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Fi ber structures and process for their preparation
Field of the invention The present invention relates
W e0o8lasoptr epar ati on of fiber(s), and fiber PCT/SG2007/000315
structure(s). In particular, the invention relates to
fiber structures in the formof scaffold and/or | ayer.
Background of the invention, Nanofibers have shown
tremendous potential for use as biological scaffolds
as they resenble natural extra-cellular matrix. Their
| arge surface area to volunme ratio also makes it a
potential candidate in drug rel ease and the_
i ncor por aCiRel SHUCKIrEs 8R0dHDCesshior Mmeieprdparatial ease
when used in vivo. Recently, electrosplnnlpgbhas been
ieliserd Wl esearchers to fabricate nanofi brous
Flesca h%%ﬂﬂ?ﬁ e nanofi brous scaffolds have shown to
encourage cell proliferation and cell adhesion. The
Theaprgsent pinveniien orelates namottiehepreparatidrheofi MbRFEP! A Miber

. . : h o
strShudf) B BaieRErales TGRS rolgiese RtbeT-&irumures in the form of
scaffalr b Riyepf bi omimetic scaffolds. In

el ectrospi nning, a solution with sufficient viscosity,
typically, but not restricted to a pol yrrferbsol ution,
' é{ﬁﬁpl t: i.pitial raw material for fiber
Ba ﬁ%e.'n Grily vol t age power supply is used to
apply a high voltage to the solution. Wen the
Nangfivers hewt shonretremenddss bbeerfial farcesd 88 idBgiRhl §&folds as

[ [ yti | et jected fromthe nozzle of
the Regs g nattral.oiReb ildlar navet S hey lers serfee aoes toholume
ratié 60 AbkeSR Ppbiéhtialcdrffidatd if B felbsd3NY 15E MR ibii8n of

t he sol vent evaporates. ectrospi narng I
biolpgisalisubstanees fai reteaticawber ruset! mf ‘?’g‘w Recentis d@dml)slirﬁnning
{ | e. Electrospyn. fibers are generally
nas BEerl HRBH"HE il resnarelioss. i FsA daneBhiauiy Rfolde. The
nansflbidie! doaffoltchard | el o Abhbilitale! By SilikRltibT 4o cell
very hi gh porosity which is advantageous T or I'ssue”
adhesight dhgLasersf peductianyel nanofivers and the incorporation of various

substances into the nanofibers have made electrospinning an important process

in the fabrication of biomimetic scaffolds.

In electrospinning, a solution with sufficient viscosity, typically, but not restricted
to a polymer solution, is used as the initial raw material for fiber fabrication. A
high voltage power supply is used to apply a high voltage to the solution. When
the electrical force exceeds the surface tension of the solution, solution jets are
ejected from the nozzle of a spinneret. As the jet travels to the collector, the size
of the solution jet is shrunk to nano scale while the solvent evaporates.
Electrospinning is able to produce fibers with diameter of a few microns down to
the nanometer scale. Electrospun fibers are generally deposited as a largely
two-dimensional non-woven scaffold on the collector. Although the scaffold has
a very high porosity which is advantageous for tissue scaffolds, the pore size is

generally too small to allow cell penetration beyond the surface of the
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generally too small to allow cell penetration beyond

the surface of theelectrospun scaffold. This
wae@siosdosant |y limts the application of the PCT/SG2007/000315

el ectrospun scaffold despite the advantages of it

being biom netic. The main reason for the difficulty

in fabricating various nanofi brous assenblies is that

i ndi vi dual nanofibers are too weak to be physically

mani pul ated using standard apparatus. It is also not

possi ble to formthree-di nensional scaffolds through

lnnj .as. i dual ch h
clocioRBbh LR o€ Signifcanty (e e Gepueaiinmef necelnctigspun
scaffbld@lespite th@%ﬂ%bﬁ@gg@id?ﬁ%éi bfdn'?iﬁ{%tlr?tc’ so smal |,

stacking of the fibers to i nCrease é bul k during the

el ectrospi nni ng process would take a long tine.
Theppaimesasendor the difteultysinZeblicatingevaridies hamefitsoos dsbemblies

. . £ . d | th [ I d
e et R e M A
starslesd fapbdratos ek ds cigy adapoesibRf td fnt "tméé-giirggﬁé‘ibﬁal scaffolds

h EP159 1?69 iS\Kul i nski) describes a netho prepari ng
rogg ¢ flsgirospinping rass thy pesighuali shatgesolopndhe spepositegl fibers
tdi hdi Le@wd - 50l vent a. :

e et RSB ien e IPufng eI % 1A 3R cSPs s asrels so
smad| & qimdmﬁ ti‘lanﬁbér‘lsletosincTéms@Eﬁ@tHMI;érdminbi hfé(’j 2iét@®spinning

then onto r er r other collecting devices.
pr°3—e1§§é’¥f\é@$ g A Bradime Euthermiorenthe,pprensice hadupenribe fibers

tiae llayersher €ip j i f fi e :
o Acc?r’%i_ngl Y, éﬁﬁ%tﬁ??oﬁ“é?f%?%&@ “c/édl?ﬁrég\%el Biéfpgulty In
penegfraiingr dofor thaen elretraspuro dscaffold | yrilesskidegsadatibne ed. thdDfibers
OCCL?rPOW 013858 descri bes a nmethod of producing fibers by

e

ectrospi nning. The fiber(s) produced are then spun
around a rotating roller to produce fiber yarns. This

EP168156% (Kalpimdky) desdriveben hitith6@1df efépatihd bbeiber @Rl by

cannot f@{bri cate three-di nensi onal fiber structures or

Prepaliad & RS sRinging solytissnand\erauiding @ flowingenen-selvant as a

coadlffthd mddig i |89 fosPuR Hanof
i berds ok i F?Eéecrlﬁ’cé‘%e{‘ﬁ% %@fggﬂgﬁ o?%? (S?\Igecgrosgun nanofibers. The
electjospun yibsusmareythen wreindneatd irolfers or other collecting devices.
However, the method described in Kulpinski would not allow the collection of a
thin layer of fibers. Accordingly, the filtration efficiency of the fibers prepared

from the method of Kulpinski is reduced.

WO 2007/013858 describes a method of producing fibers by electrospinning.
The fiber(s) produced are then spun around a rotating roller to produce fiber
yarns. This method is only suitable for collecting fiber yarns and cannot
fabricate three-dimensional fiber structures or two-dimensional fiber mesh.

Accordingly, there is a need in the art of new methodologies for preparing fibers
and fiber structures of improved quality.
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The present invention addresses the probl ens above,
and in particular provides new processes to prepare
WO 20981036051 n particul ar, the invention provi desPCE$G2007/000315
processes to prepare fiber construct(s), for exanple
in the formof |layer and/or scaffold. The invention
al so provides the fiber coqftructs prepared accordi ng
to the process of the invention. According to a first
aspect, the present invention provides a process of
preparing at | east one fiber structure conprising the
steps of: (a) contacting at |east one viscous materi al
Su t nt non- sol vent, the non-sol vent having
a first flowrate; and (b) allowng formation of the

TheSreb | st N Ui b B SRE GofublBrie

new Ippocesses tcs presaret fibarst Ha partisuldt] dve riavéntin hévides new
flowr zero. The fjber structure

proqﬁeeﬁgoapr F’B?r@rhtﬁr ‘?qrﬁ' P§%(S)-‘»chr examplecin theeformeiy layer and/or
scaﬁélﬁuqherlﬁvéiﬁbbnbﬁsé‘ %§ th@¥iBEr énéﬂ*llclt:% EF%( r@ﬁea{c%]opcfmg to

fibers. The layer ers rray ness
the prngss e éhe lrtyentlomn part| cul ar, one fiber dianeter.
Fi bers of various dianeters may be forned fromthe

S& e e i nventi,on cordi , the
ACCP F(ﬁﬁg St ruc %}r ggé%g’s} nkh?e pg@%ﬁ”ﬁn@f’@&% %(88%}[‘%1@0 Pregese of
preparirg atl loagteorie fisdragtrudtive dorhgrising (H@é@?@ dray have a
di anet er of about 500 nmor |ess. irst flowrate

w rate of the non-solvent nay be varied

d seco
Z dCQP?&F %3%%? oq"?ﬁg vissoypymateriahwits atdenstione non-solvent,
Accg{éjhg,g_sbg,eﬂt R Cﬁuf"%f fléﬁlﬁlﬁfet ,athe first flowrate

may be obt ai ned OW n e ’'non-solvent to flow
down an inclined plane For exanpl e, the degree of the
(W pllewingefprivatigm of ékdetab learsti omeefitutirf Starctune il e presence of

t t,  the sec
ol BPEYAHPAE ! 3 B id O e FBSIEk, e RPnd ow rte i
par ldseuthan thé fikst HeRate bl e seiohd fovPiE R bBBLIELroZ €T O
an

The fiber structure may be a layer of fibers. For example, the fiber structure may

be a single layer or multiple layers of fibers. The layer of fibers may have a
thickness of about one fiber, in particular, one fiber diameter.

Fibers of various diameters may be formed from the process of the present
invention. Accordingly, the fiber structure may have a diameter of about 100 pum

or less. In particular, the fiber structure may have a diameter of about 500 nm or
less.

The first flow rate and second flow rate of the non-solvent may be varied and
altered according to any suitable method. According to a particular aspect, the
first flow rate may be obtained by allowing the non-solvent to flow down an

inclined plane. For example, the degree of the incline may be varied to achieve
different flow rates.
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the step of allowng formation of the fiber structure
is perfornmed in the presence of substantially stagnant
woorwsesdosent . The first flow rate of the non- sPCTEGL007/000315
may be reduced to a second flow rate. The nmanner in
which the first flowrate is reduced to a second fl ow
rate woul d be known to a person skilled in the art. In
particular, the first flowhate is reduced to a second
flow rate after the non-solvent has flowed down the
inclined plane to a non-inclined plane. The fiber
structure may be forned on the non-inclined plane.
Accpudting do rey padicatart Asped s trec secdritk flpne ste tmap e bpproximately

zery A e 1 et B eBoPd i cats, & FRPIRKPIaIgY Zero and

the 8&pf 6 IBwikd ForRiRRRSSF RETBEY StrlStutd & ?éﬁ@ﬁn in #@)presence
contacting at |east one viscous material with at |east

of sybetantiallysaiageant narkeolvent. sol vent having a first flow
rate; and (b) obtaining at |east one fiber and

[ ' fi fiber
The3RSFR) 80 B R AR BBk ahSed BT BrbbB Yo rate. The
maraes entwisich ¢hé dirst fidwaatd Beredicatiftol 8 se€bad fidderate would be

scaffold may bhe forped b){lbassenbl i ng the obtained

f ol . . .
knopinge g R§rsgp skflleghin ige @nk I pedicwar, thestist Spwiratenisgersed to
= sdrl AP RS A 1 nERS AR 8 oo 1 PRI i o
nonfinelined Iptaner. atlee dibearhsirsetomn dndy de famneed omileitnoreinclined
The fiber scaffold may be forned by collecting the
plar@ot ained fiber(s) or by allowi ng the obtained fiber(s)
to collect. In particular, the obtained fiber(s) may

Accbrdif@! toeehethe? aspeAVeRe titesBhl fffentisho P_ﬁ)\ﬁ&éﬁ @'Pifr%llﬁédss of

or being allowed to assenble to forma fiber scaff .
prepayince phnpae, one diljarpelirueibes,  whereimthe efierr asdctore is a fiber

Scaﬁé"P' %tg’@%/egén?%pﬁyé hgé %&Jgfai ned fiber(s) to

I ect sul e ns.’I'n particular, the fiber
scaffold may be fornmed by collecting or allow ng the
(a) contacting at least one viscous material with at least one non-solvent,

the non-solvent having a first flow rate; and

(b) obtaining at least one fiber and assembling the obtained fiber(s) to form
a fiber scaffold, or allowing the obtained fiber(s) to assemble to form of
a fiber scaffold.

The fiber scaffold may be formed by assembling the obtained fiber(s) or
allowing the obtained fiber(s) to assemble in the presence of the non-solvent at
a second flow rate, wherein the second flow rate is less than the first flow rate

or the second flow rate is about zero.

The fiber scaffold may be formed by collecting the obtained fiber(s) or by
allowing the obtained fiber(s) to collect. In particular, the obtained fiber(s) may
be collected or allowed to collect before assembling or being allowed to
assemble to form a fiber scaffold. For example, the fiber scaffold may be formed

by collecting or allowing the obtained fiber(s) to collect by any suitable means.
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obtained fiber(s) to collect against a wall, barrier,
mesh and/or filter. The step of contacting at |east
wWor®sws®sous material with at | east one nonsol RENSGR007/000315
the process according to any aspect of the present
invention may be performed in the presence of a
vortex. The vortex may be ovi ded by any suitable
manner known in the art. Aﬁi suitabl e viscous nateri al
may be used in the process of the present invention.
In particular, the viscous material may conprise a
ymer. The polyner may be selected fromthe group
In %ﬁ'ﬂ%‘l‘léh ihg fiper pealeldpnay dee dnene@dbwammkﬂmg or allowing the

oY 151 SRLEFR 550, BEE!FePetrer

poly-1-lactic acid, polygyycolide, poly(glycolic
Th@asie@) of jpohtestingrat, lemst bl Mistbds TRateiaP TRt least one non-

soBBE 1 e Binsbsrapcorfig {d ahuaepaey of e piebbRGRERAtion may be
perfofihbdin & b%ﬂcg'éfhﬁrvdrféx' tFhd 3bHER ey Beprovided by any

cross-1linked
suitableyyannerdtricoweinl thecirhe) . pol y-1 acti c- gl ycol | de acid,
pol y(L-1actic acid-caprol actone), polyacrylonitrile,

