METHOD AND APPARATUS FOR THE PRODUCTI ON OF FI NE FI BRES

FI ELD OF THE I NVENTI ON This invention relates a nethod
wapaoaps2r at us for the production of fine fibresT/1B2009/006025

particul arly, but not exclusively, very fine fibres of

t he general nature often referred to as nanofi bres,

from various pol ymers, polymerl bl ends, ceranic

precursor mxtures and nmetal precursor m xtures.

BACKGROUND TO THE | NVENTI ON Very fine fibres produced

f r IETHQIAND ARPARASTUS FOR THE BRODUCTIAGN OF FINE FIBRES

nanofi bres, are useful in a wide variety of

applications, including filter nedia,

ti ssue-engi neering scaffold structures and devi ces,

nanofi bre-rei nforced conposite materials, sensors,

el ectrodes for batteries and fuel cells, catalyst

su r gl}'ai- i i Qiing cl ot hs, absorbent pads,
> pogﬁﬂd% a ﬁ@é%ﬁ"?‘h prevent ati ve agents,
. . tive ag
smart-textiles as well as in artificial cashnmere and
artificial leather. Electrostatic spinning of fibres

waEhisi invapliemirelates es meliat @ngdeapparatys For the peedudin of fine
i s{'%legtégﬁqcﬁlagwsgr gh8pleﬁélu$0elgo¥/¥&ef“ dwesﬂbi‘gé S g?@értal nature

Iving rise
t heftére pufesiaan t@eéyv&%moflb&asL rfebm evbriodse@bmrg@s ipolyrher blends,
dropl et. conpeting wt hmge surface tensj ?n of the

10| |§%F@H"CWQQW%°@?}P¢W@§ INpelel PEREYrATdBrEITeSt i el d i s
applied (typically 0.5-4 kV/icn), the electrostatic
forces can overcone the surface tension of the fluid
anBACKGROQUNPITQ iHE tNVENITWNor nelt is ejected from
the droplet. Electrostatic instability |eads to rapid,
chaotic whipping of the jet, leading, in turn, to fast

eVV@PJ FneORbRls %&d@(&éd’qm %IY@EF golufforid, [ Ghe el to as
t hi nii ng of the polymer fibre is | eft behind. The

15 f onamflb‘re&rafg wgadul inenwistst Vaﬂﬁtyg@f @npbgajmmsgmcludlng filter media,
Cﬁtyzﬁgﬁg@@pé%lp ngC (lze}f‘fokﬁ1 étﬂ?ctu% %ev?c%‘@ovﬁgngﬁ&e reinforced

compOS|te materials, sensors, electrodes for batteries and fuel cells, catalyst

support materials, wiping cloths, absorbent pads, post-operative adhesion

preventative agents, smart-textiies as well as in artificial cashmere and
20  artificial leather.

Electrostatic spinning of fibres was, it appears, first described in US Patent
692,631. In principle, a droplet of polymer solution or melt is placed in a
strong electric field giving rise to the repulsion between the induced like-
25 charges in the droplet competing with the surface tension of the liquid. When
a sufficiently strong electric field is applied (typically 0.5-4 kV/cm), the
electrostatic forces can overcome the surface tension of the fluid and a jet of

polymer solution or melt is ejected from the droplet.
30 Electrostatic instability leads to rapid, chaotic whipping of the jet, leading, in

turn, to fast evaporation of any solvent as well as a stretching and thinning of

the polymer fibre that is left behind. The formed fibres are then collected on a
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fibres are usually quite uniformand can have fibre
di aneters of several mcroneters, down to as low as 5

woe09/Thes2t echni cal barriers to manufacturing |BCTE2009/006025
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quantities of nanofibres by el ectrospinning include

| ow production rates and the fact that nost polyners

are spun from solution. One ge%eral nmet hod of

production utilises nultiple passages such as nmay be
provided by nmultiple needles. On average, solution

bag@énter @&th@ﬂss fypieally insthegforeeef @ Bpnwerermeb. hEhe collected

pebhegofie, WAy Bthe, it Aot ofu” v e liprRiprasgt severa
towﬂnﬁama@edbwplt@@lslwwsa@@nm omsolutions with

relatively | ow concentrations, typically 5- 10w %
dependi ng on polyner type and nol ecul ar weight. This

m??ﬁ? tbgﬁﬁlcalaﬁéHﬁngtgl F%Wuﬁ;@urn&‘:g%ﬂlghy géntﬂ!;e‘%gefj nanofibres by
n eeleb’afes;aleanhgshelude dewipradudiopr @tes and thé f&Sdghabnidsi golymers
of fibre needle. At this rate, production

of 2% ‘T’R&Hb&?@r%’ thh a planar density of 80g/n?2 at
arate of 5n2/s will require a mnimum of 14,400, 000

needles. In addition, electri _c_al field int erference
be@W@egertelﬁ@ rdeﬂ”lbdrdrnrodl@@wnsﬁlllsemLdtiplh@aﬁSagw such as may be

b t t furth ti L
o Bt By AHER ne B TER G T ithlatet Soidion Pered Fiiaspinning,
cl @sing Mbedle bblﬁn@ﬁéﬁté“ BSverSolBfbry MroudRPaSISs bﬂrtﬁet&rder of 1ml
bl ock the spinnerets. The overall result is that the

pr@@rubwromeromeedhuabm%WIthcﬂlI@W@gerse@ dhe sangene§ B0 to 100nm are
@Plc@'ll %Iny rIS%PSQIﬁF ¥ﬁs it PRSH oye%sor bo?r%feptéa{lci)ns typically 5-

