1 An Apparatus and Method For Produci ng Nanofibres Field 5 The present
invention relates broadly to an apparatus and a nethod for producing
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causes ions bpdubigeRAbYElansfbel On to nove towards an el ectrode of
opposite polarity. Wien an electric charge is applied to a nmetal syringe 25

needle filled with the polynmer solution, a droplet of the polynmer solution
forms at the tip of the syringe needle, and the ions in the pol yner
solution of like-polarity are forced to collect at the surface of the

dropl et. Oncgatk@ofh@ctric potential of the surface charge on the dropl et
surpasses a critical value, the electrostatic force overcones the surface

tension 8 the droplet and a thin jet of polyner solution erupts 30 from

the surface of th | et...to forma Taylor, cone. .The resulting jets of

pol ymer can be cg elqé%ﬁéén 151130n50qq;sur c%l-i P(éesduf)eﬁ rgqlélgpgea&eggf_ p’?S%eges are
performed each year, worldwide. However, there are currently no acceptable
synthetic scaffolds for small-diameter blood vessels. Surgeons have to harvest a
patient’s own blood vessel for transplants. This procedure is time consuming and

15 may lead to unnecessary complications.

Electrospinning offers a method of developing blood vessel scaffolds that
resemble that of naturally occurring blood vessels. A significant advantage of
electrospinning is its ability to generate a non-woven, nanometer scale fibrous

20  structure using a wide variety of polymers.

A typical electrospinning process involves passing an external electric field
to a polymer solution. This causes ions in the polymer solution to move towards an
electrode of opposite polarity. When an electric charge is applied to a metal syringe

25 needle filled with the polymer solution, a droplet of the polymer solution forms at
the tip of the syringe needle, and the ions in the polymer solution of like-polarity are
forced to collect at the surface of the droplet. Once the electric potential of the
surface charge on the droplet surpasses a critical value, the electrostatic force
overcomes the surface tension of the droplet and a thin jet of polymer solution erupts

30  from the surface of the droplet to form a Taylor cone. The resulting jets of polymer

can be collected as polymer fibres on a collector.



Most conventional processes for devel opi ng bl ood vessel scaffol ds using

el ectrospi nni ng produce tubes with nanofibres that are deposited randomy
or aligned either circunferentially or Bongitudinally with respect to the
tube. Tubes that are produced in this manner have their limtations. For
exanple, tubes with 5 randomy deposited nanofi bers may not exhibit
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Summary
To be completed when claims are agreed upon. This section is based on and

consistent with the claims.

15

Brief Description of the Drawings

The invention will now be further described by way of non-limiting

20  examples, with reference to the accompanying drawings, in which:-

Figure 1 is a schematic representation of an apparatus for producing aligned

nanofibres, according to an embodiment of the present invention.

25 Figure 2 is a schematic diagram showing a travel path of a jet of fluid and an

electric field generated by the apparatus of Figure 1.

Figure 3 is a scanning electron microscope (SEM) photograph of a nanofibre
tube obtained using the apparatus of Figure 1.
30
Figure 4 is a schematic diagram showing a change in the angle of an electric
field with respect to a collector, according to another embodiment of the present

invention.



Figure 5 is a schematic representation of an apparatus for producing
aligned nanofibres, according to yet another enbodi nent of the present
invention. 5 Figure 6 is a schematic di a§ram showi ng the travel path of the
jet of fluid and the electric field generated by the apparatus of Figure
5. Figure 7 is a scanning electron m croscope (SEM photograph of a

nanofi bre tube obtained using the apparatus of Figure 4. 10 Figure 8 is a
schemati c di agram showing a change in the angle of the electric field with
respect to the colFigEe dis a sshewmat¢ regrasontamat appetisferprodicinhaligned sent
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enbodi ment of the present invention. 20 Detail ed Description Generally,
t he descri bed enbodi nents provide a nmethod and apparatus for producing
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Figure 1 showmheabefh@MRidaht SRleaENsAtibRR 40f an apparatus for producing
di agonal | y aligned nanofibres in accordance with an enbodi nrent of the

present 1@nvention. The apparatus 100 conprises a spinneret structure 120,
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field with respect to the collector, according to another embodiment of the present

invention.
15 Figure 9 is a schematic diagram showing a change in the angle of a spinneret

with respect to the collector, according to yet another embodiment of the present

invention.