Anype{.aféagrv.kgai{%gh%@éf énaypgqaeg(;@éﬁa E‘Z]f”&ﬁﬁi@cess of the present

mvemﬂ:bpl(\hn nyarticelag ctheoisdsus anacsid| ahai: chRp&S Y| g%ﬂﬁner The
l))ool %pyl ene yI on series such as” nyl onI 2 an
po

ey Bien 9reiiE agensisting | of vipojycaprolactone,
poly%'rrﬁ@@@' ), p&g :nlnHéé’S €, &&?&Arﬂ%ﬂﬁ&esﬁc etpgbdﬁ(geﬁ'?%ly |u | polyurethanes,

acet at’e but rnyl pyrroli

poly@ﬂeﬁlm@amqmlptﬂblas’ﬂda pelyh_olaoﬁbfmaebb%y%ohd? poly(glycollc

acmﬁ,zgi)%ﬂ/gls rs, pa%((gélmﬁq? e&&o%ﬁggg;n pgl(;)(vm;?hde%e fluorlde—co-
I y e

hexg%l{%/f?gropyldéyne% Lngef'c?B)} ?&gdLalgggm?)é)polxdlpx%ﬂ?nq nghitin,

CO”ﬁlﬂﬂfyelUﬁnyIlfén’ta’twerfewhtommczﬁsel)nkedpellly(dhytdsam,ypoly(glutamlc—co—

eulyy 2y R SRR é@ﬁcLy&@?sgﬁhé’@f‘q‘i' L carsglactons),
pOIVQOWMW arjdlymcﬁ{’fﬂl@ﬁm"éderst ood&%,hat o?{?g%sm? rﬁ%’ﬁhacrylate,

thereof. It would be un
polyvmylchlonde poly(vinylidenechloride-co-acrylate), polyethyiene,

polypropylene, nylon series such as nylonl2 and nylon-4,6, aramid,
polybenzimidazole, poly(vinyl alcohol), cellulose, cellulose acetate, cellulose
acetate butylate, polyvinyl pyrrolidone-vinyl acetates, poly(bis-(2-methoxy-
ethoxyethoxy))phosphazene  (MEEP), poly(ethyleneimide), poly(ethylene
succinate), poly(ethylene sulphide), poly(oxymethylene-oligo-oxyethylene),
poly(propyleneoxide),  poly(vinylacetate),  polyaniline, poly  (ethylene
terephthalate) , poly(hydroxy butyrate), SBS copolymer, poly(lactic acid),
polypeptide, biopolymers such as protein, mixtures, copolymer and blends,
copolymers and terpolymers thereof. It would be understood that other suitable
polymers may also be used for the purposes of the present invention.
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pol yners may al so be used for the purposes of the

present invention. Any suitable non-solvent may be used
WO pooBss0pr ocess according to any aspect of theP@I/e6mEat/000315

i nvention. For exanple, the non-solvent may be at

| east one of, or a conbination of water, mneral oil

liquid nitrogen and the like. Any suitable m neral oi

may be used. The mineral oit nmay be any oil derived

froma mneral source such as petroleum The

non-sol vent may conprise at |east one additive. For

exanpl e, the additive may be selected fromthe group
Anycgiiitable pag-sefverdmaybassad in theopacesaacoprsiing/ic any aspect of

. . A s s,
the SRR Faverbhe £ b &R amBl the Pl iy L o8 AR o or =
conabrigiatiorp exft wafer,! heingrag ssttliuiy afifrbgen ramd the tiRer Any suitable
. CO r,Ii se a step, of seedi ng at | east one cell on the
m'nfeﬁr]g’r' pay ke used. The puneratall spay baany:@hdesiveskisamg raineral

I t s perfornmed on the obtained fiber(s)
soug&(;eg‘gl#%w‘:ﬁﬁg%g%leal.ﬂlnﬁed fiber(s) are assenbled, or all owed

to assenble, to forma fiber scaffold. Another aspect
Thepnon-selvené seayt compdse iab teast cnedadditivé.i bar example! thie additive
tai_ned. fraom or, obtai nabl e.by any process. of the
may e REEGHEd TG fing croUp  RSIRIa) RN bicRo dsPIee fagtors
vitah#iASt heRBoReSdegtokRick. DIREInGI BEENE! MEkUrRigBRY BRotdHRdand
as a tissue scaffold for tisSsué engineefring. The
colgpringedites. nvent i on al so provides an apparatus for
preparing at |east one fiber construct, conprising:

o oA S S S S5 A ARBR i i

conmunises a lstem bf ﬁé@dingMﬂEasftQ{ne:milt antﬂgél ?Eef s’@lhd:tglg%.ggnp{dr&cular,
an e non-

e S0 Bl e AR il e oSyt

the CthREHOfibdrR) 4@l %@é‘érhlﬁ‘l%da Jri ARfwedt td! ‘é%%.’%rﬁb%btta' f&ﬁﬂr g-‘/ﬁber

assenbling the fiber I'nthe formof er struc
scaffpld or collecting a fiber structure

Another aspect of the present invention provides a fiber structure obtained from
or obtainable by any process of the invention. The fiber structure may further
comprise at least one seeded cell. The fiber structure may be used as a tissue

scaffold for tissue engineering.

The present invention also provides an apparatus for preparing at least one
fiber construct, comprising:

(@) means for preparing at least one viscous material;
(b) means for providing at least one flowing non-solvent;

(c) means for contacting or allowing the contact of the viscous material and
.the non-solvent, thereby allowing the preparation of fiber(s); and
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prepared by allowing the fiber to be assenbled in the
formof a fiber structure. The apparatus nmay further
W@ 0ops®e1 means for providing a vortex to the PCT/SG2007/000315
nonsol vent. The neans for contacting or allow ng the
contact of the viscous material and the non-sol vent
may further conprise at | east one inclined plane for
al | owi ng the non-sol vent td flow down the inclined
plane at a first flowrate. The collector may conprise
at | east one non-inclined plane for allow ng the
fiber(s) to be assenbled in the formof a fiber
$d) accallestarrfor homllpctirag rec Bberf strheture mbsaihed ity assembling the

second f.I w rate, .Su that the second fl wra
oo 8BEn i, B8 KT arca At uchitg, o Fed Slles e 4 et Siructure
IS ppspHred Qf)DaIIJ\hiﬁrngNé ﬁl§ér0fo Béyaéﬁeﬁﬁbléé’rfﬁrthtﬁ’oﬁfh of a fiber
| east one mesh ter , barrier and/or collector

pl asluclfre.assenbl i ng t he f| ber to formthe fiber
structure. Brief description of the figures Figure 1:

TheS&h gFl%r nn”%gngﬁ%:P gﬁnﬁriggl ﬁ%EHQ%BPB@éﬂngJ;%ﬂQ@tO the non-

sca e ou rous yarn.
solvehy. Tﬁ'heerrréamenﬁjronahtas:tlagf@ﬂ cliowiley dbé odntabie of the viscous

maf{gﬁg g the s }/\oﬁﬁiverﬁid)aﬁv Pg et gar gsgt?étlﬁg%@n%mm?ﬁaqlane
for HW(SW nﬁpché hRnYsHiven Ftbgf‘l’d\ﬁ d%wrf ﬁ’)e Relinddl 'pi&f'lg)—:l Qtegefl(%t)ﬂow rate.

l'uoride) yarn ma e out of el ectrospun
TheCcontslemayonompns?el 3t( Mganly Iqmenen-ﬂmahoeddplpngafon allowing the

fioeJGF 16 R A tpb e e B PBR st e Frtictaictnd FOisSaEeBts o the
nonoéol\?éﬂlt)’étca'il@é@bﬁd?H‘I@Gﬁ}a’céaéﬁcﬁ ey e KondvfioidrBte is less than
phol o y Figure 4: Twi sted pol yscaprol act one)

the élrsécf{qw) arerythe reesongiflsay rafiegarabosit zerecihe spllentomgay also

confi, B 8 ErEPIR, ! Syl Ry ot has ror

assorliag tieslfiloer tbrfermemélﬁbeoétruétaréresh which is to be
encapsul ated during the drawi ng process of the yarn
into

Brief description of the figures

Figure 1: Setup for production of electrospun 3-dimensional scaffold made out
of fibrous yarn.

" Figure 2: (A)Three-dimensional scaffold made out of the nanofibrous yarn. (B)

An SEM image of the three-dimensional scaffold showing the nanofibers that
made up the yarn.

Figure 3: (A) Poly(Vinylidene fluoride) yarn made out of electrospun fibers. (B)
Cross section of Poly(Vinylidene fluoride) yarn showing solid yarn morphology.
(C) Poly(caprolactone) yarn made out of electrospun fibers. (D) Cross section of

Poly(caprolactone) yarn showing hollow yarn morphology.

Figure 4: Twisted poly(caprolactone) electrospun yarn of fiber.
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the hole at the bottom of the container. Figure 6:
Funnel placed in the basin to facilitate and gui de the
wQ a008/036050 t he hole. Figure 7: Schematic of seP@pPS@RIN000315

flexi bl e novabl e cylindrical device and novabl e

collector for controlling deposition of the

3-di nensi onal scaffold. Figure 8: Schematic of setup

with auxiliary electrode t& control the deposition of

the el ectrospinning jet onto the non-solvent. Figure

9: An inclined slope to create a water flow Figure

10: Modified technique to create a water flow Figure
Figuré 5: Elﬂacttqulpmrmpg mnbhrmtxlshpteospiapené& té fdm’r a mmslt dme the surface

i ncline 0 2 Auxi l.i a tro
of 11" AghrEaivaDt o ssreby Ao Tyafial it eSS onyibe, gante of the
meshewAIchf ik QY Bé’eﬁbﬂpééhléﬁﬁ diﬁﬁ%;tﬁéegrémﬁﬁrprbé‘é@%r of thef P4 into
a 3D structure i gure dified water flow over an
the bqlgeatttbe bopowi of Bp aoptdinel. d. Figure 15: A thin |ayer
of PLGA fibers that is one fiber dianeter thick.

. r‘ f B t . f -
Fiafe ! el ke 368 BRI Yol i 08 fh o e
holecl ose up view of the PLGA 3D scaffold. Figure 18: A

cl ose- up view of the PLGA 3D scaffol d.Detail ed

Figuignt| CHBETIRIG Fb SR8 CHEh CRdbIe: B dyindigal devics and
moﬁ%‘ilé’@@lle%‘ﬁ&ef&béﬁﬁélllhé‘d%[i@ﬂfleﬁ'@fﬂi an'n%hs%f AHorices

and added at the end e exanp
content of such bibliographic references is hereln
FiguradyiSehemalie ofisatap witbrasxdlisngfeledtradsnto cantolthe depesition of

e b SpBEBDA B ey Pt cular

Figure 9: An inclined slope to create a water flow.

Figure 10: Modified technique to create a water flow.

Figure 11: Multiple spinnerets to deposit fibers on the inclined slope.
Figure 12: Auxiliary electrode to direct the electrospinning jet.

Figure 13: Modified water flow to churn the deposited fiber layer to form a 3D
structure.

Figure 14: Modified water flow over an edge to deposit 3D scaffold.
Figure 15: A thin layer of PLGA fibers that is one fiber diameter thick.

Figure 16: PCL 3D scaffold by meshing the thin film together in water and
freeze-dried.

Figure 17: A close-up view of the PLGA 3D scaifold.

Figure 18: A close-up view of the PLGA 3D scaffold.
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of the fluid. For the purposes of the present
invention, fluid refers to a liquid, in particular a
woenseaosent . "Flow rate” (also referred to asPCT/SG2007/000315
"volunetric flowrate") refers to the volume of fluid
whi ch passes through a given surface per unit tine
(for exanple cubic neters ger second [nB s 1] in SI
units). It is usually repré&sented by the synmbol Q
According to the present invention, the non-solvent is
mai ntained at a first flow rate. However, the flow
rate of the non-solvent nay be adjusted (varied) to a
Detasiledatedctibtion béthe invbeticri n t he second flow rate is |ess
than the first flowrate, or the second flowrate is

BIbBHEHNS (SaioneRe. Fentionedod, die. PRSsHE dspeptigaton are for

con\Fé}’fléhééJﬁéléd Wfdﬁrﬁf é’fsttcffef'efé’réﬁ@ég ahd]“é@ﬂééi ‘éﬂtﬂé‘@nd of the
second flowrate is [ ess than first flowrate or

exampleser bhe Twbplef qyomtenic obrsliciy blbhagfaphlerrb@faremw, is Heerein
i fl ow, %@tﬁh% non-sol vent becones slower after
“005%%‘%% {6 Se f1ow rate fromthe first flowrare
to the second flowrate. A second flow rate of zero
refers to the fluid being in relatively
Defipiignst anti al 1'y) still condi tion (also indicated as
being in a relatively "st agnant condi ti on)
13 " t (
P B Y51 B eA AR, o A SEEPIY Fi Ry pgvemen
of thehﬂmidt Rer thaipdrgussesafitied preseityinvention, diwid a;fersclnrqnaqald, in
o the flowrate before adjustnent. In particular, the
partfqu@ﬂhar%?%-smy?n e about zero, so that the flow rate of

the fluid is substantially reduced, close to zero or
“Flodd FERE (2186 Qefeflid!f0 BE M olenéthe ffd\np\‘étéﬂyt Rfel¥eRNthe volume of

cha&%dng the flowrate Qfroma first flowrate to a
fluids wibésid PRERRS rﬂapéghmgl\eaﬂ sutfaea tparaynibdimeaffior example gubic

met¥f o Se O, B ol it SIS el GerissRits By, thg, gymbol
Q. A¢conding tonineopraseat Wehﬂow thid hoassolvegit ds mamynefd ata first

the perpendicular to A, the flowrate is: Q= -V
flow_rgda. gHowever, the tlow rate of the non-solvent may be adjusted (varied) to

a second flow rate, wherein the second flow rate is less than the first flow rate,
or the second flow rate is zero. Alternatively, the second flow rate may be
greater than the first flow rate. According to a particular embodiment of the
present invention the second flow rate is less than the first flow rate or is zero.
Therefore, according to this embodiment, the flow of the non-solvent becomes
slower after adjustment of the flow rate from the first flow rare to the second
flow rate. A second flow rate of zero refers to the fluid being in relatively
(substantially) still condition (also indicated as being in a relatively “stagnant”

condition).

