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Abstract: The problem of creating reliable protective coatings that increase the mechanical characteristics of concrete building
structures (piles, bridges, ceiling arches, tunnels, chutes, culverts, wells, paving slabs and curbs, etc.) operated under the influence of
atmospheric factors and groundwater is of great importance. Currently, the most effective way to prevent degradation of materials
is the application of various kinds of protective compounds. That protects against various factors of aggressive natural and man-
made impact and thus allows increasing the durability of buildings and structures by reducing the amount of water penetrating
into the pores. To provide long-term protection of building materials, it is proposed to treat porous surfaces of building materials
with a new sulfur-containing compound. The innovative developed impregnating composition is based on sulfur and it provides
protection of building materials of different nature from weathering and corrosive media for a long time. Modification of the pro-
posed composition can significantly improve performance and increase the service life of building materials.
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Pe3tome: 3alnTHble MaTepuranbl LWNPOKO UCMOSb3YIOTCA B MPOMbILAEHHOM U rpa)XAaHCKOM CTPOUTENbCTBE ANA yBenmye-
HUA CpOKa CNTYXObl CTPOUTESNIbHBIX KOHCTPYKUMIA. OCHOBHas npobnema ux NprMeHeHNs 3aKNoYaeTcs B X HEJOJITOBEYHOCTY,
0COBEHHO ecsi OHU 3KCTUTYaTUPYIOTCA B HEGNAronpuATHbIX YCIOBMAX MPUCYTCTBUS BOADI, 3HAKOMEPEMEHHbIX TeMnepaTyp U
COMHEeYHON pagrauunu.

ABTOpamu CTaTby NpeaiaraeTca yHUBEPCaabHbI METOA, MO3BONAIOWNN 3aLlMLLaTb BCe MOPUCTbIE HEOPraHMYecKme CTpouTesb-
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INTRODUCTION

he problem of creating reliable protective coatings

that increase the mechanical characteristics of con-
crete building structures (piles, bridges, ceiling arches,
tunnels, trays, culverts, wells, paving slabs and curbs,
curbstones, etc.) operated under the influence of atmo-
spheric factors and groundwater, is of great importance.
Increased durability and reliability of road structures,
operating under the influence of mechanical and atmo-
spheric factors, is usually achieved by using various types
of concrete modification [1] and the use of protective
impregnating compositions [2, 3]. The main disadvantage
of coatings is the fragility of the components the protective
coatings consist of. In all buildings and structures there
are structural elements exposed to intense moisture and
groundwater effects: foundation blocks, pillows and slabs,
piles; socle and subwindow sections of the walls, para-
pets, protruding elements of the facades (cornices, belts);
cover plates; trays, wells, curbstones, paving slabs; arches,
culverts, elements of bridges, etc. To protect them, it is
insufficient just to form of a thin film of protective coat-
ing on the surface of the material, as it is necessary to use
compositions that penetrate deeply into the material and
prevent it from penetrating water with its constant impact.
In these cases, various binders are applied (polymer, sili-
cone, liquid glass, molten sulfur, etc.). Each of the listed
materials has disadvantages. For example, organic and
organosilicon compounds, despite their high efficiency
at the beginning of their useful life, gradually undergo
destruction and lose their protective functions. Thus, at
present there is no universal method suitable for ensuring
the long-term protection of building materials from water
penetration in the conditions of its constant presence. The
problem is solved partially by impregnating compositions
like «Penetron», «Xypex», «Hydrotex» and others. They
present waterproofing material of deep penetration for
significant increase water resistance and prevention of
capillary penetration of moisture through concrete. Their
use allows you to protect the concrete from the effects of
corrosive environments: acids, wastewater and ground-
water, sea water. Processed concrete acquires resistance
to carbonates, chlorides, sulfates, nitrates, etc. The use
of penetron and others can improve the performance of
waterproofness, strength, frost resistance of concrete. But
their significant shortcomings that prevent the widespread
use in the market of the Russian Federation is the high
cost.

To provide long-term protection of building materi-
als, it is proposed to treat the surfaces of porous building
materials with a new sulfur-containing compound [4, 5].
The developed impregnating composition based on sulfur
ensures the protection of building materials from weath-
ering and corrosive environments for a long time. The
composition is a sulfur-containing liquid, which due to

its low viscosity during processing penetrates into the pore
structure of the material to a depth of more than 1 cm and
upon subsequent drying creates an insoluble protective
coating in the pores of the material [6].

The technology of processing elements of structures
and products is simple and accessible: like most paints
and varnishes, they are applied by brush, pouring, spray-
ing, dipping at any positive temperatures. The principal
novelty of the proposed solution is that the hydropho-
bization is achieved by using a material of inorganic
nature — sulfur. The presence of sulfur in the pores of
building materials gives them water-repellent properties
for a long time — unlike organic paints and varnishes.
The originality of the approach is in the fact that at the
impregnation stage a water-soluble substance is used and
its sulfur molecules fall into the smallest pores of the ma-
terial. At the drying stage this substance disintegrates and
a water-insoluble (hydrophobic) layer of elemental sulfur
is formed on the surface of the pores. The use of deep
impregnation makes it possible, along with an increase
in strength and frost resistance, to decrease water absorp-
tion, to significantly increase resistance to atmospheric
factors, chemical resistance to acids, salt solutions, and
petroleum products. The mineral nature of the coating
ensures its durability, and the water repellency inherent
in elemental sulfur prevents water from entering the pores
of the material. The surfaces treated with the proposed
composition acquire not only hydrophobic properties,
but also pronounced bactericidal properties, as a result,
the processes of decay and the formation of mold are
prevented. The composition is not washed out under con-
ditions of prolonged contact with water, it is effective as a
primer composition before treatment with organosilicon
compositions and solvent-based paints.

MAIN PART
Research results

To illustrate the possibilities of the proposed method
of protection of building materials, the following experi-
mental data obtained for materials tested in various condi-
tions are proposed. Since the main focus of application is
to protect building structures operating under conditions
of constant exposure to moisture, we present the results
of the study of the effect of impregnation of protective
compound on the properties of various types of porous
building materials.

