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MEIPAMA 3°

To épyo NANOCAPILLARY uvAonoiribnke and to TEI AvatoAiknc Makedoviag &
Opdkn¢ o ouvepyaoia pe 10 EKEDPE «Anuokpitog» oAAa kat 1o TEI KpAtng,
€XOVTOC TOUTOXPOVA OTEVI) CLVEPYOOIO PE EPELVNTEC OO TO OKOAOLBA 1dpLUATA TOU
e&wtepikoL: University of Oxford, University of Antwerp, French National Centre for
Scientific Research (CNRS), University of Alicante kot pe tv etaipeia JJ X-Ray
Danish Science Design. AVTIKEIUEVO TOU LTIOEPYOL LTINPEE N TApAywYr] KATAAANAOU,
¢EUTIVOL Kol QPIAIKOD OTO XPAOTN, Aoyiopikod [NANOCAPILLARY®] yia tn pEAETN
NG QUVOMIKNC CUUTEPIPOPAC TWV PEVCTWVY GTO VAVOXWPO KOBWE KOl N TMEIPOUATIKI)
HEAETN TN TPOCPOPNCNG ATHWY 0 PECOTIOPWAEC UAIKO UTIO OTOTIKEG OAAA Kal UTO
dUVAUIKEG oLVONKEC. Me xprion dnAadr) aTaBePOL deiypaToC AAAG Kal €X0OVTOC TO LTIO
e&€taaon deiypa LTO MEPIOTPOPIKI Kivnan.

MeTd v emituxf mpaypotonoinon touv 1% kat 2* melpduatog, ATOL TV €M TOTOU
npoopoenan CH,Br; Kal 0KEdAON aKTiVWV—X 0€ JIKPEG YwVieg TO00 0 HECOTOPWON
varo Vycor® 7930 600 Kal G€ VvavodopNpEVa HECOTOP®ON VAIKG Tupitiog (SBA-15
& MCM-41) n €peuVNTIKA OUAdA EMIKEVIPWONKE 0NV mpayupatonoinon touv 3%
TEIPAPOTOC, CUPEWVA YE TNV TIEPLYPOPT) LAOTIOINGNAE TOU £T01 OTWC TEPIYPAPETAIL OTO
EYKEKPIUEVO T.A. TOL LTIOEPYOU.

MMa ™ mpayuatomnoinan tou 3%  MEIPAUOTOg, XPNOILOTOINBNKE TO E18IKO KEA TO
onoio Ba d106ETel oLOTNUO  BePUOOTATNONC-YOENC, duVATOTNTO  EAEYXOMEVNG
TEPIOTPOPNC TOU TUNMUOTOC Omou Ppioketal To LMo €€étacn Ociyya KoBwg Kal
OMOAUTN OTEYOVOTNTO OO TO MEPIBAAAOV UTIAPEE O TIPWTOC OTOXOG, OMWE Kot 0To 2°
neipopa. Metd v BeATioTONoIiNoN TNG KATAOKEUNG, Ol OTMOIEC Kal TEPIYPAPOVTOL
OTNV OXETIKN €KBEON ava@opdg «Avagopd Aptatomoinang Mepiotpe@duevou Kelou,

XPNOIUOTOIBNKE TO OKOAOUBO TIEPIYPAPAEVO KEAI.

MEPIZTPE®OMENO KEAI - ATTIOTEAEZMATATIEIPMATAQN
To TPWTOTUTIO KEAL TO OTIOIO Kl XPNOIUOTOINONKE yio TNV TPAYUATOTOINGn Twv in-

