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directed to a nethod for uniformy stretching a
thernoplastic film thereby controlling thickness of
the stretched filmand inparting desirable nechanica
properties thereto. BACKGROUND OF THE | NVENTI ON There
are three common ways to stretch thernoplastic fil ns.
One is referred to as machine direction orientation
(MDO which involves stretching the film between two
pairs of rollers. The filmis pinched in the nip of a
first pair of rollers, which are running at a

‘relatively slow speed, and a second pair of rollers,

downstreamfromthe first pair, which are operating
faster than the first pair. Because of the difference
in run speeds, the filmin between the roller pairs
must either stretch or break t o acconmodate the
difference. The ratio of the roller speeds wl|
roughly determ ne the anount that the filmis

stretched. For exanple, if
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METHOD AND APPARATUS FOR UNIFORMLY STRETCHING
THERMOPLASTIC FILM AND PRODUCTS PRODUCED THEREBY

TECHNICAL FIELD OF THE INVENTION

This invention is directed to a method for uniformly
stretching a thermoplastic film, thereby controlling thickness of the
stretched film and imparting desirable mechanical properties thereto.
BACKGROUND OF THE INVENTION

There are three common ways to stretch thermoplastic films.
One is referred to as machine direction orientation (MDO) which involves
stretching the film between two pairs of rollers. The film is pinched in
the nip of a first pair of rollers, which are running at a relatively slow
speed, and a second pair of rollers, downstream from the first pair, which
are operating faster than the first pair. Because of the difference in run
speeds, the film in between the roller pairs must either stretch or break
to accommodate the difference. The ratio of the rolier speeds will
roughly determine the amount that the film is stretched. For example, if

the first pair is running at 100 feet per minute (fpm) and the second pair



the first pair is running at 100 feet per mnute (fpm
and the second pairis running at 300 fpm the film
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| ength. The MDO nethod stretches the filmin the

machi ne direction (MD) only. The MDO stretching nethod
is used to create an oriented2til mor a m croporous
film for exanple, where the filmcontains a dispersed

| NQE G@MiA fdt'é@@ O, qheqnﬁ\a&ﬁsbms@fe@a@é@% rYugiR9nthree times
stretchl ng he mcropores ormed in the mcroporous

massretc tend 0, be ova .
r eI'BPf'glé]ay '?'1%“5 TF%H\W@aW&‘%O §Hetehes ghepﬁﬂﬁj'ﬂ] 'E‘r%‘r?sm@ﬁh'ne
the Il ong axis. An early exanple of stretching or
or idemectiog B onbypoTbadViDQ siretahingrprenhedgasuseddto create an
noi sture vapor transm ssion by differential speed

r °|drf%rn§edi $ilrk-op-a RropdrdiRZilgb foBk&Mpies SHBErel ﬂﬁe]fﬂ%ﬂcontalns

hi's ' 267 patent al so discloses a second nethod of
stretchln which is ﬁallﬁd t ent
|cha

{ ertisPERTE BRta G SiR0EH BEgPAE g o stretching.

sides of the filmand stretching it sideways. For nmany
yedrte mirepowes fohmedn Yhevaycroporosisrfdireas $trétoheddm MDdetend
to side, or in the cross direction (CD) . The

t enbed 5l Ridhad rb%"ﬂ%ﬁl laRyd§oB bRYNARD upPRE AU Hﬁ‘crons on

forces are concentrated on the edges of the fi
oft%n t he fl|nAdId not stret?
the long axis n early example of stretching or orienting a microporous

film to improve gas and moisture vapor transmissio'n by differential speed
rollers is U.S. Pat. 3,832,267 which issued in 1974. This ‘267 patent
also discloses a second method of stretching which is called tentering.
in simplest terms, the tente-ring method involves grabbing the sides of the
film and stretching it sideWays. For many years this was the only way
to stretch film from side to side, or in the cross direction (CD). The
tentering method tended to be slow and, because the forces are
concentrated on the edges of the film, often the film did not stretch
evenly. U.S. Pat. 4,704,238 discloses a tentering apparatus having a
pre-heating zone and a stretching zone, followed by a heat setting zone
to facilitate the stretching of a preformed blown or cast film. In this
‘238 patent, the thermoplastic film contains inorganic fillers such as
calcium carbonate which, when stretched by tentering and/or heat
tempering, produces a microporous film. Another example of MDO

stretching of polymeric film and multilayered film is EP 848663 where an



evenly. U S. Pat. 4,704,238 discloses a tentering
appar atus having a pre-heating zone and a stretching
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the stretching of a preforned blown or cast film In
this '238 patent, the thernoplastic filmcontains
inorganic fillers such as cal 3-um carbonat e whi ch,
when stretched by tentering and/ or heat tenpering,

Pr askifefe A filth CHRRIRED WSay ifirsh bénidied, sx@rhke |8ferM¥Ated and
stretching of polynmeric filmand nmultilayered filmis

oot o e CTRER"Y Bl RE Ut BHEBE AodBinely S paruded

breat hable film product. Additionally, the extruded
fi |fimeayblee stresghateinmerddeintadtss atfusiorxbeligss dnis cooled.
before it is cooled. A third nmethod of stretching

i nvol ves i ncreiming eethdd 6F shefithing invideresaatashértal étrdiching
This method is described in the early patent

o, 55c Bl e SHACP s o s e v e e

of this method, the filmis run between grooved or
t oditBeaduresifpeexamplee UgP obated, b 3ttt 4 & 8821 $1389.832 and
i ntermesh wi thout touching when the rollers are

br ougi®s, t eget herthanstactise tdfetHid Imepasis emebiimeenuhhBetween
rollers, it is stretched. Increnental stretching has

t hegrooved or toothed rollers. The grooves or teeth on the rollers intermesh

without touching when the rollers are brought together and, as the film
passes between the rollers, it is stretched. Incremental stretching has the
advantage of causing the film to stretch in many small increments that
are evenly spaced over the entire film. This results in a more evenly
stretched film, something that is not always true for MDO stretchin.g and
is almost never true for tentering. Incremental stretching allows one to
stretch the fitm in the MD, CD and at angle or any combination of these
three directions. The depth at which the intermeshing teeth engage
controls the degree of stretching. Often, this incremental method of
stretching is simply referred to as CD, MD or CD/MD. A number of U.S.
patents have issued for incrementally stretching thermoplastic films and
laminates. An early example of the patent art which discloses a method
of incrementally stretching film is U.S. Pat. 5,296,184. Other relevant

patents regarding the incremental stretching of thermoplastic films and



advant age of causing the filmt o stretch in many
smal |l increnents that are evenly spaced over the
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film sonmething that is not always true for MDO
stretching and is al nost never true for tentering.

I ncrenmental stretching allows4ene t o stretch the film
in the MD, CD and at angle or any conbination of these -
t higRirdite£dioas U.Sheage i bs ab, 86 045t fes 2i1at eareshdng, 151;
teet h engage controls the degree of stretching. Often,

t hi_s e

oPePPR T BEtbl D P S e b DA dnnpareht S 461,
patents have issued for incrementally stretching

t her mopl ast i d Hei abevebdief AasaepEEnN QﬁﬁnSTé%Trqhwgsiaﬁ'Wl"Quéﬁ and
the patent art which discloses a nethod of

| NnabpaRtLAItbYpratined ahi dtgerfted ori rddched B@lym5r|89ﬂ3m ill@4trates
o her rel evant patents regarding the increnmental

str her stic fi I

L BB e h 03 BB Bk oA ) AR ERg LR dilhoni
5 865 926; 5,861 ,074; 5,85 1,937; 5,422, 172 and
5, 38sthmsit andhmeabanisabpregertiescr Netwihstanding ahepg refforts,
techni ques and apparatus to produce an oriented or

st keERN A apobNgEInG Cefffbitnd limpsdveakaswirhenethbas tfrtpraiducing
have been made to produce film products having

_de% ra}R Slastlc films and laminates thereof to achieve quality products

having improved properties. Moreover, there is a continuing effort to
improve apparatus for producing oriented or stretched thermoplastic film
without significant capital expenditures. It has been a very desirable
objective to make improvements with savings in capital expenditures and
processing costs, yet with production of quality products.
SUMMARY OF THE INVENTION

This invention is directed to a method of making a stretched
thermoplastic film having substantially uniform gauge with improved
mechanical properties. The method involves extruding the thermoplastic
extrudate in the form of a web in its molten state and locating differential
speed roliers to chill the film to its solid state and stretching the film
between the rollers to achieve a stretched film having a substantially
uniform gauge.

It has been found critical in accordance with the principles

of this invention, in order to achieve its objectives and advantages, to



aest hetic and mechani cal properties. Notw thstanding
these efforts, there is an ongoing effort to inprove
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| am nates thereof to achieve quality products having

i nproved properties. Mireover, there is a continuing
effort t o inprove apparatus -ber producing oriented or
stretched thernoplastic filmw thout significant

capbéate exeedrdl talleedowristheasn been the fesy cHilsigllabke provide a
objective to make inprovenents with savings in capital

of “Toar 8 P adleP “8*%?%%&%@@%%%@%&%%%* Bap”

invention is directed to a nethod of nak
st et ieen thaseiaspIfassiretaningitaling 'Tsm)?sbaen ﬂ‘wmdjlf the short
uni f orm gauge with inproved nechani cal properties. The

metgapds nov olanesirexdt, thist therrinbplastiefimpradtic s exting dad @esired
inthe formof a web inits nolten state and | ocating

A1 ThEXiehdlorohaegs aﬂldLa%:??h%tﬁce Clfeldotlditalreld™ doafriple, the

stretc m bet vveen “th

rollers to achieve a stretched fi I_m having a .
sulSSCENEPRIBPPATRIHE G HSLRRS according to thisTinvention enable the

production of film products where the gauge or thickness is substantially
uniformly maintained. This control over film thickness eliminates what
is referred to in the trade as “tiger stripes” which are visual evidence of
nonuniformity in thickness which renders the film somewhat ugly and
aesthetically undesirable, especially since the film products are used in
the fabrication of clothing where its unsightliness is undesirable. In
addition, film products are desired where modulus and tensile strengths
need to be maintained in order to have useful products.

The desired objectives of this invention are achieved by
utilization of the residual extrusion heat ubon film formation to facilitate
the stretching immediately after film extrusion. However, this desirable
savings of heat energy will not necessarily result in the production of a
satisfactory product, unless the short gap for film stretching is utilized.
Experimental data in the detailed operating examples of this invention, as
hereinafter described, illustrate the practice of this invention and the

obtainment of the desired results.



It has been found critical in accordance with the
principles of this invention, in order to achieve its
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downstream fromthe first chill roller to provide a
stretch or roll gap of no nore than 1 inch (sinply
herei nafter "short gap") betwden the rollers for

stretching the film It has been found if the short

gap i s not maiHi aiveetiontehabldsiiBe Bpl@sidreof 4 tBhventional cast
products having the desired nechani cal properties and

o LS e i YRl Mt Y8 B i PR i gaoie

enabl e the production of film products where the gauge
or eXReBfiiersforscannpsttions] MPQ apminwert.y Ingiddittamede present
This control over filmthickness elimnates what is

r efigvdratbr fedutdshendrggdcosas bedciales thbrdes stadiof heatitg the
vi sual evidence of nonuniformty in thickness which

Le&%%fesd H@Z) I];]Ieés g“@SE‘FIWb%S sH%léé@ﬁ@%{? esstsg gegﬁli‘llplgyeéire
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used in the fabrication of clothing where its o
unsi ght | i ness hisinygagdsn atas enabjes aerivansionaf ¢ashextrusion line
products are desired where nodulus and tensile

st nengblacagrlyned fie amhnbe bEdpedd @xdeedihgotHRaNmits of the
useful products. The desired objectives of this

i nve%rtdd%p. ?BFiné?gncee\,/%ﬂekﬁ%itation to the speed at which thermoplastic

polymers can be extruded is the onset of draw resonance as the
extrudate exits the extruder die. I|f a given extruder can produce
extrudate at a maximum rate of 1000 linear feet per minute without
resonance, this invention makes it possible to stretch the resulting
product without draw resonance in order to produce 2000, 3000, 4000,
or even more linear feet per minute (fpm) at the winder. Thus, in this
embodiment of the invention, the velocity (V,) of the extrudate is slightly
below that where the onset of draw resonance in the extruded web
occurs. The extruded film at V, having a certain original thickness is then
stretched in the short stretch gap at a velocity (V,) which is in the range
of up to about 4, i.e., about 2 to 4, or more, times the velocity V,. The
resulting film product has a gauge which is thinner by corresponding
ratios of, for example, about 2 to 4 or more times thinner than the
original extruded film. chordingly, commercially acceptable thin films

of substantially less than 1 mil, e.g., 0.4 to 0.6 mil, of uniform gauge



utilization of the residual extrusion heat upon film
formation to facilitate the stretching i medi ately
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of heat energy will not necessarily result in the
production of a satisfactory product, unless the short
gap for filmstretching is uti/Fri zed. Experinental data
in the detail ed operating exanples of this invention,

as daeriss peddetedies Aighbsbeds |dfUB00@Le 40T0 Po@¢lor ¢Roref by the
this invention and the obtai nnent of the desired

re SThi $_1L.h {] | es. t he conversion of a
coﬁﬂ%nadogn% aégélfa[f%é(?fa@?gﬁv |'n°emto an MDO processi ng
l'ine without making a capital expenditure for .
convent i onal fvPmD @geMmpastional stagdapintoin, briefeths tesmoplastic

i nvention reduces energy costs because the extra step

of fheapréLdtbecaraptissl anpblynieracrydistied JVOEdI§bledinG lHdigester,
process is elimnated. This invention also enables a

COMR 08 LKA OBoL 1oL O PYSEQP ST Yoty mer.

extruder. For instance, one linmtation to the speed at

whiWhetened nopFERAATBUD ofiffePsodugt Y daminated is s deped, the

onset of draw resonance as the extrudate exits the

extthegespldstc é)ftrladalievﬁtbhteiﬁsr Wdélspedseddpp@dd6eof pore-forming
particles which may be an inorganic filler or organic particles. Depending
upon the polymer and desired degree of microporosity to achieve
breathability, the temperature of the film and the short gap between the
roliers is in the range of between 20° to 100°C.

