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ITPOAOI'OX

H mopovca dumhopatikny epyacia, exkmovinke otov Topéa Metadlovpyiog ot
Teyvoroyiag YAK®dv g ZxoAng Mnyovikov Metoireiov kot MeTaAlovpy®V TOV
EBvucov Metoofrov TToAvteyveiov.

Avtikeipevo g ev AOY® epyaciog amoTteAel M TOPACKELY] GUVOET®V VOVOKOVE®V
Boupitn/pmayepit pe eyxieiopoto ofedimv yorkol 1 vikeAlov katd mepintoon. [a
TNV TOPACKELT  EKOOTNG VOVOKOVEMG, EQUPUOCHNKAY VO OlOPOPETIKES TEYVIKES
omplouevec omv vPpdk puébodo Sol-Gel pe ™ ypron vrepdakrodiouévov
nmoAlvpepovg, tnv mtolvatbvievipivn (PEI).

[dwaitepeg evyapiotieg, oty emPrénovca avominpadtpla kKabnyntpa Ko Toetoékov
ABnva yoo v gumotochvny TG ©T0 TPOCHONO OV KATO TNV ovabeon g
OWMAMUATIKNG €pYyaciag Kot tnv vrootnpiEn e XTnv vroynele SdKTopo Ko
[Tetpaxin @wtewvn yio v moAvtiun Ponbeta kab’ 6AN 1N ddpkeln ekndvnong g
OmAOUOTIKNG ovthg epyocsiog. Xtov k. TowoOpPa Anuntplo kot to €PYAcTNPlo
ovowkoynueiog and 1o E.K.E.®O.E. «Anudkpitogy yia 11 avaAvcelg detypdtov pe
eaopatookomio vtepVOpov pe petacynuatiopd Fourier (FT-IR). Xtov k. Ovotadakn
[MToaoydAn omd tO0 gpyaostplo  VIpPoUETOAAOLPYIOG TNG OYOANG  Mmyoavikav
Metodreiov kor Metadhovpydv yuo t Ponbeia katd v eétaon TtV TEMKOV
vovokovewv pe @acuatookonio ATopkng AToppoenong pe eroyo (AAS) kot otov
K. Toaxpidon [Tétpo yuo t Pondeia katd v e€€toon Pe NAEKTPOVIKT LUKPOGKOTIOL
dtepyduevng 0éoung (TEM). TéLog, oty 01koyEVELD LOL Yo TV adldAETTN NOKN Ko

VAKT VTOGTNPIEN G€ OAN TNV OKAOTLOIKT LoV TopEiaL.
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IHEPIAHYH

AvTikelpevo HeAETNG TNG TOPOVGOS SUTAMUATIKNG EPYOCING, OmOTEAEL 1 TAPACKELT
ovvletwv vavokdvewv Porpitn M pumayepitn pe gykieiopata o&ediov Tov yoAKoD 1
vikeMov avtiototya, o€ cvvovacud pe eheyyouevo Pabud cvocoudtmong. H
TOPUCKELT] OVTAOV EMETELYON HE TNV €QOUPUOYT UG LPPIOIKNG, TPOTOTOINUEVTG,
uebodov Sol — Gel. Katd v epappoyn g pebddov avtng, ypnoiporodnke to
VIEPSOKAAOIGHEVO TOAVUEPEG devdpiTikNG doung, 1 moAvobvieviuivny (PEID), g
KATOADTNG Yio TNV Katevhuvon Tng mupnvemong Kot yio v avénon g tiung pH tov
ekdotote Swivpdtov 1N aopnuatov. Kabopiotikd polo xotd ™ dwdikacio
ouvBeonc OA®V TV cOHVOETOV vavokovewV dladpapatilel n Tapovsia-tpochnkn t0co
10V VIEPdLaKAadicuéEvoy Tolvpepovg (PEI) 660 kat Tov dtoomopéa pe TV EUTOPIKN
ovopacicc DARVAN C (roivpeBaxpoiucod appaovio pe péco MB 10000). Ta ev Adyw
AVTIOPACTIPLOL AELTOVPYOVV G OLOCTOPELS, AMOTPENOVTOS TNV VIOV QVATTLEN TV
duvauemv Van der Waals petaé&d tov copotidiov Kot og K To0Tov Ty avénomn tov
Babpov ¢ cvocmUdT®oNS, YEYOVOS OV OMOTEAEL TO KOPLO TPOPANUO KOTA TNV
petémerta.  £Ynon  Tov  LAIKOU  Omov  AapPdver  yopa m dwdikacio NG
TVPocVGoOUGTOoNG (Sintering) kot M avénon tov peyébovg tv KoOKK®V (grain

growth).

H ovvBeon ekdotng vovokovemg TpoyLaTomoOnKe e VO SLOPOPETIKES TEXVIKES, LLE
OKOTO TNV AVAJEIEN TNG AMOTEAEGUATIKOTEPNG, PACEL TOV OMOTEAEGUATOV, TEXVIKNG,
pe kpurnplo v teMkn embount) vavodoun. H e&€taon g Quotkoynuikng doung
TOV  TEAIKOV VOVOKOVE®V, TPOyUATOTOMOnKe He TN  YPNON  MAEKTPOVIKNG
ppookomniag capwons (SEM), pe mepibraon axtivov X (XRD), pe poacpatoskonio
vrepvBpov pe petacynuationd Fourier (FT-IR) kabmg emiong kol pe MAEKTPOVIKY
pikpookomion oepyopevng oéoung (TEM) yio mepartépo e&€taocm g LOPPOAOYIKNG
dopns. I'a tov TPocdloptopd TG YMUKNG GVGTACNG TV VAVOKOVE®V, EQUPUOCTNKE
1000 otolyeopeTpikn avaivon (EDS) amd to miextpovikd UiKpooKOTo clp®ong,
660 kot e€€taon pe atopkn amoppdenon pe eAdya (AAS) apod Tponyovuévec kabe
delypa vréotn ovvinén pe Paciiikd vepo. H ymuikn avdlvon £dei&e v moapovoio Cu
ot ovvbetn vavookdvn oe mepiektikdémra 4 — 45 % k.P., avdroyo pe
pebodoroyia mov axolovbnonke, evd ot chvOetn okovn pe ViKEMO peTpnOnKov

avtiotoyo meplektikotnTeg o€ Ni 2,5 - 3% «..
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Abstract

The present dissertation examines the production of Boehmite / Bayerite composite
nanopowder reinforced with copper (Cu) /nickel (Ni) oxides in conjunction with a
controlled aggregation practice, which would ultimately result after the shaping and
sintering processing in components of improved mechanical properties. The above
composite powders have been produced through a hydrid Sol-Gel method performed
in the presence of a hyper-branched dendritic polymer, polyethylenimine (PEI), which
initially acts by directing the reactions, and, additionally, at the final stages, as
dispersing agent. As the main aim was the development of a powder with the
minimum level of agglomeration, the dispersion possibilities in water and the
stabilization of its aqueous slurries was further investigated by the synergistic addition
of a well known and effective dispersant of alumina, namely DARVAN C

(polymethyl ammonium with mean MW 10000).

For this purpose two different synthesis ways were investigated in order to identify
the most effective methodology in producing a de-agglomerated powder that could
lead after processing to a nanostructured component. The powders were characterized
in terms of their structural and morphological properties by Scanning Electron
Microscopy (SEM) combined with Energy - Dispersive X-ray Spectroscopy (EDS),
Fourier Transform Infrared Spectroscopy (FT-IR), Transmission Electron Microscopy
(TEM) and X-Ray diffraction analysis. Further the chemical composition of the as-
produced composite powders was examined by Atomic Absorption Spectroscopy.
Finally, it was measured that the as-produced composite nanopowders contain 4.5-4
% wt Cu or 2.5-3 % wt Ni.
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[. GEQPHPIKO MEPOX

I.1 20vOeta YAiuca

[ToAAéc amd TiG TEXVOAOYiEG TOL ONUEPQ, OMAITOOV TN YPNOY LAIK®V To Omoin
yopoktnpifovior oamd cuvdvacud WI0THTOV Ol OTOIEG OV AMAVIMVTOL GTO GLUPATIKA
UETOAAIKE KPAUOTO, OTO KEPOUIKA Kot To TOALHEPT VAKA. O cuvovacudg antoc
KaBmOG Kol 10 €HPOG TOV WI0THTOV TOV VAIKOV, enekTeivovtal pe v eEEMEN Ko

¥PNON TOV GOVOETOV LAK®OV.M

Q¢ ovvbeto, opiletanr kdbe mOALEAGIKO VAKO TO OmOi0 EMOEKVOEL KOTA UEYAAO
TOGOOTO, TIG 1010TNTEC Kot TV 000 EMPUEPOVE (QACEDV TOL, OVTMG MOOTE VO
emtuyybvetal o BEATIOTOG GLVIVAGHOG TOV WLOTATOV TOVS. Bdoel g ev Adym apyng
NG GLVOVAGEVNC OPAoTG, O BEATIOTOC GLVOVAGUAG WOTHTOV, AAUPAVEL XDPO LLE TOV
EMAEKTIKO GLVOVAGUO 600 1 TEPIGGOTEPOV SloKPITAOV VAKGOV. Ta cvvOeta vAIKA
TOPUcKELALOVTOL TEYVNTA OO YNUIKE OVOUOLEG GUVIGTOUEVES PAGELS — GLGTATIK,
dwywprlopeves and pia daxpity emeavee. H yprion tov chvletov vikodv, apopd
ot Pertictomoinon TV ENYOVIKOV YOPOKTNPIOTIKAOV TOV VAMKAOV, OT®MG N
dvokapyio, n dSuvoHBpavcTOTNTA, 1 TVPLUAXIKOTNTO OAAL KOl 1] GUUTEPLPOPH TOV GE

Oepuoxpaocieg mepipdriovrog.

Ta obvBeta VAKE KaAOTTOUY €val VPV PACHO EPUPULOYDOV TOV VEMV TEYVOLOYIDV
OU(UNG OTIG KOTOOKELEG Kol €Youv UETOPAAEL oMuavTikd TIG okoAovBovueveg
dwdkacieg oyedioong, mapaywyns, EAEyyov kot cuvipnons. H peydin mouwiiia vov
Kol pNTveV, KoBmg kot ot dtdpopes néBodol KATAGKEVNG TAPEXOVY GTO GYESUGTH T
dvvatdtTo vo emALEEL TO KOTAAANAOTEPO GCUOTNUA VAMKOV TOV KOADTTEL TIG
OTOLTIOELS TOV, CUCTNO TOV EYEL GUYKEKPLUEVO YOPOKTNPLOTIKA Kot 1O1OTNTES, TOL
TOAAEG Qopéc pmopel va elvar ko povadikd. To pkpd Bapog, m vynAn avtoyn, 1M
e€apetikn avtoyn og OdPpwon, N TOAD KAAT GUUTEPLPOPE O KOTMGT, GE KPOVOT)|
Kol 6T 010001 POYUMY, Ol CYETIKO EVKOAES OLOOIKAGIES TAPAYMYNG KOL TO HIKPO
KOGTOG GLUVINPNONG OMOTEAODV UEPIKOVS OO TOVE TAPAYOVTIEG EKEIVOVEC TTOVL €YOVV
odnynoet ta. chHvOeta VAIKE otV TPAOTN 001 UETOED TOV KATAGKEVOGTIKOV VAMK®OV

v peyddo manbog epappoyav.ta

Onwg mpoavaeépinke, ta chvheta vAIKA cvvictavior and Vo edcelc. H mpht €&
avt®v yopoktnpiletor ¢ pntpa (matrix phase) xor n €tepn deomapuévn @don

(dispersed phase). H untpa eivar cuveyng mepipdirovtag ) deomapuévn @aon
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omoia. Agtrtovpyel ®G TANPOTIKO VAKO 1 VAMKO evioyvong. H yeopetpio g
dleomappévng edong (A.y. KOKKOUETPio, KOTOVOUN KOl TPOCOVOTOMOUOS KOKK®V)

EMBPA OTIC TEMKES 1O10TNTEG TOL TPOKHTTTOVTOG 6VVOETOV LAKOV. (Ekdva 1.1)

I;;;;;‘éigmmm | ;;;;IE | ;é;;:é;:if
> ~ phase

Dispersad
phase

L P I,
s e v /s

o ’ ’ ’

fc)

Ewéve 1.1: Zynmuoatikni avoropdotact Tov Slapdpmy YEOUETPIKMY Kol SIUGTUATIKOV
YOPUKTNPIOTIKOV TOV COUOTISIOV TNG S1ECTAPUEVIG PACTG KOl ETLPPOT AVTMV:
a) ot ovykévipwon b) oto péyeboc €) oo oynua d) oty Katavoun Ko €) oTov
TPOGAVOTOMGUO TOV GVUVOETOV LAKOD M

H ta&vopmon tov odvietov vikov, avagépetol og tpeic (3) Katnyopieg:

Yta  kokk®dn ovvleta  (Particle reinforced) pe evioyvon ocopatidiov
SCKOPTIGUEVOV 6TO VAIKO g pntpag. H xatnyopia avtn avaeépetor oe chvOeta
VAMKE  amotehodpevo amd TN UNTPIKY @Aom, &vidg g omoiog Ppiokovron
dteomappéva copatiote dAlov viAkov. To oynuo Ko 1 HOPON TOV GOUOTOI®V
mowkiAel (cQapkd oynua, vipdoss K.a.). H pitpa 0nme kot to copatiow, evogyetol

vo glvat HETOAMKE 1} P LETOAMKE VAKE 6 GAOVG TOVG dLVATOVG GLVOLAGHOVG. 123

Yta wvoon ovvheta (Fiber reinforced) 6mov n deomapuévn @don mapovoldler
popen| tvag. Ot tveg amoteAoOvtatl amd LAIKE 6w To YvoAi, o dvBpoakag, o ypapitng,
eVD SLoBETOLY peydAn avtoyr oe dStopunkn epeikvuoud, kabopilovag Tig 1010t TEG TOV
ovvBetov vAKoL. H puntpa givar cuvnbmg molvpeptkng @uoemg Kot Asttovpyel g
OUVOETIKO KOl TPOCTATEVTIKO HEGO TOV VAV, O TPOGUVUTOAIGUOS TMV OmoiwV &ivor

elte Tuyaiog , eite cvykeKpPEVNC O1ELVOVVGEMG.
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Ta wodn ohvbeto LAMKA dtokpivovtal TEPUTEP® OVAAOYO LE TOV TPOGOVOUTOAMGLO

Kot TN O1dtaén TV v eVvtog TG LTPOS OE:

« Movodievbuvtikd cvvOeta, pe cuykekpiuévn dievbuven Tov vov
* [ToAvdtevBuvvTtiKd 6OvOeTa, e TOWKIAOGTPOTNG O1EVOVVGEMS Tveg
H 1516t 1a avt odnyel dpeca oe ta&ivounon 1ov moAvdievduviikdv cuviETOv GTIC

aKoAov0eg VITO-opnddES:

* XOvOeta pe tveg Tuyaiag drehBvvong

* XOvOeta pe tveg og mAEEN Vpavong

» XOvOeta pe tveg tproopBoydviag Deoveng

(5)

Ewéva 1.2: Tomor Sdtaéng tov wov: (o) povodievbuviikés iveg, (B) iveg tuyaiov mpocavoto-

MooV, (v) tveg pe mhEEN Heavong kot (8) iveg oe TproopBoymvia mhéln @

Tpitn komyopio. 6OVOET®V VAMKOVY, amotelodv ta oTpmpotike cvvleta (laminated
composites), amotehobueva, omd emndAANAec otpmdoel; VAKOV. Ta vAkd ovtd,
amoteA0HVTOAL O 000 1) TEPIOCOTEPEG CTPMGELS VAIKDOV GuVOeOueEVDV petald tovg. H
KOTOGKELY] TOVG omockomel otn dnpovpyio cHvVOETOL VAKOV TO omoio epeavilel To
GLVOLOGUO TOV PBEATIGTOV WO10THTOV TIOL Yopaktnpilel v ekdotote oTpdon. Kdabe
OTPMOT GLVIGTATOL AO £V AETTOV ThYOVS EMImEdO vddeg cUVOETO VAIKO, HE tveg
GLYKEKPIUEVOV TTPOGAVATOAIGLOV, €YKApolag dtdtacng otn dievbuvon tov mdyovs. O
OLYKEKPIUEVOS TUMOG GUVOET®V VAIK®V (Tl omoio. KoAOUVTOL KOl VAKE TOTOL
«OAVTOVLTSY), YOPUKTNPILETOL OO HEYAAT ATOPPOPNOT EVEPYELNS LLE ATOTELECLLO VO
amocfaivouv TIg UNYOVIKEG TOAAVIOGES 1 OKOUN Kol KPOLOTIKO @OopTic, &V
TapaAAN Ao dOvavtol vo ypnoiporombodv kol cov nyopnovetikd vikd. Eeappoyn
Bpiokovv eniong oe PEATIOTEG 0EPOSVVOUIKES ETLPAVELES IOV YapaKTNPilovTol amd T
JTNPNON TOL GYNULATOS TOVG KO KoLl KAT® omd TNV ENLOpacT VYNA®V poptiov. H

doun tovg Omm¢ QoiveTon Kol 6To oyNua ivar to e€mtepikd mepiPAnuo méve Kon
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KaTm mov KoAeiton emdepuioan (skin) kot 1o ecwTEPKO TOL £ival 0 TVPVAS (Core) Tov
umopet vor givor moAvpepikog aepog, Lo KOWEA®TN doun N pio doun mov umopel va

amocPEcel KpovoTikd optia. 7

\ Skin

Ewévo 1.3: ZympoTiky ansicovior GTPomRATicod cOvOETon AKOD THTOL «odvTovttey !

Ta tekevtaia ypdvio, €xovv katackevacHel cOyypova VPO VAWKE To oMol
amoteAoLVTOL OO  OSLOOYIKES OTPMCES UETOAAIKOV TAOKAV KOl  GTPOCELS
EVIOYLUEVOV e Tveg GUVOETOV DAIKOV evaAlacoOpevoy petald toug. Ot oTpdoelg
OUTEG, GLYKOAANUEVES, amOTEAOVV TO VPPOWO moAvotpwto. Ta vPRpdkd cvvOeTa
VAKA NG véag Katnyopiag kKahoOvtol wmdon-uetaAlikd moilvotpmta. (fiber-metal
laminates).

Mia vrokatnyopia v cOVOeT®V LVAIK®OV Koheitar «Dvoikd cOvOetan: [Tpoxettor yio
oVVOETO VAMKA TO OTTOl0L ATOVTMOVTOL GTY PUOT], T®V 0ToiwV TOG0 1 dour] 660 Kot 1
CLUTEPLPOPA, TOPOLGLALOLV OLOLOTNTEG HE TO LTOAOITO chVOETO. XaPaKTNPIOTIKA
TapadelyLaTa QUGIKOV cLVOETOV VAKOV amoterel To EOA0, TA 0GTE, TO UTOUTOD, Ol
POES Kat d1apopot dALot 1otol Tov avBpdmivov codpatog. Ocov apopd o 06Td aVTH
amoteAOVVTOL om0 E€MOAANAES oToldoeg, TNV €EMTEPIKN, OVOUOTL TEPLOGTEOD
AmOTEAOVUEVT OO GLVOETIKO 16TO, TNV OGTEIVI], TOV £1val OVGIO OPYOVIKY), GUUTAYTS,
OKANPN Kol OTO €0MTEPIKO TNG OMOYYDOOING Ko, TEAOG, TOV UVLEAO TV ootmv.H
oLOTACT] T®V 00TAV gival katd 69% mepimov avopyaveg ovcieg (Kupiwg pOSPopo-

acPeotodyec) kot 31% opyavicéc (ooteivn kat eAactivn). B
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1.1.1. E@appoyéc Xovletmv YKoV
H olpotddng kot cvveyng €&éMén g texvoroyiag, GLUPAAAEL OGNV TEPULTEP®

AVTIKATAOTOON TOV KOOV LVAMKOV amd To obvleta pe tayxd pubud ce éva gupv
Qacpo epapuoydv kKot Topémv. To obvBeto vikd Ppiokovv epapuoyés oty
kabnuepvny Lon tov avlpomov oe Pabud mov o pécog AvOpwmog Oev €xel

aVOAOYIOTEL.

I.1.1.1 Avroxivnrofropnyavia
[Mpwtondpog ot ¥p1on cHVOET®V VAIK®V glval 0 punyovokivntog adAnTiopds. Xt

Formula 1, 6mov o oyfuoto Kivouvtot 6To Oplol TV SUVUTOTHTMY TOVG, YEYOVOS OV
KaO1oTd TNV TAONTIKY 0AAG KOl TV evEPYNTIKY] ac@dieln eElcov onNUOVTIKEG, T
ovvOeta VAKE KoTEYOoLV MYeTIKN B€om dcov apopd v gpapuoyn. To apdémpa kot
ol agpoTopég Kataokevalovral and veovia wov avBpaxko pe pntivn (CFRP), pe
amoTEAEG LA TN dNUIOVPYiD GVVOETOL VAIKOV YounAol Bapove Kot cuvapa eE0PETIKNG
OAVTOYNG OVIEYEL OTIG TOAD LYNAES UNYOVIKEG POPTIGEIS OTIS OTOIEG VITOKEITOL KOTA
™V emPpdovvon, v oviicTaot Tov aépa K.o. XapoKTNPIoTIKO Tapdostylo omoTeAet
N ¥PNON TOL GCLVOLOCUOD KEPOUUIKOV-GOVOETOV VAMKOV oTa SIGKOPPEVO TOV
povofécion  €veka  avtoyng OouTOV  OTIG €EOPETIKE VYNAEG  OVOTTUGGOUEVEG
Oepuokpoocieg kol TG OMOTEAESHOTIKOTNTAS TOovg. H amoktnbeica amd tov
AYOVIGTIKO YMPO TEXVOYVAOGIN, EMEKTEIVETOL KOl GTNV EVPEIN TAPAYMYT LLE TN XPNION
oVVOETOV DMK®OV Y10l TNV KOTOGKELT TPOPLACKTIP®OV OUTOKIVITOV, PPEVAOV OKOUN
KOl oLTOKIVATOL €€ OAOKANPOL KOTOACKEVOGUEVOL 0O GVUVOETO VAIKE, Om®G oTnv
TEPINTOON TOL NAEKTPIKOL poviélov « i3 »tmg BMW, avtokivnto, pue tov mpdto

KAOBO Koumivag pollkig Tapoyoyng Kataokevacuévo and avipakoviuata (CFRP).

Ewova 1.4: Khopog emPordv tng BMWI3 kotackevaouévog €€ ohokAnpov omd avOpakovipoto
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1.1.1.2 Agpovavmnyki
H oyedloon kot KOTOOKELN TNG TINTIKNG UNYOVAG, TPoUToBETEL TN ADOM GEPAC

TPOPANUATOV GTOVG TOUEIS TNG 0EPOSVVOUIKNG, TNG UNYOVIKNG TTHONG, TNG OOMKNG
avIAVONG OAAG TPOTICTMOC TNG ETAOYNG TOV KATAAANA®Y VAK®OV 1 aflomioTtio Kot M
avaroyio avToyng mpog PAapog TV omoiwv, vo o KafioTd 1KavEa vo YopaKTnPIeTOHV
WG OEPOTOPIKA DMKA Y10l TNV KATOOKELN TNG TINTIKNG unyovns. H kabiépmon twv
EMAPPAOV HETOAMK®V KPOUATOV (aAov VIOV, TITOVIOL K.0.) O€ GTAUATNCE TNV £pEVVA

Yo aveDPeST) VMK®V Tov B emétpenay v avaykaio eotkovounon Bapovg. 9

KaBeto oraBend
nndaAe ano
HOvoABIKO
MiER o avipaxa IndaAlo mpeuc-padoug
4 wachex Y / and sandwich aGvBpaka
KueASEIBNG KATAOKELN sandwich GvBpaka i S SRR O

KQTOOTRPOPEN

avioewe  MTEK ario

sandwich apaudioy

POopTIOU QNo sana
Wwhpaka

Kivntripag atpaxTol - ;:;:.;?
e andwich avépaxka
i apauidlo-avBpaka ™\ |
Opllovrio otadepo
TEPUYID Qo
povoAlBikd avipaka
f
,L‘
X e EEWTEPIKD TINOAAL
fn S_q/ KAIDEWE and
" sandwich avBpaxa
I KOl HOVOMBIKG
Puyxoc SOOGKE
ano sandwach
¢ Bir b Y ——-
it i \&uotmua K&Bero \
NPOCYELOTS MTEQUVIC 'FUotnua
cwich 110 UBPIBIKG NPOOYERIONG
sandwich anoe sandwich
YUaAiou avBpaxa
avipaxa

Ewéva 1.5: Tuipote oeposKapous KOTuoKevAaHEVa omd covOeta vAtcd

Amotéhecpo G €pesuvag MTav M Onpovpyid cOVOETOV VAIKOV GLVOVAGLOV
volovnuatov,  ovlpakovnudtov,  OeppOTAACTIKOV,  E€TOEEWIKAOV  PNTIVOV,
TOAVGTEPIVAOV OAAG KO KEPOUIKADV LE TEXVIKA YOPOKTNPLOTIKE OTMOS OVTOYN OTO
OTOTIKA 1} OLVOUIKA PopTia, avOEKTIKOTNTA GT SLAPP®ON KOl TIG KOPIKEG GVVONKEG,
€101KO PAPOc, KaTé TOAD KAAVTEPO TOV HEUOVOUEVOV VAKOV TTov To. cuvBétovy. Ta
ovvnBéotepa Aomdév cOLVOETA aEPOTOPIKA VAIKA, €ivol Ta dAPOPO. VAAODPAGLOTOL
(Kevlar, tomov S, tomov E) /| vijuato epmoticpéva pe pnTiveg Kot T0. GTPOUATOEIDN

(«cdvtouvttey) ovvleta. 19

1.1.1.3 Novanyum
Ta cOvheta vAKd ypnoomooHvTol VPEMS KOl 6T VOuTyikn. Edd kot apketd

xpovia 1 xpnom Evdov, £xet avtikataotadel omd cuvOeTa LAKEA KOt GLYKEKPLULEVA OO

TOAMEG OTPAOGEIS LPOVIOV, amd tveg yvaAloD, pue molveotépa. [ToAAd xoppdrtio

| 12
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EUTOPIKOV TAOIOV KOl  OKOQPAOV ovoyvyns Katookevalovior omd ovvheta
TPOKEWEVOL Vo elvar ghappiTEpR 0VTMOC MOTE VO UTOPOLV Vo Kvnbovv pe
VYNAOTEPES TOYVTNTEG LELDVOVTOS TOAVTOXPOVA TO KOGTOC KATAVAAWGNG G€ KOVGIULA.
To epeuvnTiKd €vOlPEPOV GTPEPETOL GTO KOTA TOGO OAO KOl UEYOADTEPA WEPT
mholov Oo avtikabictavior and cvuvleta, kabmg vVTapyovy TOALOT TAPAYOVTEG TTOV
pénel vo. e£ETOGTOVY, OTMG M ovtictaon otn odPpwon, omd v emidpacrn Tov
Borlaootvoh vepol, N CLUTEPLPOPE GE GUVOETEG KOTATOVIGELS KOl KPOVGTIKG POPTia
oAAG Kot yevikdTep 1 6TABEPOTNTA TOV WOOTNTOV TOV KATUCKELOV 610 Bdbog Tov
xpOvov kabmg mapdyovieg Omwg vypobepuikn KOTmomn cvviBmg vroPabuilovy Tig

WB10TNTEG TV GLVOETOV VAKOV.

