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Abstract. The object of the research is cement systems, the materials most commonly used in the
construction industry. Since people interact with construction materials all the time, they should only contain
harmless components; this requirement applies to modifiers as well. The existing liquefiers are obsolete;
there is a need for an alternative composition and production technology. The purpose of the research is,
first, to theoretically design the structure of an environmentally friendly plasticizing additive for cement
systems based on fragments of natural compounds — lipids and carbohydrates. Secondly, to select a non-
pathogenic microbial culture capable of synthesizing this product and the conditions for its fermentation.
And finally, to study the properties of cement systems containing the synthesized biomodifier. This paper
proposes novel modifiers based on fragments of natural compounds. The production process should be
based on biological synthesis running through the cellular structures of microorganisms growing in a
synthetic nutrient medium. A non-pathogenic microbial culture was ‘tamed’ to synthesize this product. The
authors further designed a synthetic nutrient medium and optimized the fermentation parameters. Ten
hours after the onset of fermentation, a fat-like substrate is added to the nutrient medium so that
Leuconostoc mesenteroides would be able to synthesize the hypothesized modifier. The output is an
efficient glycolipid plasticizer. X-ray diffraction analysis, a plastometer, a flow table, a cone, a viscometer,
a versatile press, and an ionometer were used in this research to find the parameters of the synthesized
bioadditives and cement systems based on them. The bioplasticizer injection was noted to increase the
fluidity of cement mixtures by a factor of 3 to 5. The novel modifiers greatly inhibit early cement hydration
when dosed at >0.8 wt.%. However, while inhibiting early structuring, these liquefiers strengthen the
material in the long term (3+ months). Injecting these biological additives in the mixture at up to 0.8 wt.%
produces a material that is 20+30 % stronger than the additive-free alternative and absorbs less water while
being as resistant to frost. As per our hypothesis, the microbial synthesis did in fact produce efficient cement
system modifiers for industrial and residential construction that would be subject to no environmental
restrictions.
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1. Introduction

All of us are in constant contact with construction materials over the course of our lives. For this
reason, the environmental safety of such materials is of the utmost importance.

Although the range of modern construction materials is rather vast, those where Portland cement is
the binding agent occupy pride of place. Due to their abundance, they are used practically everywhere,
despite the fact that they have several peculiarities and drawbacks. With regard to the aforementioned,
cement systems are the object of the research.

© Dudynov, S.V., 2023. Published by Peter the Great St. Petersburg Polytechnic University.
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To attenuate or decrease the defects of the latter, measures of a technological and formulation nature
are used. The fact that the classic composition, which includes cement, water, sand and gravel only, has
disappeared from practice for the time being confirms this point. The mandatory component of modern
cement mixtures includes modifying additives, the quantity of which is rather large, and it is continuously
increasing [1-10].

The additives, as a rule, possess a polyfunctional activity or some additional effect. For example,
they ensure the hardening process at temperatures below zero, accelerate it, and at the same time improve
mixture mobility, ameliorate the protective properties with regard to steel reinforcement, etc. However,
among such a broad range, one effect dominates the rest, and based on it the compound is designated
into a certain group of modifying agents.

The products possessing a plasticizing effect — diluting agents, have a special status in the whole
volume of additives. Such a standing is quite natural, since a small dose of the plasticizer is accompanied
by substantial changes both in the production technology of the parts, items, constructions, and in the
construction and technical characteristics of the ready-made material. Moreover, they are very accessible,
their cost is comparatively low, and they usually belong to the group of surface-active agents (SAA).

According to the existing gradation, there are plasticizers, superplasticizers and hyperplasticizers.
And superplasticizers on the melamine and naphthaline-formaldehyde basis, possessing high technical
characteristics, are widely used in construction. However, the mentioned substances are highly hazardous,
which makes their use in light of the toughening environmental requirements rather dubious [11-20].

From this point of view products based on polycarboxylate or acrylic polymers, which have another
molecular structure, are more preferable. The serious drawback of such compounds, however, is their high
cost, low accessibility, and heightened requirements towards qualitative figures of the used cements, which
inevitably creates limit at ions for their use in mass construction.

It is also worth mentioning that most efficient diluting agents are produced artificially — by means of
streamlined chemical synthesis. Such a method naturally envisages the production of the target compound
using special, often unique equipment, and is based on individual technology, and the chemical processes,
in any case, result in often dangerous byproducts, the utilization of which is also rather expensive.

