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INVESTIGATION OF THE EFFICIENCY
AND POTENTIAL POSSIBILITIES

OF PAPER PROTECTION BY SILOXAN
IN WET ENVIRONMENTS
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amouysanus, Koegiuienm epexmusnocmi saxucnoi Oii.

1. Introduction

Cellulose-based materials are widely used in various
industries due to the presence of a complex of valuable
physical and chemical properties. Their main advantage is
environmental safety. At the same time, the peculiarities of
their composition and structure (the presence of hydroxyl
groups, high porosity, etc.) necessitate their protection,
especially in humid environments. One of the effective
ways to solve this problem can be the use of thin-layer
silicone coatings. In this regard, the development of such
coatings and assessment of their potential application pos-
sibilities is topical.

2. The ohject of research
and its technological audit

The object of research is a winding paper based on un-
bleached cellulose (100 % by weight) thickness 70£3 pum
(GOST 1931-80), which has the following properties:

— porosity — 55.0 %;

— density (g/cm?®) geometric — 0.64 and true — 1.42;

— water absorption — 58.7 wt. %;

— moisture absorption — 17.7 wt. %.

Unbleached pulp-based winding paper is in high demand
in the industry as a packaging material. However, one
of the most problematic places is that this paper is very
unstable when exposed to corrosive media. Therefore, the
task is improvement of its properties by siloxane treatment.

3. The aim and ohjectives of research

The aim of research is evaluation of the effectiveness
of the application and the potential for thin-layer silicone
coatings of various reactivity for protection of unbleached
pulp paper in humid environments.

To achieve this aim, it is necessary to solve the fol-
lowing tasks:

1. To investigate the hydrophobic properties and the
fungi resistance of the surface of the treated paper.

2. To carry out a study of the tensile strength and
dielectric parameters of the treated paper.

3. To conduct IR spectrometry of porous aluminosilicate
glass.

4. Research of existing solutions
of the prohlem

Materials based on plant polymers, in particular cellulose,
have a set of valuable physical and technical properties that
open up broad prospects for their functional application and
for packaging and the production of structural elements [1, 2].
Their special advantage lies in high ecological safety.

Ensuring the availability of a line of necessary qualities
is achieved to a large extent due to the use of different
types of cellulose and effective methods of its processing into
special purpose paper. Particular attention is paid to their
effective strengthening by treatment with various chemical
preparations (paraffin, polyamide resins, silicates, etc.) [3].

The need to strengthen the paper is due to the high
chemical activity of cellulose due to the presence in its
composition of a significant number of hydroxyl groups,
porosity (up to 60 %) and multi-cycle mechanical loads
during operation [4].

Particular attention is required to protect it when
operating in wet conditions. The presence of a layer of
adsorbed water on the surface can adversely affect the
physical and technical properties. The degree of such in-
fluence is determined by the energy state of the substrate
surface and by the wettability of its water in the liquid-
crystal state and the adsorption of water vapor [5, 6].

The effect of sorbed moisture on organic materials can be
manifested in the Rehbinder effect, changes in intermolecu-
lar interaction, hydrolysis and mechanical destruction [7].
The increase in moisture permeability is promoted by:

— high polarity, especially of the side groups of macro-

molecules and the presence of numerous double bonds;

— weak ordering of the structure of chemical poly-

mers, greater branching of the side groups and had

the symmetry of macromolecules;
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— incomplete measure of the pouring of polymers hav-

ing reaction groups, etc. [8].

Daily fluctuations in air humidity can accompany sorp-
tion and desorption of moisture with cellulose-containing
materials. In this case, due to the specific nature of their
structure and, as a consequence, the low diffusion coefficient
of moisture in some cases, the occurrence of deformations
leading to destruction [9] is not ruled out.

Among effective directions in the field of protecting
paper and products based on it in humid environments,
the use of thin-layer coatings based on organosilicon com-
pounds of different classes deserves attention. Successful
use of them requires taking into account the features of its
porous capillary structure, small thickness and anisotropy of
most physical and technical properties for sheet materials.
In addition, no less important are such physicochemical
features of cellulose-containing substrates:

— high content of hydroxyl groups in their composition;

— increased hygroscopicity;

— possibility of occurrence of mechanical deformations;

— relatively low mechanical strength in thin layers;

— insignificant chemical resistance to chemical com-

pounds with pH different from neutral,

— a wide range of applications for various functional

purposes [10, 11].

