-1-  METHOD AND APPARATUS FOR UNI FORMLY STRETCHI NG
THERMOPLASTI C FI LM AND PRODUCTS PRODUCED THEREBY
TECHNI CAL FI ELD OF THE | NVENTI ON Thi s invention is
directed to a nmethod for uniformy stretching a
thernopl astic film thereby controlling thickness of
the stretched filmand inparting desirable nechani cal

properties thereto.. 5 BACKGROUND OF THE _LNVENTI ON
There are three commbn ways to stretch thernopl asti
films. Oneis referred to as machine directi ﬁ‘mumlM'\uumum"“m“
orientation (I\/DO) whi ch invol ves stretchi ng

bet ween two pairs of rollers. The filmis pi nched*ipance*

the nip of a first pair of rollers, which areTunmng

at arelatively slow 10 speed, and a second pai
~rollers, downstreamfromthe first pal r V\,hl ch mmmmw||”||||||II||I||IH|H
operating faster than the firstlpai

difference in run speeds, the f|Im|n between t he
roller pairs nust either stretch or break to
accommodat e the difference. The ratio of the roll.er
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palr -2- is running at 300 fpm the fllmvvlll be

stretched to roughly three tinmes it original |ength.

The MECHMICAQFIELDEDE ITHE INENTIONI n t he nmachi ne
~direction (MD) only. The I\/DOstretchi ng nethod is used

to create an fhig ﬂ{\}e‘?ﬂéo gd L 1 &Edatgn SrPrPdé)tf'BHSfI)}lJﬂlformly
for exarrple V\,herethe |Imco ai ns Spers

i nor [ h cregtes m croporosity upon -
streé c‘%f:ﬁﬁ‘.g ar erm?ﬁ%ﬁb‘? efg"f ofREEPY FaAiEr Wi rtirdiness of the
filmas stretched by M DO tend to be oval and are

r el KFENGd (fdngend fropadinenpesirablp meshinic| properities ahereto..
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5 BACKGROUND OF THE INVENTION

*G00002*

The.re are three coﬁmon ways to stre.tch 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 rpllers, which are running at a relatively siow
10. speed, and a second pair of roliers, downstream fro.m the first pair, which
are operating faster than the first pair. Because of the differene_e 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

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



the long axis. An early exanple of stretching or
orienting a mcroporous filmto inprove gas and

noi sture vapor transmi ssion by differential speed 10
rollers is US. Pat. 3,832,267 which. issued in 1974.
This '267 patent also discloses a second nethod of
stretching which is called teetering. |In sinplest
terns, the teetering nethod i nvopves grabbing the
sides of the filmand stretching~it sideways. For

man e [
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teeterin t.hod t ended be sl ow and, because the
 forced oa{%éﬁés'ﬂ%@nt r Mbg% ogdRjEeichesthe flm ip the machine
often the filmdid not stretch evenly. U S. Pat.
4, 704dipzgiati fdPooedy .a TineeMEID sgreappiaganethodié isgd ao create an
pr.e- heating zone and a stretching zone, followed by a '

heat 6edrteddilmdte nligrdpdedlid flﬁﬁefotrté‘i‘(a I@tWPn tﬁ’é flﬁ'n contains
preformed blown or cast film In 0" 23 pa ent

t t f I tains inorganic fillers such

2° ARk Ahphaae C;’ch@tﬁ %P@P@m@v UpoR Stretching.
teeterlng and/ or heat tenpering, produces a

ni cr opftf BURroppras formedhe theraensiperafs filpOes stneettdd mgMDO tend
of polyneric filmand nultilayered filmis EP 848663

wher etodlbe odal ¢t dredethtivelynapg & dee lexBRIpIE,| S to RES mlcrons on
cooled, and then |l ater heated and stretched to for

br eatth\%%ﬁ% Gikls™ RR %VI@texaﬁ%ﬂ f%@laet{;%gpt hiqrfq)}itfrrf%da mlcroporous'

filmmay stretched atelyat
bef or is-cooled. . A third nethod of stretching
i nvolfl 351:,“1 'H&feﬁéﬁ@aan&m@tswen@psr orRnsFEssep baysdifferential Speed
film This nethod is described in the early patent
10 t erratienseis U.6r PaxaBm &2, 28.7Swhieh isstied 583,174524. 4 his ‘267 patent

16, 892; 4,289,832 and 4,438,167. In the practice of

this %4 hpd t

t oot hed rol IOeStreEea EI’E%%‘# g‘éé\;cggdg)? gt/yg%rgn r%ﬁﬁlﬁqlr%l ieq tentering.
mtermesh hout to chin the rollers are

br oud e RIS RS, 16 teiiefila Methan To-ofiiss Stehinaansides of the

the rollers, it is stretched. Incremental stretching .
has tfHe a%@ﬁ&'ﬁt%fgeg df sicemeivisg Fdremfanynyeass shisetvals ihe only way -
many snall increnents that _
to stretch film from side to side, or in the cross direction (CD). The
15 tentering method tended to be slow and, because the forces are
concentrated on the edges of the fiim, often the film did not stretch
_evenly. US 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
20 ‘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 muttilayered film is EP 848663 where an



are evenly spaced over the entire film This results
iri a nore evenly stretched film sonething that is
not always true for MDO stretching and is al nost
never true for tentering. Increnental stretching
allows one to 15 stretch the filmin the MD, CD and at
angl e or any conbination of these three directions.
The depth at which the internesi8-ng teeth engage
controls the degree of stretching. Oten, this

I ncr eswanicdd fiehheddatt rsdy erehbBtddied| gid thesfIBtdratkated and
to as CD, MD or CD/MD. A number of U S. patents have
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art v!u ch di scl oses a met h incremental ly
st et/ Rvsbe ﬁ?'ie§°"l9d8'mrpﬁt"at@\'z&j@rl%@ru-“@mvebefpéf? #vigrmooled.
.patents regarding the increnental stretching of

t her mopl asti ¢ fA tiied aredhed of bastohitgmviondsuderethéntal stretching
Pats. Nos. 6, 265, 045; 6, 214, 147; 6,01 3, 151;

865,/ 5, 4 '
5 SSHORRgB DT S B8 B0 e g ety e
tech ted
St 1 oUERER ol raablE; i it Fg et 8 %520&258"5 832 and
t hat have been made to produce film products having

‘desi rlaBRE, 1€t hbt itbe aprdcties lmdnihisaimethodertheelim is run between:
Not wi t hst andi ng these efforts, there is an ongoing

ef f orgrobPed Wf%ehﬁ@%s”ﬁ@&%o@@é oP &M N he roliers intermesh
t hernopl astic filns and | am nates thereof to achieve

ual it roved rties,
I(\]/br eov%’?g ﬂo C&'n%w e@o § %@F%a@fg&“t%%f dogethergndyas the film
paratus for producing orlented or stretched
1tcﬁer ABSFes betveen the nailetroiltis strgtitiece Ancrecagritahstretching has the
expenditures. It has been a very desirable objective

t o makleahtgyeovkoBmding whe Hilsate s@etchnincaRiniadmall increments that
expenditures and processing costs, yet with

Prodygl iQnaf _?Eé@éd oY eP AL R e JWM%IRY %SU-H_SEH} 2 more evenly

I NVENTI ON 15 IS I nvention IS |recte
maki n aStqiﬁ ched thernopl.astic fil m havin

substRiFRRd JinBFHIBaTd lwmﬁaimvw@eforﬂwo stretching and

| is almost never true for tentering. Incremental stretching allows one to

15 stretch the film in the MD, CD and at angle or any combination of these
three directions. The depth at which the intermeshing teeth engage
cpntrols the degree of stretching. Often, this incremental mefchod of
stretching is simply referred to as CD, MD c.>r.CD/MD. A number .of U.S.
patents have issued for incrementally stretching thermoplastic films and

20 laminates. An early example of the patent art which discloses a method
of incrementally stretching film is U.S. Pat. 5,296,184. Other relévant

patents regarding the incremental stretching of thermoplastic films and



mechani cal properties. The nethod invol ves extrudi ng
the thernoplastic extrudate in the formof a web in
its nolten state and locating differential speed
rollers to chill the filmto its solid state and
stretching the film20 between the rollers to achi eve
a stretched filmhaving a substantially uniform
gauge. It has been found critica4-in accordance with
the principles of this invention, in order to achieve

its ddinéedtiesdnciauidd @@/ aPdtagtms. 10265-049Cale 43‘3@}70@'01 3,151;
roll er downstreamfromthe first chill rolfer to

pr OVI [ et lq cga f n
i e P 20h S 881 Ui e aR3): SiEedadie ol B dprete
for stretching hefllm [t has been found if the
short - d .. fIRf@@bryetyteindesarimtinadof strgtching techniques and |
t her nopl astic fllmproducts having the desired 5 '

mechappesatusrtwppradues andriasidhet s stobed pulymebitaiiRedlustrates
For exanple, the short gap apparatus and net hod

gcCokrME BErdres f%%ab@%@@ﬁ 'n%beet%aﬁloatlégﬂl(m @F@cmb% ihg()in%fdesirable :

film products ere the gauge
substantially ungﬁgrni mai nt aj ned. Thi.s control over

film FﬁTWfFe?gdem ﬁﬁ’tcék PRPREtIESs Norturitheganding rthege efforts, |

trade as "tiger stripes" which are visual evidence of
10 néhens fsolmi ppgoingt ifokints Smpnoed kmmﬂermembelsffdrﬁproducmg
somewhat ugly. and aesthetically undesirable,

eSpeehamupﬁsﬂgemHseaﬁullwﬂg%r@éfetdiéeﬁueh@ quélﬁs‘? products

fabrication of clothing where its unsightliness

undegi ddition, film rod cts .are deslr ed

e B ek et P AR A et ettt o
mai ntained in order to have useful products. 15 The

T@esi feBrts aprarates tsfr arafiucingweienited oaswetatedenedmbplastic film
utilization of the residual extrusion heat upon film

f or matithesutt sighéfidanit tadpital tekpemtiteteshi NOhasMREKS Gle¥y desirable
after filmextrusion. Ftowever, this desirable

savi Bgﬁ-;c‘ffvehc%%a?@gﬁg%%éntg%ltﬁ_gg\%ﬁagﬁﬁ Egpl{aqsel){lptencijltures and

t he production o

processing costs, yet with production of quality products.
SUMMARY OF THE INVEN.TION
15 This invention is directed to a method of making a stretched
thermoplastic film héving substantially uniform gauge with improved
mechanical properties. The method involves extruding the t_hernjoplastic
extrudate in fhe form of a web in its moltén state and locating différential
speed rollers to chill the film_to its solid state and stretching the film
) 20 between the rollers to achieve a stretched film haviﬁg é 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



sati sfactory product, unless the short gap for film

stretching is utilized. 20 Experinental data in the

det ai | ed operating exanples of this invention, as

herei nafter described, illustrate the practice of this

i nvention and the obtainnment of the desired results.

