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@ | Emotrun kai TexvoAoyia Twv YAIKWV

The advancement of human civilization is dependent on the materials of evolution

materials
from past to future
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....The evolution of engineering materials with time. ‘Relative Importance’ in the stone and bronze ages is based on 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....

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



EmoTtAun kal TexvoAoyia Twv YAIKWV

To 1Tedio TNG EMIOTAMNG TWV UAIKWV TTEPIAQUPBAVEl TN SIEPEUVNON TWV OXECEWV TTOU
UTTAPXOUV HETAEU TNG OOMAG Kal TwV IDIOTATWY Twv UAIKWYV. AvTiBeTa, n teXvoAoyia
TWV UAIKWYV, Pe Bdon autr) Tn ox€on OONNG-1I010TNTAC aoXoAeiTal Ye Tn oxediaon A TNV
TEXVOAOyia oxediaong TN OOUAG TOU UAIKOU, WOTE va TTapdyel Eva TTpokaBopIiouévo

OUVOAO I0I0TATWV.

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



Tacivopnon Twv YAIKwV

Ta oTeped UAIKG €xouv TagIvOUNnOEi yia €UKOAia o€ TPEIC BACIKEC KATNYOPIEG: Ta WETOAAQ, Ta
KEPAMIKA Kal Ta TTOAUMPEPH. AUTh N Tagivounon Bacifetal apyIKG oTn XNUIK ouoTaon Kal Tnv
QTOMIKI OOWMI TOUG KAl TA TTEPICCOTEPA UAIKA EUTTITITOUV O€ KATTOIA ATTO TIG TPEIG KATNYOPIES, AV
KAl UTTAPXOUV KOl PEPIKA TTOU avAKOUV o€ evOIAuEoeG. ETriong utrapyouv TpeIg AAAEG OPADEG

ONUAVTIKWY TEXVOAOYIKA UAIKWV: Ta oUVOETA UAIKA, OI nuIaywyoi Kal Ta BIOUAIKA.
*Ta ouvOeTa UAIKG attoTeAOUVTAl ATTd CUVOUAOHO OUO N TTEPICOOTEPWY DIAPOPETIKWY UAIKWV.
*O1 nUIaywYyoi XpNOIKJOTToIoUVTal YIa Ta aouvABIoTa NAEKTPIKA XOPOKTNPIOTIKA TOUG,

*Ta BIOUAIKA €P@UTEUOVTAI OTO AVOPWTTIVO CWUA.



categories-classification

Metals: composed of one or more
metallic elements (such as iron,
aluminum, copper, titanium, gold,
nickel etc), and/or nonmetallic
elements (for example, carbon,
nitrogen, and oxygen) in relatively
small amounts. Metal alloys
comprise two or more elements

Tacivopnon Twv YAIKwV

Solid materials have been conveniently grouped into

three basic classifications:

metals, ceramics and polymers

based primarily on chemical composition and atomic structure
In addition, there are the composites, that are combinations
of the above three basic material classes

Ceramics are typically oxides,
nitrides, and carbides, including:
clay mineral ones (i.e.,
porcelain), cement, glass,

aluminum oxide (or alumina,
Al,0;,), silicon dioxide (or silica,
Si0,), silicon carbide (SiC), silicon
nitride (Si;N,)

M.F. Ashby, (1999) “Materials Selection in Mechanical Design”, 2" edition, Butterworth Heinemann, Oxford, UK. ISBN 0-7506-4357-9.

Ceramics

Polymers are large macromolecules
composed of repeated subunits.

Are based on carbon, hydrogen, and other
nonmetallic elements (O, N, Si). Common
polymers are polyethylene-(PE),
polyamides-(PA), poly(vinyl chloride)-(PVC),
polycarbonate-(PC), polystyrene (PS)

The world of Materials

Metals

Composites

Composites comprise two

individual materials,
ceramics, and/or
achieving thus,

Polymers

or more
metals,
polymers,

combination of

properties not displayed by any of
Naturally-
wood,

the single material.
occurring composites are
bone etc.

