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1) CkaHupytowas 30HAOBas MUKPOCKONUA B GpU3UKE
NOBEPXHOCTU U BUOHAHOTEXHOAOTUSAX

» CkaHupyowas soHgosas mukpockonua (C3M) - ogmH U3 camblx
MOLLHBbIX COBPEMEHHbIX METOAOB UCCegoBaHUs Mopdonorun,
nokanbHbIX U3NKO-XUMUYECKNX U OPYTMX CBONCTB NOBEPXHOCTU
TBEPObIX TEN C HAHOMETPOBbLIM U/UNN aTOMapPHbIM
NPOCTPAHCTBEHHbBIM pa3peLLleHNEM.

» K C3M oTHOCATCA CKaHupyrowana TYHHeNbHaag MUKPOCKOMNUA
(CTM), atomHo-cunoBasa mukpockonusa (ACM), KenbBuH-30HA
mMukpockonusa (K3M), anektpocunosas mukpockonus (3CM), MmarHUTHO-
cunosas mukpockonma (MCM), GnmxkHenonbHas onTu4yeckas
Mukpockonus (BOM), n aop.

» B komnniekce ¢ C3M 0bBbIYHO UCMOSb3YIOT AfTIEKTPOHHO-ITy4YEBbIE
MEeTOAbl UCCIIef0BaHUS - PACTPOBYHO N MPOCBEYMBAIOLLYIO 3JTEKTPOHHYHO
Mukpockonuio (POM n INM3M).




I.: NMpuoputetHblie metoabl C3M ana bmomeanLUUHDbI

CKaHupyoLaa 30H40BaA
MWKPOCKONUA
(Scanning Probe Microscope, SPM)
Scanning Probe Microscopy (SPM)

Scanning Tunneling Atomic Force Scanning Near-field

Microscopy (STM) Microscopy (AFM)  Optical Microscopy
(SNOM)
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Mo3sonsetr popmmnpoBaTtb TpexmepHoe nsobpaxeHune nosepxHocTM obpasua
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NMpeumywecrsa C3M

[MPUHLUNNBI CKAHUPYIOLLEN

30H10BOW MUKPOCKOMUY

CpaBHUTeNbHaA XapakTepucTnka pas/imuHbiX MeTo[0B
MWUKPOCKONMUYeCKoro uccsiegoBaHnA noBepxHOCTN TBepAbIX Tesl

L X X ]
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Metog YBenrHueHHE Pabouas cpega PasmepHocTs B o3 geficTeHe Ha o6pas e1y
H300p&KeHH A
OnTHYe cKag MHKD 0 CKOITH A 10° BO3JYX 2D HepaspyLI aro L] Hi
JKHAKOCTD
JlasepHO® CKaHHP OBaHHE 104 BO3YX 2D HEp a3 Pyl AU HH
JKHAKOCTE
C KaHHp VIO H 3/1eKTP OHHBIH 108 BaKyyM 2D PaspyLIarOLHi
MHEP 0 CKOTI
ABTO31eKTpPOHHBIA M aBTOHOHHBIH 10°-10% BaKyyM 2D paspyLIaroLyHH
MHKP 0 CKOITBI
[TpocEeuHB oL Hif 3/1eKTPOHHBIH 107-108 BaKyyMm 2D PaspyLIaroLHid
MHEP 0 CKOTT
M oHHBIH MHKP 0 CKOIT 10 BAKyyM 2D PaspyLIArOLHi
CxaHHp YOI 30HZ 0BBIH 10 ﬂxy}mxf 3D HQPBW
MHKPOCKOIT BO3AYX >
WKOCTI’ -
e — I
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ACM n CTM — yacTHble criydan ckaHupyrouwed
30HO080U MUKpOCKonuu

O OpaHo 13 BaxHbIX npenmyliects8 ACM — BO3MOXHOCTb
ero npuMeHeHus npu nccnegoBaHUAX Guonornyeckux
o6pa3sLoB: OH He TpebyeT Bakyyma Unu TOHKUX CIoeB
(B OTNUYME OT BNEKTPOHHOrO MUKpOCKONaA).

O TMpuHUMN ero paboTbl 3aknoYaeTcs B TOM, 4YTO Ha
ManbIX paccTOAHUAX MeXay 30HAOM U obpasLom
AeNCTBYeT cuna, BenM4mHa 1 HanpasneHne KoTopow
3aBUCAT OT 3a3opa. ITY CUNy U3MepsIoT, 3aKpennss
Urny 30H4a Ha yrnpyrom KOHCONbLHOM MojBece BakTepus us poaa
(kaHTUNEBepe) 1 onpeaensa ee OTKIOHeHUe. Pseudomonas

Pa3pelueHne Taknx MUKPOCKONOB A0CTUraeT
[0 HAHOMETPOB, YTO NO3BONAET HabAAATb
aTombl!

