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1RPCLYNERIC | NTEGRAL NET TECHNI CAL FI ELD CF THE | NVENTI ON The pr@ag#?o )
invention relates to an integral net of po[ynerlc material and a newnmm&ﬂopyz
produci ng the sane. BACKGROUND OF THE IQVENTICN Pol ynmeric nets or webs are
sheet-1ike fenestrate structures conpri§ing Polyneric material. Polyneric
nets find utility in a variety of disparate ‘applications ranging from’

el ectronics to nedical care, and such nets 10 are thus commercially

i mport.ant materials. These nets can have different qualities depending

upon their node of engineering. [RLyMEarR enTEERAI,"REF can be fashioned
froma variety of polymers, have a variety of hole sizes and shapes, and

can assune al nost any desired thickness. 15 In many applications,
it is desirable to have nets fashioned fromrelatively inert matter in
order to avoid conprom sing tﬁ@HNﬁF@&rF@?LBfOFh@HﬁeFN%ENTF9§ or affecting
materials in contact_ wth the net. Polyners resent attractive choic

for nets to be enpl oJBE PresEnt inygol éoapﬁﬁﬁégﬁﬁoﬁg a&slﬁ§ﬁﬁiﬁﬁ1§ﬁ¥%§’ re

extrenely resi spabyméoigombrerdailcand al metact, £birlprodalcimey nlcams

pol ytetrafluoroethyl ene (PTFE) rank as some of the nost chemically inert
material s. Thus, nets of fluoropolyners would be highly useful in
applications in 25 whi ch the nets are exposed to harsh conditions, such
as in batberies, filtration apBikCEIERMEAND AN THE: INVENTIAN ot her
applications, it is desirable to fashion nets to include a mnimal anount
of extractable naterPalymaxiSU@HtﬁapmewebanaEEfsheethéibhy§ﬁﬁaﬁtaﬁ&e '

chem cal 30 s@fweuééssce&p&agla gmwsr%etﬁaesnamd heag! Ngmte*}qcnﬁtetsas

wel | as contamnate naterials in Co e net ts conmprising
reactive extrac@%&ﬂéuﬁh%éFYaFnaPeVéﬁ&ﬁ§¥d°erdaé@?ﬁﬂéé 699;193§é°§§ t he

extractabl e matgingindgSfrom electronics to medical care, and such nets
10 are thus commercially important materials. These nets
can have different qualities depending upon their mode of
engineering.fhfor example, such nets can be fashioned
from a variety of pdlymefs, have a variet? of hole sizes
and shapes, and can assume almost any désired'thickness.

1is In ﬁany applications, it is desirable to have nets
fashioned from relatively inert matter in order to avoid
compromising the integrity of the net lattice or
affecting materials in contact with the net. Polymers

: represent attractive choices for nets to be employed in

20 these applications, as many polymers are extremely
resistant to most chemicals. In fact, fluoropolymers
such as polytetrafluoroethylene (PTFE) rank as some of
the most chemically inert materials. 'Thus, nets of
fluoropolymers would be highly useful in applications in

25 which the nets are exposed to harsh conditions, such as
in batteries, filtration apparatuses, and the like.

In other applications, it is desirable to fashion
nets to include a minimal amount of extractable material,
as such matter can affect the physical and chemical

30 properties of the polymeric lattice, and hence the net,
as well as contaminate materials in contact with the net.



rehDved fromthe net. Perhaps nmore inportantly, in other applicatiens, such
as filtration devices in which nets 5 are enployed as filter media or
as support elenents, the presence of extractable natter in the net lattice
adversely affects the ultimate quality of thg filtrate. Notably,
extractable matter can be | eached fromthe n8&t lattice, thus contam nating

e rate, BNl (SR A0 reactBIE LRl raddal fe Rieplienaectgbleato

have extrenely and regqul ar
shaped hol es or quordegraieh cnea::s taxr@ sefale iextdfrdetabtlomaeertal, is

especially ultr r I

palrot i cl esy( e.g. %fén(%lée{ ﬂ;b“gr om a dpéﬁ{grjé%glg)n%erselm%oy@éﬂ%fga J'n other
mnimze the pr eeplraati fdng erauch %ﬁ:rﬁ)?shtlaatﬂqrt eiemets]gmuwmqlmwSt hus
enhancing gt he effici bosla %HTBEH/&LBE rﬁgd a g4 a&é %ffgﬂ% e IWRER €, Ofhe

-crosstOM/flltratlon |ca , pol yneric nets
Care nanufacture@ﬂ@ﬁ%%@ﬂwﬂﬁ(ﬁxtﬁﬁﬁﬁﬁhi; QﬁFI&ﬂtQthPeﬁwl%&tbﬂﬁchlng

holes or slits Iamz%eaqﬁ%zfﬁgcwlaﬁaemruﬁ@ iflalidy ISF iy #ifdiLed! and
costly to control the si"'ze and shape. of hol es or pores i n_nets produced by

many 25 . of tRESPlynocxdEast QBR4eF (et B drspchad ITERR THE Rftm

hol es are requi rla@caraé ,f ehuerasdtinimaiing Mrfeeq:\iqrcratwhmmrﬁmm@yed
processe 0for fabricating nets, especially extrusion, are prone to

i ntrodycea si oAt -anount of extractable matter 30 (e.g., netals,
resins,” etc.) into the polymer lattice. Thus, there exists a need for a net
substantially free offtextsr adisablof teat (dersizadble \rer \rave rextetedwshy rithin

stch a-pol ynor | PoERErLY febs’ Sl AR AR S LA

and ot her advanhedes of pOI'sSt he Sucds @®ts W@ntuls@fulasl-m\éﬂl‘a’@%tlonal

inventive - devices, especially ultrafiltration devices, for removing

15 very small particles (e.g., microbes) from a fluid.

Furthermore, yery thin nets minimize the pressure
differential across a filter during filtration, thus -
enhancing the effiéiéncy of some types of filtration
(e.g., dynamic or crossflow filtration). '

20 Typically, many types of polymeric nets are
manufactured by extrusion, by weaving, by knitting, or by
: punching holes or slits into a sheet of polymeric
1 material. It is very difficult and costly to control the
1 size and shape. of holes or pores in nets produced by many
25 of these processes, especially where very small and
uniform holes are required and for very thin nets.
Moreover, many commonly employed processes for
fabricating nets, especially extrusion; are prone to
introduce a significant amount of extractable matter
30 (e.g., metals, resins, etc.) into the polymer lattice.

Thus, there exists a need for a net substantially
free of extractable matter and a very thin net having
substantially uniform hole size and shape. The present
invention provides such a polymeric net, as well as a

35 method of preparing same. 'These and other advantages of



features, will be apparent fromthe description of the invention provided
herei n.” BRI EF SUMMARY OF THE | NVENTI ON 5 The present invention
provi des an integral net having a lattice of polyneric nmaterial defined by
hol es traversing the integral net from one syrface to the other. The
present invention also provides a nmethod for?produci ng an enbossed sheet of

polyneric materi_al . by 10 contacting a hillet of Jymerie material with
an enbossi ng to&%ehé%qﬁfaf[ﬁqﬂﬁﬁﬁ%ﬁpkﬁaﬁnﬁﬁ%%ﬁﬁﬁ) %&ﬁg%ﬂﬁftﬁﬁv%ﬁ%ﬁgiing

t ool inpresses ifedentrais omelliinthe tdppdudritetfdom alg Vasadeigtiomnaf the
subsequent |y ski,yl t, i By this nmethod, an enbossed sheet
of the 15 p&%ﬁglﬁl%%n%@éﬁyg%i giergee%rﬁt)nv'ed fromthe billet, which enbossed

sheet can be the aforesaid integral net. The present invention is useful in
applications utilizing nets or fibers, such as in nedical devices or

products, gas exchange or OXyﬁﬁﬂ@%O%UﬂﬁMhﬁeéF H@C RN . . devices, in
ot I cati

separation applications, or er app tions allowng for the use of

~polymericgnets or fi @S prERRntN USR] drS et dedenSt t4h d&f erence
to the accorrpan%i ng dr avmprf s and in the foll ovvilng qga{ aﬁ%%‘

] . 5
description of PA¥iPSePerrédis®od AT meterden dafdusd bt dean NGs
Figures 1A-1C ateaseheiRly &heChineegtadl neRs fobnl BRieS WilrdRe Ao Re/Meri c
i ntegral nets of Fhe pre%%nt i nventi,on. Figure_ 1B is a, nlfledfggrgyatlc
30 ,represenPEPPEn of HEhETREFES Y c@lse Bre™ & U5k Cet
depi cted in Fi ggredhbinananFieghoestd isheat of4psilfimedidTa@idriad dshematic
representation of the holes angd.lLattic an.al ternat.ive t.ype of integral
net . Fig%ge 2 1S?EE§8ﬁéH§iFc%%g%nggﬁt§ ﬁ%ﬁegﬁcamgﬁﬁr '@3¥Bbf¥}et of -
polyneyic-naterémboasihgatpoﬂah9Ving a plurality of protrusions whereby
the embossing tool impresses indentations into the billet
to a given depth, and subsequently skiving the embossed
billet. By this method, an embossed sheet of the
15 polymeric matferial is removed from the billet, which
' embossed sheet can be the aforesaid integral net.

The present inven;ion is useful in applications
utilizing nets or fibers, such as in medical devices or
products, gas exchange or oxygenator devices,'electronic

20 devices, in separation applications, or other
applications allowing for the use of polymeric nets or

fibers.

