Docket Number 20763 HYDRAULICALLY-FORMED NONWOVEN SHEET WITH MICROFIBERS
BACKGROUND OF THE INVENTION This present application relates to hydraulically-formed
nonwoven sheets, specifically, hydraulically-formed nonwoven sheets with non-cellulosic polymeric
fibers. 5Nonwoven sheets may be produced via various processes. In the hydraulically-formed or wet-
laid process, a nonwoven sheet is produced by filtering an aqueous suspension@kdildiembkn 20veair-laid
process, fibers are dispersed into a fast moving air stream and condensed onto a moving screen by

means of pressure or yacuul L[@Ath?E%ngﬁ DONSF\XA} @EerchﬁwH_ rlgOaFIigee either para]lel or
randomly in the direct . statically-laid

process, 10an electrostatic field fromsaEdymaensotution: pelereoamulsion or polymer melt is used. In
the spunlaced or hydroentangling process, fibers are interlocked and entangled by high velocity
streams of watef "hPERSAIZRPISAICR se/ate T4 B Y it bniapied, P B Wit eiheIbaysisabr spunbond), a
polymerig, el RERORHIRR I REIMASAL QHINSRIONRISIS IR AR flgments which are laid down on a
moving screen. An example of a product produced via a spunlaid process is Tyvek(r), a sheet of
contihuous 15pdiyethyterbditerssbicdiEdd dia Rontdediesesuls hadyCauiipallyyWietdringéon,
Delawarqg. dTﬁ}/veko sheets are %Sed, as envelo efls éprotective barriers, protective clothing, house wrap
and packaging RelGdiRg SENFSEIE Risdess éj‘é\éﬁ O IRKE S SRS LY 085 4Rk & #88le bacterial
filtration effciRBoibadrstiRpetPrapariesm MYy alrdhis MUt A MaHIRH R UMesead T yvek(r)
sheets presents challenges in the converting and use of Tyvek(r) sheets for sterilizable medical
packaginge2ACIP By RIFGWATHHAL HohReErdshdatirisroigeredibRisthe Bl st giydaizied process
nave redugriNTIRRLbrang-sphanara DL ARG TMAIR Thivddb ealBeoaPsaaulic
suspension allows for the dispersion of iscrete, discontinuous fibers ofévarylng aspect ratio (1.e., ratio
of 1é8gth 40 eézmetetd fitloweverpdlyedydraiticaliyferrredsprocessyprasents abstactesavhenssymthetic,
non-cellulosic @%ric fibers are used. In general, synthetic fibers are longer, stronger, more

uniform aAdYE PR RV RA e el kel ARt AT BB AR S YR o et AR S AR CAE RS riRed
process) dhamaRatisalibetsca an sl ¥ aS RS B Shests it B \BUAIRG) st EiendR fabiuEen
flocculation). Hydraulically-formed sheets combining cellulosic-based fibers and synthetic,
non-cellUFoSTEUERSIYRIMAE fitiererelpdddaBviaNBUE ket @ralirid DTG Mowenescthge to variation and
brocessing IssUgpJARAETENRAS0L SYDPYE IRRIRIN (6eR Snaele8 UURNy qnipimal, The present
invention addresses the need for a ﬁjy raullca?ly-?grmeg homwoven sheet comprising non-cellulosic
polymeripdipengleGprefoally bl sheeirdascdbed i diecpresentapplieasiominslkeg stgqprelymeric
fibers of micron and sub-micron size and has high strength, high air permeability, high bacterial
filtration EMEISAL “SRUFLHUELASFaPRIFRYe PRECHAER BT YRCIS g MOHFHBB AT BFHRO1I8ed to package
a variety igfligRasiamrioonterd aackapny fagdReigles dipcluding bug nnt imiied i medicalidgyices). It
may also be used as a substrate for envelopes, protective barriers, protective clothing, house wrap,
filtration Afedigenstintmgedied |dowky et iasrawatdyeadalivieinkérest itol sughflpreetsansfertsunctional
materials o gifer MQuriaces or products, BRIEE, SUMMARY OF THEINVENTION _ The present
invention comprises a umquel@gcompose&hy raul?caﬁly-forme nonwoven sHeet In a first general
embodiment, thisdwstantieaty-fasmedaomeayershrateompriaes (@ firstranpaiviosicpolymeric
fibers in an amount of from about 5% to about 90% by weight of the nonwoven sheet in its dry 15state
and (2) SEEBTRY MHERIENGRSSTEFERAM BRI TR M &b U DB AP GEUSY thra lsotseswioBy
weight obiBgnenwONER: Rk NI SIRIAN I fishnevenplbinsicnalumericdibers hgyg,an average
diameter less than about 3.5 micron, an average cut length less than about 3 millimeters and an
average dispetstxationsiabihethi0eUuEalycon20@0;@as rivecstounticionswtel sloshetpohmesicifibers have
an averg%ff diam(feter gareater than abOL'Jt 3.5 micron and an averaage aspect ratio of about 400 to about
1000. 20RAGiTEhAIHBErE KRG nTaieMafk MADBE R TP Is RIRUGEU &I el e AL RS&ntive
NorpwoveRBhasidnal PadN@ARseY BRI b BdiciYehe hydrdRigoider&rpRrdig ent-ofdhr fiist-general

embodiment, the hydraulically-formed nonwoven sheet comprises (1) binding material in an amount of
from abARSHHGeakbR NEYES WiIbiwHEEPEYRsHdrSYBrrahdefioaday stiwdapiyaivdemeticellulosic
Po'yme“QnQQ@r&%ﬁﬁh&@éﬁ’d@i&%ﬁ&ﬁ‘n@& %&934??5 (ROt 2Radse %Xiy%e?'&kﬁb%fé@?eﬂ%é‘&’)!{?ve” sheet in
its dry state, (3) second non-cellulosic polymeric fibers in an amount of from about 20% to about 65%
by weight of the nonwoven sheet in its dry state, (4) third non-cellulosic polymeric fibers in an amount
of from about 5% to about 30% by weight of the nonwoven sheet in its dry state and (5) cellulosic
based materials in an amount of from about 5% to about 35% by weight Docket Number 20763 of the
nonwoven sheet in its dry state. The first non-cellulosic polymeric fibers have an average diameter
less than about 3.5 micron, an average cut length 1dss than about 3 millimeters and an average aspect
ratio of about 400 to about 2000; the second non-cellulosic polymeric fibers have an average diameter
greater than about 3.5 micron and an average aspect ratio of about 400 to about 1000; the third non-
5cellulosic polymeric fibers have an average diameter greater than about 10 micron and an average
cut



length greater than about 5 millimeters; and the cellulosic based materials comprise (a) fibers
manufactured from cellulose, (b) naturally occurring cellulosic materials selected from hardwood
fibers, softwood fibers, non-wood fibers or blends thereof or (c) blends of fibers manufactured from
cellulose and naturally occurring cellulosic materials. Additional fibers and materials may be added to
this nonwoven 10sheet. This inventive nonwoven sheet may be mono-layer or backéi-bayeer 20763 In yet
another embodiment of the first general embodiment, the hydraulically-formed nonwoven sheet
compriseﬁo%[gvtéirngig matetrial in dan amount of abt?;t 5% tg() about 30% t% We_i,%rg]t of the nonwoven
sheet in it AR Btat8, (21 Hrat LS S S T S RO AT &% Y BBt 265, T"SBO 8898 by weight
of the nopweVeRisheet in its dry state, (3) second polyester fibers in an amount of from about 25% to
about 1565% by weight of the nonwoven sheet in its dry state, (4) third polyester fibers in an amount
of from about 59" &P &R BPIETSERGPeHEFTRIFVER Sivabt o meddignuryrs dsat @) rperg
manufacied EBCEIMASR IBAL Amaber e ahauliade, 3holt &0ve By Wrighiplthe nonwoven
sheet in its dry state. The first polyester fibers have an average diameter o about 2.5 micron and an
average ooy tesgthivefsalh outrdn 3 slineiers aind arthaseigtesl;diythseigbrd iyttt fiigh Sduearalan
average %iameter of about 7 20microns and an avera%e cut Iength of about 5 millimeters and are

oriented; THe G SERTE S ABERINAURPLN al ks SRR LRI RE GrE QYEPIRR A AL SFE (hRAEAY%SA an
average cutdgngtizaé grarieg thanabask-Raillipertersrad f56 abienied; endihe: libgessmanuiactured

from cellulose are nano-fibrillated. This nonwoven sheet has a basis weight of from about 50
grams/méterdassas 688 FOPERiE TS FHEtPe AR alPPEehRIEDRiIthrotdivRalsthiisobruBs R rdsetionnits, a
formatloqﬂ%ti@bgr%ttiﬁ%gnguggé’aﬁ‘dba%cgﬁggtli\fgtégrtrligp sgese(?ftgcsler;])?g o?grg;ﬁs‘! e?%n% |oonl“a|1¥. r%gtoé?ia %ucg tépg
strength of at least about 120 pounds force per square mcﬁjg uge, an average mternalstearlng
resiflancaudd@tlegstalout 275 grams, a slow rate penetration resistance of at least about 40
Newtons, an average tensile strength of at least about 7 kilograms/15 millimeters and an average
stretch of at least about 11% and isaﬁﬁréHywégﬂ’aﬁan*ﬁﬁf%ﬁ%ﬂTWing a log Docket Number 20763
reduction value faideastiaRAtintARHienal fipRr And saaterials may-Re-addede.thismenwpven
sheet. This inventive nonwoven sheet may be mono-layer or multi-layer. In still another
embodinfeifeigrenreafiestbgdimerd imbistiwiicalty-fopckagefrman eaticlongsde Uil doThidurstkage
comprises draulically-forme nwaye et with irst non-cellulosic polymeric 5fibers in an
amoun: SR S Lo SR PSR T ST b e ST R T
sectind nasteceltUipisiscpalyme tal fibscp b asraitaikh oh e s obhQl 1 @put8ododay, weight of the
nonwoven sheet in its dry state. The first non-cellulosic polymeric fibers of the nonwoven sheet have
an averalfB BRI thahesbBUE S Halt oM elishirisg eaf Iiytis e S8R 4R a56 VS #fllimeters
and an ayerang RSPRGhaNR:ef AhRMAAR 10.ARRWLA000, RediRR serpad-RRRERIKAsic Ralygeric
fibers of the 10nonwoven sheet have an average diameter greater than about 3.5 micron and an
average asheecrtatit asoabyiitid 0otd 2(156uerktne s@dditionaldyeis miayde bickie hedetenthesrrgawoven
sheet. Ti&e in\{entive n nwoggq gtgen(%'{[: may be used in variors acka%i configurati In still yet
rs

n ns.
another Mbodiment of the Ti general em BUmMERte §metid e 8% ?J%@lt(aa?rfa%\%% 8%I device is

deswribeddditisamiediosheonerise s el meradeing mipaskagenwitbea hydraulicalbyniawsag d&penwoven
sheet with first non-cellulosic polymeric fibers in an amount of from about 5% to about 90% by weight
of the nORWRAHEREBTPItE Ui/ ite and second non-cellulosic polymeric fibers in an amount of from
about 10% to AR GHERLPLERIDNAYENSAREL N s Ay Sinle, (Bl Rlacingamedic! device
in the package; (3) enclosing the medical device in the package By forming a continuous closing seal;
and (4) introgtisen( Jevistirdiziierigeis antenthenseidted packagadhougintheynerignovihesteehvEhe first
20non-ce”u|osic§§gmeric fibers of the nonwoven sheet have an average diameter less than about

r

S Lo SragE e eIy e e s BEBTEYS MRA:BRRENA' ShRIRA HEhAREhaHo of about

. S
3.5 micron; an av

40030 alboutnyLABATERBRE0EIsAEE-FeRURSIGROlY BB M diRGIT QLIS RRMENEMSheekhave an
average diameter greater than about 3.5 micron and an average aspect ratio of about 400 to about

1000. In#FBtHeY BpRLBMIThENE &F sheUtifsiyenerbhembsdipearen sheahio dotasar&bihinga-
25hydrauylically f , Q [ cribed.  Jhis met omprises the sequential steps of
(D s e B S e L B L s o
furnish, i(Qsdilivetaanthe) kanisbidieretheatydropulpentohofdicg srearss, (4 hoalhasring thedhrnish
from the holding means to a forming section to form a web, (5) dewatering the web on the forming
section, (6) Docket Number 20763 couching the web to deliver the web to a pressing section, (7)
pressing the web, (8) delivering the web to a drying section and (9) drying the web. The materials
added to the hydropulper comprise water, first nori-cellulosic polymeric fibers in an amount of from
about 5% to about 90% by weight of the nonwoven sheet in its dry state and second non-cellulosic
polymeric fibers in an amount of from about 10% to about 595% by weight of the nonwoven sheet in
its dry state. The first non-cellulosic polymeric fibers added to the hydropulper have an average
diameter less than about 3.5 micron, an average cut length less than about 3 millimeters and an
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10added to the hydropulper. The manufactured nonwoven sheet may be mono-layer or multi-layer.

In a second general embodiment, a hydraulically-formed nonwoven sheet comprises (1) binding
material in an amount of from about 5% to about 40% by weight of the nonwoven sheet in its dry state,
(2) non-cellulosic polymeric fibers in an amount of from about 5% to about 40% by weight of the
nonwoven sheet in its dry state and (3) cellulosic based materials in an amounPofkitdmaddotsd5% to
about 75% by 15weight of the nonwoven sheet in its dry state. The non-cellulosic polymeric fibers
have an average diameter less than apout 3.5 micron, an average. cut length less than about 3
imeter) B e R R R R e P R G R e
compriseiésy fibeemsuesisifaicton esh fiosrnge bl esgin(lRp Nl abyu oS alilFHg-celiv esieviaje iats selected
from hardwood fibers, softwood fibers, non-wood fibers or blends thereof; or (c) blends of fibers

manufactBHEPHFEH IR YFING HstS7 S SCREHHHGYEINESTCTRAE AN A AERISIBUSISheet has
a bacterialgaian HlENCHELALIRAS! A0M: 9380 AL oAl RGSS A ITASHIBS ke added o

this nonwoven sheet. This inventive nonwoven sheet may be mono-layer or multi-layer. BRIEF

DESCRIRFIGNOFYIHE BRANINGS e daisste Uiagtantraaticoms p fosentatioheofavarigesuiber

shapes. 25Figure f is.the chemical structure of polyethylene terephthalate. Figure 3 is the chemical
% % rea ?r han abou rymx n‘rieters, and { : gc&ﬁjélo % bgsgg%aﬁ%ﬁﬁé ?galpéggg%i{%e S of a first

ot
structure of haturally occurring cellulose

embodimesi giausio ek Pasation) susieny fReangRrpANBLLSIaEMRRYIRG e adussuHtisaly-formed
nonwoven sheet. Docket Number 20763 Figure 5 is a schematic representation of a second

embodimEHEPAIERBIOPYPRARSFS Sy SlBRAsTEIcERS 0 A ds o Reantirefasing B ryurelyiRegiRdormed
nonwovep R loceyinb G 0% ARG aRRAIE BOesRANR of a) ApnaAIS r manuigeiuring a
hydraulically-formed nonwoven sheet. 5SDETAILED DESCRIPTION OF THE INVENTION In a first
genHral exmzodirnemvefttrenimventionheehydy aalicadby4peme chuidtamoven sheet comprises first
non-cellulosic polgmeric fibers and second non-cellulosic polymeric fibers. As used throughout this

application, "hy 4IRS0 SRR RS SHE G5 Fh @3N Gt P RadiPeaty Br AW ARG RS ROBMRIAIent to

"wet-laid'sedetwtnipsBag . bilyHyanaieirid Pracess A HBOVEoYRLIANVERIS PrReue el Blesiag an
aqueous suspension of fiber. The "hydraulically-formed" or "wet-laid" process is distinct from an
air-laid pEHERISS i FhREHI KB AR esise fbets in@ aTayrrabienyearusiia i aivtticdidanseidhbefto a
moving sgre f.or V. It is distinct from a carded or dry-laid progess in
ich T B e O R P BB, e
the Web. 4696 tdistéangtt irdhe aonelaetrestaticatlydlaistgpso@e sardpyukishr fitcalec o stadio figltfranoat
15polymer solution, polymer emulsion or polymer melt is used to form a web. It is distinct from
spunlaid %’l"’o%é’ggéts?é/& kYRRt PA 8 SRTINCKTBEBEY N BRIRVANS G dBE S ALEEIRY 5PBtess or a
Spunbong.RIREEFSIRMAUK LA BRI YRR SME LRl ESdulION IS X THAS A HVBHI  RALDRELESR, Qaform
filaments which are laid down on a moving screen. It is distinct from a spunlaced or hydroentangling
process imadiRrditsste dperimaroekedkmd damatryle’dibyphighetocityd streanmetetwdtesth(See INDA,
Associatign of,t ONonwovens Fabrics Industry, INDA Nonwovens Glossary, 2002, pp. 1-64 (INDA,
Cary, NoH L B e e S AR e o) e
usel througheubtbishapplicatianieiaonvapan's Meansenoid avesyduntiedanfalieg s tsad fbveughout
this application, "non-cellulosic polymeric fibers" means discrete polymeric fibers that are not cellulosic

(as definByTETRE) " SUALREABH EIAGKIC DBIGIHR ARG ERE frbIEAN) B8 ediBuGH R8P vidcessarily)
synthetic,fingEriahREReORoARK: LA UAHRR MELAXIHIYRIREASS. HanRAndigienoated, and cut to
length and, as such, have a molecular weight and viscosity suitable for surviving this process. Docket
Number 2@7@8en sheeNws-eeHsifosrighbly freeriabfibiel8 greasineie Tiortlat, 160 wedwnetriitiapeinted
cross-sections. Examples of su rass-sections include round, oval, bi-modal, tri-lobal, pie-shaped,
e L e e R R
diagfam@tadients RFCS RAAHBELOFMAT LG JilRg cCEAGH-sRA IS alki e binslddasd pung wiesscsection 1,
oval cross-section 2, bimodal 5cross-section 3, tri-lobal cross-section 4, pie-shaped cross-section 5,
T-shape83¢A5s80FERAT B1AHA $RArNS FRRRANeP S5 3L KS6tiBrP T 2T R @ RTRHO B TWr He RSARINHR the diameter

of the fibgr depands0B.th6-IR93-REGHRN. JThe arws, liusiratedng dimepsian Peaswad, for the

purposes of this application, to determine the fiber diameter for the various cross-sections. Fiber
diametersiln@yelreanteaswvedgnsgrivbrofECrast abdeniss pet ifilaments kit thacuighoutng a log



10 this application, "denier per filament" (or dpf) means the denier of a fiber divided by its number of
filaments. "Denier" means the weight in grams of 9,000 meters of fiber. It is a property that varies
depending on the fiber type. The formula for converting dpf into micron is as follows: Diameter in
micron = 11.89 x (dpf / density in grams per millimeter)" Therefore, for example, the diameter in micron
of a 3.0 dpf polyester fiber (with a density of 1.38 g/mL) is 15about 18 (as 11.89xkB B8R Equals
17.53). (As used throughout this application, "about" means approximately, rounded up or down to,
reasonably close 19, n eginity por g ke .., . Migtofibers, defined as flbers with.a digmeter of
less than'about 15" micron, may be forme ?hrougen melt ex rucﬁng, e%ngaetlng and cutting via matrices
such as "sineder-dhersracnsite-dy=g0e moncospisbaatihi-igfersegmented pie." (See US Patent
Application 2008/0311815 Al, published December 2018, 2008, which is incorporated in its entirety in
this application ByStHidpdteremeadiaeat sfperisd genep Rpestirent-mersede el RIGHitn s SeroRather
Science and Teshnoloay Thitdd EiliaR. 2903 Y RIS & R: 858 7 8 Iphn sy Ssiansidne.
Hoboken, New Jersey), which is’ incorporated in its entirety in this application by this réference.)
Non-Zellulosicipehyamerict fiblers: abodesYrthetioth @iighoutithisotpplicatioreasddypicd|yritstetagindot
25necess ril& thdermo(plﬁtic. A§ the_rm,%glastic material? these polegopners ma)élstge heated t(? an
elevated P StIre S, LT Hifd tRE A Bh aTesg! %ﬁ%?ﬁb%b%td IR SR PGPS Haterials

are distingéfimihaenased maderalsHehighsaengbbe seshanethby beatingnteah ehR¥akadk: an
temperature. Another classification of polymeric materials is crystalline versus amorphous. Crystalline

polymers &8 IiHpc DEEKE P NS Sr207ES. [evaYrss pHHRIEY dase /braateidti/aidmsisieRyoithe
polymer Ing | \marph [ym ve an metric. monomer
Ccture oy A B B A0 R T Y
"Chébacterizatien sfdeoiymernsdverngy dlapediayehfofymendckheecand:icahaaiegy adtucdr&idition,

2004, Volume 9, pp. 159-188 (John Wiley & Sons, Inc., Hoboken, 5New Jersey), which is incorporated
in its enti?@ﬂ}'ﬁﬁ%fg ?ﬁ?ﬂfi&g\%rfﬁﬂ9'tfﬂ‘i’§'r'3\’8@ﬁ‘5é5el?Fé‘?fSﬂf@ﬁqﬁlﬁ?ﬁﬂoﬁ?ﬁtﬁqﬁ?f@/@ﬁdﬁ‘&%’i‘evﬁoIymeric

fibers mayorRBIBKISRSNYRIAHING & AMRRERUSRRhBSRyPRlyRers having varying percentages of
crystalline or amorphous regions, or blends of crystalline, amorphous, partially crystalline or partially

amorphous polyiféfyeraiodesriphedissiyiaatiiiesstrusnens prdertimaniaatifethyspibarsagingmogsinglis in
nature ar rcially, available and use of such polymers js contemplated. 10Non-cellulosic
Mot S R S e e P
Noricellunosiowalymeriatiiietsonaybe ocienjetidsousecd dhepghositfitis applEateossdartepded” means
fibers (or materials) that are drawn and stretched at elevated temperatures and then annealed or "heat
set" in thySHBRINEU CORRGIN SRS IBYCHB RS AMRESRrLNSP-Ad e petgeiin Harts RRhertiiefature
stability, ﬁéniha%o%ﬁﬁ@@'@%%@%@%iB?%I@ﬁ%@ﬁ@i@ﬁv&%i{ﬁﬁééwWé‘@@%t‘é?é}{%fd&@ﬁ%@&@!ﬁbwposed to
15elevated temperatures. The general annealing process by which materials are heated under
_contro_lIed@é?ﬁsi@t’ﬂwﬁié_@gee(@reet_ihﬁhat‘é%hﬁﬁk@lgiewalMséywé@ghmmmmmfﬁecalﬁﬁnmtﬁ@pge_sent _
invention, on.cellvigeiapolymaris, fbers may be drawn ot steiched in the machin diregtign n a ratio

of from a%eoaUt ﬂ:l(to"g%)ou? or pre y of from a and then annea

progiice fibietsivithcsirinkageanaiugshaflasmibasntoi0s prefarabbdlesstthardienBesed en the nature
of the polymeric 20fibers and the desired properties, a person of ordinary skill in the art is able to

determin® B FFEPPRAEUESAEINHTE KAR FHAMBIERS RSP B BiBIREEEFPIGCELS rHPERE Abhitellulosic
polymerigfihessao; and TASLLLALWSIG QEAOBsRILHORIC LORISHAIRBFS RIESRNL i thR kst general
embodiment of the hydraulically-formed nonwoven sheet is at least about 35% by the weight of the
nonwovetastetetonate thynstiate!, piefdrabiind eleastalsmsb &0 %stioyoiwdightof thebooniWO¥en sheet in its
dry state or more r%ﬁerablg £ 25Iea}s}'§ apout 65% br\a\/;)wei ht of the nonwoven sheet in its dry state. As
used throughout t%cs’ KD BIERROR I Tht 8 R KOA 8\95%%3&?“‘?%%fﬂ}ag‘fg?étuﬂqggns the total weight

of the materlkitpicieNenieVaNssBaet garpdses asethacthemelaht etiharmpairpals when such
materials are dry, i.e., when the materials have moisture regain of less than about 10%. Docket

Number 2¥ris3nateriajg ShadefBsRep Sy ARG A aeetils firded Enbrdvermpidermertmelluaestirst
non-cellylpsigRobdnerle fRAR.ANTSRRAS RO ResE RRMAS Ihars.and Ry dachude third
non-cellulosic polymeric fibers an 7or other non-cellulosic polymeric fibérs or blends thereof. As used
throughdwtdiisregzphlicatidorfingtsacivcelfotosioqeol Yo eeicatibiestiof e tinshgemeral Sermbogiment have
an average diameter less than about 3.5 micron, an average cut length less than about 3 millimeters
and an average aspect ratio (i.e., ratio of length to diameter) of about 400 to about 2000. First
non-cellulosic polymeric fibers are present in the first general embodiment of the hydraulically-formed
nonwoven sheet in an amount of from about 5% td About 90% by weight of the nonwoven sheet in its
dry state, preferably in an amount of from about 10% to about 50% by weight of the nonwoven sheet
in 10its dry state or more preferably in an amount of from about 10% to 35% by weight of the
nonwoven sheet in its dry state. First non-cellulosic polymeric fibers may comprise polymers
including homopolymers and copolymers of, for example, polyolefin, polyester, polyamide, polylactide,
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15polyacrylonitrile, ionomer or blends of these polymers. Examples of polyolefins include but are not
limited to polyethylene, polypropylene, propylene-ethylene copolymers and ethylene a-olefin
copolymers. An example of a polyester includes but is not limited to polyethylene terephthalate; Figure
2 is the chemical structure of polyethylene terephthalate. An example of an ionomer includes but is not
limited to Surlyn(r), which is available from E.I. du Pont de Nemours and Compaueie(Wittrrngien,
Delaware). 20An example of first non-cellulosic polymeric fibers is E3164101 from Eastman Chemical
Company_(Kipgsport, Tennessee). E3164101 is a polyester fiber as disclosed in US Patent Application
0080 R Bl Rag B e Ioa S0 ELER 1B h Led T 18 EMhAcEy I SHHe dpplication
by this retetigigesetdh6Ad 0 araygheepradunechiadiaayayBadirmeiris-apshprtdengihsisncluding
but not limited to an average diameter of 2.5 micron and an average cut length of 1.5 millimeters. 25As

used throlf§Hisiit BHiS RAYEIR S SBCOrRMABH Ldimcsr poly InarRutiBRE s fpentipstgerararen
embodimgni-nAvE &) AYE"AAFCIBMNG HRAIGE IBARGRINER-R THSHR AN R, AUSIAURATRESatio
ratio of average fiber length to average fiber diameter) of about 400 to about 1000. Second
non-&elluR§sidpolsighedid fiversareprestit it dhyefitst fentxihenistidisie ntlphine fivgdraddibidy-formed

nonwovep éspeﬁt !Roecr e'E, é\lunmgerr 20763 in an amoung of from about 10% to about 95% by weight of
the nonwoven SHeetin ta dry Safee SIRTSEbRI 3R A8 dnt BFIPEnLBSTRS A ELRSSE £ by

weight of dheoneensshaehiaiagkksiaie-ao e Rraie bl in annmaun sfdamabout 25% to
65% by weight of the nonwoven sheet in its dry state. Second non-cellulosic polymeric fibers may

compriseSBHiiAHers TRETiRIRE hatHeh Sy inErdrapitiPscirsIghRyasE dmsieimisriebNciadit 3folyester,
olyamidepalaclis.holiapLalagionr.RobeRRanale- Ry ehane bAEY AGelgic, palyviny
chloride, polyvinyl alcohol; polyacrylate, polyacrylonitrile, ionomer or blends of these polymers.
ExaHiplesdep tlyodefinsingledeTheranefactutsnite onioypotyethyienss pohpkgpytenetpegpylene ethylene
copolymers and et%)%ene a-olefin copolymers. An examSPIe of a polyester includes but is not limited to

polyethylene terBBtHANtEeFIGFE 2 -HRE! GRHRAF T LR Rat AOBY YET R IEAEPTERS SRtARRRE. An
example AbRRAIGNSMEFINAlBoRs IR SRtIIHEROARSY AR MACk IvaYA aRis fraguk- kg Bont de
Nemours and Company (Wilmington, Delaware). Examples of second non-cellulosic polymeric
fibers are'EPOARYis prNEskelifiseinwitAec FoLefdreroamedstidhataytpér Ay welibhnbétes vi @@ efenier per
filament 0 ic average cut length of 3 or 5 millimeters), EPQ53 lyester
fiber With%%%t&%p g%éﬂéﬁ%é\?%@%ﬁé@é%?ﬁﬁ@?&'gfa 180 ?jp?ff g mo%lfo %r%c/?g% q’é)ﬁj&%a%%%//erage
cut lengtivedtd onilimetexs)s EdRAE 3 (its pol yesse THbe b with o seud CEds Sisection; ansesasage diameter

of 1.3 dpf (about 12 micron) and average cut length of 5, 6, 10 or 12 millimeters), EP203 (a polyester
fiber with FELH (PR} G4 8BRMGH® RiFR0eTa G tam Ui eiIes i ahotica iRIioh MRy MeRrage cut
length of &eAQulimsters) &BI2daRoliestan e s ithalRbared Grassapalipn, an average
diameter of 2.2 dpf (about 20 micron) and an average cut length of 10 20millimeters) and EP303 (a
polyesterfaseegitadirsuerl dressinectionyasaveacs diainetde s 8 apsfd(Bbo hedivomidiens.and an
average cut length of 10 millimeters), all of which are produce Kuraray Co., Ltd., and available
from Engﬁ‘r#éﬂégr%%tlg? sér%ocrggﬁﬁg?gbsy {%ﬁ‘é%%ﬁ%fw?r&)%%?a‘g ‘35@[%5 .maﬂ%ﬂa&%%ﬁnélcéa@?ﬁ%les of
seczind non-egllosicqolygenadiiaraianeyarnasisdhibersaariabie Femdiintibars dneictiohnson City,
Tennessee). These Minifibers fibers include the following: Acrylic Fibers 25 with an average diameter
of 1.5 dpFEabRu % ihibrsiraridbaeL0dragerai M dhaoreide 1 aanvawe rberlcriie pvBaFewith an
average giameLarAtd-Q4nf-(RRAMILS TiGIaR).H0d an average cut length of 12 or 19 millimeters;
Acrylic Fibers with an average diameter of 15.0 dpf (about 43 micron) and an average cut length of 19
or 25 millimeters; Bionelle/BiomaxBRIHEEFORES O BiddapRasiNEibers with an average Docket
Number 20763Fdiamqter oiga?,.o dpf (about 18 micrgp) and an average cut length of 10 millimeters;
Bionelle/Biomax Aliphatic POl aatsr Bied B BRaHt FiFEHiRE St X &rage diameter of 6.0 dpf (about 25
miaen) and anruesage B iclngth of kR ibimsiars dRioarliawdiplatic Polyester/PolyLactic Acid
Bicomponent Fibers with an average diameter of 3.0 dpf (about 18 micron) and an average cut length
of 10 millimeters2fonElleSARPIRRBP KR stero i et meigBRSmponent Fibers with an average
diameter of 6.0 é%kJQH%&?’eFﬁ‘éﬁEQQBrQé}%QﬂS%Fé%‘? SHAJSRAN 8l QI AITISIENR) Biskhflor an.
(Co-Polyester/Palyester Bicomponent Fibers) with an average diameter o 0 pfh (about 14 micron)
and an ayeragiesdut temgthcoiriboor h2rmiikanptersrBhB5VEE aHRalyester/Polyester Bicomponent Fibers)
with an average diameter of 3.0 dpf (about 18 micron) and an average cut length of 12 millimeters;
Ethyl Vinyl Acetate/Polypropylene Bicomponent 10Fibers with an average diameter of 2.0 dpf (about
18 micron) and an average cut length of 10 millimeters; Ethyl Vinyl Acetate/Polypropylene
Bicomponent Fibers with an average diameter of 3.@"dpf (about 22 micron) and an average cut length
of 10 millimeters; Ethyl Vinyl Alcohol/Polypropylene Concentric Bicomponent Fibers with an average
diameter of 2.0 dpf (about 16 micron) and an average cut length of 10 millimeters; High Density
Polyethylene/Polyester Bicomponent Fibers with an average diameter of 2.0 15dpf (about 16 micron)
and an average cut length of 10 millimeters; High Density Polyethylene/Polyester Bicomponent Fibers

wiithh arn Aavinrano Aiarmoatar nf 2 N Anf rahoaitit 97 micrannl anAd an aviaranoe ~11+ lancath AfF 10 millimoatare:



20and an average cut length of 10 millimeters; Nomex(r) Aramid Fibers with an average diameter of
2.0 dpf (about 14 micron) and an average cut length of 6 or 12 millimeters; Type 6,6 Regular Tenacity
Nylon Fibers with an average diameter of 1.0 dpf (about 11 micron) and an average cut length of 6 or
9 millimeters; Type 6,6 Regular Tenacity Nylon Fibers with an average diameter of 3.0 dpf (about 19
micron) and an average cut length of 12 or 19 millimeters; Type 6,6 Regular TenaettyuNytoroFabers
with 25an average diameter of 6.0 dpf (about 27 micron) and an average cut length of 12, 19 or 25

millimeters; Typ}s_a, 6,6 Hisgh Tenacity Bright Nt}llon Fibers with an average diameter of 6.0 dpf (about 27
micron) and an averags adtiEnGt (rﬁpi%,eit@ 8P S5 FARE EAFRONR AN B S ERK B RRASH R BEIWRh an

average dipspeienaiidZRidritanqd BAMIMARXSHEBLAVEragenekt length of 19 or 25 millimeters;
Type 6 Nylon Fibers with an Docket Number 20763 average diameter of 3.0 dpf (about 19 micron)

and an average & hi§th GIIzmHielo aRfrRRGsRS: dRat BrRr S K, Teadary Te Advipwistester Fibers
with an %%Q%&Rﬂm‘fﬁ%@é@-o dpf (about 18 micron) and an average cut length of 12 millimeters;
Regular Shrink, Regular Tenacity Polyester Fibers with an average diameter of 1.5 dpf (about 12
micrén) and an average cut lengiit Bfi6eor dESoRliTIER GF RegulareSmdNk, 5 Regular Tenacity
Polyester Fibers with an average diameter of 1.0 dpf (about 10 micron) and an average cut length of 6

millimeters; RedUfl S HARY 2NN L /LR B3R R PYlBEie e R AR & HAFREREPBISS S dpf
(about 8 fRicreRLaRGANRYBSAS G IENOIB0f BoF-SmibimeiarseRemdlar Shrink, Regular Tenacity
Polyester Fibers with an average diameter of 0.5 dpf (about 7 micron) and an average cut length of 3
or 6 millimetersAR¢5d By Shfipi Feeprligettanduiy Bratk Polydsweerbersed ifitaretererage diameter of
3.0dpf1 ‘micron) and.an average cut length. of 12 millimeters; Trilobal Polyester Fibers with
an averagd b e e L R B B B A Re: Regular
Shrik, High i¥ ervaciiat Bolyester fnibersovdttugrauer agediameterablirdydpitaiadtw-micron) and an
average cut length of 19 or 25 millimeters; Regular Shrink, High Tenacity Polyester Fibers with an
average Hﬁ%@t@rﬁ‘%‘?bfﬁﬁf ?536’@"??%?&%?_\)"5‘%1 f&ﬁr%l@éeréﬁée&ﬁdlﬁfbﬁa@f ovindRssYeamMitheters;
R?9U|ar &H&%éﬁ"&h&é&@ﬂﬁ&%@@b{?%—@p& ipersayith @Qzﬁ:\ﬁﬁﬁg@ingom e?’cgfgé?:f 6999%&8 _
micron) and an average cut length of 12 millimeters; Low Shrink, High Tenacity Bright Polyester Fibers
with an averagfeidiietberisfete@igpedaibenr2binioroa)damty imtavdragerdhtiengtiingfri®:hir® or 25
millimeters; Low Shrink, High. Tenacity Bright Polyester Fibers with an aver diameter of 3.0 dpf
(about 18 r?r%%cr%sn %Hgbanwégv%?g@%q&'{ enneg?ﬁli%)f?féc?ﬂm%ﬁde%%?séfB %&ra@aﬁ%ﬁzﬁfﬁ@g%ﬁ%}ﬁylene
Fibess withyateasdrage digmeten 08 2pidabatit 2demistom andman avasage s lpaativof 12, 19 or
25 millimeters; Low-Melt LLDPE Polyethylene Fibers with an average diameter of 6.0 dpf (about 30
micron) RRFERCAVEYRS AERIRIN HFOress g BELBITHIIRINSRSEs 2 DI BRI 9%eRS PP3 2O0HMMBR¢s with an
average ghamelel ghidn3 dpl kbRl 2,MasIAn)iand- MLAYRLAGE SHHIE0A ALE ALta MIEIRLS:
Polypropylene Fibers with an average diameter of 0.7dpf (about 10 micron) and an average cut length
of 5 or 1&irmiltinmete ssmPatgmagsiettaskibirs ivith:25an zved rage denietgingB:Eeeph (aticutii@?smicron)

and an avrgriﬁ%roclgédeggth of %J’glllhmgters;_Pol lene Fibers with an average diameter of 7.0 dpf

ro
(about 33 Mitron) and an Aversge ’E:u'f’levr?&?‘%?q‘%ﬁg fovt\’aé%r‘n?ﬁﬁﬁ]'&%?‘sf‘ﬁﬁﬁﬁﬁ%f%?fﬁaypropylene
Fibgos witbradvaveragecdinmetsr aiclknR:arf tabavss4s,y DooketNuayoei20 63, MisiadAidan average
cut length of 19 or 25 millimeters; and Multicolor Polypropylene Fibers with an average diameter of
15.0 dpf A0 EPRAEHSA) HiffcealTey BrideerlchbRn iy 8fs19Bieperillimeters. The first general
embodiment of ' -fQr ONW! eet I mpyise third non-cellulosic
polymeric fiberﬁgggggi%%%ﬁ%ﬁ%é? %%é?lggp |8\g$tji%)vr% ?thﬁ?ﬁcﬁl%ﬁ%c% it %’s‘?c% %%elfrrn%%g Sfibers of the first
general embodimesidtavm gin @ viesage!icidmetemgreatesidipapredout26 mMierondaadanayesage cut
length greater than about 5 millimeters. Third non-cellulosic polymeric fibers may be present in the first

general LRBOAMTERN B THE B4 A ARLIRS RSIRYE d FHEARNRReE Ry S P A sRrd BRESGY 7 BRISBY% to about
S0%s by weight @t theRenweveneheatdrn ksdns Kiates eigRbY inpeaieeH BiRE{om-ahauML 5% to

about 30% by weight of the nonwoven sheet in its dry state or more preferably in an amount of from
about 1C3%RREI 0 ISy RIRTISHODINB M BRC\RYA SSECHP Ity elelt starteriscosity Fiiladie ton seetlviissic
polymer;%i;iggrc%ggay comprise polymers including homopolymers and copolymers of, for example,
polyolefin, pofyestér, polyamide, polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl
acetate, polyvinyl chloride, polyvinyl alcohol, polyacrylate, polyacrylonitrile, ionomer or blends of these
polymers. Examples of polyolefins include but are not limited 15to polyethylene, polypropylene,
propylene-ethylene copolymers and ethylene a-olefin copolymers. An example of a polyester includes
but is not limited to polyethylene terephthalate; Figure 2 is the chemical structure of polyethylene
terephthalate. An example of an ionomer includes-But is not limited to Surlyne, which is available from
E.l. du Pont de Nemours and Company (Wilmington, Delaware). Examples of third non-cellulosic
polymeric fibers are EP133 (a polyester fiber with a round cross- 20section, an average diameter of
1.3 denier (about 12 micron) and average cut length of 5, 6, 10, 12 or 15 millimeters), EP203 (a
polyester fiber with a round cross-section, an average diameter of 1.9 denier (about 14 micron) and an
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Docket Number 20763 with an average diameter of 15.0 dpf (about 43 micron) and an average cut
length of 6, 12, 19 or 25 millimeters; Acrylic Fibers with an average diameter of 3.0 dpf (about 19
micron) and an average cut length of 6, 12, 19 or 25 millimeters; Acrylic Fibers with an average
diameter of 1.5 dpf (about 13 micron) and an average cut length of 6, 12, 19 or 25 millimeters;
Bionelle/Biomax Aliphatic Polyester 5Bicomponent Fibers with an average diaretex winthg zijgbfabout
25 micron) and an average cut length of 5 or 10 millimeters; Bionelle/Biomax Aliphatic Polyester
Bicomponent Fi erqgcg“it pan a'verar%? otlaiametehr of 3.0 tféabout 18 mjcrorQ and an average cut length
of 5 or 10 miIIime?ers; I%lone‘fféyﬂﬁp é?lé%'qo;f%egfgr?ls% i‘a@t’fi\éeﬂgicﬁnéf&%%ﬁgncé%islfﬁ)c(g?gwth an
average @iamplar k60 Qpdsahnuk2adiereihdRd-An avela0e-euhilength-pES ersiibailimeters;
Bionelle Aliphatic Polyester/PolyLactic Acid Bicomponent WFibers with an average diameter of 3.0 dpf
(about 1EMARSOM) AR 20 Aretrpescithenyaru s Er SoPHMimBReYs; 'BTadeasipiyesesapsigester
Bicomponen-blReiR) Wik an.auRrags dlamelelala, fanlabayb 4 BATa0)Audan 2xeieag cut length
of 6, 12, 19 or 25 millimeters; BC185 (CoPolyester/Polyester Bicomponent Fibers) with an average
diam&ter @ B-8ediifn(biotieEBomicrestliomdl pin-shepraigeostrstengtls df- a2y d8sers2Bimitlianetses;
Co-Ponpgogylgne/Pp%gropyHene Bitcom odnent Fibers 15 with an average diameter of 2.0 dpf (about
18 micron) And an average cut TG breCifimiE e LRI TSy IR BEL RSO B EREBicomponent
Fibers wiggcapnavege diameatek of Lahdpfidahut 84misian handsan Aves agsiciib lenotaghmer 10
millimeters; Ethyl Vinyl Acetate/Polypropylene Bicomponent Fibers with an average diameter of 3.0
dpf (abolF2IRRRASIFIAN B WHIGEEBIENRMN of 5 or 10 millimeters; Ethyl Vinyl

Alcohol/Polypro ic B nt Fibers with an average diameter of 2.0 dpf 20(about
16 micron) and Eﬁ%@%ﬁgﬁﬁ%&%ﬁ%@%ﬁ%& hr%ﬁﬁr'ﬁé}tneég; E?F%/F?ﬁ]%in ngﬁ%ﬁﬁeglyt/hﬁ?ggﬁgﬁe
SplittableHBi epplipioeritiEilze rsviitman” dvetely evatissmieter 0t So0dpk(abaet BQ imicianrand an average
cut length of 6 millimeters; High Densit}/‘Ponethylene/PoI ester Bicomponent Fibers with an average
diameter GV& 0 %HpPEBOUT S MG BRP Ry M LB ArfeengtiPer 8t S piTiniabiasigh Density
Polyethylepefdalyssiss RisogpRORrRaIRRAI Vil RRIRY 85AER HRMISIELOhrfabout 16 micron) and an
25 average cut length of 5 or 10 millimeters; High Density Polyethylene/Polypropylene Bicomponent
Fibers with an averag@@ragtrstemigrons dpBfabieat ke reileiomyaschermeioetaye cut length of 5
millimetets; Hj ity Polyethylene/Polypropyle icomponent Fibers with an gverage diameter
i L S e R S e BB
AcidfPolybaatis Acid Bieongpospikdiaskeshiumbeas 2 fHbans vwidp aatevetager diameter of 4.0 dpf
(about 21 micron) and an average cut length of 51 millimeters; PolyLactic Acid/PolyLactic Acid

Bicompof PRV ETIFETY ViHR45 4T dgendfarmaterabie 8% 3p (adtriv a8 At PoHEalRYan average cut length
of 51 millimeterg;Npex(EiMEamidiags With Asavgieaedrmeirn OffR HRAAROME A&ymicron) and
an average cut length of 6, 12, 19 or 25 millimeters; Type 6,6 Regular 5 Tenacity Nylon Fibers with an
average 'transbteeibé:aradpf ¢rberiing 2nwieitting s dhatricay evalyesCistdedsgithtiof- §:20; sid@; % de. 25
millimeters; Type 6,6 Reqular Tenagity N Fibers with an lameter of 3.0.dpf (about 19
micron) a%o(ﬁeéé;]r%g\t/ﬁercérgg ﬂ}efé%“ge 'e'of%?@),d%gy,ai@?opf Vécarlﬁlﬁﬁr%e}igfr%?%p%%;@ L&%Séﬁija[r)el%ﬁgggfty Nylon
Fib2os with aroaverages diamsteteafinli® shafdabouisLhanisionhand afcrireags cibleagtb of 6, 9, 12, 19

or 25 millimeters; Type 6,6 High Tenacity Bright Nylon Fibers with an average diameter of 6.0 dpf
10(aboutpﬁyﬂ§¥8%r§ il &A%araHR YURIKASET Sr e Brd Techmiagnintite Esition RRGiofBEE Nylon
Fibers with 85, 3v8730% HARAILAL 12 04RbkaRYL 3T RIGTAM and ARiRgh RuLleRaianLg, 12, 19
or 25 millimeters; Type 6 Nylon Fibers with an average diameter of 3.0 dpf (about 19 micron) and an
average awtitetgtinoth®,réf2eh@edr 25 millimeters; Regular Shrink, Regular Tenacity Polyester Fibers
with an averag dig Ie}er. of Jr.O dpff_%about 10 micron? and an average cut length of 6, 12, 19 or 25
millimeters; 15R8GUAl SHARK, REGU Sra ST BN CSPE tL SRRIBF I 3(?&?’558“&5@1%‘&@(‘8& 1.5 dpf
(abrat 12:BaicseM)) anshaipiaseragerraienai aler i, h3serdfrrilimaiers: RrdwWahIwmiakqRegular
Tenacity Polyester Fibers with an average diameter of 3.0 dpf (about 18 micron) and an average cut
length of BPERIE. GharsMmARhIBEdReN rebgaRS: SHRAK 2RElRIETeTABYOBRESK PaR/Ekaradistnstwith an
average.di t icro n length,of 6, 12 19,0r 25 millimeters;
Trilobal L%@@Eﬂ%‘%ﬁg%%ﬁﬁ%?gﬁ c;a\%gﬁag%r%%g%ngg?;yo%%%%ggé é’jl%)l%\fj?e f8ter§1nf():ér'gr% r%in}aﬂgtr%%[verage cut
length oftBsdRafiéhaf Bymilieders RegultBhralsy HiglPenacitynRalyesterykioe isavethham average
diameter of 3.0 dpf (about 18 micron) and an average cut length of 6, 12, 19 or 25 millimeters; Regular
Shrink, High Tenacity Polyester Fibers with an average diameter of 6.0 dpf (about 25 micron) and an
average cut length of 6, 12, 19 or 25 millimeters; Regular Shrink, High Tenacity Polyester Fibers with
an average diameter of 12.0 dpf (about 2535 microﬁ) and an average cut length of 6, 12, 19 or 25
millimeters; Low Shrink, High Tenacity Bright Polyester Fibers with an average diameter of 3.0 dpf
(about 18 micron) and an average cut length of 6, 12, 19 or 25 millimeters; Low Shrink, High Tenacity
Bright Polyester Fibers with an average diameter of 6.0 dpf (about 25 micron) and an average cut
length of 6, 12, 19 or 25 millimeters; Biodegradable LLDPE Docket Number 20763 Polyethylene
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(about 48 micron) and an average cut length of 6, 12, 19 or 25 millimeters. The first general
embodiment of the hydraulically-formed nonwoven sheet may also comprise cellulosic based
materials. Cellulosic based materials may be present in the first general embodiment of the
hydraulically-formed nonwoven sheet in an amount of from 0% to about 75% by weight of the
15nonwoven sheet in its dry state, preferably in an amount of from about 5% toakawL3b86ebrsveight
of the nonwoven sheet in its dry state or more preferably in an amount of from about 5% to 20% by
weight of th nonwoven sheet in its drsy state. As used throughout this application, cellulosic based

materials el ooe RRR ARl SE AR AT e B O P RS ORI AR PA P 8RR flose or both.
Naturally 0s4rd0g fesiheRsic i ateighmRetimhortihainied weRlieanas Bty eeribaf Hinsyrthesis.

20The chemical structure of naturally occurring cellulose is relatively simple. Figure 3 is the chemical
structure RFEHBEUPANP DB g (SeRiTBSercRh& BamplrERDtien Bi& StetiredissdaogiéareF@itest of the
anyhydroglugose L GRBHACR s dnehulklina plak-oThe 8msgpllnsse Apesohmaanany specific
chemical or homogenous substance but refers to the omologous series of compounds ﬁavmg a
specffic (led) IS delipghratoriadidinkage betvadrepacinianhydeogiugose white2=Natus abyteesuising
cellulosic materials include hardwood fibers, softwood fibers and non-wood fibers. Hardwood fibers

are those TToM HET HEHE ALY EES  BRT I FIPREE s Y Sirlli6 Sh aPAORSHE RAMSS o BRRRIS ARKIe but are
not limiteghiaraGrRAanaets balaaRS SNPRALIREE SELIBHECRY GBRIS:: CRERMNO AR LRIR3L S UEAIMRIUS,
hickory, mahogany, maple, oak, poplar, rosewood, sumac, sycamore and walnut. A further Docket
Number 20788reximgite yfanardbeoeddiearss biesstredeneliyptss el praviidpndanthifataiiem
Aracruz Gellilgse, .4 (350 baula.Rrazl)- Softwoodibers ars. hase from softoq frees: softwood
trees are gymnosperms and deciduous and include but are not IMited to ce ar, IEflr,'?u'amlock, pine,
rediwbod and spivicesidsichelaxaripies ois0fnogdyiihgnhis kbatag dr et Bhky Ralp (eesapriging
about 5% interior fir (balsam), 20% Sspruce and 75% lodgepole pine), which is available from Wet
Fraser Timber G8MCRIYBFSREHIAEF, BrEPACRIIRIRdCAR SRR T 38 GbhE, AePligetiopy RsEEEntification
for Hardwparsape-sSeftwaetepRsierNalYe 0 JRRIeESR eI 2R LR and then anneated or
www.utextension.utk.edu/publications/pbfiles/pb1692.pdf, Agricultural Extension Service, The
Universiti&tft Tethindke ssetokerbswifleyritivoxvilles ManAessdie), avHiek - iimed pordseibmtérs emirety in this
applicaticg% t;?ﬁ{ thaig tr%fgrrlggeﬁed) d%owl\rliq{g-\{\é%)dn naé%rlgrw oc uErinlgaceIIullosic materials inclug? those from
hairs on seeds, such as cot on,akapo and mitkweed' thogd from stems'6 B%?ﬁ%‘, esxﬁf;)ﬁeasobagasse,
bampoo eftastdaasrpeiaierekenad gad taamieidhgsectanieaves phRidN S SHEhas AR enRaBana and
pineapple; those from the stalks and leaves of maize; those from algae (algal cellulose); those from

bacteria (X PRI SET TRGSETRERIS (RS owe btpvaRd thase TPo e dtPER INS N O PTEr
example @ HQk WNHHERE R G SR hn P UPR RLLAY RIARK. MIhaRSfhich s ayailable, fipgBuckeye
Technologies Inc. (Memphis, Tennessee). (See, French, et al., "Cellulose" Encyclopedia of Polymer
Science wratyontéHrologierdihind EoitmruPD0S; Abolimé &dqped B G5 (dphninkldyes Sons, Inc.,
Hoboken, New Jer es), Which IS inco porated in its entirety in this arpfplication by this reference.)

LII‘%}l/ oc f Al X

In contrast I SHAKY u‘rio%ﬁ%fef{?g{%ﬁﬁfst%%q‘oﬁeP? FRRLMRAGHE Fots ReHIR . 20Fibers

mapwifactysatkiomecRiiaseRepieitharaarn vtikear egenerateds able At fbSSSrasafibers
formed when a chemical derivative of a naturally occurring cellulosic material is prepared, dissolved
and extrGeR RS & EORRTATBEE fita e AteAALPHRERENRE Ainarine oseraleaa fess retained after the
fioer formation prages, Eohexamalay Aervilzatnn LAcliase ARensra ANd/ar elais mpdiies the
solubility profile of the cellulosic material while malntalnlﬁg many 061“ its Z5polymeric properties.
Celluloséesteisatafrived tbrerdvor gassicon Grganioulriorg anibestiis of icelutogsdnehudeialisasters
where the atoms linked directly to the cellulosic oxygens are non-carbon. Examples of inorganic

I . ca p
cellulose BGEIHERINR! (538 NN itetr I b flfo YR narl it nstifts e’ RaiRRs¥E&8hate,
celhgosacdoaksh Disnhanih BucaNERaRte: and eglliigse RhrsphrleghsireRRsBRRtckellulose

Esters, Inorganic,” Encyclopedia of Polymer Science and Technology, Third Edition, 2004, Volume 9,
pp. 113-YEE(yehiienreycreseitst inds drotiarRemne e g trsbypiabithéstiaieopischatétkinoiy@atirety in
this application Ry s elerense,) QIapns.esicts g1 allloss arecommonly deriyed fram natural
cellulose by reaction with organic acids, an%y rides Sor acid chioriges. Ex m&es o%norganlc cellulose
esters inohielabutas ennietulienigdriof callulasainaetal®, cellulose acetate phthalate, cellulose acetate
butyrate, cellulose triacetate, cellulose formate, cellulose propionate, cellulose butyrate, cellulose
acetate valerate, cellulose propionate valerate, cellulose butyrate valerate, cellulose acetate
isobutyrate, cellulose propionate isobutyrate and cellulose diacetate. A further example of an organic
cellulose ester is Estron acetate yarn, which is avaifable from Eastman Chemical 10Company
(Kingsport, Tennessee). (See Edgar, "Cellulose Esters, Organic," Encyclopedia of Polymer Science
and Technology, Third Edition, 2004, Volume 9, pp.129-158 (John Wiley & Sons, Inc., Hoboken, New
Jersey), which is incorporated in its entirety in this application by this reference.) Cellulose ethers
are manufactured by reaction of purified cellulose with alkylating reagents under heterogeneous
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hydroxyethylcellulose, sodium carboxymethylhydroxyethylcellulose, ethylhydroxyethylcellulose,
methylcellulose, hydroxypropylmethylcellulose, hydroxyethylmethylcellulose,
hydroxybutylmethylcellulose, ethyl cellulose and hydroxypropylcellulose. (See Majewicz, et al.,
"Cellulose Ethers," Encyclopedia of Polymer Science and Technology, Third Edition, 2003, Volume 5,
pp. 507-532 (John Wiley & Sons, Inc., 20Hoboken, New Jersey), which is incorpoketsdiseitsatirety in
this application by this reference.) Regenerated fibers are fibers formed when naturally occurring

cellulosic materiﬁl or iﬁlchem cal derjvative or complex is isaggr!\e/r?tqn Egﬁi)%%gﬁg,?@l%%ﬁhe chemical
a f ber formation

on-ﬁe 0sIC o| metl {i!fers of the first nera{ embo
nature of the natura Yy OCCuUrrirng ce lulosic materiafis retained or reg

process. foeedniondingsd sealidlasedkinrs: Reganeraes ankheychepes ivrefBabenssseasnesand
Technology, Third Edition, 2003, Volume 5, 25 pp. 532-569 (John Wiley & Sons, Inc., Hoboken, New
Jersey), WHIEHPRASF RO ARG IHORE BpmSFifPET apBIeatsiedy this reference; see also United States
Stawutory Inventian, RagiiiHan i angcaihlisiedoneaiamisldmtad Rl et idoguogated i Its
entirety in this application by this reference; see also Docket Number 20763 Borbely, "Lyocell, The
NewGeneratidnaft Rogenerategk Celhdos@ssAivta Rolyttmivca Hungarga oM togireds s Niamdzer3, 2008,
pp. 11-183 lyﬂv,pichtis ingprﬁ)orated in its ten%,ire_ty in this ag%icatiqnﬁ%/ this reference.) The viscose
process inVON S the HSEAUHER SEEENRLSI GFS QhEATIRAP dERGATIVE BPAAMIR PRt 22 ulose

xanthate Fietmansdincdtieayinet wichie prgenaratediiia caliilasrdiiataaeng/atedagellulose fibers
produced by the viscose process are generally known as rayon, including but not limited to regular

rayon, imfBFB& YRR 686N FyBRO BB RiiEsIcPayote Miakrrageh BnuejsktmperrayereEshapfles of
rayon ar ity, Flocki Q Vi [ ith e di rs of 0.8 dpf (about 9
eron. L B b e T B8 B
(aboit 48 swipretale emyoof prtfichbin ayshavean cdverageocut demngthsef (2, dsight b2thd dmmdbemilisaeters;
and 10High Tenacity Tire Cord Rayon Fibers with an average diameter of 1.5 dpf (about 12 micron)
and an a{/e[}‘%laré( %taﬁength of 2, 3, 6, 12, 19 or 25 millimeters. Both of these example rayon fibers are
available from MiRifilArseNssidHRARRAR ol MBNRBIIRE bolymers NS UEHHR RSRIBIVMEISYREESS involves
the dissolution and extrusion of a chemical complex of cellulose (i.e., cuprammonium) to manufacture
a regenefarelmieie of Thecragelserated:fib erlyprisdursbi el Bihdaelfss anirermilavigocess are generally
known a r i n. Ap example, of cuprammaonium rayon is BembergTM, which is
available%?ﬁomr%@g%%%g@eri @%%%cﬂ%&%%( c%%t(e)’, ?Joatj al %T‘]: lO”deTR%MX/YB%PS?F%EC&Q%F&%&%%S the direct
disg6lutipaipfonaduitaly ioaeusrisichieedilo shesa ptgriarin Bxgapiss s0hmisiaNexasple:ef solyanel
process is the Courtalds Lyocell process, also known as the Acordis Tencel fprocess. The lyocell

process Bt/ TRGOIILE tRY s SBRRHIASTH RARIPARPYURERTFRS SHRUSEIBSIE M ELRRIATESR: AP N-methyl
morpholigesRpRxids salveRt- hRdeaaneraiedfibers mamac weddomdhisRrosesharparaprally
known as lyocell fibers. An example of lyocell is Tencel(r), which is available from Lenzing Fibers, Inc.
(New Y opRutieseof ppkpthwenedHrbrithalaen deneyatarorikaten¢ms usddith tot ghot tittiiedap Blicet®n,
"fibrillate” means develap micro-figrils or nano-fibrils on the syrface of the fiber.) Examples of
nano-fibril é‘%%('f ﬁ,‘gfﬁfﬁeﬁ%"gg &t %%aﬁ%%?ﬁ?a%d (BB?”&rQ}&'}é“sJ'E’E’Go@é""I_‘”& -6, 25L010-6, L200-4,
L0£0-4 and LOX0-4xatoaf svhigharesiviaizpleyirem Brgineesessribersmieshnalameie@ngmeadow,
Massachusetts). The first general embodiment of the hydraulically-formed nonwoven sheet may also

compris€ BIFRABGRARTE). BIRERsEE &t 1341 Bbim pristesi i psrdisqesrchime SRR Bafierifehe
copolymgs o DagkehN l;s'm?wea%@M%i,%@wmﬂm&&%Paceéwhﬂ?ﬁ{genfalé?wﬂnleggfﬁ%lwiHV'

acetate, polyvinyl alcohol, natural rubber or other nature-based adhesive, polyvinyl chloride,
polychlokgpirisnefeegrosy E3eA161, meeddormateehy deyahannakimekiadbesive lsyface dreatmont

material,ngyir'fna}tcee %r)eaa}ltment m thog, bifnder fiber, crosslinkiré% a Ient, ta(]:ckifiero_r blends of such.
Binding MAtaHAI My BE BIaeaAr el firel §enerl Ehiseah st srdhe ShyAYATRSRy-formed

nongoven sheelsinsan amyuoLahilrapaiedicio ehekd ASdMINRIBH}aEibanar wavanssharkdn its dry
state, preferably in an amount of from about 5% to about 40% by weight of the nonwoven sheet in its

dry state®BRAIBRE b FEHEabRYSFFehOEMBEh o GRTRH PABERIH 5% TrBOR B P\ RIATOPTERSHBNERen sheet
in its dry.sigte. s el dhauenedt dusanelsatian. didina araldiclydesanaterals. and qgethods
for resin 10bonding, thermal bonding, mechanical bonding and surface treatment. Resin ondlng IS
bonding dwycleenficek ageptsandittkngss obve rtis: b doackne sivecreginaicngronak t eadingets shestding by
activating a heat-sensitive material with heat or ultrasonic treatment, with or without pressure.
Mechanical bonding is bonding by entangling by needling, stitching or otherwise. Surface treatment is
bonding by altering the surface region. Binding material may be continuous and applied all over the
sheet (e.g., through or area 15 bonding) or may & discontinuous and restricted to pre-determined,
discrete sites (e.g., point bonding or print bonding). (See INDA, Association of the Nonwovens Fabrics
Industry, INDA Nonwovens Glossary, 2002, pp. 1-64 (INDA, Cary, North Carolina), which is
incorporated in its entirety in this application by this reference.) In addition to binding the
hydraulically-formed nonwoven sheet, binding material may also be 20added to reduce and/or

Aaliminata lintinAa AfF the nan wwevwon choot Ac riead thratinhoanit thiec sannlicratinn



"linting," also known as fiber tear, relates to fibers or other particles from a hydraulically-formed
nonwoven sheet detaching and depositing on articles packaged within a package comprising the
hydraulically-formed nonwoven sheet. Binding materials for resin bonding include solution adhesives,
which are solvent-based solution 25adhesives or water-based solution adhesives. Solvent-based
solution adhesives include but are not limited to contact adhesives (such as pobyckioropreres)s
activatable dry-film adhesives (such as solvent-applied natural rubber) and solvent-weld adhesives
(such as polyvinyl chloride). Water-based solution adhesjves include but are not limited to

polyu rethﬁﬁgsﬁmpggév?ﬁ{rﬁnél%% uél},gé’o]?\%%t gcs:gq[ab A ‘tgg’&éé"t”i%"r?{b%*}eﬁb'?éﬁ da’oﬁéﬁlfﬂ%ﬁrfgwe latex
adhesives. d3iaging roeterialisoleroesin penHEBY BiSR-ine Ut SBAGIR] SEBERIVE SRt BReXies,
acrylics (including redox-activated adhesives, encompassing both anaerobic acrylics and nonaerobic
structuraPEERARY NHTPRENE PhfieE @RAgtes e inefiabiesciphchbifcioamer eneher inifidersieie and related
adnesives. Bindingmaierials ot eaip Ropdina aher peluds anhesives madadiomyaatural Sproducts
such as protein-based adhesives, carbohydrate-based adhesives and othér nature-based adhesives.
(SeedY orkepititynighel it SivexSarleppelyrdsit, Enigystopediaroié ohyyhetidS chetycapanat®eghnology, Third
Edition, 20(?3, \éolutme 1|,Lpg.h256-2!90_é\]ohn Wiley & Sons, Inc., Hoboken, New Jerse%), which is
incorpordt@d M tSEHARY TENE BEPICAFSRIH: Fl RYET LRI ReN XL RSO B RBAGE R terials for resin
bonding a8 RRepIeRd Bndnfel (RRaGRNIGHALERNALIRD AQMatariRbayailakie o Rebm Rngiaas
Chemicals, LLC, Philadelphia, Pennsylvania), Hycar0O 26469 (an acrylic latex binding material
available!frBelyetiée &L BIRYePBrattH eRieiffee CamdyrRE e Sth e % (@ !sfitryheditestsbifitling
material lahle.f t , P I, Qhi x DL 275NA (a styrene- butadiene
copalymer Bl B e e A R S e
50830 (asstyteretiutzgdivreccopphinaaidindiagpmaderniah araitableciioss Gynthomerel tdsbbRwell,
Ohio), Synthomer 7100 (a butadiene-acrylonitrile copolymer binding material available from

Synthom &8PPI BERRIEITBHid) IRT9m 16 S FRBHY BEIRG MRatERRailable from Stahl
USA, Peaboc’%é&(lﬁﬁ&é&@#s‘%%%&mB:UCéFhT&s@@p(ﬁy%%ﬁ@éQaé?@éﬁﬁﬁiﬂg w@é‘é{éﬂ'@é’r@!}@rpé"fcf&%n Stahl
USA, Peabody, Massachusetts), RU-41-773 (a polyurethane binding material available from Stahl
USA, Peéglssstyetissachersotsirasier Aldlexa) 928 Himnksidhofapeiyinyicars e dnndirmy eraterial
available ir Products rs, L P., Allentown, Pennsylvania). Binding materigls for
rosin bor g S R S R A e o R A B S ot o
regufate itemnalectamoenalent bondiagehetwagn palyameretosliskinpagamisimawinerease the
heat resistance, improve the solvent resistance and/or increase the film forming temperature of
polymerd XA T8 GEANRIARAY SRJRTIRE Ark TRbIARSET ZATERDIARE 2HFAKS LS Bt & Bdhdte ionic
crosslinkipg Ag Rk IEp I8 AUARG Jr PR, GRE DRI FHESIEL Y ewy X%&%Ba@ﬂ%@g dpf
polycarbodiimide crosslinking agent), which is available from Stahl USA (Peabody, Massachusetts);
and XR-5880t(H prtyeadysdimsiceaceoss limigthgiigent), vilnsiters) abBNIERNS {rarpySsahifS AittReBbody,
Massach%s?etti% Docket Number 20763 o of%!E%IQ? aterials for resin bondin alﬁonlrgrt‘:logc%%

tackifiers. TAc %srgsr%%t’)?rfrﬁﬁe?ﬁe{)arggéjr'l 701 one Gf fore o tt %Wéﬁﬁ%ﬁ il 5?0%8?%%508%8 or more

bingding materals) tack: neel stiengitr sahiesive siendibsssiadiindanigialioniahkises Rrgugh, stringing
or legging and aging characteristics. Examples of tackifiers include but are not limited to
petroleu P4 E0ARTRLTIS ah BYFIEE A1 HPORTRICY flfjsirs). Alsibiree BisdHeashBhEH-RaFEmatics,
a-pinene,dpw malegLiarpIghE RSI¥ELS ANd cAREMMRIS lsAMRLaM: AiYKREe-vinyl toluene. (See
Benedek, "Manufacture of Pressure-Sensitive Adhesives,” Pressure-Sensitive Adhesives and
Applications, Sédditich& ditiom Revisechn2004.c8hapte pdympic4RErbaé (B8REG RressvBos Raton,
Florida), Wh}ll%h is incgj'gorated in its entireﬁtr in this application b}é this reference.) Binding materials for
e

326 S RIERGL i b TSR Rle, IS HINAITG FSECH AP MR e A TOMe B ¥ FeRe

resin bondlng may
butagliengisepelysngs pahaketnasaissheiesslinking age albiegindirggmakeligl Pavheeblend of

polyvinyl acetate, polyurethane and crosslinking agent. Binding materials for resin bonding with
differentAtiitdeReeh 4ita Gleristiess(@ay 0003 Prité (Abrt oMigEaM ANYertarragase trastsiabi or
temperatyr to e e n le, RU-41-162 (a polyurethane
binding rﬁ;éatﬁgir%%%\%%ﬁe& f?(j)%} 95%{@?,?B@%@é%g%fg%?fg&ﬂi@ﬁ%@ﬁgﬁ'waﬁﬂjfg”fo O/%Vplgﬁo u?ﬂtts of 1500
pounds fength petSsoprarmiiirottas BanstdoBigatioAliph&R0%4yssay e ialend el Wid-dhilavetagéa
polyurethane binding material available from Stahl USA, Peabody, Massachusetts), with a 100%
modulus of 800 pounds force per square inch and an elongation of 710%. The binding material with
the lower 100% modulus contributes to melt and flow while the binding material with the higher 100%
modulus contributes to solidification. 20Thermal b'oWding involves the addition of heat-sensitive (e.g.,
meltable) fibers and/or other materials as binding material for the hydraulically-formed nonwoven
sheet. These binder fibers and/or other materials are generally thermoplastic and may be activated
(e.g., melted) by treatment (e.g., heating) during drying, during calendering or otherwise. For example,
if the activation step can be combined with the drying step, the heat-sensitive materials can be an

Affirinnt anA ~AAct offartine hinAdinAa 2rmAatarial mae enmea hinAdar fikhare ewall anAd nartiallhs Aicenlvia \wwhon



temperatures of from about 40C to about 90C in the drying section. Examples of heat-sensitive, binder
fibers include but are not limited to polyvinyl chloride, polypropylene, polyethylene, cellulose acetate,
polyester, polyvinyl alcohol and polyamide. (See Dahiya, et al., "Wet-Laid Nonwovens," 2004 Docket
Number 20763 (http://www.engr.utk.edu/mse/pages/Textiles/ Wet%20Laid%20Nonwovens.htm,
Department of Materials Science and Engineering, The University of Tennessemekkmnoxwilepiéaoxville,
Tennessee), which is incorporated in its entirety in this application by this reference) Further
examples of heat-sensitive, binder fibers are N720 (a blcom%onent fiber with a co-

polyesterf oS &rct 8BS (ot ORMIFCAVRIE G FaRRsEr 679D UdHiIBP SR ?Eqﬂlifr%ﬂ'}’%d an
average gubtitgidiRfskOBiddnpyHEmetBEs) W 30V émfichimrReN. Hker Wit s anpehastesiolyester

cross-section, an average diameter of 2.1 denier (about 15 micron) and an average cut length of 5
millimete R a7 24! (enBik 6P sHERe R Blanel e Yo tpbnRoberpalokstetichsssBismmonc il ee e
diameter gf 4, 5.lenieh (Ahant b3 miston) @A Averape sutlenqih of S milimeiere). A 00 (@
bicomponent fibér with a co- 10polyester/po yester Cross- segtlon an average ‘diameter o? 5.1 denier
(abobit 21 pleterhderdarradyverage cdttiengtrehbhbdiimatess pvatbgs sidneleasequadueecibzsKuraray
Co., Ltd., and available from Engineered Flbers Technolo%(Longmeadow Massachusetts).