“Relatively still condition” (also referred to as “relatively stagnant condition”) of
the fluid means that the fluid has a relatively low flow rate compared to the flow
rate before adjustment. In particular, the flow rate may be about zero, so that

the flow rate of the fluid is substantially reduced, close to zero or almost zero.
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Where the flow is perpendicular to the area A that
is, q =0, the (volunetric) flowrate is given as: Q =
Wa\2008/03686cor ding to a particul ar enbodi ment of P€T8G2007/000315
invention as illustrated in figures 9, 11, and 12, the
viscous material (for exanple, a polyner solution) is
contacted with a liquid (niB-sol vent) having a first
flow rate, for exanple by lowing the liquid to flow
down an inclined plane. The first flowrate is then
adjusted to a second flow rate, wherein the second
flowrate is close to zero, for exanple, by allow ng
“AthUﬁtamemqgf the: flow Irate” sneans shahgioli thedlqw sate, Qsfroomhaffirsf flow
provi di n

ratel %y 8 b Mol i, X AT EREY bE ¥t gt wavine any

oneébffthé@lerﬁéhﬂ@ﬁtﬁé%llovﬁh@%rmﬁl@f i \$ert &n afed A28hd¥duid flowing
prepared accord %ﬁ]to any enbodi nent of the

throvebéhwﬂbwfean|erlq¢ejyﬁ/rw ARandip Pawawfroay thegarpesdigular to
terial with at | east one non-solvent. In
A, t%%r?%é;% the fiber may be in the formof a fiber
yarn which is used to nake the fiber structure
) acéordi-ngafd the invention. The fiber may have a
di aneter of about 300 mm or |ess, about 100 nmor
| ess, about 10 mmor |ess, about 1000 nm or

Wheisothe 0w isrnaspendisdlar ipdbe =ea Mnthet is, & s OaBmJ(vqmoetrIC)

flomﬂlgté’i égéﬁ,asabout 50 nmor |ess, about 30 nmor |ess,

abou nmor |less. The term’ fi ber" enconpasses
"nanofi ber". The fiber according to the invention may

Qaldo-be referred to as (nano)fi ber, thereby indicating
that the fibers may either have a dianeter in the nm

AcoREE 18 s gibiRL AR et of Tedte it 85 etk fioures o
11, a@lger2 ttﬁea\nédd@@rmaﬁéﬂaﬂ Fof eStafHpié o4 pBgln?é?oéBIu A490Q d¥tacted

or less. "Structure" or structure"

wﬁha@d@;m (pn-solveit) inaving: a dinsty #aw rretet cﬁoraepgammeabwlauowmg the
iquEE KL b Fbf i Belie R il iR B TheRrad o =
secohd tfloey rate enhein thC sedshdiowdaRie close to zero, for example, by
allowing the liquid to flow on a non-inclined plane, so that € is about 90° or is
90°, thereby providing a substantially stagnant condition for the formation of a

fiber structure.

“Fiber” refers to at least one fiber prepared according to any embodiment of the
invention resulting from the contact of at least one viscous material with at least
one non-solvent. In particular, the fiber may be in the form of a fiber yarn, which
is used to make the fiber structure according to the invention. The fiber may
have a diameter of about 300 um or less, about 100 um or less, about 10 ym or
less, about 1000 nm or less, about 500 nm or less, about 300 nm or less, about
100 nm or less, about 50 nm or less, about 30 nm or less, about 10 nm or less.
The term “fiber” encompasses “nanofiber”. The fiber according to the invention
may also be referred to as (nano)fiber, thereby indicating that the fibers may

either have a diameter in the ym range or in the nm range. For the purpose of
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enbodi nent, the invention provides a nethod for
preparing fiber structure(s), wherein the fiber
wa@eeoswse is in the formof "layers of fibersPCT/862007/000315

exanple a thin film In particular, the thin film my
have the thickness of one fiber. Even nore in
particular, the thin filmjyay have a thickness
equi val ent or substantially equivalent to the dianeter
of one fiber. The layer of fibers or thin film my
al so be nodified to prepare a scaffold or 3D fi ber
structure. According to another enbodi nent, the

the prasent inventiooy frieterm ‘r‘mrrocﬁi@ef” is Wsashto refgr 40 schiperohaving a

ol gL R o Bt A2 0

particular, a fiber scaffold may be forned by
“Strasthfe?airi“ﬂﬁeroﬁthﬁiml@ docbeiifg lo the inventfiomeefels & aeyl2D and/or

3D glGiHIRAPTTASG Py RIPIIE TSP oot UG % aESETBY of fibers,
prep?é’rleble%\g: pordf éj”sl{oa%é’a!nl\ethgé‘r "o¥ e 'Tﬁ%htﬁﬂ'p/ %ﬁgé@lﬁ&rto one

I's a surtface or plane
emt&ﬁﬂpenhttheaneeraﬁordpfchmdwa imethuict for ﬁﬂwaanglfé:emfsttdm&re(s),

e R e I B RS R RS B8R

fIImW?ﬁﬁléﬂﬁPWh@ttﬁI@fﬁ May haveS HE tHiGHriEs. ochsWé ﬁﬁé’rf EvehtPore
incline may be zero or close to zero relative

in naytlccuiar, Hbei thimtféin playnbaveae dhigkngssy, etherai or @ustantially

auye R 4O NG ceotsh e o e e e o7 shif T Rl aiso
be fiRidifldd oo pidparendBeafidldvér 8D flﬁeraétrl@cthm’mcdmumbt to &nother
'viscous material" nmeans a material (for ex

embadimgnt, viheniryepiier gypvigesa |"ﬁ@f@Pﬁ|aforr@§P§f'aﬁg scaﬁeld (also
refez‘lle?jct%ue?s HB'EPL%tﬂJct;]@’ b FiBef Q@aff&?&’m“ﬁﬁelaséﬂo‘iﬁ”' &nscaffold”)

VI SCOUS sO The vi sScous sol'ution ma
In pertididasta fiber poafjotdrmaythe favmedeby m}leumgmbtainad tflbeE(B) or
| east ,on _ven Further, _the viscous sql ytiopmay, . .
allowfiip ablaned TRk SRS, BXRIL TS dh pieila, cie bbtained
flbefﬁek?ﬁﬂe%“%ﬂé&% sahilowd 96 eéd?l%ct ‘égbﬁﬁ't S walll $Rirrie@Mesh

_ The "non-sol vent" in resent I nvention
and/asffdies. t o a subst ance whi ch can be

An ‘“inclined plane” is a surface or plane whose endpoints are at different
heights. The angle of the incline may also be varied relative to the horizontal
plane. A “non-inclined plane” is a surface or plane whose endpoints are at the
same height. Therefore, the angle of incline may be zero or close to zero
relative to the horizontal plane. Accordingly, when a fluid flows down the
inclined plane, it refers to the flow of the fluid from the endpoint which is at a
higher height to the endpoint which is at a lower height.

A "viscous material” means a material (for example, a fluid) with a viscosity or
internal resistance. The viscous material may be in the form of a solution
(viscous solution). The viscous solution may comprise at least one polymer. The

polymer may be mixed with at least one solvent. Further, the viscous solution



10

15

20

25

mxed with the "viscous material” in a certain range
of proportions but is not capable of dissolving in the
wO 200808081 material". In particular, a "non-sol REnNsG2007/000315

includes any liquid that, at |least partially, does not

di ssol ve the viscous material. For exanple, water,

mneral oil, liquid nitrogen and the |i ke nay be used

as non-solvent for the pu?\c?oses of the present

invention. Any suitable mneral oil may be used. The

m neral oil may be any oil derived froma m neral

source such as petroleum A "vortex" refers to a
maysedisprise oter gubgianaks,csuchcas nanapaiticlesy tasbdn nanb-tuie, salt,

t$.osse ses vortici tﬁ' %ﬁ articular, the spiral or
proteins oYHAMIRS Boass abhdh of the fluid tends to draw

the fluid towards its center. Description

The EhefisoRapitnini the: presanhBiveAflon Fefire dd GEstibdianse MidHgaf be
di aneter fromthe submcron to the nanonmeter range. As

mixed méibuthe ofsqons iaierialt in Recentaineieage eheeporiions but is not
capif8 SR G if e “b@&oﬂ@trh!fafénafb"tﬁ";génifalgﬁ h"ABh!ddivent

f abr reedl mensional scaf f

incluglegrary lipuidi tieatpat leashpartially, boezppdt dleztcblw tied viscous material.
el ectrospun fibhers as | d. Ot her mnet hods

tissue scaff
For gxample.; Watarnginaiad i %H'@'. BRoe8Cand dhe kecmay (i used as
non%ﬁvé?%q' r ﬁﬁe‘ pﬁfgo@@g f'tﬁérp?regén eHﬁ’cSn V@ﬁ)?n‘%hlt lﬂe'l’ﬂlneral oil

terns o terrals it can
mayf bexus‘mdl ithe ofinénat @il poagtbhen gnyt ebléldeﬂue&tfmmes nnmeml tsoeirce

? The present invention provides a process for
sucfbgglpg Ot yi t abl e fiber structures, the structures
bei ng biom netic. The structures nmay have huge

A ‘Pt re’ﬂarsl PﬂoV@fé;lIbﬁatﬁia‘ﬂ?Ssﬁ‘ralt bﬁsmarF/eﬁbiibﬂfTBﬂta ghAd that
ti ssue engi neering. Sone exarrEI es include cartil age
f

possessesticibh l@mriufdﬂ@r, teeyspEALET Befaryrmotionpefithe mass of the
f|u1dst%F1H%"t6'HFavVﬂi@ﬁwBrtSR@F@ Jéé) ?I ectrospun fibers and
nmay be used to

are ree I nensi onal fiber
scaffolds. The present invention describes processes
Destapfign epari ng fi ber structures (fiber

Electrospinning is a method to produce fibers having a diameter from the sub-
micron to the nanometer range. As a result of the size of the diameter, these
fibers resemble extra cellular matrix. However, the inability to fabricate three-
dimensional scaffold places a significant constraint in the application of
electrospun fibers as a tissue scaffold. Other methods of fabricating three-
dimensional scaffold are either not made out of nanofibers or are not versatile in
terms of the materials it can be made from and the flexibility of incorporating
other substances into the scaffold.

The present invention provides a process for preparing suitable fiber structures,
the structures being biomimetic. The structures may have huge potential in
various areas of tissue replacement and tissue engineering. Some examples

include cartilage regeneration and bone regeneration. The fiber structure may
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assenblies). In particular, the process involves the
contacting of a viscous material with a non-solvent to
w@bkdosmsdole formation of fibers. Even nore in PCT/SG2007/000315
particular, the flow profile of the non-solvent is
varied to obtain various fiber (or fibrous)
assenbl i es. By changi ng thﬁ flow profile of the
non-sol vent, the fibers can“be guided to form various
assenblies. Different flow profiles of the nonsol vent
may be used to assist in the manipulation of fibers to
formvarious assenblies. Accordingly, a first aspect
be preparedpfrege mlestiaspnni Hherss a@dpmﬁ%@ ofsegdr tparepgreatthree-

dlméﬁﬁéha%rfécgﬁfycé”ucwre conprising the steps of: (a)

contacting at least one viscous material with at | east
one non-sol vent, the non-solvent having a first flow

Ther megenhimlle@b))n a:léscmbeg pracesses dor prepdringafibéreststctans (fiber
resence of the non-solvent at

h
T o VoA o e
mategas wifhea hBe- sfdl\feﬂt tB' aNew adhe %rn?d?i%n%ﬁ%ﬁ@rsf ! E%ﬁ ¥Bre in

i s about zero. The fiber structure na
partiqubar; the flaw nrpfjleeoffﬁhbmcm ~saivent ISbfaTledt tamtamevam;usbhber (or

flbr4Lg‘=§ ﬁssgﬁn@heg @ %ig‘ ﬁﬁ gs\}v%j% %r gff R%y ely §olvqaﬁggtlhe fibers

canl taey@wdlid to Hers vamipus aeembiBs C IOMRSENP FlodPRHIICY8f the non-
ber. In particular, the |layer of fibers may have a

S°'V€HF RALde dgad\igl assist B theouanjpelatipanef Bberst toa farmbearious
ure. The layer of fibers may have consi stent
assé@?ﬂﬁéﬁ.ess- This result nmay not be obtained with the
met hod descri bed in EP1591569 ( Kul pi nski). For
Accesdgm@yea first aspectef tioel pdesantiibeshtion KA prawss, off preparing at
on-sol vent IS not v?rl ed at the points of

IeasF OBSrf%&éa?&'P{]Hf‘aﬁOH}P&'ém t@@tsrqﬁﬂs 8f resultant fiber

mesh. Accordingly, it is not be possible to obtain

ta)n apeictingfat iddi bhe vidtoukirhsteriat Mﬁ%‘lé‘aéﬁ)ﬁeﬁ@’rﬁsé\vent
dianmeter ranging froma few mcrons to a
the non-solvent having a first flow rate; and

(b) allowing formation of the at least one fiber structure in the presence
of the non-solvent at a second flow rate, wherein the second flow
rate is less than the first flow rate or the second flow rate is about
zero.

The fiber structure may be a single fiber or multiple fibers. The fiber structure
may be a layer of fibers. The fiber structure may be a single layer of fibers or
multiple layers of fibers. The layer of fibers may have a thickness of about one
fiber. In particular, the layer of fibers may have a thickness equivalent to about
one diameter of a fiber structure. The layer of fibers may have consistent
thickness. This result may not be obtained with the method described in
EP1591569 (Kulpinski). For example, in the method described in Kulpinski, flow
rate of the non-solvent is not varied at the points of fiber deposition and
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nanoneters. The fibers should be of a small dianeter,
preferably between mcroneters to nanoneter size. For
wex@sps@dsithe fiber structure may have a di aner€r/S©1007/000315
about 300 mm or |ess, about 100 nm or |ess, about 10
mm or | ess, about 1000 nm or |ess, about 500 nm or
| ess, about 300 nm or Iess about 100 nmor |ess,
about 50 nmor |ess, about T30 nm or | ess, about 10 nm
or less. In particular, the fiber structure has a
di aneter of about 100 mmor |less. Even nore in
particular, the fiber structure has a dianeter of
coliegtion tof 5&xultant Hbet mesh. Abeorslingly,df isowitscposaiplatiolabdain thin
lave & \ﬁscous material with at | east one nonsol vent may
y Es‘ﬂfdc &% contact i ng the viscous nmaterial and the
non-sol vent by any suitable nethod. For exanple, the

The \ﬂb‘ée QusIctiRe ehaphage t:lraenét@nféﬂgmgrftorﬁea/ fé@ raierdracted few
el ectrosgl nning, nelt bl ow ng and

nanwegegaréhas heyseshd nbe (1. a seresl cﬁlﬁ@et% Prefarablyybeiween
mlcrsmgﬂs%nﬁ?n&ﬂg e?tﬁ?%o ?F?%ﬁ‘@é e ndr @lﬁﬁctﬁféemay have a
Wth at [eas

I'scous materi a done non-sol vent
dianzsater efedolily3@) @at oodgssn@bogt mﬁwm wir tledd, eabout 10 um or less,

el ospi nni n F I
abogt, 0 Rt PrBss Ao B AT-OL EsResbod 2ad om & 1RRS; fbout 100
nm ﬁ?lés‘éeé oS0 @ BP'Ies%U@B'oMt B0 rfn\UrI684!SaBBEI0 Afn ofless. In

tage suppl y and a container for containing a
partnuiarolthﬁeiﬂber strucwatrmswerdlameteronblabgat d0Rope or less. Even

morF Pobity L, Be e sn el B8R HRnREY At sbGms éss.

