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Abstract

Superhydrophobic materials have recently attracted attention from both academic and industrial circles
because of their importance in fundamental research and potential industrial applications such as bio-
surfaces, anti-biofouling, transparent and antireflective superhydrophobic coatings, structural color, fluid-
ic drag reduction, enhancing water supporting force, controlled transportation of fluids, superhydrophobic
valves, battery and fuel cell applications, prevention of water corrosion and oil-water separation corrosion
protective coatings, preventing adhesion of water and snow to windows or antennas, self-cleaning, en-
hancing buoyancy, and coating films for electronic devices. The first appeared in the construction of wa-
ter-proofing about 40 years ago. They were mostly silicone-based fluid polyhydro siloxane, etil silikonata
sodium, sodium methyl siliconate. Since these formulations have certain negative qualities, they are now
virtually disappeared from the market of construction materials. Relatively cheap raw material soot has
hydrophobic properties and can be used as a filler in the creation of hydrophobic materials and coatings.
The main disadvantage of soot is that its interaction with the water initiates the mobility of carbon nanos-
tructure components and new structural formations lead to loss of hydrophobic properties. However, if
the soot to obtain, under certain conditions, combustion of fuel, it can maintain hydrophobic properties af-
ter exposure to water, and such soot may be further used to impart water resistance to various materials.
In recent publications appeared in public a lot of work related with synthesis hydrophobic carbon surfaces
in flames. In this paper was created hydrophobic sand based on soot having superhydrophobic properties

synthesized by burning of polyethylene waste.
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Introduction

Materials with appropriate surface rough-
ness and low surface energy can form
superhydrophobic surfaces, displaying water con-
tact angles greater than 150°. Superhydrophobic
carbon-based materials are particularly interesting
due to their exceptional physicochemical proper-
ties.

Preparation of superhydrophobic materials
is rapidly developing areas of modern science.
Superhydrophobic materials and composites based
on them have been widely used in various
industries:  construction,  textile  industry,
instrument, paint production, and others. For
Kazakhstan, the development of the technology of
hydrophobic material is relevant, due to the lack
of industrial plants for the production of this class
of materials.

Excessive moisture is the main cause of the
destruction of buildings and structures. With the
penetration of water into the construction projects
go on corrosion and deformation, with the appear-

ance of cracks in porous building materials is re-
duced structural strength. However, this problem
can be solved by means of hydrophobic water-
proof materials which are able to provide materi-
als such as brick, concrete, plaster, gypsum, as-
bestos cement, the properties of water repellency.

Also hydrophobic waterproofing materials
can give for concrete and reinforced concrete
structures such qualities as frost and corrosion
resistance, especially in the context of being in
aggressive and hostile environments. Assortment
of modern hydrophobic materials is extremely
high. This may be alkilsilikonaty of alkali metal,
polimetilgidridsiloksan, various compositions and
elastomers. Thus, the use of modern hydrophobic
materials enables to provide a reliable protection
from corrosive environmental components to re-
duce the water absorption of porous materials to
improve the appearance of the building structures.
But with the passage of time, the water washes
away the hydrophobic compounds and, therefore,
with a certain interval necessary to restore the hy-
drophobic coating. Taking into account the high
cost of these materials, the economic part of the
question plays an important role.
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Thus, today there is a need in the hydro-
phobic composites whose production it would be
advantageous and application effective. In this
work were synthesized superhydrophobic soot
through the combustion of polyethylene waste and
created hydrophobic sand on the bases of obtained
soot. Hydrophobicity is characterzed through the
wetting angle for water droplets placed on a sur-
face covered with obtained superhydrophobic
soot.

Materials and methods

During combustion of hydrocarbon fuels

particles of soot are a by-product of combustion.
But if burn fuel under certain conditions, it is pos-
sible to produce a soot with specified properties
[4, 5]. The photograph of experimental setup for
synthesis of soot which having superhydrophobic
properties shown in Fig.1.

Results and discussion

The obtained soot particles were investi-
gated by Scanning electron microscope (SEM)
and Transmission electron microscope (TEM),
Fig.2.

