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EmioTAuN Kai TexvoAoyia Twv YAIKWV

Materials Science and Technology

The advancement of human civilization is dependent on the materials of evolution
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....The evolution of engineering materials with time.

DATE ‘Relative Importance’ in the stone and bronze ages is based on

Ashby, M.F. (2012) “Materials Selection in Mechanical Design,” 4th edition, Butterworth- Heinemann, Oxford, UK. ISBN 0-7506-4357-9.

B. Zhang, Interdisciplinary Description of Complex Systems 10(2), 114-126, 2012

Cornell University: History of Materials Science and Engineering.
W. D. Jr. Callister, (2007) Materials Science and Engineering, an Introduction. 7t edition, John Wiley and Sons, NY, USA

assessments of archaeologists: that in 1960 is based on allocated
teaching hours in UK and US universities; that in 2020 on material
usage in automobiles by manufacturers.

The time scale is non-linear. The rate of change is far faster today than
at any previous time in history....



ETioTAMN Kail TexvoAoyia Twv YAIKWV

Materials Science and Technology

To 1edio TNG EMICTAMNG TWV UAIKWV TTEPIAAUBAvEN TN dlgpelivnon TwWV OXECEWV TTOU UTTAPXOUV METAEU

TNG OOMNG KAl TWV IBIOTATWY TWV UAIKWV.

AvTiOeTa, n TEXVoAoyia Twv UAIKwYV, JE BAon aut TN oxéon OOUNG-1010TNTAG QO XOAEITAl JE TN oxediaon i

TNV TEXVOAOYia oxediaong TNG OOMNG TOU UAIKOU, WOTE VA TTAPAYEI Eva TTPOKABOPIOUEVO GUVOAO I01I0TATWV.

The area of materials science comprises the structure-properties relations of materials.
On the contrary, the materials technology area deals with the design and structure design of materials based on their
structure-properties relations in order to conclude into a final material with pre-defined properties

Materials Science and Engineering An Introduction
William D. Callister, Jr.
John Wiley & Sons, Inc.



Tagivounon Twv YAIKwWYV

The world of Materials

Metals
Solid materials have been conveniently grouped into
categories three basic classifications:
. . metals, ceramics and polymers
classification based primarily on chemical composition and atomic structure

In addition, there are the composites, that are combinations

of the above three basic material classes Cor_nppsites'

-

Ceramics Polymers
MLals':composed of one or more Ceramics are typically oxides, Polymers are large macromolecules Composites comprise two or more
metallic elements (such as iron, nitrides, and carbides, including: composed of repeated subunits. —p—in dividual  materials metals
a!ummum, copper, titanium, golfi, clay ~ mineral ones (i.e, Are based on carbon, hydrogen, and other ceramics,  and/or polymers,
nickel etc), and/or nonmetallic porcelain), cement, glass, nonmetallic elements (O, N, Si). Common achieving thus,  combination of
e!ements (for examp!e, carpon, aluminum oxide (or alumina, polymers are polyethylene-(PE), properties not displayed by any of
nitrogen, and oxygen) in relatively Al,0,), silicon dioxide (or silica, polyamides-(PA), poly(vinyl chloride)-(PVC), the single material. Naturally-
small _ amounts. Metal alloys SiO,), silicon carbide (SiC), silicon polycarbonate-(PC), polystyrene (PS) occurring composites are  wood
comprise two or more elements nitride (SisN,) . ’

‘ bone etc.

M.F. Ashby, (1999) “Materials Selection in Mechanical Design”, 2" edition, Butterworth Heinemann, Oxford, UK. ISBN 0-7506-4357-9.
M. F. Ashby, D. Cebon, (2003) New Approaches to Materials Education for Students of Engineering, Engineering Department, Cambridge, England



Tagivounon Twv YAIKWYV

Ta oTepPed UAIKG £xouv TagivounBei yia eUKoAia o€ TPEIG BACIKEG KATNYOPIES:
TA METOAAQ, TO KEPOAMIKA KOl TO TTOAUHEPT.

Autr) n Tagivounon Paaciletar apxika oTn XNUIKA oUOTAON KOl TRV ATOouIKA Oopn TOug Kal Ta

TTEPIOCOTEPA UAIKA EUTTITITOUV O€ KATTOIA ATTO TIG TPEIC KATAYOPIEG, AV KAl UTTAPXOUV KAl JEPIKA TTOU

avAKOuV o€ eVOIAUETEC.

ETriong utradpyouv 1peI¢ AAAEC OADEC ONUAVTIKWY TEXVOAOYIKA UAIKWV:

TO oUVOETA UAIKA, OI NMIaywyoi Kal Ta BIOUAIKA.

*Ta ouvBeTa UAIKG aTtroTeAoUvVTal ATTO OUVOUACHO dUO N TTEPIOCOTEPWYV DIAPOPETIKWV UAIKWV.
*OI NUIaYWYOi XpNOIUOTTOIOUVTAl VIO TO ACUVHABIOTA NAEKTPIKA XOPOAKTNPIOTIKA TOUC.

*Ta BIOUAIKG €ival oupBard Pe TO avOpWTIIVO CWHA KAl XPNOIMOTIoIouvVTal WG EUQUTEUNATA,

ETTIKAAUWYEIC PAPHAKWYV KA.



