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(57) Abstract

_ An improved process and apparatus for the formation of a spun-

bonded fibrous web suitable for service in nonwoven end uses. A meli-
processable thermoplastic polymeric material is melt-extruded to form a
multifilamentary spinline (2), is quenched, and is wrapped about at least

two spaced driven draw rolls (14, 16) that are surrounded by a shroud H /

(12) prior to collection to form a web (40), and is bonded to form a _ € L4
spun-bonded nonwoven product. The draw rolls (14, 16) exert a pulling

force on the multifilamentary spinline (2) so as to accomplish drawing of \

the molten multifilamentary spinline (2) prior to complete solidification.
The shroud (12) makes possible the self-stringing of the spinline (2)
around the draw rolls (14, 16). A pneumatic jet (32) located at the exit
end (24) of the shroud (12) assists in the contact of the multifilamentary
spinline (2) with the draw rolls (14, 16) in order to facilitate the
imposition of a uniform pulling force and expels the multifilamentary
spinline (2) in the direction of its length toward a support (38) where it
is collected. The formation of a highly uniform spun-bonded nonwoven
product is made possible on an expeditious basis.
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PCT/ US97/ 04114 -2- It is an object of the present invention to provide an

i nproved process for the formati on of a spun-bonded web. It is an object of
the present invention to provide a process for the formation_5 a
spun- bonded wa¥o eM¥026can be carried out on an expeditious bagpgnpngBVnta
substantially uniform product having a satisfactory bal ance of properties.
It i.s an object of the present invention to provide a process for the
formati on of a spun-bonded web that is relatively user friendly and offers
the ability to routinely produce a quality nonwoven product in the
substanti al absence of deleterious roll waps. It is an object of
the present invention to proPRQEESS QETMWN@ W%@@Wfiﬁ WEB formation of a
spun-bonded web wherein the spinline is capable of undergoing self-
stringing and requires mnimal operator intervention. It is an object of

t he presg invention to provide i ﬁgved echnagl ogy. that is 15
flexible"with respect to the chem EAV IR e el t - processabl e
theropl astic polymeric material that serves as the tartin nat rial, It
i s an object of the pruskonded H‘J‘&Yﬂvieﬁr\vepi)a‘i?r'BWPﬂ@téﬂﬁi ofge E useBabl e
of producing with good denier control a substantially unlforntllght wei ght
spun- bonded pr ogerstmgr andeindustrial|epd isesh Ssh Predugts spmaeslypessess a (texals-Bkoasi s.
20 It is another object of the present invention to provide an
i mproved pr oces baricband dppedramcesind are usefid as promponeatof diegesatilé Hiaperakiong
possi bl e a reduced capital expenditure as well as reduced operating
expendi t10res.  automotive applications, and in the formation of medical garments, home furnishings,
filtration media, carpet backings, fabric softener substrates, roofing felté, geotextiles,
etc.
In accordance with the technology of the prior art, 2 molten melt-processable
- thermoplastic polymeric material is passed through a spinneret to form a
15 multifilamentary fibrous spinline, is drawn in order to increase tenacity, is passed
through a quench zone wherein solidification occurs, is collected on a support to form
a web, and is bonded to form a spun-bonded web. The drawing or attenuation of the
melt-extruded spinline has been accomplished in the past by passage through a
 pneumatic forwarding jet or by wrapping about driven draw rolls. An apparatus
20 arrangemeﬁt_ utilizing both draw rolls and gas flow is disclosed in U.S. Patent No.
5,439,364. The equipment utilized for spun-bonded nonwoven prdduction in the past
commonly has necessitated relatively high capital expenditures, multiple spinning
positions, large volumes of air, and/or has presented denier variability shortcomings

when one is interested in the expeditious formation of 2 nonwoven product on an

25 economical basis.
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-3- It is yet another object of the present invention to provide a process
for form ng a spun-bond web wherein reduced operating expenses are possible
wWith respect to air-flow requirenments when conpared to technol o of the
prior art irwobwséogs the use of an air forwarding jet to acd&H¥ z’ﬂ"“
attenuation. 5 . It is a further object of the present invention
to provide an inproved apparatus for the formati on of a spun-bonded web.
These and ot her objects, as well as the scope, nature, and utilization of
the invention wll be apparent to those skilled in nonwoven technol ogy from
the'foll owi ng detailed description and app%nded clains. 10 Sunmary of the

I nvention It has been found that in a process for the formation of a

spun- bonded web wherein a nolten nelt-processable polyneric material is
passed through a plurality of extrusion orifices to forma multifilanmentary
spi nline, the nul t fifis lanwbjectofythe presertriavention ® provide an impraved progesy dor the
increase its tenacity, is passed through a quench zone wherein

sol i di fi cati oforamation ®f aispurcbbdrided wetl. on a support to forma web, and is
bonded to form a spun-bonded web; that inproved results are achi eved by
passing the nul tif idiERbReyoSEbt Prdstft ihventibe todproeide iaqiodeks for shd fumghtion

i ntermedi ate the quench zone and t he support while wapped about at | east
two spaced drigy@nipehi-B¥hded!wed thitdlan B Raitt'catiBsl 8kl effeditio8S Basis to formi a

substantially uniform product having a satisfactory balance of properties.

It is an object of the present invention to provide a process for the formation
of a spun-bonded web that is relatively user friendly and offers the ability to routinely
produce a quality nonwoven product ixi the substantial absence of deleterious roll

10 wraps.

It is an object of the present invention to provide an improved process for the
formation of a spun-bonded web wherein the spinliné is capable of undergoing self-
stringing and requires minimal operator intervention.

It is an object of the.present invention to provide improved technology that is

15 flexible with respect to the cﬁemical composition of the melt-processable thermoplastic
polymeric material that serves as the starting material.

It is an object of the present invention to provide a process that is capable of
producing with good denier control a substantially uniform light weight spun-bonded
product at relatively high sp.inning speeds on a reliable basis.

20 It is another object of the present invention to provide an imprc;ved process for
the formation of a spun-bdndéd web while making possible a reduced capital

expenditure as well as reduced operating expenditures.



20 where the multifilamentary spinline contacts the drawrolls by a
shroud having an entrance end and an exit end that is provided so that the
entrance end of the shroud receives the multifilanmentary spinline and a
pulling force is exerted on the multifilanmentary spinline primarily by the
action of theyvopasezs driven draw rolls to WO 97/ 36026 PCT/US97/04114 .
PCT/ US97/ 04114 -4- acconplish the drawi ng thereof adjacent the extrusion
orifices, and exerting a further pulling force on the multifilanmentary
spinline by passage through a pneumatic forwarding jet |ocated at the exit
end of the shroud that assists in the contact of the nmultifilanmentary
spinline with the spaced driven draw rolls -dnd expels the 5

mul tifilamentary spinline in the direction of its length fromthe exit end
of the shroud towar dt ishest sugihesrabjechnafl &g PaesgRtBveREen ihpropide drreseshiast a
spun- bonded web is provided conprising in conbination: (a) a plurality of
mel t extrusi on forming aespun-hpediveb ethefein rednepdzoperating expenses are possible with

mul tifilamentary spinline upon the extrusion of a nolten thernoplastic

pol ymeri ¢ mat ermesgest tohiir-flow reguévemients ovhen campired tofechobogypifitbdprior arbe
solidification of the nolten multifilamentary thernoplastic polyneric

spi nline fol | ovinngvinp eherbiet of eintait forwardinggetcofaccohiplish attenuation. (c)
at least two spaced driven draw rolls |located downstreamfrom
5 It is a further object of the present invention to provide an improved apparatus

for the formation of a spun-bonded web. _

These and other objects, as well as the scope, nature, and utilization of the
invention will be apparent to those skilled in nonwoven technology from the following
detailed description and appended claims.

10 |
Summary of the Invention

It has been found that in a process for the formation of a spun-bonded web
wherein a moiten melt-processable polymcﬁc material is passed through a plurality of
extrusion orifices to form a multifilamentary spinline, the multifilamentary spinline is

15 drawn in order to increase its tenacity, is passed through a quench zone wherein

| solidification occurs, is collected on a support to form a web, and is bonded to form a

spun-bonded web; that improved results are achieved by passing the multifilamentary -
spinline in the direction of its length intermediate the quench zone and the support
while wrapped about at least two spaced driven draw rolls that are surrounded at aréas

20 where the multifilamentary spinline contacts the drax?v rolls by a shroud having an
entrance end and an exit end that is provided so that the entrance end of the shroud
receives the multifilamentary spinline and a pulling force is exerted on the

multifilamentary spinline primarily by the action of the spaced driven draw rolls to



t he quench zone that are surrounded at areas where the nmultifilamentary

t hernopl astic polyneric spinline would contact the rolls by a shroud having
an entrance end and an exit end that is provided so that the shroud is
capabl e of receiving the 20 mul tifilanmentary

t her nopl ast i wopalsgozeri ¢ spinline and the draw rolls are capBEFESH04Hterti ng
a pulling force on the nultifilamentary thernoplastic polyneric spinline to
acconpl i sh the drawi ng thereof adjacent the extrusion orifices, WO

97/ 36026 . PCT/ US97/ 04114
-5- (d) a pneumatic forwarding jet located at the exit end of the shroud
that” i s capabl e of assisting the contact of-the nultifilamentary
t hermopl astic polyneric spinline with the spaced driven draw rolls_ and
further is capaenmeplish thsgawingherepbadianent the extmsian-orficss, and exerting a further
t hernopl astic polyneric spinline in the direction of its length fromthe
exit end of t lpwilingrfores, on( e multifilampntanyt spindive by passageathoqugh acpnewinatid onshi p
bel ow the pneumatic forwarding jet that is capable of receiving the
mul tifil ament dopwarbing jetdbeatdd at thoéxined af the shrbudthatiasdistsdo ithe ¢costachgf thee
| aydown 10 thereof to forma web, and (f)
bondi ng neans mlffilkbenfky Bsinithengith e spadet idkivem drant ily and expels the
5 multifilamentary spinline in the direction of its length from the exit end of the shroud
toward the support.
An apparatus for the production of a spun-bonded web is provided comprising
in combination:

(a) a plurality of melt extrusion orifices capable of forming a

10 multifilamentary spinline upon the extrusion of a molten
thermoplastic polymeric material,