-6- This invention enables the conversion of a

conventional cast. extrusion |if9e to an MDO processing

line without making a capital expenditure for

conventaenakeddd exjier plosvrtstrdam dcdh ttherfirst bhillprotieend provide a

i nvention reduces energy costs because the extra step

of h "

ctr ot oty %?@taé&Bfébiﬁ?%gwﬁ"‘iﬁ%’“ﬁkvem Inafier ot gae”)

enable a _canven cast .ext,rusjo ne

pol yn% vya&n Stm@\erPgPesUF diRethe tf‘eeélti s Pﬁ%” If$ ‘?% t%__‘? short
. of the extruder. For instance, one limtation to the :

speeddagt is\niok U‘mimﬂameidophmtsﬂhieunopkalstinéiiim pradubts reastingitlesldesired

Is the onset of draw resonance as the 10 extrudate

&xi t smbbiearfxd| preesrtids %nd'Jes%&idéeate%trdtﬁgfne@iari:or example, the

produce extrudate at a maxi num rate of 1000 |near

f eet - wi.t hout ance s j.nventi

rmkesTort el abBetd 2k mbER AR F a1 S 5Ptk enable the

W t hout draw resonance in order to produce 2000, 3000,

4000,Progrciiemept filn eredunsawhesetthpaauge eutkicknpsy isssubstantially

the winder. Thus, in this 15 enbodi nent of the

i nvenirimmmiy hGaiNt%ﬂirwﬂ.t ThisVeon®bl sV it khidRAhBsd Bliminates what

slightly below that where the onset of draw resonance

' n tNE r&pshleddsdnWRE. tré)oCeCF.g . Eggﬁﬁr@ég” ghfa'rlem/igl ug! C<—:’hv‘éc&ence of

ving a certain ori ckhess i st
in the short stretch gap at a velocit (V2) which is
G t MPNURHGEMItyfin thigkheapoubich, rendars thaydilin somewhatgygly and
nore, times the velocity V,. The 20 resulting film '
pr odlﬁﬁtstﬂmtcaaygmnigeirahlieclespscialm nimee the Glon pesgoodi avg used in-
ratios of, for exanple, about 2 to 4 or nore tirres

t hi nrAe ﬁaBﬂEat‘i&? ofOkIbSthiRg! weXtd Ut@egnéfbh ASCR ??siyabie in

commercially accept abl e hin fil st antl a
| ess tdhdacion fq]m produgts are éesuredow?iere I’T"iOé) lus rgmd tenSIIe strengths

gauge
need to be maintained in order to have useful products.

15 The desired objectives of this invention are achieved by
'utili_zation of the residual extrusicn heat upon film formation to facilitate
the stretching imrnediately after fiimlextrusion. chever, this desirable
savings of heat energy will not necessarily result in the production of a
satisfactory product, uniess the short gap for film stretching is utilized.

20 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.



-7- can be produced at hi gh speeds of 2000 to 4000
fpm or nore, by the nethod and apparatus of this

i nvention. Froma conpositional standpoint, in brief,
the thernoplastic v , filmproducts conprise a

pol ymer consisting of polyolefin, polyester, 5 nylon
and bl ends or coextrusions of two or nore of such

pol ymers. \Where a m croporous féd m product or

lam nate is desired, the thernoplastic extrudate

contains a di SPRtis @6l dHtRmearRfol iRy JoMVEr18n oPaldonGb&ional cast.
which may be an inorganic filler or organic particles.

Depengl] . e r and desited degree of, . .
o oo hion DAL, Bl I (prBREsH i RS moking a capial
tenperature of the filmand the short gap between the '
rol | eP®eNgiture farecpargictal habReequipmens. locclditee dfe present
the objectives of the invention is to achieve a film

pr oduaventidr radincaphenodyl osstbobedtuseal inagexirsl stop taFbhaating the
tensile for softness. Elastoneric polyners may al so

be USRRL IS Weleir 5“%?5‘.‘&9! @F[fd) %té@cﬁ%gr&g%% isngl‘rHﬂ'a?c%.

nmet al | ocene pol yners 1 nvol ving cop@l'ynmerization o

ethyl ene with .al pha-ol efin conononmer such as o
but ene, hexene OMFS IYENERR alsm@nahigenEppyenitional sast extrusion line
directed to an apparatus for making a stretched :

t her no~prodste pdiytrer ddmpati airate ah spebd udereetivng the limits of the
extruding the 20 thernoplastic extrudate and

di ff el I inbi i 4d + Kl -
pr ovi e FRPRRSatc® RETn BRI 10 tletherbial e thermopiastic
stretchingthefilmto m of uni form :

i d fil
gaug PP NERN &2 b?hSXUHBfragvirsoI%I‘%?O'?#@ ebrifevsdegpnance as the

enbossing netal roller or a flat chrone roller,

Qpi cxtiugater @tteithat exmude- dig.t hift Be gbarkiemtruder acan produce
rubber roller or nmetal roller to achi eve desirable

fi | mexprufaes tates raadnAast fagé igFS1000hirRsar fReE PP THRMAIte without

cloth-like surface, matte _
'resona'nce, this invention makes it possible to stretch the resulting
product without draw resonance in order to produce 2000, 3600, 4000,
or even more linear feet per minute (fpm) at the winder. Thus, in this

15 embodiment of the invention, the velocify (V,) of the extrudate is slightly
below that. where the ﬁnset 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 thé range
of up to about 4, i.e., about 2 to 4, or more, times the velocity V,. The

20 resulting film product. ha§ a gauge which is thinner by correéponding
ratios of, for example, about 2 to 4 or more times thinner than the

original extruded film. Accordingly, commercially acceptable thin fiims

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



finish or other textures. The backing roller

cooperates with the chill roller to forma nip for

receiving the nolten web and facilitating stretching.

5 Simlarly, the second roller which operates at a

peri pheral speed higher than the chill roller to

facilitate stretching in the short gap may cooperate

wi th another backing roller in-drder to forma second
- nip for receiving the filmfromthe first nip.

Typi canhlbe ptesiusedmtohigbldpeeds ©f 2089 ab 4000 épmand b, by the

backing roller is.a rubber roll. 10 The apparatus for

f or migthblaareNasdard s 6AMiSenvtRIed with

incremental stretching rollers which further treat the

stretched fil by i ncrenent al stretching.it, _

| ncr enent al s{ané? i %ﬁnB?s'f'HQaQ‘%Pﬁf’%'&i%f |ing§:eft e thermoplastic

mechani cal ~ properties of the filmthat have been

achi &élredprmegducts comisey at pelyfrier sansisting of haolyotgdip, polyester,

For instance, the various textures 15 and aesthetics

bRy hglomdhili BEndY ot Esdithioh BFefRateH nidrE €4CBLER polymers.
which affects the noisture vapor transm ssion rate :

(MT d.air.hr bility ~of the film The. . . :
i ncr g}rr%% al® s'h'%f’gﬁﬁr]fgs rﬁllnl% ePEOJaurcé RudPTrat§mif i degired, the
of  a first section and a second section for

i ncr EMEALORI 2SS texdiudata gcamiainsi padisparsed iphgse of pore-forming
direction (MD) followed by increnentally stretching in

a sepeortitle2@hith eyl imnar EYrgapicef| et abbygsiibpaatidleal Depending
perpendi cular to the MD. The foll ow ng detail ed

descpbphi iy méf‘%cgsd%s!irjekish%gée%utoqemi H%)?gs&fl to achieve

maki-ng the t astic tilm cts 0O

Lnvention apd he apparatus., In_light of these
_ _1Qxa_ Teééﬁ%ﬁfgwtrﬁf“% tgRtrer piaie @E4ke fiiand thesshert gag between the
apparent to a person of ordinary skill in the art that
var i ealieshss inhdheemingenafybétevermd20%ito HODX°Cdeparti ng from
the scope of the invention. Furthernore, other

benefits, advaphadestrdbRiii9es iofaheqhvimticn iNYERchAVe a film
wll be further understood with reference to the

DRAN KEL TR B, e omofB R/ o e Sndostiimaly tensile for
reference to the : :

softness. Elastomeric polymers may also be used as the thermoplastic

15 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

20 thermoplastic extrudate and differential speed rollers to chill the film 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



drawings in which: Fig. 1 is a schematic of an in-line
extrusion process wwth MO stretching and increnental
stretching for making the filmor film 10 | am nate of
this invention using the short stretching gap X"

Fig. 2 is across-sectional view taken along 2 2 of
Fig. 1 illustrating internmeshing rollers in
diagrammatic form Fig. 3 is a-8hematic of an
alternative formof the MDO stretching apparatus with

t he shizhtthgéacking ofa fubfer rbllies o rrigtM fRllet eTastiegs aebirabie film
of an unstretched filmof Exanple |I-O Fig. 5is a

SEM r ' 0
PSS QU A ot 51 Bl U e

f| I m of. 20 Exanp . IS

_phot difiEh BEPHIA taﬂuae%tmq éﬁ@l@lneurplﬂﬁrcﬁmp%ﬁﬁwtm thre chill roller

-10- Fig. 8 is a SEM phot om crograph of a stretched

fil mtofforiExampp efot r&eiting. the mlt@nSkkbpdral éadiracipgaptietching.

of a stretched filmof . o Exanple Il-A; 5 Fig. 10

'5S a ﬁﬁﬂaﬂboimgéw ?cﬂllér %%Eh%&%t%lgeﬂ gg ggﬁénba# '.sgeed. higher

mple I1-B Frg. 11 otom cro

stret he I1l- a SEM '
ohot &ﬁ? ?BaFE{FHO&?f 9 éenﬁlé%f@rféaetphm the shomaapiey cooperate
Il -

wnth another backing roller in order to form a second nip for receiving the

film from the first nip. Typically the secénd roller is a metal roller and the
backing roller is.a rubber roll. ~ -

10 'The_ apparatus for_ forming the short gap can be combined
with incremental stretching roliers which further treat the stretched film
by irgcremé_r.ltally_stre.t;hih:-g |t Incremental stretching of the film modifies
the mechénical ‘properties of the film that have been achieved by
stretchiﬁg the film in the short gap. For instance, tHe various textures

15 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 secong

20  direction (CD), preferably substantially perpendicular to the MD.

The following detailed descri.ption and examples iliustrate the
method of making the thermoplastic film products of this invehtion and

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



Fig. 13 is a SEM photom crograph of a stretched film

of Exanple I11-B. Fig. 14 is a schematic illustrative
conparative exhibit of Exanples V-Ato V-D. 15

DETAI LED DESCRI PTION OF THE I NVENTION It is one

objective of this invention to convert a conventi onal

cast extrusion line to make a stretched NMDO

t hernopl astic film product wit#but naking a capital
expenditure for MDO equi pnent which is conventionally

used it i3 gppatentroMDeepoocEsriditgary IsRilldddhé iaptthalt vatigtions thereof
20 objective of the present invention to save noney

and ?ﬂﬁf We | HabdCwitoRdUGESHing! e HRPIsREHL Cof 1thE! invention.
and |lam nate products. It 1s alFso an objective o

this invention to sinmplify the processjng and . _
st r et HENREMHrE: ¢ FR@WBPﬁgiJ%i”E?ﬁW’& Pﬁieﬁélt’%ﬁfé'ﬁ's invention
extra steps such as .heating a cool -11- web in a -

t ypi omil eDidrpneycesderstdod svitd safecemceltpettiei detadéd dessription.
invention to produce thernoplastic filmat a rate of -

gpeeRRIEE DERSAIPTIONTOF THE TRAMRGP! Lhe extruder.

