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of the I nvention The present invention_relates to a nethod and apparat us
used in electrostatic 5 deposition of hateri al s. Background There are a
nunber of applications that involve electrostatic deposition of materials,
e.g. electrospinning or electrospraying. Electrospinning, i.e.
el ect rost at i APPARATURIFQR BIEETROSISFIG DrEB@SﬂfIélNOrEMg\TmIAAbS!en fiber
fabrics. In a typical 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. When the electrostatic field is sufficiently strong
to overcone the surface tensiorField dfithe fivapltioh, t he dropl et 15 becones
unstabl e and a jet of quid is ejected fromthe surface of the droplet.
These resultin ets o re th col,l.ect ed
Carget. for exdpissedt vaicnrelestor efodland BeorBify Ganan Shrogblc”

i nt er cénneiepositiovedf mitefialbers on the plate. The resulting fil ns/ menbranes
fromthe web of fibers have very large surface area to volune rati os.

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 emerging
area of bi onanot echnol ogy, whi ch fBackmreund di nensi ons of fibers (at |east
in 1-D) in the nanonmeter scale, thus defined as nanofibers Various issues
elating Lo themeheold Al MACARRs A inGA Bl BbiA LB Ao | ONed
nanof i bers and i ncreasin ctrvity tur
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However, for practical app i cations avin ano ers arrange

orderly aroopguatiag dfisid tefprinats theetin: iof dhersari sWi‘lenrth@ﬂeqbnoetatsctfleidslsOften
required t h g y e f Bt in
order to tsg lC'E% Zs\rflr%gg fo P%?émgif A ea{% glreggtt?iﬁestdfc?lé} %&e res%l t ant
conmpodbt esbeﬁam@s spetablglandta jehef W%t& tﬂw’s@% §0ﬂ5'rtb9éﬂtfa%0f the glrandett ﬁheﬁe

| oad- bear i t such
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5 fibers wihere fibgisezan heocqliﬁétetﬂmmramtﬁwrmep@dr\@%mpi‘@hﬁrs enriherplate aliey obt ai n
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engi neer i glun®r Grtigst Blgctrpspun grrstuptsr cart find cuife | applieations dn dbe riadystiati ng
Process Whifn i, REthEER), KRE entsrhhtbiNfedd)l RBESRY OheRARRI bR . 1t
usual ?y takesry; ?ew hours to \éﬂ en ﬁnave 3 nano?éﬁ?oug mat vﬁ

hundr eds dfcreasiicpnisterestt fin cﬁmwgoetbausiecmomyl o Hepnerpos e of ca.
Larhr . Theidraottofhdlody? WHKHAGRGS bAYIMesRAIR B dehS (AD8hstliAPOD] el easons
which [imt the industrialization and comrerci all zatl on of thi's technol ogy.
One net hod'aBPMEiEH SeRe.1ue Aefingd @dnenpithers s to adopt the concept of nultiple
spi nnerets. In such el ectrospi nning apparatus, uniformty of fiber

di stribution 15/4rgys E%ué‘giffenatﬁneri@%ﬁé‘ete&l‘o%‘&nnﬁﬁaﬁrg@egsef&'|e§érﬁBIeb65t‘éﬁﬁﬁ jets

ej ecti ng fromthe different spinnerets becones a problemto be addressed.
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National Textil'e Center Annual Report, 9, a rotary

el ectros pmﬁer@/eapfﬁaw% ul§ Bﬁaﬁwemﬂbtqlfﬂ'ﬂ% aﬁ%%@@@f@et%or HRey Bkepfrothgct i vi ty,
is 20 deS%és%egmdbét.owaéf Eﬁ%hﬁd’rﬁal trhefonibdls, Ehammai RYLS e RphWeRNid et s was
mnimzed with their design. However, naintaining consistent feed rates to
all the s@eﬁﬁ@i@l g1 Vgl ?%E‘@&éh@aevﬂé@e@'%M@ﬁ*nw anpereEdhgr haydhdi on has
been pgde sﬂ*@%ht ﬁn@%vﬁé‘%%‘ct%p phetiB4] AppliCRions, Pavidden Stk RAG Rk tiReRe

concerns.

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




In accordance with a first aspect of the present invention there is

provi ded an apparatus for el ectrostatig deposition of a material conprising
a plurality of spinnerets; a collector<for collecting the nmateri al

di scharged fromthe respective 30 spinnerets, wherein, in use, a potential

di ffer enca. s heat itk ek use o hEcRPIARSIEh ARt DS, GRLBGYREqe B wher ei n

the spinnere re nov relarrve 10 t e co I'n-a
subst ant i aldsignpblepdnadictarstics. theaesiltch aoypositedihage spenialafirenpt/diffnesser et s.

