. 19 MAY 2005 WO 112/465114 PCT/USO /45444 FI BROUS NONWOVEN WEBS Th8 MAY 2005

present i |Qpy relates .to fibrous nonwoven webs, especi 56, t hat
conpri se W%"h@ﬂ ene terephthalate fibers. 5 .Direct for n?{c%r&&;@;?_ﬁ.;

polyneric material into fibrous nonwoven webs by processes such as
mel t bl owi ng has many advant ages; but the strength properties of neltblown

fibers can be less than desi FEBROUSENONWGVENTWERBS i n nel tbl own fibers
are generally not oriented sufficiently to provide a high |evel of
strength properties to the fibers; see Encyclopedia of Polyner Science

and Engi neerin V. | . lnc. . 1987, 10 Vol unme .10, .pa 240.
Mel t bl own fi-be?ghez]aﬁ‘_feég?%?‘%f’%‘/§%§%§3%?r‘3‘8°8§/“%‘32’f‘?"&8i% Sn?fPF‘é% B&sgﬁ’ﬂ

t hrough ordolipifs polyethylemt teftphthalad i of high-velocity air which
rapidly and greatly attenuates the extrudate to formgenerally

smal 1> di anet er ;Pireesfermatiaphofgioltrheric matesakinanfibrous henveotenueketsbyqeetesses

whil e the | ymer . js aboye its |t tenperature (Tm, wth the result
that the pOFY Fomelbiosing bes many Abiansases it the Sitrasth b dneris of malibiesn fibers

gener at ed .1p 'Plgzﬁﬁ& air OXL T hence not
achi eve tﬁe rb g?ﬁ%r | g%ﬁgg'g?ggﬂ%lg Lle%?&éﬁ%@t#%ﬁ}l?ﬁgﬁ% glasnar? g?ﬂfégﬁ{ i

nol ecul es ohenfedrsuffivierstiydergavide ¥ hig leiélof straigh prdfehiddiowe mekyathyl ene
terephthalate (PET) fibers are especially subject to the above

t endenci e€Crgippedie efiPpbmenSrientetnd Engiegesingx b Wilay doSensalicatl®87) ack of
cryshal |'i Lgpt af i se RET has a.relatively high rate of

rel gyat i o%lgﬁ? 3 aﬁé?%' liggﬁﬁBW Fgfﬂég o) ty@?@ﬂ?ﬂ%ﬁk%ﬁr@?mﬁﬂ/el y

hi gh nel t pbBi&G tBfcuER orifiess # Odi8 H%to asBBHh lof Bk GBS i idBdnlg above
roomterrpgrature. Tﬁe’olrack of clrys?alslﬁie%ieltdgr ehr mai%@o%@mtlongl

mel t bl own SFENyfattenvates thadxirtdate ietormegeneratlp embil sharpeter fibersi Muzhlof the

tabl e when.. d to .elevated t t boye their T.. S
nternal 5t FUSEBST MeeRBiRiraccis Wil L BRYRSLS BeveHt M drmpratire (. 25

ori entati Qith the ¥ésultcththe polyiide Hcectieb ThA kdihNSorRk gP{heim &Fé%géécggﬂeera%eg -

during attenuation of the" meltblown extrudate and are frozen in
rapild quedaringgtierfuating ofitet extiudater anddeence) gnayf not achievavde eatheehi gh tiegroe of

LT BahEhGR t Pen EL E mlb Bo n S  BSaBBE L P, (0
Can, S0P 0T, SISyl o RAE T RS el g ©
t enper at urlzovestendenciess (Callecizd PEFmeitblowe fibersenhibisalmosicanosi] 1dvktoft hi s
S R e A4 PR IRY Drtatively hish ths S onaona refively | ©
20 low rate of crystallization, a relatively high melt temperature, and a glass transition .
temperature (Tg) well above room temperature.
The lack of crystalline order weakens conventional meltblown PET fibers, and it
also makes the fibers dimensionally unstable when exposed to elevated temperatures
above their T;. 'Some internal stresses — sometimes termed amorphous orientation, i.e., an
25 orientation insufficient to induce crystalline order ~ are produced during attenuation of the
meltblown extrudate and are frozen in due to rapid quenching of the melt. Later heating of
a nonwoven web of the fibers can release the internal stresses and allow the polymer
chains to contract, whereupon the fibers shrink. Shrinkage at elevated temperatures can
approach 50% of the web’s as-collected dimensions. In addition to contraction of the PET
30 molecules upon exposure to elevated temperature, some crystallization of the molecules
occurs; but this crystallization of the generally amorphous molecules actually embrittles

and weakens the fibers.
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di mensi onal I'y Jaﬁm!z ‘?(«;'EE% dd¥e8M3sh ?ﬂrdegéribed in European Patent No. 527,489, page 2,

20 lines 36-51) teaches preparation of PET fibrous webs by a meltblown process which, in
combination, uses high-pressure air blown through a narrow gap, PET polymers having an
intrinsic viscosity of 0.55 or higher, and extrusion at a melt-viscosity higher than “assures
good melt-blowing condition.” The process is said to provide PET meltblown fabric of
good properties, such as strength, hand

25 and thermal resistance; but EP 527,489 states that the process is commercially impractical
and non-uniform, and that the fibers prepared lack adhesion with one another, and instead
scatter during collection.