One of the objectives of the invention is to achieve a film
product with a high modulus for handling and suitable tensile for
softness. Elastomeric polymers may also be used as the thermoplastic
extrudate including metallocene polymers involving copolymerization of
ethylene with an alpha-olefin comonomer such as butene, hexene or
octene.

The invention is also directed to an apparatus for making a
stretched thermoplastic film comprising an extruder for extruding the
thermoplastic extrudate and differential speed roliers to chill the fitm and
provide a roll gap of no more than 1 inch for stretching the film to provide

a film of uniform gauge thickness. The chill roller may comprise an

embossing metal roller or a flat chrome roller, typically in combination



extrudate at a maxi numrate of 1000 |inear feet per
m nute w thout resonance, this invention nakes it
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resonance in order to produce 2000, 3000, 4000, or
even nore linear feet per mnute (fpm at the w nder.
Thus, in this enbodi nent of t-Be invention, the
velocity (V 1) of the extrudate is slightly bel ow that

whevieh the backieg ok rdbber iofiepBaRReali rBlléhe oHiéwsiadsivadle film
occurs. The extruded filmat V1 having a certain

original. thickne ks then_s i e..shor

ot PR gk PR ST Surd v 08 S e S RS, matte
of upt o about 4, i.e., about 2t o 4, or nore, tines

t hdinjes] ecother vaxtumse Thebaeking reliarmoppetaies Wittsthe chill roller
gauge which is thinner by corresponding ratios of, for

exagoem &b tfo? rédkidingr theomeltehneb tandnfsilithliag $thetching.
original extruded film Accordingly, conmmercially

ac table thin fi f st ial 1.y, .

m TRURGY i 8o Rlef iy TR B e an's bEREnEAT g ted nigher
produced at high speeds of 2000 to 4000 fpm or nore,

by théave the chiddoBerdtoslgg ittt re3Entngi i thasBakti gap. MayHacperate
conpositional standpoint, in brief, the thernoplastic

fi Wt eadtedrackimarrofier ia draky teeforavaskesdndgipofor receiving the

pol yol ef i n, pol yester,
film from the first nip. Typically the second roller is a metal roller and the
backing roller is.a rubber roll.

The apparatus for forming the short gap can be combined
with incremental stretching rollers which further treat the stretched film
by incrementally stretching it. Incremental stretching of the film modifies
the mechanical properties of the film that have been achieved by
stretching the film in the short gap. For instance, thé various textures
and aesthetics may be modified by a further incremental stretching which
affects the moisture vapor transmission rate (MVTR) and air breathability
of the film. The incremental stretching rollers are usually comprised of
a first section and a second section for incrementally stretching the film
in a first direction (MD) followed by incrementally stretching in a second
direction {CD), preferably substantially perpendicular to the MD.

The following detailed description and exampiles illustrate the

method of making the thermoplastic film products of this invention and

the apparatus. In light of these examples and this detailed description,



nyl on and bl ends or coextrusions of two or nore of
such polyners. Where a m croporous film product or
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contai ns a di spersed phase of pore-form ng particles

whi ch may be an inorganic filler or organic particles.
Dependi ng upon the pol ymer an@-desired degree of

m croporosity to achieve breathability, the

t enperapparentab 4 persbnlahcadithatyhekil othe gaphbetswstivrishthereof
rollers is in the range of between 20 to 1000C. One of

th jiect i £ i . Of} | 0 ' fi :
pr onnt Sy THTE. RitbROE SERAElIhy Mol thePedil B iffy by Ghrion.
tensile for softness., Elastoneric polynmers may, also be .
us dWrderinese + HEeRBENaLtS @dy¥aptageatand; %@P%Y%of this invention

net al | ocene pol yners invol ving copol yneri zati on of
et hyillesefwithdr widerb 1ooa- witef ieferenoenonbe dewailedadescription.
but ene, hexene or octene. The invention is also

di r@ﬁk?%é&ﬁ@ﬁ?ﬂ%ﬁtmﬂﬁmﬂﬁﬁb@ a stret ched

thernmoplastic filmconprising an extruder for
t rudi the th ti t r udat d diff tial
ggereg |r(r)1|g| ergrm%?%W%Q{o?\tsﬁgfcqﬁ]x%ré}g?grseto%g w?tlh re gl%rr]‘ucleato the

drawings in which:

Fig. 1 is a schematic of an in-line extrusion process with
MDO stretching and incremental stretching for making the film or fiim
laminate of this invention using the short stretching gap “x”;

Fig. 2 is a cross-sectional view taken along 2-2 of Fig. 1
illustrating intermeshing rollers in diagrammatic form;

Fig. 3 is a schematic of an alternative form of the MDO
stretching apparatus with the short gap “x”

Fig. 4 is a SEM photomicrograph of an unstretched film of
Example 1-O;

Fig. 5 is a SEM photomicrograph of a stretched film of
Example |-A;

Fig. 6 is a SEM photomicrograph of a stretched film of
Example I-B;

Fig. 7 is a SEM photomicrograph of a stretched film of

Example [-C;
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provide a roll gap of no nore than 1 inch for
stretching the filmto provide a film of uniform gauge

metal roller or a flat chronme roller, typically in

-conmbi nati onw th the backing of a rubber roller or

nmetal roller t o achieve desi-t@ble film properties and
aest hetics such as an enbossed cloth-Iike surface,
matte fini Sh_F%1 et e Semt BhSﬁome?@gr%aﬁkbﬂ% Ef?le{cfﬁed film
cooperates with the chill roller toforma nip f

|V|q %?e nmolten web and facilitating stretchlng.

?g 'he second roller which operates at a

perlpheral speed higher than the chill roller to
facilitate sthigt &nisng SEM hbotdoicrographnely ac stptahede film
wi th another backing roller in order to forma second
Ni [ExfaPhpleqcal ving the filmfromthe first nip.
Typlcally the second roller is a netal roller and the

backi ng roll aru e _apparatu .
formng the jzlrﬁ%'rtﬁog'épa gﬁ% b@oéS%?rl‘?Qéa‘%otoﬁ g ﬁirreé‘ﬂ%erﬁ £ifm
stretching rollers which further treat the stretched

fi Iﬁhalﬂypl'egbBEnent ally stretching it. Increnental
stretching of the filmnodifies the nmechani cal
properties offighe1fisl mItatprtaymiteerame b &y 8ehedhed film
stretching the filmin the short gap. For instance,
theE var| OLhSCt extures

Fig.. 12 is a SEM photomicrograph of a stretched fiim
Example llI-A;

Fig. 13 is a SEM photomicrograph of a stretched film
Example [Ii-B.

Fig. 14 is a schematic illustrative comparative exhibit
Examples V-A to V-D.

DETAILED DESCRIPTION OF THE INVENTION

roller may conprise an entDESIONF 010048
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It is one objective of this invention to convert a conventional

cast extrusion line to mak.e a stretched MDO thermoplastic film product
without making a capital expenditure for MDO equipment which is
conventionally used to perform MDO processing. In addition, it is an
objective of the present invention to save money and energy in the
production of thermoplastic film and laminate products. It is also an
objective of this invention to simplify the processing and stretching of

thermoplastic film by elimination of extra steps such as heating a cool



and aesthetics may be nodified by a further
i ncremental stretching which affects the noisture
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of the film The increnmental stretching rollers are
usual ly conprised of a first section and a second
section for increnentally stektching the filmin a
first direction (MD) followed by increnmentally

St vedte IH BdypicabVERT prékedis! etisi @180 @BRbjedtief €f € yhvention to
substantially perpendicular to the MD. The foll ow ng

SeL7h5ck UG AR, TUERLEFoddd HobLASE A5 vsions

this invention and the apparatus, In_light of these .
ex@pheexinder hi@nejef ahe dgnatitscet His dnventionsisdhgakiatnment
to a person of ordinary skill in the art that

v ardf atstatshéd etferafopiasti dfé mealen iatsdubetard@p anif orratyf gauge and
the scope of the invention. Furthernore, other

bengf abj [ . LS. J RV [
o (Es|saBie, ATEABNEAE BV REH' HEReRRS, AP HiHuius.
detai |l ed description. BRI EF DESCRI PTION OF THE .
DRANERES Pt ifHSn@nEnlaninetes sl RrRBIAdGECRIdiRg to the
reference to the drawings in which: Fig. 1 is a

schevaitian offhizgh are ldesthaticatiysdesirgblocess, Wal/ihg a cloth-like
appearance and feel. Microporous film products having significant
moisture vapor transmission rates are also produced.

Thé above objecﬁves and benefits of this invention are
achieved, with reference to Fig. 1 which shows an in-line film extrusioﬁ
lamination system with MDO stretching and, optionally, a CD+MD
interdigitating roller section. The conventional film extrusion system
involves an extruder 21 and a die 22. Thermoplastic web 26 is extruded
in its molten state from the die 22 past an air knife 23 into a nip which
involves a rubber roller 25 and metal roller 24. When a nonwoven and
film laminate is desired, the nonwoven 20 is supplied to web 26. The
surface of rubber roller 25 is typically cooled by immersing it partially in
a water tank which is not shown. The film 26 is cooled by an air knife
23 of Fig. 1 or by an air knife 33 and vacuum box 34 which operates in
conjunction with die 35 and metal rollers 36, 37 as shown in the
alternative embodiment of Fig. 3. The metal roller 24 can be an engraved

pattern or a fiat chrome roller to produce either embossed or flat film and



MDO stretching and increnmental stretching for making
the filmor filmlamnate of this invention using the
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view taken along 2-2 of Fig. 1 illustrating
intermeshing rollers in diagrammatic form Fig. 3 is a
schematic of an alternative fppm of the MDO stretching
apparatus with the short gap "x" Fig. 4 is a SEM

h f f
S A P

S FaRhedieriadp04 rebesiIous %ph'&fegme%' egr%pgﬁ%prvaes as a chil

phot om crograph of a stretched film of Exanple I-C,

Fi goll® which BEMpitatyondooiroliediph aofensperttieeciiedtd irkoeioé and

Exanple 1-D; Fig. 9 is a SEM phot om crograph of a

st 13bFRRE Wb MoOks molecularly orientable and stretchable state. The
second roller 27 is also typically maintained at a temperature (T,) which
is at or lower than T,. The temperatures T, and T, are maintained
depending upon the film properties required, and are typically in the range
of between about the glass transition temperature (Tg) and the melting
temperature (Tm) of the polymer present at the highest concentration in
the film. The film is uniformly stretched in the roll gap x at a stretch
temperature of between T, and T, at a speed between V, and V, to form
the stretched thermoplastic film having a substantially uniform gauge.

The thermoplastic web 26 will be formed flat or embossed

and cooled to a specific temperature after passing over the metal roller
24 which is typically controlied at a temperature T, between Tg and Tm
of the main polymer (for example between 70-160°F for polyolefin
compositions of PE, LLDPE, HDPE or PP) and stripped away by passing
through another metal roller 27 which is typically controlled at a
temperature T, at or below T, on the film property required. At this
point, the film 29 is formed and cooled, and will go downstream where
it can be wound into a roll form for different applications. Where

incremental stretching is desired, the MDO stretched film 26 is passed

through intermeshing rollers 40, 41 and 42,43 for stretching in the MD



Exanple MA; Fig. 10 is a SEM photom crograph of a
stretched filmof Exanple HB; Fig. 11 is a SEM

w@bmwsaem7ey ogr aph of a stretched fil m of Exanpl BCHUS2005/010048
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Fig. 12 is a SEM photom crograph of a stretched film
of Exanple M-A;, Fig. 13 is a SEM photom crograph of a
stretched filmof Exanple N -B- Fig. 14 is a schematic
illustrative conparative exhibit of Exanples V-Ato

V- BndDEDAéde ey RTHENeProllEr28 BYENE S3Hdd té $oﬁﬁ'%nother

objective of this inventiont o convert a conventi onal

cast ex! ion ne,to ke ,a str tched

halrSERB R et RpEoATe, Ik RiBL AL RY Tabbaprolar 28 and

expenditure for MDO equi pment which is conventionally

us euetad reitar ff gavibe adjustedsiatgontallyaerdvertionlly ito foemangap x
between the nip of metal rolier 24. The gap between the metal rollers 24
and 27 is at 0.005" to 1", and the metal roller 27 usually runs at about
1.5 to 5 times faster than the metal roller 24. The ratio of the speed of
the metal roller 27 in feet per minute to the metal roller 24 is defined as

l( ”

the stretch ratio. The short roll gap is defined as the narrowest
distance between the circumferences of the chill roller 24 and second
roller 27. This distance is measured directly by a feeler gauge which is
readily available.