AtomHo-cunoson mukpockon MFP-3D-BIO™ ans
nccneaoBaHuUA buonornyeckux oobLEKTOB




was ! oHAOBas MUKPOCKONUS

eHpux Popep epd BUHHUHZ
(LLeetiyapckoe omoeneHue IBM)

1981 r. — cozgaHne ckaHnpyroLero TyYHHernbHoro
MWKpOCKonMa, noflyd4eHne atoMapHoro paspeLueHus. -

> A
1986 . - HoBeneBckasi npemusi no pusmnke. ey e

dTOMbI Ha NOANOXKe

20

CTM-u300paxeHre aTOMOB KCeHOHA - 3-D
n3zobpaxenue nororuna IBM, paccrosaue
MEXy arToMaMu KceHoHa — 1,3 Hm



I.. BeckoHTakTHasa atoMmHo-curnoBasa mukpockonusi (NC-AFM)

N3mepeHuss NC-AFM oTaernbHbIX MOSiEKyn NeHTaueHa n uedanadgona A

a) Mogenb KoyHKLMOHaNbHOro 3oHA4a (C MOMeKyion MOHOOKCHaa yrnepoga Ha ocTpue
30H4A) Hag Morekynon neHtaueHa. MiamepeHHble napametpbl ACM nokasaHbl B BUAe
KapTbl ¢ uBeTOBOM KoaupoBkon (Af = ot -7 'y (cuHmin) go -2 'y (KpacHbln); amnnmMtyaa
konebaHun A = 0,02 Hm).

b) Ledhananpgon A. Paavep nsobpaxenus 1.6 Hm x 1,9 Hm; A = 0,05 HM; cepas wkana
oT -7 'y (TemHas) oo +2 'y (apkas).

C) TO e nsobpaxeHue, 4to n (b) c HanoxeHnem MonekynapHon mogenun uedanaHgona
A. 2010).

MepBbIN B MUpe ycnellHbli akcnepuMmeHT npumeHeHns ACM ans onpegenenust
HEeM3BEeCTHOM MOJIEKYNAPHON CTPYKTYPbl XMMUYECKOro coeguHeHuns!



C3M ceroaHs

"Hanogpab" (cnesa) c modynem ACM-numoepacgpuu (cnpasa) u uzobpaxceHuem
nosny4eHHoU MUKpocmpykmypel (no yeHmpy)

Masnbili HQHOmMexHon02u4YecKul
KomrineKkc «HaHoghab-25»
0b6veduHaem HecKonbKo mooynel

oryn «HMNCK»



. Mopdonorusa n pacnpeneneHume a3 B TOHKMX NAEHKax
. nonumepoB u konnougos (ACM)

Mpumepbl ACM nsobpaxeHuu

Tonorpadus
(nonykoHTakTHasi ACM)

NMpumepsbl ACM n3obpa>keHuun >

MonyKoHTakTHaa Moja

Tonorpadus Da30Bblil KOHTPACT

Kpucrannusauua MoHocnos
okcuaa NonUaTUNeHa

KonnounaHoe 30noTo
20 Mkm X 20 MKMm 14 MkM X 14 MKM

Y B T .

TpexcpasHasa nonumepHas nneHka (PMMA)
5 MKM X 5 MKM




.. BaxHeNwan xapakTepMcTUKa NOBEPXHOCTMU - LLEPOXOBATOCTb
. (onpenenexue ¢ nomowbio ACM)
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2) lNpobnema bmonoBpeXxaeHnn n
bnoobpactaHua cyaos,

rMAPOTEXHNYECKNX COOPYXKEHUN U
KOHCTPYKL MW

Orey «HUNCK»



0’0

OOpacTtanue aqHMIIA
KOpaos

buonospexnenus
&Kee300eToHa

buooOpacrtanueM Ha3bIBAC€TCS MPUKPEIIICHUE
MUKPOOPTaHU3MOB, TPUOOB U THUIPOOMOHTOB K
MOBEPXHOCTU TBEPJOTEIbHBIX OOBEKTOB, B
pe3yJbTare KOTOPOro CHUKACTCS
HKOHOMUYECKAs IIEHHOCTh MaTEPUAJIOB, ChIPhS U
U3IEIIN, HapylalTcs IPOIECChI ux
HKCIIIyaTaluu

Yiuep6 ot OuooOpactanus jgocturaer 150

MJIP/L. JI0JJIAPOB B IO/, a CY/Ia, MOJIBEP>KCHHBIC
obpactanuto, Moryt mnorepsath a0 40 — 50 %

CKOpOCTH XOJd, 4YTO IPHUBOAUT K IIOTEPE
MAHEBPCHHOCTHU M IIEePEPACX0 TOILJINBA

MoOxHO BBIIEIUT, 3 TPYINIbI OPraHU3MOB,

oOecIeYnBaroIMx MaKpoodpacTanue, MUKPO-
oOpacTraHue U HAHOOOpacCTaHUE

13



1. Bamanycer (Balanus balanus) 2. Kononns acumauu (Botryllus
schlosseri)

3. Kononus mumanok (Flustrellidra 4. PakOBHHBI YePHOMOPCKHX

hispida) mugnit (Mytilus MHKpyCTHPYIOWMe

galloprovincialis)

5. PakoBHHEI 60/IBIIOTO CIHPOpPOHCa 6. Mopckue yroukH (Lepas

(Spirorbis validus Verrill) anatifera)

B Yépnom mope B CpeaunzemuHom mope
14



AKTyanlbHOCTb Npo6snemMbl

iy
= ey

BuonoBpexaeHuno n 6uMoobpacTaHMIO NoOJBEPraloTCS
BCe MaTepuanbl, 3KcnnyaTauust KOTopbIX NPONUCXoaunT

B BOAE WUITN YCITOBUAX NOBbILLEHHOW BNAXXHOCTMW.

