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EuxaploTtieg

H mapouoa mruylakn pe Béua «HAekTpoivomoinon, XpwWHIKA UALKQ, piypa vavoivwy, UALkA erubépata
TPAUUATWY», Tpaypotomolndnke, o010 TAAIO0O TNG TTUXWOKAG £pyociag ToOU  TUAMOTOG
KAwotoUdavtoupyiag tou TexvohoykoU EkmaldeutikoU I§pupatog Mepald kabwg Kal Tou avtioTtolyou

TUAKatog Tou Navermotnpiou tng Favéng oto BéAylo.

310 onuelo aUTO aloBavopal TNV avaykn va ekPppaow TG ELMKPLVEIC Hou Kal Bepuécg euxaplotieg oe

000UC¢ CUVERAAQV 0TNV OAOKANPWON QUTAE TNG TPOOTIABELAG:

Mpwta andia tov kadnyntr pou K. Fewpylo Mpwiwtdkn yo tnv kaBodnyntikn tou otdon. Ensita otny
ir. lline Steyaert 818aktoplkn doltATpLla oto MNavemotipio tng Favéng yia tn ocuvexn kabodrnynon, T
opéplotn umootnplén, T ouclwdnc oUUPOUAEG, KABWC Kol TV OSLAKOTN CUMMAPACTACH KoL
evBappuven mou pou mopeixe oe 6Ao autd to ddotnua. Emiong Ba nBela va euxapLloTiow WELALTEPWG
v kabnyntpld pou K. Karen De Clerck oto Mavemotiulo tng Favéng yia tnv supltepn kabodrynon

010 SpOUO TWV OTOUSWV Kal TNG ekmaideuonc.

T€Aog, BEAW va euXAPLOTHOW TOUG AVBPWITOUG OO TO OTEVO OLKOYEVELAKO TEPLBAAAOV TTOU UE Epabav
va urtepBaivw kat Bonbnoav otn Mpayuatwaon Tou avéPIKTou. I auToUG IOV HE TV KOBNUEPLVH TOUG
CUUMAPAOTACN KoL UTIOHOVH CUVEBOAQV OTNV eKMANPWON TOU GTOXOU Hou, adlepwveTtal n epyoocia

auTnh.

Kwvotavtiva Mapiton

ABnva, 2013



NepiAnyn

KEDAAAIO |
Elcaywyn

Ta é€unva udacpata (smart textiles) sivat éva medio pe mMoAAEG kateuBUvoeLg Omou Staxwpiletal o
TPELG €UPUTEPEG Katnyopieq. H mpwtn ovopdletar mabntikd €E€umva uddopata omou  eival
alodntnpeg, n deltepn gupuTtepn Katnyopia mepllapBavel ta evepyd £Eumva udacpata KoL N
tedevtaia adopd ta TMOAU £fumva udAopaTa, TO Onoila €ival LKAVA Vo TIPOCAPHOCOUV TN

oupmneplpopd Toug oUWV PE eEWTEPLKEC CUVONKEG.

H epyaocia autr sotidlel ota vavowwdn aloxpwitkd VAka (halochromic nanofibrous materials) ta
omoia Ba pmopoucav va xpnolpononBolv w¢ UALKA EMIBEUOTA TPOUHUATWY, Yo TOPASELYHO 0T
Bepaneia evog tpavparog kaipatog (burn wound healing). O 6pog XpwWHULOUOC XPNOLUOTIOLELTAL VIO
TNV EL0OYWYHN TWV XPWHLKWV GALVOUEVWY KAl TNV TEpLypadr TNG LOLOTNTAG EVOAAQYNG TOU XPWHOTOG
oo TG GUOLKEC LOLOTNTEG £VOC UALKOU. To PaLVOUEVO OTIOU SNULOUPYEL TN UETATPOTH QUTH Elval n
oAAayr) OTNV MEPLEKTLKOTNTA TWV NAEKTPOVIWV 0TI XphnoLluomnolnBouaoeg ouoieg, eldikotepa tnVv m-n-d
Kataotaon nAektpoviwy, N v alhayn ‘taktomoinong otnv unepopoplakn dour. Avefdptnta amno
TOUG TTAPAYOVTEG TIOU EVEPYOTIOLOUV TNV aAAayr) TOU XPWUATOG, UTTAPXOUV KL GAAOL TUTIOL XPWLOUOU
EUPEWG YVWOTOL OTwC yLo Tapadelypa o aAoxpwplopdc (halochromism). Eva aAoxpwikd UALKO ivat
To UAKO omou aM\alel xpwpa otav allayr pH udiotavtal. H aAlayr Tou XpWHATOG £YKELTAL OTN
Snuloupyla XNUIKWY Sopwv LeTaty uSpoyovou Kal LovTwy USpoteldiou oto StdAupa. TETolou TUTToOU
Seopol obnyolv oe aMhay£ég Tou culuyoUG CUCTAMOTOG TOU Hopiou, | oe allayn TNG pong Twv
nAsktpoviwv. Autd evaldooel To Tooo Tou anopodnBEvtog GwTtog, To omoio odnyel oe opatr) aAhayn
TOU Xpwpatog. OL aloxpwUikéG ouaieg &gev avaAlouv €va OAOKANpPO €UPOC XPWHATOG yla €va
oAOKANpo €Upo¢ pH AOyw TOU OTL EMElTA OMO CUYKEKPLUEVEG 0EUTNTEC TO oLlUYEG ocloTnua Oev

oAAQTeL MEpALTEPW.

OL nmexapetpikol Seikteg (pH indicators) eival aAoXpwWHLKEG XNUWKES OUCLEG OToOU TpooTiBevtal ot
HLKPA oo og €va SLGAUpa oUTWE WOTe To pH autol va propel va mpoodloploBel kat omtikd. Mia
AaAAN xpron twv Selktwv Tou eival umo £€EAEN Ta TeAeutaia Xpovia, sival n mpoobnkn Twv ot
Stalupa moAupepwv omou Ba nAektpolvorolnBei (electrospinning) kat Ba avadépetal wg mpoobikn
XPWOoTLKAC (dye-doped) oto SLGAUMO. AUTO EMLTPEMEL TNV MAPOYWYN KN UGAVOLUWY VAVOSouwy Omou

UopoUV va. aAAGEOUV XPWHO KATW OO CUYKEKPLUEVN ETILOPON TIEXAUETPLKOU EUpoUC. AuTol oL TUToL



TWV XPWHLKWV UAKWV areAeuBepwvouv ToV 0AOXPWHLOUO Kol £XOUV CNUAVTIKO SUVNTIKO otnv €EEALEN

TWV £EUMVWV UPACUATWV.

H epyaocla auth eotldlel otnv mapaywyr GAOXPWUIKWY VAVOSOUWV HE avaoTpePLuotnTa otny
oAAayn, KaBwg Kal tn duvntiki yla €Aeyxo TG Stadlkaoiag emoVAwoNG evog Tpavpatog kalipatog

XOPOKTNPL{OUEVO QIO CUYKEKPLUEVEG TIEXAUETPIKEC AANAYEC.
Navoivwéng SoHEG WG AAOXPWHLKA VALKA ETULOEATO TPOAUVUATWV

Ewg Twpa HOVO MEPKEC dopeg £xel xpnolpomownBel ywa KoAUtepn MeAETN TOU dalvouévou
OAOXPWULOUOC TO ouoTnUa XpWOTIKN-6giktng omwg alizarin, bromocresol purple, brilliant yellow,

nitrazine yellow og cuvdLaouo He N UPAVOLUEG OUGLEC.
Navoiveg avramokptvoueves oto pH

O KUpLOG OTOXOC £lval VaVOIVEG AVTOMOKPLVOUEVEG OTO pH, OVOUAOTIKA OAOXPWULKA UALKA. XpWULKA
UALKQ €ilval o gupUlTepog OpoCg avadepOUeVog o UAIKA, Tta omoia oAAdlouv, aktivoBoAolv Kal
adatpolv To xpwpa Kat Adyw tng L8LoTNTAg aUTNE avadEpovtal Kol WG VALKA YopaAéwy. Ydavolua
KOLL LN €XOUV XPNOLUOTIOLNOEL £WG TWPA YLO VAL ELOAYOUV TOV AAOXPWHLOUO. Yaouata omou aAAdlouv
xpwua Ba pmopoucav va xpnolpomolnBouv gupéwg yla vo mpoodlopioouv to pH pLog TANYNC
Ko (LATOG HLOG KOL TO XpWHO glval omTko gpgbiopa SnAadn pa apeon Asttoupyla eldomoLoews.
‘Eva eniBepa guaiocBnto otig alayég tou pH pmopel va pag Swoel mAnpodopieg and To XPWHA TOU
KOl HOVO MLOG KOl To pH tou 8€puatog oto onpeio tou Kaipatog mMolkiAAEL Katd Ta otadla Tng
Sladkaoiag emoUAWONG ETMOMEVWG aQVeETUOUUNTN QmMOMAKpuvon Twv embEopwY Mmopel va

amodeuyBel.

H Souleld auth eotidlel otnv mapoucia tou Gavopévou aAOXPWHLOUOU O PN UdAvoLlpa UALKA.
MapoAo TOU oL AAOXPWULKEG XPWOTIKEC Sev eival SlaBéolueg otnv oyopd TEXAMETPLKOL Seikteg
propoUv va BpeBolv eUKoAa Kal va XpNoLomolnBolv w¢ pia eVOAAOKTLK yla vol SLEUKOAUVOUV TNV
aneAeuBépwon tou datvopévou. Eival yvwotd OTL 0 Xpovog aviamokplong oe udavolua eivat
HEYOAUTEPOG O GUYKPLON UE TIC U UdAvoLUEeG SopéG. EmutAéoy, e€attiog Twv XapakTnpLoTIKWY TOUG
TOAVOTNTEG AOLUWEEWV EAAXLOTOTIOLOUVTAL, N OVATTUEN TWV KUTTAPWVY BeATioTomoleital kabwg Kot

TAPEXETOL £VAG EMLTAEOV EAEYXOC OTNV UYPOCLA TNG TEPLOXNG TOU TPAUUATOC.

Eva olOTNUO  XPWOTIKNA-TIOAUPEPEG KOl  XPWOTIKA-TIOAUHEPEG-TIAPAYOVTAG  CUUITAOKOMOiNoNg
(complexing agent) Ba ypnowuomnotnBei. O 6poc o omoiog Ba avadepbel yla To cUOTAUA AUTO LE TN
XPWOTLKA €lval tpooBnkn xpwottkic (dye-doped). H xpwotikn mpootiBetal oto StdAupa toAupepoug

TP TNV nAektpowvoroinon. MNa mapddslypa mpoobrkn XPWOTIKAG OTNV TIOAUKOTTPOAQKTOVN HE



Kitpwvo nitrazine (nitrazine yellow) kalL mpooBnkn XPwWOTKAG OTO TOAUQUISIO 6.6 pHE HwP
BpwplokpeloAng (bromocresol purple). EmutAéov, mpooBnkn XpWOTIKNG OTO MOAUAUISLO 6 e €va
‘KOKTEWN” IEXQUETPIKWV SEIKTWY OVOUAOTIKA EpuBp0o dawvoAng (phenol red), epuBpd pebuliou (methyl
red), daiwvohodpBaAeivn (phenolphthalein), kvavo tng BpwploBupoAng (bromothymol blue) kat

PAacLvo NG BpwulokpeldoAng (bromocresol green). MeyaAo eUpog pH emtevxbnke anod Agarwai et al.