The invention is best understood with reference to
the actompanying drawings and in the following detailed
. 25 description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1C are schematic representations of the
surfaces of pblymeric integral nets of the present
invention. Figure 1B is a magnified schematic

30 representation of the holes and lattice of one type of
integral net depicted in Figure 1A, and Figure 1C is a



5  spur-type enbossing tool and a blade for skiving an enbossed sheet
fromthe billet. Figures 3A-3G are schematic representations of various
types of polyneric billets with enbossing tools. Figure 3Ais a schematic
side view representation of a 10 cylindrigal billet of polyneric
material and a rotary spur-type enbossing tool” and the inpressions nmade by

the embossing took; ki 8t REGAYELERC sBhede B! bhblesELOUESoRB I cheonbamR! | ©

. representation of rirc mater
sheat h-t ype enbos%n@g @bbhcelgf an Fl@GKBaQGVﬁstheené vnéﬁgaéél@@ﬁng a
cylindrical billet of polyneric material within a sheath-type enbossing

tool. Figure 3D is SChﬁﬂ%ﬁk& QeméeﬁeaEﬁémaelefrépﬁégaaEaEabhebfo& pol yneric
material with a press-type enbossing tool. Figure 3E 1S a cross-sectional

side view of Fi gﬁbla@drlcaédoaééﬁst PhgPalyTaRAF EPFFé'ﬂ-aéf wa iy e FoEary

material wigh a psgss Y@é éﬁb@ééh.ﬂ? teah afiig4" B13&ei EofCBRARENG an
representation of hoI £I||e% Eﬁ ygeigc material with a rotary
spur-type enbossi ?iﬁﬁ ghgBFet3eM 508cREMAEFc representation of a planar
billet of polyneric 25 material with a rotary spur-type enbossing tool.
Fi gures 4A-4B are schenbdrugesi BIR SGeareepehemat it i pspresenvhadised bifl | ets

of polymeric material . bl ades sk'vin .enpossed sheets f Il Lets,
and enbossed sheefd %&?nﬁygﬁs gf?nghffﬁgs WLE% aﬂ; iigssQOOE
schemati,c side vwEwgurngsenSaalsohemaalcySdervraw bepresentapabpnefi g

mat eri al n o] of
The i 11 et ooy P FREHE081 TBESLOV BF BORIRELIY d20eradl oahll? F‘e%tggg
sheet having an amusdameerkeasing tool Rudrthapineressiassnrade by the

representatlon(ﬁeﬁbdgémﬁi tooDi 1hed Qﬁepgufﬁﬁﬁéqofaﬁﬁé'Bilbéﬁ'ngFl re 3B
| npressions nmade by an 055|ng tool 1nto fhe surface_ of

bl ade for skivi ng-%arf ‘Ejl%hﬁ%ﬁr$$%‘i‘ﬁ%‘ﬁb°’blq’ e, Cﬁ%ﬁn‘aréﬂégt hi Egogn

enmbossed pattern.polymeric material with a sheath-type embossing tool.

' 15 Figure 3C is an end view depicting a cylindrical billet
of polymeric!&aterial within a sheath-type embossing
tool. Figure 3D is schematic representation of a planar
billet of polymeric material with a press-type embossing
tool. Figure 3E is a cross-sectional side view of Figure

20 3D depicting a planar billet of polymeric material with a
press-type embossing tool. Figure 3F is schematic
representation of a hollow billet of polymeric material
with a rotary spur-type embossing tool. Figure 3G is
schematic representation of a planar billet of polymeric

25 material with a rotary spur-type embossing tool.

Figures 4A-4B are schematic side view
representations of embossed billets of polymeric
material, blades for skiving embossed sheets from the

~ billets, and embossed sheets having an embossed pattern.
30 Figure 4A is a schematic side view representation of a
cylindrical billet of polymeric material having
impressions made by an emboss1ng tool into ‘the surface of
the billet, a blade for skiving an embossed sheet from
the billet, and a sheet having an embossed pattern.
35 Figure 4B is a schematic representation of alplanar



5 , i Figures 5A and 5B are schematic representations of different
enbodi nents of tapered protrusions on an enbossing tool. Figure SA
represents a pyram dal protrusion, while Figure 5B represents a coni cal
protrusion. 10 Figure 6 is a cross-gectional schematic
representation of a portion of a billet, inctuding the billet surface,
showi ng syncli nal,;indentati gns pr.oduced fraoman .enbossing tool with tapered
- protrusions. Dagﬁ&éegiﬁ sﬁéiﬁ§é%ﬁﬁ1%§ @ﬁyﬁﬂ%eﬁygﬁé%ﬁﬂﬁpixﬁ%éhi 15
pl anes for ski vangetbeseings e lbiidted .tHe gurfate ofa tdehdnellet, a blade
representation gf;agychage of A ATROP bSO LB Al Nelp gl ng 2
- lattice having puncFa e préssions or furrows Het weeh “Sore adjacent hol es.
20 sDESCRhEVILONY GF FRPJSRECERREDeEMBOD MENTS The present
i nvention provides a nonwoven, nonextruded, integral reticulate net (such

as a singbe- | ayer ngibay BY dlPlsl GeelsMBATYd GBI dHaiRil sk bY
hol es or by pores. used herein, a net is any fenestrate sheet
havi ng hol es tr@iEfsragtt rabsidaentso i fapsretaprotsusions (s .an

Preferably, theqjhpbegialy Bebli.S PeRued GadedpirR sRnEe  (yPdMidze the
presence of extractable natter#%egﬁsv nmetal s, resins, and the like) in the
r

net lattice. A BEOLYHEiRBr pRé 8aSBngePTESent sy@e FRGaRIched, as

stretching can pﬁ@@guggbhation in lattice structure. 6 The net can

~conprise any sultable polyneric material (e.g., virgin, reprocessed,

recycl e etc.). Preferably, the_integral net cogprises palyneric material,

such asd%%ernnplasti 1gBFSner &5 8t8?9g§ﬁae9ﬁéoﬁﬁgeﬁEﬁF@a%&fycan 5.

include filler represahtateoyg. pfghapertibheos, achibdetf,i inedsdimgneha

Lg%?{:iésogofgﬁﬂﬁ&tg‘l%faéélr | EhSkink"sPRAY 1 ARR! § GALLRNE SHie p%ta%%%' net
o from an embossing tool with tapered protrusions. Dashed

lines A, B, and C represent three of many potential

15 planes for s%}ving the embossed billet.
7
Figure 7 is a schematic representation of a surface
of an embossed sheet or integral net showing a lattice
having punctate depressions or furrows between some

adjacent holes.

1 20 ' . DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a nonwoven,
nonextruded, integral reticulate net (such as a single-
layer net) having a lattice of polymeric material defined

" by holes or by pores. As used herein, a net is any
25 fenestrate sheet having holes traversing the sheet from
one surface to the other. Preferably, the integral net
is non-extruded in order to minimize the presence of
extractable matter (e.g., metals, resins, and the like)
in the net lattice. Also, the net preferably has not
30 been stretched, as stretching can cause variation in
lattice structure. '



mat eri al exh| biting superl or chemical resistance and skivability, such as,
for exanple, a fluoropolymer, 10 pol yt etraf | uor oet hyl ene (PTFE), or
ultra high nol ecul ar wei ght polyethylene (UHMAPE). Exanples of suitable
fl uoropol yners are polychlorotrifluoroethyl ene (PCTFE),

pol ychl orotri fl uoroet hyl ene- co- et hyl ene (E/ C&FE- pol yner),

pol yt etraf| uor oet hyl ene- co hexafluro r | ene (FEE 1
pol yt et r af | uor oet hyl &R& lﬁﬂqg%ﬁéj r%h R%ﬁkﬁ)PR##msrlc material
pO:ytetr?fguorOQéhglenemh@gxﬁtnﬁspﬁ?déaéﬁaa,rquy?mednﬂﬁﬂi;mul;gréféﬁ?bly,
pol yvi nyl i dene [ DF),. and copol yner.s _of .vi nyliden uor.i de
Most pr ef er abl y “ggﬂiﬁ?t\é{r r?ést (ﬁot“}'?etf'l#@ olymgrdc Bﬁ\ﬁ@i&" e"T'n il 3%n, 20
regardl ess of tbhenmbprlesm‘ld oo Jymlepreer etiont,egngl thet Pl dto dahe
present igventi [ &eP" I tantla f of.cant alm

i 1éﬁ.e§bn§é. %%'Sa néatg Coﬁg‘lagtl rtfg C«ej'ss]:falsrft |ca§qity of the

extractable nat&rraryc as In egra
pol yneric materfallleﬁsr, oviaeyad, filldemst, canober sm@thte;e‘:'zlldsﬁrs)han In

about 500 part ‘Hgﬁ}f béa_q_@aﬁzg_g@s X %&%g%a'iah & ¢

about 100 ppmor e extracta ter . esst an out 10
ppm ext r act abl emaheraal, e gc%éhl&gnlge%pﬁm@rasbemg meéi)@ta’c@é't@ola@dmtter,

and nore preferéﬂtfabh!h'ﬂ?t GRS '2g€S f%‘% examb%s Eh‘”ffium{}o 1hfheR@rt per
billion ﬁ/gb netal extrattable matter abéut 1 ppb metal extractable

matt-er) . *Rost pPelergbrfluprogtiyleses (Ral‘gakd. RY Hé tiiFe hiads Rlawiedt i on.
consi st entlre|WeQ§hthpod9eth9qeaelxmﬁmwpﬁhus Eﬁéabgé%eéﬂ Hhadad1enet s of

t he present 35 i nvention & em Ca% [ ner% % h that
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upon prol onged p@lryehlomtmféuyrsethygene dorathgilenal (Edlcmm—@oaMer) .
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appl i cat}ons (smlytastrefluggoashs'&egecao-pcnﬁbuogp(alkylvmyl et:her)

(PFA), polytetrafluoroethylene-co-ethylene (E/TFE),
polyvinyl fidbride (PVF), polyvinylidene fluoride (PVDF),
"and copolymers of vinylidene fluoride. Most preferably,
the polymer is either PTFE, PFA or UHMWPE. In addition,
20 = regardless of the nature of the polymer, integral nets '
according to the present invention are preferably

substantially free of contaminants (e.g., extractable
material), such as integral nets consistirng essentially
of the polymeric material. For example, the net can
25 comprise less than about 500 part per million (ppm)
extractable mattér,_such as less than about 100 ppm or
even 50 ppm extractable matter (e.g., less than about 10
ppm extractable matter), such as less than about 1 ppm
. extractable matter, and more preferably the net comprises
30 less than about 10 part per billion (ppb) metal
‘extractable matter (e;g., about 1 ppb metal extractable
matter). Most preferably, integral nets according to the
present invention consist entirely of the desired
polymer. Thus, preferred integral nets of the present
35 "invention can be practically chemically inert, such that
the structural integrity of the integral net lattice is
maintained even upon prolonged contact with very strong



5 .. blodegradable packaglng, etc.), the polyneric material is preferably.
reactive material. Polyneric integral nets of the present inventiqQn can be
constructed by any suitable nmeans. The integral net can be hydrophilic or
hydr ophobi c; the integral net can 10 have snooth or rough surfaces; and
the integral net can be coated or conjugated’with other materials (e.g., a
surface coating). lntegral nets of the present invention can be of any

di mensi on or fo#ﬁﬁuﬁﬁﬁhﬁ%ﬂfokﬁﬁﬁﬁﬁﬂandIﬂﬂﬁﬁﬂ#@|ﬂwhﬁﬁaﬂtxﬁily ndraterial
fenestrate sheetighich@sSiEridud WHe ink¥éhal MRd ﬂta‘rEQ i@l Q.Efftcpad" | By

desired size, such as several nmetersn mnd 0 or nerely a few

. ngt
centinmeters in GPBERCS Widdyithe dntassrls F@"H fi éiﬁ’mel“&?rsrrd{r} (_thl'@,r | ar ger .

