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[0003] Therefore, there is a need for a process to manufacture fibers of
nano dimensions with high throughput without the need for multiple applicators.

The present invention provides such a process.

SUMMARY OF THE INVENTION
[0004] The present invention provides a method of fiber production

starting from a liquid material such as a polymer solution or a polymer melt. The
liguid material is fed to an annular rotating member such as a disk or cup rotating
around an axis concentric therewith. The rotating member has a relatively
smooth continuous surface extending from the central area to a periphery. The
liquid material is directed by centrifugal force radially from the central area to the
periphery and is expelled from the periphery towards a target. Liquid material is
electrically charged either by the rotating member or immediately after being
expelied from the periphery of the rotating member by passing through an
electric field. The target to which the fibers are directed is electrically grounded.
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the axis of rotation of the rotating member. The liquid material passes over the
spin points and is expelted from the rotating member towards the grounded
target. The rotating member may vary in size and geometry. The rotating
member may be as a disk or rotating bell. The diameter of the rotating member
may vary from 20 mm to 350 mm, such as 20 to 160, such as 30 to 80 mm. For
finer formation, the difference in electrical potential between the charged fibers
and the target is preferably at least 5000 volts, such as within the range of
20,000 to 100,000 volts and 50,000 to 90,000 volts. If the electrical potential is
insufficient, droplets and not fibers may be formed.

[0006] As the liquid material is expelled from the rotating member in

fibrous form, the fibers are directed towards a grounded target where the fibers
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[0008] Typically, the liquid material is passed through the interior of the
drive shaft and fed to the rotating member. When the rotating member is cup-
shaped, such as a rotating bell, the liquid material is fed through the closed end
of the cup and in the central or base area of the cup. Typically, the liquid enters
the closed end of the cup through a supply nozzle that may range in size from
0.5to 1.5 mm, The liquid can then travel through the inside of the cup and exits
on the surface of the cup through a center orifice or series of orifices onto the
cup face,
[0009] The flow rate of liquid material to the rotating member is typically 1
ml/hour to 500 mi/minute, such as from 20 mi/hour to 50 mi/minute such as from

50 to 1000 mi/hour.
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If the speed of the rotating nenber is too high,

droplets may formor fibers may break off. [0008]
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[0011] Also, hybrid organic/inorganic polymers such as acrylic polymers

and polymeric metal oxides can be employed. Examples of such
organic/inorganic hybrid polymers are described in published application U.S.
2008/0207798A1. Also, inorganic materials such as inorganic oxides or
inorganic nitrides or carbon or ceramic precursors, such as silica, aluminia,
Titania, or mixed metal oxides can be used

[0012] The electrical conductivity of the liguid material can vary and
should be sufficiently electrically conductive such that it can accept a charge
build up but not to the point that electrical shorting occurs. With indirect
charging, the electrical conductivity can be high since shorting is not a problem.
The electrical conductivity can be adjusted by using appropriate amounts of salts
such as ammonium salts and electrically conductive solvents such as alcohol-

water mixtures.
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nanorhéteRy, and the thickness is up to 200, such as 5 to 200 nanometers

[0016] In certain instances the nanofibers can be twisted around each

other in a yarn-like structure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] FIG. 1 is a schematic vertical cross-section through a centrifugal

spinning apparatus in which the process of the invention may be practiced.
[0018] FIG. 2 is a bottom elevation of a spinning member in accordance
with the process of the invention.

[0019] FIG. 3 is a section along line H-11I of FIG. 2.

[06020] FIG. 4 shows photomicrographs at various magnifications of

nanofibers prepared in accordance with Example 1.
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[0027] FIG. 8a (comparative) shows photomicrographs at various
magnifications of droplets prepared in accordance with Example 3a
(comparative).

[0028] FIG. 9 shows photomicrographs at various magnifications of
nanofibers in the form of a twisted yarn prepared in accordance with Example 4.
[0029] FIG. 10 shows photomicrographs at various magnifications of
nanofibers prepared in accordance with Example 5.

[0030] With reference to FIG. 1, the apparatus 1 contains a cup-shaped
rotating member 5 and an air plenum arrangement 7 through which air is
directed to shape the fibrous stream 9 as it is directed towards the target 11.
Positioned before the target is a conveyor 12 for removing the fibrous product
from the apparatus 1. A container 13 for the liquid material 15 includes a
suitable feed mechanism (not shown) for feeding the liquid material to the
rotating cup 5 via a feed supply line 17 mounted concentrically with the axis 3.
The supply line 17 has an exit in the rotating cup 5 adjacent to closed end.