EP 527 489 itself seeks to overcome the deficiencies of the prior art by blending
polyolefin into the PET polymer in an amount of 2-25 weight-percent. The polyolefin 1s

30 said to become dispersed into the PET as discrete islands, resulting in a reduction in melt-
viscosity, which, together with use of low-pressure air, is said to produce dimensionally

stable meltblown fabrics.
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The unique morphology of the meltblown PET fibers of the invention éan be
detected in unique characteristics, such as those revealed by differential scanning
calorimetry (DSC). A DSC plot for PET fibers of the invention shows the presence of
molecular portions of different melting point, manifested as two melting-point peaks on

25 the DSC piot (“peak” means that portion of a heating curve that is attributable to a single
process, e.g., melting of a specific molecular portion of the fiber such as the chain-
extended portion; DSC plots of PET fibers of the invention show two peaks, though the
peaks may be sufficiently close to one another that one peak is manifested as a shoulder on
one of the curve portions that define the other peak). One peak is understood to be for the

30 non-chain-extended portion (NCE), or less-ordered, molecular fraction, and the other peak
is understood to be for the chain-extended, or SIC, molecular fraction. The latter peak

occurs at a higher temperature than the first peak, which is indicative of the higher melting
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20 form, and a second molecular portion within the fiber that is in chain-extended crystalline

form and has a melting point elevated over that of the NCE crystalline form, and b) are
autogenously bondable.
For most uses of webs of the invention, the PET fibers preferably are of microfiber
_ size, i.e., have an actual average diameter of 10 micrometers or less. However, larger
25 fibers are satisfactory for many uses. Most often, the effective fiber diameter (EFD,
measured by a technigue that generally indicates a larger size than actual diameter) is 20
micrometers or less.
Also, for most uses, the web preferably has a density of less than 100 kilograms
per cubic meter, though preferably more than 2 kg/m’. The pressure drop through the web
30 is preferably at least 0.3 mm H,O pressure drop (as measured by passing a stream of air
through a 102.6-square-centimeter area at a face velocity of 3.12 meters per minute), and

more preferably at least 0.5 or 1 mm water. Such a pressure drop is characteristic of webs
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the heat-resistance achieved by the present invention, meltblown PET webs of greatly

mncreased utility are provided.
Webs of the invention are prepared by a new meltblowing method. The new
method comprises the steps of extruding molten PET polymer through the orifices of a
25 meltblowing die into a high-velocity gaseous stream that attenuates the extruded polymer
into meltblown fibers, and collecting the prepared fibers, briefly characterized in that the
extruded molten PET polymer has a processing temperature less than about 295 degrees C,
and the high-velocity gaseous stream has a temperature less than the molten PET polymer
and a velocity greater than about 100 meters per second. Preferably, the PET polymer has
30 an intrinsic viscosity of about 0.60 or less.
In some methods of the invention, other fibers are dispersed among the PET fibers

before they are collected. For example, crimped and/or uncrimped staple fibers may be
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. plots of iff.eigntlal scanni ng calorinetry (DSC). for fibers in various

of the e Fﬁﬂ’é 8 edexaton i thg mlymﬁr ehaing 1§;§%‘F’Tt¥"éi&'t°r ol that lesser relaxationt or m
f DSC, TA
1 ESC. ke i 0SSO0, D LTS A B

addif® i onain fandrablewtystalline propenies fér thewd pblyn@s ke, DSC plot for fiber in

t he web of Exarrple 31; Figure 2 is a plot for the fiber before

anneal i ng, andFErgul & ampstty,sohemetie diagrane of apparates useful fompracticing URi gure 6
Is the D%?v% for fiber in the web of Exanple 10; and Figure 8 is the
DSC pl ot er in the web of 20 Exanple 22. Figures 3, 5, 7 and 9 are

WAXS di agr ans F@nrstsme4fsbﬁd8fawpmldﬂalﬁera§§1 Bénir aldﬁzﬁ&&'%@ﬂSC) for fibers
respectively, in Figures 2, 4, 6 and 8. Figures 10a and are’ scanni ng

el ect r on 18 @neyt efpthe examples descrivad 1ara00 xhis Spwsfpm:on (eparictler farmwefDBE,
b of Py s MHhERa aCTr o anrin et thetied By 37 sl dRel Tas vy
(Figure |Chdie, DE| 94§ Borldhicted, AndPproVidef additibithi idTohAidn) Fi¥aled 95andf are t]W?b
of Exanpl e 37. A representative apparat us useful for préparing neltbl own
fi bers orP&Caotifpr 53;; in the web of Example 31; Figure 2 is a plot for the fiber before
annealing, and Figure 4 is a plot for the fiber after annealing; Figure 6 is the DSC plot for
fiber in the web of Example 10; and Figure 8 is the DSC plot for fiber in the web of
20 Example 22.
Figures 3, 5, 7 and 9 are WAXS diagrams for the fiber for which a DSC plot is
pictured, respectively, in Figures 2, 4, 6 and 8.
Figures 10a and 10b are scanning electron micrographs, at 2500X and 7500X,
respectively, for a web of Example 30.
25 Figures 11a and 11b are atomic force micrographs of fiber of the invention, before
etching (Figure 11a) and after etching (Figure 11b).
Figure 12 is a plot of sound insulation values for a web of Example 37.
A representative apparatus useful for preparing meltblown fibers or a meltblown
fibrous web of the invention is shown schematically in Figure 1. Part of the apparatus,
30 which forms the blown fibers, can be as described in Wente, Van A., *“Superfine
Thermoplastic Fibers” in Industrial Engineering Chemistry, Vol. 48, page 1342 et seq.
(1956), or in Report No. 4364 of the Naval Research Laboratories, published May 25,
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process.
20 presence of a substantial amorphous portion in the fibers of the web, including in exterior

portions of the fibers, the fibers soften and adhere to achieve interfiber bonding. But
because of the crystalline character of the fibers, especially the chain-extended crystalline
structure, the webs show little shrinkage during the bonding operation. Also, the heat of
the oven further anneals the fibers, increasing the crystalline content of the fibers, and
25 enhancing their dimensional stability.
In general, dimensionally stable webs of the invention are achieved by controlling
a number of the parameters of the meltblowing process. Two such parameters are the
temperature of the polymer in the meltblowing die, i.e., the temperature of the molten
polymer in the extruder 13 and die cavity 12, and the temperature of the gas, generally air,
30 blown through the slots 15 onto the polymer extrudate. By heating the polymer in the
extruder and die cavity to a temperature lower than conventionally used in meltblowing,

and thereby lowering the temperature of the polymer as it exits the die orifices 11, the frost
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the presence of chain-extended crystalline structure.
Formation of the stated morphology is enhanced by lowering (with respect to
conventional meltblowing operations) the temperature of the primary air blown through
25 the slots 15, because air of lower temperature helps lower the temperature of the extrudate.
Also, because crystallization is an exothermic event, blowing air of lower temperature
onto the fibers helps remove the generated exothermic heat and assists the process of
crystallization.
Preferably, the temperature of the polymer in the die cavity is held to a temperature
30 less than about 35 degrees C higher than the melting point of the polymer. For PET this
generally means a temperature of about 295 degrees C or less. Lower temperatures, such

as 285 degrees C or lower, are generally better; preferably the temperature 1s no more than
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For SI units (where distances are in meters, so velocity is in meters/second, area is
in square meters and Q is in SCMM,; pressure is in pascals, and temperature is in degrees
C), the equation is:

Q 1/ .1
Alr velocity = .
Y P +1.03529.10°\ | 295.1k /60" //a
1.03529-10° t+ 273k

20 Another parameter that can be controlled 1o achieve dimensionally stable webs as
well as a small effective fiber diameter is the molecular weight of the polymer, as
manifested by the intrinsic viscosity of the polymer. PET polymers of a common
molecular weight and intrinsic viscosity, including, for example, at least intrinsic

viscosities of about 0.6 — 0.75, are useful in the invention. But best results in achieving
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In addition to the described chain-extended and non-chain-extended crystalline
portions, the described PET fibers of the invention also include an amorphous component,
which is revealed during DSC and other analysis, and which is also distinguished in that it

25 1s available for autogenous bonding of the PET fibers at points of fiber intersection. As
discussed above, collected webs of fibers of the invention are sufficiently coherent that
they can be removed from a collector as a handleable, integral structure. Further, when a
collected web of the invention is heated in an oven to a temperature greater than Ty, but
less than Ty, portions of the fiber soften and adhere at points of fiber intersection.

30 Generally a temperature above the cold-crystallization temperature (125 degrees C for
PET) is used; a comparison of Figures 2 and 4 shows that the cold-crystallization peak 50

revealed in the unannealed web (Figure 2) has been removed by the annealing/bonding

10
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20 hydroxide. As seen in Figure 11a, before etching, the surface of the fiber is relatively
smooth and glass-like, indicating amorphous content. But after eiching with sbdium
hydroxide, which preferentially etches the exterior amorphous PET material, the surface is
striated as shown in Figure 11b, presumably showing the crystalline structure. The
presence of the circumferential layer of amorphous polymeric PET material is
25 advantageous to bonding of webs of the invention.

Polyethylene terephthalate is a greatly preferred polymer for use in the invention,
but other polymers or materials can be blended with PET by using appropriate conirol of
other parameters such as melt temperature and viscos'ity and primary air velocity. Also,
by using technigues taught for example in U.S. Patent No. 6,057,256, webs of the

30 invention can incorporate bicomponent fibers in which PET or a related polymer is one
component (extending longitudinally along the fiber through a first cross-sectional area of

the fiber) and one or more other polymers are other components (extending longitudinally

1
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Some webs of the invention include particulate matter, which may be introduced
into the web in the manner disclosed in U.S. Patent No. 3,971,373, e.g., to provide
enhanced filtration. The added particles may or may not be bonded to the fibers, e.g., by
controlling process conditions during web formation or by later heat treatments or molding

25 operations. Also, the added particulate matter can be a supersorbent material such as
taught in U.S. Patent No. 4,429,001. In addition, additives may be incorporated into the
PET fibers such as dyes, pigments or flame-retardant agents.

In another variation, fiber streams from two or more meltblowing dies are merged;

see Figure I of U.S. Patent No. 4,429,001 and Figure 2 of U.S. Patent No. 4,988,560. The

30 streams may each comprise PET fibers of the pl;esent invention, or the second (or
additional) stream(s) may comprise a different fiber, including a conventional meltblown
PET fiber.
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20
Examples 1-17

_ A series of meltblown, nonwoven, fibrous PET webs were prepared from PET
having an intrinsic viscosity of 0.60 (3M PET resin 651000) using a meltblowing die
generally as illustrated in Figure 1. The array of onfices at the die tip was 10 inches ( 25.4

25 centimeters) wide, with 0.015-inch-diameter (0.38 1mm) orifices aligned in a row and
spaced on 0.040-inch (1.02 mm) centers. The forward edge of the tip of the die that
defines the slot 15 (the point 23 in Figure 1) was 0.049 inch (1.25 mm) in advance (further
downstream) of the tip (24) that defines the orifice 11 (this is called a negative setback).
The combined width of the slots 15 (the dimension 21 in Figure 1} was set at 0.069 inch

30 (1.75 mm), and the slots were 16 inches (40.6 centimeters) long, i.e., they extended three
inches past the end of the row of orifices 11 on each side of the die. The collector was

spaced 18 inches (about 46 centimeters) from the meltblowing die.
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20 Engineers, London, Proceedings 1B, 1952. Actual average fiber diameters were also
measured for some of the examples from scanning electron micrographs.

Web thickness for each example was measured in accordance with ASTM D5736
using a pressure plate force of 0.002 pound per square inch (13.8 pascal).
Results are reported in Table 1.

25 A differential scanning calorimetry plot, attached as Figure 6, was generated for a
representative fiber web of Example 10 using a Modulated DSC sysfem (Model 2920
supplied by TA Instruments Inc, New Castle, DE), and using a heating rate of 4 degrees
C/minute, 2 perturbation amplitude of plus-or-minus 0.636 degrees C and a period of 60
seconds. A WAXS diagram for fibers of Example 10, attached as Figure 7, was collected

30 by use of a Bruker microdiffractometer, copper Ka radiation, and Hi-STAR 2D position
sensitive detector registry of the scattered radiation (supplied by Bruker AXS, Inc,

Madison, WI). The diffractometer was fitted with a 300 micron collimator and graphite
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Extruder Die Air Die Air Air %EFD Average Tenp. Tenp. Pressure Velocity
Shri nkage (micr onsBxtivides lirRid Air( C)Dig@jr psi AirkPad) ( fl ser) HENIANdt drerage
(microns) 1 |260 |{24n®. (55Teny3 | Brégure | Vehgily 2 ribkage £Opicdgd |M@surgd | 3
260 246 12(83) 222 3CB0.0 @260 psideP23((E3Y) 331 0 30| 2 5 273 Divgetgy 41)
144 3 18.1 102 16 273 288 8(55) 173 1|21 1 12 0 7 273 258 lgpdmensphs 1
21.0 8 273 258 114(83$0 207 12461 3 845978 oH8 14(97% 24D 130/ 10 273 258
16(110) 271 1 2312 269 2y3 239 2310 B0y 3HB ol2g 3 31.0

