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2. 1 nrsu?unr:6 rFnIEr:ailui{ (Etectrospinnin g process)
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2. 1. 1 n 
T :du grJ rdululu :c al'uluIn : u n : (Fa brication of microfi bers)!
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\.24261 1..y_ q < ; I t jsplnnrng) t{n0{ tun?1il:0uunv{aauJ05tuua0uIua?t[avun?'ttJ14unfrtulrvaueiruiunr:tdntivrSt'u

riru spinnerette d':un:vurunr:ilurfruluttuualiayarudofl{fr'rl4ravaru6uvr5ritunlravalu}rofiruoirdu

luhi'rfluto.:lraarioufiovlirnr:rdnrivr;oairu spinnerette n-rour.:flofisuoir#ul,ufifiuur{rurilurfrulu
!

uaoltraartl:vnouei?u HDPE, pol,yesters, nyton uav potyotefins riJudu drusirodrlnofiuoififiu!flu
C, u q s 6du .

r[JurdululotJi6m-rlirasaruttriltriu cettutose acetate, cettutose triacetate, acrytic, vinyon uav spandex

tutruvfi rfruludfl ulo ui6 uiJu nu:y n oueir u a crytic ua v monoacrytic

d':ulraqjn:vurun',:na;i.dduodri'unruo-ufioio.rlfflunr:rrYud'unofiurofrortr,rarafio uavri'ulufi!

Hdslld'firduairuqudnarroqrlud?i 2 - 5oo luln:run: uavd:un:vualuilooriuto{animuroraqrifirirdrrjrt ! i -- --

hl{iaqdrSnn'ir (urlurvrnTulaE) 6wirifr'rinir-ukifini6nr:/rvrnfindovaorturo,uoriaqa.:uacflulu.rudurar

aurifita.:iaqnarirfrlu:vd'uurluatna nr:an:vd'uturrrtoriaqailrJoqlu:voiuurtuovfirhiaruli0n?uqil
r!t

alrjfiduprutoriaqloruhidowirnr:rilf,uuuujar#arairuvrrrrnfiro.:n:nfiu nr:1{tJ:ylatritoltunluladlrarj
rfioaFmrfuluurlu ir6orflunr:iiinlonralvl'finr:fierurrufimnirur4rfiolr.ujf,unioulriurirh]rJ:vuneflt'1u

vuqtctes!<,da
uaruld'ru r#uluurluriJu.)fioulLuvir{Jutaru{.:uavfra-nuruvriJurdusr:l lorunniiruunrrnrir aspect ratio
(rirnrruulrriorfrunirunurinarr)firrnn'ir too0:t lorufidr.:firanliuivrororamiuvir,urfi (NSF),uoqJ:vrun

u lqva ; - - s , d. u
ar,r:"g"r id'triiururfier:riurlaqturnurlu'jrrtlur"nqfifiotirrfiou t fifi (one dimension) fifirurnrjoun.jruio
,ri'.r#, too utluun:t"l 6'triuri'u1uur1r6o,flunt 1ufifir#uairuqurinarrrioundrraiorvirriu t00 urluursr:
v .l t v q < 4 , Yo 

t

iaqlu:rJtolidu'tu6rfin:rueir6'tyodr.:urnvr-.:'[umrrrqufruavvnuJfrrifi nr:finrualtfifiirrlriuraaruodr.l
talri'ulourlu rtiu nr:fidufifiriirtrrvar nrruldrro nr:drn:ruiouunynr:rirlv,lflr riayn.:ruuigr:rar
r{rtvirfr'ukiurlurflu:rJuuufi,rr,r,i',rr-*r:rJ:vuneilfftuoiruritl o'.:usr'lrirflurnEo.:rjuviutrJoufiut]um-.:

taiilu:{toiuluo?n1fi r{Juoiu uonrrnfirirarlr:nldrruoiruilnrstoi rirunounof,vrla:rafx drunr:oua
ceuio*.uuq?,n'rfl o'ru nr : ri'n rfi vufillr u ua y rir urn5 o.:;iror I rfl uo{u

Z. t.Z i6nr:tsugrJ rduluurlu (Method s of fa bricati n g na nofibers)

tvrnluiaEfiiririrra:-unr:du:rJr#u'luurlufiodvaruryrnfin lpiuri runfinurifiur{ (temptate

.ethod)t"-'l rvnfinnr::lusr-rriu isetf assembtr|'' "' runfin vapor growthr"l, uunfinnr:uunrdat34'351

tunfinnr:61 (drawing)t3uj, tunfinnr:rdra'l:uaoilrua'l (mett bto*ing)t" 
3'l rynfin mutti-component

fiber'sptitting, rvrnfinnr:flu (spinning) uaviunfin6rsnln:atJufil (etectrospinning) d'nuruvifinr:du:r1
t4 q < v u 3g 4 v.t i u atrtt u q A q u q oi 

"'.jtaul,uttuun{nunalulnu?5nr:ruantau Luuuuiluut,trvt[{[uonarun::uraiu [utlarur:narfrsrra'ulurdu.]ur tuvl
d \u t ,_<__- _l- a - j + y io <, - s < ^ &iln2'luu'l?uln"lLo 0ul{L:nmudotautolrvnilnil 6o iaofrfrnrrurtluialndarafrnrvirfuirnua.tur:nu1ul
f,urflurfruluurluld d:urvrnfinurifiur{ovl{rlrru:ufign1u:vniuurlurtluurjuuulunr:arf,orrduluurlu IoU
olnnuoulu:il?4.:tolrdulu (fibrit) uas ;rJvio (hottowl rv,nfinfiarlr:nrniuuud'ulu[asyiofifi?,urnurluki
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a1u:u?4911{?nvroatllo:u'lt?'{?'{1 lauv rsunouon[e]05 uav n15u0u ttntroraE,lolrou do Luaur:nrudntdu
. s ) tu
luurluututdurki' drurvrnfin sel.f-assembty ovhiaruTrar,irvm-':roriaom'rd'urfioo-nnr:d'afiuro.:hi'aq1u

:rJrtuuuavufirfinrufit:rdornr: odrrt:fimrtlrvrnfinfiltrrarurutunr:ln5uurfruluflofiruoiurluuuuqio
n - , c, a Y !;[Uoi tvinilnnr:luuntvlatt un:vurunr:frraaruriumauurnu?nun1:uunmr nr:rfinrlauaunlraffolnul{si'.lu'r

- _ ,q oqe I o, , S nvu !- o s | \ I - J6.AvAlUvltlnnqlinu n15vl'lt14t[?J.:a?uauu1t14r,t14d lounv[o?6ov'lu:v,r:u5yftuur[u Ourl[:frmrutunlnf[.8tfar
ur?ururdurTulunr:d{airur,{ofruLoflu:rltoru6ilrld:rJtorlr,^hfifi:vr:u:vniuurlu r*'u1ufidu:rJri.rurilnfin! !! ! r !

mett-botwing ovhii#ulufifia-nrsruvr.rarlrrufirurnrt,u,.irunutjnarrodvirlu:cariu{ulrLln:ium:uav:caYuh
v!

r .j qeo u-.-.-:--!-qF' 6 o , uq Atu {.du "i -[n:Hsl: tnav tta1uiul,{0aLrl05vltiluv{?nrv]0: [unarafirn$mrauLuvrtnatUmrtqnalrid{n rfrolornilnr:
v ol .h,d, d q i- J - Zqu - ..idY -s ;.iiot:unn?:vou uJranavlllJtuu:v[uuu luljtuvvrtnon15t u:u onyll ttnoamo5vruilruu'nlutanasiriluto.:ra
X - v q s u d s ; , v ^ tAuuOnnlnu[a? tautuulLuU.ialil']:ntr]suu[0tu?6 mutti-component fiber iltJ:ynouo'?ul,toauJo5frmolnr:

- .i qB - ra
uavflodtuo5fra1il't5flava1uld"lqurofiruoifiarlr:navarukiocnnnvaruoonlilrlnriulunouvraf,iln']uufr{

g

nr:fiugr.l lirlri'r#ulu:v6'u1lln:rusr:fltriavaruarodusirunfrnffl#ruaruf,nluGurrufim'rtuurofia.run::u
.i , u , .j. -tlolnrn'jrd'odrufrrird'qtot multicomponent fiber ovnnlirarurfioairlriiurd'ulu:snlutuTn:

.j,u1.aads-,;a4,6d-.;

alnfrnar?1l'tttar ovuiuirtunilndrdnlsr:atjufrrqrufrounvrtluiEnr:rdEr'lfroyarilrinfi'fltu1tilcinr:

afinlurtlGurrulr1n11u:uriuonarun::lld rirraiunr:nrf,srrd'u'[uurluuuusiorfioiornroe$ioieil{.1

2.1.3 nlrdugrJr#uluurludruiE6c6nIor:ailufi.: (Etectrospinning of nanofibers)
a a < s -. ; 4 vu Z ,rvrnfrn6ufinln:aiJufi.:lfluio"nlrd'rurivo?::ufi 1930 rflurvrnfrnfiiruuavfiil:vf,ilEnrvrlunr:afin

y q .'i<
rdulufrfrsurn:voTuurlultjtufiiluln:run: nr:'l{6rHnTm:aijufi.:lunr:airruaiuriu'lu1n:rdrrfftu"loirfinorn

n1:il0 (nonwoven) nn:rurruo*ru:nluf,vr6tjm:Ina Formhats Rt"llufl a.fr. 1934 rvrnindrfiur{o{rYun1:
airlaurllr,hhfifinrrurtiuar:sv'jrrar:auaruv{oeuJoifiou'[unrruvrinr6urdu gtass syringe dsiootin-u

rJarur6il6nurniunrtus:ori'ufirfluiarnvrrigrlfi r tru,lut*an,lfr*.r,,fr'tu.ufirririnqmrirrafir U:corv
a1u1:0la'ltuvtt:161fi:'uotuuot{a6uJoifioq]uurJarur{uld'ryrfiorirn:urarodrua2?,oda1:aya1u (et)
^! s , , 

o

rfrnf,u louturrrr#uairunutinarltolrirn:cua{:vrd'rndlti:raoa{nrulsiu:l etectro-hydrodynamic uau

nruloianr:vnr:vrnao.tfiuriuouufir rirn:sua'uolrraa':dovrfionr:rrr{onruldnerltrirafiu:roraurlb{flrlu
i-' 't rv v i I oqw 6 d . q t2ltruvfriln:lhJrilnrtuv:o.liularavfrwir lrirfiqnr:0noonro.:rdulu''' rr:yu?un.]:unoontolr#uludov

tdurfiunr::cruooontolfr't41ava1u 6.rrirhJdni:aonrtou#ue.iruqurinarworrirn:vuatouraar Inurf;ulu
a..-v-vqvt--A^x^,a-.^r^-.^-=^-^t------tr!'vlul4.iua?acalnn?tLuu6lJ14:0tprr:ulmruuH':tolnrtuvlauv:aliufrurytnfrnto.:nr::oliu

-.^^^^^-i l" -- "-i ' q , ^ <,ru0nQlnu u.:v'lulliln?]un1?ulJ'l9t'lu{'turouilourrurn"[ut:lfrutlfrrirulruayrmnlulaOfionrirtr]

rJ:vqnrlli'luoiruoirtlfi'uodrrnirrtrx lqurruio"uri']uhary1uflr1u-uloirluriutilfinr:vrururudrnrrlr{r1o
'luritdnfilnr:rr.16uuurjara'nu*rdus',rraruodrrrorn:ruun',:rdalirl#arrLr:nn-]unila'runrxiyrBlt,o{

uq u s " g^. ...r^.t-.^""{-.=^ ..^-.^^-.---al-.^-----7'-- v.t ' ,rd'ulu:veiuurlu In:lairl rarirfiti.:dufi'r uavnauustunr::rufiuro.irfiu [u14:onrruranl?yyu14u1v6l
41il:un1:vl10tan Lfl:auu!{1,0{il0aHoSulunrlluavuodmo5vnlfrrnrlnruuurir.:1 rd'uluurlufif,u:UloU

a 6 < s -, J g J . s < .;-tvlnun0tan Lnrailuu{nfirilr:nor-ott5tJltfroa5rr1n:ra5rr:ynluurlufifirarirfiraylryiory-rxlti rdu urlufirri
uac urluhitoo'o'l t{Judu uonornda:liGrirunruu{.:u:r rirurin nrur{lu:1,,r:u rarirfito,:dufi.: (surface

functionatity) ulfiuoqriutfrotorvrof;rrLoifirirurld runfrarrr:aiJufrtr#uk,firharilr:0r,r6rrr{0fiuuoi r#ulu
.i u t , A u 1, Z ;-uavounrndult'firlUrfraafrlufJu{ufifinrrutxurnltd ounrofrtrjayaririiru'Jurf;nrjouarrr:nrfilrtrlJlu

ar:avarorof,tlaiuavtsnnilloulur#uluuriufiuririrdrrirr ot-rurfiarur:nacaruleiusoar:irunfiiiufi
arur:orfiutrirhflduavlirnr:du:rJrirorrnfrndrsnln:aiiufiflri'rfluuriuid'u'[uIn:.rir.:rirr,liunr:airudorEo

4 u c el42lu5oinururnttrualpi'-'' nr:il:rnnd'rta*fruluurludrl#arur:nrfiol:v ra'jrdantorurTuarnar1ulanror
s cY.J

uunln:atnald'tfiolornrd'uairunutinnr.:torrd'u'luaulu:yriurirrurluuim:uacfinruurrlu:vd'rraaruura:
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nLlBLg 
rsr.rrrLmnLF9EL,lltlltfunluLn]LGGn-Glt$1.rd1]snFpsriluul@gLUnLnaEunlulnpmLru € sFsnlbupn
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C ! ,e a a€s .t501et1:1{fr 1 d'rurJ:tolnr:f,u:rJd'rEJtvrnindrfinln:ailufrr (Etectrospinning process parameters)'"

Needte to cottector distance Exponentiatty inverse to the votume charge density fiheron et at., 2004)

lnversety proportional to bead formation density (Fong et at., 1999;

Gupta & Witkes, 2003)

lnverse to the etectric fiel,d strength (Fong et at., 1999; Theron et at.,

2004)

lnverseiy proportionat to fiber diameter (Gupta & Witkes, 2003)

Ftow rate Directty proportional to the electric current (Theron et at., 2004)

Directty proportionaI to the fiber diameter (Sawicka et aL., 2005)

lnversety retated to surface charge density (Theron et a1.., 2004)

lnversety retated to votume charge density (Theron et at., 2004)

Vottage lnversety proportional to surface charge density (Theron et a1.., 2004)

Direct effect on bead formation (Deitzel. et at., 2001)

AC potentiat improved fiber uniformity (Kessick et at., 2004)

lnversety retated to fiber diameter (Gupta & Witkes, 2003)

n1:1{fi 2 d'rutj:'uo.:a'r:ava'ru6i'r14iunr:du:rjdrudrSnTq:ailufirttol
!

Concentration of potymer Directty proportional to the fiber diameter (Gupta & Witkes, 2003)

Power law retation to the fiber diameter (Deitze( et at., 2001)

Cube of potymer concentration proportional to diameter (Demir

et at., 2002)

Parabotic - upper and lower [imit retation to diameter (Hsu &

Shivkumar, 2004)

lonic strength Directty proportional to charge density (Zong et at., 2002)

lnversety proportional to bead density (Zong et at., 2002)

Sotvent Effects votume charge density (Theron et at., 2004)

Directty retated to the evaporation and sotidification rate (Theron

et a1.., 2004)

Temperature lnversety proportional to viscosity (Demir et at., 2002)

Uniform fibers with less beading (Demir et at., 2002)

Viscosity Parabotic retation to diameter, and spinning abiLity (Hsu &
Shivkumar, 2004)



n'l:1{fi 3 n-aotir.:tloll'iofiruaifltoiiunr:drurarfinrflur,#uluurlurirEJrunfindrSnln:aijufir

Potymers Sotvents Fiber

diameter

Year

Potyacrytonitril.e (PAN) Dimethyty formamide (DMF) 0.05-1..1 pm t97 L

PEO (potyethytene oxide) 0.05- 2 pm 1981

PEO Water 0.05- 5 pm 1995

Poty(ethytene

teraphthatate) PET

Triftuoroacetic acid +

Dichtorometh

0.3-2 pm 1996

PLLA (poty-L-tactide acid) Dichtoromethane 100 nm- 5 prn 2001

Potycarbonate Dichtoromethane 101 nm- 5 pm 2001

Polyvintycarbazote Dichtoromethane 102 nm- 5 pm 2001

PLGA (pot(D,L-tactide-co-

gtycotide); 85:15

Tetrahydrofuran (THF) + DMF; 1:1 500-800 nm 2002

Fibrinogen (human and

bovine)

Hexafl ouro-2-propa noL (HFIP) 80-700 nm 2002

PAN DMF - 100 nm 2002

Potyamide-6 Formic acid >50nm 2003

Potytactide (PLA) Dichtoromethane >50nm 2003

Poty(ethyl.ene-co-vinyI

acetate) PEVA + Bovi

Dichtoromethane 5-20 pm 2003

Potycaprotactone (PCL) Chtoroform + Methanot (3:1) 0.3 -5 pm 2003

PEO Methanot 0.08 - 1 1rm 2003

Vanadium sot +

Poty(vinytacetate)