Mta pepPpavn PAN guaicBntn oto pH pe moAvapiblo 6.6 avamntuxbnke and Zhang et al oe cuokeun
nAektpolvomoinong Suthol akpoduaiou. H emotnuovikiy autr opdda katopbwaoes allayn 0To XpwHa
arno amaAod Kitpwvo oe BloAeti pe evpog pH 7 - pH 14 pe pa eldikn TexViKn omou Ba pmopouos va

SdnuLoupynosL vavoivwdng LepPpaveg evaiocbnteg oto pH.
AvtiAnyin tou xpwuatog

To xpwpo €ival éva OMTIKO €pEBLOMA OMOU UMOPEL va XpNnoLpomolnBel yla Tov Tpoadloplopo Tou
otadiov tng dtadikaciag emolAwaong evog Tpavpatog kaipatoc. Mapola autd, n opacn ival évag
UTIOKELUEVIKOG TPOTIOG  eKTipnong Kal afloAdynong Twv TEIPAPOTIKWY QTMOTEAECUATWY  yla
EUTOPEVUATONOLNON TWV UAIKWV QUTWV EMOUEVWEG KPLVETOL amapaitnTo va xpnotpornotnBei évog
XPWHATIKOG XWPOE TIPOCSL0PLoHOU. XpWHATIKOG XWPOG oplleTal WG TPLOSLACTATOG YEWHUETPLKOG XWPOG
LE OUVIOTWOEC OE TLUEC TTOU QVAKOUV 0To 0pato ¢pdaopa. Ta epebiopata gival pnvopata amnd tov
neplBailovta xwpo omou amoppodouvtal amod thn otolfada audtPAncTposldols, EVEPYOTIOLOUV [La
OELpA YEYOVOTWV Kal KataAnyouv otnv avtiAnyr pag. AplBuntikol YpwpoTKOL XwpoL €xouv
xpnoLlpomnolnBel péoa ota teAeutaia Xpovia ylo Tn LETPNON TOU XPWHATOG. € auTh Thv gpyacia Ba
xpnolpomnolnBst o ypwpatikde xwpog CIEL*a*b*. H Commission Internationale de I’ Eclairage,
ovopooTika CIE, e€eAixBnke pe amomelpeg LeTaTpomng Twv X, Y Kol Z TPLwV SL00TACEWY TIUWV o€
OUVTETAYUEVEG OTIOU TtpoadEpouy opolopopdia. OL TPELS MapAUETpOL Omou umoAoyioBnkav eival L*
yla éva 6ebopévo xpwpa Kot kKupaivetal amd 0 (to andluto pavpo) £éwg 100 (to amdAuto Aeuko), a*
YLl TO KOKKLVO-TIPAGLVO XOPOKTHPA TOU XPWHOTOG e OETIKEC TLUEG VLA TLG KOKKLVEG OKLEG KOL APVNTLKEG
yla TIG TIPACLVEG OKLEG KOl b* Omou Sivel KiTpLVo-UIMAE XOPOKTAPA UE BETIKEG TLUEG yla TIG KITPLVEG

OKLEC KOLL QPVNTLKEC VLA TLG UTTAE OKLEG.

OL TeploolOTeEPE; OAOXPWHLKEC XPWOTIKEG ouoie¢ aMalouv amd £va xpwpa oe €va AMo
napouotalovrag pa Baboxpwuikr (bathochromic) i voxpwukn (hypsochromic) petatomnion tng
Kopudng dacpatog anoppddnong emdvw os (Amo)mPwToviwon Kal KOTNyopLomoloUvTol w¢ BETIKEG
KOL OPVNTLKEC OAOXPWHLKEC XPWOTIKEG OUCIEG QVTLOTOXWC. ITO YEYOVOG TNG aAlaynG XPWHOTOG
otnpiletal n mpwtoviwon f amompwTtoviwon tou popiou Padng mpokaAwvtag pla StadopeTiki

nAsktpoviakr Slopdpdwon pe amotéAeopa £va StadopeTikd xpwpa. H opath allayr XpWHATOC OTLG



OAOXPWHLKEG XPWOTLKEG otnpileTal katd BAacon oto davolypa TG aAucidag Tou Poplou TNG XPWOTLKAG
EMAVW ot (amo)mpwrtoviwon 1 O TOUTOUEPLOUO, (Ta TAUTOUEPN €lval LOOUEPN) —CUVTAYUOTIKA-
OPYOVIKWV UAIKWV Omou ameuBelag peTaTpEmovtal amd Mo XnULKA aviidpacn ovopalopevn
TOUTOUEPLOPOC. AUTH n avtibpaon ouvnBwe KATAANYEL OE UETAVACTEUCN EVOC ATOUOU USPOYOVOU N
MpwToviou Tou cuvodeletal anod oAlayn evog povol Seopol o SMAG.) MO KAl TA TOUTOMEPN

SLaB€Touv SLapOPETIKEG XPWOELG Kol BOPLKEG OVTOXEG.
ZTOXOG TTUXLAKN G Epyaoiog

H xprion oAoxpwHLKWV UGACUATWY OTNV LATPLKN £LVOL EMITAKTLKA ULaG Kol augavopevo evdladépov
napatnpeital ta teAevutaio xpovia. H €MLOTAUN O AUTO TOV TOMEQ UMOPEL AKOUN VA TIAPOUGCLACEL
npoodo pLog Kal To eUpog aAhayng pH evog tpavpatog Kaipatog Kotd ta otdadla Beparmeiag sivat
TOAU ouyKekplpévo. H nAektpolvomoinon Bewpeitol pio moAl KaAn pébodog mapaywyng vavoivwv
KaBw¢ ol duvatdtnteg oe auth TNV mepintwon avéavovtal paydaio 6mwe n dnuouvpyia piypotog
TIOAUEPWYV KL N UETEMELTO EMEEEPYAOLA VLA TNV KATOOKEUN VWV KATW Ao TtV mapoxn NAEKTpLkol
PEVUATOG. € aUTH TNV epyacia Ba xpnowuomnonBolv piypota moAupepwy Kabwg kat Ba eAeyxBoulv ot

LOLOTNTEC TWV.

Oa npaypatomnolnBel mpoodrkn disperse red 1 kat disperse red 1* otnv moAukamnpolaktovn (PCL) kat
npocOnkn pwp t™g BpwpiokpeldoAng oto moAuvauibio 6 (PA 6) oto keddlato lll. EmutAéov, Ba
npootebel évag mapayovtag ocupmAokomoinong (Perfixan RDV) ywa tnv ehaylotomoinon tng
aneAeuB£pwong tng Badng (dye release) os kaBe mepiotaon. 2to keddhato IV Ba mpooteBOei disperse
red 1 kot disperse red 1* oto moAvapidio 6 kabBwg kal o Mapdyovtag cuUTAoKomoinong. Oa
TipaypatomnotnBet piypo moAupepwy PA 6 kot P(M) e Tn XpWwOTLKA 0UGiot OLOLOTIOAIKA EVWUEVN UE TO
LOpLO Tou TteAeutaiou omou kat Ba nAsktpolvorolnOetl yia Tn HeAETN TOU GALVOUEVOU AAOXPWULOHOU.
Télog, Ba mpooteBoUv kalL Ba epsuvnBolv n Padn tpodiuwv fast green kal t0 HWPB NG
BpwuiokpeldAng oto moAuapidio 6 oto keddhalo V, mpocOnKn Mapdyovta GUUITAOKOTOLNoNG Kal
ebw. M mpwtn mpooéyylon elval n afloAdynon Kol oUYKpLon TNG €Mpporng Tou Tapdyovta
OUMTTAOKOTIOLNONG ME TO TIOAUMEPH OTa omola €Xel MPOOTEOEl KAMOLA XPWOTLKA KAl N OVAKTNON
yvwong tng svaiobnoiag oto pH. O emodpevog otoxog eival n koatopbwon peBoSou mapaywyng

OAOXPWHLKWV Vavoivwy pe Stadopeg Sokipég ipog BeAtiotomnoinaon.



KEDAAAIO I

‘Exel amodelxBel mwg n mpocdrkn UKpNG moootnTag popiou o SLGAupa pog nAektpolvomoinon Sev
eNMNpPealel onuavtikd tn Stadikacio. To clotnua MOAUPEPEG/XpwOTIkA oucia Ba pehetnBel os autn
NV gpyacio yla TNV Katavonon Twv HNXOVIoPHWV TNG Stadlkaolag autng kot tTnv afloAdynon twv
TOPAPETPWY nAekTpolvomoinong. Q¢ ek ToUTOU, TTOAUUEPH, TIOAUUEPN UE TPOCONKN ETAEYUEVNG
XPWOTLKAC KOl TIOAULEPN HE TN XPWOTLKA KoL TpocBnkn Tou mopdyovia cupmnAokomnoinong Ba
nAektpolvomownBei. O mapdyovtag cupmAokomoinong Ba mpooteBel ywa T PBeAtiotomoinon tng

Sladikaoiag onmwce €xet N6n peAetnBel and Van der Schueren and all.
Navoiveg moAvautdiov 6 kot TOAUKATIPOAAKTOVNG, TPOCINKN XPWOTIKWV OUCLWV

H emloyn evog katdAAnAou ouotipatog StaAutn eival efalpeTiknG onuooiag ylo o opoAn
Sladkaoia NAeKTpoLvoToinong HLOC Kal 0 TEAIKOG otdxoc elval n BeAtiotomoinon Tou GUOTAUATOC
TIOAUMEPEG-XPWOTIKY. HAektpowormoinon vavoivwv PA 6 og piypa SLAAUTWY HUPHNYKIKO 0EU/0ELkO
ofU (formic acid/acetic acid) peAetiOnke kol XapAKTNPLOTAKE WC cvotnua KAWL ywa otabepn

Sladikaoia KATL TO OMmoio €lval TO TLO GNUAVTLKO YLO VOVOIVEC TTPOC Tapaywyr) v Suvapn.

Jdatpidla moAUKATPOAAKTOVNG 08 SLAAUMA HUPUNYKIKOU 0€£0¢/0ELlkol 0€€og £xeL OGN peAeTnOel kot

anodelyBel wg mMoANG urtooxopevo amo tnv Van der Schueren et all.

Mia XpwOTLKA TopoucLlalel SLUPOPETIKA XOPOKTNPLOTIKA Ot OSLAAUMA O OUYKpLon HE TG Rén
TLOPAYUEVEG O Hopdn vavoivwy. H aloxpwiikr) cupmepldopd oaAAATEL OTAV LILOL XPWOTLKN €XEL NON

npooteBel ansuBeiag oto Stalupa Kal €xeL nAektpolvomolnBel yla tnv mapaywyr) vavoSouwv.

MpocOnkn Xpwotikng oe PA 6.6 pe moptokaAi tou atBuliou (ethyl orange), pwB kot A thv
BpwuiokpeloAng (bromocresol purple and blue), Aaunpd kitpwo (brilliant yellow), nitrazine yellow,
KOKKLVO TG aAlapivng (alizarine red) k.o0.k. OL £peuveg Tou avadEpovtal os autod Seixvouv wg Sev
napouctaletal alayr otn SLAUETPO TWV VWV KABWE KoL OTLG TAPAUETPOUG TG Stadlkaciog pe tnv
npooBnkn twv delktwv autwv. H mpooBnkn Aaumepol Kitpwvou oe SLAAUMA TOAUKATIPOAAKTOVNG
peAetnOnke amd Van der Schueren et all kol mapatnpndnke emppor) OTI( TOPAUETPOUG
nAektpowvomoinong. H 6opn Twv poplwv TNG TOAUKATPOAQAKIOVNG WE TPOOONAKN XPWOTIKAC
MEAETAONKE emiong HLAC KoL TIOTEVETAL WG €ival évag Kploog mapayovtog mpog MeAETN. QG &K
TOUTOU, HOPLAKI) HOVTEAOTIOINGN XPNOLUOTIOLBNKE YLA TNV EPUNVELD TNC AAOXPWLKNG OUUTEPLPOPAG.
Mapolo mou otnv epyacio auth 8ev mpayuotomolnBnke tétolwo Swadikaocia, n péBodog Oa
gfunnpetolos oto HEAAOV yla TNV KAAUTEPN Katavonon Twv PNXOVIoHWV Kot oAAnAemidpdoswy

METAEL TWV HopLlwV XpWOTIKWY OUCLWYV KAL TWV 1N UGAVOLUWY SOUWV.



H exAoyn tou ouothuatog mMOAUVUEPEC/XPWOTIKN ouaia

To pépoc autd Teplypadel TNV eKAoyr TOU KATAAANAOU OUGCTHHOTOC, TIPOKATOPKTIKEG OOKLUEC
npaypotonodBnkav ya tn HeAéTn tng Stadikaciog nAektpolvomoinong kot thv afloAdynor tng.
EmutAéov, XapaKkTnploOUOg TOU CUOTAUATOC EMITELXONKE ylo TN HETPNON TWV TOPUUETPWY OMWG
aneAeuBepwon Padng kal alayr Xpwong KATtw amno StadopeTikeEG TIHEG pH. Ta HOPLO TWV XPWOTIKWY
oUCLWV SLACTIOPAE €lval Ta HUIKPOTEPA QAVAHECA O OAEC TG XPWOTLKEG Kal Paciletal os poplo
alwPevloliou 1 avOPAKIVOVNG LE YKPOUTL VITPO, OLivn, USPOoEUALO Kal Ta Aod cuvdeSepéva o€ QUTO.

Disperse red 1 pe i xwpig tn Aettoupyikn opada (disperse red 1*) Ba pehetnOel o autn Thv epyaocia.