3 260 246 12 (83) 222 3 30,0

4 260 245 23(159) 331 0 30.2

5 273 258 6 (41) 144 3 18.1 10.2

6 273 258 8 (55) 173 1 21.1 12.0

7 273 258 10 (69) 204 1 21.0

8 273 258 12 (83) 227 ] 214

9 273 258 14 (97) 249 ] 22.9

10 273 258 16 (110) 271 ] 23.2

11 273 259 23 (159) 335 0 26.3

12 286 271 8 (55) 182 1 11.7

13 286 271 10 (69) 201 0 9.]

14 286 270 12 (83) 226 0 9.4

15 286 271 14 (97) 263 ] 9.0

16 286 271 | 16(110) 272 1 10.2

17 286 271 23 (159) 343 3 14.1

10

15

Examples 18-22
A different set of examples was prepared generally by the process described in

Examples 1-17 except that the rate of polymer extruded was increased from 1

pound/inch/hour to 3 pounds/inch/hour (about 540 grams per centimeter per hour).

Results are reported in Table 2. A DSC plot for representative fibers of Example 22 is

pictured in Figure 8, and a WAXS diagram for the fibers is pictured in Figure 9.
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275 2 21.0 2P 873 258 23(159) B3@ &) 2P 950 CXAMPIES 28~ 3§1’-\ d ffTE.QF“L set
of exanpl es Was [pr epar € ggeerall“h@y o5 PTjOCESE. ueu,ri]pdﬂu' 5 exgdnpl es
1-17 except [HAT POjYeTNYIBHE 165 AR\t 1ai3gg €] Oof @i fFeTegps ™

wei ght, or NTTiNsSi C ViSCOSITYy, Were used. Specrfrcatty, thePET—used in
. Exanpl es 23-31 had an intrinsic viscosity of 0.5, and the PET used in

Exanpl es 32-36 had an intrinsic vi @xafipleg 2836 0. 45. Results are reported
in Table 3. A DSC plot for a representative fiber of Exanple 31, as

col lected, i s pidetfencatiset of Fxapples wanpreperedixsrailnby the frocess Idascrfbneﬂem i s
DL o4 FtAE 95 o el By R S Sl
4, and a \WhHiNiasRY) Wi dsB@t SpdcPRcallySthe PET used in Examples 23-31 had an
intrinsic viscosity of 0.5, and the PET used in Examples 32-36 had an intrinsic viscosity of
0.45. Results are reported in Table 3. A DSC plot for a representative fiber of Example
31, as collected, is pictured in Figure 2 and a WAXS diagram for that fiber is pictured in
10 Figure 3. A DSC plot for a representative fiber after the collected web was annealed at
160° C for 5 minutes is pictured in Figure 4, and a WAXS diagram for that fiber is
pictured in Figure 5. Note that the post-annealed fibers in Figure 4 retain the dual melting
peak. The WAXS diagram also indicates that after annealing, the SIC portion is retained
and crystallinity has increased.
15 Atomic force micrographs of unannealed fibers like those made according to
Example 31 were prepared using a scanning probe microscope (SPM supplied by Digital
Instruments (Santa Barbara, CA) "Dimension 5000"). The fibers were imaged in tapping-
mode AFM mode (TM-AFM) using silicon probes (OMCL-AC160TS, Olympus, apan}.
Some fibers were then etched in an unstirred 30% NaOH solution for 5 hours, then rinsed
20 copiously with de-ionized water. The fibers were air dried before imaging. The images
(2.88 micrometer by 1.44 micrometer) were scanned in the longitudinal direction on the
fiber (images perpendicular to the fiber direction (not shown) were also captured to
confirm the directionality of the structures in the fiber direction). Figure 11a shows the

fiber before etching and Figure 11b shows the fiber after etching.
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Example 37

A-nonwoven fibrous web was prepared using two meltblowing dies vertically

5 aligned one over the other and spaced 9 inches (23 cm) apart. The dies were angled 45

degrees to the centerline separating the two dies, so that the fiber streams from each die

converged and merged in front of the dies. Both meltblowing dies were configured as

described in Examples 1-17 with the exception that the width of the slots 15 (the

dimension 21 in Figure 1) was set at 0.060 inch (1.52 mm) and the die tip to air slot

10 negative setback was 0.049 inch (1.25 mm). PET meltblown fibers were prepared on the

first die from PET resin of 0.52 intrinsic viscosity extruded at a rate of 1.0

pounds/inch/hour. The processing temperature for the PET polymer was 273°C. The

temperature of the attenuating air passing through the slot 15 was 255°C. The air pressure

was set at 11 psi (76 kilopascal). Meltblown polyethylene fibers were prepared on the

15 second die at a throughput rate of 0.4 pounds/inch/hour from polyethylene resin 6806

available from The Dow Chemical Company. The processing temperature for the

. polyethylene resin was set at 265°C. The temperature of the attenuating air passing

through the slot 15 was 230°C. The air pressure was set at 3 psi (21 kilopascal).

20 was collected at a rate that produced a basis weight of about 377 grams/square meter. The
collector was spaced 26 inches (66 cm) from the plane defined by the two meltblowing die

tips.

