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APPARATUS FOR MAKING DIMENSIONALLY 
STABLE NONWOVEN FIBROUS WEBS 

TECHNICAL FIELD 

[0001] The present invention relates to a method and 
apparatus for making nonWoven ?brous Webs that resist 
shrinkage When exposed to heat. 

BACKGROUND 

[0002] Typical melt spinning polymers, such as polyole 
?ns, tend to be in a semi-crystalline state upon meltbloWn 
?ber extrusion (as measured by differential scanning calo 
rimetry (DSC)). For polyole?ns, this ordered state is due, in 
part, to a relatively high rate of crystalliZation and to the 
extensional polymer chains orientation in the extrudate. In 
meltbloWn extrusion, extensional orientation is accom 
plished With high velocity, heated air in the elongational 
?eld. Extending polymer chains from the preferred random 
coiled con?guration and crystal formation imparts internal 
stresses to the polymer. Provided the polymer is above its 
glass transition temperature (Tg) these stresses Will dissi 
pate. For meltbloWn polyole?ns, the dissipation of stresses 
occurs spontaneously since the polymer’s Tg is Well beloW 
room temperature. 

[0003] In contrast, some melt spinning polymers, such as 
polyethylene terephthalate (PET), tend to be in a nearly 
completely amorphous state upon meltbloWn ?ber extrusion. 
This characteristic is attributable to a relatively loW rate of 
crystalliZation, a relatively high melt temperature (Tm), and 
a Tg Well above room temperature. The internal stresses 
from amorphous orientation Within the elongational ?eld are 
froZen-in due to rapid quenching of the melt, thus preventing 
relaxation Which cannot be released until subsequent anneal 
ing above Tg. Annealing betWeen Tg and the Trn for suf?cient 
periods alloWs the polymer to both crystalliZe and dissipate 
internal stresses caused by elongational orientation. This 
stress dissipation manifests itself in the form of shrinkage 
that can approach values exceeding 50% of the Web’s 
extruded dimensions. 

[0004] The textile and ?lm industries have successfully 
addressed dimensional instability in Woven polyester fabrics 
and ?lms using edge tentering during heatsetting or anneal 
ing. In edge tentering, the Woven polyester fabric or ?lm is 
held along its edges to a desired Width as it passes through 
an annealing oven. The heatsetting temperature ranges typi 
cally from about 177° C. to about 246° C. (350° F. to about 
475° F), and the dWell time ranges from about 30 seconds 
to several minutes. The annealed article is dimensionally 
stable up to the heat-setting temperature. While edge ten 
tering is practical for ?lms and Woven fabrics, nonWoven 
?brous Webs typically lack suf?cient tensile properties (i.e., 
?ber and Web strength) to Withstand conventional edge 
tentering procedures, resulting in a damaged Web. 

[0005] Various attempts have been made in the art to 
achieve a dimensionally stable polyester nonWoven ?brous 
Web. US. Pat. No. 3,823,210 (Hikaru Shii et al.) describes 
a method of manufacturing an oriented product of a syn 
thetic crystalline polymer. The patent discloses draWing a 
crystalline polymer, applying tensile stress in the direction 
of the draW axis in a heated solvent, and under this condition 
extracting the soluble fractions of the draWn material. 
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[0006] US. Pat. No. 5,010,165 (Pruett et al.) describes a 
dimensionally stable polyester melt bloWn Web achieved by 
treating a melt bloWn Web composition With a solvent Where 
the solvent has a certain solubility parameter, and drying the 
melt bloWn Web composition. 

[0007] US. Pat. No. 5,364,694 (Okada et al.) teaches that 
PET cannot give a meltbloWn Web With small thermal 
shrinkage unless the melt-bloWing operation is conducted at 
higher viscosity and With air under higher pressure than 
these melt-bloWing conditions employed for other readily 
crystalline polymers such as polypropylene. The patent 
teaches stable operation With high productivity is impossible 
under such strict conditions. The patent discloses that blend 
ing the PET With 2 to 25% of a polyole?n decreases the melt 
viscosity of the entire blend so that the polymer extrudates 
can be attenuated into ?bers even by the comparatively Weak 
force exerted by a loW-pressure air of not more than 1.0 
kg/cm2. The extruded polyole?n has a high crystalliZation 
rate. In the blend, the polyole?n forms minute islands in a 
continuous sea of PET. The multiplicity of crystalliZed 
polyole?n islands constitute restricting points that suppress 
movement of amorphous molecules of PET When the Web is 
heated, thereby preventing the nonWoven fabric from 
shrinking to a large extent. 

[0008] US. Pat. No. 5,609,808 (Joest et al.) describes a 
method of making a ?eece or mat of ?laments of a thermo 
plastic polymer having both a crystalline and an amorphous 
state. A melt-bloWing head is operated under conditions to 
produce long ?laments, Which are collected on a sieve belt 
and form crossing Welds at cross-over points. The resulting 
Web is composed of ?laments having a diameter of less than 
100 micrometers and a degree of crystallinity of less than 
45%. The Web is heated to a stretching temperature of 80° 
C. to 150° C. and is then biaxially stretched by 100% to 
400% before being thermally ?xed at a higher temperature. 
The stretching station can have a doWnstream pair of rolls 
Which are driven at a certain speed and an upstream pair of 
rolls driven at a higher speed to effect the longitudinal 
stretching. Transverse stretching is effected betWeen pairs of 
diverging chains. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method and appa 
ratus for making a dimensionally stable or shrink-resistant 
nonWoven Web of polymeric ?bers. The resulting dimen 
sionally stable, nonWoven ?brous Webs can be used at higher 
temperatures With minimal change in ?ber diameter, siZe, or 
physical properties as compared to conventional polyole?n 
Webs. NonWoven ?brous polyester Webs dimensionally sta 
biliZed using the present method and apparatus are particu 
larly useful as thermal and acoustical insulation. 

[0010] The present method of making nonWoven ?brous 
Webs does not require the use of additives that can have an 
undesirable impact on the base polymer properties. For 
example, polymer additives and polymer blends formulated 
to increase the dimensional stability of PET typically loWer 
the melting point and glass transition temperature of the 
PET. This reduction in melting point and glass transition 
temperature negatively impacts on the use of PET for high 
temperature applications, such as automotive engine com 
partment noise attenuators. 

[0011] In one embodiment, a nonWoven Web of thermo 
plastic ?bers is restrained on a tentering structure at a 
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plurality of tentering points distributed across an interior 
portion of the Web, rather than just along its edges. The 
nonWoven Web is annealed While restrained on the tentering 
structure to form a nonWoven ?brous Web, dimensionally 
stable up to at least the heatsetting temperature. The 
annealed nonWoven ?brous Web is then removed from the 
tentering structure. In one embodiment, the tentering struc 
ture restrains the nonWoven ?brous Web in a non-planar 
con?guration during the annealing process. 

[0012] The present invention also relates to a tentering 
structure for annealing nonWoven ?brous Webs. The tenter 
ing structure includes a plurality of tentering points project 
ing distally from a tentering support. The tentering points 
can restrain the Web in tWo or three dimensions. 

[0013] As used herein, 

[0014] “crystallization temperature (Tc)” is the tempera 
ture Where a polymer changes from an amorphous to a 
semicrystalline phase. 
[0015] “dimensionally stable” refers to a nonWoven 
?brous Web that suffers preferably less than 20% shrinkage, 
more preferably less than 10% shrinkage, and most prefer 
ably less than 5% shrinkage, along its major surface When 
elevated to the temperature at Which the nonWoven ?brous 
Web Was annealed. 