KEDAAAIO IV

Y& toUTOo TO KeEdAAao mpooBnkn disperse red 1 kat disperse red 1* og StGAupa moAvaudiov 6 Ba
npaypotonoinBel kat pehetnBel. Miypa moAvaudiov 6 kot P(M) Ba moapoyBeil. To piypa Oa
nAektpolwvomolnBel o epyacTnploKy KATAOKEUN TIOAUAPOUWY akpoduoiwv yla peyoAltepn
otaBepotnta otn Sladkaocia kal dSnuioupyio peyoAUtepwvy SOKLUIWY TTIPOC HEAELTN. ZTIC VOVOSOUEG
oAAAZoUV Ol OAOXPWHLKEG CUUTEPLPOPEG avaloya Tov TEPLBAAAOVTO XWPO EMOUEVWE, HeyOAUTEPQ

Sdokipa kpivetal amapaitnto va dnutoupynBolv yia TV MPAYUATWON EMTAEOV SOKLUWV.
Eicaywyn

H oupnepidopa twv DR1 kat DR1* xapaktnploOnke KATw amod cUyKeKpLUEVEG ouvBnKes. H aAAayn oto
XpwHo pe pH oe SlGAvpa Kal oe cuvepyoaoia pe vavoiveg PA6 e pooBnkn XPWOTLKAG HETPNONKE.
ErunpocBétwe, piypa mohupepwyv PA6 kot P(M-co-DR1*) oto omoio mepléxetal n xpwoTikn mapaxnke
pe tn dadikaoia nAektpolvomoinong. To televutaio sival pia Asttoupyikr) opdda tou DR1 (KeddAato

IIl) opolomoAkd ouvdedepévn otov Koppo tou P(M).

2TOX0C 0 AUTO TO KOMUATL elval n mpooopoiwaon tou dpatvopévou emppong tng disperse red 1 otn
SLadkaoia Kol 0 YopaKTNPLOUOC TWV AAOXPWILLKWY TtapaxBéviwy vavoivwy. EmmAéov, n enppor) Tou
OUOLOTIOALKOU 0OV HETOED XPWOTIKAG Kol TIOAUUEPOUC Ba avaAuBel kot ta amoteAéopata amno tnv
KaTaoKkeu He akpodUolo povoU TEAOUG Kal ekeivng pe akpodlolo moAudplOpou téloug Ba

ouyKpLBoLV.
Suunepaocuara

JUUMEPACUATLKA, N KATOLOKEUH TOU AEITOUPYLKOU popiou disperse red 1 €xeL piKpr EMLPPON OTO XPOLd

NG XPWOTIKAG Kal n mpocBnkn tou mapdyovto cupmlokomnoinong Sev €xel emippon. Aokiég pH



TIPAYLOTOTOLNONKAV KAl 0 XOPAKTNPLOWOC £6€L€e WG To XpwHa Sev aAAdlel petaty tou eVpoug pH 2
kot pH 12. EmutAéov, mapatnpnBnke €mppon TG XPWOTLKAC OTN SLAUETPO TWV VWV OXL OLWC OTN
popdoroyia. O moAupeplopdg tou DR1* pe povopepr) P(M-co-DR1*) Sev mapouaoialel emppon oto
XPWHA OUWG TO Hiypa mapouoldlel peyaAlTepo BABOG yla TNV 8L CUYKEVTPWON XPWOTLKAG. AKOUN,
0€ Uypn Kataotaon To BABo¢ oTo XpWHA TOU Hiypatog eival KaAUtepo evw petaV pH 2 kal pH 12 dev

napouataletot aAlayn).

EmumA€ov, dokipa vavoivwy eAéxBnkav og oAD xapnAEg Tiwég pH (0, 0.5, 1 kat 1.5) &wott to disperse
red 1 elval aotaBEcg o TOG0 XaUNA£ECG TIHEG. KaTtw Tou pH 2 mapouotdoBnke aAlayr 0To XpwHO HETOED
pH 0 kat pH 1.5 oto dokipo pe mpoobnkn XpwoTikn Kabwg Kal oto dokiulo omou eival cuvdedepévo
OMOLOTIOALKAL LE TN XPWOTLKA. Emiong, mapatnpndnke peylotn aneAeuBépwaon XpwoTIkAg o pH O kat
oTLG SUO TEPUMTWOELG AOYw SLAAUONG TOU TIOAUAULSIoU 6 O UIKPEG TIHEG pH. TEAog, mapatnprOnke

USpOAUCN TWV SOKLULWVY E OLOLOTIOALKO 0O WG EMOUEVO oTacipatog Tou Ssouou.

KEDAAAIO V

HAextpoivornoinon PA6, PA6/FG kot PA6/FG/Perfixan

Y& aUTO TO TUNUa Ba peletnBel n cupnepidopd tou Fast Green FCF umo Sladopetikég ouvOnkeg. To
fast green eival plo mpdaown Badn (tng Baidoong) tpodiuwyv Omou mapouctdlel Suo KopudEG oto
dacpa anoppodlong mou odelleTal 0To XPWHATIOUO Tou. To xpwuo Otav Bpiloketal oe SaAuvpa
Stadopetikwy pH aAhalel kaBwe kat otav £xel mpootebel os Sltalupa moAupepolg kat apayBel oe
vavolivec. H emppor tou nmapayovta cupmnAokomnoinong Ba xapaktnplobei. H figure 36 cupBoAilel

XNUkn doun Fast Green.
HAektpoivoroinon PA6, PA6/BP kai PA6/BP/Perfixan

ApPXIKA XOPOKTIPLOMOG TNG XPWOTIKAC Ba mpayuotomownBel olvtwe wote va Tpoodloplodel
OUVTEAEOTNG amooBEcew Tou HwP NG PpopokpeloAng kol Babutepn KotAvONon TOU XPOLAG TNG
XPWOTIKAG OE TEXOUETPIKN HETABOAN amd 1 €wg 12. Emewta Ba mepypadel n aneheubBépwon tng
Badng amd TG un noavolueg vavodopég oe dladopetikd pH. Ou mo Paockég Sokipég Ba
paypotonolnBolv otnV KATaokeur povol akpoduaiou Kol 0 MapapEivWY xpovog oe kaBe Seiyua Ba

HeTpNOel oUTWC WoTe N AemtoOTNTA TOUC v gival iSla yla eAdTtwon Twv opoApdtwy (8 Aemtad).
Suunepdouara

To fast green kat to pwP TNG BpwHiokpeldAng xapaktnploBnkav oe SLGAUPO KOl Ot OECUO LE

vavolivec. To mpwto napouactdlel Suo kopudEg oto pacpa TNG anoppoddnong o Stalupa Kot aAlayn



OT0 YpWwHa Tmopatnpnbnke otav Onuloupyeital OeopdG He TIC lvec. Me Tov Tmapayovta
oupmAokomoinong ehaylotomoleital To palvopevo NG aneAeuBEpwonG XPWOTIKNG O XOUNAEG TLUEG
pH, pe tnv avénon tg TAG Tou n aneAeuBépwon aufavetal avilotoiyws. Ev katakAeist, To dpdopa
NG XPWOTLKAC o Slahupa mapouaotalel Suo KopudEg evw oe Sokipo mapouotalel po kopudn n
omoia TAVEL MPoG TNV aAKAALK Kopudn TNG XPWOTIKNAG oto SLAAUUA Yyl auTo Kal Kpivetal oxedov

aduvarto va xapaktnploBeLl.

MapouoldoBnke aAlayr oto Xpwua Twv Sokipiwy pe pwpP s BpwitokpeloAng. H mpooBnkn perfixan
enMnpéaoce Kal tn popdoloyia Twv. H aywylpotnta kat to LEwdeg avavovral Kal n aneAeuBépwon tng
XPWOTLKAC eAaLloTtomoleitat. To xpwpa tou pn udpdavotpou PA6/BP/Perfixan sivatl Babltepo xdpn otov

TAPAYOVTA GUITAOKOTIOLNGNG GUYKPLTIKA TO U UAVOLUO XWwpig auTo.

KEDAAAIO VI

Suunepaouata kot UeAAOVTIKY epyacia

Y& autn Tt S0UAELd TPOOTEBNKAV XPWOTIKEG ouaieg oto moAuauidlo 6, n emppon tou Perfixan RDV
avaAlOnke kal pehetBnke to peiypa PA6/P(M) opolomoAikd cuvdebepévo e To PopLo tou disperse

red 1%,

To disperse red 1 Ba pnopouoce va xpnolponotlnBel wg ahoxpwiiki oucia ebpocov alAayr oTo Xpwa
napouoLdoBnke. Mapdho mou napatnpeital avaotpePLuoTnTA OTO XpWHa, To pH Tou S€puatog sival
YUpw oTo 6 evw n oAlayn mapoatnpsital otnv meploxn pH<2 £tol meplopiletal to €UPOG TWV
eboappoywv 6cov adopd embépata TpaUUdTwy. 3Tto piypua PA6/P(M) opolomoAikd cuvbedepévo pe
disperse red 1* egAaylotomoleital n aneAeuBépwon Badng KATL To €mBUPNTO, €TOL N XPHON TOU

piypatog yla eniBepa v amokAeietal.

To pwp tn¢ BpopokpeldAng Ba pmopouoe va xpnotpononBel we aAoxpwiLKA ouaia PG Ko UTTAPXEL
evoAdayn xpwpartog kat Ba pmopouce va xpnotponolndel wg emiBepa pag kal mpooeyyilel to pH tou
O€pUaToC OUWG TO €UPOC €lval APKETA OTeEVO. Ze QUTH TNV Mepimtwon n aneleuvBépwon Badng
mapapével Bépa mpog oulnTnon, MapA TO YEYOVOG €AAXLOTOMOINONG TNG KE TV TtpooBnkn perfixan

{nToUpEevo Ttapapével akopun n Bektiotonoinon tng dtadikooiag.

H xpwotikn oucia fast green oAAalel xpold OpwWG TO €UPOC ivat TOAD KPS KoBwE Kal Sev sival
Olaitepa Eekabapo. To xpwuo eivol évo AUUECO OMTIKO egp€bilopa yla auto Kal sival tblaitepa
onuavtikd n oMayn va sivat €exkabapn oltw¢ wote n Swadikacio emovAwong va pmopsi va

napakoAouOnOei. Mapopoiwg oto cvotnua moAuapidio 6/uwp tng BpopokpeldAng, n anslevBépwon



Badng meplopiletal pe tnv mpoodnkn Perfixan opwg kabBapdtnta otnv aAlayr TAPAUEVEL AAUTO

{Atnua.

OL 0AOXPWLKEC OUCIEG LEAETNONKAV EVUPEWC OE QUTH TNV gpyacia. EmutAéov, e€alpeTIikng onuaoiag
elval n gudlakpttn alhayr otn XPold tTNG XPWOTLKAG ouciag Kal N aneAeuBépwon TNG TAPAPEVEL
{NTNUA TIPOC HEAETN HLOC KOL TA ETUOEPOTA TPAUPATWY odeilouv va elval Bloocupfatd pe Tnv ANyN.

‘Eva piypo moAupepwyv LeAETNONKE, N aneheuBépwon Badrc Ba pmopouaoe va peAetnBel mepaltépw.
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Chapter |

Introduction and literature study

1. Introduction

Smart textiles are an area with a lot of directions that can be divided in three major categories. The
first one is called passive smart textiles which are sensors, the second category contains active smart
textiles and the last one treats very smart textiles, which are able to adapt their behavior to the

circumstances. [32][66]

This work focuses on halochromic nanofibrous materials that could be used as wound dressing
materials, e.g. in burn wound healing. Chromism is a term widely used to introduce chromic
phenomena and describe a reversible colour change of the physical properties of a material. It is
based on the phenomena that generate the change of the electron density of substances, especially
n-or-d electron state, or the change in the arrangement of the substance supramolecular structure.
Independently of the factors that trigger reversible colour change, several kinds of chromism are
known such as halochromism. A halochromic material is a material which changes colour when a pH
change occurs. The colour change of halochromic substances occurs when the chemical binds to
existing hydrogen and hydroxide ions in solution. Such bonds result in changes in the conjugate
systems of the molecule, or the range of the electron flow. This alters the amount of light absorbed,
which in turn results in a visible change of colour. Halochromic substances do not display a full range
of colour for a full range of pH because, after certain acidities, the conjugate system will not change

further. [36][55][58]

PH indicators are halochromic chemical compounds that are added in small amounts to a solution so
that the pH of the solution can be determined visually. Normally the indicator causes the colour of
the solution to change depending on the pH. Another use of pH indicators developed the last years,
is the addition of it in a polymer solution that will be electrospun, also referred to as dye-doping of
the electrospinning solution. This enables the production of nanofibrous nonwovens that can change
colour under the influence of a pH-variation. Those types of chromic materials reveal the
halochromic phenomena and they have a significant potential in the development of smart textiles.