I'ca rati on an ["és:
Foimm%sjdxjéﬁdﬁ’fg entpolyridébtypedand maidcular wedgrtaTais means that,

el aescsfurn%%gl er1] ryo?ygmgrr 8g1l11§|%y| gfn around 1g/ml, the typical solids throughput
rate of a needle-based electrospinning process is 0.05g to 0.1g of fibre per
hour per needle. At this rate, production of a nanofibre web with a planar
density of 80g/m? at a rate of 5m?/s will require a minimum of 14,400,000

needles.

In addition, electrical field interference between the different needles limits
the minimum separation between them and furthermore, continuous
operation of needle-based spinnerets requires frequent cleaning of the
needles as polymer deposits tend to block the spinnerets. The overall result
is that the production of industrial volumes becomes almost prohibitively
expensive for most commodity applications like filtration and absorbent

textiles.

Formhals (US Patent 1,975,504) tried to increase electrospinning production
rates by using a serrated wheel as the one electrode. In later designs, he
used a multiple needle setup (US Patent 2,109,333).



rates by using a serrated wheel as the one el ectrode.
In |ater designs, he used a nmultiple needle setup (US

w@aioenses2, 109, 333) . Reneker et al. (internati onedT/BEOEN06025

10

15

20

25

30

appl i cation publication nunmber W00022207) describe a
process in which nanofibres are produced by feeding
fibre-formng solution into ad annul ar colum, forcing

a gas through the colum in order to forman annul ar

film which is then broken up into nunerous strands of

f irsreeldepr nétnqalnatieter@tionslinpatant  @pipticatjoro ppeblicatioay enumber

b tf d that rel ing | f
F 1 RuBRa207h sToE & PEFRY 1noRBIcEs ARRTRRST Pl PrPFuced by
Oer@('iinpcﬁﬂ?éggHﬁﬁﬁféo%% infb BRI i &Iumt, foreli s Wdshthrough

a signfficantly high throughput, known as NanoSpi der, )
i shdemdurinbei drder rio dormataroaanulaadiém: wayigh is derpiproken up into

publi cati on nunber. 024101, ..1ln this systemthe
fime'PHﬁrﬁt'ﬁé’%ﬁcﬂ?bhﬁ' OE%‘ﬁ]ﬁ |?1%er|a§. contained in a dish

and a partly exposed conductive cylinder is slowy

rotated in it to forma thin layer of solution on its .
sUNfmerustothen pranosalsdmvederen Butdpavad thet rely opreraatingjets of

Xy S0 A Byt h oI pleice s i

t ahehanhet er nati onal patent application publication
nunber WD 2006131081 describes a follow up type of
NanoSpi der technol ogy in which the conductive

CyAli e : y ' nt t . .
OO SA5ER A6, SRRy nE Mt Maopier i
suddsatibedf r im whiechatioolalit | patents  tapplieatitrs c puhliedtion  number
formthe p [

Lymer, fibres. The arrangenent is s what ,
coMsIat24ta1{ e teipisviten the flat: lpBniiccRolymey spliifon S contained
S QEAMY t @a@@&é dtideRtive BRHdEE 19 IR/ tdigRdain it t
pﬂocesqsghl %H% ?ﬁrt ubbl esaare cor%i ngousl yI gene%t ed onn e
t Herraua fhiie dayeir of spbitipmen itosuifaaen Aycobniatreigetrode is placed 10-

20 cm above the cylinder and hundreds of jets initiate off the surface of the

cylinder and electrospin onto the target.

International patent application publication number WO 2006131081
describes a follow up type of NanoSpider technology in which the conductive
cylinders are replaced by axially mounted rotatable cylindrical structures
presenting multiple "discharge" surfaces from which solution is to be
discharged to form the polymer fibres. The arrangement is somewhat

complex and the cylindrical structures must be somewhat costly.