3 Th . . el '
ol ectri oaiPrapstfiadPs, bt flaadihhg BiedioR RE'E ML MnRARBHEE ddr Faflel, 1
field is demesatredppicatiwers mabofppm@emda:tdmlarcgyaftsewhene diregttionad Uit ofhe

Spi nnerget %be?%ﬁufﬁ'r&%fe Eé’ tl%f tu%BfaP%Q{se%%sr?ﬁﬂPégth rﬂin?e?%ﬁlﬁ;dcft'};]tgmaarﬁé fr ed

arrangenren ers nne et s and
the plate myulblegnaﬂamﬂbdmmvadImlrsi@ltrengthe mmrappb@atlbe lswﬁmeabfcemln“ghe

spi nner et ShaiBYo rlags Q&%ﬂ%lf&ts@%\éﬁgﬁéér& tions substantially perpendicular to

the di scharging "di rection o rets. 10 The spinnerets may further
be noveable in a direction subst_ant_l ally parallel to the discharging
direction of tHyodpitiviteisenotheparititabissud io qiestronpinaing peocesewhighineeds too t he

Spi nner et s, aadoi e iR b Minrcss Bf AURABY:, 10,8 AL £roRAERL 1A olplp De

applied to the collector e sp fnerets ar grounde e spi nnerets
may cdfpr |l§ye@/nan@f@r¢t@emlaéswthmdm8| efcmisronsalp thishpedsskecauseipttaalom al |y

planar st rauehufie, rJthofcﬁ’é"F‘é‘fﬁPrTHéab(avnggH; |nsnaﬁu{aeﬁ@h§% on8" SR most

cylindrica rame structure. An axi's I on o he drum or cy FI ndri cal
frame strdewartantnepsers adichuliysit dh@liadlIlS}n%i‘é?tMlnéh@LﬂOa‘errQlallZﬁéloﬂllchﬂh@r gi ng

direction. Jr%ldégt rlemelfdY Sfoféﬁ{ ?ﬁﬁq ?Ijld@‘bwo%ﬁ 13”?61332@%@ co-HESpt of

el ectrospun nandfi bers nmay be In an nner or
randonl y dniltipie sginnaietien SW@'%I(@DI@JI”Q@;P&C@@MHB'@F nelyeaf ffi b@s@ﬁtﬂ?@@f‘dr opl ets

or Pl ¢k feair?SrloBr 360 dAAGE shiilioR LBRRANTLRER Horl BE AfGSRN!

I nvention there 1I's rowde ost at %OSI'[IOI’I of a
mat eri al GpHeres hgcqmn ahgrowem torke addyessedsipianrasiicle entitied A iFvedargental
col | ect or !h}f(bsﬁﬁé'ttcfneéf Tl@é‘FéM@aﬁfoﬂ'ﬂddﬁMo effes Eﬁ#@é&ﬂékﬁﬁn FBeR” ‘Bg%&%ﬂéﬂ“g
direction o I nnerets rther conprise generating an
el ectric fq!epgbi§hg@,ﬁu’(hﬂ{\gﬂtlonal Textile Center Annual Report, MO8- DO1 1999 a rotary
electrospinning apparatus with multiple spinnerets to improve productivity, is
20  described. It was reported that the charge repulsion between jets was minimized with
their design. However, maintaining consistent feed rates to all the spinnerets

simultaneously was a problem.

The present invention has been made and is now reduced to practice with the
knowledge of these concerns.

25

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

30 spinnerets, 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 perpendicutar to a discharging direction of the spinnerets.



30 spinnerets. The plurality of spinnerets nmay be di sposed in a staggered
arrangenent. The nethod may conprise utilising an electrically conducting
plate in electrical contact with the sé)i nnerets, and generating the
electric field between the plate and the collector. 35 The net hod may

conpri se nmovi ngyth Lpnerets:i lrecti . S i Y. :
per pendi cul ar ,?I' oh % %Bgﬁr:agughén%éfi %dg'jm 8% \r,%c%l”(%% %fagﬁgé@gi %ﬁﬁ%@sﬁi plati Phe

met hod naeléamidah exontasimwitihs thenepinngretsheandpwhemriretis  use, aardielestria fiald is
substanti g | I Lschargin ' | spi nnerets. An
electric etnérrﬂ?%t?ét"r”rg%/n %‘% ;%%%laﬂég-? %oll? ﬁé’p%"gd. é\rﬁgﬁ%&% S%Enn@teﬁise' collector is
‘grounded. 5 An equuralitg opspimmdreiaimayeye dispaseplin adtaggetedarmopéneentor and t he

spi nnep.ets are -gr i y conprise syringe needles. The

col | ector may cﬂ’ﬁ%ﬁ#gg%g ré-%\ges\?tg“n{ﬁlggfj%gﬁ?%nar structure. The collector may

conpri se a rot atrebdpinrdretsnand tioy plardmag dle hoamted shraubdldere Thé holler andys of

rotation q{e ﬁ]g\?ea%[um or cylindrical franme structure may be substantially
ulfar-to

per pendi c *he di scharging direction. The nmaterial nay conprise
el ect r ospun nanidfe dpgmeretY hay decvdveabieum twadicddiibes suhstgntiblly perperditda i n an

al i gned . ' J ' d manner. 15 The material may
conpri sengﬁgg?igéhﬁ@rﬁgﬁ%ggﬁ% g%élrnﬁ%ée?s[.i cul ates. Brief Description of The
Dr awi i§ls Enbodi Trerspsnefets ey ifurtien be omovaakle de s ciretien dubstentiallytparallal toh

refer encethgdﬁgﬁar@ﬁggwawiongedg 'epqu_ in which: 20 Figure 1 is a schematic

drawi ng of ‘an ele ospinning systemin accordance with an exenpl ary
enbodi nent of tAreeleciseprtential erayi iwn apPliegutoethg dpinrerets sodethe i wlledtemisof an
el ect rospir#p&ijmdappar atus, in accordance with an exenpl ary enbodi ment of
t he prese I nventi on.

