OT MUKPO K HAHO:
HAHOTEXHOJ10I' A AJ15
BOJIOKHNCTbIX MATEPUAJIOB

[.T.H, rNaBHbIN Hay4YHbIW COTpYAHUK UXP PAH,
npodeccop kadeapbl HAHOTEXHOMOrNN, DdU3nkn n xummn UBITTY
[lpopokoBa HaTanuga lNeTpoBHa




HaHoTexHonorns nMeeT Aeno, Kak C OTAe/bHbIMU YacTULaMmn, Tak U C
MaTepuanaMm Ha UxX OCHOBE, a TakXe C npoLeccamu (IBNeHUsIMKN) Ha
HaHOYpoOBHe. HaHoTexHonorna pabotaeT Ha aTOMHOM, MOJIEKY/IAPHOM U
CyNnpaMOoJIEKYISPHOM YPOBHE 1 CO3AaeT MaTepumasbl C HOBbIMW CBOMCTBAMM
N PYHKUMOHANBbHBbIMU BO3MOXHOCTAMM, 6narogaps MasnbiM — 1...100 HM
(1HM=10A=10"Mm) - pasmMepam anemMeHTOB (HaHOYACTMLIbI) U UX CTPOrO
OpraHn30BaHHOW CTPYKTYpE.

Ky6ok Jlukypra 5



Kybok Jlnkypra npm
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«CeneHoBbIN pybuH»

3Be3abl Kpemns




HaHOTEeXHON0ornms — 3T0 COBOKYNHOCTb TEXHOJIOrMYECKUX METOA0B U
NnpUeMoB, UCMNOJIb3yEeMbIX NMPU U3y4YeHUU, NPOEKTUPOBAHUUN U
nNpou3BOACTBE MaTepuasioB, YCTPOUCTB U CUCTEM, BKJTHOUAIOLLUX
LlesieHanpasB/ieHHbIW KOHTPOJ1b U yNnpaBJ/ieHue CTPOeHueM, XMMU4YeCKUM
COCTaBOM U B3aMMOAENCTBUEM COCTaBJIAIOLMNX UX OTAEJIbHbIX
HaHoMacWwTabHbIX anemeHTOB (C pasmepamm nopsigka 100 HM U
MeHbLUe KaK MMHUMYM NO OAHOMY U3 U3MEPEHUN), KOTOpble NPUBOAAT
K YJIyuLUEeHUI0, IM60 NOoSIBNIEHUIO AONOJIHUTESIbHbIX
3KCMJIyaTalMOHHbIX U /NN NOTPEbUTENIbCKUX XapaKTEpPUCTUK U
CBOMCTB NoJly4aeMbiX NPOAYKTOB.




“There is plenty of room at the bottom”

Richard Phillips Feynman
1918-1988
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«[lMo nporHo3aM 60/bLUINHCTBA 3KCNEePTOB MMEHHO pPasBuUTHUE
HaHoTexHonormn onpeaennt obamk XXI cronetns nogobHoO ToMy,
Kak OTKPbITME aTOMHOW 3Heprum, n3obpeteHune nasepa u
TpaH3uCTopa cpopMmpoBany NnLo XX — BeKa».

X.N. Ancepos



AkagneMuk TpeTbaKoB
tOpun AMuUTpUeBmy

MMK HEOBQCHOBAHHbIX
OXWMOAHNA

WYMUXA

OTPULIATENBbHAA
MMMEPBOJTIN3ALINA

MNATO

/ (1l )}
7 TTOJTOXKNTEJIBHAA 3 MPOOYKTUBHOCTHU

v TMMNEPBONMN3ALINA

MUHUMYM .
PA3O4YAPOBAHUU

NOOBLEM

HOBAA
TEXHOJOIMmA

TunuyHasa peakums obLiecTBa Ha NOsSIBNEHNE HOBbIX
TexHonorun (M3 nekunn akagemmka TpetbsikoBa tO.[. ans
COTPYAHMKOB «POCHaHOTEX»)



BMUOMMMETUKA - 3aMMCTBOBaHWE MAEN Y NPUPOAbI U UCMONb30BaHME UX AN
pelleHnsa 3ajad, CTodaWmX nepen 4enoseyecTsoM .
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nnasvnbHan
- pewlerka
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['yCeHWUUbI TYTOBOIO ‘ dbunbepa
Lenkonpsaaa