) a que'nch.zone capable of aécomplishing the solidification of the
moiten multiﬁlamemary thermoplastic polymeric spinline
following the melt extrusion thereof,

15 (c)  at least two spaced driven draw rolls located downstream from
the quench zone that are shrrounded at areas where the
multifilamentary thermoplastic polymeric spintine would contact
the rolls by a shroud having an entrance end and an exit end that
is provided so that the shroud is capable of receiving the

20 multiﬁlameﬁtary thermoplastic polymeric spinline and the draw
rolls are capable of exerting a pulling force on the

multifilamentary thermoplastic polymeric spinline to accomplish

the drawing thereof adjacent the extrusion orifices,



t hernopl astic polyneric spinline followng the web formation to forma
spun-bonded web. 15 - Description of the
Drawi ng The drawing at FI G 1 is a schematic representation of an apparatus
arrangenent in accordance with the present invention that is capable of
carrying out twoorissmsoved process for the production of a spR@UBEE@4H4web

I'n accordance with the present invention. FIG 2 illustrates in cross
section in greater detail the nature of the 20 pol ymeri c edges t hat
can be situated at areas where the shroud approaches the draw rolls to
provi de a substantially conti nuous passageway. WO 97/ 36026

PCT/-US97/ 04114 -6- Description of Preferred>Enbodi ments The starting
material for use in the production of a spun-bonded web is

| t-
processabl e t her nopl ast i dpol Wp@a%foé\"ﬂéingtlﬁfalf’c?t%d E‘éB%\B’F‘ée'?r}fmto@FﬁBf%I t
extruded to 5 formcontinuous filanments. Suitable yneric
mat eri al s i ncl ude pol yol efi ns,Md%bﬂpablcpﬁlammpﬁ%m}acbﬁﬁgsml?@ﬁmgm
| sotactic polypropylene is the preferred form of polypropyl ene. A
parti-cularly preferred i sot actthermoplastir pylythenicespindine withsthe spacked dfivewdrast e of
approximately 4 to 50 grans/10 m nutes as determ ned by ASTM D-1238. The :

pol yesters commonly are for medollkyaddfarthenis icapubdleodt expeliing thetmualtifilansentoyxy| i c
acid 10 (e.g. terephthalic acid, isophthalic acid, naphthal ene

di carboxglic acid, etc.) and aRerll kawlﬁhmépuﬁﬁxﬂn theedifeetioner it Jength,
propyl ene glycol, etc.) as the dio
from the exit end of the shroud,

(e) a support located in a spaced relationship below the pneumatic
forwarding jet that is capable of receiving the multifilamentary
thermoplastic polymeric spinline and facilitating the laydown

10 ' thereof to form a web, and
® bonding means capable of bonding the multifilamentary

thermoplastic polymeric spinline following the web formation to

form a spun-bonded web.

15 | ' Description of the Drawing

The drawing at FIG. 1 is a schematic representation of an apparatus
arrangement in accordance with the present invention that is capable of carrying out
the imj)roved' proéess for the production of a spun-bonded web in accordance with the
present invention. FIG. 2 illus_trates_ m cross section in greater detail the nature of the

20 polymer_ic edges that can be situated at areas where the shroud apprdaches.ﬂle draw

rolls to provide a substantially continuocus passageway.



preferred enbodi nent the polyester is primarily polyethylene terephthal ate.
A particularly preferred pol yethylene terephthalate starting materi al
possesses an intrinsic viscosity (I.V.) of approximately 0.64 to 0.69 (e.qg.
0.685) grans per deciliter, a 15 glass transition tenperature of

appr oxi mat el worsrsse2680[ err] C, and a nelting tenperature of

ROPUSKVOdTEe| ¥

260[err]C. Such intrinsic viscosity can be ascertained when 0.1 g. of the
pol yet hyl ene terephthalate is dissolved per 25 m. of solvent consisting of
a 1:1 weight mxture of trifluoro acetic acid and nethylene chloride while

enpl oying a No. 50 Cannon-Fenske visconeter at 25 C. QO her

copol yneri zed

recurring units within 20 t he pol ymeré-chai ns than pol yet hyl ene
terepht hal ate optionally can be present in mnor concentrations. Al so, sone .
filaments of polyethylene isophthalate optionally can be included in the

pol yester spinline in a mnor concentration so as to render the resulting

L3 n

web nore readily anenabl e t o DeseniptionbofnPirelgyred \Hnh

WD 97/ 36026

bodiments r epresent ati ve

PCT/ US97/ 04114 - 7- Theestarcipg aaterial forl usetn the produetiorabdfa spunthotidecpowbly f5a dek-
(e.g. nylon-6 and nylon-6,6), polyethylene (e.g., high density

pol yet hyl ene) , proedsyible theanieplastit polyhienic Sndedteal € BEAPSIY oPbei

thelt e} &884d to

invention is relatively user friendly, it further Is possible to utilize a

recycl ed and/ ofor@CdontiniBek FilhakeS S SERbR folRhsfRDhASAS il Rid¥ ‘PolyoferfiE fich a6 S
(el g/, recycl ed polyethylene terephthalate). When the starting

t hernopl astic 112;?; ' S {e - thP Bt td fotiiCor
t erepht hal at e) ‘%W slbﬁeégggmiﬁgietgsi ﬁg‘%‘&(gg?@ﬁ@ﬁ"g g%%ttlhc?es of toﬁ‘g same be
polypropylene. A particularly preferred isotactic polypropylene exhibits a melt flow

rate of approximately 4 to 50 grams/10 minutes as determined by ASTM D-1238.

The polyesters commonly are formed by the reaction of an aromatic dicarboxylic acid

10 (e.g., terephthalic aéid, isophthalic acid, naphthalene dicarboxylic acid, etc.) and an

alkylene glycol (e.g., ethylene glycol, prdpylene glycol, etc.) as the diol. Ina

preferred embodiment the polyester is primarily polyethylene terephthalate. A

particularly preferred polyefhylene terephthalate starting material possesses an intrinsic

viscosity (I.V.) of approximately 0.64 to 0.69 (e.g., 0.685) grams per deciliter, a

15 glass transition temperature of approximately 75 to 80°C, and a melting temperature

of approximately 260°C. Such intrinsic viscosity can be ascertained when 0.1 g. of

the polyethylene terephthalate is dissolved per 25 ml. of solvent consisting of a 1:1

weight mixture of trifluoro acetic acid and methylene chloride while employing a No.

50 Cannon-Fenske viscometer at 25°C. Other copolymerized recurring units within

20 - the polymer chains than polyethylene terephthalate optionally can be present in minor

concentrations. Also, some filaments of polyethylene isophthalate optionally can be

included in the polyester spinline in a minor concentration so as to render the

resulting web more readily amenable to thermal bonding. Additional representative



pretreated by heating with agitation at a tenperature above the gl ass -
transition tenperature and below the nelting tenperature for a sufficient
period of tinme to expel 10 noi sture and to bring about a physi cal
nodi fication of the surfaces of the particles so as to render them

subst anti al | ywoonaeré cky. Such pretreatnment. results in an orRf&/VHFH4
crystallization of the surfaces of the particulate starting materi al and
thereafter better enables the polyneric particles to flow and to be
transferred in a readily control |l able manner when being supplied to the
mel t-extrusi on apparatus. In the 15 absence of such pretreatnent the
pol yester particles tend to clunp. Starti ng‘7materi als such as isotactic

pol ypr opyl ene need not be subjected tq such pretreatnent si_gce t hey

i nherently | acKhermaplisin Bolyexic majegials inchpde pRlyamidesdeondon-6 3nd Aylon-6,6),

pol yethyl ene terephthal ate starting material preferably does not exceed 25

ppm prior to ex@alysthydene (Eige, kigh density pelysthiylene); pelywispiapsstete; Sy ther i c
material is heated to a 20 tenperature above its nelting tenperature
(e.g:, commonl ytet¢lhmology evfijtier presentinventiopds eclativelyaisyr &ndly, 80hgher]iCpossibde ® t he
melting tenperature) and is passed to a plurality of nelt extrusion

orifices (i.e.,utilizspireeledtanios Iaas nmpll-proqessablel thérphoplastipgolymersco matesianonl v,
the polyneric material is nelted while passing through a heated extruder,

WO 97/ 3@26 (e.g., recycled polyethylene tereghthalate). PCT/ US97/ 04114
-8- is filtered while passing through a spinning pack |ocated in a spinning

ek ot o i R nEplato o Rerald SIRATIGES 11 0
be removed fronydiAgnyilie! € phthalate), it is recommended that polymeric particles of the same be
pretreated by heating with agitation at a temperature above the glass transition
temperature and below the melting temperature for a sufficient period of time to expel
10 moisture and to bring about a physical modification of the surfaces of the particles so
as to render them substantially non-sticky. Such pretreatment results in an ordering
or crystallization of the surfaces of the particulate starting material and thereafter
better enables the polymeric particles to flow and to be transferred in a readily
controllable manner when being supplied to the melt-extrusion apparatus. In the
15 absence of such pretreahﬁen_t the polyester particles tend to clump. Starting materials
such as isotactic polypropylene need not be sﬁbjected to such pretreatment since they
inherently lack a propensity to clump. The moisture content df a polyethylene
terephthalate starting material preferably does not exceed 25 ppm prior to extrusion.
The melt-processable thermoplaétic polymeric material is heated to a |
20 temperature abbve its meltil;g temperature (¢.g2., commonly to a temperature of
approximately 20 to 60°C. above the melting temperature) and is passed to a plurality
of melt éxﬁusion orifices (i.e., a spinneret possessing a plurality of openings).

