1 APPARATUS FOR ELECTROSTATI C DEPCSI TI ON OF MATERI ALS Field of the

I nvention The present invention relatef to a nethod and apparatus used in
el ectrostatic 5 deposition of materials. Background There are a nunber
of applications that involve electrostatic deposition of nmaterials, e.qg.
el ectrospi nni or electrospraying. Electrospinning, i.e., electrostatic
10 spi nni ng, A?&M%E%M%Rﬁﬁimm PEPOSEIIONe OF MOSTERBOLSCS. 1 n a
typi cal electrospinning process, an electrostatic field is applied to a
capillary filled with a conducting fluid. The electrostatic field causes
a suspended conical droplet of conducting fluid to format the tip of the
capillary. Wen the electrostatic field is sufficiently strong to
overcone the surface tension ofFitldefdhohivwhtiohhe dropl et 15 becones
unstable and a jet of fluid is ejected fromthe surface of t he droplet.
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i nt ercﬁ)nné%ntﬁdlom@brr@terfais‘,)ers on the plate. The resulting fil ns/ menbranes
fromthe web of fibers have very large surface area to volune ratios.

El ectrospun products can find wi de applications in the industrial, 20
mlitary, consuner, health care, and environnental areas. Recently, there
has been increasing interest in exploiting this technology in the

emergi ng area of bi onanot echnol ofackadund f ocuses on di mensi ons of fibers
(at least in 1-D) in the nanoneter scale, thus defined as nanofibers
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exanpl e, duffidientipf $tRimg’ RAWVERSNO the surface tension of the droplet, the droplet
15 becomes unstable and a jet of fluid is ejected from the surface of the droplet. These

resulting jets of fluids (i.e. fibers) are then collected on a target, for example, a plate.
These fibers can be collected as an interconnected web of fibers on the plate. The
resulting films/membranes from the web of fibers have very large surface area to
volume ratios. Electrospun products can find wide applications in the industrial,

20 military, consumer, health care, and environmental areas. Recently, there has been
increasing interest in' exploiting this technology in the emerging area of
bionanotechnology, which focuses on dimensions of fibers (at least in 1-D) in the
nanometer scale, thus defined as nanofibers

Various issues relating to the electrospinning process, for example, obtaining

25 aligned nanofibers and increasing productivity during manufacturing remain
challenges to be addressed. Fibers produced by electrospinning come normally in a
non-woven fashion. In practice, obtaining aligned nanofibers or yamns, like in the
mass production of conventional microfibers, is difficult because the spin line is
generated in a very complex three-dimensionai whipping manner rather than in a

30  straight line. However, for practical applications, having nanofibers arranged in an

orderly array is desired in some circumstances. For example, it is often required to



2 have aligned fiber yarns as conposite reinforcenent in order to take
advant age of its designable characteristics. The resultant conposites have
special strength/stiffness properties in a certain |oad-bearing direction
due to the alignment of the fiber yamns. One such application is that of
prosthetic vascular grafts where directional bias of fibers with respect
to the tubular axis is required to mnetically obtain anisotropic
vascul ar grafts with inproved burst strength. Another application is that
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The present invention has been made and is now reduced to practice with the
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Summary

In accordance with a first aspect of the present invention, there is provided an apparatus for
electrostatic deposition of a material comprising a plurality of spinnerets; a collector for
collecting the material discharged from the respective spinnerets, a electrically conducting plate
in electrical contact with the spinnerets, wherein, in use, an electric field is generated between
the plate and the collector and around the spinnerets, and wherein, in use, a potential difference
is created between the spinnerets and the collector, and wherein the spinnerets are moveable
relative to the collector in a direction substantially perpendicular to a discharging direction of the

spinnerets.



spinnerets. 3, The plurality of spinnerets nmay be di sposed in a staggered
arrangenent. The plate may nove with the spinnerets. The spinnerets and
the plate nay be nounted on a holder. The hol der may be noveable. The
spinnerets may be noveable in two dirdections substantially perpendicul ar
to the discharging direction of the spinnerets. The spinnerets my
further be noveable in a direction substantially parallel to the
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The material may comprise electrospun nanofibers.
The electrospun nanofibers may be collected in an aligned manner or in a randomly
oriented manner.
The material may comprise electrosprayed droplets or particulates.
In accordance with a second aspect of the present invention, there is provided an
apparatus for electrostatic deposition of a material comprising a plurality of spinnerets; a
collector for collecting the material discharged from the respective spinnerets, a electrically
conducting plate in electrical contact with the spinnerets, wherein, in use, an electric field is
generated between the plate and the collector and around the spinnerets, and wherein, in use, a
potential difference is created between the spinnerets and the collector, and wherein the
spinnerets are moveable relative to the collector in a direction substantially perpendicular to a
discharging direction of the spinnerets.
The plurality of spinnerets may be disposed in a staggered arrangement.
The method may comprise moving the spinnerets in two directions substantially

perpendicular to the discharging direction of the spinnerets.