‘Furthernore, thgppnteatdlonet(Rth &% For Wk %J&a%rgtﬂ&:léﬁy pFdductd,0or
exanpl e, %he in round, oval, ang,

ral net n be rectangul ar, are
“pol ygonal ; |rreébggﬁgraéﬁk§ﬁy AT IR BEE - Qhagge RALYESRT S MaksGh tiné‘ts of
the present invpptEeraddy heaeftiammy mterdhlle dinension, it is a sheet-llke

25 structure. Thus, the integral net Iattice preferably is thin in
conparison with its Length_and breadt the integral_ net .lattice
can have any desiredEPﬁ' Fass TESET, aﬁﬁl g0 hEhFaPFeﬁgn%a&qﬁfaﬁﬁﬂﬁwﬂan

-mcroneters thibé cahshmugheﬁhbqkanylauutabiecmaahs on&hm‘rnbegrdl K (3

i Limeters gk 66 SYBOCMSHE cb° e RUESILL TELE O She o

t hi ckness). Accor scath abou
1000 [er#Pm or have §eogth fFogrough $9@fapesr]apd phefengbgwadb@@t 500

‘[err]mor less 15@ QoatéaoBE' é@m 9&:&@ e:hqhe” %% Rae e ahley (@bggt 250

“[err]mor |ess : abou 250 nost preferably
. about 200 [err]ﬂ¥€£ace gopEd8Ie. g., about 100-200 [err]n) Of course,
“lattices can be significantly thicker or thinner than these exenplified
di mensi ons.  Further nDfigegkalt neest bfCkhespresent invention can be of any

dimension or form, provided, however, that the integral

15 net is a fenegtrate sheet-like structure. Thus, the
integral net'éan be of any desired size, such as several
meters in width or length or merely a few centimeters in
width or léngth, or even significantly smaller or larger.
Furthermore, the integrél net can assume any shape; thus,

20 for example, the integral net can be rectangular, square,
round, oval, oblong, polygonal, irregular, or any other
desired shape.

While an integral net of the present invention can
be of any suitable dimension, it is a sheet-like
25 structure. Thus, the integral net lattice preferably is
 thin in comparison with its length and breadth; however,
the integral net lattice can have any desired thickness.
For example, the lattice can be several micrometers
thick, although thicker lattices can be one or several
30 millimeters thick, or even thicker (e.g., a centimeter or
more in thickness). Accordingly, the latticé desirably
has a thickness of about 1000 um or less (e.g., about 1-
750 um), preferably about 500 um or less (e.g., about 10-
500 pum), more preferably about 250 um or less (e.g.,
35 about 50-250 um), and most preferably about 200 um or



can.vary or be uniform (e.g., thicker in sone places than 5 I n. ot hers),
and variant lattice thickness can be either gradient or irregular.
Preferably, however, the lattice is of approximately uniformthickness

t hroughout, and nost preferably the lattice is of substantially uniform

t hi ckness. 10 VWil e the present i nfent i on enconpasses i ntegral
‘nets having any suitabl e shape, size, and thickness (provided the integral
‘net is sheet-|likess (atggyabboetsl00-2he pmnesendfi cgaepsepnlateitesesanat e.
Thus, an integr . e Lpvent | has o] re 15 hol es
or pores traver%%ré?%?ggfﬁggﬁggsg ?%%%?oﬁg gﬁ??%%ﬁ ?ggPhéhg?ﬁer. An

i ntegral net ofexé¢mphifiedtdinensions.cafuhbhermoyesulatnbicenohtieknebssuch

hol es, but an i n S at.l gast ' ch,h a an
‘integral net hé§%§%6€#¥a8£o?yh%?£g¥g% ke'gffa5§$§%%g ??sgéﬁ?cgggggé gnénthe
‘array car® be eikhedthens] arand Yaréguratattiee cohbekness fanebecahtberof

~any di nensi on Qfr£dZent FOF £XAEBLLaR0! eﬁrsfé\résjrfp%wévéfw Fhe' egeLEES
:wi de, or they can be larger, suCh as about a mlTineter wde, or even
larger (e.g., dvRE ARRTRFHRARRlYsunifonr HetenesspEasoeghoute ARtegr al

' net can have angigdd PrdFepiblP! €nsi 286t 1iEaNDE NGE CONSEELABDAY L Nuti B6Pm
~Alternatively, the hole size can be approxi mately uniformthroughout an
Cintegral net oftRifk}%Lent invention. The exact dinensions for the hol es
*withinan integral net of 30 t he present invention can vary dependi ng
. upon thdaQse to whi While thd qoredemetineentnidie gutomjasses f integaadl €, an

Cint | t havi ) ) f ! 1
oudtes el orddeld) ntang Wy QIENIS dhapd, | LD LATTLEISMLLD)
fluid, while anpB®vided mihgrintemahavethols sshpet hblks) ( eigtegtrabsnetan
about 1000 [erﬂfﬂtxﬂéﬂgasr%ﬁe %@Aﬁé@%@%&ggdﬂ%d?rmwQﬁs 9

excel l ent support nea use in filtration dev]ces.
integral net of the present invention has one or more
15 holes or pores traversing its thickness from one surface

to the other./; An integral net of the present invention
can. have any suitable number of such holes, but an
integral net must have at least one such hole.
Preferably, an integral net has an array of holes

20 traversing its thickness, and the array can be either

| reqular or irregqular. Moreover, the holes can be of any

dimension or size. For example holes can be about a few
micrometers wide, or they can be larger, such as about a
millimeter wide, or even larger (e.g., about a centimeter

25 or more). Moreover, the integral net can have a
plurality of hole sizes, ranging considerably in width.
Alternatively, the hole size can be approximately uniform
throughout an integral net of the present invention. The
exact dimensions for the holes within an integral net of

30 the present invention .can vary depending upon the use to
which the integral net is to be put. Thus, for example,
an integral net having very small holes (e.g., a few
micrometers wide) provides an excellent filter for
separating particulate matter from a fluid, while an

35 integral net having larger holes (e.g., less than about
1000 um wide, particularly 500-800 um wide) provides



preferred integral net has tapered hol es of approxi mately uniform shape
arrayed ’into a regular pattern. Preferably, the pattern is arranged in
colums and rows 5 such that lattice width surrounding each hole is
substantially uniform An exanple of such an arrangenent is the pattern
wi t h di anond openings depicted in Fig. 7. /v?integral net according to the

present invention.ig.schematically depigted in Figs.. .1A-1C By,virtue of 10
Phe hol es 11t RECRILERE FURBARS MOl GOT, HES ArodihtTabion dSMmes °a
‘reticul ar strucpye€erteds integraleget] hast thpeped ticlldsy abpppesmately
;polynmeric lattice,13, the structure of which_is defined by holes 11
‘traversing the PHF%SFEIS el?rF?3ﬁ$€ﬁ5&$héenguﬂﬁ§ §F%§F¥Tbepending 15
upon t he pl aceneptfefrabie, hahes phttere iisobymanged dit icd s andeows
‘regularlycarray FLg. .1 r; Jr ar, ' El Q. ) sNDreover,

. dependi ngsupon ?ﬁgﬁsFggtog?t?ﬁgehéﬁgglhlf?l)éféghg%ﬁgrr(gﬁcg‘ Ihgtotqﬁ clelg)lS can
~conprise a maj osubgtahtihdlyr waifbrmhe Ant eyempleepfasechoan lprramgement

: | ic lattig ' ] It ; ' "l
polymeric lattigg %ﬁgfggtgggﬂgh%%PadﬁhﬁBhH %Pgﬁlhﬁgnbgﬁ%@ﬁgq'ﬁﬂ MBlear I n

~addition to having polymeric lattice, tegral net can have
radditional elements as well. Thus, integral nets can be surface-treated
(e.g., by 25 i rpARt LA§egTRYdREFhRLFereingy BPofRebPEFeseRY AFvestims

fslurfgce of the iEtF sehé{na%lt:hmry agp&eﬁadcgﬁt @%{;gd (7@.--90. t@y}‘ aﬁizlthtef;lbe
have puntiat o EBFoBeRERs Lhe’ FREcPIYTRFACeLFEF LEReh3b6tn WspddrgTal *
' surfaces) of itge8012 fokmbt aceeticulibesdenpeeaseons Thiscaan dntelualows or
et our face |'s BRGr PoRTSESRaBIK, CORPEBURYon PRECERET Cndte st RdvethRy of
a nunber of ot hetraddureoondl whéahuiesdefineédchbyi hallesglithémavessing ¢aei ed
35 appl i catj QnSoL81Inetl 1268L8k BRES£GER £S £HA' 8endRdi f iRPending? ‘
| 1S upon the placement of the holes 11, the polymeric lattice
13 can be reg?larly arréyed (Fig. 1B) or irregularly
arrayed (Fig. 1C). Moreover, depending upon the size of
the holes 11, the polymeric lattice 13 can comprise a
majority of the area of the iﬁtegral net area or the
20 polymeric lattice 13 can comprise a minority of the

integral net area.

