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TITLE

Improvements in Continuous Filaments, Yarns, and Tows

This invention concerns improvements in and
relating to polyester (continuous) filaments, especially
those prepared as-spun in the form of flat yarns, a
capability to provide from the same feed stock such
polyester continuous filament yarns of various differing
deniers, shrinkage properties, tensiles, dyeability and of
other useful properties as desired; polyester flat yarns,
as well as filaments, generally, including tows, resulting
from such processes; mixed-filament yarns, bicomponent
filament yarns, biconstituent filament yarns and bulky
yarns prepared therefrom; and downstream products from
such filaments and yarns, including textured products, and
including new proéesses for preparation of these new
filaments and products therefrom.

It may be helpful, in view of differences in
terminology in various literature, to indicate that the
terminology, symbols and expressions used herein are
intended generally to follow those in USP 5,250,245, the
disclosure of which is incorporated herein by reference,
including, e.g., the listing of such near the end of the
description therein.

BACKGROUND OF PARENT USP 5,066,447

Textile designers are very creative. This is
necessary because of seasonal factors and because the
public taste continually changes, so the industry
continually demands new products. Many designers in this
industry would like the ability to custom-make their own
yarns, so their products would be more unigue, and so as
to provide more flexibility in designing textiles.

Polyester (continuous) filament yarns have for
many years had several desirable properties; but,
hitherte, there has been an important limiting factor in
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the usefulness of most polyester flat yarns to textile
designers, because only a limited range of yarns has been
available from fiber producers, and the ability of any
designer to custom-make his own particular polyester flat
yarns has been severely limited in practice. The fiber
producer has generally supplied only a rather limited
range of polyester yarns because it would be more costly
to make a more varied range, e.g. of deniers per filament
(dpf), shrinkage properties, tensiles, and dyeability, and
to stock an inventory of such different yarns.

Conventional flat polyester filament yarns used
to be typically prepared, for example, by melt-spinning at
low or moderate speeds to make undrawn yarns and then
drawing and heating to increase tensiles (especially,
modulus and yield point) and to decrease shrinkage.
Conventional polyester filaments have combinations of
properties that, for certain end-uses, could desirably be
improved, as will be indicated hereinafter. It is ”
important to recognize that what is important for any
particular end-use is the combination of all the
properties of the specific Yarn (or filament), sometimes
in the yarn itself during processing, but also in the
eventual fabric or garment of which it is a component. It
is easy, for instance, to reduce shrinkage by a processing
treatment, but this modification is generally accompanied
by other changes, so it is the combination or balance of
properties of any filament (or staple fiber) that is
important.

Generally, we refer herein to untextured
filament yarns as "flat" yarns and to undrawn flat yarns
as "feed" or as "draw-feed" Yarns. Filament yarns which
can be used as a "textile" yarn without need for further
drawing and/or heat treatment are referred herein as
"direct-use" yarns. For textile purposes, a "textile"
yarn must have certain properties, such as sufficiently
high modulus and yield point, and sufficiently low
shrinkage, which distinguish these yarns from conventional

feed yarns that require further pProcessing before they
2
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have the minimum properties for processing into textiles
and subsequent use. It will be recognized that, where
appropriate, the technology may apply also to polyester
filaments in other forms, such as tows, which may then be
converted into staple fiber, and used as such in
accordance with the balance of properties that is
desirable and may be achieved as taught hereinafter.

From the parent USP No. 5,066,447, the
disclosure of which is hereby incorporated herein by
reference, it is known that conventional polyester undrawn
spin-oriented yarns (SOY) (and SOF, i.e., spin-oriented
filaments) draw by a necking operation; i.e., that the
undrawn polyester filaments have a natural draw-ratio NDR
(and that drawing such polyester filaments at draw-ratios
less than the NDR (herein referred to as partial-drawing)
produces irregular "thick-thin" filaments which are
considered inferior for most practical commercial purposes
(unless a specialty yarn is required, to give a novelty or
special effect). For filament yarns, the need for
uniformity is particularly important, more so than for
staple fiber. Fabrics from flat yarns show even minor
differences in uniformity from partial drawing of
conventional polyester undrawn SOY as defects, especially
when dyeing these fabrics. Thus, uniformity in flat
filament yarns is extremely important. Undrawn polyester
filaments have been unique in this respect because nylon
filaments and polypropylene filaments have not had this
defect. Thus, it has been possible to take several
samples of a nylon undrawn yarn, all of which have the
same denier per filament, and draw them, using different
draw-ratios, to obtain correspondingly different deniers
in the drawn yarns, as desired, without some being
irregular thick-thin filament yarns, like partially drawn

polyester filament yarns.

So far as is known, it had not previously been
suggested, prior to the parent application, that a draw
process be applied to a polyester textile yarn, i.e., one

that was itself already a direct-use yarn, such as having
3
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shrinkage and tensile properties that made it suitable for
direct use in textile processes such as weaving and
knitting without first drawing and heat setting. Indeed,
to many skilled practitioners, it might have seemed a
contradiction in terms to subject such a yarn to draw-
warping, for example, because such a yarn was already a
textile yarn, not a feed yarn that needed a drawing
operation to impart properties useful in textile processes
such as weaving or knitting.

According to the parent application, processes
were provided for improving the Properties of feed yarns
of undrawn polyester filaments (especially undrawn
polyester filament feed yarns that have the shrinkage
behavior of spin-oriented polyester filaments such as have
been disclosed by Knox in U.S. Patent No. 4,156,071, and
by Frankfort & Knox in U.S. Patent Nos. 4,134,882 and
4,195,051 (discussed hereinafter). Such processes
(according to the parent application) involve drawing with
or without heat and with or without post heat- -treatment,
and are most conveniently adapted for operation using
multi-end drawing, such as draw-warping; but such benefits
may be extended to other drawing operations, such as
preparing drawn flat yarns by split and coupled drawing of
single-ends (or of a small number of ends, typically
corresponding to the number of spin packages per winder or
spin position of a small unit of winders) and to various
draw (and no-draw) texturing processes for providing bulky
filament yarns, such as by draw false-twist and air-jet
texturing and no draw air-jet and stuffer-box texturing.

BACKGROUND OF THE PRESENT INVENTION
S ey~ UL YRESENT INVENTION

It has long been desired to make filaments of
differing shrinkage behaviors, such as boil-off shrinkage
(8) , maximum shrinkage tension (STpax) » shrinkage power
(Pg), and shrinkage modulus (Mg), especially from one and
the same filament feed stock; and especially of Pg
sufficient to overcome the high internal fabric matrix
restraints and permitting the development of the desired

4
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level of shrinkage even when the filaments are in a
fabric; e.g., such as being used as a high shrinkage
filament yarn in a form-fitting fabric used in upholstery,
as a component in a mixed-shrinkage filament yarn such as

5 would be capable of developing bulk by differential
filament length (DFL) on heating, as a component in a
bicomponent polyester filament yarn and as a component in
a biconstituent polyester/nylon filament yarn such as
would be capable of developing bulk by torque-free helical

10 crimping of the filaments on heating, even in
tightly-woven fabrics. There has been a long-standing
need for a practical way to make filaments, differing in
shrinkage and tensile'properties from a single feed stock,
and previous suggestions have not been satisfactory.

15 Shrinkage power (Pg) herein is the product of
the boil-off shrinkage (S) x (STpayx). the maximum
shrinkage tension, whereas shrinkage modulus (Mg) is 100
times the maximum shrinkage tension divided by the
shrinkage, i.e. (STpax/S%)x100.

20 -Shrinkage of undrawn SOY initially increases
with increasing spin speed (i.e., with increasing stress-
induced orientation (SIO) as represented, in part, by
decreasing elongation-to-break, Eg), and then beyond a
critical SIO level, shrinkage decreases at higher spin

25 speeds due to the onset of stress-induced crystallization
(SIC) which prevents the maximum shrinkage potential (Sm)
for a given level of SIO from developing (see discussion
of Figures 2A and 2B hereinafter). Increased shrinkage of
SOY may be accomplished by changing known process

30 parameters; such as, lower polymer LRV, increased polymer
temperature, increased capillary shear rate (smaller
capillary diameter), increased capillary pressure drop
(increased capillary L/D), lower extensional "Trouton"
viscosity (hotter quench air, lower quench air velocity,

35 delay quench, longer convergence distance), higher denier
per filament, reduced spin-orientation (lower spin
speeds), reduced crystallization rate with modified

copolymers, and other process parameters. However,
5
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increasing shrinkage by reducing the SIC, has resulted in
undesirable changes in other properties, such as lower
tensiles (e.gq., T7) and lower STmax; higher values of both
are desirable so that the desired fabric aesthetics can be
developed during dyeing and finishing (see discussion of
Figures 4 and 5 hereinafter).

A process to prepare polyester filaments of high
shrinkage S and high Pg directly in as-spun filaments,
i.e., merely by melt spinning, without drawing, has not
been disclosed in the prior art. Prior art processes that
incorporate drawing, such as "cold drawing" of SOY and
aerodynamic "space-draw" of SOY may offer routes to high
Pg yarns of sufficient tensiles but have had serious
disadvantages. Such draw processes have not provided the
desired combination of properties, i.e., a desirable
balance of shrinkage S and STmax, as expressed by Mg and
Pg, as will be discussed hereinafter (Example XIX). Also,
and importantly, these draw processes have not provided
yarns with good dyeability (i.e., high relative disperse
dye rates, RDDR), and drawn polyester yarns have had poor
thermal stability (herein defined by high shrinkage
differential (AS;) as measured by rapid increase in dry
heat shrinkage with increasing temperature and also
expressed by a significant difference (ASy) between the
dry heat shrinkage (DHS) at elevated temperatures (180 C)
and the boil-off~shrinkage (S); drawn varns, therefore,
have required use of high fabric finishing treatment
temperatures for proper fabric stabilization (e.g. at
least to temperatures of T(STpmayx), ©.9., about 150-180 C).
Also these draw processes have not provided simple direct
routes to mixed-shrinkage, bicomponent and biconstituent

filament yarns.

Crystalline SOY used as "direct-use" textile
yarns, such as those prepared by Knox, Frankfort & Knox,
and Collins et al (referred to hereinbefore) are
characterized by good dyeability (high RDDR), good thermal
stability (characterized herein by low AS; and AS,-values,

and reach STpay at T(STpayx) typically less than about 100
6



WO 96/16206 PCT/US94/13189

10

15

20

25

30

35

C (i.e., that can be achieved during boil-off, such in a
dyebath); i.e., properties that are generally very
desirable for "textile" yarns; but such crystalline SOY do
not have "high shrinkage power", but are of low shrinkage
S and low STpay. Thus, the prior art has not taught how
to solve the problem of providing polyester SOY having the
combination of high values of shrinkage S, STpay, Ps, and
low values of Mg combined with the desirable dyeability
(RDDR) , thermal stability (AS; and AS;), and other
properties associated with crystalline SoY.

SUMMARY OF THE INVENTION

The present invention provides such long-desired
high shrinkage spin-oriented filaments, SOF (herein
referred to as B-filaments, filaments (B) or as filaments
Type B), by novel and simple direct processes involving
essentially increasing the shrinkage of crystalline low
shrinkage SOF capable of being used as direct-use
"textile" filaments (herein referred to as A-filaments,
filaments (A) or as filaments Type A), such as were used
as "feed" yarns in the parent application. Such processes
can transform the crystalline low shrinkage SOF (Type A)
into new SOF (Type B), characterized by high Pg and low Mg
without reducing other desirable properties, including
thermal stability (low AS; and AS;) and dyeability (RDDR).
We believe that no one has previously suggested that the
long-standing problem could be solved by using crystalline
low shrinkage direct-use textile SOF as "feed" filaments
(i.e., as intermediates) for preparing SOF of the desired
high shrinkage S and high STpayx. Indeed, to many skilled
practitioners, it might have seemed a contradiction in
terms to begin with crystalline thermally "stable" SOF as
intermediate for obtaining a precursor of high shrinkage
SOF (i.e., that are not so stable thermally). It may
indeed seem very surprising that the shrinkage can be
increased while maintaining such desirable properties. It
may seem especially surprising to some practitioners that
the shrinkage values can be increased, while maintaining
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thermal stability (i.e., low As; and As, values) and
without reducing dyeability (i.e., low RDDR values).

According to a first aspect of the invention, a
treatment process is provided for preparing polyester SOF
of high shrinkage (S), high STpay, high Pg and low Mg by
treating the crystalline low shrinkage SOF (Type A) by
rapidly heating the A-filaments to a temperature above the
polyester polymer glass-transition temperature Tg (defined
herein by {0.65(Tp®+273)-273}) and temperature T3, defined
as the mid-point between the onset temperature of
crystallization (T.°) and the onset temperature of major
crystallization, Tc,% as measured on the polyester polymer
and expressed by [({0.75(Tm°+273)-273}+{0.80(Tm°+273)-
273})/2 = {0.775(T®+273)~-273}], and then immediately and
rapidly cooling the treated filaments to below the polymer
Tg, and ensuring that the heating and cooling are carried
out at rates sufficiently rapid to provide the desired B-
filaments [shown as Areas A and B in Figure 1) having:

1) a residual draw-ratio (RDR) of about 1.4 to
about 1.9, a post-yield modulus (Mpy of less than about 12
g/dd, and a high shrinkage S such that the value of (1i-
S/Sm) is between about 0.25 and about 0.9; where RDR is
defined by (1+100/EB, %) and Sm is defined by [(6.5-
RDR) /6.5]x100%;

2) a high STpay of about 0.1 g/d to about 0.5
g/d at a T(STpay) between about the polymer Ty and about
temperature T; (defined herein by {0.725(Tp®+273)-273});

3) a Mg upto about 5 g/d; and a Pg of about 1.5
to 12 (g/4d)%;

it being important that the A-filaments (before such heat
treatment process) be low shrinkage spin-oriented
crystalline undrawn A-filaments characterized by:

1) a RDR between about 1.4 and about 1.9 and a
shrinkage S such that the value of (1-S/Sp) is at least
about 0.9;
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2) a STpax less than about 0.15 g/d at a
T(STpayx) between about the polymer Tg and the polymer
liquid-liquid transition temperature T;; defined herein by
{0.70(Tp®+273)-273};

and desireably having,

3) a Mg less than about 5 g/d; and a Pg less
than about 1.5 (g/d)%.

One embodiment of the treatment process of the
invention (herein called Type I) is characterized by
rapidly heating said A-fjlaments to temperatures between
the T;; and about temperature T,, defined herein as the
mid-point between T;; and the onset of crystallization
Tc®, i.e. {0.725(Tp®+273)-273}, and then immediately and
rapidly cooling the treated filaments to below the polymer
Tg; wherein said heating and cooling are carried out at
rates sufficiently rapid to provide B-filaments from said

A-filaments.

-Another variation of the treatment process of
the invention (herein called Type II) is characterized by
rapidly heating said A-filaments to a temperature between
about T and about T3; and then immediately and rapidly
cooling the treated filaments to below Tg; wherein said
heating and cooling are carried out at rates sufficiently

rapid to provide B-filaments from said A-filaments.

Treatment processes Type I and Type II of the
invention may be carried out in a split process (sp), such
as in air-jet texturing, and in the form of a weftless
warp sheet, provided that the heating and cooling are
carried out at rates sufficiently rapid to provide B-

filaments from said A-filaments

Treatment processes Type I and Type II may be
coupled (cp) with first preparing polyester A-fjilaments by
melt-extruding and rapid attenuating and quenching the
polymer melt streams at withdrawal speeds in the range of
about 2 to about 6 km/min to provide filaments (Type A) at

9
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temperatures below the polymer Tg and then treating the A-
filaments by either process Type I or Type II to provide
B-filaments, followed by high speed winding into packages.

