPEIIPUATHIX
METaJUTypru4ecKoi 1 00pabaThIBaIOIICH TPOMBIIIIICHHOCTH.

KaroueBble cjioBa: HaKWIlb, )KECTKOCTh BOJbI, CUCTEMBbI BOJIOTOATOTOBKH,
AIIEKTPOMArHUTHAs 00pabOoTKa, FHIPOTeOIOT S ; THIPOTCOX MU, B3aUMOJICHCTBHE
BOJIa—TIOPOIa, MUHEPAJIOT U

Introduction. A fundamental aspect of the technological process for generating
thermal and electrical energy is the heating of water. When water containing
dissolved chemical elements is heated, scale precipitates on the heating surfaces
of boilers, heat exchangers, and other thermal power equipment. This scale is a
rather hard layer of mineral deposits that impedes the normal heat transfer process
and creates a risk of overheating certain components of the equipment, potentially
leading to accidents. The amount of scale formed on heating surfaces is directly
dependent on the degree of water hardness and mineralization. Water resources
in Kazakhstan are characterized by high hardness. Annually, scale renders a
significant amount of thermal power equipment, shut-off valves, and water heaters
inoperable. This problem is characteristic of both household water heaters and
industrial systems.

From a hydrogeological standpoint, the elevated hardness typical of process
and drinking water sources in Kazakhstan reflects the geological composition of
their catchment areas. Calcium and magnesium ions enter surface and groundwater
primarily through natural water—rock interaction — the leaching (dissolution) of
carbonate rocks, evaporites, and other soluble mineral phases exposed within the
drainage basin. Recent hydrogeochemical surveys of Kazakhstan's groundwater
confirm that total water hardness varies widely across the country and is governed
by regional geological structure, lithology, and water—rock interaction processes
rather than by anthropogenic factors alone (Adenova et al., 2025). Water used in
TPP and CHP process cycles in Kazakhstan is drawn predominantly from surface
reservoirs fed by regional rivers; the geochemical composition of such inflow
is likewise controlled by the lithology of its catchment area. Understanding this
geological origin of hardness is essential for justifying descaling technologies,
since the ionic composition and buffering capacity of water vary with the
hydrogeological setting of its source.

Several well-known methods exist to combat scale, the most widespread of
which is the chemical water treatment method based on adding reagents to the
water to reduce its hardness. At thermal power plants (TPPs) or combined heat and
power plants (CHPs), a system for treating process water is essential, as water is an
indispensable coolant due to its availability and optimal heat capacity properties.
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For the efficient operation of thermal power equipment, the water must undergo
several cycles of purification and treatment. Chemically purified water is required.
Since water contains dissolved hardness salts, these salts precipitate on heating
surfaces upon heating, forming a hard layer of hydrocarbonate scale. Naturally,
this scale reduces the thermal conductivity of boiler tubes or heat exchanger walls,
leading to increased energy consumption and reduced productivity. Scale can also
block the flow path, resulting in equipment damage due to increased pressure and
temperature. Therefore, the fight against scale is a highly relevant area of research
and the search for alternative methods to reduce water hardness.

One such method involves using a magnetic field instead of chemical reagents,
which pollute the water and make it unsafe for consumption. One of the factors
influencing scale formation is the pH level, which directly affects the process of
solid deposit formation. This article presents an alternative water treatment method
for TPPs and CHPs based on the use of a magnetic field. High-power DC and AC
electromagnets act on the water flow. The foundation of the proposed method
is not new, having been known and used in practice since the mid-20th century.
The novel idea is to use a combination of DC and AC fields to achieve maximum
efficiency in treating feed water and reducing the intensity of scale formation on
heating surfaces. This method will allow for the reduction or complete elimination
of harmful chemical reagents, necessitating the search for more environmentally
friendly and less costly methods to combat scale formation. The application area
for this method is the water treatment systems of TPPs and CHPs. It is worth noting
that the operational cost of such electromagnetic systems is quite low compared to
the costs of purchasing chemical reagents.

