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ABSTRACT

Introduction. The article examines the problem of the development of transport infrastructure in the Solovetsky archipelago
and proposes a solution to reduce the cost of manufacturing reinforced concrete slabs for the road surface. It is proposed to use
saponite-containing waste (SCW) of the mining and processing plant JSC Severalmaz as a mineral additive in concrete. Studies
have shown that mechanically activated saponite-containing powder (MSP) improves concrete performance and reduces binder
consumption. The use of MSP makes it possible to solve the problem of waste disposal and reduce environmental damage. The
purpose of the work is to assess the effect of the time factor on the hydraulic activity of the mechanically activated saponite-
containing powder, since the activity of the additive may change during long-term storage. It is known that the degree of activity
of mineral components is usually estimated by the amount of Ca?" ions absorbed from a saturated lime solution. A number of
direct analytical methods are available to monitor the change in Ca(OH), content over time during the course of the hydraulic reac-
tion. This technique, based on the measurement of the potential of the ion-selective electrode, is fully suitable for monitoring the
hydraulic activity of the MSP. Methods and Materials. Saponite-containing waste was used as the main material for the studies,
which was isolated, dried and dispersed. A mechanically activated saponite-containing powder was thus obtained. Control of the
degree of grinding of the obtained finely divided MSP samples was carried out according to the specific surface area (S, m?/kg).
To perform potentiometric analysis, an electrode system consisting of a measuring electrode with a calcium ion detection function
(pCa) and a reference electrode was used. In preparation for the experiment, the calcium selective electrode of the Elite-041 model
was kept for three days in a calcium chloride solution with a concentration of 0.01 mol/L. The electrode was then washed with
distilled water and calibrated to solutions with concentrations (C_) of 107", 10,107, 10~ and 10~ mol/L, for which pCa = 1+5.To
study the sorption capacity, a lime solution with a concentration of 0.015 mol/l was prepared, as well as a suspension from samples
of fine mineral saponite-containing powder. A solution of lime with a volume of 0.2 ml was successively added to the resulting
suspension by a doser, while measuring the electromotive force (potential) of the system with continuous stirring. Based on the
obtained potential values (mV), the concentration of calcium ions (C, ©) in the bulk phase of the suspension was calculated using
a predetermined calibration relationship. Further, using the algorithm for calculating the activity parameters of powders, according
to potentiometry data, the maximum amount of absorbed calcium hydroxide (AC__ ) was determined as the difference between the

CaOr
C..,and C__ <, and the hydraulic activity coefficient (G_=In>JAC_, ). Results and Discussion. The resulting mechanically activated

s;gonite—containing powder had a specific surface area of 196 m?/kg (10 min), 644 m?/kg (30 min), 1209 m?/kg (60 min), 1428 m?/kg
(90 min) at different milling times. The preliminary calibration dependence of the potential of the electrode pair on the pCa value
is characterized by the linear equation: E = -23,23pCa+520,35. It was found that when adding a lime solution to the suspension,
an increase in EMF is observed due to the sorption of calcium ions by a mechanically activated saponite-containing powder. After
reaching the threshold volume of the Ca(OH), solution, the potential stabilizes. With a further increase in the concentration of calcium
ions, when their interaction with the MSP particles ceases, the E value increases again. Further, dependencies were obtained for all
batches of the experiment, the difference of which lies only in the quantitative characteristics of the functional parameters. Initial
value of electrode pair potential characterizes background concentration of calcium ions determined by their residual content in
water and/or MSP. The obtained functional relationships of the C_ © = f(C__ ) for the test samples made it possible to determine
the threshold values of the concentration of calcium ions in the solution, the excess of which creates their excess in the reaction
medium. The built functional dependence of the G_ = f(SSp), showed that the G_ reaches its maximum value already at a specific
surface area of more than 600 m?/kg (30 minutes of grinding). Since the grinding of 10 minutes has little effect on the specific surface
area of the saponite powder, which affects the value of the hydraulic activity coefficient of the MSP, the dependence of G_=f(S_)
for grinding more than 10 minutes was considered. Extrapolation of the dependence on the specific surface area of the powder
to 300 m?/kg (obtained industrially) gives a value of G_ = 0.772, which is 5% lower than the maximum value in the experiments. To
study the effect of time on hydraulic activity, powder after 60 minutes grinding (S,,=1209 m?/kg) was used, assuming that a high
specific surface area would enhance the change in storage reactivity. Experimental characteristics (electrode pair potential) were
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measured after 7, 14 and 30 days of exposure. The obtained results showed that during storage of mechanically activated saponite-
containing powder, its specific surface area decreases due to conglomeration of clay particles. The obtained data, in our opinion,
state the fact that the hydraulic activity of mechanically activated saponite-containing powders remains quite high for a long time
(30-day) in a wide range of variation of their specific surface area (300+1200 m?/kg). Conclusion. It is shown that potentiometric
method of determination of sorption capacity to calcium oxide is effective as express method for evaluation of hydraulic activity
of mechanically activated saponite-containing powder and influence of time. At the same time hydraulic activity of mechanically
activated powders is linearly related to specific surface (300+1200 m?/kg), besides, nature of this connection is described by linear
equation with high value of approximation reliability factor (0.99). MSP retain hydraulic activity during natural storage for 30 days
with a decrease in hydraulic activity by 4.1%.