[0023] FIG 6 shows photom crographs at various

magni fi cations of nanofi bers prepared in accordance
wowdok/oBadpl e 2. [0024] FIG 6a (conparative) BEDWS2008/080693

phot om crographs at various magnifications of droplets

prepared in accordance with Exanple 2a (conparative).

[0025] FIG 7 is a chart showi ng how the vari abl es of

rotating nenber speed, shaping air and liquid flow
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liquid ®Xfed tdthe rotating cup in the central area of the base of the cup and is
directed to the periphery of the base 21 and across the interior surface 29 by
centrifugal force. The liquid that is electrically charged flows across the interior
surface 29 of the rotating cup through the spinning points 33 from which the
liquid is expelled in fibrous form towards the grounded target 11.

[0032] The following examples are presented to demonstrate the general
principles of the invention. However, the invention should not be considered as
limited to the specific examples presented. All parts are by weight unless

otherwise indicated.

EXAMPLES
EXAMPLE A
[0033] An acrylic-silane polymer was prepared as follows.
[0034] With reference to Table 1 below, a reaction flask was equipped

with a stirrer, thermocouple, nitrogen inlet and a condenser. Charge A was then
added and stirred with heat to reflux temperature (75°C-80°C) under nitrogen
atmosphere. To the refluxing ethanol, Charge B and Charge C were
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harqe elq ih grams)’
Vazo 673 8.1
Ethanol SDA 40B 101.7
Charge D {weight in grams)
Vazo 67 2.0
Ethanol SDA 40B 12.0
% Solids 21.3
Acid value {solution) 10.5

! Denatured ethyl alcohol, 200 proof, available from Archer Daniel Midland Co.
gamma methacryioxypropyltnmethoxysnane available from GE silicones.
82 2"-azo bis{2-methyl butyronitrile), available from E.I. duPont de Nemours & Co., Inc.

[0035]

A hybrid organic-inorganic polymer was prepared as follows:
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Wer esi Itane us| y added over t hr hours. The

osef S RSl RS Pl N 9 R i g,

descr%@ura?)ov@%?]wgr@ny\?ﬁaé banre?dud&ﬁaqueram m@mmb# l&fate30(30
m nut es e reaction mx re

grams) o eddsd. {67 etiRBoh ORI e Bubeayabrte JSUEAD Akzg
Cheneal TﬁﬁLansladjdeQQB fﬁﬁélb@l?méﬁ Mhtlcﬁ{ Q@ﬁg)bvfth %@li,)vm/l@?ﬁ‘rohdone

;
@ gr%é%%ﬁhgia?é;“%x@%aﬁéay CAS RARoRG 811 a1tk Mt 4i%081508)
Whrlef\Klé’ﬁ’ﬂl 1 n,dr%ﬂweﬁot?’ta% @ateﬁzt%ebrh&(@e 'Wéé"'bibnd shaken, and

%y avai | able fromE | duPont de Nenmpu
hand sured wntha DRk uKil By eMagepeeidnsAUiaioraphiainge %%rrthkﬁfas

solutlcpr{ %\Fé\@lr %I%S\’n%%afool a%\ﬁ’séto%ﬂ téfr'ﬂﬁe'%w}@nra &BH UBIPRoEs, its

ne pol yner sol ut P ared as descri bed
Vlscoﬁb@ﬁwaszi@ter@rradﬁo bee hyothe seethed of ASTMrD 1548 dei oni zed
water (30 grams) was added. An ethanol solution of
ethyl polylsilicate (Silbond 40, Akzo Chem cal, Inc)

was added to the polEXAMPEB|BIti on al ong with
ol yvin [ Cat al og
100385 ¢ f ”y%% %‘65%83@"%?“% %%ﬁﬁg%‘g’%’ﬁ Whi | e
[0039har m ngith Meueace ol Tdbl@lﬂoetoa\p awatietion ftask wasﬂqu'rp@ewas
... _hand shaken and stir dW|th S

with ey dsteou P Taaen et SR Biokbichr: ERbtte Wab e T o
added/\aﬁd Qtlrfe!alwach heat $6 mﬂdxae?mp@emré eTﬁﬁel’-&ﬂ"dGI) encﬂegrmtabyﬂmt 3.5

urs, SCOSi te ne 0 be C+ by the
amospPpiso T AR YeS eoiptEe ChuseLC S
simultdfédlshCadddadver pbey ABlirs Wahe PeSRBh efixi@ste Wvas hodsat reflux
condition for two hours. Charge D was then added over a period of 30 minutes.

The reaction mixture was held at reflux condition for two hours and subsequently
cooled to 30°C.