In addition to having holes and a polymeric lattice,

an integral net can have additional elements as well.
Thus, integral nets can be surface-treated (e.g., by

.25 imparting a hydrophilic or hydrophobic coating to the
surface of the integral net) or surface-contoured (e.g.,
to facilitate fluid dynamics). For example, as depicted
in Fig. 7, integral nets 71 can have punctate depressions
74 into a surface (or even both opposing surfaces) of its

30 lattice 72. The depressions 74 can form furrows or
channels between adjacent holes .73. However, for other
applications, the net surface is preferably smooth. Of
course, integral nets can have any of a number of other
additional features for facilitating their use in varied

35 ' applications (e.g., integral nets can be charge modified,



coated on one or both surfaces with adhesive, stretched, etc.). The -
integral net of the present invention is useful in a variety of -
applications allowi ng for the use of 5 . polynmeric nets or fibers, such
as in nedical devices or products (e.g., as dressing or suture naterlal)
gas exchange or oxygenator devices, electronlkodeV|ces (e.g., as insulation
'such as in batteries), _in separation ations as fllters or

ap
support means wi tFR3FED on ope| ¥ .PPBR 559 2esy, waho?ﬁéﬁséHﬁkléﬁFFSHQed

Thus, the presenteti@vention provides a filtration apparatus having an
integral net of the present invention The filtration apparatus conprises a
housi ng, a process fluyj,d inlet ar i rect rocess fluid i.nto

housi ng, ‘a 15 per neat e*BHEPER a? ﬁnagdtg% R eR ?tpé?ﬁEﬁFéoPr6ﬁ1uFﬁ
_housing, at |eaSUJDﬁE\&£DEEEYIOﬂ a¢phﬁc&tﬂoﬁgosbﬁomiﬁ@|ﬁothehéousengfand

includin nt eqr [ .a fhe prese nvention rface_of
hioh (1 ed an endimdite T8 coE SshienP e By OF (1R e ot e s P ERaEo
‘inlet, and anot hm@ndtas:e(afgwhmﬂ dressing azhovmsitmzeamnatlefaaé) , gas
.connunlcatln W t r se 'o i elhe
“provides a rrgt hogkéﬂ%e%rgfﬁgyiatégér(%g@lgé%ar eé g:é?
‘process fluid emﬁ&nﬂﬁﬂ?kﬂkﬁpna$¢¢hr%§|tﬂlb&ﬁﬁﬂnﬁQs ' £n Separatlvhlle t he
(integral net can JpprQichsl bie a0, sad Lebl € ld0 Guphierrfissit kOVRBAT O

i provides a preferred nethod for, producing such a net
- produci ng %t her &dFRid Inedrsiq@Sly. Onokivhanpieatiress) . T’FHS' the

. accor dance with Eii%d@rﬁ:semvéﬁﬁ/ﬁﬁlp'ﬁ:@ﬁes a NEet ek t ahwl ﬁ&péﬁ@@ﬁﬁthﬁﬁiﬁ%_
depicted in Fig. 2, .the e ggossed S 26 i s produced from a_pbi

et hod pref er abl FPdife JtearP sﬁ?ﬁf% I1BEERG R o aBRS hh%?ﬁﬁtl°n
- protrusions 23, a@gamaMMsacnmpxmsexwaehouhmngulanprdHESSIflma®|imbet21)

“and a blade 25 f th .
t angent i aI I y) tog’%-rro?é%l@ceéi at?é(e ossefﬁce% 2@"‘{1%‘ e A nédsing, a
permeate outlet arranged to direct permeate from-the

housing, at lgast one separation element disposed within
the housing aﬁd including an integral net according to
the present invention, a surface of which (i.e., an
upstream surface) communicating with the process fluid

20 inlet, and another surface of which (i.e., a downstream

~ surface) communicating with the permeate outlet. The

present invention further provides a method of separating
matter (e.g., particulate matter) from a process f£luid
employing such a filtration apparatus. - |

25 While the integral net can be produéed by any
~ suitable method, the present invention provides a-

preferred method for producing such a net as well as for
producing other embossed sheets (e.g., non-fenestrate
sheets). In accordance with the present inventive

30 method, and as schematically depicted in Fig. 2, the
embossed sheet 26 is produced from a billet 21. The
method preferably makes use of an embossing tool 22 .
(preferably having protrusions 23, to produce one or more
indentations 24 in the billet 21) and a blade 25 for

35 skiving (i.e., slicing the billet 21 tangentially) to
produce an embossed sheet 26. '



As depicted in Figs. 4A-B, by this nethod a patterned enbossed sheet .42 of
the polyneric material is renoved fromthe billet 41, the enbossed sheet 42
having two surfaces 49a, 49b and t he enbossed pattern 44. 5 As
used herein, including the clains appended hereto, a billet is any bl ock,
ingot, or other mass suitable for enbossing add subsequent skiving,

.regardl ess of its shape or conposjition. The billet can be formed by any

suitabl e means, such ads fepistadhlia RigseitdgBrobyedhiE methad 18 ot her
desired nmeans for pheEE-REAPR ded RiHdeRt 92 MEStHy “Hcfiry?@ﬂ&c e dvildietid s

formed by a rrethod t hat great m nim.zes or substantially elimnates the

presence of ext raEFﬁBVédréFPé‘r theTI’R}sueé dlef Ehec@miqssed dieaisd 4 PaHag

present inventiveryst Bagrheedn 48sSeAloAldng the embRidRIATREE t&ird g desired
;polymeric material, such as a blllet conS|st|ng essentially of the desired

. polymer, or_even a b|IIet con t|n entlr y..of the desi,red po For
exanpl e, thg billet can éoH‘ﬁF 't BB HE&BH 53‘6 Eg-rar‘é“ Hﬁ)ﬂae Dn
. (ppm) extractabl engBéto! ; ashillas hesangoblockihahg@hqubriQﬁhﬂﬂﬁm@Eseven 50

b han abau bi
Clth as |ese. 1 hancabotp s B ERPPACCR B AnrberoCHRg ke iy o ARGy e

“billet conprises dEsstshahapbootr il:ﬁmpasutpen bi Theobilipei) camt dle formed by

extractable mitefyfesdseabfasullng SHIANBDOKL-LRRRLTEL AL K2 Alifea

matter)., O coursS reci Seé ne (‘)rmn
| argel y upb% t he mathyeobherhdep@r9demaénﬁaf9ruabrmanq podwmnsa@sbaﬂéeW§l

hose materi al s

. known in the art MJQ@ ?iéékéfaﬁi‘{} CQHBrbﬁléEyléufbﬂmaﬁ E?' &”ﬁ%‘t‘ho@akﬁ%'ta'

. (e.qg., virgin,
descri bed el se\/\h@’éeﬁﬂléllﬂlnméizéﬁr ey ﬁBb?FréPFéa YeF—‘I]-éFﬂé-néFéSt §88e which

~are readily skivegh e@ﬂﬂcéh@fp@ktﬁﬁétﬁbmatﬁét@éra|Sth§$|éa?kéfb%red billet -

I’OCGSSGd recyc ed . ), SuUC

sufficiently defo mabl e

6 let of th 8 mélcmater 35
to be enbossed wi %%II‘I'%bF edEG?Eﬁn %g?n’b‘?"é?e 35}/19 tRe2Bi FF@FntlallY
consi sts eBS;entlade;e aha$S F6f Phé, desitkiVPElymeric material, such as a

billet consiq;ing essentially of the desired polymer, or
even a billet consisting entirely of the desired polymer.
For example, the billet ¢an comprise less than about 500
parts per million (ppm) extractable métter, such as less
20 than about 100 ppm or even S0 ppm extractable matter
(e.g., less than about 10 ppm extractable matter), such
as less than about 1 ppm extractable matter, and more
preferably the billet comprises less than about 10 part
per billion (ppb) metal extractable matter (e.g., less
25 than about 1 ppb metal extractable matter). Of course,
the precise means for forming the billet will depend
largely'upon the nature of the polymeric material, and
such means are well known in the art. The billet can
comprise any suitable polymeric material (e.g., virgin,
30 reprocessed, recycled, etc.), such as those materials
described elsewhere herein. Preferred polymeric
materials are those which are readily skived, and the
polymeric material also desirably is sufficiently
deformable to enable a billet of the polymeric material
35 ~ to be embossed with a suitable device. Most preferably,
the billet consists essentially of PTFE, PFA, or UHMWPE.



12 A billet of polymeric material for use in the present inventive-nethod
cdn have any suitable shape or dinensions. For exanple, as depicted in Fig.
2, a billet 21 can be a cylinder. Such a billet 21 can be solid or 5
recessed for positioning on a nmandrel 27. In ot her enbodi nents, a billet
31 can be hollow (Fig. 3F) or planar (Figs. %D—SE) Mor eover , blllets can:
have any other desired, syrface characteristic Iai contoured concave,

convex, etc.). MoreobePlldfbr &fa pﬁll}'F“@FlFsmfﬁe ial,for mse d e of any
“desi red shape. pE@éeﬁKaﬁmlventh.k)e sethade cah aapbaaany lsuﬂtatbl@arskda@esware

' d, | bl t t ed

F s aA 3G ¢ hELRRBSERRb v ERE SEMELReaSrnOSPYEESH Rot Filisocs: Ay LS
billet 31 such 2hataAdSbe a cydéndati.onSudh arbilittodacedni MEosal&drbace of
“the bill 31t s A t he bil 31

e, 2111 91 ! oco SpUan clsLbe B MESDS g1 pemBes 59 | NGDuthel S L
have |ndentaploﬂmb3dlmennsd BybéééataﬁélyannbeehgﬂhQWIdﬂegtaBF6n9r34 into
the 20 bi 1161 324 ( (r8gs! €BBLEENY tngréaggécteﬁehg%% REh! favdlhnysuch as

wi th a punch, e Oor nore enboss I ng t.oo er surta neans oOr
devi ce. Alterna@th@xydeshéednaéﬁﬁaseOﬁbasaCEinsélﬁoKﬁeé by COBRBUERG ,

material from t@@n@% & et céﬁve&sueleca§ W Bréofiel! | whk @t Bebide¥kCes Dy 25
phot o et chi ng, emcally etching, or via other suitable treatmantzrhg

Preferabty, thPIAta%et 3% FanchBosiectn¥ydasingdanl@rBossFRY £¥8IPAS;

embossi ng tool R3-fHEe USE anplhﬁa?rﬁﬁﬁnétlGdﬁﬂbéVE%ﬁEEEerﬁ&ﬁngPOQlan¥h
o the nillet e

type suitable f | ndent ati ons, 3

type of enb055|$E}??ﬁﬂ H@%ggﬂ 5 vaPF cFYeRf LpRPEHEREr s, such as the
surface contours of the billet 31 the type of polymer, and the desired
qualities of the mMAamdépieubdstndFt@eet3$¥bﬂucthe frnesertinpheenftive

~suitable 35 o GNOSS] N1 0L £BrlS &nBb&s{fgOcne piBiaL FiCbubAVEAL?