Situ TEIPAPATWY POPNONG KOl HIKPOYWVIAKNC OKEDAONC aKTivwv—X amikovileTal atnv

EZHA

-_—_-

Ei( I'IAIﬂE‘I'IH I{AI ﬁIA BIOY F.-'IAEHEH

YNOYPTEID NAIAEIAL KAl BPHEKEYMATON
Eupuwmaikr Evwon EIAIKH YNMHPEEIA AIAXEIPIEHE

: ; byt Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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€lkova 1. To KeAi eival KOTOOKELOOMEVO €€ OAOKANPOU QMO OAOULUIVIO, OIOBETEL
KivnTipa HE dUVOTOTNTA TEPIOTPOPNC TOU TPOCUPMOCHEVOL KUAIVOPIKOU XWPEOU
eloaywyng tou deiypotog €wg Kal ~5000 OTPOPWV/AETTO Kol TAUTOXPOVO dIOBETEL
KAEIOTO KUKAWO KUKAOQOPIOG PEVATOU IO TOV OKPIPN EAeyX0 TNE BEppoKpaaiog o
TOU deiypaToc.

Eikova 1. MepioTpe@OEVO KEAI yia in-situ TEIPAPATO TTPOTPOPNANG KOl 0KESOONG OKTIVWV—X OF PIKPEC
YWVIEC.

Ta TAEOVEKTAUATA TOU VEOU TIEPICTPEPOPEVOU KEAIOD, OTIWC AUTO TPOEKVYE KATA TNV

dladikaagia tng aplatomnoinong gival T €ENC:

EMNIXEIPHEIAKO NMPOTPAMMA
EKTAIAEYEH KAl AIA BIOY MAGHEH EZ"A
EUDT 2013
'1.'-"—',|:|-r-r'r
YNOYPTEID MAIBEIAL KAl BPHIKEYMATON  EvPonalkio HOsasms TAMED
E“Pmﬂﬂ““’l'ﬁ EIAIKH YNHPEEIA AIAXEIPIEHE

Eupuuimsing Honsanms Tapeio

Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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1. OAn n diadikacia TOU TEIPAPOTOC PpiokeTal MAEOV PECH OTO XWPO TOU
BaAduou okédaonc. H emitevén autol Tou OTOXOU KOAUTITEL TNV QVAYKN Yid
Omapén ouvBnkKwv Kevou 0TV TEPIOXT YUPW OMO QUTH TOU HEAETOUHEVOL
deiypartog.

2. To KeAi gival 1d1aitepa HIKPO Kot EAAQPU PE OTIOTEAECHO O XEIPIOUOC TOU Kl
N €yKATAGTOOT) TOU €VTOC TOU BOAGMOU OKEDOONE VO EivOl AGQOANC Kol XWwPi¢
1010iTEPEC OUTKOAIEC.

3. 'Exel mpoaTedei KAEIOTO KUKAWUO VEPOU GTO XWPO METAd0ONC TNC Kivnang €101
WOTE VA PNV EMNPEAZETOL 0 XWPOC TOU TEIPAUATOC amd v BepPoKpaaia Tou
Ba aveBadel o Kivntrpac.

4. 'Exel mpooTedei KAEIOTO KUKAWUO VEPOU OTO KEAL TTOL dlevepyeital n pétpnon
UE OKOTO TNV O10TrPNaoN TN¢ BEPUOKPOTIag OTOV XWPO TOU TMEIPAPATOC YIO TNV
dlevépyela melpapdtwv o€ aTobepr) Bepuokpaaia.

5. 'EXouv MEIWBEL N amooTAOCEIC KOl TO KIVOUPEVA HEPN METAEL KivnTHPO KOl
OEIYUATOQOPEN €TCL WOTE VA UTIAPXOUV OGOV TO dLVATOTEPWV AlyOTEPOL

KPOOOOOi.

2TOV TivoKa 1 Kataypa@ovtal KATOIEG METOBANTEG AEITOUPYIOG TOU KEAIOU Ol OTIOIEC
avo@EPOVTOL OTIC OLVONKEC OMOUL EAEPAV XWPO TO TEIPAPOTO TEPICTPOPNS, Kal
EMITOTOV PIKPOYWVIAKNC OKEdAONC OKTivwv—X. H Tax\uTNnTa MEPIOTPOPNC RTOV 282.6
rad/s ) 2700 rpm.