Japanese patent JP3918179 describes a process in which bubbles are
continuously generated on the surface of a polymer solution by blowing
compressed air into the solution through a porous membrane, or through a
thin tube. Electrospinning jets are formed on the bubbles and fibres that form
are collected on the counter-electrode. This system, it appears to applicant,
requires that the bubbles in the polymer solution be formed in high volumes

and that they burst very rapidly. Also, most organic solvents do not readily



conpressed air into the solution through a porous
menbrane, or through a thin tube. Electrospinning jets

wae@ofisserd on the bubbl es and fibres that forPCEIB2009/006025
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coll ected on the counter-electrode. This system it

appears to applicant, requires that the bubbles in the

pol ynmer solution be fornmed in4igh volunes and that

they burst very rapidly. Al so, nobst organic solvents

do not readilyformfoans and the given exanpl es

deormsbaatsearspthengingn @rbmpldd demohyiiatie spnnihy @mdy with polymer
anol and acetone. Additionall [

. 2= ) , Lh .
OB R BE ¢ REPArAatE ARElorcel A el p patent requires

it M (BBhRrlISdRREEHE rﬁ?é%éd“%gfaoé i éﬂlé“‘(ﬁ%t%??'f%rﬁ Ak foam
spin solution that are created by the constantly
bueinte ngopiatsbbé spirasoisifian tteat are created Heyr theoicodstsntipybursting

' - de.
paREHGE e PR OREC PO T o6 Sestibofih Rk difres on the
UngRintéluaBefro 2008125971 we descri be an i nprovenent ‘

of the bubble el ectrospinning process, based on the
stabilization of the formed bubbles using a

S5 S o ek YDt o e v

praggsai2eg7suwe Heseribe anhingbroQeieno i stheabubBRS eldd@rospinning
sone extent, one or nore of the abovenenti oned

prisBress based anifetstaliization of dhefsnedgiukinies Heingsr surfactant.
el ectrostatically spun fibres. SUMVARY OF THE

| NVENTI ON I n accordance with one aspect of this

| rOBJECANOFHEHE INVENTMONded a net hod for the

production of fine fibres by electrospinning fibres by
applying an electrical field between a primary

elieqd rafomad & ‘Hﬂggﬂfﬁént nCtd gﬁgﬁdépécﬁgtﬁq‘i'%df égp%latus for

the primary el ectrode and ext I ng gener y par
tmoéudngﬁmcdﬂ' fibees, Ivddch oxarcopeest dlvieastité avenefextdre, one or
PThOR &t t%leea%torv%(?r?en't%ngg %troeaeynmstrglaﬁng to high throughput production

of electrostatically spun fibres.
SUMMARY OF THE INVENTION

In accordance with one aspect of this invention there is provided a method
for the production of fine fibres by electrospinning fibres by applying an
electrical field between a primary electrode and a counter electrode spaced
apart from the primary electrode and extending generally parallel thereto
wherein at least an operative surface of the primary electrode is coated with
a polymer solution and an electric field of sufficient magnitude is generated
between the primary electrode and counter electrode to cause the formation
of fine fibres in the space between the electrodes, the method being
characterised in that the operative surface of the primary electrode that is
coated with polymer solution is made up of appropriate portions of the
surfaces of a multitude of operatively semi-submerged, loose (unattached)

elements supported on the bottom of a trough or tray or another support



a polynmer solution and an electric field of sufficient

magni tude i s generated between the primary el ectrode
wapwasser er el ectrode to cause the formati on PET/IB20@9/006025

fibres in the space between the el ectrodes, the nethod

bei ng characterised in that the operative surface of

the primary el ectrode that is Toated w th pol yner

solution is nade up of appropriate portions of the

surfaces of a nultitude of operatively sem -subnerged,

| omeebennert trechises andc wherainsiasity is dnaduded doh eausingopolymer

a trough or_tray,.or .another supportoenber  or

A PIHiar 48 b ZoPId JB T8 o RS eAtERa L G 1B lgments by
S Ok Alidi tHein B8 rélPR ihethdlgmENSoleken $8ctthat!tHeyasscadhe tBated with
| oose el enents by causing themto roll in the polyner

s o thin dayes ©f pehtmerssjulincontheliosiriagedi th a thin | ayer
of polyner solution on their surfaces. The el enents
are typically rounded and nost commonly circul ar when
Vi M€ delemenits | gras typidatly diouddiet oand Thegt ccomipenploecalsar when
cylinders or internmedi ate ellipsoidal shapes, altho %g
t hdeyeds By ratleashpeng ditectiarnt [\eypRapi Bg| SPigfies; fyylinders or
ca d t Ll tlng 0 a;
AR Becial A ABBubhIWoObreElE HRlpoRis presontly
or spphegidal.ke coul d be noved relative to the elenents to
cause themto rotate with such novenent typically, in
10 this variation, being a reciprocal to and fro novement
Or RBIliRG G 586 b by AitiAG W& Bfay V& tréldtPBr aldiport member in
el enrent's may be noved ‘around using rods or franes. For
exinpl e, a surrounding frane nmay be packed with
elements to fill a certain area with the elenents
supported on a support nenber in the formof a noving
SUAft@FREFEIGh ﬁ\a%uép&&Oﬁﬁteebﬂ|tﬁ§Slil{@ebbul@ieb@atﬂbvbherelative to the

elements with the whol e setup being sem -subnerged in )
15 t helepwinjsrele sausq ithem to rotate with such movement typically, in this

variation, being a reciprocal to and fro movement or a circular motion.

In another variation, the elements may be moved around using rods or

frames. For example, a surrounding frame may be packed with elements to

20 fill a certain area with the elements supported on a support member in the

form of a moving surface such as a broad endless belt beneath the elements

with the whole setup being semi-submerged in the polymer solution.