Literature review. A fairly detailed review of existing known methods of water
treatment and scale control is presented in source (Moya et al., 2021). This source
contains a wealth of information on developed magnetic systems and presents
research findings. It has been established that scale is caused by salts of calcium
Ca(HCO:s)2 and magnesium Mg(HCOs). dissolved in water. When heated, these
compounds decompose into CaCOs and Mg(OH): with the release of CO-, as well
as sulfates (CaSO4, MgS0.) and chlorides (MgCl). It should also be noted that
dissolved ions of Ca**, Mg**, Fe?", and Fe*" are the cause of scale formation. When
calcium, magnesium, and other salts are in a supersaturated solution, they begin
to precipitate as solid deposits on the heating surfaces of heat exchangers and
boilers (Mosin, 2011). Laboratory studies have been conducted using magnetic
water treatment devices. The authors achieved certain effects from magnetic water
treatment and demonstrated that a magnetic field can reduce scale (Busch et al.,
2013).

There is a publication that examines the electrochemical softening of tap water,
presenting a new approach with zero chemical usage to reduce water resource
pollution (Clauwaert et al., 2020). Magnetic water treatment is frequently
encountered in literature related to water purification. For example, an article was
found that discusses a method of magnetic water purification (Coey and Cass,
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2000). Several publications are related to the study of the scale crystal formation
process, including the nucleation and growth of calcium carbonate crystals in hard
water (Karar et al., 2020) and the transformation of amorphous calcium carbonate
into calcite and aragonite during shell formation (Kong et al., 2018). Hard water
reduces not only the efficiency of thermal power equipment at TPPs and CHPs
but also the cooling systems of metallurgical furnaces. An article proposes a
device based on DC electromagnets to combat scale deposits in cooling systems
(Mekhtiyev et al., 2021). As mentioned earlier, magnetic water treatment systems
already exist, and article describes some of these devices (Mosin, 2011). There
are continuous multi-stage precipitation reactors for water softening, but they
are quite complex in design and are based on permanent magnets, which have
temperature limitations and a service life of up to 7-8 years (Yu et al., 2019).
A publication was found that provides a fairly detailed review of methods for
reducing and preventing carbonate deposits. Various apparatuses and methods
are presented (Naderi et al., 2024). This article enabled the creation of our own
original design for a device for treating feed water for TPPs and CHPs based on a
combination of DC and AC magnets. The authors have their own research related
to the development of a proprietary design for a magnetic water treatment device,
which was tested for a year on a household electric water heater. The device proved
its effectiveness in protecting the electric heating element from scale (Mekhtiyev
et al., 2024). There are also results from a conducted analysis of the magnetic field
of an electromagnetic water purification device (Kozic et al., 2006). The problem
of scale deposit formation on the heating surfaces of fire-tube boilers is considered
in (Terebilov et al., 2017). This source formulates the problem and proposes the
use of magnetic water treatment to solve it.

From the standpoint of hydrogeochemistry, carbonate scale formation in heat-
power equipment is governed by the same equilibria that control the dissolution
and precipitation of calcite in natural groundwater systems. The kinetics of calcite
dissolution in CO>—water systems (Plummer et al., 1978) and the principles of
carbonate equilibrium in groundwater (Appelo, Postma, 2005) show that the
calcium carbonate saturation state of water is determined by temperature, the
partial pressure of CO: and the lithology of the aquifer or catchment. Heating
of water in boilers shifts this equilibrium towards supersaturation and CaCOs
precipitation — the same mechanism that produces natural carbonate cements,
travertines and speleothems. Therefore, the efficiency of any anti-scale technology,
including electromagnetic treatment, should be assessed with reference to
the hydrogeochemical type of the source water, which in Kazakhstan varies
considerably between hydrogeological provinces (Adenova et al., 2025).

