u] =,

IIposedenumu 0ocnioNceHHAMU 6CMAHOBNEHO, WO KepamiuHa
AUULOBA Ue2Na XAPAKMEPUIYEMBCA KANIAIPHOI NOPUCMICMIO,
wWo npu3eodumv 00 NIEUWEHHA NOKAZHUKIE 6000NO2NUHANHI
ma KaninaApHozo niomszY8anHs, a MAKOIC YMEOPEHHS GUCOTIE
Ha ii nosepxni. /[na saxucmy noeepxui maxoi yezau ma Hadamns
il nidsumenux eKxcniyamayitinux eaacmueocmeli UKOPUCMANHO
2idpopobisyroui penosunu. Excnepumenmanvnumu oocaioicen-
HAMU GU3HAYMEHO, WO NPU HaHeCeHHi 2i0podobizamopie Ha 0CcHO61
IIM®C ma AII nopucmicmo smenumyemvcsa ¢ 1,2—1,3 pasu, 600o-
noznunanns — 6 1,2—2,3 pasu, 6000nozaunanus npu KaninapHo-
My niomsazyeanni — 1,1-3,2 pasu. /Jocaioncennamu mopozocmiii-
Kocmi 6cmanoeieno, wo 0 Kepamiunoi ueeau, noxpumoi IM®C
Mopozocmitixicms 30invmyemoca na 15 yuxuis, a npu o6pooaen-
ni nogepxui yeeau AIl — na 20 yuxaie nopienano 3 Heo6poodaEHOIO
yeenoto (F50). Memoodom enexmponnoi Mikpockonii 6cmanog-
JIeHO, WO NICASL NONEPeMiHH020 3AMOPOICYBAHHS | 6i0MaAsa-
Ha Ha nosepxui ueeau, oopoonenoi IIM®DC ma AIl cnocmepiea-
€MbCa ymeopenns mikpompiwun (npu UuboMmy 6000N02AUHAHHS
36invmunocs na 42 ma 28 %). Memooom mamemamuunozo nia-
HYBAHHA eKCnepuMeHmy 6UIHAUEHO, W0 HAUGIbu edexmusnoro
2i0poh06i3y10no10 penosunoto € mooudixamop 3 emicmom nopo-
wky nano-Al,03 (nano-piouna). Busnaueno, wo npu o6poéaeni
noeepxui nano-piounoro (xinvricmo nano-Al,0sz — 0,8 %) eéodono-
enunannsa smenumyemoca do 1,2—1,6 %, noxasnux 60donozaunan-
Ha npu xaninapuomy niomazyeanni — 0o 0,08—0,12 xz/m’-200%°.
Memoodom odedpexmockonii 3a donomozoro mpyoxu Kapcmena
6CMAH0BIEHO, WO B6000N02TUHAHHA ONA UE2NU, NOGEPXHA AKOT
noxpuma namo-piounoro 3nusicyemocs 6io 0,15 do 0,002 ma/cm?,
wo ceiduumo npo eucoxuil pisenv 2ziopogoodizauii. Memodom
enexmponnoi mixpockonii niomeepoiceno, wo mooudixyeanns
noeepxui xepamiunoi yeeau 2i0poobizyrouumu Hano-piounamu
00360418€ YWINbHUMU CMPYKMYPY 34 PAXYHOK KONbMAMYEa-
HA nop i MiKpompiwun, wo 3aée3neuye 3HUNCEHHA KANLNAPHOZ0
niomsaezyeanns xaaoxu. Taxoxnc ue npuszeodumv 0o nidsuuwienns
ammocepocmiiixocmi ma Mopo30cmitixocmi yeeasnux 6yoieen-
HUX KOHCMPYKUIU.

Taxum wunom, € nidcmasu cmeepoNCYeamu npo MoNCaAUGICMo
noxpawenns Qisurxo-mexnivnux noxanukie yeeananoi 6yoieen-
HOT Koncmpyxuii waaxom mMooudixyeanins noeepxui xepamivnoi
ye2s1u HAHO-PIOUHO10

Knwouosi cnoea: rkepamiuna auyvoea uezna, nopucmicmo,
go0onozaunanns, 2iopoo6izyroni pewosunu, Hano-piouna
o o

1. Introduction
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In civil construction, a ceramic face brick is widely used