KEYWORDS: saponite-containing powder, mechanical grinding, specific surface area, hydraulic activity, calcium oxide, calcium
hydroxide concentration, electrode pair potential
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AHHOTALMA

BBepeHue. B cTaTbe paccmaTtpuriBaeTca npobnema pasBuTvsa TPAHCMOPTHON MHGPACTPYKTYpbl Ha apxunenare ConoBeLKnin U npes-
naraeTcs pelleHyie No CHKEHMIO 3aTPaT Ha N3rOTOB/EHME XKene3006eTOHHbIX MANT AJiA JOPOXKHOro NokpbiTusa. Mpeanaraertca nuc-
nosib30BaThb canoHuTcogepawwmin otxog (CCO) ropHo-oboraTutenbHoro KombrHaTta AO «CeBepaniMas» B KauecTBe MUHEPasbHOW
[o6aBKuM B 6eTOHbI. MiccnefoBaHmA Nokasanu, YTO MEXaHOAKTUBMPOBAHHbIV canoHUTcoaepawmii nopowok (MCIM) ynyuwaet
3KCMyaTaUVOHHbIe XapaKTepUCTKM 6eTOHa 1 CHUXKaeT pacxop Bsxkylero. Micnonbzosanme MCIT no3sonseT pewnTtb npobnemy
YTUIN3aLMN OTXOL0B M CHU3UTb dKonormyeckuin yuep6b. Lienblo paboTbl ABNAETCA OLEHKa BNVAHUS BpeMeHHOro Gpaktopa Ha ru-
ApaBnuyeckyto aktmHocTb MCr, Tak Kak akTMBHOCTb JO6ABKU MOXET U3MEHATbCA MPpU ANUTENIbHOM XpaHeHun. /I3BecTHO, uTo
CTeneHb aKTUBHOCTN MUHEPAbHbIX KOMMOHEHTOB NMPVHATO OLIEHMBATb MO KONMYECTBY NOMOLEHHbIX 13 HACbILLEHHOTO N3BECTKO-
BOro pactsopa noHos Ca*". [ina oTcnexuBaHna n3meHeHns cogepanua Ca(OH), Bo BpemeHm B Xoae NpoTeKaHuaA rigpasnmyeckon
peakumm cyLlecTByeT psag NPAMbIX aHaNUTUUYeCKNX crnocoboB. [laHHas MeTofMKa, OCHOBAHHAA Ha U3MepPeHu NoTeHLmana noH-
CenleKTMBHOIO 3NeKTPOAA, B NMOJIHOM Mepe NOAXOAUT Af1A KOHTPONsA ruapasnnyeckoi aktusHoct MCI. MeTtoabl n maTtepuanbi.
B KauecTBe OCHOBHOro mMaTepuana Ana NpoBefeHNsA NCCIef0BaHUN NCMOb30BaNM CaNnoHUTCOAeP KaLL NN OTXOA, KOTOpPbIi Obl
BblAeJIeH, BbICYLLEH 1 AUCNeprmpoBaH. Takum 06pa3om, 6bil NonyyeH MexaHOaKTVBUPOBAHHbIN CaNOHUTCOAEPKALLMIA MOPOLLIOK
(MCI). KoHTporb 3a cTeneHblo U3MenibYeHrsA NoNyYeHHbIX BbICOKoAMcnepcHbix Npo6 MCIT ocyLlecTBAAAM NO BeIMUMHE yaenbHOM
nosepxHocTy (S, M?/Kr). Ins BbINOSIHEHUA NOTEHLMOMETPUYECKOTO aHam3a UCMoNb30Banach 3MeKTPoAHas CUCTeMA, COCTOALLas
13 U3MEPUTENIbHOIO 3N1eKTpoa C PyHKLUMen onpeneneHus NoHoB Kanbuua (pCa) 1 anekTpoaa cpaBHeHMs. B pamkax nogrotoBku
K SKCMepUMEHTY KanbLWiA-CeNneKTUBHbIN 3neKTpod moaenu «nut-041» BblAepKunBanu B Te4eHre Tpex AHel B pacTBope xiopuaa