[0016] “glass transition temperature (TJ’ is the tempera 
ture Where a polymer changes to a viscous or rubbery 
condition from a glassy one. 

[0017] “heatsetting” or “annealing” refers to a process of 
heating an article to a temperature greater than (Tg) for some 
period of time and cooling the article. 

[0018] “heatsetting temperature” refers to the maximum 
temperature at Which the nonWoven ?brous Webs are heated 
or annealed. 

[0019] “melting point (Tm)” is the temperature Where the 
polymer transitions from a solid phase to a liquid phase. 

[0020] “nonWoven ?brous Web” refers to a textile struc 
ture produced by mechanically, chemically, and/or thermally 
bonding or interlocking polymeric ?bers. 

[0021] “micro?ber” refers to ?bers having an effective 
?ber diameter of less than 20 micrometers. 

[0022] “percent crystallinity” refers to the fraction of the 
polymer Which possesses crystalline order. The crystalline 
fraction may include nearly perfect crystalline domains as 
Well as domains possessing various levels of disorder, but 
yet be distinguishable from the lack of order present in an 
amorphous material. 

[0023] “polymeric” means a material that is not inorganic 
and contains repeating units and includes polymers, copoly 
mers, and oligomers. 

[0024] “staple ?ber” refers to ?bers cut to a de?ned length, 
typically in the range of about 0.64 centimeters to about 20.3 
centimeters and an actual ?ber diameter of at least 20 
micrometers. 

[0025] “tentering point” refers to a discrete location Where 
the nonWoven ?brous Web is secured during annealing. 

[0026] “thermoplastic” refers to a polymeric material that 
reversibly softens When exposed to heat. 
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[0027] “ultimate percent (%) crystallinity” refers to the 
practical maximum achievable percent crystallinity for a 
material. 

BRIEF DESCRIPTION THE DRAWING 

[0028] FIG. 1 is a perspective vieW of a tentering appa 
ratus and a cut-aWay portion of a nonWoven ?brous Web in 
accordance With the present invention. 

[0029] FIG. 2A is a partially broken side vieW of an 
alternate apparatus for tentering a nonWoven ?brous Web in 
accordance With the present invention. 

[0030] FIG. 2B is a top sectional vieW of the apparatus of 
FIG. 2A. 

[0031] FIG. 3 is a partially broken side vieW of an 
alternate apparatus having an upper and a loWer tentering 
apparatus in accordance With the present invention. 

[0032] FIG. 4 is a partially broken side vieW of a com 
pressive tentering apparatus in accordance With the present 
invention. 

[0033] FIG. 5 is a side sectional vieW of an alternate 
tentering pin con?guration in accordance With the present 
invention. 

[0034] FIG. 6 is a side vieW of a tentering apparatus for 
tentering non-planar articles in accordance With the present 
invention. 

[0035] FIG. 7 is an exemplary MDSC heating pro?le. 

[0036] FIG. 8 illustrates exemplary heat ?oW signals for 
the heating pro?le of FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] FIG. 1 is a perspective vieW of a ?rst embodiment 
of an annealing apparatus 20 designed to hold a nonWoven 
?brous Web 21 stationary at a plurality of tentering points 
during annealing or heatsetting. A plurality of retractable 
tentering pins 22 are mounted to a tentering pin support 24. 
In the embodiment illustrated in FIG. 1, the tentering pins 
22 are inserted through a plurality of tentering pin holes 26 
on a backing 28. The tentering apparatus 20 of FIG. 1 
restrains the nonWoven Web 21 along its major surface (X 
and y axes), but not along the Z-axis. The tentering pin 
support 24 and the backing 28 includes a plurality of vent 
holes 30 to permit air?oW through the surface of a nonWoven 
Web 21 engaged With the annealing apparatus 20. The 
tentering apparatus 20 avoids compressing the nonWoven 
Web 21 of micro?bers during annealing to preserve the 
acoustical and thermal insulating properties. 

[0038] Unlike conventional edge tentering used to anneal 
?lms and Woven fabrics, the tentering pins 22 of FIG. 1 are 
con?gured to restrain the nonWoven ?brous Web 21 at a 
plurality of locations at interior portion 36. Edge portions 34 
can also be restrained. Edge portion 34 refers to the perim 
eter of the Web that is typically restrained during conven 
tional edge tentering of ?lms or Woven fabrics. For most 
edge tentering applications the edge portions 34 typically 
comprise less than about 5% of the major surface of the Web. 
Interior portion 36 refers to the major surface of the Web, 
exclusive of the edge portions 34. That is, the interior 
portion 36 is typically the surface area of the Web not 
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restrained by conventional edge tentering techniques. The 
interior portion typically comprises at least 95% of the 
surface area of the Web. The distribution of the tentering pins 
22 across the interior portion of the Web 21 alloWs the 
contraction forces of relaxation and subsequent crystalliZa 
tion during annealing to be distributed generally uniformly 
across the Web 21, With minimal Web shrinkage or tearing. 

[0039] The spacing betWeen the retractable tentering pins 
22 is optimiZed to prevent ?ber-to-?ber slippage due to 
shrinkage during annealing. In one embodiment, the pins 22 
form a grid, With each pin 22 separated by about 2.5 
centimeters to about 50 centimeters. In another embodiment, 
the annealing apparatus 20 comprises a single roW of pins 22 
arranged to engage With the center of the interior portion 36 
of the Web 21. The length of the retractable tentering pins 22 
can be adjusted depending on the thickness of the nonWoven 
?brous Web. Although the embodiment illustrated in FIG. 1 
shoWs the pins 22 arranged uniformly on the annealing 
apparatus 20, a random arrangement of tentering pins 22 is 
also possible. 

[0040] Spacing of the pins 22 depends upon the bulk 
density of the Web 21, the effective ?ber diameter of the 
?bers, the thickness of the Web, the material from Which the 
Web is constructed and other factors. Effective ?ber diameter 
(EFD) is calculated according to the method set forth in 
Davies, C. N., “The Separation of Airborne Dust and Par 
ticles,” Institution of Mechanical Engineers, London, Pro 
ceedings 1B, 1952. 

[0041] After annealing is completed, the tentering pin 
support 24 can be separated from the backing 28 so that the 
tentering pins 22 are retracted from the ?brous Web 21. 
Alternatively, the nonWoven ?brous Web 21 can be lifted off 
of the tentering structure 20. 

[0042] FIGS. 2A and 2B illustrate a continuous annealing 
apparatus 40 in Which nonWoven Web 32 is engaged With a 
tentering structure 42. The tentering structure 42 includes a 
moving belt 44 having a plurality of tentering pins 46 
extending distally aWay from the belt 44. The tentering pins 
46 are arranged across the Width “W” of the belt 44 to 
penetrate into the interior portion of the Web 32. A roller 48 
may optionally be provided for forcing the nonWoven 
?brous Web 32 onto the tentering pins 46. The moving belt 
44 rotates to draW the nonWoven ?brous Web 32 through an 
annealing oven 50. Avariety of energy sources can be used 
in the annealing oven 50, such as steam, heated air, infrared, 
x-ray, electron beam, etc. After annealing, the annealed 
nonWoven ?brous Web 32‘ is separated from the tentering 
structure 42 to provide a nonWoven ?brous Web dimension 
ally stable up to at least the heatsetting temperature of the 
oven 50. 

