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Abstract
A study of the properties of Gelatin & Hyalouronic Acid mixtures using Dielectric

Scanning Calorimetry and Water Sorption and Diffusion Techniques

by Evdokia Stefanopoulou

This thesis discusses how water (H2O) interacts and moves through long polymer chains

of biocompatible materials. Specifically, the examined materials are Hyaluronic Acid

(HA), which is a hydrophilic polysaccharide with many bio-applications, Gelatin, which is

a protein with great mechanical strength and thermal stability, as well as the combination

of the two, which includes all their desired properties. The aim is to determine which

mixture ratio (30/70 , 50/50 or 70/30 HA/Gel) is the best for future tissue engineering

trials.

One way of characterising the aforementioned materials physicochemically is the Equili-

brium Sorption-Desorption Isotherms (ESI) experiment, where each sample is subjected

to relative humidity changes at a specific rate. Through this process, one can calculate

the diffusion coefficient of the samples.

The second material characterisation techinque is the Differential Scanning Calorimetry

(DSC), where the sample is subjected to temperature changes with predefined cooling

and heating procedures. Thus, one can pinpoint the special temperatures at which a

phase transition is occuring in the material.
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Per—lhyh

Σε αυτή την εργασία μελετάται ο τρόπος με τον οποίο το νερό αλληλεπι-

δρά και κινείται ανάμεσα σε μεγάλες πολυμερικές αλυσίδες βιοσυμβατών

υλικών. Συγκεκριμένα μελετήθηκαν: το Υαλουρονικό Οξύ (ΗΑ), που

είναι ένας υδρόφιλος πολυσακχαρίτης με πολλές βιοεφαρμογές, η Ζελα-

τίνη (Gel), που είναι μια πρωτεϊνη με μεγάλη μηχανική αντοχή και θερμική

σταθερότητα, καθώς και μείγματα των δύο, έτσι ώστε το σύνθετο υλικό

που θα δημιουργηθεί να συνδυάζει όλες τις καλές τους ιδιότητες. Σε

αυτή τη μελέτη εξετάστηκαν τα μείγματα με σύσταση 30/70 , 50/50 και

70/30 ΗΑ/Gel. Ο στόχος είναι να προσδιοριστεί ποια υδρογέλη θα ήταν

η καταλληλότερη για μελλοντικές εφαρμογές στην ιστοτεχνολογία.

΄Ενας τρόπος φυσικοχημικού χαρακτηρισμού των δειγμάτων είναι οι Ι-

σόθερμες Ροφήσεις κι Εκροφήσεις ΄Υδατος (ESI), όπου αλλάζει η σχετι-

κή υγρασία στο χώρο όπου εκτίθεται το δείγμα. Από αυτή τη διαδικασία,

παίρνουμε πληροφορίες για την υδροφιλικότητα κάθε δείγματος και για

το συντελεστή διάχυσής του.

Η δεύτερη μέθοδος χαρακτηρισμού είναι η Διαφορική Θερμιδομετρία

Σάρωσης (DSC), όπου το κάθε δείγμα υπόκειται αλλαγές στη θερμο-

κρασία του βάσει προκαθορισμένων πρωτοκόλλων ψύξης και θέρμανσης.

΄Ετσι, είναι δυνατός ο προσδιορισμός των χαρακτηριστικών θερμοκρασι-

ών στις οποίες πραγματοποιούνται αλλαγές φάσης στο υλικό, καθώς κι

άλλων θερμοδυναμικών παραμέτρων.
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Kefˆlaio 1

Biosumbatˆ Ulikˆ &

IstoteqnologÐa

1.1 Biosumbatˆ Ulikˆ

Ta biosumbatˆ ulikˆ   bioôlikˆ qrhsimopoioÔntai gia na antikatast soun tm mata zw-

ntan¸n ist¸n kai na epitelèsoun diˆforec zwtikèc leitourgÐec se sunergasÐa me ton  dh

upˆrqonta fusikì istì. Autˆ diakrÐnontai se fusikˆ kai se teqnhtˆ.

Ta fusikˆ bioôlikˆ upˆrqoun stouc istoÔc twn èmbiwn organism¸n. Aposp¸ntai kai me-

letoÔntai tìso se epÐpedo sÔstashc ìso kai se leitourgikì epÐpedo.

Ta teqnhtˆ bioôlikˆ, me ta opoÐa ja asqolhjoÔme kai sthn paroÔsa ergasÐa, an koun

kurÐwc sto kommˆti thc èreunac kai kataskeuˆzontai sta ergast ria. H kataskeu  touc

stoqeÔei sthn apomÐmhsh twn fusik¸n ist¸n ki ètsi, apì bÐo-adran , èqoun stadiakˆ

metatrapeÐ se bÐo-mimhtikˆ, akìma kai bÐo-energˆ ulikˆ.

Dustuq¸c, den èqoun akìmh ˆmesec efarmogèc se èmbiouc organismoÔc kai gi' autì h

èreuna gÔrw apì to antikeÐmeno eÐnai idiaÐtera èntonh. Oi mellontikèc efarmogèc touc ja

poikÐlloun apì ikri¸mata ist¸n mèqri teqnhtoÔc gofoÔc   ˆlla mosqeÔmata, biosumbatoÔc

bhmatodìtec   kajet rec kai sust mata metaforˆc ki apeleujèrwshc farmˆkwn ( Drug

Delivery Systems).
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Biosumbatˆ Ulikˆ & IstoteqnologÐa 2

1.2 Mia efarmog : H IstoteqnologÐa

H IstoteqnologÐa eÐnai èna diepisthmonikì pedÐo èreunac pou asqoleÐtai me thn anˆptuxh

teqnht¸n exwkuttarik¸n mhtr¸n ( ECMs) kai sunduˆzei tic epist mec thc BiologÐac, thc

Iatrik c, thc QhmeÐac& thc Fusik c. Ta pr¸ta b matˆ thc èginan perÐ to 1970-1980,

en¸ oi èreunec suneqÐzoun èwc tic mèrec mac ki aforoÔn kurÐwc aplˆ omogen  sust mata

ist¸n[10], l.q. qìndrouc arjr¸sewn, kaj¸c h periplokìthta auxˆnetai ekjetikˆ stic

prospˆjeiec gia teqnht  kataskeu  orgˆnwn   susthmˆtwn orgˆnwn.

O rìloc twn ECMs eÐnai idiaÐtera shmantikìc. SticECMs proskolloÔntai ta kÔttara,

sthrÐzontai kai pollaplasiˆzontai. Epiplèon, mèsw aut¸n metakinoÔntai tìso ta Ðdia ta

kÔttara ìso kai diˆforec jreptikèc ousÐec -l.q. to nerì- ki ˆlla proðìnta tou metaboli-

smoÔ tou organismoÔ.[5]

Sq ma 1.1: O kÔkloc twn kuttˆrwn apì ton ˆnjrwpo sto ergast rio.[1]

Gia thn kataskeu  ikriwmˆtwn anˆptuxhc kuttˆrwn, loipìn, upˆrqoun treic teqnikèc.[10]

H pr¸th aforˆ teqnhtèc biosumbatèc ECMs, oi opoÐec ja apoikoÔntai apì kÔttara tou

èmbiou organismoÔ kai ja suntÐjentai eÐte se ergast ria qhmeÐac eÐte mèsw trisdiˆstatwn

ektupwt¸n. Sth deÔterh teqnik  qrhsimopoioÔntai fusikèc ECMs apì ìrgana dwrht¸n

kai sthn trÐth pragmatopoieÐtai fusik  apokatˆstash apì blastokÔttara tou Ðdiou tou

organismoÔ, ìpwc sumbaÐnei sta èmbrua.
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Ta probl mata stic parapˆnw mejìdouc eÐnai akìma arketˆ, eidikˆ sto pedÐo twn teqnht¸n

mhtr¸n. Gia parˆdeigma, sta {ektup¸sima} kÔttara askoÔntai pollèc forèc megˆlec

tˆseic   den eÐnai anjektikˆ se megalÔterec jermokrasÐec, me apotèlesma na talant¸nontai

ta mìria twn kuttˆrwn kai na kajÐstantai astaj  ta kÔttara. 'Allo èna parˆdeigma eÐnai

ta sust mata zwik¸n ist¸n, ìpou oi rujmoÐ anaparagwg c eÐnai argoÐ kai de metadÐdontai

pˆntote epituq¸c ta s mata metaxÔ twn fusik¸n kai teqnht¸n kuttˆrwn.[10]

O mellontikìc stìqoc eÐnai na mporoÔn oi teqnhtoÐ istoÐ na ekteloÔn tic leitourgÐec twn

embruðk¸n blastokuttˆrwn, dhlad  na mporoÔn na diaforopoioÔntai ta kÔttara kai na pa-

Ðrnoun diaforetikèc morfèc anˆloga me th leitourgÐa touc. 'Etsi, h èreuna ja proqwr sei

èna b ma pio kontˆ sth dhmiourgÐa orgˆnwn   susthmˆtwn orgˆnwn.

1.3 Stìqoc thc paroÔsac ergasÐac

Aut  h ergasÐa estiˆzei sth melèth kai to fusikì qarakthrismì dÔo biosumbat¸n uli-

k¸n, tou UalouronikoÔ Oxèoc kai thc ZelatÐnhc, me ap¸tero skopì autˆ na sunduastoÔn

katˆllhla kai to sÔnjeto ulikì pou ja prokÔyei na qrhsimopoihjeÐ gia th dhmiourgÐa

ikriwmˆtwn anˆptuxhc kuttˆrwn.

Ta ikri¸mata eÐnai porr¸dh polumerikˆ ulikˆ pou prospajoÔn na mimhjoÔn ticECMs, ¸ste

na kajÐstatai dunat  h anaparagwg  kuttˆrwn. Sun jwc perilambˆnoun kai bioenergoÔc

parˆgontec anˆptuxhc (polupeptÐdia) pou bohjoÔn tic diadikasÐec anaparagwg c kai dia-

foropoÐhshc kuttˆrwn ki ˆra epitaqÔnoun thn anakataskeu  tou istoÔ.[11�13] Epiplèon,

shmei¸netai pwc autˆ ta ulikˆ eÐnai idiaÐtera udrìfila, kaj¸c to nerì apoteleÐ to plèon

shmantikì sustatikì sthn anˆptuxh twn kuttˆrwn kai genikìtera thc zw c.

Gia na èqei, loipìn, kaneÐc mia pio pl rh eikìna gia ta polumer  pou prìkeitai na qrhsi-

mopoihjoÔn sthn IstoteqnologÐa, eÐnai shmantikì na melet sei tonerì . Autì -an kai

fainomenikˆ kˆti to tetrimmèno- dÐnei plhroforÐec gia: th morfologÐa twn ulik¸n, thn

anameiximìthtˆ touc, touc desmoÔc pou sqhmatÐzoun me to nerì   ton pˆgo, th diˆqush

ousi¸n mèsa apì autˆ k.ˆ.



Kefˆlaio 2

Ta ulikˆ pou melet jhkan

2.1 Udrogèlec me StaurodesmoÔc

Oi udrogèlec eÐnai udrìfila polumer  me fusikoÔc kai qhmikoÔc staurodesmoÔc, ètsi ¸ste

na mh dialÔontai sto nerì. Sta plaÐsia aut c thc ergasÐac, epilèqjhkan na melethjoÔn

udrogèlec UalouronikoÔ Oxèoc, ZelatÐnhc kai meÐgmata aut¸n.

Genikˆ, oi udrogèlec èqoun th dunatìthta na sugkratoÔn to nerì stic domèc touc kai na

allhlepidroÔn me autì. EÐnai diaperatèc se jreptikèc bioqhmikèc ousÐec, biosumbatèc&

bioapoikodom simec. MporoÔn na pˆroun enèsimh morf , èqoun uyhl  mhqanik  antoq 

kai, kurÐwc, epitrèpoun th sugkrˆthsh ki anˆptuxh nèwn kuttˆrwn sto plègma touc.[2, 5]

Epomènwc, eÐnai ta plèon katˆllhla ulikˆ gia efarmog  ston tomèa thc IstoteqnologÐac.