[0039] Wth reference to Table 2 below, a reaction

flask was equi pped with a stirrer,

woRamwosan i nl et and a condenser.
added and stirred with heat to reflux tenperature

(75C-80C) under nitrogen atnosphere.
Charge B and Charge C were sinultaneously

The reaction mxture was held
hour s.

et hanol ,
added over three hours.

at refl

added over a period o

ux condition f

%@% nut

t her nocoupl e,

Charge A was PEENS2008/080693

Char ge
es.

To the refluxing

D was t hen

The reaction

m xt ur €

was hel d at refl ux cond

antl v ~nAl + 200~ TA

i tExampfect |

2.

wo hours and

subseqy

al cohol},

M dl and
gama- I

from GE

but yr on
& Co.,

pored i
Al dri ch,
1, 300, G
hot pl at
sol uti g
acrylig
tothigda@
heat i ng
hot pl g
honogen
pol ymer
t enper g
i nor gan
[ 0042]

and pol
1, CAS
85, 000-
magnet i

Tha u'Cl’i'tm raﬁ%)'blef
EmnoPSDA 4081

et hacryl oxypropyl trinmeth
silicones. 3 2, 2'-azo b
i Wi 1 rom
Im@hwhﬁaﬁabmaglon:zed mf
and pol yvi ny

C@A{?a%@g 437190, CAS [
Cyueshd-1ddded. The mi xt U

ution

ﬁzﬁkgg& l??@b\%ﬁ F @% and 3§
-%'?"I'Mﬁ‘érylﬁéﬂ ymer sol ution
MsthR&ytéi nyl pyrr ol

tE&ha E@g‘%‘\? s of the jar

ure was hand
eous sol ution was obtain

I : dtg
(Gl & o Tl
iM@z8 87 gel pol ymer was [
[0 gedlspt er (36 gran
yvi nyl al cohol (4 grans,
[ 9002-89-5], 96% hydrol y
Hr§OD Yweighbt inddsdsit o t h

G\oaalzb )57
Ethanol SDA 40B

% Solids
Acid value {solution)

EE—2—-1"Den
rom Ar cher
288.0
oxysi | ane,
i s(2-nmethy
E.I. duPoni
ter 1630 gr
pyrr Ql.i done

003- 3§- 8],
re vids! war
ang ¢t he
troomtem
, 1781 grans
|donaesolw

sth um

ed. This of
stand at
EXAMPLE C
rep as
B) v@st pla
Al dri ch,
zed, and M
e water wh

1.2
7.2

18.5
8.9

at ur ed et hyi
Dani el

avail abl e

de Nenours
ans) was

(4 grans,
and MW -
med on a
resul ting
per ature. The
5, was added
ion. Wile
mpvat er on a
il a
gani c
room
[0041] An
fol | ows.
ced in a jar,
Cat al og 3631
N
le stirring

! Denatured ethyl alcohol, 200 proof, available from Archer Daniel Midland Co.
% gamma-methacryloxypropyltrimethoxysilane, available from GE silicones.
¥ 2 2"-azo his(2-methyl butyronitrile), available from E.I. duPont de Nemours & Co,, Inc.

[0040]

Deionized water (30 grams) was pored

into a

jar, and

polyvinylpyrrolidone (4 grams, Aldrich, Catalog 437190, CAS [9003-39-8], and

MW 1,300,000)

was added.

The mixture was warmed on a hotplate to promote

dissolution, and the resulting solution was allowed to stand at room temperature.

The acrylic-silane polymer solution, 170 grams, was added to this aqueous

polyvinylpyrrolidone solution. While heating the contents of the jar with warm
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This m xture was warned to 80 OC in a hot water bath

to affect dissolution. Mre deionized water (40 grans)
woa@astdesl to this warm aqueous pol yvi nyl al cobOl/US2008/080693

solution while continuing to stir. To this warm

di | uted aqueous pol yvinyl al cohol solution was added

colloidal silica dispersion (120 grans, MI-ST Silica,

Ni ssan Chenical I ndustries, LTD., about 30%silica in

met hanol e continuing tq stir. Viscosity of this
water BB14 LRAte Ae hsire WpT Pead st i adT Gac el iBh
was daifled. th%h@rgﬁﬁth@'ﬂyrﬁﬁAﬁMl&h vieelkh alldeVRL Stand @043ImA
sol utjon fJool yacrylonitrile was prepared by
tempeIplEniogoRyPAO S ght  per cent of pol yacrylonitrile
resin (Aldrich, Catalog 181315, CAS [25014-41-9], MWV
150, 000) in dinethylformal dehyde sol vent whil e warm ng
on a hot plate. EXAIM-EJ:F@44] The pol yacrylonitrile

[0041] €S N A30hbigafle sof gé@m&u@sv\ﬁépér@a@@dondwso a 300 m
sitive pressure flui'd deli ver%@egstem A rate of 300