The aforementioned expressly justifies the topicality of the research of cement composites with
plasticizers, since existing diluting agents have become exhausted, and must be changed both in their
composition and production technology [21-33].

We believe that natural substances or materials produced using their fragments have good potential
in terms of environmental figures. These are proteins, carbohydrates, lipids, nucleic acids, their derivatives
and complexes. The method of producing the mentioned compounds — the source of commercial
production, becomes rather important here.

In our view, the technological solution of the issue is in using biotechnology for producing the
compounds with a set structure, and the subsequent (as applicable) task-oriented transformation of the
produced products using the later ones as the initial raw material.

Biotechnology is based on the use of live cells — plant, animal ones, including the cells of microscopic
creatures for certain purposes. In this case we suggest the fermentative cultivation of microorganisms for
the synthesis and accumulation of desirable metabolites with the set composition and structure, with the
subsequent use of the produced compounds as modifying agents in the cement compositions.

The microorganisms synthesize various compounds, some of which possess surface activity. Due to
the large value of the surface v/s volume ratio, they are promising products capable of considerably
broadening the range of additives for concretes currently used.

A live cell may be compared to a very complex system of shops, with a change of containers with
organic and aqueous media, which contain various reagents. The cellular structures provide the required
sequence of the successive metabolic reactions, which, if decomposed, are interrupted, and the effect
begins to be produced only by hydrolytic enzymes.

The suggested concept is rather logically explained by the circumstance that a set of technological
advantages is appropriate to the substances of microbial synthesis:

1. due to complete biological destruction, the products of microbial synthesis cannot contaminate the
environment;

retain efficiency in a wide range of temperatures, pH;
are renewable resources;

have unlimited resource sources.



Magazine of Civil Engineering, 118(1), 2023

The use of biotechnology from the technological point of view is quite justified. We will substantiate
this statement in more detail.

Alternative production processes always require huge material and financial costs to equip the
factory with the necessary materials. Moreover, the installed mechanisms, engineering facilities and
appliances usually cannot be used for producing other products.

By contrast, biotechnology is based on single-type processes, appliances and devices. The correct
choice of the strain-producer is the main thing here. The optimization of the cultivation process is not very
complex and will not take much time. Moreover, if necessary, the whole system may be reset relatively
easily and quickly for the production of another target product using the same equipment and the analogous
scheme, when a simple exchange of the microbial population strain and/or growing medium for its
cultivation is required.

The main difficulty involves correctly determining the microorganism-producer able to generate the
target compound, since this synthesis can be produced by various microscopic creatures. This compound
can be constructed theoretically at the beginning, and then the required conditions for its generation must
be created using the selected microbial strain.

In principle, for biosynthesis of the required product there is a theoretical possibility of using a
producer from any taxonomic group: bacteria, fungi, yeast fungi, microalgae, molds, etc. The unique
peculiar feature of the biotechnology must be emphasized here, which is represented as follows.

If the microbial colony does not generate the required fragment, it will be sufficient to introduce a
specific reagent into the growth medium composition, thus changing the cultivation conditions in the
bioreactor, forcing the producer to absorb a new substrate. The microorganisms, adapted in their
development to such an unusual source of nourishment, subsequently start synthesizing it in large
quantities (in such cases, the term 'accustomed to' is used).

Furthermore, the conditions required for biotechnological processes differ greatly from those under
chemical effects. In particular, the main difference is that in such a case the following will not be necessary:
high temperature; high pressure; catalysts, etc. Moreover, biosynthesis usually takes place at room
temperature and under regular atmospheric pressure, making the production cycle much safer, easier, and
making it possible to organize the production of environmentally friendly products in any climate conditions
with relatively low material costs and investments.

As arule, plasticizers are products from the surface-active agents (SAA) group.
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Figure 1. Structure of surface-active agents.

The structure of surface-active agents is composed of a hydrophilic constituent, represented usually
by the polar group — carboxyl (—COOH), amino- (—NHz2), nitro- (—NOz2), oxi- (—OH), sulfo- (—SOsH) and
so on, and a hydrophobic hydrocarbon radical. Such a two-fold nature of SAAs gives to them special
properties, in particular, the ability to adsorb at the phase boundary. Moreover, with the concentration being
increased, the molecules of the surface-active agents are united into specific associates — micellae,
changing their form when the critical micelle concentration (CMC) is reached.