20  Detailed Description

Generally, the described embodiments provide a method and apparatus
for producing nanofibres that are aligned diagonally. The apparatus generally
25  comprises a spinneret, a collector and an auxiliary electrode. The diagonally aligned
nanofibers are produced by controlling the direction of a jet of fluid leaving the
spinneret. This is achieved through controlling the electric field in combination with
understanding how factors such as gravity, viscosity, humidity, etc, influence the
path of the jet.
30
Figure 1 shows a schematic representation of an apparatus for producing
diagonally aligned nanofibres in accordance with an embodiment of the present

invention. The apparatus 100 comprises a spinneret structure 120, a collector 140



auxiliary electrode 160 and the spinneret structure 120. The spi nneret
structure 120 is positioned such that the plane of the blade 126 is
substantially perpendicular to the |ongftudinal axis of the collector 140.
The spinneret structure 120, in the exanple 5 enbodi nent, conprises a
single spinneret in the formof a syringe needle 122 having an

el ectrical |y aad anBgafart decldde 13@.91*@/%&11@%1- m@@lfkl Fendally EHolE) BERGEorDfhean
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th I N L ected f h I p,124 t 1 dl
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structure 120, and the auxiliary .
electrically conducting maferials.

A fluid used for forming nanofibres, such as a polymer solution, is fed to the

spinneret structure 120. A syringe pump (not shown) is used to regulate the flow of

20  the polymer solution through the syringe needle 122. A variety of polymers such as
homopolymers, copolymers, etc can be used. During electrospinning, jets of the
polymer solution are ejected from the tip 124 of the syringe needle 122 and

deposited onto the collector 140 as nanofibres.

25 In this example embodiment, a positive voltage, for example, of about
+12kV is applied to the spinneret structure 120 by a high voltage power supply (not
shown), and negative voltage of about -5kV is applied to the auxiliary electrode 160
to create an electric field 190 between the blade 126 of the spinneret structure 120
and the knife-edge 162 of the auxiliary electrode 160, as shown in Figure 2. The

30  polarity of the voltage supplied to the spinneret structure 120 and the auxiliary
clectrode 160 may be switched. The magnitude of the applied voltages may be
varied to alter the angle of alignment of the nanofibers deposited on the collector

140 or to determine an optimum electric field to carry out the electrospinning



el ectrode 160 nmay be switched. The magnitude of the applied voltages nay be
varied to alter the angle of alignnment of the nanofibers deposited on the
collector 140 or to determine an optinumelectric field to carry out the
el ectrospinning 5 process. The voltage supplied to the spinneret structure
120 typically ranges from 6kV to 20kV while the voltage supplied to the

auxiliary el gﬁicégsdﬂ?hé%lt Busiel Yo tHeaPHREret §1OUBNEK Y20 B/ptQY ramed B8nAUXI | 1 ar'y

el ectrode 160 is di sgose_ such that the resulting electricC field 190 is at
an angl e a wPk¥ te 28i¥athiledhe yrdtage meiplid tntie auxilisryoflectiode 60 fypitally 140, and

crosses the r | ector 140. 10 In this enbodi nent, the
col |l ector 148EH1 égﬁgp%ﬁ\{/@ﬁmg?y charge. It should be appreciated that the

col l ector 140 nay be grounded or a charge may be applied to the collector
140 to encourage the deposition of nanofibers onto the collector 140.
Char ge ap%lied to the collector may affect the angle and extent of

al i gnment of the Tﬂﬁg@%ii@g'&e{:ﬁg @I&Pﬂsldﬁsﬁ)géél séél?tﬂa?thiir}esﬁlhﬁ'ﬁegé]dygf h%@emﬁndr el

in the exanple 15 e nt and 1s 1o uri'ng deposi

nanof i bres t 90 &cit ki kagle cakitlgraspet to Bt 1ddpetudimabixidsfibe odlldche 1¢0) dnact or  140.
The collector may be rotated at_various speeds, typically in the range of
300rpm t o 200@efsmtheriefage pltbe colectir 140t r avel path of the jet 170 and the
direction of the electric 20 field 190 are indicated by the solid and
dashed arrows, respectively, as shown in Figure 2. The collector 140