17

A web comprising 71 weight-percent PET fibers and 29 weight- percent PE fibers
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pounds/i nch/ hour. The processing tenperature for the PET yner was
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The Dow Chem ca processing tenperature ylene
resin wasl.3eim &ht&@ﬁﬁedﬂﬁ&eﬁt@ BP6 sahpleaveéts) hhGerahd plwﬁiulsm;tz'téd miasivérient

., through the slot 15 was 230C. The air pressure was set at 3 psi (21

ki | opascaopditisneb conpri sing 71 wei ght-percent PET fibers and 29 wei ght -
percent PE fibers 20 was collected at a rate that produced a basis wei ght
of about 377 grans/square neter. The collector was spaced 26 inches (66
cm) fromthe plane defined by the two neltblowng die tips. 17 19 NAY
2005 WO 02/ 46504 PCT/ USO / 45444 The prepared web was thermally bonded and
anneal ed by heating in an oven at 160C for 5 m nutes. The web was tested
for sound absorption using an inpedance tube as described in the ASTM

E- 1050 test nethod. The test was replicated once and the average results
are reported in Table 4 and depicted in Figure 12: The effective fiber

di aneter of 5 the webs of Exanple 37 was about 13 mcroneters, the webs
had an average bul k density of about 14.6 kil ogranms per cubic neter, and
t he webs showed a pressure drop of about 1.2 mmwater (based on tests of
6 sanpl e webs) under the previously stated nmeasurenent conditions. 18 19
MAY 2005

18



o <
083,
W mw Z+ 2
= OM”. [z (00¥'TT) 8T1 1'6 662 9T'€ (011) 91 OF
—=z< 1, (00+'22) 821 '8 0€T PIE (L6) ¥1 6€
nVu %N - (000°12) 0Z1 06 65T 0t'e (€)1 8¢
Ts 2%, (/N) uyql HAv (Zuwi/s) (OzH wiw) (€
L G..C @ + 3 PROT "XEJA] (suoonu) 3P INTRIVEYNERT @I TR (1sd)
— M _ 20 W 'prua aad siseq qM | 2T't ® doa(q aanssaag My | alIassaxg 1y aq | xi
S5o-0°F€ : $olqelL
o. © o
c®-< .o
o> -
°© L x- W : *¢ 91qe L, ut poutodar are s)jnsa1 paderaae ay)
W=
o O ”u.Om@m sojdwies ¢ uo paseq sem 159) 2y, (WO $°7) Ydur ¢’ sem 1pim apdures ay3 pue (wo $9°Q) sayout 6Z°0 01 198 sem ded meloyy ~(sinunuswo
O. _~u
oo a_ St°0€) 2INUIL/SIYOUT ZT JO 91el uoneredas e 1 (ZOE [OPOIA) 19159 9[ISUSL Uc)su] ue Sursn pue UONIAIP SUIYDRW 3} Ul (9010§-spunod ur
9 M cu =) ME wnwrxew) $e0S (0 WISV Ul paquiosop se s1s9) Suisn saniadoud a[Isus) 10 paInsesul UaY) pue SIUIW ¢ 10J 7 $32139p (9] 18 pajeauue
© = nDu @) oM Sqam 3l “Iojow arenbsysuesd gz 1moqge Jo qam e 2onpoxd 0 £ 1-1 sejdwexf Ul paquIosap Se 13S Sem J0123[[0D Y], "D,8ST O 195 Sem
rtoZ S TZC[s oy y3noayy urssed Jre oy Jo onyeradius) oY) PUe DeELT 01 198 sem 1awfjod 1d aus 10§ aieradws) Surssasoxd oy, 4 1~1 sejdwexyg
' ZEUO
M _._nL <o %E £2qUIdsap se a1p umo[qiawt e Fuisn g°g Jo A1Isoosta dfsutiug ue Jutaey 194 woij paredard a1am UONUAAUL AU} JO SGIM JO SIS Y
<=z e 0F-8¢ sojdwexy
< o .0
< . o .
< . ~_ m -{ © Juanjja0;)
m @) Q_ M @68 | SET6 ] 0696 | SLT6 | Orss | 00°SL | 0LT9{ 0v'0S | S66€ | 060€ | 06TT | 0SLT | §9TL | S1'6 | OL9 | S6S | 01'T =czn.ﬁ.cma_< %
7)
D
w %.A o 3 mComo 0005 | 000r | OSIE | o00SZ | 000Z | 009K | 0STI | 0001 008 0e9 005 00y | Slc| OST | 00T | 091 Axuanbarg
53 0% p 21qeL,
L .
- O _>
<t >
o@®ZD_ 0
L Z_00
gx 20,
—ac . Oo
S®ue N7
> o O +
m mh . s O o

19



0?'~NOMOaa3to OUcNP. FEEN CG | h.--.y ~ 1"_9MAH{]US3
"ti '"NHei xFa~-i oNi .~. s O o WWETflI. " FQ Eoc an
ocx d WO N OWE,, W7 SUy WEMMM O h Fay PQI/NSH Hﬁ-.l-l-lEtS
~aEcPLE NaCObec. UaJ 7L ONy'~ Nm. bV.yybuU a)
LMV3 ca'tcv cCha; UNM7o0 ECOFd"NO3r0>oD03astO|E
C waoO0oQ C COEhNVrW mt.-i U ~n up

E al 0/ yOUnymA hp O O a %xgm elyltﬁ)‘t mti Uvc NMa CCy 00
OU F sU Two nonwoven, fibrous composne webs comprising meltblown fibers and staple

fibers were prepared as described in U.S. Patent No. 4,118,531 (Hauser). The webs
included meltblown PET microfibers prepared from PET resin having an intrinsic
5 viscosity of 0.52 and using 2 meltblowing die generally as illustrated in Figure 1 and as

described generally in Examples 1-17, but of a 47-inch (119 centimeter) width and a
combined width of the slots 15 (the dimension 21) of 0.059 inch (1.5 mm). The webs also
included a mixture of staple crimped bulking fibers and bicomponent thermobonding
staple fibers (Example 41) or just bicomponent thennobonding staple fibers (Example 42).

10 More specifically, Example 41 comprised 63% PET meltblown fibers, 18.5% 6-denier
polyester staple fiber (Type 295 of 1.5-inch length available from KoSa), and 18.5%
bicomponent thermobonding fiber (Type T-257 available from KoSa) . The basis weight
of the collected combination web was 280 grams per square meter. Example 42 comprised
80% PET meltblown fibers, and 20% bicomponent 1.5-inch long thermobondin g fiber

15 (Type T-252 available from KoSa). The basis weight of the collected combination web
was 275 grams per square meter.