To Staurodèsimo

Katˆ th sÔnjesh twn udrogel¸n eÐnai aparaÐthto to enzumatikìstaurodèsimo (cross-

linking ), ¸ste na apofeuqjeÐ h diˆlus  touc me tic jermokrasÐec pou epikratoÔn sto

anjr¸pino s¸ma   tic allagèc sto RH.[2] Oi staurodesmoÐ mporoÔn na dhmiourghjoÔn me

qhmikì trìpo   mèsw aktinobìlhshc, allˆ to ulikì pou prokÔptei apì l.q. th mèjodo

thc aktinobìlhshc den eÐnai omogenèc, epeid  h diaperatìthta tou fwtìc den eÐnai se ìlec

tic perioqèc tou deÐgmatoc Ðdia.[2] Gi' autì to lìgo, protimˆtai h mesolˆbhsh kˆpoiou

enzÔmou. Ed¸ qrhsimopoieÐtai hHRP Peroxidase .[5]
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Sq ma 2.1: DiadikasÐa StaurodesÐmatoc parousÐaHRP Peroxidasekai H2O2.[2]

To enzumatikì staurodèsimo eÐnai pio elegqìmeno kai gr goro kai kajistˆ telikˆ tic

udrogèlec mhqanikˆ stajerèc ki eÔplastec, oÔtwc ¸ste na mporoÔn na prosarmìzontai

sqhmatikˆ mec stouc anjr¸pinouc istoÔc.

H puknìthta twn staurodesm¸n upologÐzetai apì thn ExÐswsh Flory-Rehner [2, 14,

15] wc ex c:

� x = �
ln (� w) + (1 � � w) + x(1 � � w)2

Vw [(1 � � w)1=3 � ( 1
2 � � w

2 )]
(2.1)

ìpou x = parˆmetroc allhlepÐdrashc neroÔ-polumeroÔc,

� w = posostì neroÔ sth diogkwmènh katˆstash tou ulikoÔ &

vw = ìgkoc morÐwn neroÔ.

Tèloc, basikì rìlo sto staurodèsimo twn upì melèth deigmˆtwn paÐzei h TuramÐnh .

'Otan aut  sunduˆzetai me to HA   th ZelatÐnh, dhmiourgeÐ energèc fainolikèc omˆdec sthn

kÔria polumerik  alusÐda, oi opoÐec antidroÔn kai diamorf¸noun ticstereèc udrogèlec[5,

16, 17].
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Sq ma 2.2: Suntaktikìc TÔpoc TuramÐnhc.[3]

Sta deÐgmata pou melet jhkan se aut  th diplwmatik  ergasÐa, to staurodèsimo ègine me

analogÐa ZelatÐnhc-TuramÐnhc (1:2) kaiUalouronikoÔ Oxèoc-TuramÐnhc (1:2) 1.

2.2 Ualouronikì OxÔ

To Ualouronikì OxÔ eÐnai ènac grammikìc polusakqarÐthc, arnhtikˆ fortismènoc kai

me moriakì bˆroc105 � 108g=mol. Oi qhmikˆ energèc omˆdec tou eÐnai karboxulikèc ki

alkoolikèc.[5] Prìkeitai gia èna hmidiafanèc, elastikì, fwtoeuaÐsjhto[5] kai idÐwc udrìfi-

lo ulikì.

Sq ma 2.3: Suntaktikìc TÔpoc UalouronikoÔ Oxèoc.[4]

1Ed¸ entopÐzetai h diaforˆ me prohgoÔmena peirˆmata pou diexˆqjhkan gia th melèth udrogel¸n me
analogÐa UalouronikoÔ Oxèoc-TuramÐnhc 1:1.
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To HA èqei  dh melethjeÐ ereunhtikˆ. Epilèqjhke gia thn anakataskeu  ist¸n, epeid 

eunoeÐ ton kuttarikì pollaplasiasmì, sumbˆllei sthn omal  epikoinwnÐa twn kuttˆrwn

metaxÔ touc, kaj¸c kai sthn omoiìstash kai sthn epoÔlwsh traumˆtwn.[11] EpÐshc èqei

tic epijumhtèc mhqanikèc idiìthtec. To HA eÐnai tìso sumbatì me to anjr¸pino s¸ma, diìti

upˆrqei eggen¸c se autì: sto ugrì twn arjr¸sewn kai twn ofjalm¸n, stouc pneÔmonec,

sta nefrˆ, ston egkèfalo, se mÔec kai, bèbaia, sto dèrma.[11] Tèloc, shmei¸netai pwc to

HA sunantiètai  dh kai sto empìrio, wc sustatikì farmakeutik¸n proðìntwn   proðìntwn

peripoÐhshc.

2.3 ZelatÐnh

H ZelatÐnh eÐnai mÐa fusik  prwteònh, ta basikˆ sustatikˆ thc opoÐac eÐnai 50.5% ˆnjra-

kac, 25.2% oxugìno, 17% ˆzwto kai 6.8% udrogìno. Proèrqetai apì to kollagìno[11, 18]

kai oi qhmikˆ energèc omˆdec thc eÐnai oi aminomˆdec kai oi karboxulomˆdec.[5] To moriakì

thc bˆroc kumaÐnetai metaxÔ15:000� 400:000g=mol[5] kai h jemeli¸dhc kuyelÐda thc eÐnai

edrokentrwmènh kubik  (FCC). H zelatÐnh eÐnai ˆosmh, ˆgeusth kai kitrinwp  se qr¸ma.

'Oso perissìteroi eÐnai oi staurodesmoÐ sth dom  thc, tìso megalÔterh eÐnai h mhqanik 

thc antoq  kai tìso pio adiˆluth ( insoluble) gÐnetai.

Sq ma 2.4: Suntaktikìc TÔpoc ZelatÐnhc.[5]

H ZelatÐnh èqei to idiaÐtero qarakthristikì na pragmatopoieÐ mÐa metˆbash apì diˆluma

se gèlh ({ SOL-GEL Transition } ), katˆ thn yÔxh kai gia megˆla posostˆ udˆtwshc 2.

Sth diadikasÐa zelatinopoÐhshc, sqhmatÐzontai èlikec ìpwc autèc sth dom  tou kollagìnou

(collagen folds)[5, 19, 20] ki èpeita pragmatopoieÐtai staurodèsimo me isquroÔc udrofo-

bikoÔc kai hlektrostatikoÔc desmoÔc udrogìnou. Anexart twc posostoÔ udˆtwshc, h

2Se mikrˆ posostˆ udˆtwshc aut  den pragmatopoieÐtai. Bl. Kefˆlaio 6.
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diadikasÐa pou pragmatopoieÐtai opwsd pote sth ZelatÐnh katˆ th jèrmansh stouc20� C

eÐnai to antÐjeto fainìmeno: h metˆbashGEL-SOL .

Sq ma 2.5: Sqhmatik  Anaparˆstash thc Metˆbashc GEL-SOL.[6]

Aut  th qarakthristik  metˆbash ekmetalleÔetai h IstoteqnologÐa ki ètsi h morf  tou

ikri¸matoc kajÐstatai enèsimh (diˆluma). Apì thn eikìna 2.5 mporeÐ kaneÐc na pˆrei mÐa idèa

gia th diadikasÐa metatrop c thc gèlhc se diˆluma. Ousiastikˆ, apeikonÐzetai h apodìmhsh

twn arqikˆ (PerÐptwsh i) pukn¸n elikoeid¸n dom¸n kai h metatrop  touc se aploÔsterec

ki araiìterec alusÐdec, oi opoÐec kajÐstantai dialutèc sto nerì (PerÐptwshiii ).
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2.4 MeÐgmata HA/ GEL

Sunduˆzontac ta parapˆnw ulikˆ me tic katˆllhlec analogÐec, paÐrnei kaneÐc sÔnjeta di-

fasikˆ ulikˆ. Autˆ sunduˆzoun tic idiìthtec pou parousiˆzei to kˆje {kajarì} sustatikì

memonwmèna, opìte ja mporoÔsan na belti¸soun sunolikˆ ta teqnhtˆ ikri¸mata anˆptuxhc

kuttˆrwn. Sth sÔnjesh twn meigmˆtwn apaiteÐtai kai pˆli h diadikasÐa staurodesÐmatoc.

Efarmìzetai, loipìn, h exÐswsh 2.1 dÔo forèc: giax(GEL ) = 0 :49 kai x(HA ) = 0 :473.

'Oso auxˆnetai to posostì tou HA sto meÐgma, tìso perissìteroc qrìnoc apaiteÐtai gia

na stajeropoihjeÐ to sÔsthma katˆ thn paraskeu  tou. Epiplèon, auxˆnontai oi pìroi thc

udrogèlhc se mègejoc kai se pl joc me perissìtero HA. To apotèlesma eÐnai to ulikì na

mporeÐ na proslambˆnei perissìtero nerì, ˆra na gÐnetai pio udrìfilo.[2] H telik  morf 

twn udrogel¸n moiˆzei me aut  tou Sq matoc 2.6, ìpou diakrÐnontai oi pìroi kˆje dokimÐou.

Sq ma 2.6: Eikìnec Hletronik c MikroskopÐac Sˆrwshc ( Scanning Electron Micro-
scopy) gia tic 5 Udrogèlec: (d) GEL 100%, (e) HA/GEL 30/70, (f) 50/50, (g) 70/30,

(h) HA 100%.[7]
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O rìloc tou neroÔ: Rìfhsh &

Diˆqush stic Udrogèlec

3.1 Oi katastˆseic tou neroÔ

To nerì, kaj¸c allhlepidrˆ kai eisqwreÐ sto polumerikì ulikì, eÐte desmeÔetai kai dh-

miourgeÐ desmoÔc me thn polumerik  alusÐda eÐte kineÐtai pio eleÔjera. Miˆ prosèggish

gia th jewrhtik  melèth thc orgˆnwshc tou aporrofhmènou neroÔ eÐnai h taxinìmhs  touc

se diˆforec katastˆseic, oi opoÐec paratÐjentai parakˆtw:[21�26]

� PRWTO STRWMA DESMEUMENOU NEROU

EÐnai to str¸ma neroÔ pou dhmiourgeÐtai arqikˆ ìtan to deÐgma paÔei eÐnai xhrì

(RH 6= 0 ). Tìte xekinˆ to fainìmeno thc PlastikopoÐhshc , ìpou ta mìria tou

neroÔ proskolloÔntai stic polumerikèc alusÐdec sqhmatÐzontac desmoÔc udrogìnou

me tic udrìfilec omˆdec kai prokaloÔn thn kÐnhsh twn alusÐdwn. Autì to nerì den

èqei perij¸ria krustˆllwshc, kaj¸c eÐnai desmeumèno apì to ulikì   periorismèno

qwrikˆ.

� ANWTERA STRWMATA DESMEUMENOU NEROU

SqhmatÐzontai desmoÐ udrogìnou plèon kai metaxÔ twn morÐwn tou neroÔ. To uli-

kì èqei diogkwjeÐ kai to nerì eisqwreÐ pio bajiˆ stic domèc tou polumeroÔc. Oi

an¸terec stoibˆdec neroÔ, ìmwc, sundèontai me thn polumerik  alusÐda me arketˆ

asjenèsterouc desmoÔc sugkritikˆ me thn pr¸th stoibˆda.