B-filaments of the invention as prepared by Type
I and Type II treatment processes of the invention, as
described hereinabove, have a Pg between about 1.5 and
about 12 (g/d)%, a Mg less than 5 g/d, and shrinkage s,
such that (1-S/Sp) is at least about 0.25 and less than
about 0.9 for RDR values between about 1.4 to about 1.9; a
T(STpayx) between about the Tg and about the T; of the
polyester polymer; and a STmax between about 0.1 and 0.5
g/d (as indicated by Areas A and B in Figure 1); and the
B-filaments of the invention are further characterized by
a tenacity-at-10% extension (T10) less than about 3 g/d, a
post-yield modulus (Mpy) , defined by {(1.2T5p-
1.07T7)/(1.2-1.07)} between about 2 and about 12 g/dd
(where g/dd is grams per drawn denier) which approximately
corresponds to a birefringence (Ap) between about 0.04 and
about 0.12 providing good dyeability as indicated by RDDR
values of at least about 0.08; and sufficient tensiles for
use as textile filaments as indicated by an initial yield
point Ty (herein approximated by the value of the
tenacity-at-7% extension T7) of at least about 0.1 g/d.

Preferred B-filaments of the invention as
prepared by Type I and Type II treatment processes of the
invention, as described hereinabove, are further
characterized by a shrinkage S, such that (1-s/sp) is at
least about 0.4 and less than about 0.9; a T(STpay)
between about the Tg and about the Tj; of the polyester
polymer; a T;p less than about 2.5 g/d, a Mpy between
about 2 and about 10 g/dd which approximately corresponds
to a birefringence (A,) between about 0.04 and about 0.10
providing good dyeability as indicated by RDDR values of
at least about 0.10; and sufficient tensiles for use as
textile filaments as indicated by T7 of at least about
0.15 g/d.

10
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Especially preferred B-filaments of the
invention are further characterized by a As; value of less
than 5 degrees over the temperature range of the polymer
T11 and Tg,pax; and a AS; less than +3%.

The invention also provides B-filaments being
especially suitable for improved draw texturing feed yarns
(Area A in Figure 1) for developing higher bulk at
conventional texturing speeds or maintaining current
levels of bulk at higher texturing speeds; wherein the B-
filaments are prepared by heat treatment Type I of Type A
filaments; wherein the B-filaments are characterized by
having a RDR between about 0.4 and 0.9; a shrinkage S,
such that (1-S/Sy) is less than about 0.25 and at least
about 0.9 with a STp,y between about 0.1 and 0.15 g/d and
a Mg less than about 1.5 g/d; and further characterized by
a T(STpay) between about the Tg and about the T;; of the
polyester polymer.

The invention also provides for B-filaments of
enhanced tensiles (such as a T; of at least about 0.15 g/d
and an initial modulus Mj of at least about 60 g/d) by low
temperature drawing without post heat treatment (herein
referred to as process Type III) of B-filaments (as
represented by Areas A and B in Figure 1 and described
hereinbefore) at draw temperatures Tp between temperatures
Tq and T; of the polyester polymer; wherein the drawn B-
filaments of higher tensiles are further characterized by
a T(STpax) between about Tq and about T, of the polyester
polymer, with a STp,y between about 0.5 and 0.7 g/d; and a
shrinkage S such that (1-S/Sp) is at least about 0.4 and
less than about 0.9; a Pg between about 5 and 12 (g/d)%
and a Mg between about 1.5 and about 5 g/d; while
retaining a Mpy less than about 12 g/dd which
approximately corresponds to RDDR-values greater than

about 0.08.

The invention also provides improved flat "a-
filament" yarns, especially suitable for tightly
constructed woven fabrics [Area D in Figure 1], by

11
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treating thermally stable Type A' filaments by Type II
process of the invention (herein referred to as process
Iype IV) wherein the changes in the thermal properties on
the "thermally stable" A'-filaments are small, but
sufficient to make the filaments suitable for both
knitting and weaving where untreated A'-filaments were
only suitable for knit fabrics); wherein the improved flat
yarns are characterized by having a RDR between about 1.4
and 1.9, a T7 of at least about 0.15 g/d; a shrinkage S,
such that (1-S/S;) is between about 0.95 and 0.9 and a
STpmax between about 0.15 and 0.5 g/d such to provide a Pg
between about 1.5 and 5 (g/d)% with a Mg between about 1.5
and 5 g/d; and further characterized by a T(STpayx) between
about the Tg and about the T; of the polyester polymer.

The process of the invention also provides a
simple route to mixed-shrinkage filament yarns (herein
denoted as AB and as A'B yYarns) comprised of A(or A')
filaments and B-filaments wherein the A (or A') filaments
and the B-filaments may be co-mingled, for example in a
separate split process to form a mixed filament bundle
(e.g., prior to air-jet texturing) or may be formed in a
coupled spin/treatment process (cp) wherein the freshly
spun A-filaments are, for example, divided into two
bundles with one bundle being treated by process Type I or
Type II to form B-filaments which are then combined with
the untreated A-filament bundle to form a mixed-shrinkage
AB filament yarn; or by treating in a split or coupled
process a mixed A'A-filament bundle comprised of A' and A-
filaments, where A' filaments are of such thermal
stability that their shrinkage properties are not
significantly affected by the treatment step (Type I or
Type II) of the invention, while the A-filaments are
transformed, as described hereinbefore, to B-filaments,
such that treatment of the A'A mixed-filament bundle
provides an A'B mixed-shrinkage filament yarn. The A'
filaments achieve their thermally stability , for example,
by being of lower denier, odd cross section of significant
surface-to-volume ratio; or the A and A'-filaments may be

12



WO 96/16206 PCT/US94/13189

10

15

20

25

30

35

of the same dpf and cross-section, but are differentiated
by their extrusion conditions; e.g., prior to extrusion,
the polyester melt stream is divided into two melt
streams, wherein one of the two melt streams is treated,
for example, via injection of an agent into the melt
stream that either enhances crystallization thus forming
A'-filaments from A-filaments or injection of any agent
that suppresses crystallization and thus forming A-
filaments from A'-filaments on extrusion and attenuation,
or alternatively, one the melt streams may be of different
melt viscosity by use of higher shear spinneret extrusion
capillaries fitted with metering capillaries such that the
total pressure drop of the A forming capillaries is equal
to that of the A' forming capillaries in order to maintain
the same dpf of A and A'-filaments. The filaments
extruded at the lower melt viscosity will achieve lower
SIC and become the A-filaments, while the filaments
extruded at the higher melt viscosity will achieve higher
SIC and become the A'-filaments. Spinning of melt streams
which differ in polymer RV or in the degree to which they
are modified by copolyester units may also be used to form
A and A'-filaments.

The process of the invention also provides for
mixed-filament post-bulkable BC'-yarns comprised of B-
filaments and of companion thermally stable C'-filaments
of a different polymer substrate, such as of nylon by a
coupled melt spinning/treatment process wherein the mixed
filament bundle of B and C'-filaments may be prepared by
co-spinning A and C'-filaments, forming a mixed-filament
AC' bundle followed by co-treating the mixed-filament AC'
bundle wherein in the A-filaments are transformed into B-
filaments according to the invention and the nylon C'-
filaments remain of low shrinkage.

Alternatively the B and C'-filament bundles may
be formed in separate steps and co-mingled to provide a
post-bulkable BC' mixed-filament yarn. The bulking of
these mixed-filament yarns (AB, A'B, BC') occurs on heat

relaxation at temperatures above about Tjj; but less than
13
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Tc,max (preferably less than about Tc,%) of the polyester
polymer; and may take place in yarn form, such as in a hot
air-jet texturing process or in the form of a weftless
warp sheet in a warping process wherein the weftless warp
sheet is permitted to hot relax before winding onto a beam
or prior to being fed directly into a warp knitting
machine or into a weaving loom or the bulk may be
developed in fabric or garment form during dyeing and
finishing.

The processes of the invention may be extended
to bicomponent filaments comprised of one component being
thermally stable under the conditions of either process
Type I or Type II and a second component being less
thermal stability; e.g., an (A'/A) bicomponent filament
which when treated according to the treatment processes of
the invention (Type I or Type II) provides a (A'/B)
bicomponent filaments which on exposure to heat will
spontaneously provide filaments of torque-free helical
crimp. An analogous biconstituent filament is also
provided by the process of the invention wherein the
thermally stable component is of polyamide polymer (C')
and the second component of lesser thermal stability is of
polyester polymer (A) to provide a (A/C') biconstituent
filaments which when treated according to the treatment
processes of the invention (Type I or Type II) provide
(B/C') biconstituent filaments which on exposure to heat
will spontaneously provide filaments of torque-free
helical crimping. The bicomponent and biconstituent
filaments may be of a side-by-side (SBS) or of a
sheath/core (S/C) configuration. Further, mixed deniers
and/or cross-sections may be used to disrupt the tendency
of helical crimped filament yarns from forming "follow-
the-leader crimp" and thereby by provide for improved bulk
and coverage (opacity).

The treatment processes of the invention (Type I
through IV) may incorporate a pretreatment step, wherein
the untreated A, A', A/a‘, A/C', AA', and AC' filament

bundles are passed under sufficient tension and velocity
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over a surface of selected roughness to provide sufficient
thermal fictional heat to provide the treated filaments
with asymmetric thermal stability (as described in part by
Frankfort in USP Nos. 3,816,992, 3,861,133, and
3,905,077). The treated filaments having irregular and
asymmetric shrinkage behavior along-end are then treated
by Type I, II, or III processes of the invention to
provide on heat relaxation along-end filament crimping and
filament bulk of a different nature than that achieved by
mixed shrinkage filament yarns and by bicomponent or by
biconstituent filament yarns This pretreatment process
used in conjunction with Type I, II, or III processes of
the invention is herein referred to as process Type V.

The treatment processes (Type I, II, or III) of
the invention may by applied to filaments of asymmetric
cross-section, such as a "lop-sided peanut-shaped"
filament wherein one side being larger has the shrinkage
characteristics more like that of an A-filament while the
smaller side has the shrinkage characteristics more like
that of a thermally stable A'-filament such that the
asymmetric filament is likened to an A/A' bicomponent
filament yarn in its shrinkage behavior.

The treatment processes (Type I, II, or III) of
the invention may by applied to filaments of symmetric or
asymmetric cross-section being comprised of an off-center
longitudinal void of at least 10% (preferably at least
20%) by volume of the filament; wherein, the "solid" side
of the filament has the shrinkage characteristics more
like that of an A-filament while the side of the filament
containing the void has the shrinkage characteristics more
like that of a thermally stable A'-filament such that the
hollow filament is likened to an A/A' bicomponent filament
yarn in its shrinkage behavior. Refer to Example G for
details

DESCRIPTION OF DRAWINGS
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Figure 1 is a log-log (base 10) plot of percent
shrinkage (S) versus the maximum shrinkage tension STmax
expressed in mg/d (i.e., g/d X1000), wherein the left
diagonal grid dashed lines represent different values of
shrinkage power Pg [= (STpayx) (5%)] increasing from bottom
left to top right of the plot; and the right diagonal grid
dashed lines represent different values of shrinkage
modulus Mg [= (STmax/S%)x100%] increasing from top left to
bottom right. The solid lines outline combinations of
shrinkage properties that characterize various spin-
oriented B-filaments of the invention (Areas A and B); B~
filaments of higher tensiles through low temperature
drawing of spin-oriented B-filaments of Areas A and B
(Area C); and low shrinkage flat filaments of improved
tensiles by treatment of A'-filaments by process Type IV
(Area D). B-filaments of Area B are especially suited for
use in mix-shrinkage post-bulkable filament yarns, draw
texturing feed yarns for improved bulk development, and
where high shrinkage filament Yarns for developing fabrics
of more tight constructions than are possible by direct
knitting or weaving of conventiocal flat textile filament
Yarns. B-filaments of Area A are especially suited for
use as draw texturing feed yarns where higher bulk is
desireable. Low temperature drawn B-filaments of Area ¢C
are of higher tensiles without loss in dyeability as
indicated by RDDR-values of at least 0.08. Improved low
shrinkage flat yarns formed by treating Type A' filament
yarns by process IV (Area D) are especially suited for
woven fabrics and for obtaining fabrics of tigher
construction than posssible by direct knitting or weaving
of conventional low shrinkage flat yarns.

Various conventional spin-oriented filaments
spun over a spin speed range of about 500 m/min to about
7500 m/min are represented in Fig. 1 as follows: Area I
for high shrinkage spin-oriented yYarns (e.g., commercial
POY); Area II for low shrinkage high speed spun direct-use
yarns according to Knox; Area III for especially thermally
stable highly oriented yarns, HOY (indicative of Type A'-
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filaments, described hereinbefore) as taught by Frankfort
and Knox, and Collins et al.; Area IV for highly annealed
(and/or relaxed) spun, drawn and draw-textured yarns; Area
¥ for conventional spin/drawn (fully drawn yarns, FDY)
textile yarns; Area VI for high shrinkage modulus "space-~
drawn" yarns, such as those disclosed by Davis et al in
USP 4,195,161; and Area VII for high shrinkage filament
yarns with high orientation (and thereby poor dyeability),
such as disclosed by, Teijin (Shimazu et al) in EPA-
0207489

Figure 23 is a representative plot of percent
shrinkage S versus percent elongation-to-~break (Eg)
wherein Lines 1, 2, 3, 4, 5, and 6 represent (1-8/Sp) -
values of 0.9, 0.7, 0.6, 0.4, 0.25 and 0, respectively;
and the curve shaped Line 7 represents a typical shrinkage
versus elongation-to-break relationship for a series of
yarns formed by increasing spinning speed, for example,
wherein all other process variables remain unchanged.
Changing other process variables (such as dpf, polymer
viscosity, capillary L/D4) produces a "family" of similar
S-shaped curves, essentially parallel to each other. The
spin-oriented B-filaments of the invention are denoted by
the "widely-spaced //////-area bordered by Eg-values
between about 40% and about 90% and (1-S/Sp) values at
least about 0.25(Line 5) and less than about 0.9 (Line 1).
The A-filaments used to form the B-filaments of the
invention are denoted by the "densely-spaced" ///////- area
bordered by Eg-values between about 40% and 90% and (1-
S/Sp) values at least about 0.9 (Line 1). The A'-
filaments typically have (1-S/Sp) values greater than 0.95
(i.e., are further below Line 1).

Figure 2B (Curve I) is a representative plot of
shrinkage S of SOF having a wide range of elongations-to-
break Eg from about 160% to about 40% (corresponding to
RDR~values of 2.6 to 1.4), spun using a wide range of
process conditions (e.g., filament denier and cross-
section, spin speed, polymer LRV, quenching, capillary

dimensions, and polymer temperature Tp), versus percent
17
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volume crystallinity (Xv) from measured density, corrected
for density of % pigment). The singular relationship
between S and Xv (i.e., extent of stress~-induced
crystallization SIC) obtained for SOF prepared by such
differing process parameters supports the view that the
degree of SIC is the primary structural event and that the
degree of SIO is a secondary structural event in this
range of Ep-values for determining the degree of shrinkage
S. cCurve II is a plot of the reciprocal of shrinkage
[(1/S)x100%) and plotted versus percent crystallinity
providing a linear relationship that is useful in
estimating percent crystallinity from shrinkage.

Figure 3A is a representative plot of the peak
temperature of "cold crystallization" (Tee) , as measured
by Differential Scanning Calorimetry (DSC) at a heating
rate of 20 C per minute (refer to Fig.12), versus
amorphous birefringence (as defined in Frankfort and
Knox); thus, the value of Tcc is a useful measure of the
amorphous birefringence (orientation) for filaments where
measurement of birefringence is difficult. The a-
filaments used herein to prepare the B-filaments of the
invention have T.. values between about 90 C and about 110
C.

Figure 3B Line 1 is a representative plot of the
Mpy versus total birefringence (Apn); thus, for Mpy values
above about 2 g/d, the Mpy is a useful measure of total
birefringence of spin-oriented, drawn, and textured
filaments. The break in the linear relationship between
Mpy and total birefringence is found to correspond to
onset of major crystallization for spun yarns with
increasing spin speed; but for a series of cold drawn
yarns, the break represents the onset of significant
increase in interchain order as noted by an increase in
trans isomer content in the anorphous phase (determined by
polarized infared spectroscopy) .