® | Tagivounon twv YAIKwV

Ta petaAAkd VALKA ival cuvnBwc cuvduaopol PeTaAAkwy otolxeiwy. MNepLéyouv peyalo aplOuo
HN EVIOTUOUEVWV NAEKTPOVIWV. MOAAEC OLOTNTEC TWV METAAAWVY armodidovtal dpeoo o avtd Ta
NAekTpovia. Ta HpETAAAA elvol €€alpeTikAd KaAol aywyol TOU NAEKTPIKOU PEUHOTOC KOL TNG
Bepuotntog Kot eivat adtadavr) oto opatd pwc. EnMmAgoy, Ta LETOAAO £XOUV HEYAAN avto)xr, 0AAA
Kall Ttapapoppwvovtal EUKOAN, YEYOVOC TTOU CUVNYOPEL OTNV EVUPELA XPr)ON TOUG OTLC KOTALOKEVEC.

MétaAAa

KepapIKd To KEPOUIKA €lval EVWOELS METOEY METOAALKWVY KOl U METAAAKWV oTOlXelwv Kal cuxva eivol o€eidia,
virpidia kat kopBidia. To peydAo eUPOC UALKWY TIOU UTTELOEPYXOVTOL OE QUTH TNV Katnyopla meplAappavel
KEPOALKA TTOU QITOTEAOUVTOAL A0 OPUKTEC apylAouUC, TOLMEVTOKOVLIAMATO Kol UAAOUG. Ta UALKA autd gival
XOPOKTNPLOTLKOL LOVWTEC TNE HETADPOPAG TOU NAEKTPLKOU PEVUATOC KoL TNG HeETAdoong tng BeppodTnTag Kot
elval o avOekTikd amo ta METOAAA Kal ta TMoAupepn o€ vPnAég Bepuokpaoieg kat SpLUU TepLBAAAOv.
Q¢ TPOC TN MNXOVLKI) TOUC CUUTIEPLPOPA TA KEPOULKA Elvoll oKANPA atAAA TTOAU eUBpavoTa.

MoAupepn Ta moAupepn mepAapBAvVouV T YVWOTA HOC TIAQAOTIKA Kol €AAOTLKA UALKA. MoAAA armd autd eival
OPYOVLIKEC EVWOELC TTOU XNHLKA Bacilovtal otov dvBpaka, To udpoyovo Kat GAAA N HETAAALKA oToLxElaL.
ErtumA€ov, €xouv TTOAU HEYAAEC HOPLAKEG OOUEC. Ta UAKA auTA £Youv ouvnBwC XaUNAr TTUKVOTNTA Kol
UITOpEL va elval eEQLPETIKA EVKAUTITA



From humidity-programmed hydrogel patches via autonomous adaption
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: TexvoAoyika - Nponyuéva YAIKa

. «  Ta ocuvBeta UAKA amoteAolvTolL Ao Lo TLOAUMEPLKN HATPA Kol Eval UALKO evioyuong rou
>0vOeTa YAIKA H HEPLKN KNTP xuens
UTopel var elval Tu.X. veG uvalou. Xxebialovtal ywa va Olvouv €va ouvOUAGCHO TWV
KAAUTEPWV XOPOKTNPLOTIKWY TWV LOLOTATWY ToU KABE UALKOU Ao To oTtoio armoteAouvTaL.

Hulaywyipga YAIKG Ot nuaywyol £Xouv nAEKTPLKEG WBLOTNTEG EVOLAUECEG METALL TWV AYWYWVY TOU NAEKTPLKOU
PEVUATOC KOl TWV LOVWTWYV Kal UMOPEL va elval opyavikoil | avopyavol. EMUTA£ov, Ta NAEKTPLKA
XOPOKTNPLOTLKA QUTWV TWV OVOPYOVWY NULOYWYWV £ival e€alpeTIKA vaiocOnta otnv mapouoia
EAAXLOTWV OUYKEVIPWOEWV OO ATopa TPoopiéewv. OL nuloywyol kKatéotnoav ePLkt TNV
eUdAVION TwWV OAOKANPWHEVWY KUKAWUATWY Ttou €Pepav emavactoon otn Blopnxovio twv
NAEKTPOVIKWYV KOl TWV UTTOAOYLOTWV.

BIOUAIKO Ta PloUAKA XpNnOLUOTIOLOUVTOL Of OCUOCTATIKA T Omolo euduTEVOVTOL OTO avOPWIILVO CWHO TIPOC
QVTLKATAOTOON €VOC TPooBeBANUEVOU 1 KATECTPOMHUEVOU avOPWTILVOU TUAMATOC (TX TEXVNTA LoXia),
dappaka K.o. To UALKA autd O&vV TIPEMEL va TTOPAYOUV TOELKEC OUGCLEC KAl TIPETEL val €lval cupPaTd UE TOUG
LOTOUC Tou avBpwrilvou cwpatog (6nAadn dev npémet va tpokaAoUv SUCHEVELC BLOAOYLKEC aVTLOPAOELS).



Evolution of materials in time

Plastics and Adaptive Smart

Natural materials: composites Materials

wood, stone, leather,
bone, ...




NMponyuéva YAIKa

Ta UALKAQL TTOU XPNOLLLOTIOLOUVTOL OTLG

epappoyec uPnAng texvoloyiog (high-tech) ovoualovtal mponypueva vAka.