An electric potential may be applied to the collector and the spinnerets are

15  grounded.

The spinnerets may comprise syringe needles.

The collector may comprise a substantially planar structure.

The collector may comprise a rotatable drum or cylindrical frame structure.

An axis of rotation of the drum or cylindrical frame structure may be

20 substantially perpendicular to the discharging direction.

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.

25 In accordance with a second aspect of the present invention there is provided
an A method of electrostatic deposition of a material comprising moving a plurality of
spinnerets relative to a collector in a direction substantially perpendicular fo a
discharging direction of the spinnerets.

The method may further comprise generating an electric field around the

30 spinnerets.

The plurality of spinnerets may be disposed in a staggered arrangement.

The method may comprise utilising an electrically conducting plate in
electrical contact with the spinnerets, and generating the electric field between the
plate and the collector.

35 The method may comprise moving the spinnerets in two directions

substantially perpendicular to the discharging direction of the spinnerets.



Figure 3 is an isonetric view of the novable nmultiple spinneret system of
the 25 el ectrospi nning apparatus of Fi gure 2. Figure 4 is an isonetric view
of the spinneret holder and the attachéd spinneret plate of the

el ectrospi nning apparatus of Figure 2. Figure 5a is an isonmetric view of a

cylindrical frafe GRUECHRY REnkhSoRbAS TSR ML LoRRBALE IS, Hreflalr & 2
30 Figure 5b is an 1sonetrrc view of "a drum collector, 1Th accordance with
an enbodi rashstaofially ipargiedoding disehesging ditection®f fegapirmetets.s an i sonetric view
of a drum col |l £, E , e, it . i b [gure 7a
is an electr on%rﬁ g%&’g@&gﬁ%ﬁgvﬁgﬁ%ﬁ@I?gd‘%n‘\gﬁo%‘@&?@gpr]“ti“ Sgtﬁge%%%"s"?% t he
drum col | egrewndedf Figure 5a. 5 Figure 7b is an el ectron m crograph show ng
randonky ori ent fl S P cedpusi i..ndr.i ; | | ector
of Fi gt e sb. 1o} SPRRE HRERR Rap e HikE e Pt B the B ERB 88 %0t *an
el ect r ospigmpinggdsystemin 10 accordance with an enbodi nent of the present

i nvention. The Wl LSesS a syringe punp 10, a high
vol t age power S‘IﬁIgS&ﬁﬂn%e?é g{ako%\g/g@?"“@éé %I"@?gpé&g%i nneret system 30 and a
nanof i ber col | ddegolledor maeceppiisegesyhsigntialy plasatstractomnducti ng fl ui d used
for form ng nangfl t [ r ; h a series
of tubes 12. T%eﬁéﬁ%&qi}@a%?ﬁggﬁge%@k%ggg dﬂgﬁ P g%‘@é@%ﬁ?ﬂ%ﬁg s&rgétﬁ f?ament or a
bundl d0of fi | arfen@gishalireigtien efaipe divametr eedindlicsd Sranhe rstrabtoce M2y 0@

nanonet er : I I ] eferably fromabout 1 nmto
100nm Th%u&%&?ﬁ%ll&%@@ﬁ@l@f@tﬁ?%%‘ggégﬁg%ﬁ@r}. bers rr)E/ty be fromuany
fiber-forn ng nidiegnatalia mayesimpiise glastrospunfndneficérer ni ng pol ymers,
fiber-formng g e%fb&ro%é@ﬁlﬁ%ﬁgﬁb%r? 58 Earemefagagﬂ %@ﬁeﬂ&ﬁ%e?%ﬁn a

