Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

creative
M= Crossref ©EGmamons

DOI: 10.31643/2027/6445.01
Engineering and Technology
IRSTI 67.09.33

Influence of additives and temperature regime on the setting kinetics
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ABSTRACT

The article presents the results of the development of the physico-mechanical characteristics of
fast-setting lightweight concrete. Based on the obtained data, it was concluded that the use of
metal cassette molds in foam concrete technology is ineffective. Their turnover can be increased
by heating the floor in the workshop and insulating the sides and surfaces of the molds.
However, the high cost of energy carriers increases the material's production cost and reduces
its competitiveness. At ambient temperatures below 16 °C, it is advisable to use insulated
wooden molds, which help retain the heat released during cement hydration. The optimal mold
dimensions (1.2 x 1.25 x 0.5 m and 1.2 x 1.25 x 0.6 m) were selected based on cutting
technology capabilities. The formation of large monolithic masses is associated with the risk of
cracks and even structural rupture due to uneven heat distribution. To maintain the initial mix
temperature within 22 — 25 °C, the molding mixture should be prepared using water heated to
30 °C. In insulated wooden molds, the formed material retains a temperature of at least 18 —
20 °C before the onset of hydration. Then, due to the exothermic reaction of cement, the
temperature remains stable until demolding. Improvements in natural-setting foam concrete
technology have demonstrated the feasibility of introducing a chemically active siliceous
component into the mixture. This component binds free Ca(OH), released during alite hydration,
contributing to long-term strength development. Research objective — The development of
effective methods to accelerate the early-stage hardening of foamed concrete by studying the
influence of electrolyte additives and surfactants on the setting and hardening processes of
cement paste. The novelty of work lies in establishing patterns in the formation of physical and
mechanical properties of foamed concrete with accelerated initial hardening, taking into account
its porous structure, and the characteristics of the hardening process.
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Introduction

Rapid-hardening foamed concrete is a
promising building material that combines low
destiny, high thermal insulation properties, and
accelerated strength development [[1], [2], [3], [4],
(5], [6]].

These characteristics make it highly sought for
the construction of enclosing structures, thermal
insulation layers, and prefabricated elements [[7],
(8], [9], [10], [11]].

This study is dedicated to the analysis of key
physical and mechanical characteristics of foamed
concrete with accelerated initial hardening, the
identification of patterns in their formation, and
the development of recommendations for
optimizing the composition to improve the strength
and thermal insulation properties of the material
[[3]1, [12], [23], [14], [15]]. Special attention is given
to the composition of raw materials, porous
structure, and the hydration processes of cement
stone [[11], [16], [17]].
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This study focuses on analyzing the key physical
and mechanical characteristics of fast-setting
lightweight foam concrete, identifying patterns in
their formation, and developing recommendations
for optimizing the composition to improve strength
and thermal insulation properties [[12], [13], [14],
[15]].

Foam concrete production has shown growth
trend, and it is widely used for wall construction
alongside ceramic bricks, aerated concrete, and
hollow blocks made of heavy concrete [[18], [19],
[20], [21], [22], [23]]. However, the overall
production volume of foam concrete blocks
remains significantly lower compared to aerated
concrete and ceramic bricks. One of the main
limiting factors is the low productivity of foam
concrete block production lines due to the
turnaround time of the molds. A considerable
amount of time is required for foam concrete to
gain sufficient strength for demolding [[6], [18],
[19], [20], [21], [22]].

The analysis of scientific and technical literature
has shown that research on accelerating the
hardening of foam concrete is being conducted in
two main directions:

- the first involves the setting and hardening
time of the cement binder [[23], [24], [25]];

- the second focuses on the use of technological
methods and additives directly during the concrete
preparation process [[7], [9], [26], [27]].

In  concrete technology, including foam
concrete, the most commonly used method for
accelerating hardening is the introduction of
chemical additives. However, unlike heavy
concrete, foam concrete has less dense structure
and is saturated with water and surfactant
molecules from the foaming agents. There are no
universal and reliable recommendations for
ensuring the accelerated hardening of foam-
cement system [[11], [17]]. Conventional additives,
such as superplasticizers and calcium chloride,
which effectively reduce water demand and speed
up hardening in traditional concrete, either do not
work in foam concrete or even reduce its strength
(as in the case superplasticizers) or fail to produce
any significant practical results.

Research objective: The development of
effective methods to accelerate the early-stage
hardening of foamed concrete by studying the
influence of electrolyte additives and surfactants on
the setting and hardening processes of cement
paste.

The novelty of work lies in establishing patterns
in the formation of physical and mechanical
properties of foamed concrete with accelerated
initial hardening, taking into account its porous
structure, and the characteristics of the hardening
process.

