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t hrough the use of a specific yarn, nanely "nylon bright." U S. Patent No.

5,069, 735 to Reynol ds describes a procedure t ut the fabric nt 0 pieces
usi ng a hot Vaiigusj ’%@eslﬁfﬁm@SPQV@B‘StoﬁFalb’d@eP@%ﬁ% ﬁga? BEQWPIG,C l%?’t t he
fi bersy;for %rrlﬁlhf"atl%ﬁm §9uﬁggleofm‘ﬁéﬂé¥ﬁtcléwfng dppltigiens,|sools as irfdubiesl
cont am atl on. 83196 PCT/ US03/ 0846
cleanrooms, preparmg surfaces for coatings, and general cleaning. Each different
20 application emphasizes certain standards that these types of wipers should attain. For
example, wipers utilized in cleanrooms must meet stringent performance standards. These
standards are related to sorbency and contamination, including maximum allowable
particulate, unspecified extractable matter and individual ionic contaminates. The standards
for particulate contaminant release are especially rigorous and various methods have been
75  devised to meet them. For example, U.S. Patent No. 5,271,995 to Paley et al. describes a
wiper having fused borders, the sealed edge of the wipers being present to reduce
contamination caused by small fibers. U.S. Patent No. 5,229,181 to Diaber, et al. describes
a knit fabric tube, only two edges of which must be cut and sealed, thereby reducing the
contamination caused by loose fibers from the edges. U.S. Patent No. 5,271,995 to Paley et
30 al. describes a wiper for a cleanroom environment that has reduced inorganic contaminants
through the use of a specific yarn, namely “nylon bright.” U.S. Patent No. 5,069,735 to
Reynolds describes a procedure to cut the fabric into pieces using a hot air jet in the range
of 600 to 800 degrees F to melt the fibers, forming a sealed edge product with reduced loose

fiber contamination.
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Wipers may be made from knitted, woven, or non-woven textile fabrics. The fabric is

typically cut into 9-inch by 9-inch squares. If a wiper is intended for use in a cleanroom
environment, it is generally desirable to wash the fabric or wipers in a cleanroom laundry in
order to remove and minimize contamination of the wipers prior to packaging. The

25  cleanroom laundry may employ special filters, surfactants, sequestrants, purified water, etc.
to remove oils, reduce particle count, and extract undesirable ion contaminates. As
mentioned previously, the laundering process, which is expensive and time consuming, may
be overly aggressive and may detrimentally affect the physical properties of the fabric. For
example, any finishes applied to the surface of the fabric may be removed during the

30 laundering process and the fabric edges may become unraveled or frayed, thereby leading
to an undesirable increase in fiber particle contamination. Thus, careful and constant
monitoring of the laundering equipment employed is necessary in order control the ggitation,

volume and duration of rinsing, and speed and duration of extraction.

35 As interest in this industry has grown, manufacturers have worked to develop new

yarns and fabrics that might easily and cost effectively fulfill this need for contaminant-free
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fibers. However, while this nonwoven production process may be cheaper and simpler than
a comparable knitted or woven process, the fabric produced therein would likely need to be

processed at a cleanroom laundry to meet the requirements for end-use products, such as,

for examples, wipers for a cleanroom or a paintroom.

” Thus, an efficient, cost effective method is needed for achieving a nonwoven fabric
having a relatively low level of particle contaminates and sufficient hand, drape, and
moisture absorbency characteristics required for end uses such as cleanroom and paintroom
wipers and protective clothing.

30

Summary of the Invention

In light of the foregoing discussion, it is one object of the current invention to achieve
2 nonwoven fabric having low ion content that is suitable for use as a wiping cloth or a
35 protective garment in cleanrooms or surface coating operations, such as automotive
paintrooms. The fabric is typically comprised of synthetic continuous filament fibers, and
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20 laundering process, thereby saving substantial time and expense, and preserving the fabric’s

finishing characteristics.

Other objects, advantages, and features of the current invention will occur to those
skilled in the art. Thus, while the invention will be described and disclosed in connection
25  with certain preferred embodiments and procedures, such embodiments and procedures are
not intended to limit the scope of the current invention. Rather, it is intended that all such
alternative embodiments, procedures, and modifications are included within the scope and

spirit of the disclosed invention and limited only by the appended claims and their

equivalents.

30
Detailed Description of the Invention

The current invention discloses a nonwoven fabric having reduced ion content, which
may be incorporated into articles for use in cleanrooms and surface coating operations, and
35 a method for producing such fabric. The fabric is first produced according to standard

nonwoven manufacturing processes known to those skilled in the art. These production
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The fibers may be of any fiber size, but they are preferably characterized by having a
20 fiber size of less than 5 denier. Further, the fibers, when extruded as multi-component

fibers, may be preferably characterized by having individual filament sizes of less than 1

denier.

The fibers may be comprised of various fiber types including polyester, such as, for
25 example, polyethylene terephthalate, polytriphenylene terephthalate, and polybutylene
terephthalate; polyamide, such as, for example, nylon 6 and nylon 6,6; polyolefins, such as,
for example, polypropylene, polyethylene, and the like; polyaramides, such as, for example,

Kevlar®; polyurethanes; polylactic acid; and any combination thereof.