The durability of the outer walls of buildings is decisive,
both in economic and aesthetic aspects [1, 2]. Deformations
and stresses in wall building materials that arise under the
influence of cyclic atmospheric effects at a temperature and
humidity change lead to a decrease in the operational prop-
erties of buildings and structures [3, 4]. It should be noted
that the destructive effect on masonry is largely exerted by
the high porosity of wall building materials [5, 6]. This leads
to intensive pulling of moisture, causing the migration of sa-
line solutions with the formation of salt efflorescence, which
reduces the technical and decorative properties of the outer
walls of brick structures [7, 8].

as a decorative facade facing [9, 10]. At the same time, the
physical and technical parameters of the wall material play a
decisive role in the regulation of operational properties of the
brick structure. A wide range of hydrophobizing substances
of different classes and their controlled application allows
predicting the properties of external walls of brick struc-
tures. The formation of the relationship between a hydro-
phobizing material and the elements of material’s structure,
as well as the depth of penetration, the type, and its optimal
amount, contributes to the improvement in durability of
buildings. It should be noted that nanotechnologies are
one of the key areas in the field of construction. The use of
hydrophobizing substances that contain nanoparticles could




increase the indicator of frost resistance and durability of the
brickwork [11, 12].

Therefore, it is a relevant task to study the design of
hydrophobized nano-liquids to ensure the enhanced opera-
tional properties of brick structures.

2. Literature review and problem statement

The main factors that affect the durability of buildings
are the aggressive environmental factors, which lead to
materials destruction, reduced durability, deterioration of
the operational properties of fencing structures [13, 14]. Ce-
ramic brick remains one of the main building materials used
to construct buildings and structures. At present, ceramic
face brick is widely used to provide decorative and aesthetic
properties to buildings as a facing wall material. Paper [15]
reports results of research into an artificial stone, which in-
dicate its enhanced porosity. During operation, this results
in the penetration of moisture both to the surface and deep
layers of the brickwork, destroying it, especially when ex-
posed to reduced positive and negative temperatures.

On the other hand, a study [16] established that there oc-
curs the process of washing out salt from the ceramic brick,
thereby taking it to the surface of the material. This also
leads to the loss of the aesthetic appearance of a building. A
technique to overcome these difficulties could be the treat-
ment of surface with hydrophobized substances, protecting
the brick structure from atmospheric influences, reducing
the probability of destructive processes. This is the approach
used in studies [17, 18]. However, when modifying ceramic
bricks with hydrophobized substances based on acrylic poly-
mers, its technical characteristics improve, in particular, the
rates of water absorption and capillary diffusion decrease,
while consumer properties are compromised. As it is known
from study [19], hydrophobized substances that include sil-
icone, silane and siloxane-based polymeric compounds are
characterized by high efficiency. The size of particles of the
hydrophobized compounds affects the depth and rate of pen-
etration into the structure of a material. It should be noted
that silicone resins are characterized by the largest particle
size, which is approximately 100 times larger than the parti-
cles of siloxanes. Investigation [20] has established that such
substances do not form a homogeneous film, do not cover all
pores and microcracks, and, therefore, they cannot complete-
ly prevent the migration of water and provide the required
frost resistance. However, it should be noted that the water-
proof film formed at the surface of a material, which, during
operation under conditions of alternating temperatures, de-
forms, does not ensure the required durability, namely frost
resistance and high stability of the structure.

The application of hydrophobized compounds based on
organosilicon compounds is common. At the same time,
study [21] shows that the organosilicon compounds, espe-
cially polyorganosiloxanes, do not provide for the required
performance properties of a material in comparison to other
polymers. In order to overcome this problem, authors of pa-
per [22] studied the effectivity of the modified composition
of such hydrophobized substances. Nano-liquids are used to
effectively protect surfaces at the nano- and sub-micro-level,
which make it possible to reduce permeability coefficient
and improve waterproofness of a brick structure. The unique
properties characterize the nanopowder of aluminum oxide
Al,O3, which plays a decisive role both in the production of

ceramic materials and as a filler in nanocomposites to im-
prove their properties.

Despite the practical significance of such results, the op-
erational properties of the brickwork with the use of ceramic
facing bricks, modified by nano-liquids, were not sufficiently
considered. Therefore, there are reasons to believe that the
lack of certainty about the effect of hydrophobized nano-lig-
uids with the addition of Al,O3 nanopowder on the opera-
tional properties of ceramic brick necessitates undertaking a
research in this direction.

3. The aim and objectives of the study

The investigation that we conducted aimed to improve
the operational properties of brick building structures by
modifying the surface of a ceramic brick with hydrophobized
substances, particularly, a nano-liquid.

