
http://nanobuild.ru	 info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2025; 17 (3): 
244–253

244

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

Original article
https://doi.org/10.15828/2075-8545-2025-17-3-244-253

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 Ca2+ ions absorbed from a saturated lime solution. A number of 
direct analytical methods are available to monitor the change in Ca(OH)2 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 (Ssp, m2/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 (CCa) of 10–1, 10–2, 10–3, 10–4 and 10–5 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 (Сfact

Ca) 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 (∆ССaO) was determined as the difference between the 
Сteor

Ca and Сfact
Ca, and the hydraulic activity coefficient . Results and Discussion. The resulting mechanically activated 

saponite-containing powder had a specific surface area of 196 m2/kg (10 min), 644 m2/kg (30 min), 1209 m2/kg (60 min), 1428 m2/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)2 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 Сfact

Ca = f(Сteor
Ca) 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 m2/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(Ssp) 
for grinding more than 10 minutes was considered. Extrapolation of the dependence on the specific surface area of the powder 
to 300 m2/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 (Ssp = 1209 m2/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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AННОТАЦИЯ
Введение. В статье рассматривается проблема развития транспортной инфраструктуры на архипелаге Соловецкий и пред-
лагается решение по снижению затрат на изготовление железобетонных плит для дорожного покрытия. Предлагается ис-
пользовать сапонитсодержащий отход (ССО) горно-обогатительного комбината АО «Севералмаз» в качестве минеральной 
добавки в бетоны. Исследования показали, что механоактивированный сапонитсодержащий порошок (МСП) улучшает 
эксплуатационные характеристики бетона и снижает расход вяжущего. Использование МСП позволяет решить проблему 
утилизации отходов и снизить экологический ущерб. Целью работы является оценка влияния временного фактора на ги-
дравлическую активность МСП, так как активность добавки может изменяться при длительном хранении. Известно, что 
степень активности минеральных компонентов принято оценивать по количеству поглощенных из насыщенного известко-
вого раствора ионов Ca2+. Для отслеживания изменения содержания Ca(OH)2 во времени в ходе протекания гидравлической 
реакции существует ряд прямых аналитических способов. Данная методика, основанная на измерении потенциала ион-
селективного электрода, в полной мере подходит для контроля гидравлической активности МСП. Методы и материалы. 
В качестве основного материала для проведения исследований использовали сапонитсодержащий отход, который был 
выделен, высушен и диспергирован. Таким образом, был получен механоактивированный сапонитсодержащий порошок 
(МСП). Контроль за степенью измельчения полученных высокодисперсных проб МСП осуществляли по величине удельной 
поверхности (Sуд, м2/кг). Для выполнения потенциометрического анализа использовалась электродная система, состоящая 
из измерительного электрода с функцией определения ионов кальция (pCa) и электрода сравнения. В рамках подготовки 
к эксперименту кальций-селективный электрод модели «Элит-041» выдерживали в течение трех дней в растворе хлорида 
кальция с концентрацией 0,01 моль/л. После этого электрод промывали дистиллированной водой и калибровали по рас-
творам с концентрациями (ССа), составляющими 10–1, 10–2, 10–3, 10–4 и 10–5 моль/л, для которых pCa = 1÷5. Для исследования 
сорбционной способности был приготовлен раствор извести с концентрацией 0,015 моль/л, а также суспензия из проб 
высокодисперсного минерального сапонитсодержащего порошка. В полученную суспензию последовательно дозатором 
вводили раствор извести объемом по 0,2 мл, при этом осуществляя измерение электродвижущей силы (потенциала) 
системы при непрерывном перемешивании. На основании полученных значений потенциалов (мВ) проводили расчет 
концентрации ионов кальция (Сфакт

Ca) в объемной фазе суспензии с применением заранее установленной калибровочной 

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 m2/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 m²/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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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, 

зависимости. Далее, используя алгоритм расчета параметров активности порошков по данным потенциометрии, опреде-
лили максимальное количество поглощенного гидроксида кальция (∆ССaO) как разницу между значениями Стеор

Ca и Сфакт
Ca 

и коэффициент гидравлической активности . Результаты и обсуждение. Полученный механоактивированный 
сапонитсодержащий порошок при разной продолжительности помола имел удельную поверхность: 196 м2/кг (10 мин), 644 
м2/кг (30 мин), 1209 м2/кг (60 мин), 1428 м2/кг (90 мин). Построенная предварительно калибровочная зависимость потенциала 
электродной пары от величины pCa характеризуется линейным уравнением: E = –23,23pCa+520,35. Установлено, что при до-
бавлении известкового раствора в суспензию наблюдается рост ЭДС из-за сорбции ионов кальция механоактивированным 
сапонитсодержащим порошком. После достижения порогового объема раствора Ca(OH)2 потенциал стабилизируется. При 
дальнейшем увеличении концентрации ионов кальция, когда прекращается их взаимодействие с частицами МСП, значение 
E снова возрастает. Далее для всех серий эксперимента были получены зависимости, отличие которых заключается лишь 
в количественных характеристиках функциональных параметров. Начальное значение потенциала электродной пары ха-
рактеризует фоновую концентрацию ионов кальция, определяемую их остаточным содержанием в воде и/или МСП. Полу-
ченные функциональные зависимости Сфакт