1 — transformer; 2 - quartz tube; 3 — top; 4 — metal tube; 5 — polyethylene samples;
6 — soot collector

Fig. 1 — The photograph of experimental setup for synthesis of soot by burning a polyethylene waste

Fig. 2— SEM and TEM images of soot particles

TEM studies have shown that the sizes of
the soot particles are within 20-40 nm. Soot parti-
cles have clearly defined boundaries, and formed
a chain, high concentration of forming chains and
degree of structure.

The obtained superhydrophobic soot which
used for create hydrophobic sand has been exam-
ined using Raman spectroscopy. The Raman spec-
tra indicate the presence of various forms of car-

bon. Raman peak near 1350 cm™ (marked as D is
due to amorphous-C, while the peak at 1590 cm™
(marked as G ) is due to graphite, Fig. 3. The ratio
between the intensities of the G and the D peaks
provides information about the lateral dimensions
of the flakes.

Particle  size  distributions  of  the
hydrophobic soot were built up using method
Monte Carlo, Fig.4.
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Fig. 3 — Raman spectra of soot having superhydrophobicity properties

The proposed work was to create a
hydrophobic composite building material which
was created based on soot having
superhydrophobic properties obtained by burning
a polyethylene waste.

For polyethylene flame plastic waste was
placed in a hermetic rector and was exposed
thermally decomposed without access to air at a
temperature of 900 - 970 K. As a result of
decomposition of polyethylene form easily a
condensable gas having white colour, which,
when burned, burns resistant smoky flame. The
obtained soot was precipitated on the surface of
the nickel substrate. A method of producing a
superhydrophobic soot by proposed method is
described in detail in [6].

The production technology of hydrophobic
sand includes some stages. In the first of all on a
surface of sand was placed the glue, the next step
was processing by a hydrophobic filler. After goes
process of hardening. We used usual washed river
sand, as a glue of basis was applied polyurethane
glue which dissolved in ethyl acetate. The content
of glue mass no more than 5% from the weight of
hydrophobic sand. The sticky layer is put on a

surface of sand for subsidence of a polyurethane
film from solvent. For what sand with the
polyurethane glue which was dissolved in ethyl
acetate, is exposed to intensive hashing, volatile
solvent is evaporated and on a surface of sand is
formed the nanodimensional film of polyurethane.

In the obtained thus sand with adding 1% of
superhydrophobic soot and calcium stearate, the
received weight at a temperature of 40-90 °C
mixes up with a speed of 60 turnover / sec. within
30 minutes.

During hashing the surface of grains of
sand is enveloped by a nanodimensional film from
a mix of hydrophobic soot. The role of
superhydrophobic soot consists in increase of
degree of adhesion of a hydrophobic film on
surface grains of sand, their hydrophobic
properties and reduction of time of hardening.

The results showed that the particles of hy-
drophobic soot have spherical structures. In Fig. 5.
presented a photograph of the behaviour of water
droplets on the surface of obtained hydrophobic
sand. The wetting angle of water droplets were
more than 150 degrees.
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Fig. 4 — Particle size distribution of the hydrophobic soot

The most important and reliable informa-
tion on the structure of the resulting hydrophobic
particulate material can give scanning electron
microscopy (SEM). The samples of hydrophobic
loose materials were investigated by SEM. SEM
studies showed that soot fully envelops surface of
grains regardless of their size, Fig.6.

Studies have shown that soot having
superhydrophobic properties completely envelops
the surface of grains of sand with uniform layer
thickness of 20 nm.

were conducted on the mechanical abrasion the
soot particles from the surface of grains.

Tests showed that the process of stirring for
2 hours does not lead to a reduction in film thick-
ness of the soot.

Optical and electron microscope images of
the surface of sand shown in Fig. 7.

Surface of hydrophobic sand was investi-
gated on the optical (DFC 490) and scanning
(Quanta 3D200i) microscopes.

Tests

Fig. 5 — Water droplets on the surface of created hydrophobic sand
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Conclusions

Thus perfected technique of synthesis of
soot having a superhydrophobic properties by
burning plastic waste.

Obtained soot was used for creating hydro-
phobic sand, the proposed method allows hydro-
phobize not only the surface layer of grains of
sand, but its bulk density, which significantly im-

proves the quality of protection against the ingress
of moisture.

The obtained hydrophobic sand is offered
to be used as filler in construction materials for
external finishing and in agriculture for prevention
of infiltration of irrigation water in the bottom
layers of soil or its evaporation.