Experimental part

Materials. In the research, the following raw
materials were used:

- portland cements of grade CEM | 32.5N from
manufacturers Heidelberg (Ust — Kamenogorsk) and
Standard Cement u Standard Cement (Shymkent),
produced at cement plants and complying with the
requirements of GOST 10178 — 85;

- quartz-feldspar sand from the Kapchagay
deposit (Almaty region), with a fineness modulus of
1.48, a silica (SiO;) content of 37 %, feldspar
content of 60.1 %, mica content of 1 %, dust and
clay particle content of 1.9 %;

- fly ash from Almaty TPP (thermal power
plant), with a SiO, content of 88 %;

- synthetic foaming agent FA-2000 (MB-2000);

- chemical additives, including sodium nitrate,
sodium sulfate, sodium chloride, sodium carbonate,
potassium sulfate, potassium chloride, potassium
carbonate, potassium nitrate, calcium chloride, and
sodium silicate solution. All additives complied with
the requirements of the relevant standards.

The study was conducted mainly using standard
research methods.

Methods. According to the working hypothesis,
the introduction of individual additives was first
tested, followed by complex hardening accelerators
for concrete. The effectiveness of the additives was
initially evaluated using dense cement paste,
meaning that the additives were dissolved in mixing
water, and the resulting salt solution was mixed
with cement until a paste of normal consistency
was obtained. The setting time was determined in
accordance with GOST 310.10. Standard methods
for determining the physical and mechanical
properties of binders and concrete were used in
the study.

Compressive strength determination according
to GOST 25485 — 2019 and GOST 10180 —2012:

The essence of the method — determination of
concrete compressive  strength  consists in
measuring the minimum force that destroys
specially prepared control samples of concrete
measuring 100 x 100 x 100 mm under static loading
at a constant load increase rate, followed by
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calculating the stress at these forces in accordance
with GOST 10180 —2012.

After placing the sample on the support plates
of the testing machine or additional steel plates,
the upper plate of the testing machine is aligned
with the top surface of the sample so that their
planes are fully in contact. The sample is loaded
until failure at a constant rate of load increase (0.6
+0.2) MPa/s.

The methods of preparing the foamed concrete
mixture includes:

- dry mixing: Cement, sand, and ash are mixed
for 3 — 5 minutes until a homogeneous dry mixture
is obtained;

- foam preparation: Stable foam based on PB-
2000 is prepared at a pressure of 0.4 — 0.6 MPa
from a 3 — 5 % aqueous solution and air. The
expansion ratio is regulated by the component ratio
and pressure.

- addition of water and chemicals: Water with
additives (0.1 — 5 % of the cement weight) is mixed
until homogeneous. The amount of water is
calculated based on the workability of the mixture
and the water-cement ratio;

- mixing with foam: The liquid solution is added
to the dry mix and mixed for 3 — 5 minutes until a
uniform mass is obtained;

- casting: The mixture is poured into greased
molds without sudden impacts. Light vibration is
acceptable.

- curing: Molds are kept at 20 + 2°C and
humidity > 90 % for 28 days. It is important to
maintain high humidity during the first 1-2 days. At
low temperatures, heating or accelerators are used.

Main equipment for the experiments:

- laboratory scales (accuracy up to 0.01 g);

- measuring glassware (graduated cylinders,
beakers);

- mixer for cement paste preparation;

- consistency meter (Vicat apparatus) for
setting time determination;

- laboratory spatula for mixing.

For mixture preparation, the raw materials
were dried in a drying oven at a temperature of 100
-110°C.

Results and Discussion

According to the working hypothesis, the
introduction of individual additives was first tested,
followed by complex hardening accelerators for

concrete. The effectiveness of the additives was
evaluated at the initial stage using dense cement
paste. Specifically, the additives were dissolved in
mixing water, and the resulting salt solution was
mixed with cement until a paste of normal
consistency was obtained. The foaming agent was
not used in these experiments.

When using portland cement grade CEM |
32.5N in the initial additive — free cement paste,
the initial setting time is 2 hours 20 minutes, and
the final setting time is 4 hours 20 minutes, which
meets the regulatory requirements and indicates a
moderate rate of hydration processes at the early
stages of hardening.

The test results (Figures 1 a, b) demonstrated
the high efficiency of additives containing sulfate
ions, as well as sodium and potassium nitrites, in
accelerating the setting time of cement paste.

When 1 %, 2 %, and 6 % Na,SO,;, were
introduced, the initial setting time was reduced
from 2 hours 20 minutes to 12 minutes, 6 minutes,
and 8 minutes, respectively, while the final setting
time decreased from 4 hours 20 minutes to 57
minutes, 32 minutes and 22 minutes, respectively.
The addition of 1 — 2 % potassium sulfate showed a
more moderate effect on setting times compared
to the same amount of sodium sulfate, However, at
higher K,SO, concentrations, the mixture rapidly
thickened and set almost immediately. The effect
of Al(SO4); was found to be similar to that of
potassium sulfate solution when introduced into
the cement paste.