[1][4][5][71[11][22][23]
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This work focuses on the production of nanostructured halochromic materials having a reversible
colour change, provided by the incorporation of dyes, and their potential to monitor the healing

procedure of a burn wound characterized by specific pH-changes.
2. Wound dressing materials

2.1 Requirements for a good wound dressing

A wound is a type of skin injury caused by mechanical, thermal, electrical and chemical injuries.
Wound dressings are materials used to cover the wounds and promote healing. Dominant condition
for a good wound dressing is to avoid strikethrough and to protect the injured site from
contamination and further injuries. A burn is a subcategory of wounds caused by heat, electricity,
chemicals, light, radiation or friction. There are superficial burns which heal by rapid re-
epithelialization with minimal scarring, and deep burns requiring surgical therapy. A burn wound
passes through a very complex process during the healing procedure defined by the initial injury and

that is why a good wound dressing is crucial. [2][13][20][44]

Wound dressings are divided into traditional and new types. The latter are mostly smart materials
that are believed to help in the healing procedure of a wound and provide information about it.
However, it is a field in progress. There are many structures that have already been used as
dressings with or without cooperation of another substance for healing such as alginates, hydrogel,

honey and chitosan because of its antimicrobial properties. [1][4][21][32][33][44][49]

It is important to know the pH range of a wound because chemical reactions each require a certain
optimum pH value that is modified by endogenous and exogenous factors such as the ambient
temperature during the healing procedure. With a pH scale from 0-14, the pH of a wound varies
between 4 and 6 depending on the age of the person and the anatomical location. Acute wounds
can take 8-12 weeks to heal whereas chronic wounds can take more than 12 weeks (Figure 1, Figure

2). [14][33][52]
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Figure 2: PH-values of chronic wounds [14]

It is known that wound healing needs moisture. An open wound which is exposed to air dehydrates,
which results in the formation of a scab. The latter forms a mechanical barrier against migrating
epidermal cells, causing them to move through a deeper level of tissue, retarding healing. A moist
environment prevents the formation of scab and allows the cells to move unhampered (Figure 3).
The 5 stages of the healing procedure are hemostasis, inflammation, migration, proliferation and
maturation. The first step can be promoted by a good wound dressing with a porous surface.

[14][32][33][45][50]
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Figure 3: Healing under a moisture environment [32]
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Classical biocides function either by inhibiting the growth of bacteria (biostatic) or by killing them
(biocidal). Medical textiles should have quick biocidal functions. The requirements for a good wound
dressing are storage durability, sterilization of steam or ethylene oxide and weathering and UV
resistance. Challenges are the sterilization that can destroy many active biocides and also biocidal

surfaces can be covered by dead bacterial cells or dusts. [24][25][54]

To conclude, the pH and the moisture of a wound are decisive parameters for the metabolism and
meaningful for the therapeutic interventions in wound care. Therefore we can easily conclude that

the use of a pH-indicator during the healing of a wound could be very useful. [1][4][14][34]

2.2 Nanofibrous structures produced by electrospinning

“Nanofibre” originates from the Greek word nano- (vavo) that means dwarf and can be determined
only in the nanoscale. These are fibrils with diameter less than 1000 nm (nanometers) and have
great properties because of their small size such as low density, large surface area, high pore
volume, tight pore size and flexibility. Because of their properties, nanofibrous structures have a
wide range of applications such as biomedical, protective clothing, filtration, tissue scaffold, drug
delivery, sensors, wound dressings, space applications et cetera that can be classified in major
applications such as Bioengineering, Environmental Engineering & Biotechnology, Energy &

Electronics and Defense & Security. [10][11][41]

There are a lot of production methods that have been determined through the years such as
drawing technology for producing micro/nanofibres using a micropipette with a diameter of a few
micrometers; template synthesis of carbon nanotubes, nanofibre arrays and electronically
conductive polymer nanostructures; and thermally induced phase separation method for producing
nanofibres. Electrospinning is one of the methods that after numerous of patents was re-discovered
in 1995 by Doshi and Reneker in order to provide a method for drawing very fine fibres from a liquid.
It is the cheapest and the most straightforward way to produce nanomaterials. This method uses a
high voltage source that is applied to a polymer fluid so that charges are induced within the fluid. A
well-defined droplet erupts from the tip of the nozzle and a jet is formed. Between the droplet and
the jet a cone is formed with the name Taylor cone. Solvents of solution evaporate and pure
polymer creates a thin deposition of nanofibres on the collector plate. The polymer chain
entanglements within the solution will prevent the electrospinning jet from breaking up.

(3][10][15][16][39]

Because significant influence on the fibre performance, high quality and precise morphology of the

fibres is demanded, a controlled manner of production is important. The electrospun fibrils can be
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deposited either randomly to form a nonwoven web or in an oriented manner to give an aligned
nanofibre array. The fibre orientation depends on the collector that will be used for example a
rotating collector drew fibres according to the rotation. Figure 4 indicates collectors used for

regulating the fibre collection process. [1]1[4][17][31][35][41][47]1[48][51]

(b)

(c) (d)

|
- (e) f

=G

Figure 4: a. rotating roller, b. vibrating plate, c. sharp edge rotating disc, d. frame, e. fork, f. point collector and g. drum
[47]

-

In the electrospinning process a combination of polymers could be also used by blending in order to
produce a new material with added functionality. This way, the advantageous properties of the
components can be combined, raising the quality of the new material. A polymer blend is a mixture
of at least two polymers that are blended together to create a new material — hybrid - with different
physical properties. A polymer blend must have good compatibility between the two components in
order to have reasonable mechanical properties and a good adhesion between the phases. The best
way of preparing a blend of two or more polymers is not to change the properties of the
components drastically, but to capitalize on the maximum possible performance of the blend. A few
examples of polymer blends are PET/PBT, PET/PC, PBT/ABS, PET/PTFE, PVC/IBA, Wang et all
electrospun field responsive surperpamagnetic polymeric fibers from colloidallystable suspensions

of magnetic nanoparticles in PEO and PVA solutions et cetera. [1][4][11][29][30][26][51][53]
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Polymer blends belong to a greater group of hybrids called functionalized polymers, which can be
achieved in many ways such as surface modification, membrane filtration, coatings, friction,
blending, et cetera. Functionalization on the surface with a coating is defined as a material being
applied onto a surface and appears as either a continuous or discontinuous film after drying.
Coatings are separated into organic and inorganic forms. Inorganic coatings are mainly applied for
protective coatings, whereas organic coatings are mostly used for decorative and functional
applications. Although organic and inorganic coatings may be used individually for industrial
applications, for specific requirements a combination of both systems — termed hybrid coating — is
favored. Microencapsulation provides the possibility of combining the properties of different types

of material (for example organic and inorganic). [6][10][24][25][28][371[42][48]

Functionalization in the structure of a polymer namely blend is the direct mixture into the polymer
solution before electrospinning. The latter will be used in this project since a good wound dressing
should be porous. With the use of a coating such as sol-gel, the initial structure and therefore also

the porous properties are being changed, especially in the biodegradable polymer nanofibres. [10]

2.3 Synthetic polymers

Polyamide 6 is being used for this project and has been electrospun many times in the past in
different ways. Nylon 6 is a polymer developed to reproduce the properties of nylon 6-6 without
violating the patent on its production. Unlike most other nylons, nylon 6 is not a condensation
polymer but instead is formed by ring-opening polymerization. This makes it a special case in the
comparison between condensation and addition polymers and is a semicrystalline polyamide. Nylon
6 fibres are tough, possess high tensile strength, as well as elasticity and lustre. Polyamide 6 is
prepared by ring opening polymerization of e-caprolactone using a catalyst such as stannous

octoane. (Figure 5) [6][17][18][19][23][25][40]

533K H

Figure 5: Caprolactam ring opening polymerization

Ring opening polymerization is formed of chain growth polymerization in which the terminal end of

a polymer acts as a reactive center, where further cyclic monomers join to form a larger polymer
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chain through ionic propagation. The treatment of some cyclic compounds with catalysts brings

about cleavage of the ring followed by polymerization to yield high-molecular-weight polymers.

It has been done surface functionalization of the polyamide 6 as-spun nanofibres by Cu (copper)
coating though it is not the case for this project. The diameters of the nanofibers increase after the
Cu deposition. Plasma treatment improves the water adsorption of the nanofibres, this can be
attributed to the fact that the treatment has an effect on surface etching which brings a microscopic

roughness to the fibre surfaces. [6]

Polyamide 6.6 is a polymer of nylon class and is made of hexamethylenediamine and adipic acid
which give nylon 6-6 a total 12 carbon atoms in each repeating unit. Electrospin polyamide 6.6 is
being referred since nylon 6 (that will be used in this project) has similar properties of nylon 6-6 that
it is not the case (figure 6). It has a melting point of 268°C that makes it resistant to heat and friction
and enables it to withstand heat setting for twist retention. Nylon 6-6 is frequently used when high
mechanical strength, great rigidity and good stability is required and some popular applications are

carpet fibres, apparel, airbags, tires, zip ties, ropes, conveyor belts and hoses.

o] H
H

n

Figure 6: Structure of nylon 6 (above) and nylon 6.6 (below)

Another polymer that will be used in this project is polycaprolactone (PCL) a biodegradable polyester
with a low melting point of around 60 °C and a glass transition temperature of about -60°C and is
often used as an additive for resins to improve their processing characteristics and their end use

properties.

Poly(dadmac) is a polymeric complexing agent that will be used for the reduction of the leaching
dye. It can be produced by free radical addition polymerization of diallyldimethylammonium chloride
using persulfate initiator. Poly(DADMAC) is usually delivered as a liquid contentrate having a solids
level in the range of 10 to 50% and it is a high charge density cationic polymer. This polymer is been
used in waste water treatment, for controlling disturbing substances in the paper making process

and in water purification.[46]
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P(M) is a polymer that produced by a free radical polymerization and is an organic compound. It is
appeared as white crystals and is soluble in alcohols and common organic solvents but is insoluble in
water. It is often used as a foamer in plastics and rubber and as a radical initiator. It is consider as an

explosive compound, decomposing above 65°C.

In conclusion, while the size scale and orientation of nanofibre can be used to influence cell
functions such as adhesion, proliferation and migration even greater enhancement over the control
of cellular function can be achieved by attaching bioactive molecules to the surface of the
nanofibrous scaffold. The development of new collectors has demonstrated the importance in
choosing the correct collector properties in order to obtain the desired scaffold properties as an
example pore size and fiber density. Additionally different collectors can be used to control not only
the scaffold geometry but also the fiber alignment, which can be used to control the mechanical
properties as well as the biological response to the scaffold. Research has shown that surface
modification of electrospun fibers can be used to further enhance the scaffold’s interaction with
cells in tissue engineering applications. The ability to electrospin synthetic (biodegradable or non-
degradable), natural and hybrid materials allows for precise tailoring of the scaffold properties to the

desired application, and new materials are constantly being electrospun. [43]

A few examples of nonwoven wound dressings are gauze dressings, compression bandages, plasters,
scaffolds, vascular prosthesis, surgical gowns and so on. Moreover, surgical gowns, caps and masks,
absorbent layers, fleeces, wipes, protective clothing et cetera and these fields are being in

development continuously. [54]

3. Nanofibrous structures as halochromic wound dressing materials

Until now only few times a dye-indicator such as alizarin, bromocresol purple, brilliant yellow,
nitrazine yellow combined with a nonwoven structure has been used to study better the appearance
of halochromic phenomena. However, an increased interest in this area is observed. A combination
of a pH-indicator with conventional textiles is also been used to provide pH sensitive materials.

[1][4][5][22]
3.1 PH responsive nanofibres

The main objective is pH responsive nanofibres, namely halochromic material. Chromic materials are
the general term referring to materials, which change, radiate or erase color and due to colour

changing properties very often referred to us chameleon materials. [58] Textile and nanofibrous
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structures have been used up until now to introduce the halochromism. Textiles that change color
could be widely used in order to indicate the pH of a burn wound since the color is a visual stimuli
and a first warning function. A pH sensitive dressing could provide information just by its color since
the skin pH of a wound varies during the healing process therefore unnecessary removal of the

bandage can be avoided. [4][5][7][34][59][59]

The focus of this project is in nanofibrous structures with presence of halochromic phenomena.
Although halochromic dyes are not available on the market pH indicators could be easily found and
alternatively used to facilitate the halochromism in the nanofibrous structures. It is known that the
response time in conventional textiles is increased in comparison to nonwoven substances.
Therefore nanofibrous structures have been used in this project to indicate this phenomena.
Moreover, thanks to their characteristics a decreasing risk on infections and a promotion of cell

growth and a control of fluid drainage in the wound area are provided. [7][59][59]

A system dye-polymer and dye-polymer-CA (Complexing Agent) will be used. The term that will be
referred for the system with the dye is dye-doped. The dye is been added in the polymer solution
before the electrospinning. For instance polycaprolactone dye doped by Nitrazine yellow [4] and
polyamide 6.6 dye doped by bromocresol purple [5]. Moreover, polyamide 6 dye doped by a
“cocktail” of pH indicators namely Phenol Red, Methyl Red, Phenolphthalein, Bromothymol Blue and

Bromocresol Green [34]. A great pH range is been succeeded by Agarwai et al.