Line 2 is a plot of RDDR values, normalized to 1
dpf after-boil-off and to an amorphous density of 1.335

is8
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g/cc, versus total birefringence (A,). Filaments of the
invention have birefringence values between about 0.04 and
0.12, and RDDR-values at least about 0.08. The RDDR-
values may be greater than the linear relationship of Line
2 because of the affect of crystal size and percent
crystallinity, in addition to orientation (i.e.,
birefringence) on dyeability of polyester yarns.

Figure 4A is a plot of percent shrinkage S (or
STmax for Curve 4) versus spin speed (mpm), taken as a
measure of increasing SIO; where Curve ] represents
increasing shrinkage (i.e., Sp) in absence of SIC; Curve 2
represents shrinkage S versus spin speed with shrinkage
decreasing (i.e., departing from Curve 1) at the onset of
SIC which reduces shrinkage with increasing spin speed
(typical of commercial POY); and Curve 3 represents
shrinkage S versus spin speed wherein process conditions
have been selected to "force" the onset of SIC at lower
levels of SIO and is typical of the process used to form
the A-filaments of the invention. Curve 4 is
representative of the STpay for Curves 1, 2 and 3 versus
spin speed. Curve 5 is representative of the shrinkage of
nylon 66 spun yarns after equilibrated to standard
relative humidity of 65% at 70 F. The shrinkage of nylon
66 modified with 5-10% copolyamides and of nylon 6
homopolymer spun yarns is slightly higher than that
represented by Curve 5. Even higher shrinkages are
possible with increasing modification with copolyamides as
described by Knox et al in USP No. 5,137,666 and by Boles,
et in USP No. 5,219,503.

Fiqure 4B is a semi-log (base 10) plot of the
loé of shrinkage modulus (Mg) and of shrinkage power (Pg)
calculated from Curves 3 and 4 of Fig.4A, versus spin
speed (mpm); wherein Mg (Curve 1) is defined, herein, as
the result of dividing the values of Curve 4 by those of
Curve 3 (of Fig.4A) and plotting the result versus spin
speed; and wherein Pg (Curve 2) is defined, herein, as the
result of the product of values of Curve 3 and of Curve 4

(of Fig.4A) and plotting the results versus spin speed.
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The values of Pg are observed to reach a maximum at spin
speeds of about 3500-4000 mpm and then decrease rapidly
with increasing spin speed, while Mg increases with spin
speed throughout this spin speed range. No spin-oriented
filaments have been found to have the combination of
shrinkage properties of the B-filaments of the invention.
The fiber structure of the filaments represented by a
decreasing Pg with increasing speed (and decreasing
elongation-to break) are characteristic of the A~-filaments
used herein for forming the B-filaments of the invention.

Figure 5A is an analogous plot to Fig.4A for B-
filaments formed by treatment of A-filaments by Type I and
II processes of the invention; wherein Curve 1 is the plot
of shrinkage S for B-filament yarns formed by treating aA-
filaments at temperature T3 versus the spin speed (mpm)

used in the preparation of the A-filament yarns; and Curve
2 is representative of the STmax for the B-filaments
corresponding to Curve 1 versus spin speed.

Figure 5B is an analogous semi-log (base 10)
plot of the log of Mg and of Pg to that of Fig.4B; wherein
the Mg (Curve 1) is defined, herein, as the result of
dividing the values of Curve 2 by those of Curve 1 (both
from Fig.5A) and plotting the result versus spin speed;
and wherein Pg (Curve 2) is defined, herein, as the result
of the product of values of Curve 1 and of Curve 2 (both
from Fig.5A) and plotting the results versus spin speed.
The values of Pg are observed to reach a maximum as in
Fig.4B, but also is followed by an apparent minimum not
observed in Fig.4B; while Mg (Curve 1) increases with spin
speed throughout this speed range as it did for B-
filaments in Fig.4B (Curve 1). The minimum for Pg is
believed to be associated with the thermal stability of
the B-filaments formed by treating of the A'-filaments;
wherein A-filaments -> A'-filaments with increasing spin
speed (i.e. SIC); but where STpay continues to increase
with spin speed by the process treatments of the

invention.

20



WO 96/16206 PCT/US94/13189

10

15

20

25

30

35

Figure 6 is a plot of the logarithm of the
modulus (stiffness) of a thermoplastic_material, such as
polyester, versus temperature. The modulus initially is
relatively insensitive to temperature (denoted as the
"glass" region (I) and begins to decrease at the (primary)
glass-transition temperature Tg and levels off at the
secondary glass-transition temperature (T11), where the
region between Tg and T3] is often referred to as the
"leather" region (II) and the secondary glass-transition
temperature T;; is more commonly called the liquid-liquid
transition temperature in open literature and also herein,
and denotes the onset of the "ideal" rubber-like elastic
region (III) and at higher temperatures the polymer begins
to melt, noted as region IV. Polyester may be drawn
between Tg and T;; without significant crystallization.
Crystallization, however, occurs in region III making the
crystalline yarns of region III not "ideal" as to their
elastic properties.

Figure 7 is a superimposed plot of dynamic
shrinkage tension (ST) values versus treatment temperature
(T, C) for an undrawn POY (curve A) and for the
corresponding drawn yarn (Curve B); wherein the undrawn
POY (curve A) has a characteristic T(STpay) below about
100 C and the drawn product (curve B) has a characteristic
T(STpax) typically between about 150 C and about 180 C
(that is, in the range of the Tc,% and T¢ pax, where T¢ i
is the temperature where the rate of crystallization is
one-half of that at Tg pay (refer to Fig.14 for a more
detailed discussion).

Fiqure 8 is a similar superimposed plot, as in
Fig.7, of dynamic shrinkage tension (ST) versus treatment
temperature (T) for undrawn A-filaments (Curve A); Curve B
is of B-filaments prepared by treating A-filaments of
Curve A per the invention at T.° (i.e., about 120 C); and
curve C is of undrawn B-filaments prepared by treating A-
filaments at Tc,% (i.e., about 150 C). The yarns

represented by Curves B and C are indicative of the B-

filaments prepared by process Type I and II, respectively.
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Figure 9 shows the relationship between the
relaxation/heat setting temperature (TR) (where TR is
measured in degrees C) and the residual draw-ratio of the
drawn yarns (RDR)p for nylon 66 graphically by a plot of
(1000/ (TR+273)] vs. (RDR)p as described by Boles et al in
USP No.5,219,503. Drawn filaments, suitable for
critically dyed end-uses are obtained by selecting
conditions met by the regions I (ABCD) and II (ADEF).
Acceptable along-end dye uniformity is achieved if the
extent of drawing and heat setting are balanced as
described by the relationship: 1000/ (TR + 273) >/= [4.95 -
1.75(RDR)p). This relaxation temperature vs. (RDR) p
relationship is also preferably applied when co-drawing
and heat treating or heat treating previous drawn co-
mingled mixed-filament Yarns comprised of nylon and
polyester filaments.

Fiqure 10 is a representative pPlot of the
elongations-to-break (Eg) of spin-oriented undrawn nylon
66 and polyester filament yarns versus spinning speed.
Between about 3.5 Km/min and 6.5 Km/min (denoted by region
ABCD) and especially between about 4 and 6 Km/min, the
elongations of undrawn polyester and nylon filaments are
of the same order. The elongation of the undrawn nylon
filaments may be increased by increasing polymer RV
(Chamberlin USP Nos. 4,583,357 and 4,646,514), by use of
chain branching agents (Nunning USP No. 4,721,650), or by
use of selected copolyamides and higher RV (Knox et al in
USP No. 5,137,666). The elongation of the undrawn
polyester may be increased by lower intrinsic viscosity
and use of copolyesters (Knox in USP No. 4,156,071 and
Frankfort and Knox USP Nos. 4,134,882 and 4,195,051), and
by incorporating minor amounts of chain branching agents
(MacLean USP No. 4,092,229, Knox in USP No. 4,156,051 and
Reese in USP Nos. 4,883,032, 4,996,740, and 5,034,174).
The elongation of polyester filaments is especially
responsive to changes in filament denier and shape, with
elongation decreasing with increasing filament surface-to-
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volume (i.e., with either or both decreasing filament
denier and non-round shapes).

Figure 1127 is a representative dynamic Thermal
Mechanical Analyzer (TMA) percent extension (AL) wvs.
5 temperature plot (also referred to in the literature as
"creep") under a 300 mg/d load for A-filament yarn showing
approximate values of the fiber Tg: To Tecr Te®, Tc,% and

Tc,max) -

Figure 11B is a representative plot of the
10 derivative (AL)/AT) of the AL (extension under load of 300
mg/d) value from Fig. 11A plotted versus temperature to
show various thermal transition temperatures. Fig.11B
provides a very useful technique to visualize thermal
changes occurring prior to major crystallization (T, %) -

15 Figure 12 is a representative Dsc temperature
scan of a Type A filament to show the glass-transition
temperature (Tg), the peak temperature of cold
crystallization (Tce), the temperature of the onset of
crystallization (Tc°), the temperature of maximum rate of

20 crystallization (Tc,max) , the onset of melting (Tp') and
the zero-shear melting point (Tp°).

Figure 13 is a representative dynamic shrinkage
tension (ST) versus temperature scan of an A-filament;
wherein the approximate values of the fiber Tg, T(STpax) .

25 and TcC are easily discernable and Tc,% and Tg pax are
marked for reference. At very high levels of SIO and SIC,
the ST vs. T scans look more like a rounded "table top"
wherein the thermal transitions between T(STmax) and
Tc,max are not so easily determined from such a plot

30 without sophisticated peak resolution computer analysis.

Figure 14 is a representative plot of the
crystallization rate versus temperature of
polycondensation type polymers, such as polyesters and
polyamides; wherein the values of Tg and Tp° are marked

35 and the values of T.°, Tc,%, and Tg pax, correspond to

temperatures along the x-axis T';, T; and T,
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respectively. For 2GT polyester polymer of nominal
textile viscosity (intrinsic viscosity of 0.65 and LRV of
20.8), the values of Tg, T);, TcO, Tc,%: Tc,maxs and Tp°
are approximately: 65-70 C, 95-100, 120-130, 150-160 c,
180-190 C, and 250-260 C, respectively.

Figure 15 is a representative plot of shrinkage
(S8) for B-filaments versus hot tube treatment temperature
(not necessarily equal to Yarn temperature due to less
than perfect heat-transfer) for A-filament yarns spun at
4000 mpm (Curve 1); 4500 mpm (Curve 2) and 5000 mpm (Curve
3).

Figure 16 is similar plot, but of STmax (g/d)
for B~-filaments versus hot tube temperature for A-filament
yarns spun at 4000 mpm (Curve 1); 4500 mpm (Curve 2) and
5000 mpm (Curve 3).

Figure 17 is a representative plot of shrinkage
(S) versus spin speed for A-filaments (curve 1 - control,
without steam) and of B-filaments (curves 2 to 4) treated
at 3 different pressures of superheated steam at 245 C;
thus curve 1 = 0 psi (0 kg/cm?); curve 2 = 160 psi (54.6
kg/cm?); curve 3 = 140 psi (47.7 kg/cm2); and curve 4 =
120 psi (40.9 kg/cm2).

Figure 18 is a representative plot of shrinkage
S of B-filaments versus on-line steam treatment pressure
expressed in units of psi (where 1 pPsi = 0.314 kg/cm?)
spun at 4700 ypm (4296 mpm) - Curve l1; and at 4900 ypm
(4479 mpm) - Curve 2. The peak shrinkage S vs. steam
pressure appears to be obtained at higher steam pressures
at high spinning speeds (e.g., reduced exposure times).

Figure 19 is a similar plot of shrinkage (S)
versus on-line steam treatment pressure expressed in units
of psi (where 1 psi = 0.341 kg/cm2) for B-filaments spun
at 4900 ypm (4479 mpm); where curve 1 is indicative of low
dpf B-filaments and curve 2 is indicative of higher dpf B~
filaments. The peak pressure moves upwards as dpf
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increases, most likely because of limits of heat transfer
rates for the larger cross-section filaments.

Figure 20 is a similar plot, but of STpax (g/4d)
versus on-line steam treatment pressure in units of psi (1
psi = 0.341 kg/cm?) for B-filaments spun at 4900 ypm (4479
mpm) ; where curve 1 is indicative of low dpf B-filaments
and curve 2 is indicative of higher dpf B-filaments. As
in Fig.19 the peak moves to higher psi-values for the
higher dpf B-filaments.

Figure 21 is a schematic representation of a 3-
phase fiber structure model to show crystalline regions
(C) , amorphous regions'(A) and interface regions (B),
herein referred to as "mesophase" which are meta stable,

‘i.e., sensitive to low temperature treatments and may be

either incorporated into the amorphous phase (A) or into
the crystalline phase (C), depending on the treatment
temperature, time at the treatment temperature, and the
tension (or lack of tension) during the treatment.

"Figure 22 shows different scheﬁatics of the
fiber structure shown in Fig.21. On the left, schematic I
represents high speed spun crystalline filaments of Type A
comprised of a primary crystal phase (C), a secondary
crystal phase (B), referred to as mesophase, above and
amorphous phase (A). Under the thermal treatments (AH) of
the invention it is believed the mesophase is melted-out,
providing a thermally unstable amorphous phase held
together by a primary crystal phase as represented in the
center schematic II. On further heating (AH), this
structure is transformed into a re-crystallized phase
represented in schematic III on the right. Under
conventional heat treatments of A-filaments, the
metastable phase (B)is not isolated, but readily goes to a
conventional stable crystalline structure. The invention
permits the isolation of this metastable phase B, and
consequently the formation of the novel B-filaments that

have surprising new properties.
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Figqure 23 represents an application of the
existence of this metastable phase B. In Fig.23 the FTT
Yarn Bulk (i.e., of false-twist textured yarns) is plotted
versus the spin speed of various precursor undrawn feed
yarns. Despite an increase in crystallinity (density) and
decrease in shrinkage S, the textured yarn bulk
continually increases with increasing spin speed (Curve 1)
with increasing spin speed. If the extent of
crystallization is "totally" suppressed by use of water
quenching (as described by Vassilatos in USP No.
4,425,293), higher bulk levels are obtained (curve 5)
Intermediate levels of bulk can be obtained as the degree
of shrinkage is suppressed (herein by higher spin
temperatures and use of delay quench) so to provide lower
spinline "extensional viscosity" and thereby lower SIC of
the SOY as represented by Curves 2 through 4.

Surprisingly, the bulk increases (up to a point)
(not shown here in Fig.23) with increased texturing speed
(i.e., shorter residence time). We believe this maybe
associated with the lack of thermal stability of the "B"
phase. 1If the treatment (e.q., texturing in this case) is
too slow, then the re-crystallization of "B" phase .begins
prior to full twist insertion. This has been confirmed by
in-line pre-setting high speed spun yarns of amorphous
phase "A" prior to texturing and resulting in reduced
bulk. On the other hand, if the extent of the "B" phase
can be increased as indicated by an increase in the
shrinkage of the feed yarn, there is observed an increase
in textured yarn bulk as represented by points 1 -> 2-> 3-
> 4->5. The process of the invention provides uniform
feed yarns of high shrinkage and shrinkage power
especially suitable for high speed (low residence time)
texturing. Alternatives, such as use of long delay quench
zones and "too" hot polymer (used in Fig. 23) provide
higher bulk but .unacceptable along-end uniformity.

Figure 24A is a plot of measured shrinkage S of
a AB mixed filament yarn comprised of 70/17 denier B-

filaments and 70/100 denier A-filaments versus the
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shrinkage of the B-filament component. Line 1 is the
expected trend and Line 2 is observed for high shrinkage
filaments of undesireably low STmaxs i.e., being incapable
of overcoming the inter-filament friction and
entanglements to develop the expected high shrinkage in a
mixed AB filament yarn.

Figure 24B (line 1) is the expected plot of

measured STmax for AB mixed filament yarns vs. the STp,,
of the B-filament component; line 2 is a plot of
calculated STpay values (weight average ST-values based on
total denier of each component) versus the observed STmax-
values. Line 2 shows that the expected STpay of a
composite yarn is less than that of a single high STmax
filament yarn and is well represented by the weighted
average of A and B components.