In the case of steel elements or elements made of other magnetic material

25 they may be caused to roll under the influence of changing magnetic fields.

The surface of the elements will generally be smooth, but it can also be

textured in various ways, such as through spiked protrusions; grooves in the

surface; or any other form of texturing that distorts the smooth surface of the

30 element.



In the case of steel elenents or el ements nade of
ot her magnetic material they may be caused to roll
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surface of the elenments will generally be snooth, but
it can also be textured in various ways, such as

t hrough spi ked protrusions; gmooves in the surface; or
any other formof texturing that distorts the snooth

surface of the elenent. The el enents can have a size

armheheleenamits thn Havetd sizeanyavhete Within &bthé rahgenot foom about 1
about 300 mm__and general |y bet ween about

3 d
2 B0 toFbaHi S0P BT PEHRerdlrbaseeRn aboYf S4neeand ghayk3o mm.
OIS o3t iad PR o, bbbl G oterial it
sdhetrequiremdnbhat dhey ahedidblye tshidablyl stablet innthehpolysres solution

of the aratus, Th I | uti b
N T
sui tabl e solvent, or blends of different polyners, or

a sol-gel mxture, or any other conbination of . _
c drmopelytrer shhdtionmaindog a esotuitionbefeanywhatoral | e cyndaiicrpalymer in

an el.ectraspinnin roces Th ol ymer_ sol uti .C

a1 S SPRetoar Pleriss < klrermalaldmett arbadtids! Mfips or any
t hpheredrabRatien of 66mpYher Thabivaued/yisid gibhes when electrospun by
rheol ogi cal or electrical properties of the solution.

| rRmelesiaapioeingi RMCEsS edenBOERE GOBoN: ¢ar; alseyeontainadditives
 ERE, B bt AR ol SUAE RO USEB hF otner

elrheblogital bselkeotrizthibgropertigsasidébe selutibnonshi p rel ative
to a counter electrode and generally parallel thereto,
t he apparatus being characterised in that the

ART 3LiHBasil Wil ket pJéP@Ef Y%of ShRC ihRAfiohn er'égisgﬁrovided

0
be coated wth polymer solution in use, IS made u
a@Eppapaiuat fer doe tprodigctimh ohéing ditfres dy afmethoal astdefimedf above

RSk SLiTem 2 BEe ok B335 ASLERH REDR i relptive to 2
Ofcm@@lectrode and generally parallel thereto, the apparatus being
characterised in that the operative surface of the primary electrode that is to
be coated with polymer solution in use, is made up of appropriate portions of '
the surfaces of a multitude of operatively semi-submerged, loose
(unattached) elements supported on the bottom of a trough or tray or another
support member or members and wherein facility is included for causing
polymer solution to be applied to the exposed surfaces of the loose elements-
by causing them to roll in the polymer solution so that they become coated

with a thin layer of polymer solution on their surfaces.

Further features of this aspect of the invention follow directly from the further

features of the first aspect of the invention.

The process is also suitable for combination with specialized nanofibre
collectors for manufacture of geometrically more complex nanofibre

structures, such as the nanofibre yarn formation apparatus described in our



support nenber or nmenbers and wherein facility is
i ncl uded for causing polyner solution to be applied to

wao bmoasqsesed surfaces of the | oose el enents byPCHIB00806025
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themto roll in the polyner solution so that they

becone coated with a thin [ayer of polyner solution on
their surfaces. Further featur’fes of this aspect of the
invention followdirectly fromthe further features of

the first aspect of the invention. The process is also
swenaiicee finterativhiahatgatentwi Bppligational puoblisheshofunidles number
collectaors for manufacture of geonetrically nore
c&NﬁP@Q8H§%%@ ‘bre structures, such as the nanofibre

yarn formati on apparat us described i n our pendi ng

i nternational patent application published under
ndntmde\MlZ&lOR@GMéntlom may der moiatfuliheindatseed Gemewexamples

nanpten il povigiigue SR i B BREER i SRERimhe frowings.

dr awi ngs BRI EF DESCRI PTI ON OF THE DRAWNGS In the

drawi n ure 1 is a schematic side illustration
ofBB D(EGQB TIOp QFeHHEORAMINGSe invention; Figure
2 is a schematic side illustration of a second form of

i mpl ementation of the invention; Figure 3 is a
sqhqngtjlréwmgge illTustration of a third form of
i mpl enentation of the invention; Figure 4 is a
schematic plan view of the third formof the invention

i1 UStF’@%I%OH i nlis': éa g?ﬁ&néhc gid%qh‘fstétl'oﬁ i o?férf@FFﬁtdf‘FmEI%@entatlon

illustration o ourt rmof the 1 nplenentation of
the i nvent i on afithe invention;

Figure 2 is a schematic side illustraton of a second form of

implementation of the invention;

Figure 3 is a schematic side illustration of a third form of

implementation of the invention;

Figure 4 is a schematic plan view of the third form of the invention

illustrated in Figure 3;