Experimental data indicated a moderate effect
of sodium, potassium, and calcium chloride salts on
cement setting times (Figure 2a). The influence of
sodium and potassium nitrites was intermediate
between that of sulfate and chlorides (Figure 2a).

A significant reduction in setting time was
observed when potassium carbonates were
introduced into the cement (Figure 2b, Table 1).
With 0.5 % potassium carbonate (potash) and 1 %
sodium carbonate (soda), the setting times were as
follows: initial setting - 3 minutes (potash), 1
minute (soda); final setting: 5 minutes (both).
Further increases in dosage became impractical, as
the cement began to set immediately during mixing
with potassium and sodium carbonate salt
solutions.
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Figure 1 — Setting times of cement paste with sulfate and nitrite additives

40 -
K2C03-0.5% _ K>CO3-0.25%
1 N\ /
. L\
| =y
30 i \
. YN
£
= 25 1 \
b9 \ ‘NazCOz-Z% \\ \
] /
= 20 L} .
8 | K:C05-1% \\ \
E 15 £y \
£ \
= \
& 10 \‘= \\ \
X"Na)COyG% \ \
5 ~
\ —
0 1
0 05 1 2 3 4 5 6 7 8 9 10
Time (min)
a)

Penetration depth (mm)

40 -
p—
\ > \ N \\
35 B A
\Nacl-l%\\\ \\\ KCl-2%
N . 8
30 N e
) N W&
\ . \\ .
25 A e
\ icidor X \(m-e% \“ \
N j
20 % o
\ N
\ V)L
N~
15 A \
\NaC]—G% X \ \ NaCI-Z%‘\
\ i’
10 \ Y \ \ X
\ \
\
. S\ \
0 +—r—r————rrr—r—r—r—r—r—r—r—r——r—r—r—r—r—r—
SRR S5 ERSSISFSISERER855588
Time (min)
b)

Figure 2 — Setting time of cement paste with various additives

Thus, based on the experimental data, the high
efficiency of electrolyte additives and the possibility
of controlling the setting time of cement binders by
adjusting the type and dosage of additives have
been established.

Since foam concrete necessarily contains
foaming surfaces — active agents (surfactants) that
form a dense layer on the surface of hydrating
cement particles, thereby slowing down the setting
and hardening process, it was important to
determine the effect of setting accelerators in the
presence of surfactants.

The surfactant dosage in the study was set at
0.25 0.5 % of the cement mass, which
corresponds to the actual consumption of foaming

agents in the production of foam concrete with bulk
density of 500 — 1200 kg/m3. At the initial stage of
the experiments, the effect of additives was
assessed in dense cement paste, meaning that an
electrolyte solution and surfactant were added to
the mixing water and stirred with cement until a
paste of normal consistency was obtained. Further
tests were conducted in accordance with GOST
310.10.

Experimental methods, which data presented in
Figure 3 (a, b) — 4 (a, b), have shown that the
addition of a foaming agent in combination with
most additives does not result in a significant
negative effect, such as a prolonged setting time of
the cement paste.
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Table 1 - Effect of potassium and sodium carbonate additives on cement paste setting time

Additive Additive content. % by Setting time (t — min.)
cement mass — -
initial final
With additives — 2-20 4-20
Potash (K2COs) 0.25 0-04 0-0.6
Potash (K2COs) 0.5 0-0.3 0-0.5
Potash (K2COs) 1.0 0-0.0 0-0.1
Potash (K2COs) 2.0 0-0.0 0-0.0
Soda (Na2CO0s) 1.0 0-0.1 0-0.5
Soda (Na2CO3) 2.0 0-0.0 0-0.1
Soda (Na2CO0s) 6.0 0-0.0 0-0.0
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Figure 3 — Setting time of cement paste with nitrate, carbonate additives, and surfactant

When a foaming surfactant was introduced into
solutions containing sodium sulfate, sodium and
potassium carbonate, sodium nitrite and nitrate,
and potassium nitrite and nitrate, the setting times
remained relatively short: initial setting time 3 — 20
minutes, final setting time 9 — 46 minutes. However,
the setting time increased, when the surfactant was
used together with potassium and aluminum
sulfate, and potassium, sodium, and calcium
chlorides. In this case: initial setting time ranged
from 55 minutesto 4 hours, final setting time

ranged from 2 hours 50 minutes to 5 hours.

Thus, based on the study results, it was
concluded that in dense cement paste, most
electrolyte additives in the presence of a foaming
surfactant effectively accelerate cement setting.
However, in real foam concrete production, the
cement paste is in a less dense state. Moreover, the
water-to-cement ratio (W/C) in foam concrete is
typically higher than the W/C ratio of the same
cement paste or cement — silica slurry.