© 36x10°  365x10° 2826
Mivakog 1. Mst)\nTec Aeitoupyiag Tou meploTpePdevoL KeAloL (RPB: Rotated Packed Bed).

AKOA0VOWC TapouatalovTal GACUATO HIKPOYWVIOKIC OKEAOONCG AKTIVWV—X:
1. ZnAl-TiO,

2. (Cu+Zn)( Al - TiOy)
3. TiO, Seeds

4. (Cu+Zn)/(Fe+Ti)( TiO,)
5. ZnsAl

ENIXEIPH MPO
EKI'lﬂLIﬂE'I'IH Kﬁd LI‘LIA BIOY MAHHEH '—-": Ez nA

L .l[ "l /' ":
= T
YNOYPTEID MAIBEIAT KAl BPHEKEYMATON  EvPonaiio nomasmo TAN:
Eumuiuniwsq EIAIKH YNHPEELIA AIAXEIPIEHE
Eupaumisind Konanmd Tapsio

Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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© o N o

Eupmnuml‘; ‘Evwan

Eupuuimsing Honsanms Tapeio

ZnsFe
(Cu+zZn)/Fe-TiO,
(Cu+Zn)/(Fe+Ti)
Zn(Fe+Ti)

. Zn/(Fe+Ti)- TiO,
. (Cu+zn)/Fe

. (Cu+zn)/Al

. ZnsFe- TiO,

. NH,4F (3.7ml)

. HF (0.6ml)

. HF (2.0 ml)

. NH4F (2.2ml)

. NaF (33ml)

. NaF (20ml)

EIAIKH

ENIXEIPHEIAKO TIF

111 'ln'\: Llri

YNOYPTEID MAIAEIATL KAl BPHEKEYMATON
YMHPEEIA AIAXEIPIEHE

Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang

EKTAIAEYZH KAI ALA BIG“I’ MAGHEH ﬁ EZ"A
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Mo v ene€epyaaia Twv QUOPATWY XPNOILOTOINBNKE TO AOYIOUIKO TIOKETO Saxsguli
ge ouvepyaaoia pe 1o TEPIBAAAOY avdAuong 6edopévwy Tou MATLAB. Ta oXETIKA

EMNIXEIPHEIAKO NMPOTPAMMA ;
AEVEN =EL[A
B ooeniuomien ZEHIA
EES] oo i o vty

YNOYPTEID MAIBEIAL KAl BPHIKEYMATON  EvPonalkio HOsasms TAMED

vpunalxiEvwoy EIAIKH YMHPEEIA AIAXEIPIEHE

E
Eupaurmising Konamm Tajgio
Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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@AOUOTA Y1 TIC HEAETOUPEVEC KATACTACEIC IOV TTOPOLGCIALOVTOL GTO SIAYPOUMUO WG

Log(l) vs Log(q).

Me v xprion Twv daypappdtwv Porod (g*AI(g) vs. Q* n otabepd background B Kat
n otaBepd K, umoAoyiotnkav. MpolnoBean yia Toug LTOAOYIoHOUG Eival N KAion 0To
didypaupa Porod va givat -4.

1T:00E+0+F

- T.O0E+03
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egiy—gS2
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==K S4

—m— S5
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——K SO
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E+00 S 1 1
KS12
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KS14

KS15

MNa v efoywyn 0QAAQV EMIOTNUOVIKWV CUUTIEPOOUATWY Kol yia Tov 0pBOTEPO

QUOIKOXNMIKO XOPOKTNPIOUO XPNOIPOTONONKOV Kal GAAEC TEXVIKEC XAPAKTNPIGUOU, OMWC

EMNIXEIPHEIAKO NMPOTPAMMA

EKTAIAEYEH KAl AIA BIOY MAGHEH EZ"A
EUDT 2013

'1.'-"—',|:|-r-r'r

YNOYPTEID MAIBEIAL KAl BPHIKEYMATON  EvPonalkio HOsasms TAMED

E“Pmﬂﬂ““’l'ﬁ EIAIKH YNHPEEIA AIAXEIPIEHE

Eupaurmising Konamm Tajgio
Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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TopoolueTpio adwtou Kot mepiBAaon aktivwv — X. EVOEIKTIKA Topouaialovtal KAmolo

