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ABSTRACT

Introduction. To restore and develop the Solovetsky Islands road network concrete slabs could be used. Currently, compositions
with additives of industrial waste, including micro- and nanoscale, are being actively introduced to improve the performance
characteristics of the road slabs. For the Arkhangelsk region, saponite-containing waste from the mining industry could be used
as a material. At the same time, one of the ways to accelerate the process of gaining strength of composites is steaming. However,
studies related to the effect of temperature and humidity treatment on the hardening process of a composite with a highly dis-
persed saponite-containing material (SCM) have not been previously studied. It is known that the process of moisture sorption with
a finely dispersed additive allows controlling structure formation during concrete hardening, improving its operational character-
istics. However, under conditions of high humidity, the quantitative content of tempering water, calculated based on the value of
water absorption of the SCM, can significantly change and affect the process of gaining the strength of the composite. Therefore,
the purpose of this research is to study the effect of temperature and humidity treatment on the strength gain of fine-grained
concrete with the addition of SCM. It has been established that the accelerated method of concrete hardening has only a positive
effect on the formation of a strong and dense structure. However, in the case of using highly dispersed saponite-containing mate-
rial as an additive, the opposite effect (decrease in strength) associated with sorption properties and features of its structure can
be observed. Methods and Materials. The SCM recovered from the recycled water was dried to constant weight and dispersed on
a planetary ball mill. Particle size was determined by dynamic and electrophoretic light scattering, and specific surface area was
determined by nitrogen sorption (BET theory). The strength of samples of fine-grained concrete of the control and experimental
(with the addition of SCM) compositions was gained in two ways: under normal conditions and by an accelerated method using
steaming. Strength tests of cube samples with dimensions of 70x70x70 mm were carried out on an automatic test press accord-
ing to GOST 10180. The microstructure of the samples was examined by scanning electron microscopy. Results and Discussion.
The separated, dried and ground saponite-containing material (powder) had an average particle size of 445+40 nm and a specific
surface area of 50 670+10 m?/kg. In continuation of the studies, control (FGC) and test samples of fine-grained concrete (FGC_ ) were
made. The amount of a highly dispersed additive was introduced into the concrete mixture based on previously obtained results of
kinetic studies of the water absorption process of saponite-containing material. The determination of the strength characteristics
of 1-FGCand 1-FGC__, hardening under normal conditions, was carried out on day 28. Samples of 2-FGC and 2-FGC__, a day after
sealing with water, were placed in a steaming chamber. After the expiration of the holding time, they were gradually cooled and
their strength characteristics were determined. It has been established that the accelerated method of gaining strength of fine-
grained concrete, by steaming, has a positive effect only on control samples. For a composite with the addition of SCM, temperature
and humidity treatment has the opposite effect. Thus, the dynamics of strength gain of 1-FGC and 1-FGC__ are of the same type.
At the initial moment of time, an active site of strength gain is observed, but on day 7, the compressive strength of the samples of
the experimental composition is 40% higher than that of the control one. At the accelerated curing method in the first two hours
(isothermal heating stage), an active strength increase was observed in 2-FGC and 2-FGC__. The subsequent curing of the control
specimens has a linear dependence with a gradual increase in strength to the design strength in six hours. For 2-FGC__, after two
hours of steaming, the strength sharply begins to decrease, and after six hours - visible destruction of the concrete structure occurs.
Consequently, prolonged temperature and humidity exposure of concrete with highly dispersed SSM admixture leads to a decrease
in the strength characteristics of the specimens. Most likely, it is connected with moisture oversaturation of the composite structure.
Therefore, in continuation of the research, electronic photographs were taken of the microstructure of concrete after three hours of
holding in the steaming chamber. Thus, the microstructure of 2-FGC__ is mainly represented by spongy particles, and the number of
formed needle-like (tobermorite crystals) — decreased significantly, compared to the control. A significant formation of voids in the
experimental sample is also observed, which can be attributed to defects in the structure of the obtained composite. In addition,

