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(54) Title: BICOMPONENT FIBER AND YARN COMPRISING SUCH FIBER

(57) Abstract:  The invention provides a
bicomponent staple fiber comprising poly(ethy-
lene terephthalate) and poly(trimethylene
terephthalate) wherein the bicomponent fiber
has a substantially oval cross-section shape
having an aspect ratio A:B of about 2:1 to about
5:1 wherein A is a fiber cross-section major
axis length and B is a fiber cross-section minor
axis length, a polymer interface substantially
perpendicular to the major axis, a cross-section
configuration selected from the group consisting
of side-by-side and eccentric sheath-core,
a tenacity at 10 % elongation of about 1.1
cN/dtex to about 3.5 cN/dtex, a free-fiber length
retention of about 40 % to about 85 %, and
a tow crimp development value of about 30
% to 55 %, and a spun yarn comprising the
bicomponent staple fiber.
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TITLE

BICOMPONENT FIBER AND YARN COMPRISING SUCH FIBER

FIELD OF THE INVENTION
This invention relates to a polyester staple fiber, and to a spun yarn

comprising such polyester staple fiber and cotton. More particularly, this
invention relates to a side-by-side or eccentric sheath-core bicomponent
polyester staple fiber comprising poly(ethylene terephthalate) and
poly(trimethylene terephthalate) which is particularly well suited for
processing on the cotton system and from which spun yarn of high
uniformity and high stretch-and-recovery can be produced. This invention
also relates to fabrics made from the spun yarn comprised of such
bicomponent staple fiber. | ‘ |

5ACKGI’20UND OF.THE INVENTION
Bicomponent fibers comprising poly(ethylene terephthalate) and

poly(trimethylene terephthalate) are generally known, as disclosed, for
example, in United States Patent Nos. 3,671,379 and 6,656,586 and in
Japanese Published Patent A'p‘)’plications' No. JP2002-180333A and
JP2002-180332A, as well'as in United States Published Patent
Applications No. 2003/0056553 and 2003/0108740. Yarn comprising
polyester fiber and cotton is disclosed'in US 6,413,631, Japanese
Published Patent Application’No. JP2002-115149A, and in United States
Published Patent Application No. 2003/0159423 A1. However, processing
these bicomponent fibers with cotton staple can be difficult and spun yarns
made from these fibers in "c":.‘brﬁﬁ'i‘nati‘dﬁ with cotton can have lower quality
than desired. Blending of these fibérs often requires reduced percentages
relative to the other fiber due to defé;i‘ora'ting quality at increased
percentage levels of blcomponent fiber. Furthermore, the processing
difficulty of these fibers can I|m|t the range of spun yarn counts that may
be produced with acceptable quality.

Bicomponent fibers 'ccﬁm'prisingj poly(ethylene terephthalate) and
poly(trimethylene terephtha‘léfé) whicH -are better suited for processing on
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the cotton system are sought. High uniformity spun yarn comprising
bicomponent staple fibers and cotton'and having good stretch and
recovery is also sought, as are stretch fabrics with uniform appearance

made from cotton/polyester spun yarns.

SUMMARY OF THE INVENTION

The presernt invention provides a bicomponent staple fiber

comprising poly(ethylene terephthalaie) and poly(trimethylene
terephthalate) wherein the bicomponent fiber has a substantially oval
cross-section shape having an’éspéct ratio A:B of about 2:1 to about 5:1
wherein A is a fiber cross-section' major-axis length and B is a fiber cross-
section minor axis length, a ’poIYmer interface substantially perpendicular
to the major axis, a cross-‘se'é'tiic‘)ri ébrifigu'ration selected from the group
consisting of side-by—sidefan'd" eccentric sheath-core, a tenacity at 10%
elongation of about 1.1 cN/dté‘x to about 3.5 cN/dtex, a free-fiber length
retention of about 40% to about 85%; and a tow crimp development value
of about 30 to 55%. et

The invention also provides a spun yarn having a cotton count of
about 14 to about 60 and comprising b'icdmponent staple fiber comprising
poly(ethylene terephthalate) and poly(trimethylene terephthalate) wherein
the spun yarn has about 0.1 té :aibdut"1 50 thin regions per 1000 meters,
about 0.1 to about 300 thick régions per 1000 meters, about 0.1 to about
260 neps per 1000 meters, and a'boi!-éff}shrinkage of about 27% to about
45%, wherein the bicomponent stéblé' fiber is present at a level of about
30 wt% to about 100 wt%f 'bé's’e.d on total weight of the spun yarn.

The invention further 5r6vides a fabric selected from the group
consisting of knits and wov'eﬁs‘ and comprising the spun yarn comprising
the fiber of the invention. "'

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1A is an image-of a photomicrograph (3000x magnification) of

a round bicomponent fiber comprisin"g‘poly(ethylene terephthalate) and
poly(trimethylene terephthalate); - -

.
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FIG. 1B is an image of a photomicrograph (1000x magnification) of
a bicomponent fiber comprisihg 4poly(ethylene terephthalate) and
poly(trimethylene terephthalate) having a, “scalloped oval” cross-section
wherein the polymer interfacé is parallel to the major axis.

FIG. 1C is an image of a-photomicrograph (1000x magnification) of
an embodiment of the bicomponent fiber of the invention having an “oval”
cross-section with an aspect ratio of about 2.1:1.

FIG. 1D is an image of a photomicrograph (1000x magnification) of
a preferred embodiment of the bicompohent fiber of the invention having
an “oval” cross-section with an aspect ratio of about 3.5:1.

FIG. 2A is an image of a photomicrograph (32x magnification) of a
bicomponent fiber comprising poly(ethyléne terephthalate) and
poly(trimethylene terephthalété) 'having' a round cross-section.

FIG. 2B is an image of a'photb’micro’graph (32x magnification) of a
bicomponent fiber comprising poly(éthylene terephthalate) and
poly(trimethylene terephthalaté) having'a scalloped oval cross-section
with polymer interface paréllel 'tb'théfrﬁéjdr axis.

FIG. 2C is an imageé of a pHo‘idmiérograph (32x magnification) of a
preferred embodiment of the' bicomponent fiber of the invention having an
“oval” cross-section with an'aspect ratio of about 3.3:1.

