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*Altynbekova A.D., ‘Lukpanov R.E., 'Dyussembinov D.S., ‘Askerbekova A.M., 2Tkach E.V.

1L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

2 National Research Moscow State University of Construction, Moscow, Russia

* Corresponding author email: kleo-14@mail.ru

Received: February 22, 2022
Peer-reviewed: 18 April 2022
Accepted: August 22, 2022

ABSTRACT

The article presents studies of the effect of a complex modified additive on the setting time of
cement paste. The work describes the method of determining the setting time of the cement
paste of standard consistency, the selection of the optimal composition of the additive at
different percentages of its components, allowing accelerating the setting time. In this work, the
authors used a complex modified additive including alkali (caustic soda NaOH), post-alcohol bard
(alcohol production waste), and hardening accelerator (gypsum) in different percentages.
Performed a comparative study of the effect of additives on changes in setting time. The analysis
suggests that the additive in the optimal amount leads to changes in the setting time compared
with the reference sample, but within the standards. It is shown that the combined use in the
composition of a complex modified additive, having well-compatible mechanisms of their
influence on the processes of hydration, setting, and hardening of the cement paste, mutually
complements and enhances the effect of each ingredient of the additive. Increasing the
concentration of the complex modified additive in the cement paste not only affects the
liquefaction process but also reduces the setting time and hardening of the cement paste.
Keywords: cement paste, hardening accelerator, post-alcohol bard, complex modified additive,
setting time.
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Introduction

In modern conditions of development of
construction in Kazakhstan on the background of
rapidly developing technologies, the question is
raised about the introduction of new quickly
recouped technologies, which are based on the
extensive use of local raw materials and new
technical methods in order to obtain
highly efficient materials.

The basis of modern concrete technology is the
creation of  high-quality artificial  stone,
characterized by high dispersion, a small
imperfection, and structural stability. Improvement
in the quality of concrete compositions can be
achieved both by the use of chemical additives, and
when using local components to create a new
generation of concrete, which is a highly relevant
objective of concrete technology. A new generation
of concrete is high-tech, high-quality, multi-
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concrete mixtures and compositions with additives
that preserve the required properties at a service in
all operating conditions. Growing multicomponent
concretes are due to significant systemic effects,
which enables to manage of the structure
formation at all stages of the technology, ensuring
receipt of composites of "directed" quality,
composition, structure, and properties [[1], [2], [3],
(4], [5], [6], [71].

Modern cement concrete is a composite
building material, which can be produced with the
specified characteristics for certain service
conditions by modifying its structure and properties
with various admixtures [[8], [9], [10], [11]]. This
provides the material with durability, performance
reliability, ecological safety, and applicability in any
service conditions [12].

The present economic constraints require
acceleration in the speed of work in the
construction industry. The need for concrete with
sufficient strength at a very early age is in many
situations very important. Such concrete is
obtained through the use of some admixtures such
as water-reducing superplasticizers, set
accelerators, and hardening accelerators. Standards
about admixtures for concrete and mortar
differentiate  between set and hardening
accelerators namely:

— Set accelerator is defined as an admixture
that decreases the initial setting for the transition
of the mix from the plastic to the rigid state.

— Hardening accelerator is defined as an
admixture that increases the rate of development
of early strength in the concrete with or without
affecting the setting time [13].

A wide range of domestic and imported
chemical additives makes it difficult to make a
choice. Concrete manufacturers seek to improve its
properties by modification while reducing the
consumption of cement, reducing energy costs in
the production of reinforced concrete, and
minimizing the cost of additives under stable terms
of their quality. It is quite a challenging task that
can be solved using a variety of waste and
coproducts of many industries as mineral and
chemical modifiers of concrete [[14], [15], [16],
[17], [18]]. Most often, the properties of concrete
are modified by chemical additives. At the same
time, optimal characteristics, such as strength,
workability, and so on are achieved at a certain
critical dose of the chemical modifier, after which
the effect falls off [[19], [20], [21], [22], [23]].

The setting of concrete is identified as the
transition of fresh concrete from the liquid phase to

the solid phase. It is important to identify this
phase change to plan to transport and place
concrete [24].