Additiondl"SERILE G REEE SUERRR bR qUPREER: SR VARSROHGE R BRkReIR @%Fﬁ%ﬁmfﬁﬂé@ Inc.
(Johnsonfeityn AenRgssesitiese Mindiers fibrreingludes shadoliewinty k4004 ybrelineryathetic

15Fiber with an average diameter of about 15 micron and an average cut length of 0.9 millimeters;
E620 Fylieldy Syrithbssiar B@rqm@h%@mveragté@mmet@raofaabrege dsmelerohehdbbistmiubidge cut length
of 1.3 millimeters; Binder Fiber,Pol le ber r iameter aof 2.0 dpf (about 17
micron) anfi%ﬁ arye?gseerr:a ¢ I‘élﬁé? Q{&éﬂq)ﬁ ﬁ]rr]rqegtee?és E}%l E/I'Pe;} oerr?g%ﬁ’ Fwogelc C%E?e)s ergél(rt:omponent
Fibéfs witlivam anesagectigamederet 3tQ.dph(alvout BEsicipadadch st Rveiaga gt biengthiek,H or 10
millimeters; 20Bionelle/Biomax Aliphatic Polyester Bicomponent Fibers with an average diameter of

6.0 dpf (ZEBMHY58! AR LRI RM SRAeF LGB RANER TRA DI 2 G Temilfieis e Erop gbout 22

(Co-PolypiirH Al eR 8l BIROMRONRNLHBSIRMMER B RV OrBR RIMEIFh Qb A LBl {ahet 14 micron)
and an average cut length of 3, 6, 12, 19 or 25 millimeters; BC185 (Co-Polyester/Polyester
Blcompoﬁenmmemeflmthvaw awevage@d&meter@ﬂ@ onfigheabtun L& mimrop) armean avaragectut length
of 3, 6, 1?0 . Ilir | / LtDFéE 25Poe¥]em}llene ibers with n a er

diameter of b. 5” gr?frs( nr%ﬁs% § e 0 \F’}Seraég'ec%mqength or2! %‘Tfr% aflmeters

Surface pREvant naiesialsnand mettw@hm@tthﬂ hyﬁhna:uB@&wfgrmerb;nw@meweemyealterlng
the surfaces of the fibers and/or other materials in the nonwoven sheet. Methods of altering the
Docket NRifRBBP P07 BReE MEL RS AVRAISS B HOP FRITERPIbAEHIGOM G HeareBen Adapy Iy ir, _
changing s i dapaniaBle s handingirechemisahaatinale sirfecrAnmadbing the physica
structure of the surface. For example, the fibers arid/or other materials may be liquid cleaned to
remove auﬁ9 Uidpfdshab ¥ (eigenhyalt ep Rebimgecoatamgtoritile t Coiliastmatidph Phesfibers and/or other
material Iso ar alternatrv 5be e ed to a corona discharge to, in create surface
oxrdatlorﬁr: RERNT e er 8Y Wﬁfggee%éﬂwjaggrﬁrgiﬁﬁe“ﬁ@ BSYRIBIE LAUTSF }r%e? Lr A< AEYBY exposed

to @aghemigalreickragy t0s bhqAL: ﬁelﬂmrﬁé@éysrwmmméms.sza‘;matﬁuhfar:&a@@dremeensmwﬁace
roughening; the fibers and/or other materials may be exposed to a flame treatment to, in part, increase

bondabil ﬂPorﬁé‘riﬁféfrgr&ﬁerﬂ@(ﬂ@ewér%aréﬁagéhrﬁ%\@%é%mwm%rwwaéiﬁtﬁmtter ety WA grafts to a
Surtace: HR ORI SAOLIE IS iR 10RAGRSHIG PAIETIRRIAN G dojapy essure giow
discharge (i.e., a plasma)to excite species an chemlca yS|ca ly mo the surface and/or
the fibersndindferothee mattalsr Maadie Ewpmseﬂrmmltravwbag@mmetémermdw {enease the number
of oxygen functional groups incorporated into the material. (See Gent, et al., "Adhesion," Encyclopedia

of PolymBFSREREELAE TEEATE8Y, Grﬂﬁaféa.F&S'W‘@éﬁesT%ﬁx%%“'ﬁf Teppaity Al f(ﬁSr?ﬁwr&y & Sons,
IncasHoRpkeR Y WatRSeY) 6 WS RS NSO TRRBEE Shihar 2 i GNLTEbA M s aRp icat by this

reference; see also Finson, et al., "Surface Treatment," The Wiley Encyclopedia of Packaging
Technoldgye @ééﬁ@deE@ﬁﬁW@WY'Q@ F@@W@Vﬂa@éﬁﬁa@ﬂ I@V‘&@cﬂﬁ Qdef (2o Horigrateany ank),
which is %?g%r qt%’q otfs1§n1tg n ! |s ‘gll&aﬂl 5\ e};%ré(r:e\glt'rl;ge f'JeSrt ?g rigeral empodlment
of the hydraulica otmed nonwoven sheet described in h| app ication may ex various
propertier, @spsluman snslifeuthendefinadie the examplesorTitesgivanel 3R m aperirsdrcligtena basis
weight of from about 15 grams/meter2 to about 250 grams/meter2 or preferably from about 50
grams/meter2 to about 100 grams/meter2, an air permeability of at least about 10 Coresta units, an air
permeability of at least about 90 Coresta units or preferably of at least about 100 Coresta units, a
formation of about 1000 or less or preferably of abdiit 500 or less, a log reduction value of at least
about 2 (considering the nature of the hydraulically-formed nonwoven sheet as a porous packaging
25material) or preferably of at least about 3 (again, considering the nature of the hydraulically-formed
nonwoven sheet as a porous packaging material), a bacterial filtration efficiency of at least about 94%
or preferably of at least about 99%, a bursting strength of at least about 75 pounds force per square

nrh Aartine Ar nrafarahhhvs AfF At laact shatritr 1290 nAatlinAe fAarra Nnar cAtiIaro iIn~Ah AT I1IAA AN AZv/iArano



Docket Number 20763 resistance of at least about 150 grams or preferably of at least about 275
grams, a slow rate penetration resistance of at least about 25 Newtons or preferably of at least about
40 Newtons, an average tensile strength of at least about 6 kilograms/15 millimeters or preferably of at
least about 7 kilograms/15 millimeters and an average stretch of at least about 7% or preferably of at
least about 11%. Additionally, 5the nonwoven sheet may have a wet process teasitensireagtiiasf at
least about 100 grams/30 millimeters. The nonwoven sheet may be printed. Such printing may
include but is not limited t% ﬁroduct identification, securit?%identification and tamper-evident means and
-f

devices. FHeHSAAITERR 10 HREREhIVAVER LRI ARAT AR & N e e Rt T INTEIST K&t about
42 dyne; ghimd g leyekinaynesieddorpaRangeaths Qe kil ieonenueyen shean P4 Be

hydraulically-formed nonwoven sheet may exhibit heat resistance. As used throughout this application,
"heat resiAARCYHBANE thi? ABlimpisrsiHieaid WU Be@dar tberdaiMtBaly ertpreTizeshalsealsirRieghd to
resist damage, and deformatian wh S vated temperatures, With_dye consideration to the
melting poﬁﬁstof t?]e' fi%)gerr% cg}mprisf?r%ﬁ?%%??ﬁ%%%é%%ﬁug%%ﬁﬁffgg?t“?b%?grxv\éllt rSaHn%geqt!giﬁghSS{;ht of about
2600), theebydrauliealiyriormed Monswotem sheepenayhrtaintain dinensionarstabdydancvesist
15damage and deformation when exposed to temperatures up to about 200C. This is in contrast to
sheets mAtE BB HUNS R SiFER A FEAssRAYLY I81dBY TV eas PR HE RBMAERE AT ihpany
(WilmingtongR elawashisrdesihertirdemar Eyeks s yeekishert ke iANaWR (R GAN PRacity
dimensional stability and resist damage and deformation when exposed to temperatures only up to
about 148ayeptresPeconticerrvgrase disaeien Poiatdef pbiyethylkrne antlpicaiyene tvelenstyef§fa165C to
130C). Ahove 140G 200r less, such sheets are known to lose dimensional stability and

ranapa S o e S P S e e o
trangpargaidiextiadpagkagimgalimgandiin iy pait ) signitieans|yrieduioRslaitdp emaralitityn average The
non-woven sheet may comprise one or more authentication markers. Examples of authentication

markers fRTRRE Bt P8 RANMITEIE W AR AR AHESe i AOL IS d A tRITRIS o R9RYErSATRK. High
25authenticatignrdyster FibeTgw.tn%nws_afsgb%hge#&mmm%d%m%'mysepé%fmve@é@? or other
material or may be treated with an antimicrobial material. Examples of antimicrobial fibers and
particles firngtidé Burr 2eenmibmditenseBew afirakbdistbborditite 1) yester Albehitodans akssagevivediacteriocins
such as nisi d synthetic Docket Number 20763 fibers treated with an antimicrobial agent (such as
quatorness) BRI Sor LR P SR RSN 2oy o ) e o RAPES TG Examples of
antirgicrotisddgatipesnts mewdedbeih averant disntas th Tvate Ry AMAMPEHYBACOHMPeUGS chaturally
occurring genistein (an isoflavone derived from soybeans), conjugated linoleic acid (a fatty acid

derived fISIFiAbI&IRMERIF DI Lcite ChirAsK iR o882y friee Samit BA RGNS SEER s nisin.
The nonyeyeR e LEAK bR SARLECL D08 pILRINPT S Fdpsiin ARl sealaRle ARgling material
(as defined, in part, below). The nonwoven sheet may be coated on one or both of its Sides with a
pressurefseasitibegt igsese( PSAS (ds detivreaydniparte baldWirTtaoRSIE miepi)ercbatiauwoags and
applied all aver the sheet 10or may be discontinuous and restricted to pre-determined, discrete sites
(e, pat TR ot e e, AR RRYER S ) EBH RS SHAP RS EHERRRA TSR I
anaiher aprpadinentithe cirgex8eausivenqdidienmaystheicaserise - mebeargesmodifying
electrokinetic potential treatment such that the electrokinefically charged sheet would repel bacteria

with cell FRARSTsRsRiiRa tHEGe arfiedotiringter ¢ CkRRowiATBiFRaIRNERO FYesRe ehigh dihere the
pactena pe g aRRARYE O ARABEXP BN averHASEARN QYA licaldnay comprise a
single layer or multiple layers. In a multi-layer sheet, a tirst ]aaye may comprise the Irst non-cellulosic
polymeriaifilversaheh aseend i sygthney campiisestoe, Fecongyor-celbiasic gobymearecdfiaans: In
another emhodiment, in a,multi%%i/]er sheet, one of the layers may comprise a scrim material (as

defined, iAHR! ERRYNIC SUTRY ASHRN BXRAORFEEEPERPEXRID SRV Rol RSRPY RS BBSVE B roperties.

In 2Ry giyeaverROadimeRt ot SRAN@NS.OREMMS) kHEen Ikfagituw Ringth of ineabQyedisted properties.
In another embodiment of the first general embodiment of the hydraulically-formed nonwoven sheet

describeBaiPaRs 'applidationtreeparrage (oraer afiddptehwiiseaitenhyotaolkyamadoteitciwoven

sheet. g Julemiiansd mawcheemerical douics, dercrallaLolieLicn o patedsl, 25 The
nonwoven'sheet is as described above 1 the first general emboadiment in that it comprises first
non-cellulosic polymeric fibers in an amount of from about 5% to about 90% by weight of the
nonwoven sheet in its dry state and second non-cellulosic polymeric fibers in an amount of from about
10% to about 95% by weight of the nonwoven sheet in its dry state. The first non-cellulosic polymeric
fibers and the second Docket Number 20763 non-cellulosic polymeric fibers are also as described
above. As also described above, then nonwoven sfeet has various properties. In one
embodiment of the package comprising the hydraulically-formed nonwoven sheet, the package may
comprise at least one additional layer that is directly adhered to the nonwoven sheet. (As 5used
throughout this application, "directly adhered" means with no intervening layer.) The additional layer



may comprise another hydraulically-formed nonwoven sheet (as described in this application), paper,
thermoplastic material (as defined, in part, above), binding material (as defined, in part, above),
coating material (as defined, in part, below) or a combination of these. Thermoplastic materials include
but are not limited to homopolymers and copolymers of, for example, polyolefins, polyesters,
polyamides, 10polyvinyl acetates, polyvinyl chlorides, polyvinyl alcohols, iononiexgconipheardset these
polymers. The additional layer may be directly adhered to the entire surface of the nonwoven sheet or

it may be adh%rergdton%@/a ortion en sheet (as, by way of non-limiting example, where

f the nopwo ‘ , a
the nonwoven sheet IS At %%I EE % |g§?n°é %%@M{n%st%ﬁfhaé‘ mhf(!)%(ryﬁ%dy %lé%rf)ém%'}?.ﬁﬁ? Sﬁvd“aiﬁgnal layer
may covervihgoeaweanesr sheabmdis e atinakdhendbanthe sap ek RSthe Nopwaveasheet), may
cover only a portion of 15the nonwoven sheet (i.e., be smaller size than the nonwoven sheet) or may
extend beyond tHE Hishata%@hesredine . ofdee Avger sy -{RErP HHIO PRDYSS ISRRIEC compi$@nother
embodimet REHeiNRSKads AATRRNS 9D Ly raLticl IR MY ARSI S RO ven
sheet may be directly adhered to itself. By way of non-limiting examples, two hydraulically-formed
nonwovefibstsed tsafiay dsednd atrbediventdgeteraatomg tharetyesttefoiran abpauichrisrenand an
20hydrau|icaé|$§formed non-woven sheet ma}/ be formed into a tube and heat-sealed via a lap-seal, a

S CHie S ST LB AfGUTAHER 220U 5 ARt r SHAUSARRINESP 0% PAGIRFE St BrgIRE the

fin- seal or o

hydraulicallyfarnaa sonmevemsheetndhgsheshinry-Re thaimeiounaedi. Bhermufeomniog andpother
similar techniques are well known in the art for packaging. (See Throne, "Thermoforming,"

Encyclop@ifig of P 8lyieh StidacerayRieT SERpOIO AT HFG. PSERIRIONN 20@8 1000 afflengalsst 9220251
(John Wilgy & 30NS, JAG. %glﬁ% New. hich is incorporated in.its entirety in this application
by this reference;r}c,gée a sé) [rwin, T grgmgﬁgéﬁﬁ%%sg?ggr%ﬁ fg%%{:% é%r?(f:yyglorﬁ)grgﬁa n%@fﬂ@%%ﬁfppp.
329:336 factrattdylilidiptt oNBswnYarkydN ened! 0Tk, avhitdteis incorporated in its entirety in this
application by this reference; see also "Thermoforming,” The Wiley Docket Number 20763
Encyclopedia of BEMAFRY TEERAMIBYIT 'CYESPRY BMMRERE AQY7es 8NP MERSIITeAiIRY & Sons, Inc.,
New Y orkeh@eroskkoMdrishols, iIBgpsRaraterdidis.sniinedy, IBthiR RRPIGHLANRK S reference.)
Suitable thermoforming methods include standard, deep-draw, or plug-assist vacuum forming. During
standardRedeaiendtsranhyrahene paplastresialn, mbomdshiofitier oelpteealishhbarb@catatba vacuum is
applied 5 wehb allowi t heric pressure to force the web. into, eformed mold.
When relél%)t?s\,%e%@gnﬁ%r%f&eé%tﬂ%%&ﬁ%%%@%%@éss%m%%r??e%p o lg\?s{ng'mggg%pgaa\?\?"@gﬁﬂ%% ion. In
a plLig-assistiyetsylems, fanpiopyrethad afterdhadhesonoplastiarnehthrsdessrneategrand sealed across
a mold cavity, a plug shape similar to the mold shape impinges on the thermoplastic web; and, upon

the appliEXHBNOI RS TRE tHET P18 R astiiiRshie BRvSHYE 18 'BTePitalgUTiaiee 2A%8P fhert8forming,
with due JQeaRsIHBERRaN R MG PRHINAP AR Sf SRS TCIH SR RILRINS: iR ShEAKRHAR asprbyester
fibers with a melting point of about 260C) and the resulting heat resistance of the nonwoven sheet (as
defined ayisrey, arrighle/fsionkFdhdr Zomdstiban@ue hrdSCharstimdgvstrength, Priewsaditearing resistance,
tensile strength). of the hydraulically-formed nonwayen sheet are not expected to change significantly.
In another emb%ﬁrnﬁ%%sf ((}Jégﬂl-uréj |°rg’[%gun%5r§3f)3§ﬁ1n%e6’ ?rll!i%rr?ta(r) ﬁwiﬁ%@rﬁﬂﬁ%%ﬁw{pﬁrﬁ%an%f%v%i?gsns "15sheet
destribegeinidhisrepplisatianmatenethachelipaskaginoracoricaldeviseusRRgh pASkade, aomiprising the
hydraulically-formed nonwoven sheet. This method of packaging comprises (1) providing a package

comprisifty TG abhie S Rt reie HERch erst TR P It m B RVeIRAB SiR SR RidricoRpErs and
second napsgellasis:pamRdc: e s @\RAIBe A CHARiGaLAs e 34 e.nagkaarid) adasing the
medical device in the package by forming a continuous closing seal; and (4) introducing a sterilizing
gas into sherrwesiedtpackagethgedgintte sidiinpiarsheemithe rodwovensieest igb deseribed
above fo1r the“first gsznergpergbodiment inf‘that it cogfrises first non-cellulosic .%g/meric fibers in an
amount of FONTEBGUERYE ts B8 PHETS B HAIGH SHISSIOsHRRSIeH SR LTS €88 &nd second
nonxellWasic pelyimeriaidiber s AnareuRLOE framaaul HReaah oMt H 3Rk weishiel the
nonwoven sheet in its dry state. The first non-cellulosic polymeric fibers and the second non-cellulosic
polymeri€Hibar<ard-isend sidels dippetnahered AseisstrausiiydboapnsedancMesprobuastisheet has
various probertiginons) JAAERIEIANGE WADIISDENAL of Rrkaq DG ARGiedR ARIRERING the fis!
general embodiment 01Lt e hydrau ically-formed nonwoven sheet is provided, and a medical device is
placed ivihiébpeackageoNanrliDiiting rexasagleShatentidital devieeisdhad mal heipackagedraresongue
depressors, bedpans, dental Docket Number 20763 instruments, surgical instruments (e.g., probes,
scalpels, clamps, scissors, needles), infusion pumps, surgical drapes, suture materials, heart valves,
prosthetic joints and other prosthetics, stents and other devices. The medical device is then
enclosed in the package by forming a continuous '(:18Sing seal. This 5continuous closing seal includes
but is not limited to a heat seal, a weld seal, an ultrasonic seal, an adhesive seal or a combination of
such seals. Heat seals may be formed by a hot bar sealer. In using a hot bar sealer, adjacent
polymeric layers of the package are held together by opposing sealer jaws of which at least one is
heated to cause the adjacent polymeric layers to fusion bond by application of heat and pressure

Aarrnce tho aran +a he 1Neanlad AlthAarninbh enacifice ecanl A~AanAditiane willl viarmvs AanandinAa 1inan thaoa



equipment known in the art may be achieved with a seal time from about 0.5 seconds to about ten
seconds using an upper jaw seal temperature of from about 120C to about 250C, a lower jaw seal
temperature of from about 20C to about 100C and a seal pressure of from about 40 pounds force per
15 square inch to about 150 pounds force per square inch. In one embodiment, a seal time of about
0.5 seconds with an upper jaw seal temperature of at least about 120C and a seakgpressdrecoéabout
40 pounds force per square inch may be employed; in this embodiment, the lower jaw seal is at
ambient temperature. Additionally in another embodiment, with due consideration to the melting points
of the fib&FS ESAGTRIR GRS Ry & d0f RS HE T AW BUR ANSHE Rt PR YIS e el ¥ with a
melting peintdRes; akgué 2BEG hvandrtberasiiingRest esistanciobihn Banwe¥rRvehgrtdas defined

above), the package comprising the sheet may be sealed with an upper jaw seal temperature of from
about 18R09t6 2{Bolr JGEC25 millirpsass: dearichag peitormaByetianeiilee! Sedlebay ihpiselseal is
formed vig application of h %@g qﬁe%%pazy%i.ﬂ%& Bogig IP S simi ario.that of the hot bar sealer
except that at least %ne of t 8g"baré 25has a co{/ére(? wire % ﬁ%%ﬂ%é&%ﬁé{cﬁ%?\s%fectric current is
passid fa@icrhpektinfdpenidad 40 aause theradjacent tayensoto Fasiambond an avafigh duereansideration
to the melting oints of the fibers cgﬂr&grising the sheet (such as polyester fibers with a melting point of

about 266\ AR Fe SiRNAY RioArreiBRRHE BRI RERTRRAEA! STREET (48 SDBLKBINIANGE 90763
defined abgvig) Afer @ MedicaldevesdagNalnsrgiRRAGKRARIRYIRIMIchaicaRiiueus heat seal, the
nonwoven sheet is expected to retain an air permeability of at least about 10 Coresta units, a bacterial
filtration ERigseive of lactisdsichBiovmogsnt filbripstifigpsResigl gpaelerastabinitarot gouridenicred per
square ingh e, an average internal tearing resistance of at leas ut 275 grams, a slow rate
Spenenati L N e B £ B SR R S T oer abour
7 kildgramiséiowilimelets d fienraxt Step dpftascnethadroh padkaging adnedieajtdenes Using a
package comprisinlg the hf\lqdraulically-formed nonwoven sheet is introducing a sterilizin% as into the
sealed pJEKAGETHE K1+ '%1Bﬂ¥65@r€rﬂé?§t?h5’ﬁ’§lﬂ?‘Q§@ W@Gbﬁ'i’h@”ﬁéﬁﬁé%ﬁl@?ﬁ?ﬁ?% y-formed
nonwovegsiieel g ARtetH iz A MAY R AMPHSe sty healHiaa selipdens oxide, or a
combination of such In the dry heat sterilization process, the packaged product is brought to elevated
temperattiplrsstor Beivesteritied perotdfeithei! Tiresgordsin@ticreob thd Hufdeland theitieme sedalt in a

sterilized_product. t "wet heat") sterilizati rocesses include steam sterilization with
controled SRR St ha) S S A R AL BT MR Bt [ Hhe more

commonwteanestaitizationdSprocessdsdie amiactn dngpreaesswirasadth oMy enseais, eaytrolled and
a super-heated steam results in faster sterilization. With due consideration to the melting points of

the fib_erywmﬁ?fgrﬁfaqﬁérgw(éﬁeﬁ%%|§ﬁ'@§witib@?§wrﬂ9%\dﬂﬁmﬁgobéwfaff@rﬁym@m@fhnd the
resulting hgalrasIsiangs RhibeneBNRVRMIDeR! (5 Agfinadanows), Jng Ay heal Andestea s
sterilization processes may utilize higher sterilization 20temperatures, resulting in significant
decreasestirestev#izegidanigteesf 3.0 dpifdbent ethylens) exide Bvasgd ad ltngtstdblizing gitis)dhe.ethylene
oxide m removed from the package. Removing the sterilizing gas may comprise flushing the
ackage T B LSS R RGF - ERani TARE BERAAREsor ) £ ARG G théce Jefoval
methodshbe ireri@ss seshia dish ihadaskagaemay.hesitegeny Thenikaaendmsydir flished for a
time 25sufficient to remove the ethylene oxide. For example, a suitable flush time may be from about

one secotritRPEHRAMEASRIdIPRIS WP RERHRETIRINCABOAPL BRI ARIS ToPEL PR PEGURIASHTh to
about 30|e‘h1‘§;%”9% ﬁRﬁﬁ%ﬁ&&éﬁﬂ%E&’eﬁQt A3l RIS S@}%Jéﬁyfé’srtear%‘?c%ﬁé‘é%&ﬁ?‘%%%%%@%R YL ten seconds at a

pressure of Docket Number 20763 30 pounds force per square inch. Longer flus times may be used
if desiredifondfeeqh&rtidpl éatpackageconfiglsatioerage cut Tdngivacawm tnaiyrbeagpligdJonsttime
sufficient to remove the desired quantity of gas. For example, the vacuum may be applied for from

about one’YELYIRATE UBSH RRCIRSERYAS BP et AR 8PS RBmPIeh o 1 RVRPREEIS 8 83 ten
SeCONAS o)A MRS ey VaryfleRerding ofeie QR roRligHral RN tBR SAHRRLILY Bigas to be

removed, the items packaged and other variables. In a further embodiment of the method of
packagihﬂt@%éﬁmﬂgfﬁééﬁmgég micron) and an average cut length of 5 millimeters; High

Density Polyethylene/Polypropylene Bicomponent Fibers with an average diameter of 0.7 dpf (about 10

micron) and an average cut kength of 5 or 10 millimeters; Polylactic Acid/Potyl.actic Acid Bicomponent
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comprising the hydraulically-formed nonwoven sheet, the package may comprise active package
tracer indicators, such as those for detecting the elimination of bacteria, the completion of sterilization,
the 10presence of any package leaks or the achievement of maximum sterilization temperatures.

In another embodiment of the first general embodiment of the hydraulically-formed nonwoven sheet
described in this application, the hydraulically-formed nonwoven sheet may be tnaaufactarec/és a
method comprising the sequential steps of (1) adding materials to a hydropulper, (2) agitating the
materials added to the hydro yulper to form a furnish, (3) delivering the furnish from the,h@g%%)fulper to

¢
15holding RISaHS" EA)PHRAEMRT B RrisH R tied Wbﬁ%ﬂ’mga?ﬂéa NYE% R SERtGH B8 n a web,
(5) dewatesingdhenelp o thefREmn e spetian Hgrsaushing theweb-tedeliver dheayah 1 a pressing
section, (7) pressing the web, (8) delivering the web to a drying section and (9) drying the web. The
materialsTAE@BLRTY e 1Rfass Ul iR Bohpi e RRieEY, RestBri@snd loBrRispBIyAetERBR Ao mount
of from a 9 % ' Y% in i S d
non-cellu?(?éligcp?)(gk}qmnz %3,'-&2&0%%633 r@ﬁx\;gr\zgﬁr%%&%ﬁ%@ﬁﬂﬁ%égguiglgtﬁ% I';Ilnolﬁaﬁg(%)%({tsg Ae%glgjv%?g&%?of the
nonwoveneshegtNpldisfiryrsiete am hesfigt diansce it bsidpp @lysnezicriibers anicihesegond hagkag!lulosic
polymeric fibers are as described above, As also described above, the nonwoven sheet manufactured
has variotis’ptoperfies® Milimefit wen e et SR MR I P AR SRR TP $°hB 08 iP500% by
weight of thg neawRMeH shest s, dnustatemay e added 16 thetydtopipels R MHfdnacity

non-cellulosic polymeric 25materials are as described above. Cellulosic based materials in an amount
up to abotit!TEBibey Wikighewrs ase dianaeer Siebiehrits! dryigmmieanday beewddcd tepgiedhfdiopllper.
The ceIIull Sic as‘ﬁ‘d aterials escribed ve. Docket Number 20763 inding material
i oot o B AGOR By e B e e e B e e et S o the
hydiopulpesout be hisaingrmnateriatdgeastdaeseribes] abavezs mikintather fblessiamd materasdncliding but
not limited to antimicrobial fibers, particles and/or materials (as defined, inrg'art, aboveg, wetting

chemistrid® YFEE AT G d A TPHER o8t RTMIP B T AT RIEIR RulrGRI R Midfry! RS difiers (as defined,
in part, abaueldRtanton RiEs, awmizémga@%gtﬁimeamb%ag%qt%tlaer drQPsHRGErdROone
embodiment, the method for manufacturing a hydraulically-formed nonwoven sheet of the first general
embodimaiteimiiueiés B stéck Freyimation Bystantarntk dreappalatastidtavesterfbiorusingh Figure 4 is a
schematic representation of a first embodiment of a stock preparation sys for.an 10apparatus 50
for manu T AP S M SO B et E S ) i Sl
system oREjgFSHtiik Rsj0at0skapie paratienrystammnlih Materaleaseaddeciie @ysiommpasd)2.
Materials that are added to hydqr(c/)gulper 12 are water, first non-cellulosic polymeric fibers and second
non-cell FaSR RIFRSE RIS A atktid Rotén Ty trea Bl RS ARl "o il el s |
non-cellugslc el dheisnralipsic arsadunaleiials, dindlnaalR il orher e aterials
and 15additives. The materials added to hydropulper 12 are agitated until the tibers are in uniform
suspensioiliaate fdeais BhfoknieguléthentuiniBladded/ esecomeprisé rmateerats daedingoféfihorg, the
furnish may be delivered to blend chest 20 or machine chest 22. If it is_ to be blended with one or more
other ARG RN R QERTRY TS ot 58 AL TP b Ghet AR AAE RS i (es)
anccthe bipaded Buniskiis sheo 9dalbereddadnpshing shesild. ibibis & 1o be bleadadwedsanother

furnish, the non-refined furnish is delivered to machine chest 22. From machine chest 22, the furnish is

delivered’i‘%ﬁ'ﬁ&_ﬁ’rﬁﬁﬁ@“’sé&@ibﬁesﬁctﬁ\f E?Jb%*aftﬁéb% Yop Wﬁ@%ﬁ@&@&ﬁ@ﬁ&ﬁlﬁ%‘r%lﬂrﬂ‘@nwoyen
sheet. (SG&iFIONE ) H NG I aISh LOMPYISESIMAL Q%lﬁa%8§gﬂ'%%rfﬁ£,'_@f@9W%Hgﬁfﬁoﬁ%%gr ellylosic

based materials, the furnish’is delivered to refiner feed chest 14. This furnish is then delivered to
refiner 16yitedmedapd @odekvered thireboadStoiciochest dBavElweefinedyfunh i ey ahen be delivered
to blend chest 20 or machine chest 22. If it is to be blended with another furnish or other furnishes, the

refined RIS REaERGEREFrEBIHR JIfBRTY 0 ke IR HIERAE AT OHE FulnisAESR4hd the
blended farnishis dheBrdrlvaIee iQRIRCBe ehestid Hilkhisiae! toubenhirnAgH ntbcapetsr fumish,

the refined furnish is Docket Number 20763 delivered to machine chest 22. From machine chest 22,
the furnidiviiseieliveresavt farmingesctitontg it Agpdranws Bofsromand kicaeiagea HyeretdIitafly-formed

nonwove, SNESL(SESFIAUIE B), shrink, High Tenacity Bright Polyester Fibers with an average diameter of