Kanbuuma ¢ KoHueHTpauueli 0,01 monb/n. Mocne 3Toro anekTpoa NPoMbIBany AUCTUIMPOBAHHON BOOW 1 KanmbpoBanu no pac-
TBOPaM C KoHueHTpauuamm (C ), coctagnsiowmumm 107, 1072, 1073, 10 n 107° monb/n, Ans koTopbix pCa = 1+5. [ina nccneposaHus
COpOLMOHHOI CNOCOBHOCTM 6bIN NMPUFOTOBNEH PACTBOP M3BECTU C KOHLUeHTpauurein 0,015 Monb/n, a Takke cycneH3uns 13 npob
BbICOKOANCNEPCHOTO MMHEPasIbHOMO CanoHUTCOAEP KaLLero NopoLLKa. B nonyyeHHyto cycneH3uto nocnefoBaTesibHO 403aTOPOM
BBOAWIN PacTBOP M3BeCTU 06beMom Mo 0,2 MJI, MPU 3TOM OCYLLECTBNASA U3MEPEHMe INEeKTPOABUXKYLLEN Cibl (MOTeHUKana)
CUCTEMbI MNPV HEMpPEePbIBHOM NepemMeLliBaHnU. Ha 0CHOBaHUM MOMyYeHHbIX 3HauYeHuiA noTeHUmanos (MB) nposognnu pacuet
KOHLeHTpauumn noHos Kanbuumsa (C, ) B 06bemHOI dase cycrneH3nmn ¢ NpMMeHeHem 3apaHee YCTaHOBIEHHOW KannbpoBOYHO
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3aBUCUMOCTW. [lanee, UCMOSb3ya anropyuTM pacyeTa NapaMeTpoB aKTVBHOCTN MOPOLLUKOB MO AaHHbIM NMOTEHLMOMETpUN, onpeae-
NN MAKCMMASIbHOE KOJIMYECTBO MOMIOWEHHOTO rnapokcmnaa Kanbuma (AC_ ) Kak pasHuLy Mexay 3HaYeHAMM CmpCa 7 CWTCa
1 Ko3dPuLMeHT rnapasnnyeckoi aktusHoct (I = In*VAC ). PesynbraTbl u 06cyMxaeHue. [10yUYeHHbI MeXaHOaKTUBMPOBAHHbI
CanoHUTCOAeP KaLLMiA MOPOLLIOK NPU Pa3HOW MPOJONKUTENbHOCTY MOMOIIa UMeN YaenbHY NOBepXHOCTb: 196 M*/Kr (10 MuH), 644
M2/Kr (30 MrH), 1209 M*/Kr (60 MuH), 1428 mM?/Kr (90 MurH). MocTpoeHHan NpefBapuUTeNibHO KannbpoBoYHas 3aBUCUMOCTb NoTeHUMana
3NeKTPOAHOW Napbl OT BennunHbl pCa xapakTepusyeTca IMHenHbIM ypaBHeHnem: E = -23,23pCa+520,35. YcTtaHoBNEHO, YTo Npu Ao-
6aBnieHMN N3BECTKOBOIO pacTBoOpa B CycrneH3uio Habnopaetca pocT O[C n3-3a copbLMN MOHOB KanbLnA MEXaHOAKTUBUPOBAHHbBIM
CanoHNTCOAePXKALLVIM NOPOLLIKOM. [Tocne AocTuxeHNA noporosoro obbema pactsopa Ca(OH), noteHuyan ctabunnsupyetca. Mpu
JanbHelweM yBenMyeHnN KOHLEHTPaLM MOHOB KanbLMsA, KOrAa npeKkpallaeTca nx B3aumogencrane ¢ yactmuamm MCI, 3HaueHmne
E cHoBa Bo3pacTaeT. [lanee ans Bcex cepuil SKCcneprMeHTa Obinv NoayyeHbl 3aBUCUMOCTI, OTAIMYME KOTOPbIX 3aK/toyaeTca Nnllb
B KONMMYECTBEHHbIX XapaKTepucTnkax GyHKLMOHaNbHbIX NapameTpoB. HavanbHoe 3HaueHme noTeHunana aneKTpoaHoN napbl Xa-
pakTepur3yeT GOHOBYIO KOHLEHTPALNIO MOHOB KaNbLKs, onpefensaemyto X 0CTaTOYHbIM cofepaHrem B Boge u/vnv MCI1. Mony-