1.1.1.4 Tatpwkn
Towg 0 oNUOVTIKOTEPOS TOUENS EPAPUOYNG TOV COUVOETOV VAKOV glval avtdg Tng

wTptkng. H Koataockev] LAMKGOV KOTAAANA®V Yoo ¥pnon oT1o avOpomvo oo,
odnynoe oty avantuén g Proteyvoroyiog éva puépog g omoiog amoteAel kot m
eMoTAUN TV Provikadv. ‘Etor Aowmdv n yxpnon tov cdvletov vAK®v, ®g Plodiikd,
evtomiletal otV amokatdotaon opfpdoemv, KAEWOMCEWV KTA., GE TEYVNTOVG
OUVOEGLOVG KOl TEVOVTEG, GE OOOVIIOTPIKA EUQLTEVUOTO, GE TEYVNTO OUULOPOPO

ayyeio, oe Kapdokég BorPidec, oTNV AmoKATAGTOCT TOV dEPLATOS K. 0.

Ewova 1.6: Odovtiorpikd Epgotevpa odvieton vikod
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I.1.1.5 Mvpocvecompdtmon
Q¢ mupoocvooopdtoon (sintering) opiletar n dwadikacio pe ™ omoio Evol piypo amd

OKOVEG - oUVOETO VAMKO HETOTPEMETOL GE €val SLVOTO KOl TUKVO KEPOUUIKO GOLLOL.
Amotelel mepimAoko Qavopevo Kotd To omoio AapBdvouy Ydpa apKETEG SLOOIKOGIES
tavtoypova. H mupocvoocopdtwon pumopet va copPet pe 1 xopic v mopovcio vypng
QAaoNg. LtV TPpOTN TEPITTMOON YapakTNPIlETOl MG TLPOCVOCOUATOGT VYPNG PACNG
(liquid phase sintering) katd tnv omoia o1 GuoTdoelg Kot ot Beppokpacio tng Oepuikng
eneepyaciog SoAéyovior MOTE TEMKAOG Kotd T dadikacio vo, oYNUATIOTEL KATO0
vypd. H ev Aoym dradikacio £xel peyAAn TEYVOLOYIKT OMUOCIO KOl ETAEYETOL GLYVE
Y0 TNV TOPAY®YN KEPOUIKDOV VAK®V. ©

Hivakag 1.1: [apadeiypoto emBopuntdv tKpodopdV yio T PEATICTOTOINON O10TNTOV KEPUUKAOV VAKAOV 16]

Io16tTal EmBount pikpodoun

Yynin ZxkAnpotnto Duplex pikpodopoun pe VynAéc avaloyieg
YynAn avtictoon 6Tov eprucud

Amovcia Topddovg Kot pEyedog KOKK®V

Ontikn dmepatdTNTO UIKPOTEPO EITE PLEYAADTEPO TOL UNKOVG
KOUOTOG TOL PMTOS TOL dramepvd T doun

XopunAn SINAEKTPIKT ATMOAEL,
Toko peydn emoavelorn mepioy

H mepintwon mupocvuccopdtoons n omoio TpoyratonolEiTon amovsio vypng eAaong,
yapaxtnpiletor wg Tupocvocoudtwon otepeds kKatdotaong (solid state sintering). H
LLOKPOGKOTIKY KIVIITIPLOG SUVOUN KATA TN O1001KAGT0 TG TUPOGVGCOUATMONG, Etvat
N uelwon g meplooslag evépyelng mov oyetileron pe TG empdveles. Avto
EMTLYYAVETOL PE TNV €EAAELYT OTEPEDOV N 0EPLOV SIETIPOVEIDV KOl TN dNpovpyia
TEPLOYDOV KOKK®V 1] 0Toio cuvodeveTon amd avAmTuEn HKPOOOU®MY TOL 00MNYEl 61N
ocvumvkvoon (grain growth). Katd t diodikacio grain growth, mapatnpeiton avénon
0V pEYEBOVG TV KOKK®OV Kol Pelwon Tov peyéBovg tov mOpwvV He amoTELECHA TN

dnuovpyio 6Tafepov) LAKOD OLOIOHOPONS SLOCTOPAS LE LKPOTEPO TOPDOES.[!

1.2 XHvOeta YAkd Kepapukng Mntpog — Ceramic Matrix
Composites (CMCs)

H pntpa evog ovvBetov vAKo, evoéyetor vo elvol HETOAMKY, KEPOK, &ite

TOAVUEPIKT], EVAD TO aLTO UTopel var 1oydEL Yo Tig tveg Kot Ta cowpotide. Bdoet tov
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VMKOO NG unTpog To oLVBETA LAIKA ToStvopovvtol ot akoAovBec opdoeg

avtictoryo:

MMCs: Metal Matrix Composites
CMCs:  Ceramic Matrix Composites

PMCs:  polymer Matrix Composites

O péhoc ™G UNTPOG OVOPEPETOL GTN GLYKPATNON TOV WOV petald Tovg, oTnv
npootacio. Twv wov ond mepifariovtikés eBopéc Kot TpocPoréc, ot petaPifoon
TOV UNYOVIKOV TACEDV TOV 0OCKOVVTOL GUVOAIKA 6TO cUVOETO VAIKO TTPpog TIC Tveg Kot
TEAOG GTIV OVOKOTY| TNG d1AO00NG TV POYUL®V, TOV EEKIVOVV amd Opavor TV vav.

[Ipokepévou va emTuyydvovial To Toparave, N tpa B Tpémel vo Tapovctalet Tig

akOAoVOES 1O10TNTEC:

* OAkipotnra.
* AvBektikdtnTOL.
* TYETIKN EVKOUWYIN Kol

o Znueio ™ENG peyaAdtepo g péyomg Beppoxpaciog Aettovpyiog tov cuvhETov
VAKOV

A&ilel va onpuelwbei to yeyovog 0Tt 01 1O10TNTEG AVTEG TTPETEL EMIOTG VO TALPOVSLALOVY
ocopPatdmmro pE TIC avVTIGTOXES WIOTNTEG TOV EVIGYLTIKOV vdv. Bacikd kprrnplo
EMAOYNG TOL LAMKOD 1TNG €KAOTOTE UNTPAG, amoterel M Beppokpacio kot To
nepPdrirov ypnong tov cvvhétov. Ta Beppokpaciaxd dpro kabe opdoag cuvheTmv

napovctdlovtal akolovbwg wg eENg:

Moivpepyy Miruila Kepupxa

250°C S00°C 1600°C

Ewéva 1.7: Ogppokpactakd opla xpiong Tov vAkov 2

Ta xepapikd amroteAovV VAIKE GKANPA, SOGTNKTA, LEYAANG oTIBApOTNTOS KOl OVTOYNG
ot OdPpwon, ™ MUK TpocsPoAn Kot TV vroPdaduion oe vyNAEG Beprokpaciec.
Evdewctikd, ot Tipég SuspavotdTNTOG TOV KEPAUKOV VAIK®OV, Kopaivovtol amd 1 mg

5 Mpaym. H avaykatdétnra BeAtinonc TG Sus0panctotTog TOV KEPUUKOY DAKOV,
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ooNyNoe otV ovamTuEN Miog véag Yevidg oVUVOETOV VAKOV KEPOLKNG UNTPOG
(ZYKM) — Ceramic Matrix Composites (CMCs), pe kokkovg, iveg 1 Belovec evog
HETAALOL (1] KEPOLKOD VAIKOV) EVOOUATOUEVOV EVTOG TNG UNTPOG EVOC KEPOULKOV.
Ta oOvBeto vMKA Kepapikig pntpag, yopokmmpilovtor omd HEYOADTEPO €VLPOC
dvoBpavotomrtag, petald 6 kou 20Mpayvm oe cvykpion pe To Kepopkd vikd.H
BeAtiopévn ovt cuumepLpopd £vavtl T@V W0TTOV TG Opavong, sival anotélecua
TOV OANAETOPACEDY HETAED TOV OVOTTUCCOUEVOV POYUAOV KOl TOV COUATIOIOV
¢ dteomappévng eaons. H évapén g poyune, Aappdaver cuvibme ydpa evog g
UNTPIKNAG @domng, evd m 014000m NG, mopeumodiletoar 1 dvoyepaiveToal amd To
EKAOTOTE gumepleyOpeva cwpotidl, iveg 1 Perdvec. H oAlkipomnta Kot To T0606To
TOV WOV ETOPOVY gVVOIKA otn Pertioon ¢ avtoyng ™ untpog. Ot KEPOUIKES
pntpec, dgv mpocdidovy oto ovuvBeTo VAKO poOvo axapyic kot otafepoTnTa 0N
dleomappévn edon (copatiown, itveg KTA.), 0ALL TPOoTUTEVOVY TNV TEAELTOIN O
unyovikn 1 ofewotik @Bopd. IMopdAAnio o poAoc TOLG emeKTEIVETOL OTNV
eEaocpaiion G oavoykaiog Bepuopnyovikng coppomiog otn Olecmapuévn @don,
00TMG MOTE VO EMTVYYAVETOL TOGO 0 EAEYYOC TV SEMPAVELNKADV WO0THTOV, OGO Kot
N evioyuon G UNYOVIKNG GULUTEPLPOPAS TOV GVUVOETOL VAKOV, VIO KAOEGTAOC
@optiong. To onuavtikdtepo mPOPANUO 6T ¥pNon cOHVOETOV VAKOV KEPOUIKNG
untpag, evtomiletar otn ouVAEE VOV—UNTPOS KaBMG emiong Kol ot UEYOAN
Spopd HeTa&h TV GLVIEAEGTAOV YPOUUIKNG OLUGTOANG TNG KEPAUIKNG UNTPOS Kot

TOV GLVNOOV EVIGYLTIKOV V@Y. 17

H koA ocvvaesto vov—untpag sivor kobopiotikny yio v €0pubun Aettovpyia tov
ovvBétov. Q¢ dempdvela ivac—unTpag, opileton n ko empdvelo Heta&d twv 6vo
OLOTOTIKOV LDMK®OV, KoONDC Kot 1 TEPLOYN] OTA GVVOPO aLTNG NG emeavewns. Ot
avanmTLGoONEVOL dgopol otn dlempdveln {vac—UnTpog mpEmel v glval opKETA
woyVPoi, ®oTE va EACPOUAMIETAL 1) LETAPOPA TOV TACEDV LETAED TV VO GUGTUTIKMV
tov oOvOetov. evikdtepa o1 acBeveic demeaveleg vag-unTpog mpocdidovy GTo
ovuvBeTo YouNnAN avtoyn kot dvokapyio, aAld vynAn dSvsBpavoTdTNTO, EVA 1GYVPES
OLEMPAVEIEG EYOVV ®G OmMOTEAECUO €va aVOEKTIKO Kol SVOKOUTTO OAAG Wyabvpd
vAko. A&ier va onpelwdei o 0tL 0 PaBudc TpdoEvong LETAED TG VoG Kot UTPOS

e€aptdtot omd T0 UNYAVICUO LETAPOPAS TAoeE®mV.M

Ot katayeypapptévol TpOToL - UNXOVIGHOL TPOCEVONG, HETAED TV dVO PAGE®MY TOL

oVVOETOV LAIKOV, OvaPEPOVTAL MG:
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Evéodudyvon (interdiffusion): Aeopdg o omoiog oynuoatifetonr koatd T Sidyvon
aTOU®OV 1| TOV popimv Kotd pMkog g dempdvetloc. TIpoxkeitat yo v €16poN TV
popiov ¢ pilog @Aaome, €viog ToOL HOPLOKOL emumédov ¢ £tepns. To Paocikd
YOPOKTNPLIOTIKO TOL HNYOVIGHOD TNG £VO0dLAYLOoNG, ivar 1 VTapEn BepUOSLVOLIKNG

1G0PPOTHOG AVAUESH GTO SVO GUGTATIKAL.

Hlextpootatikn éAEn (electrostatic attraction): H ev Adyw obvdeon, agopd duvauelg
ENENG o1 omoieg AapPdavouv yopo petald Tov S00 EMPAVEL®V KOTO TNV VIOPEN
avtifetov niektpikodv @optiov. H 1oydg g demedvelag, €ival cuvaptnon Tng
mokvoTNnTaG ToVv Poptiov. [Tapdio mov N NAeKTpOSTATIKY EAEN SVOKOAN GLVEIGPEPEL
aloonpeiota oV 16YX0 TOL dEGUOV fvag — UNTpaG, cvuPdAel ot cbvdeon TV

GLOTATIK®OV TOV GOUVOETOL VALKOV.

Xnukog Agopdg (Chemical Bonding): O unyoviopog owtdg, aeopd ) dnuiovpyio
deopnov, petald piag ynUIKNG opddas oty emPAveln TG tvag Kot pio avtictoyn
ovluyn opdda GTNV EMEAVELL TNG UNTPOG HECH yMUIKNG avtidpaong. Eveka twv
OWPOPETIKOV QUOIKAOV KOl YNUIKOV WO0TATOV NG OEMPAVELNS a0 OVTEG TOV
GLGTATIKOV TOL GUVOETOV VAKOV, TO TAY0G TG dempdvelog, Bewpeitar apeintéo,
¢m¢ apeintéo. Kotd v kotaokevn evog oOVOETOL LAIKOV pia oefacTt EKTOONG TNG
EMPAVEING TOV WAV &VIoYLONG, TPEMETOL O OEMPAVEIL Yio. TN Onpovpyia
OEMPAVELNKOV JEGUOV, 0 POAOG TOL OTOIOV, EYKELTOL GTN UETAPOPE SUVALE®V omd

™ UWTPO, GTO EVIGYLTIKO HéEGO.

Ymv ev A0y dwdkacia, €mdpovv, TOKIAOL TOPAYOVIEC, (OGTE TOMIKA, VO
HETAPAAAOVTAL Ol 1O1OTNTEC OUPOTEPMOV TMV EMLPAVEIDV TOV GLOTOTIKOV, AOY®
AmTOPPOPNONG YNUIKOV OovTIOPACE®V Kol Opopwv Beppukdv  eawvopévav. Ot
QULOIKOYMNMKES  Opdoelg avtég, ekteivovion oe  Pabog pHePIKOV  EKATOVTAO®V
VOVOUETP®V, YEYOVOS mov odnyel otn onovpyio plog pecsdéeaons (dempdveio

nemePacEVOL peyéboug) peta&d pnTpag Kot tvo.
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Ewéva 1.8:Mnyaviopoi tpdspuong HeTald T@v eTUEPOVS PACEMV TOL GVVOETOV VAIKOV:

o) Evodidyvon B) Hiektpootatikn EAEN kot v) Xnuikog Asopog

H xaxn cvvdeelo vov — unitpog, Exel g anotédeopa v ekpilmwon (pull out) twv
woV and T UNTPa, YeYovos Tov 0dnYEl € TaydTEPN aoToYio TOL VAKOD. [ To Adyo
avtd, Kotd t0 oYedoUd TOL GVVOETOL VAKOV, Tpémel va AapBdvovior vToyn ot
oLVTEAEOTEG BEPLIKNG OGTOANG UNTPaG Kot tvag, kabdg eniong Kot 1 ovoryKooTnTo

EMKAALYNG TOV VOV e KATO10 GLVOETIKO VAKO. EvoeikTiKd:

e Ot tveg yvaAlo0 emevovovTol e ovcieg mov €£a0POUAlOVY TN CLUVAPEL LE TN
UNTPO. KoL TV avTioTaoT ToL cLVOETOV oTNV LYPACIa

e Ot iveg GvOpaxo ETIKOADTTOVTOL LE OPYOVIKES OVGIES, Y10 OENCT TG CLVAPELAG
Toug e ™ unTpa ) pe Ni, Otav YPNOLLOTOoVVTOL e LETOAMKES UnTpeg (Ag, Al)

e Ot tveg Popiov emkaordmrovron pe BN 1 SiC, 6tav cvvovalovtar pe pnitpa

arovpuwviov. Ot iveg B pe emkdioyn SiC avagépovtar wg Borsic

Mivaxog 1.2: XapokmpioTiké mopadeiypoto cHVOETmV VKOV KEPOLIKHS IMTpaAC Kot e@appoysg

MHTPA INEX E®APMOI'EX

Mépn Agpookapav
KOl O10GTNLOTAOT®V
. VYNAGV
Agpovavmnyuci: TPOILAYPUPAV (UéyioTo
AvOpaxa AvOpaxa EMITPEMOLEVO

Oeppokpaciokd 6pto
3000°C )

AloxOppeva

Avtokivnrtofio avia: ,
n B Hny QVTOKIVI|TOV

A|203, SIC, ZrO,,
SisN4& kepopka |FAROz& SIC
yoaa

Ayoyoi evorlakTOV OgppoTnTac, cvoTnaT
Ogppopdvoonc, epyoieio KOmTNg
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[.3 I[Mopaywyn cOHvOETOV VavOKOVEDV KEPAUIKNG UNTPOG

H mapoayoyq tov odvbetov vikov xepopikng pfitpog (CMCs) vmd  popon
VOVOKOVE®DV, KaOIoTOTOL EPIKTY LE TN XPNOT VYPOV YNUKOV HeBdd®V dmwg avty| g
ovykatafvbiong kot e dtdlvong —Lelatvomoinong (sol — gel). O 6pog «voavobdAKay,
avaeépovtol o€ copatiow peyébovg pkpodtepov twv 100 nm. Ta ev Adyw vAkd,
yopokmnpifovior amd VYNAEG TIWES EOIKNG EMPAVELNG KOl 1O1iTEPN HOPPOAOYia.
MeydAn €01k EMPAVEIL GLVETAYETOL KOU UEYOADTEPO TOGOCTO OATOUWOV GE
dlemeaveleg kol Oplo. KOKK®V, YEYOVOS mov odnyel o€ adénom NG EMUPAVEINKNG
evepyotntag. Ot eEapeTIKES KATOAVTIKES, NAEKTPOVIKES KO LOYVNTIKES 1010TNTEG TWV
VOVOOUAIK®V, VEKA TOL LIKPOV TOVg peyéfovug, ta Kabiotohv amapaitnto KoppdTt Tng
ovyypovng texvoroyioc. H évrovn cuoocmpdtmon tov vavocopuatidiov guvosital omd
TIG VYNMAES TIUEG E0IKNG EMPAVELNG GE GXEGMN UE TOV OYKO, TNV TACT] Y10 EAATTMOCN TNG
Jlemeovelokng evépyetag, Tig ovvapelg Van der Waals aAld Kot TIG €MQOVEIOKES
duvdpuels mpoopopnone. M H gvpeio epappoyn tov mpoavapepbiviov pebodwmv
TOPUYMYNG VAVOKOVEWDV, EYKEITOL TNV 1WOUTEPN AMOTEAECGUATIKOTNTA TV, OGOV
aQopPd TO YOPOKTNPIOTIKA TNG TOPAYOUEVIS KOVEWDS OmO TAEVPAS OUOLOYEVELQG,
ovvleomng, ynuikng kabapdtrag kot KokkopeTpiac. O unyaviopuds Asttovpyiog Tmv
pefddwv avtdv, ompiletor otn poploKy avAUEN TOV EUTEPLEYOUEVOV EVTIOG TOV
VYpAOV avtpootnpiov, otoyeiov (UEToAlo Kot apétaAda), mpog ovvbeon 1Tng
KEPOUKNG KOvews. H dadikacio tng ovvOBeong katd v vypn edon, yopaktnpileton
amo avENUEVN OLOLOYEVELD , 1) OTTotol dloTNPELTAL KO 6TO TEAMKO TPOTOV, KaBMG eniong
Kot od TN SVVATOTNTA YNUIKNG OVTIOPUGTG TOV CLGTATIKAOV.

Baowd mheovéxktnuo tov vypav ynukov pebodmv, aroteiel n dvvatdtnTa cHvOeong
TPOIOVIOV VYNANG EOIKNG EMPAVELNG, 1] EDKOAN KOl KOAG EAEYYOUEVT] EVGOUATOON
GAL®V cuoTaTIKOV, OTMG N TPocOkn dtucTopémv, aAAd Kot 1 duvaTdTTa PHOUON G

TOV TOPMOOVG TOV TEAKOV TTALPOYOLEVOL TTPOIOVTOG,.

1.3.1 M£0060¢g ovykatafvOiong

Katéd ™ pébodo g ovykotofvbong (Coprecipitation), ocbumloka to omoia
neptEyovy ta emBountd petodhikd ofeidia (m.y. o&eidior Cu,Ni ) dtolvovor o€ Koo
dwAvtn. Ev ovveyela, pe mv mpocHnkn opiopévne mocdtrag KAmolov HEGOL
€€0VOETEPMONG OTMG, GLUTAOKOTOMTES, PAGELS, AAATA K.O., CNUELDOVETOL LETAPOAN

™G Tg Tov Ph tov dodvpatog kot Aappavel xdpo o oynUaTicpog un dleAvTOv
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evioemv. H avénomn g ouykévipmong tovg, TPoKaAel tn dnpovpyion vIEPKOPOL
dwdvpatog pe amotélecua v Kotafodion avtdv Tov evocemv. H emruyio g ev
AMOy® peboddov, elvar dueomn ouvvaptnon g Twng pH, g ocvykévipoong Ttov
YPNOUOTOOVUEVOL HEGOV cvykaTaPfudiong, ot Tiég g omolag, mpémel va givor
tétoleg dote va eEaceariletor o vynAotepog Pabuoc vrepkopeouol Yoo OAa To
drtdvpéva pétodia tantdypova, TG Beppokpaciog Kot TEAOG ToV XpOVoL avtidpaong
Emumpdobeta, vmoypoupiletor m  wdiaitepn onuocic g TANPOVG  ovapeng
TPOOPOU®V SOAVUATOV KOl HEGOV €EOVOETEPMONG Yo TNV emitevEN emBuunTov

amoteAéouatog. 124

1.3.2 Mé0odog Sol-Gel

H obvbeon kepopkdv koveov péow g pebodov sol — gel (solution — gelation),
AVOQEPETOL GTN OLIALGT TPOSPOU®YV  OPYOVOUETAAMKAOV OvVTIOPOSTNPi®V  €VTOC
OPYOVIK®V OAVTOV (GAKOOAN) 1 aviopyavev evdcemv (cuvnbwg aAdTmv) €viog
anmovicpévov vepov. Katd v moapayoyn aroduwag (AlOs), v mapdderypa,
ypnowonotovvtor gite opyavikd ([(CH3),CHO)]3Al) &ite avopyave oviidpactipla
(AI(NO3)s).

Ye emOUevo GTAO0 TPAYUOTOTOLEITOL 1) VOPOAVLOT] TOV TPOSPOU®Y VAIK®OV, TOL
TEPAAUPAvEL TNV EVEOOT TOL ATOLOV TOV HETAAAOL HE €va VOPOELAIKO avidv, Pacet

™G aKOAovONg avtidpaong vopoOAvoNC:

Onov M(OR)n: ta petaAikd aiko&eidta, aroteAodpueva omd pétaAro M kot aAKOAO
R.H amddoon g vopodivong eivar eEaptdpevn g mocOTNTOS VEPOL KO NG
napovsiog (1 un) katodvn. 'Etotl evdéyetar va AaPet ydpa oviikotdotacn OANG g
opdoog twv —OR and v opada —OH, mepintmon mAnpovg vopoAvong (avtidpaon 1)
N pepcn (avtiopaon 2)
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Ta pepikdg vopoivuéva elvarl duvatd va evoBovv e avTIOPAcEL; CLUTHKVOONGS, OC

aKoAlovOwe:

\Avtidpaon 3: (OR)NM-OH + HO-M(OR)n — (OR)nM-O-M(OR)n + H,0
Avtidpacn 4: (OR)NM-OR + HO-M(OR)n — (OR)NM-O-M(OR)n + ROH

1
P A e G

RN

H mapondve avtidpdoelg, cuvodedovtal, amd TN onpovpyio evog popiov vepod 1,
OAKOOANG Ko AapfPdvovv ympo mapovsio kKamolov 0&Eog N Pdong, mov dpa »g
KATOALTIKO  péco. Ot avidpdoel ouumdHKVOONG KOl TOALUEPICUOD OV
TPOYUATOTOLOVVTOL, 00NYOUV oTadloKd ot dnuovpyio €vog peyddo popiov mov
exTeiveTol 6€ OAO TO YMPO TOL aPylkoL dtaAdpatoc. To onueio mov mapatnpeitol o
oynuatiopdg tov peyoiopopiov avtov, yopakmpiletar o onueio Celativomoinong
OYNUOTICHOD  OUTOV  TOL  TEMKOL peyoiopopiov opiletor ¢ 1o  onueio
Celatvomoinong, To omoio Kotomy 0dnyel otnv dnuiovpyia evog mmktodpatog (gel),
IMradn evog ocuveyols oTeEPE0D GKEAETOD TTOV EYKAEIEL i emiong cuveyn vYPN Pdon).
To mpoavapephév mxTopa katd TV EYnon LeTooynUatiletol 6To TEMKO KEPAUKO
npoidv. O1 1010t TEG TV Tapayduevmv pe T puébodo sol — gelrpoidvimv, oyetilovon
LE TIG TOPAUETPOVS TTOV HE TN GEPE TOVg emnpedlovy Tig avtidpdoels vdpOAVONC,
ocvumdkvoong kot moAvpepiopov. Ot mwopdpetpor  ovtol  avVOEEPOVIOL  GTN
OLYKEVTPMOOT) TOL OlAvTH, T0 pH, ™ Beppokpacia oy omoia Aappdvovy ydpa ot
avTPAcELS, T0 YpOVO OVTIOPOONG, TN GUOT KOl T1 GLYKEVIPWOGT TOV KATOAVTY, TN
Beppoxpacio éynong kot téhog v avoroyia H,O/M (1), T tov éleyyxo g
doung twv mOP®V TOL TEMKOV TPOTOVTOC 1 GLYvOTEPL PLOULOUEV TEIPAUOTIKY|
napapetpog givor to pH. Emmpdcberta, a&ilel va onuewmbel to yeyovog ot mapovcio
O6&wov mepPdAriovoc, 1 vOpOAVoN TTpaypatomoteitan pe VYNAOTEPO PpLOUO amd 6,TL N
CLUUTVKVOOT Kol TO TeMKO TNKToOpo ivor elagpd oaxiadicpévo. Avtibeta,
Tapovsio Bactkod TEPPAAALOVTOC TO TPOKVTTOVY TPOTOV ivat 1oYVPE STOKAAIIGHEVO.
‘Eveka ¢ mpoavagepbeicag oOapopds oto Pabud oOlaxAddowong, To  O&va
KaTaALOLEVA TNKTOUATA, YopoakTnpilovtol and v and v VTapEn PIKPOTOp®V, GE
avTIOGTOAN pE Ta Pactkd, oto omoio mapatnpodvTol HEGOTOPOL. ZNUAVTIKO PpOLO
OTIG WO10TNTES TOV TEAKOV TTPoiOVTOC mailel emiong to 100G TG TPOdpoUNG Evmong,
10 omoio kaBopilel T popporoyia katl to pEYEHOC TV COUATIOIMY TOV TPOKLITOVV.