Commonly, the polymeric material is melted while passing through a heated extruder,



t her nopl astic polynmer so as to preclude bl ockage of the spinneret holes.
The size of 5 the extrusion orifices is selected so as to nake
possible the formation of a multifilamentary spinline wherein the

i ndividual filanments are of the desired denier follow ng drawi ng or

el ongati on pry®yrdeoeconpl ete solidification as descri bed heweafuseresiis
Suitabl e hole diameters for the extrusion orifices comonly range from
approximately 0.254 to 0.762 mm (10 to 30 mls). Such hole cross-sections
can be 10 circular in configuration, or may assune ot her
configurations, such as trilobal, octal obal, stars, dogbones, etc.
Represent ati ves pack pressures of approxi méi-ely 8,268 to 41,340 kPa (1,200
to 6,000 psi) commonly are utilized with polyethylene terephthal ate, and
appr oxi nat el y & fd@oed white p56isg itireughia GEioning packSiocateskin)a spinnimgnblpclarand is
utilized with isotactic pol ypropyl ene. Wen pol yethyl ene terephthal ate is
t he 15 spaasedi thepugh tther exatusion eyifiesseattaadontreligiofatentyr uselof @UgEPLibg pahp S
commonly range from0.4 to 2.0 granim n./hole, and when isotactic

pol ypropyl ene Itds irysoreintithiat fgy solit Pattithilate B DR TEMbVedSrdin thembltddr oughput
rates commonly range from0.2 to 1.5 gramm n./hole. The nunber of

extrusion orifiheRsopMific poRider 36 a8 ROGIEBIRAe Bl@EkaE@oY%feisﬁgmg%ﬁjﬁ&ws. PHE Giz0 ypDEr

of the extrusion orifices corresponds to the nunber © cont i nuous

filamends cont @ERkah§ioh bﬂﬁ%ég% bt do" tH?ﬁkaﬁcE%BLs?di?ﬂfe%Bﬂnﬁoﬁro?‘is material.

For instance, the nunber of extrusion orifices comonly can range from
o o o Y A8k Yl el 65 PHRY g Y ikl e
gg.; Brsggfoiﬁgfgll%ﬂ{g &rgﬁmg orvé\gynggZ(ig’nGQt%c?r to complete solidification as described
hereafter. Suitable hole diameters for the extrusion orifices commonly range from-
approximately 0.254 to 0.762 mm. (10 to 30 mils). Such hole cross-sections can be
10 circular in configuration, or may assume other configurations, such as trilobal,
octalobal, stars, dogbones, etc. Representatives pack pressures of approximately
8,268 to 41,340 kPa (1,200 to 6,000 psi) commonly are utilized with polyethylene
tefephﬂlalate, and approximately 6,890 to 31,005 kPa (1,000 to 4,500 psi) commonly
are utilized with isotactic polypropylenc. When polyethylene terephthalate is the
15 starting material, representative polymer throughput rates commonly range from 0.4
to 2.0 gram/min./hole, and when isotactic polypropylene is the starting material,
representative polymer throughput rates commonly range from 0.2 to 1.5
gram/min./hole. ‘The number of extrusion orifices and their arrangement can be
varied widely. Such number of the extrusion orifices corresponds to the number of
20 continudus filaments contemplited in the resulting multif;lamemary fibrous material.
For instance, the number of extrusion orifices commonly éan range from

- approximately 200 to 65,000. Such holes commonly are provided at a frequency of

approximately 2 to 16 cm.2 (10 to 100 per in.2). In a preferred embodiment the



-9- extrusion orifices are arranged in a rectilinear configuration (i.e, as
a rectilinear spinneret). For instance, such rectilinear spinnerets can
have wi dt hs of approxinmately 0.1 to 4.0 neters (3.9 to 157.5 in.), or nore,
dependi ng upon the width of the spun- bonded nonwoven web that is to be
formed. Altermai9nsedzg, a nulti-position spinning S ar PERY8OAtI4can
be utilized. A quench zone capabl e of acconplishing the solidification of
the polten nmultifilanmentary thernoplastic polyneric spinline follow ng nelt
extrusion is |ocated bel ow the extrusion orifices. The nolten
multifilanmentary spinline is passed in the direction of its |length through
t he quench zone provided with a gas at | ow v&l oci ty 10 and hi gh
vol une where it _oreferabtly i s quenched in a substantially uniform manner in
the absence of FHERFOT ORMIGH aTFCAETARGRG Y hIacHUNT EPRIBUTAHAR (kg o2t Fcaifjnear
mul ti-filamentary spinline passes fromthe nelt to a senm -solid consistency
and from t he sefpinagset).d Fiop instanes; rsuch restilineap spignesess Fan have sidthe of 9ppreximately o
solidification when present imediately bel ow the extrusion orifices, the
mul ti-fil ament ar . Istoi 0 imeters (318rtg d63.5an)5or more, depentiing aipon die widthvohthe apeh-
orientation of the polyneric nol ecul es. The gaseous atnosphere present
wi t hi n t he quenbbnded menwownewetbthat isito delfoineed. sAlteanativelypa imdti-pbsitién Bgifnéing
efficient heat transfer. In a preferred enbodi nent of the process the
gaseous At nospherréngeinehihéanthtanilized.one i s provided at a tenperature of about
10 to 60[err]C. (e.g., 10 to 50[err]C), and nost preferably at about 10 to
30[err]C. (e.g., at AOGEhelzone capabid Wéﬁgﬁhﬁgﬁh Rﬁidﬁ'f&ﬁoxgaﬁtlﬁ hdltenal
t critical to the opera

conposition of the gaseous atnosphere Is n tion of

the process pr omm%wﬁ%ﬁgg@ Ce,ri@sﬂiaidaﬁt,n%ﬂgkﬁgg&aﬁhw % iy%&@at he

mel t - processabl e ther mat'er 1 al . rticular

preferred embodygBRtme bxdiorPSrR%ESS Tnb %lﬁmaﬁéﬂ% %Bl%ixge Esnpatspe% iggneh

zone is .

direction of its length t’nrougﬁ the quench zone provided with a gas at low velocity

10 and high volumé where it preferably is quenched in a substantially uniform manner in
the absence of undue turbulence. Within the quench zone the molten multifilamentary
spinline passes from the melt to a semi-solid consistency and from the semi-solid
consistency to a fully solid consistency. Prior to solidification when present -
immediately below the extrusion oriﬁces, the multifilamentary spinline undergoes a

15 substantial drawing and orientation of the polymeric molecules. The gaseous
atmosphere present within the quench zone preferably circulates so as to bring about
more efficient heat trzixisfer. In a preferred embodiment of the process the gaseous
atmosphere of the quénch zone is provided at a temperamré of about 10 to 60°C.
(e.g., 10 to 50°C), and mosi preferably at about 10 to 30°C. (e.g., at room

20 temperature or below). The chemical qomposition of the gaseous atmosphere is not-
critical to the operation of the process provided the gaseous atmosphere is not unduly
reactive with the melt-processable thermoplastic polymeric material. In a particularly

preferred embodiment of the process, the gaseous atmosphere in the quench zope is
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-10- air having a relative humdity of approxinmately 50 percent. The
gaseous atnosphere is preferably introduced into the quench zone in a
cross-flow pattern and inpinges in a substantially continuous manner on one
or both sidesw@P736a2s spi nl i ne. O her quench fl ow arrangenentRCHRESI7/H4 14
simlarly utilized. Typical lengths for the quench zone 5 commonl y
range from0.5to 2.0 m (19.7 to 78.7 in.). Such quench zone may be

encl osed and provided with neans for the controlled w thdraw of the gas
flow that is introduced thereto or it sinply may be partially or conpletely
open to the surroundi ng atnosphere. The so‘llgdi fied nmultifilanentary
spinline is vvr%ggied about at_ |east two spaced 10 driven draw rolls
that are surrothdaYnp ¢ rglatys bemidity of apprexigiaisly. 50 percent; (The; gaseaus aERgsphere
spinline is wapped about the rolls. If desired, one or nore additional
pairs of spacel RIefebibinttoduced infe the anangle Bonerin acgrossSlayn pattermandimpinges in
surrounded by the same continuous shroud. The multifilamentary spinline
typically is weapghstaatisihocontipheusdnanmer ob bae art bath aidesiofjthe spinfine p Otleex iquedchl v
90 to 270 degrees, and preferably at wap angles within 15 t he range
of approxi mat eflpw Efngemetitdmay be einsilarlyhrilisdd. OWypital ldnpehsifoL thei qheichSfdae ed
relationship to the draw rolls and provides a continuous channel in which

the spifiline cedmhosg!rings ol e 2ioan! (1917 o T8<Plid.).2 SBeHl duienh Z6MeCRayPe t he
spinline so as to acconplish the drawi ng thereof adjacent the extrusion

orifices and pPgicised And BINARY SviftinbalisthS Mk icBRtrdifRd WAfhdFHHE BE the 23E BlowAthad i e
exit end of the shroud a pneumatic
introduced thereto or it simply may be partially or completely open to the surrounding
atmosphere.
The solidified multifilamentary spinline is wrapped about at least two spaced
10 driven draw rolls ﬁlat are surrounded by a shroud at areas where the multifilamentary
- spinline is wrapped about the rolls. If desired, one or more additional pairs of spaced
draw rolls can be provided in series and similarly surrounded by the same continuous
shroud. The multifilamentary spinline typically is wrapped about the draw rolls at
wrap angles of approximately 90 to 270 degrees, and preferably at wrap angles within
15 the range of approximately 180 to 230 degrees. The shroud is provided in a spaced
relationship to the draw rolls and provides a continuous channel in which the spinline
can freely pass. The draw rolls exert a pulling force on the spinline so as to
accomplish the drawing thereof adjacént_the extrusion orifices and prior to complete.
solidification'in the quench zone. Af the exit end of the shroud a pneumatic
20 forwarding jet is located that assists in the contact of the multifilamentary spinline
with the spaced draw rolls and expels the multifilamentary spinline in the direction of
its length from the exit end of the shroud toward a support where it is collected as

described hereafter.