© Morozova M.V, 2024

http://nanobuild.ru 227 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0001-8497-9786
https://creativecommons.org/licenses/by/4.0/

2024; 16 (3):
227-234

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

saponite has a three-layer crystalline structure, and the distance between its packets can easily change, since only Van-der-Waals
forces condition the connection between them. This can lead to significant swelling of SCM under the action of moisture and create
excessive pressure in the microstructure of hardening fine-grained concrete, causing the destruction of the internal structure with a
subsequent decrease in strength characteristics. Therefore, in continuation of the research, the following experiment was performed:
a suspension of saponite-containing material was placed in a glass-measuring cylinder and water was added to it. The swelling data
obtained showed that all samples of highly dispersed SCM actively absorbed water. Thus, after 30 minutes the material increased
in volume by 3.6 times, and after three hours — by 5.5 times, compared to the original. Conclusion. An important practical conclu-
sion of the presented experimental results is the following provision: in the case of using a highly dispersed addition of saponite-
containing material to obtain fine-grained concrete, it is impossible to change the curing conditions of the samples from normal
to accelerated method by steaming them. In the latter case, after exposure of experimental samples to temperature and humidity
for two to three hours there is a loss of their strength properties. This fact is associated with the processes of saturation of saponite
particles with water and their subsequent significant swelling.
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INTRODUCTION

he Solovetsky Islands are the most popular and

sought-after historical and cultural complex of the
Arkhangelsk region [1, 2]. In order to preserve and de-
velop the cultural and natural heritage of the archipelago,
the Government of the Russian Federation, by Order
No. 163-r dated 05.02.2016, approved an action plan,
which is being implemented with the support of the Min-
istry of Construction of the Russian Federation and in-
cludes the modernization of the engineering, housing and
communal and social infrastructure of the island.

An important component for the implementation of
this plan is the development and restoration of the road
network of the archipelago, associated with the recon-
struction and rehabilitation of existing facilities, construc-
tion of new permanent and temporary transport highways
[3]. For example, concrete slabs can be used to restore and
develop the road network of the Solovetsky Islands. These
prefabricated, constructed from individual products, road
pavements are manufactured in factories with observance
of technological rules and concrete care regimes, ensur-
ing their necessary quality. The advantage of reinforced
concrete slabs is the possibility of traffic movement im-
mediately after the pavement construction [4, 5].

Currently, to improve the performance characteris-
tics of concrete products, compositions with additives of
industrial wastes [6—8], including micro- and nano-level
[9—14], are actively introduced.

An important economic component of this approach
is associated with the use of local (locally distributed) raw

material base. For example, for the Arkhangelsk region
as such a material can be used saponite-containing waste
from the mining industry. The effectiveness of its use in
compositions with cement has been proved by a num-
ber of studies. Thus, in [15, 16] it was found that when
obtaining fine-grained concrete, the addition of highly
dispersed saponite-containing material (SCM), reduces
binder consumption due to the chemical transforma-
tion of compounds that are part of rock minerals [17,
18], and increases performance characteristics such as
strength, frost resistance and water resistance. Therefore,
the possibility of using fine-grained concrete with SCM
additive for the production of road slabs is of particular
importance from both economic (reduction of cement
consumption) and environmental (utilization of indus-
trial waste) points of view. Steaming is one of the ways to
accelerate the strength gain process of composites. This
makes it possible to significantly reduce the production
time of concrete products without reducing their quality
and increase the volume of products. However, studies
related to the effect of temperature and humidity treat-
ment on the hardening process of a composite with the
addition of saponite-containing material have not been
studied before. At the same time, it was established [19]
that the sorption of moisture by a highly dispersed SCM,
which controls the structure formation during concrete
hardening, makes it possible to improve the performance
characteristics of the composite. In addition, when de-
signing the composition of the product, the quantitative
content of the mixing water is calculated based on the
amount of water absorption of saponite-containing ma-
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terial, which optimizes the content of the aqueous phase
in the system. However, in conditions of high humidity,
this ratio can change significantly and affect the process
of gaining strength of the composite.