yeHHble GYHKLMOHaNbHbIE 3aBUCMMOCTH C¢akfa = f(CTeopCa) INA nccnepyembix Npob6 No3BONWAM ONpefenuTb NOPOroBblie 3HaYeHNA
KOHLIEHTPaLMV MOHOB KaNibLMA B pacTBOPE, NPeBbILIeHe KOTOPbIX CO3AaeT X U36bITOK B peakLUMOoHHON cpefe. [NocTpoeHHasn
dyHKUMoHanbHan 3aBmcumoctb [ = f(S ) nokasana, uto [ fOCTUraeT CBOEro MakcMMasibHOrO 3Ha4YeHNA yxKe Npu yaenbHom no-
BepxHocTn 6onee 600 M?/Kr (30 MH nomona). Mockonbky nomon 10 M1HYT cnabo BANAET Ha yAeSIbHYI0 MOBEPXHOCTb CANOHUTOBOIO
NMopoLLKa, YTO OTPAXKAETCA Ha BennunHe KoadpdurumeHTa rugpasnmyeckoin aktusHoct MCI, To 6bina paccMoTpeHa 3aBUCMOCTb
r.= f(Syﬂ) Ana nomona 6onee 10 MUHYT. IKCTPANONALMA 3aBUCUMOCTY Ha YAeSbHYI0 MOBEPXHOCTL Nopoluka 300 M%/Kr (monyyaetca
NPOMbILLIEHHbIM CMOCO60M) AaeT 3HauyeHue [ = 0,772, uTo Ha 5% HUXKe MaKCMMa/lbHOTO 3HaYeHMA B SKCNepuMeHTax. [ina nsyye-
HUA BANAHNA BPEMEHW Ha MMAPaBANYECKYI0 aKTUBHOCTb UCNOSIb30Basiv MOPOLLOK nocne 60-M1HYTHOro nomorna (SWl = 1209 mM%/kr),
ncxopna 13 NPefnosioKeHNs, YTo BbiCOKas yaesibHaA MOBEPXHOCTb YCUIIUT M3MeHeHVe peakLMOHHOW CNOCOBHOCTY MPU XPaHeHNW.
DKcneprMeHTanbHble XapaKTepUCTMKIM (MOTeHLMan 3NeKTPoAHONM napbl) n3mepanu yepes 7, 14 n 30 cyTok BbigepXKKu. [lonyyeHHble
pe3ynbTaTthl MOKa3anu, YTo NPU XPaHEHNN MEXaHOAKTUBMPOBAHHOIO CaNoOHNTCOAEPKaLLEero NOPOLLKa NPOVNCXOAUT YMeHbLLIEHNE
€ro yeNnbHOW NOBEPXHOCTU U3-3a KOHFMOMEpPALMU MIMHUCTbIX YacTuL,. [NonyyeHHble AaHHblE, MO HalleMy MHEHMIO, KOHCTaTUPYIOT
baKT coxpaHeHua gnutenbHoe (30-CyTOUHOE) Bpems JOCTAaTOYHO BbICOKOM MMAPaBANYECKON akTVBHOCTN MEXaHOAKTUBUPOBAHHbIX
CanoHWTCofepKaLlyx NOPOLLIKOB B LUIMPOKOM AMana3oHe BapbMpOoBaHUA UX YAenbHON noepxHocTy (300+1200 m%/kr). 3aknto-
yeHwme. [loKa3zaHo, YTO NOTEHLMOMETPUYECKUI MeTog onpeaesneHna COPOLNMOHHOM eMKOCTI K OKCUAY Kanbuua 3ddeKTrBeH Kak
3KCMpecc-cnocob AnA oLeHKy rmapaBnnyeckoi akTMBHOCTY MEXaHOaKTVBMPOBAHHOTO CaNOHUTCOAEPKaLLEero MopoLLKa 1 BAMAHUA
BpemeHW. [pun 3Tom rugpasnmyeckasn akTBHOCTb MEXaHOaKTVBMPOBAHHbIX MOPOLLKOB JIMHENHO CBf3aHa C YAeNbHOW NOBepPXHO-
CTbto (3001200 m?/Kr), Npryem xapaKkTep 3TOW CBA3M OMNMUCbIBAETCA IMHENHBIM YPaBHEHNEM C BbICOKMM 3HaueHnem KoaddurumneHTa
JoctoBepHocTM annpokcumauum (0,99). MCIT coxpaHAT rmapasBnnyeckyto akTMBHOCTb NP XPaHEHNM B €CTECTBEHHbIX YCNOBMAX
30 cyTOK C yMeHbLUeHNeM BeIMUYMNHbI TMAPaBINYeCcKON akTUBHOCTY Ha 4,1%.