FIG. 3 shows a typical spinneret orifice for spinning fibers with

scalloped oval cross-section. -

DETAILED DESCRIPTION OF THE INVENTION

It has now been found that bicomponent staple fiber comprising

poly(ethylene terephthalate) and poly(trimethylene terephthalate) and
having a certain cross-sectional shape,-as well as other specific
characteristics, gives spun;«yarns with-an unexpected combination of high
uniformity and high boil-off shrinkage. High boil-off shrinkage indicates
that the yarn possesses h_igh',_str,etch-and-recovery, which is desirable for
today’s fabrics. Fine spuﬁ yarns are very difficult to make highly uniform,
and the finding is particularly-unexpected in view of the high cotton count

of the spun yarn of the invention.
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As used herein, "blcomponent flbers means staple fibers in which
two polymers of the same general class are in a side- -by-side or eccentric
sheath-core relationship.

As used herein, the te_rm “snde by-S|de means that the two
components of the b|component fi ber are immediately adjacent to one
another and that no more than a minor portion of either component is
within a concave portion of the other component. "Eccentric sheath-core"
means that one of the Mo_cofnponenie completely surrounds the other
component but that the two eomponents are not coaxial.

As used herein, “subst:antially‘c.)val" means that an area of a cross-
section of the fiber, measured perpepdicular to the longitudinal axis of the
fiber, deviates by less than about 20% from that of an oval shape. The
general term “oval” incIudes.?‘Qyoid;’ (egg-shaped) and “elliptical” within its
meahing. Such a shape typieally has two axes at right angles through the
center of the shape, a major 'a_i(is, (A), and a minor axis (B), where the
length of the major axis A is ‘Qreater tha’h-the length of the minor axis B. In
the special case of a perfect ellipse, the oval is described by a locus of
points whose sum of whose distances from two foci is constant and equal

to A. In the more general case of an ovoid, one end of the oval can be

larger than the other, so that the sum of the distances from two foci is not

necessarily constant and can vary by 20% or more from elliptical. As used
herein, a “substantially oval’ cross-section periphery may have or may
lack constant curvature. o A ’ ‘

"Aspect ratio" means the ratlo of the length of the major axis of the
oval to the length of the minor-axis of the oval, in other words A:B.

"Polymer interface" means the boundary between the poly(ethylene
terephthalate) and the poly(trimethylene terephthalate), which can be
substantially linear or curved. .

“Intimate blending” means th‘e'broces's of gravimetrically and
thoroughly mixing dissimilar fibers in an opening room (for example with a
weigh-pan hopper feeder) befere feeding the mixture to the card or of
mixing the fibers in a dual feed chute eh the card. "Drawframe blending"

means the process of blending cardéd bicomponent fiber sliver with one or
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more other carded fiber sllvers as the sllvers are being drawn on the draw-
frame. N

The fiber of the invention haété"‘substantially oval cross-section
shape with an aspect ratio ‘A:B of about 2:1 to about 5:1, (examples
include about 2.6:1 to about: 3.9 1 and about 3.1:1 to about 3.9:1). When
the aspect ratio is too hlgh or tpo Iow, the fiber can exhibit undesirable
glitter and low dye yield, ahd.spun y'a‘rn comprising the fiber can be
insufficiently uniform. The'fibei also has a polymer interface substantially
perpendicular to the major axis of the efoss-section, and a free-fiber length
retention from about 40%.t"'o about 85%. Such oval filaments can be spun
from spinneret orifices that are slot-shabed (flat or with side bulges), oval,
and the like. R o -,

The oval cross-sectioin'shape ijs’sub‘,stantially free of grooves in the
cross-section periphery. Tha’t ie there”is'only one maximum when the
length of the minor axis is plotted agalnst the length of the major axis.
Examples of cross- sectlon shapes WhICh do have grooves are “snowman”,

“scalloped oval’, and “keyhole cross-sections.

The fiber comprises tWQ po’Iyes_ters, for example poly(ethylene
terephthalate) and poly(tri%eihylene‘te'rephthalate), preferably of different
intrinsic viscosities, aIthngh different combinations such as poly(ethylene
terephthalate) and pon(tefréBiJ‘terne‘terebhthalate) are also possible.
Alternatively, the compositions can be similar, for example a poly(ethylene
terephthalate) homopolyester and a poly(ethylene terephthalate)
copolyester, optionally also of differerit viscosities.

The bicomponent flber has a free fiber length retention of about
40% to about 85%. The free flber Iength retention is a useful measure of
how “straight” the crimped flber is in |ts relaxed state, in other words, how
tightly the crimped fiber con|s when it'is not under tension. A spun yarn
comprising a bicomponent staple fibér having a free fiber length retention
that is too low can exhibit "p'o'ei" U'niforf'nity', and can be difficult to card.

The bicomponent étapile fiber can have a tenacity-at-break of about
3.6 to about 5.0 cN/dtex, tenec'ity at1 O% elongation (T10) of about 1.1
cN/dtex to about 3.5 cN/dtex (preferably fa‘bout 2.0 to 3.0 cN/dtex), and a
weight ratio of poly(ethylene terephthalate) to poly(trimethylene
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terephthalate) of about 30‘:70; to abey‘t _70:30, preferably about 40:60 to
about 60:40. When the ten.a'c'i'ty-et-break is too low, the fiber can break
during carding. When the‘ teﬁecity; at-break is too high, fabrics comprising
the fiber can exhibit undesrrable p|II|ng

One or both of the polyesters comprlsmg the fiber of the invention
can be copolyesters, and "poly(ethylene terephthalate)" and

"poly(trimethylene terephthalate) lnclude such copolyesters within their

meanings. For example, a cppoly(ethylene terephthalate) can be used in
which the comonomer used to.make the copolyester is selected from the
group consisting of linear, cyclic, and branched aliphatic dicarboxylic acids
having 4-12 carbon atoms (for example butanedioic acid, pentanedioic
acid, hexanedioic acid, dodecanedrmc aC|d and 1,4-cyclo-
hexanedicarboxylic acid); aromatlc dlcarboxyllc acids other than
terephthalic acid and havmg 8 12 carbon atoms (for example isophthalic
acid and 2,6- naphthalenedlcarboxyllc aC|d) linear, cyclic, and branched
aliphatic diols having 3-8 carbon atome (for\example 1,3-propane diol, 1,2-
propanediol, 1,4-butanediol, 3-methyl-1,5-pentanediol, 2,2-dimethyl-1,3-
propanediol, 2-methyl-1,3-propanedidl; and 1,4-cyclohexanediol); and
aliphatic and araliphatic ether glycols having 4-10 carbon atoms (for
example, hydroquinone biS(ZiHydrb)(yethyl) ether, or a poly(ethyleneether)
glycol having a molecular weight below about 460, including
diethyleneether glycol). The comonomier can be present to the extent that
it does not compromise the .behefi'té of the invention, for example at levels
of about 0.5-15 mole perc'en't?ba'ée_d on total polymer ingredients.
Isophthalic acid, pentaneciioié'acid hexanedioic acid, 1,3-propane diol,
and 1,4-butanediol are preferred comonomers