Fiqure 25 is a representative plot of the
initial modulus of 65 RV Nylon 66 SOY (Line 1) and of 21
LRV 2GT polyester SOY (Line 2), wherein the zero-shear
(Newtonian) melt viscosity of 21 LRV polyester polymer is
about the same 65 RV Nylon 66 polymer. Line 3 is a plot
of the initial modulus of polyester filaments heat treated
according to Type II process of the invention. Lines 4
and 5 are plots of the percent of the polyester core vs.
spin speed required to obtain a 30 g/d composite nylon
sheath/polyester core filament varn corresponding to
polyester filaments of Lines 2 and 3, respectively; where
the composite modulus (Mc) is a linear weighted average of
the modulus of the polyester (Mp) and nylon (Mp)
components; i.e., Mg = XMp + (1-X)Mp, where X is volume
percent of the polyester component. By incorporating the
higher modulus polyester phase into the nylon filament,
the desired modulus of the nylon sheath SOY may be
obtained at a lower spin speed or a higher modulus may be
obtained at the same spin speed.

The polvester polymer used for preparing spin-

oriented filaments of the invention is selected to have an
intrinsic viscosity IV in the range of 0.5 to 0.7, the IV
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is realted to the relative viscosity (LRvV) through the
expression:

IV = 0.07238([1.28(LRV+1.2))0.658,

a zero-shear melting point (Tp,®) in the range about 240 C
to about 280 C; and a glass-transition temperature (Tg) in
the range about 40 C to about 80 C (wherein Tp© and Tg are
measured from the second DSC heating cycle under nitrogen
gas at a heating rate of 20 C per minute). The said
polyester polymer is a linear condensation polymer
composed of alternating A and B structural units, where
the A's are hydrocarbylenedioxy units of the form [-O-R'~
O-] and the B's are hydrocarbylenedicarbonyl units of the
form [-C(0)-R"-C(0)-], wherein R' is primarily [-CoHy~],
as in the ethylenedioxy (glycol) unit [-0-C3H4-0-], and R"
is primarily [-CgH4-], as in the 1,4-benzenedicarbonyl
unit [~C(0)-CgH4-C(0)-], such to provide a sufficient
number of ethylene terephthalate,
[-O-C2H4-O-C(0)-C5H4-C(0)-] repeat groups so to maintain
the Tpo between about 240 C and about 280 C. Suitable
poly(ethylene terephthalate), herein denoted as PET or
2GT, based polymer may be formed by a DMT-process, e.g.,
as described by H. Ludewig in his book "Polyester Fibers,
Chemistry and Technology", John Wiley and Sons Limited
(1971), or by a TPA-process, e.g., as described in Edging
USP No. 4,110,316. Included are also copolyesters in
which, for example, up to about 15 percent of the
hydrocarbylenedioxy and/or hydrocarbylenedicarbonyl units
are replaced with different hydrocarbylenedioxy and
hydrocarbylenedicarbonyl units to provide enhanced low
temperature disperse dyeability, comfort, and aesthetic
properties. Suitable replacement units are disclosed,
e.g., in Most USP No. 4,444,710 (Example VI), Pacofsky USP
No. 3,748,844 (Col. 4), and Hancock, et al. USP No.
4,639,347 (Col. 3).

Polyester polymers, used herein, may, if
desired, be modified by incorporating ionic dye sites,
such as ethylene-5-M-sulfo-isophthalate residues, where M
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is an alkali metal cation, for example in the range of
about 1 to about 3 mole percent, and representative chain
branching agents used herein to affect shrinkage and
tensiles, especially of polyesters modified with ionic dye
sites and/or copolyesters, are described in part by Knox
in USP No. 4,156,071, MacLean in USP No. 4,092,229, and
Reese in USP Nos. 4,883,032; 4,996,740; and 5,034,174. To
obtain undrawn feed yarns of low shrinkage from modified
polyesters, it is generally advantageous to increase
polymer viscosity by about +0.5 to about +1.0 LRV units
and/or add minor amounts of chain branching agents (e.q.,
about 0.1 mole percent). To adjust the dyeability or
other properties of the spin-oriented filaments and the
drawn filaments therefrom, some diethylene glycol (DEG)
may be added to the polyester polymer as disclosed by
Bosley and Duncan USP No. 4,025,592 and in combination
with chain-branching agents as described in Goodley and
Taylor USP No. 4,945,151.

The treatment process of the invention improves
(transforms) the shrinkage properties of low shrinkage
crystalline spin-oriented (undrawn) direct-use filament
yarns (Type A), by post-treating the A-filaments in split
or coupled (on-line) processes by anyone of the
hereinbefore mentioned processes (Icp,sp ©or IIgp,sp) to
provide spin-oriented Type B filament yarns; i.e., yarns
of high Pg with all of the desired characteristics listed
hereinbefore. The treatment process consists of rapidly
heating followed by rapidly cooling Type A-filaments under
tension prior to winding up the newly formed B-filament
vyarns into packages or into a beam of many yarns. During
the treatment processes of Type I and II an increase
tension is observed with essentially no permanent change
in filament denier, wherein the increase in process
tension is in the range of about the improvement in
shrinkage tension (STpay) of the treated A-filaments;
i.e., about STpay(B)-STpayx(A). The "heat" may be provided
by steam jets, hot tubes, microwave, low friction heated
surfaces, etc. Each will require careful selection of
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process variables (steam pressure and temperature, hot
tube temperature, diameter, length, etc.) to achieve the
desired rapid heat transfer (heating and cooling)
necessary to transform Type A-filaments into Type B-
filaments of desired shrinkage properties.

It is conjectured that the combination of high
rate of heating followed immediately by a high rate of
cooling "selectively melts" the "small" crystals, leaving
a "strained" network held together by "large" thermally
stable crystals (structure B in Fig.22B) formed previously
by the high speed spin orientation process used in the
preparation of the low shrinkage crystalline Type A~
filaments (structure A of Fig.22a). The "strained"
network, essentially free of the small crystals (or
interchain order), provides for the combination of high
shrinkage (S) and high STpaxri.e., high Pg, as defined by
the product of percent shrinkage (S) and STpax-
Conceptually, it is believed that the process of the
invention provides a careful selection of heat treatment
temperature and rates of heating and cooling that de-
stabilize the crystalline structure of the A-filaments and
prevents re-stabilization of the newly formed fiber
structure (of the B-filaments). At conventional slow
rates of heating and cooiing, it is believed that the
ongoing process of re-crystallization re-stabilizes the
"intermediate" structure" (herein referred to as a "meso--
structure") of the B-filaments such that the high
shrinkage power of the treated A-filaments is not
realized. The processes of the invention develop the
desired '"meso-structure" of the B-filaments and inhibit
the rapid re-stabilization of the "meso-structure" from
occurring and thereby improving the properties of undrawn
low shrinkage power A-filaments to provide undrawn high
shrinkage power B-filaments.

The Type I and Type II B-filaments differ in
their T(STpax) and in their RDDR values. Type I B-
filaments typically are of higher RDDR and T(STpax) ©f

less than about 100 C (i.e. less than about the polymer
30



WO 96/16206 PCT/US94/13189

10

15

20

25

30

35

Ty31); while Type II B-filaments typically have lower RDDR
than the A-filaments from which they were formed and
T(STpax) values are about 10 C higher. Combining Type I
and Type II B-filaments provides a simplified route to
differential shrinkage and dye rate mixed ByBrr-filament
yarns when dyed under atmospheric conditions without dye
carriers.

The high shrinkage B-filament yarns according to
the invention may be used as direct-use textile yarns, but
may also be used as preferred draw feed yarns as in draw-
warping, draw air-jet texturing, and draw false-twist
texturing wherein Type I B-filaments are selected if high
dyeability is important and Type II B-filaments are
selected where high STpay and T(STpayx) values are
important for providing for improved stability in
especially high speed textile processing. The Type of B-
yarn is selected based on specific needs of the textile
processing and the end-use fabric requirements. The level
of filament bundle interlace and type/level of finish are
also selected based on the downstream processing needs and
aesthetics desired.

Soft bulky yarns (and fabrics therefrom) are
provided from use of mixed-filament yarns comprised of
high shrinkage B-filaments of "high" dpf (typically about
2 dpf for top weight fabrics) and low shrinkage A'-
filaments of "low" dpf (preferably less than about 1; e.gq.
about 0.2 to 0.8 dpf) with the low shrinkage fine denier
A'-filaments providing the soft surface of the bulky yarn
and the heavier dpf "core" filaments providing the fabric
with improved "body" and "drape" (i.e., less "“mushy").
Increasing the dpf of the B-filaments increases the
firmness of the fabric made from the mixed A'B-filament
yarns. The frictional characteristics may be enhanced to
be more silk-like by use of silicon dioxide versus
titanium dioxide delusterants. Other inert metal oxides
may be used as delusterants. The hydrophilicity of the
filaments may be enhanced by using undrawn filaments
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treated during spinning with caustic spin finish as taught
by Grindstaff and Reese in USP No. 5,069,844).

Other variations of the invention are possible;
for example, undrawn polyester/nylon mixed-filament yarns
may be treated according to the invention to provide for
polyester filaments of high shrinkage and high shrinkage
tension, while the high speed spin-oriented nylon 66
filaments typically have shrinkages in the range of about
3-6%. On shrinkage, the low modulus nylon filaments will
provide predominately form the surface of a bulky
polyester/nylon filament yarn. Further, heat treating
according to the processes of the invention of undrawn
A/A'-bicomponent filaments provides a simple route to
helical crimped bulky A'/B-bicomponent filament yarns by
using filament components of different thermal stability
(e.g., A/A' polyester bicomponent filaments and A/C!
polyester/nylon biconstituent filaments (especially
wherein the polyester (A) is modified per the teachings of
Jennings in USP No. 4,702,875 which reduces the tendency
of the polyester (A) and nylon (C) components to separate.

Single polymer torque-free helical crimp
filaments may be provided by asymmetrically heating via
localized friction, as described by Frankfort (USP No.
3,905,077) of crystalline low shrinkage polyester SOF and
then passing said asymmetrically heated filaments through
one of the heat treatment steps according to the invention
or by providing asymmetric filaments such that they are
characterized by differing radial shrinkage power and then
passing such a filament yarn through one of the heat
treatment step of the invention.

Advantageously, if desired, mixed-filament yarns
may be prepared according to the invention from undrawn
feed yarns by incorporating filaments of different deniers
and/or cross-sections (including filaments of one or more
longitudinal voids) to reduce filament-to-filament packing
and thereby improve tactile aesthetics and comfort.

Unique dyeability effects may be obtained by co-mingling
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filaments of differing polymer modifications, such as
homopolymer polyester dyeable with disperse dyes and ionic
copolymer polyester dyeable with cationic dyes or disperse
dyeable polyester and acid dyeable nylon or cationic
dyeable polyester and acid dyeable nylon. Sheath/core
A/A' bicomponent filaments may be used to provide the
desired helical crimp formation on treatment according the
invention, but also provide a surface of desired dye
chemistry (e.g., acid-dyeable nylon sheath and disperse
dyeable polyester core or cationic-dyeable polyester
sheath and acid-dyeable core). Chemically active liquid-
film and plasmas may be incorporated in the treatment step
of the invention to provide modified filament surfaces,
e.g., for increase in hydrophilicity and stain resistance.

The fine filament yarns of this invention are
also suitable for warp-drawing, air-jet texturing, false-
twist texturing, gear crimping, and stuffer-box crimping,
for example; and the improved low shrinkage filament yarns
are desireable for use as direct-use flat textile yarns
and as feed yarns for air-jet texturing and stuffer-box
crimping wherein no draw need be taken and the low
shrinkage is desireable so as not to lose tensiles during
such no-draw texturing. The filaments (and tows made
therefrom) may also be crimped (if desired) and cut into
staple and flock. The fabrics made from these improved
yarns may be surface treated by conventional sanding and
brushing to give suede-like tactility. The filament
surface frictional characteristics may be changed by
selection of cross-section, delusterants, and through such
treatments as alkali-etching. The improved combination of
filament strength and uniformity makes these filaments,
especially suited for end-use processes that require fine
filament yarns without broken filaments (and filament
breakage) and uniform dyeing with critical dyes. The fine
denier filament polyester yarns of the invention are
especially suitable for making of high-end density
moisture-barrier fabrics, such as rainwear and medical

garments.
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The fine filament yarns, especially those
capable of being cationic dyeable, may also be used as
covering yarns of elastomeric yarns (and strips),
preferably by air entanglement as described by Strachan in
USP No. 3,940,917. The fine filaments of the invention
may be co-mingled on-line in spinning or off-line with
higher denier polyester (or nylon) filaments to provide
for cross-dyed effects and/or mixed-shrinkage post-
bulkable potential, where the bulk may be developed off-
line, such as over feeding in presence of heat while
beaming/slashing or in fabric form, such as in the dye
bath. The degree of interlace and type/amount of finish
applied during spinning is selected based on the textile
processing needs and final desired Yarn/fabric aesthetics.

Indeed, further modifications will be apparent,
especially as these and other technologies advance. For
example, any type of draw winding machine may be used;
post heat treatment of the feed and/or drawn yarns, if
desired, may be applied by any type of heating device
(such as heated godets, hot air and/or steam jet, passage
through a heated tube, microwave heating, etc.); finish
application may be applied by convention roll application,
herein metered finish tip applicators are preferred and
finish may be applied in several steps, for example during
spinning prior to heat treatment and after said heat prior
to winding; interlace may be developed by using heated or
unheated entanglement air-jets and may be developed in
several steps, such as during spinning and after heat
treatment and other devices may be used, such by use of
tangle-reeds on a weftless warp sheet of yarns.

TEST METHODS

The polyester parameters and measurements
mentioned herein are fully discussed and described in the
aforesaid Knox, Knox and Noe, and Frankfort and Knox
patents, all of which are hereby specifically incorporated
herein by reference, so further detailed discussion,
herein would, therefore be redundant. The thermodynamic
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transition temperatures, such as Ty are calculated
according to the method of R. F. Boyer ("Order in the
Amorphous State of Polymers", ed. S. E. Keinath, R. L.
Miller, and J. K. Riecke, Plenun Press (New York), 1987);
i.e, Tx(degrees C) = {Ky(Tp®+273)-273}, where the
constant "Ky" is 0.65, 0.7, 0.7125, 0.725, 0.75, 0.775,
0.80, 0.825, and 0.85, respectively for Ty corresponding
to: Tg, T11, T, T2, Tc®, T3, T¢,%, T4, and Tc,max?
wherein Tp® is the polymer zero-shear melting point
measured by DSC at a heating rate of 20 C/min. Test
methods used herein for characterizing companion nylon
polymer and filaments are given in Knox et al in USP No.
5,137,366 and in Boles et al in USP. No. 5,219,503.

Abbreviations used in the Tables are: initial
modulus (MOD), boil-off shrinkage (S); dry-heat shrinkage
(DS), tenacity-at-7% elongation (T7); tenacity-at-20%
elongation (T3¢p); textile tenacity (TEN); break tenacity
(TBK) ; post-yield modulus (PM); DPF = denier per filament;
EB = percent elongation-to-break; RDR = residual draw-
ratio; YPM = yards per minute; MPM = meters per minute;
G/D or GPD = grams per denier; G/DD = grams per drawn
denier; V = spin speed; C = degrees centigrade; K =
degrees Kelvin; density (DEN. and also p) in units of g/cc
= grams per cubic centimeter; SV = sonic velocity in units
of KM/SEC = kilometers per second; Mgopnjc = sonic modulus
in units of 1010 dynes per cm2; COA = crystalline
orientation angle in degrees; CS = average crystal size
(width) in Angstroms; LPS = long period spacing in
Angstroms; X,, = percent volume crystallinity by density;
R(or RND)= round; T( or TRI) = trilobal; LRV = laboratory
relative viscosity; IV (and also [n]) = intrinsic
viscosity; DDR = as measured disperse dye-rate; RDDR =
relative disperse dye rate as defined in Knox (but
normalized to 1 dpf); K/S = measure of dye depth by
reflectance; A, = total birefringence; Tp = polymer melt
temperature (C); DxL = capillary dimensions, diameter and
length; XF = cross-flow quench; RAD = radial quench; DQ =
delay quench; Lp = length of delay zone (cm); Lo = length
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of convergence zone (cm); DT = draw tension (g/d); DR =
draw-ratio; Plate = heater plate (C); psi = pounds per
square inch (= 1 psi = 0.07 kg/cm2); DS = denier spread
(%); OFF = no heat applied; RT = room temperature (taken

5 as 21 C, unless specified); NA = not applicable ; "=--u =
no data available. The Letter "C" when used with an Item
No., as in Item 1C denotes a control or comparative yarn
not of the invention

For convenience, the different process types
10 described herein before are listed below:

Type I and II: A-filament -> B-filament (Areas A
and B in Fig. 1).