To achieve the set aim, the following tasks have been
solved:

— to determine the impact of different classes of hydro-
phobized substances on the physical-technical and opera-
tional properties of ceramic bricks;

—to investigate the effect of a nano-liquid containing
nano-Al,O3 on water absorption and capillary pull of the
ceramic brick using a method of mathematical planning of
the experiment;

— to establish the effect of hydrophobized substances on
the operational properties of the brickwork, in particular
capillary pull, weather resistance, frost resistance, and salt-
ing-out resistance.

4. Materials and methods to study the impact of modified
substances on the operational properties of the ceramic
brick

4.1. Examined materials and equipment used in the
experiment

The research was conducted using ceramic hollow
brick made by TzOV “Evroton”, with an average density
of 1,317 kg/m?, a strength grade of M100, water absorp-
tion is 16.5 %. Film-forming polymethylphenylsiloxane
(PMPhS) and an acrylic polymer (AP) were used as
hydrophobizing substances. To improve the operational
properties of the brickwork, a nano-liquid with a permeable
complex action was developed, containing the nanosized
crystalline powder based on Al,O3 the size of 30... 0 nm.
The nanocrystalline powder contains about 90 % of active
Al,O3.

A nano-coating is a colloidal solution of nanoparticles
containing pure polymethylphenylsiloxane varnish, alu-
minum oxide, and a nanocrystalline powder based on the
active aluminum Al,O3. A nano-liquid was obtained by
dispersing the components (pure polymethylphenylsiloxane
varnish, aluminum oxide) and a nanopowder based on the
active aluminum AlyO3. When conducting the research, the
nano-liquid was applied at the surface of the brick structure
using a roller.

Granulometric composition of the nanopowder was de-
termined using the laser analyzer Mastersizer 3000 (Great
Britain). Microstructure of the surface of the ceramic brick
was examined using the raster electron microscope REM
1061 (Ukraine).



4. 2. Procedure for determining the indicators of sam-
ple properties

To determine the water absorption rate, a non-destruc-
tive analysis in line with the Karsten’s method (RILEM Test
Method 11.4) was used, according to ASTM E 514 and in
accordance with DSTU B V.2.7-126:2011 [23].

Atmospheric resistance of the ceramic face brick was de-
termined by alternating wetting and drying over 100 cycles.
The samples were considered to be weather resistant if, after
100 cycles of humidification and drying, the strength did not
decrease by more than 25 %. Stability of the ceramic brick
against salting-out was tested according to DSTU B V.2.7-
171:2008 [24]. The samples were immersed in distilled water
while maintaining the water level constant. The surface of
the samples above the water was blown with air at a tempera-
ture of (20+2) °C and a relative air humidity of (60£10) %
for at least 3 hours a day. After 7 days of testing, the presence
of salt efflorescence at the surface of the brick was deter-
mined visually.

Determining the frost resistance of ceramic bricks was
conducted in accordance with DSTU B V.2.7-42-97 [25].
Assessment of frost resistance was conducted based on the
external physical appearance (degree of damage) and the
loss of strength for compression and the loss of mass in accor-
dance with the requirements of acting normative documents.

When studying the effect of a nano-coating on the prop-
erties of the brick, the method of orthogonal central compos-
ite planning was applied.

5. Results of studying the indicators of properties of the
modified ceramic brick

We established during experimental study that the ce-
ramic brick is characterized by high porosity (21.9 %), water
absorption (16.5 %), water absorption
at capillary pull (2.2 kg/m?h%3). In the
course of investigating the salting-out,
we observed salt efflorescence at the
surface of the ceramic brick after 7 days.
In order to improve the properties of
the ceramic brick, the hydrophobizing
substances were applied to the surface
of the ceramic article. Thus, when apply-
ing the hydrophobizing agent PMPhS,
porosity decreases from 21.9 to 17.4 %,
water absorption — from 16.5 to 13.6 %,
water absorption at capillary pull —from
2.2 to 1.98 kg/m2Zh05. At the same [FEeeconEss s
time, when applying the hydrophobi- kgl D)
zing agent AP, porosity decreases to
16.5 %, water absorption — to 7.09 %,
water absorption at capillary pull — to
0.68 kg/m2h%> [15].