di sposedibet ween {hthisiembéddiaweyt, echecdlleotie 126Qs aodgivéeanys phargerethaild bet ur e
120 is positioned sgch t hat Ihe collector 140 is at an angle a relative to

the electri cal?Hr_E(fl_Ete_ &lept thigh eollecios 1149tm‘§'¥7b‘3 eonpded ez chares mEydie %Rﬂhﬁéttﬁr e
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cause the jet 170 to 25 initia accel erate vertica wever,
t he el ectri cChingeapniégi tocheseliectarteabaffich tHodghd andhexteni afradigamestt ofithe ur e
120 and the g%ﬁlbler%r h%l 5 oq'elifg %Scﬁu%ﬁes form of a mandrel in the example
15 embodiment and is rotated during deposition of the nanofibres to facilitate alignment
of the nanofibres on the collector 140. The collector may be rotated at various

speeds, typically in the range of 300rpm to 2000rpm.

The direction of a travel path of the jet 170 and the direction of the electric

20  field 190 are indicated by the solid and dashed arrows, respectively, as shown in
Figure 2. The collector 140 disposed between the auxiliary electrode 160 and the
spinneret structure 120 is positioned such that the collector 140 is at an angle o
relative to the electric field 190. When the jet 170 leaves the spinneret structure 120,
both the initial momentum of the jet 170 and the force of gravity cause the jet 170 to

25  initially accelerate vertically downwards. However, the electric field 190 between
the blade 126 of the spinneret structure 120 and the auxiliary electrode 160 causes
the jet 170 to travel in a generally arched path under the influence of the electric
field 190. As the jet 170 travels towards the electric field 190, the nanofibres are
deposited on the collector 140, which is positioned in the path of travel of the jet

30 170. The electric field 190 is used to control the direction of travel of the jet 170
gjected from the spinneret structure 120 such that the nanofibres are deposited

aligned in a generally diagonal orientatioh on the collector 140.



the jet 170 to travel in a generally arched path under the influence of the
electric field 190. As the jet 170 travels towards the electric field 190,
the nanofibres are deposited on the col Pector 140, which is positioned in
the path of travel of the jet 30 170. The electric field 190 is used to
control the direction of travel of the jet 170 ejected fromthe spinneret

structure 120 suclatiba sthittr&2fstiexRipR, AdRAGRPOBES 84h bAhhd@dhd Med
general ly diagonal orientation on the collector 140. 6 Various structures,

for exanpl e, Prsawsideprded ud ssanningrel ensromandicrassdned SENB phptagrapbof tessowrfabed. A

scanning el e } - ( hot ograph of the surface. of a .

nanof i ber tugltra5 ﬁ %‘zft %R%gg%ﬁ%sé)ggﬁasﬁeﬁasmﬁ&ea%ﬁgﬁ&isﬁsﬁgéPﬁ%‘éeds glb%%mi s
shown in Fi giguee 3.1t istobs&veabmar the dabdfibired d1g I0ANRMthOhABIBeOubSAH ONn the
nanofi ber _tube are 5 generally aligned diagonally. To obtain the nanofibers

shown in Fi gareerdly gligaed giagomdllyt structure 120 was given a charge of +l
2kV while the auxiliary electrode 160 was given a charge of - 8kV. The
electric field was oriented at 45 fromthe spinneret structure 120 to the
10 auxiliary el ecTpotmilte naReibernshogntio Figugel B the spinheresstnosse biewho vary

the angle of alignpent of anofibres .on the collector 140. This can
be ach!geve_d SV%%FH%@E ogg%ﬁﬁwg}eg}%wlgx;y glgctgyre\)éﬁwqﬁﬁ\m@ ‘%i‘ﬁ{ﬁeé)fa of the
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structure 120 with respect to the collector 140." An exanple enbodi nent of

the prestht pewibanyietastrethol®hig a change in the angle of alignnment of the
nanofi bres is shown Figure 4. The initial angle a, of the 20 electric
field with respect to the collector 440 may be changed by varying the

di stance between the auxiliary electrode 460 and the spinneret 420 either
hori zontally or vertically. In this enbodinment, the auxiliary el ectrode 460
is noved hori zonRehrging @ yigure s ithie popsiblecpetary e pyele ofiaigamen oflthe The

new position il . 460 -1.S 45 dashed
i nes. \When ?%‘Ié)ﬁ??%togﬁgée( 'c%l?&%cﬁelgb.efﬁlg %Qt?be g&ué\%d b?/%%%ﬁ%%?s, tﬁ%’r examp?e,
15 by varying the angle o of the electric field 190 between the auxiliary electrode 160

and the spinneret structure 120 with respect to the collector 140.