6.0 dpf (about 25 micron) and an average cut length of 6, 12, 19 or 25 millimeters; Biodegradable LLDPE
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Once a furnish is emptied from hydropulper 12, additional materials may be added to hydropulper 12
and additional furnishes may be formed. The additional furnishes may be delivered directly to blend
5chest 20 or machine chest 22, as described above. The additional furnishes may alternatively be
delivered to refiner feed chest 14, refined in refiner 16, delivered to refined stock chest 18 and then
delivered to blend chest 20 or machine chest 22, as described above. As a firstnga:hmitiergagsample,
water, first non-cellulosic polymeric fibers, second non-cellulosic polymeric fibers, third non-cellulosic

polymeric_materials and cellulosic based materials are added to 10hydropulper 12 and agitated until
the fibers) e VAR RS SR oah 4 T RrolL 101 IRERE The EERUEEE bASEPR AL Bl tnis

furnish dg Nt neeckestiningieanddhsBurnisPisragb e Recterdadwith spathardwensb: d bepefore, the
furnish is sent to machine chest 22. The machine chest 22 serves as holding means, holding the

furnish fo@&%‘ﬂﬁ%%ﬁ%@yﬁﬁﬁ@@é@ﬁ@ﬁ B4 et piftetts' 80T FibmafEtfiatyaRyia(fiediftrsPmed
nonwovep, AMaELISEG.AHER:PAr 1345 258504 RAINI0-CXaPIE: WatRh rsbnansegiulosic
polymeric fibers, second non- cellulosic polymeric fibers and third non-céllulosic polymeric materials
are addeditimeyetsopulperplRrantbagitete druntérsbe dilreesasein dpfifarontJ0spens)andndaadiage furnish
is formed. This firsI% furnish does not comprise any materials needinﬁl refining but it is to be blended

with a se 8 AR O T RlkBIR e RRPRYIFI A R iR 8 B8R A iR 30 BIdARPLRSst 20
delivers tamanhinepast4e ciNergvses Blanddichest A0 HribRiRG iR maphipehsst dansgtyes as

holding means for the first furnish. Once this first furnish is delivered to these holding means and

hydropulgér-2 2ns(@baptisunigrace eaher caiiAgs it Yermtl ahatetid B ad adtieelas diepelper 12 and
agitated uaf) ihs, lhers,are INLOAIED. SusRERRICN 296 & seaand Lumishs omed. This seqgpd furnish
does comprise materials needing refining. So, this second turnish i1s delivered to refner feed chest 14,
refinéd inofefiner 1%cans dgtivesec dodmafinedostagioeherhd 8ibets Wiiaseeons fusmishrist ta bejfrlended
with the first furnish and is, therefore, delivered to blend chest 20, which after blending delivers to

machine GH8LG S BIMN G ¥hEsRAPER FYERINS HdehiFPEiReidmeiaso serves as holding means for the
second furnish. iﬂé&ﬁ&%ﬁ%@%&%@ﬁ@@ﬂﬁ@l@&@@iéﬁ%qeﬁnwﬂmaoeh'mtme&mrﬁ@n the
blended furnish is delivered to machine chest 22. The blend chest 20 Docket Number 20763
deliveringet- efichrnedchristial® fipthiosicdnsed matéraldimgyrhe areseiarithies rehatedrflienstdinetdieflg the
blended furnish for deliver eé%%r%‘dé‘% secfion 54 of apparatys 50 for manuiactuing a, .
hydrauhcal?y- ormed nonwoven shee ?see 'Ielgure %Lj. igure b'is a SCRemAatic reptesentation of a

secofid emboslisnaentafiaistogicpieprsatian sy steamdonanapasratss (oemarnsaeiiagnof the
hydraulically-formed nonwoven sheet. The stock preparation system of Fi%ure 5 is more complex
stock preffar4tiSh SRIIMIBEVBIR EHABIRE'SIBRY Praiharaibhrsliete R ad Trdriees Py ueEbtiRder 32,
refiner fegd EheRI%A4Re 400 346 TRUNELS ARRAAR 105 FRlNGH SIRFKRNBSLM RBR3R0. 38¢, blend
chest 40 and machine chests 42a, 42b, 42c. Figure 5 depicts one hydropulper, three refined feed
chest, thiesursfirdys | threr ristire th cock ahealts fiore héeniatiredframd-d Otbseertraichine chests;
however, more complex stock preparation system 30 is not limited to any number of such
apparatuses. Thﬁtgl %jrr%,%fﬁ%usfrg r%%@g) %cc)rrﬂ?:)tl%?ﬁgt%céﬁrp\fvé%ﬁg%ﬁgﬁ é@?gf&rh tréer(ree%%?fat???y%hﬁg ‘outlined

abaue forhasiesierkippa@iansysteonlfy EoVRas, BekeIcempleXriock N erasaingsystem 30
may be used to form a web with multiple layers. As a third non-limiting example, water and first

non-cell B f?ofl’ilﬁ"i’éﬁ%“ﬁ Befe e catidRs 1d SHYaIEHLADIEP 3P ahP ABR A (RENTAR Tidets are in
uniform spSpension Aad,a st Irish IS, LR GodNis ?é W “Qéﬁt\o%‘gﬁéogg@%@eﬁ'%ﬁy%gxcm@te”a's

needing refining. Therefore, first refiner feed chest 34a, first refiner 36a and first refined stock chest
38a are bypassest. hatsogaimssivgftanasbuisaiot to the falentdgdusvirianotbenfumismatihg eefosefiblend

chest 40 i1s G}*I?ﬁ k()j}épasse_d and the first furnish is delivered to first machine chest 42a. First machine
chest 425 seneSSIREIARJHRes kWS SR S RYARPSIABIMY the 20first furnish for delivery to a first

formping sectionah@BIRBRAAHIS {ANFIRMERAEY RS R WAl RIbBaI- O ERIRR NOMNARE shieRbod  Once
this first furnish is delivered to first machine chest 42a and hydropulper 32 is emptied, water and

second riAttetiaiBsRoponpraarcitsersofafar Hrassiyseatharweekiieds aaainses oaentkdetirdus
non-cellyosic.Rbvmeds fBermiars added Ja hudianlosl 33 andegiaied.untilihie fbets grg in uniform
25 suspension and a second furnish Is formed. This second ‘furnish als0 does Rot compfise any
materialemesding hefinipgndrogaefoneree canthsplinesdeeshaehest-348,,csecanshiefinar 38Buane second
refined stock chest 38b are bypassed. Also, this second furnish is not to be blended with another
furnish. Therefore, blend chest 40 is also bypassed and the second furnish is delivered to second
machine chest 42b. Docket Number 20763 Second machine chest 42b serves as holding means for
the second furnish, holding the second furnish for d&livery to a second forming section of an apparatus
for manufacturing a hydraulically-formed nonwoven sheet. Before a furnish is delivered from a
machine chest to an apparatus for manufacturing a 5hydraulically-formed nonwoven sheet, additional
water may be added to the furnish to reduce the solids content from about 1% to as low as 0.005%.
The additional water allows for additional fiber dispersion. Also, before a furnish is delivered from a

marhina A~hoact +A an annaratiie far manitifacrtiririna 2 hhvidvarnilicrallys farmod namammasywon choot adAitiAanAal



10in its dry state. The binding material is as described above. These optional additional materials also
include but are not limited to antimicrobial materials and treatments (as defined, in part, above),
wetting chemistries, wet-strength chemistries, formation chemistries, charge-chemistry modifiers (as
defined, in part, above), retention aids and/or sizing agents. Figure 6 is a diagrammatic representation
of apparatus 50 for manufacturing a hydraulically- ISformed nonwoven sheet. FigueeNoniheloeies one
forming section 54. However, apparatus 50 may comprise more than one forming section 54. Each
forming section 54 forms er of the sheet or web formed by apparatus 50. Therefore, in the third
non-Iimitiﬁ)éarenQ%nﬁ)Tgra %@e{%re'sﬁr{g? ‘fﬁ?é?%%“%ﬁ&% é*%ﬁ’ ’tﬁﬁg ’ﬁr%\{aqc%?ﬁe%%mser@ﬁgﬁ %r”r’ﬁ'gsg %I'I%t layer, the
second fuszshalelj\wsed. tsihecsecoad psminRg meeloniarmeasasarddayes .angappamtys 50 forms
a two-layer web or sheet. 20Returning to Figure 6, the furnish is delivered through headbox (or other

device, sABH BSLURE BPEMRHIEH S o e RbHTRE 1Sttt b 4 sMigrip RACaEMRBEARN fBTYSRAG B 8s well as
multiple SURBUGLBIGHICEAbar RIS EUIGEER ) ISR MAY 8. ReR 10 J6IER MiYiDle
furnishes from multiple machine chests 42a, 42b, 42c (see Figure 5) to multiple forming sections (not
pictubed) soudsaardiiié adae Bfefoinels ehiviLktislayiars hostetWelse FOmDEN § s ¢ 6tiviabeb mary Breish
Fourdrinier, as pictured. Foyming 25section 54 may also or alternatively be a cylinder (nat pictured),
rotoform e P BIHTE) o TRERREE i 1R L SRS e RSN PSR ET B oo
Staple FikersnnkreyclpadsosRolmarnsxepnse anshlieahiratosypdinisaRdiion: 200d.Nalume 10, pp.
614-637 (John Wiley & Sons, Inc., Hoboken, New Jersey), which is incorporated in its entirety in this
applicatioiBystRiSrREYSfel b Loderail 6! THeREER uMbrde FooblapErtissras). THisVislagomatgietopedia
of Packagjng éﬁ‘ﬁ@&ﬂﬂ'ﬁ@’ap%ﬁ&%ﬁi tg%;gogfe@%g_,) pp. 717-723 (John Wiley &Sons, Inc., New York,
New York), which is incorporated in‘its entirety In this application by this reference.) In forming section
54, the furnish fnwsvordaa feiimingufatyicwhighmacyies overdewsidnncharedulessichcassuction
boxes, foils and curvatures. The dewatering modules allow water to 5 drain from the fabric and result
in a contifiSUS APSE BIHPPPESarHARTS TOPRFB Y IR h LAhAsTRER A PR H8rifRd R pdiebelow) may
be addedéaahisdcantineids wabidairBriNghRestidnS 4o MRS EMIUM IR VBRI alb&s Muithyqy without
scrim material, is strong enough to be removed from forming section 54 in a process known as
"couchin§te s ddqrssed Brizd teered e Bldsasaioaleelorsistheenbile saderittbatteidecsttiagut 100
grams/3Q.millimet The.remo r couched web is delivered to pressing section 56. 10In pressing
section gg@%g& v%]e%[}%%rs%%g tﬂ%@%@ﬂt%’%ge?ﬁ%”% %ﬁr%rgé? é@d @o“rﬁ%&"é’&“%% gi?gn(%? ?\(I)VOFIPS“ESS. & tWo rolls
are Ipressetictogethetwitheiighopregsuse iaiasrdtenamigkefdhesaebicaleng Vil a o tisuedssdelt, is
passed between the nip; and additional water is removed from the web and transported into the
continuolEfeft! ¥ty i 8" WS FFapRrBsaln atel s 508 SIS, TRGCARIMETEYGFes: d8fihed, in
part, belaw,may. be. afdss 19dRSWIRD EBFESAING SESHAN R, L2 EBR WRRHS: eRARliugrRdsto drying
section 58. Drying section 58 comprises multiple large cylinders, which may be heated internally with
steam. THRETREID i serlieation thethdy liefeenseaind additional water is removed from the web. Other
systems that may b d to evaporate remaining water include throu ir dryers, which transfer
thermal energy@)’ct r%gv%g r&vftﬁ%ﬁtoggﬁr{g@tfﬁg& F e Wel ?rﬁltst 6 end- 6?33@%5 rgect?énndg\gf'?ﬁ% web has a
sol2zbcontertohappieniaptely Qidks2@lhenwel:mayberpegedensified. Drying section 58 may include a
breaker stack (not pictured), which may be used to pre-densify the web. The breaker stack includes
calender rolls (SIF1ATD BAIE AR LB MEeR B WG ACTRRtKE Cha el ik KRB §Pa e BSSifes a high
level of compressipb i e WERAMd SR I PLEIRASHICHHAN RS RS LS AT Aalgpdering) of
the web. Increased pressure at the nip(s) in pressing section 56 and/or at cylinders, nips or otherwise
in dryingdseiesiya §8staingceder thsitterfqraetioboiensificatioexehtie decltiztininatiiyithe asestkfor a
separate bdr%z;déﬁ]r rst%qcla.fTh? Qreiq)eﬂsificatioQ ressure at the calender rolls or otherwise may be from
about 108 poundS Torea ser At PR S5 e 00 B 5 RRIR R SRR AR SNVt eRerably from
aboyt 150 peumndsdpsarger lineal inch to about 800 pounds force per lineal inch or more preferably
from about 220 pounds force per lineal inch to about 500 Docket Number 20763 pounds force per
lineal inch. Pre %NS iPRIIREINED HibreRswatnemisarant sresctosfies pontiinge fediresd ghikpess
variatio i ingi iper tea ' ' include
B e DA P e 8 L G L G
59 may betassmdiprbssafaspittutatty celBprss/rdruosyesiofostheifabe devicesel subosite, pstgsséwo hard rolls
create a nip through which the web passes. Material is added to either or both sides of the web,
creating a pond of liquid binding material. The material is then absorbed into the web and further
driven into the web by the nip. In a spray shower, either or both sides of the web are sprayed with the
material which is then absorbed into the web. Imp'rgg'nator 59 may add binding material to the web.
The binding material is as described above. 10Impregnator 59 may add heat-sealable coating material
to the web. The heat-sealable coating materials may be proprietary ethylene vinyl acetate (EVA)
based formulations or may be commercially available materials, such as Adcote TM from Rohm and
Haas Chemicals, LLC (Philadelphia, Pennsylvania) or Latiseale from Henkel AG & Co. KGaA
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resin in tackified multicomponent PSAs include natural rubber, polybutadiene, polyorganosiloxanes,
styrene-butadiene rubber, carboxylated styrene-butadiene rubber, polyisobutylene, butyl rubber,
halogenated butyl rubber, block polymers based on styrene with isoprene, butadiene,
ethylene-propylene 25or ethylene-butylene, or combinations of such elastomers. (See Yorkgitis,
"Adhesive Compounds,” Encyclopedia of Polymer Science and Technology, ThirckdEtititia; 2083,
Volume 1, pp. 256-290 (John Wiley & Sons, Inc., Hoboken, New Jersey), which is incorporated in its
entirety in this application by this reference.). Dqcket Ny r 20763 Impregnator 59 may add
antimicro%?gfyr%ﬁ%r?a 5 %dn%%?éoétenqg%st%ﬁ%% cﬁ)% ﬁ}%?de,ﬁ%npaé%ﬁ § OVE t,e Mt 'ené??g{ﬁlgg‘?‘&(?e?fstrength
chemistriesy fasnsakiacechemistiesyshaigesenemisiny, vodificsspas definadein wash, sbeve)néetention
aids and/or sizing agents. After the web is dried in drying section 58, it may pass through calender

rolls 60. E2REAtNONS LR intITaE Sieresitsre este fuitsePRlcAisR e sFRiweastd retuses
thickness, yaraloD; Jdie MEESSHHERS SRIGRARI %'A%%9&@@%&%9%%%%%@&995&&9& E%%%ﬂ%& lineal
inch to about 1500 pounds force per lineal inch, preferably from about 150 pounds force per lineal inch
to about 808 debledesforEraperekméalgarchoeliunerepeefralnly fromealzo im B0 palinds:feceetper lineal
inch to ag)oI %5006091%nd§ force er lineal inch, Calender rolls 60 may be heated to a temperature of
from about B5C {0 ABo 255 ;g%“fg?gﬁﬁ?tfﬁnb&ﬁ\ﬁr%{ﬁoiﬂ'@gﬁ HPERIB G GEHOR EPRIErFIHEED may
create a praneihswdatsesapaympreyrithe deaband other RIBes RS, dhskk ciRg.al Hfach {6 @y linting and
fiber tear) and otherwise) for the web. Calender rolls 60 are commonly composed of steel but may also

or alterndB\FERELEERINRD BB OE LB farim atdriats BissivraerisbidrratoRidrettinre dretiata: dolyiheric
materials, ol GalBrLRL et aie ey Rbepecutting. eelluigels malerial (salenderralis 00 fhat use
higher levels of pressure, numbers of nips and 15temperatures are commonly reterred to as
supHrcal€nueesy (KingPaleMeercrsts) 6 (Braaiube, uSeitl tadbstesetbatco Efayiopsstrionagternial (i.e., a
material with an open structure) to the web as an additional Ia{er to impart strength. Scrim materials

include bUTHI% ABY 1FAEAAI8 o P SRH W ABME Sy e P8R AIS 3 Yisv:S SIS panBerRiBolyester

Mats fromedolnse)anvilies(RenysEEHAUAI R RYILPARWRNESY) Materialsliom Cerex Advanced
Fabrics, Inc. (Pensacola, 20Florida). Scrim materials also include but are not limited to open-mesh

woven materialS®¢ pRAtPie siel aieh wrnteralty sachoas Bujitsechiines affit Asubtina FeatnicaldPabrics
(Grand ,Iﬁ nggy@%sY (%rl\(gitions, L!Ql#?h% PR drgf?e%%%?éfemgs% @?gt 83{4;[1? ﬁy'cﬂ"?{i‘éfa%% inert dilyent.
hydraulically-féormed nonwoven sheet comprises binding ma rla?l, RON CETUTOSIC po?ymerchﬁebers and
cellldosiEkasgesmiateials:andhasiadoactenahitiationte Sigiencyuobaienskahnmst 98%. 25The binding
material is as described above for the first general embodiment. The bindir%gr’material comprises

acrylic 11EX O 58Uk adiRLarare Belhg e sty seltRste SRR EspbgRter),
polyurethang,Ralodpyh sk PRMMITAIC Al RARL R A D e aBlyEeasegadhssive,
polyvinyl chloride, polychloroprene, epoxy, phenol, urea-formaldehyde, thermal melt adhesive, Docket
Number 207 68llsigpragedtredimemarietibrizte s(fifadéatewiime . Methodeditidey. fibeycbrms#linking agent,
tackifier gr blends .of such. Binding material is pr in the seco neral embodiment of the
hydrauliczgé){fglq? J%ggcﬁoaﬁ%(g%/é}w (2 et .ﬁr%%dfr%ﬁogﬁ?%)ﬁé‘mea 88t%>%%22%%ﬂt@%%%b%00\?e%ﬁt of the
non@oveisikeal Neis ey statech Ehecobraet osiepalymearis ilgsarcoandeseribird pbove for the
first non-cellulosic polymeric fibers of the first general embodiment. The non-cellulosic polymeric fibers

have an averadeearaes Ress b SISV RRE At &ty acRrane el RsirghatRsssais Taasoer' 3
millimetessiandeAd) ByrrRI% aRReeLAaNe hARAUGAGYLo.AbALL 2R Jhe. mgm;g@'géealﬁnaolyme“c |
fibers are present in the second general embodiment of the hydraulically-formed nonwoven sheet in
an amoustgéfiomeirbialis Blaitedal orgenOel rltdwei i dbthatioopwmeen (SheBldnditgd T staitee
Additiongiltljyé a%descrik%eéi,ekbovq, th(? n(?r,,]:-(%ellulosi_}%})ol meric fibers of the second general
embodimanEmRy Car T se B RS A MRS RIS SRS S SR FIRL o0 Y5y VSRS e
polyplefigy. palyesiglopolyamig e o lyactidiaen Yeapssiagiontich R yRrpaaRIER R Mt angis polyviny
acetate, polyvinyl chloride, polyvinyl alcohol, polyacrylate, polyacrylonitrile, ionomer or blends of these
polymer&PREGalipmh Ryt FHiFaesTises dtr Haltst Sirendeiiandavesiondiagstiairaria! 598 yvkiphaene,
propylengsaihylens capolymers ﬁ@éjrp%@%%‘?té‘é‘%ﬁ@g ﬁ%%@'%%ﬂf?%%ﬁ@ﬁ%é%?é%ﬁ)&? 8'%4§§ter includes
but is not limited to polyethylene terephthalate; Figure 2 is the chemical structure of polyethylene
terephthalate. An example of an ionomer includes but is not limited to Surlyn(r), which is available from
E.l. du Pont de Nemours and Company (Wilmington, Delaware). As also described in the first general
embodiment, the non-cellulosic polymeric fibers of the second general 20embodiment may be
oriented. The cellulosic based materials are as described above for the first general embodiment.
The cellulosic based materials comprise (a) fibers Manufactured from cellulose; (b) naturally occurring
cellulosic materials selected from hardwood fibers, softwood fibers, non-wood fibers or blends thereof;
or (c) blends of fibers manufactured from cellulose and naturally occurring cellulosic materials. The
25cellulosic based materials are present in the second general embodiment of the
hydraulically-formed sheet in an amount of from about 45% to about 75% by weight of the nonwoven
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As described for the hydraulically-formed nonwoven of the first general embodiment, additional fibers
and materials may be added to the nonwoven sheet of the second general embodiment. Docket
Number 20763 The hydraulically-formed nonwoven sheet of the second general embodiment
may have properties similar to the hydraulically-formed nonwoven sheet of the first general
embodiment, including but not limited to a basis weight of from about 15 gramsimietey@ritgrabtit 250
grams/meter2, an air permeability of at least about 90 Coresta units, an air permeability of at least
about 10 é:%elstq_unltﬁ rmation of about 1000 or less and a bacterial filtration efﬂuencg/ of at

least about 99%. Additionsl ev%heerﬁ%%t\'/?/%\(}fenegﬁg%rfa h%%%"’ﬁﬁnté&‘a§’8é/ﬁef{ﬁ’n"ﬁ ﬂ?ﬁgﬁﬁmc‘iﬁ Bhut is

not limitegl tupkedAgctideniiflicationwseciyitidgontificatin e anciampespvidest meansrrgdeavices. This
hydraulically-formed nonwoven sheet may have a surface energy level of at least about 42 dyne; this

dyne level is expBEIEFIESRIEATE PP iR EBAY SN P REFiRBYShesthemica dfialinerakes Wpte
nvdraulicglly-OTined nampieyRmsheetatdissecang acasial emblimentiay e dercribed by the
following clauses 1.A hydraulically-formed nonwoven sheet comprising a. binding material in an
amolint ofeflopaeSieto @Mty bweig hibofsthe messov errshiekinits dnagtaterlbiog homaeelitesic
polymeri flber% in an amount of from 5% to 40% |'Jght of the nonwoven sheet in its dry state,

wherein tRe oA CRIRNoZR PSR RS B §6\¥8(’/e°81g/3§/'8 A8 A R 1B R ERP S MW iBron, an

average eukigngibrlessnithr3gnilimelens apdan AYeregeashectialin oif00402000: apds. cellulosic
based materials in an amount of from 45% to 75% by weight of the nonwoven sheet 20in its dry state,

wherein {RB¢EANSERbASStl thpsH A B pRb st b kerh AN Dfanirdd fiefriatet Absicreraterafigo!
occurring gellylosic materials. selecte ardwood f 0 d bers 0qd fiber,

blends tﬁereof or bcier?gls c?f fibers m%u%rgt%}f'eg r%%‘eﬁ% %Sg?gr\:\é ﬁat%ra I?ro%%ﬂﬂrmaeegll?ﬂosm
matirials;igh Tenacitwher CindiReyoomiverents he et dragealiaaester il it opti enefficiencygfat le@ast 98%.
252.The nonwoven sheet of clause 1 wherein the binding material comprises acrylic latex, styrene
butadien@ BEISI§FhEPHLRA NS }fcrmﬁﬁme'@eﬁasﬁn@?fgb RSRERETE DOKARHDP S EAL BER vinyi
alcohol, patkfiahftRRer-Rr QthrsAaierbasgskadhesive, polyvinyl chloride, polychloroprene, epoxy,
Docket Number 20763 phenol, urea-formaldehyde, thermal melt adhesive, surface treatment material,
surface treatmeﬁ"terﬁe‘tF‘i@tﬁﬂmmi*’ltiﬂeﬁ'r fitnsp, icrosetitiidnipsadint, andkifiesion plertisniveleonr!sx Fhe
nonwove of (C:Jl_ause 1 Wheﬁ in the non- ceIIqusmgoMPerlegéb{%r%n%eméodr ergol% Ief|n olyester,

Lprammonium) 1o mantl .
polyami e po ylactl e, po ycapro actone, pLiycar Sie po yurethan yV|n Facetate IyV|nyI

chldfide, tpobyyiryiradenhobrpebsesdate arypakyacag ontetentonemeicer hlesdspeseof, preferably
polyester. 4. The nonwoven sheet of clause 1 wherein the non-cellulosic polymeric fibers are oriented.

5. The nGHABIBARYHREYEP S50 T Ivhariih tha Al SRar SARidEREILa pRIsTOWERMP oftREh 15
grams/meter2 t250, ARARRSREIRA.L 08 TRENQRWRYEN Fhegt R clause Cgkwnra@%mnmengﬂnwoven

sheet has an air permeability of at least 10 Coresta units or at least 90 Coresta units. 7. The
nonwove?ﬁgeheepbﬁeﬂees@@MMepémisth@lhmnmvmfﬁ@emm byforheticrsoflo00omesths. The

nonwovep Ia Iause 1v¥|;| ein he bacterial f| tratlo encg is at lea tg?% 9. The nonwoven
or roce e ocel FoC ss eneraHmv I"—}‘ lution of na rai cbg rlg
sheet of cfause reln e nonwoven s IS printe ermore, as Il ove for the

flrszfgeneeahleﬂmﬁlﬂénﬁaﬁn arpRekage rﬁf@blﬂﬂl rRIHGARN R 6 mmésegu}erawdrM@a{bfm%nm nonwoven
sheet of the second general embodiment; and, as described above for the first general embodiment, a

method BPPAERATRESE HecRRalPHNRE AR IRSH BPacKaEERRIRSYiSiPRs e TRYSREUNER Formed
”OnWOVeéGa%QQSthHEQn%g%Q%H?rﬁ’xle%m*aﬂgmﬁf‘Pof‘MS‘ﬂy&'&&x*HXQE%HEQAQ(/ lovmRdopuayes sheet of

the second general embodiment may be manufactured b
throughout this appiication, “fibrillate” means develop micro-fibrils or nano-fibrils on the surface of the

fiber.) Examples of nano-fibrillated lyocell are EFTec™ Nanofibrillated Fiber grades L200-6, LO40-8,
25  L010-6, L200-4, LO40-4 and L.010-4, all of which are available from Engineered Fibers Technology
{Longmeadow, Massachusetts).
The first general embodiment of the hydrautically-formed nonwoven sheet may also comprise

binding material. Binding material comprises acrylic latex (such as styrene butadiene copolymer or
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20method as described above for the hydraulically-formed nonwoven sheet of the first general
embodiment. EXAMPLES - SET | Wet process tensile strength was determined for various
samples. Wet process tensile strength is defined as the tensile strength of a sheet after the sheet is
couch rolled and removed from the forming section but prior to any wet pressing or drying. It is an
important production performance characteristic, 25as it indicates the ability ofithesNeebdrirezun
from the forming section through the pressing and drying sections. In other words, it indicates the

ability of E)h heet tolbe couched. Comparative Examples A-F and Examples A-C are handsheets
formed a2 T3P R RS A B T e TP B A e R RARERNRRY REPEER fhed to 400

CSF, as pgedes.Ehaseelldasice RegkriiNubraer 2 éhs-brsed palerinksyearedefingddnaither an

80mm single disk at a plate clearance of 0.25mm for approximately 30 minutes or a five-inch rotary

refiner uﬁﬁ%ﬁ%&&?*&d%%@i@wwmiﬁﬂl@@"ﬁhéﬁféét%ﬁéﬂhﬁ@ﬁ%@mhﬁﬁé@ %Befitdttktermining
the amoup.f fineks 18- welgl DF&fcﬁxam&.L%rﬁg{eﬂamg%eggf@eggnmg%wrg%ﬂgaﬁgnw't&rﬁe%@ m x 300
7.5 grams of Ti ight

mm Williams handsheet mold, a total of 7. ers (on 5a dry w asis) was weighed. The
fiber§ wengdtheivaigdecdo thevpudpehdso il of artwor-itéohARR aBtantasbpubist 20@honlvetwarm
(80F - 90F) water was also added to the pulper bowl, and the pulping cycle was initiated. The fibers

and watet Werd BulpetPRr it a8 KR LR S8 bt o PR eHi G e P UG SH AT R R B ACHE e ded, the
fibers andha@tanivesespulResdRr AErRQhtoRAl MR B HERS 868000 eNBlWINS AT wenty liters of

warm (80F - 90F) water was then added to the handsheet mold, ensuring that the water line was
above thBaifeetrEest. MirdpiLiiséd fibers and water were then poured into the handsheet mold. A

stirrer plate WaSAQ%‘étht‘P] Str kettlp% liquid threge times vertically. The stirrer plate was then pulled
diagonally to a corner and removed. 9& fgﬁl?ﬂieglgce!':ﬁj ne s{,% {{ﬁ?énﬁ)gdne snﬁgg{'?j?o%%glﬁov%%g rﬂﬁﬁ’@d and the
pulpéd fibersian thevate buveley alewecds shadmg\with dine: i tpech e Saaiainemh s hedaigescreen.

15The smooth side of a first sheet of 750 g/m2blotter paper was placed on the top of the handsheet

formed of' BHECHFEEE RHHIRT BRI LI PSR Se d RS Mat e ding PRI haneNESGhto the
blotter pager.sdAaWIRRREPGMWER B iRuRcRandseah WARHIRNJRRER INBIBRWIER RAERN. with

the formed handsheet and the first sheet of blotter paper, was inverted onto a second sheet of 750
g/m2 blobedpaparenidnstingvey mredlies stiehirveratbadse e Auless teisiotbvdstivatlipgdndithénotiee sheets of

blotter paqgarCZO and tglle for%ggr%?ndsheetiw re horiétont? é{geele off the wire screen. The second

Il
e redion. Bindin may be . I h tieqg, t
sheet of%otterp per was removed. ﬁ){asetl%owlr%‘ﬁt{/?/gg ﬁ%pn'eb acedoverthe forfied nandsheat and the

first Sheetoatiblpiempapetitadprrsaiyedhe-pateent preissiuain theiepueRilled hanesheehy or
Following the above procedure, handsheets for Comparative Examples A-F and Examples A-C were

made withithEepreentStfS B tsrsiedAnLHUR? WemyRY e diahries! ansivn MPALBr oY DGR Kiumber

20763 TABLE,) 248 (NI REThMigian B RELE M2 MREET Manstipeiliated
Lyocell Northern Bleached Softwood Kraft

reference.)
In addition to binding the hydraulically-formed nonwoven sheet, binding material may aiso be
20 added fo reduce and/or eliminate linting of the non-woven sheet. As used throughout this application,
“linting," also known as fiber tear, relates to fibers or other particles from a hydraulically-formed nonwoven
sheet detaching and depositing on articles packaged within a package comprising the hydraulically-
formed nonwoven sheet.
Binding materials for resin bonding include solution adhesives, which are solvent-based solution
25  adhesives or water-based solution adhesives. Solvent-based solution adhesives include but are not
limited to contact adhesives (such as polychloroprenes), activatable dry-film adhesives (such as solvent-
applied natural rubber) and sclvent-weld adhesives (such as polyvinyl chloride). Water-based solution

adhesives include but are not limited to polyurethanes, polyvinyl alcohol, polyvinyl acetate and
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Comp Ex A100.00 CompExB 100.00 Comp ExC 100.00 Comp Ex D 50.00 50.00 Comp Ex
E** 100.00 Comp Ex F* 100.00

Docket Number 20763

polychloroprene latex adhesives. Binding materials for resin bonding also include structural adhesives
such as epoxies, acrylics (including redox-activated adhesives, encompassing both anagrobic acrylics
and nonaercbic structural acrylics, and polycyanoacryiates), urethanes, phenolics and urea-formaldehyde
and related adhesives. Binding materials for resin bonding further include adhesives made from natural

5 producis such as protein-based adhesives, carbohydrate-based adhesives and other nature-based
adhesives. (See Yorkgitis, “Adhesive Compounds,” Encyclopedia of Polymer Science and Technology,
Third Edition, 2003, Volume 1, pp. 256-290 (John Wiley & Sons, Inc., Hoboken, New Jersey), which is
incorporated in its entirety in this application by this reference.)