The results of experimental tests have shown that for the
modified ceramic brick, the surface of which is treated with
PMPAhLS, frost resistance increases by 15 cycles compared to
the untreated brick (F50). At the same time, when treating
the surface of brick with AP, frost resistance increases by
20 cycles. Using an electron microscopy method, it was found
that after alternating freezing and thawing the surface of the
brick treated with the PMPhS-based hydrophobizing agent
demonstrates the intensive formation of microcracks (Fig. 1).
This is also confirmed by studying water absorption — the

indicator increased by 42 %. As regards the brick, modified
by AP, cracks at the surface of the sample formed locally, with
less opening, which led to an increase in water absorption
by 28 %. This indicates that the examined coatings cannot
be used to protect brick structures that operate under high
humidity and external aggressive factors because of the low
water resistance caused by the washing out of components.

To improve the operational properties of ceramic brick,
we examined the effect of hydrophobizing substances con-
taining a nanocrystalline powder employing a method of
mathematical planning of the experiment. Experimental
study into the effect of nano-liquids on the properties of the
ceramic brick was conducted in accordance with the plan of
a two-factor three-level experiment. The variables selected
were the content of pure polymethylphenylsiloxane varnish
(X1=30; 35; 40 %) and the amount of Al,O3 nano powder
(X5=0; 0.5; 1.0 % by weight) (respectively, the content of
fillers: aluminum oxide and ferrum oxides was 55...65 %). As
a result of processing the plans and the corresponding ex-
perimental data using the method of least squares, the water
absorption regression (Yy) and capillary pull (Yyi) regres-
sion equations were constructed, which adequately describe
the dependence of indicators, as the optimization criteria of
the system, on the variables.

Y,=2.11-0.03X;+0.017 X»,—0.067 X;?—
-0.117 X22*0.150 X1 XQ;

Yir=1.15-0.325X;-0.60 X»,—0.175 X;>+
+0.100 X52-0.012 X; X,

Based on the graphical interpretation of the derived
mathematical models (Fig. 2), it was established that the
optimal region for the introduction of nano-Al,O3 is within
0.4...0.8 %.

G [,

2000V x250

Fig. 1. Microcracks at the surface of the brick treated with the PMPHS-based

hydrophobizing agent

When treating the surface with a nano-liquid (amount
of nano-Al,O3 is 0.8 %), water absorption decreases to 1.2—
1.6 %, the rate of water absorption at capillary pull - to
0.08-0.12 kg/m*h%>, We established, by applying a method of
defectoscopy using the Karsten tube (Fig. 3, ¢), that the surface
of the ceramic brick, modified by a nano-liquid, is characterized
by the lowest water absorption (0.002 ml/cm?) after 2 hours of
aging-fall, whereas for the brick covered with AP —0.03 ml/cm?
(Fig. 3, b), and without a coating — 0.15 ml/cm? (Fig. 3, @). The
kinetics of change in water absorption, using the Karsten tube,
over 6 hours of testing are shown in Fig. 4.
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Fig. 2. Isoparametric diagrams of change: a — in water

absorption; b — in water absorption at capillary

pull

Based on these results, we can state the presence of an
interesting pattern that is associated with the formation of the

surface microstructure. Specifically, when applying
the method of electron microscopy, it was estab-
lished that the surface of sample of the ceramic brick
without a coating is non-uniform, with projections
and capillary micropores (the size of 10—15 microns)
(Fig. 3, @). When the surface of the sample is impreg-
nated with the nano-liquid, the structure is leveled
and compacted through the penetration of nanopar-
ticles inside the material (Fig. 3, ¢). Effectiveness of
the application of a nano-fluid is predetermined by the
free energy of the surface, as well as by the colmata-
tion of the surface with particles of nano-Al,O3 in the
composition of the hydrophobizing substance. In this
case, the pulling up of water-soluble salts from the
brickwork is blocked. Generalization of this fact can
be formulated in the form of the following postulate:
“Treatment with a nano-liquid provides structures
with a uniform and denser character by creating a
composite cross-linked structure with new phases,

The study into atmospheric resistance has established
that after 100 cycles of alternating wetting and drying of
the uncovered ceramic brick, the loss of strength was 15.2 %.
In this case, the examined samples demonstrated crack
formation with a width of opening of 2...3 mm. At the same
time, for the ceramic brick, the surface of which was covered
with PMPhS, the loss of strength decreased to 7.9 %, and
that of the AP covered —to 6.8 %. It should be noted that the
surface of the treated samples also revealed cracks.
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Fig. 3. Water absorption of ceramic brick using the Karsten
tube: @ — without a coating; b — AP; ¢ — nano-liquid
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Fig. 4. Kinetics of change in water absorption using the Karsten tube

which reduces indicators of water absorption and increases
the atmospheric and frost resistance of the brick structure”.