It is known that the main purpose of plasticizing
additives is to increase workability, which provides
a reduction in energy and labor costs for laying. On
the other hand, the use of such additives allows, by
reducing the water-cement ratio, while maintaining
the given mobility of the mixture, to increase
significantly the strength and durability of products.
In addition, the introduction of plasticizers can
affect the setting time and hardening kinetics of
cement, increase strength, frost resistance, and
water resistance of concrete due to water
reduction, as well as reduce cement consumption
and energy consumption for the production of
concrete, mortars, etc. Therefore, the development
of compositions of modified heavy concretes is
relevant for general construction purposes with
improved technological parameters by using
effective modifying additives.

The composition of the complex modified
additive includes gypsum (hardening accelerator),
alcohol production waste (post-alcohol bard), and
alkali (caustic soda, NaOH) to neutralize the acidity
of post-alcohol bard, this is due to the fact that the
purification is not done well and post-alcohol bard
retains acidity. Thus, the combined use of gypsum,
alkali (caustic soda NaOH), and plasticizer (post-
alcohol bard) improve the physical and mechanical
properties. The post-alcohol bard or sulfite-yeast
bard is a waste product of alcohol production. After
distillery bard is a valuable product, which can be
used in solving the problems of environmental
pollution and obtaining cheap raw materials.

The aim of the study is to develop a complex
modifying additive (CMA) and study its effect on
the physical and mechanical properties of cement
systems.

As part of this study, a set of laboratory tests to
assess the physical and mechanical properties of
experimental samples, followed by a comparative
analysis of changes in the qualitative characteristics
of the cement and the effect of a complex modifier
on it. However, within the framework of this article
the results of the first stage of the study will be
presented, exactly the effect of the variable
composition of CMA on the setting time of the
dough of standard consistency, as well as its effect
on the flow of the mixture.

In order to achieve the goal, the following tasks
were solved:

1. Selection of the optimal composition of the
additive at different percentages of its components
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2. Preparation of samples of variable
composition of additive components in laboratory
conditions

3. Laboratory research of physical and
mechanical properties of experimental samples.

Experimental technique

To conduct research and fulfill the set goal and
objectives we used materials that meet the
requirements and standards.

Cement. Raw materials were taken according to
the geographical location of the factories of
manufacturers, as well as the qualitative indicators
of the material. Portland cement of M400 grade
was used as a binder, due to the availability of this
binder.

Modifying additive. The main component of the
modifying additive is post-alcohol bard - the residue
after the distillation of alcohol from brewers,
ethanol production waste, which meets the
requirements of TU 1110 RK 00393896 0JSC -01-
2003, in amounts of 2.5%, 5.0%, 7.5%, 10%, a
multiple of 2.5%. It is supplied in liquid form by the
manufacturer JSC “Aydabul distillery”.

Hardening accelerator - gypsum which
accelerates the hardening process in amounts of

Table 1 — Composition of compared samples

1%, 1.5%, 2.0%, 2.5% of cement mass, a multiple of
0.5%.

At the first stage, the joint effect of the optimal
composition of CMA on the setting time of the
paste of standard consistency (beginning and end
of setting) was studied, and determined in
accordance with the requirements of GOST 310.3-
76 types of cement. Methods for determining the
normal thickness, timing of setting and volume
change uniformity". The consistency, initial and
final setting of the cement paste were investigated
using a Vica device, as shown in Figure 1. Setting
time of cement paste is one of the most important
parameters of the concrete mixture, as they
determine the further performance properties of
the material.

The setting time test was carried out using six
mixing proportions (17 samples) consisting of
Portland cement, additive, and water. The sample
(Type 1) containing only cement and water was
called the reference sample, while the proportion
of additives was varied as shown in Table 1. The
reference sample (100% Portland cement, which is
equivalent to 350 g and water weight of about 105
g). Consumption of raw materials of mortar
samples (required for measuring the setting time) is
presented in Table 1.