Bbosnbiie Bcero nz-3a omooopactaHus 1 OMOKOPPO3UM CTPAAAIOT CYIAa, IJIaBy4YHe
CpeAcTBa, MOPTOBBLIE COOPYKEeHUSs, HeTerazonpoBoabl U BOAOBOAbI, KOTOPHIS
IKCILTYaTUPYIOTCS HEMOCPEACTBEHHO B BOJIOEMAaX MJIM BO BIIAKHOU aTMocdepe

Orey «HUNCK»



A e
3amuTa oT OMONOBPEXKACHUNA U MOPCKOI0 00pacTaHUs]

Oxecng, AHUANA CannUMNOBOU ToudeHnnaueTat [anoreHnabl [anoreHnapl
meaun(l) KUCNOTb! CBMHLA TPUOEHNN00BA TprbyTnnonosa

buounabl, npruMeHsIeMbIE B IPOMBIILICHHBIX MPOTHBOOOPACTAKIINX KPACKAX



(&

NMpobnema buonoBpexpaeHMn u buoodbpacTaHUA Cyaos,

MMAOPOTEXHUYECKUX COOPYXKEHUN U KOHCTPYKUMW NpnobpeTaet
nfaHeTapHbIN MacwiTab

» B 2001 rogy 6bina npuHATa pe3ontouuns, orpaHn4mnBatoLlas
NCrnosib3oBaHne okcuaga TPUOYTUN onosa B
NpoTUBOOBpacTaloLWmMX Kpackax U NOKPbITUAX.

» C 2008 roma Taknme Mmartepuanbl 3anpelleHbl K
NCMOJSIb30BaHMUIO.

» B HacTtoslee Bpems B MNpoTuBooOpacTatollme Kpacku
BBOOAT Ao 50 macc. % coeguHeHUM Meaun, KOTopble B
CKOPOM BpeEMEHM OyayT 3anpeleHbl U3-3a_ BbICOKOWU
TOKCUYHOCTM.

P Beperca akTUBHbIM NMOUCK aribTePHATUBHbLIX PEeLUeHUMN,
obecrnevnBalOLLMX IKONTIOrMYeCcKyr 0e30nacHOCTb

Orey «HUNCK»



My6AMKaUUMOHHAA aKTUBHOCTb B 0OAACTHM 3aLLUUTLI OT

obpacraHusa

Keywords
=8~ Biofouling
= @ = Surface Topography
= © - Biomimetic Surface
=== Antifouling

Number of articles

————————— PR R W R et el St dmtiaiicoliod, ot
2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019

Comparison of the research trends of keyword selected articles from 2009-2019 indexed
by Web of Science

Surprisingly, the subject area of «biomimetic surfaces» was among
the least researched areas of interest during these 10 years

» A search for new non-toxic marine coatings meant that the opportunity to explore
“‘green” methods of antifouling had arisen, with the consequence that developing
non-biocidal methods of preventing fouling

C. Richards et al. Int. J. Mol. Sci. 2020
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Fouling-Resistant Fouling-Degrading

1) preventing foulants (proteins, algae, bacteria) from attaching to the surface
(fouling-resistant),

2) weakening the foulant -surface adhesion and facilitates easy removal of
adsorbed foulants (fouling-release),

3) degrading/killing biofoulants by the action of bactericidal functionalities

(fouling-degrading).

Fouling-Release

The existence of different types of fouling (about 4000 species)
demands a variety of antifouling coating strategies!

A.M.C. Maan et al. Adv. Funct. Mater. 2020



Tpu nooxona K co3aaHuUIo NOBEPXHOCTU C NPOTUBOOOpacTaloWmMmMm

CBOUCTBaMM

TR Surface 1) modification of surface

Chemistry chemistry,
2 rface topograph
) Hydrophobic ‘j) Microstructure < Thickness ) su a P g phy,
- Hydrophilic 2 Nanostructure — Density 3) coatlng architecture
— Charged —_ Flexibility

- Bloadd 2) Surface topography can impede the settlement of
microorganisms by imposing size restrictions.
Microorganisms prefer to settle in areas that are
slightly larger than themselves in order to achieve
maximum protection and surface area contact.

1) Surface chemistry: according to Whitesides,
surfaces resisting fouling have three common
features: they are hydrophilic, hydrogen bond-
forming and electrically neutral

3) The architecture involves structuring of the
coating interior.