(0]
[0042Fn | i IRei@tizedspteiodd 9 srg R hnaa 3378 andcpelydny
alcoh&“@ @*é hR %ﬁdr#}ha@tﬁ&g t%fswnchsbﬁ)oﬁmbes]ﬂ b@%amvd?b@ﬁé/d

plicator via di anet er uid nozzl e.
and MWeB@QOGJéOO 800 wes reéizi@d eto\/tag veaiaw@tl%&tltrmgamaam%tw?"y
[ s
This nt?ﬁ hﬁ’%{gack g?‘k% EO d%?ﬁ"f?th%f wa'{l\gﬁgra@ tgggfsg%ﬁéao%goﬂ fidré
desonaed 108 @0 gramsT Wak diddrd tte ﬁmh MEUIGhaGUeoU s @@Iyamygalp@h@f

so!ut@ﬁﬁrh%hﬂ%ﬁl g4 ﬁg ﬂﬂg%?m ditfed Eéfu%#gaib;%&vfn&[]giﬁg%e

ross 't and
solutif whhadded aolimdhaélsiilca u#inteosubmﬁa‘G grams, MThET SilinaaNjsspel |

set. to n_at l.oup

chemfGRitGRRS TP B it nilenate LRI rodBfidie st
ViscodityeofaBis pandirythlgohdal sﬂuzmecﬂuﬂcrmwas deteoinned|tabesh’itty the

t of the bell cup is approximately 7.85 cm The
methcﬁ‘?‘ﬁﬁ%&gﬂ"éﬁ rred to in this experinent is a Durr Behr

Eco bel | cup nodel N1601 0037 type. The bell shaping

air was set at 25 psé)gAl\GIPI}E'Dn x 105 Pascal s) at
[0043] A solution of polyacrylonitrile was prepared by dissolving 12 weight
percent of polyacrylonitrile resin (Aldrich, Catalog 181315, CAS [25014-41-9],
MW 150,000) in dimethylformaldehyde solvent while warming on a hot plate.

EXAMPLE 1
[0044] The polyacrylonitrile resin solution of Example D was loaded into a
300 ml positive pressure fluid delivery system. A rate of 300 milliliters per hour
was fed through a 3/8 inch (9.5 mm) outside diameter teflon tube system to a
rotary spray applicator via a 1.1 mm diameter fluid nozzle. The outlet of the
nozzle was connected to a rotary bell cup 55 mm in diameter. The fiuid nozzle
inserts to the back of the bell cup where approximately 80-100% of the fluid exits
through a circular slit of approximately 40mm diameter. The fluid then forms a
thin sheet across the bell cup and spins off the edge of the rotary beli cup to form
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the back of the bell via a inch (12.7 mm) outside

di aneter nylon tube. The rotary applicator was
weomnesi4esl to a high voltage source with a 75, BODUYH0$/080693

indirect charge applied potential. The entire delivery

tube, rotary applicator and collector were in a booth

that allowed the environnental condition to maintain a

relative humdity of approxi rrately 55%to 60%at a

fbers 157 { RBCOUIEVES 881 IoLEH B G/ Hh 8" JPOIRAREST SPGEE! GHPo

edge gémmum qoanglred seth éﬁalghttsarre’ﬁdns/ Tb@lpbmehdmniad Histaarcee
| NC

38 h t
from @k H1aEb R zt@d'(‘%ﬁdgﬁt"f i o SR SRR et 25 o Gy The
bell c@beﬁé‘férﬁéa 6 G QRIS OfYperifieat n@rwaLiﬁeB%hWﬂoe Bsis enp i abdiaf
H%}%ndrl cal and had di aneters of_ 6Q0 i? 182)@
N160 ik reer Shg Rel shagiigbal WrgSohiptambpey (17910 figpeals) at
the bm@@rf Hethdings 2pPRak (12708m3sseidy Hemedr fiyien sl ee
di aneter fibers. The scanning electron njcr %a$$VQﬁ
or

rotarysappligaton Wasgearestesnte 3HUN VRide FPYER With £n
mdweE‘tﬁcf%‘i&f’ I{eg%?éntél D?ﬁé Qﬂtlr'@rlﬁillyé*yﬁuH@Sofé@i@b;ﬂkﬁ%rfa‘ﬁﬁ

e to detérm ne p I catlon

collectaiorase ¢ aildeth ﬁf@pé&@wqdztherﬁl‘sllr%maﬂﬁabﬁonm teppRiNEd Pon
relatlvfem{j@ g‘f%?ﬂr&gmgféﬁy 55’%% KR F S fnb?érhpe?@ﬁn@ of f@’@t@ZK

