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APPLICATION OF GYPSUM IN MICELLAR CATALYSIS
OF PORTLAND CEMENT HYDRATION REACTIONS

To obtain modern high-quality concrete, a sufficient number of special additives are used. The most
common additives are surfactants. The use of surfactants leads to a decrease in the ratio of water to cement,
which, in turn, leads to an increase in the strength of concrete. At the same time, the degree of hydration of
cement decreases, which reduces the durability of concrete. In addition, as a result of the interaction reactions
between cement minerals and the surfactant, substances are formed that are not inherent in the cement cameo,
which hardens without additives. It is established that the active components of modern concrete are micelles
filled with active mineral fillers, such as gypsum, as well as superplasticizers. The optimal combination of
these additives-modifiers allows you to control the rheological properties of concrete mixtures and modify
the structure of cement stone so as to ensure the properties of concrete, ensuring high operational reliability
of structures. However, they have certain shortcomings that prevent their widespread use. The aim of the
study is to determine the effect of gypsum, which is used as a reaction powder filled with micelles of colloidal
surfactants, on the strength of powdered concrete and catalysis of hydration reactions of Portland cement
components. Studies and their results have shown that the use of micelles of colloidal surfactants filled with
gypsum leads to increased efficiency of both components. This enhances the catalytic effect of the hydration
reactions of the components of Portland cement and gypsum itself. Increasing the rate of hydration of Portland
cement components provides increased productivity of concrete and reinforced concrete structures. Analysis
of the results of the research showed the presence in the system under study of the optimal content of reactive
powder capable of entering into a hydration reaction.
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Formulation of the problem

In recent years, interest in multicomponent
reactions (MCR) has sharply increased. New MCRs
and variants of already known reactions provide
access to a huge variety of structures, including
those of natural origin, capable of exhibiting a wide
range of chemical activity, and the range of available
compounds is constantly increasing.

Intensive construction methods require the
introduction of modern technologies that would ensure
the manufacture of structures in a short time, increase
the turnover of molding equipment, and shorten the
production cycle. For high-speed technologies, it
is mandatory to use quick-setting binders to obtain
high-strength concrete in one or two days. Therefore,
there is a need to develop high-performance fast-
hardening building composites that ensure the
commissioning of facilities in a short time and their
reliable operation throughout the entire life cycle.
Repair, restoration and reconstruction of existing
construction sites, the restoration of operational
functions of which is possible only for certain short
periods of time (underpasses, sidewalks, buildings at
airports and railways, hydraulic structures), requires
the use of effective fast-hardening materials. The

hardening process of Portland cement, which is the
basis for the production of most building structures,
is based on hydration reactions, which are referred to
as MCR. At present, the application of various types
of catalysis to almost all reactions used in chemistry,
including MCR, has become a stable trend. Even
those transformations that were previously carried
out without the use of any catalysts are now involved
in the range of catalytic processes, which reflects
the general general trend towards increasing the
efficiency of chemical synthesis.

Analysis of recent research and publications

The multicomponent synthesis of chemical
compounds became a separate area of research. The
authors of these works note a higher efficiency of
multicomponent transformations, as compared to
multistage syntheses, and the possibility of automating
syntheses based on them. In addition, new MCRs
and variants of already well-known reactions open
up access to a huge variety of structures, including
those of natural origin, which can exhibit a wide
range of chemical activity, and the range of available
compounds is constantly increasing. It should be
noted that the use of catalytic methods to increase
the efficiency of MCR has a special specificity. Such
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transformations are complex systems consisting
of a network of subreactions; therefore, traditional
methods for accelerating chemical processes (using
high temperatures, acids or bases) often do not give
the desired result. They usually act non-selectively,
accelerating side two-component reactions, leading to
the appearance of undesirable products in the system.
Methods that increase the efficiency of chemical
synthesis include the use of nanomodified water [ 1-5],
micellar solutions [6-8], and inorganic compounds
(clays, zeolites, silica gel, metal oxides, carbon
nanotubes, and nanofibers) [5; 9—16]. The use of these
methods made it possible to significantly expand the
scope of old, well-known reactions and discover a
number of new ones. In recent years, this approach
has found application in the field of MCR. The effect
of the use of all known inorganic compounds used
as nanocatalysts for hydration reactions of Portland
cement components is significantly increased with
the additional introduction of surfactants of organic
origin. In this case, micelles of surfactants are
artificially created, which are filled with inorganic
compounds. At the same time, it is known that
in water all its molecules are interconnected by
hydrogen bonds, but at the points of contact with the
organic phase, a layer of water molecules with free
OH groups is formed, which can catalyze a wide
range of reactions. The phenomenon of changing

the properties of water upon the introduction of
surfactant micelles into it was noted only in a small
number of studies [1]. At the same time, it should be
noted that all inorganic compounds currently used to
catalyze hydration reactions are inactive or inactive
with respect to water. Guidance on the development
of the “sol-gel” technology to be filled with inorganic
speech micelles for adjusting the density of concrete
[5; 9-17].