M. F. Ashby, D. Cebon, (2003) New Approaches to Materials Education for Students of Engineering, Engineering Department, Cambridge, England
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MeETaAAa

Ta pgeTaAAIKA UAIKA €ival ouvABwS ouvOuaouoi METAANIKWY oTolxEiwyv. Mepi€xouv pyeydAo apiBud un
EVTIOTTIOMEVWYV  NAEKTPOVIWV. TTOAAEG 1D10TNTEG TwV MPETAAWYV artrodidovTal Aueca Oe AuTd T
NAEKTPOVIA. Ta PETAAAQ gival ECAIPETIKA KAAOI aywyoi Tou NAEKTPIKOU PEUPATOC KAl TNG BEPUOTNTAG KAl
givar adlagavy oto opatd Qwc. EmmAéov, Ta PETOANQ €XOouv HEYAAN avrtoxr, OAAG Kal
TTAPANOPPWVOVTAI EUKOAQ, YEYOVOC TTOU OUVNYOPEI OTNV EUPEIQ XPrON TOUG OTIC KATAOKEUEG.

Kepauika

Ta KEPAWPIKA gival EVWOEIC HETAEU PETAAAIKWYV Kal PN METAAAIKWY OTOIXEIWV Kal ouxva gival oeidia,
viTpidla Kkal kapRidla. To peydAo €UPOC UAIKWV TIOU UTTEICEPXOVTAlI O€ AUTH TNV KaTnyopia
TTEPIANANPBAVE! KEPAUIKA TTOU ATTOTEAOUVTAI OTTO OPUKTEG APYIAOUG, TOINEVTOKOVIAUATA Kal UGAous. Ta
UAIKA auTd €ival XapaKTNPIOTIKOI JOVWTEG TNG METAPOPAG TOU NAEKTPIKOU PEUNATOS KAl TNG METAOOONG
NG BepudTNTAG KAl €ival TTI0 AVOEKTIKG atrd Ta METAAAQ KAl TO TTOAUMEPN O€ UWPNAEG BEPUOKPATIES Kal
OpIuU TTEPIBAAAOV. QC TTPOG TN PNXAVIKI) TOUG CUUTTEPIPOPA TA KEPAUIKA €ival OKANPA& aAAG TTOAU
euBpauoTa.

[MoAupepn

Ta TToAupepn TTEPINQUPBAVOUY Ta YWWOTA PAG TTAACTIKA Kal EAAOTIKA UAIKA. ToAAG atrd autd
€ival OpYyavIKEC EVWOEIC TTOU XNUIKA Paciovial oTov avBpaka, To udpoyovo Kal GAAa [N
METOAAIKA oToixeia. ETITTAéov, €xouv TTOAU MEYAAEC HOPIOKEC OOMEC. Ta UAIKA auTtd €XOuv
ouvnBwg XapnAni TTUKvOTNTA KAl JTTOPEI va gival ECAIPETIKA EUKAUTTTA



f‘ familiar item that is fabricated from three different material types is the beverage
container. Beverages are marketed in aluminum (metal) cans (top). glass (ceramic) bot-
tles (center), and plastic (polymer) bottles (bottom). (Permission to use these photo-

graphs was granted by the Coca-Cola Company.)
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2.0voeTa YAIKQ

Ta ouvBeta UAIKG atroteAoUvTal ATTO MPIA TTOAUMEPIKA PATPA Kal €va UAIKO evioxuong Trou
MTTOPEi va gival TT.X. iveg uaAou. 2xedialovrtal yia va divouv €va OUVOUAOHNO TwV KOAUTEPWY
XOPOAKTNPIOTIKWY TWV 1I010TATWY ToU KABE UAIKOU aTTO TO OTTOI0 aTTOoTEAOUVTAL.