The copolyester(s) can ‘also be made with minor amounts of other
comonomers, provided such ‘comonomers do not have an adverse effect
on the physical properties of the fiber. Such other comonomers include 5-
sodium-sulfoisophthalate, the sodium salt of 3-(2-sulfoethyl) hexanedioic
acid, and dialky! esters therecl)f,?which can be incorporated at about 0.2-4
mole percent based on total pelye’s";tér.' For improved acid dyeability, the
(co)polyester(s) can also be rrriXed_WitH ﬁolymeric secondary amine

additives, for example pofy(6,'é’-irﬁi’n6-tiishexamethylene terephthalamide)
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and copolyamides thereof with-hexamethylenediamine, preferably
phosphoric acid and phosphorous acid salts thereof. Small amounts, for
example about 1 to 6 milliequivalents per kg of polymer, of tri- or tetra-
functional comonomers, for example trimellitic acid (including precursors
thereto) or pentaerythritol, can be'incorporated for viscosity control.

The fiber of the present invention ‘_éan also comprise conventional
additives such as antistats, anti'oxidants, antimicrobials, flameproofing
agents, dyestuffs, light stabilizers, and delustrants such as titanium
dioxide, provided they do :‘not detract from the benefits of the invention.

After the fibers have béen drawn and heat-treated, it is
advantageous to apply a finish to the bicomponent fibers, for example to
the tow before cutting it to sta‘pl'e. The finish can be applied at a level (%
by total weight) of 0.05-0.30%. The finish ¢an comprise 1) a blend of alkyl
or branched phosphate estérfS;' or 2) the potassium, calcium, or sodium
salts of the corresponding phosphate’acids, or a blend of the those two
classes in any proportion, each -of'v'vhich ¢an contain from 6 to 24 total
carbon atoms in the aliphétié'éegméﬁts. .The finish can also contain
poly(ethylene oxide) and/ér pon(‘prbbyIéne oxide), or short chain
segments of such polyetherscan be attached by esterification to aliphatic
acids such as lauric acid, or by an ether linkage to alcohols such as
sorbitol, glycerol, castor oil, coconut ail, or the like. Such compounds can
also comprise amine groups. The fInISh can also contain minor amounts
(for example <10%) of functlonal add|t|ves 'such as silicones or
fluorochemicals. The finish can contain a blend of the potassium salts of
mono- and di-acids contalmng about 18 carbons and an ethoxylated
polyether containing 4-10 ethylene omde segments made by reaction of an
n-alkyl alcohol containing from 12 t6'18 carbon atoms with a blend of
polyethers. SRR

It is unnecessary thaf the E:rirﬁp’s of the bicomponent fibers in the
tow precursor to the staplé fiber be deregistered, that is treated in such a
way as to misalign the crir?rip's‘-bf'the'fiben"s. Similarly, the bicomponent
staple tow does not requiré méchariical crimping in order for staple made

therefrom to display good p‘r’oc_essab”ility and useful properties.
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The bicomponent fiber can have an elongation to break of about
15% to about 35%, for example about 15% to about 25%, and typically of
about 15% to about 20%.:

The bicomponent staple fiber can have a tow crimp development
(“CD”) value of about 30% to about"5‘5'%.'and a crimp index (“CI”) value of
about 15% to about 25%. When the"“'C'D:is lower than about 30%, a spun
yarn comprising the fiber typrcally has too I|ttle total boil-off shrinkage to
generate good recovery in fabncs made therefrom. When the Cl value is
low, mechanical crimping can-be necessary for satisfactory carding and
spinning. When the Cl value |s -high,‘ the bicomponent staple can have too
much crimp to be readily oardable,‘and the uniformity of the spun yarn can
be inadequate. When ClI is lower tn'the range of acceptable values, higher
proportions of polyester blcomponent staple fibers can be used without
compromising cardability and yarn unlformrty When CD is higher in the
range of acceptable values Iower proportlons of bicomponent staple can
be used without compromlsmg total b0|I off shrlnkage

The bicomponent staple flber can have a length of about 1.3 cm to
about 5.5 cm. When the blcomponent fiber is shorter than about 1.3 cm, it
can be difficult to card, and’ when it‘is‘tonger than about 5.5 cm, it can be
difficult to spin on cotton s§stérh‘ eqiripment The cotton can have a length
of from about 2 to about 4 cm.” The blcomponent fiber can have a linear
density of about 0.7 dtex, preferably about 0.9 dtex, to about 3.0 dtex,
preferably to about 2.5 dtex When the blcomponent staple has a linear
density above about 3.0 dtex the yarn can have a harsh hand, and it can
be hard to blend with the cotton When it has a linear density below about
0.7 dtex, it can be difficult to card _

The spun yarn of the rnventron has ‘a cotton count of about 14 to
about 60 (preferably about 16 to about 40) and comprises a bicomponent
staple fiber comprising poly(ethylene terephthalate) and poly(trimethylene
terephthalate) and a second staple fiber selected from the group
consisting of cotton (preferred) synthetlc cellulosic, and acrylic fibers. The
spun yarn is very uniform and has about 0.1 to about 150 (preferably
about 1 to 70) thin reglons per 1000 meters about 0.1 to about 300 thick
regions per 1000 meters, about O 1 to about 260 neps per 1000 meters,
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and a total boil-off shrinkage of about 27% to about 45%, for example
about 30% to about 45%. When the total boil-off crimp shrinkage is less
than about 27%, the stretch*—and-recovery properties of the yarn are too
low when the yarns are we‘ven.or’knitted- into fabrics.

Yarn quality factor isAa.very useful measure of yarn quality, which
can be calculated from the ntuimber gf‘ thin regions, thick regions, neps,
coefficient of variation of mass, and yarn strength. The spun yarn can
have a yarn quality factor{of about 0.1 to about 650, for example about 1
to about 300. When the q"ual'it:y factor is too high, the yarn can be
insufficiently uniform. | ‘ " ‘A _

Another way to describe unifor'mity' of spun yarn is in terms of the
coefficient of variation as determlned W|th ‘a Uniformity 1-B Tester. The
spun yarn of the invention can 'have a coefficient of variation of mass of
about 10% to about 18%, for example about 12% to about 16%.