Type III: B-filament + low temp. draw -> higher
tensile B-filaments (Area C in Fig.1).

15 Type IV: A'-filament -> A' filament of higher
shrinkage and shrinkage tension, but still having a (1-
S/Sq) value greater than 0.9, via treatment by Process
Type II.

Type V: Pretreatment of a, A/A', A/C, AC!
20 filaments by asymmetric surface heating followed by
Process Types I, II, or III.

Type VI: Relaxation of B, A'/B, B/C', A'B, BC!
filaments followed by redraw and second relaxation.

Type VII: Drawing of Type A-filaments at draw
25 temperatures between the polymer Tg and T;; without post-
heat treatment to provide uniform partially or fully drawn
B-filaments.

The invention lends itself to further variations
and ways to take advantage of the benefits of the yarns of
30 the invention in various drawing and/or heat treatment
processes as described hereinafter. The following examples
further illustrate the invention and are not intended to

be limiting.
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EXAMPLE I

In Example I undrawn crystalline SOF yarns of
Type A are prepared over a wide range of melt spinning
process conditions and before winding up into a package of
yarn, the A-filaments are rapidly heated by passing
through a superheated steam chamber of varying
temperatures and pressures. In Example I the polyester
polymer of 20.8 LRV (0.65 IV) was melted to a temperature
Tp of 293-295'C, approximately 40 C above the polymer
melting point Tp of about 254-256 C. The polymer
contained 0.3% Ti0O; as a delusterant. The filament yarns
were spun using 17-hole spinnerets of DXL of 15 mils
(0.381 mm) x 60 mils (1.905 mm). The mass flow rate (w,
grams per minute) is metered to provide filaments of
denier 2.1, 2.9, and 4.1 at withdrawal spin speeds (V) of
4500 ypm (4115 mpm) to 5300 ypm (4846 mpm). The freshly
extruded filaments are protected with an unheated short 2-
inch (5 cm) shroud to protect the face of the spinneret
from being cooled by stray air currents and then rapidly
quenched using radially directed room temperature air at a
flow rate of 18.5 mpm using a radial quench chamber, as
described in Knox, and the fully quenched filaments are
converged into a filament bundle using a metered finish
tip applicator guide at a distance Lo of 32 inches (81
cm). The low shrinkage crystalline filament bundle at a
temperature below the polymer Tg is passed through a steam
chamber of varying temperature and pressure, wherein the
filaments are rapidly heated and then rapidly cooled;
followed by application of interlace and then wound up
into packages. Detailed process and product results are
summarized in Tables 1A through 1E.

The shrinkage of the crystalline low shrinkage
A-filaments is observed to increase with steam pressure
and reach a maximum and then decrease with increasing
pressure. The peak steam pressure increases as the spin
speed increases for a given filament denier and increases
with filament denier at a given spin speed. Except for

Item 1A-8, all filaments have a T(STpay) ©f less than 100
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C; i.e., less than about the calculated thermal transition
T)) of about 96 C for a polyester polymer T,® of 254 C,
and herein are said to have been treated by Process Type I
versus Item 1A-8 filaments which are said to have been
treated by Process Type II.

EXAMPLE II

Example II repeats Example I except for use of
27-hole spinnerets. In general the finer filaments
provided by the 27-hole spinneret at the same mass flow
rate provides for higher STmax, but also lower shrinkage
S; hence giving comparable Pg, but higher Mg,

COMPARATIVE EXAMPLE IIIX

In Example III the low shrinkage crystalline soy
were prepared according to Example I, except 34-capillary
spinnerets were used to extrude polymer at Tp of 290 C and
quenched by a cross-flow quench chamber fitted with an
unheathed 2-inch (5 cm) screen mesh shroud, and the
filament bundle being converged at 30-inches (76 cm) .
Process details are given in Table 3. None of the items
of Example III had STp,y-value greater than 0.15 g/d and
are not considered as preferred high shrinkage power yarns
of the invention; but Items 3-2 and 3~3 are considered as
useful as improved draw filament yarns of the invention
for draw texturing with a combination of shrinkage
parameters; namely, STp,y of at least about 0.1 g/d, Mg of
at least about 0.2 g/d, and Pg values of at least about
1.5 (g/d)% (as represented by Area A in Figure 1)

c LE IV

Example IV repeats Example III, but at lower
steam pressures and steam temperatures. Most of the
conditions did not supply sufficient heat to alter the
crystalline feed filament yarns (Type A). For good
quality of steam (i.e., no condensation) steam temperature
of 245 C was selected. It is possible that if the
residence time was increased that the conditions in
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Example 3 may have provided B-filaments. Detailed summary
is given in Table 4.

EXAMPLE V

In Example V 20.1 LRV (0.64 IV) homopolymer
polyester polymer containing about 0.3% Tio; as a
delusterant was extruded at a Tp of 297 C through 48
capillaries of diameter (D) of 0.25 mm and of length (L)
of 0.50 mm and the filaments were rapidly quenched using
cross-flow air at 18 C and the fully quenched filaments
were converged into a filament bundle using a metered
finish tip applicator guide and withdrawn at speeds
between 3750 to 6000 mpm and then prior to winding into
packages, the filament bundle at a temperature below the
polymer Tg was passed through a 200 cm hot air tube at
temperatures from 120 C to 180 C. Thermocouples indicated
that for this particular tube design that for the exiting
air (at these high withdrawal speeds) to reach 160 C, a
250 cm tube would be required and to reach 180 C that a
300 cm tube would be required. It is believed that
filament bundles treated at process temperatures in excess
of about 150 C were heated to temperatures of at least
about T %; and are not of the invention with an inferior
combination of shrinkage and dyeability properties. The
tension increase for filament bundles reaching
temperatures less than about Tc,% was on the order of the
improvement in STpay versus the untreated crystalline SOY.
The tension increase for filament bundles reaching
temperatures in excess of Tc,% of the yarn is greater than
the improvement of the shrinkage tensions and suggests
significant "aerodynamic draw" is taking place which
decreases yarn dyeability and raises T(STpax) to values
greater than Tc,% making these yarns very similar to
fully drawn yarns (FDY) as described by Davis et al in USP
No. 4,195,161; and not considered as yarns of the
invention. The length of the hot tube, temperature of the
air (especially the exiting temperature), diameter of the
tube, spinning speed, total yarn denier, number of

filaments, and percent finish-on-yarn (FOY) determines if
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the filaments are exposed to temperatures of at least
about T 3 and therefore it is not readily possible to
assume that based on tube temperature alone that the yarn
has been treated at filament temperatures greater than
Tc,%. Detailed summary is given in Table 5.

EXAMPLE VI

In Example VI, filament yarns were spun using
conditions similar to that of Example V, except that a
short 100 cm tube was used for treatment of the fully
quenched yarns. Other process details are given in Table
6. All the items are characterized by T(STpax) values
less than 100 C and therefore indicate that even at hot
tube temperatures of 180 C, the actual filament
temperatures most likely did not exceed TcO (at least not
for sufficient length of time) and did not exceed filament
temperatures of Tc,% and therefore all items of Example VI
are considered to be of Process Type I.

EXAMPLE VII

In Example.VII the treated yarns of Example VI
were further improved by cold drawing to final elongations
in the range of 30% to 50%. Low shrinkage yarns (i.e.,
characterized by a (1-S/Sp) value of at least about 0.9)
could be uniformly cold drawn to elongations over the
entire range without "neck-drawing" as taught in Knox and
Noe in USP No. 5,066,447; while high shrinkage treated
yarns had to be cold drawn to elongations less than about
40% and preferably to about 20-40% to avoid the
possibility of thick~-thin sections leading to dye
nonuniformities. Although the drawing increased the
treated yarns shrinkage S and STpay values, their
T(STpax) -values remained essentially unchanged. This
process of coupling Process Type I followed by cold
drawing without post heat treatment is designated, herein
as Process Type III of the invention. Process III can be
coupled with the on-line spin/treatment process of Type
Icp or may be carried out in a separate step as in cold
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drawing of Type Icp B-filaments in the from of a weftless
warp sheet or in air-jet texturing. The Process Type III
yarns may be pre-bulked if desired, such as overfeeding in
a heated relaxation step as part of the warp-draw and air-
jet texturing processes.

EXAMPLE VIII

In Example VIII selected B-filaments formed in
Examples 1 and 2 are warp-drawn using a wide range of
conditions. Cold drawing increased STmax, but did not
significantly increase shrinkage S. This cold-drawing B-
filaments provides a simple route to flat yarns of very
high STmax at low shrinkage S values versus conventional
spin/draw technology. Details are summarized in Table 8.

COMPARATIVE EXAMPLE IX

Example IX is a summary of results of drawing
Type A filament yarns (DUY) from Tables I-III in parent
case, now a Patent USP 5,066,447. Warp-drawing results
offer direct-use yarns. The conditions selected in the
parent case did not provide B-filament yarns. Details are

given in Table 9.

EXAMPLE X

In Example X Type A-filaments are drawn at
speeds in the range of 200 to 300 mpm without post heat
treatment. If the draw temperature Tp is between about
the polymer Tg and the polymer T.° (preferably about the
polymer Tj3), then improvements in the shrinkage
properties of the low shrinkage crystalline Type A
filaments are observed. However, if the draw temperature
is above the cold crystallization temperature Toc of the
filaments, which decreases with spin orientation of the
amorphous regions (see Figure 2A) and is between about Tj;
and Tc° of the polymer, then the improvement in shrinkage
properties is reduced. Type B filaments formed by this
drawing process are designated herein as Type VII and is
especially suited for warp-drawing and for air-jet
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texturing. Process and product data are summarized in
Table 10.

COMPARATIVE EXAMPLE XI

In Example XI a low shrinkage A'-filament yarn
formed by spinning at 6000 ypm (5486 mpm) per Frankfort
and Knox teachings was treated at various temperatures in
the relaxed and taut conditions. Various fiber structure
parameters were measured. None of the conditions
transformed the spun A' filament yarn into a B filament
yarn and the filaments of this example are considered to
be of sufficient thermal stability that it would also not
be affected significantly by Processes of Type I-V and
hence are designated as A' filaments. The fiber structure
data suggests that an A'filament is characterized by a
density of at least ébout 1.38 g/em3  and an average
crystal size of at least about 60 angstroms and a
shrinkage less than about 4-5%. Details are summarized in
Table 11.

COMPARATIVE EXAMPLE XII

In Example XII Type A filaments prepared
according to Knox were relaxed and taut annealed over the
temperature range of 60 to 240 C dry heat; and relaxed and
taut annealed in hot water. None of these treatments
transformed the A filaments into B filaments supporting
that rapid heating/cooling is required to "catch" the
intermediate metastable mesophase structure, herein
referred to as "B", before being stabilized into a A'-
state (see Fig.22 - I,II,and III. Details are summarized
in Table 12A and 12B.

COMPARATIVE EXAMPLE XIII

In Example XIII the A-filaments of Example XII
were drawn at draw-ratios (DR) of 1.0, 1.05, and 1.1 to
simulate commercial hot aqueous slashing and tenter frame
finishing process steps. None of the conditions
transformed the Type A-filaments into Type B-filaments.
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summarized in Table 13.

COMP EXAMPLE

In Example XIV various spin-oriented filament
yarns were spun to provide different levels of shrinkage S
and cospun mixed-filament yarns comprised of filaments
differing in shrinkage. These mixed-shrinkage filament
spin-oriented yarns did not have sufficient Pg to develop
bulk in tight knit and woven fabric constructions and such
filament yarns are not considered to be yarns of the
invention. Results are summarized in Tables 14A and 14B,

respectively.

EXAMPLE XV

In Example XV various mixed-filament yarns were
prepared of the type A'A and treated to transform the
mixed-filament yarns into Type A'B yarns. The difference
in shrinkage S and STpax Were measured. The yarns were
knit into circular tubing and boiled off to develop bulk
via mixed-shrinkage. A'B yarns having Pg values of at
least about 1.5 g/d was required to develop significant
bulk. The B-filaments of the invention used for mix-
shrinkage yarns are characterized by Pg values of at least
about 1.5 g/d. Results are summarized in Table 15.

PLE XVI

In Example XVI mixed-filament yarns of varying
filaments deniers were provided by combining filament
bundles of two spin packs into a single bundle for ease of
experimentation. Commercially, the mixed-filaments would
be provided by use of a single spinneret where in the
capillary dimensions (diameter D and Length L) are
selected to prove the desired filament and yarn deniers by
using the following relationship:

(dpf)y x (L/D4); = (dpf)y x (L/D%),

Nj(dpf); + N(dpf), = yarn denier.
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Maximum shrinkage S and STmax are found to
depend of filament dpf, but in general for 0.65 Iv
homopolymer, the maximum S and STmax is in the spinning
speed range of about 4500-5000 mpm. Because these
filaments were predominately of high dpf, e.g., values of
STmax were less than 0.2 g/d and many had values less than
0.15 g/d making them not suitable for developing bulk in
wovens, but can be used for developing bulk in knits and
are especialy suited for use as improved draw feed yarns
for texturing. Details are given in Table 1s.

EXAMPLE XVII

In Example 17 mixed-filaments yarns are warp-
draw or permitted to relax to demonstrate pre-bulking of
the mixed-filament A'/B yarns. vYarns that were relaxed by
0.93 provided bulk. Yarns that were relaxed and then
slightly drawn in a second step so that the net draw is
less than about 0.98, also provided bulk, but yarns with a
net draw ratio of greater than about 1.02-1.03 did not
provide bulk on heat relaxation. Drawing did provide for
greater shrinkage yarns which, if permitted to relax in a
3rd step (i.e , in the fabric) would have generated bulk
(such as Item 17A-4 with a net draw of 1.2 and a shrinkage
of 19.3% and a Pg of about 7.5 (g/d)%. If the warp
(draw/relax) machine had been provided with 3 or more
draw/relax zones, then bulk can be developed and enhanced
by a relax-redraw-relax process (herein called provess
Type VI). Such a process also is known to provide for
increase in dyeability. Details are given in Table 17A,B.

EXAMPLE XVIII

In Example XVIII fabrics using 50 denier 47
filament textured yarns in the warp with a 70 denier 102
filament filling yarn comprised of 35 denier 34 filament
high shrinkage component (Type B) having a 17% shrinkage
and a 35 denier 68 filament low shrinkage microdenier
component having a 4% shrinkage (Type A') and a 150 denier
168-filament filling comprised of 75 denier 68 filament
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high shrinkage compoﬁent having a 15% shrinkage (Type B)
and a 75 denier 100-filament microdenier low shrinkage
component of about 4% (Type A'). The fabrics were relaxed
scoured at 212 degrees F to allow development of bulk from
the shrinkage of the mixed shrinkage filaments of the
mixed-filament filling yarns. The fabrics were then dyed
in a jet dyeing machine using normal polyester dyeing
conditions necessitated by the higher dpf polyester warp
Heat setting at width was carried out at a lower than
normal temperatures to maintain the bulk developed during
scouring and jet dyeing and to enhance the overall
aesthetics. Evaluation of fabric handle of these fabrics
shows that the mixed-dpf mixed-shrinkage properties of the
yarns add to the stiffness, bounce, crispness, and scroop,
properties much desired in a microdenier fabric to
simulate silk like handle. The bulk of the fabrics are
the comparable to that of fabrics made with 100 % textured
warp and filling yarns. Data for the spinning of the
various yarns are given in Table 18. Further improvements
may be made by using three component A'B1B; mixed-
shrinkage -yarn so to provide a wider (and uniform)
distribution of shrinkage.