5. Methods of research

Modification of the paper surface is carried out by
immersion in 3-5 % by volume solutions in water, organic
solvents or an aqueous dispersion of organosilicon products:

— potassium methyl siliconate (MSP);

— polymethyl-(PMGS) and polyethylhydride siloxane

(PEGS);

— polymethyl- (PMS) and polyethyl siloxane (PES);

— ethylsilicate hydrolyzate (ESHL) and their modi-

fications based on MSP (MSPM and MSPC) and

polyalkylhydride siloxane (PMGSM and PEGSM).

Two-layer coating schemes are applied with an adhesive
half-layer based on ethylsilicate hydrolyzate or potassium
methyl siliconate and its modifications followed by over-
lapping of polyalkylhydride siloxane. Curing is carried out
by heat treatment at 100-120 °C [12].

The effectiveness of the protective action of silicone
coatings is evaluated:

— in humid environments (relative humidity 95-98 %,

exposure time — 60 days);

— in the presence of microscopic fungi (30 days);

— in the presence of salt fog (25 days, fog water —

2-3 g/m?, dispersity — 1-20 microns) [13].

During the paper test, the following parameters are
monitored [14, 15]:

— the contact angle of the surface wetting by water (0),

degrees;

— change in mass, %;

— fungi resistance, point;

— degree of screening (X), %:

X=K(1-cos8,),

where cos0, — the cosine of the surface wetting angle;
K — tensile strength (as a percentage of the initial).

In addition, it has been proposed to use the comparative
efficiency coefficient of the protective action (CECPA),
which allows to obtain a more objective picture of the

change in the strength of the paper during the testing in
comparison with the untreated material [16]:

CECPA=(o?/0)/(0i/0u), €))
where 62 i 6! — respectively, the destructive load of coated
paper after and before the test; 62 and o}, — respectively, the
destructive load of uncoated paper after and before the test.

Infrared spectra of siloxanes after curing on the surface of
a porous aluminosilicate glass and holding under hydrother-
mal conditions at a water vapor pressure of 0.8 MPa are
recorded on the Specord-75JR (Canada). The choice for the
investigation of aluminosilicate glass is due to its chemical
inertness and the ability to adsorb a significant number of
modifiers, ensuring the necessary reliability of the analysis [17].

The nominal tangent of the dielectric loss angle is mea-
sured at a frequency of 1000 Hz after holding the material
in a moist medium [18].

6. Research results

Comparison of the obtained data with respect to the
wettability of the paper surface after exposure in humid
environments of varying degrees of aggressiveness showed
an ambiguous change of the latter [19]. The maximum
values of the contact angles of wetting at the level of
71-72°, respectively, after 60 days of soaking in a humid
environment and 25 days under similar conditions in the
presence of salt fog. Their minimum values at 45° are
observed after 30 days of exposure in a humid environ-
ment with microscopic fungi (Table 1).

Surface treatment with formulations based on in-
dustrial organosilicon products, their modifications and
two-layer systems allows for a high level of hydrophobic-
ity. The value of the contact angles of water wetting is
96(HEGS)-104(PEGS) degrees after 60 days exposure
in moist environment with the use of industrial products
and 101-104° for their modifications and bilayer systems.
The degree of screening of the surface is in the range
87.3-92.1 %. The average arithmetic data for the study
groups of coatings for edge wetting hangers are at the level
of 101.1-103.2°, and the screening degree is 94.2-96.6 %.

The hydrophobic properties of the surface of the treated
paper are less stable under conditions of aging for 30 days
in a humid environment with microscopic fungi. The mar-
ginal angles of wetting with the use of industrial prepa-
rations are at the level 69(PES)-83(PEGS) degree, and
the screening degree is respectively 50.7-69.4 %.