The met hod may conprise noving the spinnerets in two directions
substantially perpendicular to the discharging direction of the
spinnerets. 4 The nethod may further 4onprise noving the spinnerets in a
direction substantially parallel to the discharging direction of the
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15 The material may comprise electrosprayed droplets or particulates.

Brief Description of The Drawings

Embodiments of the invention are described hereinafter with reference to the
accompanying drawings in which:

20 Figure 1 is a schematic drawing of an electrospinning system in accordance

with an exemplary embodiment of the present invention.

Figure 2 is an isometric view of an electrospinning apparatus, in accordance

with an exemplary embodiment of the present invention.

Figure 3 is an isometric view of the movable multiple spinneret system of the
25  electrospinning apparatus of Figure 2.

Figure 4 is an isometric view of the spinneret holder and the attached
spinneret plate of the electrospinning apparatus of Figure 2.

Figure 5a is an isometric view of a cylindrical frame collector of the
elet:trospinning apparatus of Figure 2.

30 Figure 5b is an isometric view of a drum collector, in accordance with an
embodiment of the present invention.



el ectrospi nni ng apparatus of Figure 2. 30 Figure 5b is an isonetric view
of a drumcollector, in accordance with an enbodi ment of the present
invention. 5 Figure 6 is an isonmetricSview of a drum col | ector of Figure
Sb, together with a nounting base. Figure 7(;\1 iz an el Ief:tr;)n m](c:rggraph
show ng al i gned..nanqf.i bers produced  using the drum collector o I gure
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nanof i ber snoyptinglbases] using the cylindrical drumcollector of Figure 5b.
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about 1,000 nanoneters (nm, for exanple, below 500 nm preferably from
about lnmto 100nm The naterial used for forming the nanofibers nay be
fromany fiber-formng materials, such as general fiber-form ng polyners,
fiber-formng ceram c precursors, fiber-form ng carbon precursors.

Wat er - sol ubl e pol yners such as Befadled Beseriptioni de, 20 pol yvi nyl al cohol,
pol yvinyl pyrolidon, etc., and organic solvent soluble pol yners such as
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30 ‘through a series o tubes 12. The term “nancfiber” is used to represent one

15 filament or a bundle of filaments having average diameter(s) less than about 1,000
nanometers (nm), for example, below 500 nm, preferably from about 1nm to 100nm.
The material used for forming the nanofibers may be from any fiber-forming
materials, such as general fiber-forming polymers, fiber-forming ceramic precursors,
fiber-forming carbon precursors. Water-soluble polymers such as polyethylene oxide,
20  polyvinyl alcohol, polyvinyl pyrolidon, etc., and organic solvent soluble polymers such
as polyamide, polycaprolactone, polylactic acid, etc. may also be used, from which a

spinnable solution can be made for use in the electrospinning process.

A plurality of spinnerets in the form of syringe needles 31 are mounted on the

multiple spinneret system 30. In the example embodiment, the spinneret system 30

25  comprises three syringes 31. However, it will be appreciated that different numbers
(= 2) of syringes may be used in different embodiments. Each of the syringes 31 is
mounted to a spinneret holder 38 by means of plugs 32. The conducting fluid, for
example a polymer solution, flows from the pump 10 through the series of tubes, into

each syringe 31 via the plugs 32. The multiple spinneret system 30 is operable to

30 move in a reciprocating manner, for example, from left to right, as indicated by the
arrows 35 shown in Figure 1. A charge in the range of about 8 to 25 kV is applied to

the spinnerets 31 in the example embodiment by the high voltage power supply 20.
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18 in accordance w anot her enbodi ment the presen
el ect rospfeﬁiﬂ”ﬂglarﬁﬁﬁarf?a@w 18 conprises a novable nultiple spinneret
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support poles 62 and
PP pco]lector 70 can a[so be charged to a potential which is different from plate 79 by
20 using a brush-like connector to connect to shaft 108 (Figure 5b) and using no

conducting materials to fabricate the support 76.