, targ st ance from 10 1 nches to 20
72°F (Zﬂé’ﬁes 2228).4 WOQb@'ﬁ)weredtcdla@t@d farothecgRunges dgst onto
alum:rg%rﬁ p%g?ﬁl SYgl[ %égér@tgﬂfc Iir%'g'trh&r?g[&éncgo&fr‘l |ﬂct$&OQ3@lém%f§&f(1
the rdtofy bel.ahd we@ﬁhﬂastealzsq bmi&t Gadambmctbmp@ﬂd egtanning

Figure 5 sho t I a P Wr
ctoctigh dHlsEgsRoBf o on et d of R el kLl ina BT AP B
diameterstairaof tol 18Ddedartmymdtersg@m) dl&dm@dmgambhrmter [lb)eérse/]/eren

5 "BS" refers t Bel ., Spee
obserigidloehRer to e SprleSial e oo It BE The
scannifPdiéttrdihmioregraph i®bhdvae invEigtitecaland>shewameartyhitbeps adthict
of the thickness of

little or no drops.

[0045] A Design Analysis was completed for the solution of Example 1 to
determine application factors with respect to this solution. The application
factors studied for this work were bell speed from 12K rpms to 28K rpms, target
distance from 10 inches to 20 inches (25.4 — 50.8 cm), voltage from 60KV to
90KV, fluid delivery rate from 100ml/ hour to 300 ml/ hour and bell shaping air
from 15psig to 35psig (1.03 x 10° — 2.41 x 10° Pascals). The results reported in
Figure 5 showed that fluid delivery rate, shaping air, and bell speed were the

most influential application factors followed by target distance and KV.

[0046] In Figure 5 “BS” refers to Bell Speed”. “SA” refers to Shaping Air.
“FF” refers to Fiuid Delivery Rate.
[0047] The values of the vertical axis are the product of the thickness of

the nanofiber mat that is formed multiplied by the ratio of nanofiber to drops.
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the nanofiber mat that is formed nultiplied by the
rati o of nanofi ber to drops. The thickness of the mat

WO 200gi0vam3 a subj ective value of 1 to 10 and t hBCT/@52008/080693
of nanofibers to drops is given a subjective val ue of
1to 6 . [0048] The higher the nunber of the value on
the vertical axis, nore volune of good fibers is
generated. EXAMPLE 1A (Conparative) [0049] In this

exanple, th d
The tikgrdRsIc b Fddn FED entuiocTa vRg oA BBE Tl o
nanofgxérgt%tdr@pé Iseg:t\te@E% sl:rt?;?cﬁmeefau.goofnqb@s (f25b4 cm F| ui d
el i our,
10048} ¢ ek BbSn S Sheet & 1 O B ARABHIH den dmere
volureddf@Rbd fibt@ idbenaratéan panel s set at a part / collection
and were characterized by scanning el ectron m croscopy

as shown in Figure 4a. The electron m croscopy shows

very little flmAMi:@_Ewm Oompafhtivepy wet drops.
EXAMPLE 2 [00 ybrird organic - inorganic
[0049)0] ynePp tfyapmmag e FESZ%?P;W% OfAEmp@ﬁ uMas Fﬁpﬁawgﬁwfh H8r s

f0||owli®(ﬂﬁ&%ﬁgéglce with the procedure of Exanple 1, but
a Dur Behr Eco bell cup node! N 1601 0033. The

nanof iBrlrSpemdr e char act e2BA98 rBsopt i cal m croscopy
and sc é‘#t% I&#t@rgcg%tgﬂcé“ qHG3GHRRY25. AR nanof| bers were

sonewha Wth cross-sectio di nensi ons
t hat rﬁiwgel@llverfmmteoo nan@femaieul nm to 5000 nm The

cannln RnF
100503300 Wi FbFie, Bl RERAREAT b8, SRMES By kb ratneil
alumlﬁlkn(ﬁogﬂjamrm i a,ler)1|r{u&0$2helbns¢thais aepartnd| @Ilectlmn pnadceerar e
c:harac{erlzeci71 m?f scanmng i1 Seld&HH ﬁ’l érXscopy as shown in Figure 4a. The

electron microscopy shows very little fiber formation and many wet drops.

EXAMPLE 2
[0051] The hybrid organic — inorganic polymer solution of Example A was
spun into nanofibers in accordance with the procedure of Example 1, but using a
Dur Behr Eco bell cup mode! N16010033. The nanofibers were characterized by
optical microscopy and scanning electron microscopy. The nanofibers were
somewhat flat-faced with cross-sectional dimensions that ranged from 700
nanometers (nm) to 5000 nm. The scanning electron micrograph is shown in

Figure 6 and shows many fibers with little or no wet drops.