Hulaywyipa YAIKG

O1 nuIaywyoi €Xouv NAEKTPIKEG IDIOTNTEC EVOIAUECEG METALU TWV AYWYWV TOU NAEKTPIKOU
PEUNATOC KAl TWV HOVWTWYV KAl UTTOPEI va gival opyavikoi [ avopyavol. ETmTAéov, Ta nAeKTpIKA
XOPOKTNPIOTIKA QUTWY TWV avOpyavwy NUIaywywyv €ival eEAIPETIKA euaiobnta oTnv TTapouacia
EANAXIOTWY OUYKEVTPWOEWV aTTO ATOMa TTPOooMicewv. OI nuIaywyoi KATESTNOAV €QIKTH TNV
EMPAVION TWV OAOKANPWHEVWY KUKAWHPATWY TTOU €@epav eTTavaoTaon oOTn Blounxavia Twv
NAEKTPOVIKWY KAl TWV UTTOAOYIOTWV.

BioUAIKG

Ta BIOUAIKG XPNOIYOTIOIOUVTAlI O€ CUCTATIKA TA OTTOi0 EUQPUTEUOVTAlI OTO AVOPWTTIVO CWHO
TTPOG AVTIKATAOTAON €VOG TTPOORERANUEVOU ) KATECTPAUPEVOU QvBpwTTIivou TuRuaTog. Ta
UAIKG auTa Oev TTPETTEI VA TTAPAYOUV TOLIKEC OUCIEG KAl TTPETTEN VA €ival CUPBATA JE TOUG I0TOUG
TOU avOpwTTivou owphatog (dnAadr) Oev TIPETTEI va  TTPOKAAOUV OUOUEVEIC PBIOAOYIKEC
avTidopdoeig). OAa Ta TTapatmmdvw UAIKA, JTTOpOoUV va XpnoipoTroinBouv w¢ BIOUAIKG Ta oTToia
XPNOIUOTIOIOUVTAI OTA EJPUTEUHATA (TTX TEXVNTA 10XiA), @APHAKA K.Q.
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Ta UAIKG TTOU XPNOIJOTTOIOUVTAl OTIC €QAPMOYEC UWNANG TeExvoAoyiag (i high-tech)
ovouadlovtal mponyuéva UAika. Mg Tov 6po upwnAn TeEXVoAoyia €vvooUUE PIO OUOKEUN N
Eva TTPOIOV TTOU AEITOUPYEI XPNOIMOTTOIWVTAG OXETIKA TTEPITTAOKEG KAl ECENIYUEVEC APXEC
WG TTapadeiypara ava@EéPovTal 0 NAEKTPOVIKOS £COTTAIOUOG OTTWG Ol CUOKEUEG HAYVNTIKAG
eyypaenc eikovag (Bivreo), ol ouokeuéc oOTITIKOU Oiokou (CD), o1 nAEKTPOVIKOI
UTTOAOYIOTEG, TO CUCTAPATA OTITIKWYV VWYV, Ta OICTNUOTTAOIQ, T AEPOTTAAvVA Kal Ol
OTPATIWTIKOI TTUpauAol. Ta TTponyuéva auTd UAIKA gival ouvABwg €iTe TTapadooiakd UAIKA
TWV OTTOIWV 01 IDIOTNTEC €XOUV €VIOXUBEI €iTe UAIKA TTOU €£XOUV avaTITUXOEi €K VEOU WG
UAIKG uypnAng atmrodoong. ETriong, PTmopei va avkouv o€ OAEG TIC KATNYOPIEC UAIKWV

(ONAadN pETAAAQ, KEPAUIKA, TTOAUMEPN) KAl €ival oUVABWCS OXETIKA akpIPRa.
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FMV\Ctl.OV\a{ Matel’l‘als The ideas and concepts behind nanoscience and nanotechnology
& started with his talk, long before the term nanotechnology was

used. In his talk, Prof. Freynman 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.