[0043] In the embodiment illustrated in FIGS. 2A and 2B, 
the tentering pins 46 extend substantially through the thick 
ness 33 of the nonWoven ?brous Web 32. Alternatively, the 
tentering pins 46 can extend part of the Way into the 
nonWoven ?brous Web 32. In yet another embodiment, a 
?ber forming mechanism 52 can be located upstream of the 
oven 50 to deposit the melt-bloWn ?bers directly onto the 
tentering structure 42. 

[0044] FIG. 3 is an alternate annealing apparatus 60 
having an upper tentering structure 62 opposite a loWer 
tentering structure 64. In the embodiment illustrated in FIG. 
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3, the tentering pins 66 on the upper tentering structure 62 
extend only part Way into the thickness 65 of the nonWoven 
?brous Web 67. Similarly, the tentering pins 68 of the loWer 
tentering structure 64 extend part Way into the nonWoven 
?brous Web 67. Use of an upper and loWer tentering struc 
tures 62, 64 alloWs for shorter tentering pins 66, 68, respec 
tively. The shorter tentering pins 66, 68 facilitate release of 
the annealed nonWoven ?brous Web 67‘ from the tentering 
structure 62, 64 after annealing in the oven 70. The sum of 
the length of the tentering pins 66, 68 can be less than, 
greater than or equal to the thickness 65 of the nonWoven 
?brous Web 67. In one embodiment, the upper tentering pins 
66 engage With the loWer tentering pins 68 Within the Web 
67 during annealing to provide greater lateral strength to the 
pins. As discussed above, the tentering pins 66, 68 are 
arranged across the Width of the tentering structures 62, 64 
to penetrate into the interior portion of the nonWoven ?brous 
Web 67, such as illustrated in FIG. 1. 

[0045] FIG. 4 is a side sectional vieW of an alternate 
annealing apparatus 80 in Which the nonWoven ?brous Web 
81 is compressibly engaged betWeen an upper tentering 
structure 82 and a loWer tentering structure 84. Rather than 
penetrating into the nonWoven ?brous Web 81, tentering pins 
86, 88 restrain the Web 81 by compression at discrete 
locations. The tentering pins 86, 88 are arranged to de?ne 
compressive tentering points along an interior portion of the 
nonWoven ?brous Web 81, such as illustrated in FIG. 1. In 
the illustrated embodiment, the tentering pins 86, 88 have a 
relatively loW aspect ratio to increase bending strength and 
to reduce or eliminate penetration of the pins 86, 88 betWeen 
the ?bers of the Web 81. The resulting annealed nonWoven 
?brous Web 81‘ has an embossed surface corresponding to 
the shape of the tentering pins 86, 88. The embodiment of 
FIG. 4 is particularly useful for nonWoven ?brous Webs that 
are relatively thick, preferably greater than about 5 milli 
meters thick. 

[0046] FIG. 5 is a side sectional vieW of an exemplary 
tentering structure 100 having tapered tentering pins 102 
mounted to a tentering pin support 104. The tapered tenter 
ing pins 102 facilitate release of the nonWoven ?brous Web 
108 after the annealing process. Abacking 106 may option 
ally be placed over the tentering pins 102 so that the pins 102 
can be retracted from the nonWoven ?brous Web 108 after 
annealing. 
[0047] In an alternate embodiment illustrated in FIG. 5, a 
series of horiZontally oriented tentering pins 109 are inserted 
into the Web 108 perpendicular to the tentering pins 102. The 
tentering pins 102 restrain the Web 108 in the x-y plane. The 
tentering pins 109 restrain the Web 108 along the Z-axis. 
Restraining the Web 108 in three dimensions during anneal 
ing preserves loft or thickness. 

[0048] The tentering pins are preferably constructed from 
metals such as stainless steel or aluminum. In one embodi 
ment, the tentering pins are coated With a loW adhesion 
material such as polytetra?uoroethylene, or high density 
polyole?ns. Alternatively, the tentering pins and/or the non 
Woven ?brous Web can be continuously or periodically 
treated or sprayed With a loW adhesion material such as 
silicone or ?uorochemicals to facilitate release of the non 
Woven ?brous Web. 

[0049] FIG. 6 illustrates a non-planar tentering structure 
110 having a plurality of shaped structures 112 for forming 
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the nonWoven ?brous Web 118 during annealing in the oven 
116. Tentering pins 114 are arranged along the entire Width 
and length of the tentering structure 110, including the 
shaped structures 112. After annealing, the annealed Web 
124 has formed portions 122 corresponding to the shaped 
structures 112. The shaped structures 112 can be con?gured 
in a variety of shapes, depending upon the application of the 
annealed article. 

[0050] Generally, the term “monomer” refers to a single, 
one unit molecule capable of combination With itself or 
other monomers to form oligomers or polymers. The term 
“oligomer” refers to a compound that is a combination of 
about 2 to about 20 monomers. The term “polymer” refers 
to a compound that is a combination of about 21 or more 
monomers. 

[0051] Polymers suitable for use in this invention include 
polyamides such as Nylon 6, Nylon 6,6, Nylon 6,10; poly 
esters such as polyethylene terephthalate, polyethylene 
naphthalate, polytrimethylene terephthalate, polycyclohexy 
lene dimethylene terephthalate, polybutylene terephthalate; 
polyurethanes; acrylics; acrylic copolymers; polystyrene; 
polyvinyl chloride; polystyrene-polybutadiene; polysterene 
block copolymers; polyetherketones; polycarbonates; or 
combination thereof. The ?bers in the ?brous Web may be 
formed from a single thermoplastic material or a blend of 
multiple thermoplastic materials, such as, for example, a 
blend of one or more of the above listed polymers or a blend 
of any one of the above listed polymers and a polyole?n. In 
one embodiment, the ?bers are extruded to have multiple 
layers of different polymeric materials. The layers may be 
arranged concentrically or longitudinally along the ?ber’s 
length. 
[0052] Although the present method and apparatus for 
making a dimensionally stable nonWoven ?brous Web is 
applicable to a variety of thermoplastic material, a dimen 
sionally stable nonWoven polyester Web is particularly use 
ful for acoustical and other insulating properties for auto 
motive engine compartments, appliance motor 
compartments, and a variety of other high temperature 
environments. Polyesters also offer signi?cant advantages in 
applications including medical, surgical, ?ltration, thermal 
and acoustical insulation (see US. Pat. No. 5,298,694 
(Thompson et al.)), protective clothing, clean room gar 
ments, personal hygiene and incontinent products, geotex 
tiles, industrial Wipes, tenting fabrics, and many other 
durable and disposable composites. 

[0053] Polyester melt-bloWn nonWoven ?brous Webs have 
a unique combination of high strength, elongation, tough 
ness, grab strength, and tear strength compared to other 
nonWoven polymeric Webs, such as polypropylene non 
Woven Webs. Polyester nonWoven Webs can be made With a 
high degree of rigidity or stiffness as compared to ole?nic 
Webs. This stiffness is inherent in polyester due primarily to 
its higher modulus values. Additionally, ?ame retardant 
properties are more easily imparted to polyester nonWoven 
?brous Webs as compared With ole?nic ?brous Webs. 