Wat er - sol ubl e pol'yners Such as polye hyEI ene oxi pol'yvi nyl al cohol
pol yvi nyl rpydasnly gdenteémannemnd or gani ¢ sol vent sol ubl e pol yners such as

pol yankde, pol I i i . . be used, from
whi chpfg spi nnaﬁlﬁ%q{sl% ﬁ%‘i 0 %Ogﬂg{?é e?%ﬁ’g&gr%féoﬂ%rgﬁ%% c{rI%Y“ec?’eac r ospi nni ng

process. A plurality of spinnerets in the formof syringe needles 31 are
nmounted on the nmultiple spinneret system 30. In the exanple enbodi nent, the

spi nneret system 30 25 conBr_i ses three syringes 31. However, it wll be
appreci ated t hat different_wﬁmuﬂges may be used in
di fferent enmbodi nents. Each of the syringes 31 is nmounted to a spinneret

hol der 38 by mEamSodirheitt ¥8the3AventioR #@ BELSG LA Befdintidr witk reféreat® ket POl ymer
solution, flows fromthe punp 10 through the series of tubes, into each

syringe 3PCEPAPFWENGHEYI8 N WGE' nul tipl e spinneret system 30 is operable
to 30 nove in a reciprocating manner, for exanple, fromleft to right, as

i ndi caped by t Irguerogs: sthera@vmraving o Hh @lskirodpitiifg e@stém ih Recdraage of
about 8 to .25 kV is appli eg_ to tpg SPi nnerets. 31 in the exanpl e enbodi nent
by the hi gfi ?@5@'&5@&&‘70 M5t 9F te Presept iYGMBr | it is noted that the

voltage will depend on the polynmer used and concentration of the polynmner.

Negat i ve vol t agdgureyis ainSsorhetriapfein efdari &letiesspitiigyappardiogundecbréaldeect or 25
is positioned bel ow the ringes. 31 to create an electric field between the
i RSN PLBE srosst!

charged syYTREEeTPIRME B BFESEB INYHUI%8) ectric fiel d causes tiny

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

electrospinning apparatus of Figure 2.

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



5 jets e.g. 34 of polyner solution (i.e. nanofiber) to be ejected fromthe
tip of each syringe 31. The pol yner jeés e.g. 34 are deposited onto the
coll ector 25, and forma web of interconnected nanofibers on the collector
25. The collector 25 may be of various shapes, for exanple, a rectangul ar

frame, a cylindgsicals fr A eVl i ri fi
col l ection progféglg,g 6t'%gﬁg%n?éet%€\g(réxggg%ﬁgé§ ”‘?réatg@ftlﬁb{f%{%gt {é)ggthelig'ﬁ hiagh speed
if e.g. aroqurtindbasal frame or drumis used, or can be stationery, if e.g.

a rectangular frame is used. Figure 2 shows an isonetric view of an

el ectrospi nni ngziﬂﬂg_?’aafsu L8clrBn %Eﬁ%}%’ﬂc&o‘(mﬁ%g tdggé oPPDRdLABMeqCf the

present inventionh. The electrospi nnifg apparat errl ses a novabl e
mul tipl e singribe deung gdliestor oBBigwiedbaa col | ect or 15 system 71. The col | ector
system 71 conprises a collector driving means 72 and a collector 70. In the

exanpl g embodi rgdlle 7l Rl tZ%gif@r? gﬁcr,orlg%gﬁ%ox'#@goﬁah%m p&#énﬁﬁf bﬁrngﬁﬁenfshe

polarity can be swtched, tFl _ connect wt I gh

vol t age, diedysed singdhq wyligdiical dunheg/lestonptidguredbygr ound. 1 n ot her

nodi fications, collector 70 can also be charged to a potential which is
different fromplate 79 by 20 using a brush-Iike connector to connect to
shaft 108 (Figure 5b) and using no conducting nmaterials to fabricate the
support 76. The novable multiple spinneret system 130 is nounted to a base
plate 90 by a nounting frame 60DetAHEgd BeSEHPHOM,)| tj pl e spinneret system 130
is supported by the mounting franme 60. The nounting franme 60 conprises two

support pol es GRg@edi t swowdS abaienfatic dR&VISY POER NGRS PBARING! Q{Sﬂ@h‘nhed
subst Bti al lé’ orthg@%nal to the basF IEj%ate 90.. The support poles 62 are
spacea at 8CEfdapcs, With, A1 rgmbogimeny; ot Ahe LrEvAhdBYETERR (B CEFHRSPINNEGI es 62
if] suclh F@?Etefrh@orﬁpﬁﬁébiaﬂgyrfnlgarﬁ%lgﬁm@fﬁ@ hRBOREGE ?bﬁﬁﬁ b@wgo,aélmc%\@ta@% 2 of
terrut|p R | Nher e sSyste . e _nei tesuport ol es

oo omds oRmiE SBPRE L SIRET Th o802 AnaTog: HalerE e Eneayiids BIS er ot
syst ﬁm 30 fa&dz @gﬁcfcuhmglﬁhdi fa@édrblfor w&ﬁm%ﬂ?ﬁssg?d mélantiﬁzblspﬂiﬁh legs’i s'yit?@bi i pgg ed
on the ot r..en (0] eac t he ort Pl es . e=acC ou er oC | S
general |y DotiEsush  SEnE? HRES {20! BRalRTh NaaOtoaim LSH Sn RSB ¢ ho
ot her .13Eacﬂmrﬂénttdna haidte Gfﬁﬁlhmggemmblave@ﬁ@wgmeteﬂ) %Eamgan bt ligo0e 64 Sr e
nount e to the u ort ol es VI a e SNnou r OCKS . nount ed,
Thanl ool Tatpaeierahie &F SfRrBantoRodiun Jarleraby Fam aboybiip X Tgonm

per pendi cufhar materizheude@ntpr t foething! thax nandfibetsh énagu ppofrdmpahe FiberR fdrmirg.