Figure 5 is a schematic side illustration of a fourth form of the

implementation of the invention and,’
Figures 6 and 7 illustrate alternative shapes of elements.
DETAILED DESCRIPTION WITH REFERENCE TO THE DRAWINGS
In the embodiment of the invention illustrated in Figure 1, multiple loose

elements (1), more particularly spheres, are arranged to define what, in

effect, is a primary electrode with the multiple loose spheres being arranged



Figures 6 and 7 illustrate alternative shapes of
el ements. DETAI LED DESCRI PTI ON W TH REFERENCE TO THE
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illustrated in Figure 1, nmultiple |loose elenents (1),
nore particularly spheres, are arranged to define
what, in effect, is a prinmaryS8el ectrode with the
mul ti pl e | oose spheres being arrangedso that they can
roll under the influence of gravity along a

oL o T3 W T ha L Lotgh LS Tt eq. atequar ol y
T iotDh (21 4aREAnngu G EeT TRAUa ) e T g iUl s ftted
L BEBuElIR? YD S 00 5 AT 0 GHIRP i ey of
s pioigengresolution tio fakxnhbyHhe dxpaged muvfaces o phe sphgrasswhich are
o o0t Pl S bareet 1 € generally parallel to it but.

spaced apart fromthe primary el ectrode. Electrical
contact with the polyner solution carried on the

efpbighd/oébagemlwr@mmw% sreprdiediketwaenthe pamagy elggjrode and
o Gofringh R Gh o btk al bABUSPRSE SR 3pBosy anpt from

SRR HRfAry ehsdticRlee Elbytrichl edrtact Wigh thepalyniarrselution carried on
one direction and then in the opposite, or at | east
aitbe lexposed suffacss olherspdieresis Wigidaiagd iy way of a contact plate

)  cal ¢ g h
f?@ﬂgﬁw@%ﬁ:ﬁ‘% él Erre”!r%%?getclgur#g%ﬁ]egj @@ﬂpé@%ﬁﬁ%‘bg' tnhlt nel ayer
of polyner solution on their surfaces. Tilting of the

te:ﬁ%qgﬁgt@”@ %@rﬁeﬁrﬁé SL e phaind i aneves BY B2, BY trough firstly in
%Hé“&r?éct@?fﬁrg@itheﬁﬁir{]@e q%&ﬁ@én%? o?taft Wadt iRl diRsction, so that

corners o roug eration of such piston and
cythé nspdreres seond sequentiallpe aedt typically de saand froowithin the trough,

DR AT SR AIBEHAS . SR ALBE RGBT thei
g;s%'?‘ﬂ%és. ATtigrd et theelrdugh ieayt be w@hicsedlifl i ®apRer 8éh as by
extending and retracting supporting piston and cylinder assemblies (7)
located at or towards ’the corners of the trough. Operation of such piston and
cylinder assemblies may be either hydraulic or pneumatic and may be
controlled automatically by means of a suitably timed automatic valve
assembly (8), for example. Alternatively, the trough could be supported by
way of suitable cams that, when rotated, cause sequential tilting in different

directions.

The production of fibres is controlled, in particular by controlling the voltage
applied between the primary and counter electrodes, such that multiple
electrospinning jets (9) erupt from the surfaces of the spheres under
influence of the high voltage that is applied. Other than the construction of
the primary electrode, the apparatus operates along lines that are well-known
to those skilled in the art and further detail of which need not be included

herein.



way of suitable cans that, when rotated, cause
sequential tilting in different directions. The
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controlling the voltage applied between the primary

and counter el ectrodes, such that nultiple

el ectrospinning jets (9) erupt9fromthe surfaces of

t he spheres under influence of the high voltage that

is applied. O her than the construction of the primary

el ectrode, the apparat us operates along lines that are
nd further

t | ed t h t
delt s TEVE\air 1 BR Bt et Bttt v PEMeCRESAIY to initate jet
hofegivetion top the spbless by physiealBt ddisctiry tBYwétesd surface such as
necessary to initiate jet formation on the spheres

phY¥ianping thewetied isugace withea olegsdads dde resy lsaﬂwaoﬁormatron of
t agl%hggﬂn égﬁﬁéﬂhor S%I?H[x&@ﬁ%n"\fh li @%ﬁf}f% e%ggitag itbgass rod moves

res fon of a's

pr awvay sigain, dor ehamblequOde&urmamEJeastHdmengpwmm mbt pomt The
exanpl e, One or nore jets

nove

er U’Qf‘ %36&}!1{? pﬁgbe ﬁ@%ﬁ'ﬁes thag '@ﬁf&rﬁo@%?@‘@“e ﬁP{'Jﬁagﬁ ﬁ%? é'§3t jet (or
I S i

| RS PRenURpRUICEEhhfensEhients ROUE ot Spiicibs) FNOR' further

s piméergentivn from Olﬁteudeh Quqhmrerrmmrbncmuld also et perflermed in many

Such an initiati.on could . also, b er forne man

ot FRET SIS 1 Fuyi08 Sohte ekl R HARi B thé (RERY dager on 2
iétel ayer on a sphere. It will be appreciated that

any sui tabl e shape, or conbi nati on of shapes, which

enables the elenents to roll could be used i nst ead of

h I .
o RN P RrRIBTRR, g 215, SHEAE shebRe st (iimbingtian of shapes,
Refvhichi egatileythe dreraonte 13 @il ¢difd dfeaMéwmst@a@Idms)phéres For
formis illustrated in which sinilar theres

suPRRINPled thy elermgpivecedd beoeylinshiical ik spaoetor even of elhpsmdal

shape.