One of the benefits o is invention is the:

~obtainnment d i j,0f a stretched thernoplastic film -
havi ng & subst RS KIVATHOG Pl YR AR eAEP oo Wikt T fgpnge to the
mechani cal properties such as tensile, inpact and '
moduldiawingsnierwbisthestic filnms and | aminates are

produced according to the invention which are

aesthetical ly ¢egi13dble£sche®atichévamdndinel tthadibKrocess with
appearance and feel. M croporous film products having

a1 2o NP8 Bl PAE s Ot ROt R 06 e PR gy o fim

this invention are achieved, with reference to Fig. 1

t

T®hi chasiEke carhisninVERECR iUsin@ e BeGrstratahingagaonx
systemwith MDO stretching and, optionally, a CD MD
Fig. 2 is a cross-sectional view taken along 2-2 of Fig. 1

illustrating intermeshing roliers in diagrammatic form;
Fig. 3 is. a schematic of an alternative form of the MDO
sfretching apparatus with the short gap "x”
15 _ Fig. 4 is a SEM photomicrograph of an unstretched film of
Example [-O; |
Fig. 5 is a SEM photomicrograph of a stretched film of
Example I-A; |
| Fig. 6 is a SEM photomicrograph of a stretched film of
20 Example {-B:
| Fig. 7 is a SEM photomicrograph of a stretched fiim of

Example I-C:



interdigitating roller section. The conventional .film
extrusi on system involves an extruder 21 and a die
22. Thernoplastic web 26 is extruded 15 in its nolten
state fromthe die 22 past an air knife 23 into a nip
whi ch involves a rubber roller 25 and netal roller
24. When a nonwoven and filmlamnate is desired, the
nonwoven 20 is supplied to web-B®. The surface of
rubber roller 25 is typically cooled by imersing it
partially in &ig@asers ha@m\AV\Em@ﬂmmlardmbpﬁh@M@ stfB&hed film of
film26 is cooled by an air knife 20 23 of Fig. 1 or
by art,a gntfe 33 and vacuum box 34 which operates in
conj unc R 'W'th die 35 and netal rollers 36, 37 as
shown |n the alternative enbodinment of Fig. 3. The
netal roller 2&i¢af We2apFMnheipaucrasiepref orstetdhgd film of
chrome roller to produce either enbossed or flat film
and Ekampié IlFA; cooled to a specific tenperature after
passi ng through the nip of the netal roller 24 and
ubber roller v a
Shill roller R Cﬁbﬁg?%ﬁ/g) |°§§@6%§?Fﬁh QP & Syr8tched film of
tewp%ratuqe”(T ) to receive and cool the web to its
mol e&SBRRIS IR ent abl e and stretchabl e state. The 5
second roIIer 27 is also typically maintained at a. :
t enper at ure (TEig.whi db a SEMatphotornmnegraghant B, strétuhed film of
-tenperatures T, and T2 are maintai ned . dependi ng upon -
t he t&gni grerties required, and are typically in the
range bet ween about the gl ass tranS|t|on

terrperature(T angd .t he t|n Tm of

t he pol ymer prglge ?Ed ﬁﬂlpﬁﬂ '°<58 gtai g}{"?quegofnm of
the film The filmis unlformy stretched in the roll

18ap %kxampée Hi-Aet ch- tenperature of between T, and Tz

at a speed between V, and V2 to form the stretched

t her nopl asti c Fid.m BayvianGEM pupsdraitrbgldph bhiaf OfrBiched film of
gauge. The thernoplastic web 26 will be forned flat or

enbo cooled to a specific tenperature after
passf'zg'q‘g\l/égpp?he netal roller 15 24 which is
~typically contﬁﬁil$ at a tenperature T, between Tg :
and Tm of the %dﬁﬁrﬁ?h?mépc diliastoreve aoRpRarative eXh'blt_ of
70- 160F for polyolefin '

Examples V-A to V-D.

15 DETAILED D_ESC'RIPTION OF THE INVENTION
It is one objective of this invéntion to converta conVentionaI
cast extrusion line to make a stretched MDO thermoplastic film product
without. making a capital expenditure for MDO equipment which is
conventionally used to pe'rform MDO processing. In addition, it is an
20 objective of the present invention to save monéy 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



conpositions of PE, LLDPE, HDPE or PP) and stri pped

away by passing through another netal roller 27 which

is typically controlled at a tenperature T2 at or

below T, on the filmproperty required. At this 20

point, the film29 is forned and cooled, and wll go
downstream where it can be wound into a roll formfor
different applications. Wiere -lhecrenmental stretching

is desired, the MDO stretched film 26 is passed

t hr onyBbiimiacypishMRO pobdexss 1405 akd amnobjé2tivd of i invention to
stretching in the MD -13- and CD, respectively. A

r ubbegrotakd Qﬁer%a@plgﬁfb R @ggqgté 8f fs?ééﬂ ﬁ'ﬂ@icfbesrs %fnﬂh@ limitations

with the netal roller 27 his nip torned by ru

roller met al r ap be .adj ust ed

hor | zont%gl @é}raner‘/e B¢ 85%?/%@8 {Bsr ﬁ?éhlédﬁvéptlcg‘l Eeﬁ%%wa'”mem
the nip of netal roller 24. The gap between the netal

rol | &f@ staetched taerpyorilastint filo) boBngasubstantis dntfhemty gauge and
metal roller 27 usually runs at about 1.5 to 5 tines '

frast efesiradle HhaRicAl préddreks 2chThE teabild Pipddi€and moduilus.
speed of the netal roller 27 in feet per mnute. to

e oy el g SnfiClaiigS o BraliRd amliofe to te

di st ance betmeen the circunferences of the chil
rol | éRVERIQhhavhishcarfd aegthesicedy  desirables igi.sthaning ias cloth-like
nmeasured directly by a feeler gauge which is readily

avai lapplearantiee andl feeflap Misroprons efilnh asrodub i havify %lgnlflcant
preferably about 0.005 to about 0.05 |nch usual l'y

cboulms el Oty HETAA Ble fel s ool 06 7,

5 Preferably, the chill roller is a netal roller,
8uch as an enbddéi ﬁB°Y%Iqb&°t'V%PBH RYUPEF abledhipi fyegtion are
backing roller to forma first nip for receiving web

extr @they.ede@tferafermmbdss%g. drwhicht stiowsmnandine film extrusion
desired, the chill roller is a flat chrone roller. -

The wﬁm”ad.orﬂsetsv';\étemldvaﬁ VeRDeSRERRINY tdhd, aé&‘i&?a’ny, a CD+MD
backi ng roller (usually rubber) to forma second nip

for rr?t%?ac\éltggng roller section. The conventional film extrusion system

involves an extruder 21 _and a die 22. Thermoplastic web .26 is extruded

15 inits molten sfate from the die 22 past an air knife 23 into a nip which

involves a rubber roller 25 and metal rolier 24. When a nonwéven and

film laminate is desired, the nonvyovén 20 is supplied to web 26. The

surface of rubber roller 25 is typically co"oied by..imr.ne.rsing :it partially in.

a wa:ter tank which is not shown. The film 26 is cooled by an air knife.

_20 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 flat chrome roller to produce either embossed or flat film and



20 said filmfromsaid first nip. A vacuum box or air
knife may be used with said chill roller. -14- A
Thernopl astic Polynmers for the Filmor Lam nates Wen
a mcroporous filmproduct is desired, the

t hernopl astic extrudate is a thernoplastic polyner
containing a dispersed v ' phase of pore-formng
particles selectgc~ fromthe grggp consisting of 5
inorganic filler and organic material and the

st r etic Resbdib@tdBRIp2SHiCtdrhpPathi e{ﬁmgmrggphggg%ip of the

noi st ure vapor transm ssion rate

anout™ e8! ol 2 A5 A5 S ralf e mestup oo g ysarkes as o ohl

~achieved, preferably greater than about 1,000 to
4, 00@olemwhirdy is tieaity ggntroll S EV eEOB(ESrati@ Mo o receive and
broadly, the .thernoplastic extrudate conprises a '

pol ynwiol wheneet toSied holbur®ly bees@bRCARE shfRhhHE state. The
group consisting of polyolefin, polyester, nylon, an

| en t iogns .of .t or. mre,of such
o1 yreedhe B 1R 898, RbicslyBriafained 8t adeavresatiedfe) which
the group consisting_ of polyethylene (PE), -
pol yg? &5\Pelteverpthan dapol Witetempheaterss, TarandoTenare rfaintained
thereof, wherein the polyolefin contains a dispersed '

phaseleptngingemohaheifiig paiperteeeqineeCifald §/piddIf in the range
group consisting of inorganic filler and an organic

mat el HerwdBH #ﬁiuq tﬁE;gqégjﬁ%ngn%rnn%%;?ezgﬁ:rﬁ(igmab% the melting

m cr opor ous. e pore-formng par
cal ci um

sel ected from fhe oup consi sting of

car bg?@ngatH%?r m”m_gfjﬁfg?@!w@?’l Present af the higheat eanceagration in
When enpl oyi ng pol yolefins to nake a film or
1Ri cr pfibws Tpe ddocts ohifohelyaboercHedpie, the. @l gBE. x BP.a stretch
LLDPE, LDPE or HDPE, the tenperature of the filmin- '

oo T R TN A R R0 o
to -4es stretched thermoplastic film having a substantially uniform gauge.

The thermoplastic web 26 will be formed flgt or embossed

and cooled to a specific temperature after passing over the metal rolier |

15 24 which is typically controlled at a temperature T, between Tg and Tm
of the main polymer (for example between 70-160°F for polyolefin
comp_ositiqns of PE, LLDPE, HDPE or PP) and stripped away by passing
through another metal roller 27 which is typically controlied at a
temperature T, at or below T, on the film property required. At this

20 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 fiim 26 is passed

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



80C (86F to 176 F}. The tenperature of said second
roller is from about 21 Cto 82C (70F to 180F). The
stretching tenperature is controlled by a chil

roll er and the second roller controls TZ at anbi ent
tenperature or a higher tenperature which naintains
the filmin its 5 nolecularly orientable and
stretchable state. In other worgg, TZ is nmaintained
at or below T,. Filmhaving a ratio of MD tensile

st rengidhcat reggéc%v%'hpnwmﬂ{érgﬁllmé %Qﬁ'ﬂeeaaﬁéc?mﬁ.tfghn@tanother

25 % el ongation of greater can

provi des | andl | and CD

tensi'l'@ ‘?’5{’ %\%f'fnﬁg@srp % hg['“st Rigr {%m%wdu}?épyﬁeﬂ% 28 and
can be used. which are elastoneric. Elastoneric

pol yrragta! aeliers] esndrp adjcmedﬁmrgpotmlycmnserstdang tocfbrm a gap x
pol yet hyl éne- butene) pol yet hyl ene- hexene),

pol y&idinle@Ran@ i BE Inetaltli¥Ed Y FRB BN d2hehe metal rollers 24
pol y(styrene-butadi ene-styrene), polystyrene .

iSO "

5oy (o7 TIEERRPEn do g re e cosrebler Fomsualt s at about
15 et her), pol y(ether-am de),

pol yélt: ﬁfP&@mﬁ&f%SIT%ﬁta@t@)e mei yaleer 134 effe ratio of the speed of
nmet hyl acryl ate), poiy(ethylene-acrylic acid),

pol yehéyheabrdiler A7anT fdedthe) min@el douiat r'i‘n%ﬂéi,roller 24 is defined as
pol y(et hyl ene- propyl ene-di ene), and et hyl ene- propyl ene

r ubbgf, s-{rétél? GafdS Shel WO é{é% Rl iﬁngip%ﬁgdpe L ihe pgrrowest

genera y referred to herein
fromgsingle-cite catal ysts. The m)st preferred 20

cat aldjipdce, betwgenth @nc'fwfgmnq% oketha Ebilerriler 24 and second
cat al ysts whereby ethyl ene, propylene, styrene and

- 16t heroltdre27.nJ hisglishangelsymeasured diMeicliybby anfeeler kxgBeahich is
octene, etc., to provide elastonmers suitable for use

I N aesqdilgadvaRabid.th the principles of this invention.

The el astoneric polymer also may -16- contain

pore-formng i rticles which provide

a [ a
M croporosi ty ?BSQgglg@pf'Fl% mﬁg than et'E‘ﬁhnﬂ"orStW@fteéﬁkeld about
thernopl astic fil mhaving a thickness on the order of
abouf-@02%0 rhoLb RS inchmusyalhabbet 8.Q10in260 ThysticcatnV, to V,
be produced preferably about 0.25 to 2 mls (about 6
to S@rovides a stretching ratio between about 1.25:1 and about 4:1.
15 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 roller (usually rubber) to form a second nip for receiving

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

said chill roller.