This strategy is most relevant when working with
structured soft matter, such as polymer brushes

» the tightly bound water layer forms a physical and
free energy barrier, preventing adsorption

A lower surface energy, such as a hydrophobic
surface, provides the surface with a higher self- Tuning of the brush architecture (i.e., linear brush,
cleaning potential bottlebrush, cyclic brush, etc.) may enhance control over
the surface formation and coverage, provide better access
to specific functional groups, enable the formation of
structured surfaces, and limit the interaction between

» by incorporating (charged) foulants and the underlying surface.
antimicrobial/biocidal moieties inside the The grafting density, thickness and flexibility of the

coating, microorganisms can be killed upon polymer brush are essential parameters that should
settlem’ent always be taken into account when designing such
coatings.

» surface charge can also play an important
role in preventing nonspecific adhesion.

A.M.C. Maan et al. Adv. Funct. Mater. 2020



Learning from nature: Design principles of natural surfaces

3) From natural to Biomimetic
Surfaces and Polymeric Coatings

» Micro- and nanotopography (STM, AFM, SEM, TEM)

» Water repellence and self-cleaning property (OM, AFM, SEM)

» Wet and dry adhesion

» Friction reduction

oryn «HMNCK»



SEM images of natural and biomimetic microtextured

surfaces
P T TR
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» The third row shows artificial structured surfaces inspired by the microtopographies of the row above.

1) Endothelium . Cicada wing and dragonfly wing. Brittle star, blue mussel, eggcase dogfish.

2) Lotus leaf. Pitcher plant . Shark skin. Pilot whale. Sea urchin. Crab.
3) Biomimetic lotus leaf. Biomimetic Pitcher Plant. Biomimetic shark skin. Biomimetic whale skin. Biomimetic sea

urchin. Biomimetic crab
OHAOTENNN, KPbINO LMKaabl U KPbINO CTPEKO3bl, MOPCKasi 3Be3404Ka, ronybas mmans, MKPMHKa MOPCKOM

pbIObI-cObaKu.
JlucT notoca, KyBLIMHHOE pacTeHue, aKylibs KOXa, KoXa KATa-noumMaHa, MOPCKOM eX, Kpab.
A.M.C. Maan et al. Adv. Funct. Mater. 2020



Water repellence and self-cleaning property of the Lotus surface

(a) A flowering plant of Lotus (Nelumbo

nucifera)

- / (b) Schematic representation of the motion of a
droplet on an inclined nanostructured
superhydrophobic surface covered with

contaminating particles (lotus effect):
As the droplet rolls off the surface it picks up
the particles and hence cleans it (left).
On the contrary, in the case of a smooth
surface the particles are only redistributed
by the moving droplet (right).

(c—e) The SEM micrographs show the Lotus
leaf surface in different magnifications:

(c) randomly distributed microsized cell
papilla (kneToyHble COCOYKM MUKPOHHOIO
pa3mepa);

(d) a detail of the cell papilla

(e) the epicuticular nanosized wax tubules
(3NUKYTUKYNAPHble HAHOPa3MepHble
BOCKOBble Tpy6ouku) on the cells.

(f) a spherical water droplet on a
superhydrophobic leaf (OM),

(g) lipophilic particles (Sudan-red) adhere on
the surface of a water droplet, rolling over the
Lotus leaf.

(h)The SEM micrograph of a droplet illustrates
the superhydrophobic property of the leaf
surface

[571)



C.g Wet and dry adhesion

(1a): Close-up photograph of the underside
of a gecko's (Gecko gecko) foot as it
walks on vertical glass.

(1b)-(1d) SEM micrographs of the
hierarchical structures on the foot of the
gecko that provide it's supreme adhesion.
(1b) and (1c) are different magnifications of
rows of setae,

(1d) higher magnification SEM image where e
spatulae can be seen branching from the tip
of each seta.

ST: seta; SP: spatula; BR: branch.

Image (1a) by Bjgrn Christian Tgrrissen;

B

i
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SEM images:

(2c) a frog toe pad

(2d) hexagonally aligned epithelial cells,
(2e) high magnification of a single
hexagonal cell decorated with
nanocolumns,

500 nm

TEM image (2a): European tree frog (Hyla arborea).

(2f) of cross-section through cell surface. 2b)- White’s tree froq (Litoria caerulea
Image (2f) by Christoph Leeb (2b). g ( ).

(1b), (1c) and (1d) H. Gao et., al [83] 2004 Elsevier Ltd. Images (2b)-(2f) were taken from [102]).



Friction reduction

(A) California King Snake (Lampropelt getula
californiae, and
(B) SEM-image of the ventral scales of its skin

(C) Galapagos shark (Carcharhinus
galapagensis).

(D) Scale patterns on various fast-swimming
sharks (the scale bar is 0.5 mm).

Images (A) and (B) were taken
from [114] licensed under Creative Commons
2.0 from Beilstein Journal of Nanotechnology.

Image (D) was adopted from “X. Pu, G. Li, and
H. Huang, “Preparation, anti-biofouling and
drag-reduction properties of a biomimetic shark
skin surface,” Biol. Open, vol. 5, no. 4, pp. 389—
396, Apr. 2016.”