It is preferred that the- spun yarn of the invention comprise the fiber
of the invention, and that the spun yarn have a tenacity-at-break of about
10 to about 22 cN/tex. When the tenamty is too low, yarn spinning can be
difficult and weaving effi C|ency and fabrlc strength can be reduced. ltis
also preferred that the linear density of the spun yarn be about 100 to
about 700 denier (111 to 778 dtéx).

In the spun yarn, the biéomponent staple fiber is present at a level
of about 30 wt% to about 100 wt% based on the total weight of the spun
yarn. When the yarn of the mventlon comprlses less than about 30 wt%
polyester bicomponent, the yarn can eXthlt inadequate stretch and
recovery properties. When the blcomponent staple fiber is present at a
level below 100 wt% but abovie 30 wt%,'the spun yarn comprises a
second staple fiber selectee fréffn the 'group consisting of monocomponent
poly(ethylene terephthalate) rnonecempbnent poly(trimethylene
terephthalate), cotton, wool acryllc and nylon staple fibers which can be
present at about 1 wt% to. about 70 wt% based on total weight of the spun
yarn. Optionally, the spun yarn of the invention can further comprise a
third staple fiber selected from the same group and present at about 1
wt% to about 69 wt% based on the total'weight of the spun yarn; together,
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the second and third staple fibers can be present at about 1 wt% to about
70 wt%, based on total weight-of the spun yarn.

The yarn may be spun'. by commercially available processes such
as ring, open end, air jet, a"nd:vertex spinning.

Knit and woven stretch'fabrics:can be made from the spun yarn of
the invention. Stretch fabric examples in'cIUde circular, flat, and warp
knits, and plain, twill, and satin wovens. ,Tﬁé high uniformity and stretch
characteristics of the spun 'yarn' are typically carried through into the fabric
as uniform appearance and high stretch and recovery, which are highly

desirable.

“TES‘T METHODS

““““

Viscotek Forced Flow Vlscometer Model Y-900 at a 0.4% concentration at
19°C and according to ASTM 'D-4603-96 but in 50/50 wt% trifluoroacetic
acid/methylene chloride insteadof the prescnbed 60/40 wt%
phenol/1,1,2,2-tetrachloroethane. The measured viscosity was then
correlated with standard viscosities in’ 60/40 wt% phenol/1,1,2,2-
tetrachloroethane to arrive at the reported intrinsic viscosity values.

Linear density and tensile properties of the fibers were measured
with a Favimat instrument frorn Textechno (Germany) in accordance with
ASTM methods D1577 for Imear densnty and D3822 for tenacity and
elongation. Measurements were done on a minimum of 25 fibers and
averages are reported. NE

Within each blcomponent staple flber sample, the fibers had
substantially equal linear densmes and polymer ratios of poly(ethylene
terephthalate) to pon(trlmethylene terephthalate) No mechanical crimp
was applied to the blcomponent staple flbe.rs in the Examples.

Finish levels are given as wt% finish on fiber and were obtained on
bicomponent fiber cut from the tow,:using methanol to extract the finish
oils from the fiber, evaporating the methanol, and then gravimetrically
determining the weight of the finish so éxtracted. Weight percent finish
was calculated as shown in Formula'l:

10
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wt% finish = 100-x (weight of finish) U]
(weight of finish + weight of fiber)

To determine free-fiberrlength-~re_tention, the fibers, which had not
yet been heat-treated to develop crimp fully, were extended just enough to
remove the low level of crimp’already present and cut to length L, (38 mm
in the Examples). When cut, the fibers retracted to their free (relaxed)
length L, and regained their crlmp The free length L, was measured from
an assembly of cut fibers under zero tensuon with a ruler, the
measurement was repeated three times, and the results were averaged.
Free-fiber length retention was calculated by dividing the free fiber length
L. by the extended fiber Iengttt"‘L1 and expressing the result as a

percentage, as indicated by Formula II:*

free-fiber length rett’entto‘n’ =:(Ltp/lq) x 100 (n
Figure 2 qualitatively iIIust’retes"’thedifference in free-fiber length retention
between fibers not of the thertti,On (FigUres 2A and 2B) and a fiber of the
invention (Figure 2C).

Unless otherwise noted, the following methods of measuring tow
Crimp Development and tow Crimp Index of the bicomponent fiber were
used in the Examples. The methods descnbed here are numerically
equivalent to the methods used in Unlted States Published Patent
Application No. 2003/0159423 A1. Minor modifications are indicated here
which improve operational efficienCy. To measure tow Crimp Index ("CI"),
a 1.2-meter sample of polyeété?:bic':b'rﬁponent tow was weighed, and its
denier was calculated; the tow linear den5|ty was typically about 40,000 to
50,000 denier (44,000 to 55 000 dtex) A single knot was tied at each end
of the tow. Tension was applied to the vertical tow sample by applying a
first clamp at the lower knet and hanging at least 40 mg/den (0.035
dN/tex) of weight on the khot at the uppet end of the tow, which was
directed over a stationary roller Iocated ’é't 1.1 m from the bottom end of
the tow. The weight was selected sd‘ae to straighten the crimp from the
tow without breaking the fibers. At this: po'iijt' the tow was essentially
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straight and all fiber crimp’was rérﬁb\'/ed.‘ Then, a second clamp was
applied to the tow 100 cm*aliove the first clamp while the weight was in
place. Next, the weight at the"upper end of the tow was removed, and a
1.5 mg/den (0.0013 dN/tex) weight was attached to the tow just below the
lower knot, the first clamp was removed from the lower knot, and the
sample was allowed to retract ‘agai‘n:st'the' 0.0013 dN/tex weight. The
length of the retracted tow from the’secohd’;clamp to the lower knot was
measured in centimeters and identif'i"e’d‘ as Lr. C.I. was calculated
according to Formuia lll. To measgre tow Crimp Development ("CD"), the
same procedure was carried‘but,'e).'(eebt that the 1.2-meter sample was
placed -- unrestrained -- in an everi 'af105 °C for 5 minutes, then allowed
to cool at room temperatu"'re fd‘r‘ar"ﬂl"e‘féi}st two minutes before beginning the

el

measuring procedure.