5 gsm. A preferred thernoplastic extrudate conprises
about 30% to about 45 % by weight of a |linear |ow
density pol yethyl ene (LLDPE) or pol ypropyl ene (PP),
about 1 %to about 10% by wei ght of a | ow density

pol yet hyl ene (LDPE), and about 40%to about 60% by
wei ght. of cal cium carbonate fi%l er particles. The
conposition can further contain & conmponent sel ect ed

from.the ou consj sting of hi ensit
pol yét-hy| r%qef@ﬂ,c é‘?'V%’ﬁF%ﬁ?'d&&? OTRAMIRAIELr e
thereof. The thernoplastic extrudate can be a

coextruded strWhene aof micmporoumr dilm agerducof is desired, the
di fferent conpositions, such as one or nore |ayers of -

a poItbfgﬁﬁopl§§{|§%&?r@dgféqg‘atthgrrﬂéﬂféﬁtle%’&Wrﬁét‘ EEQ'\thmng a dlspersed
pol ypropyl ene, LL E, ends thereof. As

st at ed_aboy, osse and

pr odﬁgéaea%fee?zﬁ-@"}"ag &%FF rﬁﬁ'?ﬁ"@é %P”}mﬁ*i‘% 9¥ oup °°”5'St'”9 of
invention. In the case of an enbossed film the nip

§f r énargesiccigrarskerganiematedalbasd tg stretdhed thedmoglastic film

rubber roller. The conpressive force between the

rol | g snitRsgBroas haRirPssedistitd/apodesinspdsdibh GkREFIVTR) and
on the order of about 0.25 to about 10 mls. Rollers

f“‘.“l e, R RS bR it 804 AR SRR TR Bl ghan apour
film ugon [ ngr ement al -17- stretching, at qugwh _
speedsOORY 8mBpdRYuLCePIdiNgr s EVaESgIFbdacasthievasl i pepferably

hi gh noi sture vapor transm ssion rate (M/TR) within

the gacareptiadn ebs@ny OO 1 @UO A a9, A€ dEELRSTM E96(E)
/ day. Lami nates of the d mcroporous filmmy be

@bt aiiGed WotalaIWQH)é‘QHgﬂné Iggﬁg‘%x%te -Egﬁmqrﬂgg‘%oﬁfcﬂomer wherein

br ous npr i se ers

pol ypro yI polye a ceIIquse
Pod” BPEhReTies bt SERoRed SO s Grout . GRndiRing on po'volefm

have been proposed for nonwoven fi brous
polyester, nylon, and blends or coextrusions of two or more of such

polymers. Pfleferably, the polyolefin is selected from the group consisting
of polyethylene (PE), polypropyléne (PP), copolymefs thereof, énd blends

15 thereof., wherein the polyolefin contains a dispersed phase of pore-
forming particles seleéted from the group consisting of inorganic filler and
an organic material, and said étfetched thermoplastic film is microporous.
The .pore-forming particle filler is selected from the group consisting of
calcium carbonate, barium sulfate, silica, taic, and mica.

20 When employing polyolefins to make a film or microporous
product of fhe 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 (B8°F to about 212°F), usually in the range of about 30°C to



webs. The fibers are usually staple fibers or

continuous filanments. The nonwovens are usually

referred to as spunbond, carded, neltblown, and the

like. The fibers or filanments may be bi conponent to
facilitate bonding. For exanple, a fiber having a

sheath and core of different ~- polyners such as

pol yet hyl ene (PE) and polypropyﬂgne (PP) may be used;

or mxtures of PE and PP fibers may be used. As used

her ei 30*GdBRAN ¢a 1 76Drloud haetemperatisedbfi said tsecgedeiler is from
sense to define a generally planar structure that is

rel ataberlty2 fiGtto §2exi(pber aid1 80K )0UThedftfelchit® TRRATR ature is
of staple fibers oi continuous filanents. Fora

det ai I Rt J nonwpvens ee, Nonwove ,
Fabriéc Fﬁﬁr?e%?g’é%d&ﬁgfréﬁeerngﬁd §aﬁpﬁegP”§>[°E?r cantr &u&hﬁf ambient
Associ ation of the Nonwoven Fabrics |Industry, 3d _

Edi t i'T6MPYavBge)or ¢ highpr de@pesaturerwhichhea@inpdheuim in its
| am. nate enploys a film having a gauge or a thickness

et weranlezhtanly OridStadled ab@ BtdescHabigedtgtd. Bf oBhéo WH@s, T, is
gsm and, dependi ng upon use, the filmthickness wll

vary 'mgi'?\%ingﬂ’%? oP bt & yFiIrﬁE‘n_a@ir@D%??nﬁ% gf ?\ﬁ@ltieﬁgﬁé MBngth at

is the order of about 0.'25 -

t hi Ckﬁf S. The.nonv\eéen fibrous webs_of the |am nated

sheet? hBrABNIFHACR tRasimBrarg kR0 % ¢jrpagtion O greater than
gns/yd2, preferably about 20 to about 40 gns/yd2. The _
conpcsicer ber madeiwbict mraniddseit ivnich enmodaldsyfstwebdhediliing and
in the cross direction (CD) to forma CD stretched

conpash ttensifelfdr RekiHREe, CD stretching nmay be fol |l owed
by stretching in the machine direction (MD) to forma

onposite which is tretched. in both CD and MD .
1%} rections. Asiqthaf cti?teérb'l‘o& 53 pﬂ%@“e?ﬁ GPBpSolrser Mhich are.
or lamnate may be used in many different applications
such SRS tAEYIC CLASEPREr B MY MEE aTersglasied &ont theagrauipi cainsisting
pads and garnents, and the |ike where noi sture vapor
and aif rpdly @nisytessbaters) ppentettleshuréde), dsiy(kthyene-octene),

barrier properties, are needed.
poly(ethylene-propylene), poly(styrene-butadiene-styrene), poly(styrene-
isoprene-styrene), poly(styrene-ethylene-butyiene-styrene), poly(estér-

15 ether), poly(ether-amide), poly(ethylene-vihylacetate), poly(ethylene-
methylacrylate), poiy(ethyiene-acrylic acid), poly(ethylene butylacrylate),
polyurethane, poly(ethyiene-propylene-diene), and ethylene-pr_opylene
rubber. This class of rubber-like polymers are generally referred to herein
as polyolefins produced from single-cite catalysts. The most preferred

20 catalysts are known in the art as metaliocene catalysts whereby ethyléne,
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 also may



B. Stretchers for the Mcroporous Filmand Lam nates A
nunber 'of different stretchers. and techniques nay be -
enpl oyed to stretch the filmor |am nate of a nonwoven

fi brous web and microporous-fornmable film These

| am nat es of nonwoven carded fibrous webs of staple

fibers or nonwoven spun-bonded fibrous webs nmay be
stretched with the stretchers ai-techni ques descri bed

as follows: 1 . Diagonal Interneshing Stretcher The

di agogrittaimpereniesimimg)irorganic fitker pavtisles tvehioh paoyidé miofoporosity
left hand and right. hand helical gear-like el enents '

on pafalsh®d fishalipen sthérchiliaf tstrétcRed $RATEH|REEVWERR having a
two machine side plates, the ower shaft being

| ocat j I xe iy an upper shaft. bein

I ocat%ﬂcgﬁésgt&bg?ﬂ%)lgﬁ%esr navé&tq'?gl ﬁoyg%c?‘i'tdg I'B'lsrrgarpr?g‘rté to 250
The slidable nmenbers are -19- adjustable in the

vert i 98N gpp &e pHuspdwekferathnpbaut DeBrips2 oty tbost 6 to 50
by adjusting screws. Screwi ng the wedges out or in

VB || gewe the vertically slidable nenber respectively .
down or 'up to further engage or disengage a the

-1k h inte hi | | h
R ver it & et ed BT RN e Bmpitdds about 30%

the side franes are operable to indicate the depth of
engad®@ Utdﬁ? ehRY MRIgRt B adipear iemedrasity Rglvesnylenai(kLDPE) or
cylinders are enployed to hold the slidable nenbers in

t hei rrdipwvepyeEmga, posit 1 #ntd abodty1 @¥abpsteigheof a low density
adj usti ng wedges to oppose the upward force exerted

by t hpiy@hgldral (LBRENdafd 868 Ghesh, (bRt W%W%@rw calcium

al so be retracted to di sengage the upper an

i nterme hi#g r.ﬂl S fr.olj%eacp ot her for. purposes of )

t hr e Ay 3t EVPGI PaTiRISSugh | PReCPmPaFHtioshicag dgihpheentain a

or in conjunction with a safety circuit which would

open CaMPanehtmesieated niffprpoithe sguhen eendistingdof high density
polyethylene (HDPE), titanium dioxide, and mixtures thereof. The:
'_chermopla'stic extrudate can be a coextruded structure of one or mbre.
layers of different compositions, such as one or more tayers 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 fiim.

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



A drive. neans is typically utilized to drive the

stationery interneshing roll. If the upper

internmeshing roll is to be di sengageabl e for purposes

of machine threading or safety, it is preferable to

use an anti backl ash gearing arrangenent between the

upper and | ower interneshing rg]ﬁl s to assure that

upon reengagenent the teeth of "ohe "intermeshing roll

al ways fall between the teeth of the other

i nt erSH&IRDIRG. dtohighasaepds e MirMPOyOda iy MOPHGES et Produced
contact between addenda of internmeshing teeth is

avoi devind fhighe maoitereeshporg trahdraisaion traté e(MMTR) N within the
constant engagenent, the upper internmeshing roll

typi t s i I e :
acco%c:eg%ﬁ@ y@h%%?%&oﬁit%?@gsh rlr?éﬂpo ayF’.t har\rgbngaﬁces of the
the materi al b%’t ng stretched. The_ interneshi Wg rolls

ol osANRRABHBITUT MRY BF (QBTeieR ¢iih neReyen| Hbrons webs. The
preferred enbodi nent, the. rolls have 5.935" dianeter,

45  ha@nivwoveangfibrows 0wid0" nmeoyr mabnmirtseh, fiBérsdi afretpoffethylene,
pitch, 14'h pressure angle, and are basically a | ong
adderybproppPRAE, Beffestdii d oWy 4d .
toot h prof PFe \/vhig)cﬁr alt%-rlgv\_gag%@t g&gﬁ%ﬁ?' gﬁggb}g’ngf Bféfds af such

i nter [ enga t .and about 0.005" clearance on _

e <L BhRBaY TR A5 falEbecti Sthhosti 28LA0RRVEN fibrous
teeth are not designed to transmt rotational torque -

and duebt Thardibecs anetavalhostaplaafibers eocomtinuous filaments. The
.intermeshing stretching operation. 2. Cross Direction

| nt errimw&\_rw\s_?dré@sghﬁ‘f rdfeeredlol 44 SEURSdHd) T aP8E@ BRItB® wn, and
equi prent is identical to the diagonal internmeshing.

stre Wi t I & e ' - i .of the .
ot eriRalkehg Tof | ERGEE Hahnte St XA bi b nge o, faciitate
Si ncz} t He CD_ i nterneshi n? el ements are capabl e of )

| ar g@°8AGgefen > FEpRIRs 2 Tibef Having ar shgatht aad qame of different
equi pnent incorporate a nmeans of causing the shafts

of t inelvtraersi suchrasesdiyathyend &) @andeaypramiedd IP)whenbe used:
‘the top shaft is :

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 blanar
structure fhat is relatively flat, flexible and .pérous, and is composed of
staple fibers or continuous filaments. For a detailed description of
nonwovens, see Nonwoven Fabric Primer and Reference Sampler by E.
A. Vaughn, Association of tﬁe Nonwoven Fabrics Industry, 3& Edition
(1992). |

' Ina prefer'red form, the microporous taminate 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, fhe film thickness will vary

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



raising or lowering. This is necessary to assure that

the teeth of one r internmeshing roll always fall

between the teeth of the other internmeshing roll and
potential |y damagi ng physical contact between

intermeshing teeth is avoided. This parallel notion

is assured by a rack and gear arrangenent wherein a
stationary gear rack is attached8to each side -21-

frame in juxtaposition to the vertically slidable

menbdies2 mils liafthickneas.er Bes nbhev csiedefibroases eantf the laminated
.operates in a bearing in each of the wvertically

sl i dadHeet NRSTRRAY. hAvEeaR! weRb: d6F aBBuEaS NHREH @f +d 1Y 2
shaft and opergt esvi n evr\{gggenenta vviuth t egﬁggkg& th}o§ gms/yd,

pr od t he desir aral | e notign.... The. drive for
Phe. dRErdrpENRb 2D B huriag R b0 T Ramb bt ot/hnate can
and | ower interneshing rolls except in the case of '
i nt erdfedfragestalin stietehast imgherdrass ditadtioa (@Datovieryn a CD
hi gh coefficient of friction. The drive need not be
ant i backtasd cohrpuwe! . FORRaHEred CDRthetcAMBUAhY He followed by
machi ne direction msalignnment or drive slippage wll

caus . I . reason. fo i,.s Wll_ becone. L
vt dons PR B rmpPiCARation bl e a8 ibrg e which i
el ements. The CD interneshi ng el ements are machi ned

f r omSEGtERed iRt RethaChh and. MD pdisectinnsdeshpi inditated sabove, the
alternating stack of two different dianmeter disks. In