Examples of binding materials for resin bonding are Rhopiex® B-15J (an acrylic latex binding

10 material available from Rohm and Haas Chemicals, LLC, Phitadelphia, Pennsylvania), Hycar® 26469 (an
acrylic latex binding material available from The Lubrizol Corporation, Wickliffe, Ohio), Revacryl 705 (an
acrylic latex binding material avaitable from Synthomer, LLC, Powell, Ohio), Latex DL 275NA {a styrene-
butadiene copolymer binding material available from Dow Chemical Company, Midland, Michigan),
Synthomer 50B30 (a styrene-butadiene copolymer binding material available from Synthomer, LLC,

15 Powell, Ohio), Synthomer 7100 {a butadiene-acrylonitrile copolymer binding material available from
Synthomer, LLC, Powell, Ohio), RU-21-074 (a polyurethane binding material available from Stahl USA,
Peabody, Massachusetts), RU-41-162 {a polyurethane binding material available from Stahl USA,
Peabody, Massachusetts), RU-41-773 (a polyurethane binding material available from Stahl USA,
Peabody, Massachusetts), and Airflex® 920 Emulsion (a polyvinyl acetate binding material available from

20 Air Products Polymers, L.P., Allentown, Pennsylvania).

Binding materials for resin bonding also include crosslinking agents. Crosslinking agents are
substances that promote or regulate intermoiecular covalent bonding between polymers. Crosslinking
agents may increase the heat resistance, improve the solvent resistance and/or increase the film forming
temperature of polymers. Examples of crosslinking agents are ChemCor ZAC (a zinc ammonium

25 carbonate ionic crosslinking agent), which is available from ChemCor {(Chester, New York); XR-5577 {(a
polycarbodiimide crosslinking agent}, which is available from Stahl USA (Peabody, Massachusetts); and
XR-5580 (a polycarbodiimide crosslinking agent), which is available from Stahl USA (Peabody,

Massachusetts).
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Example A 50.00 50.00 Example B 22.00 58.00 13.00 7.00 Example C 21.00 43.50 7.50 14.00
14.00 Comparative Example E and Comparative Example F each failed to form a testable handsheet.
5Comparative Examples A-D and Examples A-C were then prepared for wet process tensile strength
testing. Within fifteen minutes after forming the handsheet, the formed handsheet and the first sheet of
blotter paper were cut using a Dietz RS45 45mm-diameter rotary cutter and métaketienioeolian test
samples measuring 30mm wide and at least 130mm long. Immediately after cutting, the handsheet

test | led f the first sheet of blott er.and placed on an Al2971 Wet Tensile
0Strength Tes Bl aPAL Arals e et Rondng aleo ellal Bekhers haekicrs st imoaf of a0l 988 &ther.

10Strength Tester. RS |mmosbfﬁér3€h'ré mo

The handsbeeff testsampl@vmsiplagedas Rt thedaprefithadlales sulstasignadhpspiageaniie locking
mechanism for the mobile plate was released, and the water drip value on the 300m1 cylinder on the

Al2971 wHETHHR MRS TREBHAFEEE. REBPS A (IoE By pnG/EhgIRetsT aiateReRalR AhtRd A catch
containerunder e alerdHn ¥aluralllaasss wRsissteng et errded ingrameiaomm
based 150n the milliliters of water present in the catch container when the handsheet test sample
brokeé pufhewenprecessitensipstecoythdetdemingdt fareschnet Compamnatisetxamplies A-F and
Examples A-C is.r gorded in.TABLE 2. The recorded values represent an aver"aége of five samples

tested for 850 e'g@rﬁ&%ﬂe'D@gﬁ&eﬁﬁﬂ%wW“ﬁ@ﬁrﬁs?f "BHIR OGRS AR E I RERG R R SO mm)

Comp EXaBhesives and Applications, Second Edition Revised, 2004, Chapter 8, pp. 425-557 (CRC Press, Boca
Raton, Florida), which is incorporated in its entirety in this application by this reference.)

Binding materials for resin bonding may be blended. For example, the binding material may be a

10 blend of styrene butadiene copolymer, polyurethane and crosslinking agent. The binding material may be
a biend of polyvinyl acetate, polyurethane and crosslinking agent.

Binding materials for resin bonding with different stiffness characteristics (e.g., 100% modulus,
elongation percent, glass transition temperature, etc.) may be blended to enhance the bond. For
example, RU-41-162 {a polyurethane hinding material available from Stahl USA, Peabody,

15 Massachusetts), with a 100% modulus of 1500 pounds force per sguare inch and an elongation of 400%,
may be blended with RU-41-773 (a polyurethane binding material available from Stahl USA, Peabody,
Massachusetts), with a 100% modulus of 800 pounds force per square inch and an elongation of 710%.
The binding material with the lower 100% modulus contributes to melt and flow while the binding material
with the higher 100% modulus contributes to solidification.

20 Thermal bonding involves the addition of heat-sensitive (e.g., meltable) fibers and/or other
materials as binding material for the hydraufically-formed nonwoven sheet. These binder fibers and/or
other materials are generally thermoplastic and may be activated (e.g., melted) by treatment (e.g.,
heating) during drying, during calendering or otherwise. For example, if the activation step can be
combined with the drying step, the heat-sensitive materials can be an efficient and cost effective binding

25 material, as some binder fibers swell and partiafly dissolve when the nonwoven sheet reaches
temperatures of from about 40°C to about 80°C in the drying section. Examples of heat-sensitive, binder
fibers include but are not limited to polyvinyi chloride, polypropylene, polyethylene, celiulose acetate,

polyester, polyvinyl alcohol and polyamide. (See Dahiya, et al., “Wet-Laid Nonwovens," 2004
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282,00 Comp Ex B 131.00 Comp Ex C 186.00 Comp Ex D 229.00 Comp Ex E"* 0 (no formed sheet)
Comp Ex F** 0 (no formed sheet) Example A 338.00 Example B 327.00 Example C 358.00 Examples
A-C combine first non-cellulosic polymeric fibers and second non-cellulosic polymeric 5fibers.
Surprisingly, these handsheets show significant improvement in wet process tensile strength,
compared to the values for a handsheet with 100% of the first non-cellulosic pabytie Ngritlee?s763
(Comparative Example A at 282 g/30mm) and for a handsheet with 100% of the second non-cellulosic
polymeric fibers (Comparative Example E at 0 g/30mm). The substantial flexibility of the first non-
celIulosic(B!c%?/lrmégﬁg?ﬁ)%%s%{jﬁ%} & F gﬁﬁ[ﬁ%ﬂ %%cﬁté%%a%gﬁgé?#ﬁpewrﬁ\éﬁts IEH Hwegasrte%cec%a N6 & Nulosic

10polymesie:fikessdraayieentdbuie (oithase SUgsigd e stbsyileXXAMRIE Sensdaded), whichGomparative
Example 1 is a first sheet of spunlaid continuous high-density polyethylene fibers, specifically, a sheet
of Tyvek(FIB7SE IV 4H SBE b SN FPBIFIOMPUBINERGE0FE ind Company (Wilmington, Delaware).

LoComparative ExpRRIe AisA.PREANd SGE AT aPHIAI IR O sgldR R AR EHYIene fibers,

specifically, a sheet of Tyvek(r) 2FSBTM, available from E. |. du Pont de Nemours and Company
(WilrbingteatyeBlelawipastpr cross-Smtiopasativerdaeainpiecd d62:0 skeeiet bmedicalsgradedoapesrapecifically,

a sheet of Neenﬁh Paf?é 8§|@/m2 Gra9§ S-89144, available from Neenah Paper, Inc. (Alpharetta,
v

Seorgia) a8 SIS Bl Tes o 0t AP E el R A 4 60RO R AR SRler ST RH Bt

formed baseadrl ARl 652 Mathed do20a5REen) franing:haadsheris fasphyisicatdestmetpulp.”
TAPPI Test Method T 205 sp-02 is incorporated in its entirety in this application by this reference. In

forming tRiss@reaRtdReEd PAP P RS IR PTE TS5V aceteNensiwinf tHedroiarit
exceptions, , RAGKEENHIDEL 204 B R rgth O?ﬁ)er%mé'i‘e‘?s‘jeg%td%% '@%Pcoﬁ%%ag /ﬁ’nnf%?%}@'g'é‘oq a specimen of

24 + 0.5 g moisture-free fiber, for a handsheet with a basis weight o er components were
weidghed palpdsteyipdt et @b gr-antidry aveightgheetheatiesf additairrgbisobinderidnaleriakifanye
Regarding disintegration, instead of diluting the specimen to 2000 mL and disintegrating at 3000 5rpm

until all fisE' BEHAES BHUNSIEF2r_L Y (Ut 6 B REBAEHODEFEVSittibifs) b BT e R Wrer diluted

Fibers Technology (Longmeadow, Massachusetts).
Additional examples of heat-sensitive, binder fibers are various fibers available from Minifibers,
Inc. (Johnson City, Tennessee). These Minifibers fibers include the following. E400 Fybrel® Synthetic

15 Fiber with an average diameter of about 15 micron and an average cut length of 0.9 millimeters; E620
Fybrel® Synthetic Fiber with an average diameter of about 15 micron and an average cut length of 1.3
millimeters; Binder Fiber Polypropylene Fibers with an average diameter of 2.0 dpf (about 17 micron) and
an average cut length of 5 millimeters; Bionelle/Biomax Aliphatic Polyester Bicomponent Fibers with an
average diameter of 3.0 dpf (about 18 micron) and an average cut length of 2, 5 or 10 millimeters:

20  Bionelle/Biomax Aliphatic Polyester Bicomponent Fibers with an average diameter of 6.0 dpf (about 25
micron) and an average cut length of 2, 5 or 10 millimeters; BC110 (Co-Polyester/Polyester Bicomponent
Fibers) with an average diameter of 2.0 dpf (about 14 micron) and an average cut length of 3, 6, 12, 19 or
25 millimeters; BC185 (Co-Polyester/Polyester Bicomponent Fibers) with an average diameter of 3.0 dpf
{about 18 micron) and an average cut length of 3, 8, 12, 19 or 25 millimeters; and Low-Melt LLDPE

25 Polyethylene Fibers with an average diameter of 6.0 dpf (about 30 micron} and an average cut iength of
2,3, 6, 12, 19 or 25 miliimeters.

Surface treatment materials and methods bind the hydraulically-formed nonwoven sheet by

altering the surfaces of the fibers and/or other materials in the nonwoven sheet. Methods of altering the
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to 1400mL in a Breville-modified 1400mL hydropulper. Smaller, shorter fibers (such as the first
non-cellulosic polymeric fibers, if any, and cellulosic based materials, if any) were diluted first, followed
by larger, longer fibers (such as the second non-cellulosic polymeric fibers, if any) and then followed
by even larger, longer fibers (such as the third non-cellulosic polymeric fibers, if any). Fifteen - thirty
seconds of 10agitation occurred between the additions of different size fibers DockeRiggaue 20ge3
sheetmaking, the standard six-inch perforated stirrer was replaced with a three-inch open-blade stirrer.
Regardin uching,.the standard couch roll was replaced with a four-inch Speedball(r) rubber roller.
15Regar in%gg Cﬁféggfgnugfbéjf)arrgsnﬁr{g g?ept)ov(/%n%oﬁlg Ss\'\éep."aboun%ré%%{r%ﬁﬁéa&%’ﬁﬁé’ B ?r?é:?etg %‘aﬁa\{cing a
heavy weiihtyor tepcptaisinekuod ariaguiagsa @ Glampinthéhamitaostheiwinsuitable clamping
system, and then using an overnight drying period, a handsheet was transferred from the blotter paper
used in tFEERARIREFY SHEETBIGE BYRsd T e BRI HE A UHTRS MR Wes placed on the
handsheg!, qBheilolhackecbirleastRanetn T hehpodsharh dhe oiliagbackagrelpane panes and the
drying ring were then placed in a Euro-Pro convection oven at 200F - 225F for 15-30 minutes or until
dry. Rapibedriergidpossibie tiedmmetafitherperzentagecebridakice|lBiosithpulyanetis fibentie the
handshe%ts.t R§n9 dir rts))ind'pog rtrhaterial, .Z%r handsheets vvtith ahbin,ding material %:om\%arative
Examples 7, B and 10°and Examples t8-50, 3253 BRE°33.34) S BirhsFSitifoll B8 REE Slted. After
drying, therzShanedsheet wastansipirathiaca sipcshaghehifelthackead delpaseaapasrdibalinding
material was prepared by diluting the binding material to 5% solids in distilled water. The amount of

binding n¥3perRsl O EBEHETPAL ledteREI e BeR beasiRiy; tor thagiat ierabaameierals @avdent of 25%
by weigh ith, j ight.of MR iB 0 f the 5%
solution v%gso%egggg I%Ica)%giyggé{@ﬁgﬁhsﬁ)%%%%%égtﬁjggﬁg%écﬁﬁee%%%o%%ﬁh%&lﬁge r?h%%ﬁé?s"%@% amount of
28%{by erigktcaba laridsivest witoa-basis e gightiof 08k gilmZipidtendrjo state, speoss addmL of the 5%
solution was added to the handsheet. The binding material was placed on the handsheet via a 3-mL
syringe of "5 4RI P BEE RIS LRy &5, iRt IReEMBARt BrHiRGIRE M ARY RS SaSEidted on
one side @fiheidiagasheekoNdwmbneisneadhsdi(er slaradeiier yvasdhebrpseddnmioththe binding

material into the handsheet. The handsheet was then turned over, and the remaining amount of
binding ri{efR (P48 Britet Bn tbesiner Siecikrectonétamres e/ eraadsHdecwieoahe Yot &ditRrdrying

ring was fhieh plagedoxgrifieaandahealontile fal hasked ralease papdl e Handsnes!,ne
foil-backed release paper and the drying ring were then pf?aced N & EUFD-Pro convection oven at 200F
- 225F forsEn#BQyrnithidespoicatioti gnpisAéferdfitic epeniswukesdn, itelovenidherhandsheanhmays30be
removed and re-rolled to improve surface smoothness. After angpre-rollin% the sheet is returned to the

oven to ISR BRI AE HERYRY Technoiqgu s et R FPrEP AR AL Biipid RS Balendered
(Compargtiver fxaer!es:d, drandsidand-fsampes it pnthilisitforalenietrasigp was added. A

pilot calender from Wheeler Roll Company (Kalamazoo, Michigan) was used to calender the
handsheets. (Thi fikboeaten dewpriveref tEHudseyioslefRutidneevDisty shiestmsgbar moter with initial
1725 rpm reduced to 30 ¢ ressure ranges from 0-600 pouynds force per square. inch gauge for the
low pressa;?é ggugr%a)égﬁ\‘?gsﬁ %Oliso%o(%nf)eéu n%ggf&%gnpi%@%ﬂg?gq%%:w ﬁgueégnﬁre the thelEg;fﬁvgpé)sl%sure
gauge, twoeyisaiutiocylindsesseyeachoaxiovitieaanssnab tiameterigiamiohdddabhystaylic area
of 1.57 inch2, two solid stainleﬁs steel calender rolls each with 127mm diameter and 210mm width,

and two 1¥BERRH e OB RIS hiAGHN O BT HR AT R RP TR AN RE AhloRst 8pRetdS. PaRacalender
rolls wergylighily-fReraetiAndrihie.Releh iPsh BB IR WasRILBIPS of REPEHIYAP WRIGAAISO
initiated to heat the calender rolls to 90C. After about two hours of heating time, the temperature of the
calendenrdlsaftrmaterifit dwith! 690 Bxiessh0 drestraiyeriebMirfidRoThesma oo etductivithiaiue oparatistg range

of -50C %%g%ocgljierﬁtetgl etc%a n eerpiggil)]/it ocg, 01952{ Orgice the temﬁerature of the calender rolls
reached 90C, tHe heat Guns wers deactvatad “and ¥ L ARIN QL HSNIEeH B At REEEP S Jurn for about
fiveminutes(ty allperdheigatendastalinia epeh aavidibnigm: FhedydrRuiadeyeswasmpamped until a
pressure of 700 pounds force per square inch gauge (about 220 pounds force per lineal inch) was

reached "THEFATIEHRS AP TR IS EE h b S U Htdcs vt YHeepsygbrat fe%sheet was
allowed fo-fum ihiouabtha.ai dowr limesd beasaleasdoisersdhen. Rocket Number 20763
stopped.é?lé'B he hgr?dsheet was remdvedufrgr%- or?eg(!)f the calengér ro Ig &o w%?ch E|>t ad%lereéﬁ%htly) with a
small spegaude. onlittfatab abatacebiarbgets! 9 FARR! fdrespM etirec: TR aR:-0R, dvangdsheetsftraring
Comparative  Examples 7, 8 and 10 and Examples 19-23 and 33-34 were made with the processing
conditions and 5percentages of fibers and binder material (on a dry weight basis), as shown in TABLE
3. TABLE 3
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2.5 Micron 1.5mm PET 7 Micron 5mm PET 18 Micron 12mm PET Nano- fibrillated Lyocell Northern
Bleached Softwood Kraft Eucalyptus Poly- urethane Styrene Butadiene Acrylic Latex Cross- linker
Processing Condition Comp Ex 7 55.00 7.00 10.00 13.30 13.30 1.40 Calendered

10

15

20

25

Docket Number 20763

resistance of at least about 150 grams or preferably of at feast about 275 grams, a slow rate penetration
resistance of at least about 25 Newtons or preferably of at least about 40 Newtons, an average tensile
strength of at ieast about 6 kilograms/15 millimeters or preferably of at least about 7 kilograms/15
millimeters and an average strefch of at least about 7% or preferably of at least about 11%. Additionally,
the nonwoven sheet may have a wet process tensile strength of at least about 100 grams/30 millimeters.

The nonwoven sheet may be printed. Such printing may include but is not imited to product
identification, security identification and tamper-evident means and devices. The hydraulically-formed
nonwoven sheet may have a surface energy level of at least about 42 dyne; this dyne level is expected to
enhance the printability of the nonwoven sheet.

The hydraulically-formed nonwoven sheet may exhibit heat resistance. As used throughout this
application, "heat resistance” means the ability of the nonwoven sheet to maintain dimensional stability
and to resist damage and deformation when exposed to elevated temperatures. With due consideration
to the melting points of the fibers comprising the sheet (such as polyester fibers with a melting point of
about 260°C), the hydraulically-formed nonwoven sheet may maintain dimensional stability and resist
damage and deformation when exposed to temperatures up to about 200°C. This is in contrast to sheets
made of polyethylene fibers, such as those sold by E.I. du Pont de Nemours and Company (Wilmington,
Deiaware) under the trademark Tyvek®. Tyvek® sheets are known to maintain dimensional stability and
resist damage and deformation when exposed to temperatures only up to about 140°C or less
(considering the melting point of polyethylene is typically in the range of 105°C to 130°C). Above 140°C
or less, such sheets are known to lose dimensional stability and “transparentize,” as the materials in the
sheets melt together and the sheets then resemble transparent flexible packaging films with, in part,
significantly reduced air permeabitity.

The non-woven sheet may comprise one or more authentication markers. Examples of
authentication markers include but are not limited to watermarks, embossing, authentication fibers and
authentication dyes.

The nonwoven sheet may include an antimicrobial fiber, particle or other material or may be
treated with an antimicrobial material. Examples of antimicrobiat fibers and particles include but are not

limited to natural bamboo fibers, natural chitosans, lysozyme, bacteriocins such as nisin, and synthetic
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Comp Ex 8 55.00 7.00 10.00 13.30 13.30 1.40 Calendered Comp Ex 10 70.00 30.00
Calendered Example 19 30.00 25.00 7.00 10.00 13.3013.30 1.40

10

15

20

25

Docket Number 20763

fibers treated with an antimicrobial agent {(such as quaternary ammonium compound or octylphenol
polyoxoethylene) prior to melt spinning. Examples of antimicrobial treatments include but are not limited
to quaternary ammonium compound, naturally occurring genistein (an isoflavone derived from soybeans),
conjugated linoleic acid (a fatty acid derived from linoleic acid), propionic acid, colloidal silver, lysozyme
and bacteriocins such as nisin.

The nonwoven sheet may be coated on one or both of its sides with a heat-sealable coating
material (as defined, in part, below).

The nonwoven sheet may be coated on one or both of its sides with a pressure-sensitive
adhesive (PSA) (as defined, in part, below). The PSA may be continuous and applied all over the sheet
or may be discontinuous and restricted to pre-determined, discrete sites (e.g., pattern-applied).

The nonwoven sheet may comprise a charge-chemistry modifier. In another embodiment, the
charge-chemistry modifier may further comprise a charge-modifying electrokinetic potential treatment
such that the electrokinetically charged sheet would repel bacteria with cell walls of similar charge and
would attract bacteria will cell walis of opposite charge, where the bacteria are gram-positive or gram-
negative in nature.

The non-woven sheet may comprise a single fayer or multiple layers. In a multi-layer sheet, a
first layer may comprise the first non-cellulosic polymeric fibers and a second layer may comprise the
second non-cellutosic polymeric fibers. In another embodiment, in a multi-layer sheet, cne of the layers
may comprise a scrim material {as defined, in part, below).

The non-woven sheet may exhibit any combination of the above properties. In any given
embodiment, it may have one, two, three, four, etc., or all of the above listed properties.

In another embediment of the first general embodiment of the hydraulically-formed nonwoven
sheet described in this application, & package (for an article) comprises the hydraulically-formed
nonwoven sheet. The article packaged may be a medical device, desiccant or other item or material.
The nonwoven sheet is as described above for the first general embodiment in that it comprises first non-
cellulosic polymeric fibers in an amount of from about 5% to about 90% by weight of the nonwoven sheet
in its dry state and second non-cellulosic polymeric fibers in an amount of from about 10% to about 95%

by weight of the nonwoven sheet in its dry state. The first non-cellulosic polymeric fibers and the second
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Calendered Example 20 30.00 25.00 7.00 10.00 13.30 13.30 1.40 Not Calendered Example 21
41.00 35.00 10.00 14.00 Calendered Example 22 20.00 25.00 7.00 10.00 10.00 13.30 13.30

10

15

20

25

Docket Number 20763

non-cellulosic polymeric fibers are also as described above. As also described above, then nonwoven
sheet has various properties.

In one embodiment of the package comprising the hydraulically-formed nonwoven sheet, the
package may comprise at least one additional layer that is directly adhered to the nonwoven sheet. (As
used throughout this application, “directly adhered” means with no intervening layer.} The additional layer
may comprise another hydraulically-formed nonwoven sheet (as described in this application), paper,
thermoplastic material (as defined, in part, above), binding material (as defined, in part, above), coating
material (as defined, in part, below) or a combination of these. Thermoplastic materials include but are
not limited to homopolymers and copolymers of, for example, polyolefins, polyesters, polyamides,
polyvinyl acetates, polyvinyl chiorides, polyvinyl alcohols, ionomers or blends of these polymers. The
additional layer may be directly adhered to the entire surface of the nonwoven sheet or it may be adhered
to onty a portion of the nonwoven sheet (as, by way of non-limiting example, where the ncnwoven sheet
is attached as a lidding sheet to a thermoformed container). The additional layer may cover the
nonwoven sheet in its entirety (i.e., be the same size as the nonwoven sheet), may cover only a portion of
the nonwoven sheet (i.e., be smaller size than the nonwoven sheet) or may extend beyond the nonwoven
sheet (i.e., be larger size than the nonwoven sheet).

In another embodiment of the package comprising the hydraulically-formed nonwoven sheet, the
nonwoven sheet may be directly adhered to itself. By way of non-limiting examples, two hydraufically-
formed nonwoven sheets may be heat-sealed together along the edges to form a pouch or one
hydrautically-formed non-woven sheet may be formed into a tube and heat-sealed via a lap-seal, a fin-
seal or other seal configuration.

In a further embodiment of the package comprising the hydraulically-formed nonwoven sheet, the
sheet may be thermoformed. Thermoforming and other similar techniques are well known in the art for
packaging. (See Throne, “Thermoforming,” Encyclopedia of Polymer Science and Technology, Third
Edition, 2003, Volume 8, pp. 222-251 (John Wiley & Sons, Inc., Hoboken, New Jersey), which is
incorporated in its entirety in this application by this reference; see also Irwin, “Thermoforming,” Modern
Plastics Encyclopedia, 1984-1985, pp. 329-336 (McGraw-Mill Inc., New York, New York), which is

incorporated in its entirety in this application by this reference; see also “Thermoforming,” The Wiley
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1.40 Catendered Example 23 20.00 25.00 7.00 10.00 10.00 13.30 13.30 1.40 Calendered Example
3320.00 50.00 30.00 Not Calendered Example 34 20.00 50.00

Docket Number 20763

Encyclopedia of Packaging Technology, Second Edition, 1997, pp. 914-821 (John Wiley & Sons, Inc.,
New York, New York), which is incorporated in its entirety in this application by this reference.) Suitable
thermofarming methods include standard, deep-draw, or plug-assist vacuum forming. During standard
vacuum forming, a thermoplastic web, such as a film or sheet, is heated, and a vacuum is applied
5 beneath the web allowing atmospheric pressure to force the web into a preformed mold. When refatively

deep molds are employed, the process is referred to as a "deep-draw" application. In a plug-assist
vacuum forming method, after the thermoplastic web has been heated and sealed across a mold cavily, a
plug shape similar to the mold shape impinges on the thermoplastic web; and, upon the application of
vacuum, the thermoplastic web conforms to the mold surface. After thermoforming, with due

10 consideration to the melting points of the fibers comprising the sheet (such as polyester fibers with a
melting point of about 260°C) and the resulting heat resistance of the nonwoven sheet (as defined
above), the physical characteristics (such as bursting strength, internal tearing resistance, tensile
strength) of the hydraulically-formed nonwoven sheet are not expected to change significantly.

In another embodiment of the first general embodiment of the hydraulically-formed nonwoven

15 sheet described in this application, a method of packaging a medical device uses a package comprising
the hydrautically-formed nonwoven sheet. This method of packaging comprises (1) providing a package
comprising a hydraulically-formed nonwoven sheet with first non-cellulesic polymeric fibers and second
non-cellulosic polymeric fibers; {2) placing a medical device in the package; (3) enclosing the medical
device in the package by forming a continuous closing seal; and {4) introducing a sterilizing gas into the

20 sealed package through the nonwoven sheet. The nonwoven sheet is as described above for the first
generat embodiment in that it comprises first non-celfulosic polymeric fibers in an amount of from about
5% to about 90% by weight of the nonwoven sheet in its dry state and second non-cellulosic polymeric
fibers in an amount of from about 10% to about 95% by weight of the nonwoven sheet in its dry state.
The first non-cellulosic polymeric fibers and the second non-cellulosic polymeric fibers are also as

25 described above. As also described above, the nonwoven sheet has various properties.

In accordance with this method of packaging, a package comprising the first general embodiment

of the hydraulically-formed nonwoven sheet is provided, and a medical device is placed in the package.

Non-limiting examples of medical devices that may be packaged are tongue depressors, bedpans, dental
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30.00 Not Calendered Comparative Examples 3-6 and Examples 1-18 and 24-32 are handsheets
formed as follows. JO Any cellulosic based materials to be included in the handsheet were refined to
400 CSF, as needed. The cellulosic based materials were refined in either an 80mm single disk at a
plate clearance of 0.25mm for approximately 30 minutes or a five-inch rotary refiner under load for
approximately five minutes. The test specimen was obtained by first determiningdhernameuriizes fibers
to weigh. For example, for a 100 g/m2 handsheet produced with a 250 mm x 300 mm Williams
handsheet mold, a total of 7.5 grams of fibers 15and binder material Cif any) (on a dry weight basis)
were weidlied"THE ?fﬁ{%’?g’\}&‘épﬁfﬁgﬁ RV I PRSP BOR SFE R0 T ABIFSIAHERRd pulper.
2000 mL afiyarndSFsuQRmaaies wasalseaddeshtadhmpureshawl.anditaesRulping swele was
initiated. The fibers and water were pulped for three minutes or 9000 revolutions. For additional
dispersiofi®4€heeded, the fibers and water were pulped for an additional two minutes or 6000
revolutions. 20T iter . - . h n t d,
ensuring that tth v%g%dr“{age\%g%%i)ﬂ%\% % igs\%ﬁﬁ)[sh\g%%rﬁ.%%%g E%%i%%ﬁ)ggﬁ%r% Q\/@g{%ﬁ%&iﬁin poured
into the hamdsimeetclredld séabtitiedeplateisvas insed tostrakesthe hgliddhiree timasniestigadly. The stirrer
plate was then pulled dia onall){ to a corner and removed. After five seconds, the handsheet drop

valve waSPGi¥E SBOUREXNIABEN 20963 8#¥the pulped fibers and water were allowed to drain, with

the pulped fibergdgtaiagehby dheWEE SFEaRNpdReRNoPRRidenof i fiishishegtafn{ pOaBeblotter paper
was placed on the top of the handsheet formed on the wire screen. A couch roller was then used to

flatten théYeimmé it egrissratedistd tasethrotiepiiapos, SERerv@ve eorbieh abisashendosrateh dmeisiieet was
then raisgd; aadwaq thte XYirﬁ? screen with the formed Shandsheet and, the first sheet of blotter paper, was
inverted e R e e S S A B e
raisHll vestisiatly pAatnaljhedweoichettsrafibiaiian papeaemndithedormethrids heekuenediararontally
peeled off the wire screen. The smooth sides of two sheets of 750 g/m2 blotter paper were stacked on

the expodetft8p R AN SRR HIBREEPASE S BT HREIB N SP Kt RaLt S RAHRISE smooth side of
each shegf ghRINIGERARGRIAFRLINE S4RA3AGAAR NG LAtormEd NPOASRAEL to anoliEnformed
handsheet with the two sheets of blotter paper on each of the top and bottom was placed in a felted
Voith 20-3eePidetipinesa) presssaw seellieopsorindsoi e aheristpaiddnbhub2ije. faiofiteisr seatonds and
then pressed at. 300 pounds force.per re. jnch gauge for another fifteen seconds. The pressure
was relezesné%?{%tﬁg ﬁ@%‘r?ngﬁéu%n Sﬁg&qﬁﬁ? §1aen WO g‘??@éetsss%rfa ﬁl?o%)er? %%éjﬁé?% ogé%%nf%?ei grtop 15and
bottom wagdenmeoredaiiam Bue.wetiPress per sqUdie ifermedhaadshaetwithsthetmoosieaisaf blotter
paper on each of the top and bottom was then placed in a 220-volt, 1400-watt Norwood handsheet

dryer. THESRUEM AL RRK AN S50 tREFYANEChEHERT aRPIRP IR B Wb B BRItEEP BdBer on each
of the tO%&l’_ﬁGs@Qﬁé@%P/\é%a%'ﬁ%% e@d%@m'%@m@&}ﬁeﬁh% BB UPLARREE wasfgmoved
from each side of the formed handsheet. The formed 20 handsheet with one sheet of blotter paper on
each of teetepard Batitimalyas piatbedeimadirn@t olith 156 Gowwatirstiohi antis: maatittghedtislofere The fabric
was tightf(-:g)réed(3 and the &%rgwgd hl,ar“jsgweet dwith the one sheethof bloztter Daper on eachlof the top and
bottom W3S dried at 1BOF f6F fBn minaes . "o RSP irRed ARG SRERTC ST R L8 praclianetitd
(Examples=29:B20 wesfiemsificating neswErtas ok nibe-are.shestefikiotsspraper prk@gsh of the
top and bottom of the handsheet was removed 25 from the handsheet. The formed handsheet was

trimmed $6PYE78 Yo ARfst BOETRNEIAYBIIBE CRREhGETSREINGIREBIE REMTHRIHARY tlarisidzoo,
Michigan)yyas used to pre-densify the handsheets. (This pilot calender is as described above.) The
calender rolls were lightly engaged and the motor to turn the rolls was initiated. The heat guns were
also initiated toHweas¢hle majerdemredl $itarObGulddtenabaut itwo fwoses iDocket Wusnbes20 46 B«af heating
time, the temferature_of the calender rolls was verified with an Exteche Instruments Mini IR

ThermorASTEr RIS KH"85BPSEING PRRGAGF-Bobets S50t bl fsRite B es A M B RIS HE 6 PO BB 2B nce the
temperahseabtirgarngdanimisreashed dedthedpatiauns were-deastivateskRad tha.salender rolls

were allowed to turn for about five minutes (to allow the calender rolls to reach equilibrium). The
5hydrauReifeor avars putsisedentil a pressure of 700 pounds force per square inch gauge (about 220
pounds force pgy.lineal i reached. The handsheet was then. feed into f&e ip. through the slot
e satety oo e e e B e e B R e
then stoppedwihe haricshast waso e psovec: i oabidhec adesreta of i étaowinchnitadinered lightly)
with a small spatula. 10After pre-densification, one sheet of 750 g/m2blotter paper was placed on each
side (i.e., the top and bottom) of the pre-densified handsheet. Pre-densified handsheets with the one
sheet of blotter paper on each of the top and bottom as well as non-pre-densified, formed handsheets
still with the one sheet of blotter paper on each of th& top and bottom were then placed in a
forty-kilogram dry press for twelve to twenty-four hours. The sheets of blotter paper were then
removed from the handsheet. 15For formed handsheets with a binder material (Comparative
Examples 3-6, Examples 1-9, 11-17, and 24-28 and pre-densified, trimmed Examples 29-32), the
binding material was then added as follows. A powder-coated steel coating board (with dried latex

laviar\ haviinAa Aaraatoar thanm AE Avina crirfFarcroa anarcnv wwine 1iennd ODOne cida nf thoe foarmmad handehaoaot wae