30 After the nonwoven fabric is produced, it is typically then exposed to a deionized
water rinse to remove ions from the fabric. Exposure is preferable when executed in-line
with the nonwoven production process, however, it may be executed in a process separate
from the nonwoven production process. The deionized water rinse may be accomplished by
immersion coating, padding, spraying, or by any other technigue whereby one can apply a

35  controlled amount of a liquid to a fabric. If, for example, a spray bar is used to apply the

deionized water rinse, a vacuum slot may be used in conjunction with the spray bar to



25 exanpl e, polyethyl ene terephthal ate, polytriphenyl ene terephthal ate, and
pol ybutyl ene terephthal ate; pol yam de, such as, for exanple, nylon 6 and
nyl on 6, 6wopalgaabefi ns, such as, for exanple, polypropyl ecg/uSpspbsser hyl ene,
and the |ike; polyaram des, such as, for exanple, Kevlar(r);

pol yur et hanes; polylactic acid; and any conbination thereof. 30 After the
nonwoven fabric is produced, it is typically then expos gg gﬁlonlzed
vat efrefibis exdeds meenimm tedalirico hdlpwing dis deionizsdHatgr Enf"res(alﬁ BPET 561" when

exec%@a 'q?yllal Bfaé{é)gsgsc%glégﬁsh@?%%}é rﬁ%\%%&' 8intRE Rbsic aboaver, it may be

exec ar a e nonwoven productlg rocess. The
dei onkmperatert eor dnynmmbmyom&\ea@ﬁohbﬁilm bg/accPmplsaddY AL R YSpaddi ng,

o aTyPIRallyg a{lSPgéh%&ﬁFOt N%ka ?%pﬁk&ﬁ #@%U@Ms Q%éé@ﬂo@@ﬂehteﬁfréﬁepont rol | ed

exanple, spray bar is used to
app! ymichevavdeinerdyz Eﬂamitr@ratmg resm.sUpaibeaieds Q}?ﬂ”” r%.' N9s 8- PP Wonj uncti on

h th b
fr om R ?w%.ytteer%éfof'r80?9%5*3@(%ﬁ%@?’aﬁ@‘éﬁéﬁ,ﬁ{@‘?&?%ﬁs%e@“@;‘jégmmfSW?LZL

dri edprefratia® amthdiabac atafEnmhaidreyyl 308 epigsthe '@5&19??9?0' PHE fabric
room ha n FrAteE N B, 189,189,

accorfﬁlcpg}‘?ﬂg&gf?%te‘?aé@%% ‘9{?? ??% lpr)l gg‘:nﬁ%ny;%d%?%d tuggtl Itgmmanuf cturing

oper ahb@ﬁasatwmemwe@eth dlfscclosmsea meﬂwé of ProgHEING 8 oW EPHARYEN gWE’Fby,

infrared a ste ddi8es BbEles®to any

cofbi Wik h'@ﬁ e{bﬁ@%‘ggw bﬁ?ﬁr@a&%@gggag&gegéﬁmr?gﬁ ngg(%(ﬁ&atg?l nvol veg ghe use of

heat , enrﬁmambrb@duqartaé forablien ofdowd mplady rmmt polymets qrelgngisuieC FO%ho

ggrg:[ Iegﬁﬂ gmeBPar§§F§l,” g/ﬁfgﬁ%*oélgl % ’[I‘I% shidfeel Ritid fébrlé \ﬁlh@@@i@d’dséé(ﬂo high | east

assi gned S. Pat ent é, 9, 189,
i ncor pestadtany {wﬁ;ﬁraﬂutyﬁ Tabss winue padm@élwh%reéﬁaﬁé@ fieer B¢ ’f\%r”ﬁd"ﬂ 8% a | ow
cont am ant

contam ft%ﬁrdim%ﬁ%‘?nt@drﬂ)c %és@ In QHI %b&ﬂfemﬁﬁ‘ﬁ%nby heat setting a pol yester

egr ees ess to elimnate or reduce the
fqrsrrat ion of |ow nolecular weight polynmers or oligoners, also known as

"trinmer parégl cér?,tsqgn@m%% lé’ggﬁé}‘aﬁ o[l{k?uﬁ‘grfteﬂ(‘éﬁ upf ahd'@ial @Britherhen exposed

to high ure ese trimer particles, when rel eased

from phsebedd in gwrfeam endusacbrodicts, deeh asmiRTaXRMPle WRSES Of YR YAg PIFGY e

contamn 15 Aft f gmalor ¥raselvirede up, or taken
up, aﬁﬁlpWé‘?F?'B%g?ﬁ?‘?rﬁ% r%@ggge%hhg%%@&éjs\%ﬂg ?Igig%of end- use oducts, such

as, f ebatexarap eeingiapplies tofa suafege, foeysinar Be uged foF B'E‘)é%'?ci' Ve Ug?rﬁé W pers,
al L noyel 1963, L0r s leChERRRRT SimAER3S AhSEmoBoRbicngs are bei ng

e used for any end-use wheréef
pr ef egahhents suttasEbeotieapgavasnapians, dwsﬂfér@'@‘(ﬁsee*@o 3L A R B R OﬁHF? H‘er nor e,

prot ec}ela\r/\(raooms or surface coating environments, may have application in other industries, such
as in hospital operating rooms, dental offices, veterinary surgical rooms, or any other
industry where low contaminant fabrics are desirable. These end-uses may include sterile

25 drapes, tents, blankets, dental bibs, gauze, bandages, tape, etc.

In one potentially preferred, non-limiting embodiment of the current invention, it may
be desirable to expose the nonwoven fabric to mechanical processing techniques which
increase the thickness and water absorption properties of the fabric. Commonly-assigned

30 U.S. Patent Nos. 4,837,902, 4,918,785, 5,822,835, and 6,178,607, which are incorporated
herein by reference, describe fabric conditioning processes that project low pressure, high
velocity streams of gaseous fluid against the fabric web in various directions compared to.
the direction of fabric web flow substantially tangential to the web of the fabric. This air
impingement process typically creates saw-tooth waves having small bending radii which

35  travel down the fabric thereby breaking up, or weakening, some fiber-to-fiber bonds in the
web so as to increase the fabric’s hand, drape, thickness, and moisture absorption
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prior On%gre /{n example of a chemical that may be used is disclosed in commonly assigned
international publication number WO 01/80706. This publication discloses a particle
25  attracting finish that may be applied to a textile fabric for the purpose of attracting and

removing particulate contaminants from a surface.