[0054] Polymeric ?bers are typically made by melting a 
thermoplastic resin and forcing it through an extrusion 
ori?ce. In the meltbloWn process, the ?bers are extruded into 
a high velocity airstream that effectively stretches or attenu 
ates the molten polymer to form ?bers. The ?bers are then 
condensed (separated from the airstream) and collected as a 

Dec. 27, 2001 

randomly entangled or nonWoven Web. For example, non 
Woven ?brous Webs can be made using melt-bloWing appa 
ratus of the type described in Van A. Wente, “Super?ne 
Thermoplastic Fibers,”lna'ustrial Engineering Chemistry, 
vol. 48, pp. 1342-1346 and in Report No. 4364 of the Naval 
Research Laboratories, published May 25, 1954, entitled 
“Manufacture of Super Fine Organic Fibers” by Van A. 
Wente et al. 

[0055] When a high velocity gaseous stream is not used, 
such as in the spun bond process, a continuous ?ber is 
deposited on a collector. After collection, the continuous 
?ber is entangled to form a nonWoven Web by a variety of 
processes knoWn in the art, such as embossing or spraying 
With Water (hydro-entangling). For thermal and acoustical 
insulation applications, staple ?bers can be combined With 
the ?bers to provide a more lofty, less dense Web. NonWoven 
Webs containing micro?bers and crimped bulking staple 
?bers used for thermal insulation are disclosed in US. Pat. 
No. 4,118,531 (Hauser) and United States Defensive Pub 
lication No. T100,902 (Hauser). 

[0056] A method and apparatus for making molecularly 
oriented, melt-bloWn ?bers, and particularly oriented poly 
ester ?bers, suitable for use in the present invention are 
disclosed in US. Pat. Nos. 4,988,560 (Meyer et al.) and 
5,141,699 (Meyer et al.). Fibers of polyesters, such as 
polyethylene terephthalate (PET), tend to be in an amor 
phous state When made by conventional melt-bloWing pro 
cedures, as is seen by differential scanning calorimetry 
(DSC). Tensioning and attenuation of the ?bers during 
extrusion enhances molecular orientation Within the ?ber. 
The ?bers are then cooled in an oriented amorphous state. 
The oriented amorphous ?bers have suf?cient toughness, 
?exibility, and strength to form a Web Which can be annealed 
using the present method and apparatus for tentering. Addi 
tionally, the retained amorphous molecular orientation 
serves to strain induce (nucleate) crystallinity Within the 
?ber during the subsequent annealing process. The resulting 
annealed Web is dimensionally stable Web up to, or exceed 
ing, the heat-setting temperature. 

[0057] While not Wishing to be bound, it is believed that 
the nuclei or crystal “seeds” generated during extrusion are 
present in the form of minute islands of “more ordered” 
material Within a continuous sea of amorphous polyester. 
The multiplicity of these ordered sites Within the amorphous 
material serves as nuclei for crystalliZation of the polyester 
?bers during the annealing process. Crystallization is maxi 
miZed by elevating the temperature above the glass transi 
tion temperature (Tg) (about 70° C. to about 80° C. for PET) 
of the material during annealing. 

[0058] It is also believed that the molecular orientation 
Within the material concurrently serves as restricting points 
Within the matrix of amorphous material. These oriented 
regions or “molecular links” suppress the contraction of the 
amorphous material, during Which time the crystalliZation 
process progresses. After annealing or heatsetting, the crys 
tals take over the role previously ?lled by the molecular 
orientation, and serve as physical crosslinks Which suppress 
movement of the amorphous molecules, and hence, the Web. 
For example, a nonWoven ?brous Web of PET Will typically 
not shrink more than about 2% When a level of 13% 
crystallinity or greater is generated during tentering, as 
discussed beloW. 
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[0059] Crystallinity as an Indicator of Dimensional Sta 
bility in NonWoven Fibrous Webs 

[0060] An amorphous, oriented nonWoven micro?ber Web 
is dimensionally unstable if annealed at a temperature 
greater than the glass transition temperature and not 
restrained. The dimensional changes encountered When the 
amorphous, oriented micro?bers retract during annealing 
can be stabiliZed by generating crystalline regions Within the 
?bers. The crystals act as physical links Within the ?ber up 
to their respective melting temperatures. Dimensional 
change is the greatest When the micro?brous Web is totally 
amorphous. In contrast, the greatest dimensional stability 
occurs When the ?bers are highly crystalline. Therefore, 
percent crystallinity can be used as one measure of dimen 
sional stability for nonWoven ?brous Webs annealed using 
the present method and apparatus. 

[0061] Evaluation of Crystalline Content of NonWoven 
Fibrous Webs 

[0062] Percent crystallinity in polymers has been approxi 
mated in the past With standard differential scanning calo 
rimetry (DSC) for cases Where little or no initial crystallinity 
is present. Common practice is to subtract any exothermic 
peak area (cold-crystalliZation at Tc) from the endothermic 
peak (melting at Tm), and use the heat of fusion “remainder” 
divided by the theoretical heat of fusion to approximate the 
crystallinity present before the start of the experiment. This 
method does not reproducibly approximate initial percent 
crystallinity When Working With polyethylene terephthalate 
Which is amorphous, or only slightly crystalline. The error 
lies in the baseline region between To and Tm, Which can be 
evaluated incorrectly using DSC. The standard DSC heat 
?oW signal is a “system average” in that it is the convolution 
of endothermic and exothermic events. The “system aver 
age” heat ?oW signal appears stable, (i.e. the baseline looks 
?at between To and Tm) and implies that there is no crys 
talliZation, crystal perfection, or melting occurring until an 
arti?cially high temperature. This typically results in a 
falsely high ranking of crystalline content for samples of 
lesser actual crystallinity. Web samples evaluated With stan 
dard DSC Would also be incorrectly ranked for crystalline 
content. As a result of the limitations of standard DSC 
analyses, samples calculated to have for example about 20% 
initial crystallinity may in fact be essentially amorphous 
prior to the test, and Would shoW shrinkage on exposure to 
temperatures greater than the heat setting temperature. In 
contrast, samples shoWn to have about 20% initial crystal 
linity by Modulated® Differential Scanning Calorimetry 
(MDSC) and the method described beloW, Will instead be 
dimensionally stable to a temperature equal to, or greater 
than, the heatsetting temperature. MDSC provides a method 
for reliably estimating percent crystalline content, Which is 
proportional to the dimensional stability of the Web, i.e. as 
Web crystalline content increases, dimensional stability 
increases as Well. 

[0063] The specimens Were analyZed using the TA Instru 
ments (located in NeW Castle, Del.) 2920 Modulated® 
Differential Scanning Calorimeter (MDSC). Alinear heating 
rate of about 4° C./min. Was applied With a perturbation 
amplitude of about :0.636° C. every 60 sec. The samples 
Were subjected to a cyclic heat-cool-heat program ranging 
from about —10 to about 310° C. The glass transition 
temperatures reported (° C.) are the midpoints in the change 

Dec. 27, 2001 

in heat capacity seen over the step transition. The step 
transition is analyZed using the reversing signal curve. The 
transition temperatures noted from endothermic and exo 
thermic transitions are the maximum values (Tpeak max or 
min). The integrated peak values are denoted as HF (heat 
?oW), R (reversing or heat capacity related heat ?oW) and 
NR (non-reversing heat ?oW or kinetic effects). 