KJTIOYEBDIE CJIOBA: canoHUTCOAep ALl MOPOLLOK, MEXaHNYECKOe M3MeSibYeHne, BeMYMHA YAeNnbHOM NOBEPXHOCTH, TMAPaB-
NiMyeckan akTMBHOCTb, OKCUZ, KaJlbLMA, KOHLEHTPALMA TMAPOKCUAA KabLus, NOTEHUMAN S1eKTPOLHON napbl

BNNAFOAAPHOCTMW: ViccnenoBaHume BbiMOTHEHO Npu $1HAHCOBON Noafepx ke Poccniickoro HayuHoro ¢oHaa B pamkax npoekTa
N2 23-13-20013 «[pyHTO6ETOHbI Ha OCHOBE OPraHOMUHEPaNbHOro PEAKTUBHOMO CBA3YIOLLErO 1A YCUIEHUA NCTOPUYECKUX AOPOXK-
HbIX KOHCTPYKLMI ConoBeLKOro apxunenaray.

AnAa UMTUPOBAHUA:

Mopo3osa M.B., ®ponosa M.A. BnuaHre BpemeHHOro ¢pakTopa Ha rmapaBinyeckyto akTMBHOCTb MEXaHOAKTMBPOBAHHOIO carno-
HUTCOAepP»KaLLero nopoLka. HaHomexHonoauu 8 cmpoumenscmae. 2025; 17(3):244-253. https://doi.org/10.15828/2075-8545-2025-
17-3-244-253. - EDN: AFTMHY.

INTRODUCTION

It is of particular importance to create a favorable urban
environment on the Solovetsky Archipelago by developing
the transport infrastructure of the settlements. Compre-
hensive renewal of the village’s road network includes
both the creation of new facilities and the repair of exist-
ing routes with unpaved and transitional surfaces (Fig. 1).
The latter are presented in the form of natural stone and
reinforced concrete slabs, with a total length of 2.5 km.
The construction of such a roadway is one of the faster
ways to create a strong and structurally stable coating
[1-5].

However, the manufacture of reinforced concrete slabs
and related building materials, with their subsequent de-
livery to the archipelago, is a very material-intensive and
laborious task, which makes this process economically
inexpedient.

It is known that the cost of producing concrete com-
posites is associated with the use of binders, fillers/fillers
and various chemical additives that control the properties
of the final product. Therefore, reducing the cost of these
components is one lever that can compensate for labor
costs and obtain a total economic effect. In addition, an
important modern component in the production of build-
ing materials is the use of resource-saving technologies,
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Fig. 1. The condition of the road surface in the village of Solovetsky (https://dorogi-onf.ru/city/2097/)

including the effective use of production waste with dif-
ferent chemical compositions and structures, which can
reduce costs [6—10].