It is known from [7, 8] that sulfur nanoparticles with
an average size of 20 nm are deposited from polysulfide
solutions, and sulfur nanoparticles observed in a probe
microscope are shown in Fig. 1a. What sizes of sulfur
particles are deposited on the walls of pores and capil-
lary tracts of porous materials from polysulfide solutions?
Particle sizing was carried out by examining the chip-
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Fig. 1. Image of sulfur nanoparticles deposited on the surface from a polysulfide solution, obtained by means of:
probe microscope (a); cleaving the concrete sample treated with polysulfide solution (b); sulfur particles
on the surface of the glass, obtained by means of optical microscope (c)

ping of samples of fine-grained concrete 2x2x2 cm in
size impregnated with a polysulfide solution for 4 hours
at atmospheric pressure. In Fig. 1b it can be seen that
the areas of chips with a hydrophobic coating have a dark
shade of color. Along the perimeter of the cleaved sample
is clearly visible the area into which the impregnating
compound has penetrated and, after drying, has formed
a water-repellent layer.

In order to analyze the character of the particles in
transmitted light, the distribution of the polysulfide solu-
tion on the glass after drying has been considered. Analy-
sis of the surface of particles on glass under an optical
microscope with a 100-fold increase showed the presence
on the surface of spherical formations resembling a collec-
tion of small spheres (Fig. 1c). The side of the square pre-
sented in Figure 1c is 500 microns. Thus, the polysulfide

D:\smm2000\0 anokparnas\TEMPAT497.ift
Size: [ 1.868 mkm x 1.868 mkm x 132.5 nm] (256 x 256 pt]

solution, as it dries, is crushed into many spheres, which
are distributed almost evenly over the surface. In the simi-
lar way the formation of solid particles proceeds in the
pores of materials. Sulfur nanoparticles are released from
a polysulfide solution that has penetrated the smallest
capillaries of a porous building material, are fixed on the
surface of pores and give a hydrophobic effect.

Using a scanning multimicroscope, a 3-dimensional
model was constructed and it was found out that as a re-
sult of processing porous material, a coating of sulfur
nanoparticles is formed on the surface of pores and cap-
illary tracts of the material (cross-sectional size is 20—
150 nm, height is 2—10 nm) (Fig. 2c), which prevents the
penetration of water. These plaques of sulfur nanoparticles
are clearly visible on the 3D image of the cleaved concrete
obtained with scanning multimicroscope (Fig. 2a).

):\emmZ2000\TEMPA1576.ift

Size: [ 1.868 mkm x 1.868 mkm » 130.8 nm] [256 x 256 pt]
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Fig. 2. Image of the cleaved sample of concrete: a) treated with a polysulfide solution; b) unprocessed
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Fig. 3. The influence of the mode of impregnation with
a solution of calcium polysulfide on water absorption
by weight (wm) of ceramic brick samples: 1 — initial
(non-impregnated); 2 — impregnated with a solution
of a density of 1.18 g/cm?; 3 — soaked with a solution
of a density of 1.25 g/cm?; 4 — impregnated with

a brush in three passes with a solution of a density

of 1.18 g/cm?; 5 — impregnated with a brush in three
passes with a solution of a density of 1.25 g/cm?

Figure 3 shows the dependence of water absorption by
mass (wm) of ceramic brick on the mode of impregna-
tion of samples. Usually water absorption by weight of
non-impregnated ceramic brick is 14—16%. The sample
presented in Figure 3 has a value of w equal to 15.4%. The
water absorption of a sample of a ceramic brick impreg-
nated with a polysulfide solution of a density of 1.18 g/cm?
is equal to 5.4%, thus, the value of this parameter de-
creased by 2.82 times. As a result of impregnation with
a solution with a density of 1.25 g/cm?, the water absorp-
tion of the sample decreased to a value of 4.5%, that is,
decreased by 3.5 times. Significant reduce of water ab-
sorption of the samples can be achieved due to application
of solution with brush. When used for processing faces
of solutions with a density of 1.18 g/cm? and 1.25 g/cm?,
the water absorption of the samples was 4.5% and 4.2%,
respectively.

The test results for ceramic brick samples impreg-
nated with a polysulfide solution show that full immer-
sion impregnation protects the wall product from water
penetration. The effectiveness of protection depends on
the density of the solution. The method of applying the
solution with a brush also effectively protects the walls of
ceramic bricks from water penetration.

Let us consider the possibilities of the method of pro-
tecting structures with polysulfide solutions on samples of
fine-grained concrete with an initial water absorption by
weight of 12.4%. Figure 4 shows the test data for samples

12

10 4+—

8

6

4 4

2 I

5 . . e
1 2 3 4 5 6

Sample number

Fig. 4. Influence of the mode of impregnation with

a solution of calcium polysulfide on water absorption

by weight (wm) of samples of fine-grained cement
concrete: 1 — water absorption of the non-impregnated
sample; 2 — water absorption of the sample impregnated
with immersion for 1 hour; 3 — water absorption

of the sample impregnated with immersion for 4 hours;
4 — water absorption of the sample impregnated with
immersion for 24 hours; 5 — impregnation in vacuum
for 0.5 hours; 5 — vacuum impregnation for 4 hours

of fine-grained concrete obtained with different process-
ing modes. In this case, impregnation for 1 hour provides
a significant reduction in water absorption from value
of 12.4% to 6.43%, treatment for 4 hours reduces water
absorption to value of 4.6%. Impregnation for 24 hours
allows to reduce water absorption to 1.4%, which is a good
result, since it corresponds to the level of water absorption
of heavy concrete.

A further reduction in water absorption can be
achieved by impregnating samples under vacuum, in this
case impregnation for 0.5 hours ensures a decrease in
water absorption of the sample to 0.75%, and aging under
vacuum for 4 hours to 0.25%. The data shown in Fig. 4
demonstrate that the treatment of fine-grained concrete
with an impregnating composition reduces its water ab-
sorption to a level corresponding to heavy concrete, which
leads to increase in frost resistance, water resistance and
durability of products and structures made of fine-grained
concrete and allows expanding the area of its use in manu-
facturing road products and designs, as well as front wall
cladding products.