A pH sensitive membrane of PAN with PA 6.6 is been developed by Zhang et all [11] in a two-nozzle
electrospinning set up. The group accomplished color change from pale yellow to violet in pH range
from 7 to 14 with a special technique that could be evolved to succeed pH responsive nanofibre

membranes (figure 10).

PH7 PHS8 PH9 PH 10 PH11 PH 12 PH 13 PH 14

Figure 10: The color change properties of pHS-NF membranes in different pH buffer solutions. [11]

3.2 Apprehension of the color

Color is a visual stimuli and can be used to indicate the healing process of a burn wound.
Nevertheless, vision is an objective way to estimate the color and evaluate the experimental results
for commercial stimuli responsive materials so it is imperative a color space is used. A color space is

a three dimensional geometric space with axes defined so that symbols for all possible color
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perceptions of humans can be defined. The stimuli are to us messages from the outside world
absorbed by the retinal layer and trigger a complex of events and result in our perceptions.
Numerical color spaces have been used through the years for color measurements; in this project
CIEL*a*b* color space will be used. The Commission Internationale de I’ Eclairage, nominally CIE,
was developed from earlier attempts to transform the X, Y and Z tristimulus values into coordinates
that would provide better uniformity. The three parameters calculated are L* for a given color varies
between 0 (perfect black) and 100 (perfect white), a* for the red-green character of the color with
positive values for red shades and negative for green shades and b* that gives yellow-blue character

with positive values for yellow shades and negative for blue shades. [8][64]

Most halochromic dyes change from one colour to another showing a bathochromic or
hypsochromic shift of the absorption peak upon (de)protonation and are classified as positive and
negative halochromic dyes respectively. At the base of the colour changes lies a protonation or
deprotonation of the dye molecule causing a different electron configuration and thus a different
colour. The visible colour change of halochromic dyes is mostly based on a ring opening of the dye
molecule upon (de)protonation or on a tautomerism, (tautomers are isomers —constitutionals- of
organic compounds that readily interconvert by a chemical reaction called tautomerization. This
reaction commonly results in the formal migration of a hydrogen atom or proton accompanied by a
switch of a single bond and adjacent double bond. Because of the rapid interconnections, tautomers
are generally considered to be the same chemical compound.) as tautomers have different colours

and tinctorial strengths. [22]
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4. Objective of the thesis

The use of halochromic textiles in medicine is imperative since increasing interest is observed lately
according to the literature. The focus and the research is still in progress for a good pH indicator
since the pH range of a burn wound during healing process is very specific. Electrospinning is
believed to be a good production process for nanofibres and many materials could be blended to
produce desirable nowoven structures. Polymer blends combine the properties of the polymers that

used to create a material with generated properties and it will be tested as well.

Polycaprolactone doping by disperse red 1 and the functionalized DR1 and polyamide 6 doping by
bromocresol purple will occur in Chapter IIl. A complexing agent will be added as well to eliminate
the leaching of the dye in each occasion. In Chapter IV polyamide 6 doped by disperse red 1 and the
functionalized dye again doped by the complexing agent will be carried out. A blend of polymers PA
6 and P(M) will be used and the dye covalently bonded to the backbone of the later polymer will be
electrospun as well to investigate halochromism from this scope. And last but not least polyamide 6
doping by Fast Green and by Bromocresol Purple will be researched in Chapter V, doped by the
complexing agent as well. A first objective is to evaluate and compare the influence of the
complexing agent with the dye doped polymers and to obtain a better knowledge in the pH-
sensitivity. A second goal is to maintain a production method for halochromic nanofibres by

different tests that will optimized.
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Chapter Il

Materials and methods

1. Materials

All polymers necessary to perform the experiments were obtained from Sigma-Aldrich and are used
as received. The P(M) was obtained from the Chemical Department of University of Gent. The
polycaprolactone (PCL) pellets were from the same lot having a number average molecular weight
(Mw) of 114,000 g mol™ and a weight average molecular weight (Mw) of 191,000 g mol™ and the
Nylon 6 pellets with molecular weight (Mw) 12,321 g mol™ were obtained from Sigma Aldrich.
Different solvents were used in the experiments, all obtained from Sigma-Aldrich: 98-100v% formic
acid, 99,8v% acetic acid and acetone. The solutions were stirred with a magnetic stir bar. Also all of
the colourants used, namely Bromocresol Purple and Litmus were obtained from Sigma-Aldrich. The
azo dyes Fast Green, Disperse Red 1 and the functionalized dye Disperse Red 1* were obtained from
the Chemical Department of University of Gent. Perfixan RDV, a polyquaternary complexing agent,

was obtained from Sigma Aldrich.

2. Electrospinning equipment

2.1 Mononozzle electrospinning setup

For the preparation of the nanofibrous samples, a mononozzle electrospinning devise was used. The
specifications of the used devise are concluded in the following Table 1 and are schematically
represented, figure 1. The measurements were taken under room temperature and room humidity,

none of both controlled. In each experiment, the conditions were measured and written down.
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Figure 5: Schematic of monozzle eletrospinning set up [15]

Table 1: Specifications of the mononozzle electrospinning setup

n |Parts of the devise |Characteristics

1 |[Syringe 20 ml Norm-jet of Henke SassWolf

Sigma Aldrich stainless steel 316 syringe needle, pipetting blunt 90° tip
2 [Needle ->Length: 15,24 cm
->Size: 18 gauge (nominal internal diameter of 0,838 mm)

3 |Infusion pump KD Scientific Syringe Oumo Series 100

Used to adjust TCD by measuring the distance between the needle tip and

4  |Laboratory jack
vl the collector

Glassman High Voltage Series EH

5 |High voltage source
& & ->Output voltage: 0- 30 kV

Grounded collector plate covered with aluminium foil (or other suitable

6 |[Collector
substarte)
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2.2 Multinozle electrospinning setup

When there is need for thicker and larger samples, the stability or the electrospinning process needs
to be tested, a multinozzle electrospinning setup can be used. This setup is basically the same as the
mononozzle setup, with the possibility to use more needles and the collector can move, creating a
semi-continuous process. The needles are connected to the syringes using PVC tubing and to the
high voltage sources by a metallic wire in a serial mode to transfer the applied voltage. They are
supported by the upper element, which is made of an isolating material because of the electric field.
The placement and the number of the needles can be adjusted. The TCD can be adjusted by
changing the position of the collector conveyor belt. The setup is located in a controlled
environment, quaranteeing a temperature of 21+20°C and the relative humidity of 45+5%. To be

aware of anomalies, the humidity and temperature were written down with each experiment.

(6) HV source

Figure 2: Experimental set up of multinozle [1]
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Table 2: Specifications of the multinozzle electrospinning setup

n |Parts of the devise

Characteristics

1 |Syringe 20 ml Norm-jet of Henke SassWolf
Sigma Aldrich PVC laboratory tubing
2 |Tubing ->Inner Diameter: 1,588 mm
->Quter diameter: 3,175 mm
Terumo mixing needles without bevel
3 |Needle ->Length: 40 mm

->Size: 18 gauge (nominal internal diameter of 0,838 mm)

4 [Infusion pump

KD Scientific Syringe Pump Series 220-CE

5 [Upperelement

PVC plate
->Thickness: 1cm
->Movement: possible along the x-axis driven by a three plase ac motor

6 |High voltage source

Glassman High Voltage Series WK 125P5
->Qutput voltage: 0- 125 kV

7 |Collector

Grounded aluminium foil supported by a conveyor belt
->Sjze:0,5x 1,5 m
->Movement: along the y-axis

3. Color fastness

For the fasteness of the color of the specimens ISO 105 PT*E01:2010 will be followed. A test device,
an oven and the adjacent fabrics need to be used. Test device, consisting of a frame of stainless steel
into which a weigh-piece of mass approximately 5 kg and base of 60 mm x 115 mm is closely fitted,
so that the pressure of 12.5 kPa can be applied on test specimens measuring 40 mm x 100 mm
placed between acrylic-resin plates measuring approximately 60 mm x 115 mm x 1.5 mm. The test
device shall be constructed so that, if the weight-piece is removed during the test, the pressure of

12.5 kPa remains unchanged. The oven is maintained at 37 °C + 2 °C and the adjacent fabrics that will

be used are polyamide and wool.
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4. Characterization

4.1 Conductivity and Viscosity

The electrospinning solutions were characterized by measuring their conductivity and viscosity. The
former was measured using a Brookfield viscometer LVDV-II, the last using a CDM210 conductivity

meter (Radiometer Analytical).
4.2 Scanning Electron Microscopy (SEM)

The formation of the nanofibrous structures were examined using a scanning electron microscope
(Jeol Quanta 200 F FE-SEM) at an accelerating voltage of 20 kV. A gold coating was applied using a
sputter coater (Balzers Union SKD 030), which is responsible for the cracks that sometimes appear
on the fibres in the SEM images. The nanofibre diameters were measured using UTHSCSA ImageTool
version 3.0, developed by the University of Texas Health Science Center. The average fibre diameters

and their standard deviations are based on 50 measurements per sample.
4.3 pH measurements

Several aqueous solutions with hydrochloric acid (Sigma-Aldrich 1 mol 1) and sodium hydroxide
(Sigma-Aldrich 50 wt %) were prepared for the determination of pH of each halochromic sample. In
the aforementioned solutions potassium nitrate was added (1 g 1) in order to a constant coefficient
activity be ensured during the procedure. The pH was tested with a combined reference and a glass

electrode (SympHony Meters VMR).

After the immersion in pH-baths, the samples are placed on a dry nanofibrous polyamide nonwoven
in order to see the colour and enable handling of the samples. In further descriptions, this nonwoven

will be referred to as the support.
4.4 UV-VIS spectroscopy

The ultraviolet-visible (UV-Vis) spectra were recorder with a Perkin-Elmer Lambda 900
spectrophotometer, which is a double beam spectrophotometer. For the reflection measurements
on the fabrics an integrated sphere (Spectralon Labsohere 150mm) was used. The spectra were

recorded from 380 to 780 nm, with a data interval of 4nm.
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4.5 Grey scale

Since the color yield of a dyeing is the depth of color that a unit mass of a dye is able to impart to the
dyed substrate it can be assessed visually; grey scale for assessing change in color, complying with

ISO 105-A01, and grey scale for assessing staining, complying with 1ISO 105-A01.
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Chapter Il
Preliminary tests on PCL and PA6 doped by colorants and

complexing agent

It has been established that the addition of small molecular units in the electrospunning solution has
no significant influence on the electrospinning process. The system polymer/dye is investigated in
this essay in order to understand the mechanisms of this process and to evaluate all the
electrospinning parameters. Therefore, pure polymers, polymers doped by a selected dye and
polymers doped by the dye (different in each occasion) and a complexing agent will be electrospun.
A complexing agent is being added to optimize dye release that has been noted by Van der Schueren

and all. [5]
1. Pure PA6 & PCL nanofibres, colorants incorporated with nanofibrous
structures
Selection of the solvent system is meaningful for steady state electrospinning since the final goal is
to optimize the polymer-dye system. Electrospinning PA 6 nanofibres in a formic acid/acetic acid

solvent mixture, has been established and characterized as the key for steady state conditions,

which is really important in the case of producible nanofibres. [63]

Volume fraction of acetic acid in the formic acid/acetic add mixtures

wit% PA 6 25 v% AA 33 v% AA 40 v% AA 45 v% AA 50 v% AA 55v% AA

12 | | : |

13 | | | | 15

14 _ | 2 25 3

15 2 25 3 45

16 25 3 35 5

17 25 3 35 55

18 3 35 4 65

19 35 4 45 75

20 35 4 5 65

Figure 3: The grey area indicates “no steady state possible”, the black area is for the polymer that was not dissolved
completely. (Voltage =30 kV and TCD = 6 cm)

[63]
Polycaprolactone pellets in formic acid/acetic acid solvent system is also been proved to be

promising by Van der Schueren et all. [61]
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A colorant presents different characteristics in solution compared to the incorporated substances in
the nanofibres. The halochromic behavior alters when a colorant has been added directly to the

solution and then electrospun to produce the halochromic nanofibrous structures. [5]

Dye-doping of PA 6.6 with ethyl orange, bromocresol purple & blue, brilliant yellow, nitrazine yellow
alizarine red et cetera has already been examined. Any type of pH indicator doped in the polymer
solution do not alter the fibre diameter and in the electrospinning parameters. [5] The influence of
nitrazine yellow in PCL solution has been studied by Van der Schueren et all. Influence in the solution
and the electrospinning parameters have been noted. The structure of the molecules of the dye-
doped PCL is also been deliberated since it is believed that is a very important factor to evaluate.
Therefore, molecular modelling is been used for the construction of the halochromic behavior.
Though it is not the case in this project, this method would help in a future work to understand
better the mechanisms and the interactions between the dye molecules and the nonwovens

structures. [4]
2. The selection of polymer/dye system

This chapter describes the selection of a suitable polymer/dye system, preliminary tests were done
in order to study the system during electrospinning and to evaluate the procedure. Moreover,
characterization of this system has been accomplished to measure parameters such as dye release
and colour change under different pH values. Disperse dye molecules are the smallest dye molecules
among all dyes and is based on an azobenzene or athraquinone molecule with nitro, amine, hydroxyl

et cetera groups attached to it. Disperse red 1 or the functionalized one (Figure 6) is been used in

O O
Ot I = O
CHy

Disperse red 1 Disperse red 1*

this project.