The following examples illustrate various embodiments of the present invention but
are not intended to restrict the scope thereof.
30
All examples utilized 100 g/m® spun-bonded nonwoven fabric comprised of
continuous multi-component splittable fibers which have been exposed to the process of
hydroentanglement with high-pressure water to cause the multi-component fibers to split, at
least partially, along their length into individual polyester and nylon 6,6 fibers, according to
35 processes described in the two Freudenberg patents earlier incorporated by reference. The
fabric, known by its product name as Evolon®, was obtained from Firma Carl Freudenberg



dei oni zed water rinse. The application of a chemcal to the fabric may be
acconpl i shed by 20 i nmersion coating, padding, spraying, foam coating, or
by any otwero3ngxbhi que whereby one can apply a control | egCansonos4ef a

| i quid suspension to an article. Enploying one or nore of these
application techniques nay allow the ghenical to be applied to the fabric

i st odNer ey Ry oLt ARG = comPEPe o BrERipt Pl ooTF YaRE YR Sug

01/ 807Q@ro>zrdnaﬁe|yp®3% |ngz@h|6wtﬂtnﬁrsctm%nalsgapltallglagawlahﬁtatmasttwg) f| ni sh t hat

b d t I f d
emovt HeheRs FlaTRar B hoRARE o 1o S QBT ARE Ts ot R SBlecA BT o
ill ustfu&her bomdingUsoeasses]isuembs poiht hdneling: éﬂmﬂtbondmgn&themrmS obbigdingt

i nt d to restrict. the scope I g/ n2
spun- @ﬁﬁ'e%ol?% \X@g@,{ntpgol?qryvdglgﬂ%qbﬂg HaB?Iy&z'g@ﬁF‘ %ﬁ%ﬁg rru?# {)mcalct)%rp%%r?é%tg

spl i tt pdateen bi fiver Bomdi islforde been exposed to the process of .

hydr oent angl enent wi th hi gh-pressure water to cause the multi-conponent
fibers to split, at |l|east partially, along their length into individual

pol yest er anigk faykiodescribed ilm’Qewampleew\dzismcgsted)foBﬁanpcrammmordmgdoiteﬂd in the

two Freu n ier or po The fabric,

noun BYTRRCBT SHGEE I b SURPERTT T St ol R FeE e . car)

Fr ggdenberg WO 03/ 083196 PCT/ USOB/ 08462 8 of Wi nhe| m Ger nany. The fabric

is conprise ,gf approxi mately 65% pol yester fibers and approxinmately 35%
b

nyl on &*¥MPiE The fabric is typically available in at |east two
vari ations, standard and poi nt - bonded. The standard variation has not been

2ub ect o0 LR o bR BRRE s Ul Mg PReB PO

nonwov @siohizdd watehyna pgitatéd fpr tae[artoxmaﬂely)n@sswnelss dhe Ifaitrlcava$| remoeedfropat t er n

o 14 e BRI A IR 1 LB R RO S Gla e [ o

bef or efaprd wak tiesn @stde] xantsmmi stad, éor ion meentlohaeauﬁs arelmeasi@ed mutartsyoeg i nch
pi ece gh sta ar Evol on r).l_ ?ﬁ{ab s pl aced in a beaker of deionized
wat er '8”5 é’tn @9 ghoUbDr RIS hPEPY 10 seconds. The fabric was renoved
from 15 the beaker and the excess water was squeezed out of the fabric by
a gloved hand. The fabric Was.{ﬁtb tested inits wet state, for ion
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lon Content of Standard Evolon® Fabric Before and After

Deionized (DI) Water Rinse
lon Before DI Rinse After DI Rinse
(ppb) (ppb)

Na 149,200 <1

Li <1 <1
NH. <1 <1

K <1 <1

Mg <1 <1

Ca 19,833 3420

Fl 1100 347

Cl 76,396 120
NO, 34,367 <1
PO, <1 493
SO, 37,333 940

20

The results in Table 1 show that there was no change in ion content for Li, NH,, K,
and Mg, but that the ion content for PO4increased. The increase in PO, likely comes from

the gloves worn by the person performing the fabric testing. This can be reduced, or



billion (ppb) and are shown in Table I below. Table 1 Ion Content of
Standard Evolon(r) Fabric Before and After Deionized (D) Water Rinse |lon
Bef ore DiwBimsgsisdter DI R nse (ppb) (ppb) Na 149,200 <PCTHiSO3(8462 NH4 <1
<l K«<l<1 M <1 <1 Ca 19,833 3420 Fl 1100 347 d 76,396 120 NXA
34,367 <1 P04 <1 493 SO4 37,333 940 20 The resul ts in Table 1 show that
t here was no, chan i on content t he
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Example 2:

Example 1 was repeated, except that the fabric used was the point-bonded version of
15 Evolon® (rather than the standard version). The results are measured in parts per billion

(ppb) and are shown in Table 2 below.

Table 2

lon Content of Point-bonded Evolon® Fabric Before and
Atfter Deionized (DI) Water Rinse

lon Before DI Rinse After DI Rinse
(ppb) (ppb)
Na 150,700 2567
Li <1 <1
NH, <1 <1
K <1 <1
Mg <1 <1
Ca 21,333 4707
Fl <1 273
Cl 81,200 1347
NO4 21,933 <1
PO, <1 760
SO, 37,096 1407

20
The results in Table 2 show that there was no change in ion content for Li, NH, K,

and Mg, but that the ion content for PO,and Fl increased. As stated above, the increase in
PO, likely comes from the gloves worn by the person performing the fabric testing. This can

be reduced, or eliminated, by using a nalgeen tong to handle the fabric, or by having the



Exanpl e 2: Exanple 1 was repeated, except that the fabric used was the

poi nt - bonded version of 15 Evolon(r) (rather than the standard version).
The resulwe cangsipeasured in parts per billion (ppb) and &ca/Gsheo#3éi n Tabl e
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After Deionized (D) Water Rinse loniBefore DI Rinse After DI R nse (ppb)
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Speci f$OAN 1) Taplge? #flgs & EIZEd WA 15Pent i on achi eves a | ow i on content of
| e3g than about 10,000 part per billion for every

It is also contemplated to be within the scope of this invention that the process of
rinsing a fabric in deionized water to reduce or eliminate ion content may also be used for
woven or knitted fabrics. It is likely that the deionized water rinse would be performed in a
process separate from the weaving and knitting machines because of the manufacturing

15 layouts typical for these fabric-forming processes usually entails a large number of machines
symmetrically arranged together and because water is not normally an integral part of these

textile production processes.