~~Kamepa gns
oxnaxaeHus

‘ "_,’ ~606uHa

['yceHuua Wwenkonpsiaa — 3T0 MaleEHbKN 3aBOAMK
(pabpmka) No CMHTE3Y BONOKHOOOPA3yIoLLEro
nonnuMepa u NpsiAeHUIO Wenka. YCTPONCTBO Ha
BbIXOZE MOMIOBKM MNYCEHWULbI — NPOTOTUN (PUNbEPSI
AN151 NPON3BOACTBA XMMNYECKUX BOSIOKOH.
Ob6pazyeTcs KoMneKcHas, caBOeHHas
(pnbponHoBas WenkoBas HATb C aare3vBHbIM
(6enkoBbIM) MOKPLITUEM - CE%MLI,MHOM.

KOKOHbI TYTOBOIoO
Lenkonpsaaa



Cyneprnapocgo6bHblie camooumuialowmecs NoBepxXHoOCTH
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Y10 0O3HaYaeT TEpMUH <YMHbIN>
TEKCTW/1b, «YMHbl€>» BOJIOKHUCTbIE
MaTepuanbi?

i

«YMHbIM>» MOX>XHO Ha3BaTb TEKCTU/IbHbIA MaTepuan,
KOTOPbIX CNOCO6eH YUyBCTBOBaTb BO3AENCTBUA
OKpY)XaloLllen cpeabl, pearmposaTb Ha HUX U
aAanTUpoBaTbCA K HUM NYTEM MHTErpaumm
(PYHKLMOHANBbHOIO NOTEHLMANA B TEKCTUILHOWU CTPYKTYpe.
CTuMyn, a TaK)Ke OTBET MOXXKET MMETb JJIeKTpUYeckKoe,
TenJioBoe, XMMM4YeCcKoe, MarHuTHoe, CBEeToBoe WJIM UHoe
npoucxoxxaeHme. CoBpeMeHHble MaTepuaJibl, TaKMe KakK
naponpoHulaeMbie MeM6paHbl, OrHECTOMKUE WIN
YJ/IbTPanpoyHble TKaHN HeJNb3s1 Ha3BaTb YMHbIMU, KAKUMM
6bl BbICOKOTEXHOJIOrMYHbIMU OHU He 6bINN.

11
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Mo cTeENeHn MHTENNEKTYANbHOCTM MaTepuasibl MOXHO
pPa3aennTb Ha TP NMOATPYMMbl:

= MACCMBHbIN «YMHbIN» TEKCTU/b — MOXKET TOJbKO
4YYBCTBOBATb OKPY>XXatoLLyto cpeay (MYHKUMS AaTYMKOB);

= QAKTUBHbIA «YMHbIN» TEKCTU/Ib — MOXXET OLLYTUTb
BO3ENCTBUS OKPY>KatoLLLEN Cpeabl N pearnpoBaTb Ha
HUX (MOMUMO (PyHKLUMK AaTymKa, obnaaaeT dyHKLMEN
npuBoaa;

= HAKOHEL, OYEeHb «YMHbIN» TEKCTU/b - aAanTUPYET CBOE
noBeaeHune K 0bCToaTenbCcTBaM.

3

B
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Passive smart textiles

What It Monitors

Blood Pressure

Blood Oxygen Levels

Astroskin

Skin Temperature Heart Rate
Activity Sensor Breathing Rate

“Astroskin” by “Carre Technologies”

“‘hWear by “H1e§1IthWatch” 13



Active smart textiles

Corpo Nove)

by Mauro Taliani (

7

“Oricalco

14
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Modification of the polyester fabric
with using of nanosized titanium
dioxide to impart the ability of
decomposing the adsorbed
contaminants under irradiation

. ORGANIC

POLLUTANT

15



Obstacles that need to be

overcome to solve the problem:

1. The nanostructured coating needs to be firmly
attached on the surface of each fiber of PEF.

Difficulties: the number of carboxyl and hydroxyl
functional groups in poly(ethylene
terephthalate)-based fibers is small, so titanium
dioxide cannot be attached on the fiber
surface. Besides, PEF fiber surface have a
high smoothness.

2. The modified fiber material is supposed to
retain its consumer-oriented characteristics
such as softness and drape ability. This cannot
be achieved when an excessive amount of
titanium dioxide is applied to fabrics.

Difficulties: a significant amount of TiO2 is applied
to fiber materials in order to impart them high
photocatalytic properties. A thick coating is
formed on the surface and is deposited in the
interfiber space (by analogy with modifying
glasses and construction materials).