Figure 6: Disperse red 1 and the acrylate Disperse red 1*
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3. Preliminary tests on PCL dye doped by Disperse Red 1 and the

functional group

Three solutions were prepared; the first one with 14 wt% PCL, to the second one is been added 0.5
%omf of disperse red 1 and a third solution with the same amount of dye and 4 %omf of the
complexing agent. The solutions with the functional group are been prepared in exact the same
guantities of substances. These tests were held to characterize the influence of disperse red 1 and
the functional group on PCL during the electrospinning process. Diameters of the deposition on the
collector plate is been measured after SEM analysis as descripted in Chapter Il. In figure 6 the
numbers 1 and 2 indicate the electrospinning day for the same solutions. The relative humidity and

temperature in day 1 are 53.5% and 22.1°C whereas in the 2™ day are 49% and 21.9°C respectively.

600 -

500 -

400 | + | +
Diameter (nm) 300 - | + ‘ HPCL
PCL/DR1

B PCL/DR1/PERF

200

100 ~

1 2

Different days of electrospinning

Figure 6: Preliminary tests on PCL dye doped by disperse red 1, electrospun in two different days.

The humidity is slightly greater in the first day compare to the humidity the second day but this is
not the case since only great range of this parameter can affect significantly the diameters of the
nanofibres. Disperse dyes are charged molecules therefore the charges of the solution are increased
caused by repulsion of the charges in the surface consequently conductivity is increased with the
addition of the dye. (Table 3) Moreover, figure 6 indicates a reduction in diameters of the solutions
with Perfixan that electrospun the first day but within the margin of error so not significant

influence.
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Table 3: Characterization of the solutions PCL, PCL/DR1 & PCL/DR1/PERFIXAN and PCL, PCL/DR1-A & PCL/DR1-

A/PERFIXAN
CONDUCTIVITY
mS/cm
PCL 0.0148 PCL 0.0495
PCL/DR1 0.0673 PCL/DR1* 0.103
PCL/DR1/PERFIXAN 0.0108 PCL/DR1*/PERFIXAN 0.188
600 -
500 -
400 - +
Diameter (nm) 300 - mPCL
mPCL/DR1*
200 -
M PCL/DR1*/PERF
100 -
0 T T
14 14 14

Polymer concentration

Figure 7: Preliminary tests on PCL dye doped by disperse red 1*

Figure 7 indicates the diameters of the dye doped electrospun nanofibres with the functionalized
disperse red 1. There is no significant influence of the dye in the polymer solutions likewise in figure

6.

There is no significant difference on the fibre diameter between PCL dye doped by DR1 and PCL dye
doped by DR1* (figure 8). Although the humidity during the electrospinning of the DR1* is 38.9%
and the temperature 21.3°C it is expected greater average diameters compared to the DR1 dye
doped samples because humidity applies an extra plasticizer effect that results in thinner fibers.
Moreover, diameters is in agreement with literature that is been noted a range of 364 + 83 nm in

humidity 50%. [61]
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Figure 8: Diameters of PCL dye doped by DR1 compared to PCL dye doped by DR1*

4. Preliminary tests on PA6 dye doped by Bromocresol Purple

For this trial two solutions were prepared with bromocresol purple. Bromocresol purple is a pH-
indicator that changes color from yellow to purple when pH changes from acid (below pH 5.2) to
alkalic (above pH 6.8) respectively and above pH 6.8 the colour is blue. It was investigated if the
polymer solutions are easy to electrospin on the mononozle and dye leaching tests were performed

to characterize the dye release of the samples with and without the addition of the complexing

agent.
HaC Br HiC
% OH 0. )\
Br -
. B
X503
~F

Figure 9: Equilibrium of the bormocresol purple between acid and alkali pH range. [5]

4.1 Electrospinning of PA6/BP and PA6/BP/Perfixan (BP=Bromocresol Purple)

Two polymer solutions were prepared with PA 6 in 16 wt% and 50/50 AA/FA. To the first one 0.5%
omf bromocresol purple was added and to the second one the same amount of dye and 4% omf of

the complexing agent were added. The ambient humidity and temperature were 51.1 % and 18.5°C
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respectively during the electrospinning process and the parameters were kept constant (speed =

2ml/h, voltage = 22 kV and TCD = 6cm).

The dye doped polymer solution is quite stable to electrospin. After a while the voltage source
turned off and on and the jet doubled, so two jets came out of the tip that is within the start—up
phase. Then, a gradual range on the voltage was performed from 22 to 23.5 kV, the jet remained
stable. The solution with the complexing agent is not been as stable as the dye doped. It took a few

seconds to make it stable and still the jet was not straight as in the dye doped polymer solution.

To conclude, the addition of the pH indicator bromocresol purple and the complexing agent to the
polymer solution do not have significant influence on the electrospinning process although obtaining
a stable electrospinning process is more difficult when also Perfixan was added. Thorough tests will
clarify this. Last but not least, it was noted that after the solvent evaporated (5 hours after the
solutions were electrospun) PA6/BP and PA6/BP/Perfixan nanofibre samples changed color from
yellow to light green and from yellow to dark green respectively, which can be explained by the

evaporation of the solvent.
4.2 Dye leaching tests on PA6/BP and PA6/BP/Perfixan

The dye leaching tests performed in stock solution with potassium nitrate (102 M) in pH 2, 7 and 12.
Samples were prepared (5mg of each type) and were immersed in 5ml stock solution for 24 hours.
Afterwards, the spectrum of each solution was measured by UV-Vis spectroscopy and

characterization of dye release occurred.

0,55

PAG6/BP PH12
0,45

0,35
PAG/BP PH7

A
0,25 /

PA6/BP/PERF PH12

0,15

PAG6/BP/PERF PH7

0,05 =X

380,0 420 460 500 540 580 620 660 700 740 780,0
Wavelength (nm)

Figure 8: Dye leaching tests, absorbance spectra of PA6/BP and PA6/BP/PERF in pH (7 — 12).
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There is no dye release between pH 2 and 7 but there is dye release between pH 7 and 12. Moreover
samples with the complexing agent decreased dye release compare to samples without Perfixan.

(Figure 8) The color change of both samples is illustrated in figure 9.

PA6/BP PA6/BP/PERF

Before the immersion

PH2

PH7

PH12

Figure 9: Dye leaching tests between pH 2 and 12 after 24 hours immersion, 5mg samples in 5ml stock solution
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Chapter IV

Electrospinning PA 6, dye doped and blended

In this chapter doping of polyamide 6 by disperse red 1 and the functionalized dye will be
investigated. Blend of polyamide 6 and the polymer P[M] will be produced. The blend nanofibres will
be electrospun on the multinozle apparatus for a very stable process and large samples. Nanofibrous
structures alter their halochromic properties according the environment conditions. Therefore, great

samples will be needed and further tests will be held out.
1. Introduction

The behavior of DR1 and DR1* was characterized under several circumstances. The colour change
with pH in solution and when incorporated in PA6 nanofibres by dye doping was measured.
Additionally, blend nanofibres containing the dye were produced, by electrospinning a polymer
blend of PA6 and P(M-co-DR1*). The latter is a copolymer with the DR1* (Chapter IIl) covalently
bonded to the backbone of P[M].

The goal of this section is to illustrate the effect of disperse red 1 on the electrospinning process and
to characterize the performance of the produced halochromic nanofibres. Additionally, the influence
of the covalent bond between the dye and polymer will be analyzed and the results from the

mononozzle and multinozzle setup will be compared.

2. Characterization of PA6 nanofibres containing DR1 and DR1* by dye-
doping

The color change and the extinction coefficient of DR1 and DR1* were characterized. Additionally,

the influence of functionalization on the color of the dye, the color change of PA6/DR1 and

PA6/DR1* with pH in solution and the influence of the complexing agent (Perfixan RDV) on the color

of the dye were characterized.

At first, DR1 and DR1* solubility was tested in potassium nitrate stock solution 10? M. For the

electrospinning of the dye-doped solutions a 16 wt% PA6 solution was used in 50/50 acetic
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acid/formic acid and a dye concentration of 0.5 %omf. To minimize dye release, 4 %omf of Perfixan
was added to the electrospinning solution. Samples were prepared on the mononozle setup and
additional tests were held on the multinozle and were characterized by SEM. The influence of the
dye and the complexing agent on the solution characteristics (conductivity, viscosity) and the
electrospinnability (stable or not) were investigated whereas the electrospinning parameters were
kept constant (E=23kV, FR=2ml/h, TCD=6cm). The colour change of DR1 and DR1* dye-doped
constant nanofibres on the polymer solution was measured at pH 2, 7 and 12 with and without
presence of the complexing agent (Perfixan RDV). PH-sensitivity and dye release were measured by

UV-Vis spectroscopy.

DR1 and DR1* did not dissolve in stock solution. Disperse dyes have slight water solubility because
of the presence of polar substituents in their molecular structures such as HydroxyEthyloAmino. In
their structure there are dispersants that are either a non-surface active polymers or a surface active
polymer added to improve the particle separation. The solid forms of the dye contain much more
dispersant, than pasts and liquid forms, to prevent particle aggregation during drying. Granular
forms pour easily dust lest and facilitate weighing. The interaction of such polar groups with water,

by polar interactions are hydrogen bonds, is crucial for water solubility. [8]

There is a small increase in conductivity with the addition of DR1 to a PA6 solution and even more
with the addition of Perfixan. A complexing agent is a charged chemical substance thus the
conductivity is increased even more. Influence of RH% and T on conductivity and viscosity is very

small, not to be considered. (Figure 10)
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Figure 10: Viscosity and conductivity of PA6/DR1 and PA6/DR1/PERFIXAN nanofibre samples

Electrospinning of PA6 with DR1 and DR1* was quite stable. Moreover, a visible colour change in

turn from red, orange and in the end pink was observed during the procedure and not in all of the
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samples. The first, third and fifth samples (Figure 11) prepared in parallel the same day in order to
compare. The same was as for the second, fourth and sixth sample. When samples were electrospun
for the first group (PA6, PA6/DR1 and PA6/DR1/PERFIXAN) humidity and temperature was higher.

Humidity affects the fibre diameter, diameter decreases with increasing humidity for PA 6.

250 4

200 -

150 ‘ mPA6
‘ PA6
Diameter (nm)
+ PA6/DR1
100 m PA6/DR1*
u PA6/DR1/PERFIXAN

B PA6/DR1*/PERFIXAN
50 -

16 16 16 16 16 16
Concentration (wt%)

Figure 11: Influence of DR1 and DR1* in fibre diameter with and without Perfixan

Polyamide 6 blank solution, dye doped by disperse red 1 and doped by the dye and the complexing
agent are been electrospun in the multinozle as well. The procedure was continued for at least 3
hours on the multinozle set up. By analyzing the fibre dimensions and morphology at the start and
the end of this period, the long term stability of the process can be characterized. The fibre
diameters show no significant change so it is assumed that the electrospinning process is stable in all

three cases. (Figure 12)
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Figure 12: Electrospinning PA6, PA6/DR1 and PA6/DR1/Perfixan on the multinozle

The higher ambient humidity has an increased plasticizing effect on the polyamide 6 as it is been
mentioned. This results also in a smaller variation of the average fiber diameter. The addition of dye
in the polymer solution affects the average fibre diameter. The addition of Perfixan as it is observed
from the graphs restore average fibre diameter but all within margin of error so no significant

influence.

Although, it is known that the addition of small molecular weight components may alter the process
conditions and fibre morphology, morphology of PA6/DR1 and PA6/DR1* have not changed as it is
observed from SEM images (Figure 13). In pure PA6 were noted cracks on the fibre structure
whereas PA6/DR1* nanofibre samples are without cracks that is from the gold coating before

imaging and is thus due to sample preparation of SEM (Chapter Il — Materials and Methods).
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Figure 13: SEM images of PA6 (16 wt%) of pure PA6 (a) and PA6/DR1* (b)

Moreover, it was observed a greater colour depth in PA6/DR1 samples than in PA6/DR1*. Additional,
it was noted from the normalized Kubelka-Munk graph that there is a small colour change between
PA6/DR1 and PA6/DR1*. In conclusion, functionalization has small influence on the colour of the

dye. (Figure 14)
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Figure 14: Normalized Kubelka-Munk spectra of PA6/DR1 and PA6/DR1* dry samples, mononozle
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Figure 15: PA6/DR1 and PA6/DR1* electrospun in the multinozle
The as-spun nanofibres that is been doped by disperse red 1 appears to have deeper color in

comparison to disperse red 1* according to the Kubelka-Munk spectra in the UV-Vis. No colour

change is been noted (figure 15).