Cland CD (%) =" “100x(100cm - Liy/100cm (Il
Because merely cutting the tow into sreple fibers does not affect the crimp,
it is intended and is to be undé’rstoo"d that references herein to crimp
values of staple fibers indicate meaeurements made on the tow precursors
to such fibers. AR

Cardability of staplefibers whi'ch contained adequate finish to
control static was evaluated by visual inspection of the card web and the
coiling of the sliver. Flbers whlch‘produced a card web which was uniform
in appearance and free of neps “and which had no coiler chokes during
processing into sliver, were consrdered to exhibit good cardability. Fibers
which did not meet these crltena were considered to have poor cardability.

To determine the total borl off shnnkage (“B.0.S.") of the spun
yarns in the Examples, the yarn was made into a skein of 25 wraps on a
standard skein winder. While the sample was held taut on the winder, a
10 inch (25.4 cm) length (“Lo”) was marked on the sample with a dye
marker. The skein was removed from the winder, placed in boiling water
for 1 minute without restralnt removed from the water, and allowed to dry

at room temperature. The' dry-skein’ .was laid flat, and the distance

L
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between the dye marks was agarn measured (“Lbo’). Total boil-off

shrinkage was calculated from Formula IV:-
Total B.O.S (%) = - ..100xi'|-_b»;. Loo)/Lo (V)

Using the same sample -tnat had been subjected to the boil-off total
shrinkage test, the ‘true’ shrin.kage of the spun yarn was measured by
applying a 200 mg/den (0.18 dN/tex) load, measuring the extended length,
and calculating the percent difference between the before-boil-off and
extended after-boil-off lengths.  The true shrinkage of the samples was
generally less than about 5% Srnce true shrinkage constitutes only a very
minor fraction of total boil- off shrlnkage the latter is used herein as a
reliable measure of the stretch-and- recovery characteristics of the spun
yarns. Higher total boil-off shrlnkage corresponds to desirably higher
stretch-and-recovery. R

Yarn count is a term co’mmonily‘vused to describe the linear density
of a spun yarn. v B

The uniformity of the soun‘ yarns along their length was determined
with a Uniformity 1-B Tester(madé by Zellweger Uster Corp.) and
reported as Coeffrcrent of Variation (“ V’_‘) in percentage units. In this test,
yarn was fed into the Tester at 400 yds/min (366 m/min) for 2.5 minutes,
during which the mass of the yarn was measured approximately every 8
mm. The standard deviation of the resultrng data was calculated,
multiplied by 100, and drvrded by the average mass of the yarn tested to
arrive at percent CV. The Unrformrty 1 B tester also determined an
average numerical count of the number of thick regions, thin regions, and
neps per 1000 yards of yarn.- Thick régions in the yarn are those places
having a mass at least 50% greater tnan the average mass. Thin regions
in the yarn are those places héiVing a mass at least 50% lower than the
average mass. Neps are those places in the yarn having a mass at least
200% more than the average mass. N

Spun yarn tensrle propertres were determined using a Tensojet
(also made by Zellweger Uster Corp ). Tenacities are reported as cN/tex.

Yarn Quality Factor was calculated as shown in Formula V:

13
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Yarn Quality Factor =([E+ F +G] x H) / J V)
wherein R |
5 E is the number of thick regions'per 1000 yards of yarn,

F is the number of thin regione ‘p‘é‘r‘1000 yards of yarn,
G is the number of neps per 1000 yards of yarn,
H is the coefficient of variation of yarn mass (“CV") in
percentage units,

10 each as measured by the Uste"r‘Uniformity 1-B tester, and
J is the tenacity-at-brealgiqf the yarn in cN/tex.

In Example 1 and Comparlson Examples 1, 2, 3, and 4, the ratio of
first draw ratio to total draw rat|o was 0. 78 to 0.88, and the duration of the
15 heat-treating step was at Ieast 3 seconds Cross-section aspect ratios A:B
were determined by measurement of photomlcrographs and were typically
accurate to within 5%. Flber preparatlon condltuons and properties not
described in the text are presented |n_Tab|es 1 and 2, respectively.
In the Tables, “Comp.” 'inbdicates a Comparison Example, “B.0.S.”
20 means boil-off shrinkage, “Ne”.r"ne'ans cotton count (English), “nm
indicates “not measured,” _"CV‘; means the coefficient of variation of mass
as measured by the Uster"Uniformity 1:B tester, "T10" refers to the
tenacity of the blcomponent flber at 10% elongation, "let-down ratio"
means the ratio of puller roll speed to Iast draw roll speed, and “Bico.”
25 means blcomponent “Thlcks" refers to the number of places per 1000
yards of yarn having a mass at least 50% greater than the average mass,
“thins” refers to the number of pIaces per 1000 yards of yarn having a
mass at least 50% lower than the averege mass. “Neps’ refers to the
number of places per 1000 yards of yarn having a mass at least 200%
30 more than the average mass. 'T he number of thicks, thins, and neps
reported is as measured by the Uster Uniformity 1-B tester.

e CRE L
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"*-EXAMPLES
- EXAMPLE 1A

Continuous bicomponent filaments of poly(ethylene terephthalate)
(T211 from Intercontinental Polymers, Inc., 0.56 dl/g IV), and Sorona®
brand poly(trimethylene terephthalate) (Sorona® is a registered trademark
of E.I. DuPont de Nemours-and Company) having an IV of 0.98 dl/g, were
extruded in a 50/50 weight ratio from a block operated at 272 °C via
metering pumps to a bicomp'dnent spin pack provided with etched
metering plates which joined tHe polymer streams directly above the
counterbore of the spinneretA dabilla'ries.‘ A delusterant of particulate TiO;
was added to both polymers at'a level 16f~0.1-0.4% by weight. The
polymers were spun from a 288-hole 'spi‘n:néret in which the capillaries
were 0.38 mm in depth and had crosé-sections that were 0.64 mm long
modified slots, with outward- rounded bulges in the middle of each long
side (maximum width 0.18 mm) and rounded ends with 0.06 mm radii.
The polymer interface was substantlally perpendlcular to the major axis of
the resulting oval cross-séctidh fiber. -

The just-spun fibers were cooled with a cross-flow of air applied at
a mass ratio (air/polymer) of éb‘out 10:14; spin finish was applied with a
metered contact applicator at'0.1wt%,-afid the oval (aspect ratio of 2.1:1
(measured - see Figure 1C) flbers were wound up on bobbins at 1000
m/min.