The roll gap is no more than 1 inch, more preferably about
0.005 to about 0.05 inch, usually about 0.01 inch. The ratio of V, to V,
provides a stretching ratio between about 1.25:1 and about 4:1.
Preferably, the chill roller is a metal roller, such as an embossing roller,
which cooperates with a backing roller to form a first nip for receiving
web extrudate. Where nonembossed or flat films are desired, the chill
roller is a flat chrome roller. The second metal roller cooperates with
another backing rolier (usua}lly rubber) to form a second nip for receiving

said film from said first nip. A vacuum box or air knife may be used with

said chill roller,



obj ective of the present invention to save noney and
energy in the production of thernoplastic film and

WO 206mere3 products. It is al so an objective of PAhiUS2005/010048
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invention to sinplify the processing and stretching of
t hernmopl astic film by elininafion of extra steps such
as heating a coolweb in a typ %al MDO process. It is
al so an _objective of this invention t o produce

t hék-moplThermeplastie Belymerafer dye Eijpcy Lamiagtasss of t he
limtations of the extruder. One of the benefits of

this inventi ohef thenmibiopord®t fith fprdtiuet cheddesired, the
thernoplastic filmhaving a substantial uniformy

A L M .

| am nates are produced according t o the invention
whirhtesaref pees-HeMmiealnajtielesiselgnted from, thengiayp cansisting of
cloth-1ike appearance and feel. M croporous film

pr onlorefadidfiNemgnd begdinid aanériaira] tHeestvéeded thermoplastic film
transm ssion rates are al so produced. The above

OSB3 B0 )L Ry L G e VT o

in-line filmextrusion lamnation systemwth MO

st meinthiankaraisd to dpeirasapres of diaars .+ ADMWT Brefiegterathangabout

roller section. The conventional film extrusion system
1,000 g/m?/day, according to ASTM E96(E) is achieved, preferably
greater than about 1,000 to 4,000 g/m?/day, according to ASTM E96(E).
More broadly, the thermoplastic extrudate comprises a polymer wherein
said polymer is selected. frbm the group consisting of polyolefin,
polyester, nylon, and blends or coextrusions of two or more of such
polymers. Preferably, the polyolefin is selected from the group consisting
of polyethylene (PE), polypropylene (PP), copolymers thereof, and blends
thereof, wherein the polyolefin contains a dispersed phase of pore-
forming particles selected from the group consisting of inorganic filler and
an organic material, and said stretched thermoplastic film is microporous.
The pore-forming particle filler is selected from the group consisting of
calcium carbonate, barium sulfate, silica, talc, and mica.

When employing polyolefins to make a film or microporous

product of the above type, i.e., PE, PP, LLDPE, LDPE or HDPE, the

temperature of the film in said roll gap is in the range of about 20° to

100°C (68°F to about 212°F), usually in the range of about 30°C to



i nvol ves an extruder 2 1 and a die 22. Thernopl astic
web 26 is extruded in its nolten state fromthe die 22

we@aes/1aiai r knife 23 into a nip which invol veBCEUS2005/010048
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rubber roller 25 and netal roller 24. Wen a nonwoven

and filmlamnate is desired, the nonwoven 20 is

supplied t o web 26. The surfb2e of rubber roller 25

is typically cooled by immersing it partially in a
wattdl’ G 48&°Fwhie iV 6°F) noT he Hemperdtuee foff |said 6ecand vollerdis from
by an air knife 23 of Fig. 1 or by an air knife 33 and

Vagei bovec34o Wiiceh (poer abeﬁsmdfn.comhawéttﬁgm\g tdmPb@ture is

35 and netal rollers 36, 37 as shown in

Caf BB R NG P ST PRI Bk T S8 ei SOl Tt ppoient

produce either enbossed or flat filmandit is cool ed
t o tampgeatiufe ort @fpgheit temwpafatere pyehkishngairtteimsgthe Hégm in its
nip of the netal roller 24 and rubber roller 25. The

MetrRbleEQlakQr oAédntaBley @hdastratcHibld stalel erinwBiiedtr Words, T, is
typically controlled at a tenperature (T 1) t o

or el RS R belobt dhadiier Dokt S HE BLBRdenslq srengeh

is also typically maintained at a tenperature (T2)

whiZ&Poiedongatinn todliBrtensitnstrangtiras 2%t riengatiarsoffgreatdr than

T2 are nmai ntai ned dependi ng upon the film properties

reQutaethe made avBichydtoUrlgsYit With Remball® for web handling and
CD tensile for softness.

Other thermoplastic polymers can be used which are
elastomeric. Elastomeric polymers are selected from the group consisting
of poiy(ethylene-butene), poly(ethylene-hexene), poly(ethylene-octene),
poly(ethylene-propylene), poly(styrene-butadiene-styrene), poly(styrene-
isoprene-styrene), poly(styrene-ethylene-butylene-styrene), poly(ester-
ether), poly(ether-amide), poly(ethylene-vinylacetate), poly(ethylene-
methylacrylate), poly(ethylene-acrylic acid), poly(ethylene butylacrylate),
polyurethane, poly(ethylene-propylene-diene), and ethylene-propylene
rubber. This class of rubber-like polymers are generally referred to herein
as polyolefins produced from single-cite catalysts. The most preferred
catalysts are known in the art as metallocene catalysts whereby ethylene,
propylene, styrene and other olefins may be polymerized with butene,

hexene, octene, etc., to provide elastomers suitable for use in accordance

with the principles of this invention. The elastomeric polymer aiso may



of between about the glass transition tenperature (Tg)
and the nelting tenperature (Tm of the pol yner
weeesemriat the hi ghest concentration in the fRETUSIDD®010048
filmis uniformy stretched in the roll gap x at a
stretch tenperature of between Tl and T2 at a speed
between V1 and V2 t o formthkSstretched thernoplastic
filmhaving a substantially uniform gauge. The
t heombphaporé-tomeingdBonganic fijer pertimdes Whath proveddbomsaedorosity
and cooled to a specific tenperature after passing '

ovep 418 Akt alpdrPlskRtcriigWhisefatéised XREGAbPMSEOMIPHAShg a
at a tenperature Tl between Tg and Tm of the main

pol r (for exanmpl e betwee -1 600F for .po] yol efin
CorEEnets A B Rer of BBEVT Aefe 18,000 LG BpgyER fo 250
away by passing through another netal roller 27 which
i s gsypi eanl by woduced,| prefenably akogted Aute 2rmilst (about 6 to 50
below T1 on the filmproperty required. At this point,

5 theshi)l m29 is formed and cool ed, and will go
downstream where it can be wound into a roll formfor

e P bR el ARl IR BB U s0%

through interneshing rollers 40, 4 1 and 42,43 for

st rtetadioiuh gt 5% byheeightnef Tineardopedensity polyathyibbe(LLDPE) or

roll er 28 can be added to form anot her
polypropylene (PP), about 1% to about 10% by weight of a low density
polyethylene (LDPE), and about 40% to about 60% by weight of calcium
carbonate ﬁller particles. The composition can further contain a
component selected from the group consisting of high density
polyethylene (HDPE), titanium dioxide, and mixtures thereof. The
thermoplastic extrudate can be a coextruded structure of one or more
Iayeré of different compositions, such as one or more layers of a polymer
selected from the group consisting of polypropylene, LLDPE, LDPE, and
blends thereof.

As stated above, both embossed and flat films may be
produced according to the principles of this invention. In the case of an
embossed film, the nip of rollers comprises a metal embossing roller and
a rubber roller. The compressive force between the rollers forms an
embossed film of desired thickness on the order of about 0.25 to about

10 mils. Rollers which provide a polished chrome surface form a flat film.

Whether the film is an embossed film or a flat film, upon incremental



nip wwth the nmetal roller 27. This nip forned by

rubber roller 28 and netal roller 27 can be adjusted
whosaomial |y or vertically to forma gap X beR@EES20031@0048

nip of netal roller 24. The gap between the netal

rollers 24 and 27 is at 0.005'_to 1" , and the netal

roller 27 usually runs at abolf- 1.5t o 5 tinmes faster

than the netal roller 24. The ratio of the speed of

t hatigdehingr @t bigh2 Bpeeds. esticreepradsniited peodunss neeaproduced

roller 24 is defined as the stretch ratio. The short

r ollav@@p high hfoisiefré Negp@s tidienmiasivaweste dNSVRREEwithin the

bet ween tlhle circunferences of the chill roller 24 and
7.¢ Thi ' ' ire
by E0FRtaRls Rlpotor YD REEGOPHTAT IS, LaifEbleh of tne

gap is no nore than 1 inch, nore preferably about
0. DosrapasoLpdim maysbe mbiiaingd uaithynabyaven firrounarebs. The
The ratio of V2 to V1 provides a stretching ratio
betnspeoaipoutiblodd Wetanehaabodbmpriséd. fiserkersl yolykht®ylene,

chill roller is a netal roller, such as an enbossi ng
] . it h .
ool ONRRER T RS Ao Sphf bl 8 uch

nonenbossed or flat filnms are desired, the chill )
fibers. A number of definitions have been proposed for nonwoven fibrous

webs. The fibers are usually staple fibers or continuous filaments. The
nonwovens are usually referred to as spunbond, carded, meltblown, and
the like. The fibers or filaments may be bicomponent to facilitate
bonding. For example, a fiber having a sheath and core of different
polymers such as poiyethylene (PE) and polypropylene (PP) may be used;
or mixtures of PE and PP fibers may be used. As used herein "nonwoven
fibrous web” is used in its generic sense to define a generally planar
structure that is relatively flat, flexible and porous, and is composed of
staple fibers or continuous fitaments. For a detailed description of
nonwovens, see Nonwoven Fabric Primer and Reference Sampler by E.
A. Vaughn, Association of the Nonwoven Fabrics Industry, 3d Edition
(1992).

In a preferred form, the microporous laminate employs a film
having a gauge or a thickness between about 0.25 and 10 mils (a weight
of 6 to 250 gsm) and, depending upon use, the film thickness will vary

and, most preferably, in disposable applications is the order of about 0.25



roller is a flat chrone roller. The second net al
roll er cooperates with another backing roller (usually

wo oberd7iz o forma second nip for receiving sardr/ti$ions/010048
fromsaid first nip. A vacuum box or air knife may be
used with said chill roller.A , Thernoplastic Polyners
for the Filmor Laminates WehSa ni croporous film
product is desired, the thernoplastic extrudate is a
t hdpr@dphidstin dhiskhgser dunnanwiovgnafikriospewebsl afaselaofinated
pore-formng particles selected fromthe group

corpiest i Mgnadilyl REVEaN Welght | 67 aBBUt & IARE G dPBELITRIgms/yd?,
and the stretched thernoplastic filmis m croporous

ver KBy P 2D SR STHRNF Mheliraapyafiiete can

greater than about 1,000 g/m 2/day, according to ASTM
E9deE)ndremgobalby stretghast &1 dbe ycrgseadieactiohatCRbsatform a CD
1,000 to 4,000 g/m 2/day, according to ASTM E96(E).
MorserhelRed lchmpdistet NeuRRBHASEd, CBXdtFdibRing rﬁ@méhwﬁ)\ﬁed by

pol ymer wherein said polyner is selected fromthe
D1 SHREAPE BETudraRe dPeias R aRbR  gBine R Whicn i
pol ymers. Preferably, the Bol yolefin is selected from
t h&ttelngd dBnBeHY | and MD directions. As indicated above, the
microporous film or laminate may be used in many different applications
such as baby diapers, baby training pants, catamenial pads and garments,
and the like where moisture vapor and air transmission properties, as well
as fluid barrier properties, are needed.
B. Stretchers for the Microporous Film and Laminates
A number of different stretchers and techniques may be
employed to stretch the film or laminate of a nonwoven fibrous web and
microporous-formable film. These laminates of nonwoven carded fibrous
webs of staple fibers or nonwoven spun-bonded fibrous webs may be
stretched with the stretchers and techniques described as follows:
1. Diagonal Intermeshing Stretcher
The diagonal intermeshing stretcher consists of a pair of left
hand and right hand helical gear-like elements on parallel shafts. The
shafts are disposed between two machine side plates, the lower shaft

being located in fixed bearings and the upper shaft being located in

bearings in vertically slidable members. The slidable members are



of pol yethyl ene (PE), polypropylene (PP), copolyners

thereof, and bl ends thereof, wherein the polyolefin
waznsainss a di spersed phase of poreform ng paredTUE£905/010048

sel ected fromthe group consisting of inorganic filler

and an organic material, and said stretched

thernoplastic filmis micropot9us. The pore-form ng

particle filler is selected fromthe group consisting

of ashlistiabieioahbduacdtoa) dibectiambyg wedgeshaped iettanenial aperable by

and m ca. Wen enploying polyolefins t o make a film

r - i y .
e T e e

roII ap is in the range of about 20 t o 10Q0C
(6610R0IE Demiin fespepsbely Somdhyp T urHier cnggoeq disengage
about 300C t 08Q0C (860F to 1760 F) . The tenperature
of tbai deselbiondeett |&r the Gppen afteoneghib@Croll owBP0Ehe lower
(700F to 1800F). The stretching tenperature is

CONh{ReRAindYrof. chlrbm%%rk%oé‘m&t%ech%es@ﬁ @’rarrﬁéé &fe operable

controls T2 at anbi ent terrperature or

ol AU P16t 4G ZbieBoAREMED B EiRaAEL of Wit intprmetiiag ol

words, T2 is maintained at or below T1l. Film having a

rati o of MD tAensylirdess remgniplayed 58/heldtigasiidablé onébbers in

tensile strength at 25% el ongati on of greater than
their lower engaged position firmly against the adjusting wedges to
oppose the upward force exerted by the material being stretched. These
cylinders may also be retracted to disengage the upper and lower
intermeshing rolls from each other for purposes of threading material
through the intermeshing equipment or in conjunction with a safety circuit
which would open all the machine nip points when activated.