Having studied the previously obtained research results, a laboratory setup was
developed to conduct primary research on the combined effect of AC and DC
magnetic fields on a flow of tap water (Ziyatbekova, 2026). These studies will
be used further to create an experimental prototype of an electromagnetic water
treatment installation.
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Materials and methods. The developed experimental setup consists of a base
on which a system of DC and AC electromagnets is mounted. An adjustable DC
and AC power supply is used to create magnetic fields of varying power. The DC
power supply has an adjustment range from 0 to 220 Volts, while the AC power
supply has an adjustment range from 0 to 220 Volts, with a current frequency
adjustable from 0 to 100 kHz. The AC generator can also produce various signal
waveforms: sinusoidal, rectangular, and sawtooth. A Fluke 117 multimeter with
a resolution of 0.1 V and an accuracy of 2.0% was used to measure current and
voltage parameters. A Fluke 971 temperature and humidity meter with a temperature
accuracy of £0.5 °C was used for temperature control. A mechanical flow meter
was installed in a section of the pipeline to measure the water flow rate. A coarse
filter is installed at the inlet before the mechanical flow meter to collect various
suspended solids present in the water and those formed after its electromagnetic
treatment. The system also includes a mesh coarse filter. The core of the setup is a
pipeline made of polypropylene pipes with an outer diameter of 25 mm and a wall
thickness of 3.5 mm (PN 16, manufactured in Kazakhstan). The pipes were joined
by soldering. The pipeline and fittings were soldered using a "CANDAN CM-03"
soldering iron, 1500 W (manufactured in Turkey).

The experiments used only AC and DC electromagnets to create a combined
effect. A portable TD 8620 teslameter (manufactured in China) was used to
measure the magnetic field strength of the DC electromagnets. Water treatment
was carried out at an ambient room temperature of 22°C. The water flow rate in
the pipeline can be adjusted from 0 to 10 L/min. The experiment was conducted at
a flow rate of 5 L/min. A key feature is that a non-magnetic plastic pipeline is used
with the magnets located externally to the pipeline. Figure 1 shows a schematic
diagram of the laboratory setup used in the research.

AC/DOC 0-220V ACIDC 0-220%

Entrance

2 1
6
Ext
—I
. ..»‘\CJ\.UZZDV

1 — coreless electromagnetic coils; 2 — AC motor stator; 3 — individual electromagnets with a core;

[P E—

ACIDC 0-220V
:ﬁf

ACOC 0-220V

4 — electromagnets based on AC transformers; 5 — water meter; 6 — plastic pipeline.
Figure 1. Schematic diagram of the experimental setup.

Figure 2 shows a fragment of the setup where electromagnets of varying power
and design are placed.
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Figure 2. A fragment of the experimental setup for electromagnetic water treatment.

Water from the municipal water supply system of the city of Astana was
passed through the pipeline. Water circulation was maintained by a pump with
an adjustable flow rate. The water flowed through the pipeline system and was
discharged into a receiving tank, from which water samples were collected. In
this experiment, the water was driven through the entire length of the pipeline
and subjected to the magnetic field only once. This procedure simulates a realistic
water treatment scenario, as process water supplied to a boiler unit is typically
treated only once in the production process.

The tap water used in the experiments was supplied from the municipal water-
supply network of Astana, whose sole source is the Vyacheslav (Astana) Reservoir
on the Esil (Ishim) River. Water from the reservoir undergoes conventional
treatment (coagulation, filtration, disinfection) at the pumping-filtration station
before entering the distribution network; however, its natural hardness —
governed by the hydrogeological and geochemical characteristics of the Esil River
basin — is not substantially altered by this treatment, making the tested water
representative of process water used at TPPs and CHPs supplied from comparable
surface sources.