Family Carcharhinidae Family Sphyrnidae Family Ginglymostomatidae

Requiem sharks Hammerhead sharks Nurse sharks

https://creativecommons.org/licenses/by/3.0/



An environmentally friendly fouling-release coating

‘l...."»——w e Environmentally friendly

four components nanocomposite
PPZO (PTU/PDMS/T-ZnO/Silicone Oil)

Commercial Coating Developed PPZO Coating Hydrophobic and slipperv surface

L
Tensile Strength
A ~ 63 MPa 4

Ae)
o
‘ 2 :
‘,@: \ = ‘Water Contact Angle #
& N urface o . o
’ = 3D Topographyjy A8 2K 4. i 8 12
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Coatings with high mechanical strength, good adhesion to substrates, and long-term
biofouling control property.

-
S

S
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Stress [MPa]

» A four-component nanocomposite from mechanically stable matrix polythiourethane (PTU),
1 wt% low surface free energy and rubber-like polydimethylsiloxane (PDMS), 1 wt% lubricant
silicone oil, and 1 wt% tetrapodal shaped micro-nano ZnO (t-ZnO) filler particles, named
PPZO.

» The rubber-like PDMS formed microdomains at the PTU/air interface, while silicone oil was
distributed between the PDMS microdomains.

» The adhesion strength of PPZO to the substrate was 30 times higher than that of pure PDMS.
» After a five-month dynamic field test, the PPZO surface revealed much less biofouling than the
references (AIMg3 and PTU), confirming its long-term biofouling control property. The attached
algae on PPZO could easily and completely be removed by gentle brush cleaning.

» The good biofouling control property of PPZO can be attributed to the increased water
repellency (signified by the increased water contact angle) and the surface slippage by silicone oil
incorporation.




Rubber-like PDMS microdomains surrounded
by the PTU matrix and silicone oil: a, b) 25x;
c, d) 100x.

:

Characterization of the surface and backside of the
PPZO by Raman spectroscopy. a) Visualization of
silicone oil on the PPZO surface (topside, i.e., the
polymer/air interface), b) Raman spectra of pure
vinyl300, as a reference, and the silicone oil (marked
with 1) on the PPZO surface. c) Filtered Raman-
images of PTU and t-ZnO on the backside of PPZO.
The PTU appears in yellow with respect to the C = O
bonding at 1750 cm1, whereas the t-ZnO appears in
dark red. d) Raman spectra of pure PTU, as a
reference, and PTU area (marked with 2) on the
backside of the PPZO.
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O.-U. Nimittrakoolchai et al. J.Eur. Cer. Soc. 2008



AFM topographical images of the polyelectrolyte film etched

during different times
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A plot of water contact angle and surface
roughness of the silane-coated films vs.
etching time of the polyelectrolyte bilayer.

Ra =36.5-46.3 nm

. ¥
AFM topographical images of the -’
hydrophobic films prepared by etcm S ® o
polyelectrolyte bilayer for 420 min. This ' “'Q
film exhibited water contact angle of 152-. ‘
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O.-U. Nimittrakoolchai et al. J.Eur. Cer. Soc. 2008
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» Surface having super-hydrophobic and self-cleaning property is
generally found in nature such as lotus leaf and butterfly’s wing.

» Such surfaces consist of protrusions in micrometer scale covered with
waxy nanoparticles, giving the surface self-cleaning property.

» Synthetic super-hydrophobic films having similar feature have been
fabricated for specific functions as water-repellence, self-cleaning and
anti-fouling.

» The attempts to mimic such natural surface feature by controlling
surface roughness by AFM of the underlying organic layer simply by

chemical etching, followed by deposition of oxide nanoparticles and finally
thin layer of organic molecules to further lower surface energy.

O.-U. Nimittrakoolchai et al. J.Eur. Cer. Soc. 2008



4) Pa3pabotka npotuBoobpacratoLmx
nokpbiTUK B OIBY «HUUCKD»

oryn «HMNCK»



UpaeA
P co3paHue NOKPbITUM, COAEPXALLUX MAAOTOKCHUYHbIE NpoTUBOOGpacTatowme
BellecTBa - BUOLUABI U PENEAAEHTDI

P> NpoTUBOAAr€3UOHHbIX MOKPbITUKM HEOUOLMAHOIO TUNA

Pa3paboTka  BBICOKOTEXHOJIOTUYHOM M IKOJIOTHMYECKHU
0e30MacHOM 3aluThl _OT MOPCKOro oOpacTtaHus, oO0nagaromei
KOMILJIEKCOM (PUBUKO-XUMHUYECKUX XapaKTEPUCTHUK:

* BBICOKOM NMPOYHOCTHI0O U OTHOCUTEJIbHbIM YIJUHEHUEM NPU
pa3phbiBe;

* BLICOKOUW CTOMKOCTBHIO K TEIJIOBOMY CTAPECHUIO;

* BEICOKOH ajire3meil K OOJIbIIIMHCTBY MCIOJb3yEMbIX MATEPHUAJIOB;
* BLICOKOU CTOMKOCTHIO K HCTHPAHMIO;

* pabOTOCIIOCOOHOCTHIO B MHTEPBaJie TeMmneparyp ot —50 °C xo
+100 °C;