Fibers from a plurality of bobbins were combined into a tow of
approximately 50,000 dtex and drawn in two stages using first and second
draw ratios of 2.69 and 1.28, respectlvely, with a final speed of 50 m/min.
The first draw was performed at 35 °C in a water bath, and the second
draw, under a hot-water spray at 90 °C The drawn tow was heat-treated
at 150 °C, cooled to below 30°°C with a dilute finish oil/water spray (0.20
wt% on fiber), and passed t'o.é' pul'lef roll operated at a slower speed than
the last draw roll. The tow Was dried ‘at room temperature and cut to 1.5”

(3.8 cm) staple length.
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“EXAMPLE 1B

Polyester bicomponentstaple fiber was made as described in

Example 1A, with the following differences. Oval fibers of aspect ratio
3.3:1 (measured - see Figure:1D) were spun from a 288-hole spinneret in
which the capillaries were 0.38 mm in depth and had cross-sections that
were 0.76 mm long modified slots, V\}ith dth\Nard-rounded bulges in the
middle of each long side (rhaximum WidthVO 14 mm) and rounded ends
with 0.05 mm radii. Let-down ratlo was 0.942. Figure 2C illustrates the

low coiling exhibited by the flber

EXAMPLE 1C

Polyester bicomponent staplé fiber was made as described in

Example 1A, with the followmg dlfferences The poly(ethylene
terephthalate) IV was 0.54, and the poly(trlmethylene terephthalate) IV
was 0.95. The fiber cross- sectlon was ovaI with an aspect ratio of 2.4:1
(measured), the spin speed was 1200 m/mln the first draw ratio was 2.23,

the heat-treating temperatu;e was 170 °C.

ﬁiEXAMPLE1D
‘ Polyester bicompoﬁeht"fstaple fiber was made as described in
Example 1A, with the following differences. Oval fibers of aspect ratio of
about 3:1 (estimated) were spun through the orifices of Example 1B. The
poly(ethylene terephthalate) IV was 0 54, the poly(trimethylene
terephthalate) IV was 0. 95 the splnnmg speed was 1200 m/min, the first
draw ratio was 2.44, and the heat-treatlng temperature was 170 °C.

f“EXAMRLE1E
Polyester bicomponeh{ staple fiber was made as described in
Example 1D, with the following differences. Oval fibers of aspect ratio
3.3:1 (measured) were spun, the first draw ratio was 2.52, and let-down
ratio was 0.97. o "
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- EXAMPLE 1F

Polyester bicomponent staple fiber was made as described in

Example 1D, except that the flrst draw ratio was 2.54 and the heat-treating

temperature was 165 °C.

EXAMPLE 1G
Polyester blcomponent staple fiber was made as described in

Example 1D, with the foIlowmg dlfferences Oval fibers of aspect ratio
3.5:1 (measured) were spun, the flrstldrav'v ratio was 2.56, and the heat-
treating temperature was 165 ,»dC. The low T10 value obtained indicated
that the target letdown ratio of 1 .0 Wasfribt achieved. The actual letdown
ratio was below 1.0. - o
* EXAMPLE 1H

Polyester bicompohentistapie fiber was made as described in
Example 1B, with the foIIoWing differences. Oval fibers of aspect ratio
about 3:1 (estimated) were spﬁh; The w"eight ratio of the polymers was
55/45 poly(ethylene terephfhaIaté)/pbly(t_rimethylene) terephthalate, the
poly(trimethylene terephth;alaté) IV was 0.94, the poly(ethyiene
terephthalate) was KoSa 895‘80; the'spirining speed was 1400 m/min, the
first draw ratio was 2.37, the'.sscond draw ratio was 1.29, and the heat-

T

treating temperature was 180 °C

COMPARISON EXAMPLES

COMPARISON EXAMPLE 1
Polyester bicomponent staplsﬁ‘fiber was made as described in

Example 1A, with the foIIo'winQ diffetdnces. Scalloped oval (measured
aspect ratio 2.2:1 - see Flgure 1‘B) flbers with the polymer interface parallel
to the major axis of the cross sectlon were spun through orifices of
configuration essentially as shown in FIG 3. The orifices were arranged
to give the desired interface onentatxon The poly(trimethylene
terephthalate) IV was 1.04, the‘fqrstldraw ratio was 2.71, and let-down ratio

was 0.85. Figure 2B illustrates the ex'cessiVe coiling exhibited by the fiber.
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COMPARISON EXAMPLE 2

Polyester blcomponent staple flber was made as described in

Example 1A, with the foIIowmg d|fferences Round fibers (see Figure 1A)
were extruded through cnrcular orlflces of diameter 0.36 mm. The first
draw ratio was 2.91, the second draw ratuo was 1.13, and let-down ratio

was 0.85. Figure 2A illustrates the excesswe coiling exhibited by the fiber.

.'M

Example Cross-section Capillary Total Draw | Let-down
Shape -_,f,« Throughput | Ratio Ratio
Voot s | (gimin)
1A 21:1oval,. - -|0.50 3.44 0.860
1B 3.3:1oval.,  :0.50 3.44 0.942
1C 2.4:10val = . |0.52 2.85 0.970
1D about 3:1oval 0.52 3.12 0.980
1E 3.3:1 oval | 0.42 3.23 0.970
1F about 3:1oval .| 0.36 3.25 0.995
1G 3.5:1 oval 1043 3.28 1.000
1H about 3:1 oval ‘| 0.55 3.06 1.010
Comp. Example 1| scalloped oval 0.50 3.47 0.850
Comp. Example 2| round . . .. | 0.50 3.29 0.850

18
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TABLE 2

Ve

Example | Cl, CD, | Free-Fiber - Tena'c_ity.'" T10 Linear | Elonga- | Card-
% % Length - (cN/dtex) (cN/dtex) | Density | tion at ability
Retentipn, , (dtex) Break, %
%

1A 210 |43 a5 | 391 | 121 1.84 32.0 good
18 210 |43 66 . 391 | 130 1.74 35.0 good
1C 235 | 48 47 3.98A 2.56 1.73 27.0 good
1D 200 | 42 58 ~A 3.59 S 2.21 1.73 249 good
1E 205 | 42 45 R 4.16‘ 2.16 1.33 245 good
1F 18.0 | 49 68 407 2.59 1.16 16.8 good
1G 220 | 52 nm 402" 1.82 1.27 17.8 good
1H 16.0 | 37 nm. 4.4'2j . 2.84 1.34 21.0 good
Comp. 220 | 55 24' R 4.‘24 i 0.95 1.83 41.0 poor
Example ‘ ' o
1 . ‘
Comp. |21.0 |50 24 4.02 0.92 1.86 620 | poor
Example e
2

5 The data in Table 2“als'c:> show that the fibers of the invention have

very good cardability and fibers not 5f the invention have poor cardability.