The movable multiple spinneret system 130 is mounted to a base plate 90 by

a mounting frame 60. The movable multiple spinneret system 130 is supported by the
mounting frame 60. The mounting frame 60 comprises two support poles 62 and two

25  bars 64. The support poles 62 are mounted substantially orthogonal to the base plate
90. The support poles 62 are spaced at a distance apart. The distance between the

two support poles 62 is such that the mounting frame 60 can accommodate the
overall length of the multiple spinneret system 130. The height of the support poles

62 depends on the vertical distance required between the muitiple spinneret system

30 130 and the collector system 71. A shoulder block 63 is disposed on the other end of
each of the support poles 62. Each shoulder block 63 is generally square in shape.

The two bars 64 are mounted one on top of the other. Each of the bars 64 is
generally elongate in shape. The bars 64 are mounted to the support poles 62 via the
shoulder blocks 63. When mounted, the longitudinal axis of the each of the bars 64 is

35  generally perpendicular to the fongitudinal axis of the support poles 62 (i.e. paralle! to



25 bars 64. The support poles 62 are nounted substantially orthogonal to
the base plate 90. The support poles 62 are spaced at a distance apart.
The di stance between the two support poles 62 is such that the nmounting
frame 60 can acconmodate the overall length of the nultiple spi nneretI
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syringes thedlangdddRy bpneanswite@wsre.g. 139, syringes (not shown) are mounted on
the underside of spinneret carrier 132. The carrier 132 is mounted to a spinneret
20  plate 36. The carrier 132 is positioned substantially in the middle of the spinneret
plate 36. The arrangement of the syringes (not shown) on the carrier 132 are
identified by the positions of the four holes 32a on the carrier 132. In this
embodiment, there are four syringes (not shown). However, it will be appreciated that
different numbers (= 2) of syringes may be used in different embodiments. The
25  syringes (not shown) are arranged in two offset lines. It was found that disposing the
syringes in a staggered arrangement, such as in two offset lines in the example
embodiment, facilitated creating a more even electric field around the syringes. The
repulsion force between the polymer jets aré believed to be minimized in such
arrangements, resulting in the polymer fiber being deposited on the collector and not
30  *fly" away. As a follow-on effect, this is believed to also help in the increase of the
throughput. An even electric field is also believed to help to produce a fiber mat, in
which the fiber is more evenly spread out on the collector.

Returning now to Figure 3, a guide flange 39 protrudes from the top surface
of the spinneret holder 138. The spinneret holder 138 has a guide hole 40 through



the undersi de of spinneret carrier -132. The carrier 132 is nmounted to a
spinneret 20 plate 36. The carrier 132 is positioned substantially in the
m ddl e of the spinneret plate 36. The8arrangenent of the syringes (not
shown) on the carrier 132 are identified by the positions of the four
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t ur ne2d onrecighecating movement of the spinneret holder 138 during the electrospinning
process helps to improve the evenness / uniformity of nanofiber distribution on the

collector 70 (Figure 2).

Returning now to Figure 2, the spinneret holder 138 is made of a non-

conducting material. This is to avoid short circuits. On the other hand, the spinneret

25 plate 36 is made of a conductive material, for example, atuminium alloy. This is to

enable an electric potential to be applied between the spinneret plate 36 and the
collector 70 during the electrospinning process.

A high voltage is applied to the spinneret plate 36 by a high voltage power

supply {not shown) during the electrospinning process. This results in a uniform

30 electric field created near the spinnerets. This uniform electric filed helps to stabilize
thé polymer jets upon leaving the syringes (not shown). The uniform electric filed also
reduces the range of jet deviation from the spinneret axis due to charge repulsion of

the charged polymer jets. This allows most of the polymer jets emanating from the
syringes (not shown) to be deposited on the collector 70 rather than its surroundings.