As can be seen from Table 1, for the ceramic facing brick,
covered with a nano-liquid, when studying the atmospheric



and frost resistance, the loss of strength, respectively, is
2.9 and 1.8 times lower than that of the reference sample;
the frost resistance in this case increased by 50 cycles and
reached the mark F100.

Table 1

Physical-technical properties of the ceramic brick treated
with a nano-liquid

Results
Properties Units of Reference Sample.
measurement|  sample | treated with
(untreated) |a nano-liquid
Water absorption % 16.5 1.2
Capillary pull kg/m>h0> 2.2 0.08
Frost resistance:
— loss of strength % 19.0 10.5
— loss of weight % 8.6 3.9

The brick masonry, covered with the developed na-
no-liquid, is characterized by improved protective proper-
ties — reduced water absorption and capillary pull, increased
atmospheric and frost resistance. This will make it possible
to receive a building structure with improved operational
properties, especially under conditions of high humidity and
alternating temperatures.

6. Discussion of results of studying the impact of the
modifying substances on the ceramic brick’s properties

When determining the effectiveness of hydrophobizing
additives PMPHS and AP for the process of water absorp-
tion and capillary pull, as it follows from the results, it is log-
ical to reduce these indicators. This is predetermined by the
formation of a waterproof film at the surface of the ceramic
face brick, which slows down the penetration of water. It
should be noted that the application of such hydrophobizing
additives with the formation of the film is not very effective,
especially under the influence of alternating temperatures
following the alternating freezing and thawing, the surface
of the treated brick demonstrates intensive formation of
microcracks. In this sense, interpretation of the results of
electron microscopy, shown in Fig. 1, is of a special interest,
confirming the establishment of the described fact. This
indicates that the formation of a hydrophobizing film does
not ensure sufficient frost resistance, since the surface of the
coating demonstrated microcracks after the test, which lead
to a decrease in the operational properties of the brickwork.

A special feature of the proposed solutions is the optimi-
zation of hydrophobic coatings with the use of nano-Al,O3,
which was selected as a variable factor (X,=0; 0.5; 1.0 % by

weight) in the mathematical planning of the experiment.
It follows from the results obtained (Fig. 2) that the brick
treated with a hydrophobizing agent that does not contain
nanopowder is characterized by the highest indicators of
water absorption (4.78 %) and capillary pull (1.96 %). In
this case, the treatment of surface with a hydrophobizing
agent containing nano-Al,O3 (from 0.15 to 0.8 % by weight)
ensures a significant reduction in the studied parameters.
This is predetermined by the colmatating and penetrating
action of Al,O3 nano-fibers with the formation of a compos-
ite cross-linking structure by newly-formed phases, which
reduces the water absorption indicators (Fig. 3, 4) and in-
creases the atmospheric and frost resistance (Table 1) of the
brick structure.

However, it is impossible to ignore practical data from
papers [8, 14] whose authors also describe the significance of
the effect of hydrophobizing coatings based on Al;O3, that
contain mineral fibers. The obtained data indicate that such
coatings lead to a decrease in the water absorption indica-
tors; in this case, the results of atmospheric and frost resis-
tance studies are not sufficient. This means that taking this
fact into consideration opens up a possibility for effective
regulation of the operational properties of a brick structure
using the developed protective compositions of nano-liquids
that contain the active nano-Al,O3 with a penetrating effect.

Such conclusions can be considered useful from a prac-
tical point of view, as they make it possible to reasonably
approach determining the required type of a modifying
substance and its effect on the operational properties of brick
building structures.

7. Conclusions

1. The conducted experimental study has established
that the use of hydrophobizing substances provides ceramic
bricks with water-repellent properties, although it forms a
hydrophobic film at the surface, in which microcracks are
formed under the impact of external climatic factors.

2. By using a method of mathematical planning of an
experiment, we developed formulations for the hydrophobi-
zing nano-liquids containing the AlyO3 nanopowder. It was
established that the optimum region for the introduction of
nano-Al,Os is in the range of 0.4...0.8 %.

3. Modifying the surface by a nano-liquid containing
0.8 % of Al,O3 nanopowder ensures a decrease in the indica-
tors of porosity and water absorption without the formation
of a film. In this case, frost resistance increases by 50 cycles;
efflorescence formation at the surface of the sample is not
observed. Give this, it can be argued that the nano-liquid
significantly influences a change in the character of the
structure of the ceramic brick surface in order to provide
protection for the brick building structure and to enhance
its operational properties.
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