Referring now to Figure 2 of the drawings, a similar form is illustrated in
which similar spheres (11) are supported by a submerged horizontal support
member (12) which is movable in a trough (13), in use, in a to and fro or
circular motion to cause the spheres to roll around in the polymer solution
(14) inside the trough. This movement is arranged to cause a thin layer of
polymer solution to form on the exposed surfaces of the spheres as

described above.

Multiple electrospinning jets (15) erupt, in use, from the sphere surfaces
under the influence of the high voltage that is applied. Movement of the
support member may be achieved using any suitable mechanism and an
electrical motor driving an eccentric, as indicated by numeral (16) is
considered to be one alternative.

Referring to Figures 3 and 4, in a third form of the invention, spheres (17) are
supported between adjacent parallel, rotating rods (18) and are partly



menber (12) which is novable in a trough (13), in use,
in ato and fro or circular notion to cause the
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i nside the trough. This novenent is arranged to cause

a thin layer of polyner solution to formon the

exposed surfaces of the spher]é% as descri bed above.

Mul tiple electrospinning jets (15) erupt, in use, from

t he sphere surfaces under the influence of the high
veUba@egémat a rtmugbpﬁﬂ@)edT heMndsr(é B) acf diiven ugpsen by a sprocket

aﬁ‘gH éE 2@) f}%ﬁ‘@r %?ﬁ@ g@%%:pg/rqqagj%g o Yolate. The

PQH@QSfetﬂe by HakE® () é)&@ﬁdl F@ Bé@\ﬁéérﬁi%@%&é)(f@ @ﬂéelmmgrsed in

ternative. Referrln ures d4, inath
f therpotymeresalutirnand rthe §pﬁ@¢%€s of ﬂ‘@7§p|%ﬁr63 hesenie eeated with a

5y U B A R BaabA BB S an

d"spé@mgl T tHBIrs@8 ahy sphefysotetoddantiag ivai totallyi mmé@)ed or even
and the spheres (17) are thereby caused to rotate. The

péhgl's*.ﬂ)bﬁbﬂﬁ% taprairiase (of Ahe exalwhar sludenWEh RaRe of & spheres
}ne%@d'i gbqlgn M the pol yner solution and the

sur aces o e Sphéres becone coated with a thin

| ayer of polynmer solution as they are rotated.

SPhdhedndienge rtdbs apbaamestian GestumeiapdfiteBitin Figure 5,
S'sFﬁQFelsy ?‘Qoé(r% Eﬂﬁp d 86& ‘Uroéd“%n@%'s\é”@élt %Qi)utddé'ﬂed within a

the sp res imrersed 1 n the solution. In
t mmughs(eam saclmfthath/ehmrtmdbei*emdmtert fiee spheresi will rotate with the
illu ﬁgrate qﬁéure 5, spheres (21) are supported on
a ey g tt (22) located within a trough (23)
such that when the belt is driven, the spheres wll
rotate with the result descri bed above. The nethod and
agiher metbodf antheapparatusi oh the | ipventicsy alipys farr bighh daroughput

spinning without the difficulties associates with the use of needles. This is

achieved by creating what can possibly be described as a solid, bubble-like
surface. The coated elements simulate bubbles on the surface of a polymer
spinning solution but have the advantage that they do not burst, causing
destructive splatter, and maintain a constant geometry leading to better

process control, predictability and uniformity.

By using multiple loose (unattached) rolling elements, this invention
overcomes the limitations imposed by the NanoSpider's pivoted cylinder
design. The application of multiple loose (i.e. un-pivoted) rolling elements
simultaneously allows for the concurrent use of different-sized roliing
elements, more optimal utilisation of spin equipment area through denser
packing of rolling elements, and also gives an additional degree of freedom in
the rolling element's manoeuvrability and conversely more freedom in the

design possibilities for the equipment



spinning without the difficulties associates with the
use of needles. This is achieved by creating what can

wQ@omsei1sy2 be described as a solid, bubble-|i kePCIIIB286%006025
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The coated el ements sinul ate bubbles on the surface of

a pol ymer splnnlng sol ution but have the advant age

that they do not burst, causi hj destructive splatter,

and maintain a constant geonetry leading to better

process control, predictability and uniformty. By

usi ngil e tinoleestbod sthal mnataraus edifferenl | arrangsireerist are possible

i B0t GO0 i AR S5t 1
r g)l"ﬁ]rﬂlé‘tﬁér‘ Anrod Vadigidhsl e ssibl@to thésthémi &8 configuration of