I lel t _th I 90). .Th | tipl ' t syst 130 i
rount ed ¢ SHRRARIHGD PRQP BEPTOOGTE0 PRl PP BB LR AR | ng

bars 66 arfibegfonaingldayborydretdsore AlVaten-selidlepciymibre 80th 8D polyéthgeha bxité,

protryges A RIPASHo poly v Sirdlidde, LS End3RaRlc sheht bl Bolymars Sfth P! ocks
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 fo

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.



5 Figure 3 shows an isonetric view of the nmultiple spinneret system 130 of
t he el ectrospi nning apparatus 18 of Fin%ure 2. The nmultiple spinneret system
130 conprises a spinneret hol der 138 vably nounted to a spinneret hol der
mounting frame 47. The spinneret holder nounting frame 47 is generally

rect angul p i t e ane 47
o i Cur ioustel oS, AR DU, Sondee P, HERRE o the o R WA e 2.
Each of t lentewration of ihngadhaﬂnar Bég4tWe yoitage®) may alshderepplied iigetessny. 60
(Figure 2) i e L._pount i ng
frane 7. dogeltoliedons? & o R0y R Sinddtt P HREREn SGLEERT T e
47, with |tte§nl¢am’@etqbdlgedlsyame§ Jlubrst thet dodiedtor ParTdiel @ectn@ﬂelde:aasﬁnsmwr et

hol der 5D u | der 138
s a ginerar 9 th e Ealfen s MR ABnbibd e kol RodMhaTE S ¥ o

first faceyrifige3f. Eegwineddgeisss. @c%pmrecdelposwe@omwmeacc&lpctnn% eandp‘bama 36 The
Spi nner et vPébaBﬁnke?cJﬁﬁ%%ﬁ%a%Bﬁéé?? o*P]%EOc!Bug&BF ?&err?é c&lé% 1;%”%}( 1385 by
means of screws €. (. , syringes (not shown) are nou he Uunder si de
of spi nnenatiogsashapes, foB2xariple, & eaatargulat ames amylimtrisel framaospluyimineal 20
plate 36. t | & of the
spi nner et d-l:hg‘t Ba@%d %h%b%grc ?@eﬁﬂ glfn'gchgfqp%%Bﬁecﬁ?nﬂﬁéﬁn{%%& anE r;%’}tg{(‘)jm'n&t he
carri 8P 13®hasmrse|ddéa'gl faloahhdm;zaitfmn@osdtunmssuaeﬁ thearf beistaiohary, iB2g. an t he
carrier 1 | ment, there are four syringes (not shown).
However , ?%Ct\?\#%léﬁfea%eeg?%g# ‘ated that different nunbers (>_ 2) of syringes
may be used in (;Iifferent enbodi nents. The 25 syringes (not shown) are
arranged in twFigire skishpiva e, ispmeltigs viewueid an reigctdisBipoisd repparatus yiBi iges in a
st agger ed fof e

crbod: ment YR Pt gyOHEr sBolienlBr o rEtert ikhiof THRCASHERBRIG, 1
syringes. apnérattaoﬁ SPowrisesy een@)@biﬁemultlpl\eesmmqmiewq‘t@n sl38randbelcolsatel t 0o be
m ni myzed r i r g
deposiiPed SreThe  cRfq SAREER Shtemt PELyhbiEs. 4 chltbiol VB Imed B2 BRRD
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25 plate 36 is made of a conductive material, for exanple, aluniniumalloy.
This is to enable an electric potential to be applied between the spinneret
plate 36 and the collector 70 during the el ectrospinning process. A high
voltage is applied to the spinneret plate 36 by a high voltage power supply
(not sho i r [Ra{all SHan LY | ~uni form
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of the collector nmotor (Figure 2j. Figure 6 shows an isonetric view of the
cyl i n@Pi cafly' can d61a kdewonigfiechdhis iinbelpvad taakedan in e isereres pbthenpunt i ng
frame 76. yllgqsflt! &% L0 i &r [ | fincPfmatlin Shaped
brackets 87. ?}ﬁlﬂjt.hi S enq)o i‘d%rﬁ?we%c btr)%%\légc% ?dég&%gﬁ%f?o?gg%‘aﬁ%eggatgg and a
support 83vhitethe SiReidn drorg everiasrreag entperiie calestdry from t he base 88 to form
the "L" shaped bracket. In the exanpl e enbodinent, plate 89 was grounded. A
bearing 110 on maGhirHbwlo ﬁguz@@,ea dide Rhindd 8o BMALAEE HEAY thdtersGpldeect or
100 rests on a semcircul ar (f,i_presslon 85cin a top surface of the of the
of the spinneret holder 138. The spinneret holder 138 has a guide hole 40 through