Oco peyordtepo gival 10 aAKOAO NG TPASPOUNG EVMONGS, TOGO UEYOADTEPT Eivar M
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EMITTOON TNG EMPAVELNG KOl TOV OYKOV T®V TOP®V, YEYOVOS OV 0dNYel 68 TEMKO
TPOTOV T YOVOPOKOKKNG dopng. o

To omuovpynBév mnkrtopa, eumepiéyel peydieg moocdTNnTeg SOAVTN, O OmOi0g
amopokpoveton pe Efpovon. Ot cvvOfkes ENPOVONG TOL TNKTOUOTOS EMNPEALOLV
ONUOVTIKA TO TEMKO TTpoldv, Kabde ENpavon oe vynAég Beppokpacieg emeépetl v
avamtuén  Tpyoewovg  mieong otn  JlEmPAvelr.  LYpov-aepiov  evtdg TV
oynuatilopevov Topmv. ATOppola LToD Eival 1 KATAPPEVOT) TOV SIKTVOV TV TOP®V
KOl O GYNUOTICHOS TOV ENPOomNKT®UATOS (Xerogel), pe apKetd pikpr EMPAVELD Kot
OYKO TOPWV. XTI TEPUTTAOGELS TOV avTO OV elvan emBuuntd, epapuoletal Enpavon
o€ VIEPKPIGIUEG GLVONKEG TOL 0ONYEL oTO oynuationd agpomnktoudtov (aerogel).
Ta agpomnkTOpata THPovstdalovy VYNAEG EMPAVEIEG, VYNANL TOPMON Kol YOUUNAES
TUKVOTNTEG, WO0TNTES EMBVUNTEG OGOV APOPEL TI EPAPLOYES TOV VAIKMV QLTAOV GTNV
katdivon. To mikTopa KaTd T dtdpKeln TG YNpavong dev gival otatikd, Kabdg ot
avTIOPAcElS VOPOAVONG KOl GVUTVKVMOTG cvuveyilovv va mpaypatomolovvrol. Kotd
T0 OTAO0 NG GLPPIKVOCNS TOL, TPAYHATOTOlEital omoPoArn; Tov OlAdTH Kot
opipavon tov mnktopatos. Katd v opipavon onpeudvetar adénon tov 0yKov tov
TOpOV Kol €AATTOON TNG emMPAvelns AOY® dtdAlvong Kot emavakatofvoiong tov
copotdiov Tov oynuatifovtot pe xounid puud. TEMKNOS oNnUEI®VETOL SOYOPIGUOC

PAcEMV 1] KPLGTOAAWGN TOL VAKOD. M

Solution Aerogel
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Ewova 1.9: ynuatiky avorapdotacn uebddov Sol - Gel
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1.3.2.1 Ypprown nedodog Sol — Gel
Ta kepoapikd VAIKE oAoVpIVOG KUPLoPYOUV GE TOUELG VYNANG TEXVOLOYiag £veka TOV

YOUNAOD KOGTOVG Kol TV  €SOUPETIKAOV TOVS (QUOIKOYNUIK®OV 1O0TATOV, OTMG: 1|
VYNAN UNYOVIKY ovToYT], 1| OKANPOTNTO, TO HETPO EAQCTIKOTNTOG, 1) OVTIOTOON OTIG
EKAOTOTE YMNUIKES Ko TEPIPAAAOVTIKEG UETAPOAEC, TO YOUNAO Bdpoc kot TOo LYNAO
onueio ™éeme. Tapdra avtd 1 {RTNoN avTtdV 6€ TOAAOVS PropnyoviKovg TOUEIG Kot
epappoyés  (Ay. epyodelo  komng,  avtoKwnrtoflopmyovio, — OEPOVOVTNYIKY|)
napovodlel peimon e&outiog ¢ €yyevovs dveHpavGTOTNTAS TOVS, YEVEGIOVPYOC
ol TG omoiag, TPoPAAEl 1 TAOM OYNUOTIOUOD Kol SAd00NS POYUDV  TTOL
napovctdlovy, Katd 1o otddlo Kataokevng Tov. H Abon oto ev Adym mpofinua,
umopel va gviomiotel oty avamtuén vavoouvletwv vAkdv AAovuwvoag mov Oa
enpaviCouv PEATIOTES 1010TNTEC KOl aOS0GT, OVTOS KOTA TOAD TEXVOAOYIKA OVATEPQ
amod ta VIapyYovio cvppatikd VAKE.P TIpdypatt, too VOVOKPLGTOAAKE VAKA,
oLvoLALovY Ta PEATIOTA YOPOKTNPIOTIKA TV GOVOETMV VAIKOV TopAcKELAGOEVTOV
amd YOVOPOKOKKO VAKG, HeE TG Hovadkég kol oaovvnbioteg 1010tTeg TtV
VAVOOOUNUEVOV VAKAV, OTMC 1 VLAEPTAACTIKOTNTA, T avioyn ot ¢bopd, 1
LOyVNTIKY avTioTOon Kol TEAOG Ol VIEPTOPAUAYVNTIKES KOl OTTIKEG TOVG 101OTNTEG.
Q¢ €K TOVTOL, £VEKO TV YOPOKTNPLOTIKOV VOVOSOUDV TOV TOPOLGLALOVY KOl TNG
avénUéEVNG OLVOTOTNTOG YL EQOPUOYY] GE AEITOLPYIKE VAKA M avamTtuén TtV
vavoouvleTtov Kepapuk®v Alovpvog, £xel AMaPet peydlec d100TAoES TO TEAEVLTOIN
xpovio. Q6TOG0 Tapd TV ALENUEVN SOBECIUOTNTO TOV EUTOPIKAOV VOVOKOVE®V, Hia
oelpd TpokAncewv ypilel OVIHETOMIONG Yo TN ONpovpyio. vovocsHVOETOL LYNANG
mokvotnTag. TOoo N peydAn tdom TV VOVOCOUATIOMY Y100 GUCCOUATMOT, OGO Kol 1M
VYNA  OpaocTNPOTNTO TOV ATOU®V OTo Opl TOV KOKK®OV, EMPEPEL TOAAA
TPOPANUOTE GTNV EVOTOINGCT TOV VOVOOKOVE®V GE OUOLOYEVI] VAIKA LYNANG
TUKVOTNTOG, YEYOVOS OV EYEL APVNTIKO OVTIKTLTO Yol TN Oadkocio THKVMONG KaTd
M ddpKeEW TNG CLGCOUATOONG. EmumAéov, to apykd moAd pHikpo péyehog KOKKmv,
OAAG Kot Ol HUIKPEG OTOGTAGELS OLYLOTG 0dNYOUV GTO QALVOUEVO TNG peyEBuvong
kokkov (grain growth). 'Etoi, yivetor €0kolo Kotovontd OTL M SaThpnon g
VavodouUNg Yot To TeEMKO mpoidv eivar Eva e&opetikd dvokoro épyo. ivetor Aowmdv
OQVTIANTIT 1] GTOVOOATNTO KOl ) SVCKOAIX S1OTPNONG TNG VAVOOOUNG KATA TO TEAMKO
Tpoioy. 7]

H Sopdppwon kot emtuyng epappoyn g pebddov, eivar queon ocvvaptnon g
CLUUTEPLPOPES TOV COUATIOIOV KATO TO OTAO0 NG AmO-GLGCOUATOONG Tovg. O

EAEYXOG KOl M EAOYLOTOTOINGY TOV CLOCOUATOUATOV, Kabiotator eQktdg e
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KATAAANAEG Quowkéc 1N yMukég pebodovg. O tedevtaiec, mepthapupdvoov v
TOPOCKELY]  OTAOEPOV  OOPNUATOV KOAAOEWOOVG HOPONG HE TEMKN HOPON|
VOVOKOVE®DC, LE TNV €QPAPUOYT] KOTAAANA®V YNUIK®OV TPocHET®V OmmMG OAVTEG,
SlloTOPEIC, GVVOETEG.

Yxondc g vPp1dkng nebddov sol-gel, ( onoia amoteAei TO OvVTIKEIUEVO HEAETNG TNG
TopoVcOs JMAMUOTIKNG gpyaciag) elvar m ovvBeon vavokdvewmv Kabopiopévng
popeoloyiog oe cuvovacud pe ereyxopnevoL Babud CLGCOUATOONG KOl WG EK TOVTOV
BEATIOUEVOV PEOAOYIKDV YOPOKTNPLOTIKOV. XT1 HED0OO VT YPNGILOTOI0VVTOL
molvpepr] VMKG devoprtikng doung ¢ Prowuntikd mpotome  (templates) won
VTOCTPOUOTO Yo TV POpunTikn  ovvheon  vRpdkdY  vovooouotdioy
TOAVUEPOVS/aAOVUIVOG VIO QIAKEG TTPOg TO TTEPIPAAAOV GLVONIKEG 0TO VeEPH KOl GE
QLOA0YIKEG cvvOnkeg Bepuokpaciog kot pH. Meyddo mieovéKTnua ovtig TG
peddoov amoterel to yeyovog OTL mephapPdvel OAo To avaykoio HETPO Yo TN
ovuvlBeon ko emefepyacia Twv vovokOvemv ce €va, emTuyydvovtag agloonueimt
eEokovounon evépyslog Kot xpovov. Ta devoprtikd moAvpepn| (devopuepn kot vep-
drakAadiopéva molopepn) etvor pokpopdple LeyEBovg vovodlacTAcE®Y Kot LYNAOD
Babuov Swkradwoews. Ta VITEPOAKAAIICUEVO TOAVUEPT] TPOGEAKDOLV UEYAAO
EMGTNUOVIKO €VOLAPEPOV EVEKN TNG TOAVAEITOVPYIKOTNTOS KOL TG TOIKIAOUOPPIOG
TOVG, TOV TPOKVTTOLV OO TNV YOPOKTNPIGTIKY] LOPLOKT OPYLTEKTOVIKY TOLG, OAAA
Kot e&ontiog Tov YOUNAOL TOLG KOGTOLG KoL THV LYNAY SobecudTNTOS TOL TO!
yopoktnpilel. To devdpiuepn molvpepr, £(0VV GLYKEKPIUEVO HOPLOKO PApog kot
OTOAVTO. GUUUETPIKY OPYITEKTOVIKT] EVA TA VTEP-OLUKAUIIGUEVO, TOALUEPT] Elvar
TopoOpoG douNG Ovtag aoVUUETPO, €U@OvVICovTag TOALOGTOPE. ARPOTEPL TO
TOALUEPT oLVioTOvVTOl OO Tpio. OKPLTE TUNUOTO: TOV KEVIPIKO TUPNVA, TIG
emovoLopPavOopeveS HOVADES TOL GLVIGTOVV TOVG KAGOOVS TNG OEVOPLTIKNG SOUNG Kot
TIG EMPAVEINKES AEITOVPYIKEG opddec. O mupnvag pall pe TG ecOTEPIKEG LOVADES
kaBopilovv 10 TEPIPAAAOV TOV EGOTEPIKOD TOL TOAVUEPOVS KOl [LE TN CEPA TOVG TIG
1010TTEC SLOALTOTONCEWS/AAANAETIOPOONG HE HIKPE HOPLa, €VA 1 @OOM Kol O
aplOpoc Tov e€mTtepik®dV OpAd®V YapakTnpilovy TN SAVTOTNTA TOVLS, TN YNUIKY
oAAG wor T Proroywkn Tovg ocvumepwpopd. H apyrtektovikny oavt) diver v
SVVATOTNTO OYESIOCHOD KOl OVATTLENG SEVOPITIKMY TOAVUEPIKMDY GLGTNUATOV DCTE
Vo EMOEIKVVOVV GUYKEKPIUEVT] CLUUTEPLPOPA Kol Aertovpykotnta. Eni mopadeiypartt
etvar duvatdv va gyKAEIGO0VV GTO E0MTEPIKO TOVS GLYKEKPLUEVNG YNIKNG OOUNG

EVAOOELG 1 1OVTO EVAD Ol EMPAVEINKEG OUAdES Umopel va TpomomonBohv KatdAAnAa



ANAIITYZH XYNGOETQN KEPAMIKON AAOYMINAY ME METAAAIKA EI'KAEIEMATA | 25

MOoTE va. amoTeAEGoVY TNV pntpa (template) yio emhektikn oAANAeTidpaon pe popon
10VTo, TOL Gpecov mepPdArlovtog Toug. Ta devdpitikd morvpepr| Aowmdv mapovstalovy
LOVOSIKT] PLGIKT Kot YNUIKT] COUTEPLPOPE tkavy| va. Ta. Eeywpioel omd To. Aoutd £idn
moAvpuepOV.M Tty ev A0y vBpudwn pnéBodo, ®¢ TPOTLTO VTEPIOUKAUGIIGUEVO
TOAVUEPES YO TNV TOPAYMYY] VOVOKOVE®DV, ¥pNoLomoleital 1 «worlvatBvAeviivn
(PED» (§1.3.5.2). H mpocOnkm ka1 1 1o6OTNTO TOV VIEPSIOKAASIGUEVOL TOAVUEPOVC,
™ molvabvrevipivng (PEl) omv mpokewévn mepintwon, eivor KOTOAVTIKNG
OoNUaciog Yo TV TEAKN SLUUOPPMOGT TG TPOKVTTOVGOS VOVOKOVEWMS, OGOV 0pOPA TN
popeoloyio kKot mo ocvykekpyéva tov Paduod cvecmpdtwong mov evogyxetal vo
napovotalel. Avénon g ovykévipmong TG moAvoBvievipivng, odnyel oe
TEPLGGOTEPO GTPOYYVAOL GYNUOTOC EUTEPIEXOUEVA OTIC VAVOKOVEIS GUCCOUUTOUATO,
«otevotepno» katovopng peyébovg (Ewdveg 1.11 — 1.13). O oynupoticpds tov
CUGGOUATOUATOV  OAOVHIVOG, OmOdIdeTOl OTNV  €EOVOETEPMOOT] TOV  OPVNTIKOV
EMPOAVEIOKOD (QPOPTIOL TV COUOTOIOV  aAovpivag, omd TNV TPOTOVIOUEVT
moAvaBvAgvipivn. M7

Evdewktikd mapatiBevtor amoteAéopota MAEKTPOVIKNG WKPOOKOTIOG GAp®ONG
VOVOKOVE®G OAODUIVAG Topookevacheicac pe v avapepopevn vPpdkn pébodo sol

— gel.

1 5@ SEI
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Z8xU X%, 000 Shm 9 sa sEt

Ewoveg 1.11 — 1.13: Aeiypoto vovokOve®Vv aAoOUIvVOG EUTEPLEYOUEVMV TOAVABVAEVIIIVIG, TO

GLGCOUOTMUOTO TOV OTOIMV TAPOVGLALOVY OHUAOTEPO GYL Kot KoTavopur I

1.3.3 AIQPHMATA — X0opoKTnpiopnos aimpuatov

O moAPOG GUVIOTA Tn OOIKY HOVAdH TOGO Tng VYPNS yOTELOMG, OGO Kol NG
Enpovong oo yekaouov (spray drying) ywo v mopayoyn kovewv. ['vetar Aouwmdv
avTANmIN M AQueon oxéomn Kot €EAPTNON TOV 1010THT®V KOl TNG TOOTNTOG TOV
ToPAYOUEVOV Omd TIG CLYKEKPLUEVES Olepyacieg mPoldVTOV, LE TIG OVIIOTOLYES
WM TEG TOV TOAQPAOV, KabBdg ot televtaieg kabopilovv oe peydro Pabud ™
popeoloyio. tov TEMKOD TPOIOVTOG. XTIG 1WwiTEPNG AOITOV ONUAGIOG YO TIG
TPOAVAPEPDEVTEG KEPAKES JEPYOTIES 1OIOTNTES, OTAVTAOVTOL TPOTIGTMOC, TO 1EMOEG
TOV TOAPOV OAAG KO 1] GUUTEPLPOPA OLTOV GE GLVAPTNON LE TO PLOUO emPBOANG Lo
dlTunTkNg thong Kot pe 1o ypovo. H oyéon 1Eddovg — ypovov, odiver Pactikéc
TANPOPOPIEG YO TNV TOWOTNTA TOL TOAPOVL, 1| OMOid OMOTEAEL KPLTNPO Yoo TO
YOPOKTNPIGHO Tov ¢ aflomomowo 1 un. H oxéon 1&mdovg - didtunong

napovctaletat 6to ddypappa 1. M

Dilatant
Awypoppe 1 :
w Newtonian
g Metafoin €ddovg ¢ mpog to fudud
SidTunong Kot 1opuKTNPIoLos TOAQOD
Pseudoplastic

Pubpog mapapépewong amo SiaTpnTikéG TAoEIg
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H otabepotnta tov moApov, m wovotnta dotnpnong omAadn TV €V olmPNoEL
COUOTIOOV TNG OKOVNG Y10 XPOVIKO SACTNUO TKOVO, (OCTE VO TPoyuatorotnel 1
gpyacia ywoo v omoia. mpoopiletar, amotedel pion axodun oStoonueiotn wWidTTO.
Téhog, oTic ev AOY® PoCIKEG 1010TNTEG TOV TOAPOV, Ba TPEMEL VO GLUTEPIANPOEL, 1
TEPLEKTIKOTNTOA OVTOV GE GTEPEA. ZTNV TEPIMTOGOT TOAPOV, YOUNANG TEPIEKTIKOTNTOG
o€ oteped MOAPOG, amorteitol 1 amofoAn HeyaADTEPNG TOGOTNTOS VEPOD KOTA TNV
ENPOVOT KOl OCUVETADC VTOPYEL UEYOAVTEPO KOGTOG. TeMKAOC emOIOKETOL 1
YPNOUOTOINGCT TOAPDOV VYNANG TEPIEKTIKOTNTAG OE OTEPEN PE OGO TO SLVATOV

UIKPOTEPO 1EMOEC, YEYOVOS TOL KOO1GTA TOV TOAPO €vypnoto.

1.3.4 Avoomopd KepapIK®OV KOve®V - Ocwpia DLVO
To mpdTO PrHo GTNV TOPACKELY] TOL TOAPOL &€ivor M OGTOPE TNG KEPOLUKNG

KOvews. H daomopd tov kévemv 6e vYpo amoTeEAEL (ol GNUAVTIKY JOIKAGIo 6TV
kepapikny  Propnyovio. H xoAn dwomopd tov otepedv  coOUATIOIOV  LYNANS
mokvotntag, eivon pio amoapaitntn tpoiimdBeon yio T ANYn Tpoidvtog pe 1o PEATIOTO
TpOTO O1aTaéNng TOV cOUATIOIMY, YEYOVOG TO OToio UE T CEpd Tov emnpedlel v
KOVOTNTA GUCCOUATOONG OAAL Kol TS QUGIKOYNUIKES 1O10TNTEG TOL TEAKOV
npoidvtog. Qg ek ToOTOL, M TOPAKOAOVONGN NG KATACTOONG NG OGTOPAS -
OLOOMUATOONG, €lvol oNUOVTIKO Prpa yoo TNV eneEepyacio TV KEPUUKDV
KOALOEWOVG  popens. Qotdc0o, oty TPA&n, To  EUMEPLEXOLEVO  COMOTIOW
Tapovcstalovy pio  QUOIKN TAGN TPOS GCLGCOUATOGCT, KOTE TN SCTOPE TOVG OF
30TIKO péGo. O PBaburdc g GVoCOUATOONG AVTNS, dETETUL GLVIBWS, amd TN YMueio
™G OlEMAPNG HETOED TMV GTEPEDV COUATIOIMV KOl TOV PELCTOV HEGOV GLDPNOTG.
[Tpoxeyévov Aowmdv va eleyyBel n vyp1| depyoscio CYNUATIGHLOD OVTAOV TOV KOVEWDV,
etvat onpoavtikny N Tpdyvmon TS CLUTEPLPOPAS TOV COUATIIIMV GE EVOLOPNLLL OAAA
Kol TOL pPeYEB0LE TG TPOoPOENONS KOL TNG KOTOVOUY] TV QACEDV GTH OETAQT
avt®v, 1 omoia umopel vo UETAPAAAEL TNV CLUUTEPIPOPE Kol TN LUKPOOOUY| TOV
TEMKOV poidvtog. HTH AAANAEnidopaon TV amPOVUEVOV COUATIOIMV LE TO YOP®
nepPdAlov, ocvvnbwg odnyel oe mpoopoéenon TV erebbepov 1WOVTOV Eml NG
EMPOVEIONG TOVG, ONUIOVPYDVTOS TOTIKO EMUPOVEINKO NAEKTPIKO @opTio, TOov 0dnyel
o€ O010omopd PEca amd SLPOPETIKOVS TVTTOVG dvvapemy. H pérpnon kot o €Aeyyog
TOV EMPOVEIOKOV QOPTIOL TV cOUATIOIOV, umopel vo ypnoipomondel Tpokeipévon

va evioyvbel  woavotnTa dtomopds TV cOUATWIOV oTa VOUTIKO Héco. Qg &k



vpoavripa (kg/h)

Avvopkomta
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TOVTOV, TO POPTIO TNG EMPAVELNG ATOTEAEL LioL ONUOVTIKY] TOPAUETPO TPOPAEYNS TNG
CLUTEPLPOPAS SLACTTOPAC.

H emrtoyioa g ekdotote epappolopevng vypng ynuikng pebodov, eEaptdtar oe
peydAo Babud amd v €TAOY) TOL KATAAANAOL HEGOVL OLUGTOPAS TPOKELUEVOD VL
MoeOet va KaAdG doTOPUEVO, EEAPETIKA OLOIOYEVES KOl CUUTVKVOUEVO KEPOLKO
awwpnua. Ilpaxtikd, m emioyn Tov Ocmopéwv yivetor cuvnbmg eumelpikd,
a&lohoymvtag Ta ToAvapdpa dtbéoiua Tpoidvia yioo TV enitevén g emBvunTG
anddoonc. Extog and v emdoyn tov dtacmopéag, LoTtikd poro, mailel emiong Kot M
OAMNAETOPOOT, NG KEPOWKNG KOVEMG HE TO OlOOTOPEN Kol TPEMEL Vo, €)EL
xopokmnplotel ®ote vo mpoPAeebel M ovumePlpopd JcTOPAs. Xvvinbwmg, ot
CLUPATIKEG TEYVIKES TTOV YPNGUYLOTOLOVVTOL Y10, TV AEI0AIYNOT TV YOPUKTPICTIKMV
domopds, oxetiCoviat He TIG LOKPOGKOTIKES WOL0TNTES TOV EVAUIOPNUAT®OV, 0TS N
kaBilnon kot 1 cvpmEPLPopd TOL 1EDSOVS, EVD avTIBETOS, AydTepa givar YvmOTA Yo
TNV OLEMPOVELOKT) CUUTEPLPOPA O10CTOPEMV LE TO, KEPUUIKE GOUATIOW GE LOPLOKO
emingdo.

Ymv  mepimtoon  Aowmov G VmopENG, GLOCOUOTOUATOV, TPOyUATOTOLlEiTaL
Aewotpifnon yu v e€dietyn avtdv. o okovopoteyvikovs AOYovg amaitovvTon
TOAPOTL VYNANG meplekTIKOTNTAG 0 oTEPEd. 'ETol Yoo mapddetypa oty Enpavon oo
YEKAGIOD, KaODG 01 SOuVOUKOTNTEG TOV ENpavinpwv kabopilovtal amd Ty mocoOTNTA
vepoy mov pmopoHv va e€atpicovv avl ®Po, TOAPOT VYNANG TEPLEKTIKOTNTAS GE

oTEPEN CLVTEAOVV GE aENUEVT Tapaymyn KOvews (Awypappo 2 ):

300
Adypoppa 2:
Avvapukodtnto eEaydpevng okovng,
200 F oG TTpog TV %o K.B. TEPLEKTIKOTNTO
G¢€ 0TEPER TOV TOAPOV TPOPOSOGinG.
H dvvapuotra e&dtpong tov
100 b Enpavtipa, givar 100 kg/dpa

am6Soong 100% 18

50 60 70

% IleprekTikOTNTO GE OTEPEd
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[Mo mapaderypo avENOT ™G TEPLEKTIKOTNTASG TOL TOAPOL o€ 6TePed amd 50% oe 75%
Oa TpTAacidcsl TV Topay®yn k6vemg (pe v mpobimdeon 6tL dev dnpovpyodvTot
TpoPAnata Aettovpyiag amd TV adénon ToV oTEPE®V). ZuVHO®G va 0pPKETA LEYAAO
UEPOC TV KOVE®V TOV YPNGLULOTO100VTOL TaPoLGLAlel pEyefog couaTdimy e TaENG
tov 1 pum, Ko GVVERMC 0 TOAPOG pmopel va BewpnBel pior KoAloedng dwomopd. Ta
KOAAOEWN oVTd ocopatiol €yovv TNV TAoN Vo  KPOKId®VOVTOL, Oniady va
ONUIOVPYOVV  GLGGOUATOMOTO TO omoio. otV  ovvéyew katofubifovion pe
amotélecuo TEMKE TV amootabepomoinomn tov moApov. IIpokeyévov vo vdpyovv
KOAEC PEOAOYIKEG 1010TNTEC G€ TOAPOVS VLYNANG TEPIEKTIKOTNTOS OE OTEPE,
ATOLTEITOL OMTOKPOKIOWGT TOL GLGTHATOG,.