COMPARISON EXAMPLE 3

Polyester bicomponent staple fiber was made from bicomponent

10  continuous filaments of poly(et;hyier'\é térephthalate) (Crystar® 4415-763,
a registered trademark of E. I. du Pont de Nemours and Company), having
an intrinsic viscosity ("IV") of 0:52 dl/g, and Sorona® brand
poly(trimethylene terephthalaté) (Sorona® is a registered trademark of E.
|. DuPont de Nemours and Cohpany), having an IV of 1.00, which were

15 melt-spun through a 68—h6_|e poét-coales_cing spinneret at a spin block
temperature of 255-265 °C. The weigﬁt' ratio of the polymers was 60/40
poly(ethylene terephthalate)/ﬁoly(trimethylene terephthalate). The

filaments were withdrawn from the spinneret at 450-550 m/min and
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quenched with crossflow air. The filaments, having a 'snowman' cross-
section, were drawn 4.4X'; hea:t-treated at 170°C, interlaced, and wound
up at 2100-2400 m/min. The f.i,_la‘ments had 12% CI, 51% CD, and a linear
density of 2.4 dtex/filament. For con;/ersjon to staple fiber, filaments from
wound packages were collected into" a tow and fed into a conventional
staple tow cutter, the blade spacings of whrch were adjusted to obtain a
1.5 inch (3.8 cm) staple length. .

COMPARISON EXAMPLE 4

To make tow Samples Comparison 4A and Comparison 4B, unless

otherwise noted, poly(trimethylene ;te'rephthalate) (Sorona® brand, 1.00
IV) was extruded at a ma)g’i'rnu:rjﬁ“temperature of about 260 °C and
poly(ethylene terephthalate) _(fcon\rentional', semi-dull, Fiber Grade 211
from Intercontinental Polyniiers_i,f-lnc., p._54 dl/g IV) was extruded at a
maximum temperature of 285°C. . 7.

The spinneret pack was.heated t6 280°C and had 2622 capillaries
of circular shape, 0.4 mm in diameter: In the resulting side-by-side round
cross-section fibers (about 1 2. dtex), the poly(ethylene terephthalate) was
present at 52 wt%, and the poly(trrmethylene terephthalate was present at
48 wt% and had an IV of 0 94 dI/g F|bers were collected from multiple
spinning positions by puIIer rolls operatlng at 1200-1500 m/min and
collected into cans. R ‘

Tow from about 50 cans was combmed passed around a feed roll
to a first draw roll operated at Iess than 35 °C, through a steam chest
operated at 80 °C, and then to a second draw roll. The first draw was
about 80% of the total draw applled to the fibers. The drawn tow was
about 800,000 denier (888, 900 dtex) to 1, 000 000 denier (1,111,100 dtex).
The drawn tow was heat-treated by contact with a first group of four rolls
operated at 110 °C, by a second group of four rolls at 140-160 °C, and by
a third group of four rolls at 170 °C The ratio of roll speeds between the
first and second groups of roIIs was about 0.91 to 0.99 (relaxation),
between the second and th|rd groups of roIIs it was about 0.93 to 0.99
(relaxation), and between the third group: of rolls and the puller/cooler rolls
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it was about 0.88 to 1.03 so that the total let-down was 0.86 to 0.89. The
final fibers were about 1.46 fdénier (about 1.62 dtex). A finish spray was
applied so that the amount of finish Qﬁfthe tow was 0.15 to 0.35 wt%. The
puller/cooler rolls were operaféd 'ét:'3;§.-40 °C. The tow was then passed
through a continuous, forc;ed 'c‘qr;yegt_ion'_dryer operating at below 35°C
and collected into boxes under, s‘ub.stantially no tension. Additional
processing conditions and fiber propérﬁes are given in Table 3.

J

TABLE 3
Sample |Total Draw| T10 Tenacity | Tow Cl, | Tow CD,
Ratio | (cN/dtex) | (cN/dtex) % %
Comp. | 3.08 15 |- .42 24 54
4A i | T
Comp. 2.93 150 e 4.0 7 29
4B T

The tow samples were cut {01.75 inch (4.4 cm) staple, combined
with cotton by intimate blehdirg; carded on a J.D. Hollingsworth card at 60
pounds (27 kg) per hour, éﬁa'rfngispiun"fo make yarns of various cotton
counts. B o

. EXAMPLE 2

Spun yarns were prépared that corr'fprised bicomponent staple
samples made in Example 1 and Cofribafison Examples 1, 2, 3, and 4.
Unless otherwise noted, the Cgt’(on:\-/vés Standard Strict Low Midland
Eastern Variety with an avera'ge micronaire of 4.3 (about 1.5 denier per
fiber (1.7 dtex per fiber)). tFor the yarns produced using intimate blending,
the cotton and the polyestltie'r'biv'cb'rﬁp'c';nerit staple fiber were blended by
loading both into a dual feed‘chute feeder, which fed a standard textile
card. Unless otherwise nbtéd;lthe amoant of bicomponent polyester staple
in each yarn was 60 wt%, based on the weight of the fiber. The resulting
card sliver was 70 grain/yard (about 4?5,500 dtex). Six ends of sliver were
drawn together 6.5x in each of two or.thréé passes (with appropriate
recombining of sliver ends before eaéh‘pass) to give 60 grain/yard (about
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42,500 dtex) drawn sliver which.was then converted to roving, unless

otherwise noted. The totajl draft in the roving process was 9.9x. Unless

otherwise noted, the bicomponent staple was intimately blended.

However, for yarns produced _using draw-frame blending, the cotton and

bicomponent staple fiber were each carded separately and then combined

during the sliver-to-roving drawing step. Unless otherwise noted, the

roving was ring-spun on a Sapo—LoWell frame using a back draft of 1.35

and a total draft of 29 to give a 22/1 cotton count (270 dtex) spun yarn

having a twist multiplier of (3.8-_aind 17.8 turns per inch (7.0 turns per

centimeter). When 100% cotton was so processed, the resulting spun

yarn had a total boil-off shrinkége-of 5%. Spun yarn properties are

presented in Table 4.