Me tov O0po uPnAn texvoloyla evvooUUE LA CUOKEUNR N €val TIPOIOV TOU AELTOUPYEL XPNOLUOTIOLWVTOC OXETIKA
TLEPLITAOKEG KOl EEEALYUEVEGC QAPXEC TIX O NAEKTPOVIKOC €EOTTALOUOC OTIWCE OL OCUOKEUEC HOYVNTLKAC €yypadnC ELKOVOC
(Bivteo), oL ouokevéc omtikoU Oilokou (CD), oL nNAEKTPOVIKOL UTIOAOYLOTEC, TOL OUOCTHHOTO OTITLKWY VWV,

o SLAoTNUOTIAOLY, TOL ALEPOTIAAVA, Ol OTPOTLWTLKOL TTUPAUAOL ...

Ta ponyHEVa auTd VALKA givall ouvnBwc eite mopadoolakd UALKA TwV OTtolwv oL LBLOTNTEC £XOUV eVIOXUBEL lte UALKA
TIoU €xouv avamtuxBel ek véou w¢ UALKA vPnAng amodoong. Emiong, pmopel va avikouv o€ OAEC TIC KOTNYOPLEC

UALKWV (&nAadn HETAAAQ, KEPOLKA, TIOAUHEPR) Kal Elval ouvABwWC OXETIKA aKkpLBa.



@® |Mponypéva YAIKG
O

Today’s intense search for materials with superior functional performance and at lower
manufacturing cost but based on novel approaches is evident in all the fields of
research and materials including metals, synthetic organic materials as well as for
materials derived from renewable resources. Materials research is the foremost
If3> rateriils discipline today guiding progress in many different and various fields of technological
oo T engineering. This is due to the strong interdisciplinarity of this field of research with a
great variety of specializations contributing to its advancement. These investigations
range from the atomic, molecular, nanoscale size up to complex structures even at the
macro-engineering size, defining how large this field of research can really be, i.e.,
nanoscopic control of our macroscopic world. Great advances have been made in recent
years in the Materials, e.g., in their engineering, chemistry, physics, biology and many
others, including some very novel materials. Research in this field is also accelerating as
the fundamental understanding has dawned that is mostly the research and the
novelties in this field that will allow great progresses in future to be achieved, even in
applications not even thought of today. Who can forget that the flight machine of
Leonardo da Vinci could perhaps have fled, hence advancing aviation technology of
(B e oren (J access three centuries if ultralight materials had been available in the 16th century? A clear
indication that progress in materials being fundamental to engineering progress was a

concept not really understood then, but that it is clearly understood today.

Materials"'

Pizzi, A. Editorial: Launch of Materials Plus.Mater. Plus 2022, 7, 1 https://doi.org/10.37256/mp.1120221876



https://doi.org/10.37256/mp.1120221876

: Nponyuéva YAIKG

Functional Materials
&
Nanomaterials

The ideas and concepts behind nanoscience and nanotechnology started with his
talk, long before the term nanotechnology was used. In his talk, Prof. Feynman
described a process in which scientists would be able to manipulate and control
individual atoms and molecules. Over a decade later, in his explorations of
ultraprecision machining, Prof. Norio Taniguchi coined the term nanotechnology.
It wasn't until 1981, with the development of the scanning tunneling microscope
that could "see" individual atoms, that modern nanotechnology began.

https://www.nano.gov/nanotech-101/what/definition

v'The essence of nanotechnology is the ability to work at
the molecular level, atom by atom, to create large structures
with fundamentally new molecular organization.

v'Nanoscience and nanotechnology are the study and
application of extremely small things and can be used
across all the other science fields, such as chemistry,
biology, physics, materials science, and engineering

There's Plenty of Room at the Bottom

An Invitation to Enter a New Field of Physics

By RichardP. Feynman

American Physical Society meeting
California Institute of Technology (Callech
'Pasadena, 29 December 1959

February 1960, Engineering and Science Caltech Magazine

https://www.zyvex.com/nanotech/feynman.html

Steel/Cement Age
(~ 60 years )
Si Materials Age
(~ 40 years )
The Division of Substance Nanomaterials Age

R . 3 (From 2001 year)
Civilization of Human Society

00 4000 3000 2000 1000 O 1000 1900 1960 2000 2100 2500

a4 »
- >

BC AD


https://www.nano.gov/nanotech-101/what/definition

NMponyuéva YAIKa

advanced materials

definition ... ??
v/ Materials created at the molecular and/or atomic scale for the purpose of advancing technology and improving human experience

v Materials that are prepared via nhew methods or reinvented technigues

v Materials with properties exceeding by far those of their precursors

delivered from interdisciplinary research in
Chemistry, Physics, Engineering, Biomedicine, Catalysis, Electronics ...

Material Science: a multidisciplinary area

a meeting point of all the areas of basic science

examples: carbon nanostructures, liquid crystals, molecular catalysts,
coatings, self-healing materials, nanoparticles, biobased polymers,

antimicrobial polymers, 3D scaffolds, barrier materials, recyclable

polymers, dendrimers, organic-inorganic hybrids.... sustainable materials

with impact in diverse fields such as:

energy sectors, water purification, agriculture and forestry, health,

food industry,

quantum information systems, neuromorphic engineering, nanobiology,

spintronics, plasmonics, metamaterials, molecular nanosystems ...
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NMponyuéva YAIKa

advanced materials

the advanced functional materials challenge

information age

functional
polymers

o
nanomaterials

industrial era

middle ages

®
iron age hybrid organic
systems
advanced
bronze age ® composites
alloys @
metamaterials
®
st:1e .co er ® sillicon
I PP alluminium ®
1 —_>
Simple complex

processing

advanced functional materials

complex composition
4

complex processing

“The extent to which a material’s structure
is simple or complex reflects the amount
of information required to describe it.