H Bewpia g otabepdtnToc TV KoOAOEW®V avartoydnke ™ dekaetio tov 40 and
touvg Derjaguin xor Landau ot Pooio kot tovg Verwey kor Overbeek otnv
OMavoio. H ovykexpipévn Bewpia, (DLVO) Baciletoar omv opyn 6Tt 1 GLVOAIKN
dvvaun mov ggaokeital o £va cOUATION €V almPNOEL Eivat To dBpotspa dVO EOMV
duvdpemv: elktikég duvauelc Van der Waals kot anmotikég nhektpikéc. Anpovpyia
CLGGOUATONATOV KOOGS kot Kpokidwon Ba ocvuPel Otav Beppkn 1 pnyovikn
EVEPYELDL PEPEL TOL COUATIOW TO €V KOVTA GTO GAAO TAPOLGIO EAKTIKMOV OLVALEMV.
Ot am®OTIKEG SUVAELG TOV OVOTTVGGOVTOL HETAED TV TEUOYIOIMV OPEIAOVTAL GTOV
oynpoticpd yopw omd kdbe copatiolo g Aeyouevng owmAng otoadag (double
layer). Kafdg 1o x0AL0€d] copotidi €govv kdmowo mAextpikd @optio, OTOV
dtAvBobv oV vYPN Ghom TPOGEAKHOLV YUP® TOVG WOVTA AvTIBETOL POPTiOV TTOL
Bpiokoviat oto ditdAvpa. Kémowa and avtd to 10via TPOGKOAADVTIOL GTNV EMPAVELD
oV couaTWiov Kot oynuatilovv pia otolPdda mov eival oTépen TPOGOEdEUEVT GTO
ocopatidlo (otolfada  Stern). TVpw ond avt) v otoPdda  cvveyilovv va
TPOGEAKDOVTAL 1OVTA avTIBETOV POPTiov amd T0 COMOTIO, OAAL pe mo acOeveic
duvdpuels, Kabng Topa armbovvial amd to NN TPOSKOAANUEVE 1OVTA TNG GTOPEONG
Stern. 'Etot vapyel por Suvapikny 1coppomios Tov KATOAYEL GTOV GYNUATIGUO H0G
otoadoag obyvong (diffuse layer) mov €xer peydAn cvykévipmon 1OVT®V KOVIQ GTO
ocwpotidlo n omoia perdveton Pabpiaio kabmg N amrdcTaoT 0md TO COUATIO AVEAVEL.
Avm n otofdda didyvong eivor ovolCTIKG it «OTUOGEAPO» OVIOV TOV
nepdirel 10 ocopotioro. Or 0o otoddeg, m  otoada  Stern (1oyvpdg
TPOOKOAANLEVA 10vTa) Kot 1) otoldda didyvone (aoBevidg mpookoAAnpéva 10vTa)

amoTeAOLV T Agyopevn duthootoPdada (double layer).td



ANAIITYZH XYNGOETQN KEPAMIKON AAOYMINAY ME METAAAIKA EI'KAEIEMATA | 30

‘Eva owddvpo éxet v tdon vo Kpokddvetar 1 Oyt ovOAOYO HE TNV GLVOAIKN
duvapukn evépyela oAAniendpdoemv (V1) n omola givor cuvaptnon g amdcTooNG
TV copotwiov. H evépyeia avt (V1) og kdbe amdctaon sivar amid 1o aBpoicua
g evépyetlag EAENG (VA) kot dnwong (VR). ‘Evag mohpog Aéyetat amokpokidmpuévog
otov 10 pé€yroto TG Ovvopukng evépyelag (Vt) eivon Betikd (oynuo 16A). "Evog
TOAPOG Aéyetol Kpokdmuévog dtav n Vt etvan cuvéyeta apvntiky (oyqua 16B) . H
VA elvar 6edopévn Yoo GUYKEKPLUEVO SIOAVUM, KOl GUVETMG 1) LOPPT TNG KOUTOANG
MG GLVOAIKNG aAAnAemidopaong Kabopileton and v VR. Apa n otabepdtnta tov
ovotnuatog eaptdrtal amd Tovg mapdyovieg mov eréyyovv v VR. Avtol sivat,
EMPOAVEIOKN POPTICT) TOL COUOTIOIOV KOl TO YOG TG SUTAO-GTOPASAC.

To emeavelakd eoptio £vOg S10AVTOV GOUATIOION GE £VO TOAPO OVOTTUGGETAL AOY®
TPOCPOPNONG SUPOPOV POPTIGUEVOV YNUIKOV €OV (.Y, dtaomopei) N pe pvbuion
tov pH tov dwdvpartog. To mhyog tng dmAng otoddag (1/K), dniadn n meproym

dpdong avtod Tov PopTiov diveTar Omd TNV TOPAKATO GYECN:

5

| E5EHRT 2

K CAnF?Y CiZi’

Omnov: €0 = dmhexTpikn otabepd TOL KEVOL , € = SMAEKTPIKY 6TadEPE TOL PEGOL
dwomopds, R = otabepd tov aepiov, T = andivtn Oepuoxpacio, F = otabepd tov
Faraday, Ci kot Zi gival M OLYKEVIP®ON KOl TO QOPTio avtiotoyo tev avtibeta
QOPTIGUEVOV 1OVTOV (0€ GYEON UE TO QOPTIO TNG EMUPAVELNS TOV GOUATIOIWV) TOV
pésov dauomopds. Ta avtiBeta popticuéva 1dvta ivor To 1GvTa Tov HEGOL O10.GTOPAG,
pe avtifetro @optio amd avtd NG EMPAVELNS TOV SECTOPUEVOV COUOTOIOV. ATO TV
napandve eSlowon eaivetar 0Tl T0 TY0G ™S SUTAOGTOPAdAS givor aAvTIGTPOPM®S
avAiA0Y0 TOV 6OEVOLG OTOV TOV aVTIOETA POPTIGUEVAOV LOVIMOV KOl TNG TETPOUYMVIKNG
pilag g ovykévipmong tovg.™ H Bewpia DLVO mpoPAémer 0Tt cvumieon tng
dumlootolfadag £€xel oav  OMOTEAECHO UEIMON TOL  EVEPYELONKOD  PPAYLOTOC
KpOKid®OoMG, omoTe £vag TOAPHS Y10 VO NV KPOKIOMDVETOL OTTALTEL 1) CLYKEVTPMOT) TOV
avTifETO POPTIGUEVOV 1OVI®MV TOL OHAVIATOC, VO Elval puKpn Ommg €miong Kot To
oBévog tov. Kpokidwon pmopel va copfet Adoyw g tuyoiog mpochnkng daAvtdv

VIGHEVOVY cvotatik®v (Awypappota 3, 4 & 5).
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Awypappota 3, 4 & 5 @ Kopndreg evepystokod Suvapkod TV eAKTik®v dvvdpewv Van der
Waals kot tov ormomoTik®v NAEKTPIKGOV SVUVApE®V HeTaED Tepaydinv
Seomappévay evtog vdatikod pécov M

Y10 Awdypoppa 3, mopovctdleTor amokpoKO®UEVO cOOTUO TO omoio gueavilet
OeTikd PEYIOTO evePYELONKOD dUVOIKOD MG TTPOG TN UECT amMOGTACN TOV TELOYLOIMV.
270 TETOPTO SLAYPOUUN, YIVETOL OTEIKOVIOT] KPOKIOMUEVOL GUGTHIOTOG UE EAKTIKES
duvapelg yioo kabe omdoTaon Kot TEAOG OTO TMEUTTO OlAypappo Tapovcstaletal
eMidpaon NG CLYKEVIPOONG TOV AVTIOETO QOPTIGUEVOV 1OVIMV GTNV GUVOAIKY|
duvapukn evépyeta aAMAETIOPAcE®V VT eviOg GUGTILATOS POPTIGUEVMV TELOYIOI®V,
SWAEALILEVOV GE VOOTIKO HEGO.

Axoun, kpokidmwon umopel va eméA0el amd o pukpn adénon tov 1E®O0VE ToV TOAPOL
nmov etvar dvvatdv va cvuPel Adyw ynpavong (avénon tov 1EMO0VG e TO YPOVO)
efantiag TG pkpng OwAvtdétTag TG Kepokng kovews. Ta 1dvta  mov
glevBepavovtal copumiEfovy TV NMAOGTORAd Kot PO UELDVOLV TO EVEPYELNKO
QpAYHO KpOKId®ONG.

M dAAN mepintwon mov pumopel va odnynoel oe kpokidwon eivar Otav petd amod
TOPOGCT TOV OPYIKOV KOVEDV EYXEL GYNUOTIOTEL Hio LKPN TOGOTNTA TOAD EVOLAAVTIG
@aong. Ereidn avt n edon vdpyet 6 ToAD pikpd T060oT0, dev gival Tpocsdlopiciun
and v mepibiaon pe axtiveg X, €vIOVTOIS UMOPEL VO GUVEICQEPEL GTO OLAALLA
OPKETA avTIOETO POPTICUEVE 1OVTO KOl ETOUEVMG VO EUTOOIOTEL 1] GOGT Sl0GTOPA
ToV. AKkoun, éAlewyr opotopopeiog kotd v ddwkacio piEng kot mHpwong Twv
KOvewv 1 onoio cuyvd cvppaivel Tpw TV ENPOVoN UTOPEL VoL GUVTEAEGEL GE TOAPO

aoTa000¢ YopaKTHPOL.
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1.3.5 Avoonopeic — Mnyaviepoi Xtabepomoinong

Ot k6VEIS TOV TPOTOV LAOV £X0VV TNV TAGCT KATA TNV TOPAUCKELT] TOV TOAPAOV VO
ONUIOVPYOVV GUGCOUATOUATO AOY® TNG EMPOAVEIOKNG TPOSPOPNONG LYPACIOG Kot
TOV EAKTIKOV OLVApe®V UETaED Tov couotwiov (Van der Waals). To goawvouevo
OVTO ATOPEVYETOL GTNV TPAEN LLE TNV TPOCONKT ¥NUIKOV OVGIHV 01 OTOIEC KAAOVVTOL
dwomopeic. H Aettovpyia evog cvotiuatog dwoomopéa elvar a) vo dtoPpééel Tic
0&EOMUEVES EMPAVELEG £TCL DOTE Ol EAKTIKEG OLVAUELS VO VITEPVIKNOOVV Kot ) va
HETAPAAAEL TIG EMPAVEINKEG 1O10TNTEG £T6L (MOTE Ol OMMOTIKEG OVLVOUELS VO
SlITNPOLVTOL  UEYOAVTEPEG OO  TIG EAKTIKEG KOl TO COUOTIOW Vo pnv
CLCOMUATMOVOVTAL. ZTNV TPAEN o1 duomopeic mpootifevion 6e KpE TOGOGTE oTNV
nalo tov moAPOL. YTAPYOLV KATOOV TOUOL AVTIOPAGTHPLO TOL £XOVV TAPOUOLN
dpdon pe tovg dacmopeic kot ovopdloviot amokpokidonontés. 'Etol oe pia oxovn
nov £xet owPpayel mANpwg Kot PpiokeTon g d1GTOPA WTOL dPOVV MG HEGO DGTE VO
EUTOSICOVY TNV EMAVAGVOCOUATOOT TV copatdiov. H dtapopd petadd tov 6pov
OlIOTTOPEN. KOl OTOKPOKIOOTOMNTH  OgvV  €YEL  OMOGOPNVICTEL TANP®G OTNV
TOVETICTNUIOKY KOWOTNTO oV Kol O Opog OloTopeas oOidetal Yoo opyovikd
pokpopopla, eV 0 6pog amdKPOKIOOTOMTNG AVOPEPETUL TEPIGGATEPO GE ATAOVS UN
0pYaVIKOUG TOAVNAEKTPOAVTEG. [

Av Kot dgv €xel devkpvichel TANP®G 0 TPOTOC e TOV OO0 OPOLV Ol OlUGTOPELS,
TOALEG PEAETEG £Y0VV KATOANEEL GTO GUUTEPAGHLO OTL Ol UNYOVIGHOL LE TOVS OTTOT0VG
otafepomoovv éva aidpnue ot domopelg eival TPEG: 0 MAEKTPOGTATIKOS, O
OTEPEOYMNUKOG KOl O  MAEKTPOOTEPEOYNUKOG  (UiKTOg). O MAEKTPOGTATIKOG
unyaviopos opo ®g €€ng: O daomopéag TPOGPOPATOL OTNV  EMLPAVELD TV
cOUATIOIOV Kol To OPTILEL OUMOVLUO HE OTOTEAECHO HETOED TOVS VO OLOKOLVTOL
OMOOTIKEG OLVAUELS Kol TEAKA v Tapopévouy o€ Olacmopd. O oTePEOyUIKOC
UNYOVICHOG GLVIGTOTOL OTNV TPOGPOPNCT TOL OGTOPEN. GTNV  EMOAVELD. TOV
COUATIOIOV Kol TNV dNUovPYio EVOG TPOSTATELTIKOD KOADUUOTOG TO 0TTOi0 EUmodilet
TNV CLOGCOUATOON TV cOHATWIOV. TEAOG 0 MAEKTPOOTEPEOYNUIKOG UNYOVIGUOG

etvat 0 GVVIVAGHHOG TV dVO TPOTYOLUEVDV.

Axolovbel oynuatikn anekdvion tov unyovicpuoy otabeporoinone (Euwova 1.14):
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Mnyaviepol eradepoxoinons:
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Emiong mpémer va avoaeepbel O6tL o1 Sl00mopelg KaTATAooOVTOL OVAAOYO UE TO
unyoviopd otabepomoinong tov omoio ypnoyomrotovy. 'Etct vdpyovv ot dacmopeig
mov dpovv PAcel Tov MAEKTPOOTATIKOD pNYOVIoHoD Kot eivor pépia to. omoia
amotelovvTaL amd pio VOPOYOVAVOPAKIKY] CAVGION KOt £VO TOAIKO 10VIKO KOUUATL.

To vdpoyovavOpakikd Koppdtt ivar vOPOHPOPO EVM TO TOAIKO 1 1OVIKO KOUUATL Etvart
TOV VOPOPILO TO Oomoio glval Kot €VOEAVTO oTo vEPS. Ta MO KOWA VOPOPIMKEL
koppdtia eivar ta OH-, -COOH, -SO3-, -OS03-, -NH2-, NH4+ «\x.

Ewdwdtepa o1 dloomopeig Umopovv va Sloy®ploTovy GE UM 1OVIKOVG, OVIOVIKOUG,
KOTIOVIKOUG Kol emop@otepiloviec mov €yovv Ko ta 000 @option (Betikd Ko
apvnTko). Ot otepeoyn kol dtacmopeig dpovv PAGEL TOV GTEPEOYNUKOD UNYOVIGLOV
otafeponoinong. O  oTEPEOYNUIKOG UNYOVIGHOG €ivor mOAD mo ocvviOng oe
0pYOVIKOUG O10AVTEG OTIMG £xel amodelyOel amd moALEG pedéteg kat yu' avtdv 10 AOY0
TAEOV €XOVV OVOUOGTEL GTEPEOYNIUIKOL OAOL O1 U1 VOOTIKOT dSlGTOPELC.

Téhog vépyovv kol ot dacmopeic mov Opovv pe PAon TOV NAEKTPOCTEPEOYTLUKO
unyoviopd otabepomnoinone. Tétotot dracmopeic eivar ot moAvniektpordtes. H yprion
QUTOV TOV OlCTOPEMY GTNV KO TPOKTIKY amockonmel otn otabepomoinon
VOOUTIKOV KEPOUIKADV OOPNUATOV Yoo vypn xvtevon. Ot mo gupémg yYvmoTol
0pYaVIKOl TOAVNAEKTPOAVTEG £ivol GANTO OPYOVIKAOV TOVIKOV 0EEMV, YOLLUKMOV Kot

noAvkapPovikdv o&éwv. M

Téhog mpémer va avapepbel 011 1 a&loAdynon evog dtucmopéa yivetal Paoel Kdmolwv
kpumpiov mov givor To €Ng:

e TO KOTA OGO £ivol EVIIAVTOG EVTOG TOL GUCTHUATOG GLVOETN-OOADTY
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e 1] IKOVOTNTO TOV VO TOPOLGLALEL LEYLOTN TPOGPOPNON TAV® GTNV ETMLPAVELD TOV
ocOMOTIOV avaloya e Tov TOTO oL Ba ypnoiponomel (aviovikog, KoTlovikdg
N Un 10VIKAC) Yo TNV KAOE EMPAVELL

e TO €AV mPOCoidel TO EAYIOTO 1EMOEG OE HEYAAES TTEPIEKTIKOTNTEG oTEPEDV (60-
70% «.J3.)

e va e&ao@olrilel eEMdyloTa T0GOoTA KaTafvOiong

2V TEPINTMOOT OV OAN TO, TOPATAV® £XOVV eEac@aMoTel, EAEYXETAL N cVUPOTOTNTA

TOV JLOIGTOPEN, LLE TWV GLVOETAOV. !

Ot ouvdéteg mPooTifevtal GTOVG TOAPOVS YO VO TPOGOMGOLY OVTOYN| OTO MUA
doxipo Tov TapdyovTol e TIG VYPEG LeBOOOVG LOPPOTTOINOTG, £TCL MGTE VO KOTAGTEL
€0KOAOG 0 YEPWOHOG Kot M amofnkevon Tovg. AkOun mpocdidovv otV mTPOG
popeonoinor pdlo TG amontoOpeveg EAACTIKEG 1010TNTEG MOTE Vo VtoPondnbel n
oynuatonoinon. O cuvdétng mapapuével 6To ®MUO SOKIUI0 aKOUA Kol OTOV O SHADTNG
éxel e€atpotel. H mpocHnkn tov otov mTOAPO, GuvodeDETOL A Uid GEPE AALAYDV
omv popen tov moApov. 'Etot pe mv mpooHBnkn tov avdveror m KavotnTo
dwfpoyng Tov copatdiov, kabvotepeitar 1 KatafOoN TOVG VO CNUEIDOVETOL Kot
aLEAVETOL TOL 1EGOOVG TOL TOAPOD.

Ot mpoimoBéoelg yio v oot €mthoyn Tov cLveET Pacilovionl OTIG TOPAKAT®
TOPUTNPNCELS:

* [Ipénel 10 KO6TOG TOL VO €lvar TéTO10 OGTE Vo Elval GuUEEPOLGA 1) TPOGOHNKT TOL

Yo TNV TOPAY®YT] KATOL0V GLYKEKPLUEVOL TPOTOVTOC.

* Eniong mpénel va elvar yvootég ot 1EMI0EANCTIKEG 1010TNTEG TOV TPOCOIOEL O
OLYKEKPIUEVOG GLVOETNG Yo va KpBel av pmopel va ypnoipomomdel oty dedopévn

pébodo popepomoinomg.

¢ Axoun elvar ovaykaio 1 yvoon g mepoyng Oeprokpacidv mov umopel vo

OOVAEYEL O GUYKEKPIULEVOG GUVOETIC.

» Téhog mpémetl va gpevvnbel n copfatdTnTo TOL LE TNV GLYKEKPIUEVT] GKOVI TOL Ol

avapydet ®ote va AneBodv Ta PEATIGTO OMOTEAEGLATO GTO TEAMKO TPOTOV.

Ot ovvoéteg, yoapaxktnpilovtar omd YNUIKNAG TAEVPAES OC UN 1OVIKEG EVMOELS KOl
OTOVTMOVTOL GE TOAAOVG SLOPOPETIKOVS TOTOVS, TPOG YPNOT GE KEPUUIKE GUGTILLOTOL.
Avvavton va gival gite puoikol gite cuvBetkol, Onmg de&Tpiveg, AAKOOLES, KVTTAPIVEG

K.G.. ovnbéotepa Ouwc, elvar moAvpepn popa ta omoio dtayéovror PeTalld TV



ANAIITYZH XYNGOETQN KEPAMIKON AAOYMINAY ME METAAAIKA EI'KAEIEMATA | 35

COUATIOIOV NG OKOVIG ONUOVPYOVTOG &vo TAEYHO TO OmOl0 To GLYKPOTEL
eumodifovtag t peta&d Tovg ema@r. Bdcel tov 1010t TOV Kol TIG GLVONKES TOV
OLOPNLOTOC TOPOTNPEITOL EVEPYETIKN 1} AVTOY®VIOTIKN cLvEPYeln LeTa&h doomopéa
Kol ouvOETN eml TG SlEemeavelng vypod — otepeov. o mapdderypa, 1 1600eprog
TPOGPOPNON  €VOG  AVIOVIKOV Ol0oTopEa  Yapoaktnpiletor Tumikd omd TECGEPLG

TEPLOYES:

I.  ©€ YOUNAEG GVYKEVIPMOELG TOV SLOCTTOPEN GTO SLAAVUA 1] CUMPNLLA, 1) TUKVOTNTOL
TpospOPNoNG avfavel pe TV avnon G OLYKEVIPMOONS TOL AOY® T®V
NAEKTPOCTATIKOV OAANAETIOPACEWV OVAUEGO GTNV TEPUOTIKY OUAd0 KOl TO
avtifeTa POPTIGUEVO GTEPED COUOTIONO

ii.  om ovvéyelo pe TEPUITEP® ADENCT TNG GLYKEVIPMONG TOVL Ol0GTOPED, 1
TUKVOTNTO TTPOGPOPNONG OLEAVEL AMOTOUO LE TIG OUAOES TOV OGTOPEN VL
oLGCOUATOVOVTOL, oynuotilovtag emeavelokd KoAAlogwdn (solloids: surface
colloids), e€autiog TV TAELPIKAOV OAANAETIOPAGE®V UETOED TOV OVOPOKIKMOV
oAVGidwV  yeyovog mov mPocdidel o emmAéov  @Bovoa  dvvaun otV
TPOCPOPNG TEPAV TNG NAEKTPOGTATIKNG

lii. Kabdg 1 cvykévipmon tov dlacmopén ovéavel akoun meptocdtepo, 1 kAo g
KOUTOANG TPOGPOPNONG, OTI GLVEXELD, LEIOVETOL AGY® TOV OTL TO EMLPAVELLKOV
QOpPTI0O TOL GTEPEOV, EAATTMOVETOL TPOOOEVTIK(, HE OTMOTEAEGHA, TEAMKE, 1)
®Bovca JUVOUN VO TPOEPYETOL LOVO a0 TIG TAELPIKES AAANAETIOPAGELS TMV
aAVGId®V Kot

IV. TEAOG 1 KOUTOAY TPOGPOPNONG GTAOEPOTOLEITAL OE U0 CLYKEVTPWOT KOPEGLLOD
Tove omd o KPIGIUN GLYKEVIPMOGOT TOL OlOCTOPEN. XTI TEAEVLTOieg 0VO
MEPLOYES, TO  UOPWL  TOL  OWICTOPEN  TPOCPOPMOVTIOL  HE  OVTIGTPOPO
TPocavatoAopd (e TG TeEpUOTIKEG opddeg va PAEmovv mPog 1O StdAvpa)

LELDOVOVTOG LE OVTO TOV TPOTO TNV VOPOPOPIKOTNTO TOV COUATIIIMV.

Yroypapuiletor emiong, 0Tl 6€ TOAAEG MEPUTTMOOELS, TAPOLGIO €VOC UN 1OVIKOV
dwomopéa (T.Y.CuVOETN), 1 TPOGPOPNOT €VOC aviovikKoD Olacmopéa Umopel va
TpomONBel oNUOVTIKE GTNV TEPLOYN AUESMG TPV T1 CLYKEVIPMGT] KOPEGHOV EATIOG
™G OnNuovpyiog HWIKTOV GLOCOUATONdTOV Tov Olacortopéov (mixed solloidal
aggregates) Kot TG HEI®ONG TOV NAEKTPOSTOTIKOV OTOCTIKAOV JVVAUEDMV OVALEGH

OTIS TEPUOTIKEG OVIOVIKEG OHAdeg AOY® TG VLAPENG TOVL PN OVIKOL Ol0GTOPEQ.
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Qot6c0, avtifeto, otnv TEPLOY KOPECUOD UmOopel va dnpovpyndel avtay®vioTiKn

dpdon. 8

1.3.5.1 Awoomopéag : DARVAN C
O dSwomopéag pe v gumopikny ovoupacio ‘DARVAN C’, amotedel mpoidv g

etapeiog Vanderbilt kot ypnowyomoteiton  6T0 MEPOUATIKO HEPOG TNG TAPOVONG
OMAUOTIKY €pyaciog, mpog otabepomoinon v mapaydueveov tolpov. TIpokeital
Y10 OUUOVIOKO GA0g Tov ToAvpeBaKpLALKOD 0EEOG.