‘A drive means is typically utilized to drive the stationery
intermeshing roll. If the upper intermeshing roll is to be disengageable for
purposes of machine threading or safety, it is preferable to use an
antibacklash gearing arrangement between the upper and lower
intermeshing rolls to assure that upon reengagement the teeth of one
intermeshing roll always fall between the teeth of the other intermeshing
roll and potentially damaging physical contact between addenda of

intermeshing teeth is avoided. If the intermeshing rolls are to remain in

constant engagement, the upper intermeshing roll typically need not be



2 can be made which provides it with a nodulus for web
handl ing and CD tensile for softness. O her

wa esmoplasti ¢ pol ymers can be used whi ch are PCT/US2005/010048
el astonmeric. Elastoneric polyners are selected from
the group consisting of poly(ethyl ene-butene),
pol y( et hyl ene- hexene), pol y( (%ylene-octene),
pol y(et hyl ene-propyl ene),
poldyivenyr &reeb mandibeneceepplistsd byothg siriveaniitempesrieg roll
styrene), poly(styrene-ethyl ene-butyl ene-styrene),
pokpiRGhethat Retarial BRI Stréeheam de),

pol y(et'hyl ene-vi nyl acet at e),

pol y( et hyl enenet hyl acryl.at e pol yf et hyl ene- acryl.i :
acid), pol y<§F§ynﬂ ﬁré“%%/h'w a(é%i‘&%’ﬂ rB%WB%eﬁHSrRé?C% helical
pol y(et hyl ene-propyl ene-di ene), and et hyl ene-propyl ene

r uigiers. IMithe peetesredogmbadipeant) theerobsinavers 936¢ diameter, 45°
generally referred t o herein as polyol efins produced

fr owligianglec-o£ Ot POG ARl pitcA N8ONMaMeRFpRiched 4 1.° pressure
catal ysts are known in the art as netall ocene

ot REPEC PRI A1E TPl b R B st tie, Thdddnguces -

octene, etc., t o provide elastoners suitable for use

i nnasesY.daieep wweth tafefilsr ivicpl adows tpi doi abeut | GMI0" of

The el astoneric polymer al so maycontain pore-form ng

I Neht@ARkeShihglengagpaieht ehe@bvhi 0lD(B OkdRNTeGroPeIsiEdst of the
tooth for material thickness. The teeth are not designed to transmit
rotational torque and do not contact metal-to-metal in normal
intermeshing stretching operation.
2. Cross Direction Intermeshing Stretcher

The CD intermeshing stretching equipment is identical to the

diagonal intermeshing stretcher with differences in the design of the
intermeshing rolls and other minor areas noted below. Since the CD
intermeshing elements are capable of large engagement depthvs, it is
important that the equipment incorporate a means of causing the shafts
of the two intermeshing rolls to r.emain parallel when the top shaft is
raising or lowering. This is necessary to assure that the teeth of one
intermeshing roll always fall between the teeth of the other intermeshing
roll and potentially damaging physical contact between intermeshing teeth

is avoided. This parallel motion is assured by a rack and gear

arrangement wherein a stationary gear rack is attached to each side



t o said filmupon stretching. Stretched thernoplastic

filmhaving a thickness on the order of about 0.25 to
wabost10tB mls (about 6 t o 250 gsm can be prECUUTE)5/010048

preferably about 0.25t o 2 mls (about 6 t o 50 gsn).

A preferred thernoplastic extéjrjdate conpri ses about

"30%t o about 45% by weight 6f'a linear |ow density

pol yet hyl ene (LLDPE) or pol ypropylene (PP), about 1%

t o TEAYBAL INLG9stBPOGKIoghto dheaVersiga \én%'FQ%M?JdT‘?@IbIWF-ené\ shaft

(LDPE), and about 40%t o about 60% by wei ght of

calteauensearthensitie frahlegr afdirdpecdi@s. inllae beanm@sht ésdh of the
can further contain a conmponent selected fromthe

gr - Tt f..igh d ity pol ye
01 UPEA R a0 1508 Y b pLLY 81Fof HREGhort o
t hernopl asti c extrudate can be a coextruded structure

of HFEISE iRpPROEIIARITY Withdiher @c&st tocBrAsSeL thendesiragc parallel

as one or nore layers of a polymer selected fromthe

gr eupticensi sti ng of pol ypropyl ene, LLDPE, LDPE, and

bl ends thereof. As stated above, both enbossed and

flat films mey,dgrive for the CD intermeshing stretcher must operate
both upper and lower intermeshing rolls except in the case of
intermeshing stretching of materials with a relatively high coefficient of
friction. The drive need not be antibacklash, however, because a small
amount of machine direction misalignment or drive slippage will cause no
problem. The reason for this will become evident with a description of
the CD intermeshing elements.

The CD intermeshing elements are machined from solid
material but can best be described as an alternating stack of two different
diameter disks. In the preferred embodiment, the intermeshing disks
would be 6" in diameter, 0.031" thick, and have a full radius on their
edge. The spacer disks separating the intermeshing disks would be 5% "
in diameter and 0.069" in thickness. Two rolls of this configuration
would be able to be intermeshed up to 0.231" leaving 0.019" clearance

for material on all sides. As with the diagonal intermeshing stretcher, this

CD intermeshing element configuration would have a 0.100" pitch.



produced according to the principles of this
invention. In the case of an enbossed film the nip of

WO ziob/eregixonpri ses a nmetal enbossing roll er ameCEUS2005/010048
rubber roller. The conpressive force between the
rollers forns an enbossed filpgpof desired thickness on
the order of about 0.25 t o abéut 10 mls. Rollers

whi ch provide a polished chrone surface forma fl at
fildn MehinePirertioniintArmeshineryesea®l filmor a flat
film wupon increnmental stretching, at high speeds,

i croporous fTHgVDriAtBtAieshinEspétetirsh UigmieAdishi@ftical to the
noi sture vapor transmission rate (MTR) within the

acc f 00 / /.day. :
o BB TofeRREn o i Ah e3P 18 I STl ufndERmashing
nonwoven fibrous webs. The nonwoven fibrous web may
corfpis s tei ME intermesdiine relg eleselypesgmblpiinemitch spur gears.
pol yesters, rayon, cellul ose, nylon, and bl ends of

sudh thelweferrdd empbdment, dBkirailé hane ahena8Iregidameter, 0.100"
proposed for nonwoven fibrous webs. The fibers are

oD SRt M A7 Plarfe Soble, 3RO bablig e ong
mel tbl own, and the like. The fibers or filanments may
be adeprBhdaPPed @ephciA iseapad MEssiWMes taen exahpse rolls with
fi ber having a sheath and core of different ,
the gear hob offset 0.010" to provide a narrowed tooth with more
clearance. With about 0.090" of engagement, this configuration will
have about 0.010" clearance on the sides for material thickness.
4. Incremental Stretching Technique
The above described diagonal, CD or MD intermeshing
stretchers may be empioyed to produce the incrementally stretched film
or laminate of nonwoven fibrous web and microporous-formable film to
form the microporous film products of this invention. For example, the
stretching operation may be employed on an extrusion laminate of a
nonwoven fibrous web of stapie fibers or spun-bonded filaments and
microporous-formable thermoplastic film. The laminate of nonwoven
fibrous web and microporous-formabie film is incrementally stretched
using, for instance, the CD and/or MD intermeshing stretcher with one
pass through the stretcher with a depth of roller engagement at about

0.060 inch to 0.120 inch at speeds from about 550 fpm to 1200 fpm or

faster. The results of such incremental or intermesh stretching produces



pol yners such as pol yethyl ene (PE) and pol ypropyl ene

(PP) may be used; or m xtures of PE and PP fibers may
wohBaosswdi3 As used herein "nonwoven fibrous webfCi/sS2068%@ 0048

inits generic sense to define a generally planar

structure that is relatively flat, flexible and

porous, and is conposed of staﬁ’re fibers or continuous

filaments. For a detail ed description of nonwovens,

sedamorates shaFhbve exeellenr breatharelityr et §qGairipareier lpyorferties,

A . Vaughn, Association of the Nonwoven Fabrics
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m croporous | anmi nate erpl oys a I'm havi ng a gauge
or a thickne yeen about 2 10, mls
wei ght of 6 f@‘%gﬁl PLHS Sﬁar,npgeé @Haﬂﬁﬁe JBSn”\?%éOd {Hemaking
filmthickness will vary and, nost preferably, in

di spissepéreuapfiin card darsinages g thislgnventiamouin JighStaf Zhese
mls in thickness. The nonwoven fi brous webs of the

| ang,aes SR8 ehisRIr fRdr | dethitaedés AMptdht 110k Entdy
grrB/yd Fg %o 75 lgsms ry r2 plr efer:ﬂ;dﬁlb; ab(I)ult ag)gﬁlr'onaoo%person

40

nf ieltary L B Rcrner, e '8%§§‘er&°?éew§ﬁ Tegs wighout

form a CD stretched conposite. Furthernore,
st riapehiing froay the stope oighisbipvention.

EXAMPLES | - A microporous formable formulation containing 55%
calcium carbonate, 36% homopolymer polypropyiene (PP), 5% low
density polyethyiene (LDPE), 3% titanium dioxide master batch and 1%
of combined processing master batch and antioxidant additives typically
used in the film processing is extruded by a conventional single screw
extruder 21 and a slot die 22 to form a web 26 which is about 450-
500°F. The web 26 is leading into a pressure nip formed by a rubber
roller 25 and a metal roller 24. The rubber roll is partially immerse.d ina
water tank (not shown), so its surface is cooled by the water where the
water is typically controlied at a temperature between 60-140°F. The
web 26, after passing the first pressure nip formed by rubber rolier 25
and metal rolier 24, is immediately stretched in the machine direction
between the first pressure nip and the second pressure nip formed by the
rubber roller-28 and metal roller 27. The stretching ratio (R) is defined by

the speed (V,) of the first metal roller 24 and the speed (V,) of the



stretching in the machine direction (MD) to forma
conposite which is stretched in both CD and MD
walzogetorons. As i ndi cated above, the mni cropor orGr/6$2005/010048
or lam nate may be used in nmany different applications
such as baby di apers, baby trajning pants, cataneni al
pads and garnents, and the | 1% where noisture vapor
and air transm ssion properties, as well as fluid
basecenrd pneérrolies 27ar dhacsdtrigh B retlr@garcheris definednhby the
M croporous Filmand Lam nates A nunber of different

st MAFeNeEst ASdnteWulivedashaRYrchffergHcesast firs nidthledHi roller
the filmor |anm nate of a nonwoven fi brous web and

cardof eand TR Tob 7 BER e B S g BRI ER"SY any

spun-bonded fibrous webs may be stretched with the
st feeleh@esganepsiyc Avieitplds deside ilbdemasstratasotize experimental
Di agonal | nterneshing Stretcher The di agonal

I NcghHRAINsEh bt tedifls 100 ExhAiptef-OatdPRDL 100 it &f dorhpantitive
and right hand helical gear-like el ements on parallel
grgfégﬁ]pé%g@eﬁgﬁé}e %8%‘? ogHie?ﬁrc‘s?(#o}?eertﬂfgﬂdts\%o%?auﬂ927 is the
same (90 fpm) to make an unstretched film which is not microporous.
In contrast, Example I-A to |-D are stretched. The surface topology of
unstretched (Example I-O) and stretched (Examples I-A to |I-D) are shown
in Figs. 4-8, identified as 1-O to 1-D .
Table 1 also demonstrates the benefits of this invention
where the film is extruded without draw resonance at an original gauge
of 85 g/m? and is stretched to 50 g/m? (comparing Examples I-O and I-D).
The speed at the first roller (V,) is 90 fpm and is 180 at the second roller
(V,) for a stretch ratio of 2:1. More broadly, this invention can achieve

thin films which are up to 4 or more times thinner than the original

extruded film without draw resonance.



being |l ocated in fixed bearings and the upper shaft

being | ocated in bearings in vertically slidable
worenwberwi3 The slidabl e nenbers areadj ust abl e | PCT/LI£2005/010048

vertical direction by wedge shaped el enments operabl e

by adj usting screws. Screw ng,the wedges out or in

will nove the vertically slidabl e nenber respectively

down or up t o further engage or di sengage the

gear - | i ke preethrefrthe—tupper—irAterneshing roll wth
the [ower |i nterresni oll{. Mcronmeters nounted to
the side firaneg|a aglleStids| ndi cate the depth of
engagemnent| of 2 S off the Hntermeshing roll. Air
cylinders |at¢ enpd o hol d the slidable nembers in
their | owerSe¢ngpge t+Hgr—f++l y agai nst the
adj usti ng |wedgges 3 ose the upward force exerted
by the matjerildb | e rgticeds | These cylinders may
al so be retracled eRgalde  he upper and | ower
i ntermeshiing|rolls eacdh ¢ther for purposes of
t hr eadi ng Hreaterad gh—+the—t er meshi ng equi pnent
or in conjunciion M safetly ¢ircuit which would
open all tthg dra¢ch 89i Qi sohen activated. A
drive neansti$ {1y atliPijzed to drive the
stationery irfefne rolil . |1 f|the upper
i nt er meshiprg+oi ba—dirsengageabl e for
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pur poses of machine threading or safety, it is
preferable to use an anti backl ash geari ng arrangenent
whzniemid he upper and | ower internmeshing rol |BC1/0S2005/010048
assure that upon reengagenent the teeth of one
i ntermeshing roll always fall %)etvveen the teeth of the
ot her internmeshing roll and % entially damagi ng
% contact between addenda o{ i ntermeshing tee o
&85 I A RicIRUPHE SRIMGPleoara ulFtion Goptataing 53 8%
const ant engagenent, the upper interneshing roll
t y plafAdiiny catedatt 3881 LEDPEDA% el DR, Bed wc qo0pldarehads of
by the driven intermeshing roll through the naterial
bei - e
regegr%%stsr' é%[begtlatscﬂ %ét]%?wc% 55‘3?%@5?{ Egﬂi‘ttv% et%’élca“& used in
enbodi ent the rolls have 5.935" dianmeter, 45 helix
anghe, f"@o gxtrapion ingpreHdest iR, vesy simiarmannepiaschescribed in
14/ 2 pressure angle, and are basically a | ong
addsaenpies (iped [dearThel kikpepmetval ecsoralitiens awd theeresults are
tooth profile which allows up to about 0.090" of
! a
theTeVLd o TREREE R 3%%%2?%%@ IR BRI R Blbs are

teeth are not designed . to tr rotatjonal torque
and@n@¥' bt FigsnPakt dasitifiad s ne at'ﬁﬁn Ot ral

Tabvle 3 shows the mechanical properties of Example 1I-B as
MDO stretched followed by incremental stretching in the MD and CD with
the apparatus of Fig. 1 using intermeshing roliers 40, 41 and 42, 43 for
stretching in the CD and MD, respectively. The intermeshing of
stretching rollers are at ambient temperature and the engagement of the

rollers on CD and MD are 0.050" and 0.040", respectively.



i ntermeshi ng stretching operation.