't he pniefepareds dirbaxti lammitatetrhay ibeteyeriEialthagy différent applications
woul d be 6" in dianeter, 0.031 " thick, and have a

Separar o 2Rl RS b ARG 1M Htg magisand ggrments,

separating the 1 nterne [
di anmet ar a?g 0.,069" i.n thickness. Two rolls of this
“conf 2§ Age /! ﬁW%E_I“&P'B@"SU@BOE BnGairitiar \SFHETAB@repeties. as well
- 0.231 "leaving 0.019" clearance for material on all
si de@s fhgd Watrert propartigsorsaé neated.meshi ng stretcher,
this CD-intermeshing el ement configuration would have
a 0. BOOStretdHes for the Microporous Film and Laminates
A number of different stretchers and t'eéhnique_s may be
employed to stretch the film or laminate of a nonwoven fibrous web and
microporous-formabie 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 Iintermeshing 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



-22- 3. Machine Direction Internmeshing Stretcher The

MD i ntermeshi ng stretching equi pnent is identical to

the diagonal interneshing stretch except for the

design of the intermeshing v, rolls. The MD

intermeshing rolls closely resenble fine pitch spur

gears. In the preferred enbodinent, the rolls have a

5.933" dianeter, 0.100" pitch,-190 dianmetral pitch, 14

Y~ pressure angle, and are basically a long
adderaflingtabieipsbe vgeigal dixestien byl vedgs stepedatemeots operable by
these rolls with the gear hob offset 0.010" to

pr ovigtiustimps ey S@r‘étvﬂn?/ith@ W s it ATRNEE mdVd the vertically
about 0.090" of engagenment; this configuration wl|l

i ciopetle fheMtee ErERIARRCS BRrLAT WS A EamhPt o o cisengege

above descri bed di agonal, CD or MD internmeshing
st r ettbBeg§arrtke peetprbytbe verpr datermeashing roll” with the lower
incrementally stretched film or |am nate of nonwoven

fi br dosermedshamngdraii. cviaporeisrst @oumbdetd tHawitie frirdemar@eperable
m croporous film products of this invention. For

examhendi-ae Tf‘getrrtlﬁ Rl g%@gﬁeetﬂt%@tﬂ?#%ﬁ oq'{.ﬂ\%\g%teegrﬁ'\%ghing roll.

an extrusion ate o nonwoven rous

staple fibers or, spun-bonded filanents and L .
ni cr opor ous- f oWAEVENE¢8 38 ArARIoYed ftp | hald the sligablganembers in
of nonwoven - fibrous web and m croporous-formable film

i s i nbeenlental Eygadeccpolitibn dismhg,adabisti thet adpstinghevedges to
CD and/or MD internmeshing stretcher with one pass

t hr ougpdsBens U 4R &b rod é{brfedjﬁpttge gﬁaltggéll t‘:r:ééﬂg gttretched. These

engagenent at about 0.060 inc

speeq§igrop1about 553ﬁ%pn1to 1200 fpm or fsster. The

r esulVENGP S MFY ARG ferBHPCHY itht SSARAIPS (tPEL ERPR and lower

produces -23- |am nates that have excellent ' _

br eatM@smeshipgaralls frqm ¢ashrother for puepesassof therading material

provi de superior bond strengths and soft cloth-1ike

t ext ahesugh 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 fo use an
antibacklash gearing arrangement between the upper and lower
intermeshing rolis to assuré 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



- The follow ng exanples illustrate .the nethod of

,making o mcroporous filmand | am nates of this
invention. In light of these exanples and this

further detailed description, it is apparent to a

person of ordinary skill in the art that variations

t hereof nmay be nmade w t hout daBarting fromthe scope

of this invention. EXAMPLES | "#¥A m croporous fornable

formul ati on containing 55% cal cium carbonate,, 36% .

honmogGvsmer Dpgkypegphe exrcormmpishedoby e dengnt {ptermeshing roll

pol yet hyl ene (LDPE), 3% titani um di oxi de master batch

and inhroQfh cRebhateriapbeingssisighedst er batch and

antioxidant additives typically wused in the film

processing is r. : v i i

extruder 21 angﬁ(é\ lgfegﬁ‘egl}ﬁ'eﬁzg&{%ogl;a%‘%%n?%B%IGQ\?EF%E&H helical

-is about 450- 500 F. The b 26-is | eading J -, o
pr es§8#E- AN Hhe BF%UeSf”éb%WEQF' thﬁdpﬁé?\a?;_lg éa%ga diamgter. 45
roller 24. The rubber roil is partially imersed in a

wat ehelixaakglenat 0 Siodnhorreal pitsh,s30 fhametral iched 404° pressure.

‘the water where the water is typically controlled at

a t.egﬂgn'éahHa %_r?%ta%%ﬂy Q0ohgYadehBEBm YEbetbgedd, t Bhis produces a
passing the first pressure nip formed by rubber roller

25 and netal roller 24,.is imediately stret [ "

t he HﬁEHY"negS?? eaqtgn ProfilengHe h@ﬁc?‘f"?sf"pprtgségggt n<_|5]'|c())90 of
and the second pressure nip formed by the rubber

‘rol | grte@Bestrig epgagement amd abt?ufr@]@osg"r@?éfﬁwg qreihesides of the
(R) is defined by the speed (V,) of the first netal

rol | @poddicNghatdrial Sthracheby?2) ThE tebth ard-naedesignegttal transmit
roller 27. The stretch or roll gap (x) is defined by

the narrowest distance bet n i r CL :
firsfOREPRR cHRTAYS PB?I eélr)0 gﬁtea%ﬂgggor@%e?éﬁﬂ?% I g{ normal
27 which can be directly neasured by any d, feeler
gaugdNteEBesiina\saiataning. OPEABY'@N | denpnstrates t he
experimental conditions and the results for Exanples

-0 t0 Crd3s Dirécticn nteanpsiniagiStestcher

The.CD intermeshing stretching equipment is identical to the

_ Idiagonal intermeshing stretcher with différences in the design of the
intermeshing rolls and other minor areas noted below. Since the CD
intermeshing eleﬁwents are capable of large engagement depths, it is
important that the equipment incorporate a means of causing the shafts
of the two intermeshing rolls to remain paraliel 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 statibnary gear rack is attached to each side



exanpl e where the speed of the first roller 24 and

second roller 27 is the same (90 fpm to make an
unstretched filmwhich is not mcroporous. In

contrast, Exanple I-A to 1=D are stretched. The

surface topol ogy of unstretched (Exanple 1=0) and
stretched (Exanples I-Ato |I-D) are shown in Figs.

4-8, identified as 1-0 to 1-D .-2fable 1 al so

denonstrates the benefits of this invention where the :
fi 1 miramexin dde@pasitieouto dit@wveeasaaignskdaltle ameentiegs nalA shaft
gauge of 85 g/n2 and is stretched to 50 g/ nR

(comadvergexnBPERE trafhadndnd - Eerated6n Sao%%grlﬁé Ehgach of the
first roller (V) is 90 fpmand is 180 at the Sec

I'1'g, strtch io of 2:1.
:(r)n s ﬁﬁ/‘éyﬁ 8 é)acbz&%"becfﬂggr?e PﬁF'f$fq%°%$@h9%$ePaﬁS§baﬁ and
4 or nore tines thinner than the original extruded.
f i | mARer #&St indergegesetandtd. theracks tn produce-the-desized parallel
OcDc'~ NO~~~~ ~ 2mH a~W~~000m m-~
Ottrotiéh. NOWENNNN NNEc E~ao No =Y ~ ~

The drive for the CD int_ermeéhing stretcher must operate
both upper. and lower intermeshing rolls except in the case of
intermeshing stretching of materials with a relétively high coefficient of
friction. The drive need not be antibacklash, however, because a small
ambunt 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 8" in diameter, 0.031" thick, and have a fL‘.I” 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 configufation
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.
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3. Machine Direction intermeshing Stretcher
Thg MD intermeshing stretching equipment is identical to the

diagonal intermééhing stretch except for the design of the intg;meshing
rolls. The MD intermeshing rolls closely resemble fine pitcH épur gears'.
In the preferred embadiment, the rolls have a 5.933" diameter, O.100f'
pitch, 30 diametral pitch, 14/ °pressure angle, and are basically a long
addeﬁdum, topped gear. A second pass was taken on these rolls with _
the gear hob offéet 0.010" to provide a narrowéd 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 abové described diagonal, CD or MD intermeshing
stretchers may be empioyed to produc.e the incrementally stretched film
or laminate of'nonwoverﬂ fibrous web and microporous-formable film to
form the microporous film products of this invention. For example, the
stretching operation may be embloyed o.n .an extrusion faminate of a
nonwoven fibrous web of staple fibers or spun-bonded filaments and
microporous-formable thermoplastic fiim. The laminate of nonwoven
fibrous web and microporous-f_ormable film is incrementally stretched
using, for instance, the CD and/or MD intefmeshing stretcher with one
pass through the stretcher with a depth of roller eng.agement 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
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Z -26- EXAMPLES Il - A mcroporous formable

formulation containing 52.8% cal cium carbonate, 38.8%
LLDPE, 3% LDPE, 4.4% Ti QZ and (2% of processing aid
mast er batch and anti oxidant additives typically used

in .

latriiea feis| thiae v el sixeellérst brgatisteiyi dnd quRrs- Narlrlebpropertles

simlar manner as described in Exanples I-0

The exResloTRIY &lpef B YohuCiPefifls LA 635 UldeR: i@ @ xtures.

The following examples illustrate the method of making
microporous film and laminates of this invention. In light of these

examples and this further detailed description, it is apparent to a person

-of ordinary skill in the art that variations thereof may be made without

departing from the scope of this invention.

- EXAMPLES | - A microporous formable formulation containing 55 %

calcium carbénate, 36% homqpolymer polypropylene (PP), 5% Iow__
density polyethylene (LDPE), 3% titanium dioxide master batch and 1%
of combined processing master batch and antioxidant additives typically
used in the film processing ié extruded by a conventional single screv(/.
extruder 21 and a slot die 22 to form a web 26 which is about 450-
500°F. The web 26 is-leading inté a pressure nip formed by a rubber
rolier 25 arAd a metal :roller 24. The rubber roil is partiélly immersed in a
water tank (not shown){ so its surface is cooled by the water w__here the
water is typically controlled at a temperature between 60-140°F. The
web 26, after passing the first pressure nip formed by rubber roller 25
and metal roller .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



shown in the Table 2. The surface topol ogi es of these
exanples are shown in Figs. 9-1 1 identified as I1-A,

I1-B and I1-C. Table 3 shows the nechanical properties

of .. Exanple 11-B as MO stretched foll owed by

incremental stretching in the MD and CD wth the

apparatus of Fig. 1 using interpeshing rollers 40, 41

and 42, 43 for stretching in r8&& CD and MD,

respectively. The intermeshing of stretching rollers

are &ecandireptal relipe 2t urideasidetche anpdigeamx) i defieed by the
rollers on CD and MD are 0.050" arid 0.040",

r espeatriovedst.distancebetween the dikduthfrdhdks of-filst $netlal chill roller
oO ~~rr ~OH ~-a ~~ W~MOO~ ~~n-~r-~

|ci|~ ~Q4-9navs§c6na rﬁgtala}'éllé;{r 2% wﬁ%fcéﬁ%fdﬁeé’tb H’reagureaj‘by any

feeler gauge easily available. Table | demonstrates the experimental
conditions and the results for Examples I-O to I-D. |-O is a comparative
exaﬁple whére the speed of the first roller 24 and second rollér 27 is the
| same (30 fpm) to make an unstretched film which is not micropéro_us.
In contrast, Example [-A to |-D are stretched. 'The. 'surf.ace topology of
unstretched (Example I-0) and stretched (Exambles I-A to l-D_) are shown
in Figs. 4-8, identified as 1_.0 to 1-D. |
Table 1 also demonstrates the benefits of this invention
where the film is extruded without drgw resonance at an original gauge
of 85 g/m? and is stretched to 50 g/m? (comparing:ExampIes I-O and I-D).
The speed at the firstroller (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
.t.hin films which are up to 4 or more times thinner than the original

extruded film without draw resonance.
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EXAMPLES Il - A microporous formable formulation containing 52.8%
calcium éarbonate, 38.8%__LLDPE, 3% LDPE, 4.4% TiO, and 1% of
processing aid master batch and antioxidant additives typically used in
the film extrusion is extruded in a very similar manner as des;:ribed in.
Examples [-O to |-D. The experimental conditions and the results are
shown in the Table 2. Thé surface topologies of these examples are
shown in Figs. 8-11 identified -as I1-A, 1I-B and ll-C.