* BBICOKUMU ICKTPUYECKUM CONPOTUBJICHUEM U NIPOYHOCTHIO;
* YCTOMYUBOCTHIO IIPU BO3ACUCTBUUA THAPOCTATHYECKOIO
NABJICHUA

orey <HUUCK»
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» CyxaHoBa T.E., Kocosckux A.U., BeinenkannHa M.3., benos FO.I1., Jlebenes H.B.
HaHocmpykmypupoeaHHbie KOMMIO3Uuyuu Ha OCHOBE MOoJIUMEPHbIX JTaKOKPaCOYHbIX
MamepuaJsioe u 3Kosiocu4yecku 6e3onacHbix 6uoyudoe // XKypH. TexH. comsunkm, 2022, Tom 92,

Bbin. 7, c. 913— 923

» XK.A. Oteanko, A.W. PaunkuH, C.E. ®omuH, H.B. Kynesa, C.U. Kopotkos, C.B. KyabmuH, C.3.
Uunkapnse, E.B. Nlopenoea, T.E. CyxaHoBa. B ¢c6. cmamel Bcepocc. Hay4yH. KOHg. ¢ MexO.
y4., noce. 125-nemuro npogh. B.A. BoOsiHUyko20 «3arpsi3HeHue MOPCKOW cpeabl:
3KONMOrM4YeCKUmM MOHUTOPUHT, BonHAMKaUMA, HopMmupoBaHue» («Konopurty,
CeBacTononb, Poccus, 2018)

» OTtBanko X.A., Pannkun A.U., Kopotkos C.U., ®omuH C. E., Opyros M.B., Ynkanse C.3.
TexHos102UU pa3pabomku, ucnbimaHusi U U320MO8JIeHUs1 UHHOB8aUUOHHbIX MOKpbIMuU Ons

3awumbl 2uGPOMEXHUYEeCKUX COOpPyXXeHuli om obpacmaHusi. T'ngpoTtexHuka, Ne 7, 2016, c.
66-70

» MateHT RU 2588253 (2015): Crnocob 3awwuTtbl oT 6BruoobpactaHus
» MateHT RU 2588225 (2015): Crnocob 3awwuTtbl oT bBruoobpactaHus

» TY 2257-198-00151963-2013. NokpbITHe Kay4yyk-anokcmagHoe aHTuobpacTatulee
3awmTHoe KINT-2

droy «HUNCK» 32



O6pa3sLbl MOKPbITUA NOCAE UCTbITAHUH
(Benoe mope, byxta Kpyraas rybnol Yyna)

A) AAloMUHMEBasA NAacTUHa 6e3 NOKpbITUA (KOHTPOAbHBLIK 0bpaseLl)

B) Kayyyk-anokcuaHoe npotusoobpacratouiee nokpbitue (KSAT)

B) lNMpoMblilAeHHaa UMNOpPTHaA cyaoBaa Kpacka Trilux 33

NMateHT RU 2588253 (2015): Cnocob 3awutbl oT GuoobpactaHmd

orey «<HUUCK»



O6pasubl npotMBoobpacTaloLLUX NOKPbITUIA MOCAE UCTIbITAHUMN
(YepHoe Mope, lonybas byxra)

1) MAacTMHa 6e3 NOKpbITUA (KOHTPOAbHbIA 0bpaseL)

2) NMpoTtuBoo6pacTatoLlee Kayuyyk-anoKCUAHoOe NoKpbiTue KIAT-2

3 1 4) NpoTtuBoobpacTtatoMe NOKPbITUA C HU3KOTOKCUUHBbIMU BUAAMU

6uopob6aBoOK

orey <HUUCK»




ACM-n3obpaxeHus
NOBEPXHOCTU MIIEHKN
cononumepa
BUHUNXopuaa ¢
BMHUNauetatomMm + 5 mac.%
MokcuHuna

(HaHOCMpPYKMypupoeaHHasi
KoMno3uyus)

= ;H CBobogHas NoBepXHOCTb
| . (Bepx): a — Tonorpadwus, 6 —

, ‘ KOHTPACT naTteparbHbIX Cur,
B — Npodousib BblOENEHHOro
ydacTKa noBepxHoCcTH, r — 3D-
n3obpaxeHue

) B
=8
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I.: Penbed «Jlncrta notoca»+ ébuouuna
i ACM-n3obpaxeHus

CS-2Crop, nm
8 5 o 3 ¥

° 1 2 3 4 7 1 ] 9
FEOOE) FR—Cs-2Crp Length, um B 0w
Kosohute values: [8]-> x=0.0um; 2(1)=29. 70 []-> x=9. Jum; 2(1)=30.2nm;

Difference between markers: cx=9. lum; d2(1)=0.5om;
Difference between first two Ines: x[a] =0,0um, dzfa]=0.0rm;  x[b] =9, fum, dzfb] =0.0nm

NOBEPXHOCTU MIIEHKN
cononumepa
BUHUNXopuaa c
BMHUNauetatoM + 5 mac.%
HutpokcuHuna

(HaHOCMpPYKMypupoeaHHasi
KoMno3uyus)