EXAMPLE 2A {Comparative)
[0052] In this example, the procedure of Example 2 was generally

followed with the following differences:
Bell Speed 28,000 rpms
Target/collector distance 10 inches (25.4 cm)
Fluid delivery rate 200 ml/hour
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followed with the follow ng differences: Bell Speed

28,000 rpns Target/coll ector distance 10 inches (25.4
w@ejo9ssuizl delivery rate 200 m / hour Nanof i ber SP@EUS2008/080693

attenpted to be collected on the grounded al um num

panel target and were characterized by scanning

el ectron m croscopy as shown in Figure 6A This

el ectron m croscopy shows very little fiber fornmation

nd man 0Q53] A l,ysis.
Nanofihers ese it eﬁ*%@ﬁﬁwb@[ a&%@d wr?@“ 3%%%?@@@%} BN
targetoénm@&ﬁa%aerfgbi&l@P@édrfg]&%g @ﬁcir@&hﬂb@sﬁ?pﬁgg%hb@h in
is work were be rom 0
Figurq §Agdihisiplecton EV4TPRRAPY PIOHE 1YY ﬁtﬁ 'Bgﬁnﬁéfﬁ@tgort g pany
wetdl%%sl cm), voltage from 60KV to 90KV, fluid delivery

rate from 100 m /hour to 300 m/hour and bell sha |ng
[0053}i r f roResiInpinaly s assiepailed iniExaypls 11wss completed fofgg

the s%ﬂﬁ)ﬁgif?xﬁmﬁéez r ¢R& LbplidaB B9 fcsts istudieOrer his’ wekamed Heat

Ivery rate, shaping air, bell speed and
speed Biemet2KdipmsaiocBienes, ttaigehdistancafione P inghes & PBukaesy

254 507 4D oBol PSR 4T 1 Aty pe o 100
mllhoploﬂoyawrm%fmtwtalnd rbeﬂfshmagpiréram \Aéspsggg 35 pRic( 1n&312§f‘ Pher s
2 41 %‘i‘oﬁﬁﬁégéa?%ﬁ‘”%e%é ts%ﬁ %cgﬁ\renﬂppr% Pghma?ﬂégtb%ug&y

Ui d rvery rate o liters
rate, spaping adie il Q@e@b@ndp’mgetadimhcagmerefth@O[T@@’O infblential

e 50. 8

foIIowgi;lr;'j:»y?ﬁ\}h gléﬁelf@%eéecﬁ%ggg 1*3{@@&8%)?;3 ?Qefglﬂ@ﬁe 103 x

105 Pascal s) at the back of the bell. Nanofl bers were

coll ected on the gr | ym num panel target and

were characterized %ﬁk@aﬁ m croscopy and scanni ng
[0054%! ect rml |1‘Tb:@éﬁ|%@;©pgel do%‘i@]soﬁhlen m&aémbterG wasrspun into

sent

nanof%ers |rr]1 al\c%or anc ,tﬂ%é %%ce ure cﬂ‘ xamp{ilemi usmg afﬂwd delivery
rate of 100 milliliters per hour, a spin rate of 28,000 rpms, a voltage of 90,000
volts and a target collector distance of 20 inches (50.8 cm). The bell shaping air
was set at 15 psig (1.03 x 10% Pascals) at the back of the bell. Nanofibers were
collected on the grounded aluminum panel target and were characterized by
optical microscopy and scanning electron microscopy.
[0055] The nanofibers were essentially cylindrical and had diameters of
100 to 700 nm. Some of the fibers appeared to have small beads along the
linear axis that had not drawn into a fiber. The scanning electron micrograph is

shown in Figure 8 and shows many small fibers with little drop formation.

EXAMPLE 3A (Comparative)
[0056] In this example, the procedure of Example 3 was repeated with the

following differences:
Bell Speed 12,000 rpms
Fluid flow rate of 300 ml/hour
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100 to 700 nm Sone of the fibers appeared to have
smal | beads along the linear axis that had not drawn
WO pa09/05541i3 ber . The scanni ng el ectron m crogr apPCT/8S2008/080693
shown in Figure 8 and shows many small fibers with
little drop formati on. EXAMPLE 3A (Conparative) [0056]
In this exanple, the procedure of Exanple 3 was
repeated with the followi ng differences: Bell Speed