10
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� SUSSWMATWMATA NEROU

Prìkeitai gia to nerì pou den allhlepidrˆ me tic polumerikèc alusÐdec tou polumeri-

koÔ ulikoÔ. Epomènwc, mporeÐ na krustall¸netai, allˆ se qamhlìterh jermokrasÐa

apì to eleÔjero ( bulk) nerì (gia T < 0� C) kai me mikrìterh enjalpÐa allag c

fˆshc.

� MAKROSKOPIKA ELEUJERO NERO

Se aut  thn katˆstash to nerì kineÐtai aperiìrista ( aw = 1 ). Autì aporrofˆtai

lìgw wsmwtik¸n pièsewn pou anaptÔssontai ki apojhkeÔetai stic koilìthtec tou

ulikoÔ. EÐnai to pr¸to pou ja apoqwr sei katˆ thn ekrìfhsh   thn exˆtmish.

Ta deÐgmata ektÐjentai se diˆforec sqetikèc ugrasÐec kai parathr¸ntac kaneÐc ta apo-

telèsmata mporeÐ na ektim sei se poia apì tic parapˆnw katastˆseic brÐsketai to nerì.

Apì th sˆrwsh se diˆforec sqetikèc ugrasÐec, exˆgontai epÐshc sumperˆsmata gia thn

udrofilikìthta twn deigmˆtwn, gia thn eukolÐa tou neroÔ na eisqwr sei kai na kinhjeÐ mec

sto polumerikì plègma   gia tuqìn fainìmena apoj keushc-parempìdishc tou neroÔ katˆ

th diadikasÐa x ranshc tou ulikoÔ.

3.2 Rìfhsh & Ekrìfhsh NeroÔ

Me ton ìro {Rìfhsh} ennooÔme th fusikoqhmik  diadikasÐa katˆ thn opoÐa mÐa ousÐa

eisqwreÐ mèsa se mia ˆllh. Sugkekrimèna, ed¸, to nerì eisqwreÐ mèsa sto kˆje deÐgma

ki allhlepidrˆ me tic polumerikèc alusÐdec lìgw tou qhmikoÔ dunamikoÔ tou. O ìroc

{Ekrìfhsh} , antÐjeta, anafèretai sth diadikasÐa apomˆkrunshc thc mÐac ousÐac apì

thn ˆllh (ed¸: tou neroÔ apì thn udrogèlh). Sto pr¸to peÐrama pou diex qjh se toÔth

thn ergasÐa gÐnetai ousiastikˆ autì akrib¸c: auxˆnetai (rìfhsh)   mei¸netai (ekrìfhsh)

h sqetik  ugrasÐa bhmatikˆ (step function) kai parakoloujeÐtai h mˆza tou deÐgmatoc,

sunart sei tou qrìnou kai upì stajer  jermokrasÐa. 'Etsi dhmiourgeÐtai mia pl rhc eikìna

gia thn kÐnhsh tou neroÔ mèsa sto deÐgma.

Upˆrqoun dÔo trìpoi kÐnhshc tou neroÔ katˆ th rìfhsh-ekrìfhsh sto polumerikì ulikì.

O pr¸toc eÐnai o omalìc Fickian trìpoc, ìpou h kinhtikìthta thc eiserqìmenhc ousÐac

eÐnai asjenèsterh apì aut  thc polumerik c alusÐdac, en¸ o rujmìc apìkthshc mˆzac tou

polumeroÔc (dm=dt) eÐnai anˆlogoc thc tetragwnik c rÐzac tou qrìnou (
p

t)1. H deÔterh
1Bl. Upoenìthta 3.3.3
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sumperiforˆ eÐnai pio an¸malh ki onomˆzetainon Fickian. Se aut  thn perÐptwsh, h

kinhtikìthta tou neroÔ eÐnai to Ðdio èntonh me thn kinhtikìthta twn alusÐdwn tou ulikoÔ,

to polumerèc diogk¸netai (fainìmenoswelling) ki o rujmìc apìkthshc mˆzac ( dm=dt) eÐnai

anˆlogoc tou qrìnou ( t).[27]

'Ena exÐsou suqnì fainìmeno eÐnai autì thcUstèrhshc , ìpou to aporrofhmèno nerì su-

gkrateÐtai apì to polumerikì plègma kai den mporeÐ na exèljei. O lìgoc eÐnai pwc oi desmoÐ

udrogìnou pou dhmiourgoÔntai metaxÔ tou neroÔ kai twn udrìfilwn polumerik¸n omˆdwn

eÐnai arketˆ isquroÐ kai o qrìnoc anˆkthshc thc polumerik c morfologÐac eÐnai megalÔte-

roc apì thn klÐmaka qrìnou diexagwg c twn peiramˆtwn. 'Etsi, to nerì egklwbÐzetai stic

koilìthtec pou sqhmatÐzontai kai den mporeÐ na exèljei katˆ thn ekrìfhsh.[28]

To Fainìmeno thc Ustèrhshc eÐnai parathr simo wc brìgqoc se diagrˆmmata epÐ toic

ekatì posostoÔ udˆtwshc hd(%) sunart sei epÐ toic ekatì posostoÔ sqetik c ugrasÐac

RH (%). Autˆ ta diagrˆmmata onomˆzontaiKampÔlec Isìjermhc Udˆtwshc kai

o brìgqoc parathreÐtai ìtan ta peiramatikˆ shmeÐa pou antistoiqoÔn sthn ekrìfhshden

an koun sthn kampÔlh rìfhshc.

To posostì udˆtwshc epÐ thc xhr c mˆzac tou dokimÐouhd(%) upologÐzetai apì th sqèsh:

hd(%) =
mwet � mdry

mdry
� 100 (3.1)

To posostì sqetik c ugrasÐac RH (%) upologÐzetai apì thn pÐesh twn udratm¸n pou

peribˆlloun to deÐgma.[29]

'Allo èna qr simo posostì udˆtwshc dÐnetai se sqèsh me thn udatwmènh mˆza tou

dokimÐouhw(%) kai eÐnai autì pou emperièqei thn plhroforÐa tou posoÔ tou neroÔ pou

èqei aporrofhjeÐ apì to ulikì. Autì to posostì qrhsimopoieÐtai kurÐwc sto peÐrama thc

Diaforik c JermidometrÐac Sˆrwshc.

hw(%) =
mwet � mdry

mwet
� 100 (3.2)
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3.2.1 Taxinìmhsh katˆ Brunauer

Upˆrqoun pènte kampÔlec pou prosomoi¸noun tic kampÔlec isìjermhc udˆtwshc.[11, 30�

32] Autèc paratÐjentai parakˆtw:

Sq ma 3.1: Taxinìmhsh katˆ Brunauer.[8]

� 1o diˆgramma: IsqÔei hJewrÐa Langmuir (bl. parakˆtw). Aforˆ mikropor¸dh

ulikˆ kai h allhlepÐdrash aporrof¸menou neroÔ-upostr¸matoc eÐnai isqur . To

aporrof¸meno nerì auxˆnetai me thn aÔxhsh thcRH , katal gontac se plat¸, afoÔ

dhmiourgeÐtai èna mìno str¸ma neroÔ.

� 2o diˆgramma: Hgenikìterh perÐptwsh. DhmiourgoÔntai pollaplˆ str¸mata

prosrìfhshc neroÔ. To plat¸ sumbolÐzei thn perioq  ìpou dhmiourgeÐtai to pr¸to

str¸ma neroÔ. 'Epeita anaptÔssontai susswmat¸mata neroÔ.

� 3o diˆgramma: DhmiourgoÔntai pollaplˆ str¸mata neroÔ. Den upˆrqei h perioq 

tou plat¸. H allhlepÐdrash aporrof¸menou neroÔ-upostr¸matoc eÐnai asjen c.

� 4o diˆgramma: Monostrwmatik  prosrìfhsh neroÔ kai triqoeid c sumpÔknwsh. Tri-

qoeid  fainìmena sumbaÐnoun ìtan èna s¸ma se ugr  katˆstash èrqetai se epaf 

me èna stereì. Oi dunˆmeic pou anaptÔssontai tìte metaxÔ neroÔ kai stereoÔ (ed¸,

tou polumeroÔc) upernikoÔn tic dunˆmeic metaxÔ twn morÐwn neroÔ.
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� 5o diˆgramma: Polustrwmatik  prosrìfhsh neroÔ kai triqoeid c sumpÔknwsh.

Genikìtera, mÐa kampÔlh isìjermhc udˆtwshc mporeÐ na qwristeÐ se treic epimèrouc pe-

rioqèc. H pr¸th aforˆ sto nerì pou sundèetai me to ulikì me isquroÔc desmoÔc (1o

str¸ma udˆtwshc, 1 o plat¸). Autì to nerì den pag¸nei, oÔte mporeÐ na antidrˆsei qh-

mikˆ. Sth deÔterh perioq , to nerì de sqhmatÐzei tìso isquroÔc desmoÔc me to ulikì

(an¸tera str¸mata udˆtwshc). Autì to nerì qrhsimeÔei wc dialÔthc kai summetèqei se

orismènec bioqhmikèc antidrˆseic. Sthn trÐth perioq , to nerì brÐsketai sth fˆsh eleÔje-

rou reustoÔ (megˆlecRH ), leitourgeÐ kai pˆli wc dialÔthc kai upobohjˆ thn kÐnhsh twn

diafìrwn ousi¸n mèsa se autì.

3.2.2 JewrÐa Langmuir

H en lìgw jewrÐa[11, 31] susqetÐzei thn aporrìfhsh morÐwn neroÔ apì to polumerèc me

thn pÐesh twn udratm¸n pou upˆrqoun pˆnw   gÔrw apì autì, dhl. me thnRH , upì

stajer  jermokrasÐa. H stajer  jermokrasÐa diasfalÐzei pwc den allˆzei h enèrgeia

energopoÐhshc twn mhqanism¸n twn dom¸n tou polumeroÔc. Sth jewrÐaLangmuir, ìla ta

shmeÐa prosrìfhshc neroÔ eÐnai isodÔnama.[22]

H exÐswshLangmuir dÐnetai parakˆtw[31, 33]:

h = h� KP
1 + KP

(3.3)

ìpou h = sugkèntrwsh aporrofhmènwn udratm¸n mec sto stereì,

h� = sugkèntrwsh aporrofhmènwn udratm¸n mec sto stereì sthn katˆstash koresmoÔ,

K = stajerˆ Langmuir &

P = pÐesh udratm¸n.

X Basik  proôpìjesh aut c thc jewrÐac eÐnai na mhn allhlepidroÔn metaxÔ touc ta pros-

rof¸mena mìria neroÔ.
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3.2.3 ExÐswsh BET

'Ena majhmatikì montèlo gia thn perigraf  thc isìjermhc udˆtwshc eÐnai h ExÐswsh

B runauer-Emmet-T eller (BET ) & eÐnai h akìloujh[34]:

aw

(1 � aw)mt
=

1
hm C

+
(C � 1)aw

hm C
(3.4)

ìpou aw = energìthta neroÔ� RH (%),

mt = mˆza dokimÐou th qronik  stigm t,

hm = periektikìthta se nerì thc pr¸thc stoibˆdac &

C = o lìgoc thc stajerìthtac tou desmoÔ tou neroÔ sto pr¸to str¸ma proc aut  twn

an¸terwn strwmˆtwn.

OI PROßPOJESEIS TOU MONTELOU [11, 34]

1. Oi jèseic prosrìfhshc enìc morÐou neroÔ sto polumerèc eÐnai energeiakˆ isodÔnamec.

2. Ta prosrof¸mena mìria sthn pr¸th stoibˆda neroÔ gÐnontai nèec jèseic gia to

sqhmatismì thc epìmenhc stoibˆdac k.o.k.