— 9
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Figure 4 - Setting times of cement paste with chloride, sulfate, and surfactant additives

Therefore, the final assessment of the
effectiveness of setting and hardening accelerators
can only be made by preparing foamed cement
paste and testing the physical properties of the
mixture and the physico-mechanical characteristics
of the hardened paste.

In the study, the kinetics of strength
development of the hardened material and the
chemical compatibility of additives with surfactants
in an alkaline environment were selected as the
controlled parameters to evaluate the effect of
additives in production of porous systems. At the
same time, the absence of standardized testing
method for determining the setting time of foamed
cement paste was taken into account.

The experiments revealed the chemical
incompatibility of certain foam concrete mixture
components during hardening, including sodium
carbonate, potassium and sodium nitrites, and
potassium and sodium sulfates. This incompatibility
manifested as coagulation of the mixture,
uncontrolled gas formation, and foam
sedimentation. Ultimately leading to the formation
of a material with large irregular pores, a loose
surface, efflorescence, and low strength. Therefore,
this group of additives was excluded from further
experiments. When studying the effect of additives
on the acceleration of foam concrete hardening, it
is crucial from a technological perspective to assess
both the setting rate and the hardening rate of the
system. Rapid setting is necessary for structural
stabilization of the foam concrete during the mixing

of the cement-silica slurry with foam and the
subsequent shaping of the molded mass.
Meanwhile, accelerated hardening ensures the
rapid development of early strength, which is
essential for demolding the material. At the same
time, the final strength of the foam concrete with
additives must not be lower than that of foam
concrete without additives.

The setting time of foamed cement paste was
determined by measuring the temperature change
of the foam-cement mixture, while hardening was
assessed by testing the strength at different curing
ages. The study (Figure 5) established that during
foaming of cement paste, the previously observed
effects of electrolyte additives on setting time are
largely neutralized. The initial heat release from
cement hydration, when combined with
electrolytes and a foaming agent, begins
approximately 2 hours after mixing the binder with
an aqueous solution of surfactant and respective
salt, while the final setting time occurs within 12 —
14 hours.

To accelerate the setting rate of foamed
cementitious mass, a combination of two
electrolyte additives along with a surfactant was
tested. According to the working hypothesis, CaC;
was expected to accelerate the hardening of foam
concrete, while potassium carbonate (K,COs) would
promote rapid setting by reacting with calcium
sulfate dihydrate (gypsum), a natural setting
retardant in Portland cement.
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The results (Figure 5, Table 2) confirmed the
validity of this hypothesis and revealed new trends
in the hardening kinetics of foam concrete with
hardening accelerators (Figure 6).

Foam concrete without additives with a bulk
density 600 kg/m3 reaches demolding strength only
after 12 hours. In contrast, with electrolyte
additives, the demolding time is reduced by half,
and within 24 hours, the strength exceeds that of

additive — free foam concrete by more than 1.5
times.

The most significant effect was observed when
chloride salts were combined with potassium
carbonate (potash) or sodium silicate solution. In
this case: foam concrete could be demolded after 2
hours, after 4 — 6 hours, compressive strength
reached 0.27 — 0.41 MPa.

CaCl,-2% CaCl;-2% CaCl-2%
+ + +
NazSi03:-2% K;CO3-2% K>CO3-1%

% 77«‘\ — [cac2%
o o
¢ 30 / [N
©
g / NazCIz-Z%
£
@ | /_
g / Without
g / additives
£ _\/

0 4 8

12 16 20 24

Time (hour)

Figure 5 — Temperature change in cement paste with hardening accelerators

Figure 6 — Structure of foamed concrete

Table 2 — Effect of electrolyte additives on the hardening time of foam concrete with an average density of 600 kg/m?3

Additive Compressive strength. MPa. After

Name Dosage
% 2h 4h 6h 8h 12h | 24h 2d 3d 7d 14d | 28d
— — HP HP HP HP HP | 0.13 | 0.23 | 046 | 0.62 | 1.09 | 1.7
CaClz 2 HP HP HP HP | 012 | 0.21 | 0.3 | 048 | 0.74 | 1.5 2.9
NaCl, 2 HP HP HP HP | 0.11 | 0.18 | 0.28 | 0.51 | 0.98 | 1.26 | 2.23
CaClz + K2CO3 2+1 HP | 0.09 | 0.17 | 0.18 | 0.21 | 0.29 | 0.42 | 055 | 092 | 14 2.8
CaClz + K2COs 2+2 0.13 | 0.27 | 038 | 0.41 | 0.47 | 0.51 | 055 | 0.72 | 1.2 1.6 2.7
NaCl + K2CO3 2+1 HP | 0.06 | 0.15 | 0.16 | 0.19 | 0.25 | 0.38 | 0.57 | 0.8 1.1 2.7
NaCl + K2CO3 2+2 0.11 | 0.28 | 0.36 | 0.37 | 0.42 | 0.48 | 0.52 | 0.66 | 095 | 1.3 2.6
CaClz + NazSiOs3 242 0.14 | 0.29 | 041 | 043 | 0.52 | 055 | 0.57 | 0.78 | 1.34 | 1.72 | 31

Note — NR — not possible to demold, the sample collapses upon demolding
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After 6 hours, the rate of strength gains
significantly slowed down and by 3 days, the
compressive strength of all samples (with and
without additives) became comparable.