Modification of siloxanes allows increasing the water-
repellent properties of cellulose-containing substrates to
the level of angles 6 78(MSPM)-84(PEGSM) degrees
and X - 62.6-70.8 %.

An even better effect is achieved when using two-layer
coatings, when the marginal angles increase to a level of
86(MSP/PEGS)-88(ESHL/PMGS, MSPM/PEGS) de-
grees at a screening degree of 73.5-76.1 %.

According to the arithmetic average, the coverage of
fungi in the part of the marginal angles is 77.3, 82.0 and
86.7°, respectively, and shielding is 61.7, 68.0 and 14.4 %,
respectively. According to absolute criteria for minimizing
the wetting of the paper surface with water, two-layer
compositions based on ethylsilicate hydrolyzate and modi-
fied methyl siliconate potassium should be noted, followed
by overlapping of polyalkylhydride siloxane.
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Tahle 1
Change in properties of paper with silicone coatings after exposure in a humid environment (relative humidity 95-98 %)
60 days 30 days in the presence of microscopic fungi | 25 days in the presence of salt fog
Type of coating The contact | Screening | Weight rlf;hr-:l:‘_e- The contact | Screening | Weight | The contact | Screening | Weight
wetting degree, | change, |, wetting degree, | change, wetting degree, | change,
angle, deg. % % 511:5'13?;;::, angle, deg. % % angle, deg. % %
Without cover 71 - 11.9 4 45 - 4.4 72 - 18
Based on industrial products: MSP 102 95.4 10.1 2 81 66.7 1.8 80 B65.2 -4.4
PMGS 103 96.8 8.2 3 82 68.0 2.6 83 69.4 -1.6
PEGS 104 98.1 8.1 2 83 69.4 2.9 84 70.0 -18
PMS 102 95.4 7.8 1 77 62.3 2.1 81 66.7 0.4
PES 99 91.4 7.4 0 69 50.7 2.2 83 69.4 0.2
ESHL 96 87.3 8.9 2 75 58.8 2.4 74 58.6 1.5
Based on modified coatings: MSPM 101 94.1 8.7 1 78 62.6 2.3 76 61.2 -5.1
MSPC 102 95.4 8.6 1 79 63.9 2.2 77 62.3 -5.4
PMGSM 104 98.1 6.6 2 83 69.4 2.3 83 69.4 -0.5
PEGSM 102 95.4 6.3 2 84 70.8 2.4 86 73.5 -0.6
two-layer: ESHL/PEGS 103 96.8 7.5 2 87 74.8 2.1 80 70.8 -0.7
ESHL/PMGS 102 95.4 7.3 2 88 76.1 2.0 81 66.7 -0.9
MSF/PEGS 101 94.1 7.6 1 86 73.5 1.8 81 66.7 -4.2
MSPM/PEGS 102 85.4 7.2 1 87 74.8 2.8 82 68.0 -4.5
MSPC/PEGS 104 98.1 7.1 1 88 76.1 29 79 63.9 -4.1
Note: the «» sign means weight reduction.

Among the subjects exposed to wet environments,
the exposure for 25 days in the presence of salt mist is
accompanied by the most noticeable hydrophilization of
the surface of the modified paper. The average arithmetic
indices in the corners are 79.7-81.4°, and in the screening
degree — 65.3-67.7 %.

A more detailed analysis of the dynamics of the change
in the last parameter during the tests revealed a similar
character for different coatings (Fig. 1). Regardless of
the composition of the latter, an increase in the exposure
time to 25 days is accompanied by an almost monotonic
decrease in the screening degree in the range of 10-20 %.
The most noticeable changes occur in the range from 4
to 8 days of testing.

The stay of paper in various moist environments is ac-
companied by an ambiguous change in its mass (Table 1).
From the increase to 11.9 % after 60 days of action of
water vapor, to a decrease of 4.4 % after 30 days of si-
multaneous exposure to moisture and microscopic fungi.

The use of organosilicon coatings significantly reduces
moisture absorption to 47 % (PEGSM) in the first case
and up to 60 % (MSP, MSP(PEGS)) exposure in a humid
environment with microscopic fungi. Fungal resistance of
the modified paper grows from 4 to 1-2 points.