There's Plenty of Room at the Bottom

. An Invitation 1o Enter a New Field of Physicx
Nanomaterials " o New Fiald of

8 By Richard P. Feynman

48 American Physical Society meeting
California Institute of Technology (CalTech)
EPasadena, 29 December 1959

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

February 1960, Engineering and Science Caltech Magazine

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

Age

fundamentally new molecular organization.

(~3300 years )

materials science, and engineering

v'Nanoscience and nanotechnology are the study and Steel/Cement Age

application of extremely small things and can be used across all (~ 60 years)

the other science fields, such as chemistry, biology, physics, Si Materials Age
(~ 40 years )

Nanomaterials Age
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advanced materials

[TponyueEva YAIka

definition ... ??
/ 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 new methods or reinvented techniques

v/ Materials with properties exceeding by far those of their precursors

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

Material Science: a multidisciplinary area
a meeting point of all the areas of basic science

D lecule 2 /_'\\
rug molecule ::' 3 .'-_0 D
ng ° '.,. -.:...:.: .' L Boi
o . o vt RIS bt
examples: carbon nanostructures, liquid crystals, molecular catalysts, Al > ’ .00 Dmgmo,eculel\_,/
coatings, self-healing materials, nanoparticles, biobased polymers, =  Defect Enginsering Controlled Drug Delivery Systems

antimicrobial polymers, 3D scaffolds, barrier materials, recyclable polymers, Gfgzlh;:e (Improved Adsorption)
dendrimers, organic-inorganic hybrids.... sustainable materials ‘!E ’%c E
v’ Crystal Engineering

W|th imDaCt in diverse fieldS SUCh das. v" Nanostructure Engineering

g Carbons

Zeo[ltes (Crystal Size & Morphology)

|||||

v' Novel, Scalable Membrane

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

industry,

quantum information systems, neuromorphic engineering, nanobiology,
spintronics, plasmonics, metamaterials, molecular nanosystems ...

(Pore Size, Porosity, Active Sites) b ouith Methods Efficient Adsorptlon and Storage

v’ Enhanced Properties
(Hydrothermal Stability, Selectivity)
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Catalysts for Bio Oil Upgrading Thin, High Quality Membrane for Ultrafast Separation




advanced materials

composition
complex

simple

[Tponyuéva YAIka

the advanced functional materials challenge

A

information age

functional
polymers
o

nanomaterials
o

industrial era

o
iron age hybrid organic
systems
advanced
bronze age composites
alloys ®
metamaterials
®
stone’ @ ® ® sillicon
[ copper| 'fon . ®
I alluminiu
| >
simple complex

processing

advanced functional materials

complex composition
+

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



advanced materials

Hulaywyiga YAIKG

Semiconductors

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

organic semiconductors
/Small molecules \

inorganic semiconductors
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Semiconductors
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OLED

Organic Solar Cells

Nobel Prize in Chemistry 2000
A. ). Heeger,
A. G. MacDiarmid,
H. Shirakawa
"for the discovery
and development of
conductive polymers"
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“inks” ----with electronic

Nobel Prize in Chemistry 2000
A.J. Heeger,
A. G. MacDiarmid,
H. Shirakawa

functionality!

"for the discovery
and development of
conductive polymers"
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OLED

LG’s rollable TV

Mgtorola Razr 2019

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
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[OPVs : organic photovoltaics]

Applications

Q Portable chargers
O Solar objects
Q Solar clothing

Q Solar umbrellas

Q Coating for buildings
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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?, sp? hybridization)

Carbon
nanotube

Fullerene

Graphene films

Z. P. Xu, et al. Sci. China-Phys. Mech. Astron. July (2018) 61, 074601

Hybrid materials

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 "9 "
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Allotropes

Hybrid for Phototherapy
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Nobel Prize in Physics 2010
to A. Geim and K. Novoselov “for groundbreaking experiments
regarding the two-dimensional material graphene”

Stimuli- Responswe Hybrid

Exfoliated RGO for Supercapacitor !A k
Hybrid for Gene Delivery

NPG Asia Materials 10, 107-126 (2018)
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Composite Materials