The most noteworthy aspect is the hardening of
kinetics between 7 and 28 days.

Calculations based on experimental data (Table
3) indicate that by 7 days heavy concrete reaches 60
% of its design strength, foam concrete (with and
without additives) reaches 25 % to 44.4 % of their
final strength. Between 7 and

14 days, the strength of heavy concrete increases
from 65 % to 80 % (1.23 times), while from 14 to 28
days, it further rises from 80 % to 100 % (1.25
times). In contrast, foam concrete strength
increases from 51.7 % to 100 % over the 14 — 28 day
period, showing a significantly higher by 1.93 times
rate. After 28 days, the strength of foam concrete
reaches 1.7 MPa, corresponding to class M15. The
addition of individual calcium and sodium chloride
salts further optimized the time required to reach
final strength.

Table 3 - Strength development kinetics of heavy concrete and foam concrete

Material Additive Strength growth. %. Days
Name Dosage 1 3 7 14 28
Heavy concrete - - - 33 65 80 100
Foam concrete 7.6 27.0 36.5 64.1 100
CaClz 2 7.2 16.5 25.5 51.7 100
CaCl+K2CO3 2+2 18.6 24.8 44.4 59.2 100
CaCl2+NazSiOs3 2+2 17.7 25.1 43.2 55.5 100

Table 4 - Effect of ambient temperature on the strength development of foam concrete with an average density of

600 kg/m?3
Ambient Additive Compressive strength. MPa, after
temperature
(°c)

Name Dosage, % 0.5 1 2 3 days 7 14 28
day day days days days days

14-16 — — NR NR 0.07 0.16 0.35 0.62 13
CaClz 2 NR 0.09 0.15 0.26 0.42 0.85 2.2

CaCly + K2CO3 2+2 0.08 0.32 0.36 0.47 0.84 0.88 2.5

18-20 — — NR 0.13 0.23 0.46 0.62 1.09 1.7
CaCl, 2 0.12 0.21 0.3 0.48 0.74 1.5 2.9

CaCly + K2CO3 2+2 0.47 0.51 0.55 0.72 1.2 1.6 2.7

23-25 — — NR 0.11 0.23 0.47 0.67 1.12 1.8
CaCl 2 0.13 0.26 0.32 0.49 0.69 1.52 3.0

CaClz + K2COs 2+2 0.18 0.52 0.58 0.75 1.3 1.7 2.8

28 -30 — — NR 0.14 0.25 0.48 0.68 1.11 1.9
CaCl 2 0.12 0.23 0.31 0.52 0.70 1.58 2.8
CaCly + K2CO3 2+2 0.15 0.49 0.61 0.83 1.4 1.75 2.85
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The findings suggest that in foam concrete, the
retardation effect of cement hydration persists for
up to 7 days, even in the presence of setting
accelerators.

After the specified period, the density of the

adsorbed layer of surfactant (SA) molecules on the
surface of hydrating clinker minerals in cement
significantly decreases, leading to accelerated
hardening of foam concrete. The reduction in the
density of the adsorbed SA layer is caused by a
sharp increase in the surface area of hydration
products.
One of the disadvantages of natural curing foam
concrete technology is the slow strength
development at temperatures between + 10 and +
16 °C. These temperatures are most typical during
the autumn-spring period in the southern regions
of Kazakhstan, while in northern regions, ambient
temperatures drop even lower.

As a result, foam concrete production is
essentially limited to the summer months.

Since foam concrete is molded in metal forms,
the heat generated during cement hydration is
rapidly dissipated into the environment due to the
high thermal conductivity of steel (A = 45 W/(m
°C)) through the walls and bottom of the mold.
Consequently, foam concrete hardens at ambient
temperature. Moreover, nighttime temperatures
are typically 5 — 10 °C lower than daytime
temperatures, further slowing the hardening
process.

Experimental studies (Table 4) revealed a
significant decrease in the rate of strength
development in foam concrete, both without
additives and with electrolyte additives, as the
ambient temperature decreased from 8 — 20 °C to
14 -16°C.