It is known that the SAA properties are determined by the construction of diphilic components and
their mutual position in the molecule. The influence of the hydrocarbon radical length and activity of
functional groups are distinguished here first of all.

In our view, the compound may demonstrate plasticizing properties when the missing structural
component is introduced into its composition, thereby transforming the compound into a diphilic one. That
is, for the reagents having a polar group, the hydrocarbon fragment must be injected; and vice versa, the
characteristic group must be added to the product containing the hydrocarbon radical. Such changes
transfer any compound into the category of a surface-active agent.
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As stated, the surface activity of the SAAs at other equal conditions depends on the properties of the
diphilic components. Hence, we believe that the surface activity of the substance can be increased by
substituting the functional groups for more active ones, increasing their number in the compound
macromolecule, or by injecting additional or longer hydrocarbon radicals.

Carbohydrates account for a large share of the total number of natural compounds. Studying the
structure of carbohydrates, it is easy to notice that they have an excess of hydrophilic components.
However, though the mobility of the concrete mixture after the injection of carbohydrates changes, its value
in this case is negative. According to our research tests, adding sugars (for example, dextrans and dextrins)
to the cement mixtures decreases the mobility of the latter, with a simultaneous decrease in the strength of
the hardened material.

Therefore, it is rather logical to assume that to produce an efficient sugar-based plasticizer, a
hydrocarbon chain of lipids must be implanted into the latter, which may consist, for example, of a fatty
acid. Injection of the hydrophobic link into the carbohydrate molecule will be accompanied by a change in
the structure and molecular mass of the compound, its lyophilic-lyophobic balance, CMC, which, in turn will
influence the properties of the final product, and, if the latter is injected into construction mixtures, will
produce a plasticizing effect.

The synthesis of bioSAA, in our view, may take place during the development of the microbial colony
only after the injection into the growing medium at a certain stage of fermentation of special ingredients —
fatty acids, vegetable oil or other lipoids. This is due to the fact that, after a certain period of time, the
sufficient quantity of developed cells with accumulated carbohydrates is contained in the producer
population. Adding the fat-containing substrate to the growing medium composition changes the cultivation
conditions, breaching the C/N ratio in favor of carbon, thus stimulating the formation of lipids [37—40].

It should be pointed out that over the course of various development stages, all types of microbial
creatures must generate and accumulate carbohydrates as an auxiliary material and source of energy.
Adding the reagent containing the lipid fraction (vegetable oil, oleic acid, etc.) changes the cultivation
conditions, forcing the bacteria to absorb the new component. The subsequent generations of
microorganisms cultivated in such conditions will be 'accustomed to’ synthesizing it. The process of
intensified accumulation of lipids is further enhanced by the intensive growth in the number of senescent
cells, which are characterized by an increased fat content. Given the ability to maintain optimal existence
conditions, the population of microorganisms tends to use the available material to construct new cells.
Biochemical transformations take place simultaneously in cellular structures, accompanied by the
integration of fatty acid molecules into the structure of oligomer links in the carbohydrate fragments. New
glycolipid type molecules, having the following structure, are formed and accumulated during the
transformation of initial substrates:

CH CH
CH, CH,
i n=7 i n=7
CH CH
2 2
CH CH
CH CH
CH, CH,
! n= ! n=7
CH, CH,
0=C HO_ 0 C=
A
CH,0 C CH,0
0 0 0,

OH OH OH
Figure 2. Structure of new glycolipid type molecules.

It is easy to notice that the structure produced is analogous to that of glycolipids. Glycolipids, as is
known, possess the highest surface activity among natural SAAs [34—40].

Based on the proposed theoretical concept, we have successfully synthesized non-hazardous
biomodifiers for construction mixtures.

The task of the work is to develop efficient and environmentally friendly plasticizers for construction
purposes, which include or are composed of the fragments of natural compounds: 1) using the methods of
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biotechnology, namely streamlined microbial synthesis; 2) modification of the existing ones, without
producing reagent byproducts.

To achieve the set task, the following issues must be solved:

to demonstrate the possibility of transforming the initial compounds into SAAs by means of
streamlined microbiological reconstruction of their composition and structure;

to search for substances possessing the surface-active properties among natural products, i.e. those
being potential plasticizers for the cement systems;

to demonstrate the expedience of using biotechnology for the synthesis of compounds with the set
composition and structure;

to find strains of microorganisms suitable for cultivation in such processes;
to study the rheological properties of cement compositions with bioSAAs;

to examine the construction and technological characteristics of the cement systems with the
produced biomodifiers.