2 . Cross Direction

I ntermeshing Stretcher The CD i nterneshing stretching

wezpspmoent i s i denti cal

t o the diagonal

i nt erMEBH$2005/010048

stretcher with differences in the design of the
intermeshing rolls and other
Since the CD internmeshing el

| ar ge engagenent dept hs,

AL DO D o

it

is

oo

] nor areas noted bel ow.
2nts are capabl e of
i mportant that the

equi pnent inc

- ¥
oAl

of causing the shafts of
remai n parall el when
hering. This is

eeth of one

pet ween the teeth of the

et ential |y damagi ng

meshing teeth is

s assured by a rack and
ionary gear rack is

uxt aposition to the

shaft traverses the
pearing in each of the
gear resides on each

I n engagenent with the
ar al | el

JI'JJIU.e (L L=
the two interreshing ¥pollisqt &
the top shaft|is|r@) Qg |oxg|IP
necessary t o|asp\p ghat| bhes
intermeshing tat| "al ways [falll™
ot her intermest rg—tot—dneHpo
physi cal cont ac | bef welen |i nter
avoi ded. Thi s| paf & ;é Rt gorP
gear arrangengnt | fhefel B [agst2
attached to epch|sipdirame in |
vertically sl rdebterrerbers+—A
side frames ahd gperatlesjinja
vertically sl|dal¥ el Eeners.| A
end of this shdft and offgr@at €3
racks to producegt he desijred p
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notion. The drive for the CD interneshing stretcher

nmust operate both upper and | ower internmeshing rolls
wexoepto7in t he case of intermeshing stretchi nge@if/US2005/010048

materials with a relatively high coefficient of

friction. The drive need not be aptibackl ash, however,
because a small anmount of ma ne direction
m sal i gnment or drive slippage will cause no problem
The reason for thisrw+—heegre—ewident with a
description of the €D interngshing el ements. The CD
i nt er meshi ng elenen1$§zre maghi ned from solid materi al
but can best be des¢iZbed (a® |amr alfternating stack of
two di fferent diane ef dbsﬁg. Eh tihhe preferred
enbodi nent, the intergeshiing [di sksj woul d be 6" in
di aneter, 0.03 1" thi®k, and |have ja full radius on
their edge. The spa¢es [di-gks—{separiating the
i nt er meshi ng di sks A%§|d be § >2 "| in dianeter and
0.069" in thickness| 3w nolljs of fthis configuration
woul d be able t o be %nQ§rmeshgﬂ up to 0.231 " | eaving
0.01 9" clearance fpr5maEerddl won fal | sides. As with
t he di agonal interngshing|strietcher, this
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CD i nternmeshing el ement configuration would have a

0.100" pitch.3. Machine Direction | nterneshing
waeetiohey The MD i nterneshi ng stretchi ng equi PIET$2003010048

identical to the diagonal interneshing stretch except

for the design of the intermeshing rolls. The MD

internmeshing rolls closely red@nble fine pitch spur

gears. In the preferred enbodinment, the rolls have a

5. FIAMRALESeler, 0 . 100" pitch, 30 dianmetral pitch, 14

1 0 pressure angle and are basically a | ong addendum

topped gear. TH€aqMestPRes PARMPIEKED a0l mheéﬁdnnﬂd Where the
with the gear hob offset 0.01 0"t o provid

narr d .t e cl ear ance,

FNIEE SukEdied i Eﬁ%fww@eﬁeaﬁem'vrmﬂs%eni%w?f@?@aed n
O" cl earance on the sides for material thickness. .
| ndherklAeard MPrendsiioeg ditéartnagysieo Whén HtroV ablged Eoi ﬁedCD and
di agonal, CD or MD intermeshing stretchers may be

emgyg@ekﬂem@gé&mgdh@odmr enmentally stretched film
or | am nate of nonwoven fi brous web and

m cr opor ous- f ? E§ o.fo g"é CLOpQrou

film product s-[oag]Je Iqe 6AS Ff‘g& r[n fj g]r%PBqu SftheTable

stretchi ng operati on nmay be enployed on an extru3|on

| art peadaicads. dhe MDO stretching and interdigitating stretching produced
microporous film with adjusted and balanced properties such as
micropore pore sizes, MVTR, MD and CD modulus and MD and CD tensile
strength, as shown by Table 5. The MDO microporous films were
continuously CD interdigitated, and CD interdigitated and MD

interdigitated, respectively. The surface topologies of these examples are

shown in Figs. 12-13, identified as Ill-A and Ili-B.



nonwoven fibrous web of staple fibers or spun-bonded
filaments and m croporous-fornmable thernoplastic film
wotestimmnat e of nonwoven fibrous web and PCT/US2005/010048
m croporous-formable filmis increnmentally stretched
using, for instance, the CD and/or NMD internmeshing
stretcher with one pass thro the stretcher with a
depth of roller engagenent at about 0.060 inch to 0.1

20 inch at speeds—fromabout 550 fpmto 1200 fpm or
faster. The resuls g such| i ncrenental or internesh
stretching prodacesl andatesihat have excel | ent
breat habi l'i ty|and I|iqui di bafrijer properties, yet
provi de superior bgng|[strengtfs and soft cloth-Ilike
textures. The flo_ol(glov\gngn bxanplles il lustrate the nethod
of making mc %§qwcu§ fa | @ B | ami nates of this
invention. In|IFght B Thésegxanples and this further
det ai | ed descH-pt+er—++1+stafgparent to a person of
ordinary skill gp the|ary that{ variations thereof may
be nmade mﬁthOJt%jggérlngcfréhwthe scope of this
i nventi on. EXA@E_ =l |- A m &rloporous formabl e
formul ati on corg ini ng 5b% Lcal|ci um car bonate, 36%
honmopol yner polgpropylene (|PP)|, 5% I ow density
pol yet hyl ene LE_D:’@%S% i lagilum di oxi de master batch
and 1% 2 ©c ol o
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of conbi ned processing master batch and anti oxi dant
additives typically used in the filmprocessing is

wexwsae by a conventi onal

singl e screw ext r ueer/U2005/010048

and a slot die 22 to forma web 26 which is about 450-
500 0 F. The web 26 is leading into a pressure nip

formed by a rubber

roller 25-&hd a net al

roller 24.

is partially imrersed in a water tank

e is cooled by the water

y controlled at a

DF. The web 26, after
nip formed by rubber roller
i medi ately stretched in

et ween the first pressure nip

D fornmed by the rubber
27. The stretching ratio

g (V 1) of the first netal

?) of thesecond netal roller
b (x) is defined by the

the circunferences of first
second netal roller 27 which
y any feeler gauge easily
rates the experinental

for Exanples 1-0 to I|-D.

The rubber rol
(not shown), so jts surfac
where the ar ifjs typica
t enper at ur gt ween pO-1L 4
passi ng the Bi|rst| pressure
25 and mstl:roéel:Z@i
t he machi n¢ Aijrection b
and the secofid prlessure| ni
roller 28 anf [netial foller
(R) is defined by the spee
roller 24 and |the speed| (V
27. The strebNdh or rpll|ga
narrowest ¢li'St ceﬁbeﬁ%s%ﬁ
met al chil | £ql Far 2phhdN
can be dir¢cglly measurefl b
avai | abl e. | 8hl e || denopst
condi ti ons Fard—tRHe—Fesuts
1-0 is a conparatj ve
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exanpl e where the speed of the first roller 24 and

second roller 27 is the sane (90 fpn) t o nmake an
wamesnmrched fil mwhich is not mcroporous. | nPCT/US2005/010048

contrast, Exanple I-Ato I-D are stretched. The

surface topol ogy of unstretched (Exanple 1-0) and

stretched (Exanples I-At o t3%)) are shown in Figs.

4-8, identified as 1-0 to 1-D . Table 1 also

de XAMPLEeH t-hé einsfdorsusfformiable feremtlationwhaviegt ae ABA

filmis extruded without draw resonance at an origi nal

gaggexaldea ﬁ"Lﬁ‘Etar@%s' §xﬁh8@c‘] GhRAatMnPQvied FRe MDO process
(corrparl ng Exarrp es I-Oand I-D) . The speed at the

oL e EoeheT 2010 gt S50

this |nvent| on can achieve thin filnms which are up to
4 opolympreytenees. 48 hREE, 2anTiDhearcr Odi hadf extioxidedt additive
filmw thout draw resonance. TABLE 1 en Note 1. ASTM

E- %ﬁ& (BF CORASHES © 228 %1 BECOF; @@d2900%BHE'\|Qt@°/02LDPE/b@Q¢1°/0 TiO,
is nmeasured at 37.8 OéEXAI\/PLE - A m croporous

R N % T
stretching ratio was 1.0. The MDO process was followed with CD
intermeshing at 0.055 inch and further followed with MD intermeshing
at 0.045 inch using the CD/MD stretcher described above (see Example
IV-A of Table 6). A microporous film was produced with a MVTR of
1300 (ASTM E96E) grams/m?/day and a film weight of 21 grams per
square meter (gsm) with a MD tensile at 25% of 218 g/cm. Then, the
same ABA coextrusion was run, but the stretching ratio was increased
from 1.0 to 1.25, 1.5, 1.75 and 2.0 while all other process conditions
were kept tﬁe same (see Exampies IV-B, C, D and E of Table 6). The film
gauge was reduced from 21 gsm to 19.3, 16.5, 15 and 13.95,
respectively. While the film gauge was reduced, the 25% MD tensile
strength increased from 218 gsm to 240, 265, 311 and 327 gsm,
réspectively. This was very beneficial to web handling of the thin gauged
film.  While 25% MD tensile was increased, the 25% CD tensile
decreased from 142 gsmto 118, 82, 58 and 54 gsm. This provided soft
hand feel film, as well. These types of microporous films are suitable for

making diaper and feminine care napkin outcover while providing high



processing aid nmaster batch and antioxi dant additives

typically used in the filmextrusion is extruded in a
woanyg/18i7nd | ar manner as descri bed i n Exanpl es PCTOU$05/010048

| -D. The experimental conditions and the results are

shown in the Table 2 . The surface t opol ogi es of these

exanpl es are shown in Figs. 9331 identified as H A

HB and Il-C Table 3 shows the mechani cal properties

of sEseangth eniB direcbOfst pradeicetighsipeedednisgrsion, yet providing

incremental stretching in the MD and CD with the

ap%%ﬁ‘ﬁbkt?d&ft fbF @ndlugesi %b‘lé‘?%"ﬂ?ﬁhl‘d@g tboérh&wstrféomeéh;mcan
and 42, 4 3 for stretchlnglnt e CD and MD,

res ectlve . hing of, stretching rollers
e S Ret: SPura LBdT Het oRagor GOt Cofmparison.

roI lers on CD and MD are 0.050" and 0. 040",

r esheastringlyy MmaB R rR2TARBIMEA Bod0EAvVPdES:d by th’aM BOfprocess of

illustrates Exanples I-D and NI-A and | M B where the

MDGh st ihQba1i6S! chh B Rillolwdd Wath @Ib&ﬁﬂmh{ﬂérmeshmg to provide

increnmentally stretched in the CD and MD under

cond| &‘ﬂ ih %%S%ngﬁg&tr%@tggﬁ a%-%"? ef}ongatlgnhgf %a’(o CBDratio of

st rae

greater than 2.

Table 6 examples also demonstrate original gauge reduction
of the extruded film without draw resonance at V, from 21 gsm (1V-A)
to 13.9 gsm at V, (IV-E), nearly tWo times thinner. The speed at V, was

325 fpm and 650 at V, for a stretch ratio of 2.