belt 48c is driven round the |oop, carrying the spinneret holder 138 as it
noves. 15 Wien the spinneret holder 138 touches one of the limt swtches
46, the notor 48a changes its directi®n and causes the spinneret hol der
138 to nove in the opposite direction along the guide rod 42. Simlarly,
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the cyli nh;tpncalb;i in theaange:oi beatrpm t6BOBDSMION U@t th Gadiitatehis calighkht §0 by a
pair %f ”i?.f%’}, %etgrackets 74 and a collector mounting frame 76,
respectlve E'%ol I ect or system notor 72 5 conprises a notor axle 75

ext endi ng from one end of the collector notor 72. The notor axle 75 is
coupl ed to an Eigle 77 sbdws he isymhetriclvieoadf theayindsiehl RahecollébtorTh® The

yst om 150l qoRes! 7d CoBrbrolobl ST hA s ecbal et et ospun
nanof i bertse@aimdmeal frame collector 70. The axle 77 protrudes from the discs 872. One end
of the axle 77 has a coupling element 83 (Figure 2) for coupling the axle 77 to the
20  axle 75 (Figure 2) of the collector motor 72 (Figure 2) bearings 84, one at each disc
82, enable the cylindrical frame collector 70 to rotate when it is driven by the collector
motor 72 (Figure 2). A plurality of rods 80 are arranged around the collector axle 77.

During the electrospinning process, the polymer jets (i.e. nanofibers) are
collected substantially perpendicularly to the rods 80 of the cylindrical frame collector
25  70. It has been found that the cylindrical frame collector 70 facilitates creating an
electric filed during the spinning process which favors the formation of aligned
nanofibers. The rotation of the cylindrical frame collector 70 also enables the
nanofiber to stretch from one rod to the next. This stretching effect further assists the
alignment of the nanofibers. Aligned nanofibers produced using the cyiindrical frame

30  collector 70 are shown in Figure 7a.

Figure 5b shows an isometric view of a cylindrical drum collector 100 in
accordance with another embodiment of the invention. The drum collector 100
comprises a cylindrical drum 102, an axle 104 protruding horizontally from both sides

of the cylindrical drum 102. A coupling notch 108 is positioned near an end of the



deposited onto the cylindrical franme collector 70. 10 During the

el ectrospi nni ng process, the spinneret driving nechanism 48 noves the
mul tiple spinneret system 130 reciprod@lly in a direction that is
substantially paralleled to the axis of rotation of the cylindrical frame
collector 70. The collector nmotor 72 can rotate the cylindrical frane

col | ect or 28 ¥ VAEi eAreling, 88188, 108 alipwsathey cylindiied dramgeotiestondBOrtprae o

3000r pm  chupdiRrthe axkas (Figudd 8) &ihike aélieﬁmﬂworghguﬂéz)t_ he nanofi bers.
Fi gure 5a shows an isometric view of the cylindrical Trane collector 70.
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The_drum col | ector 100 conprises a cylindrical drum 102, an

i nventi on,

axl e 1t504 WPot PURIRGORor i zontal Iy from both sides of the cylindrical drum
102. A coupling notch 108 is positioned near an end of the 10 axle 104.
The coupl i ng nivtstibultiOBe abprumtéd that WolldelbisCal ofier BbaRYuraRhSNin itbréa be

coupled to %élémax! e_75 F|I§ure . of thei colll ect or rr%tcor (Fi gure 21).
Figure 6 ¥R SAtS; EBhetamEe.7 alftigrary fecteggyiaidrans Follseiommiay Peusast o100
parti al | yobtain randomly oriented fibers, as shown in Figure 7b. In example embodiments,
randomly oriented fibers were obtained for relative speeds between the stationary
20  collector and the movable spinnerets of less than about 5m/s. At higher relative
speeds, oriented fibers can be obtained, i.e. similar to using a stationary spinnerets
and a collector rotating at high rpm.

In the forgoing manner, an apparatus and methods for electrospinning are
disclosed. Only several embodiments are described, however, it will be apparent to
25 ones skill in the art in view of this disclosure that numerous changes and/or

modifications may be made without departing from the scope of the invention.

The interchangeability of the collectors allow randomly oriented fibers as well
as aligned fibers to be produced with the same apparatus.

For example, in the embodiment described above, eight stainless steel rods
30 are assembled around the collector axle in the cylindrical frame collector. The
cylindrical frame collector can be constructed with more or fewer rods than current

eight rods to obtain different sizes of aligned nanofibers and nanofibrous



attached to the collector nmounting frame 76. The coll ector nmounting frame
76 5 conprises a pair of "L" shaped brackets 87. In this enbodi nent each
bracket 87 conprises a base 88 and a slipport 85 that extends generally
perpendicularly from the base 88 to formthe "L" shaped bracket. In the
exanpl e enbodi nent, plate 89 was grounded. A bearing 110 on each end of
an axl e 10K 0% EPPINRY CBaYhaY i fRauEet | I8 adicurnoplreapent o asstaeariaey r cul ar
depr essi opn8%@niastuctd® ca bt aed R cbittifg alidiRdHansiphert 85. A pair of
pins 85b are di sposed on the top surface of the support 85. A clanp 86
having a sem citcul ar_depression 86a to accommodate the shape of the
bearing 110, i g'%é?m@éoﬂe‘{;eﬁoﬂﬂt?‘ecf o aPRErAFH perIcriBed pybeya t pigy EREtNDI ns