The presence of salt fog in a humid environment has
an ambiguous effect on the change in the mass of pa-
per with silicone coatings. Against the background of its
growth by 1.9 % for the initial material, a decrease due to
surface treatment with modified siloxane to 0.5-5.1 % or
an increase of 0.1—1.5 with the use of polyalkyl siloxanes
and hydrolyzate of ethylsilicate is possible.

Destructive processes that occur in the composition of
unbleached pulp paper and are manifested by hydrophi-

lization of its surface (after exposure in humid environ-
ments of varying degrees of aggressiveness) and changes
in mass are accompanied by deterioration in the mechani-
cal strength of the latter. Its decrease for the starting
material is from 21.5 (60 days in a humid environment)
to 60 % (after 30 days of exposure to moisture and the
presence of microscopic fungi) (Table 2).

The surface treatment of paper by organosilicon com-
pounds of various compositions allows cardinal stabilization
of its tensile strength [20]. So, after 60 days of exposure,
the change of the latter for the vast majority of coating
systems is from 3.8(MSPC) to 0.6(ESHL/PEGS). The
minimum values of the comparative efficiency coefficient of
the protective action, which makes it possible to evaluate
the changes in mechanical strength, taking into account
the behavior of the substrate itself during the testing and
the degree of protection by the silicone coating, were
noted at the level of 1.03 when treated with potassium
methyl siliconate. This is due primarily to its low stabi-
lizing ability in terms of tensile strength (89.3 % versus
78.4 % in paper without finishing).

According to the absolute level of the evaluated indica-
tors, the advantage in this type of testing belongs to poly
(methylhydric) siloxane in combination with ethylsilicate
hydrolyzate (tensile strength is 99.4 % of the initial value).

In wet environments with microscopic fungi, the ba-
sic silicone compounds provide a mechanical stability of
86.1(MSP)-93.2(ESHL) % of the initial strength. The
effectiveness of the protective action is estimated by a fac-
tor of 1.03(PMS)—1.09(PMGS).

Modified organosilicon compounds provide mechanical
strength in the range of 93.1(MSPC)-97.1(PEGSM) % of
the initial at CECPA levels of 1.02(PMGSM)—1.18(MSPC).
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Fig. 1. Change in the screening degree of paper with an organosilicon coating when exposed in a humid environment in the presence of salt fog:
a — ESHL/PEGS and MSPM/PEGS; b — PESGM and MSPC; ¢ — PEGS and MSP

Tahle 2

Tensile strength (% of paper with silicone coatings (% to original) after exposure
in moist environment (relative humidity 95-98 %))

Two-layer coatings, which in the previ-
ous version of testing are more effectively
provide stability of paper strength in a moist
environment in the presence of microscopic