Ethanot 0.5-1,.5 pnt 2003

Poty(vinty atcohot) PVA +

casein

Water + triethano(amine 100 - 500 nm 2003

fibroin sitk flbers formic acid < 100 nm 2003

natural sitk of Bombyx mori

and Nephita ctavipes

hexafluoro-2-propanot 6.5 200 nm 2004

sitk fibroin (SF) 9.3 M LiBr aqueous sotution 700 nm 2005

Bombyx mori sitk fibers formic acid 8-379 nm 2005

Bombyx mori sitk fibers water 500 nm-10p2 2006
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z.g tYrnfinlun'r:fi6oriranA'nunitalrduleturlu (Characterization techniques for
nanofibers)

duc A o u q u{nIilurflramilsilir lrutilurritriaqlu:;oTuur]uurn'jriautlrd'rusirr"rrrnn?1:ra1u1rntuirn:rvr,i
Aquwq - e.i 4 , f, luq ,.j :rtll0 L14t?,'lt0nnunlv{t0nilu0u1{teluvl ttst Lutllaolaluilfi?i:uyrr.truur [Ftf nr:rilduurrilalodr,:auttl fro fr
.ri a i < q .d o u r ctn5o.:ilofrarur:nAnura.:tilfinlu:vd'rtuIn:uJsri l4rhiarur:nraloyaoursiaytfrotri Ioufi'rlUaudfi

In:lairl a'rugruivrur nr:o-etiu.it,otna'urd'uluurTuuavnrurflu:fl:u uayauuGruulrriroqraiurd'uluurlu

In:lirl (nunlno"r. mats) arur:nirn:rvririrurunfinuavrnio.UoAY.l,arU urirvrnfinlr,rriuxodrrd'rrfludo.:

ildlliuuoaolarilfrtfr.:natortfruluurlui6ur (rd'urdur) uri'irnr:inaut6r0rnatoruaiurd'uluurTuln:rir.:
rdu rvruluiuond'a strength uav etongation nuulnrfiorornturnrf,u'lariurSn uriauuhnadrfirflue.:,u"rrflu
y.l w A < q d o 1t Aquwq v s !e< 3plluunr:Uiuudtoltn5o.:Iof,olUuuavrvrnfrairifrrtJurfro tfiu.fr'toiaqurlutrin-urnf,u rvinfinfl[{'[unr:
fi aoilrona"nr*nialrl6.uolrd'uluurluarur:nuil.:oonrfl u e n{ltraqj 1 6o

1) u1{nrun'ry{(physicat)

2) orvirj:vnouuioauu6vrrlunfi (compositionaI or chemicat) uac

3) ailusl[{{na (mechanicat)

1. Physicol choracterization

alt6ur.:nrunrvrduil:vnouriruairauruvfufir, #rusruivraruavln:.:airrtoriaq nr:irn:rvil'rrr
i^
frufrrrJ:snoud'rotunfinurm:tru ttju x-ray photoetectron spectroscopy (XPS), secondary-ion mass

spectrometry (SIMS), scanning tunneting microscopy (STM), scannlng etectron microscopy (SEM),

high+esotution transmission etectron microscopy (HRTEM) uac low energy etectron diffraction
(LEED) alrugruivroluoluaiutfr'uluur1uTn:rir.:arur:nyrlara'l{rvrnfin SEM, HRTEM rac atomic force

microscopy (AFIvt) druln:.:airrtoqd'u'luurluaur:nirn:ryrioi':urvrnfrn wide x-ray diffraction and

scattering (WAXD) uav smatt angte x-ray scattering (SAXS) fi.:ovl4r'[riarur:nurnrurflur.rfintolianld
.i,

autifril1{nlinrvrdul t'tiu oruuni gtass transition, oruuniuao:Jtua? uavoruunfinr:mnruf,narur:nrarki'

ornvYlrvrnfindifferentiat scanning catorimetry (DSC) uac thermo gravimetric anatysis (TGA)

2. Chemical or compositionol chorocterization

auilGvnrtnfittavorriU:vnorto.:r#uluurluarur:oirn:rv#[riuarnuaruuunfin rriu Raman

spectroscopy, Fourier transform infrared spectroscopy (FTIR) iray nuctear magnetic resonance
( N M R) Ipr u r vtrit a n ri r r'lu: r u a y ud u n r o I rvr n fi nlufi d

i. Mecho nic ol chorocte ri zoti o n

auffit8.:natolifiu'laur1uarur:nvrldTnul{rnSorfioraarun-r rdu AFM, Kawabata micro-tensite

testers (KES) uas dynamic mechanical anatyzer (DMA) uonnrnrmnfin Rru ur#r rd'uluurluarur:ndr
a tY s 'n1:uunv5o:?tttTu;iru:nnr:uoaouttrnalo' lnuusiavrmnilnnr:mor6arlsr'olnr:nr::':utolr#u'luryrirfltri.ir

ovrflu'lu:rJto{n:.:irluuudu (random mat)uio rdu'lufifinr:ioriuw-r (atigned yarn)

2.41rauuacauu-6sallyu (Bombyx morf Sitk and tts properties)
\ 1, I q o Ov, s o o .i 'lr,rurijuudultro::ltlr6finnrirur't{rJ:vlutfluvrrrn'r:rufrmrnioruu,iurflur:nrurunir s niuijuru#.1

- I ' u < s ----"^^^-].^-.^^--.^-.^a^--!--r- y 7-,r lrr!,e - ; s auua{unaruauLuyttu rnv}Jn:vu'tunr:ardnrn5oru.:vrLlrnrau[ululvrlrifunr:fierur15ouur louo::urrd
yvqlddt

ttar tiiultJluunvfrn':ruu{ltt:':aouurlurn iln:rr6ouqu/rvrfiarar usifin'lruejourjl 6lfinr:rirltftflutt
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.i - d; w 1 u
el1:1.:Yl 5 uon{lnailUflodnal'ltta? U{}JAtlUmmldtnuvrnalUnd{nu rtu yrueton:odouuSon:n6uvrsu usrki

vrusion:nuri a1lr1:nuuriooir{pi6 rurioar:avaruduvrEd a1il1:0{nrfi.:ld uonornriurirvrurioar:{nr,lon
e t 4 , ; v q 4 d a qu - 

y--
t 0lqu0nU:cn15uu{t,0.itautuv{t no n2rua1u1:n [un]rfuduo]J [ouarutilovt'.:d5rranfrr4 (Reactive dye)

f,uisr (vat dye) uavf;tnrinfi (Di,ect dye) rtludu

b) r#ulaf,'n{
uq c, eq -i .vv qv 4, u d, vq X o *oitautuan?uutljutau tu5::xtlnvluuuo:dnuav ltrrrilur?a1u1u lhrlJurdulud'uuavilaur]Efr

ndrurYuuaruil:snt:tv{:rvfi1n:.:afrrurunfiuafiouriu 6o riiulrrnhJ:Gu nmuirn'rgro.laudfiei{nrirr 60fi
n'l1ua1il1inlun1:qrnfiun?u:t'uli'6 finru6uri':6 6n#rrfluourua':ruiourJoln-uan1t{o'tn1flfiuui?r6ulei!
i -- 4 y .A.Jc, t 14 v t 1d 'uructdurduauuGfrtijuondoufrfrnd'runfi':fi'uei'rEr rtu n.:uufrru:raoawrn'[urruvrilun finr:uo

'! r o v ! 'aiu luil:vrvrnlvrazufimfirudfidrn?oulUuui{[nntuut00u [uant?y:0uuuuayutt:nn:uvir0rnnrau0nttrrlv
u.dy a s\ u 1, v rat t d. j uil1n1ntualfliiltiou:irn dun'rluud'urilurona"nun:frloqreiur[lurio.ltoililil 6lnno-rroqlun{urfio:rYur#ulu

al,vqios,<4u4,
an? o?utuqfla no tlutau[uvlrlo{nu:vnouvrl.:[nunalunudo [U:mu unnr:norSulnr*utUualultu1?to{
s s d .l i - c oq, < 4L!mnatu:nuilanuilvt14uUou12 [utruvvrtu6=sl:Luranailnr:vr'ust'rfiulirlfinr:Enuacnr:6ud'rnauroltut-

a'm'i6nirlrau lutruvfrtrarfin?1iltEuuAu aruruavfu uonrrnrYulrauu'rriurflut6'u1u6:TU?,16firtJurfiori#u
q-. .- d ' & a, v er ia 1t a a c - & a, v q d d S ruotUU'l?tuolfiU'][vl'luu tUu[au[uvlun?']u[1Juilana.: unlruufllti:.: on14lrtjurauluavtdBn orofrun':rutu1pi6

- d.ida1u't:nuouuSofruririruf,uarutfin IourovrrvodrrErf,fifinrruaortaurnl ilriu'jrrflur#ulurfi:u_!narfio
rafi rfi fi nrrurirdru rtallu.: n:un rn rnum:n::u o d r.:lndtor

ra'ulufmiuSod'uluIU:fiuvis{tudniuavlralfinrru*nnrirfluri'rurirl rlrufiloinrjr:rYuutirlrrdr
4 qu a c. z

lfl o tx ruun ? ril iJ o ra ua ru r :n a tr.J iijun r : r r rG u u rfi urtri o-w r: r.: fi 5

J,
n'r:r{fi 5 nrtuumnrit{iuu'il{tuiltras?Jua-ni

lrar tuan? e?1il4

rj:vnouriruCHON il:vnouoiruCHOS o t uu
lUAn?1vnnil1A1U Lfin?urHa{

I!ranaruEuourr Iura nafinr:vriud'r

d4ua
lJUAA?nviln1:UO9t?![Avn1:AU

B?A1nt[:{UOnn?1

d4.

lln?luLUufiana{
!

fi rJirr ru ofrruilutr n n'i1
lvrfi nrruu{.:u:r uriuu#n{rv

- x".-
or9tfltiu't tFlnnll

uo i -tauLu[u0tou?nu6aaFl
t#ularJ:v noupirur,rnr uci:u lnu

airuuonanrflurnSa

v aa
tuafi?un1:una?a{

!

r.llt5uu

eq 4, I
tfiutu14ufl {o ttayuru?tuurnao

ndrurnSor!nr

tua-nfl rin'ru ou eiunir 6ud'r

ndukiurnn'ir drulrauryfi nrru

rEaufiurrnn'ir

rJnfirflurd'ul€rur'l
d , vq & !,
ilua[auLuautynuu

,q
tufin?au1{ ttaLuilnc[:uu

2.4.2 lJly Lnyttl o.:luu 
t5' s5l

Iouri'ilrjarrr:niiruunkirfl uao.:rJ:vrnr 6o

t. tranrtur (Mul.berry Sitk raio Bombyx mori sitk)



t3

rilurauoulvufiur4*tilirnr:rnrrrdu.:dulnuld'lurarjou (Mul.berry Leaves) an1 rfluorur: 6{ul
- g aa, - :

lUnUnvil6nou't,1{1,12$avua.in1:a0 nnl?ua?Q&uFt'l'rtrJut{'tlJrntu

Z.lraltlr (Witd sitk)
d, \ i a,qu : o 4

rilulraufiuuutilu toilrrvtauquavnr:vrrilurdu'luovrirhjarrrijuriulraulnusr:rluki nr:lirrflurfr'u

d'ordruuut#u1rau'rJu (spun sitk) fi.:lr,ruilrrvuunldrflu 2 vr:n 6o 1rauff(d1ul6nrfluorrar: riuneirluud'jr
'Tussah 5itk" Iouilnfilururtrioviilundusiruvrufifiiirutulrndrra:nlrautioduacfiuu6irrirrfiorodfi6uuav

!

6urdu riudnrrnrafirltluavr,!rrfluorrar:Gunir " tri sitk" firlrarirJrfour.,uuuorlrir#u18rfifif,fir',0 fiur',,
uuruiravtriautrrailorfiorfi€runiurfr'uluorniraurSur ;iru:-ulraillvrufio'irr{,utvurf,'ul usifidnuruvfisirlorn

lrauuornfinrn6ultfiorornrd'ularioudruau',, ,rno',nd tirnu'jrlrallvrufid:uil:ynoufirflunrrlrauGurru

urndr 3806 t,zurfrlr,rura'urtfiodu1 rJnfifinrr'lraurfiur 20-25o/o rvirriu fi.:l4r'lri'rd'ultilrautvrufidnuruv
-;ld.u

!a'n1u9l?ur 0yta ruutJl

2.4 3 cltwJzv n out o.: rdulra r 
tt''

u \ &v u u

rdulraufrlpiornluutdEllil:vnoud'lu protein fibroin, sericin, fats, wax, sand pigments :ruvr"lrri

u1{tfin unlnuraa'n1 rrd':rfrulvu ovtJ:vnoudru z eirufi;irdrg6o Fibroin protein uav Sericin rYluanl'lu

;td :

,-.-.--1o rrahrfi! :ar, xdn

''-* --1ulo!1.1fi. (Micr. rhd)

n{!{ar1{u1a (r*u'lu)

- rleruiirlur{u'lo rrrtral

.-...mr1u 1s.a"uy

I

3rJfi c ri':urJ:Ynounlulurdulux

Fibroin protein rilutd'ulufi{rfluar:hJ:fiurfrnrafir fi.:il:vrrouoi':un:oovfrlutf,orrirllriuiiruru
c, q <Aau c, - i, .; 1,il1nil1ut?u[i,ualufloAruoifrfranuruvriiurnfiulei{*anrlu:r.lfr 5(n) 1o:ra5r{roi fibroin Ifi'.:drufiriluo

afusluuava?ualan tu0{a1na?uvltUu tibrous protein nn0 fibroin trr{luaruyrn?:dnulniahUuy

ln:lairlnruluuf,ulralrfiotvtriifiuJfr-fiiurtoitu:JFiol,u'runr:gi'r{".i lnu fibroin rJ:vnouri:on:oovilufi

rirn'ry c d'rri,luriuri'rr,rafl flu?ilfi 5 (r)
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(n)

/)\ -..NH:or' \/-

Glycrne

oraA'r,'-^ron

NH:

Serine

Alarrrne

Tyrosine

tll.rci' 
I
NiJ

(r)

NH:
.CH

guyi 5 (n) aruTn6uuoiroltraufifia-nrsruyrflurnfiuruay (t)In:rairrro.:n:novfrIu q d'rraa-n

40.j-odolirnr:onutlnol{ enzyme - chymotrypsin fioruranfi 40'c, pH 7.a r{iur.lar 24 ,fu'rlur nu.jrrvki
nvnou?tol chymotrypsin ttasd'odrtarflvnaudurfinulflu'jlil:cnoulild?u potypeptide bond fiu'nr:
o u ulo
t:u{n?o{un0 Gty.Ata.Gty.Ata.Gty.(Ser.Gty.Ata.Gty.Ata.Gty.)s Ser.Gty.Ata.Gty.Tyr. 6.:rjilrruroln:sroyilu
tiorrirlllu Fibroin uav Sericin uanlrYlmr:rlfi 6

9l'15'l{fi 6 Amino acid composition of Fibroin and Sericin (Kirimura, 1972)

7o Amino

acids

Fibroin Sericin o/o Amino acids Fibroin Sericin

Gtycine 42.8 8.8 T

Suri"q__

f!,"9n,nu

1 1.8 q.9

Atanine 32.q 4.0 1,q.7 30.1

Leucine 0.7 0.9 1,.2 8.5

lsoteucine 0.9 0.6 Phenyla[anine 1.2 0.6

Vatine 3.0 5.1 Gtutamic acid t.7 i0.1
Arginine 0.9 4.2 Protine 0.6 0.5

Histidine 0.3 1.4 Methionine 0.2 0.1

Lysine 0.5 5.5 Tryptophan 0.5 0.5

Aspatic acid r.9 16.8 Cystine 0.1 0.3

rsi€u (sericin) rfluar:fifif; u6ruavl:Jfiorar]ud'r l4rrarirfirfiorrfr'ulaurrvr'raou#u rfiaflorniu
q qre u q 4. , i^.dugt:ru[uri=uraulu (Fibroin) rijueirufitjeiu-.:n.]rufumtorlvflu:du sericin fio.j.riflud.:ufitrjriju:yrfiuu
ua361u15nacaruldtuf1ailiou Sericin rfluar:Iil:n-ufrr-ldouil:vnouri'ruarueirufir-orrnu lou sericin

,;4..
arufrarutiJu interior tayer firiootirYu fibroin core louri:.r serrcin drufirafiuflu outer layer fiaur:n
_ ,v j d y
avalulo'il1nfraordotfiuun:uairurJ:vnouvr"'.:aru lutruvfi sericin ri'lufiaruayarutoiurn ffiofinr:rur
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n1flel'o,u?'r.:raufiuluuovuu'jrr#urdur (brin) ovfia'nuruvr{lulrJuviraruru6uufifiuuvirriu#ratrur rir!r

uao{u:rjfi o

3rJfi O rexture of the sitk gtand

2.4.4 alrifivnlrnfito.:lrau (Chemicat properties of sitk)

ardfitarrvrnrvortorlil:6ulrau rfiorrnorviil:vnortorn:novfiIuto.:nnfidrn asionr:o''nrius
sr;-
In:lairrfitar^rrvsr"rto.:tfr'uluu larufiununarrrorTri:fiulurivtJ:vnouhjd':aaruldrorn:oovfiIu i.:n:nusi
avsi:tvnnafidilrern q ililfirrit'u Iou 3 uriu:n6lrJ:cnouri:u ndurofiu (-NHr) n{unriuonQa (-CooH)

rtavneiulolo:tou (-H)6lovrJ:rnnoulun:oovfiIuunsr-ruavrioo{riu o-carbon ;irvr:nna'ufi q roln:nayfi
S | , s ,-
luuriavtfrn fio r,rri "n" raSoriun'jr arukifil (side chain)illsusrnrirflun:ooyfiIuurriavm-r