2. Materials and Methods

Cement mixes were prepared using several cements, the technical performance of which is
demonstrated in Tables 1 and 2.

Table 1. Cements chemistry.

Composition, %

Cement No. -
CaO SiO2 Al2O3 Fe203 MgO SO3
1 2 3 4 5 6 7
Z1 58.7 28.31 4.21 3.44 1.41 2.3
Z2 60.27 24.55 4.50 4.05 0.82 2.64
Z3 63.46 20.58 4.74 4.23 1.74 3.21
Z4 64.9 20.8 4.2 3.5 1.1 3.0

Table 2. Cements mineralogy.

Composition, %

Cement No
CsS C2S C3A CsAF
1 2 3 4 5
Z1 57.73 23.3 5.01 10.46
Z2 61.6 17.1 4.9 13.3
Z3 62.99 15.01 5.51 14.35
Z4 73.0 8.7 5.3 11.6

The specific surface area of the cements is 2370-2850 cm?/g.

Samples, forms, equipment and test methods comply with EN 12350, EN 12390, CR 13901, EN 196,
EN 934.

To study the structural changes in cement systems, an X-ray phase analysis was performed on the
X-ray diffractometer with X-ray intensity ionization registration. Copper chl -radiation and nickel filter were

used in the study. Powder diagram was taken at room temperature in the following mode: tube current is
16 mA; voltage is 30 kV; RC time is 2 s; diagram chart speed is 720 mm/hour; recording scale range is

1000 imp/s. When determining the hydration degree (o) was in the (20) 8-57° range of angles with a
counter speed of 1 °/min twice with the sample repacking.

The base cement from which the cement stone of the control composition was obtained, was used
as an external standard for determination of the degree of hydration of clinker minerals. In this case, a
clinker of minerals is determined from the formula:

o= [1—i}<100%, )
Jo
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where J; is line intensity of a given phase in the base unhydrated cement; J_ is line intensity of the same
phase in the hydrated cement.

The cement stone was formed during the hardening of the cement paste prepared with a constant
water-cement ratio and a corresponding proportion of modifier additive.

By comparing the intensities of analytical lines selected for each crystal formation in time we
determined the amount of unhydrated substance of cement clinker minerals.

The degree of C4AF hydration was not determined.

To calculate the hydration of clinker minerals, the line of average intensity with d = 2.204 A was
chosen as the analytical line for CsA; a-C2S is the line with d = 3.869 A; B-C2S is the strong line with
d =2.189 A, not overlapping the lines of other minerals; CsS is the strongest line of intensity “100” on the
100-point scale with d = 2.776 A.

The mobility of the concrete mix was determined by the standard cone slump. The comparison was
made with the control composition.

The effect of additives on the mobility of cement mortar was made by comparing the spreads of the
control composition and compositions with the additives obtained from the experiments on the shaker
apparatus.

The water absorption of the material was determined by the storage of samples in water during the
specified time.

The study of the structure formation process was carried out on a cone plastometer. The method
consists of determining the mechanical properties of the cement mix and the nature of their change over
time. Here the controlled item of the system is its plastic strength, which is calculated on the readings

recorded when the cone is penetrated at the same depth. The plastic strength of the cement paste “ P,,”
was calculated as per the formula (2)

Py =Ko x—-, MPa, @

o 2!
m

where P is load on the cone, kN; hnzq is cone penetration depth, cm; K is cone constant, moreover,

1 o o
K,6 =—xcos—xcot—, 3
“r 2 2 )

where o is cone-apex angle (in its axial plane).

During concreting, the process of material hardening can occur both under normal conditions
(t=291--294 K, W = 95-100 %), and in curing. Bearing this in mind, the following curing mode was adopted
(in hours): preliminary curing + temperature rise + isothermal warming + temperature drop =2 + 3 + 7 + 4.
The temperature of isothermal warming is 35312 K [41-44].

Generally, bioadditive production technology includes the following operations:

e preparation of a sterile synthetic medium;
e sowing fermentation — inoculum cultivation;
o fermentation.