Therefore, the purpose of this work is to study the effect
of temperature and humidity treatment on the strength
set of fine-grained concrete with the addition of saponite-
containing material.

Studies [20] have shown that under normal hardening
conditions, the formation of tricalcium silicate (C,S) leads
to the formation of weakly crystalline calcium silicate hy-
drates (C—S—H) followed by the formation of portlandite
[21, 22]. An increase in ambient temperature causes the
bonds in C—S—H to become unstable [23], and at 70°C —
C,SH crystals are formed, the accelerated formation of
which leads to a decrease in the mechanical properties of
the composite. This negative effect can be compensated
by reducing the Ca/Si ratio, which is achieved by increas-
ing the microdisperse component in the concrete mixture.

In addition to calcium hydrosilicate crystals, which
are the main strength carriers, fibrous tobermite-like
compounds are also formed in concrete. Currently,
there are many works devoted to the artificial synthesis
of tobermorite crystals [20, 24]. Therefore, the effect of
high temperatures on the processes of its formation is well
studied. It has been established that crystal formation
occurs at 160—180°C, and heating to 300°C turns tober-
morite into riverside. In the case of prolonged treatment
with saturated steam (on the first day of concrete hard-
ening), tobermorite at a temperature of 15°C is replaced
by xonotlite [25]. Therefore, the accelerated method of
concrete hardening should have only a positive effect on
the formation of a strong and dense structure. However,
if a highly dispersed saponite-containing material is used
as an additive the opposite effect (decrease in strength)
may be observed, associated with sorption properties and
features of its structure.

METHODS AND MATERIALS

MATERIALS: To conduct research, experimental
samples of saponite-containing suspension were taken
from a tailings dump at a depth of one meter. Then, SCM
was isolated from recycled water by the method of electro-
Iyte coagulation based on the transfer of highly dispersed
solid phase particles to a state close to isoelectric.

For the manufacture of samples of fine-grained con-
crete, portland cement CEM II/A-S 32.5N from the
manufacturer “Eurocement” was used as a binder. The
filler is medium — sized sand from the “Kenitsy” deposit,
Arkhangelsk region. The sealing water is tap water, con-
forming to GOST 23732-2011.

METHODS: The saponite-containing material iso-
lated from recycled water was dried in a “BINDER”
drying cabinet to a constant mass at a temperature of

105°C. To obtain a highly dispersed solid phase, a me-
chanical dispersion method and a planetary ball mill
“Retsch PM100” were used. The grinding of the ma-
terial was carried out for 90 minutes at a rotor rotation
speed of 420 rpm using grinding media in the amount of
20 pieces made of carbide tungsten (balls with a diameter
of 20 mm).

The particle size was determined using the Delsa Nano
Series Zeta Potential and Submicron Particle Size Analyz-
ers (“DelsaNano”) submicron particle Size analyzer by
measuring dynamic and electrophoretic light scattering.
The resulting highly dispersed sample was characterized
by nitrogen sorption on the “Autosorb-iQ-MP” analyzer
according to the value of the specific surface of the SSp
(BET theory).

The modulus of size and the true density of sand
were determined according to GOST 8735-88, and the
true density of saponite-containing material according
to GOST 21216-2014. The chemical composition of the
SCM was determined on an X-ray fluorescence analyzer
“Metexpert”.

The production of samples of fine-grained concrete
of control and experimental (with the addition of SCM)
compositions was carried out according to standard meth-
ods. The strength set of the samples was determined in
two ways: under normal conditions (a cabinet chamber
“KNT-60" was used to store concrete and cement samples
with automatic temperature and humidity maintenance)
and by an accelerated method using steaming (universal
steaming chamber “KUP-1" according to GOST 9758-86
and GOST 25485-89).

Strength tests of cube samples with a size of
70x70%x70 mm were carried out on an automatic test press
“TP-1000” (compressive strength according to GOST
10180). The compressive strength was determined as the
arithmetic mean of three parallel measurements.