: i5 indentations 34 are introduced into a surface of the
billet 31 to F.glven depth. Any means of embossing the
billet 31 is w1th1n the scope of the present inventive
method. Thus, the billet 31 can have indentations 34

_ formed by separately impressing indentations 34 into the

20 billet 31 (i.e. reforming the surface of the billet 31),
such as with a punch, one or more embossing tools, or
other suitable means or device. BAlternatively, the
indentations 34 can be formed by removing material from
the billet 31, (such as with a drill or other device, by

25  photo etching, by chemically etching, or via other
suitable treatment). Preferably, the billet 31 is
embossed by using an embossing tool 33.

The embossing tool 33 for use in the present

inventive method can be of any type suitable for

30 impressing indentations 34 into the billet. The type of

| embossing tool depends upon a variety of parameters, such

as the surface contours of the billet 31, the type of
polymer, and the desired qualities of the polyﬁeric
embossed sheet products. One example of a suitable

35 embossing tool 33 is a die (e.g., a metal die) having a
plurality of protrusions 32. As depicted in Figs. 3A,



plurality of protrusions 32. As depicted in Figs. 3A 13 3F, and 3G
sonme enbossing tools 33 for use in the present inventive nethod are rotary
spur-type enbossing tools 33 which are rotated axially to bring successive
protrusions 32 into contact with the surface of the 5 billet 31. As
depicted in Figs. 3B-3C, another type of en3@ssing tool 33 is a sheath-type
embossing tool 33 with inwardly projecting radial protrusions 32. As

‘depicted in Fi g3F.3006h@BE, sSR0SI docdmdSsifiar ture B3 thea
press-type enbogs:'e%@nttoc.i'nv%’nﬁ’!\ﬁé" rﬁﬁ}k{d‘%x@%&% o SPuE h& Cdhbls £ 1,04 one

-surface. |In addition_to the depicted enb055|n% , r types o
enbossi ng t ool s tOASHE 3Gl 3 KR te& & lﬂhéQMQanﬁ FURReR s ine

met hod. Enbossi p%oeausa%n@cmnw%rtaA@nm%w e @S Wi, t%t?é‘f' Lhet ]
e exten e

“choi ce of enbosg 39 %eghnlqé%!é% .controlled to a lar

char act er Pst i csPoft-1ete 36 | PLGHed e &iEEssPRg 3Coolare-hets Cyma a
billet can be estbsssdnky t@aﬂ.SBrlglis rao'fﬁreﬁthpuﬁzpbwé&\b@m NH31003 %?M:h
o 30 20 inprehR EYGiReeing nadiad b %Bgieﬁiéﬁ;%e"et SerticrEd he.
billet 31 mﬁthlnnangsatEDtypd éﬁbosanmgerouprSoﬁFem&osﬁiﬁ§3todn/33 is
EES”E%LLZ%S the Phesi-LibR BrbloERIng FETITRIPR. pRe=igiong s °0 1) o
sui t abl etfreans. pragegepnegt Saomn ofieg suzhace . cyLnndddc¢aliohi ltletthil depicted
efficiently embonsedsrhy! goblisl,Sokd! E@éetakegﬁagﬂ S 1 eadh kgot ! on

~indicated by arrow,a) relative to a rot spur-type entossi ng too

axially rotatedu$%dt%étbﬁﬁo§hﬁesGPPécPﬁoﬁ SBEﬁS§§t|hHVﬁGt308 met@prﬂectlon

indicated by arrow b). Regardless. of the techni que for enbossing,
~however, the processEmibogsbagstag bat aeduagbisneenbpt haPssadcplia a surface
of the b|IIeti¥£c5%{§ﬁglnaggsg£e cg01ce of embossing technique is

15 controlled to a large extent by the characteristics of
.the billet 3%&and the embossing tool 33. For example, a
billet can be'embossed-by passing a rotary spur-type
embossing tool 33 along the billet 31 tangentially to the
surface of the billet 31 (Figs. 3A and 3G).

20 Alternatively, a billet 31 can be embossed by placing the
billet 31 within a sheath-type embossing tool 33 (Figs.
3B-3C), by contacting a billet 31 with a press-type
embossing tool 33 (Figs. 3D-3E), by embossing the inner
surface of a hollow billet fFig. 3F), oxr by other

25 suitable means. As depicted in Fig. 33, a cylindrical
billet 31 is efficiently embossed while it is axially
rotated (such as in the direction indicated by arrow a)

. relative to a rotary spur-type embossing tool 33 axially
rotated in the opposite direction (such as in the

30 direction indicated by arrow b). Regardless. of the
technique for embossing, however, the process of
embossing introduces .indentations 34 into a surface of

the billet 31 as herein described.

An embossing tool 33 preferably has protrusions 32
35 for contacting the billet 31. Protrusions 32 can form
any desired array (e.g., a pattern or irregular array) on



An enbossing tool 33 preferably has protrusions 32 35 for contacting
the billet 31. Protrusions 32 can formany desired array (e.g., a pattern
or irregular array) on 14 the enbossing tool 33. Protrusions 32 can be
spaced regularly or irregularly, and an array of protrusions 32 can be of
any desired density (e.g., fromabout 1/cnRlt¢o about 500/cnR, typically
-about 10/cnferr] to about'loolcnaerr]). 5 Where the enbossing tool 33
'is a rotary sputhe ygmbeadbngi hgotodB - 33Prehsupionsudronendec sparedm an

i rregul ar or PiAgsn) A1aYop! 999e§bszal.»§?9t Qnafﬁﬁhsrfgp%ﬁi Bgokeakidds 32
alternatively, the prottusions 37 can forma nelical array of any desired
degree (helicesca¥t ke of apyogestyeds fensikyrfe-guehfremapbontis/cn &

~even about 30[ esBdutdS5@s fm? Arts g M X8} Jabodtor XAAFPLS, adoliet aloy /ehé) : t ype
-enbossing_tool for form ng an epbossed_sheet having the pattern with

"di anond obeni ndtheke d"elﬂa‘?cg%o?ﬁlﬁgg‘.m?,l ﬁéslﬁr%tFﬂgPE}issﬁPFaﬁﬁﬁ in about a
. 45[err] spiral emshssiigredsl 153, theppostiassbdes3of chherpea) gati ons have
‘an about 90[err% i nclyded anﬂle %i.e. anglﬁ éerr% ag ind'ca%eg in Fig. 5A
'is about 45[err{jtc X a%i hPThe PFEcéndntidr CifelpretruSFohB®32, the

- present inventiembostimg taeol p32duzktenbasseslgheche ptovauygionsgsal canes.

| 20 Th t i . -~ | _ _ f
i mpressing i ndgfn a i%ﬁéggé?%%ﬁ%g %?In?%? cg%s_%%%df#éeé'?%%fégé?g%é%%ﬁofre
size of 1 pol yahdut Ffed5°i ssuchazedabout hashielt®h ok eNencabossi 3§°t43),

penetration) . (e STRICER L den SHRIE S ot SRSl ime enbossing
' dependi ng upon HaRd & (RRAIRT 137 ATRPSIHE FRASHERF ClRGHBES cRAERRER

P pressi ons. of M e P T2 &5F (1 ne 30
T tratton,  REAEE TR A A T ABS o 48T SRide ARalite WAFEL T
- penetratlison of dppess it iatesitoRHerptojedtions have an about 90°
included angle (i.e. angle 6 as indicated in Fig. SA is
about 45°) . Bl varying the placement of the protrusions
32, the present inventive method can produce embossed
sheets of varying qualities.

20 The protrusions 32 also can be of any suitable
dimension for impressing indentations 34 into the billet
31. As the impression or hole size of a polymeric sheet
is related to the width of the embossing tool protrusions
32 (as well as to the depth of the protrusion '

25 penetration), the exact dimensions of the protrusions 32
will vary depending upon the desired qualities of the
polymeric embossed sheet product. Thus, for producing an
embossed sheet having very small impressions or holes
(e.g., a polymeric integral net capable of fine .

30 filtration), the protrusions 32 can have a maximal width
at the level of penetration of less than about 20 pm; for
example, a protrusion 32 can be less than about 10 um -
(e.g., less than about 5 um) wide at the level of
penetration. ‘It is within the scope of the present

35 inventive method to employ embossing tools 33 with even
smaller protrusions 32 to produce polymeric embossed.



exanble,'é protrusion 32 can be | ess than about 10 [err]m (e.g., less than
about 5 [err]m w de at the | evel of penetration. It is within the scope of

the present 35 i nventive method to enpl oy enbossing tools 33 with even
smal | er protrusions 32 to produce pol yneric enbossed 15 sheets with
smal | inpressions (such as integral nets wi B very small holes or pores).