10 support 85. A pair of pins 85b are disposed on the top surface of the
support 85. A clanp 86 having a semcircul ar depression 86a to acconmodate
t he shape of the bearing 110, is renovgbly nounted to the support 85 by
fitting the pins 85b on the top surface of the support 85 into a pair of

correspondj g.h ; ' igur.e 6. Thi
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re-arranging the ro indric ramne ector at other angles
wi th respdbe limit switchr 48 £ni thg exiositefendhef tbel guide ireh42f Thiseresults imtiteher

exenpl ary EEBRRLIRN moRhiA SRR inSRkIRGEE! 156! faheatk Gb h@ﬁ Shfel nge

needl es) can be used. For exa e spinnerets can be integrated into

t he m#0t i pREPSRiNG Mavenest e‘qfnchg spirgsretnieglider Aa8 dHuning htheoeladraspineingor ot her
shapes of JOc¥ideldd fof ipFove! e FIGHARS /SHFORhiRY ¥ l%m‘ﬂgérr@%ﬁutmﬁl 511 Hee
spinnerets can be nmade to rotate during electrosprnning. I's helps to

i nprove t Helemer @t figwe 8k the distribution of nanofibers. In one such
enbodi nent, the nultiple spinnerets may rotate about a z axis and nove

reci procal |y algdigm@g ﬁombSFip;ﬁwel 8 1Hee sEiRhdrBE hefef AB8LIES l<5¥ d Rgnx 15
axis. Apart from pol yner_sol utions, other types of material, for exanple,
pol ymer méondudiag atstaly Ehig dete avols| sfiast ciraits.<Or iie efbeniang, theaspignagetdi ng a
gfgtc ! ?gss%ﬁéts@st 8 mEdd oft oA NIE iatdiRll HoF ekdRpIBOLN TS HilSy. PRISS to

P 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
the 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.



The apparatus of the present invention can be used in other types of 20
applications, other than for the el ect§osp| nni ng of pol ynmer nanofi bers and
production of nanofi ber menbranes / For exanple, the el ectrospinning
apparatus can also be used for the el ectrospraying of tiny droplets of

chemi cal's or p%tth%%r%&'ﬁ:iatﬁﬂt gxﬁQ fo‘ﬁ?ctfa?‘?ﬁmﬂ@%@(r%” 79 i%té'nf]HtIoP Ya%he

chemical s and sol'Uti ons al's or I culat'es nmay be
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application St S8 ¢ tary
per sonnel 7doartka eollecksrdnbuntingrirapg 76 d)espeablwelua'ﬁlgepdmwc twstecalmotmrml cl es.
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and wher ei erets are veab ative i'n a
di recti on suoh swsdtarml thiel giegmqpmmgcmoaesst dhe ectbc&robmrrg nagoftﬂuersecam &e of the

leia(r;[urairg;l e&%@ﬁgﬁé@%g&ﬁwéaﬁﬁa&é r‘?ﬁ' claim1, further conprising a

ate el'ectrical cont act with the spinnerets,
and wherein, in use, an electric field is generated between the plate and
the cdPl ector dmiingrdeneiectespipingnerasess. the spinmiet dppag aneehaaisntl48i ned in

claim 2. gl fhel EuRbY" SlitraretOlsyS0NG0 it eufl HPISffebibra yfragoer ed

arrangenent. he appar atus as al ne rein the plate
noves wi t IsubsientEly ppratpied e the ais qfrretaam)afrtae L¢5§|in§1§lC@JIf@mﬁ3@D|lﬁﬁ0CV%|Trhe4

wherei n the, Iéd? LRSI 172 @d?'firotté}@ the %kﬁwd?@é’l“ﬁrﬁ'ﬁe %B‘I%:té}oi’diﬁf va 365433-59

appar at us as c alned in claimb erein IS nove

appar at us tyxcatly an ﬁmrangea:rﬁﬁoamrroto 3008rpra, i0 ardercto fagpilitats iﬁ\etailén@phhﬁfer et S
are ea directions substantially perpendicular to the

di SCLT?I?QI Eg@aﬁbé%t&&on of the spinnerets. 30 8. The apparatus as clainmed in
any one of clainms 1 to 7, wherein the spinnerets are further noveable in a
direction substFigHe &Rl Showsran sametis viave obihecoviirdricalyrame collecder - Thee

spi nner et Sylindrical frame collector 70 comprises the axle 77 and one disc 82 at each end of
the cylindrical 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 o the next. This stretching effect further assists the
alignment of the nanofibers. Aligned nancfibers produced using the cylindrical 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