Setting objectives

The purpose of the research is to determine, using
the example of gypsum, the effect of an inorganic
substance, as a reactive powder, which is used
simultaneously with a colloidal surfactant, on the
strength of fine-grained concrete and the rate of its
formation. In accordance with the goal, the objectives
of the study are to determine the dependence of the
strength of concrete on the amount of gypsum, both
in the presence of a colloidal surfactant and without
it; to determine the effect of a colloidal surfactant
on the effectiveness of gypsum as a component of a
filled micelle — a catalyst for hydration reactions of
Portland cement components, while monitoring the
increase in concrete strength.

Presentation of the main material of the study

For the production of concrete, Portland cement
grade M400 was used by “Kryvyi Rih Cement” OJSC
(Ukraine). Building gypsum ground to a specific
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Fig. 1. Influence of surfactants on the strength of gypsum stone at the age of 7 days
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surface area of 300 m*kg was used as the reaction
powder. Sodium oleate (Simagchem Corp., China)
was used as a micellar surfactant (MPAR).

The components of the concrete mixture were
dosed in the quantities required, according to the
experimental design, in quantities, mixed with a
laboratory mixer for 2 minutes. The resulting mixture
was contained with a vibration seal in a metallic form
having a side size of 16 x4 x4 cm. Formed in this
way, concrete samples were hardened for 28 days
at an ambient humidity of 70+ 10% and an ambient
temperature of 293 +£2 K.

The compressive strength of the stone obtained
as a result of hydration of the dispersed system
“gypsum — hydrophobic surfactant — water” (Fig. 1).

The compressive strength of the stone obtained
as a result of hydration of the dispersed system
“Portland cement — hydrophobic surfactant — reactive
powder” when used as a reactive gypsum powder is
higher than the strength of concrete obtained on the
basis of Portland cement without additives (Fig. 2).
The same phenomenon is also observed at the age of
28 days (Fig. 3).

When the system under consideration contains
gypsum in the amount of 5% and a surfactant in
the amount of 0.02 %, a sharp increase in the rate of
hydration reactions occurs, which ensures an increase
in the rate of formation of concrete strength (Fig. 4).

Thus, concrete containing micelles filled with 5%
gypsum at the age of 2 days has the strength of concrete
without additives at the age of 7 days. At the same time,
the strength of concrete obtained as a result of catalysis
of hydration reactions at the age of 28 days is 120% of
the strength of concrete without additives.

When the system under consideration contains
gypsum in the amount of 10% and a surfactant in
the amount of 0.02 %, a sharp increase in the rate of
hydration reactions occurs, which ensures an increase
in the rate of formation of concrete strength (Fig. 5).
So, concrete containing micelles filled with gypsum
in an amount of 10% with a surfactant content in an
amount 0f 0.01 %, at the age of 2 days, has the strength
of concrete without additives at the age of 7 days.
At the same time, the strength of concrete obtained
as a result of catalysis of hydration reactions at the
age of 28 days is 138 % of the strength of concrete
without additives.

Thus, the presence of a complex surfactant in the
dispersed system provides increased compressive
strength of the resulting concrete.

The rate of strength gain in compression of
concrete obtained as a result of hydration reactions in
the dispersed system “Portland cement — surfactant —
reaction powder” depends on the amount of reaction
powder (gypsum under experimental conditions) and
surfactant used.
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Fig. 2. Relative strength of concrete at the age of 7 days
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Fig. 5 Change in concrete strength over time (10 % gypsum)

Under the experimental conditions, the highest
rate of curing of concrete is provided by the content
of gypsum in the amount of 5% and surfactant in the
amount of 0.02%. Concretes containing gypsum in
the amount of 10% and surfactant in the amount of
0.02 % have the maximum increase in the strength of
concrete.

Thus, surfactant micelles filled with gypsum
provide an increase in the rate of hydration reactions
of Portland cement components, which ensures an
increase in the rate of concrete strength formation.

An analysis of the results of the studies performed
showed the presence in the system under study of the

optimal content of the reactive powder capable of
entering into hydration reactions.

