HNEPIAHYH

H paydaio avémtuén g texvoAoyiog oTOovV TOUEN TNG KOTOOKEVOOGTIKNG EMITPEMEL TO
oxeO0GUO VAKOV EEKIVOVTOG OO TO UIKPOOKOMIKO €MIMES0 T®V WUIKPOSOUMV Kot
KOTOANYOVTOG 6TO €minedo OTov 10 LAIKO PpiokeTon oTIG S106TAGES TOV UNYOVIKOV TOV
epappoywv. o opiopévec epapuoyéc OM®C TPOCTATELTIKES EMIKOAVYELS, Ploloyikd
EUPLTEDHOTO KATL, EMOUDKETOL M YPNON LVMK®OV HE PEATIOTN UNYOVIKY GUUTEPLPOPAL.
I'vopifovtog 6Tt 0ol poKpOGKOMIKEG 1010TNTEG TOL  VAKOL (Y.  UNYOVIKES,
OTMTONAEKTPOVIKEC, OepUIKES,) €IVl APPNKTA GUVOESEUEVEG LE TN UIKPOSOUT TOVG (YN LKN
oVOTOGT, LOPPOAOYia, ETUEPOVS WO10TNTES), amanteiton 1 PerTioTomoinomn ¢ teAevtaiog
v kdBe epappoyn. X OwdKacio. oYESCHOD TOV VAMKOD TOAAEG (QOPEG 10€€g
TPOEPYOVTOL OO TNV POoN 1 ool eEEMKTIKA £xel PEATIOTOTMOMGEL KATOW PLGTKE LAIKE
vy ovykekpipéveg epapuoyés. H ovykexpuévn dwdikacio eivar 1 Bdon tov kKAGdoL g
Bropuntikne (biomimetics) kot amotélece 10 Pacikd KiviTpo Yol TNV KATATOVNGN QVTNG
NG TTUYLOKNG SLTPPTG.

Kbprog oxondg g epyaciag eivar m ocvomnuoatiky] perétn Oordooiowv KEALQOV.
SUYKEKPIUEVO, EXOVV HEAETNOEL TO YOPAKTNPIOTIKA, 7OV £YOLV OVOTTUEEL €EEMKTIKA
KEADPN Y10 VO TTPOCTATELGOVV TOLG EUPLOVE OPYAVICHOVS Tov TEPPAAAOLY, ATd TO
vrdérowmo BoAdooio Paciielo 1o omoio avalntd v TPoPn TOL amd avtd. Metd ond
BAoypaeikn avackonnon tov BEuatoc akoAovONce 1 GLAAOYN KOl OVOYVOPIoT TOV
KEADQMV. XT1 GUVEXEWL, Ol UNYOVIKEG, HOPPOAOYIKEC KOl YNMUIKEG 1010TNTEC €VvEN
SOPOPETIKMV KeEALP®V amd ta. Kumplaxkd moapdAiio tng Mecsoyeiov £yovv yapaktnpiotel. H
piKpodouny Toug MeAeThOnKe pe  pikpookomion MAEKTpoviKNG odpwone (SEM), n
oToyEUETPia TOVG He pacpatookomio akTtvav-X (EDX) kot ot pnyoavikég Toug 1010t Teg
ue ™ pébodo ¢ vavodieiocdvong (nanoindentation). Kotd tn dudpkeia g epyaciog
peAetnOnKov ot apyES AEITOLPYING AVTAOV TOV TPIOV TEXVIKMOV XOPOUKTNPICHOD MG EMIONG

Kot 10 OempnTikd TOVS VIOPAOPO YL GLALOYT| Kot OVAAVOT) OEOOUEV@V.

Ta xkeMen to omoia amoteloVVTOL amd TAGKES APAYOVITN GE GTPMCELS LE EVICYLTIKN
opyovikny VAN oamodelytnkov okAnpotepa omd ta avtictoyyo pe iveg. H vymin
TEPEKTIKOTNTO O OOPECTIO 08 cLVOVACUO pe TNV aVENUEVN] TOCHTNTO OPYOVIKNG
npwteivng epgavifetar ¢ 1 Kvpu aitio Tov To KEAVEN Kabiotavtal mo oKANpa Kot

ovOekTiKa.



ABSTRACT

The rapid advancement of manufacturing technology currently allows material design
to originate from the microscopic level of microstructures to the macroscopic level
where materials are employed in engineering applications. In certain applications,
such as protective coatings, biological implants, etc., the designer attempts to
optimize the material for its mechanical response. Since the macroscopic material
properties (mechanical, optoelectronic, thermal, etc.) directly depend on the
microstructure (chemical composition, morphology, constituent properties) we seek to
choose the microstructure that will give the best macroscopic properties for the
particular application. During the materials design process, on many occasions ideas
might originate from nature which has evolutionary optimized natural materials
throughout the years. This process forms the fundamental basis of biomimetics which

formed the main impetus for embarking on this dissertation thesis.

The main scope of this research is the systematic study of sea shells for understanding
the characteristics that underpin their excellent mechanical properties, which have
been evolutionary developed through the years in order to protect the living organisms
that reside within them from the rest of the sea kingdom. The mechanical,
morphological and chemical properties of nine different shells by the Cyprus
Mediterranean coast have been characterized. After a literature review on the subject,
the collection and identification of shells has followed. The morphological features of
the microstructure were investigated by Scanning Electron Microscopy (SEM), the
stoichiometry with Energy-dispersive X-ray spectroscopy (EDX) and the mechanical
properties by instrumented nanoindentation. During this work the operating principles
and the theoretical background for the collection and analysis of data has been studied

in depth.

It appears that the shells consist of aragonite plates that are either stacked in layers
with reinforcing organic material in between or consisting of fiber/organic material
nanocomposites. The brick and mortar morphology appears to provide harder
arrangements. Furthermore, the high content of calcium in combination with the
increased amount of organic protein appears to be the main reason that the shells

become hard and durable.