13 9. The apparatus as clainmed in any one of clains 1 to 8, wherein an
electric potential is applied to the spinnerets and the collector is
grounded. 10. The apparatus as cl ai medV% n any one of claims 1 to 8, wherein
an electric 5 potential is applied to the collector and the spinnerets are

ded. . ' ' ) f clali ,
ar qunec i dhorAPRA ALY Tsth, A6 R, . BAVSEEH Al SALTE I % 38, .
cl ai med i reoaphed dntheddxlecTBfFigurd 2) of thd collsictr eatort(Riguoo?). ect or conpri ses a

substantially planar structure. 13. The apparatus as clainmed in any one of
clains 1 to 11, el : Qr he t .
cylindrical fral:r'%wIl §t6 SSQWEEg.’&%tqﬁ{"&]‘ﬁgmg%ﬁﬁﬁ Sgd'gg] gﬂt"glahﬁﬁ ﬁemé{ﬂfgl m 13,
wher ei n arattaghed ¢ thetcatlédor ofountirg draoa @6. dhei codle¢tomlmdunting femaidBure i s
subst agt i . endi cud ar | rgi L rect | e

appar atB usaégb}b 5'?%%8 [ %Palfnys h%ﬁeéé gfacg{et%?ér:@ Ig tﬁig eﬁl{;o%m%rﬂgﬁaﬁat réa(r%;ggri al
conpri ses colgpriseDs ane $8rarfd dHeupport 85 thEh exeppaganersiiyaperpeadiowdrly floml ai m 15,
wherein t nef i ol] gct ' ] er or in
a random gﬁ%$%§%?é88%%ng%. %2§n%5ﬁ% %gk%plﬁ]aﬁgteg(gﬂgqsb gﬁgﬁén'eh"%nfgﬂ%%y% one of
claims 1 twesldroundrst & hearing 1l en ieakh eodpfiaveaxie|164 tof dsp cplindidcalrdspimet s or
particul atc%ﬁ%cé&81 oa“»e@?st&?g é%frrfiﬁtc%%li* ra%@F Liofi $53RAS fo' Orfike B¢ F 8{ 1h%' .
conpri si ng: novi ng a plurality of Spinnerets re RtTVE To a col l'&ctor in
a dird6éti cwppurb§b.ant pait dfypinsedpraw dspased o the thssirtacgiofthedsupporti8dnAof t he

Spi nner et : : | - ' } §l.ng
generati n}iaﬁéfi%ﬁnﬁ? P?@lcgéggéurfggﬁ%mgg%l %%ﬁmgﬁg%ﬁiﬁ%lﬂr & met hod
as cl ai medearing 1 40,ns T@Noabipmiosinted tathed suppoeg 8mbefitiog the alns\85borrdinet i ng
plate in | B ' Eanle &Snﬁf [
el ectric 13 {JIEF@#%%?J &é@eﬁ%ﬁghﬁéﬁ'{'@ ataﬁr:agr c?f%gﬂ%%écﬁgc or .I 1. @hec’l]aﬁneé ﬁ%’d as
cl ai ned i resashpworie Figure [6aiThis coBfiguratian alowsr isienchahgeatiility abiwegnddifferpitnner et s
are diygpo [ gered arrangenent. 22. The nethod as clainmed in any
one ofﬁ;’cl zﬁ%ss dig@ltlegﬁ%g conpri sing noving the spinnerets in two directions
substantially perpendicular to the discharging direction of 10 the
spi nnerets. 23.It Frruldrbenanpregiated dhateeplipeform9f oifer epniigusations 1 difterem,
further coidahdis Y IeRGmblaC 2 SRItBASK Festahduisr ke Chidefbr SRSt DtdAlo! ¥
parallel to the EIgl‘??s'char glgrrqg afrect P%‘g o?taté}le sﬁ|c;)|E|5 nnerets.

obtain 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



15 24. The nethod as clainmed in any one of clainms 18 to 23, wherein an
electric potential is applied to the spinnerets and the collector is
grounded. 25. The method as clained in %ny one of clainms 18 to 24, wherein
an electric 20 potential is applied to the collector and the spinnerets are

gr ounded. .as clainmed in one of clains 18 tq 25 wherein
t he spi nne&gpgw%gﬁ’pn&%pgggggrolnn‘ﬁﬁatH%gefﬂUggaq§§a§WUP%héa%?%c?§§’s§€tl'°§iaﬂ’ed in
any one ofored-fgams sttdcttre <26, bewtsed érreotlduting aligredtranofiisemr i ses a substantially
pl anar structure. 28. The nmethod as clainmed in any one of clains 18 to 27,

wherein the col . or [ r ot dr. or cylindrical frane
structure. 30 Z%Sgr%hep rﬁﬁgdﬁgg g‘haei n@&%gﬁ&cl g?%”%d éh%\‘eei A%an™M8R1s of

rot ati on ofircuferentiatly orientpti Howeea) it fsr possibie toutdveraedtospurb tberatalighddy
erpengi c : i r ol o i i «Jh ho s clajnmed in
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axis and move reciprocally along “an x-axis while the collector rotates about the x-

15 axis.

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, buik

25  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.
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wherein the spinnerets are moveable relative to the collector in a direction

10  substantially perpendicular to a discharging direction of the spinnerets.

2. The apparatus as claimed in claim 1, further comprising a electrically
conducting plate in electrical contact with the spinnerets, and wherein, in use,
an electric field is generated between the plate and the collector and around
the spinnerets.