An example embodiment of the present invention showing a change in the

angle of alignment of the nanofibres is shown Figure 4. The initial angle a; of the

20  electric field with respect to the collector 440 may be changed by varying the
distance between the auxiliary electrode 460 and the spinneret 420 -either
horizontally or vertically. In this embodiment, the auxiliary electrode 460 is moved
horizontally away from the spinneret 420 by a distance d,. The new position of the
auxiliary electrode 460 is represented by dashed lines. When the distance of the

25  auxiliary electrode 460 is changed by the distance d,, the angle of the electric field

490 from a, to a; (where a, is greater than a,), as shown in Figure 4.

An alternative embodiment to the apparatus in Figure 1 is shown in Figure 5.

The apparatus 500 in Figure 5 is generally similar to that in Figure 1, thus only the

30 differences are described. In this embodiment, the spinneret structure 520 is
positioned such that the plane of the blade 526 is substantially parallel to the

longitudinal axis of the collector 540. As a result of the relative positions of the



25 auxiliary electrode 460 is changed by the distance di, the angle of the
electric field 490 froma, to a2 (where a, is greater than a2), as shown
in Figure 4. An alternative enbodi ment td the apparatus in Figure 1 is
shown in Figure 5. The apparatus 500 in Figure 5 is generally simlar to
that in Figure 1, thus only the 30 differences are described. In this

enbodi ment ,  §AendBl FHABRES ST, m&c&ustn?ary%a@cme F0OSiutd AP %she%%g elbdific Pl ane
of the blade 526 is substanfial |y paral | to the longitudinal axis of the

col | ector 548¢eldf904s ergstgdl across ﬂlheurlf@e@lflthﬁecqﬂos:pt $4hes dfowrhig Figwpibnner et
structure 520, the auxiliary el ectrode 560, and the collector 540, an
electric field 590 is created across the surface of the collector 540, as

shown in Figure 6whéhere fehs70 Rhvds fhe sfiaies s&b&u&pszr@nmreeﬁmﬁmaﬁ%m&&fZO t he
initial momentumof 5 the jet 520 causes the %ﬂe;v to nove horizontally

forwar d. SThethslgc2Pjcauses gregebsi tgewfedxo@aomﬂx gisl: ?ﬂh@ﬁlé@tnﬁtﬁeutwre 520
and the auxi gél‘% &fccﬁ) gltersgglge[%?% ?L#‘%%Z(? #]_il% UXI?g%U%%C@%%sk& gl}sgt ed\é\?r ds

the auxiliar aV| I onal

forces. As tHe&d 1oedccaé'1€itermwaﬁistthnl\arxﬁil$ary Ialacmd@ jaoareethe hrtle ﬁlfﬁﬁﬁce of
nanofi bers are de ed and aI| ned general |y diaggnally on the collector
540 10 pl ace& aivﬁat 5465 OF thLeH%t 7th°5‘"F§ tovpards-the grRgiam deatiodn SA¥.cr oscope