20 forwarding jet is located that assists in the contact of the
multifilamentary spinline wwth the spaced draw rolls and expels the
multifilanmentary spinline in the direction of its length fromthe exit end
of the shroud toward a support where it is collected as descr

hereafter.  W@PTINB6026 . Pchfittsmae
PCT/ US97/ 04114 -11- The driven draw'rolls which are utilized in accordance
wi th-the present invention possess |engths that exceed the width of the
spun- bonded nultifilanentary fibrous web that is being fornmed. Such draw
rolls may be forned from cast or machi ned quninun1or ot her durabl e
materi al . The surfaces of the drawrolls 5 ™ preferably are snooth. -

Representative dianeters for.the draw.rolls.co n r .fro _ §
approxi mately- 10 to .gge ?Fhvert%r_ay ' sﬁ'g‘% ﬁr%ysxﬁu;ﬁﬁyaé%#?pgﬁgggé ﬂ@e%%fﬁnﬁent t he
drawroll dianeter i.s approximately 15 to 35,.cm (5.9 to 13,8 in,). As wll
be apparent to HIVGEHONRGSsess dengthsithalexceed the Width of the jsun-banded) mulkifilamentary
spinline wap angle will largely deternine the sPaced rel ati onship of the
draw rol | s. Dur ifbgoustrebgbatriabeiss formed. Suchglraw pallsgnaychesforged fiom easeerent
i nvention the draw rolls comonly are driven at surface speeds within the
range of appr oximaghised albpGeon oo othed) derable materiad, Tiwe tseafarep of theidmaw eolls1, 094 to
5,468 yds./mn.), and preferably at surface speeds within the range of
appr oxi mét el y 1 poeiérably a3e SfOothe tRepsespmeativei diamater§ forothe draw 118 tomymimly( range ) .
The driven draw rolls inpart a pulling force to the nultifilanentary
spinline 15 from\BppibxigBRen P 16 6B ema (B 9ke R36ting| Idracpieierved embbditesingl | ne
that takes place at an area '

draw roll diameter is approximately 15 to 35 cm. (5.9 to 13.8 in.). As will be

apparent to those skilled in fiber technology, the roll diameter and spinline wrap angle
will largely determine the spaced relationship of the draw rolls. During the operation
10 of the process of the present invention the draw rolls commonly are driven at surface
speeds within the range of approximately 1,000 to 5,000, or more, meters per minute
(1,094 to 5,468 yds./min.), and preferably at surface speeds within the range of
approximately 1,500 fo 3,500 meters per minute (1,635 to 3,815 yds./min.).
The dri_ven draw rolls impaft a pulling force to the multifilamentary spinline
15 which awomplishes a substantial drawdown of the spinline that takes place at an area
situated upstream prior to the comﬁlete solidification of the individuai filaments
present therein.
The presence of a shroud or enclosure surrounding the draw rolls is a key
feature of the overall teﬁhxiology of the présent_ invention. Such shroud is sufficiently
20 spaced from the surfaces of the draw rolls to provide an unobstructed and continuous
enclosed passage to accommodate the multifilamentary spinline that is wrapped on the
dra§v rolls as well as to accommodate the uninternipted flow of . gas from the entrance

end to the exit end. In a preferred embodiment the inner surface of the shroud



situated upstreamprior to the conplete solidification of the individual
filaments present therein. The presence of a shroud or encl osure
surrounding the drawrolls is a key feature of the overall technol ogy of
the present invention. Such shroud is sufficiently 20 spaced fromthe
surfaces of whewskozév rolls to provide an unobstructed and RETWYSIOAIE4

encl osed passage to accommobdate the nmultifilamentary spinline that is
wrapped on the draw rolls as well as to accommopdate the uninterrupted fl ow
of gas fromthe entrance end to the exit end. In a preferred enbodi ment the
I nner surface of the shroud WD 97/ 36026

PCT/'US97/ 04114 -12- enclosure is spaced nd2nore than approximately 2.5 cm
(1in.) fromthe draw rolls, and no less than approximtely 0.6 cm (0.24
in.) from t heerplosure is|spaced aopmere teani apPraximaelyiZg cie(! iny) Frefnibeideayy rodis. wi t h
the exit end of the shroud causes a gas, such as air, to be drawn into the
entrance end add hédess thanagprokimatélp @. G emo(h?4/ing) framdhe Aeawsrolls. A pnenmdtigces
of the draw rolls bearing the multifilanmentary spinline, and to be expelled

downwar dl y oufor@ardiniCjet piesnwabhication rwith e egit end of theahmiod causes hghs,bath aes
the outer boundary of such continuous passageway is provided as a hood

about the dray! g bSdaba iABhdEnttMESBS 6ff tha Bhrotldr LRy SMéchlyalrourgute as
polymeric or nmetallic materials. In a preferred enbodi nent the shroud is

formedsat | eaglrrRag bt el drawlroit teafifg aRAulbfiladHtatOspintine, and @) b @ipelied

material such as a polycarbonate-linked material that enabl es ready

observation ofod,RGaral) Bt dsudd HiBubidfic fotirdit jet.” ThO SSiR fhah fefitfes tHtCoitét Oud

Wi th respect

boundary of such continuous passageway is provided as a hood about the draw rolls
and can be formed of any durable material, such as polymeric or metallic materials.
In a preferred embodiment the shroud is formed at least partially of a clear and sturdy

10 polymeric material such as a polycarbonate-linked material that enables ready
observation of the spinline from the outside. If the spacing of the shroud with respect
to the draw rolls is t00 distant, the velocity of the gas flow in the shroud tendé to
become unduly low so as to preclude the imposition of the desired improved contact
between the multifilamentary spiniinc and the dﬁven draw rolls.

15 For best results, the area of confined gas flow created within the shroud is
smooth and substantially free of obstruction or areas where gas dissipation could
occur throughout the length of the shroud from its entrance end to the exit end'. This
preciudes any substantial interruption or loss of the gas flow at an intermediate
location within the shroud during the practice of the present inveﬁtion. When the gas

20 flow within the shroud is substantially continﬁous and undisturbed, such flow achieves
its intended function of enhancing the contact between the driven draw rolls and the
multifilamentary spinline that is wrapped on such draw rolls. The possibility of

slippage of the multifilamentary spinline when wrapped on the draw rolis is overcome



to the drawrolls is too distant, the velocity of the gas flowin the
shroud tends to becone unduly |Iow so as to.preclude the inposition of the
desired inproved contact between the nmultifilanmentary spinline and the
driven draw rolls. 15 ' For best results, the area of confined
gas flow creawed7kéi n t he shroud i s smoth and subst ant i al FGIT¥aE4134
obstruction or areas where gas dissipation could occur throughout the

| ength of the shroud fromits entrance end to the exit end. This precludes
any substantial interruption or loss of the gas flow at an internedi ate

| ocation within the shroud during the practice of the present invention.
When- t he gas 20 flow within the shrddd is substantially conti nuous

and undi sturbed,_.such flow achieves its intended function of enhancing the
contact bet weedt ShECHN Wé‘Hm&'Pﬁw?PGIH °§Ffii° %&‘Pﬁ‘?‘t‘#i‘?ﬂ RIFRSRE pvgnuan e ne -
that is wapped on such draw ralls. The possibility of slippage of the

mul ti fil ament asiroudingiudss polymericyedges o8 exisnsions (le.awetodynamic deflisptors)othat are \\O
97/ 36026 ) . . PCT/ US97/ 04114
-13- ‘or is gre&bpapleeiheingpagitioned in gleserprpximity dorthsdirivendraw ralls¢hyoughan the

I nvention the shroud includes polyneric edges or extensions (i.e,

aer odynam ¢ defrbldangths jat aneas immesliatelp £blleving theqgioims phere tthomatiifilimaltaye
proximty to the driven draw rolls throughout the roll lengths at areas

i mredi abel y f olspinlibenlpavdsehepdiamt olisvand ennédiataly|priof kd thepoind whefe the

spinline |l eaves the draw rolls and inmediately prior to the point where the

nul ti filament amulsfiankatae Hiding efigdgbetheacsund diivaYoll. OThese M&E Posiiie aPOSSi bl e
a substantially conplete enclosure of the drawrolls with such edges
preferably bei ggbstantially complete enclosure of the draw rolls with such edges preferably being
| capable of ready disintegration preferably as a fine powder when contact is made with
the draw rolls. Such polymeric edges preferably possess a relatively high melting
10 temperature and apprdach each draw roll while leaving a very slight opening on the
order of 0.1 to 0.08 mm. (0.5 to 3 mils). Representative polymeric materials suitable
for use when forming the polymeric edges include polyimides, polyamides,
polyesters, polytctraﬂuoroéthylene, 'etc. Fillers such as graphite optionally may be
present therein. Uniform gas flow within the shrqud is maintained and undesirable
15 roll wraps of the multifilamentary spinline are precluded. Accordingly, the necessity
to shut down the spinline in order to correct roll wraps is greatly minimized and the
ability to continuously form a uniform $pun-bonded web product is enhanced.
The pneumatic forwarding jet. located at the exit end of the shroud provides a
continuous downwardly-directed gas flow, such as air flow, at the exit end of the
20 shroud. Sucli forwarding jet introduces a gas flow substantially parallél to the
movement of the spinline while the spmlme passes through an opening provided in the
pneumatic forwarding jet. A continuous flow of gas throughout the shroud is created

via aspiration imparted by the pneumatic forwarding jet with a supply of gas



capabl e of ready disintegration preferably as a fine powder when contact is
made with the draw rolls. Such polyneric edges preferably possess a
relatively high nelting 10 t enperature and approach each draw roll
whil e | eaving a very slight opening on the order of 0.1 to 0.08 mm (0.5 to
3 nmls). Repwesesdad i ve polyneric materials suitable for uRCEHEREHOY ni ng
the pol yneric edges include polyimdes, polyam des, polyesters, :

pol yt etrafl uoroet hylene, etc. Fillers such as graphite optionally nay be
present therein. Uniformgas flow within the shroud is nmaintai ned and
undesi rabl e 15 roll waps of the nultifilanentary spinline are

precl uded. Accordingly, the necessity to Sut down the spinline in order to
correct roll waps is greatly mnimzed and the ability to contjnuously
form a uni f or eddigonallyeinsqirain insp sk entrance endrf the shroud,and flewing throughout
forwarding jet |ocated at the exit end of the shroud provides a continuous
downwar dl y- di tieclesgthgdshef shyoud. sThhgassilew entetingithe gntrange eag of thersirayd t he 20
shroud. Such forwarding jet introduces a gas flow substantially parallel to
the novenent afergdsewittpthat intveduded|by thé pnesypiatit iforwapdingsjes {The doghwardhyopeni ng
provided in the pneumatic forwarding jet. A continuous flow of gas

t hroughout t h@oWiRg@psh infrodiiced b Guehi Fneamplid forwardingrjpeitipiaged yhet dpnline andat i c
forwarding jet with a supply of gas WO 97/ 36026