In the construction industry, steady interest contin-
ues to be shown in concrete products and structures,
since its manufacture from raw materials (cement,
sand, additives) requires minimal energy consumption.
In addition, the production of concrete mix has wide
opportunities for the utilization of secondary material
resources (production waste) [11—12]. Thus, earlier stud-
ies have shown the effectiveness of using finely ground
dispersed mineral additives in binding compositions of
the hydration type of hardening. A classic example of
such raw materials is fly ash, finely ground slags and
microsilica [ 13—14]. However, for each region of Russia,
local production waste can be used as such an additive,
for example, alumina-containing aluminum slags of
Donbass [15], technogenic raw materials of energy and
metallurgical enterprises [16], finely ground filler based
on metacaolin in Chelyabinsk [17] or Tomsk slag waste.
For the Arkhangelsk region, this is saponite-containing
waste (SCW) of the Severalmaz mining and processing
plant, which is stored in a large volume (up to 4 million
tons annually) in settling ponds. Large-scale saponitiza-
tion of diamond-bearing ore [18] makes it difficult to
use process water in the recycling water supply system
of the factory [19—20] and forces to constantly increase
the area allocated for waste rock dumps.

Previous studies [21] have shown the effectiveness of
the use of SCW in the form of mechanically activated
saponite-containing powder (MSP) as a mineral addi-
tive in concrete, which improves the performance of the

composite and reduces the consumption of the most
expensive component — binder. Mechanical dispersion
to a specific surface area comparable to that of cement
is used to activate this component [22]. In this case, the
saponite raw material is transformed into a highly active
mineral powder, which exhibits: water-sorption proper-
ties that regulate the water-cement ratio of the mixture;
pozzolanic activity with the formation of hydrosilicates
of the tobermorite group [21]. The latter are formed
in the pore space of the composite, when it hardens,
and provide a strong concrete structure, improving its
performance.

Thus, the use of waste from the Arkhangelsk diamond
mining industry as a raw material base for the produc-
tion of highly active mineral saponite-containing powder
makes it possible to comprehensively solve the problem
of increasing the efficiency and quality of construction
production, as well as reduce the environmental damage
caused to the region’s environment.

Currently, the choice of raw materials for obtaining
the most effective modifying additives is based on the
results of studies of hydration processes that occur in the
“additive-cement binder” system during its hardening and
contribute to the formation and development of crystal-
line neoplasms [23—25]. In this regard, the mechanism
of action of MSP has been studied [21]. It has been found
that its beneficial effect on the properties of cement com-
positions largely depends on the amount of activity of
the additive and its specific surface area. However, these
parameters may change in the case of long-term storage
of the MSP and, thereby, limit the shelf life of the product
and the range of its transportation.
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Therefore, the purpose of this work is to evaluate the
effect of the time factor on the hydraulic activity of the
mechanically activated saponite-containing powder.

It is known that the degree of activity of mineral com-
ponents is usually estimated by the amount of Ca>" ions
absorbed from a saturated lime solution. A number of
direct analytical methods are available to monitor the
change in Ca(OH), content over time during the course
of the hydraulic reaction. Thus, papers [26—27] show the
applicability of a potentiometric analysis method using an
ion-selective electrode with a pCa function to assess the
hydraulic activity of fine materials. This technique, based
on the measurement of the potential of the ion-selective
electrode, is fully suitable for monitoring the hydraulic
activity of the MSP and is very effective in terms of rapid-
ity and labor intensity.

METHODS AND MATERIALS

Saponite-containing waste of the Lomonosov Min-
ing and Processing Plant of Severalmaz JSC, which
was isolated, dried and dispersed, was used as the main
material for the research. Thus, mechanically activated
saponite-containing powder (MSP) was obtained, and
the technological redistribution of the rock included the
following stages:

I — recovery of SCW from circulating water suspension
by electrolyte coagulation;

II — dilution of thickened sediment to residual humid-
ity of not more than 10% using a drying oven at a tem-
perature of 105 °C;

III — dry grinding of the material to the required degree
of dispersion on a planetary ball mill Retsch PM100. The
optimal mode parameters of dispersion were selected exper-
imentally: the rotation speed of the mill rotor was 420 min~',
the number of grinding bodies was 20 pcs. (tungsten carbide
balls); grinding time 10, 30, 60 and 90 minutes.

Control of the degree of grinding of the obtained finely
dispersed SMP samples was carried out by the specific
surface area (Ssp, m?/kg) using an automatic multifunc-
tional PSKh-10M device, using the Kozeny-Karman gas
permeability method.