(SEM phot Ogﬁ@f%beﬁfar@déb%&?éd 1 BHOP Al GraRn RGPS B! 9 appar at us

in the above enbodi ment Eﬁlown In served that the
nanof i br s epkgcedﬁ@(}h@path hétheactcﬁ'TDbArscamin% eiaatmng&mad)pq(SEM)gﬂEtbgraph

diagonal ly. 1 Ret n t he apgl.e of ali t of

nanofi bres c% aBaém ﬁ*lgﬁﬂ‘ﬁgés\?é?‘g'\ ﬁ%uﬁlﬂ%ﬂ?@P@aﬁgﬁ thepBos %Egec{]@e‘?'i 1§I d 590
wi th respect sﬁcﬂvdlhq"iglﬂb heﬁtispébse@@@ that e rﬁﬂ'&@ﬁ&leﬁe g2F0HPHR nhiofitedtie 8, the
auxiliary electrode 560 is noved horizontally away fromthe spi nner et 520

by a di st ancéredenergfealigngd géagonalbh of the auxiliary el ectrode 560 is
represented by the dashed lines. As a result, the angle of 20 the electric
field 890 with respect to the longitudinal axis of the collector 540 is
changed 3 om ? 1 Retufing nbwerte FRjure 8, Heemigkr oft4lignmaa) of the nanofibres can be

varied by varying the angle a of the electric field 590 with respect to the collector
540. For example, as shown in Figure 8, the auxiliary electrode 560 is moved
horizontally away from the spinneret 520 by a distance d». The new position of the
auxiliary electrode 560 is represented by the dashed lines. As a result, the angle of
20  the electric field 890 with respect to the longitudinal axis of the collector 540 is

changed from ?; to 7, (where ?; is greater than 7;).

Alternatively, the angle of the spinneret 520 can be changed in order to
change the angle of alignment of the nanofibres. The change in the angle of the
25  spinneret 520 is achieved by tilting the blade 526 and the spinneret 520, as shown in
Figure 9. As a result, the initial path of the jet 570 changes to a new path 970 such
that the angle of alignment of the nanofibres is altered.

Factors that affect the electrospinning process also affect the morphology of
30  the collected nanofibers using the methods described. This will include, but is not
limited to, polymer solution concentration, the solvent used, electric field, gravity,

addition of ionic salt to the polymer solution, etc.



Alternatively, the angle of the spinneret 520 can be changed in order to
change the angle of alignnent of the nanofibres. The change in the angle of
the 25 spinneret 520 is achieved by tiltfng the blade 526 and the spinneret
520, as shown in Figure 9. As a result, the initial path of the jet 570
changes to a new path 970 such that the angle of alignnent of the
nanofibres is altared bg%gf%ﬁtédhﬁﬁt hile Wiy Befe®! GRLIRSAhPEHiMGNR GBS al so
af fect the norphol ogy of 0 the coll ected 'nanofi bers using the nethods
descri bed. Thiventigr |hayve dleerl elestsibtedi kerpiot fari thiet paposes el iNustratie| varicus

concentration, the sol t.-used lectric.field, gravit addi t i,on. of

Con o salt & oS poROERRGR o e Rt Wigopfaderertbifs P8 abt 3P,
while only aoftwisnadgbhi c enbodi nents of the invention have been descri bed
herein for the purposes of illustration, various changes or nodifications
may be medle without departing fromthe scope and spirit of the invention.
5 In anot her exa I I r | ral ly al ong
its Iongitudinaln§£§g} oggﬁﬁgP%ngkﬁg?%ﬁébg%thggg%ggﬁfﬁﬁxﬁﬁmFﬁgﬁﬁgwgfibers
along its aus fongitGdihal aréstto@natilb e meebeod distfibutionbfithphdfibyratorngfitst he

di agonal | y aligned nanofibers can be deposited on the collector and
arranged in E?gss-diagonal | ayers. Apart fromthe nethods described above,
anot her nethod that can be used to change the angle of alignment of the
nanofibres is to change the angle of the 15 collector relative to the
electricl®ield Theydiangtbeadrhyodaheninmdltipdnlafens ef theubesonplipaigned usi ng t he

exanpl e apparatuys and t hods, descri hed can be used in bj.onedjcal
ohal T cat i oo R o R e ol G R P rheEgR f&be- gui ded

tubes. O her holl ow shapes 20 and structures with aligned nanofibers can
al so be nuade.

Apart from the methods described above, another method that can be used to
change the angle of alignment of the nanofibres is to change the angle of the

15  collector relative to the electric field.

The diagonally aligned nanofiber tubes produced using the example
apparatus and methods described can be used in biomedical applications such as
small diameter blood vessel scaffolds or nerve-guided tubes. Other hollow shapes

20  and structures with aligned nanofibers can also be made.