single spinneret, nultiple spinnerets, co-axi al

TheSgtepnefr ebntabtm@fa@l lebst ¥né WIQdStﬂIsetnatémlélt Mthpaﬂ leaisy one non-
spi nneret. The spinneret is used to deliver const ant

solvgnbmaw ePMprise cotartingr the| viseens maﬁ%réaloan%éh@r@@r%%v@t by
any\é%gt%ﬁe dh’%’egﬁ?(ﬂ.ep& %&Eﬁﬁﬂéjst{ﬂ%nwsﬁ)ﬁg gﬁbﬂéﬂéf apg t?'lé non-solvent

Vi scou eria critica
mayv bkt egeacted) by edéctsaspinining, cxfeltvbkmwmngs arat/er pedssuirélasbisted

SPINFAEA ARCOTHE 161 RPHEH R TSP RTIAG: 6 SO lryAGg ot least
oneENBSdJURS AnBRrRY WAthabhe e8sPr 8AIC @iohLdNariiavis NGichieved by

dianeter of a few mcrons down to the nanoneter scal e.
electiospinoiip| vent

Any suitable electrospinning apparatus may be used. For example, the
electrospinning apparatus may comprise a fluid delivery system for supplying a
viscous material, a high voltage supply and a container for containing a non-
solvent. The container may comprise a hole (aperture) at the bottom of the
container. The fluid delivery system for electrospinning may consist of single
spinneret, multiple spinnerets, co-axial spinneret, bi-capillary spinneret, multi-
capillary spinneret. The spinneret is used to deliver a constant supply of viscous
material. Any fluid of considerable viscosity can be electrospun. A high voltage
is applied to the viscous material. At a critical voltage, a jet of solution of viscous
material will be ejected from the tip of the spinneret and accelerate towards the

container containing the non-solvent. Electrospinning is able to produce fibers
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may be grounded so that the electrospinning jet is
nore readily deposited on the surface of the
wmorns®sdosent . According to a particul ar aspectPCT/b&2007/000315

second flow rate is about zero and the step of

allowing formation of the fiber structure is perforned

in the presence of a subst ?wti al ly stagnant

non-sol vent. According to parti cul ar aspect, the

first flowrate is obtained by allow ng the

non-sol vent to flow down an inclined plane. In

particul ar, the non-solvent flows froma higher end to
havivag leodEmeted ofra tféw rh'rmdnmsnddmm tméhe mahatrieter tsc:alehér he non-

rizont aI The may. he. vari

solvelft, i ot B that e o RHEOSTnRE” jstcis Fawe” redaiy
depd¥ie@eon Bledurifte 6F thBdioRoddivéntt al pl ane. For exanpl e,

the larger the angle of the incline of the incline

pl ane relative to the horizontal plane, the faster the
Accqrdm fora pRiRUIET aspech dhe secercthilowddle stabqubergard the step

of aPbRE oPEERBA! Atk pAOLAR RA bEHbAReATR L mrbBénce of a

rate o non-so educe
substenitlly sthgvantaton-soivemtarti cul ar, the first flowrate
of the non-solvent is reduced to a second flow rate
after the nan-sol vent, has _.fl o

dd
AcoSidiigta 8 RATHEHE AEPPHedns MEAION Faieas,SRinsth by Hifwing the
non-fs'oﬁlé’ht S FBGL 460N teh fn@l“ﬁ%c?ﬁlériée Iﬁ‘%ﬁld"&éﬁ "Fﬁé’ thf%Fcﬂ\/eanf%ws

ber structure may ormon the surface of
frorm@ iighsirena toam tivegr ¢ndson ke dwlingéed pland, aelatlme tto tee horizontal

plangy e ey B T SR vbled B! o Hec e, @388 hetine of
the IMtBns@pis Y&lativedto iths hokicbmta bimes Wdras@ndle! e larger the
non-sol vent flow ng down the inclined plane

anglg-tBe indine aftbeningliae|pizrg relalivesio ﬁhﬁéwqrﬁ@ntai Slang, dne faster
the l%fiél oPﬁ%\R,%‘%lfﬁé ﬁgnzs&\}é?ﬁ Bl Ven@ﬁ\eaf I%H& i nclined

e non-so e hi gher end.

The fi ber structure may be a two-di nensional structure
Acccmilmghtmayloﬂmrqmﬁdietmlaedspectartrh@\fm ftow caikel efcthet nori-solveat is
reducedet% adlsgg nsd ﬁgﬁlra{ kfr%e rpa?t?c%ﬁgrokhe' firls%1 flg\{/j\llrrtaiteC 8% re ncgnh solvent
is reduced to a second flow rate after the non-solvent has flowed down the
inclined plane to a non-inclined plane, thereby allowing the fiber structure to
form on the non-inclined plane. The fiber structure may form on the surface of
the non-solvent and/or just below the surface of the non-solvent. According to
another particular aspect, the fiber structure may be formed on the surface of
the non-solvent or just below the surface of the non-solvent flowing down the
inclined plane. Non-solvent from the lower end of the inclined plane may be
recycled to the higher end of the inclined plane by pumping the non-solvent to

the higher end.

The fiber structure may be a two-dimensional structure which may be collected
or allowed to collect to form a three-dimensional fiber scaffold. In particular, the
fiber structure comprised in the non-solvent may be collected or aliowed to

collect against a mesh, wall, barrier and/or filter. Even more in particular, the
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fiber structure conprised in the non-solvent may be
collected or allowed to collect against a nesh, wall,
whaoosioaosand/ or filter. Even nore in particul aPCT/SG2007/000315

thefi ber structure nay be renoved fromthe non-sol vent

and allowed to coll apse together to forma

t hree-di nensional fibre scgffold. The fibre scaffold

may be dried, for exanple der room conditions, or

the fiber scaffold nay be resuspended in a non-sol vent

and freeze-dried. According to another enbodi nent, the

step of contacting at | east one viscous material wth
fibemstriiciees ntayebacmrrmMedeﬁmmniﬂme n@@ﬁplvmt wind allowett to ebllapse

touetig, i ArinFad B b e BIc s RSPl apey be

drie@f fdrhexampRoupdeRtredmatonditibng, h@r e - fitsdrveddffold Ray be re-
speed of the nonsolvent flow down the inclined pl ane

SUSW%”@W”-@DB’@DF gnd freezewtiied: hat the fibers do not
accunul ate along the inclined plane to forma thick

ACCB&N@ t@%mbﬂ‘?er fél‘ﬂ%&‘lﬁ‘néﬂ? n{l'%olst\é?néf Mbéﬂ@ﬁ%\f Yeéstﬂedﬂe viscous

Anot aspec esent 1 nvention
matprialogitts abieapstemnrmmrgsaweh’eaay mmmrforbthe stirfacet 0fr’£he inclined
%rent e fiber s da scaf f Id H‘he .
plans; 3eRg Whichiig 5?'?%&0 Lﬁ%'”gf °"\(’b) rr?t'HEY'?{&‘é‘ & point
of cbffet of fife Y/IS%%%%%?I@T iwith ﬂ“{étr’ﬁbrﬁéollvéﬁﬁtTHénSpeed of the non-
non-sol vent, the non-solvent having a first flow rate,

solventifiow)down ’meninnbn@d plapgsnay e suficientiy ash svehdhatripe fibers

obtained fib

do et fHAE aibhg he ThiBr BRRY fo o i bRk’ asthe foying
nontdddadrt Woull® car§ ehdineawsy.f orm of a fiber scaffold. The

obt ai ned fi belri?s) may have a di aneter rang| ng from a

few mcrons to a few nanometers. The fﬂl%g .
Anoél@roasp@c&@&ﬂhedar%@ﬁénverﬁm Br ARr9CeE '89 F@?" one

t F h

fioe], SARARES ereirfne iR Fe 508 Tt hg Micess
comprising thecstepd 6f:nm or | ess, about 1000 nm or Iess

about 500 nm or |ess, about 300 nmor |ess, about 100

or | ess, . . .
PaT contagilng at least one viscous material with at least one non-solivent,

the non-solvent having a first flow rate; and

(b) obtaining at least one fiber and assembling the obtained fiber(s) to form
a fiber scaffold, or obtaining at ieast one fiber and allowing the obtained

fiber(s) to assembile to form of a fiber scaffold.

The obtained fiber(s) may have a diameter ranging from a few microns to a few
nanometers. The fiber(s) should be of a small diameter, preferably between
micrometer to nanometer size. For example, the fiber(s) may have a diameter of
about 300 um or less, about 100 um or less, about 10 ym or less, about 1000
nm or less, about 500 nm or less, about 300 nm or less, about 100 nm or less,
about 50 nm or less, about 30 nm or less, about 10 nm or less. In particular, the
fiber(s) has a diameter of about 100 um or less. Even more in particular, the
fiber(s) has a diameter of about 500 nm or less.
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about 50 nmor |ess, about 30 nmor |ess, about 10 nm
or less. In particular, the fiber(s) has a dianeter of
wW@b@san3ed®0 mm or | ess. Even nore in particul arPCT/b&€2007/000315

fiber(s) has a dianmeter of about 500 nm or |ess. The
fiber scaffold may be a three-di nensional fiber
structure. According to a fzrti cul ar aspect, the fi ber
scaffold is fornmed by assenbling the obtained fiber(s)
or allowing the obtained fiber(s) to assenble on a
collector. The fiber scaffold may be fornmed by the
conti nuous assenbly of the obtained fiber(s) on the

The diber scaifold May bdtaathred-dimensianal diber Istruttbireedcepidingito a

vartilBr R YR ek L Oy forkitf, B CaSdrdilo R, fhed

fiber¢s)! bﬁéﬂmln@%eb@otéﬁféﬂcflm(@aﬁkaé@émbl%eom £ bbl@c&bneprm:f fiber
cont act i ng the viscous material wth the non-solve
fa

scafild neays be daened Ay dha sontiayous assembly dihevphtamed flber(s) on
the %SIIé&Sf Oﬁ'h{eo?ﬁtgHe‘achbég% ec?%?&é Xﬁﬁ'ﬁe&’ Fwihi

-solvent.
non-sol'ven romthe ¢ Sui tabﬁe col ecsf or

Accomijindhg theedon-Bolverikargyl alsot e oobécttedtcm thaay:ollm:tom THee non-
formof a plate or contai nerib@cE-fﬁartl cul ar,

solveg| padhe collsctar piaY ke rery UM Hi& atepnafycwaa‘ﬂng
the ?ﬁﬁ&é&ﬁi%ﬁ@l‘l Q@ff‘gfhes sBN@ht LA8e Qﬂ 6%E%tam§f€?‘ﬁa§é"ﬁb|;ﬁaced

tal ne er(s) are asserrblng or are bein
belomt Havedliecionds eotiéet the hbr-soblandcroexceThenorpsalvent from the
collector allows the obtained fiber(s) to be assenbl ed
coll ‘:2 an ordered manner or twisted nmanner and
accordingly, fiber scaffolds of different assenblies

Any giitabfe tolle®mer mascis diste. Foranahiige, her tolRitt@r nm:in the
the fiber scaffold may be forned b?%@tollectl ng

formypf aiplate ef pentaineroln prtighlasnthegceliesterys A ﬁ@léﬁqt%@la(t%)The

coldor MAyEBE: o TSRS EbiMGEiofich B bREAREHI hANERIWHRE the

obtdindxe riloer(s) cyet hesemblivey advyafeo higing adiowedsta)faséébmle( n the
collgigon s Epvablelariar IEWSH R Eokied her(sh i be dssembled in
an Bﬁgﬁcol rnén?lef' Oéﬁg‘ft\ﬁltsﬁﬁsmﬁﬁnér‘ el echidiRly S6BEF UcBffolds of

ection
different assemblies may be formed.

According to another particular aspect, the fiber scaffold may be formed by
collecting the obtained fiber(s) or by allowing the obtained fiber(s) to collect.
“Collecting” may comprise accumulating the obtained fiber(s), bundling and/or
gathering the fiber(s) together, thereby forming a mass of fiber(s) or a fiber
scaffold. Alternatively, the fiber(s) may be allowed to accumulate, bundle and/or
gather together to form a mass of fiber or fiber scaffold. The collection of the
deposited thin film or fiber(s) may be modified to obtain structures such as
assemblies consisting of aligned fibers. Even more in particular, the obtained
fiber(s) may be collected or allowed to collect against a wall, barrier, mesh
and/or filter. For example, the obtained fiber(s) may form on the surface of the
non-solvent and/or just below the surface of the non-solvent. As the non-solvent
approaches the wall, barrier, mesh and/or filter, the obtained fiber(s) may be
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deposited thin filmor fiber(s) my be nodified to
obtain structures such as assenblies consisting of
wa@bdogna®sf i bers. Even nore in particular, the POL/SGOTW000315
fiber(s) may be collected or allowed to coll ect
against a wall, barrier, nesh and/or filter. For
exanpl e, the obtained fiber(s) may formon the surface
of the non-sol vent and/ or ]QBt bel ow t he surface of
t he non-solvent. As the non-sol vent approaches the
wal |, barrier, mesh and/or filter, the obtained
fiber(s) may becoll ected or allowed to coll ect against
colleched mdallqwéxhtcr t:@lrect mgansatid wallfbartier, rhesh andica flllt'ebtU form
on-sol vent as

f h
a T} prcaliolth TR dNE TR BRI dlon SRt oADpdacbes g wall
barrie®, meeRraddignfikéenidyomwe iever ar fife ABR- &k \fﬁr’thevmﬁ'ﬂisent

contacts the at |east one viscous naterial. This
when ait ecomdgctsetheesibleast one adscaus swderial. T hasv frawy e*atﬁ nnate be

refefRT 8 1%, ce Gt T a ob i Mol SonFi Aoty offe, goer

scaﬁdw ra&y e eshniedd &y( éésé@bl&?@ﬂi@b@)talﬁeﬂ hebe(Hseneafowing the
n

he non-sol vent at a seco flow rate, wherein the
obtayaebﬁeeﬂ@)ow agsemple inethe pregencacffineston-selvephab apsecond

flowﬁrrlége,s\gﬁgﬁq%fﬂll V¥erc6¥1ﬁ @%Q%Ji%%%%%aﬁhﬁn e it sff&W?é‘cE or the

hrou arrier,
secantiflowr rhid isebout Izerceb'liher mbrausolvegt ey e bbowsd talﬂdw through

the fiber lect to.fo he fi
the dalir PaIEr, Meshie) §> Jies 1 @chydreﬁ@mtr@ ﬁﬁyhla%qs%)c@n%@ﬂowmg
the ﬁﬁlﬁ(é@rtS%%ﬂéct'tB\fSHﬁ'tl?é‘fnbérhé’ca‘#oﬁ‘cp of contacting at |east

viscous material wth at |east one non-sol vent may
be carried out or performed in the presence of a
In they precessTaecardingelo may anpect efittbe my:selmtylrwentlalbl the step of
in the state .o For exa

con(FEfiod e fEgF i visPus B8] whRoetamer G5 Y arBuf g be

carr%dtdutbi;";ﬁﬁfonfnleﬁ\ﬁh Qhe phesdierssi a/esrtex. Tt m@dn@& Behereated
vortex may be controlled by the rate at whic

by amn%tab&]metbo@dﬁw imthe slaée obtheuarefFor Faaqar@@nweevortex
e B8 50y SORLRSLLIAR T hPBRAARE TN TELEE! e ron
solvenhtEnenspeed f the tuotigxamay thee cunimbllf)d by the aateedt Iwhlch non-
solvgﬁm)si p%mr;ooerél ﬁ]%l) \{cﬁgtcolnr’g;lger hI—eor example, the step of contacting at
least one viscous material with at least one non-solvent may be carried out in a
container. In particular, the vortex is created by pumping non-solvent into the
containér at a high velocity. Even more in particular, the vortex is created by

pumping non-solvent from the side of the container at a high velocity.