Tab_le 3 shows the mechanical propgrti'es o.f“Exampl'e II-B as
MDO streté_hed followed by incremental stretching in.the-:-MD and CD with
the apparatus of Fig. 1 using intermeshing rdllers 40, 41 and 42, 43 for
st_.ret;:hing in the .CD -and MD, respectively. " The intermeshing of
stretching roliers are at ambieﬁt- temperature and the. engagerﬁéht of 'ghe

rollér.s on CD and MD are 0.050" and 0.040", respectiv_ely..
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Table 4 illustrates Exanples I-D and I1l-A and I11-B
where the MO stretched filmof |-D was subsequently
increnmentally stretched in a the CD and MD under

condltlons as shown in the Tablé74 for the CD and
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-MD stretchers described above. Table 5 denonstrates

t he nmechani cal properties of the Table 4 products.
The . MDO stretching and interdigitating stretching
produced. mcroporous filmwth adjusted and bal anced
properties such as mcropore pore sizes, WTR, M and
CD nodulus and MD and CD tensile strength,. as shown
by Table 5. The MDO ni cr oporous2Bi|l ms were
continuously CD interdigitated, and CD interdigitated

and MD interdigitated—tespectively The surface
t opol ogi es of these exanpgles| arg shpwn in Figs.
12-13, identified as ljl&|A and |I11-Bf -30- ... Ea~E
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EXAMPLES Hli

Table 4 iilustrates Examples I-D and IlI-A and Ili-B where the
MDOQ stretched film 'of I-D was subs’equently .incremental_ly stretched in
the CD and MD under conditions as shown in the Tabl‘e 4 for thé CD and
MD stretchérs described above.

Table 5 demonstrates the mechanical propertiés of the Table

4 products. The MDO stretching and interdigitating stretching produced

_microporous film with 'adjusted and balanced properties s.uch as

r_niéropore pore sizes, MVTR, MD and CD modulus and MD ahd CD tensile
strength, as shown by Tablg 5. The MDO microporous films were
continuously CD interdigitated, and CD interdigitated and MD
interdigitated, respectively. The surface topologies of these exarr.lple's are

shown in Figs. 12-13, identified as Ili-A and IlI-B.
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EXAMPLE IV - A m croporous formable formnul ati on havi ng
an ABA coextruded structure was extruded into a film
with the MDO process
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where (A) contained 55.6% CaC03, 36.90% honopol yner

pol ypropyl ene, 5.4% LDPE, ~% Ti 02 and 0.1 % of

anti oxi dant additive and (B} contained 52.8% CaC03,

39.2% LDPE, 3.5% LDPE, 4.4% TiQZ and 0.1 % .

antioxi dant additive. The roll gap was at 0.01 inch

and the stretching ratio was 1.0. The MDO process was
followed with CD interneshing-3- 0.055 inch and

further followed with MD intermeshing at 0.045 inch

usi ngXAMPERY ND -sfr etictomordes chortrethiealiorrsulasios Exdnpl en ABA
I V-A of Table 6). A mcroporous filmwas produced with

a MWEBetruded 33pLdiORT W 4598y u8E@NRIITR/ fidy aRM tﬁebeD process

wei ght of 21 grams per square neter (gsm wth a

Eggiwhﬁl on a)?soé;% a'nﬁgicgﬁ 2 e?%ﬁﬁﬁgsgaaﬁﬁ% homopolymer

increased froml .0 to é :5, 1.75 and 2.0 while
al | ooharropyeressS. %%naDPEo b m@rzearrdeﬁﬂ ¥ohef eatiexidget additive
Exanples IV-B, C, D and E of Table 6). The film gauge

was EaaduBMoﬁmﬁe@SZQS% cacty, 39.26: SDPLS 366, LBPE5A, 4% Tio,
respectively. Wiile the fil mgauge was reduced, the 2

% MD, é?l an/g ﬁ?x%%%dﬁvgasﬁge @61?5%%%%9%%.81 %ﬁgh and the

265, respect vel

beneficial to web handl i ng of the th| n gauged fil

Whi | etretchipgationwase Tvids 1 Re A Proesss gy @tgwed with CD
tensile decreased from142 gsmto 1 1 8, 82, 58 and

54 gémermessingr avO D fatht anddadhee éblidw ednwias M@lihtermeshing
These types of mcroporous filnms are suitable for

maki n |
N e

product, hi e onver si on, roviding  soft _

P odlitA 7 TR Glse A mipporss Mo by ettt s MV TR of

mechani cal El)'r opertl es nor rral ized to 21.-gsm for sane

gaugé 3OShPAPTMEI6E) gsews/mi ldglyyandriacfitthov eigt faifl 24 grams per

products produced by the MDO process of this invention

can bgub@ hated (gdm)hwidh D Menkiné et ki 61921 8 PE@VI BBen, the
s.a.me 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 the same (see Exampiles 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,
respectively. 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 fiims are suitable for

making diaper and feminine care napkin outcover while providing high



afilmvvith its tensile strength at 25% el ongati on of

MDto CDratio of greater than 2. Table 6 exanpl es

al so denonstrate original gauge reduction of the

extruded filmw thout draw resonance at V, from 21 gsm

(1 V-A) to 13.9 gsmat VZ (IV-E), nearly two tines

thinner. The speed at V, was 325 fpmand 650 at VZ

for a stretch ratio of 2. -34--83U d 129 ~~~ Nm~

yN~O7IL)IfJ aci ~ra,. ~~ mmv mVO-~p NC

r ~ GtrdNgthdnMDhirectionfor fddLCL Bigh spleed cOnversion ~yet providing
C

vV7 ~w~Er~in~m ErnNai cori LL....

soft product for end use. Table 7 is provided to show the mechanical
properties normalized to 21 gsm for same géuge comparison.
Accordingly, microporous film products produced by the MDd process of
this invenfion can be followed with CD and MD intermeshing to provide
a film v'vith-it-s tensile strength at 25% elongation of MD to.CD ratio of
greatler_ than 2.

Table 6 examples also denio_nstfate 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.
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EXAMPLE V - A microporous formable formulatlion containing 52.8%
CaCO,, 39.2% LLDPE, 3.5% LDPE, 4.4% TiO, and 0.1% antioxidant
additives :vas extruded into a film and stretched at a gap greater than 1.
At any stretching rétio, a urﬁformly étretched micrdporous film cannot _be
attained. Big areas of unstretched zones cannot be eliminated (sée Fig.
14 pHotos for Examples V-A and.\/-B); H'owéver, at a roll gab 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 microporoué 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 sho& stretching orroll gap at 1" or belbw
is critical for a successful praétice of this_i_nvention.

Fig. 14 illustrates the actual fsroduc'ts of Example V which
were produced to éhow the criticality of the sho.rt gap method and
apparatus of this invention in order to provide acceptable microporous
film préducts of substantially uniform gauge. Accordingly, "substahtiéliy
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
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the case of prqduct sketches A and B, the unstretched widths of tiger
stfipes are greater than 1/8 inch and are very visible to the naked eye,
predominately over a significant portion of the product which makes the
prddﬁct unsightly or ugly. However, where tHe tiger stripés have been

reduced or completely eliminated, as is the case in sketches C and D,

acceptable product has been produced by uniform stretching to provide

substantially uniform gauge. The.fine lines as represented by sketch C
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 represented'by the comparative examples of Example
V.

EXAMPLE VI - A rﬁicroporous formable formulation having an ABA
coextruded structure was extruded into a fitm with the MDO process
where (A) contained 52.8% CaCO,, 39.2% LLDPE, 3.5% LDPE,
4.4% TiO,and 0.1% antioxidaht, and (B) contained 90% polypropyiene
polymer and 10% pdlyethylene 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-r_nicroporous

layer in the middle. The resulted fiims have very low moisture vapor
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fornul ation. conta % LL %
LDPE"? %%&Sﬂ@a%aqagf‘r’%am gREaLbn Pt P eSvRlens, but
extruded into a filmand stretched at a gap greater
t harprovide migroporous film surface for printing, nice hand feel, etc., which

us fornmabl e

are suitable for many packaging applications. The following Table 8

shows the results.

TABLE 8
Exampie First Metal Roller Second Maetal Roller Roll Gap Stretch Ratio Film Wt. MVTR
Temp Speed Temp Speed (x} {R) {gsm) E-96¢ _
{°F) {(fpm) (°F) (fpm) {inch) (VZ/V1 }
Vi-A 120 120 70 360 0.02 3.0 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 33.5 156.75

Note 1: Film waight gsm is gram per square meter
Note 2:  MVTR is ASTM E96E in grams/m¥/day

EXAMPLE VIl - A 100% polyethylene resin is extruded into a single layer
. film by using the MDO process of this invention at a -roII gap of
0.045 inch. A fiim has Eeen produced using this technique ét more than
1000 fpm. The. product of this example 'h'as a sut_)stanti-ally uniform
_géuge of 27 gsm and is nonmicroporous. Accordingly, the terms
“subs fantially uniform gauge” are also meant to define those
nonmicroporous films of high quality in uni_form gauge or thickness.

Table 9 describes the results.

Table 9 ’
Example First Metal Roller Second Metal Roller Roil Gap Stretch Ratio Film Wt. MVTR
Temp Speed Temp Speed {x) (R} {gsm} E-96E
L~ f o { inch
(°F) {tom) (°F) (fpmi (inch) (v,y/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 ES6E in grams/m*/day



At any stretching ratio, a uniformy stretched

m croporous filmcannot be attained. Big areas of
unstretched zones cannot be elinmnated (see Fig. 14
photos for Exanples V-A and V-B). However, at a rol
gap at 1 ", mcroporous films with uniformy
stretched appearance are achieved at a stretch ratio
of 4:1 (see Fig. 14 photos for B&anples V-C and V-D).
Wth the roll gap reduced to 0.05 inch, uniform

m croporous -filnms can be achieved as low as 1 .25-1
.50 as shown in Fig. 14 photos V-C and V-D. According

to this Exanpl eA\z‘po@iﬁg{lwfheSéHdﬂeC@kJ}apl% 1\9] derBBRsBhtel that the
" or below is critical for a successful practice of

this j Lon. Fig. 14 illustrates the actual . .
b o BEREH bEDis i Bngd e et P Deplse RS 2t hist yageds with
criticality of the short gap nethod and apparatus of

thi s 3 §9ert rdhgam vheaferfilms preoof gubsieotipthalbingorm gauge and are
m croporous filmproducts of substantially uniform

gaugesittAsrc aTah-Ridrbpordilsh s baddthabley miefdgdrbas Ja+I@on-Breathable
nmeant to define those m croporous film products where

t he uniformty is such that no "tiger
strigﬁ%gssngG#sually apparent to the naked eye and -
essentially conplete uniformstretching of the
.product has bgghe 20RY e \Ada indnexrarineniab resu itk decpastrate the
C and D of Exanple Vin Fig. 14. Sketches A and B of
act valniguedhertnsomifstix filmpd end Yhetaodretrapparatus of this invention for
. unaccept abl e products where the tiger stripes are
very styé@hilPshig t%@?mﬂﬁl%@ﬂc Efﬁﬁs\f\hbmbrr@:lfﬁ?i hB & ARG arent to
unsi ghtly or" ugly. In -37- the case of_proguct .
sketches A ane El,thﬁ unstretched widths of tiger . .
stri peBeHA g skl dp thp 2Rt Witheut departipg Hom Hisynvention.
visible to the naked eye,. predom nately over a
.significant portion of the product which nmakes the b
product unsightly or ugly. However, where the tiger
stripes have been reduced or conpletely elimnated,
as is the case in sketches C and D, acceptable
product has been produced by uniformstretching to
. provide '
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substantially uni form gauge. The. fine |lines as

represented by sketch C are so fine, on the order of LLOYD WISE
|l ess than 1 /32 inch that they do not detract from

the eye appeal of the product or such |ines do not

exist at all as in the casggof sketch D. Accordingly,

one of ordinary skill in the art wll . understand

tdwaimd he obj ectives of this invention are acconplished

by enpl oynent of the short gap to produce

bst t at f th
of i mi ra i ddlor gk MeRAE i FOPERGRE S o nct
E“"e@e@f‘b' gy inahe Grmestaveings nolkTvdpdoes chil

ﬁnable fornul ation having an ABA coextruded
¢rapgrating gt a periphesd gelosity (V)fand st svenperdterelDO to receive
process where (A) contained 52.8% CaC03, 39.2% LLDPE,
3ng Foolnmid webithetebyifomniagd fim] lovating 4 seconkdrdller apetatim) at a
cont ai ned 90% pol ypropyl ene T polynmer and 10%

petipldrhetovtty (W, y grehter thae s4i@M, 16 adeiveRhE fin 4. aqgmbaﬁgxre
and 0.035 inch with stretching ratios at 3.0, 4.