EXAMPLE XIX

In Example XIXA-D nylon POY are spun and warp-
drawn to different elongations showing the feasibility of
uniformly partial drawing of nylon, making it an
acceptable co-draw companion yarns with A-filaments of the
invention or as undrawn companions for treatment by
processes of Type I or II followed by co-drawing by
process Type III to given uniform mixed-shrinkage
polyester/nylon filament yarns (Table XIX is taken from
co-pending application Boles 07/532,529 and 07/753/769.

EXAMPLE XX

In Example XX, the RDDR as defined in Knox, but
normalized herein to a dpf of 1 instead of 2.25 (Knox
RDDR-values x 1.5 = values herein), were measured for
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different spin speeds (items 1-6 and items 7-23), steanm
pressures (Items 24-31), hct tube temperatures (Items 1~
23) and for drawn B-filament yarns (ltems 13-23). The
post-yield modulus based on T,y and T7-values were
calculated for Items .1-12 and 24-31; but were calculated
based on T;p and T;-values for Items 13-23 as noted by the
*. The PYM-values from T;o and T; are more variable than
those from T,p and T;-values; but both show a general
trend of increase in PYM a decrease in RDDR where there
was not such a trend using T7, T;g, or Tyg as a single
parameter to estimate dye rate. The values for the
various B-filaments (1-23) are compared to commercial
yarns and in general are found to be greater. A value of
RDDR of at leaat about 0.1 is preferred and a value at
least about 0.150 is especially preferred. Such values
(especially 0.150 and greater), are considered to be
atmospheric dyeable without carriers for most shades,
especially with low to medium energy dyes. Very deep
shades (e.g., blacks) and use of high energy dyes for
critical end-uses requiring excellent wash and light
fastness, pressure dyeing without carriers may be
required, but shorter dye cycles and/or lower pressures
may be used for cost savings over that of convention
spin/drawn yarns. The results of this analysis indicates
that the dyeability decreases as the T(STpax) increases
and especially if greater than Tc,%7 hence the yarns of
the invention have a T(STpay) less than about To° and
preferably less than T; and especially less than about
T11; wherein the values of Tc 3, Tc®, and Tp;.are
calculated hereinbefore from the zero-shear melting point
(Tp®) of the polyester polymer. Details are summarized in
Table 20.

EXAMPLE XXI

In Example XXI one mode of the process of the
invention (i.e., usihg a heated tube) for providing high
shrinkage polyester filament is compared to a prior art
hot tube process, also for providing high shrinkage
polyester filaments; namely as described in EPA-0207489

(referred to in this Example XXI as Shimazu). Shimazu
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taught use of polyester polymer of intrinsic viscosity
(IV) broadly covering the range of 0.4 to 0.9, but also
taught that his polymer should be melted at a temperature
Tp higher than 290 C (page 12, line 25). 1In the process
of the invention the polymer melt temperature (Tp) is
selected based on the polymer's melting point (Tp®), which
is in turn dependent on the pPolymer composition, e.g., IV,
whether modified with copolyesters or by the addition of
ionic monomeric units for ionic dyeability, etc, and our
polymers are of IV in the range of 0.5 to 0.7, and the Tp
is controlled within the range of 20 C to 50 C above the
selected polyester polymer's melting point (Tp°).

Shimazu extruded his melt directly into a heated
zone (shroud) of about 15 cm in length for a delayed
quench environment at temperatures at least about 200 C
(typically 250 C to 285 C was used in his Examples) before
blowing cooling air (at 20 to 10 C) along a length of 100
to 150 cm to cool his filaments to a preferred temperature
lower than Tg + 40 C (i.e., less than about 105-110 C for
the 0.64 IV polyester used in Examples - his teaching
permits selection of yarn temperatures Ty covering the
range of Tg to T3, i.e., the "leather" region as
represented in our Fiqure 6 and which may be above the
T(STpax) of the yarn - in our opinion an unstable and
variable structural condition for further processing).

In contrast, in the process of our invention,
the polymer melt is extruded directly into a cooling
chamber (preferably a radial cooling chamber fitted with a
thin non-heat conductive gasket such that the distance
between the point of extrusion, the face of spinneret
(that is usually recessed slightly), and the point of air
impingement is minimized to about 2-5 cm) where the
cooling medium is typically air in the range of 10C to 25
C. We have found that attenuation is essentially
completed prior to our A filaments (or A' filaments)
exiting such cooling chamber into a "second quench zone"
comprised of a protective open air chamber at room
temperature or into a cross-flow air chamber to insure
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complete attenuation to temperatures less than the polymer
Tg (i.e., to a final stable structural state prior to
convergence and application of finish and/or prior to any
additional processing, i.e., by Type I or Type II heating
and cooling. We believe the heated shroud used by
Shimazu, retards crystallization and favors orientation,
thereby providing filaments of higher orientation but of
lower dyeability than filaments prepared by our process
without such heated shroud.

After attenuation is complete (as defined by
reaching a constant withdrawal speed only, rather than by
the usual definition of constant withdrawal speed and yarn
temperature less than Tg), Shimazu's filaments are
"conditioned" in a heated chamber. Shimazu's conditioning
chamber is a tube of 80 to 200 cm in length heated to 120
to 160C. This is similar to one of the methods used in
our process, except that our tube temperature and length
are adjusted to maintain a yarn temperature Ty between
about T;j; and about T3 to favor the kinetics of melting
out intercrystalline small nuclei and permit the amorphous
chains to assume higher orientation, as measured by higher
shrinkage tension and reduced elongation to break, without
eliminating the larger crystalline network formed by the
combination of high withdrawal speeds and rapid filament
quenching (e.g., by selection of air temperature, filament
dpf/cross-section and filament to filament spacing). The
yarns of both processes may be:'wound up at speeds in an
overlapping range of 4000 to 6000 mpm, but the process of
the invention may use lower withdrawal speeds, e.g., as
low as 2000 mpm for spinning micro-denier filaments (e.gq.,
less than 1 dpf).

The process differences from Shimazu's process
include our further requirement that the yarn entering the
conditioning zone, not only be at a temperature for
structural stability and uniformity (i.e., less than
polymer Tg), but also be a stabilized "textile yarn"
(denoted herein as an A-filament yarn) of shrinkage S,
such that (1-S/Sp) is at least about 0.9.(i.e., less than
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about a nominal shrinkage S of about 10%). No such
structural condition is required or disclosed by Shimazu.

Numerous and various applications are possible
for the high shrinkage power "B" filaments and other
higher shrinkage filaments of the invention, and the
following Examples indicate some of these.

EXAMPLE A

In Example A the shrinkages S and ST(max) for
the high Pg B-filaments are compared with AB mixed-
filament yarns. As expected the shrinkage S is determined
by the higher shrinkage component (Fig. 24A~Line 1); but
if the high shrinkage component has very low shrinkage
tension, such as conventional POY, then the observed
shrinkage S for the AB-filament yarns is significantly
less that predicted from that of the high shrinkage
component (Fig. 24A-Line 2). Shrinkage tension, however,
is a weighted average of the contributions of A and B-
filaments; that is, the expected (STmax)ap = [(denier)p
x(STmax)Af(denier)Bx(STmax)B]/[(denier)Aw(denier)B. In
Figure 24B the "scattered" data assumes that the shrinkage
tension of a AB-filament yarn is equal to that of the
filaments of the highest STmax-values (Line 1); and Line 2
represents the calculated (STpay)ap Values based on
weighted values of the STpay values of the individual
components. The mixed-filament yarns of the invention are
characterized by a yarn average STmax of at least 0.1 g/d
wherein the individual B-filaments have a STpax of at
least about 0.15 g/d; preferably a yarn average STpax of
at least about 0.15 g/d wherein the individual B-filaments
have a STmax of at least about 0.2 g/d.

EXAMPLE B

In Example B filament yarns spun between 3000
and 6500 mpm were drawn false-twist textured at 220 C and
bulk of the textured yarns were measured according to
Frankfort and Knox and plotted versus spinning speed of

the draw feed yarn (See Figure 23). Bulk is found to
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increase with spinning speed as previous taught by
Frankfort and Knox. The bulk also increased with
texturing speeds (at least for the case presented here
from 700 to 800 mpm). The increase in bulk with spin
speed is attributed to higher stress-induced orientation
(SI0) which decreases the cold crystallization temperature
Tcc of the feed yarn (see Figure 3A) and increases the
rate of crystallization; further the crystal size
increases 8-16X in volume providing larger inter-
crystalline regions which permits greater mobility of the
amorphous chains (i.e., of greater free-volume as
supported by a decrease in the filament Tg as measured by
rheovibron and discussed in detail in Frankfort and Knox)
and the increase in mobility of the amorphous chains
facilitates crystallization (and thereby bulk development)
in high speed texturing. The increase in bulk from going
from 700 to 800 mpm is believed to be associated with a
"pre-setting"” phenomenon..If the structure has too low a
Tccr too high a rate of crystallization and too large of
an intercrystalline region for a given residence time, the
draw feed yarns under go "pre-setting" prior to
development of the fully twisted state. This can be
easily demonstrated by purposefully pre~-treating the draw
feed yarns to temperatures above T ° prior to draw
twisting. At some higher texturing speed the enhanced
crystallization potential of the high speed spun yarns
matches that of the process residence time (which is also
dependent of temperature and textured draw stress levels)
and no further shrinkage is observed. However, if the
high speed spun low shrinkage crystalline spin-oriented
yarns (Type A) are treated such to increase their
shrinkage S levels then further increases in bulk are
possible (see Figure 23). It is therefore believed that
the B-filament yarns of the invention with the proper
level of interlace and spin finish would be superior draw
texturing feed yarns especially at the higher texturing
speeds (e.g.,, greater than 800 mpm).

EXAMPLE C
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In Example C the A-filaments used as feed
filaments in this invention may be combined with high
speed spun nylon filaments (such as those prepared
according to Knox et al in 5,137,666 and Boles et al in
USP No.5,219,503 to provide a mixed polyester (A) /nylon
(C') filament yarn which may be uniformly drawn with or
without heat as taught by Boles et al in co-pending
applications 07/753/529 and 07/753/769. A mixed-shrinkage
post-bulkable yarn (BC') may be provided by treating the
AC' mixed-filament yarn according to either Type I or Type
II processes. The mixed-shrinkage BC' filament yarn could
be pre-bulked, if desired, in a warping/slashing operation
prior to winding onto a beam or directly being fed as a
weftless warp sheet into the warp knit and weaving
operations. Also the BC' yarns may be used as feed yarn
in air-jet texturing wherein the combination of mixed-
shrinkage and loop formation by the air-jet entanglement
process would provide new aesthetic possibilities. If the
polyester filaments are modified for dyeing with cationic
dyes, then the polyester/nylon BC' mixed filament yarns
would be compatible with the dyeing of elastomeric
containing yarns and fabrics; e.g., as a covering or
alternate course yarn in women's hosiery or to provide a
"drier" hand in sports wear.

PLE D

In Example D the thermal properties of A, A', B,
and C' filaments can be incorporated in a single filament,
such as in an A'/A bicomponent polyester filament yarn
that on treatment by either process Type I or Type II of
the invention would yield an A'/B bicomponent filament
yarn that on heat relaxation would provide a yarn
comprised of torque-free helically crimped filaments; and
such as in an A/C' biconstituent polyester/nylon filament
yarn that on treatment by either process Type I or Type II
of the invention would yield an B/C' biconstituent
polyester/nylon filament yarn that on heat relaxation
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would provide a yarn comprised of torque-free helically
crimped filaments. To further enhance the shrinkage
power, the A'/B and B/C' filaments may be drawn by
Processes Type III of the invention prior to heat
relaxation. To "de-register" the helically coiled-
filaments (i.e., to break-up the "follow-the-leader crimp"
configuration) bicomponent and biconstituent filaments of
different deniers and/or cross-section symmetry may be
used. The bicomponent and biconstituent filament may have
a side-by~side (SBS) or a sheath/core (S/C) structure. 1In
the case of a sheath/core structure, a mixed-filament yarn
comprised of polyester/nylon sheath core filaments and of
nylon/polyester filaments may be prepared (especially for
polyester modified for cationic dyeing) to provide for
cross-dye effects. When spinning polyester/nylon SBS
biconstituent filaments it is preferred to use antimony-
free polyester as disclosed by Jennings in USP No.
4,702,875 or by incorporating in the polyamide
dicarboxybenzene (-0C-CgHy4-CO-) groups, for example, to
improve the chemical compatibility at the
polyester/polyamide interface so to prevent splitting of
the filaments. Applying the theory of solubility
parameters (e.g., additivity of group cohesive energy
densities) may be used to design the chemical compositions
of both the polyester and polyamide polymers in a more
structured fashion versus empirical testing to provide the
required surface tension for good adhesion of the dis-
similar polymers.

In the case of the A'/A bicomponent filaments,
the thermal stability of A' component may be increased
over that of the A component by use of higher polymer LRV
or the incorporation of chain branching agents in the A'
polymer feed. Alternatively, for example the A' polymer
feed may be modified to lessen its thermal stability
(i.e., make A from A') by incorporating minor amounts of
copolymer, for example, to reduce slightly the degree of
crystallinity between A and A'. As higher spin speeds are
used to prepare the A'/A biconstituent filaments, greater
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RV, chain branching, or copolymer modifications will be
required to achieve the difference in thermal stability
such that on treatment by process Type I or Type II A'/B
bicomponent yarns may be prepared that on heat relaxation
will provide torque-free helical crimped filaments. The
A'/A and A/C' may be drawn a temperatures near the T11
transition temperature of the polyester component to
provide A'/B and B/C' filaments (as designated herein
before as Process Type VII).

EXAMPLE E

In Example E filaments having an asymmetric
structure are formed by first providing A-filaments by
melt spinning at withdrawal speeds between 2 km/min to 6
km/min and treating the fully quenched filaments by a
thermal deformation treatment, such as by pin as described
in Frankfort USP Nos. 3,816,992, 3,861,133, and 3,905,077
or a heated surface may be used if residence time or lower
surface friction is preferred. The treating of the
thermally deformed A-filaments by treatment processes of
Type I or Type II of the invention provides a filament
comprised of "random" components of Type A' and of Type B
shrinkage behavior. On heat relaxation the filaments will
self-crimp forming torque-free helical crimped filaments.
The frequency and amplitude of the helical crimped
filaments may be changed by treating a yarn comprised of
filaments of different deniers, for example.

EXAMPLE F
Spin-oriented polyester filaments of Type B,

which on exposure to temperatures above {0.70(Tp%+273) -
273)} will self-helically crimp, may be provided from
filaments of Type A by either heat treatment Type I or
Type II; wherein the Type A filaments are of aymmetric
hollow cross-section and are prepared by extruding the
polyester polymer melt from a spinneret capillary orifice
comprised of multiple segments arranged in a configuration
such to form multiple melt streams which are withdrawn
from the spinneret into a quench zone under conditions
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which cause self-coalescence of the multiple melt streams
into a filament having an off-center longitudinal void of
at least 10% by volume, preferably at least 20% by volume.
The void side of the filament has shrinkage
characteristics of a thermally Type A' filament, while the
solid side of the filament may be prepared to have
shrinkage S characteristic of a Type A filament. Heat
treatments Type I or Type II transforms the asymmetric
hollow "A/A'-filament" into a hollow "B/A'~filament" which
on exposure to temperatures greater than about
{0.70(Tp°+273)-273} will self helically crimp. Forming a
multi-filament yarn of mixed dpf, cross-sectional shape,
and void content, for example, will lead to crimped
filaments of different helical frequency and amplitude and
thereby disrupt the "follow-the-leader" crimp
characteristic of helically crimped filament yarns and
prvide higher yarn bulk and fabric cover (opacity).