PCT/ USQ7/ 04114yerdds natlidt phibiRgfbrte BRtketa s toVistist Aahe Maimdiasceesiuniforiahe
shroud and fl ow ng throughout the |length of the shroud. The gas fl ow

entering the GofigRes ik %St&ﬂﬁl SBeAMOoMEpESRR. WiHe pat Ralbociy iniyeies B9 day t he
pneumati c forwar gl ng jet. e downwardly :
pneumatic forwarding jet exceeds the surface speed of the driven draw rolls so that
the requisite pulling force is made possible. Such pneumatic forwarding jet with the
assistance of the air flow created in the shroud has been found to facilitate good
10 contact with the draw rolls in order to make possible the uniform drawing of the
continuous filaments within the resulting nonwoven product. The pneumnatic
forwarding jet creates a tension on the spinline that helps maintain the spinline in
.good contact with the draw rolls. A product of superior filament denier uniformity is
foﬁncd while precluding slippﬁgc between the multifilamentary spinline and the draw
15 rolls in the context of the overall process. Such pneumatic forwarding jet does not
serve any substantial filament drawing or elongation function with the drawing force
being primafily created by the rotation of the driven draw rolls. Pneumatic
forwarding jets capable of advancing a muitifilamentary spinline upon passage through
the same while exerting sufficient tension to well retain the spinline on the draw rolls |
20 ‘in the substantial absence of slippage may'be utilized.
If desired, an electrostatic charge optionally can be imparted to the moving

spinline from a high voltage low amperage source in accordance with known

technology in order to assist filament laydown on the support (described hereafter).



flow ng gas introduced by such pneumatic forwarding jet inpinges the
spinline and 5 - exerts a further pulling force thereon sufficient to
assist in the maintenance of uniformroll contact in the substanti al
absence of slippage. The gas velocity inparted by the pneumatic forwarding
jet exceeds twWe9¥s#éce speed of the driven draw rolls so t fr&o4114
requisite pulling force is nade possible. Such pneunatic forwarding jet
with the assistance of the air flow created in the shroud has been found to
facilitate good 10 contact with the drawrolls in order to nake
possi bl e the uniformdraw ng of the continuqus filanents within the
resul ti ng nonwoven product. The pneurmatic forwarding jet creates a tension

on the spinline that hel ps naintai.n the spinline.i ood contact with.the
draw roll's. A pr oolutéfthe 8\’19@65’8#?% 40ip p SHacHH ’Qéﬁﬁ‘?“é’?‘l’ﬁ’ﬁg‘rwo%ﬁiﬁ“ﬁ“’@“cf Srvigng
whi | e precluding slippage between the nultifilanmentary spinline and the
draw 15 g that i ganahle of grscdving the myltfihmentary sninlipe @ad faclifates Bkcumat i ¢
forwarding jet does not serve any substantial filament draw ng or

el ongat i on f undaydewnthergof tadorm a\Weby SushsupPROs; prgfepblyrisra movisg samtépops andhe
rotation of the driven draw rolls. Pneumatic forwarding jets capabl e of
advanci ng a nulhigiy hiaipermeable ropiting ibakk sughos thatsomgroniyhwtiizgh duting terformdtione
exerting sufficient tension to well retain the spinline on the drawrolls
20 5 i n t heof auipah-bonded| noatveeencwhertinsl papisd yacuwey istapplid fromedlow fuch belt
desired, an electrostatic charge optionally can be inparted to the noving

spinline from aylitiyEontfiniteion the yddde bR mtifilafentiryodpiling dRQhe ¥appbrtkoown
technology in order to assist filanment | aydown on the support (described

hereafter). fi¥h 9 4eb6 OFhe vacuum from below preferably balances to some degree the air
PCT/ US97/ 04114
emitted by the pneumatic forwarding jet. The unit weight of the resuiting web can be
adjusted at will through a modification of the speed of the rotating moving belt upon
10 which the web is collected. The support is provided in a spaced relationship below
the pneumatic forwarding jet at a sufficient distance to allow the multifilamentary
spinline to spontaneously buckle and to curl to at least some extent as its forward
movement slows before being d_eposited on the support in a substantially random
manner. An eiccessively high fiber alignment in the machine direction ié precluded in
15 view of substantially random laydown during web formation.
The multifilamentary spinline hext is passed from the collecting support to a
bonding device-wherein adjacent filaments are bonded together to yield a spun-bonded
~ web. Commonly the web is further compacted by mechanical means prior to
undergoing bonding in accordance with technology commonly utilized in nbnwoven
20 technology of the prior art. During bonding portions of the multiﬁlarn'entary product
commonly pass through a high.p_ressure heated nip roll assembly and are heated to the
softening or 'mclting't:mperamrc'where aﬂjoining ﬁ[aments that experience such

heating are caused to permanently bond or fuse together at crossover points. Either



-15- The support is located in a spaced rel ationship bel ow the pneumatic
forwarding jet that is capable of receiving the multifilanmentary spinline
and facilitates the | aydown thereof to forma web. Such support preferably

s a noving f"?’%’é&gﬁus and highly air perneable rotating be}&,‘gﬁgﬁlﬁ t hat

commonly uti ring the formation 5 of a spun-bond nonwoven
wherein a partial vacuumis applied from bel ow such belt which contributes
to the laydown of the nmultifilamentary spinline on the support to forma
web. The vacuum from bel ow preferably bal ances to sone degree the air
emtted by the pneumatic forwarding jet. Jfge unit weight of the resulting
web can be adjusted at will through a nodification of the speed of the

rotating movi Bﬁttéi‘ﬁ@.'_e_.};"gﬁ{ht)l&nding'usidw ElenkiikCor\RPfabeS (10 Jré‘d?tb%ﬂdin RErosd/@RO" t
is provided in a spaced relationship bel ow the pneumatic forwarding jet at

a sufficient ggt?g%ﬁfﬁcégfﬁk Wy ?g%ﬁr} | 1h AEEREALY wiB't hgfséﬁe§ﬂlbwn in the

spont aneousl y e and to cur east sone extent I'ts forward

novenent slo b i Ie . Ny tantially
random nanneﬁnAﬁl;rgiegaesgf%‘g’%ﬁ?‘gﬁggl ’%@dtgpﬁ%%%ﬁ?g@#gﬁ@u%c I ne direction
Is precluded in 15 vi ew of. substantially random |.aydaown dur.i web
for mat 1 on. - ThatmRpequs aglcao oF b ARd REsevESc, 1n & PRACUar Prethirec ARegneiRy | ng
support to a bhondi ng devi ce. wherei n adjacent fjlanents_are bonded together
to yiePd a spdhfISHERE WrRHs bended3hinfermtent spacedslopafions, wbile ysipg @matieryy
mechani cal nmeans prior to undergoing bonding in accordance with technol ogy
comonl y uti | isgleeted ip bo pompatibleowith the contemplated engyuses Tiypisalht bend pressurepyr j ng
bondi ng portions of the nultifilanentary product conmonly pass through a
hi gh pressur e ringstfeen approximdtely 43 Sntol 89.4Kg./dinsathemt 00 toS5¢hibsdlineaein.hg or
melting tenperature where adjoining filaments that experience such heating
are caused t o apébond erehs yornonly eangeUsmn apprexinarelyndo ¢ 36 percent of thensusfack t her
undergoing such pattern bonding. The rolls may be heated by means of circulating oil
- 10 or by induction heating, etc. Suitable thermal bonding is disclosed in U.S. Patent No.
'5,298,097 which is herein incorporated by. reference.
The spun-bonded web of the present invention typically includes continuous
filaments of approximately 1.1 to 22 dTex (1 to 20 denier). The preferred filament
dTex for polyethylene terephthalate is approximately 0.55 to 8.8 (0.5 to 8 denier),
15 and most preferably 1.6 to 5.5 (1.5 to 5 denier). The preferred filament dTex for
isotactic polypropylene is approximately 1.1 to 11 (1 to 10 denier), and most
preferably 2.2t04.4 2to 4 denier). Commonly a polyethylene terephthalate filament
tenacity of approximately 2.2 to 3.4 dN/dTex (2.0 to 3.1 grams per denier) and an
isotactic polypropylene filament tenacity of 13.2 to 17.7 dN/dTex (1.5 to 2 grams per
20 denier) are obtained in the spun-bonded webs formed in accordance with the present
invention. Relatively uniform nonwoven webs having a basis weight of approximately

13.6 to 271.7 g./m.2 (0.4 t0'8.0 oz./yd.2) commonly are formed. In a preferred

embodiment the weight basis is approximately 13.6 to 67.9 g./m.2 (0.4102.0



WD 97/ 36026 PCT/ US97/ 04114
-16- pattern (i.e., point) bonding using a calendar or surface (i.e., area)
“bondi ng across the entire surface of the web can be inparted in accordance
with techni qu%&ﬁm in the art. Preferably such bondi ng i sper/oseneeddby

t hermal bondi ng through the sinmultaneous application of heat and pressure.
In a particularly preferred enbodi nent 5 the resulting web i s bonded
at i'ntermttent spaced | ocations while using a pattern selected to be
conpatible with the contenplated end use. Typically bond pressures range
fromapproximately 17.9 to 89.4 Kg./ linear1zm (100 to 500 Ibs./linear
in.) and bond areas commonly range from approxi mately 10 to 30 percent of
the surface undes.gaidg Neimbover ptoducts pretetably hafing arunltl veeigh yotficienndiowetby
means of circulating oil 10 or by induction heating, etc. Suitable

thermal bondi ngvirfatich S€le@stQd 16w ad/4 Percen @hrmiied over2P Sandifle’ of P32 bmi%S(366A.8) N

I ncorporated by reference. The spun-bonded web of the present invention

typical I'y i ncl ug@SyeCRRhbd HP4tR orldhh@ Wil fheechABIBEPSf TR ippds¥nt hnventiBn 22 dTex (1
to 20 denier). The preferred filanment dTex for polyethylene terephthal ate

[ i mately O. ' i . _
preforaply 1.6 1o b, D fetiofbgy bt e frefinf BEtoh i Pahable o fofHitle FiSghty uoiform
i sotacti | | ' | mat el 1 to 11. tp 10 ' , d
ot pr cf or abl yESpoRld,pdREY 8 U afckpericons Bagit e Bspr bRk,
t ht hal ate fj| t t I t f imately_ 2.2 to 3.4 dN dTex (2 to
51 Brans. per dURETS capia) and aperu el aU G, TEHEr o Bad Possiolh
13.2 to 17.7 dN dTex g1.5 tqQ.2 grans per . . )

y the ability to utilize sCrap or recycled thermoplastic polymeric matengl as the |

starting material. The self-stringing capability of the technology further assures
minimal startup activity by workers thereby maximizing production from a given
.10 facility.