The results of experiments to study the effect of im-
pregnation with a polysulfide solution on the compressive
strength of full-scale products (concrete paving slabs of
the Wave type) are shown in the table. The tests were car-
ried out at a temperature of 20°C, atmospheric pressure,
impregnation lasted 4 hours. The average strength of the
first series (6 samples) of non-impregnated concrete tiles
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Table.
Compressive strength of concrete pavement slabs impregnated with calcium polysulfide solution
Concrete paving slabs «Wave»
- The untreated
Name indicators sample Solution density | Solution density | Solution density
1.1g/cm? 1.23 g/cm® g/cm?

Tile Series Number 1 2 3 4
The strength of concrete slabs

in compression, kgf/cm? 465 478 496 482

(GOST 10180-2012)

in compression was 465 kgf/cm?. Processing the tiles of
series No. 2 with a solution of a density of 1.1 g/cm? leads
to an increase in strength up to 478 kg/cm?. Processing
samples of series No. 3 with a solution of a density of
1.23 g/cm? provided an increase in strength to values of
496 kg/cm?. A further increase in the density of the im-
pregnating solution is not advisable, since it does not in-
crease the strength of the concrete product (series No. 4),
since a high density of the solution equal to 1.28 g/cm?
leads to an increase in the viscosity of the solution, and it
does not penetrate into the smallest concrete capillaries
that ultimately leads to a decrease in strength. Thus, the
impregnation of concrete with a solution of a density of
1.23 g/cm? leads to a compaction of its structure, which
is manifested in an increase in the compressive strength
of concrete tiles by 3—7%.

CONCLUSION

Based on the above results, we can make the following
conclusions:

1. The impregnation of porous building materials with
polysulfide solutions creates the conditions for their
penetration into the thinnest capillaries and deposi-
tion of crystallizable particles on the surface of pores

BBEJEHUE

3az[aqa CO3IaHUs HAIEKHBIX 3allIUTHBIX TTOKPBITHIA,
TTOBBIIIAIOIINX MEXaHNIECKIE XapaKTECPUCTUKHU Oe-
TOHHBIX CTPOUTEIBHBIX KOHCTPYKIINIA (CBaif, MOCTOB,
apOK TIePEKPHITUI, TOHHEJICH, JIOTKOB, BOTOIIPOITYCK-
HBIX TPYO, KOJIOAIIEB, TPOTYapHBIX W TOPOXKHBIX TUINT,
OOpHIOPHBIX KAMHEIH U Ap. ), SKCILTYaTUPYIOIINXCS B yC-
JIOBHSIX BO3IECTBUS aTMOC(EpHBIX (DaKTOPOB U TPYH-
TOBBIX BOJ, aKTyaJlbHA. YBEJIWUCHNE TOJTOBEUHOCTH

in the form of sulfur nanoparticles, thereby ensuring
a hydrophobic effect;

2. The proposed method of protection of building ma-
terials is universal, can be used for concrete products
and structures, ceramic bricks, aerated concrete and
other porous materials, processing can be carried out
using a brush, dipping, spraying at room temperature
similar to the technology of using other paints and
varnishes, protection can be adjusted by the duration
of the impregnation and the number of repetitions of
the process [9—11].

3. The practical importance of the proposed method of
protection of concrete and reinforced concrete struc-
tures and products exposed to the direct impact of
groundwater is that water absorption by concrete mass
can be achieved within 1-3% and the waterproofing
grade W8-W10 at which water ceases to be filtered
through concrete surface.

4. The method considered in this article is promising for
the protection of external surfaces of masonry facades
of buildings from any small-piece wall products, as
well as wall and road concrete products. In addition,
the method can be used to maintain the operational
reliability of external walls and foundations of existing
buildings and structures that require major repairs.