Tabl e 5 denonstrates the nechani cal properties of the
Tabl e 4 products. The MDO stretching and

WO zioenoh7gd t ati ng stretching produced nicropor oRGI/0$2003/010048
wi th adj usted and bal anced properties such as
m cropore pore sizes, WTR, M and CD nodul us and MD
and CD tensile strength, as s¥3wn by Table 5 . The MO
m croporous filnms were continuously CD interdigitated,

and CD in digitated and [nterdigitated,
respectively. The| syrfacq tppal ogi es of these exanples
are shownfion ®igst 12-1 3, {dgntified as IN-A and
H - B. TABLHA @Og:TABL'E 5 |GDERAVPLE |V - A nicroporous
formabl e e niillat| on havi ng| an ABA coextruded
structurewas_extrudedlifdtolalfilmwth the MDO
process where (A)| cant ai ned| 53. 6% CaCO3, 36. 90%
honmopol yne& pgl y_EpropyI bng, b.4% LDPE, 2% Ti2 and 0.1
% of anti pxi dants p&di¥ | ¥g andi|(B) contained 52.8%
CaCOB, 39 Z%EDF% 3.5% UDPE, [4.4% Ti2 and 0 . 1%
ant i oxi dant” addli tjvd. Thd roll gap was at 0.01 inch
and the
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stretching ratio was 1.0. The MDO process was foll owed
with CD internmeshing at 0.055 inch and further

wo zilos/oweds with VD i ntermeshing at 0.045 i nch uBiTYgS20h&®010048
CD/ MD stretcher described above (see Exanple |V-A of
Table 6). A mcroporous filmwas produced with a MWTR
of 1300 (ASTM E96E) granms/m Baray and a fil m wei ght of
2 1 grans per square neter (gsm) with a MD tensile at

25% of 2 18 g/cm Then the same ABA coextrusion was
run, but the| gtirefchinpg rat|{o|was increased from1.0 t
o 1.25 1)%]| I|75 and R.Q wnille all other process
. . 1]
condi ti ons :ege keptl tpe|sape ((see Exanples IV-B, C, D
~ H 10
and Eof Talleg6 9| 3 |Thpaf|it megauge was reduced from 2
1 gsmt ofID 3| 4b83.8 18 |apfiel3. 95, respectively.
Wil e the|fd | sn{gapuge waS |refduded, the 25% MD tensile
strength jrer€asefd flrom2 18 gsmto 24g, 265, 3 11 and
327 gsm reSpagtipelly.| Thi s|wds very beneficial t o
web handl i rf;%:; ofr tHethymgapged film Yhile 25% MD
tensile wasg fi ng réage d, | t.he 5% CD tensigl e decreased
from 142 ¢ E|lg¥8.o 8§, HB8=dnd 54 gsm This provided
soft hand|f®lek|fi| m| ap el |. |These types of
m cropor oy f bImsrane puiftapts for ¢ &
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maki ng di aper and fem nine care napkin outcover while
provi di ng highstrength on MD direction for product
woemb1sperd conversion, yet providing soft proRtmuSHes010048
end use. Table 7 is provided t o show t he nmechani cal
properties normalized t o 2 1 gsmfor same gauge
conparison. Accordingly, m cr%%rorous filmproducts
produced by the MDO process of this invention can be
f olBXOANIPLE Vh BDrracre pbbb i ffermnatsihi legmutatipmoeodeainingi 52n8%
with its tensile strength at 25% el ongation of MDt o

COcathO 95 oy,ealSeE t Bafn2 pPEakl £96 TRY2HRY &S, ‘Ia%sé’ntlomdant

dermonsttat e ori gi nal’ gauge reduction of’ the extruded

filmw.thout drawr sonan at Vlfr m2 1

t 0 2 eV o E OV & B A GREY AL8 dHR ater (han 1
The speed at V1 was 325 fpmand 650 at V2 for a

st riet arky sweiching ra2ioT ABINE osrmB0s tietahet: migird ponseisfiin ¢gmot be
is gramper square nmeter 10 Note 2 : MVTR i s ASTM E96E

I N GIAn8d. Big/Yia Nolssthetchd§Rahks chRhét b@%%ﬂlﬁalte'ae(sw Fig.

tenS| e strength at 25% el ongati on Note . Tensi |

0
oﬁg/ :c%(lu]strg%'LgEeymp essI l eASatnrde{}gé)h f—lltowever, at a roll gap at 1",

microporous films with uniformly stretched appearance are achieved at
a stretch ratio of 4:1 (see Fig. 14 photos for Examples V-C and V-D).
With the roll gap reduced to 0.05 inch, uniform microporous films can be
achieved as low as 1.25-1.50 as shown in Fig. 14 photos V-C and V-D.
According to this Example V, a short stretching or roll gap at 1" or below
is critical for a successful practice of this invention.

Fig. 14 illustrates the actual products of Example V which
were produced to show the criticality of the short gap method and
apparatus of this invention in order to provide acceptable microporous
film products of substantially uniform gauge. Accordingly, “substantially
uniform gauge” is meant to define those microporous film products where
the degree of uniformity is such that no “tiger striping” is visually
apparent to the naked eye and essentially complete uniform stretching of
the product has been achieved with reference to sketches C and D of
Example V in Fig. 14. Sketches A and B of actual products of Example
V demonstrate unacceptable products where the tiger stripes are very

visible to the naked eye which makes the product unsightly or ugly. In



CO Note 1 "As is" IS the nechanical properties of the

filmweight as it is 1 0 Note 2 - "At 2 1 gsnt is the
wormolarwcal properties normalized t 0o 2 1 gsmEQOHUSANE010048

gauge conparison Note 3 : "Utimate (g/cm/break (%"

are the Utimte tensile strength (in grans/cn) at the

el ongation at break (in % EXAMPLE V - A m croporous

formabl e formul ati on contai ni ng 52. 8% CaC03, 39.2%

LLDPE, cade50h porpEct 4kethisOR antBO the unatretchaddanidths of tiger

addi tives was extruded into a filmand stretched at a

gapstapeaes ghddBr thad\ll/BNKcS ahatdrbivigy Nadibr tcﬁthe naked eye,
un| formy stretched microporous film cannot be

areas of . nst et ched,zones .
ol | HeRGTIRATe YRy e g s nifaRG pRctaio P ESARER EE N Rickgekes the
V-B) . However, at a roll gap at 1" , mcroporous
fi | product Bnsightlgrard yalgt rféowhedr,a/plp@arm%‘ég@rr gtripehihavedbeen
at a stretch ratio of 4 :1 (see Fig. 14 photos for

Exagnliesd ¥r Qomﬂeié@)elm\maﬁdt he isahk @R neskaeled Pand D,

O 05 |nch uni form m croporous filnms can be achi eved

h )
o PR pEgdst s Peer Bkl by YnifgipRfeeRinG 5 provice

stretching or roll gap at 1" or belowis critical for
a swbstyyially yritam geuee. tTesfinelinas iasrepresgntad by sketch C
illustrates the actual products of Exanple V which

are so fine, on the order of less than 1/32 inch that they do not detract
from the eye appeal of the product or such lines do not exist at all as in
the case of sketch D. Accordingly, one of ordinary skill in the art will
understand that the objectives of this invention are accomplished by
employment of the short gap to produce substantially uniform gauge as
representative of the elimination of tiger stripes which render the product
unacceptable, as representedAby the comparative examples of Example
V.

EXAMPLE VI - A microporous formable formulation having an ABA
coextruded structure was extruded into a film with the MDO process
where (A) contained 52.8% CaCO,; 39.2% LLDPE, 3.5% LDPE,
4.4% TiO, and 0.1 % antioxidant, and (B) contained 90% polypropylene
polymer and 10% polyethylene polymer. The roll gaps were at 0.02 inch
and 0.035 inch with stretching ratios at 3.0, 4.0 and 5.0. Films were
produced with microporous layers on both sides and non-microporous

layer in the middle. The resulted films have very low moisture vapor



were produced to show the criticality of the short gap

nmet hod and apparatus of this invention in order t o
werooviteiaccept abl e mi croporous fil m products BET/US2005/010048

substantially uni form gauge. Accordingly,

“substantially uniformgauge” is nmeant to define those

m croporous film products mhe?% t he degree of

uniformty is such that no "tiger striping” is

vi gtexisnyissipparatet equivaleat riak typiegle thindfibss erft palylojefins, but

conpl ete uniformstretching of the product has been

achyrgy fLer
. BHOYER Mt po SISl el Rk avy, SN e i

product e monstrat.e unacc a ,

r Gt tﬁ%%rgﬁ@ PRERaEs  drticaleier ) %%ﬁwm Tgble 8
t he naked eye whi ch nakes the product unsightly or
uglspowmntheeresadts. of product sketches A and B, the
unstretched widths of tiger stripes are greater than

1/8 inch and are very visibtggitg g t he naked eye,

predom nately over a significant portion of the

pr g Heh—fakeg—the—produat—thRstaghty—er—ughy-

Ho , & FPe |t jeguMeEd fYd pe! FravieSsedrior edued obVTR

comnpl et el yergl | RhetAt|EGmpaY ép&dt he(xpase i My sket Ghes |C eoee

and D, 4 cept abj ro(gF}Jct 1a eﬁen) p[r oduced py unijf orm

‘stietching tol pfBvilde suldst™ ht' alTy Juni%Mrm gauge.| The

finewvla nes:as rapresem ed kyw gkejgeh |C 30 32.2 0-45
Vi-B 140 120 70 480 0.02 4.0 34.5 30-90
VI-C 110 120 70 480 0.035 5.0 33.5 15-75

Note 1:  Film weight gsm is gram per square meter

Note 2:  MVTR is ASTM E96E in grams/m?/day

EXAMPLE VII - A 100% polyethylene resin is extruded into a single layer
filrﬁ by using the MDO process of this invention at a roll gap of
0.045 inch. A film has been produced using this technique at more than
1000 fpm. The product of this example has a substantially uniform
gauge of 27 gsm and is nonmicroporous. Accordingly, the terms
“subs tantially uniform gauge” are also meant to define those
nonmicroporous films of high quality in uniform gauge or thickness.

Table 9 describes the results.

Table 9
Example First Metal Roller Second Metal Roller Rolt Gap Stretch Ratio Film Wit MVTR
Temp Speed Temp Speed (x) (R) {gsm) E-96E
{°F) (fom °F (fpm) inch
pm) (°F} p {inch) {vy/v,)
Vil 120 499 70 1025 0.045 2.05 27 0-30

Note 1: Film weight gsm is gram per square meter

Note 2:  MVTR is ASTM EQBE in grams/m?/day



are so fine, on the order of less than 1/32 inch that

they do not detract fromthe eye appeal of the product
w®2o0sumid i nes do not exist at all as in the cESBUSX05/010048

sketch D. Accordingly, one of ordinary skill in the

art wll understand that the objectives of this

i nvention are acconplished by3%hploynent of the short

gap t o produce substantially uniform gauge as

representative of the elimnation of tiger stripes

whi ch render the product unacceptable, as represented

by the CO”DafA?édoY&”mgﬁﬁ'mé 800 ER¥ARTEMR -V de{Faté(lthat the

A microporous fornabl'e fornulation havi ng an ABA

coextrude truct Ure was extruded int.o

VoD et ahigBrentict PREERF aion Soik Aais s gh shetdS witn
LLDPE, 3.5%LDPE, 4.4% Ti Q2 and O . 1% anti oxi dant, and
( Ba shortt abh exdpoovepofiims apg | afreubssaytinlly amdornogauge and are
pol yet hyl ene polynmer. The roll gaps were at 0.02 inch
an‘%ll@‘re93ﬁohﬂﬁit&rdb6rbu§t rgfetHdtle r Alicrepordus3- Br AoR-bR8Sthable

| m were produced with m croporous |ayers on
both SI des and non-m croporous layer in the mddle.
Thé"FERICEF fil ns have very | ow noisture.

vaportransm ssion rate equivalent to typical thin
filnms of pol yldleeghons dpta and experimental results demonstrate the

unique thermoplastic films and method and apparatus of this invention for
stretching said thermoplastic films. Other variations will be apparent to
_a person of skill in the art without departing from this invention.

WHAT 1S CLAIMED IS:



provide m croporous filmsurface for printing, nice
hand feel, etc., which are suitable for many packagi ng

wa@ppbimaid ons. The foll owi ng Tabl e 8 shows t heP@BE$2005010048

5

10

15

TABLE 8 Note 1 Filmweight gsmis gram per square
meter Note 2 MVTR is ASTM E96E in grans/rt Aday EXAMPLE
VIl - A 100% pol yet hyl ene res#® is extruded into a
single layer filmby using the MDO process of this

i nvlenti on at Aanrethbd gdpmeking.tbétnoplabtic Ailfn, lconiasitgeen
produced using this technique at nore than 1000 fpm

The product %&wamgg Q)iﬁgmwgpl,g?ﬁc axBUBSIARHHR! fo¥m of a web in

uni form gauge of 27 gsm and i s nonm cropor ous.
Accor di gt%I y, the ternms "subs tantially uniform gauge”
ar é1Sa"OgCRS4Ate t o define those nonni croporous filns of
hi gh quality in uniform gauge or thickness. Table 9
descri bes t héogasg & chilladllee opeNttirg at Biparipkeirgihtelgsity (V,)
IS gram per square neter
and at a temperature (T,) to receive and cool said web thereby forming
a film,
locating a second roller operating at a peripheral velocity
(V,) greater than said V, to receive said film at a temperature (T,),
spacing said second rolier from said chill roller to provide a
roll gap of no more than one inch between said chill roller and said
stripper roller for stretching said film,
uniformly stretching said film in said roll gap at a stretch
temperature between said T, and T, at a speed between said V, and V,

to form stretched thermoplastic film having a substantially uniform

gauge.



Note 2 MVTR i s ASTM E96E i n grans/ m 2/ dayAccordi ngly,

t he above Exanples |-VII denonstrate that the nethod
wm2005/Mi0813 nventi on produces thernopl astic fil nCEUSZ003010048

speeds with a short roll gap where filns are of

substantial Iy uni form gauge n41d are either

non-m cropor ous, breathable tr opor ous, or

non- br eat habl e m croporous. The above dat a and

expger i nent al Thesmetkodiehdlagn ravdereia theirgli@ap is about 0.005

t hernopl astic filnms and nethod and apparatus of this

I nYy@abbah fOp igEKet ching said thernoplastic fil ns.

QO her variations will be apparent t o a person of

skill in the art wi thout departing fromthis

invention. WHAT IS CLAIMED |1 S: 1. A nethod of making

thernoplastic film conprising extruding a

t hér mopl ast i d hexmnethed e |ch'ﬂlrmhg wmrmrbrh%\r%sap s japgut 0.01

nolten state, locating a chill roller operating at a

peidgpheral velocity (V 1) and at a tenperature (T1) to

recei ve and cool said web thereby formng a film

| ocating a second roller operating at a peripheral

vel ocity

4. The method of claim 1 wherein the ratio of said V, to V,

provides a stretching ratio between about 1.25:1 and about 4:1.

5. The method of claim 1 wherein said chill roller is a metal roll
which cooperates with a backing roll to form a first nip for receiving said

web.

6. The method of claim 5 wherein said chill roller is selected

from the group of an embossing metal roll and a flat chrome roll.

7. The method of claim 5 wherein said backing roll is selected

from the group of a rubber roll and a metal roll.

8. The method of claim 5 wherein said second roller cooperates
with another backing roller to form a second nip for receiving said film

from said first nip.