Type of sample Cement, g Gypsum, g Post-alcohol bard, g Caustic soda, g Water, g
Refer;—r\:s: slample 350 i i i 105

Type 2-1 346.5 35 8.75 0.4375 95.8125
Type 2-2 346.5 35 17.5 0.875 86.625
Type 2-3 346.5 35 26.25 1.3125 77.4375
Type 2-4 346.5 35 35 1.75 68.25
Type 3-1 344.75 5.25 8.75 0.4375 95.8125
Type 3-2 344.75 5.25 17.5 0.875 86.625
Type 3-3 344.75 5.25 26.25 1.3125 77.4375
Type 3-4 344.75 5.25 35 1.75 68.25
Type 4-1 343 7 8.75 0.4375 95.8125
Type 4-2 343 7 17.5 0.875 86.625
Type 4-3 343 7 26.25 1.3125 77.4375
Type 4-4 343 7 35 1.75 68.25
Type 5-1 341.25 8.75 8.75 0.4375 95.8125
Type 5-2 341.25 8.75 17.5 0.875 86.625
Type 5-3 341.25 8.75 26.25 1.3125 77.4375
Type 5-4 341.25 8.75 35 1.75 68.25
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Figure 1 — Determination of the setting time of the cement paste on the Vica device

Results and Discussion

On the diagram (figure 2) of the setting times,
the first peak corresponds to the beginning of
setting, the second to the end. The arrangement of
the types of compositions compared in ascending
order from bottom to top, where red corresponds
to type 1 - the control sample (reference sample)
without additives, with respect to which
comparisons are made. Setting the time of cement
paste is one of the indicators that characterize the
manufacturability of the preparation of cement
concrete mixtures. The introduction of additives
can reduce the time between the beginning setting
and the end of the setting. This is of practical
interest, as the introduction of additives - in small
quantities will accelerate the process of making
products.

The choice of additive was determined based
on the main mechanism of their action. Post-
alcohol bard has hydrophilic and hydrophobic
properties. Post-alcohol bard has a plasticizing
effect, which leads to obvious consequences, i.e.
reducing the w/c ratio and maintaining mobility of
the concrete mixture, increasing workability, and
giving strength and durability to structures. This
additive wets the surface of cement particles, thus
providing a decrease in the w/c ratio. The
combined use of a complex additive, which has
well-compatible mechanisms of their influence on
the processes of hydration, setting, and hardening

of the cement mass, mutually complements and
enhances the effect of each ingredient of the
additive.

It may be noted that in the case of the effect of
CMA on the time of setting of cement paste to a
greater extent associated with the dosage. The
effect of the studied compositions may be due to
the presence in their composition gypsum, which
traditionally are hardening of cement setting and
additives that form shells on the cement particles,
preventing the penetration of water for hydration.

According to Table 1, it is the sodium
compounds indicator that changes with changes in
the quantitative indicator of the post-alcohol bard.
Sodium compounds were used in small quantities
(previous studies have revealed the optimal
concentration), exactly in the amount to get a
neutral medium, i.e. to stabilize the hydrogen index
(pH) of the additive. Consequently, the sodium
compound values do not become uneconomical for
cement systems production. The hydrogen index
needs neutral because increased acidity slows
down the setting time of the concrete.

It can be seen from the test results in Figure 1
that not only the setting time is reduced, but also
its end. The complex additive has a coarse effect on
the system, that is, when increasing the dosage
sharply reduces the process of cement setting
compared with samples without additives (Type 1),
and intensifies the hardening of cement in the early
hydration time at the age of 3 and 7 days.
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Figure 2 — Results of testing the setting time of the cement mixture

According to the results (figure 2) of the study
determined the setting time of the compositions
for:

Type 1. The beginning of setting of the cement
mass without additives is 2 h 45 min, and the end
of setting 6 h 10 min.

Type 2-1. When adding the composition with
1.0 % gypsum (by weight of cement of the
standard) and 2.5% additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting time is 1 h 55 min, and the end of setting
time is 5 h 10 min, respectively.

Type 2-2. When adding the composition with
1.0 % gypsum (by weight of cement of the
standard) and 5.0% additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting time is 1 h 30 min and the end of setting
time is 5 h 00 min, respectively.

Type 2-3. When adding the composition with
1.0 % gypsum (by weight of cement of the
standard) and 7.5% additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting time is 1 h 20 min and the end of setting
time is 4 h 50 min, respectively.

Type 2-4. When adding the composition with
1.0 % gypsum (by weight of cement of the
standard) and 10 % additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting is 55 min and the end of setting time is 4 h
30 min, respectively.