Fig. 7 — Optical and electron microscope images of the surface of sand
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AHHOTAUA

CymneprunpohoOHbIe MaTepuaibl B MOCIEAHEEe BpeMs MPHUBIEKAIOT BHUMAaHHE KaK aKaJIeMHUYEeCKHX, TaK U
MPOMBINUICHHBIX KPYTOB H3-32 MX BAXHOCTH B (DYHJIaMEHTAJILHBIX HCCICIOBAHHMSX U IOTCHIIMATBHBIX
MPOMBINIUICHHBIX TPWIOKEHWH, TaKWX Kak OWO-TIOBEpXHOCTEH, aHTH-0OpacTaHus, MPO3PAYHBIX U
MPOCBETIISIIOIINX ~ CYIIePrUAPOPOOHBIX TOKPBITHHA, CTPYKTYpHOTO IIBETA, JKUIAKOCTHOTO YMEHBIICHHS
CONPOTHBJICHUS, TOBBIICHWE BOIBl IMOAJCPKKY CHIIy, KOHTPOJHPYETCSI TIEPEBO3KH >KHAKOCTEH,
CynepruapoQoOHbIX KIAMaHOB, aKKyMYJSITOPOB M TOIUIMBHBIX JJIEMEHTOB, NMPEJOTBPALICHUS KOPPO3UHU
BOJBI U KOPPO3UHU pazzielieHue HeTh-BOJa 3alTUTHBIX MMOKPBITHH, IPETATCTBYIONINX aJATe3UH BOJBI U CHETa
HAa OKHaX WIM aHTCHH, CaMOOYHWIICHUS, YBEIMYMHHE I[UIAByYeCTH U TUICHOYHBIX MOKPBITHH ISt
3NIEKTPOHHBIXYCTPOUCTB. [lepBbie THAPO(HOOHU3aTOPHI MOSBUINCH B CTPOUTEILCTBE okojio 40 yietT Hazan. B
OCHOBHOM 3TO OBUIM KPEMHUHOPraHWYeCKHEe XHUIKOCTH Ha OCHOBE MOJUTHAPOCUIOKCAHA, STUICHINKOHATA
HATpHs, METHICHIIMKOHATa HaTpusl. Tak Kak JaHHBIE COCTaBBl UMEIOT OTNpeNeIEHHbIe HETaTUBHBIE KaueCcTBa,
ceifyac OHM MPAKTHYECKU MCUE3NH C PHIHKA CTPOMTENBLHBIX MaTepuanoB. CpaBHUTEIHHO JIEIIEBOE CHIPhE —
caxa, obnamaeT TuAPo(GOOHBIMU CBOWCTBAMU U MOKET OBITh MPUMEHEHA B KQUECTBE HAMOJHHUTENS TPH CO3-
naHuu THAPOGOOHBIX MaTEepHUaIoB M MOKPHITHHA. | TaBHBIM HEAOCTATKOM Ca)KH SIBIISIETCSI TO, YTO €€ B3aWMO-
JeWCTBUE C BOJIOW MHUIMUPYET TOABIKHOCTh HAHOCTPYKTYPHBIX COCTABIISIFOIIUX YIIIEPO/a U TOSBIISIONIIE-
sl HOBBIE CTPYKTYpPHBIE 00pa30BaHMs MPUBOIST K TIOTepe THAPOPOOHBIX cBOWCTB. Ho ecnu caxy, momy4aTtsb
TIPH OIIPENIEICHHBIX YCIOBHSIX CKUTAHUS TOIUIMB, TO OHA CMOXET COXPaHATh THAPOPOOHBIE CBOMCTBA TOCIEe
B3aMIMOZICHCTBUS C BOJOW, M TAKYIO CaXy B JaJIbHEHIIEM MOKHO WCIONB30BaTh IS MPHUIAHUS PA3THIHBIM
MaTepHuajaM BOAOCTOMKOCTH. B mociieaHne rojbl MOSBHIUCH MHOTO IyOJHKAIMH, CBSI3aHHBIE C CHHTE30M
ruapo(OOHBIX YTIIIEPOIHBIX TOBEPXHOCTEH B IIaMeHd. B maHHO# paboTe ObuT co3maH ruapodoOHbIil mecok
Ha OCHOBE CaxH, HMe el cynepruapodoOHble CBOHCTBA CHHTE3MPOBAHHBIX IIyTeM CHKATAHHSA
MOJMATHUIICHOBBIX OTXO/IOB.