Simlarly, enbossing tools 33 for produci ng embossed sheets or integral
‘nets with Iargeshéapseyitbn§ﬂadlhdMQgeﬁalbnhaMSUphowﬁuéknmﬁgrﬁl!iets wWighger
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The biiiet o6 hta°fR dEndE RpRTaeati bR ChER s sedRespl Prsnine
‘relatively shajahmutndeoéatmmatét)w1&buat phet Lasednsf3penanrhtioh. anyt

oon e b gl gOSsappnd BT oo e
'|ndentat|ons1&$IﬁnlflcﬁethvtWséeérahana9b¢geo¢xgmpywﬁpgd dmﬂgggégngheet to

be produced fro@gehiihs tuﬁén“EhEth§§rQ§eﬁrS§@9§§§g Bﬁlﬁhgnﬁgl eric
Furt hernore, where the de5|re gaosse sheet™is an integral "ne deeper

i ndent ati ons 3£MRITFe { FREREPRRELto be skived. Thus, in many

applications, a
15 The height of the prectrusions 32 limits the maximal

depth of the gndentations 34 into the billet 31; thus,
longer protruéions 32 can emboss deeper indentations 34
than can shorter ones. Of course, the protrusions 32
need not be inserted to their full length into the billet
20 31 (i.e., a longer protrusion 32 can still emboss a
relatively shallow indentation 34). Thus, protrusions 32
can be of any suitable height to produce indentations 34
of a desired depth. Depending upon the depth at which
the emboésed billet 31 is skived, deeper indentations 34
, 25 permit several layers of polymeric embossed sheet to be
" produced from a billet 31 which has been embossed only
| once. Furthermore, where the desired embossed sheet is
an integral net, deeper indentations 34 permit thicker
nets to be skived. Thus, in many applications, a
30 protrusion 32 is relatively high in order to facilitate
" the removal of as much product as practicable from a
billet 31 embossed once. Conversely, in other
applications (e.g., in order to save thé billet 31 for
~ subsequent embossing with a different pattern of
35 indentations 34), the protrusions 32 are shorter, and in
many applications, protrusions 32 are so short as to



30 . protrusion 32 is relatively high in order to facilitate the. renova
of as much product as practicable froma billet 31 enbossed once. -
Conversely, in other applications (e.g., in order to save the billet 31 for
subsequent enbossing with a different pattern of 35 i ndent ati ons 34),
the protrusions 32 are shorter, and in manyl@pplications, protrusions 32
are so short as to enetrate the billet 31 _only_slightly. Mreover, an
enbossing t ool BSnéﬁﬁaE§v§h6r5F4&§Foﬁ§ QEIUfs@aﬁyéﬁy-heN@ﬁF@VﬁﬁVoﬁﬂer to
produce indent aknBBss3AgOtobdr BaNgadepbke pPoktbEshbhkeB23bf Farying
Protrusions 32 gan pe of any desired cross-sectional, shaﬁe;ééﬁus, )
protrusi ons 32 B&hIBESt dpr 256R% tPePGOUFRoABERRERCLORERG OF ViRTYdRges,
-etc.), round, odep8hsobhogge Bhifthegosal., stelliform or any other desired
shape. Furthernore, enbossing tools 33 can have 10 protrusions 32 of

‘uni form shape or of yarjied shape..Myreoyer, _.a_protrusion 32 can change
shapé.aio%g its Ieng¥ﬁ° EU§ Lot PR §8Ra ea?ftﬁgyb §§l§ﬁ§ FGBE&'&chﬁgnF}p,
or ot her suitabskapef abhesenpyrotmrusidas 82 pandbeetendegbatilorie.d4,of

“varyi ng shape. .a_bill 145 ephgssed b ;
~successively sk?@%ﬁg?%&%fo ﬁgéaéé%gééeé°§ﬁ§€§§’ogpga?yiﬁaﬁggélﬁypég!
“Alternatively, obhktopgotoushogend2,cahebdiforh, tori apyesthgrodesikiekle

“indentations i bi | at L Vi | oduce
~filaments (ewi%ﬂ%ﬁ%ér§§§£F§% e?gghaﬁagﬁéggHgnéoég%eg?gfgﬁe#a&%th a
lattice.1@hil e PFREPRILPAS| dAsOB2uBhfcravehapy ersPfeHashagesheney are

preferably tapaigteodsydeRi 5+-868rs606ARSE b Cakh Yohinkb Ushapd- Bontapesed
pr ot rusions SZéPre ei t her pyram dal FL?- Sﬁ%%or coni ca Fi g. SB% Most 25
preferably, the-SRHtE us® ofs’ 59°FERIPRRM A § $¢ e?RduFeHRdi #hoRBe

openi ngs depi ctteipj rofi gtHear supyabbe dat ramgehape) Iheotdger toaprbuodt ward
o, Breferabl Y.y [ AL & {000 10058 Plnd N RE! T URhSD, 008 R RosR! ANV
15 once embossed, can be successively skived to produce
embossed sheg;s of varying qualities. Alternatively, the
protrusions 32 can be such to impress groove-like
indentations in the billet such that subsequent skiving
will produce filaments (e.g., fibers), rather than an

20 | integral net with a lattice.

While the protrusions 32 can have any desired shape,
they are preferably tapered. As'depicted schematically
in Figs. 5A-5B, tapered protrusions 52 are either
pyramidal (Fig. SA) or conical (Fig. SB). Most

25 preferably, the protrusions 52 for forming the pattern
with diamond openings depicted in Fig 7 are pyramidal in
shapé. The taper can be outward or, preferably, inward
from the base of the protrusion and can be of any degree
8, such as, for example, less than about 90° (i.e.,

30 included angle of less than about 180°), such as less than
about 60° (i.e., included angle of less than about 120°),
such as less than about 45° (i.e., included angle of less
than about 90°), less than about 30° (i.e., included angle
of less than about 60°), or even less than 15° (i.e.,

35 included angle of less than about 30°%° . Indeed, the
tapered protrusions 52 can form pins having a very slight



[err], such as, for exanple, |ess than about 90[err] (i.e., 30 incl uded
arigl e of | ess than about 180[err]), such as |less than about 60[err]- (i.e.,
i ncl uded angl e of |less than about 120[err]), such as |ess than about 45

(i.e., included angle of |ess than about 90[err]), less than about 30[err]
(i.e., included angle of |less than about 60[&7r]), or even |less than 15
(i..e., 35 I ncl uded angl e of |ess than about 30[err]). Indeed, the

taperefl pri)tr]ys: Q§§e5ﬁ éél&b.f,OIBWbFfi Neskavhag abhsﬁ!E:YS|§| i(ggé., laiﬂi?xalmﬁ&ed ]
e.g., [err] of less.,tha out err i .e.p, an included angle_of |ess an
about 10[err]) aﬁﬂgﬁﬁeﬂgn sﬁetg%ﬁeﬁgﬁgétigl¥.a?QME9§ ,nBFegﬁrﬁﬁpﬁrFaeaE
protrusi ons 52 o&llhe Hehesskgpredlerablyr ehenblotmiuyioapesad ofardhetore 5
preferably the projections, haye 90l err]. A ncluded _angle (i.e.. inward .
taper [err] is aBBuPS3s)e FPO\\;VA Isﬁ SELoblggrf\?@H&Vn%ﬁPSédSA,(a%g“}? § 6 that
. Where the Br ot r ustefisraBlgr theapenddctibasi hdesat at 90 siml piedivargledy t he
. protrusions 52 ay ccot di nalsy | hnal.. 0 C o] |
' need not be inseé?é%'toigkggg ﬁ%é?%ﬁp g%p?ﬁgP%t%St%é Hﬁ?p§¥f§u$%n%5€%£993
enbossi ng step, tmbBigEngSRoob8 Radi Agthapewbdarpr theuprotsusions &i2evred
because they aff re ry ‘ ceht e S | :
enbossed sheet. gégegighpﬁgg bgaggyéﬁﬁgﬁfhga1%95d8¥§gpF% F%%b%kﬁqg%iﬁﬁgs
protrusi ons are PAstreecdccordinpgly synchénphdent ati ons can be controll ed.
Thus, wj der indentations can be embossed by inserting the protrusions to a
greater depth. As schgsahisal pyodensebas hBeli A6t BE- 4BselIeGertheld
| to enbossing, the pres né Il nventive Hetgoﬂ |nv§Iyes ski vi ng,the .enbossed
Cbillet 41, prefdiemifabydertdy IBF9 ERGaBEngEneubingethg e S3N§) 5§EP45.
- Any neans of skisthgssiwgbtdbbrs Hiaviagwecapenedhprsceneiohst Aeeppesdetred
cinventive nmethod., Thus, the bj 41 can skived_ by 25 S
; bl ade 45 through?ﬁﬁyiﬁlT%?Y4i£#§%%e%t§5??§S¥om?%§u§ﬁr?icgogFrgﬁe%B??IEBS
- 41. However, theresmdstmyl embossed sheet. For example, by setting the
' 15 depth into which the prbtrusions-are inserted, the size
of the indeng@tions can be controlled. Thus, wider
indentations can be embossed by inserting the protrusions

to a greater depth.

As schematically depicted in Figs. 4A-4B, subsequent

20 to embossing, the present inventive method involves
skiving the embossed billet 41, preferably by severably
engaging the billet 41 with a blade 45. Any means of
skiving the billet 41 is within the scope of the present
inventive method. Thus, the billet 41 can be skived by

25 passing the blade 45 through the billet 41 tangentially
to the surface of the billet 41. However, the embossed
billet 41 is more evenly skived by moving it relative to
a stationary blade 45, and this method of skiving the
billet is preferred. Thus, as depicted in Fig 4A, a

30 cylindrical billet is most evenly skived while it is
axially rotéted_(as indicated by arrow a) to engage a
stationary blade 45. Similarly, as depicted in Fig. 4B,
a planar billet 41 is most evenly skived by moving it
forward to engage a stationary blade (as indicated by

35 arrow b)._



billet 41 is nore evenly skived by noving it relative to a stationary bl ade
45, and this nethod of skiving the billet is preferred. Thus, as depicted
in Fig 4A, a 30 cylindrical billet is nost evenly skived while it is
axially rotated (as indicated by arrow a) to engage a stationary bl ade 45.
Simlarly, as depicted in Fig. 4B, a planar X8 |let 41 is nost evenly skived
by nmoving it forward to engage a stationary blade (as indicated by 35
arrow b). 18 The WiHd éviMllett adil beas khe eskiatedirgt depy depthat rebat bve heo

depth of the i S ' t '(gﬁ@ %ﬁﬂ% lcatjons, 1 L1 let 41
Is skived at a g%t Eﬁ%oérrgd{ﬁaﬁéow t_lge:)s?%&]e ep rh@%?iéf%%‘%?rpregégﬁaﬁy

i ndent ations 43applications, tthe biekket Hk i Sried et shedepdl wpreh is
removed from t heplitlilR} tﬁﬂaxﬁytﬁ&afé;r&'&f hd Nl Bt iddefrat fons 43 .