For instance, in complex materials their
compositions and structures vary over the

nanometer length scale”

A. L. Goodwin, Nature Communications, 2019, 10, 4461



Hulaywyipa YAIKG

Semiconductors

advanced materials

have electrical properties intermediate to the electrical conductors and the insulators.
Semiconductors have made possible the advent of integrated circuitry that has totally revolutionized

the electronics and computer industries, displays, lighting, energy generation & harvesting, sensors, etc

inorganic semiconductors
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Semiconductors
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organic semiconductors

/Small molecules
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Q20
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Polymers
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Nobel Prize in Chemistry 2000
A. ). Heeger,
A. G. MacDiarmid,
H. Shirakawa
"for the discovery
and development of
conductive polymers"

poly(3 hexylthlophene) poly(p-phenylene vinylene) polyfluorene/
OLED Organic Solar Cells \
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: Huaywyipa kair MetaAAika MoAupepn advanced materials

“Inks” ----with electronic
functionality!

Nobel Prize in Chemistry 2000
A. J. Heeger,
A. G. MacDiarmid,
H. Shirakawa
"for the discovery
and development of
conductive polymers"

The Dream —
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LG’s rollable TV

Mi TV LUX

Transparent Edition

55" transparent OLED

5.7mm ultra-thin display

120Hz high refresh rate

Supports Dolby ATMOS

MediaTek 9650 flagship TV chipset




E@appoyég og OPVs

[OPVs : organic photovoltaics]

Applications

Q Portable chargers
O Solar objects

Q Solar clothing

Q Solar umbrellas

Q Coating for buildings

advanced materials




advanced materials

NMponyuéva YAIKA

Hybrid materials

Carbon Nanostructures

fullerenes, CNTs, graphene, and a wide variety of related
forms are attractive nanomaterials for the development of
innovative devices in the form of composites, sensors, and
nanoscale electronic devices due to extraordinary properties
and differentiated carbon hybridization status (e.g., sp?,
sp3 hybridization)

comprise two different compounds with complementary
properties in a single material, getting synergic effects and
obtaining new materials with new properties.

applications in  highly growing areas such as:
optics, micro-electronics, transportation, health, energy
production and storage, diagnosis, housing, environment,
Internet of Things (IoT), MEMs.

Functional Hybrid Materials @ %8
N;o;Q S 365
; 3 =

Carben
nanotube

Fullerene Graphene =

e o
Conducting Hybrid for Optoelectronics Hybrid for Phot&?}iapygﬁ‘h
ki e o / . 1 ¥
Redox * R, ex‘e“ <
g or :c_id—/:)ase + ) / a}{w{:&f{%ﬁ%& £ > = S
Nobel Prize in Physics 2010 ¥ o W +
tO A- Ge|m and .K. NOVO.SQIOV Stimuli-Responsive Hybrid Cosntat et oo I
“for groundbreaking experiments - N ¢ ¢
regarding the two-dimensional Molecules/Polymers A A
Z. P. Xu, et al. Sci. China-Phys. Mech. Astron. July (2018) 61, 074601 material graphene”

Exfoliated RGO for Supercapacitor !k k
Hybrid for Gene Delivery

NPG Asia Materials 10, 107-126 (2018)




NMponyuéva Zuvoeta YAIKA

advanced materials

Composite Materials

Continuous Phase

|
Reinforcing Phase

(Matrix) (Fibers, Particles)
| [ | 1
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. i advanced materials
BIOUAIKO

Ficure 23.13 )
g } Pelvis —__
(a) Schematic
diagram and (b) x-ray
of an artificial total hip
replacement.
Acetabular
cup
Ball ——_ _ -
b _— Fixation
Femoral —_
stem
— Fixation
agent
Femur

(a) (b)

Ficure 23.14  Photograph
showing two artificial total
hip replacement designs.




A brief chronology of the evolution of textile materials in the process...

Main Natural fibers = Artificial fibers ® Reinforced fibers® Functional fibers ® Conductive fibers = Sma bers
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\
__~Conducting polymer strands

‘ESutTva pouxa

Electro-Active Polymer (EAP) Conducting polymer spheres

T-shirt with integrated sensors and SMARTSHIRT SYSTEM

conductive fiber grid
e — ‘
Shirt band /\ > / o-toxtile
connector !

Conductive Thread Conductive Fabric

Personal controller

(wireless transmitter) 'Efun'va» pOl”Xa Touv
dovouvral yla ta atoua
ue npoBAnuara opaocng

PDA with
Bluetooth receiver 2
‘ Base Station screen mp

USB Bluetooth
receiver




‘ESutTva pouxa

smart 9armen'ts
signage sgstems

new functions into smart textiles.
Miniaturized biosensors in a
textile patch can now analyze
body fluids, even a tiny drop of
sweat, and provide a good
assessment of someone's health.