85b on t heircuroprestiallyacternéd. tHigweap NOBt pdBSibiefothae RAddiroBburf fib<re SRGNEH Ng
hol es §6b.on[ wn in Figure 6. This configuralion
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rot at1thg exit dnifigh. rpm I n the forgoi ng manner, an apparatus and nethods for
el ectrospinning are disclosed. Only several enbodi ments are descri bed,

however, it w | 0 t to, 25 ones ill inthe art in view of this
di’scl osure t ha{nI %r%%eﬁoe%gh%ﬂa%geemgo b7k rm”'ﬁéaisﬂné‘?iﬁtt%ﬁ%“ f’r"a{?‘aﬂé t3Eefateni t hout
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col | ector . riented. fibers.ags well  as aligned fibers to be
pr oduced %ﬁ'bgﬁéiﬁgﬁ%%%hpgmg Qigr}enlt_,otbe %JM? gpmpﬁreltsh@agrm%&ﬁ At a&scri bed
above, ei gtis apd anovecresipsaaatly atomgs an30axs evhils sieaTbbiRdtorrotaRe dHoat @ kect or
axle {mn the cylindrical frame collector. The cylindrical frame collector
can be cohstructed with nore or fewer rods than current ei ght rods to
obtain different sizes of aligned nanofibers and nanofi brous 11

Apart from polymer solutions, other types of material, for example, polymer

melts can also be used. Polymer melts can be obtained by adding a heating system

to melt the polymers before the polymers are being electrospun.

The apparatus of the present invention can be used in other types of

20  applications, other than for the electrospinning of polymer nanofibers and production
of nanofiber membranes / mats. For example, the electrospinning apparatus can also

be used for the electrospraying of tiny droplets of chemicals or particulates to achieve

fast and even distribution of chemicals and solutions. The droplets of chemicals or
particulates may be deposited onto membranes, fabrics, sheet materials, bulk

23  materials and any other suitable material of different kinds and shapes. One example
application of such an embodiment would be in clothing e.g. for military personnel to

detect and filter out toxic or dangerous chemical particles.



menbr anes, depending on what is required. In particular, placenent of a
stationary one-frame structure can be used for collecting aligned

nanofi bers. Fibers produced with the gpparatus descri bed above are nostly
circunferentially oriented. However, it is possible to have el ectrospun
fibers aligned 5 in other directions by re-arranging the rods on the
cylindri cGl2imsane coll ector at ot her angles with respect to the rotating
axis of the cylindrical frame. In another exenplary enbodi nent, other
types of spi nnan apparktudFbraseknbidib depsditidiere MaRdaashprgngbe used. For
exanpl e, the spi nnere}s can be integrated into the nmultiple spinneret
system as a spi nner 8PURIBHONGPINTeFE®ind hol es or ot her shapes of 10 exit
orifice. In anot hera%ﬁéﬂ%r%yc@[&ﬂﬁérwt"natéﬂéi HisBhfgSPFBREIR! Bspédtivbe made
to rotate during electrospinning. This helps to inprove the uniformty of
the di%stribution of SPRRERSF: bers. In one such enmbodinent, the multiple

spinnerets may rot ajeleafebfly coriducting %laﬁﬁﬁ JBRal Edritadt QG thy spinRB@tAN
x-axis while the colkector_ rot ates about the x- 15 axis. art from

pol yner sol utions, WPHEN {fyPeR 2By elRaiiefield is geperaisdh hpween dbg plate andel t s

can al so be used. PpkYsRsctorRIndSaré@it e sphihaieiedny adding a heating system
to nelt the polyners before the pol yners are being el ectrospun. The

appar at us of the pr¥eIRM i AvERRi Gn PRIl diffsenceniSocrrated \hartweest theo

appl i1gat i ons, ot her ggifiifett @hd thecaiet ragpi nni ng of pol yner nanofi bers and
production of nanofi ber nenbranes / mats. For exanple, the