fenestrate sheet) hecause the enbossed sheet 42 retains the pattern of
i ndent ati 8ns 43 It4dsptihue RRRD HET i3h ratheased mheethetdiwhagh 43s py

previously 10  rerRRiRE S i tdie MilRie 4h by %]&N‘Hg% 35?4&.' dfainOdgral heat

:billet 41 is skiyed at a depth exceedi ng the depth @ e i npressed
“indentations 43(ipfodud r@%%s@&?e&ﬁe&ecﬁﬁ%&hq LenRRsseheiiselt ¢ dut
'is thinner at thetaines tofe gt dem S ethdaitetiddddNss 444 4dnid@rmate t he

‘lattice between 15 . .the,indentatiqns 43, .44. If desired, such embossed
' sheets can be rBf§8 é&%ﬁit@%%i’é&l}% 41 & RARVAIYLY stretching
' to ruptulé the ehbospdnig e &illke: Magi ortn oftHdre dppiriesareibnsdeartiat i ons) .
. Skiving can be li.sh 'QQ% i t.a 0 t echni.que, t

- choi ce of skivi %gi?g’ghﬁﬁqﬁgss%sl cqnfa%lolal ?(?%tt%’ g}ﬁcaereég&e%(ttgjn% %%eﬁg the

. charact eri sti csiwpressedntiosieadtafiilang 431, pRodusyiaglas embdddad tshwedd 42n

Fig. 6, after behng 9RCERTRNELradeDihlcelt 6L ntinai ndental P Do
le 25 depths (e.q. ashed

: skived several tines, for exanple, at successi ve p ( ,
"lines A B, andi@presged indentations 43, 44 than at the lattice between
15 the indentations 43, 44. If desired, such embossed

sheets can be rendered fenestrate by subsequent treatment
(e.qg., stretdﬁing to rupture the thin portions at the
' regions of the impressed indentations). )

Skiving can be accomplished by any suitable
20 technique, and the choice of skiving techniques is
controlled to.a large extent by the characteristics of
the embossed billet 41. For example, as illustrated in
Fig. 6, after being once embossed, a billet 61 with
indentations 62 can be skived several times, for example
25 at successive depths (e.g., dashed lines A, B, and C), to
S produce integral nets with different hole sizes (lines A
and B) or non-fenestrate embossed sheets (line C). Also,
- as depicted in Fig. 4A, a cylindrical billet 41 once
embossed can be skived in a spiral (e.g., a concentric
30 ‘'spiral) to produce a single embossed sheet 42 from the
billet. Moreover, as depicted in Fig. 2, a cylindrical
billet 21 can be continuously embossed with a rotary
spur-type embossing tool 22 and skived while it is
rotated axially (such as indicated by arrow a) relative
35 to a blade 25. Because the billet’s diameter decreases
as layers of embossed sheet 26 are spirally skived from



produce ‘integral nets with different hole sizes (lines A and B) or.

non-f enestrate enbossed sheets (line C). Al so, as depicted in Fig._ 4A, a
cylindrical billet 41 once enbossed can be skived in a spiral (e.g., a
concentric 30 spiral) to produce a single enbossed sheet 42 fromthe
billet. Mreover, as depicted in Fig. 2, a gylindrical billet 21 can be

“continuously enbossed with a rotary spur-type enbossing tool 22 and skived

while it is rotahedbﬁiletlylcsmmh &d aidedi6ated bg eontinapusdlyatindexaa

to a bl ade 25. I r ases ers of |
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can be conti nuo y. 1 ndexed towards the, enb 033|ng t 00
cont i nuous |nte@?%#1%B?U§Ath§GS§F§n?9§FF§t19he bhLesr BlhoPE Sheebiddatpe

- produced from axcydiRdeécabnbihbelisly 2hdeRbyNEHWErHBL Ehleabmbé‘ésﬁﬁngt teped
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illustrated in xﬁwfoﬁn holegsakesetanwbe hppodesedr fhones efliadytingl

di mensi ons can rod ed fro enbossed, billets 61 having synclinal
I ndent ati ons GQIgﬁf %rg naftﬁg SfﬁcaTaﬁﬁFhﬁfthe enbossed billet 61 is

subsequent |y skived (dashed lines A and B). For exanple, skiving an 20

. enmbossed billet 61 Hswimensjnoednherehnentheipreséatainventlivei wethodhal | ow

depth (line A ign. %?ékaﬁ& pém§§§§§ éQpéPé?gé ogsineaﬁbag ;?be&hxﬁbxswtger

hol es or pores “and narro I ce e skiving't
impress synclinal indentations into the billet. As

15 illustrated in Fig. 6, integral nets with pores or holes

deeper

of varying digensions can be produced from embossed
‘billets 61 haéing synclinal indentations 62 by varying
the depth at which the embossed billet 61 is subsequently
skived (dashed lines A and B). For example, skiving an
20 embossed billet 61 having synclinal indentations 62 at a
' relatively shallow depth (line A in Fig. 6) produces an
integral net having relatively wider holes ox pores and
narrower lattice, while skiving the billet 61 at a deeper
level (line B in Fig. 6) produces an integral net having
25  relatively smaller holes or pores and wider lattice.

7 Thus, according to the present inventive method, several
separate integral nets, each with distinct ho%e sizes but
each having the same pattern and spacing of pores or
holes, can be produced from the same embossed billet 61

30 having synclinal indentations 62 by repeated skiving of
the billet 61 at successively greater depths (lines A and
B). Skiving the billet 61 at a level deeper than the
depth of the indentations 62 (line C in Fig. 6) produces
a non-fenestrate sheet. It should be noted that where

35 the billet, once embossed, is to be skived successively,
the hole size of successive layers skived from a billet



level (line Bin Fig. 6) produces an integral net having 25 relatively
srral | er holes or pores and wider |attice. Thus, according to t he present

i nventive method, several separate integral nets, each with distinct hole
si zes but each having the sanme pattern and spaci ng of pores or holes, can
be produced fromthe sane enbossed billet 61280 havi ng syncl i nal

‘i ndentations 62 by.repeated skiving of the billet 61 at successively
greater depths (Witlssynahing).isdentagions willenedesaaralyebel ndvrpeer.

than the depth t nd (kin i Q: FLg. -6 C
non-fenestrate s seeétl?c fﬁ eﬂt‘%ﬁgémgg},eghtﬁ%%mﬁlérgée 38 %e?&zggﬂ §§F?8381v%ce
enbossed, is to IRYekS vle%i desiredi v@J-‘;herh'éhﬁobielbe'zemustsbéca;gsﬁmboﬁa?drs
“skived froma blcwé%f the Mbngyﬁ&&taaﬁ ¢Pﬂ&£te% oRshVELbcagsggaarily be
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“prior to each suyfessd iaSered. skiving, or the protrusions of the enbossing
:tool should not be tapered. By controlling the processes of enbossing and
skiving the billet, enboss g}sheet with a lattice of ang/lsui tahl e

t hi ckness can be pro e&PnEEP R Otht PrERresseq Rk ¢ BReSS1rgr 28 anyl e,
- control over th@lﬁlmmldtga Sbfbl@tan ai fenibodded | shde€ ewithckneastice of'
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“altered d&@ing ey NFat epariles, ddntrol waren nghd hemiddseisg osisepf
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degree to whi ch%%h ngﬂﬁ&{f 'S |stendé dﬁglé]{}ﬁe %bmﬁiégléj@%&&éé Cklgfglfin%?e,
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| attice thickness. Var,iable dept h skjving can _produce an
significantly altered during the embossing step. Thus,

15 varying the dimensions of the embossing tool protrusions
as well as thg embossing depth affects the degree to
which the billet is distended by the embossing step.
Furthermore, by controlling the skiving process, the
present inventive method can produce embossed sheets of

20 variable lattice thickness or of uniform lattice
thickness. 'Variable depth skiving can produce an
embossed sheet lattice which is thicker in some places
than in others, with the variations being either gradient
or irregular. Furthermoreé, the shape of the blade (e.g.,

25 serrated, or otherwise non-uniform) can affect the

’ thickness of the embossed sheet or net lattice. Of

course, by controlling the skiving process, the present
inventive method can produce embossed sheet lattices
having approximately uniform thickness throughout, and

30 even lattices haviﬁg substantially uniform thickness.

In addition to the aforementioned steps of first
embossing and subsequently skiving the polyme;ic billet,
the present inventive method can include other steps as
well. For example, the present inventive method can

35 involve pretfeating the billet of polymeric material in a
suitable manner. The nature of the desired pretreatment



enbossed sheet | attice which is thicker in sone places than in others, with
the variations being either gradient or irregular. Furthernore, the_shape
of the blade (e.g., 25 serrated, or otherw se non-uniform can affect

t he thickness of the enbossed sheet or net lattice. O course, by
controlling the skiving process, the present i2dventive method can produce
enbossed sheet lattices having approximately uniformthickness throughout,
~and 30 even | widilcdepend P fubdarga iextentympooy rahehiaskipassition of the
addition to the aﬁ:@ﬁ.?ﬁ%‘i‘“%@ﬁj sﬂ&peféfczféarcﬂeneﬁ%s% ﬁm@%ﬁeﬂqeraé %he
skiving the polyneric bil'le present inventive net can i nclude
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skill of the art. 1Eaéne&emanedutﬂiexgbltlhleetembeesaﬁg BQ"etpi on Fidierea@im é:lf‘ea,n rt}:lh%
0 _render_ the

- heated prior to, he.e ing ste
' pol ymer Pc nmateri a ?’rﬁ? gﬁd%& \?@g?(?%ls ﬁ&gﬁt &Fggﬁr&ul’:ﬁﬁ‘@etrﬁé”éﬁodé’slaﬁg Y.
- For exanpl e, the pribettoaembesheaged Riternacioelnyt, eher anbossihqamoaden

‘prior to enbossin ernatlv I sipg.tool _can_conpr
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" is heated to tenpZPatuherapplastdenpiymers; eiber qugfaceeof. th&bbﬁélébogﬁ

25 [err] Q) up to pboutal8s heatl Eihenemssar ekenablyohr eghseewtul%S [ &r pirert

about 165 [err]C (e, 9., about C Simlarly, the surface o

bill et conprlmluf¥}£%¢EPE?gF€ Qngl?s éﬁ?édt?otﬁmPéﬁﬁEPﬁﬁuP@OXSO¥8°Woom

t enper at urks up t calpetatGrgere]l . , mabever ebetabdy °C) up to about 185 °C,
more preferably from about 135 °C to about 165 °C (e.g.,
about 150 °C)/ Similarly, the surface of a billet
comprising UHMWPE preferably is heated to a temperature
- above room temperature up to about 60 °C, more preferebly

20 from about 50 °C to about 60 °C (e.g., about 55 °C)

whereas the surface of a billet comprising PFA preferably
is heated to a temperature above room tempefature up to
about 185 °C, more preferably from about 135 °C to about
165 °C (e.g., about 150 °C). '

o

25 The embossed sheet of polymeric material can be
- modified following skiving from the embossed billet. The

nature of the desired modifications will depend to a
large extent upon the coﬁposition of the polymer and the
intended application for the embossed sheet. Such

30 modificatidns are within the skill of the art. Thus, for
‘example, one or both surfaces of the embossed sheet can
be smoothed, heat-treated, -annealed, coated, etc.
Furthermore, embossed sheets produced by skiving the
billet at a depth exceeding the depth of the indentations

35 can be stretched subsequent to skiving in order to
rupture the thin'portions at the regions of the impressed.