The collected webs were thermally bonded and annealed by heating in a conveyor
oven at 160 degrees C for one minute, after which the webs were sewn between pieces of
Tip-stop nylon to prepare twenty-two inch square samples. The webs were washed or

20 laundered in a front-loading washer (UNIMAC Model UF50) with a water temperature of
170°C and then dried. This was repeated for 50 cycles. Prior to laundering, the thermal
insulation value was measured in clo as described in ASTM D1518 and measured again
after the 50™ washing cycle. The web thickness was measured before and after the 50
laundering cycles as described in ASTM D5736 using a pressure plate force of 0.002

25 pound per square inch. The percent thickness loss is reported. Both exemplary webs

passed the visual test for durability and the results are set forth in Table 6.

Table 6
Example CLO CLO % Thickness
Before 50 After 50 Wash | Loss
Wash Cycles Cycles
42 2.6 1.7 45
43 2.2 1.3 29

20



- p06..d6 NWN bD 0=y !: NVIONWSUEhom co °~ t9MAB05Ni
19 19 My 28R4 WO (12/ 46504 PCT/ USCL/ 45444 Exanpl es 41 ptdi94si44
nonwoven, fibrous conposite webs conprising neltblown fibers and staple
fibers were prepared as described in U S. Patent No. 4,118,531 (Hauser).

The webs included neltblown PET mcrofibers prepared from PET resin
havi ng an Wiat isredaime8 jszi scosity of 0.52 and using a neltblow ng die
generally as illustrated in Figure 1 and as described generally in
Exanpl es 1-17, but of a 47-inch (119 centineter) width and a conbined

width of the slots 15 «£th i 1 Qn.,2 f: Q.0 i nch . . bs
al so included g‘ m x? ué]%am'gﬁ lgii%r{r;%)pl e Cel’bi érb)lpnepglsm.‘ﬂ %%gsgs ?qipgg% ih }gﬁ%r%fegé ‘ent

t her nobondfibegs it aptiBit hidegbie mdiaapea dhld DSC plus bn@p@rﬂemrgﬁ?msemaﬁve ofa

t her nobondi ng staple fibers (Exangbe 42). 10 'More specifically, Exanple 41

conprd sed BEvspErulEe potticpwitlfin B Kher 18at 394010dethiagr-extpndedasystalline fgyme and ber
(Type 295 of 1.5-inch.length availaple fromKoSa), and 18..5% hj coppanent
{ hok mobondPhgier BEFK perggBiess Rty B4 Sasead Folkiileb gafion waiin i FhevBRghi
of the col a ﬁ&w HigO MRS ans: t anpl e
42 conpri séélgﬂ g%lg% PET Trel ltlﬁef]gwn Tl berss%,qggﬁfél" g‘%&f@?‘é%ﬂdlpgﬁﬁgégﬁf?%hﬁ nch | ong
t her nobonditiagn-&xtbmded Loystallipeform? Bie fiheas bahg eutbparoukly Sanded mepdias iof fied ght
of the collected conbination web was 275 grans per square neter. The

col | ect ed EFEURR-e thermal |y bonded and anneal ed by heating in a conveyor
ovenyat 160 degrees C for one minute, after which the webs were sewn

bet ween pieces of rip-stop nylon to prepare twenty-two inch square

sanpl es. The webs weAeonashetweb o2 Olairauntigrtadbeen @mbiled!aslindidirag byalsder
(UNI MAC Model UF50) with a water tenperature of 170C and then dried. This
was r epeatabgercsrof sold enyaiallizpiompeakyn hads Pley, the thernal  insul ation
val ue was neasured in clo as described in ASTM D1518 and neasured again

3. A web of claim 1 or 2 in which the PET fibers are prepared from resin
15 exhibiting an intrinsic viscosity of between about (.45 and 0.75.
4. A web of claim 1 or 2 in which the PET fibers are prepared from resin

exhibiting an intrinsic viscosity of about 0.6 or less.

20 5. A web of any of claims 1-4 in which the average diameter of the PET fibers

is about 20 micrometers or less.

6. A web of any of claims 1-4 in which the average diameter of the PET fibers

is about 10 micrometers or less.

25
7. A web of any of claims 1-6 in which the PET fibers include a
circamferential layer of amorphous polymeric material.
8. A web of any of claims 1-7 that shrinks less than 5% when heated to a
30 temperature of 160 degrees C for 5 minutes.
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after the 50 h washing cycle. The web thickness was neasured be’Ff T msd
after the 50 |aundering cycles as described in ASTM D5736 using a
pressur eVPl0aREtdor ce of 0.002 25 pound per square inch. TRETHSIHT

t hickness loss is reported. Both exenplary webs passed the visual test
for durability and the results are set forth in Table 6. Table 6 Exanple

CLO CLO % Thi ¢gkness, Befgre. 5 fte WAsh Loss h cl es | es 42
o6 17 4n a0 o A vty afty AP cGImRY OB b8 Pk b TR e
What is ¢hapEpdbes: 1. A fibrous nonwoven web conprising a mass of

pol yet hyl ene terephthalate fibers that exhibit a double nelting peak on
a DSC plot, one peak being representative of a 5 first nolecular portion

within the fiQer that (s .in ngn-chain-extended crysfalline form .and the
ot her peak beﬁﬁg rewéémaayiogelaaﬁs l—@@ewweééépkaﬂ%% ISP HAROR S
fibgr th‘i‘ﬁcf’l?l‘%’xﬁers(:hai n- extended crystalline formand has a nelting point

el evat ed over at of the non- chain-extended crystalline form the

fi bers bei ng autogenously bonded at points of fiber intersection. 10 2.
A nonwoven web of claim 1l that has been anneal ed, as _indicated by the
absence of a d&l d- ¢k sbafiapy &f claimpédR heningredasity pf dP0 kdogramsgst eqbie| ai m
| or 2ir1%¥fc2 the PET fibers are prepared fromresin 15 exhibiting an
intrinsi @9FL %?ty of between about 0.45 and 0.75. 4. A web of claim1l
or 2 in which the PET fibers are prepared fromresin exhibiting an
intrinsic viscosity of about 0.6 or less. 20 5. A web of any of clains

1- 40i n whi ch tlBe averabefdnuwéckimol-llhaviER hideess ofiat legsohmnpo

m crometers or less. 6. A web of any of clains 1-4 in which the average

di ameter of the PET fibers is about 10 mcroneters or less. 25 7. A web

of any of claijfs 1-6vweB obtanG s EREmEEN 2 HaRBIES preedurdl8rap of at least about 0.3
mm water pressure at a flow rate of 32 liters/minute and a face velocity of 3.12 meters per
minute.