1 HAJIeXKHOCTU MOPOKHBIX KOHCTPYKIIUI, SKCIUTyaTHPy-
IOIIMXCS B YCJIOBUSIX BO3IEMCTBUS MEXaHUUECKUX U aT-
Moc(pepHBIX (DAKTOPOB, OOBITHO TOCTUTACTCS IIPUMEHE-
HUEM pa3JIMYHOro pofa MmoauduLpoBaHus 6etoHa [1],
IIPUMEHEHMST 3aIIUTHBIX TTIPOITUTOYHBIX COCTABOB [2, 3].
CaMBIM TJIaBHBIM HEIOCTATKOM TTOKPBITHIA SIBIIICTCS He-
JIOJITOBEYHOCTH KOMITOHEHTOB CaMUX 3aIIIUTHBIX TTOKPhI-
Trii. Bo Bcex 3MaHMAX M COOPYKEHUSIX €CTh 3JIEMCHTHI
KOHCTPYKIIWIA, TOABEPXKEHHBIC MTHTCHCUBHOMY BO3IEH-
CTBHIO BJIATY ¥ TPYHTOBBIX BO: (PYHIAMEHTHEIC OJIOKH,
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MOAYWIKU U TUIMTHI, CBau; 1IOKOJIbHbIE U TTOJOKOHHbIE
Y4acTKM CTE€H, MapaneThl, BLICTYNAIOIINE 2JI€MEHThI
(acamoB (KapHU3HI, ITOSICKN); TUIMTHI TTIOKPBITHST; JIOT-
KM, KOJIOALbI, OOpAIOpPHbIE KAMHM, TPOTyapHasl TJIUT-
Ka; apKM, BOJOMPOINYCKHbIE TPYObl, 2JIEMEHTHI MOCTOB
u 1p. Jis UX 3a1IUTHI HEJIb3sI 000MTUCH 00pa30oBaHUEM
TOHKOM IJIEHKM 3alIUTHOTO MOKPBITHSI HA TOBEPXHOCTU
maTepuaia, a TpedyeTcsl IpUMeHEeHNe COCTaBOB, KOTO-
phie ObI IITYOOKO IPOHUKAJIN INIyOOKO BHYTPh MaTepuaja
W TIPEIOXPAHSIIM €r0 OT TPOHUKHOBEHUS BOIIbI MIPU €€
MOCTOSTHHOM BO3IEMCTBUU. B 3THX Cilydasix MCHoIb3y-
[OT pa3IMYHBIC CBS3YIONIME (TTOTMMEpHBIC, KPeMHMIA-
OpTraHWYEeCKIUe, XUIKOE CTEKJIO, pacIulaB Cephl U TIp.).
KaxnoMy u3 nepedyrcieHHbIX MaTEpUAIOB PUCYIIU
HenocTtaTku. Hanmpumep, opraHuyeckrue U KpeMHUI -
OpraHu4YecKMe COeIMHEHUSI, HECMOTPS Ha BBICOKYIO
3 OEKTUBHOCTH B HaUyajie cpokKa dKCIUTyaTalluH, I10-
CTEMEHHO TpeTepIieBaloT AECTPYKIIUIO U TEPSIIOT CBOU
3alIuTHBIE PyHKIUU. TakuM oOpa3oMm, B HACTOSIIIEE
BpEeMSsI OTCYTCTBYET YHUBEPCAIbHbII METOT, PUTOIHbII
JU1s1 OOECTIeYEHMST TOITOBPEMEHHOM 3aIIUThI CTPOUTEb-
HBIX MaTepUaIoOB OT MPOHUKHOBEHUS BOJbI B YCIOBMSIX
ee TTOCTOSTHHOTO MPUCYTCTBUS. OTYacTH IIpodiieMa pe-
111aeTCs MPOMUTOYHBIMU cocTaBaMU Tuta «[leHeTpoH»,
«Kcaitnekc», «'unporekc» v Apyrue, OHU NPeACTaBISIOT
€000 TMAPOU3OJIILMOHHBIN MaTepuai r1yooKoro mpo-
HUKHOBEHUS JIS1 3HAUYUTEJIbHOTO YBEJIUYEHUST BOJIO-
HEMPOHUIIAEMOCTH 1 TIPEAOTBpaIleHUST KATUJUISIPHOTO
MPOHUKHOBEHUS Bjaru yepe3 6eToH. Mx nmpuMeHeHue
MO3BOJISIET 3aAIIUTUTH OETOH OT BO3/IEHCTBHUS arpeCCUB-
HBIX Cpel: KUCIOT, CTOYHBIX M TPYHTOBBIX BOJI, MOPCKOM
Bombl. OOpabOTaHHBIN OETOH TTPUOOPETAET CTOMKOCTH
K BO3IEHCTBUIO KapOOHATOB, XJIOPUIOB, CYIb(aTOB, HU-
TpartoB u 1p. [IpruMeHeHre neHeTpoHa 1 Ip. TTO3BOJISIET
MOBBICUTH MMOKAa3aTeJIM BOJOHEIIPOHUIIAEMOCTH, TTPOY-
HOCTH, MOPO30CTOMKOCTH OeToHa. Ho ux cyliecTBeH-
HBIMU HEIOCTaTKaMU, MPENSITCTBYIOIIUMU IIUPOKO-
MY UCIIOJIb30BaHMIO Ha peIHKE PM, IBIIsSICTCS BRICOKAS
CTOUMOCTb.

B xaudecTBe cpencTBa MOJATOBPEMEHHOM 3alllUThI
CTPOUTEJILHBIX MaTepuayioB MpeajaraeTcs oopadoTka
MOBEPXHOCTEW MOPUCTHIX CTPOUTEbHBIX MaTEPUATIOB
HOBBIM cepocoaepKallnuM coctaBoM [4, 5]. Paspabo-
TaHHBIN MPOMUTOYHBIN COCTaB HA OCHOBE Cepbl 0becte-
YMBAET 3alUTy CTPOUTEIbHBIX MAaTePUAIOB OT aTMOC-
(bepHBIX BO3NCHCTBUI 1 aTPECCUBHBIX CPEIl B TCUCHUE
IJTATETLHOTO BpeMeHU. CoCTaB IpeIcTaBIIsieT COOO0M
cepocoaepXKallyo XXUIKOCTb, KOTopas 6iarogapst Hu3-
KOU BSI3KOCTU MpPU 00pabOTKe MPOHUKAET B TOPOBYIO
CTPYKTYpY MaTepuaja Ha riiyouHy 0ojee 1 cM u mpu 1mo-
CJIeIyIOIIEM BBICBIXaHUM CO3JaeT B MOpax MaTepuasa
HEpPaCcTBOPUMOE 3allIUTHOE IOKPHITHE [6].

TexHonorust 06pabOTKM 3J1€MEHTOB KOHCTPYKILIUH
W U3AEUI MPOCTa U TOCTYMHA: KaK U OOJIbILIMHCTBO
JIAKOKPACOYHBIX MaTePUaIOB, OHU HAHOCSITCS KUCThIO,