Water samples were taken at the inlet of the system and at the outlet. A total of
20 water samples (100 ml each) were taken upstream of the treatment system, and
another 20 samples were collected after the water passed through the magnetic
system. In total, 40 plastic bottles with a capacity of 100 ml each were filled.
Within half an hour, the bottles were transported to the laboratory for analysis
to monitor changes in the chemical composition of the water. Each bottle was
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numbered without any indication of whether the water inside had been treated.
This ensured that the laboratory personnel were unaware of the sample conditions
(a blind test), which increased the accuracy of the experiment.

During the study, electromagnets were used to generate a magnetic field
either along the axis of the water flow or perpendicular to it; in other words, the
magnetic field lines were oriented longitudinally or transversely relative to the
direction of water flow in the pipeline. Furthermore, two pole configurations of the
electromagnets were tested: one with like poles facing the center of the flow, and
another with opposite poles facing the center.

Results and discussion. Previous studies have been conducted using this
experimental setup, but these experiments utilized only permanent magnets
(Mekhtiyev et al., 2025). In the course of this research, a hypothesis was formed
regarding the use of a combined effect on water by means of DC and AC magnetic
fields. The studies conducted and the results obtained demonstrated an increase in
the efficiency of water treatment and a reduction in hardness levels by an average
of 10% compared to the results previously reported (Mekhtiyev et al., 2025).

The results of the analysis revealed the following: the pH values before
treatment ranged from 7.73 to 7.89, while after treatment, the pH level was within
the range of 6.0 to 6.1. The hardness levels before treatment were Ca?" = 490 mg-
eq/L and Mg*" = 68 mg-eq/L. After treatment, these values changed to Ca*" = 301
mg-eq/L and Mg*" =29 mg-eq/L.

The optimal magnetic field strength (/) for disrupting the hydration shell

can be determined from the equation:
Too &r

onm -+ £}
S iy Ty By

Where
.. — jonic radius;
Ty2 — shear stress.

In the case of simultaneous exposure of water to crossed magnetic and electric
fields (according to E.Kh. Rokhinson), the magnetohydrodynamic pressure in the
electrode region is equal to

IH
B = .H.HU.I

Where
I — the current passing through the electrolyte;
h — electrode height.

Thus, when water ions move in a magnetic field, especially in its edge zones,
conditions conducive to active ion association may be created — leading to

205



ISSN 2224-5278 4.2026

fluctuations in their concentration and the disruption of ionic hydration shells.
Under certain conditions, the edge zones of the magnetic field can act as a sort of
'factory' producing ion associates. However, this hypothesis requires experimental
verification.

It, in turn, remains entirely unclear why the resulting ion associates, upon
exiting the zone of increased concentration, do not instantly dissociate back into
individual ions. If one disregards possible structural changes (a perspective we
consider incorrect), then the primary role in stabilizing the associates must be
attributed to the formation of nuclei of a new phase, which form quickly and
decompose slowly. Pre-nucleation clusters of ions and molecules, which are
necessary for accumulating a sufficient mass of material for the spontaneous
emergence of stable nuclei of a new solid phase, may also play a role in this
process. Pressure pulsations can also lead to the formation of gas bubble nuclei.

One can infer the presence of clathrate structures in the water, which play a key
role in the formation of various hydrates. Such structures can exist for a longer time
in water and can incorporate more ions or molecules that correspond to the size of
their cavities. Considering several possible 'occupants' for these cavities, one can
focus on the calcium ion. When calcium ions interact with water molecules, the
most favorable process is the formation of the hexa-aqua complex [Ca(H20)s]*",
with an energy release of 630 kJ/mol.

The diameter of the calcium hexa-aqua complex (Figure 3), 0.516 nm,
corresponds well to the diameter of one of the cavities in the clathrate structure
(0.52 nm). This leads to the formation of large, metastable ions (Figure 3b) that
can significantly alter the structure and properties of water. It should be noted that
other impurities (e.g., chlorine molecules) may also be present in the clathrate
cavities in addition to calcium ions.

The formation of such aqueous complexes requires overcoming a certain
activation barrier, a process that can be facilitated by the short-term application of
an electromagnetic field.