To tehevtaio amavtdrol otov &Ng yMukd Tomo:

CH3

|
(-CH,-C-CH,-)n

|
C=0

|
OH

To poplaxd tov Bapog kvpaivetar amd 10.000 ¢mg 16.000. Iapovoialetr pkpn téon
Pog applopd Kot pkpo 1EmdeS. Eivar mAnpmg dtaAvtd 6to vepod kot ot tipég pHtov
KOADTTOLV TO €0pO¢ T®V amd 7.5 émg 9. Katd v mpocstnkmn tov o€ vepd, ductartol
TPOC OUUOVIOKO Katov Kot €va moAvoviov. To tekevtaio mpoopo@dtor otV
EMPAVELL TOV COUOTIOIOV QOpTILOVTAS Ta OpdVLUN MOTE Vo ammBodvtol Kol vo
TOPAUEVOLY GE SOGTOPE, TPOG ATOPLYN ONUOLPYING CLCCOUATOUATOV OTWG £XEL
npoieyOel. 1

To DARVAN C cvviotd, éva moA) amoTeAEGUOTIKO HECO O0GTOPAS Yio 0EEWOMTIKO
ovomua. Kotd v mpocHnkn tov oe vootikd Sivpa Alovpwvog (Al,O3),
TOPOTNPEITAL 10, ONUAVTIKY HETOTOMION TOL tooniekTpikov onueiov (Isoelectric
Point-IEP). Amotélecpo g mpooHnkng tov dwomopéo. DARVAN C, eivon 1
OPVNTIKY ETIPAVEINKT] POPTION TOV COUATOIOV o€ pia gvupeia meployn Tov pH mave
amd TNV TN Tov ovTioTolel oto ooniektpikd onueio. Kotdmv, n apvntikdg
QopTIGUEVN KopPosulikn oudda ov €xel daympiotel and to Darvan, mpospopdton
e0KoA amd TN OETIKA POPTIGUEVT] EMPAVELD TNG QAOVUIVAG HEGH NAEKTPOCTOTIKMV
duvduewv, pe OmOTEAESHO TO coUaTidw va kabdioToviol TePocOTEPO OPYNTIKA
eopticpéva. H mep1ocdtepo apvnTikd QOPTIGUEVT] EMLPAVELN, ATOLTEL TEPIOCCOTEPA
H+ odote va amoktioel ovdétepo empovelakd @optio. Amoppola avtol, €ivol M
petatomon tov oonAektpikov onueiov (IEP) evtog 6&wvng meproyng pH. Ta

amoteAéopato TV dokipwmv kabilnong (sedimentation) vwd v mopovcio TV
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Bértiotwv docoroyumv Tov DARVAN C oge d1dpopeg Tynég pH, detyvouv capmdg 0Tt
kovtd oto IEP mopatnpeitar o eAdylotog 0YKoG S10oTopas TV coUatdimv, veka
LEPIKNG CLGCOUATMOONG OLTOV, VO avTifeTa 1060 610 GEIVO, OGO KOl GTO OAKAAIKO
(o010 €bpog TIUDV peyordtepmv ¢ Twng PH tov IEP) mepifailov, exatépmbev Tov
IEP,tapatnpeitar peyoakvtepn (fwg Pédtiom) daomopd (Awdypouua 6). H kaddtepn
TOLOTNTO SGTOPAG TNV OAKAAIKY TEPLoyn Tov PH, gival amdppota tov yeyovotog,
OTL To copatidw g AAOVUIVAG Elval OIUTEPMOG OPVNTIKA QOPTICUEVO TOPOLGIN
DARVAN C. To tekevtaio, duiotaton mApmG 6€ VYnAo aikaiikd pH, yeyovog mov
enayel v opotPaic andOnon TV couaTdinov T AAOVUIVOC, LE OTOTEAEGLO TNV
KaAOTepN Swomopd twv. H dnwon tov copotdiov Adym g SmAng otolfadog
(double layer) eivar puixprg évtaong, kovtd oto IEP kot o¢ ek TOVTOV, EAKTIKEG
duvapelg Van der Waals, TpokaAodV GUGGOUATOUOTOL.

Ye meployés PH pokpLTEPES TOL 1GOMAEKTPIKOV onueiov, TO VYNAG apvnTIKO
EMPOAVEIOKO  QOPTI0O TOV OCOUOTOIOV, ONUIOVPYEL NMAEKTPOOTOTIKY  AT®ON,

ATNPAOVTOG TO SOUATIOW dtoy®PIoUEVA LETOED TOVG. M

60

50

) N 0/—:—‘.—‘9
z \

lume, ml

Dispersion vo
— (3]

(= o
<\

IEP =35.03
0 T T T T 1
0 2 4 6 8 10 12
pH
Avaypoppa 6: "EAeyyos ovykatafdbiong (sedimentationtest) tov copoatdiov Ahodpuvas g

v301IKd Stélvpa mapovsic DARVANC, yua 48 dpsec, oe Stapopsticd pH

H otabepdtnta tov moreol g ahovuvos, oyetiletal GUeECH HE TIG EMLPOVEINKES
WOTNTEG TOV COUOTIOIOV TNG KOTA TO GTASI0 TOL VOATIKOV dlaAdpatoc. 'Evag kadd
OLECTOPIEVOS TOAPOGS, Umopel va ANeOEl [le ETOPKMG VYNAT TUKVOTNTA EMPAVELKOD
QOpTioL TV cOpaTdimV, ®oTe va dnuovpyndet Evrova anwotiky dSOvaun éveka TG

oA otopadoc (double layer). Xto mopokdto Sidypoupa (Adypappo 7),
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napovotaletan 1 enidpoon Tov PH oto emavelakd eoptio tov copatdiov Al,Oz
napovcio. kot pn owonmopéo. DARVAN C. To woonlextpikd onueio mpwv v
npocHNkn tov dacmopéa eviomileton v Tun pH 9.14 kor m adhovpva mEPLEKEL
apVNTIKO EMPAVELNKO PopTio 6T0 €Vpog TW®VPH, peyarlvtepwv tov IEP. AvtiBétwg,
otV meproyn mpv tov IEP (apiotepd tov droypdupatoc), n alovuve mwopovstalet
BeTiKd NAekTpIKO Qoptio. Me v Tpochnkm tov ducmopéa (6T v AdY® TePinT®ON
nocOTTa TV 2.29Mg/g), oNUEIDOVETAL LETATOMION TOV IGONAEKTPIKOD GNUEIOL OO
mv tun pH 9.14 oty tywn 5.65 AOY® ™G avtidpaong avtov pHE TO COUOTIOW
Alodpvog Kot TeEMkG TV mpoopdenon tov amd ovtd. [TapdAinio n Aloduva
OMOKTA TEPIGGOTEPO OPVNTIKO ETIPAVEINKO QOPTIO GE GYECN UE OVTO TPV TNG
mpocOnKng dtuomopéa. H avEnon tov peyébouvg Tov apvnTikov EMPOVEIOKOD POPTIOV
etvar amotéhespa g owbomaong tov DARVAN C oe opddeg COO™ ot omoieg
TPOCPOPOVTOL amd To coUatiow g Alovpvag, av&dvoviag £€I61 10 apvnTIKd
EMPAVELNKO QOPTiO, YEYOVOS ov odnyel omn peta&d tovg dmwon.™ Xto IEP to
OUVOMKO EMPAVEIOKO QOPTIO €ival PUNOEVIKO, LEIOVOVTOS £TOL TV NAEKTPOGTOTIKN
dmoon TOV cOHUTWIOV 6To €AYIOTO Kol ®¢ €K TOUTOL, Kabiototor €0KOAN M
oLGGOUATOON TOVS. ATd TO ddypappa etvar eavepd OtL 6e WYVPA OEves cuVONKES
(pH < 3) aA)d ko og woyvpd arkaiikéc cuvOnkeg (PH >11.5), to amdlvto péyebog
TOV EMPAVEINKOD POPTIOV TOV COUATIOIMV HEWDVETAL, YEYOVOS Tov eEnyeitan Pacel
¢ OBeowpiog DLVO n omoio éxer avaivBel mponyovpévms. Yo téroleg akpoies,
anorrovvtot 6Ao kot teprocotepa 10vta HCI kor NaOH dote va puBuiotel kotrdAinia
10 PH, 1o omola av&dvouv 10VIIK] 10x0 TOL CUOPNUATOS, HE OTOTEAECLL,
ovumeCovtog 1o TAYOC NG OWmANG otolddog, He amoOppole Tr Helwom TOL
EMLPAVELNKOD (QOPTIOV OTN OETMPAVELD TOV COUATIOIOV KOl TEMK®MOG TN HEWOUEVT

otafepdtnTa TOL TOAPOV. 1
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—— Xopig Stacmopin

o —a&— Ilupovoic Darvan-C (2.29 mg/g)
&)
8 0.5 -
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Awaypappe 7 : Enidpacn tov pH o1o 1816 empavelokd goptio arwprpotog Alovpwag (5% W/y )

Le kou Gvev mapovsioc DARVAN C 19

‘Eva kaddg Oeomapuévo aidpnua, yopakmmpiletor omd apyn katofvoion tov
eumepleyOpevov copatdiov, v vmapén Bolod VIEPKEIIEVOL VYPOL KOl LYNAN
nmokvotmta nnatoc. To akdiovBo didypappa (Adypappa 7), ekBétel Ty mokvoTnTO

1P HaTog AAOVUIVAG GE GYEoT e TN cLYKEVTPpWOT Tov dractopéo. DARVAN C.1

35
= — L n
30 -
2 35
=
Z
S 20 A
~
2 15
=
)
= 10 4
5 -
0 L) L . T L
0 1 2 3 4 5 6
Concentration, mg/g
Awaypoppo, 8: "EAeyyog cvykatapivdiong (sedimentation test) tov copotidiov Alodpvag o€

véaTKd ddhvpa og moikideg ovuykevipmoelg DARVANC, uetd amd 48 dpeg
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Avénon ¢ ovykévipwon tov DARVAN C, emoépet avtiotoymn ovénon 1ng
TUKVOTNTOG TOV OLMPNUOTOS HEXPL TO HEYIGTO GNUEID TOV TPLAVTO dVO TOGOCTINIMV
povédwv (32%) pe v mocdTNTO TOL dtecmopén va givar avtn g théemg tov 1.2
mg/g. Zvumepocpatikd Aowmdv amd to. TPoAeybivia, 1 TLKVOTNTO EXEL QUECT
oLOYETION UE TN 6TafePOTNTO. EVOC TOAPOY.

Meletovtag mepattépm 10 unyovicpd avtidpacng tov cvotnuatog DARVAN C -
AloVvag, 0 VTOAOYIGUAG TNG EWOIKNG EVEPYELNS TTPOGPOPTONG TOL TPOOVAPEPHEVTOG
OLOTNUOTOG, 0 Omoiog otnpiletal otV €K oYEoN UETOED TNG YOPOUKTNPIOTIKNG
HETOTOTIONG TOV LGONAEKTPIKOV ONUEIOV KOl TNG CLYKEVIPOONG TNG EMLPAVELNKA
TPOCPOPOVLEVIG  TOCOTNTOS TOL OGTOPEN Omd TO. COUATIOW TG AAOVLVAG,

kaBiotatot Qktdg, amd v akdAovOn pabnpatikn oyéon:

L (—-AGY
A pH;e, = 1.0396 C, exp RT

Omov: Aphiep M pETATOMION TOL 6ONAEKTPIKOL onpeiov, CO N cvykévipmon Tov
draomopéa, AGZpn avtiotoyn €WK eVEPYELD HETAED TG EMPAVEING TNG KEPOUIKNG
KOVE®S Katl Tov dlacmopéa kKot T€hog o Rrkat T 1 tumikn otabepd tov agpiov Kot 1
Bepuoxpoacio kat” aviiototyio oe fabuovg Kelvin.

H sk evépyein (AGZp) eivar dnlotikh tov peyébovg Tng mpoopdEnong Tov
JoTOPEN Amd TNV KEPOUUIKT] GKOVN YEYOVOS TO OTOI0 OVTUTPOCMOTEVEL TNV 1GYXVPN
aAnienidpacn tov mpoavapepBivimv. Térog, €xel amoderyBel 6TL 660 VyMAdTEPT
glvon m Ty g €dNg evépyeag (AGSp) Yo dedopévo cvotnua, TOo0 HeEYOADTEPN

givar 1 avantuecopuevn drwon TV copotdiov otn St otoldade (double layer). 1

1.3.5.2 H HoAvan@vievipivy (PEI)
H moAivaiBvrevipivy (PEI) omotelel éva eoupetikd SoKAASIGUEVO  KOTLOVIKO

moAvpEPES, oL givor EONVO Ko gvkoha dabécio oe mowkida poprokd Papn kot To
omol0 CLYKOTOALYETOL OTNV KOTNyopio TV OEVOPITIKOV TOAVUEP®Y VAIKOV.!H
[Mpékertar yoo vAkd mov yapoktnpilovtor omd o VYNNG  SKALOWGONG
LLOKPOLLOPLOKY] OOUN KOl L0 TPLCOLAGTOTY OEVOPITIKY] ap)ITEKTOVIKY. Ta devopitikd
moAvpep, e€antiog e TEPITAOKATNTOS TS SOUNG TOVGS, KOTAPEPVOLY VoL GLVOVALOVY
HOVOOIKEG QLOIKES Kol yNukés wwotreg. ‘Eveka tov peydiov apBpov tov
TPOTOTOYDOV KOl OEVTEPOTAYDV OpIVOUAd®V GTIG dKpeg Tov popiov (End groups) ta

ev AMym vAkd, yapoaktnpilovror og eEopetikd evepyd (functional). TTapdAinia, o
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VYNAOS Pabudc dakhaddoe®v Tovg gumodilel v d oty TV KPLOTAAA®ON
TOVG.

Ta vikd avtd elvar gudidAvta oe éva peyGAo aplBpd OpYOVIKAOV SOAVTOV.
EminpocOeta, o peydroc aplBuodg owokiadmoewv Kobiotd oyeddov adbvarn tnv

OVUTAEET] QVTAOV TOV TOAVUEPDOV TAPEYOVTOS XAUNA0D 1EDIOVG dtohdpata. 202

\\\N N\\H\N N\\H\N
B M T g

Ewcéva 1.15: Zynuatikn avamapdotacn me ynutkig doun me moAvabvlevipivng (PEI) I

Ta vrepdrakradiopéva vAKE mapovoidlovv éva peydrio aplBpd dtoukAadm®cemy, un
opoAd katavepnuévov. I't” autd tov Ad0yo Umopodv v TopUCKELOGTOVV EVKOAN LE

po ropeia vog otadiov. 2

+ A \
DN_H ¥ HX - N‘H X HN"\“ »'1“\
A TTNAGN
S NH,
Propagation: m.2
S
+H +H HN NNty
DN‘H H-N] —— DN~ e
2 N'\_’N\
H H\\ .
¥ J ~ My
Branching reaction m1 NRJ NH, i” "
} ;Y
N
? o A ~ Y
H\ + ’ N N
= S N nx Va!
H + H,N \/‘\NH2 uI"fJ q H HN"’
§ i
m}

Ewova 1.16: Zeipd avtidpdoemv tpog oynuotiopd e tolvabvievipivig (PEI)
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H vrepdokiadilopevn devopitikn moivatBvieviuivny (PEI) amotedel o vyming
evepyodtrag (highly functional) oiewpatik] moAvopiv pe c@apogd] doun
napovctalel Pabud dSakAaddcewv PeTOEL 65-75% Kol [O GYETIKMOG OTEVN
moAvdacropd (polydispersities) (tng taEng tov 1.3 yia v PEI5S-Mn = 5.000 kou 2.5
yw. tqv PEI 25 — Mn = 25.000). Xapakmnpiletor og dtapavec, dypouo, nUippevcsto

(viscous) vypo pe xounAod ecmTEPKO 1ENDOEG o€ drddvpa. P2
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II. IIEIPAMATIKO MEPOX

210 TOpPOV KEPAANIO TEPLYPAPETOL OVOAVTIKG 1 TEWPAUOTIKY dtadikocio Tov EAaPe
YOPA KATd T GVVOEST] TOV GVVOET®MV VovokOveE®VY Patpitn pe o&eida TV pHeTdAl®mV
Cu xot Ni. H mapaockevn tovg mpayuatomombnke pe 600 d1a@opetikodc TPOTOVS
ovuvBheonc, ®OTOCO EVTACCOVTOL Kol Ol dVO OTIC VYPEG YNUIKES peBddove cvvOeong
kepapikmv. Kabopiotikd poro kotd ) Swdkacio chvBeong dhwv tov cuvletwv
VOVOKOVEDV dtadpapatiCel 1 mapovsio-tpocOnKn TOG0 TOL VIEPOINKANIIGUEVOL
nolvopepovg (PEI) 6c0 ka1 tov DARVAN C (§1.3.5.1). Ta ev Adyw ovTidpactipia
Aertovpyohv ®g draomopeic, amotpémoviag v évrovn ovamrtuén tov duvduewv Van
der Waals peta&d tov popiov kot o¢ ek todtov v avénon tov PBabuod g

GLGCOUATOONG.

II.1 ITp®dTN TEYVIKN TOpOYy®YNS cLVOETOL

11.1.1 Iopaockevn] covOeToL Vavo-Parpitn pne eykiciopato oEediov

TOV YOAKOV/VIKELIOD
o v mopackevn) TOV cOHVOETOV VOVOKOVE®V YPNGLOTOMONKOY TO TOPUKAT®

avtwpactplo: Al(NO3)3-9H,0O, PEI MW: 25.000, CuN,Og 2.5H,0, NiCl,-6H,0,
Darvan C kot amovicpuévo vepo.

Apywcd, mapackevaletor dddvpa AI(NO3)3:9H,0 pe poplakn ovaroyio 0.02:6.94
mol, yw v axpipela 8,39 AI(NO3)3-9H,0 daddovrar og 125ml amovicpévo HL0.
Tavtoypdvwg 20g tov vrepdiaxradiopuévov molvuepovg (PEI), dwoidvovrar oe 40 mli
OOVICUEVOL VEPOD, €V TO TPITO KATO GEPA dtdAvpa amoterel T0 SdALHA TV
Tpddpopv avidpaotnpiov Tov petdiiov, CuN,0s2.5H,0 1 NiCly'6H,0 «otd
nepintwon, pe ovykévipmon C=0.5M. Ev cuvveyela, 1o didAvpo pe to meplexoueva
wovto tov petdArov (CuN20g2.5H,0 M NiCl,:6H,0) mpootifetar otdydnv oto
SWIALOL TOV TTOAVUEPOVG OOV TO, 1OVTO, TOL UETAAALOL OEGUEVOVTIOL AUECH OO TIC
aAvoideg tov moivpepovs. To telkd dtdAvIa TOV TOAVUEPOVS HETE TV TPOSHNKN
TOV 1OVI®V TOL HETAALOV QPNVETOL VIO avAdELON Yo peptkd Aemtd. Ev cvveyela, o
Topamdve dtdAvpo tpoctifetal emiong otdydnv oto didAvpa tov AI(NOs3)3-9H,0
(Ewova 2.1 wor 2.2) 10 omoio €xet mo vopoAvbel Ko pe v mPocHNkn TOL
SWAVLATOG TOV TOAVUEPOVS — TPUYHOTOTOOVVTOL KOTG GEPd o1 avTdpAocELs,
cuumAokonoinong, katafvoiong Kot T€A0g 11 GLUTVKVMOCT] KOl 0 TOAVUEPIGHOG. XTO

onueio omov apyifer va AouPaver yopa 1 ocvumdkvoorn (oto onueio pH=6)
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npootifetar 2% eni Tov otepedv o dacmopéog DARVAN C. To tehkd pH tov
awwpnuatog ayyiCer v T 7.5. Xt10 onueio ovtd TO MOPNUO OPTVETOL VTTO
avddevon yo eikootr téooeplg (24) opec. OAn n mewpapatiky e&elMocetol o€
Oepuokpacio mepiPaiiovtog. Metd 10 mépag TV £IKOGL TEGGAPOV ®PDOV, TO YPNGLO
VAMKO CLAAEyeTOl EemMAéveTal Pe OmOVIGUEVO vepd Kol agnvetal yio ENpavorn oto
mopraviiplo otovg 40°C vy copévio oktd (48) dpeg (Ewodva 2.3). Téhog,

TPAYLATOTOLEITOL QLGIKOYN KOG XAPUKTNPIGHOS TV VOVOKOVEMV.

ISU
e S CATE 3.5

O

Ewova 2.2:Yypn ymukn pébodog mapacikevng ochvietov pe 0&eidiov tov vikediov

Composite with Cu oxide

Composite with Ni oxide

Ewova 2.3: Teliko cuvheto viko pe O&ediov tov yorkov kot O&ediov Tov vikeriov avtiotorya
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I1.2 Agbtepn teyvikn mopaymyns cvvhetov

11.2.1 Mopaokevn ovvOeToL vavo-Parpitn pe gykieiopata 0&grdiov

TOV YOAKOV/VIKEAIOD
Ta avtidpacsTiplo Tov YPNCILOTOONKAV GTNV €V AOY® TEYVIKN Y10 TNV TOPAUCKELN

Tov ovvbetov vavokovewov eivar to €€ng: AI(NO3)3-9H,O, PEI MW: 25.000,
CuN,06-2.5H,0, NiCl,-6H,0, DARVAN C , NH3 25% kot amtovicpévo vepo.

H &wdwkacio dpyetar pe v mopackevny owoivpoatog Al(NO3z)3-9H,0  poplokng
avaroyiag 0.02:6.94mol, pe ddivon 8,3g AI(NO3)3-9H,0 oe 125ml amovicpuévov
VEPOL KOl APNVETOL VTG OVAOEVLOT) MOTE VO AMAPEL Ydpa 1 avTidpaot TG LOPOAVONG
(Ewova 2.4a). Tavtoypovog dwdvovior 20g tov vrepdlokAadIGHEVOD TOAVUEPOVS
(PEI) og 40 ml amovicpévov vepov kat Tpokvmtet To 6e0TEPO dtdAvpa (Ewdva 2.4b),

70 07010 OpOIWE APTVETOL VIO AVASEVOT).

Ewéva 2.4: [epapotikn dtodikooio Tapaokenng vavokovews. Aptotepd motpt (Ecemg
(a) —d1hopa AI(NO3)3-9H20, 6¢&i mothpt (éoemg (b) — ddivpa PEI

Ev ovveyeia, ta 23 ml tov dtahduatog g moivatbvievipivng npootifevtal otdydnv
oto dtdAvpa tov AI(NO3)3:9H,0 pe mapdAinin mapakorovdnon g tung pH v
ovveyn avadevor. Katdmy, mpv v mpaypotonoincn tov toAvpueptopot (oto onueio
pH=6) mpoctifetar o 060610 2% emi TV oTEPE®V 0 dacmopéas DARVAN C, yia
mv amoeuyn ¢ avénong tov Pabuod cvooopdtwons. H avénon tov pH omyv
el Tyun 6éka (10) mpaypatomoteiton pe v mpoctnkn appoviog (NHs) 25%. Me
TNV OAOKANP®ON NG O10dKOGING TO TEMKO TAEOV QUMPNLL OPVETOL VIO OVAOEVLOT)
Yo £IKOG1 TEGOEPIS DPEGS.

Metd to népag Tmv gikootl 1eccapv (24) wpdv, T0 TEMKO DAKO GLAAEYETOL LE TN
JldKaGioL TNG PLYOKEVIPNONG KOl GPNVETOL Yo, ENPOVCT GTO TLPLVINPLO GTOVG

40°C Y100 mepimov capdvta oktd (48) dpec (Ewovo 2.5). Télog akolovbeitonr n
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dwdwacio Tpoohnkne o&ewimv tov peTdAA®V pe T HEDOOO TNG EMUPAVELNKTNG

TPOoSPOENONG.

Ewéva 2.5: Tehkr vavookovn petd omd Enpavon

H mopamdve vavookovn, yopic mponyovpéveog va €xel vmootel kopio Oepuikn
eneEepyaoia, elodyetar o ddivpo CuN,0g2.5H,0, C=0,5M 1 NiCl,-6H,0 C=0,5M
KOTé TEPIMTOON OvTioTolo KOl o@veTal VIO avddevon yw dV0 MPEG OE
Oepupokpacio mepifdriiovtog. Metd 10 mEPAG TV dVO OPOV, TO TEMKO VAIKO
CLUAAEYETOL [E TN OdKaGiol TG LYOKEVTIPNONG Kol aervetal ywo. Efpovon oTo
moplaveiplo otovg 40°C.

IMa tov axpiP] Tpocdlopiopd Tov TOGOGTOD TOL HETOAAOL, N TEMKN VAVOGKOVI,
véotn oOLvINEN e Pactkd vepo (VOPOYA®PIKOL Kot ViTptkod 0&H o€ avaAoyia 3:1)
KOl GTI] GUVEYELD TPOYLLATOTOOMNKE TPOGTADELD AViXVEVOTG TOL YOAKOD LE TN XPNOT
™m¢ Atopkng amoppoéenong pe eAdya (AAS). To mocootd tov petddrov (Cu) mov
npoékvye amd T uébodo avty avépyetar oto 4.0% wor tov Ni 2.5% vy 1
vavookovelg mopoydeicec pe ™ devtepn teyvikn, eved 4.5% Cu kot 3% Ni ywo tig

napayBeloeg PLe TV TPMTN TEXVIKN VOVOGKOVELS.