I'ng elenments sinmultaneously allows for the
ccbhewlemﬁnwwd)ﬂh@llma@m@’nun swhigla thel| argy seipeRtads, Thus, for

B t@%ggﬁé%bg E;e%g%@f 8y|gﬁ?ic§b %g,ﬁh@néefﬁa{iéd # Eure 6, although

gln\fﬁ;%o@@n@@didtan onalilugesgtedeinofighre #domdesiretde threokldnments could
el enent's nanoeuvrab|llty and conversely nore

i ralsthehanes itgxiupRe ssusfacesi é@l%ﬁ“@!ﬁe‘%'ﬂq‘d?pﬁ‘eﬁ@q'{'P'W"b’l of smal
b ood that nunerous different arrangenents are
p§§§ﬁgﬁé§%nthln the scope of this invention w thout
departing fromthe scope hereof. In particular,

nunmer ous variations are possible to the shape and
configuration of the elenments and the manner in which
they are supported. Thus, for exanple, they may be
basically cylindrical, as illustrated in Figure 6,

al t hough maybe el lipsoidal, as illustrated in Figure
7. If desired, the elenents could al so have textured
surfaces which may include a nultiplicity of smal
projections. CLAIMS: 1. A nethod for the production of
fine fibres by electrospinning fibres by applying an
electrical field between a primary el ectrode and a
counter electrode (5) spaced apart fromthe primry

el ectrode and extendi ng



generally parallel thereto wherein at |east an
operative surface of the primary el ectrode is coated

wowaob/1568pnl yrrer sol ution (3) and an el ectric fPelr/tB2069/006025
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sufficient magnitude is generated between the primary
el ectrode and counter electrode to cause the formation
of fine fibres (9) in the spae between the

el ectrodes, the nethod being characterised in that the
operative surface of the primary el ectrode that is
cCAtAIMSi t h pol yner solution is nade up of appropriate
portions of the surfaces of a nultitude of operatively
sem - subnerged, | oose (unattached) elenments ( 1, 11,

19, 21n mieBRey fo?Cihé"brédﬂﬁ:tl'éﬂt6fqlﬁé3ﬁbr@stﬂy0élﬁbtr6é’ﬁlnﬁfng fibres by
tray or another support nenber or nenbers (12 22)

and whepplying ag ieleatycal dieldhbetueren & @rlnmgle@rqsi@l @zmﬁea counter

P ooae SleaiDaRS(ehPaLEE hirt Ram TR RlaRl LbRRE8s Hnd Bftending

sol ut i gansmilyhsdralidabelees yrreinaitedast am opetdtive $Lﬁ‘fme of the
of polymer solution on thejr surfaces

the pr @A@Y Glecyodeiihcoptast wih @sp@vmeﬁéelqﬂﬁnd%aﬁgﬁn glectric
whi ch Ghe, fe'gﬁﬁjbfen"[” ntEHéa[ V@ﬁ%r ’ﬂe@""%‘éﬂﬁ@e@gthe primary

| east ORE di'r&ction and are se roms
cyl i ndetect@ae aid cpooied @ledivalgeto. cajseAtheefdnmatlboroftﬂhm fibres

duct f fine fibre d t £
Pl ot e (8GR e  SeRpe LB NS CING: (GSrRIed d oMStnd  being
causi ngp, E%&%dﬁﬂ HdtQPet@pé}ﬁtl@@@ukﬁget& fhae ﬁ%ﬁ?f%‘l’ectrode

sur f aces oose el enents causi ng them to Tol
i n t he tipatl iy woateslovith 'poiymerc&iodmim maa@e up of ppfapriate portlons

Lo oaudt e hiBles b 4 Bl bnd ey e mdbetd. oose
met hod ( ﬁ@éﬁédﬁ@dfrewﬁéﬁﬂsom qf1 f1|7n(321f)|§Up®‘ért@§ & thémfd)ttbm of a

either one of clains 1 or whi ¢h the facilit
i ncl udéwugbr(2 aubaygr @@pmrsu@eptttm@mber or members (12, 18, 22)

and wherein facility is included for causing polymer solution to be
applied to the exposed surfaces of the loose elements by causing
them to roll in the polymer solution so that they become coated with a

thin layer of polymer solution on their surfaces.

2. A method for the production of fine fibres as claimed in claim 1 in
which the elements are circular when viewed in at least one direction

and are selected from spheres, cylinders and ellipsoidal shapes.