15
14. A web of any of claims 1-12 having a pressure drop of at least about 0.5
mm .water pressure at a flow rate of 32 liters/minute and a face velocity of 3.12 meters per

minute and a density of 50 kilograms per cubic meter or less.

20 15. A web of any of claims 1-14 in which the PET fibers are bicomponent in
nature and include at least one polymeric component other than PET, the PET component
extending Jongitudinally along the fiber through a first portion of the cross-sectional area
of the fibers and exhibiting a double melting peak on a DSC plot, and the at Jeast one other
polymeric component extending longitudinally along the fiber through a second portion of

25 the cross-sectional area of the fibers.

16. A fibrous nonwoven web comprising a mass of polyethylene terephthalate
fibers that exhibit a double melting peak on a DSC plot, one peak being representative of a
first molecular portion within the fiber that is in non-chain-extended crystalline form, and
30 the other peak being representative of a second molecular portion within the fiber that is in
chain-extended crystalline form and has a melting point elevated over that of the non-

chain-extended crystalline form; the web being annealed, as indicated by the absence of a
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circunferential |ayer of anorphous polyneric material. 8. A webggwlm of
claims 1-ygfakseghri nks | ess than 5% when heated to a 30 pefashiiue of
160 degrees C for 5 mnutes. 21 1 9 MAY 2005 WD 02/4651)4 PCT/ US01/ 45444
9. A web of any of clains 1-8 that conprises other fibers interspersed
anong the PET fibers. 10. A web of any of clains 1-8 that conprises
stapl e fi veldscrystaBizatpen ped crtbadPSGplohenPEie webexkibiting a shrindageod! legyythaof

0" b By et Yl R S o TG SR,
13. A web g ;3NN Qfer }ﬂ't?@chjn' Helx i :gg&%ﬁ)ﬁlﬁfe Qi cBhdiliGRst about
pr% S at S T oW I

0.3 nmmwater Ssu rate o itéts/mnute and a face
velocity of 3.12 neters per mnute. 15 14. A web of any of clains 1-12
having a pressure drop of at |east about 0.5 wat er pressure at a flow

rate Sof 32 |itdils/ niswed cdstpim ¥oipavhieh BeiRET ﬁglg:a haye aepapaiespntial layer afe
d a density of 50 kil i Less, 2
o o g SO R AR . PBY TPk B ot Bilg

i ncl ude atyflgasintpaeripp! ynmeri c conponent ot her than PET, the PET
conponent extending longitudinally along the fiber through a first
portion of the cross-sectional area of the fibers and exhibiting a

Covmonemt. okt ol SR T SRR & S Bk 600 RS bepBR AR
portlioon Ofab%nﬂﬁdxﬂﬁr&ﬁ&%?s‘oﬁ&tsi onal area of the fibers. 16. A fibrous

nonwoven web conprising a nmass of pol yethylene terephthalate fibers that
exhibit a double nelting peak on a DSC pl ot, one peak being

representative of a first nolecular portion within the fi beé hg,?,t is.in
non- chai n- ext edded ch pebaficlav@ koprmh7 iachigh therfy cragh amrienonibg fibers is

represent %Biaﬁ/tglool}crﬁc??ﬁﬁ%%noq' [ecul ar portion within the fiber that is in
chai n- ext ended crystalline Tormand has a nelting point elevated over

that of the non- chain-extended crystalline form the web bei ng anneal ed,

as | lrljdi cated byZOt. he 2 %isnﬁglfs?ongﬁly%ta%lze f%t?row I’YIOIIZ\S(())VSen web comprising a coherent mass
of entangled self—bénded meltblown polyethylene terephthalate fibers that exhibit a double
melting peak on a DSC plot, the first peak being representative of a first molecular portion
within the fiber that is in non-chain-extended crystalline form, and the other peak being
representative of a second molecular portion within the fiber that is in chain-extended

20 crystalline form and has a melting point elevated over that of the non-chain-extended

crystalline form; the mass of PET fibers having an average diameter of about 20
micrometers or less, and the web having a density less than about 100 kilograms per cubic
meter, a thickness of at least about 5 mm and a pressure drop of at least about 0.3 mm of

water at a flow rate of 32 liters/minute and a face velocity of 3.12 meters per minute.

25
21. A nonwoven web of claim 20 that has been annealed, as indicated by the
absence of a cold-crystallization peak on the DSC plot.
22. A web of claim 20 or 21 that shrinks less than 5% when heated to a
30 temperature of 160 degrees C for 5 minutes.
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WO 02/ 46504 PCT/ USO / 45444 col d-crystallization peak on the DSC i‘i

and the web exhibiting a shrinkage of |less than 5% when heated t AY 2003
tenperature of 160 degrees C for 5 mnutes, and further exhibiting
continuing strength, toughness and flexibility after storage at anbient
conditions. 5 17. A web of claim16 in which the PET fibers have a

ci rcunf erenti & Iaﬁ*éveh)fl’fané(mﬁlcbhn&go-@alilywbtdhdhﬂﬁE@rﬁbats dwpraghiloh t he PET

fib b d f fib t t 18. A web
of ol ai g RIS R and I S atessire o phes st Ot mev e 10
about ZOpMﬁ@mtfﬁf\ﬁ réé of $5 HtershRinufe éﬂﬁba ﬁf:e %l%f? 5. P mbterd per bﬁt@ i he

average dianeter of the PET fibers i1s about m croneterst or | ess’