EXAMPLE G

In Example G sheath/core filaments may be used
as flat yarns (i.e., with little tendency to form along-
end crimp) provided that the sheath/core configuration is
used and is symmetric along-end. For example, a spin-
oriented flat nylon-like filament may be prepared by
forming a biconstituent filament having a nylon sheath and
a polyester core. The polyester core serves at least two
functions; 1) it reduces the ingredient costs of the
"flat" filament and 2) provides filaments of a higher
modulus than possible by spin-orientation of 100% nylon,
at least at speeds less than about 8000-10,000 mpm.

Spin-oriented polyester filaments have a higher
modulus for a spin speed than nylon spin-oriented
filaments. Coupling the modulus of the the polyester core
(Mp) and of the nylon sheath (Mp) provides a composite
filament modulus (M;) that falls between Mp and M. Side-
by-side and sheath/core configurations are well
represented by the "parallel" model of coupling of two
phases; that is, Mg = XM + (1-X)Mp, where X is the volume
fraction of the sheath and (1-X) is the volume fraction of
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the core. For example, if M, = 60 g/d and M, = 15 g/d and
the sheath (X) comprises 40% of the filament, the expected
composite modulus Mg = {0.4(15) + 0.6(60} = 42 g/d.

Direct spinning of of 65 RV nylon 66 polymer at
5300 mpm and a Tp of 290 C provides a nylon filaments
having a modulus of about 15 g/d and a boil-off shrinkage
of about 3-4%, while spinning a 21 LRV 2GT polyester under
the same conditions provides polyester filaments of about
60 g/d modulus and a boil-off shrinkage of about 2-4%. If
the moduli are additive according to the "parallel"
coupling model, then to obtain a composite filament having
a 30 g/d modulus, about 35% polyester core would be
required; however, if the spun biconstituent s/c
nylon/polyester filaments are treated according to the
invention at temperatures about the Tc,% of the polyester
polymer, then lonly about 17% polyester core would be
required or the same modulus with 35% polyester could
could be obtained by spinning at a lower spin speed;
e.g.,about 3500 mpm to obtain the same composite modulus
of 30 g/d. This process of the invention permits for the
first time to obtain "hard yarn" like nylon filaments at
spin speeds in the 4000-5000 mpm range; nearly half the
spin speed required for 100% nylon.

For textile uses as a flat yarn in warp
knitting, for example, a modulus of at least 20 g/d is
required (as based on ranking of nylon fabrics.critically
dyed with a large molecule acid dye as described by Boles,
et al in USP. No. 5,219,503 and 25 g/d is preferred and 30
g/d is especially preferred.

To obtain the desired shrinkage for a given end-
use; for example, high speed spin-oriented nylon 66
filament yarns have 3-6% and high speed spin-oriented
nylon 6 filament yarns have 8-12% shrinkage. Commercial
warp knit flat yarns are prepared by slow speed spin/draw
processes giving about 6-8% shrinkage for nylon 66. To
increase the shrinkage of the composite nylon/polyester

filament yarns the nylon 66 may be modified with
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copolyamides, such as with 2-methyl pentadiamine (MPMD) as
disclosed in USP. Nos. 5,137,447 and in USP No.5,219,503.

The polyester component treated athe higher
temperatures of about T 3 will have similar shrinkage
levels to that of drawn nylon 66 and 6. If lower
shrinkages are required than the polyster RV many be
increased slightly or higher spin speeds may be used. To
maintain the balance between the shrinkage of the nylon
sheath and the polyester core so to minimize along-end
crimp development (for even uniform symmetric sheath/core
cross-section filaments have a finite long-end
variability), quenching air flow rates, patterns, and the
convergence length are all carefully controlled to
minimize threadline movement.

EXAMPLE H

In Example H several copolyesters are comapred
as to their elongation (Eg), shrinkage (S) and RDDR for
spin speeds of 4100 and 4530 mpm. In this first set of
samples, all filaments were spun at 4530 mpm using 15 x 60
mil capillaries at a spin pack temperature of 305 C ( the
actual polymer temperature was not measured, but is
expected to be about 10 C lower from previous studies) to
provide 150 denier 80-filament SOY. The copolymers used
were: 1 (control - no modifiers); 2 - 3% Glutarate; 3- 8%
Glutarate; 4- 8% Glutarate with 0.06% TMP; 5- 5% PEO with
0.06% TMP; 6- 2% Cationic moiety; 7 - 1% trimethyl
tetramesicate; and 8- 0.04% TMP (trimethly propionate).
The summary of the details are given in Table 21.

Although low shrinkage and excellend dyeability were
obtained for the copolyester A-filaments for use as
precursors of the B-filaments of the invention, many of
the copolyesters have RDR-values greater than 1.9. Higher
spin speeds would be required if lower RDR-values are
desired. For copolyesters the range of acceptable RDR~-
values is about 2.2 to 1.4 versus 1.9 to 1.4 for

homopolymer.

56



WO 96/16206 PCT/US94/13189

10

15

EXAMPLE I

In Example I nylon 66 copolyémides were spun at
4000 and at 5000 mpm. All yarns were 50 denier 13-
filaments spun at a nominal Tp of 290 C using 10 x 19 mil
capillary spinnerets and quenched using cross-flow air and
converged at about 135 cm from the spinneret. Details are
given in Table 22. All the yarns had insufficient modulus
for use as a direct-use flat yarn, but may be used as the
sheath in a sheath/core polyamide/polyester to provide
flat SOY according to the invention.

EXAMPLE J

- In Example J the DSC data for heat treated A-
filaments of nominal 1.5 dpf and spun 4500 mpm. Details
are given in Table 23. The decrease in the fiber Tp with
increasing tube temperature is consistent with a decrease
in average crystal size and the melting out of the primary
crystal structure (C) in addition to the mesophase (B) as
represented in Figure 21.

57



PCT/US94/13189

WO 96/16206

vo'l 951 B0 00 1T 0¢ TS €L &4 Tl Lo £0 g1 $T - - - - - - a0 'sd
81 91 61 vl 9l 90 €0  pto sz 691 8ET  #SC €1 €1 - - - - - - am s\
6£0 Pr0 9o S1o o 8£0 %0 S0 (b0 %0 LE0  sT0  8c0 8r0 -- - - - - - MDY LSN
8 I8 08 98 001 88 98 6L 6L 08 €8 ¥8 91 6 - - - - - - O'(xewys)y
8€l 91 9l kS LSI (el 99| 851 991 24| 1€l 68 €SI 9Ll - - - - - - Q/ON ‘xew ] s
00 S SI- 00 £¢ vs 9y Sop 8 (X3 81 10 Lo 60- 101 ¢ZI-  001- g6l €0 - % ‘S-SHd
SL X3 0 8¢ ol 9€l 661 8s¢ 8l 0l €L 9¢ 1l 1€l 661 SSE 06y €8¢ L 6¢€ % 'SHQ
St 00t $9 8¢ (X7] 0T SIE S9% o€l s'8 $s s€ ol ovl 00 08y 06s (%1 08 - % ‘S
- 90'§ 9IIr oSy g€ 8y'y (24 2N T4 06€ 0z¢ (Y (1 N T X vEb 8P 6bV €0V  6fCc P - aam ‘Y41
- o€ Ur 8Lt f0¢ e €0f  9p¢ 857 (Y44 €8T LST 8s'¢ (174 e ue Y8  £€7 $9'7 - am “N3L
- L9l €51 WL uer el oob1 ez 0IS1 Zzv'l  8evl 8091 9Ip|  ogc LovIbT 8EV1 BIPT  bskI  8£9q - (']
- 699 0'€s L9 TIg L6g 00y 6T 0ls t44; g€y 809  9p 9¢¢ Vit  8¢p 8y by 8'£9 - % ‘43
- I [ 2 % 68¢L e €09 ¥4 UrY  6¢€ €9t 6L€ 8 8¢ v'9 LS 6t SE e - @O ‘WAd
- £F| ] or'l Itz ote ¥6'1 8L Skl L'l 09') (Y4 T 9T 00T 881 YA 14| £T'1 - @D "%0ZL
- o1 811 SO'[ vl 091 vrl 91 9l AN (14| Y60  bLI 691 9l I r{yy| 81l 660 am ‘%Ll
1T 12 12 12 1z 12 (4 17 1t 1z 1z Iz 17 1z 17 (4 1z 1 1z 1T 4da
Ll Ll Ll 0 1A ol Ll Ll L1 Ll L1 L1 L ] Ll ] Ll L1 Ll Ll NIVA/STIS
St 13 13 {3 <€ 43 S S¢ 13 SE 13 13 S¢ 13 SE SE St Sg 13 S€  YAINIA NYVA

9 b (N 1)) “n 86 v 0L 9 Ty 8T  4d0 1] 86 v'8 0L 96 Ty 8T 440  WomN*

08 09 o HIO 091 ovl (iT4] 001 08 09 oy 140 091 oyl (114] 001 08 09 o0 440 NiSET

1374 1174 24 (174 1174 (474 1474 (474 74 (974 1374 474 (174 1174 1974 474 (174 (174 Y74 974 o 3
E—n&w Eau-m —:su.w Enu_m Euu-m Eau_m wedNs weag Euu-m ..:no—W E&u.m Euu.w Enngm wexng Euu-m wexns wedg weang E«u.w Eno.w d AL ‘—<mZZ<
18vv  18vy  18bb  1spp gezp 86Tv  86Ir  86Tv  86TF 86z 86v 8620  SIIY  Suy sty g SUy St s1y srip WdW ‘A
006t o006y 006 006k  ooLp 00Ly 0oLy 00ty OOLY  oOLK  ooLb 00LY  00Sy  00SY  00SH  QOSK  OOSH 00S¥  00Sy  00SK WdA ‘A
0z 61 281 Ll 91 9] vl £l 4| on 201 26 8 L 9 S ¥ 3 o4 ol ‘ON W31l
Vi a1avl ‘ON218VL

58



PCT/US94/13189

WO 96/16206

61°¢C
S9°0

0zt
Sve
WY3Ls
2414
00¢eS
0T

00t
1 24
WVYALS
avey
00¢S

26°¢
09°0

SvZ
WY3LS
9v8v
00¢Ss

88°¢
8v°0

sve
WYALS
avev
00¢esS
oL

51 24
WY3Ls
9v8Y
00€S
o9

STt
LeE"0

18
OtT
S0
SV
[ 4

6°C
LI
0s
440
440
11 24
WYALS
srev
00tS
JS
g1 374Vl

WYALS
18:2 44
00¢sS

12 2 4

6E€°1
6 EE

85°¢
L8 1
L 4
Lt
St
ot
ott
13 44
WY3ALS
18:344
006¥

vo
Zv'o

1St
v'ot-
9°veZ
0°s¢t
ve't
16°2
0zZe"1
0°2¢
'L
sZ'¢
¥9°1
1z

S¢€

0zt
SvZ
WvauLs
18244
006¥

19:344
006V

a/o ‘sW

A/ (a/9) ‘LSN

O’ (xew]s) L

a/oH ‘xewlrs

% 'S-SHa

% ‘SHa

$ 'S

aa/o ‘M€l

a/o ‘"NalL

dax

3 ‘43

a/o ‘Wxd

a/o ‘sozl

a/o ‘s ¢

dda

NYVX/ST13

dIINIA NYYX
zWo/o1
ZNI/sa1 ’
ShZ Do !

FJAL TYANNY

WdW ‘A

dWX ‘A

‘ON WILI

"ON JT9Vv.L

59

SUBSTITUTE'SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

WY3LlSs
:1-Y4
ooLy

o) 4

o~
oo
coN o
SHANUOMOUNDBON

-
- ~Y e
- N WVWO W
B S N
M~

am
o -
o ~

ve' 2T

90°S

Py 1
T ed

| A4
19°1
v6 ¢

WY3Lls
STTV
00sy

LI

S¥eT
WY3Ls
STIV
00SV
91

("INOD) €1 ITHEVL

STTP
00SV
St

v6'C

WN3ILS
STTY
00SY

vi

STIV
oos¥
OtT

a/o 'sK
M/ (a/9) ‘LsSN
Q' (xewls)L
a/9H ‘xewls
% ‘S-SHQ
s ‘SHa
L )
aa/o ‘Mal
a/o ‘"NalL
uyay
[ f {
a/o 'Wid
a/os 'soecl
a/s ‘sl
dda
NYVA/ST1d
¥IINAA NYYX
ZHo/on !
ZNI/s81 *
+
1} 24 Do
AdXL TYINNY
WdR ‘A
WdX ‘A
"ON WALI
‘ON 371dvl

59/1
SUBSTITUTE SHEET (RULE 25)



PCT/US94/13189

WO 96/16206

WY3ls
€99¥%
0019

oLt

-
aAawnwo ™ W
e s s N .
1T MY O ~MODOMmMO

09t
Sk
WYalLs
18:14/
006¥
149

65S°'T
6°SS
¥'S
SL°1
0€°1
¥6°2Z
LY

0s

opt
1124
WY3lS
28:34 4
006"
[ 4

NY3Lls
11144
006¥

z1

¥6°2Z

11 X4
WY3Lls
18:244
006¥
It

z'z 8°0
Tt 0'z
9%°0 LE'O
L L
091 0€Y
T°p- [ ¢
8°6 8L
0°¥I S'9
S9°» 8S5°'S
88°Z s8U'€
PT19°T sSL'T
¥y 19 S'sL
S° ¢ | 2 3
9t°1 8Z°'1
ot'1 201
¥6°'Z ¥6'Z
[A LT
0s 0s
9°'S I 4
08 09
s¥Z Sv¥Z
WYILS WY3AlS
13:024 18:244
006¥ 006y
' ot J6
o1 31avl

Lag}
”m N~
SN o -
NTNOVHADONC

MA@ WOWO

w
N m

To® -
NTMTORARDONO

859°1

8'1
6S°T
9% 0

09t
S¥Z
WY3Lls
[: 134 4
ooLy
9

6°C
0s°0
vE'O

0zt
0°6-
1°s1
%2
9T°S
vt
(4 20 ¢
[ 4]
[
89°1
¥t
v6°T

Lt

0s

oyl
12 44
WYals
1344
ooLy
S

T6v°1

L’y
851
8T 1
b6
LT
0s

0zt
S¥Z
WYalLs
134 4
ooLy
v

11 24
WY3aLlS
B6CTY
ooLy
€

99°0

SHT
WYals
86Cv
oocLy
[4

S$'T
L9°'0
LE'O

LL
0€ET
2°8-
€11
S°61

a/s 'sd

a/o ‘swW

A/ (a/o) ‘1SN
J' (xewls)l
a/oH ‘xeuwls
A ’'S-SHQ

% ‘SHa

L T

aa/s ‘jd8l
a/o ‘"Nl
uyay

s ‘esd

a/9 ‘WAd ~
a/o 's0zlO

a/9 ‘sl
dda
STId "ON
¥IINIQ
ZWo/on
ZNI/sg1 *
’
Do
TYANNY
WdW ‘A
WdX ‘A
"ON WELI
"ON IT6YL

G)

SUBSTITUTE SHEET (RULE 2



PCT/US94/13189

WO 96/16206

(AN 4 ¢
091
1 44

weals

STI¥

00S?¥

8T

wea3ls
STtV
00S?¥
LI

ST ¥
¥Z°0

SIS
61°0
6Z°0

¥6'1

ov'I

6% 1
S$°0
st 0

330
1] £4
weals
STV
00s?y
Jt1

8s°¢
¥9°0
€S0

061
8-zZ-
8°0T
97 €T

LI
0s

ovl

-4 &4
weajys
9%8Y
00¢tS
6

€8 18
1134 00z
9°0 0°0

111 L 2
s'ot 1L
6°C 6°'2

LI Lt

(131 0s

8 L
ozt oot
13 X4 S¥Z

00°'T

13 24
weays
12143 4
00¢ts
ol

S¥e
wealys
vy
00€S
ot

a/o ‘sd
a/o ‘sW

A/ (a/9) ‘1SN
D' (xewls)L -
a/oH ‘Xewls (i)
s 'S-SHa ~—= 1

A ‘SHQ PV

A 'S

dda
NYVA/S114
¥IIN3A NWVX
LW/
 NI/sa1
De ’

34Xl TYINNY
WdW ‘A

WaX ‘A

“ON WALl
‘ON 3TEvi

T (RULE 26)