Conclusions

The conducted studies and their results showed that
the use of micelles of colloidal surfactants filled with
gypsum leads to an increase in the efficiency of the
use of both components. This increases the effect of
catalysis of the hydration reactions of the components
of Portland cement and the gypsum itself. An increase
in the rate of hydration of the components of Portland
cement provides an increase in the productivity of
the production of concrete and reinforced concrete
structures.
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Hunmkina 0.0. 3ACTOCYBAHHSA I'IIICY Y MIIEJIAPHOM KATAJII3I
PEAKIIIHA T'TIPATAII IOPTJIAHAIEMEHTY

s ompumanns cyuacHux OEmoHie 8UCOKOL AKOCMI 3ACMOCO8YIOMb OOCMAMHIO KIIbKICMb CNeyiaibHUx
0obasox. Haiibinbut po3noscioddiceHumu 000a8KamMu € N0BEPXHEB0-aKMUEHI peuosUHU. 3ACMOCY8aHHS NOGEPX-
HeB80-AKMUBHUX PeHOBUH NPU3BOOUMb 00 3MEHULEHHT BIOHOULEHHS 800U 00 YeMeHNY, WO, 8 CE0I0 Uepzy, NPU360-
Oums 00 30inbuler s MiyHOCMI Oemony. B motl dice yac sMeHuyemovcsi CMynins ciopamayii yemenmy, uwo npu-
3600Uumb 00 3MeHUEeHHs 008208iuHOoCmi bemony. Kpim mozo 6 Hacniook peaxyiil 3aemo0ii Midc Minepanamu
yemenmy ma noGepPXHEeB0-aKMuUGHOI0 Peio8UHOI0 YMEOPIOIOMbCA PEUOSUHU, AKI He NPUMAMAHHI yeMEHMHOMY
Kamero, sikuti meepois be3 006asox.

Bcmanosneno, wo akmusnumu KOMNOHEHMAMU CYHACHUX OeMOHI8 € Miyenu, HANOBHEHI AKMUBHUMU MiHe-
PANbHUMU HANOBHIOBAYAMU, MAKUMU 5K 2iNC, a maxodc cynepniacmugixamopamu. Onmumanbie NOEOHAHHSA
Yux 006a80OK-MOOUPIKAMOPI6 00380/IAE KOHMPOIIOBAMU PEONO2IYHI 81ACMUBOCHI OeMOHHUX cyMiell | MOOU-
Gixyeamu cmpyKmypy yemeHmHo20 KAMEeHI0 MAKUM YUHOM, wob 3abe3neuumu 61acmueocmi Oemony, wo
3a6e3neuyioms GUCOKY eKChIyamayiuny Haoitinicms koncmpykyiu. OOHAK 60HU MalOMb NEe6Hi HeOONiKU, 5KI
NePeuKo0HCaomy ix WUPOKoMy 3acmocy8anHio. Memoio 00CaiodNceHHs: € GUSHAYEHHS 6NAUBY 2INCY, AKUL BUKO-
PUCMOBYEMBCA AK PeaKyiiHull HOPOUOK, HANOGHEHUN MiYyenamu KONOIOHUX NOBEPXHEB0-AKIMUBHUX PEUOBUH,
Ha MiyHICMb NOPOWKON00iOH020 Oemony ma Kamaniz 2iopamayiinux peaxyii KOMIOHEHMI8 NOPMiaHOye-
MEHMY.

IIposedeni docniodcenns ma ix pe3yrbmamu NOKA3AAU, WO BUKOPUCTIAHHS MiYel KOLOIOHUX NOBEPXHEeBO-
AKIMUGHUX PEHOGUH, HANOBHEHUX 2iNCOM, NPU3600UMb 00 NIOGUWEHHSI eeKMUBHOCTI BUKOPUCMAHHA 000X
Komnonenmis. Lle nocunoe eghexm xamanisy peaxyit ciopamayii KOMNOHEHMI8 NOPMAAHOYEMEHMY | CAMOo20
eincy. 36invuennsn weuokocmi ciopamayii KoMnonenmie nopmaaHoyemenmy 3abesneyye nioguuyeHHs nPpooyK-
MUBHOCMI 8UPOOHUYMBA OEMOHY Ma 3a1i300eMOHHUX KOHCMPYKYIU. AHani3 pe3yibmamie npogedeHux 0oci-
0iCeHb NOKA3A8 HASABHICMb Y O0CAIOINCYBAHIN CUCTEM] ONMUMATbHO20 8MICHY PeAKYItIHO-30amMHO20 NOPOUIKY),
30amHo20 ecmynamu 6 peakyii eiopamayii.

Knrouosi cnosa: yemenm, 2inc, miyenu, MiyHicmos, HOBEPXHEBO-AKMUBHI PeHOBUHU, NiACUGIKamopu.
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