The addition of Perfixan in the polymer solution has shown a greater colour depth on (dry) nanofibre
samples in both cases (PA6/DR1 and PA6/DR1*) without any influence on colour. So, | conclude that

there is no influence on colour due to Perfixan. (Figure 16)
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Figure 16: Normalized Kubelka-Munk spectra of PA6/DR1, PA6/DR1/PERFIXAN and PA6/DR1*, PA6/DR1*/PERFIXAN dry
samples
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Moreover, there is no color change between pH 2 and 12 in PA6/DR1 nanofibres and

PA6/DR1/Perfixan. The same has been remarked concerning PA6/DR1* and PA6/DR1*/Perfixan.

PH 2

PH 12

Figure 17: Introduction of PA6/DR1 (on the left) and PA6/DR1/Perfixan (on the right) samples upon colourless polymeric
support

PH 2

PH7

PH 12

Figure 18: Introduction of PA6/DR1* (on the left) and PA6/DR1*/Perfixan (on the reight) samples upon colourless
polymeric support

In figure 17 and 18 a polyamide reference is been used as it is mentioned in Chapter Il to introduce
the nanofibres after immersion in each pH solution. It is noted that there is dye release after
reference and dye doped samples get in contact. Moreover, the colour is different between the
doped as-spun samples by disperse red 1 and the doped with the functionalized dye as it is been

indicated by figure 14 as well.
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3. Characterization of blend nanofibers containing P(M)

This section is directly connected to the first part of this chapter. Three polymer solutions were
prepared to electrospin on the multinozzle, namely PA6, PA6/DR1* and PA6/P(M-co-DR1*). The
amounts of the polymers of the blend are PA6/P(M) in ratio 84/16 and dye concentration 0.64 %
omf. The amount of DR1* is approximately the same in both cases. The colour change of the dye
doped PA 6 and the blend constant nanofibres on the polymer solution were measured at different

pH values. Finally, dye release and hydrolysis of the dye were characterized.

3.1 Comparison of PA6/DR1* and PA6/P(M-co-DR1*) and characterization of colour change

Electrospinning was continued for several hours on the multinozzle setup as it is mentioned in the
doping of polyamide 6 with disperse red 1. By analyzing the fibre dimensions and morphology at the
beginning and the end of this period, the long-term stability of the process can be analyzed. The
fibre diameters show no significant change so it is assumed that the electrospinning process is stable
in all three cases. (Figure 19) Additionally, PA6/P(M-co-DR1*) samples have smaller average
diameter which proves that combining two polymers namely blend could be advantageous and it

results in finer fibres.
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Figure 19: Fibre diameter of PA6, PA6/DR1* and PA6/P(M-co-DR1*)

The blend polymer solution compared with the PA6/DR1* solution presents a reduction in
conductivity and viscosity so combination of PA6 and P(M) polymer results in lower viscosity and

conductivity measurements. (Figure 20)
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Figure 20: Comparison of viscosity and conductivity parameters

Nanofibrous samples were measured by UV-Vis spectrophotometry in dry and wet state under pH 2,

7 and 12. Kubelka-Munk graph in figure 21 indicates the difference in the colour depth of the two

samples. The covalently bonded nanofibre sample has higher colour depth for the same dye

concentration than PA6/DR1*.
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Figure 21: Comparison of the colour depth in dry state of pure, dye-doped and blend PA6

Additionally, there is no colour change between pH 2 and 12 in the dye-doped and blend nanofibres

so polymerization of DR1* to P(M-co-DR1*) does not have influence on the colour. (Figure 23)
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Although it is not the case in this graph, it is observed a narrower range of PA6/DR1* wet samples in
neutral pH bath than PA6/P(M-co-DR1*) which means dye-doped polymer has smaller reflectance

range.

PH 2

PH7

PH 12

Figure 22: Introduction of PA6/DR1* (on the left) and PA6/P(M-co-DR1*) (on the right) samples upon colourless
polymeric support

In figure 22 is the introduction of the samples upon the nonwoven reference samples and is clearly

obvious the dye release of the covalently bonded in pH 12.
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Figure 23: Normalized Kubelka-Munk graph of PA6/P(M-co-DR1*) and PA6/DR1* nanofibres, neutral pH bath

Significantly dye release was noted from the blend nanofibres at pH 12 that was mentioned (figure
22) and the diameters increases after the 24 hours immersion of PA6/DR1* and PA6/P(M-co-DR1*)

samples. Figure 24 indicates absorbance spectra of pH 12 bath from both of the submerged samples.
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Figure 24: Dye release, pH bath of PA6/P(M-co-DR1*) after immersion in stock solution for 24 hours

In order to characterize fibre morphology after the immersion diameters were measured as well.
After 24 hours immersion the diameters of the nonwoven samples are increased in every case. This
could be due to the fact that polyamide 6 is a hydrophilic polymer and nanofibres have porous
surface so absorption of the water is occurred and nanofibres are swelled after immersion. (Figure

25)
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Figure 25: Diameters after immersion of the nanofibres in stock solution form 24 hours

IV Electrospinning PA6, dye doped and blended - 35 -



In the Kubelka-Munk graph it was observed a colour change from each sample of PA6/DR1* in turn
from pH 1.5 to 0. The largest colour depth was noted in the sample that immersed in pH 0. In the
samples that were submerged between pH 1.5 and 1 there is no colour change whereas the samples
in pH 0.5 have a first colour change and in pH 0 a second relocation. In conclusion, there is significant
colour change between pH 0 and 1.5. The same was observed as it concerns the colour depth of
PA6/P(M-co-DR1*) nanofiber samples with an exception of the sample that immersed in pH 0.5.
Colour depth of the covalently bonded sample is the lowest in pH 0.5. Additional, in the normalized
graph was noted a small colour change between pH 1.5 and 1 whereas between pH 1 and 0.5 there

is a greater colour change. (Figure 26)
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Figure 26: Comparison of dye doped DR1* and conalently bonded DR1* with P(M) in low pH values (0, 0.5, 1 and 1.5)

PH baths were prepared in 0, 0.5, 1 and 1.5 values and nanofibrous samples were submerged in
them for 24 hours. Then, the absorbance of each pH bath was measured in UV-Vis
spectrophotometry. PH 0 bath has the greatest absorbance compare to the others. (Figure 27 & 28)
Both of the samples, dye doped and covalently bonded, that submerged in pH 0 and 0.5 baths
dissolved totally during the remaining time in ambient conditions, only some droplets left was

observed.
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Figure 27: Absorbance graph of the pH baths of PA6/DR1* after 24 hours soaking (0, 0.5, 1 and 1.5)
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Figure 28: Absorbance graph of the pH bath of PA6/P(M-co-DR1*) after 24 hours soaking (0, 0.5, 1 and 1.5)

3.2 Dye release study and hydrolysis of PA6/DR1* and PA6/P(M-co-DR1%*)

It was observed a significant dye release of the blend nanofibres in solution at pH 12 (figure 24) so
further tests were carried out such as water fastness to characterize dye release. Additionally, in the
covalently bonded polymer dye release was observed at pH 12 due to hydrolysis of the functional
group of the dye molecule, so pH baths (10 and 11) were fulfilled to remark in which pH value the

hydrolysis of the dye starts.
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3.2.1 Dye release

Color fastness tests are a method for determining the resistance of the color of textiles of all kinds
and in all forms to immersion in water. Preliminary tests were done with different types of
references to result the ideal one for this test. PES, wool, polyamide, cotton and nanofibre
polyamide 6 references were used in this test. The references were stitched together with the
PA6/DR1* and then with the PA6/P(M-co-DR1*) nanofibre sample. It is presumed that wool and
polyamide references are the best to indicate dye release. Thereafter, wool and polyamide
references were stitch together with each nanofibrous sample and immersed in stock solution 50 by
the weight of each sample with potassium nitrate 10 mol/I and different pH baths (2, 7 and 12) for
30 min. Then placed one above each other (each separated from the next by one acrylic-resin plate)
under pressure and clamped for 4 hours in the oven which has been preheated in 37 °C + 2 °C and let
dry for at least 24 hours. Afterwards, the spectra of each sample were measured in UV-Vis

spectrometry and dye release was characterized.

There is no color change between the dried samples of PA6/DR1* and PA6/P(M-co-DR1*) and the
treated ones. Nevertheless, dye release is observed on the wool reference in the dye-doped samples
between pH 2 and 12. The greatest dye release was noted in pH 2 and 12 and in the polyamide
reference dye release is noted in all three pH baths. (Figure 29 & 30) Polyamide reference is the ideal
reference for this test compared to wool since wool is naturally colored and the transmitted color

upon the reference substrate after water fastness tests is not sufficient.
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Figure 29: Kubelka-Munk spectra, wool reference in PA6/DR1*, before and after the immersion
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Figure 30: Kubelka-Munk spectra, polyamide reference in PA6/DR1*, before and after immersion

For the covalently bonded samples, there is dye release on wool reference between the three pH

baths and the dried wool sample. In the polyamide reference it was noted dye release between the

dried samples and pH 2 and 7 whereas samples that submerged in pH 12 have the greatest dye

release. (Figure 31 & 32)
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Figure 31: Kubelka-Munk spectra, wool reference in PA6/P(M-co-DR1*), after the immersion

IV Electrospinning PA6, dye doped and blended - 39 -



0,28 PH12

0,24

0,20

K-M
0,16

PH7

Before

0,046 . ; - - ! ! ! : : : . ,
380 420 460 500 540 580 620 660 700 740 780
Wavelength (nm)

Figure 32: Kubelka-Munk spectra, polyamide reference in PA6/P(M-co-DR1*), before and after the immersion

The PA6/DR1* samples in a scale from 1 (the largest colour transfer) to 5 (no colour change) have
dye release % in the wool reference according to the Grey scale and 2/3 in the polyamide reference
in pH 2. In pH 7 and 12 the wool reference has shown % and 3 colour change respectively in
comparison to the initial and 2/3 and 2 in the polyamide reference respectively. Additionally, in the
PA6/P(M-co-DR1*) samples there is no colour transfer in wool reference in pH 2 and 7 whereas it is

% in pH 12. And the polyamide reference has 4/5 in pH 2 and 7 and 2/3 in pH 12.
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Figure 33: Dye release of nanofibre structures on the references, water fastness test.
[NF 1] indicates: PA6/DR1*

[NF 2] indicates: PA6/P(M-co-DR1%*)
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Colour of each pH was compared according to CIEL*a*b* colour space as indicated in Chapter I. with
the other by calculating total color difference (AE) by the AE = [(AL)? + (Aa)? + (Ab)*]*? equation as it
is showed in figure 33. AL indicates brightness difference between samples, Aa is the redness
difference between the samples and Ab is the yellowness between the samples. If AE is greater than
5 it means colour is distinguished and if value is greater than 12 then the colour belongs to

completely different space. [34]

3.2.2 Hydrolysis

For this trial 5mg of each sample was soaked in 5 ml of each pH bath (10 and 11). Then, the pH baths
were measured in UV-Vis spectrophotometer and the samples were remained under ambient

conditions until dry.
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Figure 34: Absorbance spectra of 10 and 11 pH baths of PA6/DR1* and P(M-co-DR1*) samples after 24 hours soak in the
pH baths

Figure 34 indicates the absorbance spectra of the pH baths of each submerged sample. In the
covalently bonded sample the greater dye release is been appeared in pH 11 compared to the dye

doped one.
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3.3.3 Hydrolysis and dissolution of nanofibres

Polyamide 6 dissolves in low pH baths (below pH 2) as it is been indicated in figure 33 that is also the
dye is leaching out of the as spun according to figure 27 & 28. Above pH 10 is been noted hydrolysis
of the covalently bonded that could be explained by the fact that the functional group of the
dispersant agent hydrolyses in alkali environment and the covalent bond between the back bone

molecule and dye molecule breaks. (Figure 35)
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Figure 35: Absorbance spectra of PA6/DR1* and covalently bonded to the back bone after 24 hours immersion,
hydrolysis and nanofibres dissolution, pH 0-12