HaJIMBOM, paclblIEeHUEM, MOTPYKEHHUEM MPHU JTI00bIX
MOJIOXKUTETbHBIX TeMMepaTypax. [IpuHUMIIMaNIbHAS HO-
BU3HA Tpe1JIaraeMoro pelieHus 3aKI04aeTcs B TOM,
4YTO ruapododusalust 10CTUraeTcs MpUMeHEeHUeM Ma-
Tepuaja HeopraHU4eCKol npupoasl — cepbl. Hanuuue
cepbl B IMOpaX CTPOUTENIbHBIX MAaTepUaIOB MPUIAET UM
BOJOOTTAJIKMBAIOIIME CBOMCTBA HA IJTUTEILHOE BpEMS —
B OTJIMYME OT OpraHWYECKUX JJAKOKPACOYHBIX MaTepU-
anoB. OpUTUHAIBHOCTD MOIX0IAa 3aKJTI0UACTCSI B TOM,
YTO Ha CTaJWU MPOMUTKU UCIIOJb3YETCS PACTBOPUMOE
B BOJI€ BELLIECTBO, B COCTaBE KOTOPOTO MOJIEKYJIbI CEPbI
rnormanamT B MeJibuaiiiiine nopsl Matepuana. Ha atarme
CYIIKM 3TO BEIECTBO pacHagaeTcsl U Ha TTOBEPXHOCTU
ITop 00pa3yeTcst HepaCTBOPUMBIiA B Bozie (THIpPO(OOHEIIT)
clioit aneMeHTHOI cephl. [IpuMeHeHNe TIyOOKOI TTpo-
MUTKU MO3BOJISIET HAPsILy C TTOBBIIEHUEM MPOYHOCTHU
1 MOPO30OCTOMKOCTU, YMEHBILIEHUEM BOAOTOTJIOIIEHUS
CYLIECTBEHHO MOBBICUTb CTOMKOCTh K aTMOC(hEPHBIM
dakTopaM, XMMUYECKYIO CTOMKOCTb K KMCJIOTaM, CO-
JIEBBIM pacTBOpaM, HedTenpoaykTtaMm. MuHepaibHas
MpUpOo/IA MOKPBITUSI 0OECIIEUMBAET €ro JOJITOBEYHOCTD,
a TIpUCYIIME 2JIEMEHTHOU cepe BOAOOTTAIKUBAIOIIWE
CBONCTBA MPENOTBPALIAIOT TOCTYIT BOJIbI B TIOPHI MaTe-
puana. [ToBepxHocTtu, 06paboTaHHbIE TIpeaiaraéMblM
COCTaBOM, IPUOOPETAIOT HE TOJILKO TMAPO(POOHBIE CBOM-
CTBa, HO TaKXe U SIPKO BbIpaXKEHHbIE OaKTepULIUIHbIE
CBOWCTBA, B pe3yJbTaTe MpeloTBPaIalOTCs MPOLIECCHI
THUEHUS 1 o0pa3oBaHUs IieceHr. CocTaB He BEIMBIBA-
€TCs B YCJIOBUSIX NIMTEILHOTO KOHTAaKTa C BOIOM, (-
(deKTHUBEH B KauyeCTBEe 'PYHTOBOYHOTO COCTaBa Mepe/
00paboTKOM KpeMHUIMOPTaHNMYECKUMU KOMIO3ULIUSIMU
1 KpacKaMM Ha OCHOBE pPaCTBOPUTEIEN.

OCHOBHAA YACTD
Pe3yabTaTbl Hcce10BaHUIA

1t mumiocTpaliln BO3MOXKXHOCTEH IpemaracMo-
r0 METOMA 3aIIUTHl CTPOUTEIILHBIX MAaTePHUAIOB TIPE/I-
JIaTaroTCA CICAYIONINe SKCIIePUMEHTAIbHEBIC JaHHbIC,
IMOJTyYeHHEBIC IJI MaTepHaOB, NCIBITAHHBIX B pa3-
JINYHBIX YCIOBUSIX. TaK KaK OCHOBHBIM HaIlpaBJIeCHUEM
IIPUMEHEHUS TIPEIToIaraeTCs 3alliTa CTPOUTEIBHBIX
KOHCTPYKIMI, SKCIIYaTHPYEMBIX B YCIOBUSIX ITOCTO-
STHHOTO BO3IEMCTBHS BJIaTH, TIPUBOIUM PE3YIbTAThI UC-
CJIeIOBaHUS BIMSHUS TTPOMUTKHU 3alIMTHBIM COCTaBOM
Ha CBOIMCTBA Pa3IMYHBIX BUIOB IOPUCTHIX CTPOUTETHHBIX
MaTepHaioB.

W3 pabot [7, 8] u3BeCTHO, UTO M3 MOJUCYIbGUITHBIX
pPacTBOPOB OCAXKMAIOTCI HAHOYACTUIIBI CEPHI CPETHUM
pa3mepoM 20 HM, Ha prc. la n300paxkeHbl HAHOYACTUIIBI
cephl, HabogaeMbIe B 30HI0BOM MHUKpockorre. Kakmx
JKe pa3MEepOB YAaCTHUIIBI CEPBI OCAXKTAIOTCS Ha CTEHKAX
ITOp M KAIMMJLUISIPHBIX TPAKTOB ITOPUCTHIX MaTePHUAIOB
13 IONUCYIb(PUIHBIX pacTBOpoB? OTIpeneicHne pa3Me-
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Puc. 1. a — N300paxkeHne HAHOYACTHIL CEPbI M3 MOJMCYIL(UIHOTO PACTBOPA, MOJYYEHHOE C TIOMOIIbIO 30HI0BOTO
MHKPOCKOMNA; 0 — N300paxkKenne CKoJia 0eToHa 00pa3ia, 00padoTaHHOTO MOJNCYIb(HIHBIM PACTBOPOM;
B — H300paKkeHue HAHOYACTHIL Cepbl HA MOBEPXHOCTH CKOJIA OETOHA, MOJIyYeHHOE C IOMOMIbIO CKAHUPYIOLIETO

MYJIbTUMHKPOCKOMNA

POB YaCTUII TPOBOIWIOCH ITyTEM UCCIIEIOBAHUS CKOJIOB
00pa3I0B METKO3EPHUCTOTO OETOHA pa3MepoM 2X2x2 cM,
TIPOTIUTAHHBIX TIOJTUCYJIB(MUIHBIM PACTBOPOM B TEUCHUE
4 gacos nipu atMocchepHoM nasneHun. Ha puc.16 Bun-
HO, 9TO 00J1aCTU CKOJIOB, MMeoINe ruapohodoHOe To-
KPBITHE, UMEIOT TEMHBIN OTTEHOK 11BeTa. [1o mepumeTpy
CKOJIa 00pa3lia OTYETIAMBO BUIHA 00JIACTh, B KOTOPYIO
TIPOHUK MPOIMUTOYHBIN COCTaB U MOCJIE BBICBIXaHUS 00-
pa3oBaAJI BONOOTTAJIKUBAIOIINA CITOU.