Any suitable viscous material may be used for the purposes of the present
invention. For example, the viscous material may comprise a polymer solution,
polymer melt and/or ceramic precursors. The polymer solution may comprise
one or more polymer, copolymer or polymer blend dissolved in a solvent and
which comprises a suitable concentration of polymers. For example, a solvent

with a suitable concentration of polymers is a solution that is capable of being

. electrospun. Exemplary polymers include, but are not Ilimited to,
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contai ner at a high velocity. Even nore in particular,
the vortex is created by punping non-solvent fromthe
W@ r@e/0adost he container at a high velocity. AnyPGUSGZI07/@00315

vi scous material nay be used for the purposes of the

present invention. For exanple, the viscous materia

may conprise a polyner solution, polyner nelt and/or

ceram c precursors. The pdﬁ%ner sol ution rmay conprise

one or nore pol yner, copol yner or pol yner bl end

di ssolved in a solvent and which conprises a suitable

concentration of polyners. For exanple, a solvent with
polyaapmlaaibrh@, cpolyamldesl opobyfimjudsy mepelycarbanmddds)t i palyolefins,

polyHBGFa{bﬁgé% Y+ —@c’gl%uglcgfeel (:g;tyﬁ/galfcregd pE)ff(ERl-I%E%de), poly(L-
lacth@ ,pol amt eact g)%?yégl%?ﬁ’cam Q&ﬁ PYoNEBIERS.  polydioxanone,

po 've i ns po 'yur'et hanes,
polyﬁanylldenleacﬂuorld&)l, d, P@WWWS’CDEI dﬂuormﬂ ge-bexptiearopepylene),

oo BERYbEST ' BlierBbtute e TV - Sk etpaprvae

polyRMy¥dhioritd, i denepélwmﬁyn@@né@h|bﬁaséfdotmw|@|téapyI engolyethylene,
pol'yacryl onitril

polypsoyienrs,y | e r |S|eé|9§o shshhaes yinytanl2 and nylon-4,6, aramid,
polﬁ%b%@&y | %ﬁg@frﬁﬁ%ﬁ gbﬁl\élb;%f&%e‘ﬁrél r |n HS Ina‘uve form or

ny or| ene,

crossqlirmedppsfilkenehltdsgrpncelﬂnmﬁ &Eglhioeis ayéteréZCehjdose acetate

on-4 aram benzi azo pol yv

but t@ohoIBOEiy\ﬂ'hYltl nPy"cr |'q’ Y1'n¥ thé”rcerfﬂeﬁt S M)f%'é (Rgpgihoxy-
W celddu

ethdg{ggﬁ{aﬁjﬁp ose acet ate bu?’g fyééﬁr'yléHoel?@@il% ﬂdl'y(%ﬁ?ylene

sucginate)] i golyéethylenke asuﬂphlde% poly(oxymethylene ollgo-oxyethylene),

o B B SRR . RS o = Elviens

terebﬁ’chéﬁﬁbw'p%il'ﬁh?éffd%@' S@'r)yrate) polyiethylene oxide), SBS copolymer,
(oxymet hyl ene- 0l i go-oxyeth

polwﬁl@cz@ pa@w paky (plutamic-geoleycinehy pelye tl@plyq@bdgamlm moly(L-

Iact@o%é(l %%Q&Eg@f\yi %toﬁgrvgﬂéap g))?‘ﬁ)d)ee')ptlegBé Méﬁ,&uch as protein,

pltcﬁcéar@saélldma@l@o@)-tarpmd‘( gh@tmmoxem pigsh; iame) mixtures thereof.
poly-lactic-glycolide acid, %I | actic

Cop&&yrae@apnthra@t ondls @asolplﬁﬁé?’ ofp By Baexe Pelyrerspmaynalso be
uool EoFBIAN A oy N REPId e, @Rl b U mdh Nos
6,790,528, 6,616,435, 6,713,011, 4,043,331 and 4,878,908. In one
embodiment, the viscous material may comprise ceramic precursors. For
example, a method of electrospinning ceramic precursors without polymer
additives is disclosed in ‘Direct Electrospinning of Ultrafine Titania Fibres in the
Absence of Polymer Additives and Formation of Pure Anatase Titania Fibres at
Low Temperatures', Son et al, Nanotechnology, 11, (2006) p439-443. The
viscous material may further comprise at least one or more of the foliowing:

nanoparticles, carbon nanotubes, salt, proteins, vitamins, sugar and the like.

Any suitable non-solvent may be used for the present invention. Examples of

suitable non-solvent include water, mineral oil, liquid nitrogen. The non-solvent
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Copol yners, polynmer nmelts and bl ends of the above
pol yners nmay al so be used. Exenplary polynmer solutions
wo or0sas@snl so di scl osed in US Patent Nos. 6, 798CH282007/000315
6, 616, 435, 6,713,01 1, 4,043,331 and 4, 878,908. In one
enbodi nent, the viscous material nmay conprise ceramc
precursors. For exanpl e, ?Onethod of el ectrospi nni ng
ceram c precursors wthout™“pol yner additives is
disclosed in 'Direct Electrospinning of Utrafine
Titania Fibres in the Absence of Polyner Additives and
Formation of Pure Anatase Titania Fibres at Low
maybawpmbineﬁon ofmonesolvgnts NAnyt siitabis ng'lyeralmil iz be) used.

he i8R0 B, Hp= SRy pREA IR, Y. S SBOREL Sk =
petrcﬂ@ulhonTH@nmrH@cﬁ%ntS&héy chhprenadditiveanguch, asuem’ n@@blds
the |ike. sui tabl e non-sol vent nay be used for the

growh daelers,i wt@nmﬁoﬂvor@aaﬁw extoinesyitinding aganis ofslientsugars,
protélﬂglggﬁv?e’iﬁé na/es”brngr@é hEatI L Ui hE sol(t'_@ﬁt may also

on- S0 be a co |na i on of non- s vent s.
comptise aiah@palitlnlesaTrheldddltwyas bﬂawbechds'ﬁitmdmnemedpsuidtedw the

suragg e heriehts Hore: e LnHg abHet e bR aEROEe: such
as amno acids, growh factors, vitam ns, hornones,

The 9Yc§é§§'sré%%ordlh§ db By 2BPBESf R ;5réseﬁM9@ér$t;orﬁﬁ1@S/Qjoﬁ$pnse the
col ouring dyes or a conbination thereof

steprd apphlingan elegtrieal giodnthisy thsenesolyant d@nn@or trgfere the step

N g

elecﬂfcat gRouniddgrovitastan eleetricE apiwag 3¢ divsipatdl ity eleztiddgharge
ect of the present invention may conprl se the step

ofagp %ﬁﬂ%ﬂﬂﬁdoﬁﬁe@lﬁb@[ priesant gy hemen-8olverl. non- sol vent
during or before the step of contacting the at |east

The ?Scé‘s's E@Eﬁ gng as‘B'e {‘of it Hre8eAChvERion Eﬁ? comprlse the

[ectri ca row an electrica
stepobfspsrowdtr@ altn auxillaqt ellectrodrartg ¢helisaous Mqlu@ras i ls‘ ommmcted

in the non-sqglvent. .Th
with dDEohoRENED: nfleiedh B¢ BRTaG diseti BT Fre plapigpstati
fleldcé’l‘m{é %%cbb@ rﬁéfé‘i’lapfthﬁféby %Gﬁngﬁt %Wb’[dté”dbo@’c eft bRdeas it
to the viscous material as it 1S contacted
contacts the non-solvent. For example, the use of the auxiliary electrodes
controls the flight path of the charged electrospinning viscous material. It will be
appreciated that the actual spinning jet may be unstable and therefore the

"rotation" is not necessarily about a fixed axis.

The process according to any aspect of the present invention may further
comprise a step of seeding at least one cell on the fiber structure. For example,
the step of seeding a cell may be carried out after the fiber structure is formed
or on the obtained fiber(s) before the obtained fibers are assembled or allowed

to assemble to form a fiber scaffold.

Another aspect of the present invention is a fiber structure obtained from or

obtainable by any process of the invention described above. The fiber structure
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wi th the non-solvent, wherein the auxiliary el ectrode
di storts the electrostatic field of the viscous
wOoraioens@s] t hereby causing it to rotate about BOI/&G2097/000315
as it contacts the non-solvent. For exanple, the use
of the auxiliary electrodes controls the flight path
of the charged electrospinﬂ£ng viscous material. It
will be appreciated that t actual spinning jet may
be unstable and therefore the "rotation” is not
necessarily about a fixed axis. The process accordi ng
to any aspect of the present invention may further
maycturther somprise i ledstanedserpett ceéleddte fiver sinldturermagide used
fi.ber str re. For exanple, the step of seeding a
as . iyitie sl o FouciendfRaR0E; (e fiber structure |s
formed or on the obtained fiber(s) before the obtained
Yetfarugher aspecisstetiel pésent dventied it caraappatitas tfor ppsparing at
fiber_ scaffold. Another aspect of the present
least pperfies gonstrycts cHBPrgINGUCt ure obt ai ned from or
obt ai nabl e by any process of the invention described
abgve i : t i ri se at
7O MR fol BipaTinh A THE Il 2y be used
as a tissue scaffold for tissue engineering. Yet
afox hereansfoc praviding @t jgast ene flowjrg nporsolverdn
apparatus for preparing at |east one fiber construct,

C rising. ! . ' | .

o RER e o oD AL S Rict 336h FRBus rpgtera
f1 ow r@adithansalsaivdrt, therelealimvihgithe préEaratiog obfiber(s); and
all owi ng the contact of the viscous naterial and the

non-sol vent, there allowing the preparation of .
b Gugoletny TPpOlRcianI 2 EReF sturuBb b ETachBY #oppubling the
str UC}fi%? irPHfdredoPH fﬂ‘ﬁf %ﬁ*&'ch.'?? driter Ebh’é‘étirﬂgna iper S8UBlure
of a fiber structure or for collecting a fiber

st r uctpuemanpd dpyaaliawibg the Ifiber tg betasskirided fro thgeform of a fiber
assenmbled. in the formof a fiber structure. The

apparzﬂrﬂgt%y further conprise neans for providing a
vortex to the nonsol vent.

The apparatus may further comprise means for providing a vortex fo the non-
solvent. Any suitable means for providing a vortex may be used. In particular,
the means for providing a voriex to the non-solvent comprises a pump.

The means for contacting or allowing the contact of the viscous material and the
non-solvent may further comprise at least one inclined plane for allowing the

non-solvent to flow down the inclined piane at a first flow rate.

The collector may comprise at least one non-inclined plane for allowing the
fiber(s) to be assembled in the form of a fiber structure in the presence of the
non-solvent at a second flow rate, such that the second flow rate is less than
the first flow rate or the second flow rate is about zero. The collector may also
comprise at least one mesh, filter, wall, barrier and/or collector plate for

assembling the fiber to form the fiber structure.
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Any suitable nmeans for providing a vortex may be used.
In particular, the nmeans for providing a vortex to the
woenseaoyent conprises a punp. The neans for CPRPCIL/&GL0TYH00315

or allowing the contact of the viscous material and

t he non-sol vent may further conprise at |east one

inclined plane for all ow the non-solvent to fl ow

down the inclined plane at first flowrate. The

coll ector may conprise at |east one non-inclined plane

for allowing the fiber(s) to be assenbled in the form

of a fiber structure in the presence of the
Hawngnnwlgﬁemralafc deseihashthe iroientianethes same wdlt behgore readily

anc GRS 4R o588 D15t il Py

are phmd@dmer§¢ oftilistasion aadn@ehnof intéeded w@lble, liraitingi ef the
and/or collector plate for assenbl i ng the fiber to

presept iVERBOR.i ber structure. Havi ng now general | y
descri bed the invention, the same will be nore readily

Figugé‘che AbRQGad H@l e TG &h méﬂst SGitdud | JBWp'F%)arln)? a_three-

|rrents an | gur es are provi
dimendiorsl fiber structanel such aoa fiber enaif&mldt Eheaplpramtus @gnm‘rlses a
t he present |nvent|$, | ag tg Ite of, a]q
contgerantAba A BoT ORGPt (A iTeHEa 0 DB kR g Non-
solVERPRY sSplicelt 4 the SHRRIRS By fah?%’uﬂ%@ﬂé‘ hdehs, Eﬂ@h as a pump.
appar atus conprises a contai ner containing a

Any soiitablel Namsolyanksmay diecused] asodeseriprd abayg. Aosnianeret is)used

to pE%\ﬂ?%k\)llYSé:%hs arﬁg’?‘elf%g élbﬁg%tfgrréhcﬁ’ &r? n@dttgbﬁs:b rﬁﬁ @né(t when a high

voltéﬁtﬂ@@tMﬁl@‘d tRihebeistses materidie #atyi Heithiad avszoud matenal may
spinneret is used to ﬁr ovi de viscous material in

be wsnom & dgrcritesk aPeY®i hhe repntainenmdth theningR- %vqrﬁgé H'%ed to
coll S bk ‘ﬁﬁjesthofr&tr\eth\é'eﬁ%&%%sd?@%lﬁé Ijé‘ﬂb TheNore Qbﬁ/%ﬁi B theSSONESiner
nmateri al nay be used, a estcr i e

ed above
is goounridaidnter esiablish lee stabic- sletirienfield sbeteeent thecspinaetet and top

i b h f h i npi ' T
CONRITRTGHI, rneToPy fod b es o arones stk iery d Pearapnded non-
solvén® bt éﬂo%sefdrrérp efelcﬁ#dél %&Hwaw td '@I%s‘?&e\t@r’cﬁéeéle&ﬂé chakye of

container and to thereby form-a Tayl or
the farerasbiibevemesh Hocthgt thm edattrospisviing: jat is more readily deposited

on the surface of the non-solvent.