R (Fibore. Pacticles)
Pollymar Mlatal Car.amic Archillaclura Mat]larial
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aTTd VOVOOWARVEC GVOPaKa B peeonineows TOTIR - Polymer

Epoxy  (EL) PP )
Short Uni-
g:;!;’;!;’ Hulmm FEEK Pm'ﬂfﬁ Fibers  directional Textile

TPE ooy [l o :ﬁ
. = .
Sy RS i

R




BiouAIkaQ

Ficure 23.13

3 Pelvis —__
(a) Schematic
diagram and (b) x-ray
of an artificial total hip
replacement.
Acetabular
cup
Ball —_ .
S = Fixation
\Qgent
Femoral —_
stem
— Fixation
agent
Femur ——
(a) (b)

Ficure 23.14  Photograph
showing two artificial total
hip replacement designs.




‘E¢uTTva pouxa
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A dress and jacket contain Ag and Pd nanoparticles
with antibacterial and air-purifying qualities,
designed by Cornell Fashion Design student Olivia
Ong. (Courtesy of Peter Moran.)




‘EgutTva pouxa
T-shirt with integrated sensors and SMARTSHIRT SYSTEM

conductive fiber grid

Shirt band
connector

Personal controller
(wireless transmitter)

PDA with /

Bluetooth receiver

Base Station screen mp

USB Bluetooth
receiver




‘E€uTTva pouxa

BIOTEX weaves 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.
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MapoAn Tnv TepAOTIa TTPOODO TTOU £XEI YiVEl TA TEAEUTAIA XPOVIA OTO TTEQIO TNG ETTICTAMNG KAl TEXVOAOYIAG TwV
UAIKWV £€aKOAOUBOUV va UTTAPXOUV TEXVOAOYIKESG TTPOKANCEIG TTOU TTEPIAAUBAVOUV THV AVATITUSN OKOMN
MO TTPONYHEVWY Kal €EEIBIKEUMEVWY UAIKWV KOBWC Kal TNV €EETAON TNG ETTITITWONG TTOU TTPOKAAEI OTO
TTEPIBAANOV N TTapaywyn Twv UAIKWV. AgiCel va oXOAIAOOUNE CUVTOPWS auTd Ta {NTAMATA YIA VA TTAPOUHE MIa
OAOKANPWHEVN EIKOVA TWV TTAPATTAVW TTPOOTTTIKWV.

H mrupnvikn evépyela divel KATTOIEG UTTOOXEOEIC, AANG OTIC AUCEIC TTOANWY TTPORANPATWY TTOU TTapauévouv Ba
TIPETTEl VO CUPTTEPIANPOOUV Kal UAIKA aTTO KOUOIMO €wG KOTAOKEUEC QAVAOXEONG, N €YKATACTACEIC Yia Tn
d1a6ea0n padlevepywV aTTORAATWV.

2NMAVTIKEG TTOOOTNTEC EVEPYEIOC UTTEICEPXOVTAl OTIC METAPOPEC. H peiwon Tou BAPOUG TwV PETAPOPIKWV
OXNUATWV (QUTOKIVATWY, AEPOTTAAVWYV, TPEVWYV KATT.) OTTWG Kal n adgnon Tng Beppokpaciag Asitoupyiag Twv
MNxavwy Ba evioxuoel TNV ammodoTIKOTATA TwV KAauoidwy. Néa douIKA UAIKA uwnAng avioxng Kal XaunAAig
TTUKVOTNTAC QVOMEVETAI VO avatrTuxBouv KaBwg Kal UANIKA HE IKavOTNTEG AEIToupyiag o€ UWNAOTEPEC
BepUOKPATiag yia XpAoN OE THAHATA JNXAVWV.