Xig.4um Yi9.lum 2:93.9nm [7.0:1)
Ra: 9.0nx Rq: 11.9mm

CBobogHasi NOBEPXHOCTb
(Bepx): a — Tonorpadwus, 6 —
KOHTpACT nateparbHbIX CUn,

B — NPpOodunsb BblAENEHHOIO
* yyacTKa NnoBepXxHOCTH, I — 3D-
n3obpaxeHue

b4 EWRY N
e
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ACM-un3obpaxxeHus

" NOBEPXHOCTU NIEHKN
11 NONMMEepPHOW OCHOBBI
|- cononumepa
2l BUHUNXIIopuaa c
8l BUHUNaLeTaTomMm 6e3
el ... HanonHutTeneun

(koHTpONbHbLIU OOpaseL)

; CBobogHasi NOBEPXHOCTb
: (Bepx): a — Tonorpadgwus, 6 —
KOHTPAaCT nareparibHbIX CUn,

B — Npodousib BblAENEHHOrro
~*yyacTKa noBepxHocTu, r — 3D-

€52.Crep, nm

: 2 3
- C5-2.000 Lengh, um
Abschte vaes: (8] x=0.0um; 310,30 [B]-> x=5.9um F(1)=0.00m;
Difference between markers: duw$,Sum; Ga(1)}0, Jom;
Differerce between frst tws ines: x{a)=0.0um, dz{a]=0.00m; ] =5.9um, drb)=0.00m

n3obpaxeHue.
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Onpeaenenue 3pPeKTUBHOCTH MOKPHITUH HA OCHOBE
COIOJIMMEPAa BUHUJIXJIOPHIA C BUHIUJIALETATOM

Bunouuna nan [KoHueHTpaumsa| CpeaHsAss CMEPTHOCTb 3C|)C|)eKTMBHOCTb,
Kpacka 6uouuna Artemia salina, %

62.5 60.53

HUTPOKCUHUN 10 100 100
20 100 100

5 100 100

NMokcuHun 10 100 100
20 97.5 97.37

5 100 100

25;‘:;;‘2‘:::;:‘ 10 92.5 92.11
20 100 100

be3 buounaga - 20 15.79
XC-5226 - 35 31.58
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» C nomowbto metogoB C3M pasBmBaloTCA HOBbIE anbTEpPHATUBHbLIE
3KOJIorn4yeckn OGesonacHble TEXHONMOrMu M martepuvanbl OnNs 3aliuTbl OT
obpacTtaHus.

»  YcTaHOBNEHO, YTO OCHOBHbIMM  (pakTopamun, BAUAKWMMW  Ha
npoTuBooOpacTalLlne CBOUCTBA SBNSTCA XUMMYECKUA COCTaB M
Tonorpachma NOBEPXHOCTU: penbed, reomMeTpusi, LWEPOXOBATOCTb,
pa3mMepbl 31IeMEHTOB.

» liccnepoBaHua BnusiHue Tonorpadouyeckmx OcoBeHHOCTEW Ha MOPCKOoe
bnoobpactaHne nokasano, 4To 9PdEKTUBHOE MNOKPLITUE [OOSMKHO WMETh
Tonorpachnyeckue 3IreMeHTbl, KOTOpbleé MEeHblueé MMUHUMaNbHbIX
pa3sMepoB MOPCKUX OPraHU3mMoOB WSIM YaCTeu OpraHM3MoB, KOTOpbLle
NPUKPENNAITCA K NOBEPXHOCTMN.

» [lokpblTS C uvepapxXuMyeCKU OpraHU3oBaHHOU MOPLUUHUCTOMN
Tonorpacdhuen, mmewwue Yy30pbl pPa3fIMYHbIX MacwTaboB ANWUHbLI OT
OEeCATKOB HaAHOMETPOB 00 ponen munnumetpa (tonorpadpuss Sharklet AF)
nokasanun cBoto 9PdEKTUBHOCTL B Ka4eCcTBe NPOTMBOOOpaCTaOLWMX NOKPLITUMN.

Orey «HUNCK»
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E: 3akryeHmne

» [lokasaHo, 4TO ncnonblosaHne metonos ACM, CoM n OM
NO3BONIAET OUEHUTb NEepPCNneKTUBHOCTb UCMOJIb30BaHUA
6uounaoB ANg HarnosIHEHUS NMoNnMepHbIX JIKM

> Hawnbonee adppeKTUBHLbIMU OKa3aIMCb KOMMNO3ULMOHHbIE
NOKPbLITUA Ha OCHOBE comnoJinMepa BUHMMNaueTaTa C
BUHUNXI0PUAOM, coAepXKallee npeasaputenbHO
nepeteptble 2,5 mac. % AOBH®, 2,5 Mac. % NokcnHuna
n 1 mac. % bAl

» CopaepxXaHue 6nounaoB B KOMMNO3NLMKM MOXET 6bITb
yBennyeHo Ao 20 mac.% c coxpaHeHMeM CBOUCTB
MaTepuana

» Takue noKpbITUS SABASIOTCS 3KOJIOrMYHbIMMU,
NMPO4YHbIMU, CTabnbHbIMKN, obecneunBaoOLWNMU
ANUTENbHbIA NpoLuecc «BblileslauynBaHUA>»

oryn «HMNCK»