A vortex is created in the non-solvent container to facilitate the drawing of the
electrospun fiber mesh that is deposited on the surface of the non-solvent in the
container. The vortex is created by using at least one pump. In particular, the
vortex is created by pumping non-solvent into the container at a high velocity.
The speed of the vortex may be controlled by the rate at which the non-solvent
is pumped into the container. Another opening at the side of the container
nearer to the top may be used to discharge any excess non-solvent such that
the level of the non-solvent in the container is maintained.

The container containing the non-solvent has an aperture (hole) at the bottom

surface to allow non-solvent and fiber mesh to flow out of the container. Another
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also allows for an electrical pathway to dissipate the
el ectric charge of the forned fiber nmesh so that the
WE@L@®8Ns®Spi nning jet is nore readily depositedPONSGH®7/000315

surface of the non-solvent. A vortex is created in the

non-sol vent container to facilitate the drawi ng of the

el ectrospun fiber nesh thaﬁ is deposited on the

surface of the non-sol vent“d n the container. The

vortex is created by using at |east one punp. In

particular, the vortex is created by punping

non-sol vent into the container at a high velocity. The
contafpres d(refertdoke to oas ethentlyottom coontaimargdisopladed betoav dhe top

whi ch the npn-sol yent .is, punped.i.pto the container.
contAfst e gh FRG Salve dhd A8 ol By frer BTl exgess
nonisdfeh® WHigtY flefis PG the t8p omdigier.ame a¥ARDIent in the bottom

non-sol vent such that the | evel of the non-solvent in

confginer ceait be sebseduentlyRumped batk inte dhe tomeentaierai ni ng
t he non-sol vent has an aperture (hole) at the bottom

It is ?ﬁ%f(eﬂ%@ thel fHd peHae Eid%&'ﬂ ke AN IERR h oh?sfllf?c% of the
(T o0r the cont al rer . “Another contarner (rererred 1o as
top thetaiizst Fomexanipe nthie” yoritex phaac bd drebted birehé ayatural flow of

watgi el thes Pt 8t BieupBRoTe Rutee o ectapes R AREG HO sy,
the &FRiThd B?tﬂé’@le%@ﬂ&@hﬁ‘ﬁber mhBe&h Wﬁﬁ'asngéﬁéﬁe%ftﬁﬂe?s £88 bRUHrS8d out

contal ner may be subsequently punpe ack into the top
autaaticaillpeThid ts ibecpued dhe eelectiaspurndibeormesh dxtaanded by the

int he, hpl e .at the bottom surface of the top
Vort@)éfﬁ%igtmeepp%%‘?lmé'xanpl e, the vortex nay be created by

the natural flow of water through the hole at the

A cHicternplate fsﬂﬁl%lcéﬂ belewt the lesiBtsfi thertopl doritdingr Wayn which the
drawi ng of the el ectrosBun fiber nmesh into a yarn of,
yarn phibarscare geavenout degefner withothg: $xiting yonTsqlyents Continuous

Sep{ERRISH 10 5o SF IEARUL S OScBEPale 67 4 cblifsona
fibeplsaaffdldbeAltemmatinashothes ofari haf filogrsc and afhee nof+soiwentirnhy be

th n of fjbers are, drawn out. together, with the .
alloyd i How Bhr ey e Th Aot iasi bt MeRokem riigiaer By
allo@fngl thB&/=%n @R fibBR o8 dIRet ArthR!Ft®nh ebAiIrEr, a three-dimensional

t hrree-di nensi onal
fiber scaffold is formed. As mentioned above, the non-solvent collected in the

bottom container may be pumped back into the top container.

Figures 2(A) shows the three-dimensional fiber scaffold formed, while Figure
2(B) shows the SEM image of the three-dimensional fiber scaffold formed.
Other examples of fiber scaffolds formed are shown in Figure 3. As seen from
Figure 3, either holiow or solid fiber yarn scaffolds may be formed. One way of
forming hollow fiber yarn scaffolds is by providing multiple spinnerets
surrounding the vortex, for example as shown in Figure 5. In Figure 5, the
electrospun fibers will be deposited around the sides of vortex. As the non-
solvent is being drawn through the vortex and down the hole in the top

container, a hollow yarn of fibers is formed. In particular, Figures 3(A) and (B)
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fiber scaffold. Alternatively, the yarn of fibers and
the non-solvent may be allowed to flow fromthe hole
WO pooBlss0sbp contai ner into the bottom contai nePCT/B§2007/000315
allowing the yarn of fibers to collect in the bottom
contai ner, a three-di nensional fiber scaffold is
formed. As nentioned above, the non-solvent collected
in the bottom contai ner med# be punped back into the
top container. Figures 2(A) shows the
t hree-di nensi onal fiber scaffold forned, while Figure
2(B) shows the SEM i mge of the three-di nensional
and HQIHESS&(G@ et dD) ehowd fikkhscaffoldmudessofbolfiviraidene fluoride)
caffolds forned are s&ovvn in Figure 3. As seen from
andlpio gaprolactong)dpspRAtVEY- or solid fiber yarn scaffol ds
may be formed. One way of forming hollow fiber yarn
Thesﬂiéﬁfe@érdéf tive ?erPbP‘fbgfs” aflbd 'v%h@d V8RR the feed rate of
surroundi ng e vortex or exanpl e ds shown in Figure
VIsceuslmamrgajr’@ 3he smen@Ieé(ehrcbls@umumbeenﬁ gpinhetads used, the

. d i t.ed d [ f .. As th
ciarfigRE B v e85 SBaRL Rt vt R EF 0 ae beli ap hspece
at whith thel So-BolvBRt &4 HPOUEH 'ﬂ% hoRe &0ihedywtiont Buffhcé iI0Pehé top
is fornmed, In particular, Figures 3(A) and (B)and

confgjingiy é\srag(ouorém@rr@mb%ﬁmt%d n e ne-gpiventiing@etogfcontainer
sucﬁ’?ljﬁt(fﬁ' nPQshﬂgﬁﬁ%e(rh Bj{r% léggl sﬁ%& WCRRY BF%T rg.%% out of the

resp eCtIV8| e yarn O ers can

holebat ﬂw be’doﬂnysurafw asfgthtehtepf esrttaingr eAnfexanssio ws suehed iyain of
t he nunber of spinnerets used,

spi pner et
f'beﬁf@r'@?gdgﬁgf’wﬁfm[:lgé"%l‘lectrospun fibers that nmake up
the yarn, as well as the speed at which the

WhélP Rl YedH oﬁé' $SinhEPughuddte @%F‘erﬂtflﬂeﬁ@ ! b@”électrospun

surface of the top container. A rapid vortex may
throoghk atiéerenh spinaereis -sodhatthe ffiher heaffalg prochycadheill samﬂnst of a

I hat .t t.ant [ [
mi B8 of SiealaRH s 1T St SeRart FustEliales DePRoging: S the
eledtid@piring Wonditidar of AAcRX&sMAheredf efattidspuly Mberefwith beifféring
formed is shown in Figure 4. Wien nore than one

morgpplegyr éray Peydaivreddia rferrenthe i fikars sealfrlde e piviggh for

electt#brsgﬁ'ﬂ'{hoéj tht Sy é ﬁ'l%blntrﬁ‘FO?dIﬁ;éH tfgaéplEh(?OIje-a’%ll fibers or bi-

produce consi st of
component fibers.

According to another particular embodiment, shown in Figure 5, additives may
be added to the fiber mesh deposited on the surface of the non-solvent just
before it is drawn into the hole at the bottom surface of the top container. The
additives may be as described above. In this way, the additives get
encapsulated or mixed with the fibers in the fiber mesh as it is drawn into a yarn

of fibers and eventually form a fiber scaffold.

In an alternative embodiment, a composite three-dimensional scaffold may be
formed by collecting yarns of fibers from different containers and assembling
the yarns together, thereby forming a composite fiber scaffold. Aiternatively,
yarns of fibers, each consisting of different material(s) can be deposited on the
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m xture of electrospun fibers made out of different

materi als. Dependi ng on the el ectrospi nning condition
w@boosasdosspi nneret, el ectrospun fibers wth di PEESGNYT/000315

nor phol ogy nay be mxed to formthe fiber scaffold.

The spinneret for electrospinning the fibers may be

nodi fied to spin core-shel] fibers or biconponent

fibers. According to anot he? parti cul ar enbodi nent,

shown in Figure 5, additives may be added to the fiber

mesh deposited on the surface of the non-solvent just

before it is drawn into the hole at the bottom surface
collexftort hedthten p sinauitemicoasly Tne caddeditively rfay foren aa  hybrid three-

descri dab ., In this way, the additives get
dm%‘?@?x’ﬂ%‘& ﬁé&a‘i‘ﬁdm xed wWith the fibers in the fiber
mesh as it is drawn into a yarn of fibers and

Theeststainat kiolvArim Fghidaet, 5edf 8lisl of lchlimdtical sBapat He®ever, it
enbodi nent, a conposi te three-di mensional scaffold may

will be anpreeiatas)thebthetan Agntpineisantainingethe narbRelERT Beyhe of
any%gﬂgg,brgp‘r ?)eaaﬂ% Q;%enb! i ng the yarns toget her. t her eby

composite fiber scaffold. Alternatively,
yarns of fibers, each consisting of different
Flgumt@rsihaalvs(sséa \taﬁratlba ofe fles iseedp sshdvire doIHigareod . én taeticular, a
sinul t aneo or consecutively t 0 a. hybpr| )
funrih s RRSR, W PE0P SOMRYGr SUCRHBELIIA IHep! Disotamnel is
dispoRelidite bél v@tt@@bﬁ érat & ecammé &aktr&&Reeiber, The outlet
sp \%ever ﬁ?t va I r|c]) reci gt eél that th é top éoenrt al %gru ©

of thenfusine r@(telh@ rtbrougd)'i mmo{ayabéh@fbdtwn ssurfags of the top
a.vari.ati.on

conZFEC TR RRG veedpeid i IHE FesBbBlar3eS Rigigl sueh that

the SbRBRFREH Woivhextehbe ihtortheondlal dfethest%rbdrﬂé‘lheF h@om WHdh the
~of the funnel is disposed directly bel ow the spinneret

nontsplyesd andefiberemesi ds d@@\m nire thiewayTHe fben mesbfis @assisted to

be cf r#%elhtoel’ﬁte%% tfnflc? FHEw: #ﬂ?ﬁn@%t& f%%tti}gd %‘?ntnt t’ﬁ? y}:‘r’ﬁ ?ﬁﬁ%rs

thetop contalner.
creation of vortex fluid flow such that the vortex
Ancther riatiow of the aeisup 0f Gigune 1hislshowin inlgtirep7 dondasdicwgar, the

top fc%%{gixgg ggm}nplsees a movable fiexible device attached to the hole at the
bottom surface of the top container. The movable flexible device may be
cylindrical. Where the yarn of fibers exits from hole in the top container, the
movable device directs the deposition of the yarn of fibers onto the collector.
The movable flexible device can be used alone or in conjunction with a movable
collector, which can also be used on its own without the use of the movable
device, to control the deposition of the yarn of fibers such that an ordered three-
dimensional fiber scaffold can be fabricated.

According to another embodiment, auxiliary electrodes may be used to direct
the electrospinning jet. For example, the auxiliary electrode is in the form of a
ring disposed between the spinneret and the top surface of the top container to
thereby distort the electrostatic field surrounding the electrospinning jet as it is

emitted from the nozzle of the spinneret. The auxiliary electrode may have a
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non-sol vent and fiber nesh is drawn. In this way, the
fiber nmesh is assisted to be drawn into the vortex
w0 basaizdosow and t hereby twi st and formthe yarPCD$G2007/000315
fi bers. Another variation of the set-up of Figure 1 is
shown in Figure 7. In particular, the top container
conprises a novable flexihle deV| ce attached to the
hol e at the bottom surfaceéSf the top container. The
novabl e fl exi bl e device may be cylindrical. Were the
yarn of fibers exits fromhole in the top container,
t he novabl e device directs the deposition of the yarn
highoﬁoltag@echar@m of the samd potasity abhthatoofathieechargei piven to the
evi,ce n be used alone or in conjunction with a
Sp'nﬁﬁ(ﬂﬁséﬁ\%{r’l '@cﬁjgwe ich can al so be used on its own

wi t hout the use of the npvable device, to control the

A diffefsriiset-ap fbmtthe omd BhelunfihFEgeresuths! 627 @Y erigdeshesn in
t hr eedi nensi onal fiber scaffold can be fabricat ed.

Figure® & & g toofalibenBbsretbeitFrrthe Aiber IStaIcurel Wy bei@s two-
ool S35 B BB FRLATE BRODY A S e

non@oh@rrﬂlﬂsmsdxnimb@mmehnédwelogm sutr tHatdhe rtdmsdslo@nt has a first
surfag‘e of the top container to thereb}é/ gtort t he
flowgliate.s AJAYrap maay jhg Ysed te RULER {he (nan-gpluent Bep aiesgrvoir of

nonls%'ive?ﬁ tbtthéshlﬁg%rt bgd 5 T e ltnti ave F%#Fe \){) '%ﬁltéﬂ?lbnﬁ% 8blvent

he auxiliary ectro e nay I'tage charge
mayobetmdsmedepsdrmedt gbae. tThe set-up raisaz Mngm@sv@rsptmweret to

i nheret a wn_in Figure 8. A different set
provi \ifaeuscEtefl, i T oy, s 24 igotrderihhing R i o'Rign
volt%‘wwﬁ bllddoty ffe 9|sb@usl4nét@rlél0f gaswtélﬂé vﬁiédo%trhéfénal may
fiber structure nmy be a twodi nensional fiber

be ugedues slescriped pbpveclalbars ars fpimedoviaen e wsgéus mgterial and

the H@ﬁ V%iﬁfoﬁﬁﬁe ﬂ%rq}{ggtsﬁéj tg& Aot bgfl i ned sl ope

QoK | rs | ow rate.
punp may be used to punp the non solvent from a
Electrsspinming isotamied-culoventhd suttfiee bf tj’rmmcbmld stirfateto deposn

the RSTeEL e ARMEoRT sSHens doTapTts d1e GRpprabY o the fbers on
the SRETREN Shirfhde péﬁ"éfé:ﬁmﬁﬂumgn%gffﬁ?rggh 3 bfectt@u ogrdunbied, is

an el ectrospinning | et
submerged in the flowing non-solvent on the inclined surface.