EmimTAov, €XEl avayvwpioTE N avaykn yia TNV eUPEon VEWYV, OIKOVOMIKWY TTNYWV gVEPYEING OTTWGS Kal yia
aTTO00TIKOTEPN XPNON TWV TINYWV TTOU UTTApxouv. Ta UAIKG Ba Trai¢couv avau@ioBntnTa onuavTtikd poAo otnv
avamTu¢n Twv Tapatravw. MNa mTapddeiypa €xel TTpaydaTtotoindei n arreubeiag peTaTtpoty TNG NAIOKNG
EVEPYEIAG 0€ NAEKTPIKN. Ta NAIOKA KUTTOPA TTPOUTTOBETOUV UEPIKA TTEPITTAOKA KAl akPIBA UAIKA. Tpokeiuévou va
€CAOQOANIOTEI MIO BIWOIKN TEXVOAOYiIa TTPETTEI va avaTITUXBouv UAIKA PE uywnAn upev attodoon otn diepyacia
METATPOTTNG TNG EVEPYEIAG AAAG KOl OIKOVOMIKOTEPQ.
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H 1To16TNTa Tou TTEPIBAAAOVTOC £CAPTATAI ATTO TNV IKAVOTNTA MOC VA EAEYXOUUE TN pUTTAVOTN TOU aépa
Kal Twv uddatwyv. O1 TEXVIKEC eAEyXOU TNG putravong TrpouttoBETouv didgopa UAIKA. EmTTAéov, ol
MEBODOI eTTeCEpyaTiac Kal TEAIKAG KaTEpyaoiag kabBapiopou TpETTel va BeATIwBoUvV woTe va
TTPOKAAOUV HIKPOTEPN TTEPIBAAAOVTIKA uTTORAOUIoN. ETTiong, OTIC dIEPYACIiEC TTAPACKEUNG KATTOIWV
UAIKWV, TTapAyovTal TOCIKEC OUCTIEC, OTTOTE TTPETTEI VA ANPOEI UTTOWN O OIKOAOYIKOC AVTIXTUTTOC OXETIKA
ME TN d1GBe0n KAl aTTéPPIYN TOUG.

[TOAAG XPNOIUOTTOIOUMEVA UAIKA TTPOEPXOVTAl OTTO N AVAVEWOCIUESG TTNYEG, ONAAdr OEv PTTOPOUV VA
avayevvnBouv. Autd TTepIAauBAavouv Ta TTOAUMEPH], VIO Ta OTToia N TTPWTN UAN €ival To TTETPEAAIO Kal
Katrola PETOAAA. AUTEC OI PN QVAVEWOIUES TTNYEC OTaAdIOKA €EAVTAOUVTAI, YEYOVOC TTOU KaBIoTA
avaykaia

1) Tnv avak&dAuwn eTITTPOCOETWY ATTOBEUATWY

2) TNV avaATITuén VEWV UAIKWV TTou Ba €Xouv OUYKPIoIYES 1010TNTEC Kal AIlYyOTEPO OUOUEVEIC
TTEPIBAANAOVTIKEG ETTITITWOEIG KAI/N

3) TNV au¢non Twv TTPOCTIABEIWY avaKUKAWONG Kal TNV avATITUEN VEWV TEXVOAOYIWV aVOKUKAWGONC.
20V OUVETTEIQ, YiVETOI OAOEVA KAl TTIO ATTAPAiTNTO va AduBAavoupe utrown Tov KUKAO {whg atrd
TNV TTNYAR MEXPI TNV TAPR TOU UAIKOU O€ OXEON ME T OUVOAIKNG dIEpYaCia KATAOKEUNG TOU.