!

n?lrualnuaruto.:Tu:el'utuilurarn turn :r]ir.: il:vt nrruarur:nlunr:l'niuovlolrr:nu uay
,q<

nrru'jol1'lfrumnsir.:fiuto.rtrsiavaruldfi{ uonornfio"um:fiiur:vra'jrr R-groups oiruriurarrsldiuaran:cyru

n1nfl1:14lJu:ou o-carbon toln:novfiIu firnruaurifidn'rhiTuraqalraurfionr:rosr-ru'ulUurluraarulfiarrl

In:lairttorn:nocfiIu q er-rudnluluurdulrran.:d'.:lu;rJfi s (r)InulralrdEr.:rvtJ:ynoudruarul{"ly,llu:6ufi

frdrufnrur (-25 kDa) uavdrvfinal (-350 kDa) rJun"u rirraiuarut?'[u:dufifirirrarinurnlyrj:vnouhjd:a
rirufitrafiouriu (repetitive regions) oqj tz ulir fiuiun'jr rirurufin uacil:snoueiauai:ufihiu,rfiouriu (non

repetitive)6n tt irvi.:6.:otj:vv'jr.:d:ufiuafiouriuGunir druadruqru orrid:rnoutorn:oroyfiIu 52631u!d

1v,l1u:6utvrj:vnouri:u (in mot o/o) 45.9o/o gtycine (G), 3O.loto atanine (A), t2.'lo/o serine (S), 5.30lo

tyrosine (Y), 1.80/o vatine (V) &av 4.7o/o n:nosfiIu6u1t'ul orriU:rnouoirrltoltv,llu:6u;irraiulralrdur
u i- ruanlo'wr:rlfr 7 uavln:lairlriuriu (primary structure) rortrar.rlv{1u:6uuaol6'l:rJfi z L,rud'lur.rfinovdr

y.!a, <
ufirfrriluln:lafrlououao.i (secondary structure) ra6oriun'jr anti-parattel B-pteated sheets rolkJ:6u
t57lf--,---<t-.u o ,.jau Lur q !, ;a, y 1,, !ocy,tnua?utJanuannvu'114u'lvt[14n?lilrrljduSnrrntau[uil [ulruvvla?uytt{JuodrutruoyttJuarufrdr-[farur.rdn

aur:ntfinnr:d'nriut6'rleinruklnr:6r riu6o litarirfilud':uro.rnrruEprraduunvl6woriuror rava-rdru
o C A Yu

rfr u n rru ut.: u: fl rinlu rdulral 6 n rir u

rrYr I 01&.J

doryari'o.rfru

r!c.oalDFlr ( tOO-l60A I

oa l.ooo
.ac.olt6r. rr

User
Rectangle

User
Oval



IO

n'r:'r.:d z d'n;i':uorrirjrynouninoyfilucrort?,1T1.,:duiirraiutrau,f,E,o"u'

Amino acid Symbol. Charge Hydrophobicity/

hydrophil.icity

Amount (9/1009

fibroin)
Atanine A[a neutraI Hydrophobic 32.4

Gtycine Gtv neutraI hydrophitic 42.8

Tyrosine ryr neutraI hydrophitic 1 1.8

Serine Ser neutraI hydrophitic 14.7

Aspartate Asp hydrophitic 1.73

Arginine Arg + hydrophitic 0.90

Histidine His + hydrophitic 0.32

Gtutamate Gtu hydrophitic 1.74

Lysine Lys + hydrophil.ic 0.45

Vatine Vat neutrat Hydrophobic 3.03

Leucine Leu neutraI Hydrophobic 0.68

lsoteucine lte neutrat Hydrophobic 0.87

Phenytatanine Phe neutraI Hydrophobic 1.15

Protine Pro neutraI Hydrophobic 0.63

Threonine Thr neutrat hydrophitic 1.51

Methionine Met neutraI Hydrophobic 0.10

Cysteine cys neutraI Hydrophobic 0.03

Tryptophan Trp neutrat hydrophitic 0.36

R9 It10 Rt 1 r,il:l

A9 A10 Alt

R

! n.n"ur. crlstattine regrons

[ -tcocacsl

@ - rcacacv) and/or (GAGAGVGY)

p -{cacaoscaas;

/ - a-o.phous regions

:ilfi z uzuun ryr ua or {n : la ixduriu ( pri ma ry s t ruct u re) rolluu r6'u I 
rsnl
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2.4.5 a{id:ynauyl{In:{airlro.:lul (Structural. composition of sitks)

In:lairlLrtnnauavHfintoilvllyfiu:iuloiiunrruaulofinurii'uodrrrr']nnaonfin.r::ufip.iruur fir
nu'irln:lairwo{raub'llu:6uovtflunr:r"nriur6'rilnfiro.:*riu6vr anti-parattet odrrl:6nr:lfiorornllrora
r-. -v - i! - , .j oquvqu ,r,.i a s &60.621 ,e[n:{a:1.:rJanutununl:U:vulunluui?il ttaUnio-uuarunq'tlrirtofro'[uroaf,'"" "'' uacleiv{rJruruurlurna
oBurulfiilToulrifi cett dimensions fidrrirrrnllroa?,on potypeptides odr.:rriu potfll-Ata-Gty) uav
Gty-Ata-Gty-ALa-Gty-Ser loglulrrnalurjdfi r conrormations torlytfinnirn:ryilIorurunfin x-ray uav
etectron diffraction, NMR ttay lR spectroscopy6o Iarvai'nuuueiy (random structure, fin.:ruitu,tiu
'trollr'[u:6usq'1), q-structure (sitk l, type tt p-turn, n:rur{u{uacrfinlun:fihifi physicat shear), uac B-

structure (sil.k ll, antiparattel B-pteated sheet, rfroorn physicat shear uionr:rrrlusTrliravaru rtiu rn
il1uoa)t631 lota conformations uadrdaur:nrU6uuhjurrarfiuld'f,uoqjanrrvnr:ro{n1idu:U rtiu oruunfr.
u:.:uavdnuruynr:6r, pH, uaunl:urlufr'rlirayaru iflud'u 

t ! - '- i -!' '

In:lairluuua'lrasoaruldfinrrurflu:vrfiuuriou fia-nuruvrflunr:r,rof;ruoifil:^iarur:nflura5odr6o
1.,{641 t \ I s -
[ri'- ' otirl'[:frmru Jn:.:airrfiatrr:nnJa'uuhJrfluln:rairruuu q- ray p-sheet tdlnoairunr:fiutrnauac
nr:rJiutJ1flu6":u'ravaruiuvridnruldanrrvrrouJfrfiiurrir.:1 rirraiuln:{ai'r.:rruu B-sheet ri'uoclsln:rou
arur:nrficrtguld:vr,r'irlaroIdujUlvrs{fiotifio,rTututl aruTduJdysiorrovn'arriu.:sr-ruuur6orruru{rrriur,lio

o'nuuu antiparattet direction kilu q configuations firfluhfti oid
1). potar-antiparattel. sheet filrauolqu Marsh et ol.tuut

2). potar-parattet sheet (methyt groups of atanine residues grouped on just one side)

3). antipotar-antiparattel. sheet (methyl groups pointed atternatety to opposite sides of the sheet)
4). antipotar-parattet modeL

:Ufi 8 uaolualufllytt o{ 2 configurations fiifluhjtpirirraiu B-sheet (parattet and anti-parattet) tnu#l
rnrt{fl0.:aru Ltyr0gnonuuavnrrlrilunrl,0{lilranaila]-o15ulml.l ovrijusi?tilfr-jrfrvrhj:6utv?1.:,touyunu
1, aq ,".
tijuaranluarlfifiodrll: Inu B-sheet ocl-nniurilukifianlnufi:yuyvir.::yy'jrruajufivril:vrrru s.s A airuiu
gtycine-gtycine interactions uav 5.7 A rirv:-u atanine-atanine interactions [67] firurjuf,drfiurururYu

Ir--Y
uavlillufrnvrrlrfiu'lrYu fiuovlolo:rru:vv'irrurriufivrcrfionr:e orriu:trjrdrrriu 5.27 A ru:rvarriuvrrnriu

rf ,' - !,q , u d j
ov[unouuanu:trlnt].n oTrtiuluuaiurud'rf,ufirrururYufifiuoHrrjrjlvrririou 5 yilruoyyruriouurn Iflu
In:rairr p-sheet ocfiln:rairu{Juuuu potar-antiparattet uayrrnnr:fi warwictulu'rlpi

gud e z configurations firfluldiritoi p-sheet configurations (a) parattet uay (b) anti-parattet

1)

t,fffl$
a

,.r-,ffirKtts

'Tr'XrrT'ylT
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doruililn:rairr B-sheet ro{uuaanrflu 5 n{unrun11ilu1'rflo.r c-axis tuuria;gimrtaei nu'jrturortoru

,6r',:., lir.uii'uirnriukiuanvir
In:rairr B-sheet rJ:vnausiruivrln:rairr antipotar-antiparatteL aor6'ufi6'nriu.:n'runnrirtlriuntL

crystat sitestuul druln:.:air.: q-structure (sitk l, type ll p-turn) u"lnl1!"ld{ouafitYorouurnfn urinvfi

nr:finururotirrtlr'rurufinru ri'rdrn:ryirriuarur:nrtl6uulilau1u:ilta{ sitk tt 1.{u' "1 loruhj:6u1raurd'urt!

B. morisitk fibroin arur:nou"ttiluaoiln:rairrfirirrrYu fio lu:rjuuutosu6r sitk t (riounr:ar':lu) uac sitk!U

It (ua'rnr:ar:1u) iirvYuln:raitfiaru (siLk lll) fiIn:rairrr,rf,nriju threefotd heticat crystaI structure dr

lriiunr:duruloru VaLl.uzzi et. ol .(1999) luo'rodrrSldufirmiuucrnar:avarulv,flu:6uloul{rrnfiFr
t72l -.< ) a tva@ e. < i- a vo a Y

Langmuir Btodgett' l"lAilUtn:uilLnilanuruvtuuilanulFlrSunm2[uvrFIvIl{r,ou2 ttavuInutnau?nqt:uimd
u ' a' ' a q ' q'' 

luol"rrtvrir air-water interface lprufi n':rutfluzufinuasa'lnnuualuvlailil50 Lrnurna u't?1.:91?0u Luur,rufl ail

:vd'ucJo.rnr:{oriurd'r (crystatl.inity uav degree of orientation) towldnlvllu:rJtouiulu ikiu uav!
\vv a Y q 

' d..j, , d, u - id- -a'l:ava1u Lo:unlinnurn?1w?1{ [ut?{uaruUr'.nutJ'r rfl:1v?lrUuUnnuvr}Jovriflan0auusltt{nafl0.:m?
v , 171-771

rautuur0.l

2.3 n'l:Yluvl?u?:liln55x/a15du[Ylfl (information) fi tfi urdo.:

tuit zoot Koombhongse et at.t"l trilirfinurnr:fiormsrrnio{fiadr6n1m:ailufitruurirr6u d'.:

uanflu:rjfi t drnu'ir{okiuj5uutori6nr:fior#fluuu#ldau tvfiu:driuri':rrodantiru'[un1:rfinn1:uua

ronal:avalua{tiluun0.iu:ociu r,reiutniilid'rJ rdu Buer et ut.t"l Lrav MacDiarmid et at.ttol tdfino{r
.ri a s .'u ,--X. oq X !, , .ri ou r

rn3orfioloofin1:ri1ilurYu:vu'ir.:Uararturiuuriu:0.::u rrel?iuer0.i !1, [tirfludrurfio'[#nr:lraarflu1Unru
- -'!-r,o a )ts , 4. ,

d'ornr:uaslufloouiufiuilbifinr:rrjiuur.rafrld'odrrrilu:vuuivu'itrnr:o-osr"rrnSorfiouuruu':sr-ruSouuruou

uacd'ilv|fi ra,ntiararu.:niiuailtlluar:avaruuioufi ut{fi rJarur{r16"[si

Rungp.;kun and Reneker (200t)t8'r loivrisuuri66usnln:aijufirornvrofiiuoiraaoilrua?tuanl?u
4 v aa \v r ,q i< e q o r D -iarurU1n1fi firtio66oosleiau1il"lv,hhfifiarrurdraruflu:vuvrirrurnl ravu-iaril'r:nr{rlfftuorura4frfi4rn'jr

o ai d. ,

lun:nifiriJuu::u1n1flUnA Gupta and witkes (2003)tt'l uav Ding's group (2004)tu'l ldri'rn'r:rauo
! a o g < -. o - i-- d v r I unv .i -hy-itn:o.:lr0otantFl:auuuituovruu?anualuu? tnunalto'1 Ding u.1tfl00nttuul41aottuu[naouvrLotda1ill:n

. C, , ia
vr'rtuutt,.luru:J ru:uililn11il14u1 [na tnudnu L9r

luit zoo: Li et at.tsol kirfliuur#ulufifinr:o"orEuflufrn16urriu firaru'r:nrirkilnuorfr'unr:l{r,ju
u -i oi.q i J , 1 * quY, !,

:0.:iufiil:vnoud'ruuaiurirlv,lflrao.:fiufioti:vu'irrnax?,0{ilaruL6iluavuaiu:oqirllou'Lfi'fr'saoruaiuuvrrrnu
o s dd'[u:v6'uraaruSoululn:rilm:hJfi$aarursufiurm: rdu'luurTufiirJ:vorvnntiu6'ulouo'usr:fiiurtoilvh1rafirrd

oou v o )csa c , -yrlLutauluylLfiun']:ufloonttau$lfl:cn']u[utuvrnflritfiurnu rrav Dersch et at.tu']loiuaornr:{'otiur6':tol

du'[uurluuofiroluriuurvl:ularavff[trflun"::oriuirnr:inriurn-roindrr16oirrfiourornrirn:vuaro{v{oA

uafrfionr:n:cTno{ruhjur:vra'jrrusiavrirutorryl:ulauv rflo.:rrtrnzuatoqJ:voh!flrafintiriuiol luil
2004 Sundaray et at.t'ul nu'jrtd'u'luroaflu (as spun) aur:n{'nrEuieir'ldrfioltrrvirouruvr:ln:vuonrilusr-':

wi e .
:oliufr uuupiruuoima5U:vil'uu 2000 rpm

tuit zooq rheron et at.{oul ld:rurruu6urfiuzuan:vurrornr:rilfiElum-'rur]:uori6nr:l4rdrSnln:atl

uu.:to.:ar:avalutod potyethytene oxide (PEO), potyacrytic acid (PM). potyvinyt atcohot (PVA),

potyurethane (PU) uav potycaprotactone (PCL) fi.:uuirnruraururJurJiilrq:-rl:vnufildurfioniuo-n:r

nr:'[uato.rar:auarB irsin'rruuuruilurj:vruufrraoalrfiorfrudm:rnr:lun*asnrruolr^tfl', IotJn:vttaty{flr

lurirn:vuarorar:avnrorfiudurfiorfiudm:rnr:luatorar:ava'ru pEo, pvA. paR (2.5.105) uav pu uri

ana.:lupirodri PCL o-flr1nr:luatorar:fifirhrafnluranaanflod pnn 'lrifirunn:vuurion:yualviflr rfioifiur!

o'n:rnr:luaovfiil:vororar:avarurirurnfirjarur{urirlrid'rriorrartorar:avara'lunr:ou'iuaurllvlf,r ir



19

oO9.rir'lririrnrruraul[ilullo{n:vuailiurn:aoaruuuranlilruur,fiua rfio:vuvmr.:orndarur6ufiruriu:olYu
lgiauq,q,i,

l,YllJtJUt{14U1U0{n1:A nAnt 0.:n't'rU ltUaUlri ty{111uUt8{

DeitzeL et at. 2001t0'' td6'urln',:rfinrju1,urfru1uuary{u'i16'nritliflrlunr:aijufildlruaua-nrianr:

rfroil:r truvfinrrlrd:rdutoruofiruoifil.rariord'uaiT unutinar.:tolrfrula lnuocrfildurfiorfiunrrlrtu{u 6r

tfluhjnrlnn power law fin'lrurriu{uanrununl:n:yrrs6"]uuuao{uuo

Gupta & wil.kes, 2oo3l"t lpil4rnr:finurruatarn:ur{r{u :vrJv?ir{:sra'jrlilaruriuriuuaiu:oliu
n'ndlv,hhfi!aru16r o'm:rnr:lua r,{uirre'ulgrfianJlduuavfir*'urirunurinarufiudurfioao:vuvvirraruav

!

nrruuiu{ual6ltiui'urirunudnaxradurfildu uavnr:tfiu6'ndtvlflrrirtririiurirunurinarlanal donrrnu!!-
v v d ; r 'a u q ! < < d ! | q

ttlJ?,ua{u:04'rulnlavtiltnorau[urua.:{1niln?1xl4un6{r1n$aun?'lttl4uo[tJtfrU.iflo nrua-rn'u

Zong et aL. 2002t8'l nu'jrnr:rfirrn6a lwto/o afliltuar:aca'rul^rof,ruoifitjauaaruldilrlr::lrrfi
6o poty(D,L-tactic acid) rir'lri'loiriuluflhifirju (bead-free) firnr:r6ilrnf,olillirlfirJ:v1lr,{firrolrirn:vua
?,0i61:aua1u Ly1illju