12, 00 ns id.flowr /.h T t

col | eglfaégmdﬁog‘?%ﬂ @Stfﬁg\{? nghé%&leﬁ§9§4 gﬁ;plaggeal r 35
ptSIt g (Shabing 4iP5 Pascal s) 35%@7(]2 4\lamo~’f H’Mais)vver e
attenp

o be coll ected, on ded uni n
[0057j argetNaé‘r?@LW@r Wegh AEOIRIRY 294 Sy @[,5‘5 gleecgcrﬁ"ﬂﬁed
alumifiif! B Rihdage@hetabtBriddd BY &c8fnin fwedhloﬂcmrc@dscopy as
mcroscog) shows little fibers wt vxg I\/PLE
shown i g8 S8AThENg BlEGHERT IBRTIOPY |SB°W%§W% %'isufv'ﬁb%e rop
Exanpl e D was spun into fiber in accordance with the

procedure of Exanple 1 using a voltage 86, 000. Fibers
were col |l ected on tfﬁl@ﬂ&hﬁ&ed al uni num panel target

[OOSBiggnﬂfge EPZ&&?I{)SH i€ §dsiRYsMRIdnC A E%rﬁbl@sg()\l@as %Fdn into

on m CrOSCOp%)F Lar bers col [ ected
fiber wnacdeedgneaetith teeplogederef ofbpraniple ‘r éﬁ*ﬂQéUV@|F6tQ|¢1 $6,800.

Flber:f:aﬁeqje e@%c %vm&y@g}dadcammcew @?fr Ha wae

['ow re I'on opti cal |rrage
characimge:) biy ruuxtlcdtremrctShapy ahe scangeg felasgen rmlgmscw aharge

as I I
e SRAFAEL 3y DAL Ond LSS T Sl RUARGEL R 1 oprcl o
was dvahmites] aﬂ@foecdpwaﬁy ed shamm imGUgmecSB orfs lavn regiodrien erptical
, C ris of .sev.er.al C [ S
magq GPTaset ingee) SEHERRY, A De P ot oMHChs AREsEEBNI 4,
small®efiders: UScadﬂlrgjﬂelemrfErgmidrd)mbj/ Goentari nguhge)nrasealedrﬁ@é)hese
r,%veal ed that[ dt
large fibers are a twiste yarn 100 microns in diameter comprised of several
much smaller fibers. The vyarn is formed as the smaller fibers rotate from the
spinning bell cup. Higher magnification (right-most image) revealed that these

smaller fibers are nano-scale in diameter within the yarn.

EXAMPLE 5

[0059] The organic polymer solution of Example B was spun into fibers in
accordance with the procedure of Example 1 with the following differences:

Fiuid flow rate 200 mi/hour

Shaping air 35 psig (2.41 x 10° Pascals)

Target collector distance 20 inches (50.8 cm)
The nancfibers were somewhat flat-faced with cross-sectional dimensions and
had diameters of 300 to 700 nm. The scanning electromicrograph is shown in
Figure 10. The micrograph shows many small fibers with little drop formation.
[0060] The invention is now set forth in the following claims.
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smal l er fibers are nano-scale in dianeter within the

yarn. EXAMPLE 5 [0059] The organic polynmer solution of
wE@FE18 was spun into fibers in accordance BET/HS1008080693

procedure of Exanple 1 with the follow ng differences:

Fluid flow rate 200 m /hour Shaping air 35 psig (2 4 1

X 105 Pascal s) Target collector distance 20 inches

(50.8 cn) The nanofi bers were sonmewhat flat-faced with

nal di nensions and had di anmeters of 300 to
WHA@E)%%M%&%P gSCannl ng el ectrom crograph is shown in

F| gure 10. The mcrograph shovvs rrany small fibers with
for vention i s now set

t
1 thinafodotiber PRbiT b A e 501
n@t hode&fing tr*éequum:jrﬂd!&ﬂhlhtem nbtamganhulqummr haviag an
I‘I SI edl n t ul mat eri al a
interiqy g PEEE ddniog Lor ﬁa%k?mﬁ%@f? ﬁ@eHW%%ﬁwHSFh%BP?%%%d
epxt end:nreltlrtgomamq@uﬂeﬁlat@n@l by naif ke Fobe ayngtiseinteriohe

open e b. directing the liquid material by
SUﬁac@éﬁW?iqsdb%Pe'ﬁmeééoﬁﬁhﬁrgﬁﬁ af'%meﬂﬁ)@uﬂ.%}d surface towards

the p%xb@lhf%%e‘lfquﬁ}ﬂa{feﬂbmdrﬁ%é@éﬁﬁmé t@ﬂrdrd‘satarget in

expel I'i ng l'iquid nmaterial fromthe periphery
fibrous fwl ds a target in fibrous form wherein the Iiquid

Wﬁ&%lnath 'llguﬁ'n?%érrél‘fsaﬁlbb’tr ea@rcgﬁfbea%otths tér@éﬂ@t i's

grounde od of ‘claim1 in which t
groungded.at i ng annul ar nmenber has a base or cl osed end and
wal | s having the interior surface extending fromthe
base or closed end to an open end and a periphery
2. aFfeumethodef olsém 1énahich. thahetating aowlafmemeeias a basehi ch

or clodd¥fernd S FafBh Sidfthe iftefbr £FbES eR¥%nding from the base or

closed end to an open end and a periphery around the open end.