30 daysin | g days in the fungi. The maximum (97.7 % of the strength
the presence Co .
60 days of micrascopic | PrSEnCe of from the initial) and the minimum (91.8 %)
i . It fog . . o
Type of coating fungi 5a effects are achieved by using modified me-
Tonsil Tons] Tons] thyl siliconate potassium in combination
ensile ensile ensile . . .
torce | CECPA | o " | CECPA | " " | CECPA | with polyethy.lhydrlde sﬂoxapg. Th.e level
of the protective action coefficient is from
Without caver 784 | - | 387 | - | 842 | - 1.03(ESHL/PEGS) to 1.11(PMGSM/PEGS).
Based on industrial products: MSP | 893 | 1.03 | 861 | 104 | 855 | 1.15 The best effect on the preservation of the
tensile strength of paper among the studied
PMGS 9.7 | 122 | 891 | 1.03 | 303 | 114 compositions according to CECPA is recorded
PEGS 972 | 127 | 886 | 108 | 832 | 115 | with the application of MSPC/PEGS.
The tensile strength of paper after expo-
PMS 98.4 1.07 89.7 1.01 91.2 1.03 s : . . :
sure to salt mist in combination with a moist
PES 99.0 | 107 | 884 | 1.06 | 904 | 1.02 medium occupies an intermediate position
among the test variants described above [21].
ESHL 978 | 117 | 832 | 107 | 936 | 1.07 The tensile force is reduced to 64.2 % of
Based on modified coatings: MSPM | 96.2 | 1.15 | 93.1 1.05 | 885 1.00 the initial force.
MSPC 971 | 114 | 983 | 118 | 848 | 096 It is estgbhshe_d that t.h.e effectlvepess gf
the protective action of silicone coatings in
PMG5SM 984 | 111 | 8957 | 102 | 821 | 1.01 terms of preserving the strength of paper is
PEGSM 98.7 1.12 971 1.05 926 1.02 determined, flrst Of aH, by the COInpOSitiOIl
of the latter. Regardless of the schemes of
Two-layer: ESHL/PEGS 99.4 1.11 97.2 1.03 | 944 1.02 their application, a less tensile force at the
ESHL/PMGS 992 1.13 96.6 1.04 93.7 1.01 level of 84.6-90.1 % of the initial value is
fixed when using coatings based on potas-
MSP/PEGS 926 | 110 | 945 | 105 | 847 | 094 sium methylsiliconate and its derivatives
MSPM/PEGS 98.1 | 1.09 | 952 | 1.11 | 1033 | 0.99 in various combinations. The exception is
the MSPC/PEGS system (tensile force of
MSPC/PEGS 98.4 1.06 95.3 1.09 85.4 0.98 o
103.3 %).
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Other coatings in this test variant provide a level
of retention of the tensile strength of 89.2(PEGS)-
94.4(ESHL/PEGS) % of the starting and CECPA in the
interval 1.01(PMGSM, ESHL/PMGS)-1.15(PEGS).

A comparative analysis of the obtained results with
respect to the mechanical strength of paper in a moist
medium in the presence of salt fog shows an advantage of
iodized and two-layer coatings based on polyalkylhydride
siloxane (tensile force remains at the level of 92.1-94.4 %).

The reliability degree of the obtained results, as well
as an assessment of the potential capabilities of the main
types of siloxanes for protection against moisture, is car-
ried out by keeping the latter on the surface of a porous
aluminosilicate glass under hydrothermal conditions (wa-
ter vapor pressure up to 0.8 MPa, exposure time up to
8 hours) [21, 22]. The choice of such substrate is due to
the fact that, in contrast to porous paper, it allows a greater
number of modifiers to be adsorbed in a dispersed state. In
addition, such a support can have a similar mechanism of
interaction with potassium methylsiliconate and polyethyl-
hydride siloxane with hydroxyl groups on its surface. All
this allows to objectively assess the stability of siloxanes
specifically for the destructive effect of moisture, despite
the chemical composition of the substrate [23].

The obtained results using independent methods of
physicochemical analysis (determination of the conditional
dielectric loss tangent and IR spectral analysis) confirmed
the independent advantage of using polyalkylhydride silo-
xanes for paper protection in moist environments (Fig. 2, 3).
Thus, according to measurements of dielectric parameters,

0,14

it can be asserted that the protective effect of potassium
methylsiliconate effectively only works on the pressure
of water vapor at a level of 0.6 MPa. While the use of
polyethylhydride siloxane is possible over a wider range:
in addition, the value of the tangent of the dielectric
loss angle when applied is almost an order of magnitude
lower than that of potassium methylsiliconate.

The high chemical stability of polyethylhydride siloxane
under hydrothermal conditions is also confirmed by IR
spectral analysis.

Taking into account the features of the infrared spectra
of the aluminosilicate matrix, the characteristics of the
absorption band in the frequency interval are chosen for
comparison:

— 1460-1480 c¢cm~! (vibrations of the —Si—-R groups)

for methyl potassium siliconate;

~ at 855 cm ! (~Si—H) and 800-820 cm! (~Si—OH)

for potassium polyethyl siliconate.

It is established that in the first case the absorption
intensity for the characteristic bands decreases somewhat
(up to 5-7 %), which indicates a decrease in the methyl
radicals and agrees well with the data obtained in the
determination of tgd. A more complex picture is observed
for polyethylhydride siloxane. It is due to the course of
its interaction with the glass surface with the participa-
tion of —Si—H bonds and hydration of the latter with the
appearance of free hydroxyl groups under the action of
superheated water vapor. However, despite the complexity
of the described processes, the energy state of the surface
of the modified glass remains practically unchanged.