Ewova 2.6: Tehwcég ovvleteg vavookovelg pe eykieiopata o&ediov Tov vikehiov Kot 0&gldiov Tov

YOAKOV Katd avtioToyn cepd



ANAIITYZH XYNGOETQN KEPAMIKON AAOYMINAY ME METAAAIKA EI'KAEIEMATA | 47

I1.3 Teyvikéc XapoKTnpLiopov

2V TOPOVGH SUTAMUATIKY] EPYOGIO 1) QUOIKOYTUKY HEAETN TOV TEMK®OV GOVOET®MV

VOVOKOVEWV, TpayotomomOnke pe to akdlovba opyova:

11.3.1 Hiektpoviké Mikpookomio Lapmwong (SEM)
O ev Myo tomog pikpookormiov (Scanning Electron Microscopy — SEM),

ovvdvalovtag katdAinio cvotiuata pkpooaviivong (Electron Probe Microanalysis
- EPMA) ypnowonoteitar yw TNV TOPATAPNON ETLPOVEIDV, TOPEXOVTIOS TN
dVVATOTNTO CTOLYEWKNG OVAALGONG OCULYKEKPUEVOV TEPLOYMY TNG VIO eEétaomng
emedvelac—eikovoc. To MAEKTPOVIKO IKPOCKOTIO COPOONS ouvioTaTol Omd To

axolovba pépn:

= 1 otAn (koAwva) (Electron Column)

» 70 OGdhapo tov dokiov (Specimen Chamber)

* 70 Voo dnpovpyiag kevod (Vacuum Pumping System)
» 70 niektpovikd cvotnuo eréyyov (Electronic Control) kot
* 70 ovotnpa ewkovog (Imaging System)

Ewoéva 2.7: To pukpockodmio JEOL JSM-6380LV to omoio ypnoyomomdnke

Baoum apyn Aettovpyiog tov amotedel n odpwon (Scan) pog opfoydviog meploxmg
™G EMEAVELNG TOV dokiiov (raster) amd pio nAextpovikn déoun UIKPNG SUETPO,
TOVTOYPOVAG LE TN ohpmon piog aviictoyns emedvelag Bopilovsag 006vng 1 omoia
gtvon TomoBetnuévn oto dipo evog kabodikov cwinva (Cathode Ray Tube - CRT). H
TPOGTTMOOTN TNG NAEKTPOVIOKNG OEGUNG OTNV EMPAVEIDL TOL OOKIUIOV, TPOKOAEL TN
déyepon piog pikpng pdlog yopw amd to onpeio g cVYKPOLoNS, TPOKAADVTAG TNV

eKTOUT deVTEPOYEVMV MAEKTpovimv (Secondary electrons - niextpdvia YopUnAng
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evépyeng). H évtaon exmounng tov devtepoyevdv niektpoviov oyetiletal aueco pe
™V KMom g eMPAVELNS TOL JSOKIWIOV ¢ TPOS Tov AEove NG TPOCTIMTOVGOG
déounc. Ta devtepoyev niektpdvio. cLAAEYovtal amd aviyvevtn (detector) eved m
mapoyopevn thon evicoyveTot kol gv cuveyeio 610yeTevLETOL 6TOV KABOOIKO GOAN V.
H évtaon g mpoomnintovcag otnv 0o06vn t0v kabodkod cwAnva déounc, eivor
niektpovikd petaforiopevn, PBdoet e €VIOoNS TOV OELTEPOYEVOV NAEKTPOVIWV.
Amotélecpa autod €ivol 0 CYNUOTICUOC aVAYALENG €KOVOG TNG EMPAVELNS TOV
doxyiov mov capadveror mave ot eBopilovoa 000vn. Env mepinmtwon apyng
cbpwong eppaviCetor pio eOTEWN «KNAdO» HETAPANTAG £VTAOTG VO CAPOVEL TNV
006vn, evd avtiBétwg Katd ™ ypryopn cdpwon eueoviletar n swova. H swdva
duvatal vo potoypaendel pe v mpoimdbeon g apyng clpmong oLTWS MGTE TO

QUL Vo TPOGRAaiAeTOl 68 tKavomomTikd Pabud amd tn déoun. 1

Vacuum
Chamber

Anode

Condenser
Lens

Electron
Condenser F Beam

Lens

Sample
Chamber

Ewova 2.8: Zynpatikn avoropdotoot TpoOmov AETovpyiag NAEKTPOVIKOD  UIKPOGKOTIOL GApmong

A&iler va onueliwbel 1o yeyovog Ot amapaitntn npodndOecn eKmTOUTNG TS OEGUNG
TOV NAekTpovioyv, amoterel 1 VmapEn VYNAOD KeEVOD €VTOG TNG KOAMVOSG OAAG KOt
€vtOg ToL Baddpov dokiimv Tov piKpookoniov. Xtov mepipdriovta aépa, kabioToton
adVVATN M EKTOUTY| 0EGUNG NAEKTPOVIDV Kot 1) dtatpnon g otafepdtnTdg TS 010TL
TOPOTNPOVVTOL GLUYKPOVCELS TWV LOPIMV TOV 0EPIOV LE TA NAEKTPOVIN LE OTOTEAEC AL
TIG EVEPYELNKESG OVTOAAAOYEC VTMV, TO 0010 LETAPPALETOL GE OVIGUO TOV aepiov, TV
EULPAVIOT «OTVONPOVY 0ALG Kot TNV ATOKTN S1dyLoN TV NAEKTPOVI®OV TPOG OAEG TIG

katevBuvoelg. Emmpocheta ta mpoepydueva amd tnv KOA®VO 1) TO TOPACKEDOC O
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puopro Bo mopepmodilov v erebBepn 61000 TV MAEKTPOVI®V, OVIIOPAOVTAS TPOG
oynuoatiopd  mwPOIoVTIOV oL 6o CLUTVKVAOVOVTOY — GTNV  EMQAVEWD.  TOL

TOPOUCKEVAGLOTOS TPOEEVAVTOS «OKIOGN» TWV AETTOUEPELDV TOV.

To dnuovpynBév Aowmdv vYNAO Kevd €viOg TNG KOAMVOS KPIVETOL OTOpaiTnTO Kot
dwtnpeitor pe ovmAnpopatiky) dviAnon. Koatd v ektédeon TV TEPAUATIKOV
SLdIKACLDVY, TNG TOPOVGAS £PYACING, O dOEGIIOG EEOTAGOC NTAV TO UIKPOOKOTLO
tomov JEOL JSM-6380LV «ot 1 otiAn Oxford Instruments INCA x — sight.

[Ipwv amd v mopatnpnon Tov dNUovPNOEVTIOV KOVE®DVY, Ta SEiyHaTo YPELICTNKE VO
TpoeToacOovV pe T dradkasio g enypvowons. Katd m dadikacio avtr Aoutov,
onpovpyeiton 6to delypa po ToAd Aent) emtkdAvyn ypvcov, Kabdg n aloduva glivar
U MAEKTPIKE ay®dylo vAkod, cvvenmg dgv givor dwamepatn omd To MAEKTPOVIQ
déoung Tov piKpookomiov. Mg avtr] TV mOAD AEmTH €MKAALYT, 1 EMLPAVELD TOV

VAMKOV ookt ayoylotnTa Kot kafictatotl dSvvorr n mtapatnpnon tmg. ¥

11.3.2 IlepiOraon Axtivev X (XRD)
H mepibloon pe axtiveg X (X Ray Diffraction — XRD), amotelel pio teyvikn

avédivong pe TANOOPA EPAPUOYDV OTN HEAETN KPULOTOAAIKOV VAMK®OV, OT®C
KEPOUUKDOV, UETAAAL®V, YEMAOYIKOV LVMK®V, NAEKTPOVIKOV VAK®V, OPYOVIK®OV KOl
moAvpepmv. Ot axtiveg X eivon pion poper vYnAng evépyelog MAEKTPOUOYVNTIKNG
axtivoPfoAiag omoia avakaAveOnKe ev €t 1895 antd to yeppavo guowd W. Rontgen
EVD 1 (PNON AVTAV Yot LEAETN TNG KPLGTAAAKYG doung, elonydn and to Max Laue
10 1912 ko avartdydnke amd tovg W. kou L.Bragg. Otav ot axtiveg X diépyovtan
and €va KPUOTOALO, TOTE UEPOG TNG eVEPYELDS TOVG amoppogdton amd avtdv. H
OLYKEKPIUEVN EVEPYELD EKTEUTMETOL LLE TN CEPA NG ad TOV KPOGTAAAO EPOGOV Ol
dopkéc  Tov  povadeg koBiotavtor devtepoyevelc TMMYEG MAEKTPOLOYVNTIKNG
axtivofoAiag. To &v AOym oeoawvopevo waieitor mepibloon axtivov X. 1 Ot
devtepoyeveic axtiveg X, mov oeeihovtor oty mepibiaon g TPOTOYEVODS
axtivoPoAiag, eite PBpiokovioan o€ AGT GLUPAAAOVTOC OMIOVPYIKA GTNV €VioYLOM
¢ aktwvoPolriag, eite Ppiokovtal ce avtifetn @Aom GLVIEAOVTIOS otV andcPeon
avts. ‘Eveka ovppetpiag, 10 kpuotoAlikd mAEypo cvviotatolr omd mopdAAnia
emimedn (OTPOUATA), TO KPVOTAAMKA ETITEDN, TOL EUTEPLEYOLY TO 1010 £100G dOUKDV
HOVAS®V Kot EVTOG TOL KPLGTAAAOD GLVOVTAOVTAL TOAAEC opddeg avtav. H amdotaon
d peta&d 600 d10db0 KOV TAPIAANA®Y ETTESW®V, ATOTEAEL YOPAKTNPIGTIKO YVMOPIGHOL

¢ KaOe opddog. X1o eawvopevo g mepibiaong tov axtivov X and tov KpOGTaAlro,
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evoéyetor va ouuPel evioyvon 1 amdSPECN TOV SEVLTEPOYEVAV KUUAVOE®YV, OVAAOYQ

LE TN YoVio TPOGTTOONG WG TPOG Lot OpLAdA TOPIAINA®Y EMTESWOV.

e MpoomimTwy v,
‘=~,: Kipo e k
B \"x. > \:
\ / ol f;___;\
2 \\ c 1/:)/ /V :V_ =24
TO e & "jlee 2d sin 8
d e VO

s

— @ il @& f".’\ & &
dsing

Ewéva 2.9: Zynpotikn avoaropdotoot eknepndpevns axtivoBoiiog X

H dwdpoun g axtivoPoriog X mOL TPOCTITTEL GTO TPMTO GTPOUN TOV SOUIKMDV
HOVAd®V glval PIKpOTEPN TNG O1OPOUNG OV dlacyilEL 1 TPOSTITTOVTO GTO OEVTEPO
otpopa axtivoforio. IIpoxeipévov va emrevybel @dorn HETAED TV dELTEPOYEVOV
aKTWVOPBOAIDV 7OV eKTEUTOVTOL amd TOV KPUOTaALD, Bo mpémer 1 deopd TV
OWOPOU®Y TOVG VO &lvol  aKEPOIO TOAAUTAGCIO TOL UAKOLG KOMOTOS TNG
axtivoPorag. Oa mpémel ONAAdN Vo 1IoYVEL 1] TAPAKAT® CYECT:

n-A=2d - sin0
omnov:

n:1,2,3... n 14&n mepibraomg
A: UKOG KOUATOG TPOGTINTTOVGAG aKTIVOBoATaG Kol
d: 1 andoTOoN TOV ATOUKOV ETTESOV

Inuewdvetoar g ot amootdoelc d peta&d SadoyIKdV KPUOTOAMKOV ETMES®V,
OLUVIOTOVUV YOPOKTNPLOTIKEG otabepéc Pdost twv omolwv kobioctatar €QikT| m

TOVTOTOINGT TOLV KPLGTAAAOV.

O gEomMopdg oL ¥PNCIUOTOMONKE GTNV EPYACTNPLOKT O10OTKAGTIN amoTEAEITAL OO
10 TEPOLAGILETPO TO OO0 GUVOEETAL PE £V NAEKTPOVIKO DTOAOYIGTY KO OVTOG LIE
évav ekturtTn. O VTOAOYIGTNG XPNOHEDEL 6TV amoBNKELON TV dEdOUEVOV, GTNV
enefepyacio Tovg kor TV epunvein Tov eEaydpevov amd To TEPOAACILETPO
Swypappdtov pécom ™e Paong dedouévov pe v omoio epodtdletal. H yoén tov

nepOAacipeTpov e£oc@aMieTor amd YukTikd unydvnuo. X1o teptOAacipeTpo n myn
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¢ aviwvoPoriog X elvarl pio kaBodikn Avyvice GuvodevLOUEV amd GIATPO MGTE Vo
etvar avompd povoypopatikny. H emioyn tov puinkovg kOHoTog yivetor katd téTo10
TPOTO, MGTE VO OMOPEVYETAL TO PovopeVo Tov pBopiopod. To mpog e&étaon detypa
tomofeteital o€ €0KO VLWOOOYEN O omoiog £yel TV evyépela. meploTpoPnc. H
aKTvoPoAia, agoh O1EABEl amd TO HOVOYPOUATOPO KOl TNV ECTIOKN YPOUUTN,
TPOCTIRTEL GTNV KPLOTOAAKY ovcia. H mepOlopevn and 1o deiypo axtivoBoliia
KOTOANYEL GTOV OVIYVELTY] , Olepyopevn amd pio oepd oywopdv. H evioyvon g

aKTIVOPOALNG YIVETOL OVTIANTTY] LE KATOYpapT VYNANG £VTAONG OO TOV aviyVeLTY|. 2

Detector
Detector slits
i

Secondary
rmonochromatar!

H;ray tube

" Measuring circle

TelMkag, o€ éva Odypappa vtaong — yoviog TpOcTT®mong akTvofoAiiog, otn yovio
0 v v omoia M mepOA®uEVN axtivoPoria evicyvetal, dnuovpyeitor pio Kopve.
Amd v i g yoviag 0 kot Baoet g e&icmong Bragg, vroloyileton ) amdcTOon
d tov kpvotoAlkdv emmédwv. [epottépm VITOAOYIOUOL, EMTPETOVY TOV aKPIPY|

kaBopiopd twv 0EcemV TOV SOHIKOV LOVAO®V TOV KPUOGTOAAKOD TAEYUOTOG,.

Kotd v epyaotmplaxn ektéheon, n eE€taon tov kOvVewV £yve pe meplOhacipeTpo
axktivov — X tomov D8 Focus Bruker pe tic akdilovbeg Asrtovpyieg: axtivoBolia
(Mpma mopaymyng axtivov X) , A=1.5405A, évtaon pevpatog 40MA kar téon
40kV:
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11.3.3 ®acporockonio YraepvOpov (FTIR)
¥m oeoopotockomion vrepvOpov (Fourier Transform Infrared Spectroscopy),

peAetdrol n aroppdPNo” VIEPLVOPOL POTOC OO TO £KAGTOTE dElYLO GUVAPTAGEL TNG
ovuyvotntag. Kdabe popio amoppoed evépyeia AE = hv and v myn IR, n omoia
exméumel aktvofolio évtaong «I», e kabe dovnrtikn petdfoon. H dwumepatotnta T
opiletar wg:

I
T=-2L
Iy

H diéhevon pmopel va mapel omowadnmote Tun petald tov 0 ko tov 1 kot cuyvd
exepaleToar ®¢ mOC00TO €Ml 1O €k0TO (OMOTE Ol TWWEG TOL Mmopel Vo TAPEL
Bpiokovton petald tov 0 kot Tov 100%). H amoppoenon kot n déievon oyetilovron
EMOUEVMG OG EENG:

P=Py Exp[-a b]
Omov:
P:  Ioyvog egepydpevng axtivoPoriag petd tn 61éhevon detypotog
Po:  Ioydg mpoomintovcag aktivofoliog
a:  Xtabepd amoppodenong
b: Tldyog detypotog

Eved n oxéon Amoppdéonong A(%) —Xxédaong S(%) — Awmeporomnrag T(%) —
Avaxiaong R(%) etva:
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A(%) + S(%) + T(%) + R(%) = 100 (%)

H m\éov ypioun oyéon oty QacUATOQPMOTOUETPIO ATOPPOPNONG TPOKVTTEL OO TOV
ouvovoopd Tov vOpov Tov Lambert (ke otpdpa, iong emedvelng, €vog
ATOPPOPNTIKOV HEGOL OTOPPOPA {00 TOGOGTO TNG aKTIVOPoAiag oV TO dtacyilel) Kot
tov vopov tov Beer (n amoppoenon evog OoAVUATOC Elval avAAOYN TPOS TNV
GLYKEVIPMOT TNG ATOPPOPNTIKNG ovsiac. To gdacua amoppdenNong Kot 0 LOPLaKOg
OULVTEAEGTIG OMOPPOPNONG GE UNKOG KOUATOG A €ivatl TapapeTpot wov yapaktnpifovv
HOVOOIKE  GUYKEKPIUEVA HOPLOL KOL  UTOPOVV Vo ypnotpomombovv 1660 Yo

TOGOTIKOTTOIN G|, 0G0 KOl Y10, XOUPAKTNPICUO dEyYUATOV. &)

Ta dovntikd @dopota Aowmmov Aapupavovionr pe éva gacpotopotopetpo FT-IR, n
Baon Aettovpylag Tov omoiov, oamotedel TOo ovuPorduetpo Michelson, mov
ypnowonoteitor yioo vo  dnuovpyndet éva  copPoroypdaenuo. H pobnuotikn
eneepyacio Tov cvpPforoypaeniuotoc (petacynuatiopds Fourier) diver to @dopa
amoppoéenong IR. To cvopPorduetpo (interferometer) 600 deoudv, apykd oyediace o
Michelson 1o 1891. IToAAd dALa cupforopetpa 600 SEGUMOV EYOVV GYEONOTEL HETA
am’ ovtd, to omoio pmopel vo elvar ypnowa Yo PEPIKES 1010UTEPES EPAPUOYEC.
Qo1660, 1 apyn Asrtovpyiog TV GLUPBOAGUETPWV dVO deoU®V Elvar TaPOLOLAL.

To cvppordperpo Michelson cuviotd pa dtdTtaén ontik®v Tov dtaywpilel o déoun
axTivoPoAiag o€ VO OECUEG KOl TIG EMAVOCLVOETEL, 0POD TPOTA 0KOAOLONGOLV
EEXOPLOTEG OLAOPOLES JLPOPETIKOD UM KOLS KOpOTOC. Ot petaforés g Evraong g
EMOAANALOG TV 600 decudV akTvoBoiiag, MG GLVAPTNON TS JPOPAS TV OTTIKAOV
dwdpoudv  Koataypapovior omd Evav  aviyvevt. OAo 1o QUCUOTOP®TOUETPO
petaoynuoticpod Fourier ypnowonolovv éva cvpforodpetpo tomov Michelson. H
nolvypouatik] IR oaktwvoPoiia, mov exkméumeton amd v myn, ©O4vel oTO
dtywplotn) déoung o omoiog cuvictatal amd NUSLEoVEG VAKS, cuviBwg KBr kot to
50% oavtg avaxidtor, eved o vmoOromo 50% mepvd amnd 1o Swywpioty. O
Soympiotic eivon Tomobetnuévoc oe yovia 45°, og mpog TV Tpoomintovc dEoun,
®ote va glval PEYIOTEG 01 EVTACELS TOGO TOL HEPOVS TNG OEGUNG TTOL avaKkAdTAL, OGO
Kot eketvov mov dwamepvd. H axtivoPoria mov mapdyetar amd v IR mnyn npoonintet
oTOV OlWPLoT] déounc, o omoiog dwupel v axtivoPoMa oe dvo ioo pépM
amootéAAovTag To évo Tufuo oto Katomtpo M1 (Ewdva 2.10) kot to dAlo pod oto
M2. H avoxAdpevn axktivoPoria mpoomintel move oto otabepd Kobpémntr, o omoiog
Bpioketar og amdotaon L and 1o dwywpiom. H déoun avaxidtor kot emeTpEPel 6TO

dwymprotn. To devtepo KAdopa g IR axtivofoiiag mov damepvd Tov dtoywploTy,
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apov olavvoel amodotaon (L+d), avaxidtor amd tov Kwvovpevo Kabpémtn Kot
emavEPYETOL oTOV daywploth). Etot, 1 dopopd Tov dV0 OTTIKGOV SlodpopdV eivat
0=2d. O1 600 avaxhodpeveg SEGUEG, OTAV EMOTPEYOVY GTO OlAYM®PLOTY, GLUPAAOVY
Exovtog OvhoEL  OlOPOPETIKO  OMTIKO  Opouo. Me v ddikacioo  avtn,
dNUovVPYoLVTOL 01 KPOGG01 GUUPOANG HECH TV OTTOIMV YIVETOL N KOTAAANAN EMAOYN

TOV UNKOV KOPOTOC. >

. -

Source IR
o

Beam splitter

- e

+d 0 -d

2
Sample ﬁ

A\

Detector

Ewévo 2.10: Zympotiky avamapdotost cupBordpstpov Michelson

Xe éva paocpotopotopetpo FT-IR n myn exméunel éva ovveyéc edopa. Kotd v
¢€0d0 and 10 cupPolopetpo mapoatnpeitol ETOAANAL TOV SAPOP®Y OCLOTIKOV
OLUVICTOCMV TOV EMUEPOVS deoudv. To TEAKO amOTEAECUO. TPOKLMTEL ONO TO
dBpolopa oV emuépovg evtdoewv oKToPoAlog OV OVTIGTOWOVV o KAOE
eoacpatikn weployn. Etot yio undevikn d10popd ontikod 0pOHov OAES Ol PACUOTIKEG
OLVIGTAOGEG gival o€ PAon Kot 1 GLVOALKN €viacn aktivoPfoiiog eivar péytotn. Kabmg
avéavetor 1 dweopd omtikod dpoépov AL 1m emoAAniio yio kdBe @acpotiki
oVVIoTOo0 odnyel o péyloto M eAdyloto avdioya pe tov AOyo AL/A. ‘Etol m
GUVOAIKY] éVTOoN HEIOVETOL 1) ovEdveTal pe OA0 Kot PIKPOTEPO TAATOG OLAUOPPOCTNC.
Metd amd por péylot Opopd OmTKOD JOPOUOL OEV VTAPYEL T KOVEVOG
GLGYETIGUOC PAONG UETAED TOV S0POPOV POGHLOTIKOV GUVICTOGOV KOl ) GUVOAIKN

évtaon stvon mo otabepn kol aveEAPTNTN Ao TV doopd onTikoH dpdpov. Ommg
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OMOOEIKVVETOL TO TAATOC SLOUOPPMONG TOV TOAVYPOUATIKOV KPOGOHV GUUPBOANG
glvatl cuvAPTNON MG GLVAPTNOT TOV TNG JAPOPAS OTTIKOD POV oyeTileTal e TOV
petacynuoTicud Fourier tng gooUOTIKNAG KOTOVOUNG TNG TNYNS.

Ta ¢acuatopotopetpo FT-IR mapovcsialovv caen mAeovektiuata. H ypron
voAoyloty ot @acuotookomio FT-IR mpooeéper ) dvvatotnta toyeiog Aqymng
TOAOTADV  QUCUATOV, VTOAOYICHOD TOL HECOVL OpovL TOvG, emefepyaciog Kot
amofnkevong tov dedopévav. Todto cvvenmdg odnyel GtV KataAypoen QAUCUATOV
vyning mowdtntag. EmimpocHeta, kabiotator dvvary m agaipeon @ocudtov kot
EMOUEVDG M aKPIPNG aviyvevon TOAD piKp®V UeTafoA®V Tov ogeihovtol TOG0 G&

petaforrdpevn c0oTOoN, GO KOl 6T QUGIKY KOTAGTAOT TOV d&lypatog. 2

DACPATOPWTOUETPO

1. MnyA

2. ZuppoAdpeTpo
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Ewéva 2.11: Awdicosio Aettovpyiag pacpatopmtopstpov 2

11.3.4 Hiexktpoviko Mikpookomio Aepyopevng Aéoung (TEM)

Ye évo ovpPoticd HAlextpovikd Mikpookomo Aiéhevong (Transmission Electron
Microscope — TEM), éva Aentd deiypa axtivofolreital amd pio déoun niektpoviov
OHOWOOPPNS TLKVOTNTOG peLUTOS. To duvapkod emtdayvvong o éva tvmkd TEM
etvar 80-200 kV. Mikpookdmia vynAOTEPNG SOKPITIKNG IKAVOTNTOG AELTOVPYOVV UE
duvapukd 200 — 500 kV evod o prikpookomo VYNANG Tdong eTavouy péypt To SMeV.
Ta niektpdévia ekméumovior amd pion KaBodo, cite pe Beppiovikn ekmounn eite pe
exmounm tomov Schottky, eite pe exmoumn mediov Xtnv cvvéyela, pe v Pondeia
GLYKEVTPOTIK®OV LOYVITIKOV QOK®V, EAEYXETOL 1] TTEPLOYN OV POTILETOL KOOMDS Ko 1
goatioomn g déoung.

Metd 10 dgiypo To nAekTpOVIa 0dnyodvToL pe TV PBondeld CLYKEVIPOTIKAOV (POKMOV

(nayvntikod tOmov), oe pion @Bopilovoca 006vn. AdYy® G €AOCTIKNG Kol pn
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EMIOTIKNG OKEOAOTG TOL VOIGTAVTOL TO NAEKTPOVIO, KATA TNV OAANAETIOPACT] TOVG LE
10 delypa, O mpémet va Exovpe ToAD Aemtod dSetypa (50-100nm yo déoun niektpoviov
¢wg 100kV). Zmv ewova 2.12 mapovctdletor 1 Hopen VOGS TLUTIKOL NAEKTPOVIKOD
UKpooKomiov depyOuevng 0écung, oto omoio dtakpivovrol To Pacikd Tov pépn, N

Topein, TOV NAEKTPOVIOV Kot 1 AEITOLPYIO TOV SL000YIKOV LOyVNTIKOV QOK®V. B

Mnyn
nAeKTPOVIWVY

-‘ \l 1
SUYKEVTPWTIKOG l n (i) ﬁ I
Dakog 1 I
JUYKEVIPWTLKOC .
Qakog 2 | .
1O
Asiypa .-~ X - rays
AVTIKELLEVIKO )
(Dcxté 5 || —Addpaypa
S AVTIKELLEVIKOU
Qakov
EvSlapeoog Aedpaypa
Dakdg MepiBAaonc
MNpoPoAkde
Qakég
ELKOVA

Ewéva 2.12: Hlextpovikd Mucpookomio diepyduevne déopunc (TEM) & mopeio niextpovioy B

Onwg dwkpivetar mapandvm, 6To TEveo HEPOG TNG GTAANG KEVOV, LILAPYEL M TTNYN
niextpovimv (electron gun), n omoia givor gite Eva Oeppovopevo vipa Poigpopiov
(Bepuovikn exmoun)), €ite pio Aemti) LETOAMKT 0KidO TAPOLGia 1GYLPOH NAEKTPLKOV
nediov (exkmoumn mediov). [ v amoevYn AcTOBEDMV GTNV EKTOUTT NAEKTPOVI®V, 1|
npmtn Pabuida Ppioketon oe vaepuynAd kevd (10-10 mbar). H exmepmdpevn déoun
nAektpoviov emruyydveton pe v Ponbeta niektpodiov mov Ppickovror 6e vyYNAN
téon (kV-MV). Zmv cvvéyewa akorlovBodv, 600 GUYKEVIPOTIKOL PAKOL [LoyvnTiKov
TOmov, pe v Ponbela twv omoiwv eotialetan n déoun niektpoviov. Ot poyvntikol
eokol eivor mAekTpopoyvnTikd mmvio tomobetnuéva €Tl MOGTE 1 OECUN TV
NAEKTPOVI®OV VO TEPVA KOTA UNKOG TOL AEOVA TOVG. TNV TEPLOYN TOV HOYVITIKOV
QoK®V To KeVO givar ¢ tééewc tov 10 - 7 £o¢ 10 - 4 mbar, dote pe avtdv tov TpodmTo

Vo EAOYLIOTOTOI0VVTOL 01 GUYKPOVGELS TOV NAEKTPOVIOV LE TO LOPLOL ALEPQL.
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Ot ovykevipotikol @axol TpokaAoOV eotioon Tng OEoung mAektpoviov, o€ pio
TEPLOYN EAAYIOTOV TETPAYMVIK®OV IMKPOUETPOV (2M) GTO EMIMESO TOL OVTIKELLEVOU.
O avtikelpevikog eakog, o omoiog Ppioketal akpBag petd to deiypa, oynuatilel oto
€0TLOKO TOV €Mimedo TNV epiBAlaon pakpivod mediov Tov deiypotog 1 omoio amotedet
ToV petacynuatiopd Fourier (o€ avtioTpo@o ydpo) TV KPUGTUAAKOV
YOPOKTNPIOTIKOV TOV OeYHATOG. AVTO EMTPEMEL TNV UEAETY] TNG KPLOTAAAMKNG OOUNG
TOV OVTIKEUEVOD. ZTNV GUVEYELN TA NAEKTPOVIA SLEPYOVTOL OO vy EVOLAUETO PAKO,
pe v Pondeta Tov omoiov oynuotileton Eva gvoldueco idwAo, To omoio amoTeAel
peYEOLEV OTEIKOVIOT] TOV OVTIKEILEVOU.