[0064] A MDSC is similar to a standard DSC in hardWare 
features, hoWever, it uses a distinctly different heating 
pro?le. Speci?cally, the neW technique relies upon program 
ming differences in the heating pro?le applied concurrently 
to the specimen and reference. In MDSC, a sinusoidal 
perturbation 154 is overlaid on top of the standard linear 
heating rate 152 as shoWn in the exemplary MDSC heating 
pro?le of FIG. 7. The result is a continuously changing 
heating rate 150 With respect to time, but not linearly. The 
heat ?oW data Which results from the application of this 
complex heating program is also modulated, and the y-axis 
magnitude of the signal is proportional to heat capacity. 

[0065] After collection, the raW data is deconvoluted into 
three components (FIG. 8) using Fourier mathematics, the 
?rst a Fourier average signal (HF), the second a function of 
heat capacity (R), and the third (NR) the difference of the 
?rst and second curves noted above. The heat ?oW signals 
for quenched PET shoWn in FIG. 8 are for purposes of 
illustration only. The amplitude of the modulated, raW signal 
is corrected by the calibration constants to generate heat 
capacity based information. Material transitions Which result 
from heat capacity changes deconvolute into the reversing 
curve after data reduction, While kinetic effects (cold crys 
talliZation or crystal perfection) separate into the non-re 
versing signal. The heat ?oW signal is equivalent to a 
standard DSC heat ?oW signal, and is quantitative. The pair 
of “reversing+non-reversing” signals are also quantitative as 
a set, but not When considered separately. 

[0066] When a moderately fast crystalliZing material like 
PET is tested in a standard DSC, the percent crystallinity 
values determined by subtracting the cold-crystalliZation 
peak from the melting peak before scaling to the theoretical 
heat of fusion Will be reasonably accurate and reproducible, 
only When the material is already partially crystalline. After 
a specimen has been annealed suf?ciently to generate 
“some” crystallinity, a more representative baseline is seen 
in a standard DSC trace between To and Tm, and alloWs the 
crystallinity approximation method described above to track 
With the observed physical properties of the polymer. The 
heat supplied during the test itself no longer signi?cantly 
affects the crystalline content of the material as it is heated 
through the typical cold-crystalliZation region. MDSC 
alloWs the extension of the determination and approximation 
of initial or “Web” percent crystallinity to loWer levels of 
crystalline content, and to amorphous specimens as Well by 
correctly evaluating this mid-region of the heat ?oW signal. 

[0067] Initial percent crystallinity in PET is estimated by 
using the MDSC non-reversing (NR) signal peak area data 
to approximate the exothermic crystalliZation contribution 
to the heat ?oW signal, While using the reversing (R) signal 
peak area to estimate the endothermic melting contribution. 
The difference betWeen the exothermic crystalliZation com 
ponent and the endothermic melting signal peak area alloWs 
a similar estimation of initial percent crystallinity as is done 
in the standard DSC, but Without the baseline inaccuracies. 
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The following expression is used to estimate the initial 
crystallinity present in the specimen: 

[R(—)+NR(+)]/theoretical heat of fusion><100=% crys 
tallinity (1) 

[0068] Where: 

[0069] R is the peak area integrated in the reversing 
signal curve, and 

[0070] NR is the peak area integrated using the 
non-reversing signal. 

[0071] The convention used here is to take the endother 
mic R signal data as negative, the exothermic NR signal data 
as positive, and percent crystallinity is taken as a positive 
number as Well. 

[0072] The presence or absence of an exothermic peak 
(120° C.) in the heat ?oW or non-reversing heat ?oW 
(NR) signals (FIG. 8) during the ?rst heating can also be 
used as a tool to evaluate the effectiveness of the tentering 

process for PET. A specimen Which shoWs a signi?cant 
exotherm in the non-reversing curve, i.e. one similar in 
magnitude to the siZe of the cold-crystalliZation peak exhib 
ited by an amorphous specimen (Control example) crystal 
liZing Will be dimensionally unstable. In contrast, an effec 
tively tentered/annealed specimen Will shoW little, or no 
exothermic activity in the total or non-reversing signal 
curves beloW about 200° C. 

[0073] When tested under the experimental conditions 
described here, the difference betWeen the exothermic non 
reversing peak area and the endothermic reversing signal 
peak area Will correspond to the percent crystallinity of the 
Web. 

[0074] By tracking the transformation of the amorphous 
phase into the semicrystalline phase in the non-reversing 
MDSC signal, it is possible to evaluate the percent crystal 
linity of the ?bers after annealing. Crystallinity generated 
and perfected during the MDSC test cycle is tracked by the 
non-reversing signal peak area. The loWer of the tWo exo 
thermic peaks corresponds to the cold-crystalliZation of the 
material, While the higher temperature region (greater than 
200° C.) is attributed to crystal perfection. Highly amor 
phous PET samples generate a signi?cant non-reversing 
peak response beloW 200° C. Which is indicative of Web 
dimensional instability. 

[0075] In contrast, a semicrystalline Web is dimensionally 
more stable and Will shoW less relative crystallinity being 
generated during the MDSC test. This is con?rmed by the 
non-reversing signal peak area as Well, i.e. the exothermic 
peak area beloW about 200° C. Will be absent or smaller than 
Would be seen for a control specimen. Therefore, MDSC is 
a useful tool to assess micro?brous Web dimensional stabil 

ity. In effect, the MDSC is predicting ?ber dimensional 
stability by Watching hoW unstable the PET crystals are to 
temperature during the, analysis. 

[0076] The MDSC results alloW prediction of Web dimen 
sional stability in the case of partially crystalliZed materials 
by reproducibly evaluating initial percent crystallinity in the 
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annealed Webs. This method alloWs ranking of the Webs in 
greater detail than simply “good” or “bad” Which Was often 
the effective limit of the standard DSC data. The strength of 
the MDSC test lies in its ability to effectively evaluate the 
initial percent crystallinity, and therefore to assess the 
dimensional stability of the micro?ber Web. The onset of 
crystalliZation or crystal perfection in the non-reversing 
signal approximately illustrates the maximum use tempera 
ture of the Web material based on dimensional stability to 
temperature. This estimation is not accurately possible using 
standard DSC heat ?oW curves, With their deceptively ?at 
signal in the intermediate (actual use) temperature range of 
interest. 

EXAMPLES 

Examples 1-5 and Comparative Example 1 

[0077] A polyethylene terephthalate (PET) nonWoven 
meltbloWn micro?brous Web Was produced as described in 

Wente, Van A., “Super?ne Thermoplastic Fiber” in Indus 
trial Engineering Chemistry, vol. 48, page 1342 et. seq. 
(1956), or in Report No. 4364 of the Naval Research 
Laboratories, published May 25, 1954, entitled “Manufac 
ture of Super?ne Organic Fibers,” by Wente, V. A.; Boone, 
C. D.; and Fluharty, E. L. The targeted Web basis Weight Was 
200 grams/meter2. Web basis Weight Was determined in 
accordance With ASTM D 3776-85. The nonWoven ?brous 
Web Was prepared using PET available from Minnesota 
Mining and Manufacturing Company, St. Paul, Minn., type 
651000, 0.60 IV. 