Foam concrete without additives reached an
acceptable strength only after 3 days (Rc = 0.16
MPa), foam concrete with CaCl, reached 0.26 MPa,
foam concrete with CaCl, combined with potassium
carbonate (K,COs) reached 0.47 MPa. At 14 — 16 °C,
foam concrete with the optimal additive dosage
could be demolded after 12 hours, but it achieved
guaranteed strength only after 24 hours of curing.

Conclusions

Based on experimental data, the following
comparative and quantitative conclusions can be
drawn about the influence of various electrolyte
additives and temperature on the setting times and
strength characteristics of foamed concrete:

- without additives, the initial setting time of
cement paste is 2 h 20 min, final setting — 4h 20
min;

- with 1 % Na,S0,, initial setting time is reduced
to 12 min, final to 57 min (reduction of more that 4
times);

- with 0.5 % K,COs, initial — 3 minal. Final = 5
min, which shows a 20-fold acceleration.

Compatibility with surfactants:

- with the addition of surfactants, most
additives retain the accelerating effect with initial
setting from 3 to 20 min, final — 9 to 46 min, but
combinations with potassium sulfate and chloride
extend the initial setting up to 4 hours, indicating
chemical incompatibility.

Demolding strength (after 4-6 h):

- without additives, foamed concrete does not
reach the required strength;

- with CaCl; + K,COs (2 + 2 %) the strength is
0.27 — 0.41 MPa, allowing the demolding time to be
halved.

Strength after 28 days:

- without additives — 1.7 MPa (M15);

- with CaCl, + Na,SiO3; — 3.1 MPa, an increase of
82%.

Temperature regime:

- at 14 - 16°C, foamed concrete without
additives reaches 0.16 MPa in 3 days;

- with CaCl, + K,COs — strength after 1 day is
0.47 MPa, nearly 3 times faster;

- at 28 — 30 °C, the strength of foamed concrete
with additives reaches 2.85 MPa, which is 67 %
higher than the base level.

Strength kinetics — by day 7, foamed concrete
with additives reach up 44.4 % of the design
strength, and by day 28 — 100 % or more.

In comparison, conventional concrete gains
from 60 % to 100 % strength during the same
period, but foamed concrete with additives shows
an almost 2-fold increase in strength gain rate
during the 14 — 28 day phase (1.93x).
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Kocnanap meH Temnepartypanbik peXKMMHiH Ke6ik 6eTOHbIHbIH KaTalo
KUMHeTUKacbl MeH bepiKTiriHe acepi

Capraes A.T., OpbiH6ekos E.C., baiicapuesa A.M., Ykcuk6aesa [1.A.