3. Oi sunj kec exˆtmishc kai sumpÔknwshc eÐnai Ðdiec.

3.2.4 ExÐswsh GAB

'Ena ˆllo gnwstì majhmatikì montèlo pou prosomoi¸nei tic kampÔlec isìjermhc rìfhshc

neroÔ anèptuxan oiGuggenheim -A nderson - deB oer, apì ta arqikˆ twn opoÐwn p re

to montèlo to ìnomˆ tou. Autì isqÔei kai gia uyhlìterec energìthtec neroÔ ( BET gia

aw 6 0:5, en¸ GAB gia aw 6 0:9) kai kˆnei polÔ kalÔterec problèyeic apì thn BET , eidikˆ

stic qamhlèc RH , dhl. gia ta pr¸ta str¸mata udˆtwshc[22]. Endiafèrei polÔ, bèbaia, na

eÐnai axiìpista ta problepìmena apì to montèlo apotelèsmata kai gia megalÔterecRH ,

afoÔ se autèc lambˆnoun q¸ra oi perissìterec bioqhmikèc antidrˆseic.
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H exÐswshGAB qrhsimopoieÐ3 -antÐ gia 2- paramètrouc kai eÐnai aut  pou efarmìzetai

se aut  thn ergasÐa gia thn prosarmog  twn peiramatik¸n shmeÐwn tou diagrˆmmatoc

hd � RH 2 sto peÐramaESI.

H GAB perigrˆfetai apì th sqèsh:

hd =
CKa whm

(1 � Ka w)(1 � Ka w + CKa w)
(3.5)

ìpou aw = RH (%)
100 ,

hd = posostì udˆtwshc (epÐ thc xhr c mˆzac) &

C; K; h m = oi treic parˆmetroi pou prosdiorÐzontai gia kˆje kampÔlh.[35]

H fusik  ermhneÐa twn paramètrwn thcGAB[28]

� hm : EÐnai to posostì udˆtwshc tou dokimÐou ìtan sqhmatÐzetai h pr¸th stoibˆda

neroÔ (pr¸to plat¸).

� C : EÐnai o lìgoc thc stajerìthtac tou desmoÔ tou neroÔ sto pr¸to str¸ma proc

aut  twn an¸terwn strwmˆtwn. 'Oso pio megˆlo to C, tìso pio isquroÐ eÐnai oi

desmoÐ pou anaptÔssontai metaxÔ neroÔ-polumerikoÔ ulikoÔ. H stajerˆC eÐnai je-

tik .

� K : EÐnai o lìgoc tou qhmikoÔ dunamikoÔ tou neroÔ sta diˆfora str¸mata neroÔ proc

autì tou eleÔjerou ( bulk) neroÔ, gia tic Ðdiec sunj kec jermokrasÐac kai pÐeshc.

SÔmfwna me th Jermodunamik , to K eÐnai mikrìtero   Ðso thc monˆdac, kaj¸c to

dèsmio nerì eÐnai genikˆ stajerìtero apì to eleÔjero. Oi polÔ mikrèc timèc tou K

faner¸noun udrìfobo ulikì, en¸ oi timèc kontˆ sth monˆda deÐqnoun pwc prìkeitai

gia èna udrìfilo ulikì. Gia K=1 to montèlo GAB dÐnei ta Ðdia apotelèsmata me to

montèlo BET .

2Austhrˆ h exÐswsh prosarmog c aforˆ dedomèna hd � aw , allˆ RH = aw � 100.
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3.3 To fainìmeno thc Diˆqushc

H Diˆqush eÐnai h genik  tˆsh twn morÐwn   atìmwn na kinoÔntai apì perioqèc uyhl c

se perioqèc qamhl c sugkèntrwshc. To fainìmeno autì eÐnai entropikì, diìti basÐzetai

kurÐwc sthn tuqaÐa kÐnhsh twn atìmwn kai morÐwn thc diaqeìmenhc ousÐac (ed¸: tou neroÔ).

Epiplèon, ephreˆzetai apì to moriakì bˆroc kai th fusik  katˆstash tou dialÔth (aèria

  ugr ).[27]

SÔmfwna me th {Moriak  JewrÐa EleÔjerou 'Ogkou}, h kÐnhsh twn diaqeìmenwn morÐwn

exartˆtai apì th morfologÐa kai to diajèsimo eleÔjero q¸ro tou polumeroÔc, en¸ h diadi-

kasÐa thc diˆqushc dieukolÔnetai ìtan ta diaqeìmena mìria katafèrnoun na upernik soun

tic elktikèc dunˆmeic allhlepÐdrashc metaxÔ twn polumerik¸n alusÐdwn. Stic udrogèlec

sugkekrimèna, paÐzei rìlo h puknìthta twn staurodesm¸n, kaj¸c ìso perissìteroi upˆr-

qoun tìso perissìterec eÐnai oi udroxulikèc omˆdec (-OH) kai tìso perissìtera mìria

neroÔ èlkontai apì autèc, sqhmatÐzontac isquroÔc desmoÔc udrogìnou pou dusqeraÐnoun

th diadikasÐa thc diˆqushc.

Upˆrqoun trÐa montèla diˆqushc. Sto pr¸to ( Hole Vacancy Theorem), to polumerèc

dhmiourgeÐ katˆllhlh koilìthta mèsa sthn opoÐa diaqèontai mìria neroÔ. Sto deÔtero

(Activated Complex Theorem), ta diaqeìmena mìria neroÔ kinoÔntai me megalÔterh e-

nèrgeia apì to energeiakì frˆgma thc polumerik c m trac. Sto teleutaÐo ( Fluctuation

Theorem), oi jermikèc diakumˆnseic pou lambˆnoun q¸ra sto polumerikì plègma dhmiour-

goÔn to {diˆdromo} gia na metakinhjoÔn ta mìria neroÔ.[27, 36]

3.3.1 O Suntelest c Diˆqushc

Prìkeitai gia mia stajerˆ analogÐac metaxÔ thc ro c morÐwn kai thc bajmÐdac sugkèntrw-

shc miac ousÐac. O Suntelest c Diˆqushc sumbolÐzetai me to grˆmmaD, ta apotelèsmata

dÐnontai se [m2s� 1] (S.I.) & prokÔptei ˆmesa apì to 2o Nìmo tou Fick, ìpwc ja faneÐ

parakˆtw. 'Oso megalÔteroc eÐnai o suntelest c diˆqushc, tìso gorgìtera diaqèetai h

ousÐa (ed¸: to nerì) sto ulikì (ed¸: stic udrogèlec) ki antÐstrofa. 'Emmesa lambˆnetai

kai h prìsjeth plhroforÐa pwc to dokÐmio eÐnai araiˆ domhmèno, ìtan oD eÐnai megˆloc,

kai puknˆ domhmèno, ìtan oD eÐnai mikrìc.
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O suntelest c diˆqushc eÐnai arqikˆ mikrìc, afoÔ to deÐgma xekinˆ sto peÐramaESI apì thn

xhr  katˆstash. Katˆ th stadiak  aÔxhsh thc RH kai kaj¸c arqÐzoun na sqhmatÐzontai

sumplègmata neroÔ, o suntelest cD auxˆnetai. Oi D eÐnai sun jwc megalÔteroi sthn

ekrìfhsh se sqèsh me th rìfhsh. Autì upodeiknÔei pwc ta empìdia sthn kÐnhsh kai

diˆqush tou neroÔ eÐnai perissìtera kai oi {udˆtinoi drìmoi} eÐnai ligìteroi katˆ th rìfhsh

parˆ sthn ekrìfhsh.

SÔmfwna me tonArrhenius , o suntelest c diˆqushc èqei exˆrthsh ki apì th jermokra-

sÐa:

D = D0 exp
�

ED

RT

�
(3.6)

ìpou ED = h enèrgeia energopoÐhshc thc diˆqushc.[27, 37]

Gi' autì to lìgo, h seirˆ peiramˆtwn ESI diexˆqjhke isìjerma.

Tèloc, o suntelest c D sundèetai antistrìfwc anˆloga me to qrìno t1=2 pou eÐnai o

qrìnoc ston opoÐo to dokÐmio ftˆnei sth mis  mˆza apì th mˆza isorropÐac katˆ th rìfh-

sh   ekrìfhsh. Sugkekrimèna, isqÔei pwc:

D =
0:049L 2

t1=2
(3.7)

ìpou L = to pˆqoc tou dokimÐou.[27, 38]

3.3.2 Oi Nìmoi tou Fick

1oc Nìmoc:[27]

O rujmìc metaforˆc miac ousÐac eÐnai anˆlogoc thc sugkèntrwshc tou dialÔth sthn pe-

rioq  thc diˆqushc.

q = � D
@C
@x

(3.8)

ìpou q = rujmìc metaforˆc thc diaqeìmenhc ousÐac anˆ monˆda epifˆneiac,

C = sugkèntrwsh tou dialÔth &

x = h kateÔjunsh thc diˆqushc.
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2oc Nìmoc:[27]

DÐnetai, sth genikìter  tou morf , stic treic diastˆseic.

@C
@t

= D(
@2C
@x2

+
@2C
@y2

+
@2C
@z2

) (3.9)

AplousteÔontac ton parapˆnw tÔpo sth mÐa diˆstash (èstwx) kai me thn epiplèon upìjesh

pwc to pˆqoc tou dokimÐou DEN allˆzei katˆ th rìfhsh ki ekrìfhsh neroÔ,[31] mporeÐ

kaneÐc na upologÐsei ˆmesa to suntelest D .

3.3.3 Grammik  Prosarmog  KampÔlhc proc Upologismì tou D

Gia kˆje sqetik  ugrasÐa ki apì to grammikì kommˆti (qamhlècRH ) tou diagrˆmmatoc thc

kanonikopoihmènhc mˆzacmn = m t � m0
mequil � m0

sunart sei thc tetragwnik c rÐzac thc diafo-

rˆc qrìnou
p

t � t0 upologÐzetai h klÐsh, èstw� D . 'Epeita, me qr sh thc exÐswshc[31, 39]:

� mt0

� mt inf

= 4

r
D

�L 2 �
p

t0 (3.10)

o suntelest c diˆqushc tautÐzetai me:

D �
�� D L 2

16
(3.11)

3.3.4 Prosarmog  Olìklhrhc thc KampÔlhc proc Upologismì

tou D

Sthn perÐptwsh pou o deÔteroc Nìmoc touFick apotÔqei na perigrˆyei swstˆ to fainìmeno

thc diˆqushc, upˆrqei ènac deÔteroc trìpoc upologismoÔ touD pou pragmatopoieÐtai

bˆsei enìc pio empeirikoÔ montèlou. Autì protˆjhke apì touc Magganˆ kai PÐssh[28] kai

qrhsimopoieÐ olìklhrh thn kampÔlhmt (t), ìqi mìno to grammikì thc kommˆti.

H kampÔlhmt (t) prosomoi¸netai apì thn exÐswsh:

mt = m0 + � m[1 � exp
�

� 7:3 �
Dt
L 2

0:75�
] (3.12)

ìpou m0 � m(t = 0) , � m = mequil � m0 kai D=o suntelest c diˆqushc eÐnai oi treic

parˆmetroi upologismoÔ tou montèlou.[28]

'Etsi, ektìc tou zhtoÔmenouD upologÐzetai kai h mˆza isorropÐac tou dokimÐou (mequil ),
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afoÔ -ìpwc ja faneÐ sto Kefˆlaio 5- den proftaÐnei na isorrop sei to upì melèth de-

Ðgma se ìlec tic sqetikèc ugrasÐec. QwrÐc aut  th mèjodo anˆlushc twn peiramatik¸n

apotelesmˆtwn, h mˆza isorropÐac ja qreiazìtan na dojeÐ proseggistikˆ.