[0078] The samples of Examples 1-5 Were annealed using 
a tentering apparatus generally shoWn in FIG. 1. The 
tentering apparatus Was an aluminum plate 58.4 centime 
ters><58.4 centimeters><0.635 centimeters (23 inches><23 
inches><0.25 inches) With 6.35 millimeters (0.25 inch) holes 
bored through the plate and spaced 9.53 millimeters (0.375 
inches) on center to provide air ?oW through the plate and 
through the Web. BetWeen the roWs of air holes and offset by 
4.76 millimeters (0.188 inches), pins are uniformly spaced 
2.86 centimeters (1.125 inches) apart. The pins are 15 
gauge><18 gauge><36 gauge><7.62 centimeters CB-A Foster 
20 (3-22-1.5B needle punching pins available from Foster 
Needle Co., Inc. ManitoWoc, Wis.). 

[0079] Each PET Web in Examples 1-5 Was individually 
placed onto the tentering apparatus under sufficient hand 
tensioning to remove slack. The Web Was pushed onto the 
tentering pins to the base of the aluminum platform, alloW 
ing the pins to hold the Web stationary. The tentered Webs of 
Examples 1-5 Were each placed into an oven for varying 
times and temperatures set forth in Table 1 to anneal or 
heatset the Webs. The samples Were then removed from the 
oven and alloWed to cool to room temperature. 

[0080] The samples of Examples 1-5 Were then marked 
With grid lines about 25.4 centimeters><about 25 .4 centime 
ters (10 inches><10 inches) and placed into the oven a second 
time, except that the Webs Were unrestrained. The Webs Were 
heated to about 190° C. for 10 minutes to measure percent 
Web shrinkage in accordance to ASTM D 1204-84. 
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[0081] Comparative Example C1 Was prepared as 
described above With the omission of restrained tentering. 
Sample C1 Was marked With grid lines about 25.4 centime 
ters><about 25.4 centimeters (10 inches><10 inches) and 
annealed at 190° C. for 10 minutes. The annealed Web Was 
alloWed to cool before being evaluated for percent Web 
shrinkage in accordance With ASTM D 1204-84. The results 
are set forth in Table 1. 

TABLE 1 

Modulated Differential Scanning Calorimetry Shrinkage 190O C./10 min. 

Cold 
Annealing Melting Crystallization 

Example Time Temp. AHf Peak Max. 
No. (min) (0 C.) (J/g) (J/g) ° C. 

1 0.72 176 53 9 118.8 
2 2.24 176 52 0 — 

3 7.0 176 53 0 — 

4 2.24 111 53 34 121.9 
5 2.24 240 51 0 — 

Cl — — 53 35 121.9 

Non 
Reversing Reversing Crystallinity Machine Cross 

Example AHf AHf Calculated Direction Direction 
No- we we <%> <%> <%> 

1 100 129 21 0.6 0.0 
2 71 123 38 0.6 0.0 
3 76 125 35 0.0 0.0 
4 132 129 0 37.5 36.2 
5 70 126 41 1.2 1.2 
Cl 127 132 4 57.3 50.4 

[0082] The data of Table 1 shoWs that the non-tentered 
sample C1 had very high Web shrinkage Which exceeded 
50% in both the Web’s machine and cross directions. 
Annealing or heatsetting using the apparatus in FIG. 1 
dramatically improved Web dimensional stability. HoWever, 
the annealing effect is time and temperature dependent and 
can be monitored through phase changes by Modulated 
Differential Scanning Calorimetry (MDSC). Examples 1-3 
and Example 5 provide both suf?cient annealing time and 
annealing temperature to induce crystallization facilitated by 
the tentering pins preventing ?ber and Web slippage. The 
Webs of Example 1-3, 5 had very loW Web shrinkage during 
subsequent annealing at 190 C.° for 10 minutes. 

[0083] Example 4 shoWs the effect of insufficient anneal 
ing temperature. If the annealing temperature is beloW the 
polymer’s crystallization temperature, Web stabilization to 
subsequent annealing or higher annealing temperatures Will 
not occur. This effect is indicated by a large exotherm such 
as Would be evident in an MDSC heating pro?le for 
Example 4 and Comparative Example 1 for cold crystalli 
zation. It appears that Web dimensional stabilization to 
subsequent annealing is due to crystallization during heat 
setting. As the crystallization potential Within the polymer 
decreases, Web dimensional stabilization increases and Web 
shrinkage decreases. 

[0084] Polymer percent crystallinity Was calculated in the 
extruded Webs prior to shrinkage testing by taking the 
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difference of the Reversing heat ?oW energy per gram and 
the Non-Reversing heat ?oW energy per gram and dividing 
by the theoretical enthalpy of melting for PET (138 Joules/ 
gram). The samples of Examples 1-3 and Example 5 shoW 
a high initial percent crystallinity (exceeding 20%) and 
small cold crystallization exotherms (as Would be evident in 
an MSDC heating pro?le). Tenter annealing above the 
polymer’s crystallization temperature With the apparatus in 
FIG. 1 induced crystallization and imparted Web dimen 
sional stabilization. Example 4 shoWs the signi?cance of 
tenter annealing above the polymer’s peak maximum crys 
tallization temperature of 121.9 C.°. Tentering beloW this 
annealing temperature, the Web has a percent crystallinity 
approaching zero and Was consequently, dimensionally 
unstable to subsequent annealing operations, particularly 
above 121.9 C.°. Comparative Example 1 shoWs the effect 
of not tentering the Web during annealing. The extruded 
melt-bloWn Web Was essentially non-crystalline (less than 
13%) or amorphous. It is dif?cult to strain induce crystal 
lization in PET melt-bloWn Webs (exceeding 20%) since the 
?ber melt is dif?cult to attenuate With air, and the required 
air velocities typically exceed the polymer’s melt strength 
and results in ?lament breakage. 

[0085] An amorphous PET Web Will shrink signi?cantly 
once annealed unrestrained above its crystallization tem 
perature, such as exhibited by Comparative Example C1. 
Lastly, When a Web is alloWed to cold crystallize in an 

unrestrained state, the resulting Web is typically brittle, 
possibly due to large and unoriented crystal groWth. Tenter 
annealing above the polymer crystallization temperature 
With the apparatus in FIG. 1 strain induces crystallization. 
This ordered structure imparts a ?exible and dimensionally 
stable nonWoven ?brous Web. 

Examples 6-10 and Comparative Examples 2-6 

[0086] A polyethylene terephthalate (PET) nonWoven 
meltbloWn micro?brous Web With a targeted basis Weight of 
200 grams/meter2 Was produced as described in Examples 
1-5 and Comparative Example 1. The extruded Web Was cut 
into samples 50.8 centimeter><50.8 centimeter (20 inches><20 
inches). The Webs of Examples 6-10 Were placed onto the 
tentering apparatus of Examples 1-5 and restrained during 
annealing at various temperatures set forth in Table 2 for 5 
minutes. The samples Were subsequently removed, alloWed 
to cool to room temperature, marked With grid lines 20.3 
centimeters><20.3 centimeters (8 inches><8 inches), and 
annealed again in an untentered state at 170° C. for 5 
minutes. With the exception of sample dimensions, the 
machine direction Web shrinkage Was measured in accor 
dance With ASTM D 1204-84. Comparative Examples 
C2-C5 Were prepared as described above except that the 
Webs Were not tentered. The Webs of C2-C5 Were marked 

With grid lines 20.3 centimeters><20.3 centimeters (8 
inches><8 inches), annealed Without tentering (in a relaxed 
condition) at various temperatures set forth in Table 2 for 5 
minutes. With the exception of sample dimensions, machine 
direction Web shrinkage Was determined in accordance With 
ASTM D 1204-84. The results are set forth in Table 2. 
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TABLE 2 

% 
Tentered Shrinkage Unrestrained 

Example Annealing 1700 C./ Annealing % 
No. ° C./5 min. 5 min. ° C./5 min Shrinkage Comments 

6 90 56.3 Brittle & Stiff 
7 110 10.9 — — Soft & Pliable 

8 130 0.0 Soft & Pliable 
9 150 0.0 — — Soft & Pliable 

10 170 0.0 — — Soft & Pliable 

C2 — — 90 30.0 Soft & Pliable 

C3 — — 110 58.8 Sti? 