Kessick et a1.., 2004t881 kifinurrGuurfiorfirroqi'u'tuatiudrornnr:lsiuudrnrrurirrd'nrjsixriu
4v.t--l
douuun'nun:v[tafi:.:ttavfi*'nun:v[aaan vruird'nuuuun:vuaaa'uoctfrtr surface coverage uu*riu:oliu

u o )-
otirlfiriu;ird'rg uavovariiiru'lurdulufiLfionr: whipping du6ot{'fl"ndnisuan:.1

q u a q S S - u\ {vu ! r<ut!uutau tuu'l[u[tauultun0uilaaflu{[u [nilatu'rtutii:unu0nalun:5iluavou:u14rr.:nr:1or-uuavtrn_
u t14- 4 oq. q o a erv
finrururififrnnBnlv{qifrnvdrhJr.rf,mlurfi.:vrrrnr:dr1d' nr:rirrd'uluurIur^rof,riloflr.JrJ:cunrild'lrurirurirrl

aur:nuilloontflu a rirulraqjlo'1fi 6a d'rutrivrurnr:uyrvrrj (biomedicat apptications), drunr:
a'ltn:rvri semiconductor nanowire, druiaqritaiu structuraI composite, ttaun1:n:o{ (fittration)

Fertata et at. 2001t"] ldrirnr:rniuurd'uluilo6ruoifitiouaarulrioruo::urrfiIoolirnr:dora{rJ
s a vi- A u d. t

Ioom:luufiruri.:fitfiorrnruzuarfioair.:rijuuaiurdululn:rir.: (fibrous mat) rirlri'urouarararuriurnfiu

Huang et at. 2000totl uav Athreya & Martin, 2oo3('ot 1d1{ nanoscate fibrous scaffotds rflu
. .j ; oq-y-'.- tz- l 4 .j a at luq s 6 <.iauultuuvll,l4ulvautv{ovl1t14[taatnfl?Ju rnaouvtuavro5ryrmutn uonornurau[uuriuornl,,loduro5frfrnrrui.[r

v \ ua u u d.
riuld'u"rarur:nil.:m":rfluuilu:vr:uurrlrfionr:ilanrirooiurvluirlnrutrluofui

wnek et at. 2003tsl ldlirnr:rjrroriaqnorvrof,vufiurtrltfluuriur*'ululn:rirrrirra:-uair.:rdarda
; .J u 4u
dlrfrurarirfr:iun:w'ruvrjlfiola.lnr: Inuflu'jr etectrospinning fibrinogen a1u']:0rfluriurjsrir6'ru;irra:"lnr:

a5rrur.ruln:.: jrrdrraiuinrn::urflotEo nr:qinurilurua homeostatic raioatfinfi'ruddu1

Chen C. et at. 2006teol tdl4rnr:rsriuluaiurfrululuuQlna'lravaruluufid'?finrrurduriua{nahifi

nr:l{sr-rriravaru6uvritilrr1 udrlirnr:fiarrirondnunirorriulufirsrEuuloidrurvrnfrn F lR, wA;D uay

DSC uav tensite testing 6lvlu'jr as-spun flber fitoifiIn:rairrrtiu random coti conformation LLau
uo

ud.:lrnlirnr:iliurj:.:druuLvruoaflu'i1In:rairruln'uuhjrfluuuurufrrfivnirtri'firirnrruu6ru:rarfiuodrr
!

dr
urn r{ul0yrylrya:LaruYunr:rir1r-f1t'[uiarn::urdo16o
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uufi 3 nl:flnaoir

id
3.1 raia.:8lo

n r:r.:fi a. t orJ n : ni ua v rnE o r fi o fflr]tu n r : ?r o n o n

3.2 ar:rnfi
J - - -lrro

n'l:1.:yl 2 ff '|5rnilttaszanfl Lt tunlSunao{

[450.:]ro A#"ti,
FTIR Spectrometer Perkin Etmer/FTIR 2000

Scanning Etectron Microscope (SEM) ]EOL/JSM 5410 LV

X-Ray Diffraction (XRD) Phitips/X'Pert-MDP

DifferentiaI Scanning Catorimeter (DSC) Mettter totedo/Star" SW8.01

Thermatgravimetric Anatysis (TGA) Rigaku,/ThermoPtus

Programabte syringe pump Harvard Apparatus/

High vottage power suppty Gamma Hiqh Vottaqe/Es30P-5W

Brookfietd viscometer Brookfietd / DV-ll+

Freez dryer Science Engineer lnternationaI co. Ltd/

Ftexi-Dry MP

Conductimeter Eutech lnstruments/Cyber scan 300

lsotemp vacuum oven Jenway /1000

Cettutose tubutar membrane Membrane Fittration Products, lnc,uCettu-Sep T1

a1:rail u:uvl

EthanoI Carlo Erba

Lithium bromide ACROS organics

Sodium hydrogen carbonate, 99.50/o Carto Erba

Hexaftuoroacetone Atdrich

Sodium Hydrogen Phosphate tuAX chemicaI

Disodium Hydrogen Phosphate Carto Erba

Sodium Ch[oride Merck

Hydrochtoric Anatar

Acetic acid Anatar

Formic acid 99o/o Carto Erba

Ethanol 99.8o/o, AnatyticaI grade Carto Erba

lsopropyl atcohot, 99.8o/o, Anatyticat grd Carto Erba

CaCl2 (92o/o) Carto Erba

Potyethytene oxide (PEO), M*=200,000 ACROS organics

Potyvinyt pyrrotidone (PVP)

M* =1,300,000

Atdrich
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a.: ino6uii"ld"lunr:iloaori-
vr X , < o c v

rdulrailtFul6u fr tua ol or nautifi aUrfi l,r tuarioovr:vurrr{rr uruurltufiou a. r6o.:1u r.
qua:rtorfi

3.4 n1:a;1.:rniarfi o6rHnIsr:aijufi ratirqriru rfi oldarf, sr r#uluurlu
t. Iorulirnr:fio#lreior power suppty source fiarur:n1ri6'nritv{r{rtd'a.:fi1 30 kV uay

ar u r:n iliu uqi rri r n r rr.r ri r r n n ritd rdr fi'uqo t r rfi ;ir ra iu 6 o g ta s s s yr i n ge

2. l4rnr:tsriuuuriu:or:-ur#ulufiriluTarac IounroirovrniEruraiu:oriurflu 2 uuu 6ouuu
.i ,d - <' ; a .hw
il0uu{num ttautluuila1u1:nrnaauu to

3. tmiu:Jnr:o-o1ld gtass syringe'jrovrxd"r'luur.ut'o uurrru raEorirrluniuur.iu:ar:-u qs

o{Pt't lnulunr:6nurn:%d tvl4rnr:6nur'[u#rarluuufi'rfioratjruuutoruuryauiruiursr
.ri < .jo Zi

tn:odu0vtnfln{tu

4. tfl 3 u :J t o p ro g ra m m a b [e sy r i n g e p u m p lv1a r :L r : n U :-l dm : r n r :lu n ri: u n r : a'l { 1 u ei? u

nr:rJiufi o rravrirulU:un:un oufi rin ofl ri (firarur:nrfr uulil:un:lrainvTu)
5. drnr:riotnaruldflrrir.:lrdrriutoailn:niri'rvuo rfiouqaou'jra1il1r0d1{iuldyiotrj

rarnlu"td'tvri'rnr:uritttriarur:nl{r'ruldriohJ loronrvr#nuruvnr:6nrYrrniododoudtrait
I d u a, u .i

ilrlvfrrairnrrtlud'.::rjfr:.t Inulunr:uqaour:rryd1ta1al:ayaluuoauroiuruoaolfiu:tj! _- - a-,;
0nou uro:cuurano:uar6royrirlddrYroi:odrfi rfl uar:ayarulrauqiotil

grJfi :. r nlfl rraan?,orniolfi oirSnlsr:aiiufi .:fi nroirrvrflu

3.5 n1:ln;uilar:avaruhau prooldrirraiu rsr3tru r#utuu rIu
1. lirnr:aonnr':1ru (degummed process) ifiol4rnr:riro-prrtifiu (nrrtyu)oonhJriou Iou

r .j o aq &!rT':odrllraufirvrirurlflunr:upraornirfi ovfioti 2 uuu 6o ornir'lrallnon:{ rac nrnrdulr,tufiu

2. Inuar:avaruffl{'lunr:aonnrr firvl{ NaHCo, fin:ruuiu{u 50 wt% Ioarjrlrarfiuh]dl
riuar:asaruo-qndrr ua-rornriuFrirlraufiairunr:d'uhj#',0,i', qs n{rrfiolirhi'r#ulraufltrifinrru
<.aoc

t[Junarruavfi s ornrfi orn:uil?{:olJff 'r1,r:unr:urrdu6r:ayarutuilFiolil

a. rjrlraufltoion:isa 2lilayaru"[u:vlloi':lirayaru CaCt2/H2OlEtOH (l:8:2), 9.3 LiBr, uav

sOwtoh CaCt, ornrfun:0.:torarrauarufltgildn.: Cettutose tubutar membrane ud:drhh{rnr:
diatysis luri'lrflu,ra', : iu Ioulirnr:r!fiuurirlrarirlnliu rfiour:vuvoirr{rayarufiruurvau

9 u d ti - q 4t t e ad s a qaluiu n1:tstiulJtJ{ t14}]vli14}Jrvaulunr: rfluar r: av arufirurrvalriru:"uflr:aootUota n tn:auuun
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q. nrnfun:ouorar:flkinrnnr:lr'r diatysis hJv'rtrirrvftoi':uruior freeze oie fi.:ovlirtitdnr
h.C..

[uila1u:utgr:uutuua'l:ava1ua1145uanfl 0 tu

g.o n 
T :du :rJ rduluurlude u ru afi ni rH nln :dtJufi .:

a

f r nr:ava ru ru.:lvufi nlrutdlturix l 6 -20 o/o(w / v) drust-uirav aru n:n Formic 99olo r{Ju
-s u o r ! a tv .j, -L?a1u1u t t'rlur udrdrar:asarulu:Jfirniuuld'rru::oaoarutlrlfirioniu gtass syringe rfiorjrlil

J -c s e ; s o - Z:
tFt:uilaon?utn:0.i0[an LFl:aUuu{ Lou tun15fi nuln:{u auttu5m?$U:?r0'1

1. n11il[du{uro.:ar:ayaruluil

2. n':u rirrn-ntitvlfl rfl{
3. :v uvvirr:vu'irqJa r o 16rrTruriunrtuv:oriu

4. :cuun1:An (*ur6r ttu']rAu{ uavtru?uou)

uonorndrirtdll'rnr:finurnr:rniuilrd'uluilal:vra'irilrar (SF) fiu pVP oiru loru16onror
; .n. ! , v q \ .v qu

anlrvfrrurrvauorn:vuufikirrnnr:f,u:ilrd'ululrar:LrrJ:"u lri Iouovrirnr:rrri:o"n:rdruruauorn
!

B:2, 6:4, 5:5, 4:6 r[du 8:2 om:rd':ulouriruu-n rfiouro'rr:rdturuarfirvrrvau

s.7 nr:fi aodron#nunitoquriurdululuu uasrdu'lur.raufi rsrE€ruid
!

v q 4 I \v v - "J1. viln1:rinu16ilUau1.:arunru?vlu1l,0.:tautuvrrfl:uiltn q?utilnun SEM Lvr0r41tu1oi,0.i

rfr'uilruautinar itta vn1:n:u nr EJd'rr o{rfruairunurina rw ort#ulu
!!

2. urln:rairrurrrnfiuavTn:rairrp.rdnri:urilrlfin FTIR ttnv ryrnfin wexo nurir6'u

l. r{rnr:6nu'railt6u1{n?rriouuavntrurafiu:rion:ruiouri:orvrnfin DSC uav TG-DTA

nTurird'u
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umfi 4 r{an1:mqao{rrauear:ni

4. 1 nr:atr.:ratorfi a616nIn:aijufi rodr.:ire

4. 1. 1 nlTaonuuutrasdir.:tJ:vnouarjn:ni:yur6rSntsr:aijufi .:
I

ldrir nr:oonuuuairrtr#.:6orirn:vuan 16rfioriulo, ui{ uugrJrrorsrduur nir': l riouln ul{
hJ:un:r Paint ornriu6r16onianoiln:nifiovlt1unr:il:vnou Iouianoiln:nifirf;onkilunr:il:vnourflutor

, .o u a<s -,': i. - -;)- 'qiln:ruritufu:vuudtfrnlm:ailufrr fra iaorfrliurrrnrarafinraio'lriiaqvio PVC (Potyvinyt chtoride)
e 4 r ' o r .u u u Z ".,tfiororntiJuauruuraslildilv'h{rudrdrarlr:nrarfioldiru:rnrhj*vi.: eiruil:vnourir.:1tal:vuu6rFntsr:ail
trJ - .;

uu{flut1uuaoi9l{:uvr 4. 1
d!

n''rrd 4J orin:ni,,"..-,.,.rsr:-uure'u'[uL^{firuoflnurvrnfinnr:fluriulodruh{firafrnto'ltj:ynoudru
d?urJ:cnauei',o1,t,oo:ruuArSnln:aiJufi rduSru fi d'.:ii

1. rniariiruh'hhn-ndqr z. ,u'iuio1rlfllu?nrayau

r. iaq:or:-rrdulo - U- o d a
4. 1,,'r9r{una1n:cu0nrtua0l

5. Gtass syringe 6. orJn:nin:uqudn:rnr:1raaro.:41:aya1a

7. n:suon6oury{ara6nfl ioila',uur.irdousiofl u

4.1.2 n15oonuuuai1.:oUn:nitrr;r'.:iirraiunr:iolu:guuru?A{ uu:riu.:uasuu?uou

turruid'ufiirfrlt'rnr:finur:vurnr:dnar:nvarurfluarruur 6o rru'rdr uurrfiu{ uay uuruou n-.:

uaflieYuilfi q.z InuorJn:njtrd'rdri'orarur:niliuuJfiuuuu'rnr:dnriluloivrsraruuuuornnr:tliuuJfiuutt
. ! " t.;n

i5 n r : il : v n o u rvi r riu rir y :-u o rJ n : nifr tt'tu a f r r o il n : nir r m"l il : s n o u eir u

t. ri:qn PVC l,ru'r tf.s tilfirndut l/2" 3 ilt
:. vioturariroru PVC 1 n-e

5. auyrrtnfig:uonualrufio{ PVC t/2" (duu) 2 frt

z. toro PVC 90 a{fi'l 14ur 13.5 U2" I il')
9. vio PVC ?,u'ro 4 uau 6 uu

11. uaiuavnifinruro 8x12 rrufiuJst:

13. fiosr

z. ilano 4 yt't{ PVC 3/4" 2 ilt
q. nf,urdrd PVC 1 a"?

S. dasioin6urlu PVC yul 13.5 t/2'

8. a]:Jyni PVC uu] 1.3.5 l/2" 1ilt
10. riorian:l PVC t4u't 13.5 t/2"

tz. uaiulfio"nruro 30 x 20 rrufiuln:
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t
- (t)(n)

nrnd +.2 nruiiraorotJn:njfrldairrtrmrrcirraiuiln gtass syringelu:vtu (n) uurdl (u) uurrdur uav (n)

uu.)u0u

(n)

iirv:nnrnorJn:nifirj:vnorrirrSrudrlunr:{o:tuurnr:6prvirauuuuuarxrir:rJfi q.:t-u

nrvrd q.l nrntiltolotJrr:njrrrdwirviufio gtass syringe lu:vuu (n) uu:61 (r) uuri6u.: rac (n)

uu?lr0u

4. 1.3 nr:aonuuuafrrorjn:ni:ariurdulu
t

'lunr:oanrtuuqiln:ni:oriuud'u'[u (cottector screen) lfiiirnr:oonuuu'hifin'nuruvd'.::tlfi
4.4 Inuoiln:nitrsY.:rsriuuornvio pvc rriufi'u uavl{uaiu:o.:furfluuaiulauvvroluodtuler 15*15 cm2

uanorndud:udu:0.:iutfruloddr,a',r',rorJiuuJa'uuqurfio:oriur#ulufidaurrmn:"uunr:fiovYflrurruYo

uuiuour,ravrurrfi u{ld qiln:nlfrl{tunr:usriuuuaju:oriuvriourrdril:"nordra

t. ri'rqn PVC fiul ta.s hifirnfiat t/2" 3 fri z. dosia 4 fl.l{ pvc 3/4" 2 ilt

(n)(r)(n)

:. ndurdl4 PVC 1 sl-?

s. {oriorndu:lu PVC 14u1 t3.5 t/2" 2 ilt
4. aruurrinfiu':uonuo.:ruf,a.: pvc t/2" 2 fri

O. {0.:o PVC 90 o{Fl't 14u't 13.5 t/2" l dt
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7. vio PVC ?Ju'rn 4 uav 6 uu

s. iom

a. vioturarirrru PVC 1a?

uavnrnotjn:nini.:toriu.iu: oriurd'uluuaord'r:rjfi q.5

n1?{fi 4.4 nruiiraororJn:nifi1f1unr:rqiuilr{Juiao:ariurdulofiarur:nrjYuuuloitrt

n rnfi c. s n r n oi rr o r ia n : o.: iu r #utu fi a r u r : n ri iuu rki

4. 1.4 tonio.rfi o616nIn:aijufr .:firj:;nouudrraio
I

lunr:finurdrJ:vaunrrurirrSo'iunr:il:vnourorrnio.:fiodrFnlsr:aijufiodrr',#oru, 3 :uuu
.i , -i q<s .-.; 

"' 
6dsfiruilrnru:rjuuutornr:in o"rfi :vuu6rf,nlm:attuu.:uu?o.: :vuuotan tm:aijufilruulu0u uav :vuuirFn