el ect r ospi nni nygherpipathat spinnesets adre anoveablgsrethtifeito thee calleetr rin sppdiegdtiog  of
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particul ates may be deposited onto nmenbranes, fabrics, sheet materials,
bul k 25 terigls and any other suitable material of different kinds and
shapes. Che exHipfRPArEANEIFSCRIMGA Bcialmch wherainhrplyelty glosninnesesiare
clothisng e.g. digsosatlin & 8fggeRtspringemeat. detect and filter out toxic or

dangerous_ chemgcal particles. 12. ainms 1. An apparatus for electrostatic
deposi ti oh of ;%r?hd? aé(?f?ﬂf'? iglaims 1 or 2 wherein the plate moves with the
spinnerets.
4, The apparatus as claimed in claim 3, wherein the spinnerets and the plate

20 mounted on a holder.
5. The apparatus as claimed in claim 4, wherein the holder is moveable.

6. The apparatus as claimed in any one of claims 1 to 5, wherein the spinnerets
25 are moveable in two directions substantially perpendicular to the discharging
direction of the spinnerets.

7. The apparatus as claimed in any one of claims 1 to 6, wherein the spinnerets
are further moveable in a direction substantially paraliel to the discharging direction
30  of the spinnerets. |



a plurality of spinnerets; a collector for collecting the materi al

di scharged fromthe respective 5 spinnerets, a electrically conducting
plate in electrical contact with the gpginnerets, wherein, in use, an
electric field is generated between the plate and the collector and
around the spinnerets, and wherein, in use, a potential difference is
created between the 10 spinnerets and the collector, and wherein the
spi nner et 8. ar eThowappdrhtuisras elbinval hoartyhene of ktlaio! tbrv, anisbr&incdn Bciric

substanti al.l v.. per pendi ar_ to a discharging direction of the spinnerets.
> The appuridlE S8 GthEphRe Bt e e oohRd e £y of
spinnerets are 15 disposed in a staggered arrangenent. 3. The apparat us
as claimegd in ¢lains 1 or_2 wherein the plate. noyes with the spinnerets.
2 The appar at 0h6 BBarAuR asc PR aysSnd RE BB {3 4 iere s SBHAC, he

pl at e - 20potentid echppliedtothé dellectd.andhiee sipesraisuse gouabed.ned in claim 4,
wherein the holder is noveable. 6. The apparatus as clained in any one of
claime 1 to 5, wherein the spinnerets 25 are noveable in two directions
substanti 0.l y Pies pppetstoslaarcidiraed irearli srehefrgaimeg 1 1019, aderam thef sgidiRrets
spinnerets. 7. The apparatus as clainmed in any one of clains 1 to 6,

wher ei n tﬁ%ngﬁﬁﬁﬁg?%$ S€0%% further noveable in a direction substantially

paral1tl to the discharging direction 30 of the spinnerets. 13 8. The
apparatus,as clainmed in any one of clainms | to 7 erein an electric
potential 'I's appi PERAeYS ARSIABEA ML PRY N RECIRIMS LI )Ir}g&we'l‘gh%?@‘fﬁ@éd. 5 9.
The apparedmzisas acuastamitblly planay sonturef clains 1 to 7, wherein an electric
potential is applied to the collector and the spinnerets are grounded. 10.
The apparatus as clained in any one of clains 1 to 9, wherein the

Spi nner et 2. coTip apEarstys ias @aimeddt asy one of claims 1 to 10, wherein the collector

15 comprises a rotatable drum or cylindrical frame structure.

13. The apparatus as claimed in claim 12, wherein an axis of rotation of the drum
or cylindrical frame structure is substantially perpendicular to the discharging
direction.

20
14, The apparatus as claimed in any one of claims 1 to 13, wherein the material

comprises electrospun nanofibers.

15. The apparatus as claimed in claim 14, wherein the electrospun nanofibers are

25  collected in an aligned manner or in a randomly oriented manner.

16.  The apparatus as claimed in any one of claims 1 to 13, wherein the material

comprises electrosprayed droplets or particulates.

30 17. A method of electrostatic deposition of a material comprising:
moving a plurality of spinnerets relative to a collector in a direction substantially
perpendicular to a discharging direction of the spinnerets; generating an electric field
around the spinnerets; utilising an electrically conducting plate in electrical contact
with the spinnerets, and generating the electric field between the plate and the
35  collector.