J7151 TOro 4TOOBI MPOAHAIU3UPOBATH B TPOXOISIIEM
CBETE XapaKTep YacTUll, ObUIO PACCMOTPEHO pacmpe/e-
JieHUE TIONTUCYTL(UIHOTO PACTBOPA HA CTEKJIE TTOCIIE BhI-
ChIXaHUS. AHAJIN3 TIOBEPXHOCTHU YAaCTULL HA CTEKIIE MO
ONTUYECKUM MUKPOCKOTIOM co 100-KpaTHBIM yBemmue-
HUEM MOoKa3aJl IPUCYTCTBUE HA MOBEPXHOCTU cepu-

D:\smm2000\0anokparnas\TEMPAT497.ift
Size: [ 1.868 mkm » 1.868 mkm x 1925 nm| (256 » 256 pt]

YeCcKHUX 00pa3oBaHUi, HATTOMUHAIOIINX COBOKYITHOCTh
manieHbkux cdep (puc. 1B). CropoHa KBampata, mipen-
cTaBjieHHOTO Ha puc. 1B, paBHa 400 MmukpoH. Takum 006-
pazoMm, MOMNCYALMOUIHBIN PACTBOP IO MePE BHICHIXaHUSI
JPOOUTCS HA MHOXECTBO chep, KOTOPBIE pacTIpe/ieIeHbI
MPAKTUIEeCKN PAaBHOMEPHO TI0 TIOBEPXHOCTU. AHAJIO-
TUYHO TIPOUCXOIUT U (POPMUPOBAHKE TBEPABIX YACTHUII
U B TIopax Matepuaios. M3 nommcynshbumaHoro pactsopa,
TMPOHUKIIIETO B MeJIbUailiiime Kanuuisipbl TTOPUCTOTO
CTPOUTETIHHOTO MaTeprasia, B IPOIIECCE BhICHIXAHUSI BbI-
TIEJISTIOTCSI HAHOYACTHUIIBI CEPBI, KOTOPBIE 3aKPETUISIIOTCS
Ha IMOBEPXHOCTH TIOP U AAIOT TUAPOhOOHBII 3 DexT.
C MOMOIIIbI0 CKAHUPYIOIETO MYJTbTUMUKPOCKOTIA
TMOCTpOeHA 3-X MepHasi MOJIeJIb U YCTAHOBJICHO, YTO
B pe3yibTare 00pabOoTKM MOPUCTOTO MaTepuaia Ha To-

):\smm2000\TEMPA1576.ift

Size: [ 1.868 mkm x 1.868 mkm x 190.8 nm] (256 x 256 pt)

1925 nm [2)
00
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Puc. 2. I300paxkenne cKoJia 00pa3na 0eToHa: a) 00pad0TAHHOTO MOJINCY Ib(DUIHBIM PACTBOPOM; 0) HEOOPAOOTAHHOTO
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Pexum nponuTku o6pasLios

Puc. 3. Bausinue pexuMa nponuTKA PACTBOPOM
MOJHMCYIb()H/IA KAIBIMS HA BOJAOMOTIONIEHNE TI0 Macce
(WM) 00pa3noB KepaMHIeCKOro Kupnmda: 1 — HeXoaHblii
(HenmpoNMTAHHDIIT); 2 — MPONUTAHHBIN PACTBOPOM
mwioTHoCcThIO 1,18 r/cM3; 3 — mponuTaHHBIA PACTBOPOM
IIOTHOCTBIO 1,25 r/cM3; 4 — NPONUTAHHBINA KHCTHIO

3a TPH MPOX0J1a PACTBOPOM IJIOTHOCTHIO 1,18 r/cm?;

5 — nponuTaHHBI KUCTHIO 32 TPH MPOXOJA PACTBOPOM
WIoTHOCTHIO 1,25 r/cm3

BEpXHOCTH IOP W KaMJUTIIPHBIX TPAKTOB MaTepraja 00-
pasyeTcs IMTOKPHITHE U3 HAHOYACTHUII CEPHI (TIOTIepeIHBII
pasmep — 20—150 uM, BeicoTa — 2—10 HM) (pHC. 2B),
KOTOpOE TIPEISITCTBYeT IPOHNKHOBCHUIO BOABI. DT
OJIAIIKY M3 HAHOYACTHII CEPBI OTUYCTIMBO BUIHBI Ha O0b-
€MHOM M300pakeHNH CKOJIa OETOHA, TTOIyIYeHHOTO C I0-
MOIIBIO CKAHUPYIOIIETO MYJIBTUMUKPOCKOITA (prc.2a).

Ha puc. 3 nmpuBeneHa 3aBUCUMOCTh BOTOIIOTJIONIC-
HUS 10 Macce (WM) KepaMIIeCKOTO KUPIIYa OT PeXKu-
Ma IIPONUTKU 00pa3iioB. OOBYHO BOMOIIOTIOMICHME
0 Macce HeIPONUTAHHOTO KepaMUIeCKOTr0 KHMPITH-
ya cocrapisieT 14—16%. O6pasell, mpeacTaBIeHHbIIA
Ha puc. 3, UMeeT 3HayeHue w paBHoe 15,4%. Boao-
TOTJIONIeHNe 00pa3iia KepaMUIeCcKOTo KUPITNJa, IIpo-
MUTAaHHOTO PAacTBOPOM ITOJMCYIb(GHAA TUNIOTHOCTHIO
1,18 r/cMm?, paBeH 5,4%, Takum 00pa3oM, 3HAYEHUE 3TO-
To TTapaMeTpa YMeHBIIMIIOCH B 2,82 pa3a. B pe3ynbrarte
MPOMUTKUA PACTBOPOM ILUIOTHOCTHIO 1,25 r/cm? Bogo-
MomIoLIeHne 00pa3la CHU3UIOCH 10 3HadyeHus 4,5%,
TO €CTh YMCHBIIIIIOCH B 3,5 pa3a.

3HAUNTEIIPHO CHU3UTH BOIOITOTJIONICHIE 00pa3IioB
TO3BOJISIET HAHECEHE pacTBOpa KUCThIO. [1pn mcmosb-
30BaHUU TSI 00PaOOTKM TpaHell pacCTBOPOB ITIOTHOCTHIO
1,18 r/cm3 1 1,25 r/cm? BoporioronieHe 06pa3LoB co-
ctaBuio 4,5% u 4,2% cOOTBETCTBEHHO.