!
<o.o:-

lsr:aijufi.:uur6r siruaoflu:rjfi q.on 4.6n muriroil
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ild q.o rn5o.:fioir5nlm:ailufrr:vurnr:6oruuu (n) ruur6r (t) uu'luou uay (n) uu':rfiur firairalu:nj! - ---- a----

orn;rJfi 4.7 ocrfiu'jrol6U:vnorua-nlrrouniordrsrrTsr';ailuir.:,.rvrJ:vnou6:u I riru6o uillutar t rniol
tud;

n1ufinu Lr{v{rnrara.:tvrodrli'uunar:aca1uarill:0 ro'rtuvu:rfirfir'Lsi vulurar z rnioriiruu:rrYu
U

6 a 4 - oO,
ar:acaruv{odtuoi r,t5o Syringe pump lirl#nrunlnr:lvarorar:nvaruhirfluflrufir:rdornr: rray

ilu1uLa?J 6 0u;tl 4.6n) uas uilrurafl z (ugil 4.6r n) ufluur.ju:oliur#uloy3o cottecting screen lour:r

ldoanuuul#fir:6ourlillgiqiot{r1num:.:riurr:ruonir',u.rvi.:firfilrrJo.:rYutllrin';yuah4n:vlnorrnilarur{u

(mtrurat 3) urdrtnior syringe pump duovvirlrirnio.:fiorf,uraru usiloilirnr:qioriJuaruursdu::1
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a'l:aualuY{aAwoiutuuavriorJarurflinurfiuUaruaruurl6nfirafilfilnr:oon$uurluuduu'irldruao'rflud

ilrr^rahr o.: s: r r{lu o d rw r n

4.2 n'r:fl odau:cuu rnEo rfi odairdu

.i o< s -. ! Jtfrouoaor:vuudrfrnlsr:aiju0rfiiau:vuufiil:vnoufiuutjrovarur:nldrruki6un"iuuuavuuu'in

dnvtrurvaudrhJil:vqnol'[ri[unr:rsriurrfruluurluro{vueiolil irtoil4rnr:rnaorrYu:cuua'r:aca']ufloe
q rli- u! vs .i , rory, - !, oH0:noutil:'lstn:ur[on']uuav:u1uun[utanavluuuouuaun?unIJazuauun[nlrunirar:avarulrau nlt]uil

\u !
loiuoaoufiuy.Jrdulur,{of,rovrfia6uoonltri {eoty{ett-rytene oxide), pro) InuldrflEuuar:avaru pEo fi

nrrlt{uriu o, 10 rav 74 o/o wt/v IoutdtoTrlil:nlruouorrirfilo riiupTtlilauarulud'n: tdtu 7:3
q uu d .t

n'Iil.i'td'u uavlrinhtllvlflrfi zo kv :vuvvix:suirqjarEJr{ilnluian:ol:"u 20 cm uayn?unta-m:rnr:lua

toial:aualutflu t mLlh Inuririluntrarlunr:ifiurd'ululrnuiorrrurrvirfiu t t':Iul a-nuruyll{nrun1fl

toqfr'ulu pro fi rmiulkiuanflunr:rlfi q. i
;",nr:rlfi 4.1 uanla"nuruvtoruaiur#ulu PEo uuiao:aoiu;iruiunr:fiu:rjrd'uluoiru:vuunr:6ofr'l

^ .i , . o , - - . )l
3 uuufrnlrurdudunr.:1 r^rt'jrluuaiu:oriur#ulufidurrJrlnolroruro pto nrurduriu 6 wto/oluvr-r I

o J o6 .j , c I 
^: A .,i .qttu2n1:ofiuullu:li1ruuUfl41:acalUvluaooonornUaror{tJaou']rdoflur]5urruurnrilorU5UurfruuAt:ava1U

u v 4 .i d e u 6 < < q' - s, a .u
n?1Ut't Ut u0u'l tu0.inlnA1:aua'lUiln?1iltl,ilfluel1Aoi.inn1:rRU'lilut o{6rUttrodrtJoifoUttavdrlfifru:r
.J
fit'uolar:avaruar dorirnr:fiu:r)ldnoonlrrfrulufrteiirfirfionr:rrouavhisiorfia.r6.:ilrlvifiraunar:aua1u

^.C .i a d a !e 3q &tno'uutl'ln uauuJ0tU:uulvluutj:il1ruuuoal:avaluyrtdsrdu [ur4.:au:vuutuir :vuunr:iouu?uou < ttu?
+. d " - , w q j - J

taUn < t[u?n{ alualou [tmu1n!ilUuu:x'ltutflutUyr[Rn?,uuurlr,ruiao:o{5Uv{U'il :uuun1:AoBu?uou <
a .i A oauu?tiu{ < [u1frn nrilrildu *asu-odrsilodr*f,u1ufirmiuil1ri1il1i'r6nurd'ruoruivrurriroryrnfin SEM flu

a'nurucrr.inranryld'rglr:rlfi 4.2
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n'li1{d 4.1 nrvrriruuaiur#u'[u pro firfiqduuuiaq:oriulunr:l4rirf;nlm:aiJuirluurias:ruudnrru
r{l{u o, 10 uau 14 wtyo louhitolsln:nluuouorri. ot rijusr-rriravaruluo'n:rei':u 7:3

, d'nrity,hir - 20 kv, :vuvilr,r:yra'jrrilarurduriur-arr:ariu - 20 cm uava-n:rnr:1ua

6 o/oM PEO

100/owt PEO

140loM PEO

= I mUh uavrrarl,unr:rfiurdulu . t drlu.:

ttu?roB{ Ltu?uou Itu?n.:

3.02 cm

il

I

3.02 cnr

I

I

rct
ry

I

Note:
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n'l:'I.:fi 4.2 nruriru SEnll toluriurdulu PEo firfinduuur-aq:oliu'lunr:dr6rFnIsr:atJufi.:tuusiav:vuufi

n:rurriuriu 6, 10 uav 1,4 wto/olnu1{tolrh^l:*lrrouurrr', ot rf,um-rriracaruludn:rdtu 7:3

Note: anrrvdl{1unr:n'u;r.J, a-ndlv,lrtrr = zo rrf tr*r*r*r"tl*-r'*l.rAEr*i" = 20.. -*u"rr.,-rl*
= 1 mUh uavrrarlunr:rFur#ulu t r"rhl

lrnnr:rlfi 4.2 ovtriu'jrvrnl:vuunr:6oaur:nlrir#ulu pto loind'rulriu -,icfiusin:ruuururjuuavnlru
vo & ' , -uurtlalta'ulufrhirvirriu Tnul,ruir:vuunr:ipr*ur6l (raiolrL 90o) rsfintrururlrndar, :olallrriluuur

riu.r (raEalu 45o) ttav:vuunr:doruu':uou (uiorLu 0o) fin'rruuurro.:uaiurd'ulurioufiaq rfiorornrfr'u'lu
' t ' .,' c .-

u1.:d'luhiarilr:ni.:hJfiluriu:orirkifi'rrario uonornfiud':rfiorfirn':rurtlrluturotord'uriruoutinarrnyfi
-___; J . q da Js i u 

u

turntfruf,uuasrd'uluovfifi:t:t:vurnfiulourorrrvfrn:rrlrrllriu 14 wto/o tq;rlfi 4.7 rj:cnou) l,f,d
1- d .j; ! onu, otuourornntrrruilarfrtfrrrrrrn{urirlr.ireiulutfinnr:6on"a (siretching) kTlri6rinrn:ryfinr:rfiurvr'urrolarulti

lrntfiulilnrrilrt:.itro{aulutv'lrtrri.:hiu:rrfru.:vrofiovdrhi'rfir,rrrr:0osr-rr0rarulciilofiuroi uacrfior;'ulEi

6 wt%

10 wtTo

14 wlo/o



30

uirsir,uruvr6urrrQrnrjarur6udoururfiqrriu:oriuiwirl#rfioa-nrcruvfirt:t:vuavfia'nuruvrflurfinrju:f,uld

lurfrulu (bead fibers)

r800

r600

t400

I 200

1000

I l0 t7

PEO concentration I ohwt

q)

q)

t-

E

800

600

400

200

0

:ttd q.z nrrufrirraiuii:swirrudurirunurinnrrroq#ulu pro riu n':ruuiu{ufl016rrava'}u PEo

- Z u . .j oov riet
rl{uua1nfl oilaa?uvl 1 vl1 [u4lil']:na:U to?'l

!r
v .i < a < s -, .J \uo 41. a1Ul:na:1.:tn:o{u00ran[n:auuu.:oulndlul,na1[51 i'lu?u 1 1,01

i a A s ! . .i v q a du2. rn50{!0frair{lJuarrl'l:0U1u1ilutauLun'lna1:avaluv{0n[xo:ltl

3. ivuunr:Anfiruu1vailfiasdrtil{riunr:du:ilrfruluurlutor'[uu6a :cuun1:Anru']rau{ (uio
!

ilu 45") rfiorrrnlvirJilrrutorrfr'ulutdduavfiuiofio/uuortoruofiHoifiuqolUfiorYuur^iu:oriu

ri'uluiouniruuuurrdr
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ei:ufi z
, @v A ac s -l

n1:uSUUnn [t{1Utn:o{0 ta n [a:duuu{ou1{{'lu

rita iu trsu grJ r#uluu rIu a 1 n d 1 : a v a 1 utu u

4.3 :vuusr'rriravarudruulcaudrviunr:roEuuer{tuu (sil.k sponge)
i q q v q r.i o u q q : , w e s , 6 a < s -. ;

tlI0l,v1to61:AuA1Ufl0ALil0:11r14:.r1vAilA1u:U [1' tUflU?Un1511]:u[AU [UU',][UOlUrilnUn0tan Lm:AilUui
! e, q - ; !a v qva , qv

rsuuer'?li'rava1ufr[uil1ua!riluflodurafrrfrfrnrrurir6'ruodr.:rLrnfis{0.:leiiunr:rJ:-utJlflviuaurval rYrriu'lu
a loqu< -l o q ! u d ovd,

ni:Anu1fi 6.:1sifinur:vuuFr?ulaualuyrrvillvau;i'rvriurnEuuHrlra!fivrioilfioc'[{rijuar:acarulrauriolr.J
< C 9o
Inuld'rirnr:finu1:uuuei'?riravaluyl'{14xo 3 :uuu rJ:vnouoiru ar:ayarulrrduilnaol:si (50Mo/o NaCt)

a1:avalU:vuualxer"?d1ava1u (ternary sotvent, CaCI2/N2O/EIOH (1:8:2 mote ratio) ) uavar:avarua
i<a

rfiuuluflu$i (9.3M LiBr) lnuraa"rorndrlrarlilrirunr:ririnnr:rs3fiuud:rvloiri'ulraufirjuruavduriu':r'r hi
fiu1un:y61{ t:rtEunluulu'frdi.r degummed sitk raioriun'jrtrartv{lu:6u sitk fibroin (Sr) udrrirurfin

a,lduoi.q
rfluturSnludravaruluei'?d1aua']uvi{ 3 :vuu ornfudrnr:lprovlafiauavrirhXurirriruiElalofliariovld'qn

lvlfidnuru;f,ulr6o+riuoufi{rv6o{€iou riun'jr sitk fibroin sponge er-rltaerilu;ilfi 4.8

LiBr solvent

(n)

Ternary solvent system

(n)

grJd C.A n1flriluto{rlflrar (sitk fibroin sponge) fikiorn:vrum-rviravaru (n) LiBr sotution, (t) CaCt,

sotution uas (n) ternary sotvent (CaCl.2/H2OlEtOH; 1:8:2 d'n:rdrulla)

..j ' t -hw-n1n:Ufi 4.8 nu'iranlvufitd'iuorn:vuusr-rdravalu 9.3 M LiBr ovriaurirru{rusird:rvunniru
!

i I 4.- a ! ,,4 t .hy-
tiluvr9.r.: [1,1uvltn:un1n0na0n:uuuvrtua0v{u?1lilur{{0lut[nuua[ua0dlrlnlr0{r [uuvt[oSulrn:vuudtfruu

lufllri ornrYuld'rirnrlrauvirarltuuniuur{Juar:avaluluil (spinninq sotution) 6'1ud'??iravarunrnyioifin

ss96 iiruYuflurf,ulurirurnso.:6r5nln:aijufi.: ornnr:unao{y{u'i1hrrlrartfirrliuu0'rna-?lilasaru6rfiuului

ludovriau'rirrivfiu:6rrnluuavfinrruufipr:vo'urafi.: truvfiar:nvarufltoinrndnaod:yuu r,iu'irar:ayarulil
d q u d d 4 u g, !, X u swuu?anfluuavorl4uouncttn?rill4uououn?1 olnflouauunfl'l'ruluun !urnnat0.rrJ{uttfildrrn:cuud'rrirU!

J -, , v s 3 -s .hu ,.hu
aualuvl{a1ililn1a1dnu LouuluunLutanauLo0'rn:vuuatuu}J[uSluou'rQUUnlalnrrvrIFt0rnonao{:uuu

.ri . t u ' t.
uau$iou'la1:avaru"[uud{ndr,llilvroaoufiu:rJriJui#uluur1u nu'irfirfiurar:ava1uluilfirniuu.,

nlnr,tntv!iuuuarvux Lufl!drvirriufilvirdululraufi6uavinrrrlriuuarirraila vT{fiorarfiolornanlr,lufiloiorn
s dt ,-"" u s ; - - i s,:vuualuuu Lu: ltJotru'luun Liltalavtuu'luailnulju'lFlt,irilr'r:If ]nn-1:!ritnviunutola'ru Ltuoatlo5 (chain

entanglements) '[utruvfi6nao':ar:asarufiru5oflu'jrfin :rtufiorfisrtrn jrrfiorornfinr:ifiarniuriuroial:Id

riaunir (rlrrarinluuaqasirn'jr) d'rriu6':kirfionail?oiv{oAL}.roiirvrufio;loirfruluuu$,.iu:oriu uaunl:fifi
< 6 - ! oo

n?1ul4uFlel'1u.it14uu?u't Llitfiordulufifirfioill (beaded fibers) uvrufirvlsir#u'lufiriuuuavarilrailo d'{fiu
J -\e4 qv - i s d d d q o

n1n0.Jan1:flqaolfrr:ril1d't6on1{:vuuf;rfiuulufhrilunr:rniuuru.rlvurfiormiurLriluar:avnrululrio"[U

CaCl, solvent
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Jutx . .u.u s 9 I &
uonnlnid{loira:1y1414'lUrifllnt'uyr.:tnu auuelfll{n?lil:au uavauuslYll{Ln5{451{?,0ntJ.1Ll4tirn

alil:vuufiretiuuldlout{ rrnfin FTIR, DSC, uav XRD, nruri'rrYu lUfi 4.9 uaodarunn:l FTIR t,o{H{uufi

16'ornvilarl:uu! (LiBr, CaCt2, and ternary sotvent systems) ttavn]natilna:rfiloiuuirfin?1undlBaf,i

Inurvfifinnr:orrnduya-nodfi Esoo - 3250 c.t6ru{iueiuro{ o-H stretching, 32oo - zaoo cmr fi.:rflu

d':u,uol C-H2 ltretchi.,g, rt, rc75 - 1650 cm'firriJud:u C=O stretching, nrurirriu uavfluln:{6i'l{

amide t, amide il uas amide lll bands oqifi fO:0, 1560 rau 1280 cmr, nurir6'u r.ranr:finurdauriu'jr

[:1U:vaua.radr uiolunr: rsri urr zutluu

tern:rry sol\€nt

2000

Wave numberlcm l;

2l I I

0)
9
(!

E
I
6l

F
s

:rjii a.a FIR arilnn:')r,o{r{.:turrfirfl5ultd'r'rn:vuufr"ni'raca'ru LiBr, CaCt2, rav ternary sotvent

cv

;rJfi a.l uao.: DSC thermograms ,uarar{uufirnEuillei'rrn:uuueT?dtaca'lu LiBr, CaCt2, rrav

ternary sotvent trn:ilovr#uir DSC thermogram ?,0{ililvlfiusriuukitln:uuu6'?liravalu LiBr uanlfin

nr:ernyra'i{'ru ii zas "c druonfirnr:aa1ueilvn.in?1iliout0{iltaqafloilv}r'lu;i':ufir{Ju:vrfiuu odrll:6

sllu DSC thermogram rarruslurfirniuunrn CaCt, nuirl*'finnr:oornduna'wru z sirurarj{oufinu:n

rfiur{olriunr:aaruei:tolnr.r{, ,',r1 80 "c uav6nfinfi loo "c 6ufiu'rdorfi!nr:anrum-lno{ltnqalul

ludtufirilu:yrfiuu uayanfrlu DSC thermogram torr.n"Luufltritrn CaCt, uaontfiu.:vrfilfinnr:oon6ufi
) a. { s - JJ , r, q i 6

3t2 "C r.:u]unr:aarurirto.:krraqalv{Il:du uono'rnfirfiouo'roruuulnalluuriavtvrofllun:unuirtvilfrn

nt:nlun?]u:ouflinatun0u?{ntonnl:aa1u9l?tuo{1'tnn11!:0u fl{ilnn15a1uila{{'luutnu?to{nunl:

rn6oufitol random coit 6rrflun-riluriuirzurtraril:snouri:u rarrdonr r oit uavnr:n"oGu.:sr-rrtjuutu

uaav'h (o-hetix conformation)

E20 \iI
ui4

6re t

.,;
36{0 .