(V2) greater than said V1t o receive said filmat a
tenperature (T2) , spacing said second roller from

waaiog1mnid | roller to provide a roll gap of noPCEUL005/010048

than one inch between said chill roller and said

stripper roller for stretching said film uniformy
stretching said filmin said- t | gap at a stretch
tenperature between said Tl and T2 at a speed between
sai® V1 and Vthe meftordwclagh dhedhereinsaihs emtriderdiliet in a metal
havi ng a substantially uniform gauge.2 . The nethod of
clapm 1l wherein the roll gap is about 0.005 to about

0.05 inch. 3 . The nmethod of claim 1 wherein the rol

gap is about 0.01 inch. 4 . The nethod of claim1

wherein the ratio of said V2t o V1 provides a

stretching rati o between about 1.25: 1 and about 4:1

5 .10he met hotheohethcal oh claiwh 8rveheregasald backingrrollérge airsibber
a nmetal roll which cooperates with a backing roll t o
forgya first nip for receiving said web.

11. " The method of claim 1 wherein a vacuum box is located

adjacent to said chill roller.

12. The method of claim 11 wherein said chill roller is selected

from the group of an embossing metal roll and a flat chrome roll.

13. The method of claim 11 wherein said second roller
cooperates with a backing roller to form a first nivp for receiving said film

from said chill roller.

14, The method of claim 13 wherein said second roller is a metal

roll and said backing roller is a rubber roll.

15. The method of claim 1 where said V, is slightly below that
where the onset of draw resonance in the extruded web occurs and V,

is in a range of up to about 4 or more times V,.



6. The nethod of claim5 wherein said chill roller is
sel ected fromthe group of an enbossing netal roll and

wadob/ato7chrone roll. 7. The nethod of cl ai m5 MEBUS00S5/010048
said backing roll is selected fromthe group of a
rubber roll and a nmetal roll. 8 . The nethod of claim

5 wherein said second rol | er -¢%operates w th anot her
backing roller to forma second nip for receiving said
fi17B.f r om saiTthef meshodiql. dainTHS mdtened/ ofs sbaim28to about 4
wherein said second roller is a netal roll. 10 . The
metipgs 9f claim 8 wherein said backing roller is a

rubber rdil. 11. The nethod of claim 1 wherein a

vacuum box is | ocated adjacent to said chill roller.

12 . The nethod of claim 11l wherein said chill roller

is selected fromthe group of an enbossing netal roll

and 7 fl at cAhemeettald of didim TTivberain Hglextrudeaifimiat the chill
wherein said second roller cooperates with a backing
rolebgsr £&s GRATSRGNAI §algdlaRdl Pe $tP&Rhul Fars @ dpfid Bbout 4 or

more times thinner than the original gauge.

18. The method of claim 1 wherein said film is uniformly

stretched at speeds up to 4000 or more linear feet per minute.

19. The method of claim 1 wherein said thermoplastic extrudate
is a thermoplastic polymer containing a dispersed phase of pore-forming
particles selected from the group consisting of inorganic filler and organic
material and said stretched thermoplastic film is microporous having a
5 moisture vapor transmission rate (MVTR) and being a barrier to the

passage of liquid.

20. The method of claim 19 wherein said MVTR is greater than

about 1,000 g/m?/day, according to ASTM E96(E).

21. The method of claim 19 wherein said MV TR is greater than

about 1,000 to 4,000 g/m?/day, according to ASTM E96(E).



fromsaid chill roller. 14 . The nethod of claim 13

wherein said second roller is a netal roll and said
whaokimngixyol l er is a rubber roll. 15 . The netoOUUsX005/010048

claim1 where said V1 is slightly bel ow t hat where the

onset of draw resonance in the extruded web occurs and

V2 is in arange of upto abift- 4 or nore tines V1. 16.

The nmet hod of claim 15 where V2 is about 2 to about 4

ti @8s V1. 17 TheThethostdfamdeiof 1 evhrainisaightresmpniassic extrudate

extruded filmat the chill roller has an original

gaggmmRdsteohirhet Whedeinl 44 ipolyppet i saketdd 4rd?h tRBI §oup

times thinner than the original gauge. 18 . The nethod

of claiml erein.said fi]mis, unifar stretched at
ope8nS={ind &} BiBHRGR” haesiarhbxley abp Hetos b EpERF g hs of
The nmethod of claim 1l wherein said thernoplastic

extwedart eore o4 sugbromlyingss.i ¢ pol ymer containing a

di spersed phase of pore-formng particles selected
fromthe group consisting of inorganic filler and

organic material and said stretched thernoplastic film

'S Jj cropor oﬁehr%\e/{hn 8% claim 22 wherein said polyolefin is selected
from the group consisting of polyethylene, polypropylene, copolymers

thereof, and blends thereof.

24. The method of claim 23 wherein said polyolefin contains a
dispersed phase of pore-forming particies selected from the group
consisting of inorganic filler and an organic material, and said stretched

thermoplastic film is microporous.

25. The method of claim 24 wherein said pore-forming particle
filler is selected from the group consisting of caicium carbonate, barium

sulfate, silica, talc, and mica.

26. The method of claim 23 wherein the temperature of the film
in said roll gap is in the range of about 20°C to 100°C (68°F to about

212°F).



noi sture vapor transm ssion rate (MVTR) and being a

barrier t o the passage of liquid. 20. The nethod of
watmbmorB wherein said MVTR i s greater than abeu/ud200000048

g/ n2/ day, according to ASTM E96(E) . 2 1. The nethod

of claim 19 wherein said WTR is greater than about

1,000 to 4,000 g/ m2/day, accébding to ASTM E96(E). 22.

The nethod of claim1 wherein said thernoplastic

ext2ldat e conPié seshed pdtigim2 BrMvieedin thaitempetatary of the film

sel ected fromthe group consisting of polyolefin,

ol r f 8

POliK &P toll ﬁXé‘?ﬁ‘Th@Pﬁn&l gﬂgér%@{ lspchls étf*co[?sf‘% ' V96O,

vvhere| n said polyolefin is selected fromthe group

consi sting of polyethylene, polypropyl ene, copolyners

thereof, and bl ends thereof. 24. The nethod of claim

23 2@er ei n salitk pedthiot effi claco A Bivilserairdtisp esrmperatnas ©f said

of pore-formng particles sel ected fromthe group

d
ﬁgr%lfﬁép%g%{jlsls{;?&g% tiéLedd?é her rmpl ast | ?\%(ﬁ%

mcr opor ous.

29. ~ The method of claim 1 wherein the stretching temperature

is controlled by the chill roller.

30. The method of claim 29 wherein said second roller controis

T, at ambient temperature or a higher temperature.

31. The method of claim 1 wherein said T, is maintained at or
beiow T,.
32. The method of claim 1 wherein said film has a ratio of MD

tensile strength at 25% elongation to CD tensile strength at 25%
elongation of greater than 2 which provides said film with a modulus for

web handling and CD tensile for softness.

33. The method of claim 1 wherein said thermoplastic polymer

iIs an elastomeric polymer.



25. The nethod of claim 24 wherein said pore-formng

particle filler is selected fromthe group consisting
w®boos/alociaum car bonat e, barium sul fate, silica,PCEUS2005010048

and mca. 26. The nethod of claim 23 wherein the

tenperature of the filmin said roll gap is in the

range of about 2Q0C to 10000'@@8 OF t o about 2 120F)

.27. The nethod of claim 26 wherein the tenperature of

t he34.i | min Jaiedmethdd ghplaim BBewhareie said elbetamai®golymer

to 800C (860F t o 176 OF). 28. The nethod of claim 26

wheg eisBleched t BgRer alelr 8rffp SabhkisBr@nes I eblyREtHyiedd-Btene),

about 2 10C to 820C (7O0F to 18Q0F). 29. The nethod of

claimal erein the stretching tepperature is

comaerieEs hexenenRol G R oSHehngs i shitensrpropyiene)

claim29 wherein said second roller controls T2 at

anmpcdvtstyeepebatadiene-styiengher pelypivaenedsogrene-stirene),

nmet hod of claiml wherein said T2 is naintained at or

5 be|pQW(H-yr_eﬁ@-etﬂ_%%n%h@@l@n@fstﬁ'e@aiem IporREgirrethahd bblytether-

has a ratio of
amide), poly(ethylene-vinylacetate), poly(ethylene-methylacrylate),

poly(ethylene-acrylic acid), poly(ethyiene butylacrylate), polyurethane,

poly(ethylene-propylene-diene), and ethylene-propylene rubber.

35. The method of claim 34 wherein said polymer contains pore-
forming inorganic filler particles which provide microporosity to said film

upon stretching.

36. The method of claim 1 wherein said stretched thermoplastic
film has a thickness on the order of about 0.25 (about 6 gsm) to about

10 (about 250 gsm) mils.



tensile strength at 25%elongationt o CD tensile

strength at 25% el ongation of greater than 2 which
weeovitess said filmw th a nodul us for web harnelT/uspoesiaioods

CD tensile for softness. 33. The nmethod of claiml1

wherein said thernoplastic polyner is an el astoneric

pol yner. 34. The nethod of cl #tfh 33 wherein said

el astonmeric polynmer is selected fromthe group

corBi.sting oflheohgttenchel @aier bivhkereln said thermoplastic extrudate

pol y(et hyl ene- hexene), poly(ethylene-octene), poly

(etdayh@ispropyl ene), pol y(styrene-butadi ene-styrene)
, poly(styrene-isoprene-styrene),

Doy e Y HERE B UL €785 b}/ 0ht Y Mnear low density
polpﬁ et hyl ene-vi nyl acet ate),

polpplathylessecrnpaliiptanyisiieat e) , pol y(et hyl ene-acrylic
acid), poly(ethylene butylacrylate), polyurethane,

5 pol y(et hyl engpp@PyYEne- db&ie)1.0%NBy eWayd N f Ps OBW edhsity
rubber. 35. The nethod of claim 34 wherein said

pol ymer., contai.ng poreformng inorganic filler
par‘%%ﬁtggg\ﬂﬁi 8Hapr ovide mcroporosity to said film

upon stretching. 36. The nethod of claim1 wherein

sai d stretchabpouhdQfpploaghaus 60% by weight of caicium carbonate

filler particles.

38. The method of claim 37 wherein the composition further
contains a component selected from the group consisting of high density

polyethylene, titanium dioxide, and mixtures thereof.

39. The method of claim 1 wherein said thermoplastic extrudate
is a coextruded structure of one or more layers of different polymer
~compositions to produce a thermoplastic film selected from the group
consisting of a
5 (a) breathable microporous film,
(b) nonbreathable microporous film, and

(c) nonmicroporous film.



filmhas a thickness on the order of about 0.25 (about

6 gsn) t o about 10 (about 250 gsm mls.37. The
worswboth7af cl aim 1 wherein said thernopl asti ¢ BXU/USIOI/@0048

conpri ses about 30%to about 45% by wei ght of a linear

| ow density pol yethyl ene or pol ypropyl ene, about 1%to

about 10% by wei ght of a | ow Hensi ty pol yet hyl ene, and

about 40%t o about 60% by wei ght of cal cium carbonate

fil4%r parti clThesmegigod Thelaist B9 dvberein dhencegxirhdeadistructure

the conposition further contains a conponent sel ected

fr oastdie 8F etteAO)SE i Bolgndtis@ecteBSHd the group consisting
pol yet hyl ene, titanium di oxi de, and m xtures thereof.

39. Th hod of. claim 1. wh ' id th ti .
i YRR dite [k PRy Oy Bt Lo T ensity
| ayers of different polyner conpositions t o produce a

t hevohwgihsikeniecLOPER &rd blendd thewaft he group consi sting
of a

41. The method of claim 1 comprising the further step of
introducing said thermoplastic film into incremental stretching rollers to

incrementally stretch said film.

42. The method of claim 41 wherein said incremental stretching
rollers comprise a first section and a second section and said film is
incrementally stretched in a first direction by said first section followed

by incremental stretching in a second direction by said second section.

43, The method of claim 42 wherein said first and second

stretching directions are substantially perpendicular to one another.

44, The method of claim 37 wherein said stretched

thermoplastic film has a film thickness of about 0.25 to 2 mils.



(a) breathable mcroporous film (b) nonbreathable
m croporous film and (c) nonm croporous film40. The

woahboh7af cl aim 39 wherein the coextruded st rRCL/US®05/010048
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has one or nore | ayers of a polynmer selected fromthe
group consi sting of polypropylene, linear |ow density

pol yet hyl ene (LLDPE), | ow den‘§19l’y pol yet hyl ene (LDPE),

and bl ends thereof. 4 1. The nmethod of claim1

cond®i si ng tha fuethdr ot epakihg i at beakllbablg @add liquid barrier
thernoplastic filminto increnental stretching rollers

t °m'|d}6b8FEﬁI§ﬁiér%o%?és@kchﬁébﬁwﬁrﬂslr@ 42. The nethod of
claim4 1 wherein said increnmental stretching rollers

i s i nor chenedingy > SPvEPeRBYS TORadFindmales a molten

by said first section followed by increnental
stret chi exfrudats sslected ttoredbe @iowy coaisistingc ohdolypropylene,
section. 43. The nethod of claim42 wherein said first

and secopélyetHyeéd)i n@pdlyrRélsi ahgreyfe apdbtiands a'tl'\é/reof said
per pendi cuI ar to one another. 44. The method of claim

37 wher e; LS t 8 co tnftg,tn.nhg Q pore-forming filler,

locating a chill roller operating at a peripheral velocity (V,)
and at a temperature (T,) to cool said web thereby forming a
microporous formable film,

locating a second roller operating at a peripheral velocity (V,)
greater than said V, to receive said film at a temperature (T,),

spacing said second roller from said chill roller to provide a
roll gap of no more than one inch between said chill roller‘ and said
stripper roller fdr stretching said film,

stretching said fiim in said roll gap at a stretch temperature
between said T, and T, at a speed between said V, and V, to form
a microporous thermoplastic film having a film thickness of about

0.25 to about 10 mils.



thernopl astic filmhas a filmthickness of about 0.25
to 2 mls.45. A nmethod of naking a breathabl e and

wo pgsitth7isar ri er m croporous thernopl astic fil NnPCT/US2005/010048
conprising extruding a m croporous fornable
t hernopl astic nolten extrudate selected fromthe group
consi sting of pol ypropyl ene, '%%1 yet hyl ene, copol yners
t hereof and bl ends thereof, said extrudate contai ning
a pore-formng filler, locating a chill roller
operating at a peripheral velocity (V 1) and at a
temgrature (T-F\ell)hetﬂ‘?o@@@'cla‘-h@\' 45 \Wberbnﬁff@mlét@pmré‘gs fiim has
m croporous formable film locating a second rol
oper at i.

care M veBeB AR on TP AN R Rlsaer Then aﬁ%i"l? 1,000

spacing said second roller from sai d chill roller t o
pr @/Mi&lay aedrdipgptoofASBVMNEP@(Ed han one i nch bet ween
said chill roller and said stripper roller for

stretching said film stretching said filmin said
roll gap at a stretch terrperature bet ween said T1 and

T2 4‘?‘7t a speeq.h%er% od o clam\/]ﬂfB gme>é2m tsald I(/RHE( is about 1,000

to about 4,000 g/m?/day, according to ASTM E96(E).