Furthermore, the fabric of the present invention may be combined into a composite
20 material such that the composite is comprised of one or more layers of the deionized fabric
laminated together with one or more layers of polymeric film. Nonwoven, woven, and knitted
fabrics may be included as part of the composite material as well. These composites may
have end uses in products such as, for example, in a graphite composite laminate utilized in
the aerospace industry for the space shuttle, where contamination is of prime concern
25 because contaminants in this environment could react with liquid oxygen and ignite or

explode.

The above description and examples disclose the inventive nonwoven fabric having

low ion content and the method for producing such nonwoven fabric. Low ion content is

30 achieved by rinsing the nonwoven fabric in deionized water following the nonwoven
production process, preferable in-line with the production process. This is advantageously
achieved without the use of a cleanroom laundry, which typically increases the cost,
complexity and time consumption of the production process. Furthermore, this method may
be used in conjunction with other chemical or mechanical processes to produce a nonwoven

35  fabric having improved aesthetic and/or performance characteristics. Accordingly, this
invention provides expanded utility for cleanrooms, surface coating operations, and the



ion shown in Table 2 after a deionized water rinse. Mre preferably, the
fabric of this invention achieves a |low ion content of |ess than about
5,000 parwe opes3ibé | 1 i on for every ion shown in Table 2 afCerusas/agsoni zed
water rinse. 10 It is also contenplated to be within the scope of this
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envor opRBRtloncistabdoantie apdehdéd glings.oxygen and ignite or expl ode. The
above description and exanpl es di sclose the inventive nonwoven fabric

having |ow ion content and the nmethod for producing such nonwoven fabric.
Low ion content is 30 achieved by rinsing the nonwoven fabric in deionized
wat er follow ng the nonwoven production process, preferable in-line with
the production process. This is advantageously achieved w thout the use of
a cleanroom |l aundry, which typically increases the cost, conplexity and
time consunption of the production process. Furthernore, this method may
be used in conjunction with other chem cal or mechanical processes to
produce a nonwoven 35 fabric having inproved aesthetic and/ or performance
characteristics. Accordingly, this invention provides expanded utility for
cl eanroons, surface coating operations, and the WO 03/083196 PCT/ US03/ 08462
11 nedical, dental, and veterinary industry such that the fabric of the
invention may be incorporated into wi ping cloths, protective apparel,
sterile drapes, sheets, tents, bandages, and any other article wherein it
is desirable to manufacture an end-use product having | ow



ion content. 5 These and other nodifications and variations to the present

invention nmay be practiced by those of ordinary skill in the art, w thout
departi ngwbroonsiitbe spirit and scope of the present inventPcanuso¥Fsssher nore,
those of ordinary skill in the art wll appreciate that the foregoing

description is by way of exanple onlyz and is not intended to limt the
scope of the 10 invention descri b&ﬂéw t he appended cl ai ns. WD 03/083196
PCT/ US03/ 08462 12 CLAIMS 1. A ne ?or provi ding a nonwoven fabric
having | ow ion content, wherein the ions are selected fromthe group
conpri sed of nd

Na, Li, NH4, K Ca. Fl, O, N P0OA
wherei’h t he® mﬁt@da‘!%p'm’ @Qrﬁn%ﬁ’oefﬁ%fﬁbé'BPP}é‘”%ﬁOVY 'ggsco%ﬁ%%g(r)eﬁfd%o parts
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t he nonwoven fabric; (d) subjecting the nonwoven fabric to a dei oni zed

wat er §¢R%@E and (e) drying the nonwoven fabric. 15 2. The method of claim
1, wherein the nonygyvgaviiagia monweventibeict ed to the deionized water rinse

in-line with a nonwoven, fapric .producti on process. 3. _The | of claim
1, wherein the nonzﬁﬁ)v%wof‘%@r ﬁ@bj?cgmgg%pq eagﬁ?rict;%?? alNgP! @gﬁe{l n the
fibpgr is selected fsugned heat@edyp consi sting of unitary, single conponent
fibers, 20 nmulti-conponent fihers, and.c inati.ons thereof 4 e met hod
of claim3, wherei A AREICABNERRINNG Q@F@'qag{ggbﬁﬁwif%cgaofg © 'flcl?rg"éorv en ganby&, wher ei n
the fiber is charagpesibgtinghehwnwogemfdbribés a seipeized wats sinsétand5 deni er. 25
5. The met hod of cl agfirp 3, .Wwherein ttgetgnonwoven fabric is conprised of
fiber, wherein thd®kfHEe HENWRYEP 'Y Shponent fiber, and wherein the

mul ti-conponent fiber is splittable along its Iength, by nechanical or
chem cal actjon, intaq jndividual conmponent [fibers., .6, e f claim
5, ldhetei n T%“ﬁhopi098%%811%?@%“B‘%Hgﬁ“go"éﬁlf??r{cdﬁFBbJS‘ftS%go ’ﬁh?ss"te%glegngt h, by
mechany,gal rigde BhRBIVGRla @einioven fabit Pradudiion ploaéssconponent fi bers, and
wherein the

3. The method of claim 1, wherein the nonwoven fabric is comprised of fiber, and
wherein the fiber is selected from the group consisting of unitary, single component fibers,

20 multi-component fibers, and combinations thereof.