0,12 &
0,1+t

o 0081

2 \
0,06 + A
0,04 + RN
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0 t t t
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Fig. 2. The influence of hydrothermal treatment on the dielectric properties of cellular aluminosilicate glass impregnated with siloxane
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Fig. 3. IR spectra of porous aluminosilicate glass impregnated with siloxanes after hydrothermal treatment (pressure: 0.8 MPa, 8 hours):
a — potassium methylsilicilate; 5 — polyethylhydride siloxane
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7. SWOT analysis of research resulis

Strengths. Among the strengths of this research, it
should be noted that the use of thin-layer coatings based
on organosilicon compounds of different classes deserves
attention among the effective directions of paper protec-
tion in humid environments. Successful use of the latter
requires taking into account the features of the porous
capillary structure, the small thickness and anisotropy
of most physical and technical properties of the paper.

A study of the efficiency and potential of siloxane paper
protection in humid environments will expand the scope
of use of this material. In addition, the treatment of the
surface of the paper with formulations based on industrial
silicone products, their modifications and two-layer sys-
tems allows to ensure a high level of its hydrophobicity.

Processing of the paper surface with organosilicon com-
pounds of various compositions allows cardinally stabilizing
its tensile strength.

Weaknesses. The weak side of these researches is that
they are insufficient for a complete and comprehensive
evaluation of organosilicon thin-film coatings to determine
all the properties of the latter. The presence of a layer of
adsorbed water on the surface of organosilicon thin-film
coatings can adversely affect the physical and technical
properties. The degree of such influence is determined
by the energy state of the surface of the substrate and
by the wettability of its water in the liquid-crystal state
and the adsorption of water vapor.

Another weak side of this research is that the above
studies are conducted over a long period of operation in
real time. As a result, there may be errors due to sub-
jectivity of research. Therefore, in order to prevent this
shortcoming, it is necessary to pay special attention to
the purity of the scientific experiment at all its stages.
To prevent shortcomings and inaccuracies in the course of
research, it is necessary to follow the methods of research
and purity of the experiment.

Opportunities. In the long term, it is advisable to carry
out other studies related to the determination of physical-
chemical, physical-technical and physical-mechanical pro-
perties of organosilicon thin-layer coatings. Investigation
of these properties of organosilicon thin-layer coatings will
allow to determine more deeply the expediency of using
different compositions of the latter for paper protection
in humid environments. Research in this direction can
expand the scope of application of organosilicon thin-layer
coatings, as well as obtain the maximum economic effect
with minimal financial investment.

Threats. Difficulties in implementing the results obtained
may be due to the fact that this material is not as well-
known as, for example, polymer coatings. The properties of
the latter have been widely studied by various scientists.
However, despite this, the obtained results of investigation
of the effectiveness and potential possibilities of siloxane
paper protection in damp environments give rather wide
opportunities and prospects for using the latter in the
construction industry.

Thus, SWOT analysis of research results allows to de-
termine the main directions for achieving the research
objective, namely:

— to conduct comprehensive studies to determine the

effectiveness and potential of siloxane paper protection

in humid environments;

— to develop a methodology for additional studies of
the properties of organosilicon thin-layer coatings;

— to investigate the individual characteristics of the
modified organosilicon thin-film coatings with a view
to further recommending their use in the construction
industry.

1. The hydrophobic properties and the fungi resistance
of the surface of the treated paper are investigated and
the advantage of modified and two-layer siloxane coatings,
the parameters of which are equal:

— the contact angle of the surface wetting by water

(6=101-104°);

— fungi resistance (1-2 points).

2. A study of the tensile strength of treated paper is
made and its level of 84.6-103.3 % against 39.7-78.4 %
in unprotected paper with stable values of the dielectric
parameters is fixed.