To perform potentiometric analysis, an electrode sys-
tem consisting of a measuring electrode with a calcium
ion detection function (pCa) and a reference electrode
was used. This system was connected to the ionomer
model Expert-001-3.0.1. The electrodes were placed in
a 100 ml glass cylindrical container. A magnetic stirrer
was used to ensure uniform distribution of the compo-
nents of the reaction mixture in the volume analyzed. All
experiments were conducted under controlled tempera-
ture conditions which were maintained at 20 °C with a
deviation %+ 2 °C. In preparation for the experiment, the
calcium selective electrode of the Elite-041 model was
kept for three days in a calcium chloride solution with

a concentration of 0.01 mol/L. The electrode was then
washed with distilled water and calibrated using standard
solutions of calcium chloride. Calibration was performed
on solutions with concentrations (C ) of 10~!, 10-2, 10,
10~*and 10~ mol/L, for which pCa = 1--5.

To study the sorption capacity, a lime solution with
a concentration of 0.015 mol/l was prepared at a tem-
perature of 20 °C, as well as a suspension from samples
of highly dispersed mineral saponite-containing powder
(0.5 g in 80 ml distilled water). A 0.2 ml lime solution
was successively injected into the resulting suspension
(almost immediately after preparation) with a dispenser,
while measuring the electromotive force (potential) of the
system with continuous stirring. Based on the obtained
potential values (mV), the concentration of calcium ions
was calculated (C, ) in the bulk phase of the suspension
using a preset calibration dependence.

Similar experiments were carried out after holding the
MSP (in a dry state in a polyethylene container) for 7, 14
and 30 days. Further, using an algorithm for calculating
the activity parameters of powders based on the potenti-
ometry data presented in [26, 27], the maximum amount
of absorbed calcium hydroxide (AC_ ) was determined
as the difference between the values C “and C,“the
coeflicient of hydraulic activity (G _ = nﬁ/WCaO)

RESULTS AND DISCUSSION

The mechanically activated saponite-containing pow-
der isolated using the above-described technology with
different grinding durations (10 + 90 min) was character-
ized by the specific surface area: S 10=196 m?/kg; S 0=
644 m?/kg; S, 0 = 1209 m?/kg; S 0 = 1428 mz/kg (the
superscript symbol corresponds to the grinding duration).

Figure 2 shows the calibration dependence of the po-
tential (EMF) of the used electrode pair on the pCa value.
A mathematical expression is characterized by a straight
line and can be represented by the following equation:
E =-23,23pCa+520,35.

The value of the angular coefficient of the presented
expression corresponds to the theoretical value of the
steepness of the calibration characteristic of the electrode,
which indicates the correctness of the obtained data.

Figure 3 shows the experimental dependence of the
potential value of the electrode pair (£) on the volume
of lime solution introduced into the reaction medium.
It was found that the addition of lime solution to the sus-
pension is accompanied by an increase in EMF, which
is associated with the process of sorption of calcium ions
by a mechanically activated saponite-containing powder.
At the same time, it was recorded that with the addition of
a certain threshold volume (V_ , ml) of Ca(OH), solution,
the electrode potential practically stabilizes. A further
increase in the concentration of calcium ions in the ana-
lyzed solution (at which the interaction of the analyzed
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Fig. 3. Potential of the electrode pair upon adding Ca(OH), solution to the MSP suspension:

a - grinding time 10 min; b - grinding time 60 min.

ions with the MSP particles ceases) leads to a repeated
increase in the value of E.

It should be noted that similar dependencies were
obtained for all series of the experiment, the difference
between which lies only in the quantitative characteristics
of the functional parameters. In this case, the value of
the potential of the electrode pair at the start of the ex-
periment (before adding the calcium hydroxide solution)
characterizes the background concentration of calcium
ions, which is determined by their residual content in the
H,O and (or) MSP used.

Figure 4 shows, as an example, the functional depen-
dencies C, “=f(C_ ) for the studied MSP, calculated
based on potentiometric measurement data. Similar data
were obtained for the other two powder fractions.

The obtained results (Fig. 4) allow us to determine
the threshold values of calcium ion concentration in the
solution, an increase of which leads to their excess in the
reaction medium.

The ratio of the set concentration (C_ ) to the de-
termined concentration of calcium ions in the suspension
(C,,.& in the region of threshold values of these param-
eters characterizes the degree of activity of the tested MSP
sample in relation to Ca?>". The obtained results and the
calculated values of the hydraulic activity coefficient are
presented in Table 1.