The following examples are given as specific illustrations of the present
invention with reference being mgde to FIG. 1 and FIG. 2 of the drawings. It should
be understood, however, that the invention is not limited to the specific details set
forth in the examples. |

15 - In each instance the thermoplastic bolymeric material while in flake form was’
fcc_i to a heated MPM single screw extruder (not shown) and was fed while molten
through a heated transfer line to a Zenith pump (not shown) having a capacity of
11.68 cm.3/revolution (0.71 in.3/revolution) to pack/spinneret assembly 1. The
extruder control pressilre was maintained at approximately 3,445 kPa (500 1bs./in.2).

20 The thermoplastic polymer while molten passed tﬁrough pack/spinneret assembly 1
.that included a ﬁlter medium to form a molten multifilamentary thermoplastic
polymeric spinline 2. The resulting multifilamentary spinline next was quenched

while passage through quench zone 4 having a length of 0.91 m. (36 in.) wherein air



20 . denier) are obtained in the spun-bonded webs formed in accordance
with the present. invention. Relatively uniformnonwven webs having a basis
wei ght of approxinmately 13.6 to 271.7 g./mJ[err] (0.4 to 8.0 oz./yd.[err])
commonly are forned. In a preferred enbodi nent the wei ght | S|

appr oxi mat el YO2¥3¥2% 0 67.9 g./m[err] (0.4 to 2.0 VO 97?%%6%?7’8““

PCT/ US97/ 04114 -17- oz./yd.[err]). Nonwoven products preferably having a
unit wei ght coefficient of web variation at |east as |ow as 4 percent
determ ned over a sanple of 232 cmJ[err] (36 in.[err]) can be forned in
accordance wth the technol ogy of the preﬂ nt invention. The technol ogy of
the present invention is capable of form S'a hi ghly uniform5

bur densons. cag § RS st APRrERae 15\ € Behl B binie A RERRReTY, o' Tl

possi ble by the abj.lity to utilize scrap_.and/or .recycled ther | astic

pol ymeric mat QFWPA'%!EN%QH’S '?P?}’r‘{q“f?at o oRg,side;thipt Was JupR ability

of the technol ogy _ further assures mininmal startup activity by workers

t her eby naxi mceﬁ'g QU)F’?SHW&% ingradyced 3t a flow ke of139.9 cm./secq él:liqyﬁt-th}‘.m-)Fhe

foll ow ng exanples are given as specific illustrations of the present

i nvention with ref & lowerpertionf theawinlipe 8| rext anterpd) tie) egtracesindt Ifeofcshzonidngs .

It should be understood,, however, that the inventionis not limted to the

speci f bc det ailR shassurrbunded drivent raweroklsip# @nd 16 Bt areas where the spinline ozash

I nstance the thernoplastic polynmeric material while in flake form was
wrapped about such draw rolls. The draw rolls 14 and 16 had diameters of 19.4 cm.

(7.6 in.). The spinline engaged each draw roll at an angle of approximately 210
degrees. The innér surface of the shroud 12 was spaced at a distance of
approximately 2.5 cm. (1 in.). from the surfaces of drgw rolls 14 and 16 at areas

10 where the spinline was wrapped about such rolls. As shown in FIG. 1, polymeric
extensions or edges 18, 20, and 22 were provided to facilitate the_ formation of a
substantially complete passageway from the entrance end 10 to the exit end 24 of
shroud 12. The details of a representative polymeric extension or edge are shown in
greater detail in FIG. 2 wherein r;placeable polymeri§ edge 26 is mounted in holder

15 28 of shroud 12. The polymeric edge 26 and holder 28 form a portion of shroud 12
through which the spinline passes. The polymeric edge or extension 18 of FIG. 1
corresponds to replaceable 'poly.meric' edge 26 with holder 28 of FIG. 2. Any contact
of the pol&meric edge 26 with the draw roll. 14 causes the disintegration of such edge
as a powder without any significant harm to such draw roll. In FIG. 2 the spinline is

20 indicated at 30 as it leaves the first draw roll 14. The draw rolls 14 and 16 as shown
‘in FIG. 1 facilitate the drawing of the spinline 2 prior to its complete solidiﬁcation.
| At the exit end 24 of shroud 12 was located pneumatic forwarding jet 32

wherein air was introduced through conduit 34. and was directed downwardly



fed to a heated MPM singl e screw extruder (not shown) and was fed while
nolten through a heated transfer line to a Zenith punp (not shown) having a
capacity of 11.68 cm|[err]/revolution (0,71 in.[err]/revolution) to

pack/ spi nnere ly 1. The extruder control pressure was | L,hed at
appr oxi mat el ynﬂﬁﬁ‘ﬁ%pa (500 Ibs. /in.[err]). 20 The Fgg}rvgrr%p o
pol ymer while nolten passed through pack/spinneret assenbly 1 that included
a filter mediumto forma nolten nmultifilanmentary thernoplastic polyneric
spinline 2. The resulting nmultifilanentary spinline next was quenched while
passage through quench zone 4 having a lengfgy of 0.91 m (36 in.) wherein
air WD 97/ 36026

- PCT/ US97/ 04114 sufgtantifly PataBOINBIt8d dirétidh of BR'MemRhEbhd 3Gl 0Rpe G, t he

spinline in a substantially perpendicul ar and non-turbul’ent nmanner from one

of 35, §af; Eqw?iewﬂfé“ﬁ‘%ﬁ%?@ ol BB e a%?“‘f’lﬁ@y%%?%f?‘-g%;%ddﬁ&[ e
G rol | o 14 aid oug oo cbefihed Bhobfing. The sir xSl Bl b7 Wi et
The spinl i ne cngRIRIngdei2 asiap e stack soadl pkos fretp g it aclsy B

degrees.. The inner surface of the shroud 12 was spaced at a di stance of
appr oxi Mat el y PIEUpHe {°T”?'H§“F.J°tf3fzomﬂaﬁ§d a dyther pullige force wn thy spinling, gaused 6 at
areas 10 ere the spinline was wapped about such rolls. As shown
in FIG 1, pol ippal @yr; 1o he; ypkedptocshimd 12t entancy ¢ad 20, erested pn airifttsd t o

facilitate the formation of a _
throughout the length of the shroud 12, and facilitated a uniform wrapping of the

spinline on the draw rolls 14 and 16 in the substantial absence of slippage so that
uniform drawing was made possible. A.lso,.the' preumatic forwarding jet 32 caused
100 the spinline 36 to be expelled from the exit end 24 of the shroud 12 toward support 38
that was provided as a moving air-permeable continuous belt.
As the spinline 36 left pneumatic forwarding jet 32 the individual conﬁnuous
filaments present therein bccome curled in a generally random manner as the velocity
of the spinline decreased and its forward movement .slowed sincé a vigorous pulling
| 15 force no longer was being imparted to the same. The spinline next was collected on
support 38 in a substantially rafxdom manner. Such supﬁor: or laydown belt 38 was
commercially available from Albany lntémational of Portland, Tennessee, under the
designation Electrotech 20. The support 38 was positioned in a spaced relationship
below the exit port of poeumatic forwarding jet 32.
20 | - The resulting web 40 while present on support 38 next was passed around
compaction roll 42 and pattern-bonding rdll 44. Pattern-bonding roll 44 possessed an
engraved diamond pattern on its surface and was heated to achieve softening of the

thermoplastic polymeric material. Bonded areas extending over approximately 20



substantially conpl ete passageway fromthe entrance end 10 to the exit end
24 of shroud 12. The details of a representative pol yneric extension or
edge are shown in greater detail in FIG 2 wherein replaceable polymeric
edge 26 is nmounted in hol der 15 28 of shroud 12. The pol yneric edge
26 and hol deW®®/3e6m a portion of shroud 12 through whi ch PREUSHIMIEne
passes. The polyneric edge or extension 18 of FIG 1 corresponds to

repl aceabl e pol yneric edge 26 with holder 28 of FIG 2. Any contact of the
pol yneric edge 26 with the draw roll ‘14 causes the disintegration of such
edge, as a powder wi thout any significant mto such drawroll. In FIG 2
the spinline is 20 indicated at 30 &it Ieaves the first draw roH
14. The draw rg as ,ljtate the dra

Uhe spinline PHSFRCH YEP Firtbee Shot vabrs e Frebaesd beelh Ramaseepn 3440, o
shroud 12 was | gcated pneumatic forwarding jet 32 wherein air was

i ntroduced t hr8t§ANIBROAHINE soll 46 ThaJesyt ép%bafeﬂmmdw next fRtled And 5026
PCT/ US97/ 04114 -19- substantlally parallel to_the direction of the novenent
of the spinl i fgllectatbatAG: PBurhes deiailypensering e Fxpmplas arespeqiiind hereafter.
Ibs./in.[err]), and approximately 4.2 m([err] (150 ft.3) of air was
consuned per minute. The air velocity inparted by the pneumatic forwarding
jet 32 exceeded the surface speed of the drawrolls 14 and 16. The 5
pneumatii ¢ forwarding jet 32 inparted a Exgagpled pulling force on the
spinline, caused additional air to be sucked into shroud 12 at entrance end

10, created an air Tflieanerhfapnuwlﬂﬂymw&mhﬁﬂgt%sdonidmmw auiilable poBithylene
facilitated a uni form w appi ng of the _

terephthalate having an intrinsic viscosity of 0.685 grams per deciliter. The intrinsic

viscosity was determined as described earlier. Such polymeric material while in flake
form initially was pretreated at approximately 174°C. to achieve crystallization and

10 was dried in desiccated air at approximately 149°C. A spinning pack pressure of
13,780 kPa (2,000 Ibs./in.?) was utilized. The spinneret consisted of 384 evenly
spaced holes.across a width of 15.2 cm. (6 in.). The spinneret capillaries possessed a
trilobal configuration with a slot length of 0.38 mm. (0.015 in.), a slot depth of 0.18
mm. (0.007 in.), and a slot width of 0.13 mm. (0.005 m) The molten polyethylene

15 terephthalate was fed at a rate pf 1.2 gram/min./hole and was extruded at a
temperature of 307°C.