Further, the apparatus described in the example embodiments may be used to

deposit nanofibers on a braided tube or any substrate, instead of on the collector.

25



Further, the apparatus described in the exanple enbodi nents may be used'to
deposit nanofibers on a braided tube or _any substrate, instead of on the
collector. 25 9 5 Cains 1. An apparatus® or producing aligned nanofibers
conprising: a spinneret structure; an auxiliary electrode; and a collector
for collecting nanofibers discharged fromthe spinneret structure; wherein
an electric Oightt 1S created between the spinneret structure and the
auxiliary el ectrode that causes the discharged nanofibres to align 10
substantially diagonally on the collector. 2. The apparatus according to

claim1, wherein e rd.c. fihel.d crosses deposition surface of the
col |l ector atrlan a#gg'lagslél.%&tfgb%m%cén%%b%‘lﬁéflﬁ%ﬁ%)&so ogfpﬁlél% any one of the
precedi ng cl ai ms, wher @ispinh&tet stAetupger et structure conprises an

el ectrically conducting plate in electrical contact wth a spinneret. 4.
The appar@tus accor di ng? fecibifyiolsegodggadei n the electric field is created

20 between the electri ga llé/c:té}%fj&lﬁ E@ggalp%%hge@ﬁ%ﬂar%%frﬁ@jg‘ge of the

auxiliary el ectrode. 5. e apparatu ccording to wherein a tip
of the spinneret ppioberetchsictues; i s placed inline with the electrically
conducting plate. 25 6. The apparatu ccording to any one of the preceding
clainms, wherein the cOPFEd ?t%ﬁégblﬁéf?%quhﬂwpw& PRIRRETSTUHRICEREi al | y

parallel to a plapg @fe Qﬁﬁﬁaﬁ'&tél&!ﬁodefthéth&_u%nﬁy&?éc%ﬁrrgeg fandH6re 8RO Aligh US

accordi n%g to any one of the preceding clalins, wherel
0 substantially diagonally on the collector.

2. The apparatus according to claim I, wherein the electric field crosses a

deposition surface of the collector at an angle o.

15 3. The apparatus according to any one of the preceding claims, wherein the
spinneret structure comprises an electrically conducting plate in electrical contact
with a spinneret,

4, The apparatus according to claim 3, wherein the electric field is created
20  between the electrically conducting plate and a knife-edge of the auxiliary electrode.

5. The apparatus according to claim 4, wherein a tip of the spinneret protrudes
or is piaced inline with the electrically conducting plate.

25 8. The apparatus according to any one of the preceding claims, wherein the
collector is moveable in two directions substantially parallel to a plane of deposition

of the nanofibres.

7. The apparatus according to any one of the preceding claims, wherein a
30  charge is applied to the collector.

8. The apparatus according to any one of the preceding claims, wherein the
spinneret and the auxiliary electrode are oppositely charged.
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30 charge is applied to the collector. 8. The apparatus according to any
one of the preceding clains, wherein the spinneret and the auxiliary

el ectrode are oppositely charged 1010498 194-text-15E draft 10 9. The
apparatus according to any one of the preceding clains, wherein a relative
di stance between the spinneret structure and the auxiliary el ectrode is

adj ust abl e t g, var yhamppaghes 8écordih@Reenl dHe bhteNGRBEAIRE CRIMS, WhereiNg
appar at us accor di n% to any one of the preceding clains, wherein at |east a
B

conponent of MA@EesPipiFRes detwasnutheusrinneset piryciieand then pyxiligry FiRfitiedefis

alignment  obqfus@bRAD AN dhold dr alditfieRR M BrBER0r ding Lo claims 10 and
3, wherein the tiltable” 10. "‘conponent conprises the electrically

conducting plate. 12. The apparatus according to any one of the preceding

claims, wheregpn thge ﬁf%dr@tﬁ&CHccbrﬁln'ﬁDt‘éaé}lyedﬁéDOf’ﬁBypr@Ebo?r@Elﬁmg @ér&ﬂ@nt of

the nanofibers. 15 13 he apparatus accord to any one o precedi ng
claims, wher &2at  RRMPeRaNt etihespirorist plsedurg isifriielo vaman Angleoh aliprmesnt
produ0| ng al pbpmmechanafbakd bers conprising creating an electric field between
a spinneret structure and an auxiliary el ectrode that causes discharged 20
nanofi bers to align substantially diagonally on a collector. 15. The nethod