XaneikapansiK binim bepy Koprnopayuacer XLLUC, Aamamel, KazakcmaH

TYWIHAEME

MaKanaga Te3 KaTaTblH KeHin 6eToHHbIH, GU3NKaNbIK-MeXaHWKaNbIK cunaTTamanapbiH asipiey
HaTMXKeNepi yCbiHbIIFaH. ANbIHFaH MaNIMeTTep HeridiHAe Kebik 6ETOH TEXHONOTUACLIHAA MeTanN
KacceTa Ka/nbiNTapblH KOAAAHYAbIH, TUIMCI34iri Typanbl KOpPbITbIHABI Kacangbl. OnapabiH,
aiHaNbIMbIH LeXTafbl eAeHi KbINbITy ¥KaHe KanbinTapablH 6yilipnepi meH 6eTTepiH oklaynay
apKblibl  apTTbipyFa 6onagbl. Anaiga, 3Heprua TacbiManAaywbliapAblH, — KyHbl  YKOFapbl
6onfaHAbIKTAH MaTepuangblH, ©3iHAIK KyHbIH apTTbipadbl XaHe OHblH, H6acekere KabinetTiniriH
TemeHzeTeni. KopwaraH opTaHbliH, TemnepaTtypacbl 16°C-TaH TemeH 6onfaH4a UEMeHT
Makana kengj: 19 Haypeiz 2025 bINfanAaHFaH Kesge naiga 6onaTbiH KblAyAbl CaKTayFa KOMEKTeceTiH OKluay/naHfaH afaw
CapanTamagaH eTri: 2 cayip 2025 Ka/NbiNTapabl KONZaHFaH »eH. KecyaiH, TeXHONOrUANbIK MYMKIHAIKTEPIH ecKkepe OTbIpbIM,
Kabbinaanab!: 25 mambiz 2025 niwiHaepAaid oHTannbl enwemaepi (1.2 x 1.25 x 0.5 m xaHe 1.2 x 1.25 x 0.6 m) TaHZanaabl.
KonygpiH,  6ipkenki  6eniHbeyiHe 6ainaHbICTbl ipi  MOHOAWUTTI  MaccuBTepAi  Kanbintay
KYPbIIbIMHBIH, 3Kapbliybl aHe TIiNTi KbIpTbly KayniH Tyaplpadbl.  KocnaHbiH, 6actankbl
TemnepaTtypacblH 22 — 25°C agvana3oHblHA@ YCTay ywiH Kanbintay maccacbiH 30°C gediH
KbI3AbIpbINfaH CcyAbl NaZanaHbin  AalblHAAy KepeK. MKbiAbiTblNFaH afaw  KaabinTapaa
KanbINTanfaH mMatepuan binFangaHablpy b6actanfaHfa geiiH TemnepaTypaHbl kKemiHge 18 — 20 °C
cakTanapl. CoaaH KeliH LEMEHTTIH, 3K30TEPMUABIK PEaKLMACHI apKblibl TEMNEpaTypa KanbinTaH
WbIKKaHFa AeniH TypakTbl 6onbin Kanagpl. Kebik 6eTOHbIHbIH, TabufM KaTalo TEXHONOMUACHIH
JKETINAIPY KOCNaHbIH, KYypamblHa XUMUANbIK benceHai KpeMHU 4MOKCUAI KOMNOHEHTIH eHri3yaiH,
OPbIHABINbIFLIH - KepceTTi. On  anuTTi  binFangaHabipraH  Kesge 6eniHetiH 6oc  Ca(OH);
6aiinaHbicTbipagpl, 6ya y3aK KaTalo KeseHiHae BepiKTiK MKUbIHTbIFbIHA biKNan eTedi. 3epTreyaiH,
MaKcaTbl — DNIEKTPOAUTTIK Kocnanap meH 6eTTik-6enceHai 3aTTapapblH, LEMEHT e3iHAICiHiH, KaTato
npouecTepiHe acepiH 3epTTey apKblabl Ke6iKTi 6ETOHHbIH, 6acTanKbl Ke3eHAepaeri KaTatoblH
Kefenaetyaid Timai TacingepiH asipney. MyMbICTbIH, KaHanblfbl — Ke6iK BETOHHbIH, KeyeKTi
KYPbINbIMbIH, Kypamaac 6enikTepiHiH, KypaMblH ¥KaHe KaTato NpoLeciHiH, epeKLenikTepiH eckepe
OTbIpbIN, KeaengetinreH 6actankbl KaTalo Ke3eHimeH Kebik 6eTOHHbIH,  (U3MKabIK-
MeXaHWKasblK KacueTTepiHiH KaibinTacy 3aHAblIbIKTapbIH aHbIKTay.

TyiiiH ce30ep: Kebik 6eToH, Te3 KaTaTblH, XeHin 6eToH, Kocnanap, TemnepaTtypa, Ky, KangplK.

Asmopnap mypansl aKknapam:

TexHUKa FblabIMOAPbIHLIH,  KAHOUOAMbI, KaybiMOAacmelpblaFaH npogeccop — 3epmmeyuli,
Capmaes 4.T. Xanvikapanelk 6inim 6epy kopnopayuscel XLUC, 50043, Poickynbekos Keweci, 28, Aamamel,
KasakcmaH. Email: sartayev.dake@gmail.com; ORCID ID: https://orcid.org/0000-0002-2817-
0955

TexHUKa FblabIMOAPbIHLIH,  KAHOUOAMbI, KaybiMOAacmelpblafaH rnpogeccop — 3epmmeyul,
Xanvikapanelk 6inim 6epy kopnopayuscel XLUC, 50043, Poickynbekos Keweci, 28, Aamamel,

Opeinbexos E.C. Kasakcmat. Email: orynbekov.savenergy@gmail.com; ORCID ID: https.//orcid.org/0000-0003-
2131-6293
KaybimdacmelpeinraH npogeccop, Xanvikapanelk 6inim 6epy kKopropayuscel KLUC, 50043,
Baiicapueea A.M. Peickynbekos Keweci, 28, Aamamel, Kaszakcmad. Email: abajsarieva@mail.ru; ORCID ID:

https.//orcid.org/0000-0002-7473-8820

TexHUKa FoblabiMOapbIHbIK Mma2ucmpi, moetomop, XansiKkapansik binim 6epy kopnopayuscel KLLIC,
Ykcukbaesa 4.A. 50043, Poickynbekos Keweci, 28, Aamamel, KaszakcmaH. Email: dayana.uxikbayeva@mail.ru;
ORCID ID: https.//orcid.org/0009-0006-3189-933X

BaunaHue A06aBOK U TeMnepaTypHOro peXXxmuma Ha KUHEeTUKY CXBaTbiBaHUA U
NPOYHOCTb NeHOo6eToHa

Captaes A.T., OpbiH6ekos E.C., baiicapuesa A.M., YKkcuk6aesa [.A.