4 Conclusions

To conclude, functionalization of disperse red 1 has small influence on the colour of the dye and the
addition of complexing agent has no influence. PH tests occurred and the characterization has
shown that there is no colour change between pH 2 and 12. Additionally, it was noted influence of
the dye in the fibre diameter but not in the morphology. Polymerization, of DR1* to P(M-co-DR1¥)
does not have influence on the colour but the blend has higher colour depth for the same dye
concentration. Also, in wet state the colour depth of blend is better whereas between 2 and 12 pH

bath there is no colour change.
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Moreover, nanofibre samples were tested in lower pH values (0, 0.5, 1 and 1.5) because disperse red
1 is not stable in low pH values. Below pH 2 is been noted colour change between pH 0 and 1.5 in
the dye doped and in the covalently bonded nanofibrous sample. Thus in pH 0 the largest dye
release in both cases was noted due to dissolution of the polyamide 6 in low pH baths. Hydrolysis of

the covalently bonded samples it was noted as a consequence of the break of the covalent bond.
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Chapter V
Electrospinning PA6 doped by Fast Green and by

Bromocresol Purple

1. Electrospinning PA6, PA6/FG and PA6/FG/Perfixan

In this section the behavior of Fast Green FCF under several circumstances will be presented. Fast
green (FG) is a sea green triarylmethane food dye that presents two peaks in absorbance graph
owing to its colour. [62] The colour change with pH is been measured in solution and also when
incorporated in PA6 nanofibres by dye-doping. The influence of the complexing agent is been

characterized. Figure 36 represents the chemical structure of Fast Green.
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Figure 36: Chemical structure of Fast Green FCF [62]

1.1 Characterization of Fast Green in solution

Due to appearance of two peaks abovementioned when characterization of the colour occur in the
nanofibres with Kubelka-Munk the research is been focused in the non-normalized graphs.
Investigation of the peaks should be performed. An amount of 2 mg/| of fast green is been added to
potassium nitrate stock solution (102 mol/I) (0,5 mg/I the solution of the dye and all the pH values in
with a range scale from 1 to 12 and in 1 mg/l only the solution of the dye) and the hydrolysis of the
dye was measured atpH 1, 2, 3,4,5,6,7,8,9, 10, 11 and 12. The stock solution was used to ensure
a constant activity coefficient during measurement. The colour change was characterized by UV-Vis

spectrophotometer. (Figure 37 & 38)
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Figure 37: Absorbance spectra of Fast Green in solution-acid baths, 2mg/I
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Figure 38: Absorbance spectra of Fast Green in solution-basic baths, 2mg/|

1.2 Characterization of Polyamide 6 nanofibres containing Fast Green by doping

For the electrospinning of the dye doped solutions a 16 wt% Nylon 6 was added in the solvent
system acetic acid/formic acid in ratio 50/50. A dye concentration of 0.5 %omf was tested and to
minimize the dye release 4% of complexing agent (Perfixan RDV) was added to the electrospinning

solution. This will be compared to the results without complexing agent. Three solutions were
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prepared with 40 ml of PA6 in 50/50 AA/FA, the first one is polyamide 6, to the second it is added
0.5%omf of Fast Green and to the third 0.5%omf and 4% of the complexing agent Perfixan RDV is
been added.

The viscosity and conductivity of the solutions were measured to characterize each solution that had

been electrospun on the multinozzle set up.
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Figure 39: Nanofibrous samples diameters, sample start-end placement
Electrospinnig was continued for several hours on the multinozle setup, it is mentioned in Chapter

IV, and the process is quite stable. The fibre diameters show no significant change so it is assumed

that the electrospinning process is stable in all three cases (figure 39).

1.3 PH sensitivity of the PA6/FG and PA6/FG/Perfixan samples

PH baths were prepared in a pH range from 2 to 12. The samples were initially immersed for 1 min in
each pH bath and then the color of the nanostructures was measured by the UV-Vis
spectrophotometer. It was noted that Fast Green has great reaction time so the method was

repeated and the samples now where immersed for 10 min. (figure 40)
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Figure 40: Introduction of PA6/BP —on the left- samples PA6/BP/Perfixan —on the right- samples

The color change was measured again after 10 minutes immersion. (Figure 41 & 42)
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Figure 41: Normalized Kubelka-Munk graph of PA6/FG nanofibers after immersion in pH baths (10 min)
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Figure 42: Normalized Kubelka-Munk graph of PA6/FG/PERFIXAN nanofibre samples after after immersion in pH baths

(10 min)

In both cases with and without the use of compexing agent is observed in the one-minute immersion

that there is no color change between pH 2 and 7 whereas between pH 7 and 12 there is color

change. The same as for the ten-minute immersion that is between pH 2 and 7 there is no color

change and between pH 7 and 12 there is color change. Moreover, it was noted influence of Perfixan

on the color of the dye in the dry state and in pH 12 the color change due to Perfixan is greater than

the PA6/FG samples. (Figures 41, 42 & 43)
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Figure 43: Normalized Kubelka-Munk graph, compare PA6/FG with PA6/FG/PERFIXAN nanofibre samples after

immersion in pH baths (10 min)
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Additional tests were done on PA6/FG/PERFIXAN specimens in pH range 3, 4, 5, 6, 8, 9, 10 and 11.

The samples is been placed upon polyamide as spun reference, dye release is noted. (figure 44)

pH 2 pH 3 pH 4 pHS5 pH6

pH 7 pH 8 pH 9 pH 10 pH 11 pH 12

Figure 44: PA6/FG/PERFIXAN specimens upon polyamide as spun references, 10 min immersion.

1.4 Testing dye-leaching of the PA6 samples electrospun on the multinozzle

Initially, three samples were prepared for this performance of each constant nanofibre PA6/FG and
PA6/FG/Perfixan weighing 5mg and the spectra of the pH baths from 24 hours soaked samples was

measured in each case.
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Figure 45: Absorbance spectra of Polyamide-6 doped by Fast Green, 24 hours immersion

V Electrospinning PA6 doped by Fast Green and by Bromocresol Purple - 49 -



The dye leaching of the PA6/FG samples is the highest in pH 7. There is a color change in the dye

leaching baths between pH 12 and 7 and there is no color change between pH 7 and 2. (Figure 45)
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Figure 46: Absorbance spectra of Polyamide-6 doped by Perfixan and doped by Fast Green, 24 hours immersion

Dye release increased in pH 12 whereas in pH 2 and 7 a very small dye release is observed.

Moreover, the color changed between pH 2 and 12. (Figure 46)

The dye release is increased in the dye doped specimens compare to the ones doped by Perfixan and
the dye which demonstrates that the use of a complexing agent is indispensable in order to fulfill a

successful remaining color.

Dye release increased between pH 2 and 12. Specimens doped by the complexing agent presents
much less dye release compare to the dye doped nanofibrous samples, and it could be by the

elimination of polyvalent metal ions that caused by the complexing agent. [65]

Table 4: Dye release of treated samples doped by Fast Green and by the complexing agent at pH 2, 7 and 12

DyereleaseatpH2 DyereleaseatpH7  Dye release at pH 12
(% omf) (% omf) (% omf)

PA6/FG 26 75 90
PA6/FG/Perfixan 3 5.5 41
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2. Electrospinning of PA6, PA6/BP and PA6/BP/Perfixan

Initially dye characterization will be done in order to determine extinction coefficient of bromocresol
purple and better understanding of the color of the dye in pH range from 1 to 12. Later the dye
release of the as-spun nonwoven will be described in different pH. The main tests will be done on
the mononozle and the remaining time of each sample will be counted in order to succeed the same
thickness in each sample (8min). The chemical structure of 0.04wt % bromocresol purple in H,O is

indicated in figure 3 (Chapter IV — Preliminary tests on PA6/BP).

2.1 Bromocresol purple characterization

Dye characterization is been carried out in stock solution containing soft water and 102 M potasium
nitrate from pH 1 to 12. Bromocresol purple changes colour between pH 5-7 and turns from yellow

to purple and then to blue.

Figure 47: Colour change of bromocresol purple in pH solution 1-12 with a concentration 7.5mg/|

Bromocresol purple has two peaks, the acidic one in 433 nm wavelength that is a mono anionic
molecule and the alkalic in 590 nm wavelength that is di-anionic molecule (figure 48). [5] In low pH
the spectra shifts to the left and a yellowish color appears whereas in high pH the color changes

from yellow to blue.
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Figure 48: Acidic and alkali peak of bromocresol purple in solution, absorbance range 380nm — 780nm.

2.2 Characterization of the as spun PA6, PA6/BP and PA6/BP/Perfixan

Three polymer solutions were prepared with PA6 16 wt% in 50/50 AA/FA. The first is polyamide 6
with acetic acid and formic acid, to the second one it was added 0,5% omf bromocresol purple and
to the third one it was added the same amount of dye and 4% omf of the complexing agent. The
ambient humidity and temperature were 28,2 % and 20,3 °C respectively during the electrospinning

process and the parameters were kept constantly (speed = 2ml/h, voltage = 23 kV and TCD = 6¢cm).
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Figure 49: Characterization of the polymer solutions; PA6, PA6/BP and PA6/BP/PERFIXAN
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Conductivity and viscosity increases when perfixan has been added in the solution. The dye has no
influence in the polymer solution; the complexing agent is a charged molecule and influences the

solution. (figure 49)
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Figure 50: Diameters of the as spun; pure PA6, PA6/BP and PA6/BP/PERFIXAN

The dye influences fibre morphology, since diameters decreasing with the addition of bromocresol

purple (figure 50) and perfixan has no influence in the fibre diameter.
2.3 Dye leaching tests on PA6/BP and PA6/BP/Perfixan

In order to characterize the dye leaching of the doped samples with bromocresol purple and the

doped samples with the complexing agent and the dye, tests were held between pH 2 and 12.
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Figure 51: Absorbance of PA6/BP and PA6/BP/PERF after 24 hours immersion

It is observed that the nanofibrous samples without perfixan appear greater dye release than the

samples with the complexing agent. Also, the dye release increases as the pH increases (Figure 51).

3. Conclusions

Fast green and bromocresol purple is been characterized in solution and when incorporated with the
nanofibres. Fast green has two absorption maximum in solution and color change has been noted
when fast green is incorporated with the nanofibres. The complexing agent minimizes the leaching
of the dye in low pH, as pH increases release of the dye increases as well. In conclusion, fast green
spectrum is very difficult to characterize; the dye in solution performs two peaks as above whereas

in sample presents one peak that is very close to the alkalic peak of the dye in solution.

It has been noted colour change in the nonwovens doped by bromocresol purple. The addition of
perfixan has influence in the morphology as well. Conductivity and viscosity increases and leaching
of the dye minimizes. The colour of the PA6/BP/PERF as spun is deeper due to perfixan in compare

to the dye doped nonwovens.
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Chapter VI

Conclusions and future work

In this work polyamide 6 doped by colorants has been studied, the influence of Perfixan RDV has
been analyzed and the blend PA6/P(M) covalently bonded with the functional group of the disperse

red 1 has been deliberated on.

Disperse red 1 could be used as a halochromic substance since the colour changes. Although
reversibility of the colour could characterize this dye the skin pH is around 6 and the colour change
occurs below pH 2; therefore the range of applications in wound dressings is limited. Blend of
PA6/P(M) with the functional dye covalently bonded to the back bone eliminates dye release which

is desirable in this case, therefore use of the blend as a wound dressing is not excluded.

Bromocresol purple could be used as a halochromic substance since colour alters and it could be
used as a wound dressing as well since pH range is identified to the skin pH but still the range is very
narrow. In this system dye release is the case, although leaching of the dye decreases with the

addition of perfixan optimization of the process is still the object.

Fast green changes colour but the range is quite narrow and not very clear. Since colour is a visual
perceptual stimuli it is important the colour change to be sufficient so that the healing process of a
burn wound could be monitored. Similarly to polyamide 6 / bromocresol purple system, dye release

is limited with the addition of perfixan nevertheless sufficient colour change is the case.

Halochromic substances are been established in this work. Moreover, distinct colour change is
meaningful and leaching of the dye is still a matter of case since a good wound dressing should have
excellent biocompatibility. A polymer blend system is been demonstrated and the dye release could

still be optimized.
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APPENDIX |

1. Influence of the humidity on the polyamide 6 diameters

Influence of the humidity on the diameters of the polyamide nanofibres; data is been selected in

different electrospinning days and analyzed. Humidity has a plasticizer effect on the diameters,

when humidity increases diameters decrease which is the case for a good wound dressing since

absorptivity is crucial. (figure 52)
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Figure 52: Diameters of polyamide 6 as spun in relation to air humidity, SEM images, each measurement is from

different day of electrospinning. Mononozle — Multinozle

2. Influence of the pH in the colour of polyamide 6 specimens.

Polyamide 6 as spun doped by disperse red 1. The first sample in the line is in pH 0, then pH 0 with a

pH 1 droplet and the last one pH 1.

PHO

PH1
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Polyamide 6 as spun doped by Fast Green (FCF). The initial specimen is in pH 10, then in pH 10 with a
pH 6 droplet and the last one in pH 6.

PH 10 PH6
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APPENDIX Il - COLOURANTS MOLECULE STRUCTURE
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