3620
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Go
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D
U

Te rnar-r' s ol\rnt

.. CoCl,

UBr

s0 r00 rso 200 2s0 J00

Exothermic peak

TemJrraturc ("C)

grld a.e DSC thermograms flo{i{{traufltoiorn:crun'rliravaru LiBr, cact2 uay Ternary sotvent

rirr,r:-unr:finurIn:lairrzu6nro{H{'[uxdrniull6lourilnin X-Ray diffraction (XRD) Lizuao'.rgrJfi

4.10 nlnlilavrfiu'j'r XRD patterns ronrJiluilfrtriornvtraru:ruufinrrundron6.rniu lpruuao.:tfiolufilfin

nirr (broad peak) fi 2o = 20.7" 1ur1n XRD patterns drfindtiruondvjrailraulv'{Tu:6uuiqvrdrJ:unouri?u

random coiL uavfinr:{orEursl-ruuu o-hetix conformation, 6laoorn#olfiuatanr:uotau,fitd rrrn uave'tn

a-nuruv:Uir.:roi xRD patterns uaoflfr'uiuirr.nlralfirnEurildogluanruvoa'rutru (amorphous)

r0 20 J0 {0 50

2a

.J c .hu
Jilfi 4.10 XRD patterns toirri1uilfi1d'arn:vuud'?1i1avn'lu LiBr, CaCt2 uav Iernary sotvent
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ee3
4.4 n1:?r16n1?sfi [utJluarna{fi"] uU:n'r:€u gilrdulutrau

4.4. 1 aran:svlutarnrrur{tduar:acarulrauriordudruourinarlta.rrfrule
!

- -,ir v i q d \ v !, ' t,- !
ualtrnfr'ldanrtvfrrrarLrva:r [unr:rm5uuanlrauudr riusiohj fionr:uranrrvfitvurvau'[un1rfiu:il

rfr'ulaurlunrnar:asa'ruluu n-rriurr]rrarLrutordrud 6o nr:finurfrruil:crornr:du:rj (nrrlt{ltutol
!

a r. ! .i cu s o t ;d i v 6 q < s -' ; n -
a1:va1uflodtuo5) rfroiosLntdul,utuufrunrruarlrrar0o?u[vnun0tanLms6Uuu{ uaut?\0?tn:1u140v15Y{a

. uq q - X ! ! rl
tain?1ur,riil,riu,nolt{odruoisioru'rororrduriruqudnar.itoirdulu lunr:finuiflzullraulr,llu:Au (SF

sponge) aualutun:niloifin 990lo rfiorniurrflua'r:avaiuriruiufluluri'xnr1:.ltt:rliu 6-20 % (wVv) lnu
o o, t ,e a a < s -, ; <, u i v .1 t4- -:-v- ,,, .- - - - -.y t
fl1l4ugrLuan'r1un1:rurdd?uLrnfinArSnln:ailufirr{lurirfi pr'nritv{rtrrrvirriu 15 kv uaun'r'rilrtututo.:

g

al:asaluluilriju 6, 8, to, 12,14, 15, 16, 18 Lrav 20 o/o @tJv) uavrirraunlfi:vuvvirr:vuirrilarutiuuav

uaiu:oriu (TCD) rflu t5 rdu6r,um: (cm) uavdm:rnr:lraatflu 1 ml/h

d'nuruvurl#ru5'tuiylu'r1ro{rfrulErur1uluufiflukiqnirn:rvrioirurvrnfin SEM firiralturu 3500x,

5000x uac 10000x uao{u:tifi q.tt mn:ilfi 4.11 nvifiuirfiriu'luurlulralrfiordu usiodril:finru flu'i1fi
v!

r,tuo (droptets) uayrfr'u'lufifirfiorJu (beaded atong fibers) fiq-:odrlrf,ulvufitsriuuornar:avarErtuiln?1u

rtudu 60lo ruaHnfirflurdudrvr:rv'irfin:rur{uriudfinr:rfiuru'uriuto{a1u1dfiour,ravkirfiurilofincflo.:riut

n'r:rnnn1:uernfi'n.uorrirn:vua (jet) fi,rjuriruu:rvrr{dflruavd'r#uirt{Jurnuoduurufiorrflurd'ul,u erl:rifi

4.3 uao{nlfl:?lnro.:ailBilato.:nrrurriuriusioa'rurruivrurrrouiulu fintrurtutiu aq6 6u"lflur#uluuavfi
a . , eo ;, ; !

uuFry{oauoiuurrriurd'uluoi:uunyrfru,.ilufiutinarrhiarirrauo frn?'rilt'[x?iu 10% fivruuuouvufiovkiti'ulo
vq,!-i.lwuu'

d"lu uavvru'irrdulusiouiJolournoru[uoar:avaruluufinrrurriu{uur nnit 12c/o ri'litfiolornfitjilrrunr:
; - - s,! a i u " a- v ' ,qu !
rnu?flunuro{a1u Ltytry'tu.tflot.:uo{nun1:uflnun{o{a1n:yrrau?,unruu:rrn6ouvrrrh,h{rlduavvl'l trltt:.:u

u'r't#rfiarnr:6aoon{o{Girn:cuarfiorfiorflurdulu finrruriudu 140lo ru'irtfr'uairunutinarrrodu'uo.:rdulufi
d , i u Y I tle a e 1 v A , r w I q .i a

urotdnnrrfrn?1lJt?,utudu.lttnfrdrilutjor,{oauo5nouror?uranu0u vrn?tilL?J:J?lu 15olo flu?1[otau[uvlt:uu

uavaflrailorYu (uniform) rrasfiturorf,urjrunudnar.:il:yu1m 300 urlumsr: (nm) finrruttutu i67o rdu

lufrtd'fifinrrruarirrauorYuurifi,uurprrd'ur.iluflurinar.ruurolraqjf,uuavlr,rr!n'jrtd'ur.iruqudnattorrdulufi

n?lurtutu 1406 ravaqvilufrn':rurriuriu 20olo ru'irrfrnrfr'uludrduriuusifi'uuroidurirunutina'xl,unjrU
, y o ) w u ; , .j irs t9l1

ulnn?ttauluyln?trt?,]t,uuslln'l't t{rJan't:uoa0{vtoa0ona0nnu{]ul1ulJo{ 5ukigara uavnruu 'Kaunln

nr:irnr:rvirfruluriruhJ:un:uinruror rd'ulurvuiutoiirru'rr,rtorrdulufiuurhiurfiuf,urfieinrruuiutiurfil
i Xld' n ! d'd ^ J -Z--

,J1fl,t'Uyr.iutu0{a1nm0n't1u[fllJlJuu1nflu$ao{?141:avalunnvun']lu14uoulnfluaduuQ{tJn'l'tlFl1uvn.:gl0
! o "nuo u - i' - Z - ,\u, w w a .i

n1:E0n?00ntoitau[uurnljuorvrrluuuau,J'rufiuuna1.itv{t]tu Fr{uu0{fiIULFr?'] Fl?'l}JL?rlrtjuvtLl,lulyauvtiu

ti'kirduluurlulylfiinruaJrrauo ri'urEuuuavfir#uairunutinaxturorFn 6o nrrurdudu t5o,t

n:rr',lnr:n:vmufr'rtartduairufiutinarrtorrd'u1ud'.:urin':rurtiuriu 8, 10, 12, 14, 15, 16, 18 uav
!

20% uanflunoa'uidrurrrfioto.:3rJfr q.12 rrn:rJovuiuirr#uluurlulraufiisriuuldfiturnrdurirunud-
I

nal{fr{lrei 100 - 800 nm uavluusiavnruuirLdu fivrur#uluurrdrufifiturorduairunutinarrsirn'ir too
!

nm ono?u
.i d, , u q

rilfi 4.13 r[Jun:rv'luarxn-:u#lri'u6:vu'j'xidurrufluuna'rctorrd'u[ufiun'Jrurriuriuto!ar:ava]u
!U

ltev
lrau rrn:ilovrfiu'jr rfion:r:.rrrrrlJ1Jo{ar:nunru'[uurfiilalflu turotortd'uairunudnarrtafiuto.:r#ulufi$vu

; Z "J - ; s,.J< n a .oqvuuurhiurfiufiu arrueltuo{u'}a1niln1:rflu?flurYutoraru}cifrtfrurflo'[uar:auaruv{ofrrloili{lfir]orriunr:
.J v 4 w Lu d o o , a a u q

tr10nt:Llnnrn/antrooonornnut0iarn)uua?1nn1,urr]aauotutn.:vndil,'lv'lt anvrtl4Lnqn'lrun0onta.:tautu
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ax: 43 I

in: 109

grJd c.rr arusruiflurro.:rdu1afin'rrrur{udurixl 6 2o'vo) 6.:du':rJpiruau'wlilfi'r 15 kV uav:vus}irr

:cuir{ila ru r6u riuuaiu:o r:"u rvir riu 1 5 c m dn : r n r:lraa rvi r fiu 1 ml/h
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AV :302

STD : 53

Illax : 460

Min: 197

AY:412

STD: 78

l\lax: 592

Min:264

AV:443

STD: 122

Max:799

Min: 156

AV:495

STD: 177

Max: 859

I\'lin:134

.J u o .i
gdfi 4.11 firuoruivrurrorrdulufin:ruuiu{urix1 6-200/o) 6rfiu:rJd':uau1}rh{fl1 15 kV ra;:vuvvirr

:vu'i1{Ua'rur{rfi'rrrriu:oriuuvirrYu ts r6ufirusr: dfi:rnr:'[u6]rvirriu t mt-/h (sio)
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Fiber distribution
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7:t!

t,

;r
d

rir9
Dirmr$ (.'n)

ild q.n nl:n:ynrufirrarrfr'uairunutjna'r,:'uorrfr'u1u1uu6r14rnr:fiu:rjfiaurutv{flr 15 kV uavdn:ru
a-'- ' ! !

r,fiudutolar:varulul 6, 8, 10, 12,14,15, 16, 18 uac 2070louil"rrio:vavvirl:vnitUarur6urYuuaiu:al

rflu 15 cm [ava'm:rnr:1raar{Ju 1 mUh

) v v\ uq
n'r:1.ryr 4.3 sr1:'r{arUruatolntrttttudulrarrriod'rutlulvlu'1fl0.:n1:rnnrautulrarL

n rru r{uriulr,r 2,t (o/ow / v)

iiiri?.=4.=a
J.at.!2,
!,.=,.=

10

ailn1u?Ylu1
d ____

tljir,erto f u*u rou.rnua *r;
u

:J rau luu1{ tiFru14 u oil0 a H 0:n 0uI'ldiu 0u
1d<t

r5!rrau [u tnq [oou1ntuuauuttJ9lu}j tu ou

--r*--; 'h, ;
raulttinn lno lturr,tta n utn [tLail]ralt0nu

I o u dd< , t

rau[urnfl [no utu1ornn ailltauonuo tJuJoulJuou
UA

rautu[nqtnn u'ulurfi qiei6 fi turolraqj hiafrrauoffu

12

14

15

t6

l8 --iuulntur 
-iul 

o r fr ert 6'6 fi t u r nlr,r qj u r n { u trj a :ir t a r o n1u

,,irf r*nr'iAa f ;r-1rtur;d;til".r.,1"

z:J=d

l)iamrrcr {iln')

r ei'uk r fr erki6 fi r u r r,r rF n um"tri a rir r ar o riu fi rfi onJu
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b roo
I
C!E 3ooLI
lr

200

r00

t0 t2 r.l 16

Concentration (n{7o)

22I8

:dd 4J3 n:ry,lntrua'1fiu5:cu'irrr#ug.irunutinar.:taqd'ululr,ruriun':ur{l{uto{rar:lurix B-20 o/o
!t

(wVv)

4.4.2 Nafilzlnura{fi'nrity,lfirfflfrsiod'ruoruivurua:turprtdur'iruautinar.:ta.:tf;u"lud$

rfio6nurruan:vvruror6'ndlv{firfft{siod'ruoruiuuruavture}rd,uriruoutinarwrortfrululrauurlu td
-!

,firinnrrrlr{u{utorar:avnrulraufi 15% (qluartfluri'rto q.q.t) v{ioririurirnr:rirraunl#:vuvvirr:su'ir.:
. 1 u 1, q ua \ < S o

rjarurfiuriuuriu:o{iur[Ju 15 cm uavhio-n:rnr:tvatorar:vavarurflu 1 mLlh loulirnr:ttil:rliuFir

n'ndt*firq1d'lunr:iurd'u1orflu to, i.s.20, uas 2s kv
.o v q s \ ; " .,

:rJfi q.tc uaornrlrazuqluiuurrouduluurlulra:rfirirdtrurErFi'1rl (3500'10000x) firfiu:rJdru
Ud

nr:tdn-nrih,{flrfi to, ts, 20 uav 20 kvlrrurirraueft]i:vrrv]ir{:vuirrUarur{lriuuriu:or:-urflu ts cm uav
q uu ' rsarurflu 1 mL/h arn:ilovuiu'irfir#uturfiqfiutumnnrrusix6'ndtv,tf,rfit{usit1409r51n1: L14at0.:61:vAsAlUtuU 1 ml/h v !

iiruruffipnjl druruuonnof,uoi ruror#urirunudnarquavilir:rrurdu'lurvrrnnrir.:fiu rravlunoa-lririru
t A uo , ; | . .i

t?1u0u{[n!!ao{taur.Jlunuunal{toaut0n[au Lultavn1n?1iltuu.3tuutJ'rFr:E'ru:?uonturatauil'ruFtuunal{vl
a r c ) 4vu
[14tUttaU tA nfl AF] t?fl?U

finrusir.:a"nd 10 kv lrtrdulufifidnrjuunvfir.iiurruuiulufiou uri'tvtoiraur,rrollrof,ruoiifluairu
o ,J o u a a.u ut ' - d oov6 \u ; ;
lrlrqjrfia.rrrnrirdr6'ntih'hlrrirkirfrorrofrrvl4ilrirfronr:Unoirnr o reirn:s*ald rfrorfrrrira"rn"nr]h'h4rarfiu

rflu ts - 25 kv vruirtdr#ulufifiuinrh (bead fibers) nori':uavr#u'luflkififinlruau'rrarofiuo'uavfiil3lrru
vo , ; J .i u d.s : , t 

' 
d 6 uo'c

rdula/nrr:ruuruuuuluurntlurilodnd[rir4ra':urrr{u rrmou'n[:ilnu nui'rr:'i[ua'rur:nrirthlfriprr.Jlyun

lr-ftriluqnn-ndlvifirfld urrvu-rnu'jrdnilrurndura'rn'j'rldrira-.:n-ndh'htrrrfiuririnq6hJ uiufi zo zs kv vrsrd

rfiornrnfr'nrjlv,lrtrrfittunvaurulvlfl'rfltpifizurrsron'r:6r,rff'ruavn':'nLr':rrrorri'rn;v*a (jet) niriu6rfi6vr6vrasio
v o -hw w

f,rutruiuurtorrdulufllri idurirunudnarrro.:rd'uluu'rTulr,i:Lfiir,3arldifrn':rlsi'r.:n-ntitv'lflrnrn 10, 15,20

uoJ rrkv firirrvirrTl 386 nm, foz n-, 412 nm *an 2t3nm muriroiu
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AY:273

STD: 80

Max: 507

Min:122

grJd c.r+ firuoruivrurtorrdu'luurlulraufirirdrrururil{.1 (3500-10000x) firdulJdrunr:l{n-nrilv{rtrrfi to,

15, 20 uau 20 kv Inurirvuerlri:cuvrirr:vra-irqlarur6lrriuruiu:oriurtlu 15 .. uraclfid'q:rnr:1uatol

ar:uaualuriju I ml/h

:Ufi q.ts ran.:n:1?'ln1:n:vorun-?to.:rfr'uluurlulvufirniuulpinrnd'ntitv,lflrfiunnrixrYu rvrfiuirfi
dntitr4flroirluavn-ntitr,lt{rar1 fir.rar{rlri'rfinn1:n:ve'ruro.:rurorrd'ulufiniruirrr',uur',u'irkir#utafifi

turounnrirlri'urrn/fin:ru"[:.iarirrauofi'u6rrflufrrfrtildor,,., ,-oriuo',,,:-rin:rrinr:n:vorum': n-ndlUfirfftri
!

nr:n:soruei':towurntd'ulu*nufiar,r 6o frd'ndh,tfirrvirrTu 15 kv unva-nuruvri'ulufrkirilfinrruriuuuayfi
'd , ^ ! u .i !' . ! "u, u d .i ; v
ttJouiltnn'uuuauuaon?u aduuQrnflolJauvrorva:rld'jr fr'nritv'lflrfiuralrvauueirraiuhif,u:rJrfr'uluurlu

lrar 6o o-ndtrirtrrrvirriu ts kv 
! r u
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SEI\I image at 5000x I'-iber distribution

a?tt.t?r!riaiiraiti
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llllll,,
liilllLiLhi_L =!ii-!iairri
!:t1s2atr,

;rtd c.ts nr:n:corugi'ruori#uairunurineiirto.rrfr'u1ufin-ntilv{fir 10, 15, 20 uav zs kv udutadu:rJriruuvu

nr:t{n'ntitytfirfi to, ts, 20 uav 20 kV lourirraun"l#:vuvr,i'r.::vu'irrdarui{ririuuriu:oriurflu ts cm Lrau

lfi0'n:rnr:lvra?,o.ia'r:yay a'r a riJu I -Llh

!!ltsitrrttrrt!:;; i i i: t r, aF i
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E€ loo
L
I

E r.o
E
L

3 J00
II

12 l{ t6 tE 20

Applicd voltage (kV)

p.rlii c.ro n?rila'xfiuif:su'jrrrd'uriru4urinarua6orou*'ularYus-ntitv^tflrfildlunr:du:rJrvirriu 10, 15, 20g ! a - --

uac 25 kV

:rjd q.to ran{n?ltr6-}Jvr-ud:vra'jrq#urirunurinar.:ro.:r#ulurYuri'rnrrurir.:d'ndtr^lfirfrt{lunr::f,u!!