4. The method of claim 3, wherein the nonwoven fabric is comprised of fiber, and

. wherein the fiber is characterized by having a fiber size of less than 5 denier.

25 5. The method of claim 3, wherein the nonwoven fabric is comprised of fiber, wherein
the fiber is a multi-component fiber, and wherein the multi-component fiber is splittable along

its length, by mechanical or chemical action, into individual component fibers.

6. The method of claim 5, wherein the multi-component fiber is splittable along its
30 length, by mechanical or chemical action, into individual component fibers, and wherein the

individual component fibers are characterized by having a fiber size of less than 1 denier.

7. The method of claim 3, wherein the nonwoven fabric is comprised of fibers selected
from the group consisting of polyester, polyamide, polyolefin, polyaramide, polyurethane,

35 polylactic acid, and combinations thereof.



i ndi vi dual conmponent fibers are characterized by having a fiber size of

|l ess than 1 denier. 7. The nethod of claim3, wherein the nonwoven fabric
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laim7, wherein t fabric i i sed of .fihber i th
iberds pofiaanipd SR R Aoty 8 Facy € CarBprssh oo e R | Lo
colns ib&?é ll'lSerQ§ tpolp@étﬁﬁ?ﬁh?( I\A?@Qeiri mgwlybh@!r Bts®)echu fgmm itrrmgmf yib eamistTtieg @pht Eagat fe
(0] u en ere I ate an CO 1 N | S I . (0] (0]
L) mielveliitans P AR b AP aF T B M, Rl B Brepriniie TRMOT ©

fiber dosnHpdtipastideeofand wherein the polyanm de is selected fromthe group
consisting of nylon 6, nylon 6,6, and conbinations thereof. 10 10. The
met hod of claim 7, wherein the nonwoven fabric is conprised of fiber,
whereig t hend ib@ibdiocs claiph ¥ oligsréin thenshwdven éabictid eomptiseal aé fiber, ibesél ect ed

fromthe group consjsting, of . pol ypropyl.ene lLyet hyl ene, and.. i nations
t her edhe 94" pabapRs aed HoprenBS pibRBRESs SEraBhrEM Y gfdll oRECURERE' 1o;
provi diyigh @ riyvEs ethd @afbikatibayihegedi.ow i on content, wherein the ions are
selected fromthe group conprised of Na, Li, NH4, K M, Ca, Fl, d, NXA4,
P04, and SO4, and wherein the ions are present on the fabric at |ess than

abaygt fp. 000THRAMERHEF chirh I7] WRershene nbresdved falriods domprided df dibér, whetedd

| EST-RP-CC-004 6. 1.2, the nethod conpri.sing t st eps 0. of . .. provi di ng
a nonv&B@é’Herf‘élE’P|yel,‘13f“@’tﬁndd’ﬂ?qr6'H§I]q @/ﬁycﬂ%gj '88?'%%&9‘???&’ ﬁ%%@eﬁ% E'Brﬁqaéf to an air
I Npi NgeIRRNGpyISHY, balyethlleaat areindombirtionpthecsndl |y, applying a chemical to the
surface of the nonwoven fabric; 25 (d) subjecting the nonwoven fabric to a

dei oni zed water rinse; and (e) drying the nonwven fabric. 13. The product

of theqqret hpik pfodattali MelAethdd ofidain.met hod for providing a spun-bonded

nonwoven fabric having low ion content and conprised of continuous

null?i - conponent fibers that are at |east partially split along their
12. A method for providing a nonwoven fabric having low ion content, wherein the ions

are selected from the group comprised of Na, Li, NH,4, K, Mg, Ca, Fl, Cl, NO,, PO,, and SO,
and wherein the ions are present on the fabric at less than about 5,000 parts per billion when
tested according to test method IEST-RP-CC-004 §6.1.2, the method comprising the steps
20 of:
(a) providing a nonwoven fabric;
(b) optionally, subjecting the nonwoven fabric to an air impingement
surface treatment;
(c) optionally, applying a chemical to the surface of the nonwoven fabric;
25 (d) subjecting the nonwoven fabric to a deionized water rinse; and

(e) drying the nonwoven fabric.

13. The product of the method of claim 12.

30 14. A method for broviding a spun-bonded nonwoven fabric having low ion content and
comprised of continuous multi-component fibers that are at least partially split along their
length into individual component fibers, wherein the ions are selected from the group
comprised of Na, Li, NH,4, K, Mg, Ca, Fl, Cl, NO,4, PO,, and 804, and wherein the ions are
present on the fabric at less than about 10,000 parts per billion when tested according to test

35 method IEST-RP-CC-004 §6.1.2, the method comprising the steps of:



| ength into individual conponent fibers, wherein the ions are selected from
the group conprised of Na, Li, NH4, K M, Ca, FI, d, NO4, P04, and SO4,
and wher ewp 0Blogs1bons are present on the fabric at |ess tran/sbdes46210, 000
parts per billion when tested according to test 35 nethod | EST- RP- CC- 004
6.1.2, the method conprising the stepg of: WO 03/083196 PCT/US03/08462 14