accordi ng to1¢l ai Mhd4, a¥heatak Nadddfdifg %t E:i'aﬁ‘ng 'ﬁi Qaner 8SSRerdiRCthed RASL L1 ON
surface of the collector _at an angle met hod according to any

one of cl%i nEorRORENE gBMPKHIES s ﬂ'eﬁfﬁéalblpﬁoﬁﬂ'éﬁ‘rt'@g Pl%‘? Tucture conprises an
electrically conducting plate in electrical contact with a spinneret. 17.
The met hod according to claim 16, wherein the electric field is created 30
bet ween t he éfect MNeaPPRAAEHACEAFIRG tpRAY Onard the Rigceding glaimerwhareindbsi | i ary

el ectrode.  collector is movable to vary an angle of alignment of the nanofibers.

15  13. The apparatus according to any one of the preceding claims, wherein the
collector comprises a mandrel.

14. A method for producing aligned nanofibers comprising creating an electric
field between a spinneret structure and an auxiliary electrode that causes discharged

20  nanofibers to align substantially diagonally on a collector,

15. The method according to claim 14, wherein the electric field crosses the

deposition surface of the collector at an angle a.

25 16. The method according to any one of claims 14 or 15, wherein the spinneret
structure comprises an electrically conducting plate in electrical contact with a
spinneret.

17. The method according to claim 16, wherein the electric field is created
30  between the electrically conducting plate and a knife-edge of the auxiliary electrode.

18.  The method according to claim 17, wherein a tip of the spinneret protrudes
or is placed inline with the electrically conducting plate.
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18. The method according to claim17, wherein a tip of the spinneret
protrudes or is placed inline with the electrically conducting plate.
10104SG194 -text-1$' draft 11 19. The nethod according to any one of clains
14 to 18, conprising noving the collector in two directions substantially
parallel to a plane of deposition of the nanofibers. 5 20. The net hod

according to1iany onee Alettddaadedrdlily tooarhSondVBEERINS MW@BQ@Qmﬁrisir?OﬁbViﬂg to

t he col |l ector,. qu{l' The %&Qod .accordi%ﬁ_ }o agji/ one of clainms 14 to 20,
whorein the &5 flepier m Hiudiseuons sibstaiplepardieldac lens sheseesionoidha; ged.
10 22. The methsibesccording to any one of clainms 14 to 21, wherein a

rel ative distance between the spinneret structure and the auxiliary
el ectrode adjusted to vary an angle of alignnent of the nanofibers. 15 23.

The met hogl agoor diThg iethadyacesrling toGrgi die di4idifs 22, toVde Wbkrsimh dharetisa
conmponent of tﬂediﬁﬁ?geret structure is tilted to vary an angl e of

al i gnment of PHE $9I64P5. 24. The method according to clains 23 and 16,
wherein the tilted conmponent 20 conprises the electrically conducting

pl ate. 25. Tg me Eod cording to any one qf clains 14 to, 24, wherein the
col l ector i s?'rmvg etrﬁ%ﬁaﬁc%ﬁfg‘ﬁﬂg? @n%f’”‘%\Pﬁ éﬂ?@n& 19720y WheteihbrispEngTetos 26,
The et hod aendtrd agiliby devtrodeer®bpdsatiyehdgetio 25, wherein the coll ector
conpri seg, a mandrel . 101045G 194-text-1 S( draft

22. The method according to any one of claims 14 to 21, wherein a relative

distance between the spinneret structure and the auxiliary electrode adjusted to

vary an angle of alignment of the nanofibers.

15 23. The method according to any one of claims 14 to 22, wherein at least a
component of the spinneret structure is tilted to vary an angle of alignment of the

nancfibers.

24. The method according to claims 23 and16, wherein the tilted component
20  comprises the electrically conducting plate.

25.  The method according to any one of claims 14 to 24, wherein the collector

is moved to vary an angle of alignment of the nanofibers.

25 26. The method according to any one of claims 14 to 25, wherein the collector
comprises a mandrel.
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