48, The method of claim 45 wherein said microporous film has
a ratio of MD tensile strength at 25% elongation to CD tensile strength
at 25% elongation of greater than 2 which provides said microporous film

with a modulus for web handling and CD tensile for softness.

49. The method of claim 1 wherein the film is annealed.

50. The method of claim 1 comprising the further step of
faminating said extrudate to an extensibie nonwoven fibrous sheet during
said extrusion to form a laminate of said web and sheet before said

uniform stretching.



a mcroporous thernoplastic filmhaving a film

t hi ckness of about 0.25 to about 10 mls.46. The
worawboh7af cl ai m 45 wherein the m croporous fikaem/bse03010048

noi sture vapor transm ssion rate (M/TR) greater than

about 1,000 g/ n2/day according t o ASTM E96(E). 47.

The nmethod of clai m 45 wherernlsaid MTR is about

1,000 t o about 4,000 g/n2/day, according to ASTM

EOG(E). 48. Tihe meethod of atdimi rh 4®nuwresingntheaifdrther step of

m croporous filmhas a ratio of MD tensile strength at

25%BIRABRALI LM streferfdd fr%%iogﬁasﬁbrfﬁﬁwg@a ﬁbn%/%%engibrous sheet

el ongati on of greater than whi ch provi des sai

m ¢roporous filmw th a.nmdul us faor. web handling and .
ot oG & damiAsE: hb<Gid 4 g Shichanest Lra spg uniform
wherein the filmis annealed. 50. The nmethod of claim

1 ctrepehisgng the further step of |aminating said
extrudate t o an extensi bl e nonwoven fibrous sheet

during said extrusiont o forma |lamnate of said web

and sheet before said uniformstretching.5 1. The

nmet hod of claim 1l conprising the further step,of .
amfnat i ng sait BEELEE REP A afssrdoeite 8 metheg gf olaim 1.

nonwoven fi brous sheet

53. The product produced according to the method of claim 2.
54. The product produced according to the method of claim 3.
55. The product produced according to the method of claim 4.
56. The product produced according to the method of claim 5.
57. The product produced a'ccording to the method of claim 6.
58. The product produced according to the method of claim 7.
59. The product produced according to the method of claim 8.

60. The product produced according to the method of claim 9.



t oforma lamnate of said filmand said sheet after
said uniformstretching. 52. The product produced

wazosnoi’ny t o the method of claiml. 53. The PrOUSLS/010048
produced according to the nmethod of claim2 . 54. The
product produced according t o the nmethod of claim3 .
55. The product produced accoPding t o the method of
claim4 . 56. The product produced according t o the
neté@iad of cl ditve produb¥protheeprasdocding todue edtthod of diaig 10.
t o the nethod of claim6 . 58. The product produced
according t o the nethod of claim7 . 59. The product
produced according t o the nethod of claim8 . 60. The

product produced according tqo the thod of claim9 .6

1. Gdﬁ'fe pr oduckN&PESHERRT SFcﬁcﬁﬁ”ﬂggl‘ﬂéhﬁﬂiqlﬂadé’F claim 11.

claim 10 . 62. The product produced according t o the

nmet hod of claim 11l. 63. The product produced according

to the nmethod of claim 12 . 64. The product produced

ac ding t |l ; .

pr oduced accgﬁr%?ﬁgaﬁkgsfbhogfcﬁgtaﬁ%g}%ﬁgélég??nmﬁhpa%gfd%m 12

The product produced according to the nmethod of claim

15 .

64. The product produced according to the method of claim 13.
65. The product produced according to the method of claim 14.
66. The product produced according to the method of claim 15.
67. The product produced according to the method of claim 16.
68. The product produced according to the method of claim 17.
69. The product produced according to the method of claim 18.
70. The product produced according to the method of claim 19.
71. The product produced according to the method of claim 20.

72. The product produced according to the method of claim 21.



67. The product produced according t o the nethod of
claim16 . 68. The product produced according to the
woredokoth7ef claim 17 . 69. The product producedPCT/US2005/010048
according to the nethod of claim 18 . 70. The product
produced according to the nmethod of claim19 . 7 1.
The product produced accordi ng3to the nethod of claim
20. 72. The product produced according to the method
of £3.ai m 2 1.Ti& proldecppoziucted@codudiesl tatmdithgdtod cldim 22.
met hod of claim22. 74. The product produced according
to the nmethod of claim23. 75. The product produced
according to the nmethod of claim24. 76. The product
pr ced accaording to. the nethod of claim 25. 77. The
pr gﬁdzg'ct pr oda‘&bedp duGt BIGHYGed acHRrGiRg ﬁ%H“%F“eéhaf’mffE?'m 23.
78. The product produced according to the nethod of
claim27. 79. The product produced according to the
nmet hod of claim28. 80. The product produced according
to e net hodrpf pelabihriuc®dlcctin® @ HE ndth8d'4s &fhim 24.
according to the nethod of claim30. 82. The product
produced according to the nmethod of claim3 1 . 83.
The product produced according to the nmethod of claim
32.

76. The product produced according to the method of claim 25.
77. The product produced according to the methodvof claim 26.
78. The product produced according to the method of claim 27.
79. The product produced according to the method of clairﬁ 28.
80. The product produced according to the method of claim 29.
81. The product produced according to the method of claim 30.
82. The product produced according to the method of claim 31.
83. The product produced according to the method of claim 32.

84. The product produced according to the method of claim 33.



84. The product produced according to the nethod of
cl aim 33.85. The product produced according t o the

woretobeth7af cl ai m 34. 86. The product produced BCDUSTDIIE0048
to the nmethod of claim 35. 87. The product produced
according t o the nmethod of claim36. 88. The product
produced according t o the m&drod of claim37. 89. The
product produced according to the nmethod of claim 38.
90.gsThe prodyek poedecsddacedbdingirgtd the methaod obélaim 34.
claim39. 9 1. The product produced according t o the
nmet hod of claim40. 92. The product produced according
t othe nethod of claim4 1. 93. The product produced
according t o the nethod of claim42. 9 The ct
pr @fiiced achMmgdUCbpméCﬁ%?%‘Hd@'fgE‘?ﬁ‘?mh @9 Lﬂﬁr@%'
product produced according t o the nethod of claim 44.
96. The product produced according to the nmethod of
clai m45.97. The product produced according t o the

! rret d of cI h r :

he' et hadegi Sap el prekieeB R RingISTERaAEaRE L se.

accordl ng to the method of claim48. 100. The product
produced according t o the nethod of claim49. 10 1.
The product produced according to the nmethod of claim

50.88. The product produced according to the method of claim 37.
89. The product produced according to the method of claim 38.
90. The product produced according to the method of claim 389.
91. The product produced according to the method of claim 40.
92. The product produced according to the method of claim 41.
93. The product produced according to the method of claim 42.
94. The product produced according to the method of claim 43.
95. The product produced according to the method of claim 44.

96. The product produced according to the method of claim 45.



102. The product produced according to the nmethod of
claim51. 103. An apparatus for naking a stretched

wao tesmpizastic fil mconprising an extruder forPCT/US2005/010048
extruding a thernoplastic nolten extrudate in the form
of a web, a chill roller for operating at a periphera
velocity (V 1) and at a tenpePature (T 1) to receive
and cool said web thereby formng a film a second
rol9%r for opBrapiouycapradyvediguicerdihgeitbe meth¥2f claim 46.
greater than said V1 to receive said filmat a
tenperature (T2), said second roller spaced fromsaid

chill roller to provide a roII gap of no nore than one
in bet ween sai d illor r and,said ﬁecon rollf,
for’Stret chi ng s8I “FF PR LlS:e AGFREng toit afliof Glgim 47.

gauge. 104. The apparatus of claim 103 wherein said
chill roller is spaced fromsaid second roller t o
provide a roll gap of about 0.005 to about 0.05 inch.

10%pg. The appgiaprsziuet PF&Q@JC’&H]&Q:%OY\‘!HRQQb@h§ﬁ#&h68'&f%i§m 48.

are desi gned for operating at a ratio of velocities
V2 t o V1 between about 1.25: 1 and about 4 :1.

100. The product produced-according to the method of claim 49.
101. The product produced according to the method of claim 50.

102. The product produced according to the method of claim 51.



106. The apparatus of claim 103 wherein said chill
roller is a netal roll which cooperates with a backing

wo zilobero7i forma first nip for receiving sai dPEEDS2005/010048

107. The apparatus of claim 106 wherein said chill

roller is selected fromthe group of an enbossi ng

metal roll and a flat chrone #&-1. 108. The apparat us

of claim 106 wherein the backing roller is selected
fromdB8he groupnoépparatisbésr modking arestadtched IthedBBplakhie film
apparatus of claim 103 wherein said second roller
cooperates w er backing roller to forma

second nip foé%g@g?qgi ng said filmfromsaid first

ni p.110 . The apparatus of claim 109 wherein said

second rol | er@} §XHEABCIUEAFHNG RethgrBgplasticanatien extrudate
roll a rubber roll. 111. The apparatus of claim 103
wheineihe forrractiamvdétnx is | ocat ed adjacent to said chill
roller. 112 . The apparatus of claim 111 wherein said

gchill roller é%hﬁ’lg})ﬁ&tﬁ)‘# o‘jg%f{ﬂﬁ&%%?{g%g[}h&fal leffio;y.(v.ﬂ]gnd at

10

enbossi ng net al and roltl.

appar at us of cI_Fli m 111 wherejin said second roller . ]
a temperature (T,) to receive and cool said web thereby forming a film,

a second roller for operating at a peripheral velocity (V,)
greater than said V, to receive said film at a temperature (T,),

said second roller spaced from said chill roller to provide a
roll gap of no more than one inch between said chill roller and said

second roller for stretching said film to provide a film of uniform gauge.



cooperates with a backing roller t o forma first nip
receiving filmfromsaid chill roller. 114 . The

wappsnarws of claim 103 further conprising i ncrEmestoad/ 010048
stretching rollers for increnentally stretching said
film 115 . The apparatus of claim 114 wherein said
-increnental stretching rol ler87are conprised of a
first section and a second section for increnmentally
st rE@4hi ng t hheapparatusaofidiaist 108 vewreorsaidrhibwetieris spaced
incremental stretching in a second direction. 116 .
ThefrapPati @5 8o ratleptdbidvid¥BebryBp RkBolit 0B0HR6 about 0.05
second stretching directions are substantially
perﬁﬁﬁdicular to one another.117 . The apparatus of
cl dl'f'10 3 wherein said extruder operates upt o a

maxi mum extrusion rate and said chill and second

rollers operate at V1 and V2, respectively, up to

about 4 or nore tines said extrusion rate. 118 . The

apppost us of THeadgpatatlisdten &1 98ivehdreln &g reIRes afed&igned
speeds up t o about 4000 or nore linear feet per

m gt %perating at a ratio of velocities of V, to V, between about 1.25:1

and about 4:1.

106. The apparatus of claim 103 wherein said chill rolier is a
metal roll which cooperates with a backing roller to form a first nip for

receiving said web.

107. The apparatus of claim 106 wherein said chill roller is

selected from the group of an embossing metal roll and a filat chrome roll.

108. The apparatus of claim 106 wherein the backing rolier is

selected from the group of a rubber roll a metal roll.

109, The apparatus of claim 103 wherein said second roller
cooperates with another backing roller to form a second nip for receiving

said film from said first nip.
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110. The apparatus of claim 109 wherein said second roller is

selected from the group of a metal roll a rubber roll.

111. The apparatus of claim 103 wherein a vacuum box is located

adjacent to said chill roller.

112. The apparatus of claim 111 wherein said chill roller is

selected from the group of an embossing metal roll and a flat chrome roll.

113. The apparatus of claim 111 wherein said second roller
cooperates with a backing roller to form a first nip receiving film from

said chill rolier.

114. The apparatus of claim 103 further comprising incremental

stretching rollers for incrementally stretching said fiim.

115. The apparatus of claim 114 wherein said incremental
stretching rollers are comprised of a first section and a second section for
incrementally stretching the film in a first direction followed by

incremental stretching in a second direction.

116. The apparatus of claim 115 wherein said first and second

stretching directions are substantially perpendicular to one another.
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117. The apparatus of claim 103 wherein said extruder operates

up to a maximum extrusion rate and said chill and second roliers operate

at V, and V,, respectively, up to about 4 or more times said extrusion

rate.

118. The apparatus of claim 117 wherein said rollers operate at

speeds up to about 4000 or more linear feet per minute.