The driven draw rolls 14 and 16 were rotated at a surface speed of
approximﬁtely 2,743 metershﬂin. (3,000 yds./min.). The filameﬁts of the product
possessed a dTex of approximately 4.5 (a denier of 4.1), and a tenacity of

- 20 approximately 20.3 dN/dTex (2.3 grams per denier). The speed of the laydown belt
38 was varied so as to form spuﬁ-bonded webs that varied in unit _weight from 13.6 to

135.8 g./m.2 04t04.0 dz./yd.z). A spun-bonded product having a unit weight of



spinline on the drawrolls 14 and 16 in the substantial absence of slippage
so that uniformdrawi ng was nmade possible. Al so, the pneumatic forwarding
jet 32 caused 10 . the spinline 36 to be expelled fromthe exit end 24
of the shroud 12 toward support 38 that was provided as a noyJ

ai r - per meabl eWOBMéious bel.t. As the spinline 36 left pneudﬁ#&#%@#ﬂ%rding
jet 32 the individual continuous filanents present therein becone curled in
a generally random manner as the velocity of the spinline decreased and its
forward novenent .sl owed since a vigorous pulling 15 force no | onger
was being inparted to the same. The spinling next was collected on support
38 i'n a substantially random manner. Such sUpport or |aydown belt 38 was

iall il.abl om Al b | | . ' ,
Gnder the dosi cied Briict GET pE(RETY erbfbiEd A b STy SberRBEN BAmlGPBESRES,
spaced rel ationship bel ow th mcpoﬁ f gneumatic forwarding jet 32. 20
The resulting bomlal.qgmgfee S é?PSB‘o t 38 next was passed around

conpaction roll 42 and pattern-bonding roll 44. Pattern-bonding roll 44
possessed an engraved di anond pattern on its surface and was heated to
achi eve softening of the thernoplastic polyneric material. Bonded areas
ext endi ng over approximately 20 WO 97
PCT/ US97/ 04114 -20- percent of web surface were achieved as the web passed
bet ween Tonpact i on riel thermoplastippolymenwisoresmercially hvadiable Tsasactie palypropylene
spun- bonded web was next rolled and collected at 46. Further details
concer ni ng t he lavingd melt flos mEecfi 40 grdmisd O auihttes as determined by ASTM D-1238.
Such polymeric material was supplied in flake form and was melt extruded. A
spinning pack pressure of 9,646 kPa (1,400 lbs./in.z) was utilized. The spinneret
consisted of 240 evenly épaced holes across a width of 30.5 cm. (12 in.). The
10 spinneret capillary possessed a circular configuration with a diameter of 0.038 cm.
(0.015 in.), and a slot length of 0.152 cm. (0.060 in.). The molten isotactic
polypropylene was fed at a rate of 0.6 gram/min./hole and was extruded at a
temperature of 227°C.
The driven rolls 14 and 16 were rotated at a surface speed of approximately
15 1,829 meters/min (2,000 yds./min.). The filaments of the product possessed a dTex
of approximately 3.3 (denier of 3.0) and a tenacity of approximately 15.9 dN/dTex
(1.8 grams per deni_er). The speed of the laydown belt 38 was varied so as to form
spun-bonded webs that varied in unit weight from 0.4 to 2.0 oz./yd.2 (13.6 to 67.9
-g./m.2). A spun-bonded product having a unit weight of 44.1 g./m.2 (1.3 oz./yd.2)
20 exhibited a unit weight coefficient of variation of only 3.3 percent over a sample of
232 em.2 (36 in.2).

Although the invention has been described with preferred embodiments, it is to

be understood that variations and modifications may be resorted to as will be apparent



5 Exanpl e 1 The thernopl astic
polynmeric material was commercially avail abl e pol yet hyl ene terephthal ate
having an intrinsic viscosity of 0.685 grans per deciliter. The intrinsic
~viscosity was determ ned as described earlier. Such polyneric materi al
while in fl MeST¥k initially was pretreated at approxi mat AGIUSIHP4114 ¢
achieve crystallization and 10 was dried in desiccated air at
approxi mately 149C. A spinning pack pressure of 13,780 kPa (2,000

| bs./in.[err]) was utilized. The spinnéret consisted of 384 evenly spaced
"hol es across a width of 15.2 cm (6 in.)._The spinneret capillaries
possessed a trilobal configuration with a2l ot | ength of 0.38 mm (0.015
in.), aslot depth of 0.18 nm (0.007 i.n.), .and,.,a slot width of .0.13 nm
(0. o5 ny " raans fied e fhechth, Sikcvariafitc'ana tifipmant ot b ahsideires,
rate of 1.2 grammin./hole and was_extruded at a tenperature of 307[err]C
The driven dr¥%iipshe puryiew,and seepef; the cloims appepded hetsio f ace speed of
approximately 2,743 neters/mn. (3,000 yds./mn.). The filanments of the
product possessed a dTex of approximately 4.5 (a denier of 4.1), and a
tenacity of 20 approximately 20.3 dN dTex (2.3 grams per denier).
The speed of the | aydown belt 38 was varied so as to form spun-bonded webs
that varied in unit weight from13.6 to 135.8 g./mJ[err] (0.4 to 4.0
0z./yd. 2). A spun-bonded product having a unit weight of WD 97/ 36026
PCT/ US97/ 04114 -21- 105.3 g./mJ[err] (3.1 oz./yd.[err]) exhibited a unit
wei ght coefficient of variation of only 4 '



percent over a sanple of 232 cm?2 (36 in.3). Exanple 2 5 The

t hernopl asti ¢ pol yner was connercrally avai | abl e i sotactic pol ypropyl ene
havi ng a melt flow rateniﬂmuu Mﬂﬂntmmr nutes as deternined by ASTM
D-1238. Such polyneric ied in flake form | t .
extruded. A :’ﬁfﬁ?ﬂ%ﬁ‘ﬁlf pack pressure of® 9,646 kPa (1, 400 | bs. %r%ﬁﬂ}[gggﬁ”@ was
utilized. The spinneret consisted of 240 evenly spaced holes across a width
of 30.5 cm (12 in.). The 10 spi nneret capillary possessed a circular
configuration with a dianmeter of 0.038 cm (0.015 in.), and a slot length
of 0.152 cm (0.060 in.). The nolten isot a_,%;_ic pol ypropyl ene was fed at a
rate of 0.6 granimn./hole and was extruded at a tenperature of 227 [err]C
The driven rolg,%éﬁ qﬂﬁ 16 were rotated at a surface speed of approximtely -
15 - = 1,829 nmeters/mn (2,000 yds./mn.). The filanents of the product
possessed a dTex of approxinmately 3.3 (denier of 3.0) and a tenacity of
approxi mately 15.9 dN.dTex (1.8 grans per denier). The speed of the |aydown

belt 38 was varied spo as to for n bonded webs var,i e uni
wei ght fromo0.4 to 20 3? almghr &’?%“‘t“o°faa7%‘“3’°r'$ﬁd[%“rhr]v erexgamoften

spun- bonded product havin uni t weight of 44.1 t‘&ﬂerr{i

oz./yd. [er r]) m glt-processablggtpgugppléﬂlcd)mqnc\mtgpﬁl I%qur ad’ﬂ“f@h‘iyr oftion of
only 3.3 percent over a sanple of 232 cm2 (36 in.2). Al t hough t he

i nventi®dn has txmsion esificessiodfomn armptifilamentaty wilisgi saihmyltifilaméntary spistine is
understood that variations and nodifications nmay be resorted to as will be
apparent - drawn in order to increase its tenacity, is passed through a quench zone wherein

solidification occurs, is collected on a support to form a web, and is bonded to form a
spun-bonded web; the improvement of passing said multifilamentary spinline in the
direction of its length intermediate said quench zone and said support while wrapped
10 about at least two spaced driven draw rolls that are surrounded at areas where said
multifilamentary spinline contacts said rolls by a shroud having an entrance end and
an exit end that is provided so that said entrance end of said shroud receives said
multifilamentary spinline and a pulling force is exerted on said multifilamentary
spinline primarily by the action of said spaced driven draw rolls to accomplish the -
15 drawing thereof adjacent said extrr:s_ion orifices, and exerting a further pulling force
on said multifilamentary spinline by passage through a pneumatic forwarding jet |
located at the exit end of séid. shroud that assists in the contact of said
multifilamentary spinline with said spaced driven draw rolls and expels said
multifilamentary spinline m the direction of its length from the exit end of said shroud

20 " toward said support.

2. A process according to Claim 1 wherein said melt-processable thermoplastic

‘polymeric material is prirharily polyethylene terephthalate.



WD 97/ 36026 - PCT/ US97/ 04114
-22- to those skilled in Mwwﬂwjmmm”lﬂ" ations and nodifications are to
be considered within the _ of the clains appended hereto.
WD 97/ 36026 s PCT/ US97/ 04114 -23- W\E
CLAIM 1. | rWestaess for the formation of a spun-bonded RFUNEHIN a
nolten nelt-processabl e thernoplastic polyneric material is passed through
a plurality of 5 extrusion orifices to forma nmultifilanentary
spinline, said nultifilanmentary spinline is drawn in order to increase its

tenacity, is passed through a quench zone wherein solidification occurs, is
collected on a support to forma web, and ¢ bonded to forma spun- bonded

web; the inprovene f passin aid pul.tifiJanentary spinline in the
direction of its | %g%]pﬁ%ﬁ?sélaﬁ‘g’ 58 fo g&“& 1 whser sﬂ@n‘é"lﬁ S support

whi | e wrapped 10 . about at |east two spaced driven draw rolls that
are sur r oundedthgPmeplasgic pelyaicEc suaterialig POLYRTPRYIeN®: ary spinl i ne contacts sai d
rolls by a shroud having an entrance end and an exit end that is provided
so that said entrance end of said shroud receives said nmultifilamentary
spinline and a pulling force is exerted on said nultifilanentary spinline
primarily by the acti dnprotessacadrdipg teTlaimilveherdinaaidrméit-processabde polpesily t he
15 drawi ng thereof adjacent said extrusion orifices, and exerting a

furthers pul || ngaterinlcis passed dirdughud plutalityofextakionsipificts that 4y ppAsdedds thérr ough
a pneumatic forwarding jet

form of a rectilinear spinneret.