3. Based on the IR spectrometry of porous alumino-
silicate glass impregnated with siloxane, as stable under
hydrothermal conditions, substrate, the prospects of using
the latter for protection are shown. This is because the
decrease in the intensity of the characteristic bands does
not exceed 5-7 %.
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HCCNEAOBAHUE IPPEKTHBHOCTH K NOTEHUHANBHLIX
BO3MOMHOCTE#H 3AIMTEI BYMATH CHTOKCAHAMM BO
BNAMHOI CPEQE

Jlana onenka adeKTUBHOCTH MPUMEHEHNsT KpeMHUITOpraHu-
YeCKUX TIOKPBITUI PA3JIIYHOTO COCTABa JUIST 3AIMUTHI OYyMarn Ha

Kyrychenko K.,
Shchedrolosiev 0.,
Rashkovskyi 0.

OCHOBE HEOEJIEHOM 1EeJUTI0I03bI BO BJAAKHBIX CPEIaX Pa3iInYHON cTe-
nenu arpeccusroctu. Otpesiesiensbl HOTEHIIMATbHbBIE BO3MOKHOCTH
nX npuMeHennst. J[ocTOBepHOCTD MOJTYYeHHBIX JTAHHBIX TTOATBEPIKIEHA
pes3yJibTaTaM1 MCIIBITAHUIT TOKPBITHIT HA OCHOBE METUJICHJINKOHATA
KaJI¥sl U TTOJMETHATUIPUACUIOKCAHAME Ha TIOBEPXHOCTH aJIIOMOCH-
JIMKATHOTO CTEKJA B I'MAPOTEPMATIBHBIX YCJIOBUSX U YCTAHOBJIEHBI
rpaHuIlbl UX 3G (HEeKTUBHOTO MPUMEHEHUS.

Kmouessie cnoBa: ykperienne GyMaru, METHICHIHKOHAT KaJus,
CTeIeHb 9KPAHUPOBAHNUS, KPAEBOH yTOJI cMaunBaHust, KOahUInenT
a(hheKTUBHOCTH 3alUTHOTO JEeHCTBUSI.
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USE OF HIGH-PERFORMANLCE
PLASTICIZERS TO PROVIDE DESIGN

AND OPERATIONAL REQUIREMENTS
FOR THE CONCRETE COMPOSITION FOR
THE CONSTRUCTION OF FLOATING
COMPOSITE DOCKS

Posensnymi ocobauei eumozu, sixi nped’seasomvcs 00 cyonobydienozo bemony i 6emonnoi cymiuii

Y 36’53KY 13 eKCMPEMATLHUMU YMOBAMU POOOMU MOPCLKUX 3aNi306emonnux cnopyd. Hasedena xnacu-
pixayin nracmugiyrouux 0ob6asox 3a epexmuenicmio naacmugixyiouoi dii. Pozensuymo donycmumuil
emicm wKiOIUBUX OOMIWOK Y 3anosniosauax ois eaxckux 6emonie. Hasedeni ymosu sabesneuenis
mpiwgunocmitikocmi 6emony. IIposedeni docaioncenis 00360A10Mb BUSHAUUMU PEKOMEHOOBAHUTL 2DA -

HYJOMEeMPUUHULL CKLA0 NICKY i uebento, ki BUKOPUCIOBYOMbCsL 0l cYyoHo0ydienozo0 bemony.
Kmo4oBi cnoa: niasyuuil Komnosumnui 00K, cyonobydisnuil bemon, niacmugixyroui dobaski,

cynepniacmuikamopu, Miynicms 6emony.

1. Introduction

The working conditions of marine reinforced concrete
structures (especially floating docks) are largely extreme.
Reinforced concrete structures of floating docks are ex-
posed to all known environmental influences due to the
fact that they are operated in all climatic zones of the
globe. At the same time, the structures of the floating
dock experience the following loads:

— permanent (cargo on the deck, water pressure, etc.);

— static variables (forces of water ejection during de-

flection and bending of the shell);

— dynamic variables (impacts, invasions), as a result

of which stresses of different magnitude and variable

direction arise in the concrete.

The advantage of reinforced concrete is that concrete
itself works well for compression, and tensile work is pro-
vided by reinforcing steel, which is protected from aggressive
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