When choosing a producer culture for biomodifiers, not only its ability to synthesize the necessary
compounds fast and in great numbers, but also their localization is of significant importance. According to
this indicator, microorganisms can be divided into two groups: 1 — microorganisms that accumulate
metabolic products inside the cell (intracellular); 2 — microorganisms that get them into the cultural liquid
(extracellular). It stands to reason that to extract intracellular metabolites, it is necessary to destroy cellular
structures someway, which naturally complicates the process at the instrument level. Therefore, in some
cases, less productive cultures that produce extracellular metabolites may be preferable to highly
productive ones that accumulate biosynthesis products in cellular organoids. Here, the individual
peculiarities of the microbial population can be crucial in terms of the choice of a particular species
[45-48].

Leuconostoc mesenteroides bacteria cultivated on a synthetic medium were selected as a producer.
The basis for this decision is the following factors:
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The first and most important factor is that the microbial culture is not pathogenic.

Second, biosynthesis compounds formed during the cultivation of colonies are localized not in
cellular organoids, but outside them. That is, we will not require additional operations for their extraction
subsequently. Consequently, the process chain becomes much shorter and simpler at the instrument level.

Third, Leuconosloc mesenteroides accumulates metabolic products encapsulated. Moreover, the
walls of the capsule consist of structures that are easily destroyed by the exposure of even weakly alkaline
media. Thus, after fermentation, additional stages for extracting the preparations will not be required, since
the hydration reaction of the cement clinker is accompanied by the formation of calcium hydroxide, which
gives the pore liquid pH = 7 or more, which is why the biomodifiers get into the cement system directly.
Therefore, the additive can be introduced in the form of a cultural liquid at a particular.

Fourth, the use of a synthetic (artificial), rather than a natural medium for the growth of the microbial
population ensures the stability of the properties of the synthesized product.

We used the following composition of the medium: potassium chloride is 0.1 g; magnesium sulfate
is 0.1 g; potassium phosphate monobasic is 1.0 g; disodium hydrogen phosphate is 2.5 g; ammonium
chloride is 0.5 g; Mohr's salt is 0.01 g; paraaminobenzoic acid is 0.05 g; peptone is 0.2 g; refined sugar is
100 g; apyrogenic water (water for injection) is 1000 ml; oleic acid — 0.14 g (for the synthesis of the product
with the index “O-1"); — 0.18 g (for the synthesis of the product with the index “O-2"). A sterilization stage is
required to prevent the development of other microbial organisms, including wild ones. Sterilization was
carried out in one of the temperature conditions: 378 K — 20 minutes or 390 K — 10 minutes.

To get glycolipid plasticizers, the bacterial culture was grown in flasks with a medium in a shaking
mode (160 rpm). The culture medium was inoculated as 1 tube with seed per 100 ml of medium. Ten hours
after the start of cultivation, a specific substrate (vegetable oil or oleic acid) was added to the medium.

The duration of the cultivation period was 24-48 hours at a temperature of 296-298 K. Considering
the fact that the number of accumulating lipids in the individual cells of the producer colony increases with
aging, the preference should be given to processes with a longer duration. After completion of the
fermentation, the surfactant of the microbial synthesis of the glycolipid base is ready for use as an additive
in cement systems. If the components containing a fat-like substrate (vegetable oil, oleic acid, etc.) are
excluded from the composition of the medium, the selected bacterial strain that is not “accustomed” to the
synthesis of the lipid fraction accumulates only polysaccharides, and the biomodifier is not formed.

During the experiments on the selection of parameters for fermentation, the following factors
significantly influence on the indicators of the resulted substances:
¢ the oxygen concentration and carbon dioxide in the cultural liquid,;
e stimulating additives;
e time of specific substrate introduction;
e cultivation duration;
e mixer rotation speed.

Moreover, when introducing the type and dosage of the added reagent have a significant impact on
the quality indicators of the synthesized biomodifier.

3. Results and Discussion

Without insight into metabolic reactions occurring in the course of fermentation, we should note that
chemically the resulting compounds are typical surfactants.

Therefore, the operating principle of the resultant biomodifiers can be briefly described as follows.

By adsorbing on cement system’s components with a polar «head» and an outward-orientated «tail»,
surfactant molecules smoothen sharp edges, angles, and surface roughness, thereby making grains more
rounded, which in turn makes the mix more flowing. In addition to the above, we should note that with the
hydrocarbon «tails» being orientated outwards the hydrophobic repulsive forces occur between them that
hinder the grain aggregation process. l.e., synergism effect is obvious here that intensifies the plasticizing
effect.

But an adsorbed surfactant layer has also another effect.