Avaykeg yia Zuyxpova YAIKa

[MapdAn Tnv TepdoTia TTPOODO TTOU £XEI Yivel Ta TEAEUTAia XpOvia OTO TTEdIO TNG ETTIOTAMUNG KAl TEXVOAOYIOG TwV UAIKWV
£EaKOAOUBOUV VO UTTAPXOUV TEXVOAOYIKES TTPOKANCEIG TTOU TTEPIAAMBAVOUV TNV AVATITUEN OKOMN TTIO TTPONYHEVWV
Kal £EEIBIKEUMEVWV UAIKWYV KOBWC Kal TNV €€€TO0N TNG ETTITITWONG TTOU TTPOKAAEI 0TO TTEPIBAAAOV N TTOPAYWYHR TWV
UAIKWV. AgiCel va OXOAIAOOUPE CUVTOMWG auTd Ta (NTAMATA VIO VA TTAPOUME MIA OAOKANPWWHEVN EIKOVA TWV TTAPATIAVW
TTPOOTITIKWV.

H 1Tupnvikn evépyela divel KATTOIEC UTTOOXEOEIG, OAAG OTIC AUCEIC TTOAAWY TTPORANUATWY TTOU TTAPANEVOUY Ba TTPETTEl va
OUMTTEPIANPBOUV Kal UAIKA atrd KaUOINa £WEG KATAOKEUEC QVAOXEONG, I EYKATAOTAOEIC yia T 01ABeon padlevepywv
ATTORANTWV.

2NMAVTIKEG TTOOOTNTEG EVEPYEIAG UTTEICEPYOVTAl OTIC METAPOPEC. H peiwon Tou BAPOUG TWV PETAPOPIKWY OXNUATWYV
(AUTOKIVATWY, AgPOTTAAVWYV, TPEVWYV KATT.) OTTWG Kal N augnon Tng Beppokpaciag Asitoupyiag Twv pnxavwy Ba evioxuoel
TNV ATTodoTIKOTNTA TWV KAUCIMWV. Néa OoMIKA UAIKG uywnAng avioxXng Kal XaunAng TTUKVOTNTOG QVOUEVETAl VO
AvATITUXB0oUV KOBWC Kal UAIKA PE IKAVOTNTEG AEITOUpYiag o€ UPNAOTEPEC BEPUOKPATIAC YIa XPrOoN O€ TUNUATA UNXAVWV.
EmTA€ov, £x€l avayvwpIioTEi N avaykn yia TNV EUPECH VEWYV, OIKOVOUIKWY TTNYWV EVEPYEING OTTWG KAl YIO ATTOOOTIKOTEPN
XPAOoN TWV TINYWV TTou UTTapxouv. Ta UAIKA Ba TTai¢ouv avap@ioBATNTa onUavTikdO pOAO 0TV AVATITUEN TwV TTAPATTAVW.
MNa mapadsiyua éxer mpayuarorroinBei n ameubsiag uerarporrn NS NAIAKNS evEPyEIas O NAEKTPIKN. Ta nAilaka
KUTTapa mpoUtro0érouv uepIKa mepittAoka kair akpifa uAika. lNpokeiuévou va e§aocealiorTei pia Biwoiun TexvoAoyia
MPEMElI va avamruxl@ouv UAIKA pE uwnAn pev arrodoon orn OIEpyaoia METATPOTTHC TNG EVEPYEIAS AAAQ Kai
OIKOVOUIKOTEPA.



Avaykecg yia Zuyxpova YAIKa

H 1roiétnta tou 1TePIBAAAOVTOC €€apTATAl ATTO TNV IKAVOTNTA PAG va EAEYXOUUE TN PUTTAVAN TOU QEPA Kal TwV
uddatwyv. O1 TeEXVIKEG €AEyXOUu TnG putravong tpoutroBéTouv didgopa UAIkG. EmmimmAéov, o1 péBodol
eTTeCEPyaOTiag kal TEAMIKAG KATEPyaoiag KaBaplopou TTPETTEl va BEATIWOOUV WOTE va TTPOKAAOUV MIKPOTEPN
TTEPIBAANOVTIKA uTtroBABuIon. ETriong, oOTIC OIEPYQOiEC TTAPAOKEUNG KATTOIWY UAIKWYV, TTAPAYOVTAl TOEIKEG
OUCIEG, OTTOTE TTPETTEI va ANPOEi UTTOWN O OIKOAOYIKOG QVTIXTUTTOG OXETIKA UE TN OIABE0N Kal atroppIYn TOUG.
[MOAAG  XpNOIYOTTIOIOUMEVA UAIKA TTPOEPXOVTAl QTTO M AVOVEWOIMESG TTNYEG, ONAadry Oev PTTOPOUV Vva
avayevvnoouv. Autd TTepIAauBAavouv Ta TTOAUMEPR, VIO T OTTOIa N TTPWTN UAN €ival To TTETPEAAIO KAl KATTOIA
METAAAQ. AUTEC OI UN AVAVEWOCIUEG TTNYEC OTAOIAKA EavTAOUVTAI, YEYOVOGS TTOU KABIOTA avaykaia

1) TNV avakaAuywn mMITTPOCOETWY ATTOBENATWY

2) TNV avarmTuén VEWV UAIKWV TTou 0a €XOouv OUYKPIoINEG 1010TNTEG KOl AlyOTEPO OUOMEVEIG
TTEPIBAAAOVTIKEG ETTITITWOEIG KaI/N)

3) TNV aUgnon Twv TTPOCTTABEIWY AVAOKUKAWONG KAl TNV AVATITUEN VEWV TEXVOAOYIWV aVOKUKAWONG.