(QACHOTA TWV LAIKWV TIOU PEAETNONKOV.
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EMNIXEIPHEIAKO NMPOTPAMMA ) EZ"A
EKTIAIAEYEH KAl AIA BIOY MAGHEH s

. --”2[][}?-2[313
EE T
YNOYPTEID MAIBEIAL KAl BPHIKEYMATON  EvPonalkio HOsasms TAMED

vpunalxiEvwoy EIAIKH YMHPEEIA AIAXEIPIEHE

E
Eupamaing Konsmed Tapgio
Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang

i (i

W




9|Page

4500
4000 i

3500

3000

2500

1{a.u)

2000

1500 | - -

1000 i ¥ T T
- i w i 4 & <
500

10 0 30 40 50
20

b T UL U LY. P it AN an

KS3 - XRD

KS4

16000

14000

12000

10000 |

8000

I(a.u)

6000 T T

4000 i

] ' )

2000 ; " ] —
| | 1

1 "

10 15 20 25 30 35 40 45 50
20

1 [ Ay Nt ) \ 1 fan .
PN i W e W P o M P W AA N A e

K$4 - XRD

EMXEIPHEIIAKO NMPOrPAMMA =l
2007-2013
E=] | wbvrps v o eviais
YNOYPTEID MAIBEIAL KAl BPHEKEYMATON  evPonalko HOSasms TAMED
E“‘Hﬂﬂﬂluﬂﬁ.E““NIn E| ﬂ| KH ¥n H P E EI A ﬂl A *x EI P |E H E
T Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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Relative Pressure

EMIXEIPHEIAKD NMPOTPAMMA
EKI'IAI&E‘I'IH KAl AIA BIOY MAGHEH F[Z?I;IFAJ
i= | TR
YNOYPTEID MATAEIAL KAl BPHIKEYMATON  EvPansio nousmnmo TANS

EI-TPQ-'I'I'I"IIIH ‘Evweon EIAIKH YNHPEEIA AIAXEIPIEHE
mm Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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Isotherm
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Mo v avaAuon Twv TAPATAVK QAIVOUEVWV XPNOILOTOINBNKE 0 OKOAOLBOC AOYIOHOC:

H duvapiKr CUUTIEPIPOPA TWV PEVOTWV UMEVIWV O pia OEBOPEVN OXETIKN Tieon Ba eival
106XWPN". ZUVETMC 0 OYKOG TOU UMEVIOU €V NPEIQ, OV UTIOTEBET KUAIVBPIKAG Ve, B0l givat:

Omou V,, Kat L 0 0ykog Kat To HKOG Tou TOPOoU avTioTtolxa Kot D 1o peyeBog Tou mopou peiov
T0 SIMAGO10 TTAXOC TOU LPEViIOUL. Me Tnv e@apuoyr dLVOUIKOD TESIOU TO KUAIVOPIKO LPEVIO Ba
Topapop@weel.  Xtnv  amholotepn TEpITIwon, ov  unotebei  Tpoxoedri  (unduloid)
HETOOXNUOTIOAC, 0 OYKOG Vg B0 Eivat:

Vg =V, —gpa3{(7+ & JE-41-e*)K |

Omou a 0 PeyaAog NUIAEOVOC TNG EANEIYNC TIOL YEWA TOV TPOXOEIDN, € N EKKEVTPOTNTA Kal K
Kal E 1o mAApn E€AAEIMTIKA OAOKANPWUOTO TPWTOU KOl OEUTEPOL €idOLC OvTioTOIXA.
E€lowvovTag Toug 6yKoug TPOKUTITEL OTL:

L 2J3E
D Gier-da- ez)(*%z)y2

O AOYO( TwV EMPOVEIRDV TOU TPOXOEIG0UC KOl TOU KUAIVOpOU bidovTal wC:

YNOYPTEID MAIAEIAL KAl BPHEKEYMATON

Eupumaikr Evwon EIAIKH YNHPEEZIA AIAXEIPIELEHZ
Me ) ouyypnpareddrnon g ENAdBag wm Ty Evpwmaing g Evweang
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M_sz_(l_ez)%
A, D 2dE

21NV €181KN TEPIMTWAN OTOU =1 0 YETACXNUATIONOC KATOANYEL 0€ d00 CQAIPIKA TUAMOTA, O
d& AOYOG OQOIPIKIG/KUAIVOPIKIG EMPAVEINC YIa 100XwpN HETOROAT Ba givat:

A _ /9D

A, V4L
Y& 6M\0 TO €0po¢ V3/N2<L/D<m LTIAPXOUV KOl TPOXOEISEIC Kal OQAIPIKEC SIOHOPPRTEIC. H
TPOXOEIONG EMIQAVEID Eival TAVTOTE PEYAAUTEPN AMO TNV KUAIVOPIKY. ‘Opw¢ yia L/D>9/4 n
OQAIPIKA ETPAVEIN EivVal HIKPOTEPN ATIO TNV KUAIVOPIKN.

ZUVETAC N KUAIVOPIKY) ETIQAVELD, 0TaV L/D<m, gival pev atabepr) o€ HIKPEC dlatapayEg ival
OMWG PETOOTAONAG 0 OXEON WE TN OQAIPIKN WETAEL 9/4<L/D<m. ZTn petaotadn meploxr ol
TPOXOEIOEIC EMPAVEIEC AVTITPOCWTEDOUY TO EAAXIOTO EVEPYEIOKO EUTIOBIO TIOU TIPETEL VO
UTIEPVIKNBEIL yia va TePAcel T0 oUOTNUO amo TNV KUAIVOPIKY OTN OQAIPIKY SlOPOPQWaN
(Tp1x0€1dn¢ ouumUKvwan). OmoladAmoTe GAAN Ol0dpour] TPEMEL va dlacXioel vPnAOTEPO
EVEPYEIOKO eUMOd10. Otav L/D=m 10 eunddio autd e&apaviletal.

FeVIKOTEPN OVAALON WTOPED Vo Yivel Pe To povTéAO Derjaguin® yio prn OpoIOHOp@a LPEVIa
KupaIvopEVou mdyouc t:

g %
P = Ve +I1(t)
+t2)? (D-2tfa+t2)>

Omnou P, eival n Ttpixoe1dng mieon Peoc-Inp/p,, ¥ N €m@avelokn taon kot M(t) n micon
anokOAAnang (disjoining). H w¢ Gvw e&iowan unopei va napaotabei w¢ duvopiko c0oTNUa
omou t'=u:

1+u® A+ uz)%
X — X{
D-2t

U =-2 - P, +T1(1)}

H A0on Tou WC GVw GUVOMIKOD CUCTHUOTOC ETITPEMEL TOV YEVIKOTEPO KOBOPIOUA: O) TWV

YEWUETPIKWV OXNUOTIOP®WV TWV VPEVIWV Kal [B) TV TOPTPETWV GACNC IOV AVTITPOCWTEVOUV.

1. J.MHaynes, Stability of a Fluid Cylinder, J.Coll.Interface Sci. 32 (1970) 652.
2. B.V.Deryagin, ZzZh.Fiz.Khim 14 (1940)137.

YNOYPTEID MAIAEIAT KAl BPHEKEYMATON
EvpumaixiEvwony EIAIKH YNHPEEIA AIAXEIPILHI

FUpAMRG KONASSTRNE® . Me tn ouyypnuaToSémman e EAMaBac ko e Eupunaiicc Evaane