3. A method for the production of fine fibres as claimed in either one of
claims 1 or 2 in which the facility included for causing polymer solution
to be applied to the exposed surfaces of the loose elements by
causing them to roll in the polymer solution includes means (7, 8) for
tilting the tray, trough or other support member in it to cause them to

roll in the polymer solution.



to be applied to the exposed surfaces of the | oose
el ements by causing themto roll in the polyner

w@odoatsesez | ncl udes rods (18) or franes. 5. A neCTBR0§9N06025
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the production of fine fibres as clained in either one

of clainms 1 or 2 in which the facility included for
causi ng pol ymer solution to b& applied to the exposed
surfaces of the | oose elenents by causing themto rol

in the polynmer solution includes a broad endl ess belt

(42) bénmetiod for the gredwciiomoafaiine fibescasiskaimed|inrajther one of

Sot ut i GRS 1 O A DG BE ALY drdied 16 papfe heiFter sotution
fibr eSt@Soé:Iafypneai tontHRd te&@bsédlestﬁfacéb %fﬂrﬁqel |@6se2 él8ments by
which the facility included for causing

sol ut | @ﬂusmgbféleapm ired motheh@owms%@u%w fl&@léée%froﬂﬁe(’lg)
| oose ﬁﬂ%ﬁts by causing themto roll in the polyner
sol uti ¢ludes, in the case of steel elenents or

el enents nmade of other magnetic material, includes
magnetic field generating neans adapted to cause the

ePerrenfsmainodfar thAEPAYGioN G ingfibeescs emgdﬁa sither one of
magnet 'cgc\r i€ G52 iy whﬁh’?ﬁb@&hﬂﬁﬁclhﬁ?d t c(j)gofgfner solution

fine fi as clalnmed 1n any"one o
cl ai nsto rbeMapphedHte meermpt)semaewfa&esmfetm tlbose |eiemamts by
range of fro th d

tq .3 f
b oducepyRingrhem g 1ol dte Mehever Hulom Toiuges & Higad endiess
whi ch g @oﬁggeﬁ?nathg% %léﬂnéﬁtswnﬁcwdblé Not BgusEN@AINY of the

froms3 Apparatus for the production  of
fine fuel&reentlsyhat aretsentl-subntrged dutherpelyipes seludibnt he
preceding clains wherein a primary el ectrode is

| ocat ed

6. A method for the production of fine fibres as claimed in either one of
claims 1 or 2 in which the facility included for causing polymer solution
to be applied to the exposed surfaces of the loose elemenis by
causing them to roll in the polymer solution includes, in the case of
steel elements or elements made of other magnetic material, includes
magnetic field generating means adapted to cause the elements to roll

under the influence of changing magnetic fields.

7. A method for the production of fine fibres as claimed in any one of the
preceding claims in which the elements have a size within in the range

of from 1 mm to 300 mm.

8. A method for the production of fine fibres as claimed in claim 7 in
which the elements have a size within in the range of from 3 mm to 30

mm.

9. Apparatus for the production of fine fibres by a method as defined in
any one of the preceding claims wherein a primary electrode is located
in spaced relationship relative to a counter electrode and generally



in spaced relationship relative to a counter el ectrode
and general |l yparallel thereto, the apparatus being

weh@pasdser i sed in that the operative surface oPCT/IB2009/006025
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primary el ectrode that is to be coated with pol yner
solution in use, is made up of appropriate portions of

the surfaces of a multitude ofl4operatively

sem - subnerged, | oose (unattached) el enents supported

on the bottom of a trough or tray or another support

menber paratehttbestandhehepparatiscbéingy charactetisatbdinf dhat the

i Ly, | ut | b || h d .
Sur t acogBeP R e FBsE o e Bt Heckice el R a7 i Fhried with
in the pelyigrrscigior iPmse0 id Maddd fm@yob%gmﬁ;r@@@t;ﬁmions of the

with a thin layer of polyner solution on their
sur f acesurfages mpfpaa amudtitede cphi aperativelyl siemisubmersedh loose

.2 TRRGRE SRS L0 LoRod o BB o

el I i psoadathes Bappsrt Mdmbéppanaimiserdsartd aheesinifaciftiyt iBeihcluded
one of gqlrairrs 9 or 10 in which the facility included

for caulrf@ushoypRlyMessatutien te benaprligd todierexrased surfaces of
exposed t [ :

o rol | UEnCPRE Serflnis Wy LRy P GLHY BZ KBk ilfion so
ti | ti ngthahéhey bgcorne mogtedwitbtahihin fayep of thohgndresolution on their
to cause themto roll in the polynmer solution. 12.

Appar at 8¥"3€%| ai ned in either one of clains 9 or 10

in which the facility included for causing pol yner

solution to be applied to the exposed surfaces of the

| obde ePpperaiys lop daimedin claém @ dn nehichithet élemenity @se circular

bencat nRE AT EREit & Frsh BRE Trefliof aRr e SHlEwB T spheres
cause rellindees ahd ehipseidansidpest hat are semi - subner ged

5 i n polynmer solution.
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11.  Apparatus as claimed in either one of claims 9 or 10 in which the
facility included for causing polymer solution to be applied to the
exposed surfaces of the loose elements by causing them to roll in the
polymer solution includes means for tilting the tray, frough or other
support member in it to cause them to roll in the polymer solution.

12.  Apparatus as claimed in either one of claims 9 or 10 in which the
facility included for causing polymer solution to be applied to the
exposed surfaces of the loose elements by causing them to roll in the
polymer solution includes rods, frames or a broad endiess belt
beneath the elements movable, in each instance, to cause rolling of

the elements that are semi-submerged in polymer solution.