:rJ trn:rjocrfiu'jrrduniruqutjnarrrolrdulufiruililuanaqfion'ntilv,hilrfit{urndu u'rdrfiorornfinr:6od'r
!!!

oontoiii'ln:vuald'urntvr:rvfiu:r0aoudfinurndunrulurirn:cra:rlifirau'rutv{rlrfirfilurndu6ltttrirhi
U

a y.l-rt <!',{281 !- , oqe6 - Aa 3 cqytnnnl:aoa.:t0{tju10tau tu tl4uvrLo uauu0ntlnuudt luvrl turneinlsSvrl4uFl?ytt5?1,uta{et2lilavarulir h4
iy y q i u A - l92lo v q id . <ldrdtflufrufi.:urnflud"lu"-' drulirraulufrilrurorduairunurinarrrFnfiaoarur:nfiu;rJldlnuli'n'ntitrfififi

25 kV usitrnlr-tfi q.rs rryu'jrnr:n:vorum-:florrurnr*'uairunurinarrfinrrrLn{rllrnn'irffltjd'nritdfll 15 kv!- 
! 

wqv! ,uq s ! qeq j u a adrriu6':arur:nnrir:kijrn-nriiv'{flrfiualrvalrirra:"utdf,u;rJriuluurlutraulfifrnrruarirrauouacrduriuuno

ts kv drosl{rirra:-unr:rJiurJ1rfiruil:tornr:du:rJd'r6u loiohJ

4.4.3 HanruTtul,o{:vuvr,i'r.:ornUa'r'or{ufrruaiu:oriu (TCD) siafr'ruoruivturuasrduai'tu
4

nudnart#ulsurlutuu

lura'rriofiovdrfinurdvr6nat0r:cuvil'x:vra'irnirrrur{rfirurju:-ariurd'ulu (target to cottector

distance, TCD) tfior,tr:vucvirrdiuurraulun',:du:rJriuluurluornar:acaru'[rau lnuldrirrltunlrin:rlrtu
?,oia1:aualulr,run.rfirvirriu 15 wto/o (orn 4.4.1) uavn-nritr,h1rfll{nlfi rvirriu 15 kV (orn 4.4.2) dm:rnr:

lraafi'u 1 mUh uacleirirnr:ruj:piu:vuvr.irr:vu'irrila'rau{1fi,:uaiu:0.:iurflu to, 15, ttav 20 cm qruiirn-u
.;

:rjfr q.tz uan.tnruriru sFM firirdrraru 3500x rau 5000x to.:r*'uluurluto.:1raufif,uf,u:rjri':ut - .'--- -n- --
1d

:vuvvirlornUarurfilfiluriu:oriu:vuv 10. 15 ttnv 20 cnr rf,ori'nauprlvin:'rurrilduro.:ar:avarulyiluav

n-ndtllfltfft{nlfi trnnrnfi 4.1 7 ovrriuirrduluriorfio.rrfrof,ululnl:yuyvirrfilirnr:?loaou urifi:yus?irr

rvirrYu 10 cm vruirldrd'ulofifitfinilrrfrr,rdut"rurur:rnuavdrururd'uluurlufifinrrurauruiluarn'ir:vuv
a' - d , | ; j , .- - 

u

5u1 nr:rfintfiniltrjrovurnrnnr:ifir{utorauruh4fir:vuir.:dnrur6uuayuaiu:oriu (:yuvurlrtrlndfi'u

aurulv{t{rovaldu) uavdrrarnau'rulv,lfiurrrrfiuhJfi','rvvi rtri'ri'rrr:vuarfir,rn'r:::urTunarurflurfioUlrfio,du'"'
d; , rg

tilotfru:vuvtri'xtfru[unrn 10 rflu 15 uav 20 cm lrrirfirfiqiluanaqusinrruuurrrriuto.lr#ulufiaoralhj



q4

nruufi i runo',ndu'ofrotnnrriurdulufifi 'uurorhiadrraloffun2u Bacu{a{tnntuu1489l

yr:vuvy1.: 20 cm

:rjd q.tz a'rurruiuurrolrfr'u1uurlu1rarfifiu:rld:un'r'rurliullu t5ozo ldn-nrilv,lfrrrflu l5 kv lqufinr:uU:
!d!

fiu:vuvvirr:v'irujarur{udruaiu:ariuriju 10 t5 irav 20 cnr

:tlfi q. tg uan.:n:'rr,,lnr:n:y'.r'run'':rolrfr'uriruautinnr.:uo':rJululrarfi:vavti'tl:vv'ir.:rJaro16lfi.r
t!

ur.iu:ol:"urflu 10, 15 $ay 20 cm '111n:il'dvrfiu'irrrr:n:vrruei?toltf,uairunutittarlto.:rfr'ululvuocfi
. ! .,i .' 'u q A

uurhiunirwrnfiudorfiu:vuvvirurnfiu odrr"L:6srrrL nr:n:vrrufrrtorrd'utufi:vuvvirr 10 ttav 15 cm

nu'irrioutr.:fi:rJirrndrun6,:ri'u rfio:rurvirw rrrrfiuhl .:vliifrrdultihjurrvfrotr,irfloru:.:vrrrtr4rhn:vloor
v

!y-,idv.e'd
riruhjlri6luaiu:o.tiu uonalnutii]?u{yru?'rvr:yuur,ir.: l0 crn fi.:urioviinr:n:v'1ltuo?noutrlttnuumocl

A a - J - & 4 d - q Yq u

rjiurruriodurfrnfruriouthrurn oftrIu:vrivririorrrrjarur{rd':*rru:al5uvttvurvaua'tuiullutau[uluuurtv

rvirriu 15 cm rdorornhiuf,ulufifinr:n:vorud'runuuacfiriniluiliurturioufliouvrYr'ld'nrruvururiutolti'u

[uvlfl0t14}J'lc

AV:269

STD:65

Max: 615

Min: 167

10 cm

AV:302

STD: 53

Max:460

Min: 197

15 cm

AV:319

STD: 85

Max: 505

Min: 189

20 cm
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SEM image at 5000x

r!a!t=J,:t=a=tE:.la?a11Y..rrs{qi+

10 cm

15 cm

20 cm

i:t:t!a!t
-+{ta11.t...=....

g;*i
==.2i.

_ l)inn(rc.{il!)

-!;=
!7=;

iiiiiz=?.47.

1'gIr"Jl-tl

t:;

:rjd a.ta n:rilnr:n:varud'rfl0rru'rr,rrauai'iunutirrar.:'uorr'#u1uu'rluiraufidurrJpi':un':'ruiduriu tlozo ldv!v

6'ntib,{rlrrflu t5 kV lorufinr:uil:riu:crrvl,ir:vi'xrjn'rur6rfiruriuroriurflu to 15 unv 20 cm

:rjfi q.ts uaqrflrru#lrl(u6:vra'irrr#uriruoutinaruodurTu:vuvvit:vu'irrUnrur6ufiruriu:oriutU

r#ulufi:vuc 10, 15 uav 20 cm rrn:ilocrfiu'jrriurjruourinar.:rafiurorrfr'ulufiuurhiurfiudurSnriourfio

:vucvir.:rfiuJrnt*ufirvrlirrdurirunurinar.:rofiurrorr#uluft)u 269 nnr. 302 nm uav 319 nm d'o:rurlirr



r,iu 10, 15 rav 20 cm muriroiu nr:rfrrdurF

rJarur6u6ruriu:a.:iuurndu rdour.,',r',nn',:aoairann?ruu:lrlaraurulr,lflrlhtrirfr'ulo6ooananal oYlriuq

ru,tfiou'irovsiarfin.lruu:rrorauulr^hlrfiuarrrvarfitiwirhi;irn:vuatiraur:nEnoonldtri6llcfi{fitf;uairu
. u q Z r i v 4 1, v .i - 4

nutlnarrtolrf;ulufuanar rartrittfr':fiev'ld'rfruri'ruruunalnulvtuil1ntuttvlu
!!

l2 r{ 16 l8

Distarre of syringc arxl collector(cnt)

.J
:lJYI

SVUvYl'r.1

4.tg n?1ua-rriu6:yuirrturorfr'urirunutinarrra6uriu:vuvvtliruu'jr{il4'lut{ufituf.iu:oliufi

10, 15 unv 20 cm

d'.lriu orn{ola 4.4.1 - q.q.l ,ifl#aLrLr:nar-tj16'd1 an'r?rnr:{ulUfiuaursaleirraiunr:du:r.Jtfr'u1tl
!rv!

u{un 1na'r:av alutu:r r{tuFrifi

n?lilttueiulolar:avaruluu rvirril 15 o/o w/v

n"nriltfirfft"ri rvirn-r l5 kv

:vuvilrr:vu'ixla'ra16rfi lttriu:olitt tvi'rritl i 5 cm

E

L
I
I
E

=
Iti

.150

400

fso

300

2s0

200

lso



q7

q.s nr:du:d rf;uts Hau :vu'ir.:lrau (5F) riu Pvp dr u tvr nfi n6 r5 nlsr:atlufi .:
!

lura'rtoddolnr:finurnr;rn:-uurai'u'ltrruar:vu'jr.:1r,rl1v,lTu:6u (sitk fibroin, sr) riurTo6hiah^rl:3

Iou (pol.lvinyt pyrrol.idone), PVP). firrflunoFuuoifivruirfiu;rJrflurd'u'[uleiiru uavrdrriutoi'ritf,lfifiisr
-!,ouyo - ! a dro - a's - *ig ,1, .q .jo< qia
d'.:riuirld'frnrrl6nfril:vfirs{rfr,ulu,.raLi:vuir.:ar:aortfiofllouorn"uauiififi{ugrJr[Jurd'ulufi6 fialrihfrd

u ,,dr a , -':--- lro. oq,.
ualuri'ruravlrirtjufrusioarurrn urneuu'r [uu:vunsfl'tluoirunr:utvrvrtiriolilfirtvturunr:U:vundl{rrut

roudululyulvin{rrurn0.:du Toold'ldan'ns rrr:du:Uui'ulur orlraufi"[oitrnri'rdofi 4.4 il1il:cqndl{ lnuov
!l

r{rnr:finurd'rl:rd:uduaurvau:vui'x sF nu pvp fil4rlri:ilu;rjtiiululoififiaoruav6nurautfivrrla'rutru
l,

?ylu1 auuglvr'r{ !n:da:'ln[tavailumul {n?]il:0u

d'.rrYulurruit'uf,iildau1nrriuilar:avnruvrafrwaizuau sFlPVP fin':rurtu{un.:fi 15 o/o w/v uac

u'rnr:urJ:aiua'o:rd'ruzuaurtlu 8/2, 6/q, 5/5, 4/6 *az 2/S lourirurjn uiourYuldanrrrlunr:dugrfluusi

a'rrrirurfluoi'lii n'nritvltd'rrvirrYu 15 kv, :vrrvl,irrrrnilarui6ufiruaiu:0.:iurtlu 15 cm uavo-er:'tnr:luatol

al:aualurvilrir t mvrr lirnr:ioluuurrduwu q5" uonrrnflurdarriuvruirdarfilGurluto{ PVP

a1:aualua.ra!oylr,taki'irudufiri.:dirnrrlvfiororar:ava'rue{a}Jaaa{tfiorfiuGurru Pvp i-rtnsrkiornnr:

iluaro{61:aua1ufiUarur6il uavnr:iqrorn:vraaliava'rua1nilarut6ufiuu'irfin'lruGuuuavirulrndu

d'.:rlu6'rnoFruoi PVP rorfiarur:n'hirfluar:ti':utunr::f,u;rfloi (processing aid)

:rJfi a.zo uao.:ntrriru srl,t firira'rruru 3500x, 5000x uav 10@0x ta.:rf,ulaaral SFIPVP :cd'u

urlufi s dsr:rd'lu; 8:2, 6:4.5:5, 4:6 rmv 2:8, nrrriro"u rrn:rhvrfiu'jrvrnld'n:ra'ruto{toauoiilau

sF/pvp arlr:n'[#r#ulasiorfiorfiriuuua"';rioudrrarirrauolirfiorJulur#ulu rd'ur.iruqtudnarlta6ertol
!

15%SF uas 15%PVP uiqvrfrvrrril 302 unv )21 nm, nurirrYu iitaiutd'uluaraufirduairuqurinarlto6ufi

a'n:rriru 8:2,6:4,5:5,4:6 nav 2:B tvirn-u 291, 384,236,262 *av 264 nm nrurirrYu
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gUd C.ZO nrflriru Sfnll rorrd'uluzufiu 15olo SI/PVP fio-sr:rairurir,:1 82,6.4.5:5.4:6 *av 2:8

:523

: 460

| 197

:51

:432

| 132



AY:264

Max : 455

grJd c.zo nlfldru sEM torrduluzuflu 150/o sF/pvp fid'n:rdrusirr \ B:2,6:4,5:5,4:6 uay 2:8 (rio)

;Ufi 4.21 [tannnrrn:vnrud:rroufr'urirunurinarsrdulu?,0{rdlJrrau sF/pvp fidn:rri.:uaraurirll
a1n:ilauv{u'ildun:rv'lnr:n:srrud'rlilfiuu':hiufiuriuou odrrt:fisrru '[uvnrvrqufrud.:tunr:rirttll{

rJ:vlutridruoirll d'olnr:rd'u"iafifinruau'rrauoriuu'u6o oio.:nr:nr:n:yrram-rfiunu uayfilrndfirvu.jrnr:
n:vorurYl'uold'rtlolr*'ulu,rfitr sFIPVP fio'n:reiru 5:5 lvinr:n:yrrud"lfirnufian truvfidm:rdru6ulrru.Jr
a.j
iln15n:u31Uytn?1{il1nn11

!-
uonnrnfr u"ll'tu'j't tfruluzuau SFIPVP o-n:rri'ru r:s l#i*'ulufiriuunar"itrtrrauorYunurn uactfirdu

riruoutinnr.:to6oo{rfiqnrfiururi 236 nm rvirriu fi.:'rvdririfiyiufirriorlirrsr:fiar rTr#uorntio,anr:
nrualutY?to{tdur.irunudnar.:rfruluiwtrlrirfiono-gr:-rdrunl:,.ra:Jfirulrryardrraitriruau sF riu pvp 6a
5:5Inudrvfn



magnilication

l5oloSF

l5%PVP

r=r=i=t.tIttt:
:111"1fiYiltt!+

Dirh(1..(.m)

SF: PVP

8:2

SF: PVP

6:4

{_$.,:.i" tqp;t.irB;
f, i *ir-1.:
*-. '* tBr ' !::1

E.rs !i*iriri{qi;r;
Dirmdcr(nm)

s0

ta

:r

a4

raJaz.aa+
1': " -: a 1 .r ri .i f J .. ., t
=.=-:a;a=;li.=;
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a

c

1:-
ig:iii+iii?igE

=a--..jisS

91ta.I!r!r1l

.J
!ilfr 4.21 n:lyln'l:n:v'dtuot-rt,r':u#urj'runurirra'r.:rt,utu,rarlr stltrVp filin:rri.:urirrl 05o/o sf./pvp,
n'ntitylfir 15 kV,:sucilr.:ilaruu{lfirurju:oriu 15 crn rliry o'sr:rnr:traa 1 mL/h)

SF: PVP

5:5

SF: PVP

4:6

iiiri9EEi+iqtt:elFr
Dirnsr(on)

,:!t!Y:11??
=;=;i
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a?u

n r :i rn :r vria u rifi r a.r r#u'luurlutuu ua v rf;uta zu a il s F/pvp

4.6 nt:irn:r;riatrifi o'irl 1ua.:rdulu
4.6.t nr:finurln:{afr.:yrrrafi roqrdululuueirurrnfi n FTIR

a' .i
rilufrvr:rurYu6'jr In:lairlouriuaolto.: Bombyx morl sitk fibroin (SF) riurj:vnouoirunr:6'prriu.:

6'rraa"nloqj 2 uuu6o In:lairluuuduvio random coits (sitk t) uavln:{fi;rlrlrir-6vr (B-sheet (sitk l))te5l

l,ulruiiudochjlduunn':ruunnrir.::vv'jr.: random coits riuln:.:afrr sitk t rf,omrnfiIn:rairrndrulnn
Inatvrnfin rnR tvnn'[ritunr:finnrrnr:uJ6uuln:rairrrorluu:vu'irrrurunr:5f,u;ttlu;usueirrl dr
Iouri'rhJudr random coits tvil:rnnuuurinr:osrndufifin'lrur{:ralfirarn6u 1665 (amide t), 1540
(amide ll), uac1235 cmr(amide lll) uavrirraiu b-sheets ocuaoruuusinr:nonfiufiratnf,u 1628 (amide

l), 1533 (amide ll) ttau 1265 cm'l (amide ttt)te6] uonrrnd Htno uasnruy zoos'"' r;-llgi:ru.:rud?{ronrar
i , o vsnfiurir.:ldrraiuln:lairloiuniuaortorlU:fiulirfirrfrud'.:fi ruuuai amide t oulurjr.: 1700-1600 c.'' uuuri

amide ll oglurix 1600-1500 .rn' ua, uuusi amide ttt oo'[ud':l 1300-1200 cm1

200{)

Wavelenght (cm'r)

vt 3

o
3((

.I

I
E
F
s

.J
y)fr +.zz FTt R spectra ro r r#uluurlulr,rufi n r u rduriuri rr 1

1tfi +.zl uafl{ I IIR spectra toltduluurluhrufltour,rrrr';ir,rvin'r'rurnrduri'n1 ',r'rn:ilnu'jr illti
. uq, ; e v ,

spectra 'uo.:tdululraufrnrrunrrut{r{urir.:1 fin"nuuvnd'runFrri'uuayhjtoumrrsir.:fiuodrdrjurirricu 6.r
---?- , !4u a , . u rr ,q , s u 

u 
oorn'flaqad':ufrfrtrirfiu'jrrfiulu"lralfrld'trnnr:1{ar:avarunrrriiriuriufiuorrrirrriubifiruasioln:rair.iyn{rntl

tou#ulul,r,rufrtoi odr.:1:6nril rqu'jrfinrruunnrirfluGolnrrurdlfin (intensity) don-:rlrtutuujduu6ldl

I

- 
silk 6yo

- 
sirk I07"
sirk r2./o
sirk 147.