Kefˆlaio 4

H Diaforik  JermidometrÐa

Sˆrwshc & H Jermodunamik 

twn Metabˆsewn Fˆshc

Oi metabˆseic fˆsewn twn udrogel¸n se diˆfora posostˆ udˆtwshc melet jhkan me th

mèjodo Diaforik c JermidometrÐac Sˆrwshc (DSC). Se autì to peÐrama metriètai h diafo-

rˆ jermìthtac metaxÔ enìc adranoÔc ulikoÔ anaforˆc kai tou ekˆstote deÐgmatoc sunar-

t sei thc jermokrasÐac. To mhqˆnhma auxˆnei   mei¸nei thn pareqìmenh isqÔ jermìthtac,

me skopì oi jermokrasÐec twn dÔo kuyelÐdwn na eÐnai Ðsec kaj' ìlh th diˆrkeia twn me-

tr sewn. Apì ta peiramatikˆ apotelèsmata prokÔptei to jermìgramma, ta shmeÐa tou

opoÐou deÐqnoun th ro  jermìthtac sunart sei tou qrìnou kai thc jermokrasÐac.[40]

21
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4.1 Metabˆseic Fˆshc Pr¸thc Tˆxhc

H Jermodunamik  orÐzei pwc ìtan pragmatopoioÔntai metabˆseic fˆshc A' tˆxhc, hpr¸th

parˆgwgoc thc eleÔjerhc enèrgeiacGibbs parousiˆzei asunèqeia. Se autèc tic metabˆseic

an koun oi diadikasÐec Krustˆllwshc, Yuqr c Krustˆllwshc kai T xhc.

Ta fainìmena autˆ mporoÔn na parathrhjoÔn peiramatikˆ mèsw thc Diaforik c Jermi-

dometrÐac Sˆrwshc, eÐte an yuqjeÐ/jermanjeÐ to dokÐmio me kˆpoio rujmì eÐte an afejeÐ

sthn krÐsimh jermokrasÐa isìjerma gia kˆpoio qronikì diˆsthma. O rujmìc yÔxhc   jèr-

manshc kai h mˆza tou dokimÐou ephreˆzoun thn krÐsimh jermokrasÐa sthn opoÐa ja gÐnei

krustˆllwsh   t xh.

Sthn Krustˆllwsh to ulikì yÔqetai kai ta mìria neroÔ taktopoioÔntai ìpwc se kru-

stallikèc domèc. H diadikasÐa eÐnai ex¸jermh, dhl. eklÔetai enèrgeia proc to peribˆllon.

To fainìmeno thc krustˆllwshc pragmatopoieÐtai se dÔo stˆdia. Sto pr¸to sqhmatÐzo-

ntai pur nec krustˆllwn ikanoÔ megèjouc kai sto deÔtero anaptÔssontai peraitèrw oi

krÔstalloi me bˆsh touc upˆrqontec pur nec.[40] Sta diagrˆmmata tou deÔterou peirˆma-

toc (DSC) aut c thc ergasÐac h krustˆllwsh ja emfanÐzetai wc ex¸jermh koruf  proc

ta kˆtw, kaj¸c sumbatikˆ oi endìjermec diadikasÐec èqoun oristeÐ proc ta epˆnw.

H Yuqr  Krustˆllwsh sumbaÐnei ìtan to nerì krustallopoieÐtai katˆ th jèrman-

sh. Prìkeitai gia èna idiaÐtero fainìmeno, to opoÐo sunantˆtai ìtan -metˆ th jermokrasÐa

ual¸douc metˆbashc- upˆrqei arket  kinhtikìthta kai q¸roc stic polumerikèc alusÐdec,

¸ste na eÐnai efiktìc o sqhmatismìc krustˆllwn pˆgou me bˆsh pur nec pou eÐqan dh-

miourghjeÐ katˆ thn yÔxh allˆ den ègine efikt  h anˆptux  touc se krustˆllouc. Katˆ

th yuqr  krustˆllwsh eklÔetai pˆli jermìthta apì to dokÐmio sto peribˆllon kai h ro 

jermìthtac pou parèqetai apì to mhqˆnhma sthn kuyelÐda tou dokimÐou eÐnai mikrìterh

apì th ro  jermìthtac pou parèqetai proc thn kuyelÐda anaforˆc.[40]

Katˆ thn T xh oi desmoÐ pou dhmiourg jhkan sta dÔo eÐdh krustˆllwshc katarrèoun. H

t xh pragmatopoieÐtai ex olokl rou se èna stˆdio. Prìkeitai gia mia endìjermh diadikasÐa,

afoÔ apaiteÐtai prosforˆ enèrgeiac sto dokÐmio gia na sumbeÐ. Sta diagrˆmmata thcDSC,

h t xh eÐnai mÐa endìjermh koruf  proc ta epˆnw.[11, 40, 41]

Megˆlh shmasÐa èqei h jermik  proðstorÐa tou dokimÐou (anìpthsh, g ransh klp.) ìtan

upologÐzetai h jermokrasÐa t xhc (Tm ). Gia na sb sei kaneÐc th jermik  proðstorÐa enìc

dokimÐou akoloujeÐ thn ex c diadikasÐa[40]:
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� AÔxhsh thc jermokrasÐac mèqri 30 bajmoÔc pˆnw apì thnTm me rujmì 10K=min

� Diat rhsh thc jermokrasÐac ekeÐ gia 10 leptˆ

� MeÐwsh thc jermokrasÐac mèqri 50 bajmoÔc kˆtw apì thnTcr

Metˆ apì aut  th diadikasÐa, o akìloujoc kÔkloc metr sewn sth DSC dÐnei apotelèsmata

anexˆrthta thc proðstorÐac tou dokimÐou. Tèloc, shmei¸netai pwc ìso to posostì neroÔ

sto deÐgma auxˆnetai, tìso ta fainìmena krustˆllwshc kai t xhc gÐnontai pio èntona.

4.2 Metˆbash Fˆshc DeÔterhc Tˆxhc

Stic metabˆseic B' tˆxhc parousiˆzei asunèqeia hdeÔterh parˆgwgoc thc eleÔjerhc

enèrgeiacGibbs. H allag  fˆshc B' tˆxhc pou melet jhke se aut  thn ergasÐa eÐnai h

Ual¸dhc Metˆbash stic udrogèlec.

Prìkeitai gia mÐa diadikasÐa qarakthristik  twn ˆmorfwn ulik¸n, ìpwc eÐnai ta polume-

r . Apì th qarakthristik  jermokrasÐa ( Tg) pou sumbaÐnei aut  h metˆbash kai kˆtw,

ta mìria tou polumeroÔc den èqoun epark  enèrgeia gia na kinhjoÔn kai to ulikì ualo-

poieÐtai. H ual¸dhc metˆbash èqei kinhtikì qarakt ra, opìte h ual¸dhc katˆstash de

sumperilambˆnetai stic katastˆseic jermodunamik c isorropÐac.[40] EpÐshc, sthn ual¸dh

katˆstash h enjalpÐa mei¸netai me to qrìno, fainìmeno pou onomˆzetai {Fusik  G ransh}

enìc ulikoÔ.[40]

H Tg emfanÐzetai wc allag  sthn klÐsh   b ma sta jermogrˆmmata, exartˆtai apì to rujmì

yÔxhc   jèrmanshc pou efarmìzetai kai protimˆtai na upologÐzetai katˆ th jèrmansh pou

upˆrqei megalÔterh eukinhsÐa sto polumerèc. B ma sth ro  jermìthtac shmaÐnei praktikˆ

pwc auxˆnetai h pareqìmenh isqÔc apì th diˆtaxh proc thn kuyelÐda me to deÐgma, ètsi ¸ste

na paramènoun Ðdiec oi jermokrasÐec stic kuyelÐdec deÐgmatoc ki anaforˆc. Sth Jermodu-

namik  to b ma sth ro  jermìthtac isodunameÐ me allag  sthn eidik  jermoqwrhtikìthta

Cp pou sumbaÐnei epeid  allˆzoun oi bajmoÐ eleujerÐac tou ulikoÔ ìtan pragmatopoieÐtai

h ual¸dhc metˆbash.

'Opwc ja doÔme sto kefˆlaio 6, sta meÐgmata parathroÔntai dÔo xeqwristècTg. Autì

shmatodoteÐ pwc ta sustatikˆ ulikˆ den eÐnai pl rwc anamemeigmèna kai to kajèna kˆnei

th dik  tou ual¸dh metˆbash. Epiplèon, akìma kai lÐgo nerì sthn udrogèlh arkeÐ gia na

thn plastikopoi sei kai na pragmatopoihjeÐ ual¸dhc metˆbash.
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4.3 Bajmìc Krustallikìthtac

O bajmìc krustallikìthtac eÐnai èna ˆllo qarakthristikì twn ulik¸n pou upologÐze-

tai eÔkola mèsw tou peirˆmatoc thc Diaforik c JermidometrÐac Sˆrwshc. Kˆnontac thn

upìjesh pwc upˆrqoun dÔo xeqwristèc katastˆseic sto ulikì, mÐa ˆmorfh kai mÐa kru-

stallik , upologÐzetai o bajmìc krustallikìthtac wc posostì epÐ toic ekatì apì th

sqèsh:

X cr (%) =
� H

� H100
� 100 (4.1)

ìpou � H = h enjalpÐa t xhc   krustˆllwshc pou upologÐzetai ˆmesa apì to peÐrama&

� H100 = h enjalpÐa tou antÐstoiqou 100% krustallikoÔ dokimÐou.[40]

Shmei¸netai pwc stouc pÐnakec pou paratÐjentai sto kefˆlaio 6, upˆrqei èna posostì

krustˆllwshc pou upologÐzetai apì thn enjalpÐa krustˆllwshc kai upodeiknÔei tÐ

posostì tou neroÔ krustall¸netai mec sthn udrogèlh kai de summetèqei sthn ual¸dh

metˆbash pou sun jwc akoloujeÐ katˆ thn akìloujh jèrmansh. UpologÐzetai ìmwc ki

èna posostì krustˆllwshc mèsw thc enjalpÐac t xewc , ¸ste na upˆrqei mÐa pl rhc

eikìna tou posostoÔ neroÔ pou paramènei   ìqi krustallwmèno kai katˆ th jèrmansh.
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4.4 UpologismoÐ Metabol c EnjalpÐac � H & Eidik c

Jermoqwrhtikìthtac � Cp

Apì to peÐrama thc Diaforik c JermidometrÐac Sˆrwshc antloÔntai oi timèc thc metabo-

l c thc enjalpÐac sta fainìmena t xhc-krustˆllwshc-exˆtmishc � Hm , � Hcr , � Hcc kai

� Hevap, kaj¸c kai oi eidikèc jermoqwrhtikìthtec upì stajer  pÐesh � Cp stic ual¸deic

metabˆseic. Se autì to shmeÐo krÐnetai skìpimo na melethjeÐ o trìpoc me ton opoÐo upo-

logÐzontai ta parapˆnw jermodunamikˆ megèjh1. Sta diagrˆmmata 4.1 kai 4.2 paratÐjentai

endeiktikèc kampÔlec-jermogrˆmmata, ¸ste na perigrafoÔn oi mèjodoi anˆlushc gia kˆje

metˆbash fˆshc xeqwristˆ.

Sq ma 4.1: Diˆgramma UpologismoÔ EnjalpÐac T xhc& Krustˆllwshc sth DSC.

'Olec oi metabˆseic fˆshc pragmatopoioÔntai se èna jermokrasiakì eÔroc. Wstìso, o-

rÐzetai h jermokrasÐa t xhc/krustˆllwshc na eÐnai sumbatikˆ h mègisth/elˆqisth tim 

thc endìjermhc/ex¸jermhc koruf c, antÐstoiqa. H metabol  sthn enjalpÐa -ìpwc faÐne-

tai apì tic grammoskiasmènec perioqèc tou Sq matoc 4.1- upologÐzetai apì thn perioq 

(embadìn) pou periklÔei h kˆje koruf .