C4 — — 130 60.0 Very Stiff 

C5 — — 150 60.0 Sti? & Brittle 

C6 — — 170 60.0 Sti? & Brittle 

[0087] The samples of Examples 6-10 show the in?uence 
of increasing tenter annealing temperature for 5 minutes 
when using the apparatus in FIG. 1. Once the crystallization 
point of approximately 122° C. for PET was surpassed 
during tenter annealing, the web was dimensionally stable 
up to at least the heatsetting temperature. The annealed web 
was soft and pliable. Relaxed annealing above the crystal 
liZation temperature of the polymer results in very high 
shrinkage, and stiff, brittle webs possibly due to large and 
unoriented crystal growth. 

Examples 11-14 
[0088] Polyethylene terephthalate (PET) nonwoven melt 
blown micro?brous webs with a targeted basis weight of 200 
grams/meter2 were produced as described in Examples 1-5. 
The PET meltblown micro?brous webs were prepared from 
various Intrinsic Viscosity PET resins set forth in Table 3 
(available from 3M Company and from Eastman Chemical 
Products, Inc. of Kingsport, Tenn.). The annealed webs were 
evaluated for the effect of I.V. on unrestrained web shrinkage 
in accordance with ASTM D 1204-84. The results are set 
forth in Table 3. 

[0091] The tentering apparatus was an aluminum plate 
68.6 centimeters><25.4 centimeters><0.635 centimeters (27 
inches><10 inches><0.25 inches) with 6.35 millimeter (0.25 
inch) holes bored through the plate and spaced 9.5 millime 
ters (0.375 inches) on center to provide air ?ow through the 
plate and through the web. Between the rows of air holes and 
offset by 4.76 millimeters (0.188 inches), pins are uniformly 
spaced 2.86 centimeters (1.125 inches) apart. The pins are 
15 gauge><18 gauge><36 gauge><7.62 centimeters (3 inches) 
CB-A Foster 20 (3-22-1.5B needle punching pins available 
from Foster Needle Co., Inc. Manitowoc, Wis.). Example 15 
was tenter annealed for 10 minutes at 238° C. The sample 
was removed from the oven, allowed to cool to room 
temperature, and removed from the tentering device. With 
the exception of sample dimensions, percent web shrinkage 
was conducted in accordance with ASTM D 1204-84. 
Example 15 and Comparative Example C7 were marked 
with grid lines 12.7 centimeters><50.8 centimeters (5 inches>< 
20 inches) and annealed for 10 minutes at 238° C. The 
results are set forth in Table 4. 

TABLE 4 
TABLE 3 

Web Percent 
Example PET Resin % Unrestrained Shrinkage Machine Example Basis Weight Web Shrinkage 238O C./10 Minutes 

NO. Id?Hti?C?tiOn I.V. DirectiOn 200O C710 minutes No. (grams/meter2) Machine Direction Cross Direction 

11 3M 651000 0.60 57.1 15 377 2.3 0.0 
12 Eastman 12440 0.74 58.3 C7 366 18.6 9.9 
13 Eastman 9663 0.80 58.3 
14 Eastman 12822 0.95 57.1 

[0089] The data of Table 3 show that I.V. did not appear to 
be an in?uencing factor on PET web dimensional stabiliza 
tion within the range of 0.60 to 0.95 I.V. 

Examples 15 and Comparative Example C7 
[0090] Nonwoven acoustical insulating webs were pre 
pared as described in US. Pat. No. 4,118,531 (Hauser). The 
webs comprised 65% melt blown micro?bers prepared from 
polyethylene terephthalate (PET) 0.60 I.V. These webs also 
comprised 35% crimp bulking ?bers in the form of 3.8 
centimeter (1.5 inch) long, 6 denier (25.1 micrometers in 
diameter), 3.9 crimps/centimeter (10 crimps per inch) poly 
ester staple ?bers available as Type T-295 ?bers from 
Hoechst-Celanese Co. of Somerville, N]. The resulting web 
of Example 15 was annealed or heatset using the apparatus 
described in FIG. 1. 

[0092] The data of Table 4 show that although staple ?bers 
of the comboweb (i.e., micro?bers and staple ?bers) 
improve dimensional stability, they are not capable of sta 
biliZing to the extent of the tentering apparatus of the present 
invention. 

Example 16 

[0093] A PET nonwoven acoustical insulating web was 
prepared as described in US. Pat. No. 4,118,531 (Hauser). 
The webs comprised 65% melt blown micro?bers prepared 
from polyethylene terephthalate (PET) 0.6 I.V. type 651000 
available from 3M Company of St. Paul, Minn. The webs 
also included 35 % crimp bulking ?bers in the form of 3.8 cm 
(1.5 inch) long, 6 denier (25 .1 micrometers in diameter), 3.9 
crimps/centimeter (10 crimps per inch) polyester staple 
?bers available as Type T-295 ?bers from Hoechst-Celanese 
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C0. of Somerville, N]. The resulting Web of Example 16 
Was tenter annealed or heatset With the tentering apparatus 
of Example 15. 

[0094] The sample of Example 16 Was tenter annealed for 
10 minutes at 180° C. using the tentering apparatus 
described in Example 1-5. The sample Was removed from 
the oven, alloWed to cool to room temperature, and removed 
from the tentering device. The sample of Example 16 had a 
Web thickness of 3.4 centimeters and Was evaluated in 
accordance With ASTM D1777-64 using 13.79 Pa (0.002 
pounds per square inch) and a 30.5 centimeters><30.5 cen 
timeters (12 inches><12 inches) presser foot. Example 16 had 
a Web basis Weight of 418 grams/meter2 and Was evaluated 
in accordance With ASTM D 3776-85. Example 16 had an 
EFD of 12.5 micrometers and Was evaluated in accordance 
With ASTM E 778-88 at an air How of 32 liters per minute. 
Sound absorption Was evaluated in accordance With ASTM 
E1050 and the results are set forth in Table 5. 

TABLE 5 

Example Sound Absorption Coe?icient per Frequency No. 160 200 250 315 400 500 630 800 

16 0 .07 .10 .12 .16 .20 .25 .33 

[0095] 

TABLE 5 

continued 

Example Sound Absorption Coefficient per Frequency (HZ) 

No. 1k 1.25k 1.6k 2k 2.5k 13.15k 4k 5k 6.3k 

16 .41 .50 .62 .72 .79 .81 .79 .79 .82 

[0096] The data of Table 5 shoW that dimensionally stable 
comboWebs are effective sound absorbers. 