Type 3-1. When adding the composition with
1.5 % gypsum (by weight of cement of the
standard) and 2.5 % additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting time is 1 h 15 min and the end of setting
time 4 h 15 min, respectively.
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Type 3-2. The addition of 1.5 % gypsum (by
weight of standard cement) and 5.0% additive
(post-alcohol bard) is introduced into the cement
paste, the beginning of setting time is 55 min and
the end of setting time is 3 h 55 min, respectively.

Type 3-3. When adding the composition with
1.5 % gypsum (by weight of cement of the
standard) and 7.5 % additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting time is 1 h 10 min and the end of setting
time is 4 h 15 min, respectively.

Type 3-4. When adding the composition with
1.5 % gypsum (by weight of cement of the
standard) and 10 % additive (post-alcohol bard) is
introduced into the cement paste, the beginning of
setting time is 40 min and the end of setting time is
3 h 20 min, respectively.

Type 4-1. When adding the composition with
2.0 % gypsum (by weight of cement of the
standard) and 2.5 % of additive (post-alcohol bard)
is introduced into the cement paste, the beginning
of setting time is 1 h 10 min and the end of setting
time is 3 h 50 min, respectively.

Type 4-2. When adding the composition with
2.0% gypsum (by weight of cement of the standard)
and 5.0% of additive (post-alcoholic bard) is
introduced into the cement paste, the beginning
setting time is 50 min and 3 h 20 min for the
beginning and the end of setting time is 3 h 20 min,
respectively.

Type 4-3. When adding the composition with
2.0% gypsum (by weight of cement of the standard)
and 7.5% additive (post-alcohol bard) is introduced
into the cement paste, the beginning of setting
time is 40 min and the end of setting time is 2 h 50
min, respectively.

Type 4-4. When adding the composition with
2.0% gypsum (by weight of cement of the standard)
and 10% additive (post-alcohol bard) is introduced
into the cement paste, the beginning of setting
time is 35 min and the end of setting time is 2 h and
30 min, respectively.

Type 5-1. When adding the composition with
2.5% gypsum (by weight of cement of the standard)
and 2.5% additive (post-alcohol bard) is introduced
into the cement paste, the beginning of setting
time is 1 h 20 min and the end of setting time is 3 h
30 min, respectively.

Type 5-2. When adding the composition with
2.5% gypsum (by weight of cement of the standard)
and 5.0% additive (post-alcohol bard) is introduced
into the cement paste, the beginning of setting

time is 1 h 00 min and the end of setting time is 3 h
00 min, respectively.

Type 5-3. When adding the composition with
2.5% gypsum (by weight of standard cement) and
7.5% masterbatch (post-alcohol bard) is introduced
into the cement paste, the beginning of setting
time is 45 min and the end of setting time is 2 h and
40 min, respectively.

Type 5-4. When adding the composition with
2.5% gypsum (by weight of cement of the standard)
and 10% additive (post-alcohol bard) is introduced
into the cement paste, the beginning of setting
time is 20 min and the end of setting time is 2 h 10
min, respectively.

As can be seen from the results, the maximum
plasticizing effect of the additive in mortar cement
mixture is achieved at a concentration of 5-10%
(post-alcohol bard) and 1.5-2.5% (gypsum) in
relation to the mass of cement at w/c ratio = 0.3.
The introduction of the additive into the mortar
mixture has a plasticizing effect, which allows
reducing the water-cement ratio by 10% as
compared to the control composition. The effect of
plasticizing cement paste is explained by the
adsorption of hydrophobic molecules on the
surface of dispersed cement particles. The setting
time of mortar mixtures significantly depends on
the concentration of the additive in them.
Increasing the additive concentration in the cement
mixture up to 10% (post-alcohol bard) and up to 2.5
% (gypsum) of the cement mass not only affects the
process of liquefaction of the cement mortar, but
reducing the time of setting and hardening of the
cement paste, but also increases the compressive
strength of the cement stone.