The functional dependence G_ = f(SSp) shown in Fig-
ure 5 shows that G_ reaches its maximum value already
at a specific surface area of more than 600 m?/kg (30 min
of milling).
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Fig. 4. Concentration dependences C__“ = f(C__ ) for MSP with different grinding times:
a - 10 minutes; b - 60 minutes.
Table 1. Characteristics of the activity of mechanically activated saponite-containing powders
Sample Grinding time, min S, m’/kg C..~0/C..~ AC_ ., mg/g G_
MSP 10 196 0.52 0.39 0.010
MSP 30 644 223.40 169.09 0.783
MSP 60 1209 256.50 194.14 0.803
MSP 90 1428 274.42 207.70 0.813
09 ¢
0,8 ———®
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0,2
0,1
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0,0 >
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Fig. 5. Functional dependence G_ =f{(S, ) for MSP obtained with different grinding durations

Taking into account the fact that a grinding duration
of 10 min has practically no effect on the specific surface
area of saponite powder, which is reflected in the value of
the hydraulic activity coefficient of the MSP, we separate-
ly considered the dependence G_ = f(Ssp) for a grinding
duration of the raw material of more than 10 min (Fig. 6).

Extrapolation of the obtained dependence (Fig. 6) to
the specific surface area of the MSP equal to 300 m?/kg

(this value of this characteristic is possessed by the min-
eral saponite-containing powder obtained industrially
under the conditions of the technological process of ob-
taining mineral saponite-containing powder using an
activator (two-stage grinding on a hammer crusher MPS
300L and a ball mill — the grinding complex “Activator
S1000” [28]) yields the value of G_ = 0,772. This value
of the hydraulic activity coefficient is expectedly close to
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Fig. 6. Functional dependence G_=f{(S, ) for MSP obtained with a grinding duration of more than 10 min.

Table 2. Characteristics of MSP activity with increasing storage time

Sample Storage time, days S,» m*/kg Co? 1€ @ AC_, ., mg/g G,
MSP 7 1206 256.50 194.14 0.803
MSP 14 1188 221.46 167.62 0.782
MSP 30 899 204.55 154.82 0.770

the maximum obtained in these series of experiments (it
decreases by only 5%).

To clarify the influence of the time factor on the
value of the hydraulic activity coefficient of the MSP,
the powder obtained after 60 minutes of grinding (Ssp =
1209 m?/kg) was used, assuming that a high value of the
specific surface of the powder will more actively con-
tribute to the change in its reactivity during long-term
storage. The determination of the experimental charac-
teristics (potential of the electrode pair) and processing
of the obtained data were carried out according to the
above-described method after 7, 14 and 30 days of ag-
ing the mineral powder. The results obtained are given
in Table 2.

The presented results (Table 2) show that during the
storage of mechanically activated saponite-containing
powder under natural conditions, a spontaneous decrease
in the value of its specific surface occurs due to the con-
glomeration of primarily clay fraction particles. However,
this process is accompanied by a decrease in the powder
S,, after 7 and 30 days by 1.5% and 25% (respectively).
At the same time, the hydraulic activity of the MSP dur-
ing these time intervals decreases only by 2.6% and 4.1%
(respectively).

The obtained data, in our opinion, confirm the fact of
maintaining a long-term (30-day) period of sufficiently
high hydraulic activity of mechanically activated saponite-
containing powders in a wide range of variation of their
specific surface area (3001200 m?/kg).

CONCLUSION

1. It is shown that the potentiometric method for de-
termining the sorption capacity with respect to calcium
oxide can be used as an express method for quantitatively
determining the hydraulic activity coefficient of mechani-
cally activated saponite-containing powder and assessing
the effect of the time factor on this indicator.

2. It is established that the hydraulic activity of me-
chanically activated powders is functionally related to
their specific surface area (in the range of specific surface
area values of 3001200 m?/kg), and the nature of this
relationship is described by a linear equation with a high
value of the approximation reliability coefficient (0.99).

3. Mechanically activated saponite-containing pow-
ders retain their hydraulic activity when stored under nat-
ural conditions for 30 days. The decrease in the hydraulic
activity of the MSP over this time interval is 4.1%.
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