(a) providing a spun-bonded nonwoven fabric c rised of conti,. S

nul ti-conponent fi g%)r Broviqgie %?%“”aqong3%\5?”‘%‘3’repﬁg$)rf%/co§'ﬁrlsfed3?8?{6'“#% r length
into individual conp@nesinpbhditfibers (it aapati e ipbytially it @y tigeirt lbegth

spun- bonded nonwove f_a(}é)r.i c.to an aiﬁ 5 i npingenment surface treatnent; (c)
optional l'y, applyi igeNYidal camPeRet RS yr f ace of the spun-bonded nonwoven
fabric; (d) subj ecgbﬁgpﬂdﬂn@llﬁBUBjelei@dB@lsmmbmﬂ roatvbien fabriatatei @ini zed wat er
rinse; and 10 (e) dryjing the spun-bonded nonwoven fabric. 15. The met hod of
cl aPm 14, wherei n tHENGEHARN e AR en fabric is subjected to the

dei oni zed wat er ringeoptibnkily)@pplying secreprical iohdedriacnuitke spiraboridedpr oduct i on
process. 15 16. The nethod of claim 14, wherein the ions are present on the
fabric at |ess thar?OQWBM?“fag’,“@OO parts per billion, when tested according
to test nethod | ESTdRbuKsetB84héstundbontidd ndingoverifhiorit tofa ddiaiiradidatemher ei n
the continuous multj-conponent fiber is characterized by having a fi ber
size of |less than 3"§&"% . 20 18. The method of claim 14, wherein the

i ndigvi dual conponent) fivheytae dpen-bhiicdcioawbvediablly. having a fiber size of

|l ess than 1 denier. 19. The nmethod of claim 14, wherein the spun-bonded
nonwoven fabric is conprised of 25 fiber, and wherein the fiber is

se: ect ¢g L r PR wal (ﬁir&lﬁlﬁirﬁq%@v{ﬁél}emﬂh@%pmb@iﬁ&ﬂd e{jonwp%rymm'ridg submﬁteﬁdbfefi n,
pol yar am de,  pol yur et hane, po actic aci and ¢ i nations thereof. 20.
The. el TroipoV2eg Watrh e e Bith 3R SRR L IATHRYe R s pive PA: pecess
conprised of polyolefin, and wherein the polyolefin is selected fromthe
group consi sting. of po ropylene,, 30 polyethyle nd nbi,nat i,.on
o aReof8! 1 Tha it St B Ae e moe iR Ere e o Le A A e R SO
fabri c5ig90 eaAP pesEllonfwhdpoteyed ecordiag t hemeinod iBBTRM-CEsam@r§6. 62sel ect ed
fromthe group consisting of polyethyl ene

17.  The method of claim 14, wherein the continuous multi-component fiber is

characterized by having a fiber size of less than 5 denier.

20
18.  The method of claim 14, wherein the individual component fibers are characterized

by having a fiber size of less than 1 denier.

19.  The method of claim 14, wherein the spun-bonded nonwoven fabric is comprised of
25 fiber, and wherein the fiber is selected from the group consisting of polyester, polyamide,

polyolefin, polyaramide, polyurethane, polylactic acid, and combinations thereof.

20. The method of claim 19, wherein the spun-bonded nonwoven fabric is comprised of
polyolefin, and wherein the polyolefin is selected from the group consisting of polypropylene,

30 polyethylene, and combinations thereof.

21.  The method of claim 19, wherein the spun-bonded nonwoven fabric is comprised of
polyester, and wherein the polyester is selected from the group consisting of polyethylene
terephthalate, polytriphenylene terephthalate, polybutylene terephthalate, and combinations

35 thereof.



terepht hal ate, pol ytriphenyl ene terephthal ate, polybutyl ene terephthal ate,
and conbi nations 35 thereof. WO 03/083196 PCT/ US03/08462 15 22. The

met hod ofwoloaiosa19®, wherein the spun-bonded nonwoven f abriPCTIGSo®eRIpT | sed of
pol yam de, and wherein the polyamde is selected fromthe group consisting
of nylon 6, nylon 6,6, and conbi natigns thereof. 5 23. The nmethod of claim

22, wherein_t he spun-bonded nonwpven fabric, i,s conprised of ol yester and
ool on 826, 56 TRBURSEIRI 19 WER BTG PR RURISE R BV Thr B S by £

fabri cpbigariaBparidReerein the pblyamideris aslectay from the Grouptdnsisting bieyjool 8/est er
conprises approximtely 65% of the spun- 10 bonded nonwoven fabric, and
wher ei Hyl?'P]@%W%ﬁorﬁ?'@amp‘?@@% approxi mately 35% of the spun-bonded
nonwoven fabric. 25. The product of the nethod of claim14. 15 26. A
nonwoven fabric having low_ion content, wherein the ipns are selected from
t he? g?%up }:%melﬂpéioof alrﬂlg?,w ere gswn—WJ ongjove a,brl&&c,:on%@?g 8hd so1,
and whepigédlertdt@ dyirss,6are present on the fabric at |ess than about 10, 000
parts per billion, when tested according to test method ZEST- RP- CC- 004
6.1.2. 20 27. The nonwoven fabric of claim 26, wherein the nonwoven fabric

i SI Corrmé.i fsetﬂh@fnﬁtmrﬁfidwﬁms, whé@meins fsi)dubsa_mdearmnmeér?afabrib |macd°ni1d17'ee? ioﬁ

sel ecte romt he roup consi stin unitary, Ssi.n ent | pers,
mul ti - BOMPRFNd PSS, W%ff{améB?rﬁP'a%ﬁ??roﬁ?g“&rﬁE? éB?rPX'E%T‘gbfﬁg%prfg ﬂWo?PéW‘ fabric
of 10l abBMdE noniBUEH RibkBaard ViRireinShe asrae beonpededapdraximagea3idh loethe 25 size
of less than 5 denier. ZaticThe nonwoven fabric of claim27, wherein the

fiber PRUNDGAHEENCRYRYIHERECTi ber, and wherein the mul ti-conponent fiber is
splittable along its | ength by, nechanical or chem cal action, into

i ndi vi dual conponent fibers. 3 0. he nonwoven fabric of claim?29,
wher ei 8t heTh%B§Q¢F8M|th%BW§PHé§F%fWB%FS are characterized by having a
fiber size of less than 1 denier. 31. The nonwoven fabric of claim27,
wherein the nonwoven_ f F conpri s ted fromthe
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are present on the fabric at less than about 10,000 parts per billion, when tested according

to test method IEST-RP-CC-004 §6.1.2.