Analyzing the graph in Figure 2, the authors
concluded that the additives have a different effect:
with the addition of additives in cement, there is a
beginning of setting at about 20 min - 1 h 55 min,
while in the without additives (Type 1) cement
begins to set after 2 h 45 min. Taking into account it
can be argued that these additives have a higher
efficiency than the without additives (Type 1)
composition. Analyzing the graph in Figure 2, it can
be noted that the additives have the same effect,
but with different efficiencies. With the
introduction of a complex additive setting time is
reduced by up to 30% compared with pure cement.
In this case, obviously, the duration of the cement
paste remains unchanged, as the setting time is
reduced by reducing the time of the end of the
setting. At the same time, the interval between the
beginning and the end of the setting is reduced by
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40 %. This index is important for dry construction
mixtures, as it enables cement-containing
compositions after hardening with water to keep
plasticized state during adjustable time intervals
depending on additive content and to set quickly
after application, which results in accelerated
speed of construction works.

The question of fast setting is highly topical
because the tendency of reduction of terms of
construction goes at the expense of fast stripping.
Influences of alcohol production  waste
consumption up to = 10% showed the rationality of
this range, i.e. with an increasing quantitative
indicator of post-alcohol bard we do not get the
specified effect. The maximum optimal range was
determined by optimizing the composition. The
additive range was determined by a complex of
studies such as strength, water absorption, and
other indicators that affect the workability of
concrete, so within this article only the indicators of
the setting time are shown.

The amount of the additive introduced was set
from the condition of the greatest effect of
accelerating hardening, as well as obtaining the
maximum increase in the strength of the samples
compared to their counterparts without additives.
The results obtained show that CMA acts as a good
hardening accelerator. Consequently, this additive
can be used as a setting time regulator.

Conclusions

Based on the experimental studies, the
following conclusions can be made that the
complex modifying additive (CMA) has a better
water - reducing effect than the without additive

composition (Type 1). The addition of the additive
(CMA) tended to accelerate both initial and final
setting times. The addition of the additive (CMA)
gave the best results because it delayed the initial
setting time from (1 h 55 min) to (20 min) and the
final setting time from (5 h 10 min) to (2 h 10 min).
According to the results of studies, the authors
concluded that the introduction of additives -
plasticizers (post-alcohol bard) reduces the amount
of water by 35%. Thus, the experiments showed
that when mixing cement paste with CMA there is a
plasticizing effect on cement paste and a significant
reduction of the time at the beginning and end of
the setting time of cement. This is of practical
interest,
accelerate the process of making products.

Studies have shown that the use of gypsum in
combination with sodium compounds and post-
alcohol bard significantly increases the physical and
mechanical properties, creating a synergistic effect.

The use of plasticizers in concrete technology
allows to reduce porosity and increase the strength
of samples. The use of plasticizers in the concrete
mixture significantly increases the resistance and
durability of heavy concrete. Consequently, the use
of a complex modifying additive allows you to
purposefully change the structure of concrete and
thus significantly increase the complexity of
physical and mechanical parameters and durability
of modified concretes.

as the introduction of additives will
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TYWIHAEME

Makanasa LUeMEeHT KaMbIpblHbIH, YCTacy Mep3imiHe KeweHai moauduKauuanaHsaH Kocna
SCepiHiH, HaTUXKeNepi KepceTinreH. MymbicTa KapanaibiM KOHCUCTEHLMAAAFbI KaMblpAblH, ycTacy
Mep3iMiH aHbIKTay a4icTemeci, YCTacy yaKbITbiH yAeTyre MYMKIHAK 6epeTiH KOMMOHEeHTTepAiH,
SPTYPAI NalibI3AbIK KaTbiHACYbIHAQ OHTaMAbI KOCNA KypamblH TaHAAy cunatranfsaH. by xymbicta
aBTOpNap KypamblHAA SPTYPAI Nalbi3AblK KaTblHAcTa CinTi (KaycTukanbik coga NaOH), stun cnupt
OHAIPICIHIH, Kanabifbl (CNMPTTIK KeniHri 6apaa) KaHe KaTyabl petteriw (runc) 6ap KeweHAi
MoaMdULMPAEHTEH KOCNaHbl KONAaHAbl. ¥cTacy MepsiMiHiH, e3repyiHe KocnaHblH, acep
eTeTiHAjriHe canbiCTbipManbl 3epTTey Kacangbl. Tangay HerisiHae OHTalAbl menwepaeri Kkocna
6aKbl1aymeH canbicTbipFaHaa benrini 6ip wekTe ycracy mepsimiHiH e3repyiHe anbin Keneai aeyre
6onagpl. KeweHai moaudpuKaumanaHFaH Kocna KypambiHAA LLEMEHT KamblpblHbIH, KaTatobl MeH
ycTacybl, rMgpatauua ypaictepiHe oacep eTeTiH Kakcbl yinecimgi TeTiktepi 6ap, onapgpl
TONbIKTbIPAAB! KaHe OHAaFbl 9pbip MHIPeAMeHTTIH SpeKeTiH KyweiTeai. LleMeHT KamblipbiHaa
KeleHai moauduUMKaumanaHFaH Kocna MesLepiH apTTbipy CYMbINTY ypaicTepiHe acep eTin KaHa
KOWMaW, CoHAal-aK LEeMeHT MaccacbiHblH, KaTalobl MeH ycTacy mMep3iMiHiH, KbiCKapybliHa anbin
Keneai.