20. A di #amiy oh3) kijogreamb per dublrroetsr orlasspueha thidknessafrat fdangl Oamﬂmefe@mt
mass of entangl ed sel f-bonded neltbl own pol yet hyl ene terephthal ate
fibers that exhibit a double nelting peak on a DSC plot, the first peak
bei ng r epr esetft-at i $evedrofanyiof §kalms)2fégﬁjurawhpbrthe BET ﬁbﬁtsmmpltepareﬂlfﬂam t hat

' t | | f th k b
ropr osercaneoatuRe R VbR pOR AR et AR Bone ¢ Tber that is in

chai n-extended 20 crystalline formand has a nelting point el evated over

havi ng an average N L Beranat W50 Ay bR BT obilf RS Suiplngc e

havi ng an average di aneter FS or

havi ng aa)ctatrssﬂmg moden PlﬂTapblﬁhauiavi@Oa feiipe@uaeBf fssut 0P HEered L 8F lesd
t hi ckneztﬁj a]lfr st boutl nm and a pressure drop of at |east about
0.3 nm dfrought {Ceg of p G tbhlt‘*éns)fhesgtomhlsb@ﬂﬁpmﬁt@aamf air foageducelaoci t y

of 3.12 web of cl ai Q1 has
been annrggﬁrs%g Eg?i }?elrglgdfqgga regﬂ'.bof%grh ﬁlﬂ%ban%%goq%?rge%%‘frﬁtwéer%%ﬁ ?@ati on
peak on deIgEBeDSG)rﬂésstandaﬁaer’el/&hy of atdeat M@ hetis Pk sbdd sffididliSo (RSt t han
5% when heat ed to.a 30 tenperature of 160 degrees C for 5 mnutes. 23 19

MAY 2005°hatrextondgd grystalligation fo te AETefites; 2nd bhcalkvcting theepremared PBET s

aver age (Jrcrometers or less in dianeter and the web has a pressure
drop of at Teast 0.5 mmwater pressure at a flowrate of 32
liters/mnute and a face velocity of 3.12 neters per mnute, a density

of 50 kil ogr as Pk ntRiofl AR 2P RS olpBPEhts bAHTDES e Gfoslseh 0aST 10

mllinmeters. 24. A web of anyo cl alrns i bers are
pr epar ecanfangrihe PESifiveesdiefine thayqracolleatedi nsi ¢ vi scosity of between about
0.45 and 0. 6.

27. A method for preparing the web of any one of claims 1 to 24 comprising
a) heating PET polymer resin having an intrinsic viscosity of between about 0.45 and 0.6
to a molten form, extruding the molten PET polymer while at a temperature of about 285
degrees C or less through the orifices of a meltblowing die into a high- velocity stream of
air to thereby prepare a mass of meltblown PET fibers having an average diameter of
about 20 micrometers or less, the stream of air having a temperature of less than about
270 degrees C and an air velocity of at least 100 meters per second sufficient to impart
chain-extended crystallization to the PET fibers; b) collecting the prepared PET fibers as
a web; and ¢) passing the collected web through an oven to anneal and autogenously

bond the PET fibers together at points of fiber intersection.

28. A method of claim 27 in which the PET polymer has a temperature of
about 275 degrees C or less when extruded through the orifices of the meltblowing dic.
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25. A nethod for preparing the web of any one of clainms 1 to 24199 MAY 2005
conprising a) extruding nolten PET polyner having a tenperature of about
295 degrees C or less through the orifices of a neltblowing die into a
hi gh-vel ocity streamof air to produce a nass of PET fibers, the stream
of air having a manifold air tenperature of about 260 degrees C or |ess
and an air vebdci t H wethad of elaim gg@ﬂ&i;twhishplm'stsemmf(himﬁkfahair%tocity

i npart = nded crystallization to the PET fibers; and b)

col I ecti ﬁgﬁéﬁafﬁoﬁ%’sﬁ%e’s onflj hers. 26. A nethod of claim 25 in which
other fibers or particles are dispersed anong the PET fibers before they

are col |l ect edzn 27. . i -he. 0 one of. clains 1
to 24 conpri s'lo’?ig %)%ﬁgg{l?ﬁ%ﬂyggﬁ%ﬁgézg@%%g Hl\éﬁ%% hﬁafnﬂﬁh?rrf?% Hsi ¢

vi scosi t introfluding uditioredd GibersQntdahesitbath & prégardl PRT Fi88rsiRrdT c&a(écEiH%mg the
nol ten PET polynmer while at a tenperature of about 285 degrees or |ess
t hr ough Wﬁ'éo'gﬁgfffﬁ-ces of a neltblowng die into a high- velocity stream of
air to thereby prepare a nass of neltblown PET fibers having an average
di amet er of out .20 mer ters,or less, the streamof air having a
tenperature of 'l es‘é‘?ﬂ?ﬂgﬁg‘g%fn Eé%wﬁébﬂ%dél%ﬁm%ﬁﬁs ePIpNsE staple y of at

| east 10fpdpeters per second sufficient to inpart chain-extended
crystallization to the PET fibers; b) collecting the prepared PET fibers
as a web; and c) passing the collected web through an oven to anneal and

aut ogenousl y 3hondAtheh&EdT ddvREcsi Jal] i f, i

intersection. 28. A nethod o lecglin?]l?g%3#%&%?%?%%?%&1@%% girgrler has a

t enper at R ¥meric matsoial is 2XGudtsitheegh Cheoorifices of this emelthkdwing @it tobethergwith he
orifices,0 he,nel t bl owi.ng die. . 24 19 Y 2005 29. A nmethod of claim
27 or 28thF:[|)E\tX1ﬂ°W?rH8ﬂ§etr?l§§‘?‘FFQﬁreQ]an\Rﬁge“é bgiSr vel ocity of at |east 150
neters per second. 30. A nethod of any of clainms 27-30 which includes the
further step of introducing additional fibers into the stream of
prepared PET fibers before collecting the web of fibers. 31. A nethod of
claim30 in which the additional fibers conprise staple fibers. 32. A
nmet hod of any of clains 27-31 in which at | east one additional polyneric
material is extruded through the orifices of the neltbl ow ng die together

with the PET polynmer to thereby prepare biconponent fibers. 25

25