1Sugkekrimèna, oi upologismoÐ sto Kefˆlaio 6 èginan me th bo jeia tou logismikoÔ thc Thermal
Analysis: T.A. Universal Analysis .
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Sq ma 4.2: Diˆgramma UpologismoÔ JermokrasÐac kai Eidik c Jermoqwrhtikìthtac
sthn Ual¸dh Metˆbash sth DSC.

Upˆrqoun arketoÐ mèjodoi upologismoÔ thcTg kai thc antÐstoiqhc� Cp. Oi perissìterec

timèc tou KefalaÐou 6 proèkuyan apì th mèjodo pou ja perigrafeÐ se aut  thn parˆgra-

fo 2. Aut  orÐzei th jermokrasÐa ual¸douc metˆbashc ekeÐ ìpou h metabol  sthn eidik 

jermoqwrhtikìthta eÐnai h mis  apì th sunolik .

Pio sugkekrimèna, akolouj¸ntac ta belˆkia tou Sq matoc 4.2: Pr¸ta fèrnei kaneÐc tic

kìkkinec eujeÐec (baselines) prin kai metˆ to b ma ual¸douc metˆbashc, èpeita thn eujeÐa

tou Ðdiou tou b matoc kai tèloc orizìntiec eujeÐec apì ta shmeÐa tom c twn tri¸n parapˆnw

eujei¸n mèqri ton ˆxona Cp (belˆkia 1 kai 2). Apì to misì thc apìstashc twn dÔo shmeÐwn

tom c me ton ˆxonaCp fèrnei kaneÐc parˆllhlh mèqri thn mple kampÔlh kai me probol 

ston ˆxona twn jermokrasi¸n brÐskei to shmeÐo upologismoÔ thcTg (belˆkia 3 kai 4).

Tèloc, to sq ma deÐqnei pwc h apìstash (5) ston ˆxona twn jermoqwrhtikot twn orÐzei

th sunolik  metabol  � Cp tou b matoc ual¸douc metˆbashc.[42]

2MÐa enallaktik  mèjodoc upologismoÔ gia b mata qwrÐc emfaneÐcbaselinesqrhsimopoieÐ to shmeÐo
kamp c (in�ection point ) wc shmeÐo upologismoÔ thcTg .



Kefˆlaio 5

Metr seic Rìfhshc-Ekrìfhshc

NeroÔ

5.1 Genikˆ

MÐa pr¸th melèth twn fusik¸n idiot twn twn udrogel¸n ègine ìson aforˆ sthn apìkkris 

touc me to nerì. Dedomènou pwc ta ulikˆ autˆ proorÐzontai -ìpwc proanafèrjhke- gia

biologikoÔc istoÔc, oi opoÐoi apoteloÔntai katˆ kÔrio lìgo apì nerì,  tan polÔ shmantikì

na exetasteÐ h udrofilikìthtˆ touc kai h sumbatìthtˆ touc me to udˆtino peribˆllon pou

ja epikrateÐ stouc biologikoÔc istoÔc. Autì epiteÔqjhke mèsw twn peiramˆtwn isìjermhc

rìfhshc-ekrìfhshc neroÔ se isorropÐa.

Pio sugkekrimèna, exetˆsthkan oi suntelestèc diˆqushc twn dokimÐwn, diìti endiafèrei

ereunhtikˆ h eukolÐa me thn opoÐa diaqèontai mèsw twn ikriwmˆtwn to nerì, oi jreptikèc

ousÐec kai ta biologikˆ apìblhta. EpÐshc, prosdiorÐsthkan oi kampÔlec udˆtws c touc,

dhlad  ta posostˆ prosrofoÔmenou neroÔ twn udrogel¸n, kaj¸c auxanìtan   meiwnìtan

h sqetik  ugrasÐa sto peribˆllon touc.

27
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5.2 O ergasthriakìc exoplismìc

To mhqˆnhma pou qrhsimopoi jhke gia ta peirˆmata twn Isìjermwn Rof sewn-Ekrof sewn

neroÔ eÐnai toVTI-SA+ Vapor Sorption Analyser thc etairÐacThermal Analysis (T.A.

Instruments).

EXARTHMATA:

1. Monwmènoc Jˆlamoc me zugì dÔo (2) bˆsewn

2. Aposp¸menoc Ugropoiht c (Saturator)

3. Aisjht rac ShmeÐou Drìsou

4. Jermìmetro me antÐstash apì platÐna

5. Okt¸ (8) BalbÐdec

6. SÔsthma Exˆtmishc (Exhaust)

7. SÔsthma KajarismoÔ (Purge)

8. SÔsthma Asfˆleiac ( Safety)

Sq ma 5.1: DeÐgma UalouronikoÔ Oxèoc mec sto zugì thc peiramatik c diˆtaxhc.
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To ìrgano trofodoteÐtai me nerì   organikoÔc dialÔtec, dhmiourgeÐ udratmoÔc kai pro-

kaleÐ sto jˆlamo me to zugì austhrˆ kajorismènec sunj kec jermokrasÐac kai sqetik c

ugrasÐac. Oi balbÐdec elègqoun an dioqeteÔetai sto jˆlamo ugrì   xhrì ˆzwto, en¸ h

rÔjmish thc sqetik c ugrasÐac gÐnetai apì ton aisjht ra shmeÐou drìsou. Sth sunèqeia,

oi udratmoÐ odhgoÔntai sto sÔsthma exˆtmishc.

To ekˆstote deÐgma topojeteÐtai sth mÐa bˆsh tou zugoÔ. Gia thn katagraf  thc mˆzac

ìtan xekin sei to peÐrama, h bˆsh me to deÐgma sundèetai me thn ˆdeia bˆsh anaforˆc mèsw

miac alusÐdac.

Tèloc, gia thn asfˆleia tou mhqan matoc, upˆrqei to sÔsthma anÐqneushc kapnoÔ. An

to sÔsthma qreiasteÐ na leitourg sei me organikì dialÔth kai upˆrxei diarro  eÔfle-

ktou ugroÔ, anˆbei h èndeixh sunagermoÔ kai to kÔklwma diakìptei thn trofodosÐa tou

reÔmatoc.[29]

5.3 ProetoimasÐa Deigmˆtwn

Oi udrogèlec parˆqjhkan sto PoluteqneÐo thc Balènjia ( UPV), ìpou kai xhrˆnjhkan.

Sto ergast rio apojhkeÔontan se skierì kai droserì peribˆllon, mèsa se ermhtikˆ klei-

stèc suskeuasÐec kai parousÐa puritÐac.

Sq ma 5.2: Apoj keush Udrogel¸n
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Prin apì to peÐrama ìla ta deÐgmata pièsthkan me jermoprèssa. EpÐshc, oi udrogèlec

zugÐsthkan gia na upˆrqei mÐa pr¸th ektÐmhsh thc xhr c mˆzac touc kai metr jhke to

pˆqoc touc pou qreiˆzetai stouc upologismoÔc twn suntelest¸n diˆqushc.

Oi metr seic pou pragmatopoi jhkan gia kˆje dokÐmio eÐqan to ex c prwtìkollo:

� X ransh, stouc 25 bajmoÔc KelsÐou, gia 3 ¸rec

� Rìfhsh NeroÔ ( sorption), me sqetikèc ugrasÐec 10,20,...,90 kai 95 %

� Ekrìfhsh NeroÔ ( desorption), me sqetikèc ugrasÐec 85,75,55,35,15 kai 5 %

� Epanarrìfhsh NeroÔ 1 (resorption), me sqetikèc ugrasÐec 10,20,...,60 kai 70 %

To mhqˆnhma programmatÐsthke ètsi ¸ste na paramènei se kˆje sqetik  ugrasÐa gia 10

¸rec, oÔtwc ¸ste to dokÐmio na prolˆbei na isorrop sei se kajemÐa apì autèc.

1To b ma autì  tan epiprìsjeto kai pragmatopoi jhke se orismèna mìno dokÐmia.
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5.4 Apotelèsmata Metr sewn

Ta apotelèsmata pou lambˆnoume apì to en lìgw peÐrama mporoÔn na qwristoÔn se dÔo

diakritèc melètec:

- Isìjermec KampÔlec Udˆtwshc, oi opoÐec katadeiknÔoun thnposìthta neroÔ pou

aporrofˆ to dokÐmio se kˆje posostì sqetik c ugrasÐac kai

- Suntelestèc Diˆqushc, oi opoÐoi katadeiknÔounpìso eÔkola kai gr gora mporeÐ

to nerì na diaqujeÐ mèsa stic polumerikèc domèc.

5.4.1 Ta pr¸ta apotelèsmata tou ESI

Sq ma 5.3: DokÐmio HA. Diˆgramma mˆzac-qrìnou gia touc kÔklouc rìfhshc-ekrìfhshc
stic diˆforec RH tou prwtokìllou metr sewn.

Sta Sq mata 5.3 kaj¸c kai 5.4 èwc 5.8 parousiˆzontai oi kampÔlec pou emfanÐzontai

autìmata sthn ojình tou sundedemènou me toVTI upologist , katˆ th diˆrkeia tou pei-

rˆmatoc. Autˆ eÐnai ta pr¸ta apotelèsmata pou lambˆnontai apì to peÐrama kai deÐqnoun

pìso allˆzei h mˆza tou kˆje dokimÐou ston ˆxona tou qrìnou, dhlad  pìso nerì apor-

rofˆtai apì to dokÐmio kaj¸c autì paramènei se mÐa sqetik  ugrasÐa. ParathreÐtai pwc

stic perissìterec sqetikèc ugrasÐec ta dokÐmia ftˆnoun se isorropÐa, ektìc apì tic polÔ

uyhlèc, ìpou auxˆnei suneq¸c h mˆza kai to ulikì den katafèrnei na isorrop sei.
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Sq ma 5.4: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-

ekrìfhshc. DokÐmio ZelatÐnhc.

Sq ma 5.5: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-

ekrìfhshc. DokÐmio HA.

Sq ma 5.6: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-
ekrìfhshc. DokÐmio 30/70 HA/ GEL.

Sq ma 5.7: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-
ekrìfhshc. DokÐmio 70/30 HA/ GEL.

Sq ma 5.8: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-
ekrìfhshc. DokÐmio 50/50 HA/ GEL.

Apì autèc tic prwtarqikèc kampÔlec ki apomon¸nontac kˆje sqetik  ugrasÐa se xeqwristì

diˆgramma, proqwrˆei kaneÐc stic epìmenec kampÔlec,mt � t , apì tic opoÐec upologÐzo-

ntai oi suntelestèc diˆqushc. Epiplèon, qrhsimopoioÔntai oi mˆzec isorropÐacmequil

gia ton upologismì twn posost¸n udˆtwshc epÐ thc xhr c mˆzac (Sqèsh 3.1) kai telikˆ

prokÔptoun ta diagrˆmmatahd � RH pou onomˆzontai Isìjermec KampÔlec Udˆtwshc.
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Sq ma 5.9: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-
ekrìfhshc. DokÐmio UalouronikoÔ O-

xèoc, piesmèno.

Sq ma 5.10: Diˆgramma mˆzac sunar-
t sei qrìnou stouc kÔklouc rìfhshc-
ekrìfhshc. DokÐmio UalouronikoÔ o-

xèoc, asumpÐesto.

Sta Sq mata 5.9 kai 5.10 parousiˆzontai ta diagrˆmmata mˆzac-qrìnou gia tic dÔo morfèc

stic opoÐec exetˆsthke to Ualouronikì OxÔ: piesmèno kai asumpÐesto2. H mètrhsh pou

pragmatopoi jhke sto piesmèno dokÐmio parousÐase asun jisth sumperiforˆ (qrìnoi�

3000min ) ki epanal fjhke gia to asumpÐesto.