{
S W

m&e RS WUnk G5 H Bét\%elps%}/ae c %l %rvx\{il %{i fs’t%(.‘l%r;lﬁ ﬁ%’lﬁép g{)r ertSCgfng

ransm ssi on rate equi va

qu efl? but rovi de, m.croporous filmsurface for
6?‘1 Himy gniforml¥ siretqhing said tilgyip Sald\mlul &fp atzy sreiqhi temperature
for many packagr ng applications. The follow ng Table 8
debvesnsaid Tnand e of 2 Yo besverr saig\a avidr\atto Mmnabtrékcieder
Second Metal Roller Roll Gap Stretch Ratio Film W.
ItheFRopRstipfilBp badng e sybsBmeielly tniforR)auggsm  E- 96E  (F)
(fpm (F) (fpm (inch) (V2/Vt) VI-A 120 120 70 360
0.02 3.0 32.2 0-45

2. The method of claim 1 wherein the roll gap is about 0.005 to about 0.05

inch (0.127 to 1.27mm).

3. The method of either claim 1 of claim 2 wherein the roll gap is about 0.01
inch (0.254mm).
4, The method of any preceding claim 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 any preceding claim wherein said chill roller is a metal roll

which cooperates with a backing roll to form a first nip for receiving said web.
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VI-B 140 120 70 480 0.02 4.0 34.5 30=90 WVI-C 110 120 LLOY

70 480 0.035 5.0 33.5 15-75 Note 1: Film wei ght gsm D WISE
is gram per square nmeter Note 2: MVTR is ASTM E96E in

granms/ m | day EXAMPLE VI1 - A 100% pol yet hyl ene resin

Is extruded into a single laygy ' filmby using the

MDO process of this invention at a roll gap of 0.045

inch.. Afilmhas been produced using this technique

at nore than 1000 fpm The product of this exanple

as a ge of .27 _gsm and i
ﬁonm g?l g%ge}rt%dl}fs&aé,&%%:ﬁo?g'h fn Salc?ﬁ CKig Tl 1s se %@Wi@q grgup of a
u i.for uge al so rreant to define those

fﬂlﬂo%%r §taf¥q?\‘rs of high quality in uniform gauge
or t hi ckness. Table 9 describes the results. Table 9
" Exanple First Metal Roller Second Metal Roller Roil
Gap Stretch Ratio FilmW. MWTR Tenp Speed Tenp Speed
(x1 ( Rhe frptind of-cber clil) 5 of pladm 6 Mhefdipsdcond naler cooperates with
(VZ/V~) VIl 120 499 70 1025 0.045 2.05 27 0-30 Note
Another backiap gbllerds foriba cand RIPfof fEdéil fghaidefilnN@b@ s@id first nip.
MVTR i s ASTM E96E in grans/ m | dav -39- Accordingly,
t he above Exanples I-VIl denonstrate that the nethod
of this invention produces thernoplastic filns at high
gpeed a ere fil re of .. .
subst 2%‘%‘1“?031 ouf%"l %?{m&ldé\rginea gang U4 [oﬁ%ﬁgg adjaCent to said chill
n(gpi:rm croporous, breathable m croporous, or

=‘br eat habl e m croporous. The above data and

experinmental results denonstrate the unique
thernoplastic filns and net hod and apparatus of this
i nvention for
9. The method of claim 8 wherein said second roller cooperates w1th a backing

roller to form a first nip for receiving said film from said chill roller.

10.  The method of any one of claims 5 to 9 wherein said chill roller is selected from

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

11.  The method of any one of claims 5 to 10 wherein said second roller is a metal

roll.

12. The method of any one of claims 5 to 10 wherein said backing roller is a rubber

roll.
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stretching said thernoplastic filnms. O her variations

will be apparent to a person of skill in the art LLOYD WISE
wi t hout departing fromthis invention. LLOYD WSE 40

Cainms 1. A nethod of making thernoplastic film

conprising extruding a thermgplastic extrudate in the

formof a web inits nolten state, locating a chill

roller operating at a peripheral velocity (V~) and at

a tenperature (T~) to receive 5 and cool said web

t.here form a film,.|locati a s nd . rol.ler

3o ac s st gt e s E Vo7 g ey Brlopge where
said V, to receive said fil t a tenperature (T2),

L5 QnsFipElznw FsCRaNes 1R Bl ctroechie i aFcariamcl Y2 o p et 9f up to
provide a roll gap of no nore than one inch between

8bow 4cimare tigrasafi- and sai d second rol ler for

stretching said film uniformy stretching said film

in said roll gap at a stretch tenperature 10 between

said Ti and T2 at a speed between said V ~ and V2 to

flar m Jhe edetirtbof didigy IBORhES V,Gs Abduli2 RN 4aimes V.
substantially uniform gauge. 2. The nethod of claim1l

wherein the roll gap is about 0.005 to about 0.05
inch (0.127 to 1.27mm. 15 3. The nethod of either

ai ' in.the rol.l .gap.i ut. 0. 01.
Taoh " tbe Fesdbe s AREbRtb Sulelin R ol e Bt gt roter
gherei n.the ratio tg\f sai deé%% to VvV~ O provides a .

£% Ut UHEIHY RaeS SndBe AEeRhed I is #pe afout 4 pr amese fimes hinner than
5. The nethod of any preceding clai mwherein said
ehsiqriginabigpege. i s a netal roll  which cooperates with a
backing roll to forma first nip for receiving said

web. LLOYD WSE 41 6. The nethod of claim5 wherein

said backing roll is selected fromthe group of a

n6abbeThe alethodnuf any pedcalling @ldim wherein said film is uniformly stretched at

speeds up to 4000 or more linear feet per minute (20.32 m/s).

17.  The method of any preceding claim wherein the thermoplastic extrudate is a
microporous formable thermoplastic molten extrudate comprising a thermoplastic
polymer containing a pore-forming filler and said stretched thermoplastic file is

Microporous.

18.  The method of any one of claims 1 to 16 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 moisture vapor transmission rate (MVTR)

and being a barrier to the passage of liquid.
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5 7. The nethod of either claim5 or claim6 wherein LLOYD WISE

second roller cooperates with another backing roller
to forma second nip for receiving said filmfrom said
first nip. 8. The nethod of claim1 wherein a vacuum
box is |located adjacent to sagysl chill roller. 10 9.
The nethod of claim8 wherein said second roller
cooperates with a backing roller to forma first nip
for receiving said filmfromsaid chill roller. 10.
T?el mﬂ)@ tl%fd O%Yaui%nl% oqf malI S%Hegelil(%hegm];w%ﬁéo%éﬁs éﬁlm ﬁias a

IS Se ecte rom

SRt 'v”?orﬁ%fy%mwafra@'&\ﬂtﬁ e bARARAHbi 004 daY according

second roller is a netal roll. 20 12. The met hod of
ESENEEHI(EY ai ns 5 to 10 wherein said backing roller
is a rubber roll. LLOYD WSE 42 13. The nethod of
any preceding claimwhere said V ~ is slightly bel ow
that where the onset of draw resonance in the

et r uThel metHodateithér ddith M2or Gailnnl whée@ssaif MR & about 1,000 to
about 4 or nore tines Vi. 5 14. The nethod of claim 13

¥hRi 8,098 g/rﬁz/ai}o ld&eo%dlhg t@h@tﬁw fokigyes V~. 15. The

met hod of any ‘precedi Ag cl ai mwhefein the extruded
filmat the chill roller has an original gauge and
t he stretched filmis up to about 4 or nore tines

i nn 0 the o u The net hod  of
3hy "o e g oiaay AresRupdema afirets poid MierapghGyrdate
stretched at speeds up to 4000 or nore linear feet
BIRPTYieR aPelyRY vaTErein §9id pelymey is spirstadeliare dheogroum gonsisting of
precedi ng claimwherein the thernoplastic extrudate is
polyofietingmdyastes, fydommbd blenieonmekastions ofaivo@n meoee ofislehe
conprising a thernoplastic polyner containing
pplgmerst orming filler and said stretched thernoplastic
fileis

22.  The method of claim 23 wherein said polyolefin is selected from the group

consisting of polyethylene, polypropylene, copolymers thereof, and blends thereof.

23.  The method of claim 22 wherein said 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.
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m croporous. 20 18. The nethod of any one of clains 1
to 16 wherein said thernoplastic extrudate is a

t her nopl astic polymer containing a di spersed phase

of pore-form ng particles selected fromthe group
consisting of inorganic fillegqand organic materi al
and said stretched thernoplastic filmis m croporous
havi ng a noi sture vapor transm ssion rate (MTR) and
being a barrier to the passage of liquid. LLOYD W SE

19. . The hod .of ,.claim17.or claim18 whergjin.th
et o Guhed a2 S ArE i borG g Partiln i i pelected
rate (MVTR) greater than about 1,000 g/ nR/day. )
drcay thej aneup ¢ansistingpfepdgipm carpopate, hasimp il fasey sHicadplepard mica.
claim17 or claim 18 wherein said WTR i s about 1,000
to about 4,000 g/nR/day, according to ASTM E96(E)
21. The nethod of any preceding claimwherein said
t25er nie asdthad efdnyutato clhime dipté shsrein aid thertiopiligiceiktiudate
said polynmer is selected fromthe group consisting of
Remyeik&fd polyier whith e an élidtGMeriepslyleends or
coextrusions of two or nore of such polynmers. 22. The
nmet hod of claim 23 wherein said polyolefin is selected
fromthe group 15 consisting of polyethyl ene,

| ypr.opyl ene ol s thereqf, and bl.ends. t her eof..
28 ” TrEE msthestolitain 47 Whosin i drstoReipolaybiseplried from the
contai ns, a di spersed phase of ore-formng particles
LEQUPCRoBgistingoh RAU cHisng-batsns). prymjhﬂﬁnq-h@feg% pelyfgthylege-
and an organic material, and said stretched
ohtenepe polatathydeda-propylenei pely(seyrenssbutadiendstyrese), pdly(skyrene-
The nmet hod of claim 23 wherein said pore-form ng
psuprénetseyrénd)] goly (st raetahylent-bitylene-siyeengy, popy (esrsdthdr,ng
of cal cium carbonate, bariumsulfate, silica, talc,

oD/ (&therdamid®), Pbly(dihigleney gticethte MolyderByehe-eledtiylEcrylate)),
16 wherein said thernoplastic extrudate

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

LLOYD WISE

propylene-diene), and ethylene-propylene rubber.