20 27. The nonwoven fabric of claim 26, wherein the nonwoven fabric is comprised of
continuous filament fiber, and wherein the fiber is selected from the group consisting of

unitary, single component fibers, multi-component fibers, and combinations thereof.

28.  The nonwoven fabric of claim 27, wherein the fiber is characterized by having a fiber

25 size of less than 5 denier.

29.  The nonwoven fabric of claim 27, wherein the fiber is a multi-component fiber, and
wherein the multi-component fiber is splittable along its length by, mechanical or chemical
action, into individual component fibers.

30
30. The nonwoven fabric of claim 29, wherein the individual component fibers are

characterized by having a fiber size of less than 1 denier.

31. The nonwoven fabric of claim 27, wherein the nonwoven fabric is comprised of fibers
35 selected from the group consisting of polyester, polyamide, polyolefin, polyaramide,
polyurethane, polylactic acid, and combinations thereof.



16 32. The nonwoven fabric of claim31, wherein the fiber is polyester, and
wherein the polyester is selected fromthe group consisting of

pol yet hylwpe3pgxiepht hal at e, pol ytri phenyl ene terepht hal atreT/ysod/gdant yl ene
terepht hal ate, and conbi nati ons thereof. 5 33. The nonwoven fabric of claim
31, wherein the fiber is polyam de, amd wherein the polyamde is selected
fromthe group consisting of nylon 6, nylon 6,6, and conbi nati ons thereof.
10 34. The nonwoven fabric of claim 31, wherein the fiber is polyolefin,
anld whaQ.e: nThBﬁon\P@sPefﬂblﬁfﬁd:Gfdlﬁm;ﬁL amtraT%_ch the_cﬁmartib@ﬁge@mp amdgme_ﬁmn@ of

pol ypr opyl ene, pol yet ne, an o i pations thereof,. : e nonwoven
fabricP8 e@P%‘Fﬁ?@G?éd\m%‘? ergrpmc%mgﬂpql)éegpﬁ%nq %ﬁpﬁ@@ﬂ%‘a’r ated into a 15
CoNnposipbptrithb@flérd terodh@izkits, g uglerdie@phiyiits; a0t combinadens thakeof.c are

| am nated with one or nore |layers of polyneric film 36. The nonwoven
fabric of claim 35, wherein the conposite material further conprises one

olr nor g3l a\x//\ghg n@ﬁw@@tﬂ’@h b@cfoﬂ@léim]'gﬂg\mé#@iri 18 fib@Ois Polyaiives, BAA Whern fnabr:c ?f
claim 26 erein t nonwoven fabri¢c is incorporated into an.article for
cl eanr GENRRYSISI i E‘é‘??%ﬁ&o .eg‘f‘?i@?ﬂ?ﬁ\ﬁgn\fge?f WYE*Srff’E‘V(?P O &N OB PINEHA%i n t he
nonwovererégbri c is incorporated into 25 an article for surface coating
operations. 39. The nonwoven fabric of claim 26, wherein the nonwoven
fabric is incorporated into an article for hospital operating room

applg caui onshe #8nWEvenTtapri®oMMaNedY , ivabreirctheffibet igipatyd@finydrer whereinige nonwoven

fabric is jncorporat into an article for dental office appljcations. 41.
The. noRABOIH AR CoR e #0988 COMRIAG R POMROROR G o e SR CaT

i ncor pehabratibrititbercan article for veterinary operating room applications.
35 WD 03/083196 PCT/ US03/08462 17 42. A nonwoven fabric having | ow ion
content, wherein the ions are selected fromthe group conprised of Na, Li,

NH4, K35My, TRanofvoved fabMdf cliifvize, angrebOhe rendovdrefaeriistineorpanated istbe
present on the fahric at |ess than about. 5,000 rP rt.s per bhil I(jonh when
t esked CQPPSsIH rﬁ@tef%l’ wherein one or more layers of nonwoven tabric are laminated with one

or more layers of polymeric film.

36.  The nonwoven fabric of claim 35, wherein the composite material further comprises
one or more layers of woven or knitted fabrics.

20
37.  The nonwoven fabric of claim 26, wherein the nonwoven fabric is incorporated into

an article for cleanroom applications.

38.  The nonwoven fabric of claim 26, wherein the nonwoven fabric is incorporated into

25 an article for surface coating operations.

39.  The nonwoven fabric of claim 26, wherein the nonwoven fabric is incorporated into

an article for hospital operating room applications.

30 40. The nonwoven fabric of claim 26, wherein the nonwoven fabric is incorporated into

an article for dental office applications.

41.  The nonwoven fabric of claim 26, wherein the nonwoven fabric is incorporated into

an article for veterinary operating room applications.

35



test nmethod ZEST-RP-CC-004 6.1.2. 5 43. A spun-bonded nonwoven fabric

havi ng | ow i on content and conprised of continuous nulti-conponent fibers
that are wODoBoes@EPe partially split along their |ength intoPCmdiSvs/oksed
conponent fibers, wherein the ions are selected fromthe group conprised of
Na, Li, NH4, K M, Ca, F, d, NXA4,17P04, and SO, and wherein the ions

are present on the fabri¢c at |ess 10 than, abo 10, 000 r{ er.billion,
mhen’t 82+ cuAdeBYPYTHADHE g loREBR G PRaThRRT e fis a1 sBie5led J3F thd

sEun- ?Q@@@oﬁ@ﬂf@/m{iaﬁﬂﬂ%, &f Mgl g'g,rm,élel, NGheP®, Ianltl llse)4i anmvaereinghemm on

t he abric at SS an, abouyt 5 rts per billion en teste

accor dPIfP e Qgﬁh Hoat IPes gnf@oﬁ%,@_wpp@r?! 2N, Wg.eh s s?ﬁ?ﬂr-diﬂ?gtaed
nonwov et fetiodGEST-RA-aionek3s6.Wer ei n the nul ti - conponent fiber is
characterized by having a fiber size of less than 5 denier. 20 46. The
spunr- bonded nonwoven fabric of claim43, wherein the individual conponent
fibers4are phauadbadéxashwivehdabritthaging idvelonsonenoénd esapridedrof tordienbes . 47.