To study the microstructure of fine-grained concrete
samples by scanning electron microscopy, a Zeiss Sigma
VP electron microscope (CCU “Arctic” at the M.V. Lo-
monosov NArFU) was used.

RESULTS AND DISCUSSION

The isolated, dried and crushed saponite-contain-
ing the material (in powder form) had an average par-
ticle size of 445440 nm and a specific surface area of
50 670+10 m?/kg.

The true densities of sand (modulus of size M, = 2.21)
and SCM were 2640 kg/m® and 2630 kg/m?, respectively.

A certain elemental composition (Table 1) of the sap-
onite-containing material, and in terms of oxides, showed
that the main components of the analyzed sample are
oxides of silicon, magnesium and iron.

From the presented data, it follows that saponite-
containing material does not contain elements harmful
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Table 1
The elemental composition of SCM and in terms of oxides
Element Mg Al Si K Ti Cr Mn Fe Ni Sr
Content, % 22.00 | 4.82 | 46.89 | 2.21 5.45 1.19 0.23 0.35 | 16.30 | 0.39 0.17
Oxide MgO | ALO, | SiO, | K,O CaO | TiO, | CrO | MnO, | Fe,O, | NiO SrO
Content, % 19.80 | 494 | 5443 | 1.44 4.14 1.08 0.36 0.77 | 12.65 | 0.27 0.11

to human health, the concentration of which exceeds the
maximum-permissible values.

In continuation of the research, control (FGC) and
experimental (with the addition of SCM) samples of fine-
grained concrete (FGC_ ) were produced, the compo-
sitions of which are shown in Table 2. The amount of a
highly dispersed additive that was introduced into the
concrete mixture was calculated based on previously ob-
tained results of kinetic studies of the water absorption
process of saponite-containing material [19]. The unifor-
mity of mixing of the highly dispersed mineral additive
with the initial raw materials was achieved by sequential
mixing of the binder and filler with the addition of SCM.

As noted above, the strength set of the samples
was carried out in two ways: under normal condi-
tions (1-FGC; 1-FGC_ ) and accelerated, by steam-
ing (2-FGC; 2-FGC_ ) at a temperature of 80°C for
six hours. The strength characteristics of 1-FGC and
1-FGC__ were determined on day 28 (design age).

Samples of 2-FGC and 2-FGC__, a day after sealing
with water, were removed from metal molds and placed
in a steaming chamber. After the expiration of the expo-
sure time, the samples were gradually cooled, wiped with
a dry cloth to remove excess moisture and their strength
characteristics were determined.

The dynamics of the strength gain of fine-grained
concrete of experimental and control compositions is
shown in Figure 1.

Thus, the accelerated method of gaining strength of
fine-grained concrete, by steaming, has a positive effect
only on control samples. For a composite with the addi-
tion of SCM, temperature and humidity treatment has
the opposite effect.

The results obtained (Fig. 1) showed that the dynam-
ics of the strength gain of samples hardening under nor-
mal conditions is of the same type for both experimental
and control formulations. At the initial moment of time
(7 days), an active area of strength gain is observed. How-

Table 2
Composition of fine-grained concrete samples
Composition for the production of one m? of concrete mix, kg .
Sample Density, kg/m3
cement sand water SCM
Control, FGC 557 1380 283 — 2107
Experienced, FGC 557 1358 390 22 2292
a b
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Fig. 1. Dynamics of strength gain of fine-grained concrete samples during hardening: a) under normal conditions;
b) accelerated method (steaming); 1 — control composition; 2 — experimental composition
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Fig. 2. The appearance of the samples after steaming the composition: a) control; b) experimental

ever, already on day 7, the compressive strength of the
samples of the experimental composition is 40% higher
than that of the control one. The design strength (for
28 days) for 1-FGC was 28.94 MPa (class B20), and for
1-FGC_ —44.28 MPa (class B30). It is worth noting that
the introduction of a highly dispersed saponite-containing
additive contributes to an increase in the strength class
of concrete and leads to a reduction in the cement com-
ponent.