Hydrocarbon chain “pale fencing” intrinsically hinders water molecules’ penetration to the surface of
clinker grains, which extends the time of setting and solidifying. This fact is supported by hydration process
deceleration, which is clearly seen when comparing charts that demonstrate plastic strength changing of
the reference (plain) cement system and mixes with a biomodifier.
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Figure 3. Structure formation of a cement paste with a glycolipid additive (% of cement).

In terms of plasticizing effect comparison, it should be highlighted that this effect is determined by a
quantitative dosage of the fluxing agent added and is not influenced by a qualitative composition — paste,
mortar, or concrete mix. That means that developed modifiers increase the flowability of cement pastes,
cement mortars, and concrete mixes. The same plasticizing technique from the proposed bioadditives
emerges in systems prepared using the different cements, though their quantitative characteristics vary
widely.
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Figure 4. Bioflux effect on the flowability of systems prepared using the different cements.
In general, though, greater importance of fluxing is characteristic of poly-cement mixes.

In-process devices and designs are often exposed to negative environmental factors, specifically —
to sub-zero temperatures. Moreover, the concrete freeze-thaw resistance is significantly impacted by the
number of open water penetrable pores. The biosurfactant use in certain dosage appeared to not
compromise the freeze-thaw resistance. This parameter of a modified concrete in the dosage of 0.2~0.3 %
of cement mass retains the level of a plain composition, as demonstrated by sample compression test
results after multiple freeze-thaw cycles (see Fig. 5).
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Figure 5. Material strength change with exposure to various biomodifier dosages
after alternating freezing and thawing.
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When exposed to sub-zero temperatures, the structure of a construction materials undergoes
negative changes. Ultimately, developing destructive processes cause material breakage regardless of the
initial mechanical strength value. With that in mind, one of the most significant features of concrete is its
porosity [49-51]. In addition, we can have a certain understanding of a pore space within the structure of
hardened concrete via its water absorption kinetics. The nature of charts shows that the use of an additive
does not result in a drastic concrete porosity change.
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Figure 6. Concrete water absorption kinetics versus different bioadditives’ dosages.

Lines showing the mass increase of samples formed of concrete mixes with various glycolipid
modifier dosage and reference (plain) composition are strictly synchronous. It proves that the pore size has
not changed. However, general porosity of a material with added fluxing agent is lower than in a concrete
made of similar blank mix compositions, which is evidenced by a higher position of the reference
composition line.

There are rather interesting results with changes in strength characteristics of a material with various
content of biomodifier hardening in normal conditions.
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Figure 7. Time variation of the strength of a cement mortar
with a glycolipid additive under normal hardening condition.

Apparently, short-term strength of blocks formed of mixes with an additive is more than 0.8 % lower
than corresponding values of a reference lot (plain). However, this difference gradually fades away over
time and with the lapse of three months the strength characteristics of samples made of the blank mix no
longer exceed those of compositions with a plasticizer.

The findings are a solid proof of screening effect of the adsorbed biosurfactant layer on the surface
of cement grains.

On the basis of these findings, we can conclude that it is quite possible to add glycolipid bioadditive
of up to 0.8 % of cement mass. Such dosages make the modified material strength not only comparable to
similar parameters of a reference composition, but even higher by up to 25 % at three months.
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The cement clinker minerals hydration in mixes containing a glycolipid modifier after hygrothermal
processing may be evaluated by the resulting X-ray phase analysis of diffraction patterns shown on.
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Figure 8. X-rays of a cement stone with a glycolipid plasticizer after hygrothermal processing.
Additivecontent (% ofcement): 1-0; 2-0.1; 3-0.25; 4-0.5; 5-1.
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The glycolipid additive compositions show the lower degree of hydration of base minerals than in a
reference (plain) composition mix with a higher crystalline hydrate content than in any other mixes.

Thus, the use of biosurfactants hinders the hydration of clinker minerals during hygrothermal
processing of a material, with the perfectly structured compounds to form. The latter is confirmed by
predominance of single peaks on powder diffraction patterns of compositions with an additive compared to
fuzzy apexes on the reference composition X-ray.

Occurring changes may be the result of additive sorbing on hydration products and hindering
structure forming processes. Hydration inhibition by an adsorption layer of a modifier has the most
significant impact on the material strength at early stages of hardening. During this period there are
significantly less hydrated newgrowths formed in mixes with a bioflux, which means their strength
characteristics are lower. In the course of time the negative impact of an additive (on strength
characteristics) weakens. It is quite possibly related to activation of hydration products’ surfaces by
modifier's molecules followed by embedding of these molecules into the forming material structure.