TOO MexoyHapodHasa obpazosamenoHas Koprnopayus, Aamamel, KazaxcmaH

— |4 ——


https://doi.org/10.31643/2027/6445.01
mailto:sartayev.dake@gmail.com
https://orcid.org/0000-0002-2817-0955
https://orcid.org/0000-0002-2817-0955
mailto:orynbekov.savenergy@gmail.com
https://orcid.org/0000-0003-2131-6293
https://orcid.org/0000-0003-2131-6293
mailto:abajsarieva@mail.ru
https://orcid.org/0000-0002-7473-8820
mailto:dayana.uxikbayeva@mail.ru
https://orcid.org/0009-0006-3189-933X

Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

AHHOTALUMUA

CraTbd nNpeAcTaBnsfeT  pesynbTaTbl  PaspaboTKM  (U3MKO-MEXaHWYECKUX  XapaKTEPUCTUK
6bICTPOTBEPAEIOLLEro NETKOro 6eToHa. Ha OCHOBaHWMM MONYYEHHbIX AAHHbIX CAENaH BbIBOA, O
HeabdEKTUBHOCTM UCMNONb30BAHMA METANINYECKMX KAaCCETHbIX GOPM B TEXHONOMMU neHo6eToHa.
Mx 060OpPOT MOMKHO YBEAWYMTb 3a CYET MOAOrpeBa Mona B Lexe M M301AUMM GOKOBUH U
nosepxHocT1 ¢popm. OfHAKO BbICOKAs CTOMMOCTb SHEProHOCUTeNeN NoBbIWaeT cebecToMMocTb
MaTepuana U CHUXKAeT ero KOHKypeHTocnocobHoCTb. Mpu TemnepaType OKpy:KawoLien cpeapl
Huke 16 °C uenecoobpasHO WCMNOMb30BaTb YTennéHHble JAepeBsHHble (OpMbl, KoTopble

Moctynuna: 19 mapma 2025 NOMOTaloT COXPaHATb TeNnJo, BblAenAemoe npu ruapataummn uemeHta. OnTMmanbHble pasmepbl
PeueH3nposaHwue: 2 anpens 2025 dopm (1.2 x 1.25 x 0.5 m u 1.2 x 1.25 x 0.6 M) BbibpaHbl C YYETOM TEXHONOTMHECKUX
MpuHaTa B nevatb: 25 aseycma 2025 BO3MOHOCTeN pe3ku. PopmoBaHMe KPYMHbIX MOHO/IUTHbIX MAacCMBOB COMPAMEHO C PUCKOM

NOABNEHMA TPeWMH W Jaxe pPaspbiBOB CTPYKTYpbl U3-3a HEPaBHOMEPHOro pacnpeneneHus
Tenna. Ons noaaeprKaHUA HavanbHON TemnepaTypbl cMecu B npegenax 22—-25 °C GopMOBOYHYO
maccy cnefyet roToBuTb C MCNOAb30BaHMEM BoAbl, nogorpetoii Ao 30 °C. 3atem, 3a CYET
9K30TEPMMUYECKOW peaKkuuMn LemeHTa, TemnepaTypa OCTaétca CcTabuibHOW [0 MOMEHTa
pacdopmoBKu. CoBepLIEHCTBOBAaHWE TEXHONOTUM eCTeCTBEHHOTO TBepAeHuA neHobeToHa
noKasano LUenecoobpasHOCTb BBEAEHMA B  COCTaB  CMECM  XMMWYECKM  aKTMBHOMO
KPEMHe3eMUCTOro KomnoHeHTa. OH cBA3biBaeT cBoboaHbiit Ca(OH),, Bblaensemblii npu
rmapataumm anuta, YTo cnocobcTeyeT Habopy NPOYHOCTUM HA A/IMTENIbHBIX CPOKaX TBEPAEHMA.
Llenb uccnedosaHusa Pa3paboTka apdeKTUBHbIX cNocoboB yCKOpeHUs TBepaeHna neHobeToHa Ha
PaHHUX 3Tanax MNyTEM MCCNEAO0BaHUA BAUAHUA 3SN1EKTPONUTHbIX [0DABOK M MNOBEPXHOCTHO-
aKTMBHbIX BELECTB Ha MpOLEeCcCbl CXBaTblBaHWA W TBEPAEHMA LEMEeHTHOro Tecta. HoeusHa
pabomsl  3aKNKO4aeTCA B YCTAaHOB/NIEHUM  3aKOHOMepHoOCTel  popmupoBaHusa  GU3MKO-
MEXaHUYECKMX CBOMCTB NEHOBETOHA C YCKOPEHHBIM CPOKOM HAYasIbHOrO TBEPAEHUA, C YYETOM
€ro NOPUCTON CTPYKTYPbI, COCTaBa KOMNOHEHTOB U 0OCOBEHHOCTe npouecca TBepaeHuA.

Kniouesbie cnoea: neHobeToH, BbicTpoTBepaetow i, nerkuin 6eToH, [obasku, Temnepatypa,
30/13, OTXOA.
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