To evdidpeso avtd €idwro, pécw &vog tedevtaiov @axold (TpofoAtkdc @axodg),
npofdrietor, petd omd pio terevtaio peyéBvvomn, oe @Bopilovsa 006vn, yia

mapotipnon 1 eotoyphenon. *

11.3.5 ®acportockomio Atopikiig Amoppoepnong pe proya (AAS)
H ®oocpotookonio Atopkng Amoppoéenong (Atomic Absorption Spectroscopy) pe

QAGY0, omoteAEl OKOUNTNV WO EVPEMG  YPNOUYLOTOLOVUEVN TEYVIKN Yo TOV
npoodopod otoyeimv. Ilepimov efdopnvra (70) otoyeio eivor ovvatd va
TPOCIOPICTOVY G€ TOWKIAM Oetypato pe Tn ovykekpluévn teyvikn. Ta opua
aviyveoong otv AAS e&loptdvior amd TOV TOMO TOVL  YPNGUYLOTOLOVUEVOL
OTOLLOTIOMNTH Kol TOL YNuikov vrofabpov tov delypotoc. I'evikd, pe ) ypnion tov
V0 TEYVIKOV atopomoinong, eovpvov ypaeitn kot AGYaS, KaALTTETOL vl LEYAAO
e0bpog ovykevipooemv amd pkpoTepeg tov lug/l vy to eovpvo ypaeitn péxpt
pepikav dekddowv mg/l yio ™ eAdya. BY

H apyn Aertovpyiag tov opydvov g QOGUOTOCKOTIOG OTOUKNG OmoppoOeNnons He
oAGY0, Baciletar oty amoppodPnoT G aKTvoforiog amd Ta ATOHO GE CLYKEKPLULEVA
UNKN KOULOTOG YOPOKTNPIOTIKE TV amoppo@oduevev av. 'Etol | aktivofolio omd
TNV TNYN TOV TOPAYETOL OO TOV ATUO TOV TPOS OVAALGT GTOLXEIOV, AITOPPOPATOL GTO
OLYKEKPIUEVO UNKOG KOUATOS OO TO GTOUO TOV GTOUYEIOV TOV OTOUOTOWNTY. ZOV
OULVETELD, 1] £VTOON TNG OKTVOPBOAMOG EALATTMOVETOL OVAAOYO [LE TNV GVYKEVIPMGT TOV
pog ovéAvorn otoryeiov otov atopomomty. H amoppopnon (A), n mocodTTO TOL
ocvvnBwg petpiétan otnv AAS, vmokovel 6to v vopo tov Lambert — Beer kot pmopel

Vo EKQPOCTEL ®G EENG:

Iy
A= logT = abC
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Omnov 10 I, givon 1 évtaon g TpoominTovcag akTivofoiiog 61O VEPOG TV atOU®V, |
N évtaon g e€epyoduevng aktvoforiog and 10 VEQOG TV atOp®V, a pio otodepd
YOPOKTINPIGTIK] TOL opydvov, b To unkog g OmMTIKNG déoung (mov pmopeil va
dwtnpnet otabepd) kar C 1 ovykévipwon tov eEgTaldpevonv otoryeiov. Amd v
Topamive e£IGMON TPOKOMTEL P10 YPOUUIKT] GYXECT OVAUESOH GTNV OTOPPOPNON Kol
™V ovykévipwon tov efetaldpevov otoryeiov. MeyaAddtepn emovaAnyiuoTnTO
EMTLYYAVETAL GTNV ULEGT TOV YPOUUUIKOD TUNUOTOG TG KOUTVANG. Ot amokAicels amod
10 vopo tov Lambert — Beer, mov mpoPAémer n ypoppikny oxéon HETAED NG
ATOPPOPNONG Kl TNG CLYKEVIPMONG, OPEIAOVTOL TOCO OTIS ATEAEIEC TOV OPYAV®V
0660 Kol 6T0 YNUIKO cvotnuo. Ot Kupldtepeg atéleleg TV opydveov opeilovtal 6To
€0POC TNG LOVOYPMUOTIKNAG d€cung Kot To d1dyvuto ewc. H mapaymyn tov vopov tov
Lambert — Beer yivetat pe v mpodmdbeon 011 1 déoun TG TOL SEPYETAL OO TO
dwlvpo  elvor amOALTO HLOVOXPOUOTIKY. XNV Tpden Oupmg elvar addvato va
emtevyfel amdivta povoypopotiky O0éoun. Ot omokAicel avtov Tov  €l00VG
nepropilovton Le TN YPNOLOTOINGT] LOVOXPOUATIKNG OEGUNG HIKPoD g0pove. DPucikd
amEPLOPLOTN EAATTOOT TOL €VpoVG dev elvar dvvatn, €MEWN 1 €viacn NG OECUNG
yiveton ToAD pikpn, €Tt dote vo unv pmopel va petpneil amd tov pwtooviyvevty|. Ta
KOAQL QOCULOTOPMTOUETPO TETVYOiVOLY décpeg evpovg 0,1 — 2 nm. 'Etot, 6tav ot
UETPNOES  Yivoviow ©€ UNKOG KOWOTOG 7OV  OVTIIOTOWEL ©€ gupeio  Tovia
OTTOPPOPNCEMG Ol AMOKAIGELS avTOV TOL €100VC eivol apeEANTEEG. XTIC UETPNOELS
amoppOHPNoNG, oV d1dYLTO YOS Bempeitat TO GHVOAO TV UKTIVOBOAMY TOL PTAVOLV
OTOV QMOTOOVIYVELTH, OAAL OEV OVIKOLV OTNV LOVOYPOUOTIKY OEGUT, 0VTE Kot
amoppo@ovvtol amd To StdAvpo. Ot amokAoEl TOv TPOEPYOVIOL OO TO YNUIKO
oVOTNUA OPEIAOVTAL GTY CLYKEVIPMOT TOV OWAVUATOV. ZTO SWOAVUOTO HEYEAA®V
GLYKEVIPOOEWMY TOPATNPOVVTOL OAANAETIOPAGELS TOV OTOL®V LE OMOTEAEGUO TN
dpACTIKN GLYKEVIPWGST TOL ££€TalOLEVOL GTOLYEIOL VAL unv givor Ypap ik eEdptnon

NG OAKNG GLYKEVTPMONG Tov. BY

"Eva 6pyavo atopikng amoppdenong pe eAdya, amoteleitorl amd to akdAovba puépn:
= nyn aktivoPoliog
= gbvotua atopomoinong (eAdYa 1| ovPVOC ypoeitn)
" OnTIKO cHoTHUA

= GUOTNUO LETPNOTG KOl KOTAYPAPNS TNG AmoppdPnoNg TS aKTivofoliog
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Ta eaoHaTOEOTOUETPA SOKPIVOVTOL GE OTANG KOt OITANG 0EGUNG. ZTO AANG OEGUNG
QOCLOTOPOTONETPO OAeC o1 petpnoelg Pacilovior oy petaforn g vioong g
povadikng 6éoung ewtog. Toa dumAng SéoUNG QUCUOTOPMOTOUETPO. XPTCLLOTOIOVV
EMTAEOV OTTIKA LLEGA Y10 TN OLOUPEST] TOV POTOG O TNV TNYN TNG aKTivoBoMMag otV
déoun tov delypatog (mov dtaoyilel To VEPOG TV aTtOU®Y TOL JEIYUOTOG) KOl TNV
déoun avaeopds mov diépyetal EEm amd 1o vEPog. H déoun avapopds dpa mg 0pyovo
TOPOAKOAOLONONG TNG £VTOOTG TNG AVYVIOG KOl TOL KOO NAEKTPLKOD KUKAMUATOG Y1
oVTO KOl 1M TOPOTNPOVUEVY amoppoOenon mpocdoopiletar omd TOov AdYO T®V
AVOYVOGEMV TOV EVIAGE®V TNG 0EGUNG TOV OEIYIOTOC Kol TNG 0E0UNG ovopopdc. Me
TOV TPOTO OVTO AVTILETOTILOVTOL OMOTEAEGUOTIKA LETAPOAEC GTNV £VTOGT) TNG TNYNG

axtivoPoAiag Kot GAAeg NAEKTPOVIKEG avoLaiieg Tov ennpedlovy kot Tic déopeg. BY

[TeproTpepojievo
Kafodkn Avyvio SLopp oy Droyo

Movoyzpondtopug [~ | Avivevtig

l A
l Evieyvoic

+) ()

Y
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P L e PR = ; sl Rl LTUYPUPEDS
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! i \
Kovoywo  Asiypo Odvyovo

Ewéva 2.13: Adypappio poric goopatopetpon AAS B
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[II. AIIOTEAEXMATA

1.1 Xxévn Boaupitn — 0&g1diov tov yoAkoD pe v o’ TEXVIKNY
Topay®yNG oOVOETO

I11.1.1 Antoteréopata IepiOlaong Axtivov X (XRD)

Y10 mapakdTo eacpa Iepiblaong Axtiveov - X (XRD) (Ewdva 3.1), tapovoialoviol
Ol YOPOKTNPLOTIKEG KOPLPEG TV TPOSPOUDV PACEMY TOV 0EEWIMV TNG OAODUIVOC.
YuyKekpléva, evtomioTnkay ot eacelg tov Porpitn (JPDS 76-1871), tov yuwyitm
(JPDS 33-0018) kot tov umayepitn (JPDS 74-1119) pe T1g YapaKTnpLoTIKEG KOPLPEC.
Qo1060, 0ev gu@avilovTol YoPAKTNPIOTIKEG KOPLEES 0EEWIWV TOL YOAKOV, aLTO
mhavotato opeileTol 6T0 HKPO TOGOGTO TOV WETAAAOVL €VTOG TNG UNTPOG TOV
ovVOeTOV VAIKOD 6€ cuvdvacud, TOavHV, e pnéyedog KOKK®V 6T VOVOKATLaKa, 0AAG

KOl GTO YOUNAO OPLO AViXVELOTG TOL OPYAVOU.

* Boehmite JCPDS 000-76-1871
+Gibbsite JCPDS 000-33-0018
- Bayerite JCPDS 000-74-1119

Intensity (a.u)

10 20 30 40 50 60 70 80

Ewova 3.1: Awdypappa tepiBloaong Axtivav — X (XRD) tov deiypotog Bauitn pe npocdnkn o&eidiov tov
YOAKOD
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II1.1.2 Anoteréopata Pacpatockoniog YagpvOpov pe
Meraoynuatiopé Fourier FT-IR

Amd 10 PAcp0 TOV TPOKVTTEL OO TN PUCUOTOCKOTIO VITEPHOPOL [LE PETATYNLATIOUO
Fourier (Ewova 3.2), mopatnpodvial ot mapokatm KOPLEG Kopueég ota: 3276 cm™,
1635 cm™, 1539 cm™, 1339 cm™, 1473 cm™, 1063 cm™, 1052 cm™ kau 442 cm™.
Apywa n evpeio kKopven ota 3276 cm* avTIoTOKEL OE eKTOTIKEG OOVNGELS HeTAED
O-H, ot xopveég mov gpeavifovtar onv TEPLOY AT TOL PAcHATOG glval EvOeldn
évtovng vmapEng vypaoiog.B## Ot kopveéc ota 1635 cm™ kaw 1539 cm™ cuvdtovton
pe v vmopEn vePod GTO VAIKO Kol TO GUYKEKPIUEVO OVTIIOTOLYOVV GE OOVIOELG
Képuyng tov popiov tov. H dmapén opkeTtdv Kopueodv TOv GLVOLOVIOL WE TO
KPUOTOAAKO vepO €lval yeYovOC OVOLEVOUEVO, HLOG KOl TO DAKO dgv €xel vmootel
kopio Oeppukn enelepyacio. Adym tov 611 10 PEI amotelel devtepotayn apvoudda,
napovctalel Kanowa onueio mpospdenong, OTmg ivar n Kopver| ota 1473 cm™, mov
ocvvoéovtal pe Tig dovioelg tov deopov C-Hu.B H o&eia xopven ota 1339 cm™,
emdevoel v vmapén NO3, B i omola ogeidetarl onv mpocshnkn 1060 TOV VITPIKO
aAovpviov 0G0 Kol TOV VITPKOL YaAkoD kotd v cbvleom Tov vAkov. Ev cuveyeia,
ot kopueéc oto 1022 cm™ ko 442 cm™ amodetkvoovy Tov oynuotiond Borpitn kadde
N PO avtictolyel o dovhoels Twv deoudv O-H ot AI=O eved n devtepn oe

dovnoels tov decpov Al-O B¥3 (yapaktnpiotikég Tov Porpit).

1,1

1,0 - 85 Al-O-H mode of Boehmite

RTava

bending vibration of HZO molecule

0,9 -

0,8

T OH vibration of the water molecule
0,7 - i
O-H stretching vibration

0,6 NO,

\
F OH & AI¥O of Boehmite

0,5

Transmittance

0,4 -

0,3 - Al-O vibration—

0,2 T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumbers (cm™)

Ewova 3.2: Awdypappa FT-IR delypotog forpitn pe mpocdikn o&erdiov tov yoikov
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I11.1.3 Amoteréopara Hiektpovikiig Mikpookomiog Xapwens (SEM)

[Mapatnpodvrag tig Ewoveg 3.3 (a,b) mov emjedncav amd 1o nAekTpovikd piKpooKOTo
odpwong (SEM), mopatnpeitar 6t to ovvOeTo LAKO dev mapovoldlel Eviovo Babuod
CLGCOUATOONG, EVD OGOV 0POPA GTNV HOPPOAOYIM TOV COUATIOIOV TOv Ogv glvar
ePkto va e€aybel kamoa a&idmotn TAnpopopia. I'a T0 Adyo avtd, Tov TOAD pKpov
ONAodn peyEBoLg TV COUOTIOIMV TOL VAIKOV, TO0 omoio givol e TaEems HepiK®mV
VOVOUETP®OV, 1 TOPOATHPNOT LE TO NAEKTPOVIKO UIKPOCKOTIO OSlepyOUEVNS dEoUNg

(TEM) kpiveron amapaitnen.

X2, B8 18mm 1S 58 SEI

B

Zakyu Xig,.a8a 1rra

Ewoéva 3.3: Ewoveg SEM empdvetlog vavo-cOvBetov Barpitn - 0&ediov tov yodlkov

Mo tov mpocdiopiopd ™G YMUWKNG GVGTACNG TOL OEIYHOTOC, TpayHotomomonke
ototyetopetpikn avaivon (EDS). Onwg eaiveton and tig Ewdveg 3.4 (a,b) odhd ko
TOVG OVTIOTOOVG TIVOKES OVTAV, OVIYVELETOL ONUAVIIKY TOGOTNTO HETOAAOV.
YUVOMKA GE OAN TNV EMPAVELDL TOVL OEIYLOTOG TO TOGOOTO OVTO OV TOPOVGLALEL
Jdpopéc, ovumepaiveTar TGt OTL 1 dGTOPA NG OeVTEPNG Pdong Ppioketal og
KOVOTOmTIKO eminedo. Qot6G0, AOYy® TOL OTL 1 GTOLEOUETPIKY AVAALGN TOV
OLYKEKPILEVOL OPYAVOL OeV amoTeAEL ASIOMIGTO TOGOTIKO TAPAYOVTQ, ENXLXEPNONKE O

aKpPnG mocOTIKOG TPOGOIOPICUOS TOV HETAAAOL pe o péBodo  peyoldTepng
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akppeiag. ‘Evexa avtov, n obvvletn vavookdvn Pauitn - o&ediov Tov yodlkol vTésTt
ouvtnén pe Poactikd vepd (VIPOYAMPIKOD Kot VITptkov o&D g avaroyio 3:1) kot ot
OULVEYELD TPAYLOTOTTOMONKE TPOooTdOelor aviyveuone Tov YOAKOD WE Tr ¥PNoT NG
Atopikng amoppogpnong pe eroyo (AAS).To mocootd petdirov (Cu) mov mpoékvye

amo ) pnebodo avt avépyetor 6o 4.5%.

Element Weight %
(0] 36.58

Al 52.73

Cu 10.69
Totals 100.00

60pm ' Electron Image 1

Element Weight %
(0] 41.58

Al 51.03

Cu 7.39
Totals 100.00

10pm Electron Image 1

Ewoveg 3.4 : Ewoveg (a,b) ko mivakeg, atorygropetpikng avéivong (EDS) niektpovikod
UIKPOGKOTIOL GAPMCTG

I11.1.4 Amoteréopata Hiektpovikig Mikpookomiog Atepyopevng
Aé¢opng (TEM)

IMa ™ Aentopepéotepn TaPOTHPNON TOV SEYUATOV Y¥PNCLLOTOMONKE TO NAEKTPOVIKO
HKpookomo dtepyopevns déoung (TEM). And tig Ewoveg 3.5 (a,b) emPeforcdveron n
Topandved vrobeon (amd Vv mopotipnon tov ewkovov SEM) mepi mold pikpov
peyébovg mpwtoyevov couatdiov. Me ™ PBonbewa tov pukpocskomiov gvromilovton
TPOTOYEVN] cOUOTIOW TG TAENGS TV 5-20 NM evd dev TapPATNPEITAL GVGCOUATOON

petald ovtdv. Emiong, mapamnpeiton opoidpopern O106mopd Kot KATOVOU TOV
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COUATIOIMV TOV VAIKOV, EVEO QOIVETAL VA EIvol GUVOESEUEVAL UE EVOL SLAPOVO «PIALLY
t0 omoio avtiotolyel otnv Vmapén tov moAvpepovg (PEI) (Ewova 3.5a). Xe
ueyadvtepn peyébovon (Ewova 3.5b), dwapaivetar n cuvomapén d00 SapOpeETIKOV

OLOTATIKAOV 6T0 K0Be copaTiON0.

X

al'}

"ﬂ: jﬁaiﬂ‘;: ...%T

Ewéva 3.5: Ewovec Hhextpovikng Mikpookoniog Atepydpevng Aéounc (TEM) vavooivBetov
Boupitn-o&ediov Tov Yokkov

I11.2 Zxovn Pouptitn — 0EE1O10V TOV VIKEAIOV UE TNV A’ TEYVIKN
Topoy®YNS 6OVOETOL

I11.2.1 Amoteréopara Mepi®haong Aktivov X (XRD)

Y10 axorlovbo dudypappo paopatog MepiBlaong Axtivov - X (XRD), arswcovilovton
Ol YOPOKTINPIOTIKEG KOPVOES TOV TPOSPOU®V PAGE®V TV 0&ewdimv g aAoduvog
(Ewodva 3.6). Ztnv nepintwon avth eviomiomnke 1 @daon tov PBoupitn (JPDS 76-1871)
HE TG OVTIOTOUEG YOPAKTNPIOTIKEG KOopLveEc. OvTe oty Toapovoo mEPIMTOON
anetkoviCovtol YopoKTNPLOTIKEG KOPLPES 0EEDImY TOV HETAALOV (ViKEAIOV), YEYOVOS
oV amodideTan Kol AL TOGO GTO HKPO TOGOGTO OVTOV GTH UNTPO TOV GUVOETOL
VAMKOV 6€ GLVOLOAGUO e HEYEDOC COUATIOMY GTN VOVOKATLOKO OGO KOt GTO YOUNAO

Oplo aviyvevong Tov opydavov.
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Intensity (a.u)

+y-AlOOH 76-1871
T T T T T T T T T T T T

10 20 30 40 50 60 70 80
20

Ewova 3.6: Awdypappa tepibhoong Axtivov — X (XRD) tov deiypatog Baytitn pe tposdnkn o&ediov
TOL VIKEAMOV

II1.2.2Anoteréopato Pacpotookonios YrepvOpov pe
Meraoynuatiopé Fourier FT-IR

Amd 10 pAcpa ToV TPOKVTTEL AMO TN PUGLOTOCKOTIO VIEPHOPOL LLE LETATYNLATIOUO
Fourier (Ewova 3.7), Tapotnpodvol ol Topakite KOpLeg Kopueig ota: 3286 cm™,
2947 cm™, 2846 cm™, 1635 cm™, 1539 cm™, 1345cm™ kar 457cm™. Apyké 1
cupela kopueh ota 3286 cm™ avtiotoel oe extatucéc dovioelc petafd O-H, ot
KOPLEEG oV gp@avilovior otV TEPLOYN VTN TOV PAcuaTog glvar Evoelln Eviovng
brapéng vypaciog. B4 Ot kopueés ota 2947 cm™ kar 2846 cm™ avtisToyovv ot
AGOUUETPEG EKTATIKEG dOVIOELS pecaiag Evtaons Tv -CH; tov PELES#1 O kopugéc
ota 1635 cm™ ko 1539 cm™ cuvdéovtan pe v vroapén vepovd 6To VAIKO Kot o
CLYKEKPIUEVOL OVTIOTOYOLV G€ OOVNGES KApuwNG Tov popiov tov.® H vmapén
OPKETAOV KOPLP®DOV TOV GLVOEOVTOL LE TO KPLGTOAAKS vEPD elvar KATL OvVOLEVOLEVO
L0G Kol TO VAIKO Ogv €xel vrootel Kapio Oeppuikn emeepyacio. H o&ela kopven ota
1345 cm™, emdewvoer v dnapén NO3 B 1 onola opeiletar otV mpocOnikm TOV
VITpIKOU oAovpviov Katd tnv ovvleon tov vAkov. Téloc m wopven 457 cm*

OLVOEETOL LE TOV GYNUOATICUO Ponpitn Ko avtiotoryel otig ektatikég sovnoelg Al-O.

[35,38-39]
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Transmittance

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm'1)

Ewova 3.7: Awdypappa @acpatookonioc pe Metaoynuotiond Fourierdeiypatog Bopitn pe mpocOnkn
0&e1diov tov VikeAiov

I11.2.3 Amoteléopata NAEKTPOVIKIG HIKPOGKoTiag capmens (SEM)

And v mapatipnon tov Ewovov 3.8 (a,b) yivetar edkoro avtiAnmtog o Eviovog
Babpdc cVCOCOUATMONG TOV COUATIOIMY TOL VAIKOV. Xg 0Tl 0popd to pEyebog Tmv
copoTiny, ocvumepaiveTol TG Kvpoaivetor omv TaEn TV vavouétpov. [Ma
nepatépm e&étaomn (pe peyodvtepn axpifela) g HopPoAOYiog TV COUATIOIMV
Tpaypotonoleitor €T TOL LAMKOD HE TN ¥PNON MAEKTPOVIKOD MUIKPOCGKOTIOL

depyouevng déounc (TEM).

Z8kV X148, 088 1xm
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. - <
B:-CER E? 14 58 SELAM
: 4 i

d A arnd .

Ewéva 3.8: Euwoveg SEM empdvetlog vavo-covietov Parpitn - 0Eetdiov Tov vikeAiov

H mpdm extipmon g yMUKnAg 600TOGNS TOL JEIYLOTOC, TPOYUATOTOMONKE e T
otoyelopeTpikn avaivon (EDS). Amd tic ewdveg 3.9 (a,b) ko tovg avtictoyovg
TVOKES, TPOKVITEL TMOG TO TOGOGTO TOL AVIXVEVGLUOV HETAAAOV eV Egmepvd 10 3%,
®otéco 1M T ooty elvar gvdeiktikr]. To mocootd ovtd Oev mapovctalet
aloonueloteg S10popEG TN CLUVOMKN EMPAVELD, TOL OElYUATOG. ZVUTEPAIVETOL
AoV TO IKOVOTOMTIKO EMMEDO S106TOPAS TNG 0eVTEPNG Pdons. 26T6G0, AdY® TOV
OTL 1 GTOLYEIOUETPIKT] AVOAVCT] TOL GLYKEKPLUEVOL OpYAvoL dg cuvioTd adldmoTo
TOGOTIKO Topdyovia, emyelpnnke o okpPng TOGOTIKOG TPOGIOPIGHOS TOV
petdAlov pe por péBodo peyorvtepng axpifeiog. o to Adyo avtd, m ovvhe
vavookovn Powitn - 0&ewdiov tov vikeAiov vméotn ovvinén pe Poactukd vepod
(vV3poyrwpKOD vitpkoD 0&Emg 3:1) kat oTN cLVEYELX TPayHATOTOONKE TPOoTADELD
aviyvevong tov vikeAiov pe T ypNon ™G ATOMKNG amoppdPnong He QAOYQ
(AAS).To mocootd petddrov (Ni) mov mpoékvye and ™ nébodo avtn avépyetol o

TpELg TocooToieg povades (3%).