Pe3ynbTaThl MCTIBITAHUNA IS 0Opa3IloB KepaMu-
YeCKOT0o KHPIHUYa, IPOIMUTAHHBIX MOJIUCYIbL(MUIHBIM
pacTBOPOM, ITOKA3HIBAIOT, UTO ITPOIMTKA ITOJTHBIM

12 o

10 +o

8 o

6 o

4. I I

o | . . e
1 2 3 4 5

Homep ob6pasya

N

.

Puc. 4. Bausnne pexuMa nponuTKH PACTBOPOM TO-
Jucyabhuaa KaJbius HA BOJONOIJIONIEHHE 0 Macce
(WM) 00pa3noB MeJIKO3ePHICTOr0 IIEMEHTHOTO OeToHA:

1 — BojOMOIJIONIEHHE HEMPONMTAHHOTO 00pa3na; 2 — Bo-
JIOTIOTJIONIeHre 00pa3na, NPONUTAHHOTO MOrPyKeHneM
Ha 1 9ac; 3 — BogonorJIoNmenue 00pasna, NPOMUTAHHOTO
norpykenuem Ha 4 yaca; 4 — BOJONOIJIONIEHNe 00pa3ua,
MPONUTAHHOTO MOTPyKeHneM Ha 24 Jaca; 5 — nponuTka
B BaKyymMme B Tedenne (0,5 yaca; 5 — mponmuTKa B BaKyyme
B Teyenue 4 4acoB

ITOTPYKEHUEM XOPOIIIO 3alIHUINACT CTCHOBOE M3IEIIHE
OT TIPOHUKHOBEHUS BOABI. D(PGHEKTUBHOCTD 3aIIUThI
3aBHCUT OT TUIOTHOCTHU pacTBopa. Crrocod HaHECEeHUS
pacTBOpa KMCTHIO TAKXKe TO3BOJIICT 3 (HEKTUBHO 3a-
IIUIIATh CTEHBI U3 KePaMHIECKOr0o KUPIUYa OT IIPO-
HUKHOBCHHUS BOJIBL.

PaccMoTprM BO3MOXHOCTH METOMA 3aIIMTHI KOH-
CTPYKUWI TTOMUCYIb(MUIHBIMI pacTBOpaMH Ha 00pa3-
IIaX MEJIKO3epHHUCTOr0 OETOHA C MCXOMHBIM BOIIOIIO-
rionieHueM 1o macce 12,4%. Ha puc. 4 npuBeneHsl
MaHHBIC UCTIBITAHUI IJIT 00pa3oB MEIKO3ePHUCTOTO
0cToHA, TTOJIYIeHHBIC TIPU Pa3IMIHBIX peXKMMax oopa-
0otku. B 3TOM cityuae mpornuTka B TeueHue 1 yaca obe-
CIICYMBACT CYIICCTBEHHOE CHIKCHIE BOIOITOTIIOIICHIUS
co 3HaueHus 12,4% no 6,43%, o6paboTKa B TeUEHUE
4 yacoB CHIKAET BOOOMOIIOLIEHUE 10 3HaueHus1 4,6%.
[IporuTKa B TeUeHME 24 9aCcOB ITO3BOJISICT CHU3UTH BOMIO-
romtoieHue 10 1,4%, 9To SIBISIETCS] XOPOILUM Pe3yJIbTa-
TOM, TaK KaK COOTBETCTBYET YPOBHIO BOIOTIOTIOIICHUS
TSDKEJIOro OeTOHa.

JanpHeliniee CHIDKCHNE BOIOITOTIOIICHMS MOX-
HO 00eCIeUYnTh MIPU IIPOIMTKE 00pa3IoB MO BaKy-
YMOM, B 3TOM cllyJae IIpomnnuTKa B TeueHue 0,5 yaca
obecrneynBaeT CHIDKEHNE BOIOIOIIONMICHIS 00pasiia
10 0,75%, a BbIIEpXKKa IO BAKYYMOM B TeueHue 4 ya-
coB — 110 0,25%. JlanHble, IpuBeAeHHbIE Ha puc.4, Io-
Ka3BIBAaIOT, YTO 00pabOTKa MEIKO3EPHUCTOIO OETOHA
IIPOITUTOYHEIM COCTABOM ITO3BOJISICT CHU3UTH €TO BOIO-

http://nanobuild.ru

284

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (3):
276-287

Nanobull

APPLICATION OF NANOTECHNOLOGIES AND NANOMATERIALS « TPUMEHEHWE HAHOTEXHOJIOTA U HAHOMATEPUAJIOB

Tabauya

IIpounocTs Ha c:KaTHE OETOHHBIX TPOTYAPHBIX IUVIUTOK, MPONUTAHHBIX PACTBOPOM MOIUCY.Ib(UIA KATBIHS

ILuTel OeTOHHBIE TPOTYapHbIe «BoaHa»
HaumeHnoBanue Heo0padoTanHblii
oKasaTeleii obpasen IUIOTHOCTh PACTBOPA | ILIOTHOCTb PACTBOPA | IVIOTHOCTH PACTBOPA
1,1 r/cm? 1,23 r/cm? 1,28 r/cm?
Howmep cepuu miutok 1 2 3 4
ITpoyHOCTHL OE€TOHA TIJIUT
Ha cxkartue, Krc/cMm? 465 478 496 482
(F'OCT 10180-2012)

TIOTJIOLIECHME IO YPOBHS, COOTBETCTBYIOIIETO TSKEJIOMY
OCTOHY, YTO IPUBOIUT K ITOBBIIIICHUIO MOPO30CTOM -
KOCTH, BOIOHECTIPOHUIIAEMOCTH U TOJTOBCYHOCTH U3-
IeNiA 1 KOHCTPYKIINI U3 MEJIKO3epHUCTOrO OEeTOHA
¥ TI03BOJISIET PACIIMPUTH 00JIaCTh €ro MCIIOJIb30BaHUS
TIPY U3TOTOBJICHUN TOPOXKHBIX M3ICTNI 1 KOHCTPYKIIHIA,
a Takke (pacagHBIX CTCHOBBIX OOJIMITOBOYHBIX M3HCIIHIA.