The aluminium sheet is grounded to establish a static electric field between the
spinneret and inclined slope and to thereby form a Taylor Cone there between.
The grounded aluminium sheet also allows for an electrical pathway to dissipate
the electric charge of the formed fibers so that the electrospinning jet is more

readily deposited on the surface of the non-solvent on the inclined slope.

The lower end of the inclined siope opens into a collection basin. The non-
solvent flowing down the inclined slope flows into the basin together with the
formed fibers. In the collection basin, the. flow rate of the non-solvent is less
than the first flow rate, or is almost zero. In other words, the non-solvent in the
basin is substantially stagnant.
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voltage is supplied to the viscous material. Any
sui tabl e viscous nmaterial nay be used, as descri bed
W@bwsm360Fi bers are formed when the viscous matBCT/aG200n000315
t he non-solvent on the inclined slope contact each
other. Electrospinning is carried out over the surface
of the inclined surface to _deposit the fibers on the
fl ow ng non-solvent. To faehlitate the deposi tion of
the fibers on the inclined surface, an al um ni um sheet
which is electrically grounded, is subnmerged in the
fl owi ng non-sol vent on the inclined surface. The
Theahumisniuemnt steegingi alaygo dine eicctivedsslapei sh sackt Hiat cthe fibers
el ric field between t spi nneret, and
depSyifiEh oo, NABRRST LIRSS B CBRbtheTePBetHEg, the

eIeanB@pﬂhWﬁ%e@é e %Hi@dﬁ‘!él‘;ﬁ ceHieq a%ahPW{?o R ba&in. The fibers
el ectri cal pat hway di ssipate the el ectric charge of

are caréleﬂcmﬂf@@ ohithe rsslrfgce o st biedows rtlm@sutﬁarpﬁ afthegngresolvent into

the JBER, gFGemmdesh 7B Rl ealds Yt fost sycpythat the

fibefsherel mlallaaéd&b@@@ummé td fidren a thick!Igywdr it Racdrfied Bveay by
nonsol vent flowi ng down the inclined slope flows into

the flawingasph-sobigat w&tp thethasimeNparsabentiflowiag inte thgebasin may
be r%%ulcﬁﬁggﬁ @? @bﬁhse% %ﬁpfdf(ﬂ% ﬁ&lﬁneiﬂfsléﬁg %Q\{V%}Jﬁtﬁfﬂﬁ irr]ﬁhned

ess ow rate
slopetdyzin bymisang bapamgsol vent in the basin is
subst antially stagnant. The non-sol vent flow ng al ong

A taga o BBats R et RrTaE dnghe oRieRiRn PSR & BpRe Tbers are

collébied Ngr ta'ﬂéw%blefd rdRBENIH "tﬁepéé’l%ﬁénabﬁsmmmﬁj'ékta%pm of the
carried away into the basin. The fibers are carried

morphelegy antheh@ygurorf aftb@rsncojla@edblsmjwwmm fugdrec®S.oA layer of

fiveflodsioihin FRGs 167 i L ralBly g0t shBSrate fpruse as @

filtef inefrilsrafe r ot usd hoveibsBaiefon e fdrenationfsframhin filw.ck
|ayer as it is carried away by the fl ow ng non-sol vent

to the basin. Non-sol vent rovvig& into the basin m

i S . £ y .
It wgldrhe Bppregiaied dhatdhe FET-HP G driowiRd® B1av b mastiigdhiycomprise
mor%'f ﬁgé?nphﬂwpé‘ liRYirRRAMEI SR drfdClrh&ed 1549 PEnS 9 ifhdbét. "B RTodified
arrangement is shown in Figure 11, which comprises two inclined slopes and

two spinnerets. Each of the inclined slopes leads to a common collection basin.

When more than one spinneret is used, different fibers can be electrospun
through different spinnerets so that the layer of fibers formed in the collection
basin will consist of a mixture of electrospun fibers made out of different
materials. Depending on the electrospinning condition of each spinneret,
electrospun fibers with differing morphology may be mixed to form the layer of
fibers. The spinneret for electrospinning the fibers may be modified to spin core-
shell fibers or bi-component fibers. Alternatively, each spinneret may electrospin
fibers different fibers in an alternating manner such that the fiber structure
formed in the collection basin comprises alternating layers of fibers of different
material.
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A layer of fibers is eventually fornmed in the
coll ection basin as nore fibers are collected or
w@bkdosms®st o col l ect in the collection basin. APCESGIOI/@00315
of the norphol ogy of the |ayer of fibers collected is
shown in Figure 15. A layer of fibers, as shown in
Figure 15, may be transferred onto a substrate for use
as a filter nmenbrane or fofPuse as a substrate for the
formation of a thin film It would be appreciated that
the set-up of Figure 9 may be nodified to conprise
nore than one inclined slope and nore than one
FIgLB'BI h2eshows A& motiificatidonato dmgesetnip irs Fduoen9i in Magticddar, an

awxighy, ABFEPdS Babr Yo e 1 i e S sawaan dbépinperet and

the QHBITHHH SRPL S| PRrdS idistoMN e 'EPécﬂrds'?@ﬁb Piek %Qirf&ﬁﬁuﬁﬁ{g the
is used, different fibers can be electrospun through

eleafiiispinning jes gisrihisramisteddram dbe nieazleagfdhe spirmieset: Ihe auxiliary

cleceieY it SEUSP 48 abtbe s polary B et of the

cha@ gweﬁl'[@th@gpmngreng on the el ectrospi nning condition
of each spinneret, electrospun fibers with differing

nor phol ogy may be mixed to formthe | ayer of fiber .
Theriyo-dimensipral layr ¢f fikars Semneshimine rellactioarhasimpsdescribed
abopECBdcn' 54 Eltaglh? Wléhlﬁé’cf &5 6l 2 thP&L BirREndbn& Gl such as a

nat each spinneret may el ectrospin
threel-diarenstbrfa efilmart sCa%rdds for examiplesr thaa |Iagemwﬁnﬁbersucbn be

rermigNatn MOy coeR e THa ntlg Plgesdt dPSefigs, B g a three-
dlméhéﬁﬁépmer'%aﬁblomfofé)@é’rhﬁlel r $88YS efigifeatihg C?Fxé #Bef Scaffold

the set-up in Figure 9 articular, an auxiliary
mayalb@cdrledismdem nohen temne@r‘tuw or m’rgmaysbenrepﬁj@@@ndedweea] non-

ol 3R HeRBea Bt AT ek Pk B o SRRSO ber soafion

forreé @ ¢4 BRSWHNIAI Figuicy! 18%0118.11A FaTitdIae théqmééﬁdlnﬁ@i@d)l%l fiber
of the spinneret. The auxiliary el ectrode _may

scaffplghmay| keafps usearg @ tirsuerrngiagerinsbpeaffalg. slis nﬁy be “Seeded

and B, 80 her AP ALEA of o Bt T¥AE 6L are
mestest tdgatiter to form a three—dlmensional flber scaffold so that the cells are

encapsulated within the fiber scaffold.

According to alternative embodiments, the set-up of Figure 9 may be modified
such that three-dimensional fiber scaffolds are formed. For example, Figure 10
shows a set-up similar to that shown in Figure 9 without the use of an inclined
slope. Non-solvent is supplied directly to the collection basin and
electrospinning is carried out over the surface of the non-solvent in the
collection basin to deposit the electrospun fibers in the collection basin. To
facilitate the deposition of the fibers on the non-solvent surface in the collection
basin, the non-solvent is grounded. The collection basin comprises a porous
mesh such that deposited fibers on the non-solvent surface or just below the

surface of the non-solvent collects against the mesh, eventually forming a three-
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above can be easily nodified to forma
t hree-di nensi onal structure, such as a
wao beoe@sa@snensi onal fiber scaffold. For exanpl ePCT/b€2007/000315

| ayer of fibers can be renoved fromthe non-sol vent
and col | apsed together to form a threedi nensi onal
fiber scaffold, for exanple for tissue engineering..
The fiber scaffold nmay be 4% i ed under roomtenperature
or it my be re-suspended in a nonsol vent and
freeze-dried. An exanple of a three-dinensional fiber
scaffold fornmed is shown in Figures 16 to 18. In

dlmqmndriad tibar scaffaid ! hvesdd beandersiobdfthbethesparolisinestagan be

or, us a.ti ssee ineering scaffold. Cells na
replqp@ Wity @i %E%F'%Mﬂ‘%fgg Kén the two-di mensi onal’ d

| ayers of fibers before the |ayers are neshed together

Anoﬂq@rfa?rdng%rﬁéﬂtqg -SHARN & ¢ refwewm&ﬁaéﬁméd asélethbahhéﬂéethe
|1's are encapsul ated within the fiber scaffo

non-Aob/@nﬁﬂny is anedified fram thatdntidglreghsuch thad %thre@r@hraﬁnsmnal

s B R P L 5 T Bosoun
fibershetvichearegfored Dnntheaurfaee ididlie AbAWBIVenNt or justdefow the non-

W thout the use of an inclined sl ope. Non-sol vent is .,
solvgmp@lpngdha.%f@fsewfttbe inings! $iaee B iniei e ilection basin. A
r -
non SoRRIE o8 Rnfi8aBed o iR, EliechUfiTbdsh? i WdaRi, ] i fion
solvehieflowirgpimbo fthé)@loﬂectmrt basmoaﬂtacfdowungbdmun tha onclmed slope.

.facilitate the d |t|on rs.on the
This, B708PE8 MonceRYSicTow ReteoPABSHIPE Pasie i Sughdhat it flows
into 1R& a‘-‘r@é‘(ﬁ%re'tﬁe%ﬁé#@%?ﬁer theecSIR i8R bM b@édé'hgo the fibers to
conprises a porous nesh such that deposited fibers on
meshhtegetherdolfornta ﬁueemenslopabﬁbwe&aaﬁddweN@mHSbb/@et épm the

I | ]
collgelp RGSE MeeLs (et shdner nbrobl Moy nFYaRsf digethe
colletiidarsdsnotb fdﬁl@tthbﬁibepgbﬁﬁﬂ@dlmﬁﬁumplﬂgﬁﬁefr@lthﬁﬂwhtW th a
filter, barrier, wall or the |ike ot her arrangenent

. is shown in FI%\RFrle 13, which_shows a setup where the
Figuig il4s ehQws anraliematiyensrivp isimilan intheh shown 'FngQHré’ 0, except

a3 B S B B Al g/l B3 o e
of tied cﬁxolled:mpubasm or from an aperture in the collection basin into a tank
placed below the collection basin. As in Figure 10, non-solvent is supplied
directly to the collection basin at a first flow rate. Electrospinning is carried out
over the surface of the non-solvent in the collection basin. The non-solvent
carrying the electrospun fibers in the collection basin is allowed to fall over the
edge of the collection basin into a tank. A three-dimensional fibre scaffold is

formed in the tank as the fibers accumulate in the tank.

The diameter of the fiber structure prepared according to the present invention
may be selected by varying any one or more of the following: (i) the feed rate of
the at least one viscous material into the non-solvent during the step of
contacting the viscous material with the non-solvent; (ii) the number of

spinnerets used to inject the viscous material into the non-solvent; (iii) the



fibers, which are fornmed on the surface of the
non-sol vent or just bel ow the nonsol vent al ong the
waoBas®sonf the inclined slope, flowinto the PCT/SG2007/000315

col l ection basin. A non-solvent flowis introduced

into the collection basin in addition to the

nonsol vent flowng into the collection basin after

fl ow ng down the inclinedigqope. This introduced

non-sol vent flowinto the collection basin is such

that it flows into the area where the fibers enter the

coll ection basin, causing the fibers to nesh together
diamederf of threcsptitmeret thjectingi the aiscoubenaterial indd the non-solvent; and

. n-solvent fromthe cgpllection basi.n. be used as

(v) DRSO & BolrAvidestin e EGIRE Ftaniaediarise Vo
basin to formthe fiber scaffold by punping the
non-sol vent. Figure 14 shows an alternative setup
simlar to that shown in Figure 10, except that the
non-sol vent carrying the deposited fibers is allowed
to fall over the edge of the collection basin or from
an aperture in the collection basin into a tank pl aced
bel ow the collection basin. As in Figure 10,
non-solvent is supplied directly to the collection
basin at a first flowrate. Electrospinning is carried
out over the surface of the non-solvent in the
col l ection basin. The non-solvent carrying the
el ectrospun fibers in the collection basin is allowed
to fall over the edge of the collection basin into a
tank. A three-dinensional fibre scaffold is formed in
the tank as the fibers accunulate in the tank. The
di aneter of the fiber structure prepared according to
the present invention may be sel ected by varying any
one or nore of the following: (i) the feed rate of the
at | east one viscous materia! into the non-solvent
during the step of contacting the viscous materia
Wi th the non-solvent; (ii) the nunber of spinnerets
used to inject the viscous material into the
non-sol vent; (iii) thedi aneter of the spinneret
injecting the viscous material into the non-sol vent;
and (iv) the size of a hole provided in the contai ner
cont ai ni ng the non-sol vent. References | . Myung- Seob
Khil, Shanta Raj Bhattarai, Hak-Yong Kim Sung-Zoo Ki m
and Keun-



10

15

20

25

Hyung Lee. Novel Fabricated Matrix Via El ectrospinning

for Tissue Engineering. J. Bioned. Mater. Res. Part B:
WaREB/OBiooNMat er 2005; 72B: 117-124. 2. Hyun SukP&i/86:2007/000315

Kwangsok Kim Hyoung Joon Jin and In-Joo Chin.

Mor phol ogi cal Characterization of El ectrospun

Nano- Fi br ous Menbranes of Bi odegradabl e

Poly(L-1actide) and Pon(I%%tlde co-gl ycolide).

Macronol . Synp. 2005; 224: 145- 154. 3. Sian F.

Fennessey, R chard J. Farris. Fabrication of aligned

and nol ecularly oriented el ectrospun polyacrylonitrile
Referanoés ber s and t he mechani cal behavior of their

tw sted yarns. 4. US Patent hb 6, 106, 913 (Frank L.