27.  The method of claim 34 wherein said polymer contains pore-forming

inorganic filler particles which provide microporosity to said film upon stretching.
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conprises a polyner which is an el astoneric pol yner.
26. The nethod of claim 25 wherein said elastoneric
polymer is selected fromthe group consisting of
pol yet hyl ene- but ene), pol yet hyl ene- hexene),

pol y(et hyl ene 10 octene), pol yethyl ene-propyl ene),
pol ystyrene- but adi ene-styrene), pol y(styrene-

i soprene-styrene),

pol y(styrene-ethyl ene-butyl ene-styrene),

%l yeslth %rm&fl&? 5? y (Rl%l&f {:F‘txlﬂse | 18 rl% gv%efein said thermoplastic extrudate

erne Vi

Iacr yet hy] ene-acrylic
I %&s}ga&% 581 oty GrminBolyethylene or

poly(ethylene propylene di ene), and et hyl ene-propyl ene
PebIRERRYlenesabont 1% abertnkiye by Weight af slovpensily polyaihylene, and
pol ymer contains pore-formng inorganic filler
phouti4deto atiout 60%brbywaghtrif calojpm cabonate Hllagiatidled. m
upon stretching. LLOYD WSE 45 28. The net hod of any
one of clains 1 to 16 wherein said thernoplastic
extrudate conprises about 30%to about 45% by wei ght
f9 a |’I’h@§"§€th$d38‘f dasnpii %h@x%inytﬁg Ebﬁlnﬁq%t&'/&[)further C(ﬁltain% a component

pol ypropyl ene, about 1 %to about

t d, 5. abo % to _abo .
SO ES Bl R e P L PR s EBRR ?ensaﬁltepm oxide, and
29. The nethod of claim 27 wherein the composi tion
XS hEERE ai ns a conponent sel ected fromthe group
consi sting of high density polyethylene, titanium
di oxi de, and m xtures thereof. 10 30. The nethod of
any one of clainms 1 to 16 wherein said thernoplastic
&0t r uddeendtbod of amyenenfidiainst tabé wheret saihéhemmopiastie extrudate is
| ayers of different polyner conpositions to produce a
tatveexmpled structufd d1ons o afreRyés @Mifheerd aly@ne@ QBmp&iitiHish to
of a (a) breathable m croporous film f

DRRCE 8 kilakb la%&ﬁﬁ’xﬁ’@él@dféd ﬁbrlnrﬁle gﬂ&gp c§) ﬁtmlg of 2,

nonm croporous film 31. e net

her eld) g RS hitid5odt k! ure has one or more

(b) nonbreathable microporous film, and

(c) nonmicroporous film.

31.  The method of claim 30 wherein the coextruded structure has one or more layers
of a polymer selected from the group consisting of polypropylene, linear low density

polyethylene (LLDPE), low density polyethylene (LDPE), and blends thereof.

32, The method of claim 22 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).

LLOYD WISE
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of a polynmer selected fromthe group consisting of

pol ypropyl ene, linear |ow density 20 pol yet hyl ene
(LLDPE), | ow density polyethylene (LDPE), and bl ends
thereof. 32. The nethod of claim 22 wherein the
temperature of the filmin sajgd roll gap is in the
range of about 20C to 100C (68F to about 212F). LLOYD
WSE 46 33. The nethod of claim 32 wherein the
tenperature of the filmin said roll gap in the range

about 30C.t 0C,.(8F t.o .176F). 34...The nmethqd of .
& o e of plai a2 itiep e PabiRucptnE AlmiR sngre Leep in
is from about 21 Cto 82C (70F to 180F). 35. The
e rangs o rbaH P Opke & BAithPocK 1 h&RRkr ei n the stretching
tenperature is controlled by the chill roller. 10 36.

The net hod of claim 35 wherein said second roller
controls TZ at anbient tenperature or a higher

3enpeThd nethod DT claith 82 vticheinl thef tempyrapire ofshidigecohdiroller is from
wherein said T2 is maintained at or below 15 T~. 38.

didat PELO @SI8DEC EmvyF RS egeey.ng cl ai m wherein said film
has a ratio of MDtensile strength at 25% el ongati on

to CDtensile strength at 25% el ongati on of greater
than 2 which provides said filmwth a nodul us for

b handli and CD tensile. for softness.,.2Q 39. The.
Chodheling 30 rme i T i N STdichng e bt
thernmoplastic film has a thickness on the order of
legyby the b iplles, gsmy) to about 10 (about 250 gsm)
mls (6.35 to 254 m. LLOYD WSE 47 40. The net hod of
claim 28 wherein said stretched thernoplastic film has
a film thickness of about 0.25 to 2 mls (6.35 1to
%6). 8nThe method of claim 35 wherein said second roller controls T at ambient

temperature or a higher temperature.

37.  The method of any preceding claim wherein said T, is maintained at or below

T.

38.  The method of any preceding claim 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.

39.  The method of any preceding claim 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 (6.35 to 254 pm).

LLOYD WISE
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5 41. The nethod of any preceding claimconprising the LLOYD WISE

further step of introducing said thernoplastic film
into incremental stretching rollers to increnentally
stretch said film 42. The nethod of claim4l wherein
said incremental stretching rgylers conprise a 10
first section and a second section and said filmis
incremental ly stretched in a first direction by said
first section followed by increnental stretching in a

cond., di recti .b aj d secon ction. 43..The

¢ hodngriad dhtim g PhiraSARYRRASY MRRgoREisih has o ilm
st.ret chi directions are_ 15 substantially
paskeseicaboyt 029 o diks{B5Rde 50-84m)-The et hod of any
precedi ng claimwherein the filmis anneal ed. 45. The
nmet hod of any preceding claimconprising the further
step of laminating 20 said extrudate to an extensible
Adnwo Tha nictihrdoefang ipeatedthg relaig coaipdismgttheifirther step dDintfoducing
| am nate of said web and sheet before said uniform
Shifl eherMmopstid-HlaY BtWrﬁEemé}ﬁal%ﬁethﬁ? rbBdrh &flinefeniival 9i@-etch said
of clains 1 to 44 conprising the turther step of
lspfi nating said stretched thernoplastic filmto a
nonwoven fibrous sheet to forma lamnate of said film
and said sheet after said uniformstretching. 5 47.
An apparatus for naking a stretched thernoplastic film
conpri%ing an extruder for extruding a thernoplastic
1 t el hegistpiatelaim 4 hwhersinsatskingrepsntal gretehing rolle qogprise a
for operating at a peripheral velocity (Vi)and at a
fiestectimmuand a(sTegnd: sgetioreang saisl falndisduwementaldy stedichedan elfirst
formng a film a second roller for operating at 10 a
déeétiuncebyadaid/Bisosdctign folRwedrbgdhaemehahstfeadhing/in 4 second direction
receive said filmat a tenperature (T2), said second
b9 lshidlse&iddGeetidn. om sai d chill roller to provide a rol
gap of no nore than one inch between said chill roller
and said second roller for stretching said filmto
provide a filmof uniform gauge. 15 48. The appar at us

géi gl éljhrennf'ezh(\)lgq St c(failipn £ ivger(e:lfllli sla{d tﬁr(s)é elm%rseizgnds 31%%c%gngf difeions are

substantially perpendicular to one another.
44,  The method of any preceding claim wherein the film is annealed.
45.  The method of any preceding claim comprising the further step of laminating

said extrudate to an extensible nonwoven fibrous sheet during said extrusion to form a

laminate of said web and sheet before said uniform stretching.
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second roller to provide a roll gap of about 0.005 to
about 0.05 inch (0.127 to 1.27 mm. 49. The apparat us
of either claim47 or claim48 wherein said rollers
are 20 designed for operating at a ratio of
velocities of VZ to V, betwegy about 1.25:1 and about
4:1. LLOYD WSE 49 50. The apparatus of any one of
preceding clains 47 to 49 wherein said chill roller

is a nmetal roll which cooperates with a backing roller
t @6f or Mha nidtlicd offing ohobf claied Vious comprikingethe fartiet. The
apparatus of claim50 wherein the backing roller is

S %&:ﬁ of @ﬂmﬁwg Ll st Q1R thnoBlabtitPRES td Phénvdidn %bmsal

. The apparatus of either claimb50 or claimb51
e? io”fo%%' aloiar%%fa?é“?f 4o fiffd ar?cPsa? %S{ eflﬂ[e?»iaﬁﬁ"umoﬁ{? 9&&8151
bac orma seco recelving sai
fllmfrom said first nip. 53 The appar at us of clalm
52 wherein said second roller is selected fromthe

group of a netal rol] and a rubber rol]._ 15 54. The
afpar atAnsanperain fopmaking asttrgiched thermeplagiofHay enpprising an
vacuum box is | ocated adjacent to said chill roller.

58xtrides feppxémudings: thérmdpddstic 51ligh exisudateiai the eooefd: web, a
roll er cooperates with a backing 20 roller to forma

f ichB8lt rollepfor eperhtimdg o periphérabvelSctyd VG hard atraGémpératubd(T)) to
The apparatus of any one of clains 50 to 55 wherein

S %Ql%mmhlcoéﬁai(ﬁﬁeb thefdly §6insidlg affllRM t&@nd "r&lb‘i’ f&f (%?'éfhtmg at
enbossing netal roll and a flat chrone roll

Ll FeripltafVetocTAVAPRAAEH tin Olia Yo PREIR oGl AR 47 10

er co I ncr errent

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.

48.  The apparatus of claim 47 wherein said chill roller is spaced from said
second roller to provide a roll gap of about 0.005 to about 0.05 inch (0.127 to

1.27 mm).

49,  The apparatus of either claim 47 or claim 48 wherein said rollers are
designed for operating at a ratio of velocities of V; to V| between about 1.25:1

and about 4:1.

LLOYD WISE
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stretching rollers for increnentally stretching said

film 5 58. The apparatus of claim57 wherein said LLOYD WISE

increnental stretching rollers are conprised of a
first section and a second section for increnentally
stretching the filmin a firgt direction followed by
incremental stretching in a second direction. 59. The
apparatus of claim58 wherein said first and second
stretching directions are 10 substantially

dlcular t onhe_angt her The, apparat us of
e’ oft o83 on8Fpispiting Saim B B st Y roller
up a_maximum extrusion rate apnd said chi and
@@é@eﬁé rPB|wfe9lscq9@é%RSéN1§tabﬁ ing-fallez20 Torma.a %,ttnm ryeceiving
up to about 4 or nore tinmes said extru3|on rate. 15
@&id withe apparatus of claim 60 wherein said rollers
operate at speeds up to about 4000 or nore linear
feet per mnute (20.32ns).

51.  The apparatus of claim 50 wherein the backing roller is selected from the group

of a rubber roll and a metal roll.

52.  The apparatus of either claim 50 or claim 51 wherein said second roller
cooperates with another backing roller to form a second nip for receiving said film from

said first nip.

53.  The apparatus of claim 52 wherein said second roller is selected from the group

of a metal roll and a rubber roll.

54.  The apparatus of any one of claims 47 to 49 wherein a vacuum box is located

adjacent to said chill roller.

55.  The apparatus of claim 54 wherein said second roller cooperates with a backing

roller to form a first nip receiving film from said chill roller.

56.  The apparatus of any one of claims 50 to 55 wherein said chill roller is selected

from the group of an embossing metal roll and a flat chrome roll.
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57.  The apparatus of any one of claims 47 to 56 further comprising incremental

stretching rollers for incrementally stretching said film.

58.  The apparatus of claim 57 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.

59.  The apparatus of claim 58 wherein said first and second stretching directions are

substantially perpendicular to one another.

60.  The apparatus of any one of claims 47 to 59 wherein said extruder operates up to
a maximum extrusion rate and said chill and second rollers operate at V) and V,,

respectively, up to about 4 or more times said extrusion rate.

61.  The apparatus of claim 60 wherein said rollers operate at speeds up to about

4000 or more linear feet per minute (20.32m/s).