5. A brocess according to Claim 1 wherein said quench zone is provided as a
cross-flow quench.
10
6. A process accor_ding to Claim 1 wherein said at least two spaced driven
draw rolls are rotated at a surface speed within the range of approximately 1,000 to

5,000 meters per minute.

15 7. A process according to Claim 1 wherein said multifilamentary spinline
following passage through said pneumatic forwarding jet is collected on the surface of
a continuous belt that is provided in a spaced relationship to said pneumatic

forwarding jet.

20 8. A process according to Claim 1 wherein said multifilamentary spinline
when collected on said support possesses a dTex per filament of approximately 1.1 to

22



| ocated at the exit end—of-—<sard snroud*hat assists in the contact of said
multifilamentary spinli ed driven draw rolls and expels
said nmultifilanentary s‘m“mm rection of its length fromthe exit
end of said shroud 20 owar ssad support. 2. A process according to
Cl ai m1 wher eiWP Y3686 nel t - pr ocessabl e t her nopl astic pol ymeri & Wﬁ’ts%?"?‘é“ i s
primarily polyethyl ene terephthal ate. WO 97/ 36026

PCT/ US97/ 04114 -24- 3. A process according to Claim1l wherein said

nel t- processabl e thernoplastic polyneric material is polypropylene. 4. A
process according to Claim1 wherein said t-processabl e polyneric 5
material is passed through a pl urallty of éxtrusion orifices that are

provided in the forrgof, a rectil | eret ess accordin to
Claim1 wherein sai EJB qf}e‘?{ﬁ’ﬁe %8‘??8 B‘ré@ dw%gc’ﬁ sﬁ‘f‘d’é‘@“ﬁ DeSRUp{me i

A process accor in tqQ Cl. erein said at | east two spaced driven draw
roll's are rotat p%mg'ii yf d’@l Wﬁ’ﬂ’h‘?ﬁmﬁéﬂq &'Hﬂb“@k‘:‘&ﬂﬁpﬂi‘iﬁ?ﬁ?fy
1,000 to- 5,000 rreters per mnute. . A process according to

C ai m 1 wherei rP@&swsmﬂ'EePcfnerﬁmpyawmmmbe55 m)eusng passage t hrough
said pneumatic forwarding jet is collected on the surface of

5 10. A process according to Claim 1 wherein said multifilamentary spinline is
formed of isotactic polypropylene and when collected on said support possesses a

dTex per filament of approximately 1.1 to 11.

11. A process according to Claim 1 wherein said web following collection on

10 said support is pattern-bonded when forming said spun-bonded web.

12. A process according to Claim 1 wherein said web following collection on

said support is surface-bonded when forming said spun-bonded' web.

15 13. A process according to Claim 1 wherein the spun-bonded web that is

formed possesses a weight of approximately 13.6 to 271.7 g./m.2.

14.  An apparatus for the production of a spun-bonded web comprising in

combination:
20 (a) a plurality of melt extrusion orifices capable of forming a
multifilamentary spinline upon the extrusion of a molten

- thermoplastic polymeric material,



a continuous belt that is pre#Ldadw_g_eEﬁrel ationship to said
pneumatic forwarding jet. 20 . process according to daim
1 wherein said nmultifil anent aHyI" "n col |l ected on said support
possesses a dTex per fil anment ér ﬁ Qm 1.1 to 22. WO 97/ 36026

[~

PCT/ US97/ 041 MO 970260, A process accorlling to C ai m 1 wher eifGTEEPHONI4
multifilamentary spinline is formed primarily of polyethyl ene terephthal ate
and when col |l ected on said support possesses a dTex per filanent of :
approximately 0.55 to 8.8. 5 -~ 10. A process according to Claim
1 wherein said nultifilanmentary spinline ié formed of isotactic
pol ypropyl ene and when col | ected on said si B‘port possesses a dTex per

filament of approximately 1.1 to 11. 11. A prpcess cor di ng. aiml
wherein said web foll ow f‘e& cdt aEeE B?T’ed’ﬁp%pmoacwmg@ﬁ%ﬂ'gstgf)B@P‘{i&fgon of said
patt ern- bonded when form ng sai d spun-bonded web. 12. A process, according
to Claiml wherein said web fBeicsmplgfilagentapy thepmoplastic, palymerp spinlipg
surface-bonded when form ng sai d spun-bonded web. 15 13. A
process according to O ai m 1 faHewingthe melt spimsionohereaf.web that is forned

possesses a wei ght of approximately 13.6 to 271.7 g./m[err]. 14. An
apparatus for the produc)on ajfleast tysuspatedrrdtiven viedw tadlsjledated dpwinstiream from

conbi nat i on:

5 : said quench zone that are surrounded at areas where said
multifilamentary thermoplastic polymeric spinline would contact
said rolls by a shroud having an entrance end and an exit end
that is provided so that said shroud is capable of receiving said
multifilamentary thermoplastic polymeric spinline and said draw

10 rolis are capable of exerting a pulling force on said
multifilamentary thermoplastic polymeric spinline to accomplish
the drawing thereof adjacent said extrusion oriﬁ;es,

(d) a pneumatic forwarding jet located at the exit end of said shroud
that is capable of assisting the contact of said multifilamentary

15 thermoplastic polymeric spinline with said spaced driven draw’

rolls and further is capable of expelling said multifilamentary
thermoplastic polymeric spinline in the direction of its length
from the _exit end of said shroud,
e) a support located in a spaced relationship below said pneumatic

20 ' forwarding jet that is capable of receiving said multifilamentary

thermoplastic polymeric spinline and facilitating the laydown’

thereof to form a web, and



20 melt extrusion orifices capable
of formng a nultifil arre mmlmllmmgwgl;n the extrusion of a nolten
t her nopl astic pol yrrerl c met erc al / 36026

PCT/ US97/ 04114 -26- (b) a quench zone capabl e of acconplishing the
solidificati dMO8Y36926 d nolten nultifilanmentary thernoplasti Cﬂ i
spinline follow ng the nelt extrusion thereof, (c) at | east two spaced
driven draw rolls |ocated downstreamfrom5 sai d
guench zone that are surrounded at areas where said nultifilanmentary

t hermopl astic pol yneric spinline would con?a}ct said rolls by a shroud
having an entrance end and an exit end that®’is prOV|ded so that said shroud

i s capabl e of receiving i d nultlfllanent her.nmo St i C..pOl ymeri c
spinline and said draw 1@'? 8Bing mhead¥ eabsble’of bORAIE Q‘?‘% “@g@ %‘ﬁ'a'abl e of
exerting a pulling force on said tifilanentar Iast rrerlc
spinline to acconplish the dr‘gﬁmﬁfﬁsﬂ%wxm%f%@ﬁ%@ éi’f’r‘ﬂéﬁ&ﬁm
orifices, (d) a pneumatic forwarding {) Iocat ed at the exit end of said
shroud that is capabl e of ass‘iosfPthsP Aeb- of said nultifilamentary 15
t her nopl astic polymeric spinline with said spaced driven draw rolls and
further i s capable.of expelling said nmultifilamentary

5 15. An apparatus according to Claim 14 wherein said plurality of melt

extrusion orifices (a) are provided as a rectilinear spinneret.

16. An apparatus according to Claim 14 wherein said quench zone (b) is
capable of providing a cross-flow quench wherein a cooling gas impinges said molten

10 multifilamentary thermoplastic polymeric spinline following said melt extrusion.

17. An apparatus according to Claim 14 wherein said shroud identified at (c)
includes polymeric edges that are capable of béing positioned in close proximity to
said draw rolls to facilitate a substantially complete enclosure of said draw rolls at

15 areas where a multifilamentary thermoplastic polymeric material is wrapped thereon
and said polymeric edges are capable of readily disintegrating as a péwder upon

contact with said draw rolls.

18. An apparatus according to Claim 14 wherein said support (e) is a

20 continuous belt,

19. An apparatus according to Claim 14 wherein said bonding means (f) is

capable of forming a pattern-bonded spun-bonded web.



t her nopl astic pol yrrerl C smtl on of its length fromthe
exit end of said shroud, ﬂm‘\“ at ed in a spaced rel ationship
bel ow said pneunatic 20 ‘\“f“‘\ ‘\ f orwar di ng jet that is
capabl e of receiving said ament éry t her nopl astic pc}, y inline
and facilitWPAYWOe | aydown thereof to forma web, and %7@%8@ :
PCT/ US97/ 04114 .- 27- (f) bondi ng neans capabl e of bonding said

mul tifilanmentary thernoplastic polyneric spinline follow ng said web
formation to forma spun-bonded web. 5 15. An apparat us

accqr di ng to Claim 14 wherein said plurali,ty of nelt extrusion orifices (a)
are provided as a rectl | i near spinneret. f . An apparatus according to

Cl aim 14 wherein s uench zone C Vi g -flow -
quench wherein a c "ﬂb Rpaanys rﬁgf%é‘é% té ;lﬂﬁpm@{vg%rg%osgfd%&g{ng%éng (63
rrultifilarrentaryther Iastlc inline followng said nelt

ext rusi on. 17capaRlepf, %‘&&Q"ﬁg& "?9%3??4 Ygfb'wher ein said shroud
identified at (c) i ncI udes poI ymeric edges that are capable of being
positioned in close proximty to said drawrolls to facilitate a :
substantially conplete enclosure of said draw rolls at 15 areas where

a nultifilamentary thernoplastic polyneric material is wapped thereon and
said polymeric edges are capable of readily disintegrating as a powder upon



contact with said draw rolls. 18. An apparatus according to Caim 14

wherein said support (e) is a 20 continuous belt. 19. An apparatus
according to Claim 14 wherein said bonding neans (f) is capable of formng
a pattern-bonded spun-bonded web. - WO 97/ 36026

PCT/ US97/ 04112 ¥889%0  An apparatus according to O ai m 14 wWREVe#H04as d
bondi ng neans (f) is capable of form ng a surface-bonded spun-bonded web.
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