15
3. The apparatus as claimed in claim 2, wherein the plurality of spinnerets are
disposed in a staggered arrangement.
4, The apparatus as claimed in claims 2 or 3 wherein the plate moves with the

20  spinnerets.

5. The apparatus as claimed in claim 4, wherein the spinnerets and the plate
mounted on a holder.

25 6. The apparatus as claimed in claim 5, wherein the holder is moveable.

7. The apparatus as claimed in any one of claims 1 to 6, wherein the spinnerets
are moveable in two directions substantially perpendicular to the discharging
_ direction of the spinnerets.
30
8. The apparatus as claimed in any one of claims 1 to 7, wherein the spinnerets
are further moveable in a direction substantially parallel to the discharging direction

of the spinnerets.



10rr!\s6"10%r& ()- -

ds6"10%& ()-'\|0"10%r& ()-g',|0"10%WN& ()-9g| 0"10% & ()-g% Xb} <K=/
10rr! 96" 10%F OF & () - PlO%r&'() fyP"lO%ar&'()-le 10%r*r& ()-1!Pf
10%r*r& ()-11s10%r& ()- 0 waK=/ 10 \}10%

& \If" %—lr . " 109% ) <194 " 1096008
()%v 117 9 /S%‘%]"‘%% (awq“% ‘J‘g%%“%‘ /% %&Téﬁﬁc %)-113
10%r*r&' (p)ote}ntmol%”ap&:e(o)toﬁh@gﬁn&retbdnd#wmm} sRfrodr@ledB, " 109 r *1 s10%r & () -
10rr 210rr 10rr!'ky8"10%r& ()-]'34 10%r*r& ()-]1!'30

109%r*r& ()-]#OB$SEW Y0 ' zX6P/ 10

k" 109% r & 10 - $! THela¥garatug a ) cldrpd 08tang. dne- off daifds 10 % BRWwherejn Bis felectric

10% 1* 1% (LBl WML B Lokl hod yisrsoiGls 30 oo 0L

10rr! d4’-5" 1 Jgr%‘g['f’?a%ﬁrer%%ér Q’"}Eftpf bnd %&fﬁég%t% RPN () - 81 kH 10% r & () -
$---- - JJuvz/ 10 13 10%r& ()-ffyP 10%r& ()-3 10%r& ()-3 10%‘r&'()(§%
10%r & I's1 oL/ 171 " ()-3 109 r & ()-3L
10%r & 8 Ry P‘%’grﬁﬁ“% % %?'?%9 Eo%ﬁz@/ﬂ? o, pRisms 3h 455y Wi 'l“l

10% r & () swmerm c@npijsel syrihd@ntediess’ ()-y3 109 & ()-3& 10%r & () -

10% r & ()-3\445R67777dE: / 10*r 10*r9"10%r & ()- 33

10%r & ()-gf 2" 109%r & ()-3p, 10%r& ()-f*"10%r& ()-3'

109% r &0( ) -427 77 T he—a@pafatid asclalntsd ln&lr(y)orﬁldf claims 1 to 11, wherein the collector

101 @ @oRFHRRE B BEME bbb ok & ()2

13. The apparatus as claimed in any one of claims 1 to 11, wherein the collector
comprises a rotatable drum or cylindrical frame structure.

15
14. The apparatus as claimed in claim 13, wherein an axis of rotation of the drum
or cylindrical frame structure is substantially perpendicular to the discharging

direction.

20 15.  The apparatus as claimed in any one of claims 1 to 14, wherein the material
comprises electrospun nanofibers.

16. The apparatus as claimed in claim 15, wherein the electrospun nanofibers are
collected in an aligned manner or in a randomly oriented manner.

25
17.  The apparatus as claimed in any one of claims 1 to 14, wherein the material
comprises electrosprayed droplets or particulates,

18. A method of electrostatic deposition of a material comprising:

30 moving a plurality of spinnerets relative to a collector in a direction
substantially perpendicular to a discharging direction of the spinnerets.

19.  The method as claimed in claim 18, further comprising generating an electric
field around the spinnerets.
35
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23. The method as claimed in any one of claims 18 to 22, further comprising

moving the spinnerets in a direction substantially parallel to the discharging direction
of the spinnerets.

15
24. The method as claimed in any one of claims 18 to 23, wherein an electric
potential is applied to the spinnerets and the collector is grounded.

25.  The method as claimed in any one of claims 18 to 24, wherein an electric
20  potential is applied to the collector and the spinnerets are grounded.

28. The method as claimed in any one of claims 18 to 25, wherein the spinnerets

comprise syringe needles.

25 27. The method as claimed in any one of claims 18 to 26, wherein the collector

comprises a substantially planar structure.

28.  The method as claimed in any one of claims 18 to 27, wherein the collector
comprises a rotatable drum or cylindrical frame structure.

30
29, The method as claimed in claim 28, wherein an axis of rotation of the drum or

cylindrical frame structure is substantially perpendicular to the discharging direction.

30. The method as claimed in any one of claims 18 to 29, wherein the material

35 comprises electrospun nanofibers.
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