20V OUVETTEIO, YiVETOlI OAOEVA KOl TTIO ATTaPAiTnTO va AdUBAVOUME UTTOWN TOV KUKAO {WNAG aTtrdé TNV
TNYNR MEXP! TNV TAPRR TOU UAIKOU O€ oX£0N ME TN OUVOAIKNG OIEPYACia KATOOKEUNG TOU.

Materials Science and Engineering An Introduction
William D. Callister, Jr.
John Wiley & Sons, Inc.



Energy Storage
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Energy Generation Energy Utilization

e c
e - 5 -

Energy Conversion Energy Distribution

Evépyela, 10O

ONMAVTIKOTEPO

o - ”
y Photovoltaic : nano- Gas Turbines : heat High-Voltage 3 Batteries : LIB based ) Thermal insulation :
optimized cells and corrosion protection 1| Transmission : on nanostructured nanoporous foams and
I I O q (polymeric, dye, of turbine blades nanofiller for electrical electrodes, ceramic gels for thermal
quantum dot, thin film, isolation system., soft 1 | separators, insulation
antireflective coating) Thermoelectrics: magnetic nano- i
nanostructured materials for efficient ! | Supercapacitor: I"Smart windows: 1
Wind power : nano- compounds (interface current transformer nanomaterials for 1 nanostructured :
composite for lighter design, nanorods) for electrodes (CNT, metal ;) materials for :
and stronger rotor efficient Superconductor: oxides) and electrolytes : electrochromic devices 1
blades, wear and thermoelectrical power nanoscale interface ; for higher energy 1_and transparent heaters I
corrosion protection, generation design of high density
A0 2003 2 OO 3 nanocoating temperature SC for e e e ======< | ighting: efficient
15 Fuel Cells : nano- I loss-less power Hydrogen: nanoporous  lighting system using
- ” Fossil fuels : wear and  optimized membranes transmission materials for application ~ LED and OLED
10 14 Terawatts 6 . 5 6|G£KGTOH lJ Upla corrosion protectionef  and electrodes for in micro fuel cells
oil and gas drilling efficient fuel cells CNT power lines: SC Lightweight
5 2 O 5 O equipment, nanoparticle lbased on CNT Construction :

210 M BOE/day

0.53%

: 8-10 dioekaTouuUpIA

07 2050 1. Evepyeia
45 .
40 - 2. Nspo'
| 35 3. Tpopn
& 30 7 30 -- 60 Terawatts 4. HEDIBC'I)\)\OV
Soarce: Intermaimal Fnergy Agency o 257 —_ ]
et Frcry A o N 450 — 900 MBOE/day 5. MdAepo!
15 1 6. AoDBevelec
" I I I 7. Eknaideuon
) il | I B N . B 8. Anuokparia
SERC R & 9. dTwXEID |
& SRS 10. YnepnAnBuopuog
g ' qié‘t\'
R.E. Smalley, MIT Forum, River Oaks, January 2003 &

construction materials
using nano-composites
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Energy
Systems

Noa dnutovpynBei ever dikTUO SLaxvounc, TTXPXYWYHE XTTO XVXVEWOIUEC TTNYEC, XTTOBNKEVONC
Kot TpPogodooiaG USPOYyOVOU TO OTTOLO O€ OUVOUXOUO UE TIC KUWEALOEC koxvuaiuov B
eEXOPAALTEL TNV XTTXLTOUUEVN EVEPYELX LE UNOEVIKI ETTLLAPUVOT) TOU TTEPLLXAAOVTOC



Hydrogen Economy

Nuclearf
Energy '

L
k&>
- s SR

g

Conventional Fuels

. l Electrolysis

Oxygen
C)2

— FueI
Processor

Storage

e~ 66
|
v

—

Hydrogen

Hydrogen

“ Hydrogen

Storage

Fuel Cell l.

Oxygen (air)

Owkovopulx Y8poyovov




KuypeAida kauoipou Tuttou PEM

Heat

[ Oxygen
/ (02) in

Hydrogen

Water
(H20) out

avodoc: H,— 2H* + 2e-
kabodog: 1/2 O, + 2H* + 2e=— H,0

@ ZuvoAikn avTidpaon

MoAUpEPEC

eKaAEC UNXAVIKEC 1010TNTEC

eXNUIKN, OpUIKN Kal OEEIdWTIKN 0TaBePOTNTA
eYWnAR 10VTIKI aywyIiuoTnTa

*HAEKTPOVIAKOC HOVWTNC

eXaunAd kOOTOG



MeuBpavecg yia KupeAidec Kauoipou




OWwTOROATUIKA ZUCTAMATA

Compounds - Systems

Amorphous Silicon

Dye-sensitized solar cells
(Gratzel cell)

mixtures of polymeric donor
type materials with small
organic molecules
(PSHT:PCBM)

Power Conversion
Efficiencies (%)

12.7




@® | Alan Heeger,
@® | Bpapeio Nobel 2000 padi ue Touc Alan
MacDiarmid ka1 Hideki Shirakawa