25steel coating board. For lower density (e.g., about 0.45g/cm3) 250mm by 300mm size handsheets
with a basis weight of 100 g/m2, about 9mL of dilution water was added for the first side; for lower
density 250mm by 300mm size handsheets with a basis weight of 80 g/m2, about 8mL of dilution
water was Docket Number 20763 added for the first side; for higher density (e.g., approximately
0.75g/cm3) pre-densified 127mm x 216mm handsheets, from about 0.3mL to alvokst duBinek 2diktion
water was added for the first side. Using a syringe, binding material in an amount based on the dry
weight dedsi ;eéj was zzdoked to the dilution .Watelr on the steel coating board, The %mountl()tf binding
material A05d 15 X FUCRbR BT B iR Bt S RSERIA N6 R R ASRT RSN VS TE T LhESt generally
requires adgreaterpescriaeas bintinthmatedal dhanyaniobss dessity terwoves. shasterBinding
material in a total amount up to about 40% by weight of the nonwoven sheet in its dry state is used to
coat lowd @t ooy -prallgarished 350mbHeBucHRTeii ablsetliabat d A8 AeAde i Pl in a total
amount % ight. . eet in | tate | e

ighr donaty e AP Lo B ey P S a2 AR AR  weight of
100dYm2qprivetionanyisansenihgl) segwires adtotattofs/abigramerafdileesis siedgtigomatersaband Dther
materials QOn a dry weight basis).) The total amount of binding material to be added was split, and fifty
percent ¢f B9ESREUAL WA Sdded to the dilution water for the first side. The dilution water and the
binding materialrwerextRep sreak oWl 9 samietel-Roekthe ot Sheaseafpiiasteel coating
board. The handsheet was positioned over the correct size area and 15allowed to gently settle in the
liquid to dodietiienirdesige narer DSBS By BidsesRrir toahiatidiadetire Raskashedqvas removed
from the liguid. ' ringe,. dilution water in. an amount sufficient to fully but not excessively
wet the S5 B R e R boar
Forlidwesteginsityg2S Oaymoby 3R0mymesiz etdzan detyeatsoniil) ar basishiveighto§dB0 g/m2, about 4mL of
dilution water was 20added for the second side; for lower density 250mm by 300mm size handsheets

with a basis welBHtotBOG T ARG SHES B b ARTRYRA RSP U RN o YR S LBRBCEEST & higher
density, presdlensifigdrbd smmex PASIMLRANSNSRI Se O ARONHL O30k it 3RAL- R ilution water
was added for the second side. Using a syringe, the remaining fifty percent of the binding material was
added to the dilBtgem (gehdar)tbierdzasiondrokbesen itiskidstetebooseinigdionmdtTentiledipiesaeateeand the

binding material were then spread. out 25to0 completely pool the correct size area on the steel coating
ponr Th e e S R P e T B B Sy et
in the liquidcs coatidhetsesmbsitessAfterdafe B8 secandstalisetiing e thatigLithathechandsheet was
removed from the liquid. A 12mm glass lab rod was used to roll the binding material into the
handsheBift&HoiZ38heeded. Docket Number 20763 The coated handsheet was then placed
on a sheet of foflhacked FSIRAMR PRARE m@m?afmwﬁm&g Wéh@‘%ﬁe%@%‘&ﬂ%%%@é?é?se
paper and the tray were placed in a 110-volt, 600-watt Excalibur(r) Convection Dehydrator at 145F for
two minutesss Tite hasitisheedttobsethie ASiish eddathe retiimetbebrésistBeadibior (rpr@ommestsh (Behydrator
at 145F. é%ﬂer dt\%o %}ir%eqs, Lhethﬁgdtseh%esttvy.ﬂs 5 transferred to a olx.c rbonaite creen and returned
to the EXCAIIBUID CONVEC %neﬁe?'nydsra ora iﬁ%tffqgf?%elfrs finates. ﬁe'ghgﬁ%%wé% Was then flipped
andoeturaagtatipg Faamlun(sufinavestiavRehy diateaai-laik for an additional four minutes. The
handsheet was then removed from the Excalibure Convection Dehydrator, and a sheet of foil-backed

release paper WASHRRERD A¥E5H Usierbag B¢ 58 e aat sy ur tHdsHard saseroveiRarb’heet
with a s foils - Qfthe. ) iast edina
0o LA o A T e R B i sheet
of foil-baciedmeétchsegobqprrcon eadbinafitheftiypsandyetiomativas. dried at 235F for four minutes. For

dried handshee{ts that were calendered (Comparative Examples 3-6 and Examples 1-8, 10- 16, 18 and
24-32), calendenfg SeaHETEE HETENE A’HVE%H‘BEHE&E"HS yERSATRIEY T@ﬁ%@?ﬂ?ﬁeﬁiﬁéﬂﬁmm

wepe tringirRetiowhahsizand\pilpicalenserdramavihesianimlicanmpana(krlagagant Mishigan) was
used to calender the handsheets. (This pilot calender is as described above.) The calender rolls were

lightly erf§stjEdafiethemietorddaianraseusrs Veasaatbteaorie festrgnaauwerechliseheiiaed to heat
the cale r 0 ter f ting ti the perature of the calender rolls
was Ve B e S B e A BT o 20
380C, calibrated to an emissivity of 0.95). Once the temperature of the calender rolls reached 90C, the
heat guns were deactivated; and the calender rolls were allowed to turn for about five minutes (to
allow the calender rolls to reach equilibrium). The hydraulic lever was pumped until a pressure of 700
pounds force per square inch gauge (about 220 pounds force per lineal inch) was reached. The
handsheet was then feed into the nip through the 1Bt in the safety guard. The sheet was allowed to
turn through the nip 25four times. The calender rolls were then stopped. The handsheet was removed
from one of the calender rolls (to which it adhered lightly) with a small spatula. Docket Number 20763



Following the above procedure, handsheets for Comparative Examples 3-6 and Examples 1-18 and
24-32 were made with the processing conditions and percentages of fibers and binder material (on a
dry weight basis), as shown in TABLE 4. TABLE 4 2.5 Micron 1.5mm PET 7 Micron 5mm PET 18
Micron 12mm PET 14 Micron 10mm PET 17 Micron 10mm PET Nano- fibrillated Lyocell Eucalyptus
Cotton Poly- urethane Styrene Butadiene Poly- vinyl Acetate Cross linker Processingu@osidition Comp
Ex 323.72 10.05 15.29

10

15

20

25

30 pounds force per square inch. Longer flush times may be used if desired for the particular package
configuration,

The vacuum may be applied for a time sufficient to remove the desired quantity of gas. For
example, the vacuum may be applied for from about one second to about ten seconds or preferably for
from about five seconds to about ten seconds. Vacuum times may vary depending on the package
configuration, the quantity of gas to be removed, the items packaged and other variables.

in a further embodiment of the method of packaging a medicat device using a package
comprising the hydraulically-formed nonwoven sheet, the package may comprise active package tracer
indicators, such as those for detecting the elimination of bacteria, the completion of sterilization, the
presence of any package leaks or the achievement of maximum sterilization temperatures.

In another embodiment of the first general embodiment of the hydraulically-fermed nonwoven
sheet described in this application, the hydraulically-formed nonwoven sheet may be manufactured by a
method comprising the sequential steps of (1) adding materials to a hydropulper, (2) agitating the
materials added to the hydropulper to form a furnish, (3) delivering the furnish from the hydropulper to
holding means, (4) delivering the furnish from the holding means to a forming section to form a web, (5)
dewatering the web on the forming section, (8) couching the web to deliver the web to a pressing section,
(7) pressing the web, (8) delivering the web to a drying section and (9) drying the web. The materials
added to the hydropulper comprise water, first non-cellulosic polymeric fibers in an amount of from about
5% to about 90% by weight of the nonwoven sheet in its dry state and second non-cellulosic polymeric
fibers in an amount of from about 10% to about 85% by weight of the nonwoven sheet in its dry state.
The first non-cellulosic polymeric fibers and the second non-cellulosic polymeric fibers are as described
above. As also described above, the nonwoven sheet manufactured has various properties.

Third non-cellulosic polymeric materials in an amount up to about 50% by weight of the
nonwoven sheet in its dry state may be added to the hydropulper. The third non-cellulosic polymeric
materials are as described above.

Cellulosic based materials in an amount up to about 75% by weight of the nonwoven sheet in its

dry state may be added to the hydropuiper. The cellulosic based materials are as described above.
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Binding material in an amount up to about 40% by weight of the nonwoven sheet in its dry state
may be added to the hydropulper. The binding material is as described above.

Other fibers and materials including but not limited to antimicrobial fibers, particles and/or
materials (as defined, in part, above), welting chemistries, wet-strength chemistries, formation

5 chemistries, charge-chemistry modifiers (as defined, in part, above), retention aids and/or sizing agents
may also be added to the hydropulper.

In one embodiment, the method for manufacturing a hydraulically-formed nonwoven sheet of the
first general embodiment includes a stock preparation system and an apparatus for manufacturing.
Figure 4 is a schematic representation of a first embodiment of a stock preparation system for an

10 apparatus 50 for manufacturing a hydrautically-formed nonwoven sheet (see Figure 6). The stock
preparation system of Figure 4 is basic stock preparation system 10. Materials are added to hydropulper
12. Materials that are added to hydropulper 12 are water, first non-cellulosic polymeric fibers and second
non-cellulosic polymeric fibers. Materials that may be added to hydropulper 12 inciude third non-
cellulosic polymeric fibers, cellulosic based materials, binding materials and other fibers, materials and

15 additives. The materials added to hydropulper 12 are agitated untif the fibers are in uniform suspension
and a furnish is formed.

If the furnish does not comprise materials needing refining, the furnish may be delivered to blend
chest 20 or machine chest 22. If it is to be blended with one or more other furnishes, the furnish is
delivered to blend chest 20 where it is blended with the other furnish(es) and the blended furnish is then

20 delivered to machine chest 22. If it is not to be blended with another furnish, the non-refined furnish is
delivered to machine chest 22. From machine chest 22, the furnish is delivered to forming section 54 of
apparatus 50 for manufacturing a hydraulically-formed nonwoven sheet. (see Figure 8).

If the furnish comprises materials needing refining, such as some cellulosic based materials, the

furnish is defivered to refiner feed chest 14. This furnish is then delivered to refiner 16, refined and

25  delivered fo refined stock chest 18. The refined furnish may then be delivered to blend chest 20 or
machine chest 22. If it is to be blended with another furnish or other furnishes, the refined furnish is
delivered to blend chest 20, where it is blended with the other furnish(es); and the blended furnish is then

delivered to machine chest 22. If it is not to be biended with another furnish, the refined furnish is
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delivered to machine chest 22. From machine chest 22, the furnish is delivered to forming section 54 of
apparatus 50 for manufacturing a hydraulically-formed nonwoven sheet (see Figure 6).

Once a furnish is emptied from hydropulper 12, additional materials may be added to hydropulper
12 and additional furnishes may be formed. The additional furnishes may be delivered directly o biend
chest 20 or machine chest 22, as described above. The additional furnishes may alternatively be
delivered to refiner feed chest 14, refined in refiner 16, delivered to refined stock chest 18 and then
delivered to blend chest 20 or machine chest 22, as described above.

As a first non-limiting example, water, first non-cellulosic polymeric fibers, second non-cellulosic
polymeric fibers, third non-cellulosic polymeric materials and cellulosic based materials are added to
hydropulper 12 and agitated until the fibers are in uniform suspension and a furnish is formed. The
cellulosic based materials in this furnish do not need refining, and the furnish is not to be biended with
another furnish. Therefore, the furnish is sent to machine chest 22. The machine chest 22 serves as
holding means, holding the furnish for delivery to forming section 54 of apparatus 50 for manufacturing a
hydraulically-formed nonwoven sheet {see Figure 8).

As a second non-limiting example, water, first non-ceflulosic polymeric fibers, second non-
celluiosic polymeric fibers and third non-ceflulosic polymeric materials are added to hydropulper 12 and
agitated until the fibers are in uniform suspension and a first furnish is formed. This first furnish does not
comprise any materials needing refining, but it is to be blended with a second furnish. Therefore, this first
furnish is delivered to blend chest 20. Blend chest 20 delivers to machine chest 22. Therefore, blend
chest 20 detivering to machine chest 22 serves as holding means for the first furnish. Once this first
furnish is delivered to these helding means and hydropulper 12 is emptied, water and cellulosic based
materials are added {0 hydropulper 12 and agitated untif the fibers are in uniform suspension and a
second furnish is formed. This second furnish does comprise materials needing refining. So, this second
furnish is delivered to refiner feed chest 14, refined in refiner 16 and delivered to refined stock chest 18.
This second furnish is to be blended with the first furnish and is, therefore, delivered to blend chest 20,
which after blending delivers to machine chest 22. Blend chest 20 delivering to machine chest 22 also
serves as holding means for the second furnish. The first furnish is blended with the second furnish in

biend chest 20 and then the blended furnish is delivered to machine chest 22. The blend chest 20
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delivering to machine chest 22 further serves as holding means for the blended furnish, holding the
blended furnish for delivery to forming section 54 of apparatus 50 for manufacturing a hydraulically-
formed nonwoven sheet (see Figure 6).
Figure 5 is a schematic representation of a second embodiment of a stock preparation system for
5 an apparatus for manufacturing a hydrauiically-formed nonwoven sheet. The stock preparation system of
Figure 5 is more complex stock preparation system 30. More complex stock preparation system 30
includes hydropulper 32, refiner feed chests 34a, 34b and 34c, refiners 36a, 36b, 36c¢, refined stock
chests 38a, 38b, 38c, biend chest 40 and machine chests 42a, 42b, 42¢. Figure 5 depicts one
hydropulper, three refined feed chest, three refiners, three refined stock chests, one blend chest and
10 three machine chests; however, more complex stock preparation system 30 is not limited to any number
of such apparatuses. The principles of more complex stock preparation system 30 are similar to those
outlined above for basic stock preparation system 10. However, more complex stock preparation system
30 may be used to form a web with multiple layers.
As a third non-limiting example, water and first non-cefiulosic polymeric fibers are added to
15 hydropuiper 32 and agitated until the fibers are in uniform suspension and a first furnish is formed. This
first furnish does not comprise any materials needing refining. Therefore, first refiner feed chest 34a, first
refiner 36a and first refined stock chest 38a are bypassed. Also, this first furnish is not to be blended with
another furnish. Therefore, blend chest 40 is also bypassed and the first furnish is delivered to first
machine chest 42a. First machine chest 42a serves as holding means for the first furnish, holding the
20 first furnish for delivery to a first forming section of an apparatus for manufacturing a hydrautically-formed
nonwoven sheet.

Once this first furnish is delivered to first machine chest 42a and hydropulper 32 is emptied, water
and second non-cellulosic polymeric fibers {and possibly other materials and fibers, such as third non-
cellulosic polymeric fibers) are added to hydropulper 32 and agitated untit the fibers are in uniform

25 suspension and a second furnish is formed. This second furnish also does not comprise any materials
needing refining. Therefore, second refiner feed chest 34b, second refiner 36b and second refined stock
chest 38b are bypassed. Also, this second furnish is not to be blended with another furnish. Therefore,

blend chest 40 is also bypassed and the second furnish is delivered to second machine chest 42b.
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Second machine chest 42b serves as holding means for the second furnish, holding the second furnish
for defivery to a second forming section of an apparatus for manufacturing a hydraulically-formed
nonwoven sheet.
Before a furnish is delivered from a machine chest to an apparatus for manufacturing a

5 hydraulically-formed nonwoven sheet, additional water may be added to the furnish to reduce the solids
content from about 1% to as low as 0.005%. The additional water aliows for additional fiber dispersion.
Also, before a furnish is delivered from a machine chest to an apparatus for manufacturing a
hydraulically-formed nonwoven sheet, additional materials may be added to the furnish. These optional
additional materials include binding material in an amount of up to 40% by weight of the nonwoven sheet

10 in its dry state. The binding material is as described above. These opticnal additional materials also
include but are not limited to antimicrobial materials and treatments (as defined, in part, above)}, wetting
chemistries, wet-strength chemistries, formation chemistries, charge-chemistry modifiers (as defined, in
part, above), retention aids and/or sizing agents.

Figure 6 is a diagrammatic representation of apparatus 50 for manufacturing a hydraulicalty-

15 formed nonwoven sheet. Figure 6 includes one forming section 54. However, apparatus 50 may
comprise more than one forming section 54. Each forming section 54 forms a layer of the sheet or web
formed by apparatus 50. Therefore, in the third non-limiting example above, the first furnish delivered to
the first forming section forms a first layer, the second furnish delivered to the second forming section
forms a second layer, and apparatus 50 forms a two-layer web or sheet.

20 Returning to Figure 6, the furnish is delivered through headbox (or other device, such as slice or
cylinder) 52 to forming section 54, Multiple headboxes (not pictured) as well as multiple slices (not
pictured) or multiple cylinders (not pictured) may be used to deliver multiple furnishes from multiple
machine chests 42a, 42b, 42¢ (see Figure 5) to multiple forming sections (not pictured} so that apparatus
50 forms a multi-layer sheet or web. Forming section 54 may be a Fourdrinier, as pictured. Forming

25  section 54 may also or alternatively be a cylinder (not pictured), rotoformer (not pictured) or inclined wire
former (not pictured). (See Chapman, “Nonwoven Fabrics, Staple Fibers,” Encyclopedia of Polymer
Science and Technology, Third Edition, 2004, Volume 10, pp. 614-637 (John Wiley & Sons, Inc.,

Hoboken, New Jersey), which is incorporated in its entirety in this application by this reference; see also
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“Paperboard,” The Wiley Encyclopedia of Packaging Technology, Second Edition, 1897, pp. 717-723
(John Wiley & Sons, Inc., New York, New York), which is incorporated in its entirety in this application by
this reference.) In forming section 54, the furnish flows onto a forming fabric which moves over
dewatering modules such as suction boxes, foils and curvatures. The dewatering modules allow water to
drain from the fabric and result in a continuous web of approximately 20-30% solids. A scrim material (as
defined, in part, below} may be added to this continuous web in forming section 54. This continuous web,
either with or without scrim material, is strong enough to be removed from forming section 54 in a process
known as "couching.” The removed or couched web has a wet process tensile strength of at least about
100 grams/30 millimeters. The removed or couched web is delivered to pressing section 56.

In pressing section 56, the web passes through a series of presses composed of sets of two rolls.
The two rolls are pressed together with high pressure to create a nip. The web, along with a continuous
felt, is passed between the nip; and additional water is removed from the web and transported into the
continuous felt, resulting in a web of approximately 40-50% solids. A scrim material (as defined, in pan,
below) may be added {o the web in pressing section 56.

The web is then delivered to drying section 58. Drying section 58 comprises multiple large
cylinders, which may be heated internally with steam. The web passes over the cytinders and additional
water is removed from the web. Other systems that may be used to evaporate remaining water include
through air dryers, which transfer thermal energy to the web without contacting the web. At the end of
drying section 58, the web has a solid content of approximately 95%.

The web may be pre-densified. Drying section 58 may include a breaker stack (not pictured),
which may be used {o pre-densify the web. The breaker stack includes calender rolls (similar to calender
rolls 60 described below). As such, the breaker stack applies a high level of compression to the web and
results in pre-densification (as it occurs prior to calendering) of the web. increased pressure at the nip(s)
in pressing section 56 and/or at cylinders, nips or otherwise in drying section 58 may also result in pre-
densification of the web, efiminating the need for a separate breaker stack. The pre-densification
pressure at the calender rofls or otherwise may be from about 100 pounds force per fineal inch to about
1500 pounds force per lineal inch, preferably from about 150 pounds force per lineal inch to about 800

pounds force per lineal inch or more preferably from about 220 pounds force per lineal inch to about 500
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pounds force per lineal inch. Pre-densifying the web increases chemical and mechanical bonding,
reduces thickness variation and may reduce and/or eliminate linting and fiber tear.

Drying section 58 may include impregnator 59. Impregnator 59 is placed after the initial large
cylinders (for initial drying). Impregnator 59 may be a size press (as pictured), a spray shower or other
device. In a size press, two hard rolls create a nip through which the web passes. Material is added to
either or both sides of the web, creating a pond of liquid binding material. The material is then absorbed
into the web and further driven into the web by the nip. In a spray shower, either or both sides of the web
are sprayed with the materiat which is then absorbed into the web.

Impregnator 59 may add binding material to the web. The binding material is as described above.

Impregnator 59 may add heat-sealable coating material to the web. The heat-sealable coating
materials may be proprietary ethylene vinyl acetate (EVA) based formulations or may be commercially
available materials, such as Adcote™ from Rohm and Haas Chemicals, LLC (Philadelphia, Pennsylvania)
or Latiseal® from Henkel AG & Co. KGaA (Dusseldorf, Germany). Heat-sealable coating materials are
designed to allow the web or sheet to be sealed to other materials, such as at least one layer of paper,
thermoplastic material (as defined, in part, above) or other material. Heat-sealable coating materials are
also designed to be permeable to sterilizing gases, maintaining acceptable air permeability for a
hydraulically-formed nonwoven sheet,

tmpregnator 59 may add pressure-sensitive adhesive (PSA) material to the web. The PSA added
o the web is not expected to significantly affect the air permeability of the nonwoven sheet. Many PSA
compositions comprise a base elastomeric resin and a tackifier which enhances the ability of the
adhesive to instantly bond and enhances the bond strength. Examples of elastomers used as the base
resin in tackified multicomponent PSAs include natural rubber, polybutadiene, polyorganosiloxanes,
styrene-butadiene rubber, carboxylated styrene-butadiene rubber, polyisobutylene, butyl rubber,
halogenated butyl rubber, biock polymers based on styrene with isoprene, butadiene, ethylene-propylene
or ethylene-butylene, or combinations of such elastomers. (See Yorkgitis, “Adhesive Compounds,”
Encyclopedia of Polymer Science and Technology, Third Edition, 2003, Volume 1, pp. 256-290 (John
Wiley & Sons, inc., Hoboken, New Jersey), which is incorporated in its entirety in this application by this

reference,)
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Impregnator 59 may add antimicrobial materials and treatments (as defined, in par, above),
wetting chemistries, wet-strength chemistries, formation chemistries, charge-chemistry modifiers (as
defined, in part, above), retention aids and/or sizing agents.

After the web is dried in drying section 58, it may pass through calender rolls 60. Calender rolls
80 include one or more nips and further densify the sheet and reduce thickness variation. The pressure of
calender rolls 60 may be from about 100 pounds force per lineat inch to about 1500 pounds force per
lingal inch, preferably from about 150 pounds force per linea!l inch to about 800 pounds force per lineal
inch or more preferably from about 220 pounds force per lineal inch to about 500 pounds force per lineal
inch. Calender rolls 60 may be heated to a temperature of from about 65°C to about 205°C, preferably
from about 65°C to about 95°C. Calender rolls 80 may create a smooth surface and improve the feel and
other properties (including surface (e.g., linting and fiber tear) and otherwise) for the web. Calender rolls
60 are commeonly composed of steel but may also or alternatively be composed of softer materials such
as rubber, polyurethane or other polymeric materials or cotton or flax or other naturally oceurring
cellulesic materials. Calender rolls 60 that use higher levels of pressure, numbers of nips and
temperatures are commonly referred to as supercalenders.

Calender rolls 60 may be used to bond, embed or form a scrim material {i.e., a material with an
open structure) to the web as an additional layer to impart strength. Scrim materials include but are not
limited to open, light-weight nonwoven materials, such as JM Spunbond Polyester Mats from Johns
Manville (Denver, Colorado) or nylon nonwoven materials from Cerex Advanced Fabrics, Ine. (Pensacola,
Florida). Scrim materials also include but are not limited to open-mesh woven materials or open-mesh
laid materials, such as Bayex® from Saint-Gobain Technical Fabrics (Grand Island, New York).

In a second general embodiment of the invention, a hydraulically-formed nonwoven sheet
comprises binding material, non-cellulosic polymeric fibers and cellulosic based materials and has a
bacteriat filtration efficiency of at least about 98%.

The binding material is as described above for the first general embodiment. The binding
material comprises acryfic latex (such as styrene butadiene copolymer or butadiene acryionitrite
copolymer}, polyurethane, polyvinyl acetate, polyvinyl alcohol, natural rubber or other nature-based

adhesive, polyvinyl chioride, polychloroprene, epoxy, phenol, urea-formaldehyde, thermal melt adhesive,
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surface treatment material, surface treatment method, binder fiber, crosslinking agent, tackifier or blends
of such. Binding material is present in the second general embodiment of the hydraulically-formed
nonwoven sheet in an amount of from about 5% to about 40% by weight of the nonwoven sheet in its dry
state.

The non-cellulosic polymeric fibers are as described above for the first non-cellulosic polymeric
fibers of the first general embodiment. The non-cellulosic polymeric fibers have an average diameter less
than about 3.5 micron, an average cut length less than about 3 milimeters and an average aspect ratio of
about 400 to about 2000. The non-cellulosic polymeric fibers are present in the second general
embodiment of the hydraulicalty-formed nonwoven sheet in an amount of from about 5% to about 40% by
weight of the nonwoven sheet in its dry state. Additionally, as described above, the non-cellulosic
polymeric fibers of the second general embodiment may comprise polymers including homopolymers and
copolymers of, for example, polyolefin, polyester, polyamide, polylactide, polycaprolactone,
polycarbonate, polyurethane, polyvinyl acetate, polyvinyt chloride, palyvinyl alcohol, polyacrylate,
polyacrylonitrile, ionomer or blends of these polymers. Examgles of polyolefing include but are not limited
to polyethylene, polypropylene, propylene-ethylene copolymers and ethyiene a-olefin copolymers. An
example of a polyester includes but is not limited to polyethylene terephthalate; Figure 2 is the chemical
structure of polyethylene terephthatate. An example of an ionomer includes bui is not limited to Surlyn®,
which is available from E.l. du Pont de Nemours and Company {(Wilmington, Delaware). As aiso
described in the first general embodiment, the non-cellulosic polymeric fibers of the second general
embodiment may be oriented.

The ceilulosic based materials are as described above for the first general embodiment, The
cellulosic based materials comprise (a) fibers manufactured from cellulose; (b) naturally occurring
cellulosic materials selected from hardwood fibers, softwood fibers, non-wood fibers or blends thereof: or
(c) blends of fibers manufactured from cellulose and naturally occurring cellulosic materials. The
cellulosic based materials are present in the second general embodiment of the hydraulically-formed
sheet in an amount of from about 45% to about 75% by weight of the nonwoven sheet in its dry state.

As described for the hydraulically-formed nonwoven of the first general embodiment, additional

fibers and materials may be added to the nonwoven sheet of the second general embodiment.

. 36.



13.30 13.44 1.26 Not Calendered Example 18 26.39 42.21 10.56 20.84 Calendered Example 24
19.00 38.00 5.00 10.00 13.3013.44 1.26 Calendered

Docket Number 20763

The hydraulically-formed nonwoven sheet of the second general embodiment may have
properties similar to the hydraulically-formed nonwoven sheet of the first general embodiment, including
but not limited to a basis weight of from about 15 grams/meter® to about 250 grams/meterz, an air
permeability of at least about 90 Coresta units, an air permeabifity of at least about 10 Coresta units, a

5 formation of about 1000 or less and a bacterial filtration efficiency of at least about 99%. Additionally, the
noawoven sheet may be printed. Such printing may include but is not fimited to product identification,
security identification and tamper-evident means and devices. This hydraulically-formed nonwoven sheet
may have a surface energy level of at least about 42 dyne; this dyne fevel is expected to enhance the
printability of the nonwoven sheet,

10 In summary, the hydraulically-formed nonwoven sheet of the second general embodiment may be

described by the following clauses
1. A hydraulically-formed nonwoven sheet comprising

a. binding material in an amount of from 5% to 40% by weight of the nonwoven sheet in its dry

state;

15 b. non-cellulosic polymeric fibers in an amount of from 5% to 40% by weight of the nonwoven
sheet in its dry state, wherein the non-celiulosic polymeric fibers have an average diameter
less than 3.5 micron, an average cut length less than 3 millimeters and an average aspect
ratio of 400 to 2000; and

c. cellulosic based materials in an amount of from 45% to 75% by weight of the nonwoven shest

20 in its dry state, wherein the celluiosic based materials comprise fibers manufactured from
cellulose; naturally occurring cellulosic materials selected from hardwood fibers, softwood
fibers, non-wood fibers or blends thereof; or blends of fibers manufactured from cellulose and
naturally occurring cellulosic materials,

wherein the nonwoven sheet has a bacterial fitration efficiency of at least 98%.

25 2. The nonwoven sheet of clause 1 wherein the binding material comprises acrylic latex, styrene

butadiene copolymer, butadiene acrylonitrile copolymer, polyurethane, polyvinyl acetate, polyvinyl

alcohol, natural rubber or other nature-based adhesive, polyvinyl chioride, polychloroprene, epoxy,
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phenol, urea-formaldehyde, thermal melt adhesive, surface treatment material, surface treatment method,
binder fiber, crosslinking agent, tackifier or blends thereof.

3. The nenwoven sheet of clause 1 wherein the non-cellulosic polymeric fibers comprise polyclefin,
polyester, polyamide, polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl acetate,

5 polyvinyi chloride, polyvinyl alcohol, pelyacrylate or polyacrylonitrile, ionomer or blends thereof, preferably

polyester.
4. The nonwoven sheet of clause 1 wherein the non-cellulosic polymeric fibers are oriented.
5. The nonwoven sheet of clause 1 wherein the nonwoven sheet has a basis weight of from 15

grams/meter” to 250 grams/meter’.
0 s The nonwoven sheet of clause 1 wherein the nonwoven sheet has an air permeability of at least

10 Coresta units or at ieast 90 Coresta units.

7. The nonwoven sheet of clause 1 wherein the nonwoven sheet has a formation of 1600 or less.
8. The nonwoven sheet of clause 1 wherein the bacterial filtration efficiency is at least 99%.
9. The nonwoven sheet of clause 1 wherein the nonwoven sheet is printed.
15 Furthermore, as described above for the first general embodiment, a package (for an article) may

comprise the hydraulically-formed nonwoven sheet of the second general embodiment; and, as described
above for the first general embodiment, a method of packaging a medical device may use a package
comprising the hydraulically-formed nonwoven sheet of the second general embodiment. Also, the
hydraulically-formed nonwoven sheet of the second general embodiment may be manufactured by the
20 method as described above for the hydraulically-formed nonwoven sheet of the first general embodiment.
EXAMPLES — SET |
Wet process tensile strength was determined for various samples. Wet process tensile strength
is defined as the tensile strength of a sheet after the sheet is couch rolled and removed from the forming
section but prior to any wet pressing or drying. It is an important production performance characteristic,
25 as it indicates the ability of the sheet to be run from the forming section through the pressing and drying
sections. In other words, it indicates the ability of the sheet to be couched.
Comparative Examples A-F and Examples A-C are handsheets formed as follows: Any cellulosic

based materials to be included in the handsheet were refined to 400 CSF, as needed. The cellulosic
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based materials were refined in either an 80mm singfe disk at a plate clearance of 0.25mm for
approximately 30 minutes or a five-inch rotary refiner under load for approximately five minutes. The test
specimen was obtained by first determining the amount of fibers to weigh. For example, fora 100 g/m2
handsheet produced with a 250 mm x 300 mm Williams handsheet mold, a total of 7.5 grams of fibers (on

5 a dry weight basis) was weighed. The fibers were then added to the pulper bowl of a two-liter TAPPI
Standard pulper. 2000 mL of warm (80°F - 90°F) water was also added to the pulper bowl, and the
pulping cycle was initiated. The fibers and water were pulped for three minutes or 8000 revoiutions. For
additional dispersion, as needed, the fibers and water were pulped for an additional two minutes or 6000
revolutions.

10 Twenty liters of warm (80°F - 90°F) water was then added to the handsheet mold, ensuring that
the water line was above the wire screen. The pulped fibers and water were then poured into the
handsheet mold. A stirrer plate was used to stroke the liquid three times vertically. The stirrer plate was
then pulled diagonally to & corner and removed. After five seconds, the handsheet drop valve was pulled
and the pulped fibers and water were afiowed to drain, with the pulped fibers retained by the wire screen.

15  The smooth side of a first sheet of 750 g/m2 blotter paper was placed on the top of the handsheet formed
on the wire screen. A couch roller was then used to flatten the formed handsheet onto the blotter paper.
The wire screen with the formed handsheet was then raised; and the wire screen, with the formed
handsheet and the first sheet of blotter paper, was inverted onto a second sheet of 750 g!m2 blotter
paper. After two minutes, the inverted screen was raised vertically, and the fwo sheets of blotter paper

20 and the formed handsheet were horizontally peeled off the wire screen. The second sheet of blotter
paper was removed. Plastic wrap was then placed over the formed handsheet and the first sheet of
blotter paper to preserve the percent moisture in the couch-rolled handsheet.

Following the above procedure, handsheets for Comparative Examples A-F and Examples A-C

were made with the percentages of fibers (on a dry weight basis), as shown in TABLE 1.
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TABLE 1
2.5 micron | 7 Micron | 18 Micren | Nanofibriliated| Northern
1.5mm PET|5mm PET| 12mm PET Lyocell Bleached
Softwood
Kraft
Comp Ex A 100.00
Comp Ex B 100.00
Comp ExC 100.00
Comp ExD 50.00 50.00
Comp Ex E** 100.00
Comp Ex F** 100.00
Example A 50.00 50.00
Example B 22.00 58.00 13.00 7.00
Example C 21.00 43.50 7.50 14.00 14.00

Comparative Example E and Comparative Example F each faited to form a testable handsheet.

5 Comparative Examples A-D and Examples A-C were then prepared for wet process tensile
strength testing. Within fifteen minutes after forming the handsheet, the formed handsheet and the first
sheet of blotter paper were cut using a Dietz RS45 45mm-diameter rotary cutter and metal rule to obtain
test samples measuring 30mm wide and at least 130mm long. Immediately after cutting, the handsheet
test sample was peeled from the first sheet of blotter paper and placed on an A12971 Wet Tensile

10 Strength Tester. The immobile and mobile specimen plates on the A12971 were locked together. The
handsheet test sample was placed across the top of the plates and fastened in place. The locking
mechanism for the mobile plate was released, and the water drip value on the 300ml cylinder on the
A12971 was opened. The mobile plate was then driven by the weight of water accumulated in a catch
container under the water drip valve. Wet process tensile strength was recorded in grams/30mm based

15 on the milliliters of water present in the catch container when the handsheet test sample broke.