Sth sunèqeia tou kefalaÐou 5, prìkeitai na parousiastoÔn kai suzhthjoÔn diagrˆmmata

mìno tou asumpÐestou UalouronikoÔ Oxèoc proc sÔgkrish me ta upìloipa dokÐmia, miac

kai oi metr seic autèc jewroÔntai pio axiìpistec. Orismèna apotelèsmata gia to piesmèno

deÐgma, kaj¸c kai sugkritikˆ apotelèsmata piesmènou-asumpÐestou UalouronikoÔ Oxèoc

paratÐjentai sto Parˆrthma A' aut c thc ergasÐac.

2Dhl. sth morf  pou l fjhke apì to ergast rio thc Balènjia.
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5.4.2 Isìjermec KampÔlec Udˆtwshc

Oi Isìjermec KampÔlec Udˆtwshc eÐnai ta diagrˆmmata pou katagrˆfoun ta poso-

stˆ udˆtwshc epÐ thc xhr c mˆzac tou dokimÐouhd(%) se sqèsh me th sqetik  ugrasÐa tou

gÔrw peribˆllontoc RH (%). Ta posostˆ udˆtwshc upologÐzontai apì th sqèsh (3.1),

gia kˆje posostì sqetik c ugrasÐac pou katagrˆfei autìmata to mhqˆnhma.

Shmei¸netai epÐshc pwc se autèc tic kampÔlec qrhsimopoioÔntai oi mˆzec isorropÐacmequil

pou proèkuyan wc apotelèsmata apì thn prosarmog  thc ExÐswshc 3.12. Autèc fˆnhkan

idiaÐtera qr simec kurÐwc stic uyhlèc sqetikèc ugrasÐec, ìpou ta dokÐmia den èftanan se

isorropÐa kai den up rqe parˆ mìno mÐa proseggistik  mˆza isorropÐac3.

Sto Sq ma 5.11 paratÐjentai oi isìjermec kampÔlec udˆtwshc gia ìla ta dokÐmia pou

melet jhkan se autì to peÐrama.

Sq ma 5.11: KampÔlec Isìjermhc Udˆtwshc gia ta dokÐmia: HA 100% (mple), ZelatÐnh
100% (kìkkino), 30/70 HA/ GEL (kÐtrino), 50/50 HA/ GEL (prˆsino), 70/30 HA/ GEL

(galˆzio).

ParathreÐtai pwc ta dÔo kajarˆ sustatikˆ parousiˆzoun akraÐec timèc, en¸ ta trÐa meÐg-

mata emfanÐzoun endiˆmesec timèc, giaRH > 70%. Stic mikrìterec sqetikèc ugrasÐec h

sumperiforˆ aut  de faÐnetai na epalhjeÔetai, kaj¸c katal goun ta meÐgmata na èqoun

3Bl. Parˆgrafo 5.4.3
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posostˆ udˆtwshc qamhlìtera akìma ki apì thn {kajar } zelatÐnh. Sthn uyhlìterh sqe-

tik  ugrasÐa (RH = 95%) eÐnai emfanèc pwc sto megalÔtero posostì udˆtwshc (125%)

ftˆnei to HA (mple), se endiˆmesec timèc (90-96%) ftˆnoun ta meÐgmata, en¸ th qamh-

lìterh tim  udˆtwshc (69%) thn èqei h ZelatÐnh (kìkkino).

Prosarmog  Apotelesmˆtwn me thn ExÐswsh GAB

H kˆje kampÔlh tou Sq matoc 5.11 prosarmìsthke bˆsei thc exÐswshc 3.5 (GAB). Apì

autèc tic prosarmogèc proèkuyan oi kampÔlec pou parousiˆzontai sta Sq mata 5.12 èwc

5.16, allˆ kai ta apotelèsmata twn paramètrwn tou �tting ston PÐnaka 5.1.

PÐnakac 5.1:Oi eurejeÐsec parˆmetroi thcGAB.

deÐgma hm C K hd;95%

GEL 7.4 63.2 0.94 69 %

HA=GEL : 30=70 6.7 2.8 0.98 96 %

HA=GEL : 50=50 7.9 22.2 0.96 90 %

HA=GEL : 70=30 9.0 12.8 0.95 94 %

HA 8.9 6.6 0.98 125 %

Apì ta parapˆnw diapist¸netai pwc h parˆmetroc K paramènei sqetikˆ stajer  kai plh-

siˆzei th monˆda, to opoÐo shmaÐnei ìti ta ulikˆ eÐnai udrìfila, ìpwc  tan epijumhtì.

H stajerˆ C parousiˆzei megˆlh diaforopoÐhsh metaxÔ zelatÐnhc kai ualouronikoÔ oxèoc.

MegalÔterh tim  èqei sth zelatÐnh kai mikrìterh sto HA, to opoÐo upodeiknÔei pwc oi

qhmikoÐ desmoÐ pou anaptÔssontai metaxÔ tou neroÔ kai twn alusÐdwn thc zelatÐnhc eÐnai

isqurìteroi se sqèsh me autìuc tou neroÔ me to HA.

Ta posostˆ udˆtwshc tou pr¸tou str¸matoc neroÔ ( hm ) eÐnai mikrìtera gia th zelatÐnh,

endiˆmesa noÔmera sta meÐgmata sÔstashc 30/70 kai 50/50 kai pio megˆla sto ualouronikì

oxÔ kai sto meÐgma 70/30, ìpou epikrateÐ to HA.

Tèloc, ta mègista posostˆ udˆtwshc ( hd;95%) -pou dÐnontai ˆmesa apì to an¸tero peira-

matikì shmeÐo gia sqetikèc ugrasÐec 95%- xekinoÔn apì th mikrìterh tim  sth ZelatÐnh, ta

meÐgmata paÐrnoun endiˆmesec timèc, en¸ to Ualouronikì OxÔ katal gei me 125% posostì

udˆtwshc epÐ thc xhr c mˆzac.
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Sta Sq mata 5.12 èwc 5.16 paratÐjentai oi prosarmogèc kampul¸nhd(RH ) apì ìla ta

peirˆmata ESI pou pragmatopoi jhkan.

Sq ma 5.12: GAB �tting - ZelatÐnh.
Sq ma 5.13: GAB �tting - HA. Asu-

mpÐesto dokÐmio.

Sq ma 5.14: GAB �tting - 30/70 HA-
/ GEL.

Sq ma 5.15: GAB �tting - 50/50 HA-
/ GEL.

Sq ma 5.16: GAB �tting - 70/30 HA-
/ GEL.

An koitˆxei kaneÐc prosektikˆ ta pènte diagrˆmmata, ja diapist¸sei ìti gia hd > 70%

to nerì arqÐzei na auxˆnetai apìtoma, opìte mˆllon arqÐzoun na sqhmatÐzontai susswma-

t¸mata ( clusters) mec sto ulikì.
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'Elegqoi Anameiximìthtac sta MeÐgmata

Se aut  thn parˆgrafo ja exetasteÐ katˆ pìso ta trÐa meÐgmata pou paraskeuˆsthkan

akoloujoÔn ton Prosjetikì Kanìna . O Prosjetikìc Kanìnac orÐzei pwc h analogÐa

twn sustatik¸n tou meÐgmatoc eÐnai aut  pou ja kajorÐsei kai to posostì me to opoÐo ja

summetˆsqoun ta ulikˆ sthn tim  hd. An isqÔei loipìn o prosjetikìc kanìnac, tìte ja

isqÔei kai mia sqèsh thc morf c:

hHG = AhHA + BhGEL (5.1)

ìpou A=h periektikìthta thc udrogèlhc se Ualouronikì OxÔ kai B=h periektikìthta thc

udrogèlhc se ZelatÐnh.

Sq ma 5.17: Prosjetikìc Kanìnac. MeÐgma 30/70 HA/ GEL. HA 100% (maÔrh diake-
kommènh),GEL 100% (mple diakekommènh), peiramatikˆ shmeÐa meÐgmatoc 30/70 (kìkki-

na), jewrhtik  kampÔlh meÐgmatoc 30/70 (kìkkinh).

Sto meÐgma 30/70 (perissìterh zelatÐnh) tou Sq matoc 5.17 faÐnetai na apoklÐnoun apì

ton prosjetikì kanìna ta shmeÐa twn qamhl¸n sqetik¸n ugrasi¸n. Autˆ brÐskontai pio

kˆtw akìma ki apì thn kampÔlh thc ZelatÐnhc. Autì ja mporoÔse na shmaÐnei pwc, anami-

gnÔontac ta dÔo sustatikˆ, qˆnontai kˆpoiec jèseic pou ja mporoÔsan na sugkrat soun

mìria neroÔ mèsa sto sÔnjeto polumerikì plègma.
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Sto Sq ma 5.18 parousiˆzetai h udrogèlh me Ðsa posostˆ ualouronikoÔ oxèoc kai ze-

latÐnhc (HA/GEL 50/50). O prosjetikìc kanìnac faÐnetai na epalhjeÔetai ektìc apì

mÐa-dÔo timèc endiˆmeswnRH (%) pou brÐskontai kˆtw apì th jewrhtik  kampÔlh.

Sq ma 5.18: Prosjetikìc Kanìnac. MeÐgma 50/50 HA/ GEL. HA 100% (maÔrh diake-
kommènh),GEL 100% (mple diakekommènh), peiramatikˆ shmeÐa meÐgmatoc 50/50 (kìkki-

na), jewrhtik  kampÔlh meÐgmatoc 50/50 (kìkkinh).

Sq ma 5.19: Prosjetikìc Kanìnac. MeÐgma 70/30 HA/ GEL. HA 100% (maÔrh diake-
kommènh),GEL 100% (mple diakekommènh), peiramatikˆ shmeÐa meÐgmatoc 70/30 (kìkki-

na), jewrhtik  kampÔlh meÐgmatoc 70/30 (kìkkinh).
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Tèloc, sto meÐgma 70/30 (perissìtero ualouronikì oxÔ) tou Sq matoc 5.19 apoklÐnoun

-me mikrèc diaforèc- apì thn kampÔlh tou prosjetikoÔ kanìna ta teleutaÐa shmeÐa se

uyhlèc RH (%) kai parathreÐtai pwc stic qamhlècRH ta peiramatikˆ shmeÐa brÐskontai

pˆnw akìma ki apì thn kampÔlh tou HA. Diapist¸netai kai pˆli pwc to HA kai h zelatÐnh

allhlepidroÔn metaxÔ touc kai desmeÔoun jèseic ìpou ja mporoÔse na eisqwr sei to nerì.

Genikˆ, oi qamhlècRH shmaÐnoun ual¸dh perioq , ìpou to nerì den èqei katafèrei akìma

na plastikopoi sei tic polumerikèc alusÐdec, opìte h kinhtikìthta eÐnai mikr . ExoÔ kai

h apìklish twn peiramatik¸n tim¸n apì tic jewrhtikèc kampÔlec. Stic uyhlèc RH oi

apoklÐseic autèc ofeÐlontai sth dhmiourgÐa susswmatwmˆtwn neroÔ pou kai pˆli parempo-

dÐzoun thn eleÔjerh kÐnhs  tou, kaj¸c kai sthn allhlepÐdrash twn dÔo sustatik¸n twn

meigmˆtwn.
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Anaz thsh Fainomènwn Ustèrhshc

Sq ma 5.20: Rìfhsh-Ekrìfhsh sth
ZelatÐnh.

Sq ma 5.21: Rìfhsh-Ekrìfhsh sto
HA.

Sq ma 5.22: Rìfhsh-Ekrìfhsh sthn
udrogèlh 30/70 HA/ GEL.

Sq ma 5.23: Rìfhsh-Ekrìfhsh sthn
udrogèlh 50/50 HA/ GEL.

Sq ma 5.24: Rìfhsh-Ekrìfhsh sthn
udrogèlh 70/30 HA/ GEL.