ExkTuttwpéva EUKaptrTa QWTOoROATAIKA

NavoBioUAikwv, NavoouoTnuatwyv &
NavopeTpoAoyiag
ApioToTéAelo MavenioThuio

©@eooalovikng
\ 9%

'\{\ Opada Kab. Z. AoyoBeTidn
\ E‘L!")Um EpeuvnTikd EpyaoTipio AenTwv YHEViwv




[MoAupepika UHEVIA KOl Epapuoyn o€ LED
\ORP & HPFL

‘& Ouéda Avamh. Kaf. M. Tém
Itfn Epevvntikdé Epyaoctipro Aentdv Ypeviov
NORgechnologyio Navoprovikmdv, Noavosvotnudrtov & Navopetporoyiog

Aptototéreto Iavemotiuio @eccalovikng

\ )/ i
G R- L [ g h Hpoypappa XYNEPTAXIA 2011, ITET, «IIpdcivec/ EMAnvikég Aeipopeg
Teyvoloyieg Dowticpov» GR-LIGHT 11ZYN 5 573



Aiodol EKtroutriig AcukoU OwTo¢g
WLED

ORp & HPAL

QQ\ Ouado Avamh. Kab. M. T'idt
ltfn Epevvntikd Epyaoctmplo Asntov Ypeviov
Noavopiodidv, Navocvomnudtov & Navouetporoyiog

Nangtechnology Lob ) . )
J Aptototédeto [avemotiuo @socarovikng

\ )/ i
G R- L [ h Hpoypappa XYNEPTAXIA 2011, ITET, «IIpdcivec/ EMAnvikég Aeipopeg
g Teyvoroyieg Poticpod» GR-LIGHT 11ZYN 5 573




Antimicrobial Polymeric Surfaces

live microbes *

* @ Quaternary-Ammonium
. Compounds

- ’ - (QACs)

l

dead microbes

N+/ \N+/
binati Dual-action
\?}\/\/\/ combina lOV\ surfaces
Covalent attachment Electrostatic interaction

E. Kougia, M. Tselepi, G. Vasilopoulos, G.Ch. Lainioti, N. D. Koromilas, D. Druvari, G. Bokias, A. Vantarakis, J.K. Kallitsis, Molecules, 2015, 20, 21313-21327



AVTLULKPOPLAKEC TLOAVLEPLKEC ETLUKXAVWELG

Electrostatic

interaction ‘ ” Live Microbes

YV
Inactive Microbes
(in contact with protective surface)

-
-
-

Covalent
attachment

D. Druvari, N.D. Koromilas, G.Ch Lainioti, G. Bokias, G. Vasilopoulos, A. Vantarakis, I. Baras, N. Dourala, J.K. Kallitsis, ACS Appl. Mater. Interfaces, 2016, 8, 35593-35605



Antimicrobial Activity Test

Gram-negative bacterium: E. Colr
Gram-positive bacterium: S. Aureus

5. Absorbance

1. Incubation of 2. Inoculation of

. . ’ ; o measurements (600nm)

microorganism coupon glasses covered 3. Incubation in 30 mL LB broth 4. lnfubaii\n at 37 °C for of the culture medium
with polymers 8-24h (80 rpm) y - 3

a4
Contact time:
2 hat 22 °C

120

100

80

60

40

20

0

-20

W S. Aureus M E. Coli



Polymeric coatings based on water-soluble biocidal copolymers

v Good membrane quality!

80 20
o)
o
SO_:B L] L] L]
N go v chemical crosslinking
H3C_N_CH3
H,C(H,C)14H3C
80 02
P(SSAmMC,-co-GMA20) G H5C
H,O
Cl
S £ > SO; ©
80°C CHy 77
70 30 H3C—N@—CH3 .
COOH
HyC(H,C)14H3C
N /CH3 30
-+ VT
o CHs
CHs

P(VBCTMAM-co-AA30)

L. Tselenti, N. Bougioukos, D. Druvari, I. Tzoumani. Biocidal air-cleaning filters coated with organic biocidal materials. Greek patent application, GR 231-0004071711, 2021 Feb. 2.



Polymeric coatings based on water-soluble biocidal copolymers for
air-cleaning filters

1 s : il 2. Reactive blending of water-soluble
-+ SPIay-CORNDg Heatment on JUELs polymers bearing quaternary ammonium

compounds (QACs)

chemical crosslinking

|
o°°°
.,:..ooo |
°o°° | ‘ 4
1 | |
| ‘\\

A system of three biocidal air filters

( A \ Water-soluble
polluted air I VaN reactive polymers
LY ” | \ =1 purified air
% *J’ e | ~~& Hydrophobic QAC
. .7 e Gl ;4 ol @ hydrophilic QAC

I. Tselenti, N. Bougioukos, D. Druvari, I. Tzoumani. Biocidal air-cleaning filters coated with organic biocidal materials. Greek patent application, GR 231-0004071711, 2021 Feb. 2.