10 11. The apparatus as clained in any one of clainms 1 to 10, wherein the
collector conprises a substantially planar structure. 12. The apparatus
as clainmed in any one of clains 1 to 4@, wherein the collector 15
conprises a rotatable drumor cylindrical franme structure. 13. The
apparatus as clainmed in claim12, wherein an axis of rotation of the drum
or cylindrical frame structure is substantially perpendicular to the

di schar gi ih%g dThe otsthod af @laimed Trhelatnppar aheeeirathec plaraigdof spifidretdngre of

cl ai s conprises el ectrospun nanofi bers.
15. The appar apdi\gg{sa%l [éeldnagaamg% 8P |m 14, wherein the el ectrospun

nanofi bers are 25 collected in an aI i gned manner or in a randomy

ori ented nn dlnany one of clains 1 to
13, V\hsgr ejli]% tﬁ{e-herréi% hI’OIBa agﬁnneﬁam % e%r %Ecﬁpﬁjy'é'ﬁgdP%‘ﬂ'%ﬁ? ghinnerets

parti cul ainetvo ﬁﬁedmmspemmdnmdllyofpemeadmmasttatthe disgresgihg adireefiorn ofather i al
conpri si ng; ngaplurallty of spinnerets relative to a collector in a

direction ey antlally per pendi cul ar to a discharging direction of the
spinnerets; generating an electric field around the spinnerets utilising

an el ectrigcall | ate in el ectrical t
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35 cald ecmovlng 1he spbitherdthdn aetireciibrasubstamtiatydodrallet tathe dischavdigy irdctibhe

pl ural i tyJ%e §;9h|[11é}8trset s are disposed in a staggered arrangenent. 5 19.
The method as ol'aifBd in claim17 or 18, conprising noving the spinnerets
in tw directions substantially perpendicular to the discharging direction

of the sgjnn t Th hod_as_cl din.a one aof clainms 17 to
%o, fur ek "ol ettty o< BBIAA 1o ShEng of RiPe. g PP, Herd raedic
substantnzdtergt:apara@blml tottbe spianetietscdralrthe edlletiarécgrioandeddf t he spi nnerets.
15
22 The method as claimed in any one of claims 17 to 21, wherein an electric

potential is applied to the collector and the spinnerets are grounded.

23. The method as claimed in any one of claims 17 to 22, wherein the spinnerets
20  comprise syringe needles.

24, The method as claimed in any one of claims 17 to 23, wherein the collector

comprises a substantially planar structure.

25 25, The method as claimed in any one of claims 17 to 24, wherein the collector

comprises a rotatable drum or cylindrical frame structure.

26.  The method as claimed in claim 25, wherein an axis of rotation of the drum or

cylindrical frame structure is substantially perpendicular to the discharging direction.
30

27. The method as claimed in any one of claims 17 to 26, wherein the material

comprises elecirospun nanofibers.



21. The nethod as clainmed in any one of clainms 17 to 20, wherein an
electric potential is applied to the spinnerets and the collector is
grounded. 15 22. The nethod as cl ai mredsin any one of clainms 17 to 21,
wherein an electric potential is applied to the collector and the

Spi nner etgq ar h ny of clainms 17
to 22, wh%Sr ei ?ﬁg‘lég% ?ganse?z'g Hﬁ@o an Qﬁ"g@er‘g'brqb%&m%@ gano%ﬂers.ﬁ{g met hod
as cl ai ne@bllecteanyamalgneﬂ nedrenensr iha od@8ly onestedimaniiiee col | ector  conpri ses
a substantially planar structure. 25 25. The nethod as clainmed in any one
of claims 17 to 24, wherein the collector conprises a rotatable drum or
cylindricad frhmemsthodcasuclaime?bin atyeormeeohddings1 T tca2@eshearaincthainmat@igl

wher eign cylindrical frame structure is
subst ant ?éﬁ"?@lsgéfgﬁéﬁ%&%ﬁe% ?%‘etshhoq p%l SC ag# ging direction. 30 27. The

met hod as clainmed in any one of clainms 17 to 26, wherein the materi al
conpri ses el ectrospun nanofi bers. 15 28. The nethod as clained in claim
27, wherein the el ectrospun nanofibers are <collected in an aligned nmanner
or in arandomy oriented manner. 29. The nethod as clainmed in any one of
claims 17 to 28, wherein the material 5 conprises electrosprayed droplets
or particul ates.