3. The method of claim 2 in which the fiquid material is directed by
centrifugal force along the base and across the interior surface of the walls

toward the periphery of the rotating member.

4, The method of claim 1 in which the liquid material is in the form of a

polymer solution or a polymer melt.

5. The method of claim 4 in which the polymer solution or polymer melt
comprises an organic polymer, an inorganic polymer or a hybrid

organic/inorganic polymer.

8. The method of claim 1 in which the fibers have a diameter of 5 to 5,000

nanometers.
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centrifugal force along the base and across the
interior surface of the walls toward the periphery of

W0 b@otsi4at i ng menber. 4 . The nmethod of cl ai m BCT/HS2008/080693
which the liquid material is in the formof a pol yner
solution or a polynmer nelt. 5 . The nmethod of claim4
in which the polynmer solution or polyner nelt
conprises an organi c polymer, an inorganic pol ynmer or

or.gani I T f
7. T BB SR h MR e B AR iinelb? By ST 1 A
hanorhef@l) nanometers. 7. The nmethod of claim3 in which the
fibers have a dianeter of 50 to 1200 nanoneters. 8 .
The nmethod of claim1 in which the nanofi bers are

8. tvhseethddagetdiar ihwhidhethé earbiifersatavnidted together irdtheThe
f claim3 in which the annul ar nmenber is in

met hod

form @fRdWMIed¥dP a truncated cone. 10. The nethod of claim
3 in which the rotating nmenber is positioned in the
front end of a hollow drive shaft t hat

9. tHes wgihod. of £laimBHa whishHba agpulal membens; 'H?%foesfﬂ oA 2 eed

truncété@go[ﬁé)r the liquid material extends through the
ow drive shaft and into the central area of the
rotatlng menber for the supply of liquid material to

10. mii?%@%?ﬁg'd?glm 3R R/thﬂ_;ﬁthe]: R ERAheP(s Fdshiofbd il the

rotatlng as Spi nni ng points | ocated

front end ¢ftashqllewi dsive rspaft Amt rqfﬁt@SﬁbeﬁWdh of claim 12 in which
the spinning points are V-shaped serrations. 14. The
met hod of claim 13 in which the serrations extend

11.  olhenaetHog df icimt1Rdn which a feed tube for the liquid material

extends through the hollow drive shaft and into the central area of the rotating
member for the supply of liquid material to the rotating member.

12.  The method of claim 3 in which the rotating member has spinning points

located on its periphery.

13.  The method of claim 12 in which the spinning points are V-shaped

serrations.

14.  The method of claim 13 in which the serrations extend outwardly from the
periphery of the rotating member and are substantially parallel to the axis of

rotation.

15.  The method of claim 3, which further includes propelling an airstream
normally against the expelled fibers so as to shape the fibers into a flow pattern
concentric with the axis of rotation of the rotating member and towards the

target.
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peri phery of the rotating nenber and are substantially

parallel to the axis of rotation. 15 . The nethod of
w@bk@vns313 which further includes propelling anCT/US2008/080693

airstreamnormal |y against the expelled fibers so as

to shape the fibers into a flow pattern concentric

wth the axis of rotation of the rotating nenber and

towards the target.16. The method of claim 15 in which

0. LA S ATHRS Sl SR il

of 1 t@60 E’IS@I@@QXIWS\AHL'lC*]1ﬂE|’TdD$SCBBI)S are collected on the
target. 18. The method of claim 17 distance fromthe
peri phery of the rotating nmenber to the target is from

17.  2Theomatadro leledm @5n whidh tbafibersre Thkeatet drothedfirget.ai m 1
in which the fibers are collected on an internediate
surface | ocated between the target and the rotating

18. nEmbeethod®f clEire 1Telidiacceofforn ltiee periphiery aftthe hotatirg

a i ng,.at,.a speed of 1000 to
membf’d%o &@ngg\,gﬁ% g?ﬁ% 3@&?" ﬁ?g%t_:zsﬁﬁ) The nethod of claim
1 in which the eI ectrical potential between the
19. F')élg%e%qleed . 3qumd§qﬁtw |chatk1e?‘ggrstahrg cglrec%lgdd c(;:r(mjI art1 ?n edleﬁe

surface located between the target and the rotating member.

20. The method of claim 1 in which the rotating member is rotating at a speed

of 1000 to 100,000 revolutions per minute.

21.  The method of claim 1 in which the electrical potential between the
expelled liquid material and the grounded target is at least 5000 volts.
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