KYWE HETIBIHAEI'I THAPO®OBTHI KYM OHJIIPY
M. Haxunksbizel*, b.T. Jle30aeB, M.I'. ConoBbeBa, H.I'. IIpuxoasko, 3.A. MancypoB
XKany mocenenepi uncrurytel, Kazakcran, 050012, Anmarsl, beren6aii 6atsip k-ci,.
*meruert82@mail.ru

AHHOTAUA

Cyneprupono0OTsl MaTepHangap COHFbI Ke3[e aKaJeMHSUIBIK, COHJAi-aK OHIIPICTIK OPTaHBIH Ha3apbIH
©31HIH MaHBI3/Ibl AIFAIKBl 3epPTey XKOHE 1Nrepl OHIIPICTIK >KarblIaibIMeH, kaHe jae Ouo OerTi, aHTH-
00pacTan/ibl, MOJIIBIP JKOHE OOSUTATBIH CYNEPTUAPOIIOOTHI KaOBIH/IBI, )KAPBIK KYPJIBIMBL, CYHBIKTBIH a3ai0blHa
Kapchl, CyJIbIH KapChUIBIK KYIIiH )KOFapIIaTy, CYHBIKTBIH TOKTAIl KaTybIH OaKblIay, CyNeprupono0Thl KaHall,
aKKyMYJIATOPJIAp/bIH KOHE OTHIH JIEMEHTTEPiHIH CYABIH KOPO3MSCHIH a3aliTy MyHall MEH CyIbl aXbIpary
CYJIBIH JKOHE KapJblH Tepe3ere Hemece aHTCHHaFra >KaObICYbIH OoJbIpMay, ©3iH-631 Tazanay, KaHIaHybl
XKOHE DJICKTPOHIBIK KYPBUIFbUIAP YIIiH KaObIpmak kaObHApl. BipiHmi ruapodobuzaropiap mamamen 40
Kbl ~ OypelH  KypiblcTa maiima  Oosmgsl.  Onap  HEri3iHEeH — MOJMTHIPOCHIMKOH — HeETi3iHJeri
KPEMHUHOPTraHUKAIbIK CYWBIK,  HATPHUJIBIH OTHICWIOKOHATHl Ooiumbl. Ochl Kypampjap Oenriii  Tepic
KacueTTepre e OOJIFaHJBIKTaH, ojlap Kasip ic JKY3iHJe KYpBUIBIC MaTephaapbl HAPBIFBIHAH aJIbIHBIIT
tactanapl. CanbICTBIpMalIbl ap3aH IIMKI3aT Kyde TuapodoOTHl Kacuerrepre He >koHe TuapodoOTHI
MaTepuaiap MEH >aObIHIApAbl KYPYIIbl PETiHIE MaiaadaHbUIybl MYMKIH. KYWEICH HEri3ri KeMIILIIr
CYMEH OHBIH ©3apa KeMIpTeri HaHOKYPBUIBIMJBI KOMIIOHEHTTEPMEH IiC-KHMMBUIBIHAA JKOHE JKaHa
KYpBUIBIMABIK TUAPO(OOTH KacHeTTepi >KOFaNTyFa OKel coraibl. Anaiina, Kyie amy, erep Oenrini Oip
mIapTTapAsl, OTHIH JKaHy acThIHAA, OJl CyFa LIOMBUIFAHHAH KeWiH TruapoQoOThl KacHETTepiH CcakTayra
Ooyajipl, XoHE MYHJIIAl Kyie oJjaH opi TYpJi MaTepHajjapra Cy KapChUIbIK YHPETy YIIH HaiJanaHbuTybl
MYMKiH. COHFBI 0achUIBIMAAPBIHIIA XKaJbIH CUHTE3 THAPO(OOTH KeMipTeri OeTTepMeH OalIaHBICTBI KYMBIC
KOFaMJBIK Kenl maiina Oomnabl. Byn KyMmpicTa NOJIMATHIICH KAIIBIKTApAbl Kary OOMBIHIIA CHUHTE3ENTeH
superhydrophobic kacuerTepi 0ap KyieneH Herizinae ruapo(oOThl KYM KYPhUIIHL.
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