Example 17 and Comparative Example C8 

[0097] A poly (1,4-cyclohexylenedimethylene terephtha 
late)(PCT) nonWoven meltbloWn micro?brous Web With a 
targeted basis Weight of 53 grams/meter2 Was produced as 
described in Examples 1-5. The PCT melt-bloWn micro? 
brous Web Was prepared from a resin designated Ektar 
10820 available from Eastman Chemical Company, King 
sport, Tenn. The Web of Example 17 Was tenter annealed 
With the device described in Example 1-5 at 180° C. for 2 
minutes, removed from the oven, alloWed to cool to room 
temperature, and removed form the tentering apparatus. 
Example 17 and Comparative Example C8 Were marked 
With grid lines 20.3 centimeters><20.3 centimeters (8 
inches><8 inches) and annealed at 180° C. for 5 minutes. The 
Webs Were evaluated for shrinkage in accordance With 
ASTM D1204-84 (With the exception of sample dimen 
sions). The results are set forth in Table 6. 
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TABLE 6 

Web Percent 
Example Basis Weight Web Shrinkage 180O C./5 Minutes 

No. (grams/meter2) Machine Direction Cross Direction 

17 53 0.8 0.4 
C8 53 36.7 35.2 

[0098] The data of Table 6 shoW that other meltbloWn 
polyester type Webs shoW signi?cant shrinkage When 
annealed Without tentering according to the present inven 
tion. 

[0099] Patents and patent applications cited herein, includ 
ing those cited in the Background, are incorporated by 
reference in total. It Will be apparent to those skilled in the 
art that many changes can be made in the embodiments 
described above Without departing from the scope of the 
invention. Thus, the scope of the present invention should 
not be limited to the methods and structures described 
herein, but only to methods and structures described by the 
language of the claims and the equivalents thereto. 

What is claimed is: 
1. A method of making a dimensionally stable nonWoven 

?brous Web, comprising the steps of: 

restraining a nonWoven ?brous Web comprising thermo 
plastic ?bers on a tentering structure at a plurality of 
tentering points distributed across at least an interior 
portion of the Web; 

annealing the nonWoven Web While the Web is restrained 
on the tentering structure; and 

removing the annealed nonWoven ?brous Web from the 
tentering structure. 

2. The method of claim 1 Wherein the tentering structure 
comprises a plurality of tentering pins arranged to penetrate 
into the nonWoven ?brous Web. 

3. The method of claim 1 Wherein the tentering structure 
comprises a plurality of tentering pins arranged to penetrate 
through the nonWoven ?brous Web. 

4. The method of claim 1 Wherein the step of restraining 
the nonWoven ?brous Web to the tentering structure com 
prises the step of compressively engaging the nonWoven 
?brous Web at the plurality of tentering points. 

5. The method of claim 1 Wherein the tentering points are 
generally uniformly distributed throughout the interior por 
tion of the nonWoven ?brous Web. 

6. The method of claim 1 Wherein the tentering points 
de?ne a grid of tentering pins each separated from each other 
by about 2.5 centimeters to about 50 centimeters. 

7. The method of claim 1 Wherein the tentering points 
comprise a single roW extending across the interior portion 
of the Web. 

8. The method of claim 1 Wherein the step of restraining 
the Web comprises restraining the Web in tWo dimensions. 

9. The method of claim 1 Wherein the step of restraining 
the Web comprises restraining the Web in three dimensions. 

10. The method of claim 1 Wherein a percent crystallinity 
of the nonWoven Web achieves at least 5% of the ultimate 
percent crystallinity after the step of heating. 
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11. The method of claim 1 wherein a percent crystallinity 
of the nonWoven Web achieves at least 20% of the ultimate 
percent crystallinity after the step of heating. 

12. The method of claim 1 Wherein a percent crystallinity 
of the nonWoven Web achieves at least 40% of the ultimate 
percent crystallinity after the step of heating. 

13. The method of claim 1 Wherein the annealing step 
comprises annealing the nonWoven Web under conditions 
effective to provide the Web With a percent crytallinity of at 
least 5% of the ultimate percent crystallinity. 

14. The method of claim 1 Wherein the annealed non 
Woven ?brous Web is dimensionally stable up to about the 
heatsetting temperature. 

15. The method of claim 1 Wherein the annealed non 
Woven ?brous Web is dimensionally stable to a temperature 
in eXcess of the heatsetting temperature. 

16. The method of claim 1 Wherein the annealed non 
Woven ?brous Web is dimensionally stable up to a tempera 
ture corresponding to the onset of melting. 

17. The method of claim 1 Wherein the annealed non 
Woven ?brous Web comprises polyester having a Tg and 
eXhibits less than 2% shrinkage along its major surface after 
heating at a temperature greater than Tg and less than a 
temperature corresponding to the onset of melting. 

18. The method of claim 1 Wherein the annealed non 
Woven ?brous Web comprises polyester having a Tg and 
eXhibits less than 5% shrinkage along its major surface after 
heating at a temperature greater than Tg and less than a 
temperature corresponding to the onset of melting. 

19. The method of claim 1 Wherein the annealed non 
Woven ?brous Web comprises polyester having a Tg and 
eXhibits less than 10% shrinkage along its major surface 
after heating at a temperature greater than Tg and less than 
a temperature corresponding to the onset of melting. 

20. The method of claim 1 Wherein the tentering structure 
comprises a non-planar shape. 

21. The method of claim 1 Wherein the ?bers are selected 
from a group including micro?bers, staple ?bers and com 
binations thereof. 

22. The method of claim 1 Wherein the thermoplastic 
?bers are made from a material selected from a group 

Dec. 27, 2001 

consisting of polyamides, polyesters, polyurethanes, acryl 
ics, acrylic copolymers, polystyrene, polyvinyl chloride, 
polystyrene-polybutadiene, polysterene block copolymers, 
polyetherketones, polycarbonates, or combination thereof. 

23. The method of claim 1 further comprising the step of 
collecting the thermoplastic ?bers on the tentering structure 
prior to the step of heating. 

24. The method of claim 1 Wherein the annealed Web 
comprises a non-planar article. 

25. A tentering structure for annealing nonWoven ?brous 
Web, comprising a plurality of tentering points projecting 
distally from a tentering support, the tentering points being 
positioned to be engaged With an interior portion of the Web. 

26. The tentering structure of claim 25 Wherein the 
plurality of tentering points comprise a plurality of tentering 
pins arranged to penetrate into the nonWoven ?brous Web. 

27. The tentering structure of claim 25 Wherein the 
plurality of tentering points comprise a plurality of tentering 
pins arranged to penetrate through the nonWoven ?brous 
Web. 

28. The tentering structure of claim 25 Wherein the 
tentering points are con?gured to compressively engage the 
nonWoven ?brous Web at the plurality of tentering points. 

29. The tentering structure of claim 25 Wherein the 
tentering points are generally uniformly distributed across 
the tentering support. 

30. The tentering structure of claim 25 Wherein the 
tentering points de?ne a grid of tentering pins each separated 
from each other by about 2.5 centimeters to about 50 
centimeters. 

31. The tentering structure of claim 25 Wherein the 
tentering points comprise a single roW positioned to engage 
With the interior portion of the Web. 

32. The tentering structure of claim 25 Wherein the 
tentering points restrain the Web in tWo dimensions. 

33. The tentering structure of claim 25 Wherein the 
tentering points restrain the Web in three dimensions. 