T
SEAR NF MM | e e T = = |

Kumar, B. Senthil. Self-Cleaning
Finish on Cotton Textile Using
Sol-Gel Derived TiO2 Nano Finish
// IOSR Journ. of Polym. and Text.
Eng.- V.2.-Is.1.- PP, 1-5.
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Morphology of the PEF fabric surface: untreated (1) and modified TiO, (2) after
activation by NaOH solution, visualized by optical (a), scanning electron (b)
and atomic force (c) microscopy

(Prorokova N.P., Kumeeva T.Yu., Agafonov A.V., Ivanov V.K. Modification of Polyester Fabrics
with Nanosized Titanium Dioxide to Impart Photoactivity // Inorganic Materials: Applied
Research. — 2017. - Vol. 8, No. 5. - P. 696 — 703)

17
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a b c o]
TiO, -modified PEF fabric with applied eosin
a droplet: (a) not exposed under UV radiation;

(b-d) after exposure uder UV radiation for (b)
20 min.; (c¢) 40 min.; (d) 60 min.

=

Differences in eosin color for the (a) unactivated PEF fabric, activated with
(b) 0,375 mol/L NaOH solution, and activated with (c) SBD plasma for 5 s
after modification with: (1) undoped TiO,, (2) TiO,/Fe, (3) Ti?BIAg. iz
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Effect of dry friction on the

photochemical activity of the o

PEF fabric activated with NaOH d

and treated by a modifier on the

base of TiO,:

1- undoped TiO,;

2 - undoped TiO, + friction;

3 - TiO,/Fe;

4 - TiOlee + friction;

5 - TiO,/Ag;

6 - TiO,/Ag + friction. .
19

0

Effect of dry friction on morphology of the PEF
fabric treated by a modifier on the base of
TiOz: a- Ti02/Fe; b - TiOlee + friction;

c - TiO,/Ag; d - TiO,/Ag + friction.

AFM method. Scanning area 2 x 2 ym



Effect of washing on the photochemical activity of the PEF fabric activated
with NaOH and treated by a modifier:

1 - undoped TiO,; 2 - undoped TiO, + washing; 3 - TiO /Fe; 4 - TiO,/Fe +
washing; 5 - TiO /Ag; 6 - TiO /Ag + washing.

Prorokova N.P., Kumeeva T.Yu., Gerasimova T.V., Agafonov A.V. Effect of the Structure of
Fe-Doped Titania-Based Nanocomposites on the Photocatalytic Activity of Polyester Fabrics

Modified by Them // Inorganic Materials. — 2017. - Vol. 63, Ne 12. - P. 1336—1342 20
20



The ability of a TiO,-coated PEF fabric to inhibit the vital activity
of pathogenic bacteria

Composition of the coating of a Growth (+) or inhibition (=) of
modified polyester fabric pathogenic cultures, %
E. coli S. aureus | C. albicans
TiO, nanoparticles + 31 + 63 + 83
Iron-doped TiO, nanoparticles - 27 4+ 53 + 61
Silver-doped TiO, nanoparticles - 50 + 35 + 8

Petri dishes with
samples of a PEF
fabric modified by

 § undoped and iron- and
| silver-doped TiO2
nanoparticles placed
in nutrient media with
inoculated pathogenic
microorganisms

I Staphylococcus aureus " Candida albicans

TiOx Aon. Fe

N.P. Prorokova, T.Yu. Kumeeva, and O.Yu. Kuznetsov. Antimicrobial Properties of

Polyester Fabric Modified by Nanosized Titanium Dioxide // Inorganiczlvaterials: Applied *’
Research, 2018, Vol. 9, No. 2, P. 250-256.



Physicomechanical characteristics of the PEF fabric
modified with TiO , under various conditions

Type of treatment of PEF fabric

Relative strength
at break, cN / tex

Relative elongation
at break, %

Untreated 154.9 £ 5.1 26.7 £ 4.0

Activated with 0.375 mol / L 144.8 £ 5.1 25.6 £ 1.2
NaOH

Untreated, exposed to UV 151.8 + 7.4 27.0 + 1.6
radiation for 250 MuH.

Modified with TiO, after 165.6 £ 7.0 23.8 + 1.2
activation with 0.375 mol / L
NaOH

Modified with TiO, after
activation with 0.375 mol / L 160.5 + 6.3 23.8 £ 1.6

NaOH , exposed to UV radiation

22
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