Pragmatopoi jhkan kai metr seic ekrìfhshc neroÔ gia ton entopismì   ìqi ustèrhshc

sta deÐgmata. Ustèrhsh upenjumÐzetai pwc shmaÐnei sugkrˆthsh tou neroÔ apì to deÐgma,

kaj¸c to mhqˆnhma prospajeÐ na to xhrˆnei kai mei¸nei th sqetik  ugrasÐa tou jalˆmou.

Sta diagrˆmmata 5.20 èwc 5.24 parousiˆzontai ta peiramatikˆ shmeÐa kˆje deÐgmatoc katˆ

tic rof seic ( maÔra shmeÐa) ki ekrof seic ( kìkkina shmeÐa ). ParathreÐtai Ôparxh
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ustèrhshc se ìla ta dokÐmia ektìc tou HA kai tou meÐgmatoc HA/GEL 50/50. MegalÔterh

ustèrhsh upˆrqei sth zelatÐnh, h opoÐa epibebai¸netai pwc anaptÔssei isquroÔc desmoÔc

me to nerì. UpenjumÐzetai pwc to Ðdio pìrisma bg ke ki apì thn tim  thc stajerˆcC

sto GAB �tting . Epomènwc, to nerì egklwbÐzetai stic domèc thc zelatÐnhc kai paramènei

se aut  parìlh thn pt¸sh thc sqetik c ugrasÐac tou peribˆllontoc. Sta dÔo meÐgmata

(30/70 kai 70/30) upˆrqoun pio asjeneÐc uster seic, ˆra diapist¸netai pwc aut  h idiìthta

thc zelatÐnhc diathreÐtai.

Sq ma 5.25: DokÐmio HA/GEL 70/30. 1oc kÔkloc rìfhshc (maÔra tetrˆgwna), 2 oc

kÔkloc ekrìfhshc (kìkkinoi kÔkloi), 3 oc kÔkloc rìfhshc (leukˆ trÐgwna).

Ektìc tou basikoÔ kÔklou rìfhshc ki ekrìfhshc neroÔ, gia na parathrhjeÐ   ìqi ustèrh-

sh, qreiˆsthke se kˆpoiec peript¸seic na ektelesteÐ ki ènac epanalhptikìc kÔkloc

rìfhshc 4. Autìc èqei wc stìqo th melèth thc katˆstashc tou ulikoÔ metˆ thn olokl rw-

sh thc pr¸thc rìfhshc-ekrìfhshc neroÔ ki ìpwc faÐnetai sto Sq ma 5.25 ta shmeÐa

rìfhshc ki epanarrìfhshc den parousiˆzoun megˆlec diaforèc.

4O epanalhptikìc kÔkloc rìfhshc prostèjhke stouc dÔo basikoÔc, ìtan diapist¸jhke h asun jisth
sumperiforˆ tou sumpiesmènou ualouronikoÔ oxèoc. Bl. Parˆrthma A'.
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5.4.3 Suntelestèc Diˆqushc

Oi upologismoÐ gia touc suntelestèc diˆqushc èginan me prosarmog  olìklhrhc thc ka-

mpÔlhcmt (t) bˆsei thc ExÐswshc 3.125.

Sq ma 5.26: Fitting se ìlh thn ka-
mpÔlh gia eÔresh touD thc ZelatÐnhc.

RH = 20%.

Sq ma 5.27: Fitting se ìlh thn ka-
mpÔlh gia eÔresh touD tou asumpÐe-

stou HA. RH = 30%.

Sq ma 5.28: Fitting se ìlh thn ka-
mpÔlh gia eÔresh touD thc udrogèlhc

30/70 HA/ GEL. RH = 80%.

Sq ma 5.29: Fitting se ìlh thn ka-
mpÔlh gia eÔresh touD thc udrogèlhc

70/30 HA/ GEL. RH = 95%.

'Ola ta �tting stic kampÔlec pou proèkuyan apì th rìfhsh neroÔ èginan me polÔ kal 

akrÐbeia, opìte mporeÐ kaneÐc na upojèsei pwc ta apotelèsmata twn suntelest¸n diˆqushc

pou dÐnontai ston pÐnaka 5.31 eÐnai axiìpista.

UpenjumÐzetai xanˆ pwc èna epiplèon apotèlesma pou dÐnoun ta diagrˆmmata 5.26 - 5.29

(kai ta upìloipa ìmoiˆ touc) eÐnai oi mˆzec isorropÐac gia kˆje sqetik  ugrasÐa kai gia

kˆje dokÐmio. 'Opwc faÐnetai apì to Sq ma 5.29, eidikˆ stic uyhlècRH = 95%, oi mˆzec

isorropÐac den mporoÔn na upologistoÔn me ektÐmhsh apì to diˆgramma, epeid  to dokÐmio

5Oi grammikèc prosarmogèc stic perioqèc qamhl c sqetik c ugrasÐac pragmatopoi jhkan exÐsoi. O-
rismèna diagrˆmmata aut c thc anˆlushc paratÐjentai sto A' Parˆrthma, ìpou kai sugkrÐnontai ta apo-
telèsmatˆ thc me autˆ pou paratÐjentai ed¸. Oi apoklÐseic pou diapist¸jhkan stic timèc twn D  tan
polÔ mikrèc.
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se tìso uyhl  ugrasÐa den katafèrnei na ftˆsei se isorropÐa. Se autèc tic peript¸seic,

o suntelest c diˆqushc gÐnetai polÔ mikrìc.

Sq ma 5.30: Oi suntelestèc diˆqushc pou upologÐsthkan apì touc kÔklouc rìfhshc
se ìlec tic RH kai gia ìla ta dokÐmia: HA 100% (kìkkino), 70/30 HA/ GEL (mple),

50/50 HA/ GEL (portokalÐ), 30/70 HA/ GEL (kÐtrino), GEL 100% (maÔro).

Sto sugkritikì Sq ma 5.30 faÐnetai ìti o suntelest c diˆqushc kˆnei diˆforec diaku-

mˆnseic gia qamhlècRH kai mˆlista se ìla ta dokÐmia. Tìte oi polumerikèc alusÐdec

brÐskontai pijan¸c sthn ual¸dh katˆstash.

'Otan to nerì aporrofˆtai gia pr¸th forˆ apì to dokÐmio, dhmiourgoÔntai nèec koilìthtec

kai {drìmoi} kai to nerì de diaqèetai se ìlec tic sqetikèc ugrasÐec to Ðdio apotelesma-

tikˆ. 'Etsi dikaiologoÔntai oi diakumˆnseic pou parathroÔntai. H ekrìfhsh 6, antÐjeta,

exelÐssetai pio omalˆ, afoÔ oi {drìmoi} pou ja diasqÐsoun ta mìria tou neroÔ gia na

apomakrunjoÔn apì tic polumerikèc alusÐdec èqoun  dh diamorfwjeÐ kai h kÐnhsh eÐnai pio

omal .

Gia posostˆ sq.ugrasÐac megalÔtera apì 50-60% oD auxˆnetai kai gia megalÔtera apì

70% (  80% gia th zelatÐnh) mei¸netai pˆli. H aÔxhsh touD se RH > 50%Ðswc shmato-

doteÐ thn metˆbash tou ulikoÔ sthn elastik  katˆstash. H metèpeita pt¸sh sundèetai me

th dhmiourgÐa susswmatwmˆtwn neroÔ. Mˆlista, mporeÐ oi monˆdec pou kinoÔntai na eÐnai

megalÔterec   ta susswmat¸mata na leitourgoÔn wc empìdia sth diadrom  tou neroÔ.[31]

6Bl. Parˆrthma A'.
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Ston PÐnaka 5.31 parousiˆzontai oi suntelestèc diˆqushc,D , ìpwc autoÐ upologÐsthkan

apeujeÐac apì thn ExÐswsh 3.12.

Sq ma 5.31: PÐnakac me touc Suntelestèc Diˆqushc pou upologÐsthkan.
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5.5 SÔndesh twn dÔo melet¸n

Ta apotelèsmata suntelest¸n diˆqushc kai h prosarmog  twn kampul¸n isìjermhc rìfh-

shc neroÔ pou ègine mèsw thc exÐswshcGAB sundèontai ˆmesa. Ta diagrˆmmata 5.32 èwc

5.36 deÐqnoun akrib¸c aut  th sÔndesh.

Sq ma 5.32: Sugkritikì diˆgramma suntelest¸n diˆqushc (maÔro) - kampÔlhc isìjermhc
udˆtwshc (mple) sunart sei sqetik¸n ugrasi¸n. ZelatÐnh.

Sq ma 5.33: Sugkritikì diˆgramma suntelest¸n diˆqushc (maÔro) - kampÔlhc isìjermhc
udˆtwshc (mple) sunart sei sqetik¸n ugrasi¸n. MeÐgma 30/70 HA/ GEL.
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Sq ma 5.34: Sugkritikì diˆgramma suntelest¸n diˆqushc (maÔro) - kampÔlhc isìjermhc
udˆtwshc (mple) sunart sei sqetik¸n ugrasi¸n. MeÐgma 50/50 HA/ GEL.

Sq ma 5.35: Sugkritikì diˆgramma suntelest¸n diˆqushc (maÔro) - kampÔlhc isìjermhc
udˆtwshc (mple) sunart sei sqetik¸n ugrasi¸n. MeÐgma 70/30 HA/ GEL.
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Sq ma 5.36: Sugkritikì diˆgramma suntelest¸n diˆqushc (maÔro) - kampÔlhc isìjermhc
udˆtwshc (mple) sunart sei sqetik¸n ugrasi¸n. Ualouronikì OxÔ.

Autì pou parathreÐtai eÐnai pwc sth sqetik  ugrasÐa ìpou o suntelest c diˆqushc megi-

stopoieÐtai (D = Dmax ), arqÐzei h apìtomh aÔxhsh kai twn posost¸n udˆtwshchd(%).

Me autì ton trìpo, shmatodoteÐtai h enarxh sqhmatismoÔ twn susswmatwmˆtwn neroÔ

(clusters) sthn udrogèlh, afoÔ èqei  dh oloklhrwjeÐ h diamìrfwsh tou pr¸tou str¸ma-

toc neroÔ.

Stic akìma megalÔterec ugrasÐec (perioq  metˆ th mwb diakekommènh gramm ), oi sunte-

lestèc diˆqushc suneq¸c mei¸nontai kai to nerì sunantˆ empìdia sthn kÐnhsh/diˆqus 

tou.



Kefˆlaio 6

Diaforik  JermidometrÐa

Sˆrwshc

6.1 Genikˆ

To peÐrama thc Diaforik c JermidometrÐac Sˆrwshc pragmatopoi jhke me stìqo na me-

lethjoÔn oi allagèc fˆshc tou neroÔ stic udrogèlec. To ualouronikì oxÔ, h zelatÐnh

kai ta meÐgmatˆ touc eÐnai ulikˆ pou den parousiˆzoun t xh kai krustˆllwsh. Gi' autì to

lìgo, melet jhkan oi udatwmènec udrogèlec, se sqetikèc ugrasÐec 65% , 85% kai 98%,

¸ste na epiteuqjoÔn diaforetikˆ posostˆ udˆtwshc.

Apì to kefˆlaio 6 ja exaqjoÔn sumperˆsmata sqetikˆ me th jermik  apìkkrish tou neroÔ

mec sta polumerikˆ ulikˆ katˆ thn yÔxh kai th jèrmans  tou, se ti jermokrasÐec autì

krustall¸netai   t ketai kai pìte parathreÐtai ual¸dhc metˆbash stic polumerikèc alu-

sÐdec. Katagrˆfontai epÐshc oi metabˆseic gèlhc-dialÔmatoc (GEL-SOL) ki antÐstrofa

(SOL-GEL) thc zelatÐnhc, kaj¸c ki apotelèsmata apì tic exatmÐseic twn dokimÐwn.
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