The wet process tensile strength determined for each of Comparative Examples A-F and
Examples A-C is recorded in TABLE 2. The recorded values represent an average of five samples tested

for each example.
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11.756.00 7.157.15 0.70 Pre-densified & Calendered Comparative Examples 1-10 and Examples
1-34 were tested for various properties. Properties measured include the properties described below,
with reference to a test method and/or standard. Each test method or standard referenced below is
dated 1993 or later, and each test method or standard 10referenced below is incorporated in its
entirety in this application by this reference. Docket Number 20763 BasisDééeighinssttrenareight
(or, more properly, mass) per unit area. It is expressed as grams per square meter (gsm or g/m2) and
was measured in accordance with TAPPI Test MF/EEEQ 2T 410, "Grammage of Paper and Paperboard
(Weight per Unit Area)." Air Permeabitity-(ot PU'“W&t’ﬁ%éQ?sq‘é'ﬁ‘éi?é air (cm3/min) passing through
1cm2 surface of a test Spiece at a mgasuring preisgysa e dy/A8hiRg. It is expressed in Coresta Units
and was measured in accordance with Coresta Recommended Mgthod N 40, "Determination of Air
Permeability of Materials Used As Cigarette Papers, Filter Plug Wifap and Filter Joining Paper
Including Materials Having an OrientgdCeemagdble Zon2s? This method was the predecessor to ISO
Standard 2965, "Materials Used As Cig#iep&rhpers, Fikd0®Plug Wrap and Filter Joining Paper,
Including Materials Having an Orientddz2BR&ehble-ZotEl Detedmination of Air Permeability" issued
in 1997. As stated in Coresta Recomiméfiges o Hod ca fvhienthas been incorporated in this
application by the reference above), "THIg COREST ARETMIELed Method ... is applicable to
papers having a measured permeabilltExanaeass of TisgdgjCoresta units]." Therefore, as this
Coresta method was used without modifteafitEBtg measadair perieability, the hydraulically-formed
nonwoven sheet described in this appliEsampiafas an 15548 .¢rmeability of at least about 10 Coresta
units. Formgtion EsgrAngiformi%)ris the indicator of the variation within the sheet, i.e., how uniformly

the fibers are distfibu LR TR ?ﬁ“ecﬁrlﬁ%stﬁ%?%‘frﬂ%r&ccb SFIRETHEL SLEelvREC 8RVPLF paper

S C
ed In"'a shee

propértietsdnrclsdipgshyl netdimisecslepauity sandicirengli Rreneities: fepsrd-aniiaimalian, as a
poorly formed sheet has more weak and thin and/or thick spots. Generally, there is no standard

method PR YOO B HrES RdtaneeroMitatiois tsuHRygeratvnssr Pynaguibesubjective
inspectiopdaigui Exhilalyodagkaanliedeanaianiinianiolie e paaepisor 1 to 5
as shown in TABLE 5. TABLES Visual Inspection of Formation/Uniformity Relative Ranrqng of
Formatioraynfiar fitigyskilghigerédvmBlemple £ at 0 g/30mm). The substantial flexibility of the first non-

cellulosic polymeric fibers and the resuiting mechanical entanglement with the second non-cellulosic

10 polymeric fibers may contribute to these surprising results.
EXAMPLES — SET |l
Comparative Example 1 is a first sheet of spunlaid continuous high-density polyethylene fibers,

specifically, a sheet of Tyvek® 1073B, available from E.I. du Pont de Nemours and Company

(Wilmington, Delaware).

15 Comparative Example 2 is a second sheet of spuniaid continuous high-density polyethylene
fivers, specifically, a sheet of Tyvek® 2FSB™, available from E. I. du Pont de Nemours and Company
(Wilmington, Delaware).

Comparative Example 9 is a sheet of medical-grade paper, specifically, a sheet of Neenah Paper
85 g/m® Grade $-89144, available from Neenah Paper, Inc. (Alpharetta, Georgia).

20 Comparative Examples 7, 8 and 10 and Examples 19-23 and 33-34 are handsheets formed
based on TAPP| Test Method T 205 sp-02, “Forming handsheets for physical tests of pulp.” TAPP| Test
Method T 205 sp-02 is incorporated in its entirety in this application by this reference. In forming these

handsheets, TAPP| Test Method T 206 sp-02 was followed, with the following exceptions.
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5.0 Variable 4.0 Almost Uniform 3.0 Uniform 2.0 Very Uniform 1.0 To eliminate subjectivity relative to
formation/uniformity, for the present application 25formation/uniformity was determined based on
opacity. Specifically, the opacity percent of a handsheet was measured using a Thwing-Albert Digital
Opacity Gauge operated in accordance with TAPPI Test Docket Number 20763 Method 1425,
"Opacity of Paper (15/d Geometry, llluminant A/2, 89% Reflectance Backing angdRapenizazkisey).” The
aperture size of the Thwing-Albert Digital Opacity Gauge is 415 mm2 (based on a 23 mm diameter

aperture). Howeyer, most formation/uniformity variability occurs in_an area much smaller than 415
mm2. Therefor:',s\( ?8?@%9 g%s?nsﬁg(r:é e '8%3%% R R A AR TSRS, B ERS HRS5%WAS used

5 to redueeridi® P e SROMOGAEITIOE gand 11BER corhgBHEnEINGHSK S IR PRAGHYDE KRBT gfak@ndsheet
was measured, and the standard deviation of numerous (at least ten) measured opacity percent

values waSaREMRTHANE" adddigtaha ARy detriish(brime set of opacity percent values was then
multiplied by L0RGs Rl ShIEGINE- MR GBRRN 81 deLiHLan ofday MetRp eI aihe W dhog Maher

number meaning poorer formation). The objective measurements of formation/uniformity were
detefmineuntontibeidibponddEsie: tesab@tive o ekative saokings{tisrdistibs sechabevs)vatrdhuted

formatio%u% rmit measrrem I‘ilt shown in TABLE 6. TABLE 6 Visual I%ection of

Formatiof/Unitormity REtAfvE R ARKIHG O PRt BRIURNEIRNS) e RATE MRS HEheBF

Formatiopélmitay prkymeataitoVic 63 asity o di0 803 dighiyvariahlp ekl Masiaklewk @010 Almost
Uniform 3.0
larger, longer fibers (such as the second non-cellulosic pofymeric fibers, if any) and then foliowed by even

larger, longer fibers (such as the third non-celluiosic polymeric fibers, if any). Fifteen — thirty seconds of

10 agitation occurred between the additions of different size fibers.

Regarding sheetmaking, the standard six-inch perforated stirrer was replaced with a three-inch
open-blade stirrer,

Regarding couching, the standard couch roll was replaced with a four-inch Speedball® rubber
roller.

15 Regarding pressing, a pressing step was not used.

Regarding drying, instead of placing a heavy weight on top of a stack of drying rings, or clamping
them together with suitable clamping system, and then using an overnight drying period, a handsheet was
transferred from the blotter paper used in the couching step to a sheet of foil-backed release paper, and a
drying ring was placed on the handsheet on the foil-backed release paper. The handsheet, the foil-

20 backed release paper and the drying ring were then placed in a Euro-Pro convection oven at 200°F -
225°F for 15-30 minutes or until dry. Rapid drying is possible because of the percentage of non-cellulosic
polymeric fibers in the handshests.

Regarding binding material, for handsheets with a binding material (Comparative Examples 7, 8
and 10 and Examples 19-20, 22-23 and 33-34), a binder addition step was added. After drying, the

25 handsheet was transferred to a new sheet of foil-backed release paper. The binding material was
prepared by diluting the binding material to 5% solids in distilled water. The amount of binding material to
be added was calculated. For example, for binding materials in an amount of 25% by weight of a

handsheet with a basis weight of 100 g/m”in its dry state, about 10 mL of the 5% solution was added to
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557 Uniform 2.0 388 Very Uniform 1.0 236 Log Reduction Value is the ability of a porous packaging
material to resist passage of 15microorganisms. It is expressed as a simple number and was
measured in accordance with ASTM Standard F1608, "Standard Test Method for Microbial Ranking of
Porous Packaging Materials (Exposure Chamber Method)." Bacterial Filtration Efficiency (BFE) is
the effectiveness of a material in preventing the passage of bacteria. It is exprassed Msnaepeisentage
of a known quantity of bacteria that does not pass through the 20material. It was measured based on
ASTM Standard F2101, ''Standard Test Method for luating the Bacterial Filtration Efficiency (BFE)
o Medica T e e B BT 2ot Y L AR e e MG e

exceptionsthahtheimalasials aeie handsheestsinsiead wiseical tasesmasksnatesiglziagd that the
maximum filtration efficiency able to be determined exceed 99.9%. Bursting Strength is the maximum

hydrostafRepTES S ReGaine i ¢ BreRIGeEVIRIBtiIFe- GV AN BS et i3 BiRg e fireesedtal ptstiidorce per
square ingh, AAKIRARAWAS MEARINRY PasRALARLARP LS Method R%ﬁ%@?@&’a’@?&w 403,

"Bursting Strength of Paper," with the exception that, to measure the higher bursting strengths, a
Mullen ArBlarstddbeeutde signietiadiptoyitetpresswree badisigs:u prohhbdbeowad théorcenpepsguare
inch) was Hds%% instead of a Mtull%n g Burst T(?ster desi%ned to provide ressure readi%?s up to 200
pounds f8rGe per Square Ry BRareT H LT NG HERTET AR S HRE 5iARF oY S ERE T IR ENd a

tearing fasge #e videhAtdsisy bigalasliHi$axpIessatd Aot aRd Wasimeaal ritbasagd on THAPPI
Test Method T 414, "Internal Tearing Resistance of Paper (Elmendorf-Type Method)," with the

exceptior‘i“’lﬁ_%ﬁhﬁ‘?é H@rf?ﬂé’la&ﬁ%fé’ﬁa?ﬁ[@%’ﬁrﬁ!"éﬁ&rﬁ_’ﬁi@gﬁ?@ﬂdﬁﬁ%@@ﬁé?é%pﬁéiﬁ&@d?@@ﬁmﬂ@é“sides and
cut curvegl e iR MORF-I0PRES ARAE IOUIHR O Gl 3R IR IHOMPRTAL S AT RIGR fuck ALY O

internal tearing resistance in the machine 10direction and internal tearing resistance in the cro
direldlion heesonbathameasutiedioRapthese tampacativesex amples, thelintethaktearingrasiaiance
reported in the table below is the average internal tearing resistance, which is defined as the average
of the int&¥h YRS PEYNSAXBS# e machine direction and the internal tearing resistance in the

cross direction. ge@anprsate FexadNBlasRiéhand FaneleschatRanthAfatda e aRmidire gignedo

handsheets, without a machine direction or a cross 15direction. For these, the internal tearing
resistanc¥fdpartessr Hsetdbik3balevslersiannerplap teag prigee s rincenndaslivad/ ihesiee Rifection Slow

Rate Penefration Resistance,is the ability of a sheet to withstand elongation and/or puncture by a
criven probe T S e e e e e R R e,
"Stahdarcbiseptwie fruidnier [SloMRaie Re nekation ResistanegrokilexibleBasmepkdsus andes

Laminates," 20with the exception that the sample size used was no more than 3.5 inches in width with

a varyind ORGP AR 5Y IR RSE SR LR SR shtisdaw pressia galgesne Agihdd ARIMREWIFum tensile
force thajuslongdn a0 eRlReEPIR MRIWRsdL IS IBGE0TGE RArMMIMIB- O R dest Matgiak and is

expressed in kilograms per fifteen millimeters. It was measured based on TAPPI Test Method T 494,
"Tensile Pebgigrtieisrolamaferadnid! Pepevioard (OSHGIREChrestalit fRinewsfEegatice Mfipeatus),” with
the exception. that the sample size used was 30m ide. i f 25mm + 1mm, Also, for

Com pareﬁ?ﬁé é}:(n&%r]n% éns&f ,r gﬂgr% én e‘ﬁ'gmé %qgé\ﬁati??\r@{maeﬁ’r%zbc a%%@ (ﬁ‘ieree’[‘n 1on 5?105’ étr%' %ng?ruemngth in the
crozs direeitaliwase deibsmeastiiecddrofithese mmpaiaiiee axampiesothatensiesteagth reported in

the table below is the average tensile strength, which is defined
initiated. The heat guns were also initiated to heat the calender rolls to 90°C. After about two hours of
heating time, the temperature of the calender rolls was verified with an Extech® Instruments Mini IR
Thermometer (with an operating range of -50°C to 380°C, calibrated to an emissivity of 0.95). Once the
temperature of the calender rolls reached 90°C, the heat guns were deactivated; and the calender rolls
25 were aflowed to turn for about five minutes (to allow the calender rolls to reach equilibrium). The
hydraulic lever was pumped until a pressure of 700 pounds force per square inch gauge (about 220

pounds force per lineal inch) was reached. The handsheet was then feed into the nip through the slot in

the safety guard. The sheet was allowed to turn through the nip four times. The calender rolls were then
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Docket Number 20763 as the average of the tensile strength in the machine direction and the tensile
strength in the cross direction. Comparative Examples 3-8 and 10 and Examples 1-19 and 21-34 are
non-directional handsheets, without a machine direction or a cross direction. For these, the tensile
strength reported in the table below is tensile strength measured in one direction. 5Stretch is the
amount of distortion a sheet undergoes under tensile force. It is expressed as &@esceniagedice., one
hundred times the ratio of the increase in length of the sheet to the original test span) and was
measured ba%%d neﬁéwlgsligl Ttest Methodd'I 494, "TﬁﬂsileiPr perﬁies of Paperd anddFl?aEerboard (Using
Constant Ate Gf EIoNgaton A arat s Rile iR d0e SHRLT thuP i Lish frtarre’ JeBWAER 3omm
wide insteadiiaiakmm + 1mm. Also, for Comparative Examples 1, 2 and 9, stretch in the 10machine
direction and stretch in the cross direction were both measured. For these comparative examples, the

stretch reported i e 25N 5eABaFsdaA RIS Melfteddne QR id elsivhael e theprerinse of the
stretch inghe-machipe drertion-anribe siaidhiadhs uass deghan. cemparaliedramples 3-8 and
10 and Examples 1-19 and 21-34 are non-directional handsheets, without a machine direction or a
cros® direetiontdges thiizes the Strétchaepatedadiheighlismbsiow sswtnetchhBidasured in one direction.
15The measured values of various properties of ,g:omé)arative Examples 1-10 and Examples 1-34 are

nnnnnn t'nn P=C 3 13 3 nod-ahava)l and hacic vwniaht Oanth Anl

reported TABHE .ngu.‘l t:’.}e R S uﬁnﬁwe{nC"Eﬁ%‘éT

T ARLI——Z \AL+

(A

nlal
. tis| Poly- | Stfrene | Acrylic] Crossy |, Processing
one meapurement),| RN (VRIS K@ AYRIAE §3£Wer°U@ t)atu'r%ﬁ%ﬂeav"é & ﬁ‘dﬁ&“nﬁ‘!&é‘? MYonciton
measurements. (The epensen blamnis Sqyaems ndieaie that a particular property wag notdetermined for
that particular comyaP&iive REamptg dr examplekjafDgcket Number 20763 TABLE 7 Bagis Weight
(gsm) Ail RemmBabiliBg.0Cprresta Laits) Fammmation (Std. Dev. Opagnty %43¢6000) Lag Reduwaitaseallie
(number) Eawiid Filtiratioh® Bficid¥ey (IBUrsting Strength (pEi@P Inteldd8l Tearing 1:40 | Calendered
Comp Ex 10 70.00 30.00 Calendered
Example 19 | 30.00 | 25.00| 7.00 | 10.00 13.30 | 13.30 1.40 | Calendered
Example 20 [ 30.00 [ 25.00{ 7.00 | 10.00 1330 | 13.30 1.40 [Not Calendered
Example 21 | 41.00 { 35.00{ 10.00 | 14.00 Caiendered
Example 22 | 20.00 | 2500f 7.60 | 40.00 1000 | 1330 | 13.30 1.40 | Calendered
Example 23 [ 20.00 [ 2500 7.00 | 10.00 | 10.00 13.30 | 13.30 1.40 | Calendered
Exampie 33 | 20.00 50.00 30.00 Not Calendered
Example 34 { 2000 50.00 30.00 Not Calendered

Comparative Examples 3-6 and Examples 1-18 and 24-32 are handsheets formed as follows.

10 Any cellulosic based materiais to be included in the handsheet were refined to 400 CSF, as needed. The
cellulosic based materials were refined in either an 80mm single disk at a plate clearance of 0.25mm for
approximately 30 minutes or a five-inch rotary refiner under load for approximately five minutes. The test
specimen was obtained by first determining the amount of fibers to weigh. For example, for a 100 g/m2
handsheet produced with a 2560 mm x 300 mm Williams handsheet mold, a total of 7.5 grams of fibers

15 and binder material (if any) (on a dry weight basis) were weighed. The fibers were then added to the
pulper bowl of a two-liter TAPP! Standard pulper. 2000 mL of warm (80°F - 90°F) water was also added
to the pulper bowl, and the puiping cycle was initiated. The fibers and water were pulped for three
minutes or 9000 revolutions. For additional dispersion, as needed, the fibers and water were pulped for
an additional two minutes or 8000 revolutions.

20 Twenty liters of warm (80°F - 90°F) water was then added to the handsheet mold, ensuring that
the water line was above the wire screen. The puiped fibers and water were then poured into the
handsheet mold. A stirrer plate was used to stroke the liquid three times vertically. The stirrer plate was

then pulled diagonally to a corner and removed. After five seconds, the handsheet drop valve was pulled
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and the pulped fibers and water were allowed to drain, with the pulped fibers retained by the wire screen.
The smooth side of a first sheet of 750 g/m2 blotter paper was placed on the top of the handsheet formed
on the wire screen. A couch rolfer was then used to flatten the formed handsheet onto the blotter paper.
The wire screen with the formed handsheet was then raised; and the wire screen, with the formed
5 handsheet and the first sheet of blotter paper, was inverted onto a second sheet of 750 g/m? blotter

paper. After two minutes, the inverted screen was raised vertically, and the two sheets of blotter paper
and the formed handsheet were horizontally peeled off the wire screen. The smooth sides of two sheets
of 750 g/m2 blotter paper were stacked on the exposed top (without any sheets of biotter paper) of the
formed handsheet, with the smooth side of each sheet of blotter paper facing the exposed top of the

10 formed handsheet.

The formed handsheet with the two sheets of blotter paper on each of the top and bottom was
placed in a felted Voith 20-ton wet press, pressed at 100 pounds force per square inch gauge for fifteen
seconds and then pressed at 300 pounds force per square inch gauge for another fifteen seconds. The
pressure was released, and the formed handsheet with the two sheets of blotter paper on each of the top

15 and bottom was removed from the wet press.

The formed handsheet with the two sheets of blotter paper on each of the top and bottom was
then placed in a 220-volt, 1400-watt Norwood handsheet dryer. The screen was locked and the formed
handsheet with the two sheets of blotter paper on each of the top and bottom was dried at 235°F for five
minuies. One sheet of blotter paper was removed from each side of the formed handsheet. The formed

20 handsheet with one sheet of blotter paper on each of the top and bottom was placed in a 110-volt, 1500-
watt Williams handsheet dryer. The fabric was tightened, and the formed handsheet with the one sheet
of blotter paper on each of the top and bottom was dried at 180°F for ten minutes.

For formed handsheets that were pre-densified (Examples 26-32), pre-densification occurred as
follows. The one sheet of blotter paper on each of the top and bottom of the handsheet was removed

25  from the handsheet. The formed handsheet was trimmed to a size 127mm by 216mm. A pilot calender
from Wheeler Roll Company {(Kalamazoo, Michigan) was used to pre-densify the handsheets. (This pilot
calender is as described above.) The calender rolls were lightly engaged and the motor to turn the rolls

was initiated. The heat guns were also initiated to heat the calender rolls to 80°C. After about two hours
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of heating time, the temperature of the calender rolls was verified with an Extech® Instruments Mini IR
Thermometer (with an operating range of -50°C to 380°C, calibrated to an emissivity of 0.95). Once the
temperature of the calender rolls reached 90°C, the heat guns were deactivated; and the calender rolls
were allowed to turn for about five minutes (to allow the calender rolis to reach equilibrium). The
hydraulic lever was pumped until a pressure of 700 pounds force per square inch gauge (about 220
pounds force per lineal inch) was reached. The handsheet was then feed into the nip through the slot in
the safety guard. The sheet was alfowed to turn through the nip four times. The calender rolls were then
stopped. The handsheet was removed from one of the calender rolls {to which it adhered lightly) with a
small spatula.

After pre-densification, one sheet of 750 g/m® blotter paper was placed on each side {i.e., the top
and bottom) of the pre-densified handsheet. Pre-densified handsheets with the one sheet of blotter paper
on each of the top and bottom as well as non-pre-densified, formed handsheets still with the one sheet of
blotter paper on each of the top and bottom were then placed in a forty-kilogram dry press for twelve to
twenty-four hours. The sheets of blotter paper were then removed from the handsheet.

For formed handsheets with a binder material (Comparative Examples 3-8, Examples 1-8, 11-17,
and 24-28 and pre-densified, trimmed Examples 29-32), the binding material was then added as follows.
A powder-coated steel coating board (with dried latex layer) having greater than 45-dyne surface energy
was used. One side of the formed handsheet was coated with binding material, and then the other side
was coated with binding material. A similar procedure was used for coating each side of the formed
handsheet.

Using a syringe, dilution water was added to the area on the steel coating board corresponding to
the size of the handsheet, e.g., a 250mm by 300mm rectangle {for the handsheets that were not pre-
densified) or @ 127mm by 216mm rectangle (for the handsheets that were pre-densified). Dilution water
in an amount sufficient to fully but not excessively wet the first side of the handsheet was added to the
steel coating board. For lower density (e.g., about G.459/cm3) 250mm by 300mm size handsheets with a
basis weight of 100 g!mz, about 8mL of dilution water was added for the first side; for lower density

250mm by 300mm size handsheets with a basis weight of 80 g/mz. about 8ml. of dilution water was
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added for the first side; for higher density (e.g., approximately 0.75g/cm®) pre-densified 127mm x 216mm
handsheets, from about 0.3mL to about 1.0ml. dilution water was added for the first side.

Using a syringe, binding material in an amount based on the dry weight desired was added to the
dilution water on the steel coating board, The amount of binding material added is a function of the

5 density of the sheet. A lower density non-woven sheet generally requires a greater percentage of binding
material than a higher density non-woven sheet. Binding material in a total amount up to about 40% by
weight of the nonwoven sheet in its dry state is used to coat lower-density, non-pre-densified 250mm x
300mm handsheets; and binding material in a total amount up to about 10% by weight of the nonwoven
sheet in its dry state is used to coat higher-density, pre-densified 127mm x 216mm handsheets. (A

10 handsheet with a basis weight of 100g/m” (prior to any trimming) requires a total of 7.5 grams of fibers,
binding material and other materials (on a dry weight basis).) The total amount of binding material to be
added was split, and fifty percent of the amount was added to the dilution water for the first side.

The dilution water and the binding material were then spread out to completely pool the correct-
size area on the steel coating board. The handsheet was positioned over the correct size area and

I5  allowed to gently settle in the fiquid to coat the first side. After 30-80 seconds of settling into the liquid,
the handsheet was removed from the liquid.

Using a syringe, dilution water in an amount sufficient to fully but not excessively wet the second
side of the handsheet was added to the correct size area on the steel coating board. For lower density
250mm by 300mm size handsheets with a basis weight of 100 g/m?, about 4mL of dilution water was

20 added for the second side; for lower density 250mm by 300mm size handsheets with a basis weight of 80
g/m?, about 3mL of dilution water was added for the second side; for higher density, pre-densified 127mm
x 216mm handsheets, from about 0.3mL to about 1.0mL dilution water was added for the second side.
Using a syringe, the remaining fifty percent of the binding material was added to the dilution water for the
second side on the steel coating board. The dilution water and the binding material were then spread out

25 to completely pool the correct size area on the steel coating board. .The handsheet was inverted,
positioned cver the correct size area and aliowed to gently settle in the liquid to coat the second side.
After 60-180 seconds of settling into the fiquid, the handsheet was removed from the liquid. A 12mm

glass lab rod was used to roll the binding material into the handsheet interior, as needed.
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The coated handsheet was then placed on a sheet of foil-backed release paper on a tray. The
coated handsheet, the foil-backed release paper and the tray were placed in a 110-volt, 600-watt
Excalibur® Convection Dehydrator at 145°F for two minutes. The handsheet was then flipped and
returned to the Excalibur® Convection Dehydrator at 145°F. After two minutes, the handsheet was
transferred to a polycarbonate screen and returned to the Excalibur® Convection Dehydrator at 145°F for
four minutes. The handsheet was then flipped and returned to the Excalibur® Convection Dehydrator at
145°F for an additional four minutes. The handsheet was then removed from the Excalibur® Convection
Dehydrator, and & sheet of foil-backed release paper was placed on each side (i.e., the top and bottom)
of the handsheet. The handsheet with a sheet of foil-backed release paper on each of the top and bottom
was then placed in a 220-volt, 1400-watt Norwoed handsheet dryer. The screen was locked and the
handsheet with a sheet of foil-backed release paper on each of the top and botiom was dried at 235°F for
four minutes.

For dried handsheets that were calendered (Comparative Examples 3-8 and Examples 1-8, 10-
16, 18 and 24-32), calendering occurred as follows. Any handsheets not yet trimmed to 127mm by
216mm were trimmed to that size. A pilot calender from Wheeler Roli Company (Kalamazoo, Michigan)
was used to cafender the handsheets. (This pilot calender is as described above.) The calender rolls
were lightly engaged and the motor fo turn the rolls was initiated. The heat guns were also initiated to
heat the calender rolls to 90°C. After about two hours of heating time, the temperature of the calender
rolls was verified with an Extech® Instruments Mini IR Thermometer (with an operating range of -50°C to
380°C, calibrated to an emissivity of 0.95). Once the temperature of the calender rells reached 90°C, the
heat guns were deactivated; and the calender rolls were allowed to turn for about five minutes (to allow
the calender rolls to reach equilibrium}. The hydraulic lever was purmped until & pressure of 700 pounds
force per square inch gauge (about 220 pounds force per lineal inch) was reached. The handsheet was
then feed into the nip through the sfot in the safety guard. The sheet was allowed to turn through the nip
four times. The calender rolls were then stopped. The handsheet was removed from one of the calender

rolls (to which it adhered lightly) with a small spatula.
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Following the above procedure, handsheets for Comparative Examples 3-6 and Exampies 1-18
and 24-32 were made with the processing conditions and percentages of fibers and binder material (on a

dry weight basis), as shown in TABLE 4.

TABLE 4
25 7 18 14 17 Nano- {EucalyptusiCotton| Poly- | Styrene | Poly- {Cross{ Processing
Micron | Micron} Micron | Micron | Micron| fibriltated urethane|Butadiene] vinyl {linker{ Conditicn
1.5mm]{ émm | 12mm {10mm } 10mm| Lyocell Acetlate
PET §{ PET | PET { PET | PET
CompEx3 | 23.72 10.05 15.29 15.28 765 | 1330 | 13.44 1.26 | Calendered
Comp Ex 4 31.74| 8.38 12.75 12.75 6.38 | 13.30 13.44 1.26 | Calendered
Comp Ex 5 | 32.90 13.15 25,95 13.30 13.44 1 1.26 | Calendered
Comp Ex 6 41.30| 10.34 20.36 13.30 13.44 | 1.26 | Calendered
Example 1 | 15.53 | 2490 | 8.57 10,00 10.00 500§ 1330 | 13.44 1.26 | Calendered
Example 2 | 17.08 | 27.42 11.00 11.00 550 1 1330 | 13.44 126 | Calendered
Example 3 | 18.03 [ 28.93] 7.62 11.81 5811 13.30 13.44 1.26 | Calendered
Example 4 [ 1553 1 24.890{ B.57 10.00 10,00 500 | 26.74 1.26 | Calendered
Example5 | 156.53 1 2480 657 10.00 10.00 5.00 26.74 1.26 | Calendered
Example 6 | 156.53 { 2490 6.57 10.00 10.00 5.00 [ 14.00 14.00 Calendered
Example 7 1 18.03 | 28.92| 7.63 11.61 581 | 13.30 13.44 1.26 | Calendered
Example 8 | 16,68 | 26.75] 7.08 10.75 10.76 13.30 13.44 1.26 | Calendered
Example 8 | 15.53 | 24.90| B8.57 10.00 10.00 500 | 1330 { 1344 1.26 |Not Calendered
Exampie 10 | 21.57 { 3457 9.13 13.89 13.89 £.95 Calendered
Example 11 | 19.00 | 30.40| 7.60 15.00 13.30 13.44 | 1.26 | Calendered
Example 12 | 21.20 | 34.00 16.80 13.30 13.44 | 1.26 | Calendered
Example 13 | 24.00 | 38.40{ 9.80 13.3C 13.44 | 1.26 | Calendered
Example 14 | 19.00 1 30.40) 7.60 15.00 26.74 1.26 | Calendered
Example 15 | 19.00 § 3040 7.60 15.00 26.74 | 1.26 | Calendered
Example 16 | 19.00 | 30.40| 7.60 15.00 14.00 14.00 Calendered
Example 17 | 19.00 | 3040 | 7.60 15.00 $3.30 13.44 | 1.26 [Not Calendered
Example 18 [ 26.39 [ 42.21] 10.56 20.84 Calendered
Exampie 24 | 19.00 | 38.00| 5.00 10.00 13.30 | 13.44 1.26 | Calendered
Example 25 | 14.00 | 41.83] 5.38 10.79 13.30 | 13.44 1.28 | Calendered
Example 26 | 9.00 | 4557 [ 5.50 11.93 13.30 | 13.44 1.256 { Calendered
Example 27 | 24.00 | 34.41| 453 9.06 13.30 13.44 1.28 | Calendered
Example 28 | 26.00 { 30.83{ 4.06 8.11 13.30 13.44 1.26 { Calendered
Example 29 | 17.50 [ 49.751 11.75 6.00 7.15 7.15 0.70 | Pre-densified
& Calendered
Example 30 | 17.50 | 49.75| 11.75 6.00 7.156 7.15 0.70 | Pre-densified
& Calendered
Exampie 31 | 17.50 | 49.75 11,75 6.00 715 715 0.70 | Pre-densified
& Calendered
Example 32 | 17.50 | 40.75 11.75) 6.00 7.15 7.15 0.70 | Pre-densified
A & Calendered

Comparative Examples 1-10 and Examples 1-34 were tested for various properties. Properties
measured include the properties described below, with reference to a test method and/or standard. Fach
test method or standard referenced below is dated 1993 or later, and each test method or standard

10 referenced below is incorporated in its entirety in this application by this reference.

-52 .



100.25 306.67 40.15 7.93 12.25 Example 8 97.00 153.00 672.39 95.75 344.00 40.92 8.55 12.25
Example 9 97.00 358.00 105.93 96.25 309.33 40.50 8.18 10.75 Example 10 95.00 122.00 149.44

10

15

20

25

Docket Number 20763

Basis Weight is the weight (or, more properly, mass) per unit area. It is expressed as grams per
square meter (gsm or g/m’) and was measured in accordance with TAPPI Test Method T 410,
“Grammage of Paper and Paperboard (Weight per Unit Area).”

Air Permeability (or Porosity) is the flow of air (cm*/min) passing through 1cm? surface of a test
piece at a measuring pressure of 1.00 kPa. |t is expressed in Coresta Units and was measured in
accordance with Coresta Recommended Method N° 40, "Determination of Air Permeability of Materials
Used As Cigarette Papers, Filter Plug Wrap and Filter Joining Paper Inciuding Materials Having an
Oriented Permeable Zone." This method was the predecessor to ISO Standard 2965, “Materials Used As
Cigarette Papers, Filter Plug Wrap and Filter Joining Paper, Including Materials Having an Oriented
Permeable Zone - Determination of Air Permeability” issued in 1997. As stated in Coresta
Recommended Method N° 40 (which has been incorporated in this application by the reference above),
“The CORESTA Recommended Method . . . is applicable to papers having a measured permeability in
excess of 10 CU [Coresta units].” Therefore, as this Coresta method was used without maodification to
measure air permeability, the hydraulically-formed nonwoven sheet described in this application has an
air permeability of at least about 10 Coresta units.

Formation (or Uniformity) is the indicator of the variation within the sheet, i.e., how uniformly the
fibers are distributed in a sheet and the amount of floccuiation that has occurred. Several paper
properties, including but not limited to opacity and strength properties, depend on formation, as a poorly
formed sheet has more weak and thin and/or thick spots. Generally, there is no standard method or unit
to express formation. Formation is usually determined by visual, subjective inspection, followed by a

relative ranking of the formation/uniformity of the sheet on a scale of 1 10 5, as shown in TABLE 5.

TABLE 5
Visual Inspection of Relative Ranking of
Formation/Uniformity | Formation/Uniformity
Highly Variable 5.0
Variable 4.0
Almost Uniform 3.0
Uniform 2.0
Very Uniform 1.0

To eliminate subjectivity relative to formation/uniformity, for the present application
formation/uniformity was determined based on opacity. Specifically, the opacity percent of a handsheet

was measured using a Thwing-Albert Digital Opacity Gauge operated in accordance with TAPP| Test
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Method T 425, "Opacity of Paper (156/d Geometry, liluminant A/2°, 89% Reflectance Backing and Paper
Backing).” The aperture size of the Thwing-Albert Digital Opacity Gauge is 415 mm? (based on a 23 mm
diameter aperture). However, most formation/uniformity variability occurs in an area much smailer than
415 mm?, Therefore, for the comparative exampie and example handsheets, an aperture mask was used
to reduce the aperture size to 16mm?, a 4 mm x 4 mm square. The opacity percent of a handshest was
measured, and the standard deviation of numerous (at least ten) measured opacity percent values was
determined. The standard deviation of the set of opacity percent values was then multiplied by 1000, for
an objective measurement and definition of formation/uniformity (with a higher number meaning poorer
formation). The objective measurements of formation/uniformity were determined to correspond to the

subjective, relative rankings (as discussed above) at the formation/unifermity measurements shown in

TABLE 6.
TABLE &
Visual Inspection of Relative Ranking of Objective Measurement of
Formation/Uniformity | Formation/Uniformity FormationfUniformity
(Std. Dev. Opacity % x 1000}

Highly Variable 5.0 1190
Variabie 4.0 1010
Almost Uniform 3.0 557
Uniform 2.0 388
Very Uniform 1.0 236

L.og Reduction Value is the ability of a porous packaging material to resist passage of
microorganisms. It is expressed as a simple number and was measured in accordance with ASTM
Standard F1608, “Standard Test Method for Microbial Ranking of Porous Packaging Materials (Exposure
Chamber Method).”