Structure forming inhibition will inevitably affect the cement system flowability as well. Cement agent
hydration deceleration along with newgrowths forming processes leads to release of a portion of water,
which is an additional factor for plasticizing effect increase. These are the conditions that are created by
introduction of glycolipid modifiers into the composition of cement mixes.

One may evaluate the extent of impact of a fluxing agent dosage on the flowability of a mortar mix
by the charts shown on Fig. 9.
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Figure 9. Impact of a modifier on the mortar spread (cement —Z1, mortar:sand = 1:3, W/C = 0.64).

As we can see, the most significant increase in flowability is observed at the consumption rate of a
plasticizer of up to 1.5 % of cement mass, while its higher amount is not so effective. In fact, a higher
additive dosage is not reasonable, as fluxion is disproportionate to its consumption rate. We believe that
these observations are related to saturation of surfaces of cement paste newgrowths at agent introduction
of no more than 1.5 % of cement mass. Further concentration of plasticizer molecules in a dispersion
medium doesn’t lead to its fluxion increase, but only hinders the formation of new phase contacts instead,
which inhibits the new structure forming [52-55].

This fact is especially obvious on the charts of cement paste setting in the presence of bioadditives.

Therefore, molecules of the fluxing agent in a dispersion system are adsorbed on surfaces of highly-
dispersive components by polar groups, creating a molecular layer with outward-orientated hydrocarbon
radicals. Due to worsening of hydration conditions the structure forming processes are decelerated, and
strength development shifts to the long run.

Notably, the most significant effect of biomodifier's adsorption layers is observed in mixes with highly-
dispersive grains and anisometric particles with sharp edges, angles, and defective surfaces. In this case
the grain shape is changed due to smoothening of sharp edges, angles, and surface irregularities by
adsorbed layers of biosurfactant molecules that simultaneously create a structural-mechanical barrier.
Cement paste, the most active concrete mix component, is such a system. That is why, additive’s molecules
adsorbed on surfaces of concrete mix disperse components draw them aside, acting as a kind of lubricant
as well. In turn, highly-dispersive grains covered with an adsorption surfactant layer along with particles
that have anisometric shape hinder aggregation of larger components, thereby enhancing cement system
fluxing.

This is a general, basic, and brief description of the essence of processes that take place in cement
systems with added biomodifiers.
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The existing liquefiers are obsolete; there is a need for an alternative composition and an alternative
production technology.

Alternative modifiers should be found among natural compounds or synthesized from their
fragments; industrial production of such modifiers should use biotechnology.

The authors theorized upon a cement plasticizer based on fragments of natural compounds, lipids
and carbohydrates, and theoretically constructed its structure.

They picked a non-pathogenic microbial culture, Leuconosloc mesenteroides, and ‘tamed’ it to
synthesize this product.

The authors further designed a synthetic nutrient medium and optimized the fermentation
parameters.

Experiments showed that adding the newly made biological surfactants to the cement composition
delayed the structuring. Higher doses (>0.8 wt.%) resulted in the most prominent delay in the early hydration
of crystalline cement formations. The additives would be adsorbed on the finely dispersed components of
the binder, thus preventing the water-clinker interface.

Cement systems with these biomodifiers showcased absorption combined with chemical effects, i.e.
chemisorption. Chemisorption was the first of all of the characteristics of the components in the surficial
active centers. As a result, the most active components were neutralized early in hydration.

Thus, the microbially synthesized surfactant had a strong liquefying effect on cement systems of any
composition regardless of the binder concentration.

The authors found that a high dosage (>0.8 wt.%) is strongly not recommended for glycolipid
liquefiers. The reason is that it not only inhibits clinker hydration but also reduces the strength of the cured
concrete.

On the other hand, while early structuring may be slower, such biomodifiers do strengthen the cured
material in the long term. Experiments showed that the optimal dosage of the liquefier (up to 0.8 % wt.%)
produced a material that was 20+30 % stronger than its additive-free counterpart. Frost resistance was not
compromised. In addition, cement composites with the glycolipid additive were noted to absorb less water.

Based on the theoretical concept put forward, the authors successfully synthesized friendly
biomodifiers for construction mixes.

Thus, microbial synthesis produced efficient cement system modifiers that would be subject to no
environmental restrictions for industrial and residential construction.
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