20 fron1about 50 [err]C to about 60 [err]C (e.g., about 55 [err]C)
whereas the surface of a billet conprising PFA preferably Is heated to a

t enperature above roomtenperature up to about 185 [err]C, nore preferably
fromabout 135 [err]C to about 165 [err]C (e.g., about 150 [err]C). 25

The enbossed sheet of polyneric material cak2be nodified foll ow ng skiving
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by desirable that the furrows 74 break through the lattice
15 72 so as to form fissures between some of the adjacent
holes or indggtations 73. '

While the discussion herein has indicated means by
which a billet can be embossed, the present inventive
method need not employ the first step of embossing. In

20 some applications, for example, a billet of polymeric
material already may comprise a suitable array of
indentations, such as those indentations described
herein. Of course, such billets need not be further
embossed for use in the present inventive method. In

25 such embodiments, thus, the present invention provides a
method for producing an. embossed sheet from an embossed
billet of polymeric material (i.e., a billet having a

- surface with one or more indentations deep to the surface
of the billet) by skiving the embossed billet as

30 described herein. By this method, an embossed sheet of
polymeric material is removed from the billet.

The present method can produce polymeric embossed
sheets substantially free from extractable matter. This
is possible because the embossed sheet is produced

35 without employing manipulations known to create or
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enploy the first step of enbossing. In 20 ~ sone applications, for
exanple, a billet of polyneric material already nmay conprise a suitable
array of indentations, such as those indentations described herein. O
course, such billets need not be further enddssed for use in the present
inventive nethod. In 25 such enbodi nents, thus, the present invention
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~extractable matter associated with the enbossed sheet. Al though.the b

is contacted\qu?té&?@%%o%@?ﬂﬁs?go§gﬁﬁﬁ %%?v?%gbﬁFgﬁ@ 9% H@Fgﬁﬁ 48séri bed,
such mani pul at isa @bl st Ludd r odusenoconimy twdcé8omavetealSdeposhnky fabmt he
surface of the gnbossed sheet, i C tter js not integrated into the
_enbossed sheet .*& 1518 ?I?% ?%% %ﬁ?@%ﬁéi Qﬁ%%d sheet can be bat hed or
washed,in a suitable fluid to renove any trace material deposits fromthe
~surface ¥ the enbodsldd chetthe neferences citted dietdiny efrcdnddagcited

~herein, includi nt i L0 gﬁgb ieatlon are

~her eby incorpor%%’%e |sﬁf t e?%%?%ﬁ%fﬁé? rel%le? c.e.ﬂl%#%gﬁtéhi grlenventi on
has been descriNg&eby tinArRIFHERT siupdiebr Sntieelt bagody nenfsreneewi || be
obvi ous 15 to those of ordinary skill in the art that variations of the

preferred enbodi mnenthigan diei sispivenhidhdHad thddn described with an

emphasis upon preferred embodiments, it will be obvious

15 ‘to those of o;dinary skill in the art that variations of
the preferred#embodiments can be used and that it is
intended that the invention can be practiced otherwise
than as specifically described herein. Accordingly, this
invention includes all modifications encompassed within

20 the spirit and scope of the invention as defined by the
following claims. '



I ntended that the invention can be practiced otherwi se than as specifically
descri bed herein. s invention includes all nodifications
enconpassed wi t hi Hmm) ,I"m,tm“smml t and scope of the invention as defined
by the follow ng cfaifs.t 24 WHAT | S CLAIMED | S: 1. A nonwoven,
nonextruded, single-layer integral net conmprising a lattice of polynerlc
mat eri al having two opposing faces and at | east one hole traversing the net
fromone face to the other face, whereimfdhe lattice is substantially free
of extractable material. 2. The net of claim11, wherein said polyneric
material is thernoplastic material. 3. The net of claim2, wherein said

t her nopl ggA+ crge¢eitmkp! gsa fluoropol yner. 4. The net of claim1, wherein
sai d polynerlc material is polytetrafluoroethylene co-perfluoro (alkylvinyl
et her). The net of cla|n11 ghgre ﬁ ol kc el is ultra
hi gh nDI%cuI & Y ﬂYe g sin §¥ ? Bragmh nﬁ& g %ald
pol yner i °%@f%?+ $ % BF Fﬁt % E Vggfﬁg gﬁ erzh hzﬁénﬁ S P

cl ai ns 1 % ? nsFeP5 8BSAP!S ai yheri C na erlal ° The
net of c?%?n% ﬁﬁ%reln a face of sald Iattlce conprlses punctate
depressi gns 'fﬁg ﬁeéu Fagea9h gal hEgEEhCQal mgol @rﬁ%thEégr@ﬂ“f%
mhereln fﬂéﬁféé@ﬂc Bégérga&ufrom/ etween t acent holes of said net.
10. ratTon apparatus conprises a housi ng, a process fluid inlet

arr angedst 0 OrheChepr8€cesalillby WAkPesal éahauwe&mog_m@tmam_t@:{cﬂaat is a
ar r angedei Qo fbpE8T{mee! meat e from sai d housi ng, and | sposed within said
housi ng, said net of any of clains 1-9, one surface of which conmunicates
with saidg, protkesnétubd thkém landhemetihesadidr badgmelrivhmaltegdmiudiscat es
Wit h sai foppteeasElaorbethyléne-Aorpelrdduoirodejayaviing lpathesil.ate matt er
froma process fluid conprising passing said process fluid through said net
of any 05.cl aThe ne®. otzclaAmnit,hUheﬂi‘gnnpﬁédch@émﬁrmmlé‘Heéts M dHR3an
enbossedhbghlm@l@tuberywsngtnﬁpéwﬁﬁhYﬂévﬁng a surface conprising one or

nore indentations, said
6. The net of claim 1, wherein said polymeric material is

polytetrafluoroethylene.

7. The net of any of claims 1-6, which consists essentially of
said polymeric material.

8. The net of claims 1-7, wherein a face of said lattice.
comprises punctate depressions into a surface of said lattice.

9. The net of claim 8, wherein a depression forms a furrow
between two adjacent holes of said net.

10. A filtration apparatus comprises a housing, a process fluid
inlet arranged to direct process fluid into said housing, a
permeate outlet arranged to direct permeate from said housing,
and, disposed within said housing, said net of any of claims 1-9,
one surface of which communicates with said process fluid inlet,
and another surface of which communicates with said permeate
outlet.

11. A method of separatlng particulate matter from a process
fluid comprising pas31ng said process fluid through said net of
any of claims 1-9.

12. A method for producing an embossed sheet from an embossed

billet of polymeric material having a surface  comprising one or
more indentations, said method comprising skiving said billet,

whereby an embossed sheet comprising a lattice is removed from

said billet.
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met hod conprising skiving said billet, whereby an enbossed sheet conprising
a Fattice is mlmmmllllﬁ ilw billet. 13. The nethod of claim 12, wherein
sai d pol yneri yt et raf | uor oet hyl ene-co-perfl uoro (aIkyIV|nyI
ether), ultra high ol écufl ar wei ght pol yet hyl ene, or
polytetrafluoroethylene REPLACEMENT SHEET 25 14. The nethod of claim
12 or 13, wherein said billet consists essentially of said polyneric
material. 15. The nmethod of any of claiygs 12-14, which method further

conprises heat- treating said enbossed sheet of said polyneric materi al
- 16. The nethod of any of clains 12-15, which nethod further conprises

renderi ngz hydfpphhd i fod SEI'EPEEN 012 sakHe pEDASSRdSPORMetTc mdberimlhad of
any of &ﬁe&ﬁaﬂﬁioﬁ%@ﬁywﬁ@&ip&hmoﬁ@l(ralk?memymt actheny, saltdra
enboss edh £i¢ eho Ve &l &r WSO epdDEstRglLénd| , ovhpokbyepratladbeodehydentons
are inprinted into a surface of said enbossed sheet. 18. The nethod of

cl ai m 1714 wherleé nmetlhed poth cdba tmdepr essidpswhereinr sand bélhebncongists
adj acentesseietiallynst ofdakdi pokywesiedngheriall9. The net hod of any of
clainms 12-18, wherein said indentations are forned by inpressing one or
more prot$usi Bhe ¢ tled epboasy ngf t cbaimat b2shtd @hiﬂéc@ggho oﬁgﬁﬁhﬁ€
mat er i al comprisgmehent Horeatingysaidceabagsed.- sheehhpEnhsaiehpalyneraer
conpri sematewiahg said surface or sald billet prior to contactlng sai d

billet miéh sai d enb033|n tqg EE %a SknﬁgmgvegﬂpéF Ke d u gle | ayer
' t I t
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face, fac |d | at S PURG L fetfBEe ﬁkﬁﬁér‘nto a
surface ﬁ? e? any EE % i? E% % @% eceLl AndeRMESELSR
forms a g§2§5 ﬁ%% g %é tlg a&éﬁ. ggs réaiﬂpgghted 1§tg a surfaceg

of said embossed sheet

18. The method of claim 17, wherein said punctate depressions
are furrows between two adjacent 1ndentatlons of said embossed
sheet.

19. The method of any of claims 12-18, wherein said indentations
are formed by impressing one or more protrusions of an embossing
tool into said surface of polymeric material.

20. The method of any of claims 12-19, which method further
comprises heating said surface or said billet prior to contacting
said billet with said embossing tool.
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