E”? %Ea?gé i E i e?;@;f ‘5‘8,;*;# . s%i;; o
et

%%tﬁ cat i on
aI) 12. PCT Publ i cati on WO 2007/ 01 33358 (TeE) et
3. %la)rr Fl¥enht 5P9t 39 Pastic %ﬁ)%@%aﬂ molE&ularly
ﬁerﬁ &eﬂg % g&tr@v%@&@ﬁbs}fgfr% % g% for of
l\/artlne a 17 US Pat ent No. 4, 878, 908(l\/art|n et
9 Patdft N§Qﬁ1d§ oy (FFré:Here@ca@lr?d:ér%ﬁlQhém'J 18

Utrafine Titani a bres in the sence o0 ]c’yrrer
@T&tbﬁﬂﬁo.@?@bfmgmérﬁ{ﬂ_. SaRliEarf RIcA%E JTBélé\ﬂé)? Fi bres
at Low

US Patent No: 6,790,455 (Chu et al).

o

US Patent No: 6,787,357 (Bowlin et al).

© N o o »

US Patent Application No:2004/0018226 (Wnek et al).

©

US. Patent Application No:2005/0095695 (Shindler et al).

10. US Patent Application No:2005/0260706 (Kaplan et al).

11. EP Patent Application No :1 591 569 A1 (Kulpinski et al).

12. PCT Publication WO 2007/013858 (Teo et al).

13. US Patent No. 6,790,528 (Wendorff et al).

14. US Patent No. 6,616,435 (Lee et al).

15. US Patent No. 6,713,011 (Chu et al).

16. US Patent No. 4,043,331 (Martin et al).

17. US Patent No. 4,878,908 (Martin et al).

18. Son et al, Direct Electrospinning of Ultrafine Titania Fibres in the Absence of

Polymer Additives and Formation of Pure Anatase Titania Fibres at Low
Temperatures', Nanotechnology, 11:439-443, 2006.



10

15

20

Tenperatures', Nanotechnol ogy, 11:439-443, 2006.C ai ns
1. A process of preparing at |east one fiber structure

W@ wp3®sng the steps of: (a) contacting at | eBSI/SE®7/000315

viscous material with at |east one nonsol vent, the
non-sol vent having a first flowrate; and (b) allow ng

formation of the at |east gge fiber structure in the

presence of the non-solvent“at a second flow rate,

wherein the second flowrate is |l ess than the first
flowrate or the second flow rate is about zero. 2.
The process according to claim1l, wherein the fiber

Claigtsr ucture is a layer of fibers. 3. The process

1.

according to claim?2, wherein the |ayer of fibers has

e o B s S e e el PG o of

the fiber structure has a dianeter of 100 micron or

| esga) Scontlstingraicieast aneovidcogs noaterixl wite af lddst one non-
preceding cl ai s, mheieln the fi er structure has a
di anet ePONENGHEE RRNSONESS Havmg arfest HPYdats 3 or di ng

to any one of the preceding clains, wherein the second

fl O#Qr ahfolihg? Rehaticdl dfafHe teﬂele%\ts?por?g ﬁBéro‘é'tr[]Gture in the

forndtion of "the fiber structure 1s perforned in the
presenc preﬁer@abeft thet nahispivardptaatsecond dlove rate, whergiire the

bher o noEra Apatrar? s Bbs 0% dhe 5 RAGRES At o fow

t he non@t@hygabut@e,ﬁl_ ow down an inclined pl ane 8. The
process according to claim7, wherein the first flow
rate of the nonsolvent is reduced to the second fl ow
r dthe rireess pRecidig el T, vakereinotiedfiResirygiere is a layer of
P ded plane to a non-inclined plane, thereby
aI owng the fiber structure to be forned on the
non-i ncl i ned pl ane.
The process according to claim 2, wherein the layer of fibers has a

thickness of about one fiber.

The process according to any one of the preceding claims, wherein the

fiber structure has a diameter of 100 micron or less.

The process according to any one of the preceding claims, wherein the
fiber structure has a diameter of 500 nm or less.

The process according to any one of the preceding claims, wherein the
second flow rate is about zerc and the step of allowing formation of the
fiber structure is performed in the presence of substantially stagnant non-

solvent.

The process according to any one of the preceding claims, wherein the
first flow rate is obtained by allowing the non-solvent to flow down an
inclined plane.
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9. A process of preparing at |east one fiber
structure, wherein the fiber structure is a fiber

w@e@BOadosy t he process conprising the steps of PCT/&§2007/000315

10.

11.

12.

13.

contacting at |east one viscous material with at | east
one nonsol vent, the non-solvent having a first flow
rate; and (b) obt ai ning at_ | east one fiber and

assenbl i ng the obtained f|3§er(s) to forma fiber
scaffold, or obtaining at |east one fiber and all ow ng

t he obtai ned fiber(s) to assenble to formof a fiber
scaffold. 10. The process according to claim?9,

vihteg proceskeaddobdingstoattaion & , iwhdreim e figstdtow eatei ofgthehion-

oo Rt e BB B8 <ol oMl AiRF 47 b Gt RS e
C&Jéwmﬁé)mc“ﬁédi ?iléhé fe afidieinchisad blﬁrﬂé iteredl rAliBwng the fiber

ectln%t he obt ai ned fi ber(s) all owi ng the
oﬁftmttar@ctOf enfermen Qrbth%nwremchag@plme a wall, barrier,

mesh and/or filter. 12. The process accordi ng to any

1 .d i .
oNchfbet HErhfiot 4y AR She I8 SHBRSSPHET 18 foer
astrusturegs tahfibertgcaiffolet] ttﬁe bmc(ess}s compisiegrifieesteps ofie

presence of the non-solvent at a second flow rate,

wh th fl t t.h f
F1 ol e tErtHEn & deetintn? [ty BNl Seleget e non-

The pr ogivsnt2HORGH-BBIVEAL ﬁéﬁhgwa%@f fiolvahs, Had wherein
the fiber scaffold is prepared by assenbling the

obt ai ned fi ber(s? or allowng the obtained fi beré z)
ass@nbl ebtaining ablaast obe fibgr and@sseating the obiainag i @r(S) to

any on efo?rfn 5 %'ep rs%t%ﬁgldq %r%kﬁémgnéf gt%a}eéé {bﬁvﬁhﬁ%é‘llagﬁﬁi %‘lllgwing

contacting at oné vi scous

one nonel oktainedsibee(s) 4o srdembie tocfopmnesfenfiteerafcatiold.
vortex. 15. The process according to any one of the

precedi n cIa| erejn th non- oI ent

P T BRireshs: st aiaieE RIg Sorvhatanane Hidtesaattolf s formed by
collecting the obtamed fiber(s) or by allowmg the obtained fiber(s) to
collect.

The process according to claim 9 or claim 10, wherein the fiber scaffold is
formed by collecting the obtained fiber(s) or allowing the obtained fiber(s)

to collect against a wall, barrier, mesh and/or filter.

The process according to any one of claims 9 to 11, wherein the fiber
scaffold is prepared by assembling the obtained fiber(s) or allowing the
obtained fiber(s) to assemble in the presence of the non-solvent at a
second flow rate, wherein the second flow rate is less thah the first flow

rate or the second flow rate is about zero.

The process according to claim 9 or claim 10, wherein the fiber scaffold is
prepared by assembling the obtained fiber(s) or allowing the obtained

fiber(s) to assemble on a collector.
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liquid nitrogen and a conbi nation thereof. 16. The
process according to any one of the preceding clains,

wob@BMeBG5t he non-sol vent conprises at | east onECDEG2002000315

14.

15.

16.

17.

18

followi ng: amno acids, growh factors, vitam ns,

hor nones, cytoki nes, binding agents, cells, sugars,
proteins and col ouring dyes, 17. The process according
to any one of the precediﬁﬁ4clains, wherein the

vi scous material conprises a polyner. 18. The process
according to claim17, wherein the polynmer is selected
fromthe group consisting of: polycaprol actone,
pﬁreqnbdsﬁﬁs apod)rxdﬁrlfg' tteanlyrm’le/oﬁrtl;anjrde]sdilngcdlgn‘?sefwmein the
pol yur et hanes, poal yet ene oxi de, pQ tide,

PSP of bancEha Al Eesh Bye, edpusiaratiil wif aioféast one non-

Sg?lqént iBYerRPHRESH tRO bidsenry drdensitdd uor i de)

y(vi nylidene fluori de-cohexafl uoropropyl ene),
pol y(DL-1actide), poly(L-Iactide), polgldi oxanone, )
chheipfocess laggerding thanyiene ©f thatureeediog relaims, wherein the

T I ————
phguid Initregsn anaei strapinaliee tisrept. pol yacrylonitrile,

poly(acrylonitril e-co-nethacryl ate),
nmet hyl net hacyyl ate, pol yvi nél chl ori de,

pol y . .

poh§ (RIPRFPS ASRRIHNID 10 GBY conre Of I1BR dYreceying staiise tgherein the
PHo¥ o t%&?napﬂ%?soé\‘. I%E%f SﬁeSdfghe%"&)éi'ngn'a?niﬁé‘%cids, growth
nyl on-4,6, aram d, polybenzim dazole, pdlyvinyl

afanddrs| ) vitareins ulhmsmones) Icytaldresy cbinding agenits)| oskds, sugars,
ggg&tgﬁqgsa’bnlg (Y,clﬂghﬁhg E%Q/_Vi nyl pyrrolidone-vinyl

pol y(bi s-(2- met hoxy- et hoxyet hoxy) ) phosphazene (MEEP),
PThE(sobrke %’cﬁhﬁ@% to RMyY 618 ol tRBepredéding adigims, wherein the
pol y(et hyl ene sul phi de), '

pYisgOuk yiteAgl eanapdsasyd Pelviay| ene) ,

pol y(propyl eneoxi de), pol y(vi nyl acetate), polyaniline,

. PenK ;Sr%E?& %%gortgﬁﬁlégfﬁ;%%?rhaff)wiz?%m Iﬁ'géhggfl'ygg@f is selected from

butyrate pdl'y
pthe pgritipdeconsBisipw yofer polycapraiacipnet epolyamidasyr gslyimides,

C%%R/lch%ee{mﬁe%, ol Sgl?/gfefi%g,pm ;\{&%r’c’etﬁgrgest,er %%lly)écrrr?)flgne oxide,
polylactide, poly-L-lactic acid, polygyycolide, poly(glycolic acid),
polyesters, poly(vinylidené fluoride), poly(vinylidene fluoride-co-
hexafluoropropylene), poly(DL-lactide), poly(L-lactide), polydioxanone,
chitin, collagen either in its native form or cross-linked, silk, chitosan,
poly(glutamic-co-leucine), poly-lactic-glycolide acid, poly(L-lactic acid-
caprolactone), polyacrylonitrile, poly(acrylonitrile-co-methacrylate),
polymethylmethacrylate, polyvinyichioride, poly(vinylidenechloride-co-
acrylate), polyethylene, polypropylene, nylon series such as nyloni2 and
nylon-4,6, aramid, polybenzimidazole, poly(vinyl alcohol), cellulose,
cellulose acetate, cellulose acetate butylate, polyvinyl pyrrolidone-vinyl
acetates,  poly(bis-(2-methoxy-ethoxyethoxy))phosphazene = (MEEP),
poly(ethyleneimide), poly(ethylene succinate), poly(ethylene suiphide),
poly(oxymethylene-oligo-oxyethylene), poly(propyleneoxide),
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thereof. 19. The process according to any one of the
precedi ng clains, wherein the process further

weowpns®ses a step of seeding a cell on the fi be€T/SG2007/000315

19.

20.

21.

22.

23.

structure. 20. A fiber structure obtainable by a

process according to any one of the preceding clains.
2 1. The fiber structure according to claim 20,

wherein the fiber structure further conprises at | east

one seeded cell. 22. An apparatus for preparing at

| east one fiber construct, conprising: (a) nmeans for

preparing at |east one viscous material; (b) neans for

Ppolv(\dmwgcet_até)e pelyaln'riee_f potyi (ﬁﬂwwme welvbl}halagé)o) palyérysiroxy
r. can ng or allo .he contact of, the viscous
U AR, Sha Oneherr. EMIGRKC chdy ayPeRidsBIRpaBSTS such
PRERAGRAM, HRix@ires! BEpoIFner HHY bRhd8, E8HSIFMERE ahBlterpolymers
coll'ecting a fiber stfucture obtai ned by assenbli ng

t theredber in the formof a fiber structure or for
collecting a fiber structure prepared by allow ng the

< TRERrBReSE SBESHTR 56 Ab 4 ok 3h8fibadoin hims,, wherein the
wWhrdoziss fulieeneEsnpriéey a stop efdasting b oalllovvthedibidhetructure.

contact of the viscous material and the non-sol vent
further conprises at | east one inclined

.pl ane for
alA dheh ptiurdurgonbiadiahie oY; 8 P'i%ﬁﬁ%tacgofq'ggﬁof aryyone of the

rg &eefihg agﬁnﬁppar atus according to claim22 or claim
23, wherein the collector conprises at |east one

non-inclined plane for allow ng the fi bel_r(‘s?~I to be
adbenfiber siructuie acnondioy to falajer 26 rwhereire the filbey structure

presence of .t he .nonsol vent at econd flow rate, such
{ RIS PRl R P &L T han the first f1ow
rate or the second flowrate is about zero.

An apparatus for preparing at least one fiber construct, comprising:

(a) means for preparing at least one viscous material;
(b) means for providing at least one flowing non-solvent;

(¢) means for contacting or allowing the contact of the viscous
material and the non-solvent, thereby allowing the preparation of
fiber(s); and

(d) a collector for collecting a fiber structure obtained by assembling
the fiber in the form of a fiber structure or for collecting a fiber
structure prepared by allowing the fiber to be assembled in the
form of a fiber structure.

The apparatus according to claim 22, wherein the means for contacting or
allowing the contact of the viscous material and the non-solvent further
comprises at least one inclined plane for aliowing the non-solvent to flow

at a first flow rate.
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25. The apparatus according to any one of clains 22 to
24, wherein the collector conprises at |east one nesh,

w0 doB@seoswal |, barrier and/or collector plate POF/SG2007/000315

24,

25.

26.

assenbling the fiber to formthe fiber structure. 26.
The apparatus according to any one of clainms 22 to 25,
wherein the apparatus further conprises at |east one

nmeans for providing a vort¥ to the non-sol vent.

The apparatus according fd claim 22 -or claim 23, wherein the collector
comprises at least one non-inclined plane for allowing the fiber(s) to be
assembled in the form of a fiber structure in the presence of the non-
solvent at a second flow rate, such that the second flow rate is less than

the first flow rate or the second flow rate is about zero.

The apparatus according to any one of claims 22 to 24, wherein the
collector comprises at ieast one mesh, filter, wall, barrier and/or collector
plate for assembling the fiber to form the fiber structure.

The apparatus according to any one of claims 22 to 25, wherein the
apparatus further comprises at least one means for providing a vortex to
the non-solvent.