- 
silk 150/0

- 
sirk 16.r,
sitk tE"/"
sitk 20,2"
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. a ,j q , s y I v y . j Juan{n{n1:tUauul,ua?ut0{1n5.:a51i0utluaa{u5on?1ilLtiltu uacfluuuuont:oonduuanlfrratnAu
U:vurru 3460 cm'1 6rriJunr:a'uton N-H stretching uavfinr5n1fira?,a6u 1019 cm'r itflunT :a'ura*arj
C-O stretching uavu-il,{ufinnr:d'ufirarna'u 1650 filriju amiOe I (C=O stretching) trauflufinro{ amiOe

ll (-NH2 stretching) firatnf;u 1564, 1544,1520 uav 1507 cmr rrucfifinrol amide ut nuriJufinrHnlfi
tatndu 1280 cm' ficilluanfilln:lairlro.lrud'rfiy (g - sheet structure)

4.5.2 nr:fi nurln:rair.:arf; nrolrdulolraudrsrvrnfi n X-ray diffractions

o d -"r-lunr:finurfildldrvrnfrn X-ray diffractions (XRD) tunr:irnrvriln:{ai1.ir,rf,nroilr{Iu:6u (SF) 
;rJ

fi q.zq uaoi xRD patterns torrfr'ulutuuurlufifluloinrnnrur{uturirrl orn:ilryrfiuirrdululrlqirt
uafl.: XRD patterns finfrrunFrriuloorJ:rnnfinn{rrfi za = 21" 6ril.:uon'j'rrfrulufild'f,ln:lairlrfluo
a'rugru r,tiol'1n:.:airrrirulraqjuflu random coits riuror uonalndri{flufiarurorFnfi z0 = 28" 6.:ilruon
,: u ud :" .. ,i..-'jrfrIn:rairrtorruoirfivrrjuoululn:rafrrsirurSnfiou n',nriauad#lvirfiu'irrfrultrfitoirj:vnouri?sro{arail

:vr,r'irlarf,n sitk I (random coit) ract{dn Sitk ll (b-sheet) u"u6ohifir#ulu'lnfifirfiulrriarfinlon6nyfilt"]

JO

Thera (2o)

..J - -- ---- , q s r ; - - ,

gu?r 4.24 XRD pat t errrs tlol rau Luur Lu luuyrnrrurdr]dua t{ I

q.6.a nr:fi nuraruf6urrnrruioud'ruryrnfi n osc

lu.:ruio-ufileilirnr:6nuralrifiur':nrufouroruriur#ululrarpirurunfin osc fiririarad'.:

uao.:lu:rJfi 4.25Inurirnr:iin:rvdornoruranfiriarfiraruuafi 400 "c o'sr:rnr:lrinrruiourflu 10 
oclmin

! 1 -!- r !

nruld'u::unrnluln:rou firnrn DSC curyes tro.:ri'ulufivrnnrrur{utuovrfiu'irfia-nrsruvndrunflrfi'u Inuoy
fi 3 endothermic peaks dofirJ:vrrru 77-83, tglzor'irav 2go-2g5oc 6.:aonn,{olrYuvra'.:lruff[,8"[unr:

!nr:aarugt]rtolnltlf,u rtnvfintolnr:aarueliro{tuu gtru'rirrYu uay-t'rrr{auaflr,iryr#u'jrhifinrruurtnsirr

- 
sitk 801,

- 
sitk 100/0

' sitk r2"r,
sitk 14./"

- 
silk l5'llo

- 
sitk t6.2"
silk t8"1,
sit k 20,%,
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atlrdriuiirn'rglum"ratj'xlraufivrnn':rur{u{u uaoflrirfiu'jrlr,ruflldornuriacn:rur{utufialtGutn:ruiou
lriunnsirrrTu

rirraiudouafrldt r n nr :i rn : r s]iranrlun r: r rfi q c
!

c

do

I

'1,
f:l

200

Temperaturr (oC)

gtd a.zs DSC thermogra ms t ori#utulraufrtriorn n rru rrirriuoi r r 1

d-- | n w u ,

911:1{11 4.4 n1Y{1:1Urel0:?11dn?1}t:oucjolrau [u Lrauyrorrurdtdumrll

Concentration/o/owt #Peak lntegrat/mJ Tonr.,/"C T*^J"C T"^a."1"C

8 2 -0.20 t98.74 r99.45 200.47

3 -371.45 271.89 289.21 298.8t

10 I -1197.14 26.51 85.3ri 142.25

2 -32.59 176.51 194.74 209.04
1) 563.98 26't.1.1. 280.60 296.28

12 1 208.1 5 50.85 83.58 7t4.59

2 0.60 2'.t5.42 216.29 217.q8

3 315 46 265.10 287.38 302.56

rc 3 -1 03.19 269.92 286.90 298.69

16 2 15.80 1 /8.60 197.81 213.41
a) 269.97 265.31 283.05 295.24

10
1 575.19 37.01 74.55 r12.56

2 15.14 181.72 1 96.1 0 209.05

3 296.8s 266.32 282.79 296.89

20 1 -i 60.87 at.Bt 103.45 13s.40

2 -24.39 1t0.23 194.78 211.08
I) -497.25 281.36 284.70 296.02
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4.6.4 nT :fi nuralt6 nru ra6a:ur.: nrruiourir u runfi n TGA

lunr:finurd'loirirnr:finrsrarrjfin':ruiafis:rionrruiourord':odxr#u'lulurrfirfliuuleYfi
n':r:rtiu{usirrl Ioulirnr:itn:rvrioYrusiorur,rnfrr.Xoililoufiroruranfi 800 "c dsr:rnr:lrio:ruiourflu t0 oC

/min nruldu:rurnlfiluTm:rnu grjfi 4.26 u6o{ TG curves roru#utufin:rurriuriuritl firorn:rhyrriuir
d s Z - o ! ue

ovilnr:aar€irlrraarut"usrourrasavaarud'rouurnrfiooruunfiil:vurru 600 "C uonrrnfrud':fivru'ir TG

curyes 'uatrd'ululu1n1nruuiuriufifinurfia'nuruvndrunf,rfi'ufiruanvjrn:ruuriututrjfiruasion?1utafiu:

vrlnrruioutoudulufiflutei lorErtufivfnfirarutillud']rqruranfr#orfir 100 'C rflunr:aaru6"ltooor.ud,
- & r , . { tA

un:.ia1nfuauilnr:aarun'raruitin]rllvoifrodarolrlulaqatarlv'lh:6uGrriufiqruraqfiU:vrirru 252-257 
oc

ia t c' - -; . v e
frlfio'jrr[Juqruu4finr:aaruo:frar ;itaiu{olarirrlrornr:aarumi?urrnruiouuanrtusrr:r,:fi q.5

rg!!

-40

s
E -60
.E'

-80

gUd +.zs rG curves ror rfiulutu!fi n ru uriuturi r r 1

n'r:'r{fi 4.5 rirvrr:rfirmoirirr1fildoln TG uau DTG curves

-.1 i. sr|l | 2ol,

srlL l {',i

srll I t9a

sill 2lr%

Concentration

(o/owVv)

Ta/"C rar/"C -;r'. T-url , T-"r,Tmax3, Tmax4, Tmax5

56.1, 282 9, 346.1, 558.2, 57 5.28 59.3 125.3 252.6

10 60.1 104.9 ;;;i 56 9, 278.8, 330.0. 525.9, 549.8

72 57.8 100.9 253 6 54.0. 282.4, 338.7, 553.0, 57 t.0

t4 5q.6 83. i 256.3 54.9, 282.5, 338.3, 547.9, 566.0

15 56.2 89.5 253.1 56.3, 281.3. 340.8, 558.0, 574.3

lo 57.6 99.5 253.9 53.3. 280.5, 338.1, 546.9, 560.7

18 59.0 1 18.1 254.8 55.2. 282.5. 340.3. 559.6

20 62.8 142.5 257.2 5t .0. 286.9, 3q0.7 . 582.7

.t00

Tem1rraturc ("(;)
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rfio}iuiudrnalnnr:aaruFr'rurrn:ufourflufiriumou r:rarur:nodouauilrfiuloiornrioua DtG o-ruaoflu
.; -r -e 

! !

Iilfi 4.26 filornlrjfiqsrfiu'jrnalnlun1iaa1ufrlto.rrd'ululuuurlufia-nuruyndrunf;rri'u fu6o rj:vnau6'ru!!

odrlriou q ?iunou (mutti-step decomposition) Ioufioruranfififidn:rnr:aarosr-rr5'lfiaoluuriaytiu (T-,")

' il:ulJltu 55,282,340, tras 555 'c mrua'rrr-u st-luao{umr:r,:fr 4 5

sirkr0lo_ 
i

bn-
.:; 

u t\ni r,,':, \NV l:*-r lI \__J.
: -; .:. ll'

sitkl6%;---_l,,.,Dr.. f*t:
..r v \\nI 1,.;-: l.\ \l t'!'*, iiri\li 1."

i' t' \i' i" l;' \{ <
:::,_-_:

yld +.ze nlud'lri'uf:yuix o/olG riu ot c Curves to.:r',i'utttrarLfin'r'rurrilriurirll
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4.7 n'r:irn:lcdailf6rorr#ulsarau sFlpvp

lurirutalr#u'loruat:vv'jrllrautriTu:6u (SF) nju potyvinyt pyrrotidone (PVP)raio r*'utuzuau

SFIPVP frtoifinr:finuraurio'vnrTn:rairrrnfi In:raixzufin auffirrrnrruiouuavaurjGnrr:rrafiu:rionrru
u . u .!

l0uFr?uttunu n{uan{no tuu

?ilfi 4.27 ttao{ FTIR torud'uluruau sFlPVP fio-n:rdruruaurirrl orn:iloyfiuriavo'sr:rdruruauovfi
. -i v 1 u ;a, s 4 d j

l- llR spectra vlnalUna{nuttrliuLLannl{nutol,ilcA']uvruilunrrurt:LtrOlvrn [oOfrtyl^{Ufrnfrtt6fi{rOna'nufu

flodtililravto{ PVP luvnatilnm:r 6r1ud':ufinrona'nuniror sitk fibroin ovyrufinnr:duro.:yrirftrid'ufi
c,u

rilurona'nuzuro{luil : finrird'rXtri'uri firatndu -1630 cm'r, -1520 cm'ua, -tzqo .J;,runm,,.",
tona'nuni'uol amide l, amide ll uav amide lll nrurirrYu uavludrufinrondnunirol pvp ovnufin
rona"nunificirrYrU s fin 6o ii -zsss c- ' rflufinnr:fr'urolrail C-H stretching fi -toss c. ' rflufinnr:a'u
tolr,rriC=o,trJt.f ing uavfi -tzg0 c-'r{Jufinnlrd'rrr,rriC-N stretching filaoFrndorfiuln:.:airlro.:
eve o', nrirX o ddu riu1,ili'.rl,iu1u,.J a ufi f, ul,eirfl ud'ulEj,{ aur o r s i ua y pvp

2000

Wavelenght (cm-r)

0)

E(!

e,
,!
F
s

ySd +.zt rnR .uorr#u'lurra]r SFlPVp do'rl:rdrunralritl (8:2, 6:4,5:5, 4:6,2:slnurjtarin)

:tlfi q.za ttflFr't xRD patterns torrf,uluriarr sF/PvP fio-m:ra'ruaraurirrl rrn:ilovr#uir xRo patterns

tortduluaraufifinn{rlrafi.:fi afi ze = 21-23" (random coit) uavfifinr 6ni, zg = 27 28" (silk I structure) fi.rorn
a-nuruvtol XRD patterns frtdrvuiuirfia'nuruvndrunf,.:fi'uluqno-n:rdru uaytjldirr#ulurualfltriiln:lafxr.rf;n

1oe.t
[uuo6ol6lutUua?u[uru

- 
Silk 8:2 P\?

- 
Silk 6:4 PVP

- - Silk 5:5 PVP
Silk {:6 PvP

- 
Silk 8:2 P\/P
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a

a

2 rhera (2o)

gUd a.za XRD patterns tarduluaral SF/PvP fio-n:rdruaraurirll

ltld + zv u,an.: TG thermograms t o.: dulas.raufi o-n:r;irurir.: 1

dnurucndrunf;.:fi'uuavnalnnr:aar usr-'lrfl ,uuuru",urfrnou (mutti-step

uavu"luunr:rfil PvP

PVP tn:lraru'rnr:rfi r PVP

Temperaturr (oC)

;Ud +.zl rG t hermograms r o,: r#uluilarrfi dor:rd':uoir.: 1

o e e , .ht
eiruiu',Iola rtrl 1frkior n TG thermogra m s uan{oY{ n1: r.:fi q 

O

orn:rJovrfiu'jr TG thernrograms fi,u

decomposition) (rJ:vu'r2 q riusrou)

- 

PVP lr|re

- 

silk Frre
' silk:PVP 2:8

silk:PVP 4:6

- 

sitk.PvP 5.5

- 

silk:PvP 6:{
silk: PVP t:2

zo

0

-20

-{0
s
E40u.E

{0

-t 00

-l 20

-t40
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a

a

J.
sr1i1.:fi 4.6 rirnr:rfirnoirirr1frldorn TG thermograms to.:rfr'uluaraua'n:rd:urir.:1

Concentration

(wt)

To/"C rat/"C To^r"1"C T-ur1 , T-"r2,Tmax3, Tmaxq, Tmax5

2:8 56.9 92.5 330.0 54.3, 305.0, 424.1. 438.8,582.2. 640.5

4:6 51.6 71.3 266.1 52.7, 297,2. 435.t, 605.7

5:5 54.5 75.1 258.5 56.4, 293.2, 364.2, q26.0, 615.8

6:4 55.1 77.5 268.4 56 .9 , 289 .8 , 354 .6 , 587 .s

8:2 56.7 103.5 261.9 53.3, 287 .9, 352.9, 588.2

:ild 4 30 uafl{ DSC thermograms to{re'ulucJaxfia-sr:rdrusixl nlnluilu'jl DSC curves ro{uno-gr:l
!Jr!

d:unauia-nuruvnd'rundrrYu Iouludrraruu4irJ:vurru 85-100'c ri]ua'rutorn:ru{ufifrtusTrodriravrfinnr:
aalurr'd,ud?.:otuunfr 275-3oo 'c 6rrrntouadti'ru6uriunludoua xRo'irrf;uluzuaufirniuuldfiln:.:air.rrijuor!!!
u4.
ailfilutuuuan

50 t00 rso 200 2s0

Temperature

.a' o -,i -
JUvt 4.30 DSC thermograms u0':raulU,{ailyron:1a?uar.:l

L

o
fl

:

I

silk:P\/P 8:2
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ratndutJ:vrrru 3460 ..n' fiuflunr:fru.uor N-H stretching uavfinrFnlfiratn6u 1019 cm't
)c.i,
frrriJunr:auto{uil C-O stretching uavu'rurfinnr:dufirarodu t650 ilriJu amide I (C=O

stretching) oornr-lfiuru, amide ll (-NH2 stretching) firatnfiu 1564, t544,1520 ttav 1507

crn' trusfifintot amide lll nurflufinr6nlfiratndu 1280 cm't firilruonfirln:rairrroriusir
fivr (9 - sheet structure) ludruto.:tn:rairrurrrnfitorrdulurJa:J SFIPVP fiyrutona-nrgni

-&ranrvnirrorri'.:;irut o.: SF ua v pvp filduriuira u r:nairI rfr'ulu zuauld

-a7 . ornnr:frnurart6vrrln:rafrrilf,nrirErrvrnfin XRD r#utulrarfilduavrfr'ululuuarau (SFlPVp)

ru'irr#ulut
torrudrfimr.rauotj lou!:rnnfinnir.:fi 20 = 21" (random coit) uavfinrurorrSnfi 20 = 28"

(sitk ll, B-sheet)

nrnnr:6nurauuhurrn':ruiouri:urvlnin DSC nuirrf,'ululvufirnEuulff[uusiayn:rurriuriufi

rqfin::rurrorruioulndr6urrTu n?'u*drrdurortralhjfiaraodr.:firiurirdryrionqfin::uurl
u vo u .J

nruioutorrd'u [ulvufi rrrEu:{ei tud']utorrfr'uloarar fitrir.randro 1 ri'u

ornnr:6nurauffinrrurafiEJ:sion:uiau6'rurilnfin rca l,ru'irri'uloluufin:rurafiu:sion:ru

252-257'C rrsrlu,uolti'ula

,.lax 5 F/PVP uu'ir nr: 16r PVP 41il'r:nrfi unrurad u:sion:ruiouralrfr'ululyuki

,i

:

a
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