Materials Science and Engineering An Introduction
William D. Callister, Jr.
John Wiley & Sons, Inc.
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Evépvyela, TO ONUAVTIKOTEPO TTPOBANUC
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R.E. Smalley, MIT Forum, River Oaks, January 2003



No dnutovpynBei eva SikTvo diaxvoung, TXpxywync Xrmo XVXVEWTIUES
TTNY€EG, XTTOONKEVONG KXl TPOPOOOTINKG LOPOYOVOU TO OTTOLO OE OUVOUXOTLO
UE TIC KUWEAIOEC KorUOT( IOV Bt eEXOPXAITEL TNV XTTHITOUUEVN EVEPYELX UE

UNOEVIKN ETTLLXPUVON TOU TTEPLLAAAOVTOC



Oikovopia Ydpoyovou

Hydrogen
Oxygen (air)
bl

 J
Electrolysis l’

Oxygen

Hydrogen Fuel Cell ® ’

Storage

Fuels Storage
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T i‘a Conventional
' .
ate FIRF

T A e
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Heat

/ Oxygen
/ (0g) in

Hydrogen

Water
(H20) out

KuwpeAida kauaipou Tuttou PEM

avodoc: H,— 2H* + 2e-

kabodog: 1/2 O, + 2H* + 2e— H,0

@ JuvoAikn avTidpaon

MoAUpEPEC

eKaAEC PUNXAVIKEC IDI0TNTEC

eXNUIKN, OpUIKN Kal OEEIdWTIKN 0TABePOTNTA
*YWnAR I0VTIKN aywyIiyoTnTa

*HAEKTPOVIAKOG HOVWTNG

eXapnAo KOOTOG



MepBpavec yia KuypeAidec Kauaiuou




PwTtoBoATalikd ZuoThuara
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 pe Touc Alan
MacDiarmid kai Hideki Shirakawa

=




ExTuTTwpéva EUKaptTTa @wTOBOATAIKA

NavoBioUAikwv, NavoouoTnuatwy &
NavopeTpoAoyiag
ApioToTéAelo MavenioThpio

©@eooalovikng
N /

'\{\ Opada Kab. Z. AoyoBeTidn
\ IoEmfolQulob EpeuvnTikO EpyacTtnpio Aentwv Yueviwv




[ToAupuEepIKG UPEVIQ Kal epappoyn o€ LED
\ORP & HMAL

‘&, Oupdda Avamh. Kad. M. Tém
ltfn Epevvntikdé Epyaocmpro Aentdv Ypeviov
NSRgtechnalogyod Navoproviikmv, Navosvotnudrtov & Navopetporoyiog
, Apiototédreto TToavemotiuo Oecoarovikng

)] -
G R- L | g h Ipoypappa XYNEPTAXIA 2011, ITET, «IIpdcivec/ EMAnvikég Agipopeg
Teyvoroyiec Poticuov» GR-LIGHT 11ZYN 5 573



Aiodol EkTTouTTiI¢ AgukoU PwTOC
WLED

@D&HHQL

QQ\ Ouado Avamh. Kab. M. T'idt
ltfn Epevvntikd Epyaoctmpio Aentov Ypeviov
Noavopiodikdv, Navocvomudtov & Navouetporoyiog

Nargtechnology Leb , . )
J Aptototédeto [avemotiuo @socarovikng

)] -
G R- L | h Ipoypappa XYNEPTAXIA 2011, ITET, «IIpdcivec/ EMAnvikég Agipopeg
g Teyvoroyiec Poticuov» GR-LIGHT 11ZYN 5 573



Antimicrobial Polymeric Surfaces

live microbes

dead microbes

T e o
e v

@ Quaternary-Ammonium

- Compounds
oo’ Se® R
N+/ \N+/
binati Dual-action
\?/\/V\/ \ combina l0V\ curfaces
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

wh i/

Inactive Microbes

Covalent
attachment

D. Druvari, N.D. Koromilas, G.Ch Lainioti, G. Bokias, G. Vasilopoulos, A. Vantarakis, I. Baras, N. Dourala, ].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) , ,

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_3 L] o o
N go v chemical crosslinking
H3C_N_CH3
H,C(H,C)14H3C
80 02
P(SSAmC,-co-GMA20) H G H5C
20 Cl
T pummned > SO, ©
g80°C CHg &7
70 30 H3C—N@—CH3 .
COOH
H2C(H2C)14H3C
N /CH3 50
o CH,
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