The spun-ponded nonwoven, fabric of c¢laim.4 erein, the spun-bonded
nonwov 8Mlt-gaRpqnent IDerg, F?@%ﬁ'%?fpﬁﬁ@&§$%%$@3% 8”$¥@H?Pﬁém§W@Hﬂ consi sting
of | plol ¥&sbeient ﬂﬁéry,agﬁléiéi%%idh@ay@b@idtéd fr?altPZ%Q@®$ﬁmpﬁ9é¢NLW,gamH4, K,

pol yl acti [ omnbi i on er eof .. o e, spun-bon nonwoven
Pobri oMok Carth b AT RReraiSonans phaEr 0o jasiAse BTt e g et he
poliyol efdnmbost FROGTH&H fdr®Midn ehgh Gasedcamesidirig tbdesifimgiiobd BSTPRP 04
polyetgélene, and conbi nations thereof. 30 49. The spun-bonded nonwoven

fabricSBfl -zl ai m 47, wherein the fiber is polyester, and wherein the
pol yester is selected fromthe group consisting of polyethylene

terephthal ate, polytriphenyleng terephthal ate, .pol ybutyl ene terephthal ate,
and coftfi nahﬁ%ﬁE”Q'hé’?C&an.on\”?év%fa@g%?g‘ga'BC% Wgﬁtﬁ”ggfé%ns 's BH°© ﬂ%%e
spun- beqngied: rReswReIboliB®00C pafts péraiiliond Whemtested acdohding idtest msthpo|B&TH de,

and rein t | yami de is selected fromthe group consisting of nylon
6, %%'é?&,04§%dﬁg'comi nations thereof. 5 51. The spun-bonded nonwoven

fabric of claim50, wherein the spun-bonded nonwoven fabric is conprised
O P dBe s T ks ieRirorah (bn e T B4 A8 DHER BRARYE ok RO 8L 81 1

characterized by having a fiber size of less than 5 denier.

20 46. The spun-bonded nonwoven fabric of claim 43, wherein the individual component

fibers are characterized by having a fiber size of less than 1 denier.

47. The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven
fabric is comprised of fibers selected from the group consisting of polyester, polyamide,

25  polyolefin, polyaramide, polyurethane, polylactic acid, and combinations thereof.

48. . The spun-bonded nonwoven fabric of claim 47, wherein the fiber is polyolefin, and
wherein the polyolefin is selected from the group consisting of polypropylene, polyethylene,
and combinations thereof.

30
49. The spun-bonded nonwoven fabric of claim 47, wherein the fiber is polyester, and
wherein the polyester is selected from the group consisting of polyethylene terephthalate,

polytriphenylene terephthalate, polybutylene terephthalate, and combinations thereof.



fabric is conprised of polyester and nylon 6,6, wherein the polyester
conprises 10 approximately 65% of the spun-bonded nonwoven fabric, and
wherein tWe oapsam 6,6 conprises approxi mately 35% of thePspursodbessard
nonwoven fabric. 53. The spun-bonded nonwoven fabric of claim43, wherein
t he spun-bonded nonwoven fabric is ingcor porated into a conposite material,

wherein one_or nore |layers of s 15 nan fabric re | am nated
with 058 or THBERUT- Q?@f LSl S 2 E?E’F'PBPQ?' 753"%”%%%@1%'%% i doven
fabri c whkrei flePoh@middiRrsRidttddTrort eRsil ordRlieg bhylod 6 iI&T 6,604 | Ses one
or nore I%%ers of woyen or knitted fabrics. 20 55. The spun-bonded nonwoven

f abri c CBMPERURNH MY Ehher ei n t he spun-bonded nonwoven fabric is
incorporated into an article for cI eanroom appl i cati ons 56. The

spun- banded_nonwov ri c of erein bonded nonwoven
b o BMa | ABSABO-GoRFA Rt et O Aol Sr e e B P BRs . 55
57. Theatﬁpumcdyﬁmﬁgd dnpam@g,tgmﬁ cbrCG ef claim43, wherein the spun-bonded
nonwoven fabric is incorporated i nto an article for hospi tal operating

room applications. 58. The spun-bonded nonwoven fabric of claim43, wherein
t he SDBQ bowﬂ@@pmawﬁu@rhon%vérambh@ of aalhnmw@r@hﬁcéépﬂmco@ﬂeahbmm\@nf or

dent al f| ce tions ded nonwoven fabric of claim
o o Al SoTRTE T BMUSEr ST LG o B ESE AN BopSlg: SERRSRa | ot o an
ar tioc! eppRkimeediE 65N heRINdrdgd fn@%@ﬁhbrﬁ@bh@%ere’ﬁ*ﬁthe nylon 6,6

comprises approximately 35% of the spun-bonded nonwoven fabric.

53. The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven
fabric is incorporated into a composite material, wherein one or more layers of spun-bonded

15 nonwoven fabric are laminated with one or more layers of polymeric film.

54. The spun-bonded nonwoven fabric of claim 53, wherein the composite material

further comprises one or more layers of woven or knitted fabrics.

20 55. The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven

fabric is incorporated into an article for cleanroom applications.

56. The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven
fabric is incorporated into an article for surface coating operations.

25
57. The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven

fabric is incorporated into an article for hospital operating room applications.

58.  The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven

30 fabric is incorporated into an article for dental office applications.

59. The spun-bonded nonwoven fabric of claim 43, wherein the spun-bonded nonwoven

fabric is incorporated into an article for veterinary operating room applications.
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