OnpenejieHne OMOAKTUBHOCTH
1 3P PEeKTUBHOCTH MOKPBITUHA

** HauOoiee Ba’KHbIMH I10Ka3aTCJIIsIMHU

Kpacok, coAepIKaIIuX TOKCHUHBI,
SIBJISIETCS X ouoJIoruyeckas
AKTUBHOCTD

L)

L)

* HamMmu Oblta pa3paboTaHa MeTOAMKA
OleHKH 3PPeKTUBHOCTH OMOLUIOB U
NMOKPbITUHI HA OCHOBAHUMU
OMOJIOTMYECKOH AKTHUBHOCTH B
OTHOLIICHUU PAYKOB Artemia salina

» Jlns  omnpeneneHuss  3(PEHEKTUBHOCTHU
HeoOpacTaronmx MOKPBITUI
HEOOXOAUMO  MPOBOJUTH  HATYypHBIE
MOPCKHE UCIIBITAHUS

L)

L)




.. TecT-opranusmsl 1Jis onpeaeeHus
. OMO0JIOrHYeCKO AaKTUBHOCTH

CosioHOBaTOBOAHBIEC PaYKu Artemia salina

JKU3HEHHBIN UK Yamrku [etpu Haymmmu Artemia
Artemia salina C BOAHBIMU salina B mpo1ecce

pacTBOpaMu OHUOIUIOB HUCIBITAHAN




I... O0BeKTHI U METO/AbI HCCJIeI0OBAHUM
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buonuaHbie KOMNO3MIMU CO3/aBajld  IMYyTEM  BBEJACHHUS  PaA3JIMYHBIX
OMOIMIOB B TPOMBIIIJIEHHBIE 3MaJi B KOHIIEHTpauusax ot 1 10 20 mac.%

IManu:
ConmosiuMep BUHWJIXJIOPH/IA C BAHUJIALIETATOM
ConosiuMep BUHWJIOBOM M 3MOKCHIHON CMOJI;

OOpazen;y cpaBHEHHS - BHHMWJIOBBIA moJuMep, MOAM(PUIUPOBAHHBIN
IMOKCUIHOM CMOJIOH (NMPOMBIIIJIEHHAsI NMPOTHBOOOpacTAOIIasa KpPAacka,
coaep:kamas 52 mac.% 3aKucu Meau)

buouuabl:
Hon- wu  Opomcoaep:kamgue  Omoumabl, paspadorannble  AQO

HITIO «Homodpom» (r. Cakm, KpbiM), ABIAIOTCHA IKOJOTHYECKH

0e30MACHBIMHU
[ToKpBITHS HAHOCKJIA HA CTEKJISTHHBIC Yaliku [IeTpu u cTanbHbIe MIaCTUHKU
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BI/IOIII/IIILI, NMPOsABUBIIUE HAUOOJIBINYIO 3(PPEeKTUBHOCTD

“* Ha ocHoBanuu aHann3a BLILKHBAEMOCTH PAuKOB Artemia salina
ObLIN BHIOpAaHBI TPH COETUHEHUSA, MPOSIBUBIIAE HANDOIbIIYIO

OMOAKTHBHOCThH
Br
OzN | | Br
OH OH OH
HutpokcuHun WUokcuHun
(4-rmpgpokcu-5- (4-rnpgpokcu-3,5- 2,5-anbpom-4-
HUTPOBEH30HUTPUN) AnnonbeH3oHNTPUI) HUTPOPEHOST
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(o

120 ; : ; o The wetting properties of PDMS/PTU

10 R t Lo surfaces were

- : x 5 . 25 evaluated by contact angle and surface
%b hydrophobic 20 § roughness

90 +m--= e c .
£ hydrophilic 153 measurements (Fig. 3). To explore the

80 Lig effect of PDMS

709 x g | os addition to the PTU matrix, first, the contact

- | | o angle of pure

0o 1 2 3 4 5 6 7 8 9 10 11 PTU (72°t1°) and pure PDMS (109°+2°)
EESISTRNITETES were measured. All
e CAPDMS/PTU @ CAPurePTU ---- CAPurePDMS x Ra PDMS/PTU composites revealed

hydrophobic properties. The
addition of only 1 wt% PDMS increased the
Contact angle and roughness values as a gntact angle of
function of PDMS content pure PTU from 72°+1° to 107°+2°. The
contact angle of pure
PDMS was exceeded by PDMS/PTU
composite containing
3 wt% PDMS (109°+2°and 116°+2°,
respectively). However,
PDMS content higher than 3 wt% did not
cause further

increase in contact angle despite higher
surface roughness.

Gapeeva et al 2017



Evaluation of biofouling behaviour by marine
immersion for

14 weeks (Baltic Sea, Germany) and
investigation of the fouling-release
properties by high-pressure water-blaster
treatment (a common used method

for ship cleaning).

To conclude, the PDMS/PTU
composite containing up to

3 wt% PDMS showed most robust
material properties. Best
fouling-release properties were
found on PDMS/PTU
composite material containing 1
wt% PDMS. Thus, we were
able to combine the preferable
mechanical properties of the
PTU matrix with the desirable
fouling-release properties of
PDMS.

oryn «HMNCK»