L
FE

e TABLE4

22

Spun Yarn  Bico. Fiber Ne *CV, B.O.S.;” Yarn Thins Thicks Neps Yarn
Example Sample % %  Tenacity, Quality
(Note) CRo 0 eNftex Factor
2A Example 1A 220 17 28,. 126 48 275 138 605
2B (1) Example 1A 22 15 32 ' 119 34 110 41 226
2C (1) Example1B 22 .15 33 117 30 153 43 289
2D Example 1C 22 16, 38 = 142 26 174 77 314
2E(2) Example1C 22" "18" 38 = 17.3 24 70 10 106
2F Example 1D 20 . 13 _nm 139 2 9 11 20
2G (2) Example1D 30 15 nm =~ 129 15 50 47 126
2H Example 1D 22.-16. 36 .. :13.7 28 155 72 295
21(2,3) ExampleiD 22 16 = 40. 17.8 16 34 5 48
2J(3,4) Example1iD 60 ‘17 nm ~ 160 125 233 222 606
2K Example 1E  22° 45 36, - 153 13 114 62 187
2L Example 1G22 15 35 . 156 10 106 54 109
2M (5) Example 1G 22 " 13 27 " 16.0 1 76 50 64
2N (6) Example 1G22 ...14. 29, 19.3 2 78 49 56
20(7) Example1H 22 17 40" 213 139 116 12 209
2P Example 1H 22 .15 36.-+ 459 17 164 63 233
Comp. 2Q Comp. 22 22, 30 °"109 516 1324 430 4594
Example 1 . -
Comp. 2R Comp. 22 19 30 11.0 194 530 127 1450
Example 2 N
Comp. 28 Comp. 22 22 36 7.9 592 1156 129 5148
Example 3 S,
Comp. 2T Comp. 12 15 3 12.2 5 319 241 705
Example 4A o S
Comp. 2U Comp. 12 14 26 12.5 2 150 115 301
Example 4B BER : !
Comp. 2V Comp. 20 17_. 34. 11.7 25 595 552 1716
Example4A =~ 7~
Comp. 2W Comp. 20 15 28 12.5 9 351 398 937
i Example 4B i .
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Notes:

(1)
(2)
®)
(4)

(©)

(6)

(7)

Combed Cotton
Draw-Frame Blending. -~

-

Pima Cotton P
This yarn was spun with ,adtwist'multiplier of 4.2 in order to give 32.5
turns per inch (12.8 turns per centimeter).

35 wt% Bicomponent staple, 40 wt% cotton, 25 wt% T-40A mid-
tenacity (4.95 cN/dtex) 1.2 dpf ljécron(R) poly(ethylene terephthalate)
staple from DAK Americas S

35 wt% Bicomponent staple, 40 wt% cotton, 25 wt% T-90S high-
tenacity (5.65 cN/dtex) 0.9 dpf D-acron(.R) poly(ethylene terephthalate)
staple from DAK Americas:

100 wt% Bicomponent Staple K

The data in Table 4 show that the staple fiber of the invention can

be used to make a spun yarn“6f'very high quality (low thin and thick

regions, low neps, low CV, and overall excellent quality) while retaining

high boil-off shrinkage.
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CLAIMS

What is claimed is: v

1. A bicomponent staple fiber comprising poly(ethylene terephthalate)
and poly(trimethylene terephthalatq), said Bicomponent staple fiber
having: -

a) a substantially oval .crbs:s-section shape having an aspect
ratio A:B of about 2:1 to about 5:1 wherein A is a fiber cross-section major
axis length and B is a fiber cross-section minor axis length;

b) a polymer interface substantially perpendicular to the major axis;

C) a cross-section éonfigurétidn selected from the group consisting
of side-by-side and eccentrichheath_-core; '

d) a tenacity at 10% elongation of about 1.1 cN/dtex to about 3.5
cN/dtex; '

e) a free fiber length retention of about 40% to about 85%, and
f) a tow crimp development value of about 30% to 55%.

2. The bicomponent staple fiber of claim 1 having a tenacity at break
of about 3.6 cN/dtex to about 5.0 cN7dtex, wherein the aspect ratio A:B is
about 2.6:1to about 3.9:1: - =77

3. The bicomponent siaplé fiber loflc'laim 1 having a tenacity at 10%
elongation of about 2.0 cN/dtexto about 3.5 cN/dtex.

4. The bicomponent staple fiber of claim 1 wherein the aspect ratio
A:Bis about 3.1:1 to about 3.9:1. " *°

5. A spun yarn having a cotton count of about 14 to about 60 and
comprising bicomponent staple fiber comprising poly(ethylene
terephthalate) and poly(triﬁ1ethylen'é 'te‘re'phthalate), said spun yarn having
about 0.1 to about 150 thin regibhs"pér 1000 yards, about 0.1 to about 300
thick regions per 1000 yafds, ﬂagb'out 0.1,Ato about 260 neps per 1000 yards,
and a boil-off shrinkage of about 27% to about 45%, wherein the
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bicomponent staple fiber is present at a level of about 30 wt% to about

100 wt%, based on total wei_gh'tl:Qf the.spun yarn.

6. The spun yarn of claim 5 further comprising a staple fiber selected
from the group consisting. of cotton synthetlc cellulosic, and acrylic fibers,
wherein the bicomponent is present at about 30 wt% to about 70 wt%,

based on total weight of the spun yarn

7. The spun yarn of claim 6 wherein the selected staple fiber is cotton,
and the bicomponent staple fiber has an aspect ratio A:B of about 2.6:1 to
about 3.9:1 wherein A is a fiber cross-section major axis length and B is a

fiber cross-section minor axis length.

-

8. The spun yarn of claim }5‘h'aving_a’ quality factor of about 0.1 to
about 650. : RS
9. The spun yarn of clairﬁ' 5 whe'rei'h€said bicomponent staple fiber has

10.  The spun yarn of claim 6 further comprising about 1 wt% to about
69 wt% poly(ethylene terephthalate) monocomponent staple fiber.

11.  The spun yarn of claim 6 having a total boil-off shrinkage of from
about 27% to about 45% and'a coeﬁi'cient of variation of mass from about
10% to about 18%. o

12.  The spun yarn of claim 11 havihg a total boil-off shrinkage of from
about 30% to about 45% and é coefficient of variation of mass from about

12% to about 16%.

13.  The spun yarn of claim 6 havihg a quality factor of from about 0.1 to
about 650 and a total boil-off shrinkage of from about 27% to about 45%.
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14.  The spun yarn of claim 413 having a quality factor of from about 1 to
about 300 and a total boil-off 'shrinkage of from about 30% to about 45%.

15.  Afabric selected fronﬁ‘ the groub é’o"nsisting of knits and wovens and

1t

5  comprising the spun yarn of claim 5.

16.  The fabric of claim "1'5“fL'|i’the|f comprising the fiber of claim 1.
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