Element Weight %
(0] 58.89
Al 38.62
Ni 2.49
Totals 100.00

opm Electron Image 1



ANAIITYZH XYNGOETQN KEPAMIKON AAOYMINAY ME METAAAIKA EI'KAEIEMATA | 68

Element Weight %
o} 56.41
Al 42.03
Ni 1.56
Totals 100.00

Gpm Electron Image 1

Ewova 3.9: Ewdveg (a,b) kon mivakeg, otoryeloperpikig avéivong (EDS) niektpovikod pikpooskomion
chpwong

I11.2.4 Amoteréopato NAEKTPOVIKIG UIKPOGKOTIOG OL1EPYONEVIS
osoung (TEM)

2mv Ewova 3.10, Tapatnpdviog to TpOToyEVH COUATIOW VTOTILETOL LETAED QVTMV
pikp6g Babpodc cvoocopdtoons. To péyebog Tov copatidiov kopaivetot Hetadd 1 o
5 nm. O Jdwywpiopds tv o @eacewv dev eivar evkpwvne. Tlapatnpeiton

opotopopeio 0¢ TPog 1o PEyeBog aAAE Kot TO GYNLUO TV COUATIOIWV.

Ewova 3.10: Amotédecpa Hiextpoviknig Mikpookoniog Atepyopevng Aéoung (TEM) vavooivletov
Boupitn - 0&ediov Tov vikeriov
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I11.3 Xxévn Mrayepitn — 0Egdiov Tov yaAkol pe ) B’ Tervikn
Topoy®YNS GOVOETOL

I11.3.1 Anoteréopata IepiOlaong Aktivov X (XRD)

Ymv Ewoéva 3.11, mapovoidletor to daypdupa eacpotog Iepibraong Axtivov-X
(XRD) pe Tig YO0pOKTNPIOTIKEG KOPVOEG TOV TPOSPOUDY PAGEDV TV 0EESImV NG
arovpvag. Ommg gaiveTat Kot amd TV E1KOVO 6TO TOPUKATO Pdoua, eviomilovtal ot
eaoelg tov pmayepitn (JPDS 20-0011), tov yvyitn (JPDS 33-0018) aAld kot tov
vitpkov GAatog tov yaAkol (JPDS 77-0148). Onwc avaepépbnke Kot mponyovueva, 1
un Ymapén KopLEOV TOL AVTICTOLYOVV GE KAMOl £VMOOT TOL YUAKOL LIO HOPON
o&ediov, oto Pdoua Tov aktivov X umopel vo amodobel 1060 610 UIKPO TOCOGTO
TOV UETAAAOL TOL KOOIGTA TNV aviyveLon Tov OVGKOAT, 6€ GLVOVAGUO UE TO TOAD

pkpd péyefog TV KPLGTAAMTAOV GTN VOVOKALOKAL.

* AI(OH), Bayerite JCPDS 00-020-0011

+ Gibbsite JCPDS 00-033-0018
- Copper Nitrate JCPDS 000-77-0148

Intensity (a.u)

10 20 30 40 50 60 70 80
20

Ewova 3.11: Adypoppo nepifracng Axtivwv — X (XRD) tov deiypatog umayepitn pe tpocsdikn
o&ediov Tov yaAKoh



ANAIITYZH XYNGOETQN KEPAMIKON AAOYMINAY ME METAAAIKA EI'KAEIEMATA | 70

II1.3.2 Anoteréopata Pacpatrockomiog YaepvOpov pe
Meraoynuatiopé Fourier FT-IR

210 @AGUHO OV TPOKLATEL OO TN POCUATOCKOTIO VIEPVOPOV LE HETACYNUATIOUO
Fourier (Ewova 3.12) mapatnpovvial ot Topakdt® KOpleg Kopueéc ota: 3654 cm™,
3545 cm™, 3416 cm™, 2987 cm™, 1600 cm™, 1333 cm™, 1017 cm kot 449 cm™. O1
KOPLOES ot 3654 cm?, 3545 cm™, 3416 cm™ OVTIOTOYOVV GE EKTUTIKEG OOVIOELG
petald O-H, ot kopueég mov gppavifovtol otnv TEPOY VT TOL PACUATOS Eivat
évoelln évtovng vmapéng vypaciog oAAd Kot KpuotaAdikol vepov. B4 H kopoen
ota 2987 cm™ avtiotolyel oe extatikég dovhoelg -CH, to omolo cuvvdéetar pe 1o
noAvpepég PEL B4 H kopven ota 1600 cm™ cuvdéetan pe v vapén vepov 6To
VMKO KoL TO GUYKEKPIUEVA OVTIGTOLYOVV GE dOVNGELS KAUWYNG TV Hopiov tov.* H
Omapén APKETOV KOPLOEOV TTOL GLVOEOVTOL HE TO KPLOTUAMKO vepPO givor KaTl
OVOUEVOIEVO OG Kol TO VAIKO Ogv €xel vmootel kapio Oepuukr) enefepyocio. H
kopueny oto. 1333 cm™ avtiotoyel oe NO3 1o omoio epgaviCoviar Adym tng
TPOocONKNG ToLv VITPIKOD aAOLUIVIOL KaTd TNV 6VvOeon Tov VAIKoV.BTH kopven ota
1017 cm™ avriotouei o extatikéc Sovioei tov O-H kot Al=0 mov cuvdfovton pe T
eoon g untpac.? Téhog m wxopven ota 449 cm™ OVTIOTO(EL OTIG EKTOTIKEG

dovnoeig AI-O. #3389

L Bending vibration of HZO molecules
[3)
c OH vibration of the water molecules
g T
£ }
2 O-H stretching vibration
©
S
-
Al-O vibration —=
T T T T T T
4000 3000 2000 1000

Wavenumbers (cm™)

Ewova 3.12: Mdypoppo Pocpotoskomniog e Metooynuaticpd Fourier prayepitn pe tposdnkn o&gidiov tov
YOAKOD
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I11.3.3 Amoteléopata NAEKTPOVIKIG MIKPOGKoTiag capmens (SEM)
[Mapampovtag 1 Ewodveg 3.13 (a,b) mov eqebnoov amnd 10 mhektpovikod

Hkpookono capwong (SEM), moapoatmpeitoar 011 10 6vvOeto VAIKO pe T dgdTEpN
TEYVIKN o0VOeoNG, Topovotdlel eviovotepo PobUd CLGCOUATOONG GE GUYKPIOT UE
MV TPAOTN TEYVIKY Yo TO {010 peTaAloidv. e O,TL agopd oTn Hopeoroyia TwV
ocopoTdioV Tov dev gival epktd va e&oybel kdmota a&omoT TANpoPopiar AdY® TOV
oA LKpo¥ PeYEBOVG AVTAOV, TO 0TOT0 KLHOIVETOL 6TV KAILOKO TOV VOVOUETPOV.

Mo to Adyo ovtd, OTN GLVEXEW TO VLAMKO TOPOTNPEITOL HE TO MAEKTPOVIKO
pikpookomo  depyopevng oéoung (TEM) vy mo  Aemtopepn Kot aGQOAN

GLUTEPACLLOTOL.

COLU X108, 058

Ewéva 3.13: Ewdoveg SEM gmodveiag vavo-cdvhetov pmayepitn - o&etdiov Tov yoAkon

Onwg eoaivetar amd T1¢ ewkovee 3.14 (a,b) oAl kot TOVG AVTIOTOLYOVE THVOKES TOV
eMoebnoav and ™ otoryeopetpikny avdivon (EDS), to viko mepiéyel ofgidia tov
yaAkov. T mopaderypa oty Ewdva 3.14b 10 1060616 10U 0viyvedopov petdiiov
ayyiCer onuelakd 1o 17%. ITBavév oe oot v mepimtwon n avdivorn £xet
emkevipmbel katd kHp1o Loyo oe couatidro 0&ediov Tov yaAkov (Cu). Zvykpirikd pe
To. JOKipo Tov TEPEXOV VIKEAD, OTNV TEPIMTM®ON OLTH O YOAKOS gival o

evdlakptog o€ O Vv emedveln. tov vVAkov. Mo v eaywyn tov akpyPoic
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TOGOGTOV YOAKOV GTO LMKO, TPOYUOTOTOONKE HETPNOT aVTOD UE TN XPNON NG
Atopukng amoppogpnong pe eAdyo (AAS), apod Tponyovpévmg 1 cOVOETN VOvooKOv
pmayepitn - 0&e1dionv Tov YoAKOL VIEGTN cvVTNEN HE TN ¥pNom Paciiikov vepov. To

1060670 TOL Yahkov (Cu) mov mpoikvuye and T péBodo avtn avépyetot oto 4%.

Element | Weight %

Al 25.92
Cu 31.49
(0] 42.59

Totals 100.00

sum ' Electron Image 1

Element Weight %
Al 37.01

Cu 14.45

O 48.54
Totals 100.00

Bum Electron image 1

Ewova 3.14: Ewoveg (a,b) kot mivaxeg, otorygiopetpikig avaivong (EDS) niextpovikon
UIKPOGKOTIOL GAPMANG

I11.3.4 AmoteAéopato NAEKTPOVIKIG LIKPOGKOTIOG OLEPYONEVIS
osoung (TEM)

Amo v mopatnpnon g Ewkdvag 3.15 mov eAedn and to nAekTtpovikd HiKpooKOTo
otepyduevng oéoung, emPePordveror To TOAD KPO pHEYEBOC TOV TPOTOYEVDV
copotdiov to omoio kvpaivetar and 1 émg 10 NM Kot T0 GEAPIKO GYNLLO QVTMV.
[Mopovcidletar emiong moAD koA Oomopd TV VO GACEMV KOl OULOLOHOp@io

KOTOVOUNG OVTMV.
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- )

Ewoéva 3.15: Anotéheopa Hiektpovikng Mikpookomiag Atepyouevng Aéoung (TEM) vavocihvBetou
prayepitn - o&gldiov Tov oA

I11.4 Xxovn Mrayepitn — o&ediov Tov vikehiov pe ) B’ teyvikn
Topay®yNG 6OVOETOV

111.4.1 Amoteréoparta [Mepi®laong Aktivov X (XRD)

Y10 mopokato @dopo  Ilepibraong Axtivev - X (XRD) (Ewodva 3.16),
TAPOLGLALOVTOL Ol YOPUKTNPIOTIKEG KOPLPES TOV TPOSPOU®V PAcE®V TV 0&edimv
™m¢ alobuvag. Xvykekpiuéva, gvtomiomnke umoyepitng (JPDS 00-020-0011) pe tig
AVTIOTOLEG YOPOAKTNPIOTIKEG KOPLPES. QoTOC0, dev eu@ovIilovTal YOPaKTNPIOTIKEG
KOPLEPEG 0&E1®MV TOL YOoAK0D, YEYOVOS TOV TOAVOTATO OPEIAETOL GTO LIKPO TOGOGTO
TOV UETAAAOVL €VTOG NG UNTPOS TOL GUVOETOL VAIKOV, 6T0 TOAD pikpd péyebog tmv

KPUOTOAMT®V, 0AAG KOl GTO YOUNAO OPLO aViYVEVGNC TOV OPYAVO.
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Intensity (a.u.)

* Bayerite JCPDS 00-020-0011
T T T T T T T

20 40 60 80
20

Ewova 3.16: Adypappo nepibraong Axtivmv — X (XRD) tov deiypotog prayepitn pe mpocOnkn
o&ediov Tov vikehiov

I11.4.2 Anoteréopata Pacparockomiog YaepvOpov pe
Meraoynuatiopé Fourier FT-IR

ATd T0 Qdoua TG POoUATOCKOTIOG VITtEPVOpoL pe petacynuaticpd Fourier (Ewodva
3.17), mpokhITovy ot £ERG KOPLEG Kopupéc: 3653 cm™, 3545 cm™, 3415 cm™, 2844
Cm'l, 1341 Cm'l, 972 cm'1,713 Cm'l, 454 ¢cm™ kar 418 cm™. Ot KOPLOEC ota 3653
cm?, 3545 cm™, 3415 cm™ avnictorovv o extaticéc Sovioelg petatd O-H, ot
KOPLOES TOV gRPavilovTal GTNV TTEPLOYN OVTN TOL QAGLATOG ivon EVOEEN £viovng
Ormapéng vypoaoioag 0ALG kot KpuoToAlikod vepod.B=%4 H kopuer ota 2844 cm™
avtiotoyyel o€ extatikég dovnoels -CH; 1o omolo cuvdéeton pe to molvpuepéc PEL B¢
¥4 H YmopéEn apkeET®V KOPLO®OV TOV GLVOEOVTOL IE TO KPLGTAAMKO vEPO elvar KATL
aVOUEVOUEVO l0G Kot TO VAKO Ogv €xel vmootel kopio Bepuikn emelepyosio. H
kopueny ota 1341 cm™ avtictoyel oe NO3 ta omoia epgavifoviar Adyo NG
TPOoGONKNG TOL VITPIKOD aAoLUIVIOL KaTd TNV 6VvOeon Tov LAKOV.FTH kopven ota
713 cm™ avtiotoyel oe deopotg Soviicemv ofedinv Tov petiAhmv.F H kopuen ota
972 cm™ avtictoyel oe extatikéc Sovioelc Tov OH kot Al=0 mov cuvdéovtat pe T
@ovon g untpoc. Téhog 01 kopveég ota 454 cm™ kou 418 cm™ avTIGTOLYO0VV OTIC

extatikég dovroeilg Al-O. %%
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Ewova 3.17: Awypappo FT-IRSelypatog pmayepitn pe mpocOnkn o&ediov tov vikeAiov

111.4.3 Amoteléopata NAEKTPOVIKIG MIKPOGKoTias capmens (SEM)

[Mapampodvtag 1ic Ewdveg 3.18 (a,b) mov elnebncov omd 10 MAEKTPOVIKO
Hkpookomo capwong (SEM), mapatnpeitar 61t 10 obhvheto vAIKO pe ™ devTEPN
TeYVIKN obvBeonc, mapovcialel évtovo Pabud cvoowpdtoong. Ocov apopd ot
pHopeoroyio TV copatdiov tov dev eivor epiktd va efaybel kdmowo admo
TANpoeopia Ady®m Tov oAV HiKpoV peyébovg avtdv, To omoio mpocsdlopileTar otV
KAMpoka Tov vavopétpov. I'a 1o Adyo autd, 61N cuvéyeln 10 VAKO Tapatnpeitan pe
T0 MAeKTpOVIKO pkpookdmio Oiepyduevng déoung (TEM) vy mo Aemtopepn ko

AGQPUAT) CUUTEPACLLATOL.

j 161;&) x18. aga S iTm 16 S8 SEI
- £ e
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X3, 686 Z M 16 S8 SEI

Ewova 3.18: Ewoveg (a ko b) SEM gmedveiog vovo-covOetov purayepitn - o&gdiov tov vikediov

Onwg gaiveton and T1g €woveg 3.19 (a,b) aldd kot Tovg avtictoyovs mivakeg, TOLv
eMjedncav and T otoyeopeTpikn avdivon (EDS), ywo tov mpocdlopiopd g
YNUIKNG GUOTOCNG TOL OElylOTOg, OviVEDETOL OTMUOVTIKY TOGOTNTO UETOAAOL.
Qo1660, AOY® TOL OTL 1| GTOWXEWOUETPIKT] AVAALGN TOV GLYKEKPLLEVOL OPYAVOL OEV
amotelel aOMOTO TOGOTIKO  TAPAYOVTO, ETMXEPNONKE O aKPIPNS TOCOTIKOC
TPOGOOPIGHOG TOV PETAAAOV pe pia péBodo peyarvtepng akpipeiog. ‘Etot, 1 ouvlem
vavooKkovn pmayepitn - ofewdiov tov vikediov vméotn ovvinén pe PactAikd vepd
(VOpoYAWPUOD ViTpKoD 0&E0g 3:1) Kot ot GLVEKELD TTparyaToTo|OnKe TpoomdOeia
aviyVevomg Tov YOAKOL HE TN XpNon e ATopkng amoppdenong pe eroya (AAS).To

10600to petdArov (Ni) mov tpoékvye amd ™ uébodo avtn avépyetat oto 2.5%.

Element Weight %
0 71.23
Al 26.74
Ni 2.03
Totals 100.00

10pm ' Electron Image 1
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Element Weight %
0o 52.55
Al 37.93
Cl 4.62

Ni 4.90
Totals 100.00

10pm ' Electron Image 1

Ewcova 3.19: Ewoveg (a kot b) mivaxeg - Amotédeopa onpetakic otoryslopetpikng avaivong (EDS)

111.4.4 AroteréopaTo NAEKTPOVIKIS MIKPOGKOTIOG OLEPYONEVIS
oéoung (TEM)

Amd v mopatipnon v Ewdvev 3.20 (a,b) mov emebn oamd 10 mAektpovikd
HIKPOOKOTIO  OtepyOpevng oéouns, ooaivetoar 6tt 10 pEYEDOC TOV TPOTOYEVAOV
copotdiov dev Eemepvd ta 10 NM evd to oyfua tovg eivar oeapikd. To ddpovo
QUL 10 omoio @aivetor va  ovykpotel To coUOTIOW  aviioTowEl  G6TO

VIEPSKAASIGHEVO TOAVpEPEG TNG ToAvatBvAeviuivig (PEI).

T

R —
20nm
4 523 HRP

Ewcova 3.20: Ewoveg (a kot b), anotéheopa Hiektpovikiic Mikpookomiog Atepyopevng Aéopng
(TEM) vavoobhvBetov pumayepitn - 0£€1diov Tov vikeriov
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XYMIIEPAXMATA

v mopodco SWAMUOTIKY €pyacia, Tpoaypatomomdnke oOvOeon vovokoOvemv
Boupitn/pmayepit pe eykieiopoata o&ediov tov yaAkob / o&ewdiov tov vikeliov. [
TNV TOPACKELT OLTOV, EQUPUOCTNKOV OVO0 OlUPOPETIKEG TEYVIKEG, Ol OmMOleg
ompilovion og po vPpdkn péBodo Sol-Gel pe ™ gpron Tov VIEPIAKAASIGUEVOL
nolvpepovg g tolvatbvievipivng (PEI) to omoio dpa katevHbvovtag v mupniveon
Aertovpymvtag TopdAAnAa Kot o¢ dtactopéas. [a v evioyvon g dtuomopds Kot
TOV  KOADTEPO €AEYXO  TOL  QOIVOUEVOL TNG GLGCOUATMONG TV  KOKK®V
xpnowonomdnke eniong, g dtuomopéas, moAvpedakpulikd appmdvio pe péco MB
10000, mov @épet v gumopikn) ovopacsio DARVAN C. To {ntoduevo amotélecua
Nrav 1 dnpovpyios KOVE®V OmOTEAOVUEVOV OO cmpatiow pe péyebog otnv Taén tv
VOVOUETPOV e OUOOHOPOT doomopd Tov 0V0 @AcE®Y Kol 0G0 TO OLVOTOV

YoNAOTEPO PaBLO CLGGOUATOCTC.

A Vv avdivon TV amotelecUATOV oL EAEONCAY AT TV £E£TOCT] TOV TEMK®OV
kovewv pe oktiveg X (XRD) dev mpokdntouv o610 StoypaULOTO OPOKTPLOTIKES
KOpPLEEG 0Ee1diov PETAAAOV, EveKa TOV UIKPOD TOGOGTOV 0LTOD £VTOG TOV VAIKOV, TO
omoio 0 duvator vo oviyvevBel amd to Gpyavo AOY® TOVL UEYAAVTEPOL OPiovL
aviyvevong oavtoh o€ cLVOLAGUO He TO TOAD HIKPO péyebog copatdiov o
vavokAipako. Avtiotolyo amd To OTOTEAEGLOTO TG POCUAOTOCKOTI0G LIEPVOpOL LE
uetaoynuotiopd Fourier (FT-IR) opoimg dev mpokdTTTOUY SOVNGELS TOV AVTIGTOL{ODV

o€ 0e0UOVG IE HETAALO, AOY® adVVOING OViXVELONC TOV OPYAVOUL.

IMa ™ okdvn Popitn — 0&gwdiov Tov YOAKOV, TOL TOPNYOINKE LE TNV TPOTN TEYVIKN, M
avalvon pe MAEKTpoVIKY pikpookomio capwong (SEM) £deiée mold pkpd Pabuod
GLGGOUATOONG, YEYOVOS TOV AMOTEAEL TNV OPYIKT EMOIOEN. ATO TN GTOLYEIOUETPIKN
avaivorn (EDS) mpokidmter koAn dSwocmopd Tov 000 (QACE®MV, EVM OVIYVEDETOL
ONUOVTIKY] TOCOTNTO HETOAAOVL YEYOVOG TOL  £PYETOL GE GLUEOVIOL UE TO
amoteAéopoto TG Atopukng Amoppogpnong pe ®Aoya (AAS), 6mov aviyvedetor Cu og
1060010 4.5% K.p. . Ta amoteAéopaTo TOL NAEKTPOVIKOD UIKPOGKOTIOL SLEPYOUEVS
déoung (TEM) deiyvovv emiong koA dtaomopd, amovsio. cuecopdT®ong kot péyebog

oOUATIOIOV KLpovOpeEVo amd 5 €wg 20 nm.

AvtiBétmg, amd Ta amOTEAEGLOTA TNG NAEKTPOVIKNG UIKPOGKOTIOG GAPMONG Yo T

okévn umayepitn - o&ewiov 1oL YoAK0D, Tmoapaybeico pe T OgvTEPN TEYVIKY,
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TPOKLATEL £VTOVOG PaOUOG GLCCOUATMOONG CLYKPITIKA LE TNV OVTIGTOYN GKOVI TNG
npotg TeYVIKNG. [lapovosialetar opoimg kaAn odacmopd Tov 0Vo ¢dcewv. Ta
amoteAéopoto ™G Atopkng Amoppoéenong pe dAoya (AAS) amodeikvdovv Tnv
omapEn Cu og mocootd ¢ thEemg Tov 4% K.B., EAAPPOS KPHTEPO TOV TOGOGTOV
mov aviyvevdnke otnv mponyoduevne okovr. Téhog, amd v eE€taom UE TO
HIKPOGKOTIO dlepYOUEVNG OECUNG TPOKVTTEL KAAT OLOGTTOPA PAGEMV KOl OLOLOLOPPIn

KOTOVOUNG oVTOV e copatidwn peyédovg amd 1 éog 10 Nm ceatpikod GyqUaTog.

H oxovn Poipitm — o&ediov Tov ViKEAIOL pHe TNV TPAOTN TE(VIKY] TOPOUCKELNG,
Tapovotldlel, PACEL TOV OMOTEAEGUATOV TNG NMAEKTPOVIKNG UIKPOOGKOTING GAPOONG
cONOTiO PEYEBOVG UEPIKADOV VOVOUETPOV, GYETIKOG cuoompatopéva. EppaviCeto
OUOOHOPPN SloToPd TV V0 EACE®V Kol om0 TNV €EETOCT LE TNV TEYVIKY TNG
Atopikng Amoppdéenong pe Proya (AAS) mpokvmtel mocootd Ni 3% k.f. Anod v
e&étaon tov OelyHaTOg UE TO UIKPOGKOTIO JEPYOUEVNS déoung emPefatdveTar to
péyebog v coOUATIOIOV 6TV TAEN TOV VOVOUETPOV, TO 0010 £ivol OLOIOHOPPO Kot

npoodopiletar and 1 g 5 nm. Téhog mapovcldleTal GLGCOUATOCT UIKPOV PBaOLOV.

Ta amoteAéopato TG NAEKTPOVIKNG UIKPOGKOTIOG GAPMONG TG 6KOVNG Umayepitn —
0&e1diov Tov VIKEAOV pE TN deVTEPN TEXVIKN TOPACKELNG, OEIYVOUYV GLOCOUATMOT)
évtovov Pabuod. To péyebog tov copatdiov exTindTor 6E PEPIKA VAVOUETPA, O
KPS TPOGIOPIGHOG TOV OTTOTOL YiveTal Amd TO UIKPOGKOTO SEPXOUEVNS OEGUNG,
a6 1o omoio mpokvmTEl TG dev Eemepvd To. 10 NM, evd TopdAinia yopaktmpiloviot
o¢ oceapwkol oynuatos. H eE€taon pe v teyvikn g Atopikng Amoppoenong e
DdLOoyo (AAS) amodewkviel v vmopén petahiov (Ni) oe mocootd 2.5% «.B.,

LIKPOTEPO GE GYEDN LE TNV AVTIGTOLYN GKOVI TOL PN YO LE TNV TPADTN TEYVIKT].

Aopupavovtag vroéyy To OmMOTEAECUOTO Y10, TOV TPOGOIOPIGUO TNG (PUOTKOYNUKNG
JOUNG TOV TEAKMV VOVOKOVEDV Kot GLYKPIVOVTAG Ta, cupmepaiveTal Tmg 1 embount
dopn| 6To TEAMKO cUVOETO VAIKO, EMLTLYYAVETOL LLE TNV EPOPLOYN TNG TPATNG TEXVIKNG.
Me Vv epopuoyr avtig, EMTLYYAVETOL TEMKO G0OVOETO VLAIKO pukpol Pabupov
OVCOMUATOONG, UE CNUOVTIKY] TOGOHTNTO TPOCSPOPNUEVOD UETAAAOV, OHOOLOPONG

JOTOPAG KOl KOTAVOUNG PAGE®V, ATOTEAOVUEVO OO GMUATIONW GTT) VAVOKAILOKA.
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HPOTAXEIX I'TA MEAAONTIKH EPEYNA

[Mepoartépw Siepedivnon NG CLUTEPLPOPES TOV TOPUYOEVIOV VOVOKOVEDY 0(POV
VTOGTOVV LOPQOTOINCT|, LE EQAPLOYN HOVOOEOVIKNG GULUTIEONC KOl €V GuveXEin
16000V 68 cLVONKeg Eynong 0mov AauPdvel n ydpa 1| TLPOcLocOUAT®oN (Sintering)
Kot ) avénon tov peyéboug tmwv kokkwv (grain growth). Avauévetar dotripnon tov
pey€ébovg tng KokkopeTpiog otn vavokAipoko, Ady®m Tov pebddwv cvvbeong mov

&xovv ypnoiponombei Kot Tov pikpov Pabod cuGEOUATMOONS TOV.
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