TyliiH ce30ep: LeMeHT Kocnacbl, KaTyAbl VYAETKiW, COuMpTTiK KeWiHri 6apga, KeweHaj
moauduKaumanaHFaH Kocna, ycracy mepsimi.
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AHHOTALUMA

B craTbe npuBeaeHbl Pe3ynbTaTbl BAMAHWUA KOMMIEKCHON moanduuMpoBaHHON A06aBKM Ha
CPOKM CXBaTblBaHWA LEMEHTHOro TecTa. B paboTe onucaHa mMeToAMKa onpefeneHus CPOKOB
CXBaTbIBaHMA TecTa CTaHAAPTHOM KOHCUCTEHLUMM, NOAGOP ONTUMANbHOIO COCTaBa A06aBKM Npu
pasHOM MPOLEHTHOM COOTHOWEHUM €ro KOMMOHEHTOB, MO3BO/IAIOWME YCKOPUTL Bpems
CXBaTblBaHMA. B fAaHHON paboTe aBTOPbl MCMONb30BAIM KOMMAEKCHYIO MOAMPULMPOBAHHYIO
[06aBKy, BKIOYAKOLWMIN B CBOEM COCTaBe LWenoYb (KaycTuueckas coga NaOH), nocnecnvpTtosyto
6apay (oTxoAbl CMMPTOBOrO MNPOWM3BOACTBA) WM peryabtop TBepAeHus (rMnc) B  pasHbIX
NPOLEHTHbIX COOTHOLIEHMAX. BbINOJIHEHO CPaBHUTE/IbHOE UCCef0BaHUE BAUAHMA A06aBKM Ha
M3MEHEHMe BPeMEeHW CXBaTbiBaHWA. AHanAM3 [aeT OCHOBaHME yTBepXaaTb, uTo AobasBKa B
ONTMMANbHOM KO/IMYECTBE MPUBOAMUT K U3MEHEHUAM BPEMEHW CXBATbIBAHUA MO CPABHEHUIO C
3TaNOHHbIM 06pasLom, HO B npegenax Hopm. [MOKa3aHO, YTO COBMECTHOE MCMo/Ib30BaHUE B
COCTaBe KOMMNEKCHOW moauouumMpoBaHHOW f06aBKM, obnagatoweli Xopowo COBMECTUMbIMMU
MEeXaHM3MaMM UX BIMAHWMA Ha NPOLLECCbl rMAPaTaLMmn, CXBaTblBaHWA M TBEPAEHUA LLEMEHTHOM
Maccbl, B3aWMHO [JOMOJNHAET W YCUAMBAET [AEUCTBME KAXKAOr0 WHrpeaveHTa [06aBKU.
YBeneyeHne KOHUEHTPAUUN KOMMNEKCHOM MOANPUUMPOBAHHON A06ABKM B LLEMEHTHYIO CMecb
He TO/MbKO BO34ENCTBYET Ha MPOLECCHI PAa3MMMKEHWs, a TaKKe Ha COKpalleHWs BpemeHu
CXBaTbIBaHMA U TBEPAEHMA LEMEHTHON Macchbl.
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