Bacterial Filtration Efficiency (BFE) is the effectiveness of a material in preventing the passage of
bacteria. It is expressed as a percentage of a known quantity of bacteria that does not pass through the
material. it was measured based on ASTM Standard F2101, “Standard Test Methed for Evatuating the
Bacterial Filtration Efficiency (BFE) of Medical Face Mask Materials, Using a Biological Aerosol of
Staphylococcus aureus,” with the exceptions that the materials were handsheets instead of medical face
mask materials and that the maximum filtration efficiency able to be determined exceed 99.9%.

Bursting Strength is the maximum hydrostatic pressure required {o produce rupiure of a material.

It is expressed as pounds force per square inch gauge and was measured based on TAPPI Test Method
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T 403, “Bursting Strength of Paper,” with the exception that, to measure the higher bursting strengths, a
Mullen A Burst Tester (designed to provide pressure readings up to 1500 pounds force per square inch)
was used instead of a Mullen C Burst Tester (designed to provide pressure readings up to 200 pounds
force per square inch).

Internal Tearing Resistance is the ability of a sheet to withstand a tearing force to which it is
subjected. itis expressed in grams and was measured based on TAPPI Test Method T 414, “internal
Tearing Resistance of Paper (Elmendorf-Type Method),” with the exception that the comparative example
and example handsheets were cut straight on three sides and cut curved (i.e., half-moon shaped) on the
fourth side. Also, for Comparative Examples 1, 2 and 9, internal tearing resistance in the machine
direction and internal tearing resistance in the cross direction were both measured. For these
comparative examples, the internal tearing resistance reported in the table below is the average internal
tearing resistance, which is defined as the average of the internal tearing resistance in the machine
direction and the internal tearing resistance in the cross direction. Comparative Examples 3-6 and
Examples 1-18 and 24-28 are non-directional handsheets, without a machine direction or a cross
direction. For these, the internal tearing resistance reported in the table below is internal tearing
resistance measured in one direction,

Slow Rate Penetration Resistance is the ability of a sheet to withstand elongation and/or puncture
by a driven probe. |t is expressed in Newtons and was measured based on ASTM Standard F1308,
“Standard Test Method for Slow Rate Penetration Resistance of Flexible Barrier Films and Laminates,”
with the exception that the sample size used was no more than 3.5 inches in width with a varying length
instead of three inches by three inches,

Tensile Strength is the maximum tensile force that develops in a sheet before rupture. 1t is the
force per unit width of a test material and is expressed in kilograms per fifteen millimeters. it was
measured based on TAPP| Test Method T 494, “Tensile Properties of Paper and Paperboard (Using
Constant Rate of Elongation Apparatus),” with the exception that the sample size used was 30mm wide
instead of 25mm + 1mm. Also, for Comparative Exampies 1, 2 and 9, tensile strength in the machine
direction and tensile strength in the cross direction were both measured. For these comparative

examples, the tensile strength reported in the table below is the average tensile strength, which is defined
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as the average of the tensile strength in the machine direction and the tensile strength in the cross
direction. Comparative Examples 3-8 and 10 and Examples 1-19 and 21-34 are non-directional
handsheets, without a machine direction or a cross direction. For these, the tensile strength reported in
the table below is tensile strength measured in one direction.

Stretch is the amount of distortion a sheet undergoes under tensile force. It is expressed as a
percentage (i.e., one hundred times the ratio of the increase in length of the sheet to the original test
span) and was measured based on TAPPI Test Method T 494, "Tensile Properties of Paper and
Paperboard (Using Constant Rate of Elongation Apparatus),” with the exception that the sample size
used was 30mm wide instead of 26mm + 1mm. Also, for Comparative Examples 1, 2 and 9, stretch in the
machine direction and stretch in the cross direction were hoth measured. For these comparative
examples, the stretch reported in the table below is the average stretch, which is defined as the average
of the stretch in the machine direction and the stretch in the cross direction. Comparative Examples 3-8
and 10 and Examples 1-19 and 21-34 are non-directional handsheets, without a machine direction or a
cross direction. For these, the stretch reported in the table below is stretch measured in one direction.

The measured vaiues of various properties of Comparative Examples 1-10 and Fxamples 1-34
are reperted in TABLE 7. With the exception of Formation (explained above) and basis weight (with only
one measurement), each value is an average of numerous (at least three and up to twenty)
measurements. (The open, or blank, squares indicate that a particular property was not determined for

that particular comparative example or example.)
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TABLE 7
Basis Air Formation Leg Bacterial | Bursting| Internal | Siow Rate | Tensile | Stretch
Weight | Permeability| (Std. Dev. | Reduction| Filtration |Strength| Tearing |Penetration] Strength |{Ave MD
(gsm) | {(Corresta | Opacity% | Value | Efficiency| (psig) |Resistance|Resistance| (Ave MD | & CD)
Units) x1000) | (number) {%) {Ave MD {N) &CD) (%)
& CD} (kg/15mm)
{9)
CompEx1 | 74.60 102.60 1484.05 523 |88.810000{ 165.35 { 361.00 69.74 9.61 19.45
Comp Ex 2 | 60.00 91.70 1238.11 520 [99.984000] 108601 317.20 49,80 7.54 16.80
Comp Ex 3 | 97.00 97.00 537.90 74.00 264,00 25.02 6.98 10.75
CompEx4 | 89.00 121.00 264.37 11375 | 317.33 41.54 8.20 10.00
CompEx5 | 99.00 72.00 217.05 98.25 341.33 32.84 6.53 20.00
CompEx6 | 97.00 107.00 535.41 164.25 | 392.00 49 41 9.10 17.25
CompEx7 | 101.00 80.00 953.00 3.60 {99.990683} 61.00 5.20 19.00
Comp Ex 8 | 101.00 256.00 1026.00 1.50  199.660000| 125.00 8.00 11.G0
Example 1 | 99.00 140.00 496.66 105,25 | 293.33 37.89 7.43 11.25
Example 2 | 99.00 114.00 544.00 92.25 192.00 34.21 7.58 10.25
Example 3 | 99.00 248.00 460.56 98.00 338.67 40.69 7.50 13.50
Example 4 { 100.00 137.00 402.81 10550 | 258.67 34.51 8.45 12.50
Example 5 | 97.00 151.00 241,29 82.26 27200 27.27 7.83 9.00
Exampie 6 | 89.00 134.00 453.26 118.75 | 274.67 40.00 7.83 11.75
Example 7 | 97.00 143.00 371.93 100.25 | 306.67 40.15 7.83 12.25
Example 8 | 97.00 153.00 572.39 95.75 344.00 40.82 8.55 12.25
Example 9 | 97.00 388.00 105.93 96.25 309.33 40.50 8.18 10.75
Example 10 | 85.00 122.00 149.44 33.00 33067 21.51 2.78 5.25
Example 11 | 97.00 116.00 319.03 138,25 | 328.00 47.39 8.56 16.00
Examgle 12 | 100.00 101.00 312.87 133.00 | 186.67 41,30 9.40 16.50
Exampie 13 { 99.00 696.00 394.97 140.75 | 444.00 46.79 7.80 19.50
Example 14 | $9.00 118.00 600.83 139.50 | 362,67 43,42 8.43 15.25
Example 15 | 100.00 110.00 231.18 11825 | 317.33 49.75 7.25 21.25
Example 16 | 100.00 116.00 366.52 130.00 | 333.33 44.54 8.75 20,650
Example 17 | 100.00 216.00 211.08 128.50 | 338.00 45.66 8.91 19.25
Example 18 | 98.00 $13.00 193.65 54,25 392.00 18.46 3.53 10.00
Example 18 | 101.00 100.00 300.00 4,20 199.899210| 74.00 7.10 12.00
Examgple 20 1.2C  199.890000
Exampie 21 { 91.00 116.00 1241.00 1.80 {99.990083{ 33.00 2.20 8.00
Example 22 | 101.00 116.00 432.00 3.00 199.990370| 86.00 5.30 11.00
Exampls 23 | 101.00 124.00 559.00 2.90 199.998900! 102.00 6.80 10.00
Example 24 | 99.00 183.00 206.83 126.256 | 324.00 43,10 9.08 14.25
Example 25 | 99.00 246.00 326,92 132.25 ¢ 322.67 45 60 863 12.50
Example 26 | 100.00 204.00 249.67 130,756 | 333.71 44.33 9.75 12.50
Example 27 | 100.00 181.00 408.25 116.25 [ 330.67 42.68 7.88 14.25
Example 28 | 99.00 200.00 359.17 103.50 | 298,67 42.04 8.55 14,00
Exampie 29 { 106.00 106.00 544.00 185.00 15.60 18.00
Example 30 | 88.00 136.00 455.00 157.00 10.80 17.00
Example 31 | 106.00 108.00 401.00 202.00 12 .50 20.00
Example 32 | 106.00 124.00 320.00 188.00 13.40 18.00
Comp Ex9 | 85.00 130.00 185.00 1.23  199.520000{ 36.00 97.00 14.46 7.10 8.70
Comp Ex 10 | 101.00 128.00 822.00 1.10  §189.810000] 76.00 7.00 13.00
Example 33 | 96.00 276.00 525.00 0.60 }99.000000} 32.00 3.60 11.00
Exampie 34 { 86.00 472.00 505.00 0.50 |98.200000| 16.00 1.70 15.00

First non-cellulosic polymeric fibers contribute to improved air permeability and improved bacterial

5 filtration efficiency. Second non-cellulosic polymeric fibers contribute to improved strength properties
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559.00 2.90 99.998900 102.00 6.80 10.00 Example 24 99.00 183.00 206.83 126.25 324.00 43.10
9.08 14.25 Example 25 99.00 246.00 325.92 132.25 322.67 45.60 8.63 12.50 Example 26 100.00

204.00 249.67

10

Docket Number 20763

such as bursting strength, internal tear resistance, slow rate penetration resistance, tensile strength and
stretch. Surprisingly, combining first non-cellulosic polymeric fibers and second non-cellulosic polymeric
fibers generally contributes to improved formation.

The above description and examples and embodiments disclosed in EXAMPLES — SET |,
EXAMPLES — SET Il and otherwise are illustrative only and should not be interpreted as limiting. The
present invention includes the description and the examples and embodiments disclosed but it is not
limited to such description, examples and embodiments. Modifications and other embodiments will be
apparent to those skilled in the art, and all such modifications and other embodiments are intended and
deemed to be within the scope of the present invention as defined by the claims.

What is claimed is as follows:
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130.75 333.71 44.33 9.75 12.50 Example 27 100.00 181.00 408.25 116.25 330.67 42.68 7.88 14.25
Example 28 99.00 200.00 359.17 103.50 298.67 42.04 8.55 14.00 Example 29 106.00 106.00 544.00
185.00

CLAIMS
1. A hydraulically-formed nonwoven sheet comprising
a. first non-cellulosic polymeric fibers in an amount of from 5% to 90%, preferably from

10% to 50%, more preferably from 10% to 35%, by weight of the nonwoven sheet in its dry state,

5 wherein the first non-cellulosic polymeric fibers have an average diameter less than 3.5 micron,
preferably 2.5 micron, an average cut length less than 3 millimeters, preferably 1.5 millimeters, and an
average aspect ratio of 400 to 2000;

b. second non-cellulosic polymeric fibers in an amount of from 10% to 95%, preferably

from 20% to 65%, more preferably from 25% to 65%, by weight of the nonwoven sheet in its dry state,

10 wherein the second non-cellulosic polymeric fibers have an average diameter greater than 3.5 micron,
preferably 7 micron, an average aspect ratio of 400 to 1000 and, optionally, an average cut length of 5
millimeters;

C. third non-cellulosic polymeric fibers in an amount up to 50%, preferably from 5% to
30%, more preferably from 5% to 20%, by weight of the nonwoven sheet in its dry state, wherein the

15 third non-cellulosic polymeric fibers have an average diameter greater than 10 microns and an
average cut length greater than 5 millimeters;

d. cellulosic based materials in an amount up to 75%, preferably from 5% to 35%, more
preferably from 5% to 20%, by weight of the nonwoven sheet in its dry state, wherein the cellulosic
based materials comprise fibers manufactured from cellulose; naturally occurring cellulosic materials

20  selected from hardwood fibers, softwood fibers, non-wood fibers or blends thereof; or blends of fibers
manufactured from cellulose and naturally occurring cellulosic materials; and

e. binding material in an amount up to 40%, preferably from 5% to 40%, more preferably
from 5% to 30%, by weight of the nonwoven sheet in its dry state; and

wherein the nonwoven sheet has a basis weight of from 15 grams/meter2 to 250

25 grams/meterz, preferably from 50 grams/meter2 to 100 grams/meterz; an air permeability of at least 10
Coresta units; a slow rate penetration resistance of at least 25 Newtons, preferably at least 40
Newtons; an average tensile strength of at least 6 kilograms/15 millimeters, preferably at least 7

kilograms/15 millimeters; and an average stretch of at least 7%, preferably at least 11%.
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15.60 18.00 Example 30 88.00 136.00 455.00 157.00 10.80 17.00 Example 31 106.00 108.00 401.00
202.00 12.50 20.00 Example 32 106.00 124.00 320.00 198.00

2. The nonwoven sheet of claim 1 wherein the first non-cellulosic polymeric fibers comprise
polyolefin, polyester, polyamide, polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl
acetate, polyvinyl chloride, polyvinyl alcohol, polyacrylate or polyacrylonitrile, ionomer or blends
thereof, preferably polyester; and/or the second non-cellulosic polymeric fibers comprise polyolefin,
5 polyester, polyamide, polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl acetate,
polyvinyl chloride, polyvinyl alcohol, polyacrylate or polyacrylonitrile, ionomer or blends thereof,
preferably polyester; and/or the third non-cellulosic polymeric fibers comprise polyolefin, polyester,
polyamide, polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl acetate, polyvinyl
chloride, polyvinyl alcohol, polyacrylate or polyacrylonitrile, ionomer or blends thereof, preferably

10  polyester.

3. The nonwoven sheet of any preceding claim wherein the first non-cellulosic polymeric fibers,

the second non-cellulosic polymeric fibers and the third non-cellulosic polymeric fibers are oriented.

15 4. The nonwoven sheet of any preceding claim wherein the total weight of all non-cellulosic
polymeric fibers comprising the nonwoven sheet comprises at least 35% by weight of the nonwoven

sheet in its dry state.

5. The nonwoven sheet of claim 1 wherein the fibers manufactured from cellulose are nano-
20  fibrillated.
6. The nonwoven sheet of claim 1 wherein the binding material comprises acrylic latex, styrene

butadiene copolymer, butadiene acrylonitrile copolymer, polyurethane, polyvinyl acetate, polyvinyl
alcohol, natural rubber or other nature-based adhesive, polyvinyl chloride, polychloroprene, epoxy,
25 phenol, urea-formaldehyde, thermal melt adhesive, surface treatment material, surface treatment
method, binder fiber, crosslinking agent, tackifier or blends thereof, preferably styrene butadiene
copolymer, polyurethane and crosslinking agent or polyvinyl acetate, polyurethane and crosslinking

agent.
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13.40 19.00 Comp Ex 9 85.00 130.00 185.00 1.23 99.520000 36.00 97.00 14.46 7.10 6.70 Comp Ex 10
101.00 128.00 822.00 1.10 99.8 0000 76.00 7.00 13.00 Example 33 96.00 276.00 525.00 0.60
99.000000 32.00 3.60 11.00

7. The nonwoven sheet of any preceding claim wherein the nonwoven sheet comprises multiple
layers.
8. The nonwoven sheet of claim 7 wherein a first layer comprises the first non-cellulosic

5 polymeric fibers and a second layer comprises the second non-cellulosic polymeric fibers, the third

non-cellulosic polymeric fibers or blends thereof.

9. The nonwoven sheet of claim 7 or claim 8 wherein at least one of the multiple layers
comprises a scrim material.

10
10. The nonwoven sheet of any preceding claim wherein the nonwoven sheet has a formation of

1000 or less, preferably 500 or less.

11. The nonwoven sheet of any preceding claim wherein the nonwoven sheet is a porous

15 packaging material having a log reduction value of at least 2, preferably at least 3.

12. The nonwoven sheet of any preceding claim wherein the nonwoven sheet has a bacterial

filtration efficiency of at least 94%, preferably at least 99%.

20 13. The nonwoven sheet of any preceding claim wherein the nonwoven sheet has a bursting
strength of at least 517 kPa (75 pounds force per square inch) gauge, preferably at least 827 kPa

(120 pounds force per square inch) gauge.

14. The nonwoven sheet of any preceding claim wherein the nonwoven sheet has an average

25 internal tearing resistance of at least 150 grams, preferably at least 275 grams.

15. The nonwoven sheet of any preceding claim wherein the nonwoven sheet is printed.

16. The nonwoven sheet of any preceding claim wherein the nonwoven sheet maintains

30 dimensional stability when exposed to temperatures up to 200°C.
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Example 34 86.00 472.00 505.00 0.50 98.200000 16.00 1.70 15.00 First non-cellulosic
polymeric fibers contribute to improved air permeability and improved bacterial Sfiltration efficiency.
Second non-cellulosic polymeric fibers contribute to improved strength properties Docket Number 20763
such as bursting strength, internal tear resistance, slow rate penetration resistance, tensile strength and
stretch. Surprisingly, combining first non-cellulosic polymeric fibers and second non-cellulosic polymeric
fibers generafly congribafies 10rmp NGl QIRRAHIO el BScRRIRVE ABRGIPHRN-BRIL G ARHRIR SRRy
embodiments disclosed in EXAMPLES - SET |, 5 EXAMPLES - SET Il and otherwise are illustrative only
and should nerepditgeigireted as limiting. The present invention includes the description and the examples
and embodiments disclosed but it is not limited to such description, examples and embodiments.
Modifications and other embodiments will be apparent to those skilled in the art, and all such
modificattonsiand othe peskdgedinteinisia ferimte nohedisirgat Besheak tadbidonatmyethidestp penerfethe present
invention as defined by (he.clajme. OWhat s claimecis as follows:, CLAIMS A vdraulically formed
nonwoven sheep%omprlsslnege e iréfhon-celfliosic oﬁ'/ame?ﬁ: IberS n an amount Of Trom 5% to 90%,
preferably framediOpapko, H3%mopnate paeienalhdifpnmatbtdiata/I5Yatihy egight of the nonwoven sheet in its
dry state, 5 wherein the first non-cellulosic polymeric fibers have an average diameter less than 3.5
micron, preferably 2.5 micron, an average cut length less than 3 millimeters, preferably 1.5 millimeters,
and an average aspeetpRiRebANMHA 28Qim 18 wRersRERNRLARVGEINas LRI BBKIsHRS ISdIN an amount
of from 10% to 95%, preferably from 20% to 65%, more preferably from 25% to 65%, by weight of the
nonwovEh sheet in its dry state, 10 wherein the second non-cellulosic polymeric fibers have an average
diameter greger thape3,2.0er 0N PG ALY 7 V6 ARerBN AYSIAUBBSRRGH FalIR AP HARP and,
optionally, an average cut length of 5 millimeters; c. third non-cellulosic polymeric fibers in an
amount up tor5e%8) theeferablgrirhastieties 3096, atieregiretedaolyairem 5% to 20%, by weight of the
nonwoven sheet in its dry state, wherein the 15third non-cellulosic polymeric fibers have an average
diameter greater than 10 microns and an average cut length greater than 5 millimeters; d. cellulosic
based materials in ahegrmbagd ofaie of skimprgferadiyhtneim tbd/artol3Ehprinese preferiatelyictrem/&% to 20%,
by weigp% of the. nonwoven sheet in its dry state, wherein the cellulosic based materials comprise fibers
manufac uregﬁsr'(g?ﬁnc'ellulose; naturally occurring cellulosic materials 20selected from hardwood fibers,
softwood fibers, non-wood fibers or blends thereof; or blends of fibers

22. A method of packaging a medical device comprising
a. providing a package, wherein the package comprises the nonwoven sheet of any of
claims 1 to 16;
20 b. placing a medical device in the package;
C. enclosing the medical device in the package by forming a continuous closing seal,
whereby a sealed package is formed; and

d. introducing a sterilizing gas into the sealed package through the nonwoven sheet.

25 23. The method of claim 22 wherein forming the continuous closing seal comprises heat sealing,

weld sealing, ultrasonic sealing and/or adhesive sealing.

24. The method of claim 23 wherein heat sealing is accomplished with a seal time of at least 0.5
seconds, an upper jaw seal temperature of at least 120°C , preferably from 180°C to 200°C, and a

30  seal pressure of at least 275 kPa (40 pounds force per square inch).
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manufactured from cellulose and naturally occurring cellulosic materials; and e. binding material in
an amount up to 40%, preferably from 5% to 40%, more preferably from 5% to 30%, by weight of the
nonwoven sheet in its dry state; and wherein the nonwoven sheet has a basis weight of from 15
grams/meter2 to 250 25 grams/meter2, preferably from 50 grams/meter2 to 100 grams/meter2; an air
permeability of at least 10 Coresta units; a slow rate penetration resistance of at least 25 Newtons,
preferably at jgast 40 Newions: Ay Ergs tensiR-RlEeRaLh r%fa?stelﬁﬁitt@fmg o bacratlimeters,
preferably at least 7 kilograms/15 millimeters; and an average stretch of at least 7%, preferably at least
11%. 2. Theneoneveveheshistadiagteaio fitralioe@tinieney fif st least-LBHLARSIStHo ISRt dlstieedidaTprise
polyolefin, paligsiss RaarIde By ariE, RalXeRPlAcns PRLA RaNA S REIN SHRaE POV
acetate, polyvinyl chloride, polyvinyl alcohol, polyacrylate or polyacrylonitrile, ionomer or blends thereof,
preferably potyéstemsand/or the second non-cellulosic polymeric fibers comprise polyolefin, 5 polyester,
polyamide, polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl acetate, polyvinyl
chloride, polyvinyl alcohol, polyacrylate or polyacrylonitrile, ionomer or blends thereof, preferably
polyester; angor thenthietiarcatiuosianotprierodibess cerprisedoigalafinispolyesiet, gelyamide,
polylactide, polycaprolactone, polycarbonate, polyurethane, polyvinyl acetate, polyvinyl chloride, polyvinyl
alcohol, polydeXARTE R I5Eerylonitrile, ionomer or blends thereof, preferably 10polyester. 3. The
nonwoven sheet of any preceding claim wherein the first non-cellulosic polymeric fibers, the second
non-cellulosic polymeric fibers and the third non-cellulosic polymeric fibers are oriented. 154.The
nonwovth shet of ARPIEPE CEHYRRHIRSATIAVERSBTERIRAIRIT 3 REABHISIE FRIWRsEAC fibers
comprising the.nenWRERsRget comprises at least 35% by weight of the nonwoven sheet in its dry state.
5. The nonwoven sheet of claim 1 wherein the fibers manufactured from cellulose are nano- 20fibrillated.
6. The nonwoven sheet ofdiEiameterlasriein thedpifriingerateiialnctieriprisesraesylic latex, styrene butadiene
copolymer, butadiene acrylc()é}itrile V\g:aqgrolymer, polyurethane, polyvinyl acetate, polyvinyl alcohol, natural
rubber or other nature-based adhesive, polyvinyl chloride, polychloroprene, epoxy, 25 phenol,
urea-formaldehyde, thermalanelt ddifesiven-seirfiasie dobateriefiiematerial, surface treatment method, binder
fiber, cr?gs_,lin_ldng agent, ta %@figr %reté[eegglg ntglngrgmb t%Cr%E?r%grl f?ggrrser_le t_)utadiene copolymer, polyurethane
and crosslinking agent or polyvinyl acétate, pofyure ane and crosslinking agent. layers. 8. The
nonwoven sheet of claim 7 wheretneatittsidayeresmpsipasitivdissiron-cellulosic Spolymeric fibers and a
second layer comprises the second non-cellulosic polymeric fibers, the third non-cellulosic polymeric
fibers or blends thereof. 9. Phe ndIRGBAHIVSRRECSTAFART 7 or claim 8 wherein at least one of the multiple
layers comprises a gcrim matghipdhelQatdaid ARABWE VSR HaRet Bfamarigeading claim wherein the
nonwoven sheet has a formation of 1000 or less, preferably 500 or less. 11. The nonwoven sheet of any
preceding claim wherein tRiIYFERBYBINShaemda PeiRuPasparifaginephaterial having a log reduction
value obgt least 2, preferably ahipashiishdot BN NRA-SESIAhARKRIERRAA gl wherein the
nonwoven sheet has a bacterial filtration efficiency of at least 94%, preferably at least 99%. 2013.The
nonwoven sheet of any préyediriep dhainendngheiferthiegrrepigoven sheet has a bursting strength of at least
517 kPe_l (75 pound§ force per s L[haer%gghgeg\%ur%% \%t()a[ggatélegsqg '%Q&%%Z? kI?a (120 pounds force per
square inch) gauge. 14. The nonwoven sheet 0 any precé’ ing dlaim wherein the nonwoven sheet has an
average 25internal tearingrasisjamceedf at least 150 grams, preferably at least 275 grams. 15. The
nonwoven sheet of any preceding claim wherein the nonwoven sheet is printed. 16. The nonwoven sheet
of any preceding cldim whdg}'é?ﬁ"}ﬁg’?\%%%@éw OA&&T RIafithins 30dimensional stability when exposed to
temperatsires up t0200C.dreoaeiagclaim.

the method further comprising adding the binding material to the hydropulper and/or adding
the binding material to the furnish prior to the furnish being delivered to the forming section and/or

adding the binding material at an impregnator in the drying section.
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518.The package of claim 17 further comprising at least one additional layer directly adhered to the
nonwoven sheet, wherein the additional layer comprises a second hydraulically-formed nonwoven sheet,
paper, thermoplastic material, binding material and/or coating material. 19.The package of claim 17 or

claim 18 wherein the nonwoven sheet is directly adhered to itself. 10 20. The package of any of claims
17 to 19 whef&in th&RdAWSYeH SR Lis theRA R R I Aherbtonmepif e RewbY SACSHEERTs attached to

a thermoformegl,RRIAUIRRerd libkhe RackRIS - AN LKA 1040 Mhrain thadsticlesmprises a

medical device and/or 15desiccant. 22. A method of packaging a medical device comprising a.providing
a package, whetpghistiie prilekdg e oydigndes teaadtemivorethastied offarmytes tialphend wheGimtde . placing a

medical devige in,the, package; c.e %'8&{9&%‘%@89i%%LHSé’Eﬁ%siPoﬁhe package by forming a continuous

closing seal, whereby a sealed package is formed; and d. introducing a sterilizing gas into the sealed
package Yhrowligeiheha dintvoare ce et p2ER28!IE Hieer etrosk aindl anm @ Ruletie eipnfenenibgrstlaedcbatinuous

closing seal comprises heat sealing, weld sealing, ultrasonic sealing and/or d[hesiv aling. 24.The
mothon of cI A DB VRIS ROLTERAES o S TR 2 e PR ™ o, an
upper jaw seahtesmpeeatisicrohialt lrastils?&Cto peirtabaifkoorB0bgta 2ROE crnt aResapkpressure of at

least 275 kPa (40 pounds force per square inch). 25. The method of claim 23 or claim 24 wherein, after

heat sealing (678 A'SLA8Y PRcRUE A HIRMRS ISR GRISEH e BELREHEPTRPAAGIPERIENEY of at least

99%, a burstingestrRNUthsAl ahdeastReddRa (146h POUaNSEarceanelind UalifelNshY gavgesandnan average
internal tearing resistance of at least 5275 grams. 26. The method of any of claims 22 to 25 wherein the

sterilizing gadUYRIPTRSS ERTTERE EheRFRGFTER FelirRiihie Birimachioe Theshrth i Behiapishairing a

nonwoven sheetag, (aime ann GRS AP HEsCHBRERIBAI IS e Uamiatsians Afardding materials
to a hydropulper, wherein the materials comprise (1) water, (2) the first non-cellulosic polymeric fibers,

15(3)the secdriysethtetlitrsicosehfiatesic fibers (4) the third non-cellulosic polymeric fibers, and (5) the
cellulosic basgd materials; b.agitating the materials added tg the hgdrcow(lj[s)er t?]form furnish;

. . ein st non poltymeric ers an e Second non- IC polymeric ?Ib rs are .
c.delivering the Urnish from the ydropulper to Iholdlng means; %0 .delivering the furnish from the holding

means to a feren gosibetigtrépuliprnt@avedtie . ade weitarsin ¢p themniad fomitheafor magiselatidmyishdouching the
web to qglivegeﬁp/grg\clj(etg) htgldlahg {nee%%isngor%%%iir?gne;x machine chest; or
wherein the first non-cellulosic polymeric fibers and the second non-cellulosic polymeric fibers are
added to the hydropulper consecutively, whereby a first furnish and a second furnish are formed and
wherein the holding means comprises a first machine chest comprising the first furnish and a second
machine chest comprising the second furnish.
20

29. The method of claim 27 or claim 28 wherein the web is formed through one or more

headboxes, one or more slices or one or more cylinders.

30. The method of any of claims 27 to 29 wherein the forming section comprises a Fourdrinier,

25 cylinder, rotoformer or inclined wire former.

31. The method of any of claims 27 to 30 wherein a scrim material is added in the forming section

and/or the pressing section.

64



0.pressing the web; h.delivering the web to a drying section; and 25i.drying the web; the method
further comprising adding the binding material to the hydropulper and/or adding the binding material to the
furnish prior to the furnish being delivered to the forming section and/or adding the binding material at an
impregnator in the drying section. 28. The method of claim 27 wherein the first non-cellulosic polymeric

fibers, the seé®nd nBK-EEADSIAPHRIMEITS A5eps3 tE e o ALeIfd d&ie FRYKFrRe MR B &FesaiRgl/or the
cellulosic basggimaterialz aieadoerkie hebwdraprlrer eapsHssntliapd agitated to form the furnish and
wherein the furnish is delivered to holding means comprising a machine chest; or 5wherein the first
non-cellulosic polymeric fibers, the second non-cellulosic polymeric fibers and the third non-cellulosic
polymeric fibgss arepdded,ig the Dydrapmipsy andAgiAILA 10,1 AdikhiRish WASTEIN the first furnish
is delivered to holding means comprising a blend chest delivering'to a machine chest; and the cellulosic
based materiatseasedaeiedrd¢intihe fryshiopsp®n andaditatetdedaiom a second furnish, wherein the second
furnish is delivered to a refiner, refined and delivered to the 10 holding means comprising the blend chest
delivering to the machine chest; and the first furnish and the second furnish are blended in the blend
chest and deliveredrie thetawmehinencheshgeartie beingdalivesad tofthre formingsecdomrorioowherein the
first non-cellulosic polymeric fibers and the second non-cellulosic polymeric fibers are added to the
hydropulper CSHETIERIBPAIMTALITRELES FOPRY s Féﬁ?oa‘??éf%ﬁgfé‘?r??h@?ﬁ'rﬁ‘gﬂ' is 15delivered to
holding means comprising a machine chest; or wherein the first non-cellulosic polymeric fibers and the
second non-cellulosic polymeric fibers are added to the hydropulper consecutively, whereby a first furnish

and a séfondfurnishareeahbany RbclFms i tetPh IR AYMRISEN SRRIRII AR WebaMiRd PraleiffiePlhest
comprising the.firsh fligiish pod R-senendk %B%QU&%QQ%F&%H\%%%%M?%Sﬁ&&@ﬂg{]%&\éh- 20 29.The
method of claim 27 or claim 28 wherein the web is formed through one or more headboxes, one or more
slices or one or more cylinders. 30. The method of any of claims 27 to 29 wherein the forming section
comprises a kourdrinier, 25cylinder. rotoformer.gr.inclined wire farmer, .31, The method. of any of claims
2715 30 wheTan & B e B 0 88 cection has
a wet procesgéensile strength of at least 100 grams/30 millimeters. 33. The method of any of claims 27
to 32 fu t?er comprising pre-densifying the web by using 5increased pressure in the pressing section
and/or the drying section. 34. The method of claim 33 wherein the increased pressure is from 17.5 N per
lineal mm (1QG.poumss fRisi e it abinebllo Aaadripg biteakmmdlkoppaurds fermapertineal inch).
1035.The method of any of claims 27 to 34 further comprising coating the web with a heat-sealable
material and/PAC TR AP ERUIE SIS RFAUSHE AP OMSHEER 6T REHEFRHPIRY Eaidh. 36. The
method of any.pfrelaines @FotpandyFther LPMpsising. calendering the web after drying the web. 15 37. The
method of claim 36 wherein calendering occurs at a roll temperature of from 65C to 205C and a roll
pressure of from 17.5 N per lineal mm (100 pounds force per lineal inch) to 263 N per lineal mm (1500
pounds fgrcesger lingal ingidy 33 BB mshes Alriaim 36 aimSs WheriR crleRdsriag bonds a
scrim material to the web. 39.A nonwoven sheet as claimed in any of claims 1 to 16 obtainable by a
method as claimed in any of claims 27 to 38.

39. A nonwoven sheet as claimed in any of claims 1 to 16 obtainable by a method as claimed in

any of claims 27 to 38.
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