2. Reactive blending of water-soluble
polymers bearing quaternary ammonium

compounds (QACs)

1. Spray-coating treatment on filters

chemical crosslinking

|
|
|
o°°° ‘
isco000 |
°o°° I | | y

A system of three biocidal air filters

[ A \ Water-soluble
polluted air L /o~ | reactive polymers
L ‘ T ‘ purified air
* * e | ~~@ Hydrophobic QAC
b -7 Gl Tﬂ, sy ¥ hydrophilic QAC

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

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

Alr Pur

!
sttt
ml" At
1.'.""::::.':
i

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

[TANEITTETHMIO
D
15 minutes 29,59% 36% 70.62% Alum‘l M ETRICON I_I A l l QN
Digital Systems
~ FILTREX qNGEL
SRINGED" 5 L. N

FILTER ‘\lllT()’l

following Greek laboratories and companies

Electronics



Humidity-Responsive Polymeric Membranes

clideo.com




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

Omp & HMR

> ZUVOEGN CUUTMOALUEPWY TIOVU PEPOUV UTIOKOTECTNUEVEG HOVADES TTLPLSIVNG
KAOWG Kot TAEVPLKEG SLOLoLVOEOUEVEG AAAVA-OUASEG

n=0
n=0

X
|/
N
AT U

(e}
o

=
mUanants
=

(g)

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 & HM AL

NEW SET-UP

M 120 g cuumoAvpEPOUG XpnotuoToiOnKay yia tTnv eTKAAuvn 24 SoKIuiwy 40x40 cm?

M  Emituxng mpoetoluacio opotoyevwy vacudtwy Kevlar® upning @optwong moAvuepoug (8-10% wt)



"@D aHMRL

» Eloaywyn avopyavwyv cwpatdiwv otnv eniotpwon twv ¢UAAwv Kevlar®

1. ZUvOeon VSATOSLAAUTWY GUUTTOAUMEPWV WG TIOAUHEPLKA HATPA :

Ydatiko
Sladvpa
C:10-15%

2. Elcaywyn
inorganic filler

Stirring & Sonication Homogenization

»

Anpovpyia ctafepwv ALlWPNHATWV
LE HEYAAO TOOCOOTO AVOPYAVOU UALKOU
(20-60 % Wi/ W)




@D aHMRL

» EmukaAvn twv puAAwv Kevlar® diaoctacewv 20 x 20 cm pe To composite :

Aokipto Kevlar® 20 x 20 cm pe 10% Aokipto Kevlar® 20 x 20 cm pe 10% Aokipto Kevlar® 20 x 20 cm pe 10%
SLaAupa tov vdatodiaAutou SLaAupa tov vdatodiaAdutou SLaAupa tov vdatodlaAdutol
noAvpepolg + 20% inorganic filler noAvpepoulg + 40% inorganic filler noAvpepolg + 60% inorganic filler

Material loading (W, /Wyeyior) : 10%  Material loading (W,

comp.

/Weiar) : 10% Material loading (W,

comp.

/WKevIar) :10%

47



@D aHMRL

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

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

48



Q@fﬁp & HMRL

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,q + inorganic additive/filler

16



ApPLOTOTOINGN UTTAPXOVGAG TEXVOYVWOIAG Yo TUAOTIKN

\Omp & HM AL

£POPUOYN — AVATTTUEN VENG GE TTELPAUATIKO ETTTTESO

v Katepyacia 15 Sokipiwv Kevlar® emkadvuéva pe SdAvpa
BeATioTOMOINUEVOU TOAVUEPIKOV LALKOL LPNAOU HOPLOLKOL BApoug

2
3
4
5
6 9.0
7
8
9

—_ | =
- O
—
e
(o)}

12.2

—_
N

111

Mécog 6pog= 9.5%

THORAX Kick Off Meeting, 11.06.2020, Patras



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

\Omp & HMEL

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

THORAX Kick Off Meeting, 11.06.2020, Patras
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