With the accelerated hardening method, the dynamics
of strength gain of 2- FGC__has an excellent character.
So, in the first two hours (the isothermal heating stage),
an active area of strength increase is observed in both
samples. Moreover, for an experienced person, this area
is characterized by greater intensity. The subsequent hard-
ening of 2- FGC has a linear relationship with a gradual
increase in strength to the design strength in six hours.
For 2-FGC__, after two hours of steaming, the strength
begins to decrease sharply, and after six hours, a visible
destruction of the concrete structure occurs (Fig. 2).

Studies have shown that the isothermal heating stage
has a positive effect on the strength set of 2-FGC__sam-
ples only in the initial period (within two hours). Pro-
longed steaming of this concrete leads to a decrease in
the strength characteristics of the prototypes, which is
most likely due to moisture saturation of the composite
structure.

In order to explain the sharp decrease in the strength
of concrete with highly dispersed saponite-containing
admixture, photographs were taken of the microstructure
of the samples after three hours of conditioning in the
steaming chamber “KUP-1” (Fig. 3).

Scanning electron microscopy (SEM) of the compos-
ites, which gained design strength after 28 days, showed
that the structure of the experimental and control samples
is represented in the form of conglomerates of particles
and hydrosilicate neoplasms, the size of which varies from
2 to 20 microns. In both materials, there are spongy, with
developed microporous surface, and needle-like parti-
cles. Moreover, the number and length of the latter in
the structure of the experimental sample increases almost

2 times compared to the control sample. Additional for-
mation of needle-shaped crystals indicates the presence
of submicrocrystals of hydrosilicates of the tobermorite
group, which are formed in the presence of highly dis-
persed saponite-containing additive and play the role
of an additional binder. After temperature and humidity
treatment of fine-grained concrete with high-dispersed
admixture, its microstructure was represented mainly by
spongy particles, and the number of formed needles — sig-
nificantly decreased compared to the control one. There
is also observed a significant formation of voids in the
experimental sample, which can be attributed to defects
in the structure of the obtained concrete.

It is known that saponite has a three-layer crystalline
structure, and the distance between its packets can easily
change, since the connection between them is condi-
tioned only by van der Waals forces. This fact can lead
to significant swelling of highly dispersed clay powders
under the action of moisture (water).

Such swelling of fine mineral admixture particles cre-
ates overpressure in the microstructure of the curing com-
posite. This process causes the destruction of the internal
structure of fine-grained concrete with SCM and leads to
a decrease in its strength characteristics during steaming.

In the continuation of research to confirm the above
hypothesis, the following experiment was performed,
a 2 g weight of saponite-containing material was placed
in a glass-measuring cylinder with a volume of 50 cm? and
20 ml of water was added. The obtained reaction mixture
was intensively stirred by shaking and allowed to stand for
30, 90, 180 min (Table 3).

The obtained data (Table 3) showed that all samples
of highly dispersed saponite-containing material actively
absorbed water. Thus, after 30 minutes the material in-
creased in volume by 3.6 times, and after three hours — by
5.5 times, compared to the initial one.

CONCLUSION

An important practical conclusion that can be made
because of the presented experimental results is the fol-
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The control structure Experienced personnel

Fig. 3. Microstructure of fine-grained concrete samples during hardening:
a) under normal conditions; b) accelerated method (steaming)

Table 3
The change in the amount of swelling of saponite-containing material from time to time
. . The volume of the SCM suspension, cm? Change in the volume
Exposure time, min 5
dry water-saturated of the SCM, cm:
30 2.2 7.9 5.7
90 2.4 9.6 7.2
180 2.0 11.0 9.0

lowing provision: in the case of using a highly dispersed  sure of experimental samples at temperature and humid-
saponite-containing material additive to produce fine- ity for two or three hours there is a loss of their strength
grained concrete, it is impossible to change the conditions  properties. This fact is associated with the processes of
of curing of samples from normal to accelerated method  saturation of saponite particles with water and their sub-
by steaming them. In the latter case, already after expo-  sequent significant swelling.
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