Polymeric coatings based on water-soluble biocidal copolymers for
air-cleaning filters

Scale-up synthesis

after treatment
(5% loading)

after treatment
(15% loading)

Treatment of filters
through Spray-Coating




Application

Fast and effective air purification from viruses
and microbes

With excellent results in fighting the virus that causes the disease

STER

Air Purifier

it
i v#":::l'::' J:ﬂ
,m"," ,ul",,.m

il

https://www.sterial.com.gr

_ This device is aresult of Greek invention and manufacturing, and it was developed under the collaboration of the
Reduction of Microorganisms

(

15 minutes 29,59% Alum‘l METR.CON O n Al l)‘()N
Digital Systems

FILTREX GRINGED’ 3| M

FILTER S 1“1()*1

following Greek laboratories and companies:

Electronics



Humidity-Responsive Polymeric Membranes

clideo.com




ApLoTOTIONGN UTTAPXOLCAG TEXVOYVWGING Yl TUAOTIKY
£POPUOYN — AVATTTUEN VENG GE TTELPAUATIKO ETTTTESO

ORp & HNR

> ZUVOEGN CULUTOAUUEPWY TIOV PEPOUV UTIOKOTECTNUEVEG MOVASEG TLPLSIvNG
KAOWG Kot TAEVPLKEG SLOLoLVOEOUEVEG AAAVA-OUASEG

n=0
n=0

X
|/
N
AT T O

O

=
mUanants
=

@)

Polymer Batch “ Quantity
(8)

copolymer 1 65000 30
copolymer 2 70000 35
Copolymer 3 37000 30
Copolymer 4 95000 22

THORAX Kick Off Meeting, 11.06.2020, Patras



ApPLOTOTOINGN UTTAPXOVGAG TEXVOYVWOIAG Yo TUAOTIKN
£POPUOYN — AVATTTUEN VENG GE TTELPAUATIKO ETTTTESO

Omp & HR AL

NEW SET-UP

M 120 g cuumoAvpEepOU XpnouoToiOnKay yia tTnv eTKAAuvn 24 SoKIuiwy 40x40 cm?

M  Emtuxnig mpoetoluacio opotoyevwy vacudatwy Kevlar® vpning @optwong moAvuepoug (8-10% wt)



\@D &HMRL

» Eloaywyn avopyavwyv cwpatdiwv otnv eniotpwon twv ¢UAAwv Kevlar®

1. 20vBeon VSATOSLAAUTWV CUUIMOAUUEPWV WG TIOAUUEPLKA HATPO :

Ydatiko
Sladvpa
C:10-15%

2. Elcaywyn
inorganic filler

Stirring & Sonication Homogenization

»

A

Anpoupyia otaBepwv atwpnuaTwyY
UE HEYAAO TOOOGTO AVOPYAVOU UALKOU
(20-60 % Wi,/ Wp)




\@D &HMRL

» EmwaAuvyn twv ¢UAAwv Kevlar® dtactacewv 20 x 20 cm pe To composite :

Aokipto Kevlar® 20 x 20 cm pe 10%
SLaAupa tov vdatodiaAutou
noAvpepoulg + 20% inorganic filler
Material loading (W, /Wyeyiar) : 10%

Aokipto Kevlar® 20 x 20 cm pe 10%
SLaAupa tov vdatodiaAutou
noAvpepoulg + 40% inorganic filler

Material loading (W

comp.

/W

Kevlar

SLaAupa tov vdatodiaAutol

) : 10% Material loading (W

comp.

/W

Kevlar

Aokipto Kevlar® 20 x 20 cm pe 10%

noAvpepolg + 60% inorganic filler

):10%

49



@D &HMRL

» MetaBoAn anoppodnong evépyelac LETA TNV eniotpwon twv ¢uAAwv Kevlar®

N
\

)

Epapuoyn tng Aokiung otnv kpouon (impact test) yia pia ypniyopn kot mpoxeLpn
ektiunon tn¢ emibpaon¢ tn¢ tpomonoinong twv @uAAwv Kevlar® otnv aroppopnon
EVEPYELOG OE GXEDN UE TNV avTioTolyn ToU un tpomrornotnuévou Kevlar®

50



“f@%pa.l—u-ﬁl:

Energy dissipation (J)

—&— water soluble polymer + 60% inorganic filler 1

m— water soluble polymer + 60% inorganic filler 2
—A— water soluble polymer + 30% inorganic filler 3
—@— water soluble polymer + 60% inorganic filler 4

M 10.8%

9.1%

MW 16.1%

Material Loading (%)
PSSNa - GMA, + inorganic additive/filler

16



ApPLOTOTOINGN UTTAPXOVGAG TEXVOYVWOIAG Yo TUAOTIKN

Omp & HR AL

£POPUOYN — AVATTTUEN VENG GE TTELPAUATIKO ETTTTESO

v Katepyacia 15 Sokipiwv Kevlar® emkadvuéva pe SdAvpa
BeATioTOMONUEVOU TTOALUEPLKOV LALKOL LPNAOU HOPLOLKOL BApoug

2
3
4
5
6 9.0
7
8
9

—_ | =
- O
—
o
(o)}

12.2

—_
N

111

Mé€cog 6poG= 9.5%

THORAX Kick Off Meeting, 11.06.2020, Patras



ApPLOTOTOINGN UTTAPXOVGAG TEXVOYVWOIAG Yo TUAOTIKN
£POPUOYN — AVATTTUEN VENG GE TTELPAUATIKO ETTTTESO

Omp & HR AL

Successful Panel 2 40x40 Not tested

12 Layers of cross-linked NO

polymer coated Kevlar® PERFORATION

fabrics (inner) TRAUMAS: 27

+ 17 layers of untreated mm, 27 mm

Kevlar® fabrics (outer) 6000

Total :29 layers

Successful Panel 2 40x40 | Not tested 9.7
12 Layers of cross-linked 24 J:2 mm

polymer coated Kevlar® penetration

fabrics (inner) 36 J:3mm

+17 layers of untreated penetration

Kevlar® fabrics (outer)
Total :29 layers
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