Ca = f(Стеор
Ca) для исследуемых проб позволили определить пороговые значения 

концентрации ионов кальция в растворе, превышение которых создает их избыток в реакционной среде. Построенная 
функциональная зависимость Г∞ = f(Sуд) показала, что Г∞ достигает своего максимального значения уже при удельной по-
верхности более 600 м2/кг (30 мин помола). Поскольку помол 10 минут слабо влияет на удельную поверхность сапонитового 
порошка, что отражается на величине коэффициента гидравлической активности МСП, то была рассмотрена зависимость 
Г∞ = f(Sуд) для помола более 10 минут. Экстраполяция зависимости на удельную поверхность порошка 300 м2/кг (получается 
промышленным способом) дает значение Г∞ = 0,772, что на 5% ниже максимального значения в экспериментах. Для изуче-
ния влияния времени на гидравлическую активность использовали порошок после 60-минутного помола (Sуд = 1209 м2/кг), 
исходя из предположения, что высокая удельная поверхность усилит изменение реакционной способности при хранении. 
Экспериментальные характеристики (потенциал электродной пары) измеряли через 7, 14 и 30 суток выдержки. Полученные 
результаты показали, что при хранении механоактивированного сапонитсодержащего порошка происходит уменьшение 
его удельной поверхности из-за конгломерации глинистых частиц. Полученные данные, по нашему мнению, констатируют 
факт сохранения длительное (30-суточное) время достаточно высокой гидравлической активности механоактивированных 
сапонитсодержащих порошков в широком диапазоне варьирования их удельной поверхности (300÷1200 м2/кг). Заклю-
чение. Показано, что потенциометрический метод определения сорбционной емкости к оксиду кальция эффективен как 
экспресс-способ для оценки гидравлической активности механоактивированного сапонитсодержащего порошка и влияния 
времени. При этом гидравлическая активность механоактивированных порошков линейно связана с удельной поверхно-
стью (300÷1200 м2/кг), причем характер этой связи описывается линейным уравнением с высоким значением коэффициента 
достоверности аппроксимации (0,99). МСП сохраняют гидравлическую активность при хранении в естественных условиях 
30 суток с уменьшением величины гидравлической активности на 4,1%.

КЛЮЧЕВЫЕ СЛОВА: сапонитсодержащий порошок, механическое измельчение, величина удельной поверхности, гидрав-
лическая активность, оксид кальция, концентрация гидроксида кальция, потенциал электродной пары
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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 (SСW) 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 SСW 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.

Fig. 1. The condition of the road surface in the village of Solovetsky (https://dorogi-onf.ru/city/2097/)
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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 Ca2+ ions 
absorbed from a saturated lime solution. A number of 
direct analytical methods are available to monitor the 
change in Ca(OH)2 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 °С;

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–1, 
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, m2/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 °С with a 
deviation ± 2 °С. 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 (CCa) of 10–1, 10–2, 10–3, 
10–4 and 10–5 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 (Сfact

Ca) 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 (∆ССaO) was determined 
as the difference between the values Сteor

Ca and Сfact
Ca the 

coefficient of hydraulic activity ( ).

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: Ssp

10 = 196 m2/kg; Ssp
30 = 

644 m2/kg; Ssp
60 = 1209 m2/kg; Ssp

90 = 1428 m2/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 (E) 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 (Vmv, ml) of Ca(OH)2 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. 2. Calibration dependence of the view E = f(pCa)

Fig. 3. Potential of the electrode pair upon adding Ca(OH)2 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 
H2O and (or) MSP used.

Figure 4 shows, as an example, the functional depen-
dencies Сfact

Ca = f(Сteor
Ca) 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 (Сteor
Ca) to the de-

termined concentration of calcium ions in the suspension 
(Сfact

Ca) in the region of threshold values ​​of these param-
eters characterizes the degree of activity of the tested MSP 
sample in relation to Ca2+. 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 m2/kg (30 min 
of milling).

а b

E, mV

pCa

E, mV E, mV

Vmv, ml Vmv, ml
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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 m2/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 

а b

Fig. 4. Concentration dependences Сfact
Ca = f(Сteor

Ca) for MSP with different grinding times:  
a – 10 minutes; b – 60 minutes.

Fig. 5. Functional dependence G∞ = f(Ssp) for MSP obtained with different grinding durations

Table 1. Characteristics of the activity of mechanically activated saponite-containing powders

Sample Grinding time, min Ssp, m2/kg Сteor
Ca / Сfact

Ca ∆ССaO, mg/g G∞

MSP10 10 196 0.52 0.39 0.010

MSP 30 30 644 223.40 169.09 0.783

MSP 60 60 1209 256.50 194.14 0.803

MSP 90 90 1428 274.42 207.70 0.813

Сfact, mol/l Сfact, mol/l

Сteor, mol/l

G∞

Ssp, m2/kg

Сteor, mol/l
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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 m2/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 
Ssp 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 (300÷1200 m2/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 300÷1200 m2/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%.

Fig. 6. Functional dependence G∞ = f(Ssp) 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 Ssp, m2/kg Сteor
Ca / Сfact

Ca ∆ССaO, mg/g G∞

MSP 60 7 1206 256.50 194.14 0.803

MSP 60 14 1188 221.46 167.62 0.782

MSP 60 30 899 204.55 154.82 0.770

G∞

Ssp, m2/kg

y = 4E-05x+0.7585
R2 = 0.9971
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