Pe3ynpraTsl 5KCIIEpUMEHTOB IO MCCIICAOBAHUIO BIIH-
STHUSI TIPOTIMTKHY TTOJIACYTH(UIHBIM PACTBOPOM Ha TIPOY-
HOCTb Ha CXXaTWe HATYPHBIX M3IEIWN (TNTUTKU OCTOH-
Hble TPOTyapHble TUMa «BojiHa») mpuBeaeHbI B Tabl.
HcnbiTanus poBoauianchk npu temiepatype 20°C,
aTMoc(epHOM TaBJICHUHU, IIPOIMTKA IIUIach 4 Jaca.
CpenHsist IPOYHOCTD MePBOii cepuu (6 00pa3LoB) He-
TIPOITMTAaHHBIX OETOHHBIX IJTUTOK Ha CXXaTHe COCTaBUIIA
465 xrc/cm?. O6paboTKa IIMTOK cepuu Ne 2 pacTBOpOM
IUIOTHOCTBIO 1,1 r/cM® IpUBOAUT K BO3PACTAHMIO IIPOY-
Hoctu 10 478 kr/cm?. O6paboTka 06pa3LoB cepun Ne 3
PacTBOPOM ILUIOTHOCTBIO 1,23 r/cM? obecrieunsia MoBbI-
LIEHKE IIPOYHOCTU 10 3HaYeHuit 496 kr/cm?. JlanbHeit-
IIee yBeJIWYeHNE TUIOTHOCTH TIPOIMMTOYHOTO pacTBOpa
He IIeiecoo0pa3Ho, TaK KaK He IMPUBOAUT K TTOBHIIIC-
HUIO IIPOYHOCTU OeTOHHOTO M3nmenus (cepust Ne 4), n3-
3a BBICOKOM IUIOTHOCTU pacTBOpa, paBHoM 1,28 r/cm?,
MIPUBOIUT K YBEIMUCHHIO BI3KOCTH pPacTBOpa, U OH
He TIPOHUKACT B caMble MEJIKIE KalUJIJISIPEI OeTOHA,
YTO B KOHCYHOM MTOTE IIPUBOIUT K CHIDKCHUIO TTPOI-
HocTu. Takum o0pa3om, IIPONUTKa OETOHA paCTBOPOM
IUIOTHOCTBIO 1,23 r/cM® NPUBOIUT K YIUIOTHEHUIO €TI0
CTPYKTYPBI, UTO TIPOSIBIISICTCS B TTIOBBIIIICHU TIPOYHOCTH
Ha cxkaTure OETOHHBIX IUTMTOK Ha 3—7%.

3AKTIOYEHUE

Ha ocHOBaHUM NMpUBEAECHHBIX PE3YIBTATOB MOXHO
cIenaTh CIeyIONIe BEIBOJIBI:

1.

[Tpu mpoNUTKE MOPUCTHIX CTPOUTECITLHBIX MAaTEPH-
aJIOB TIOJIMCYIb(MUIHBIMUA PACTBOPAMHU CO3IAI0T-
Cs YCIIOBUS MX IIPOHNKHOBEHMS B CaMBle TOHKHE
KaIMJIJISIPBl M OCaXKICHUST KPUCTAILUIN3YIOIIAXCS
YaCcTUI] Ha TTOBEPXHOCTH ITOP B BUAC HAHOYACTHII
cephl, TeM cCaMbIM O0ecIieunBaeTcs: ruapoOoOHbII
3 dexrT;

IMpemnoxKeHHBI METOI 3aIIUTHl CTPOUTEIBHBIX
MaTepHaJIOB SIBISICTCS YHUBEPCAIBHBIM, MOXET
OBITH MCITOJIF30BaH JUISI OCTOHHBIX M3ICINI M KOH-
CTPYKIIM, KepaMUIECKOTO KMPpIHNYa, Ta300eTO-
Ha U APYTUX MOPHUCTBHIX MaTepraroB, 06padoTKa
MOXKET OBITH OCYIIECTBJICHA C TTOMOIIBIO KHUCTH,
IMOTPYKEHUEM, pacIbUICHUEM IIPU KOMHATHOM
TeMIIepaType aHAJOTUYHO TEXHOJOTUM IIPUMEHE -
HUS IPYTUX JAKOKPACOYHbBIX MaTepUaJIOB, YPOBEHb
3aIIUTHl MOXET PEeryJIMpPOBAThCS IIUTEILHOCTHIO
IIPOTIUTKY W KOJIMIECTBOM ITOBTOPEHUIA TIpoliecca
obpabotkm [9—11].

[IpakTryecKoe 3HaAUCHME TIpenjiaraeMoOro MeToaa
3aIIATHI OCTOHHBIX 1 3KeJIe300€TOHHBIX KOHCTPYK-
WA ¥ U3OCINIA, TTOABEPTAIOIINXCS IIPSIMOMY BO3-
IEWCTBHUIO TTON3EMHBIX BOII, 3aKJTI0OYACTCSI B TOM, UTO
MOXKHO TOOUTHCST BOIOTIOTJIOIICHMS TI0 Macce OeTOHA
B npeneiax 1—3 % u MapKu 110 BOAOHEIIPOHULIAEMO-
ct W8-WI10, 1py KOTOpBIX Boma IepecTacT (pHib-
TPOBAaThHCS Yepe3 OETOHHYIO TTIOBEPXHOCTb.
PaccMoTpeHHBII B JTaHHOI CTaThe METO TTePCIICK-
TUBEH IS 3aIIATHI BHEIITHUX TTOBEPXHOCTEI KITAIKH
dacanos 3maHMIT U3 TFOOBIX MEJTKOIITYIHBIX CTCHO-
BBIX M3MENINI, a TAKXKE CTCHOBBIX M JTOPOKHBIX 13-
nenuii u3 6eroHa. Kpome Toro, MeTom MOXeT ObITh
HCTIOTB30BaH IJIST IIOAIE PIKAHMS SKCILTYyaTallMOHHOM
HaIEeXXHOCTH HAPYKHBIX CTCH 1 (DYHIAMEHTOB CY-
IIECTBYIOIINX 3MaHUI W COOPYKEHMI, TPEOYIOIITNX
KaITMTaJIbHOTO PEMOHTA.
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