Hogenuegp

Figure 3. Stabilization of the calcium hexa-aqua complex [Ca(H20)s]** within the cavity of a
dodecahedral water structure: a) the calcium hexa-aqua complex; b) the dodecahedral structure
of water molecules.
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It is worth noting that the crystallization mechanisms described above are not
unique to technological scale formation: the same nucleation and growth pathways
of CaCOs polymorphs (calcite and aragonite) govern the genesis of natural
carbonate mineral deposits such as travertines and cave speleothems (stalactites
and stalagmites), where supersaturated calcium-bearing solutions precipitate
carbonate minerals upon degassing or evaporation (Luo et al., 2022). In this sense,
the electromagnetically induced destabilization of hydration shells studied here
can be regarded as an accelerated, controlled analogue of the natural water—rock
interaction and mineral-precipitation processes studied in hydro geochemistry,
offering a shared conceptual basis for interpreting scale formation as a geological-
mineralogical, and not purely technological, phenomenon.

It should be emphasized that although the hexa-aqua complexes are metastable,
their lifetime can extend to many hours. The observed changes in the structural
characteristics of water following magnetic treatment (namely, an increase in the
number and size of cohesive associate blocks separated by a disordered medium)
are currently qualitative in nature. However, this may be sufficient to draw
significant conclusions.

This specific change in the degree of water ordering after magnetic treatment is
confirmed by numerous experiments and allows for the qualitative explanation of
almost all changes in technological and biological processes observed in practice.
Figure 4 shows a micrograph of several drops of magnetically treated water placed
on a glass slide. The image shows that the formation of clustered crystal structures
is evident.

Figure 4. Micrograph.

Conclusions. Electromagnetic treatment has no adverse effects on human
health. It is an environmentally safe method to obtain softened water quickly,
without the need for maintenance or excessive costs. In this process, the saline
properties of the water remain within the norm, and its fundamental composition
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is not critically altered. However, despite these advantages, magnetic action
alone proved insufficient, which led to the development of the first variants of
electromagnetic water treatment.

Based on a review of the scientific literature and the results of our own
experiments, the following effects of using electromagnetic treatment on water
can be identified:

* It accelerates and transforms the crystallization process, causing it to occur
within the liquid flow rather than on surfaces.

* It intensifies sludge formation.

* It alters water quality parameters (increases pH; reduces the content of
dissolved iron and manganese; decreases water hardness).

* It enhances adsorption processes.

» It affects the electrokinetic potential and aggregative stability of suspended
particles, thereby accelerating their sedimentation and promoting the removal of
various suspended matter from the liquid.

* Increase in the efficiency of heat supply systems (the removal of just 1 mm of
scale can increase the overall system efficiency by up to 10%).

* Reduction in the intensity of scale formation, as well as the removal of
existing old scale in boilers, water heaters, and heat supply pipes.

* Savings in fuel resources, which can amount to up to 40%, depending on the
thickness of the scale.

* Increase in the service life of boiler feedwater lines, heating networks, and
shut-off valves.

* Reduction of corrosion on the internal surfaces of heating network pipes,
heat exchangers, and boiler feedwater lines.

* Stabilization of the chemical water treatment (CWT) system's operation,
which reduces the impact of the "human factor" during filter regeneration.

* Reduction in chemical reagent consumption by up to 30%.

From a geological standpoint, the results obtained demonstrate that
the efficiency of electromagnetic water treatment is directly related to the
hydrogeochemical characteristics of the water source. Since water hardness in
Kazakhstan is controlled by regional geology — the lithology of catchment areas
and water-rock interaction in aquifers — the proposed technology should be
adapted to the hydrogeological setting of the water intake of each specific TPP
or CHP. Joint analysis of hydrogeological data and water-treatment parameters
therefore becomes a necessary element in the design of scale-prevention systems,
and the results of this study give the applied problem of scale control a geological
and hydrogeological dimension consistent with the mineralogical mechanisms of
natural carbonate mineral formation.
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