SUBSTITUTE



PCT/US94/13189

WO 96/16206

L’ o0
69°1
TE°0
c8
0Tt
8°0-
LS
S°9
LS 4
LT
oL
9°g
(¢]:]

S 44
weajs
€99¢%
001S
T

80°C 9T'T 19°0
I8°0 SO'T 00°2
9€°0 TE°0 TE'O

ve c8 18:]
0T 01T OTT
0°¢g- S'g- 8°0
0°€T 0°¢ £€°9
0°9T S°0T S°'S
T°v v LS 4
LT LT LT
0L 0L oL
v's 0°¢ 9°'S
0zt 00T o8

'] 24 SR 24 R 44
weals weajis wesls
8¥y T18VY 18%Y
006¥ o006% o006V

9 P} ov
dT 31dvlL

a/o ’'sa

a/o ‘su

A/(a/o) ‘1SN

D' (xewrs) 1

a/oH ‘xewls

% ’'S-SHa

% 'SHa

$'s

dda

NYVA/STId

YIINAA NUYA
ZWo/oN’
ZNI/sg1’
o

HdAL TYINNY

WAHW ‘A

WdX ‘A

‘ON W3LI

‘ON ATVl

61/1
SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

LT°T SS°T 02'T €E€'T ¥S°0 ZL'O 0S'0 OE'0 80°CT ZZ'€E 28'T BL'O a/o ‘sd
61°C v8'C 88'T 1TIL°CT (L9°C 9€°C 98°Z S9°CT 1TI8'0 19°0 80'T S8°'T a/o ‘sW
P¥P°'0 8S5°0 ZP'0 €5°0 PE'O 9€°0 €€°0 GZ°0 9€°0 6E£°0 6E°0 PE'O A/ (a/9) ‘LsSN

L8 88 €8 S8 ¥8 S8 98 z6 68 98 Z8 ¥8 D' (xewls)l
091 0Tz 0ST 06T 0zt OtT 0zt 06 OET ovT opT 0ZT d/SH 'xewls
€°0- L0- 0'TI- #°0- S°0 1°0- 9°0 v¥'0 S'v- 8°'6- 8°'Z- 2°0- % ’'S-SHa
0L L9 0°L 9°9 0'Ss v°'S 8° v 8'€ S'IT 2'¢€T 20T £°9 % ’‘SHa
€L VL 0°8 oL S'v S°S A 2 v'E 0°9T 0°'€Z O°'F€T s°9 $ 's
| O 2 L 2 1% | O 2 % v L 4 Ll 4 1'% L 4 L 4 v dda
LT LT LT LT LT LT LT LT LT LT LT LT NAVYA/STId
oL oL oL oL oL oL oL oL oL oL oL 0L ¥IINIA NIYX
A A § 86 v's 0oL 9°'§ A 2 8°¢ 330 T'I1 8°6 v'8 0L zWo/ou’
091 0%t 0zt 00T 08 09 ov 330 09T obL 0zt 00T ZzNI/sa1’
SbZ S¥HZ 3 24 3 24 1) 44 S¥Z 3 24 SveZ SHZ S¥eZ ) 24 S¥Z Jo

Wes3s ueals weslsS wesls Wed]1S Wesls weajls wealzs weals weals weals weals IJJdAL TYINNY
9v¥8v 9v8vy 9¥8FY 9vVBY 9VBY 9VBY OFVBY 9FBF £99F €99V €99F £99% WAW ‘A
00tS 00€S 00E€ES OO0ES O0O0ES O00ES OOES O0OES O0O0TIS O00TS O0O0TS 00TS WAX ‘A
ove €2 ozz o1e 202 Det 08T oLY 91 ST (A J€1 "ON WALI

(*INOD) HdT I149VL "ON JTdYL

61/2

SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

'L 0L S90 W0
66C €82 91T /87
/0 250 $E0 LEO
18 4] 6L €8
91 8l 6l 601
v 10 v0 00
8 ¥9 1§ g¢
0, S9 6§ g¢
LA > T o S o §
4 13Z 124 124
SE Gt St St
9 4 € #0
08 09 o0 KO
S ST ST SH
Wesjs wes|s wells wes|s
I18vF ISYF I8vY  ISHY
006F 006¥ 006 006K
02 261 081 QU

WO 96/16206

8r'e
£l
850

0
6¢
V6
o¢i
£l
i3
Gt

004
Sk
wes\s
862y
00L¥
£l

7% BN AX1]
9GSl 1L
90 2€0
I8 6L
L[
LA 21 %
6Ssl 0§
S0 99
€L €l
14 {a
Gt Gt
14 2N 1
s o
Sk S¥e
wes|§ weds
86cr 862y
00y 00Lb
i o0l

vZ 318vl

90
¥Z0

by

00
26
962
gt
1£43
09
£l
a3
Ge
86
orl
174
weajs
SLiy
oos
L

4]
14
weajs
Slivy

9

0L
174
wes)s
Siiy

S

174
weajs

Shiv

£

174
wea)s

Sliy

14

%(p/b) ‘sd
o ‘s
WHaQo) 1SN
O'(vewyg)y
WON xew)S
% ‘S-SHQ
% 'SHa
%'S
4da
NYVASIS
HIINIA NYVA
N!O\Ox.
NIsa
%'
3dAL TV3NNY
WdW ‘A
NdA ‘A
"ON W3Ll
"ON 318avL

62

SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

€L e LL v 8L 4T €1 €0 tE €Y U6 g0 ve (91 0 v21 61t 6L T a9 'sd
00 60 90 80 ¥I 1Z 6L OE SO %0 GO 40 €0 VL 02 T S91 9L €12 am 'sn
£Z0 ¥v0 850 S90 090 090 90 820 SKO LEO €90 €90 9v0 90 000 650 8E0 H¥0 9GS0 Wla/o) 1SN
86 ¥6 98 ¢ 8. o, 5. 98 2 4 o o € 9B 08 6 6 <S8 98 O'(xewys))
00L 09t OIZ O£z OIZ Oz 09 00 09 oOck 02 02 09l 0L 06 L2 Ovk 951 Z0Z QO ‘ewjs

90 /¢ 8C€ €S 8L v0 §1 90 90 - - 9T v6 - - Ve 9L £t ¥ % 'S-SHO
B2l €Vl €2 92 82 ¥6 66 6E€ ¥6L O0EE TIb 915 089 12l S¥ 6L 10t 8 16 % 'SHQ
VEL 0Ll 69 6/ 9% 66 ¥8 €€ 00C - — d6F 98 - — 08 S8 Gl 66 % 'S
581 S8l S8 SBL SBL SBL S8 GBI S8  S@l S81 S8 S8 S8l SBL €L €1 € €1 340

& i3Z 2l 14 24 2Z & 2 XA & 1 L& L3 L3 2 &3 4 & 2 NYVASTS
0S 0s 0s 0s 0s 0s 05 0§ 0s 0s 0s 05 0S 0s 0s Gt Gt Gt S Y3IIN3Q NYVA

¢l 86 v¥8 0L 9S Z¢ 8Z MO 86 ¥8 0L 9 &y 8 WN ZH 86 13 ol ZNox

091 ovi ozt o0t 08 09 O HO OFL 024 00l 08 09 o) VYN 091 oOFb 020 00! ZNvsaY

She SKC SW SYC SWZ  SWC Sk SKZ ShT Sh Sk S S¥Z S YN  SHZ  ShZ Sk She D'
UESS WeslS wesls wes|S wed)s weslS wes|S Wed)S WweelS weslS wesis Wes)S wesjs Wes)s  JO weslS wealS wes)S wealS  IJAL IVINNY
86Cy 86Cy 86ZF 860 862 862F 8620 862y SLIY  SLLY SLIv  SHY SLiv SLIv  SLv  18vb 18V I1B¥P  1BbP WdN ‘A
00v 00y 0OLF 0OLF 0QOLF 0OLF 0O OOk 0OSP 0OSH 0OSH 00Sv 00Sh 00Sy 00Sk 006F 006Y 006F 006K NdA'A
61 8l L 9l Sl 143 €L ot b ot 6 8 L g 08 vy Ot 14 } ‘'ON 3L
4z 318vL ‘ON 318Vl

)

26

62/1
(RULE

it SHEET (RUL

-

SUBSTITU



PCT/US94/13189

WO 96/16206

€€ 22 S1 ¥I VL S0 82 92 17 62 €L 60 ¥0 e 6€ GE BZ 0Z 80b €2 60 9 'sd
88 Vv 0 ¥y Z¥ ¥y ST ZZ LV ST e bbb ey vl 91 S 9L 2ZZ E0 ¥l €E @9 'sW
180 G80 650 120 650 VO 1L0 990 SL0 90 ¥S0 8¥0 SE0 090 690 90 650 650 IS0 IS0 9E0 WIQ/O) LSN
98 8 I8 08 08 8 6 68 9% 8 8L 1] 8 66 68 8 8 08 8, 6l ] 0 ‘(rewys)L
062 00E 012 0SZ 0Kl 0 092 O O06F O 06 0L OEL 02z OS2 OEZ OKlZ OLZ 08K 08L OEk  QUOW “ew|S

61 2L SIL €0 10 SO vO L0 L0 80 gz o €L Ve 80 YO €00 S1- 09 VL 00 % 'S-SHQ
¥6 S8 S9 09 6¢ 6¢ ZOb 200 #OI 2O 8 IS €y ZZ 8Kl 8K LEL 08 099 S OF % 'SHQ
€ €L 0L IS 0§ € 90 60L €1 Q0L 0L €6 0t €SI 961 TS ¥eL S6 009 S OF % 'S
S8'L S81 S8l S8l S8L S8 SgL SO @) Sgl S8L S8 S8l Sl S8 S8l S8b S8 S@L @l Sgl 340
24 il 21 3 &Z 24 4 &Z L& &a 232 2 2 &3 L & 74 2@ {a A 12 NYVASTIS
0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 0s 09 0s 0§ 0s 05 Y3INIQ NYVA

¥8 0L 95 Ty 82 MO T 86 ¥8 00Z 09§ 0t WN 86 8 Tl o 9 14 € ¥0 ZWNOOW

0zt oot 08 09 Ov WO 09L oWt 021 OO 08 O WN 09t Ovb 02 00l 08 09 0or #O ZNirsaY

SWC SWC Sk SHZ ShZ  HO Sk SKC  SKC  ShE Ske Skt WN SWZ S SR S S S ShT S Do’
WE3IS WealS wealS weals weslS  HO weals wedls wes)s Wedls weals WeslS  JO wedls umslS wes|S weslS wedlS weslS WeslS WealS  IdAL TVINNY
9¥8y 9€BS OBy O¥BY O¥BY OKBY €99 €90F €99F £99Y €99b €99y €99 18kY IBYY IBYF  IBEP IBYP ISVF  ISYP  IBbP NdW ‘A
00ES 00ES 00ES OOES O00ES OOES O00IS O00LS O0IS O00LS OOLS 00iS 00LS 006F 006F 006k O0O6Y 006F 00GF 00GP OOGK WdA ‘A
¥4 0c 6L 081 2/l D91 St 142 €l [4 S 1Y S 1] 26 8 L 9 S 14 X AN ‘ONW3L
3¢ 31av1 ‘ON 38vL

63

SUBSTITUTE SHEET (RULE 26



PCT/US94/13189

WO 96/16206

080 0§t 260 982 #9€ SZS ZE¥ OL0 b0 80 261 v0€ 122 T 080 0SL L0 98C 9 5¢S ey /9 'sd
080 051 Z€0 982 #¥9¢ SZS 2P O 2 Vi v0 8L L2 8y L1 6v €2 Tl vo ve T Qo ‘s
0Z€ ELL ST 165 ¥S0 E€¥0 650 601 69l 81 €2 L0 ¥0 ¥0 €0 €0 80 60 GI I XA T4 W) SN
90 (E0 S20 90 OvO EYO 9¥0 250 E¥0 0P0 G20 O0E0 IE0 90 E¥O BEO OKO BZ0 €20 {20 080 0 ‘(xew)s)y

8L U 06 8 U 9L iU 9. 9. 9. €8 16 58 2:] €L 43 €L 6L a8 £6 88  Q/ON xew)s

0l ot 06 OEL Ovk OSL 091 08F OSL oMl 06 OLb Ol OEb OSL  OEL  O®k  OOL 08 082 062 % 'S-SHQ
OvE O¥S 80 S 90 OV 8% OF SO 80 80 ¥z 901 €€ GI- SS- €+ ¥ L0 £ S0 % 'SHQ
V8 19 €V S ¥SL 012 ZiZ SZ S8 €9 8y 1€l 6CL L€Z OVS S T 8L 8y L0 A% % 'S
05 S S¢ 022 09 0Sc 02 S9 08 G2 0y 691 Sw 0/ 69 0€S SS9 Gl S§ 02l L0l 3dd
657 652 65 657 652 652 652 652 652 657 652 65T 657 65 652 652 652 657 652 Sg) S8l S7I4 'ON
& 23 124 &l &Z @3 L3 14 1Z LZ A L3 1 2Z 32 2 i@ 2 &3 14 ’Z Y3IN3a
0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 0L 05 0s ZNooX'
v 82 HO TW 86 ¥B 0L 9§ ¥ 8¢ YN il 86 ¥8 0L 09 v 8Z WN o 86 ZNvsaY
09 O 4O 09L Obk 021 OOb 08 09 O VYN 091 OvL 021 00l 08 09 OF  WN 09 OBt %’
SPC SYC  SWT  SWC SW S SKZ  ShT  SwE SPC YN SR ShZ W2 SWZ SW  ShZ SkZ YN Spe S¥C  3dALTVINNY
WES)S Weals weslS Wed)S wWweais wWeslS weslS wealS weals We)S  §O weols weslS wealS wedlS WeS|S Wed)S weslS YO Wesls wea)s WdW ‘A
\8vy 18y IBYY B6CY 862¢ 9620 862V B6ZY  BGLY 86Cy 86Z¥ SSLP SLLb SLIP SLLP SILY SLib S SLLb  9pab 9rey NdA ‘A
006y 006» 006F 00 00LF 000 O0OLF OOLF OOV 00Zv 00Zv 0OSP 0OSP 0OSP O0OSP 0OSP 0OSP O0OSP 0OSP OOES  OOES ‘ON W31l
e 0z 06l 8l Ll gl SL oK Oel 4 1 ol 6 8 2 9 35 14 £ 4 | ‘ON 318v1
acz 3navl

63/1

SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

0¢
€L

950

8

002
0s'1
$91
0l
65T
L
oL
V'8
ozl
1174
WVYALS
£99¢
0o0ls
1

01
T
SPo

£8
(i3]]
ol
9L
$9
65T

LT

oL

0L

001

(174
WVYILS
£99¢
00ts
J01

860
1€C
o

18
0s1
oLy

801

9

68T

L

0L

9s

08

3 {4
WVYHILS
£99b
0018

SLO
00'¢
€0
8L
0s1
010
ts
0s
65T
L
oL
[ 4
09
1314
WVILS
£99¢
001¢

0L0
08¢
oo
I8
orl
09y
96

6$7

LT

0L

8T

or

974
WVILS
£99¥
001§

10
L6T
0t'0
88
011
o't
8y
L't
65T
L
oL
440
440
1 4
WVILS
£99%
001§
J9

80°¢C
el's
SE0
L6
otl
08's-
ol
091
65T
L
0L
(Al
091
1Y 14
WVILS
(3144
006¥

1 ..o.m
£Cl $80
58 s
091 091
ovo- 08 -
911 e
0zl ool
65T 651
L J%4
0L oL
86 vs
orl 0zl
She Shz
WVILS  WVILS
18bp vt
006¥ 006h
v £
T Iavl

1z¢
1€
8b'0
08
(/A
ol'e
601
0¢l
65T
X4
0L
0L
001
1444
NWVILS
3344
0064

e
AN
8v'0
6L
0L
ol'o
9rl
134
65¢
Lz
0L
9¢
08
1344
WVILS
1§14 4
006¢

am ‘sd

am sW

NAQD) LSN

WON ‘xeu|g

% ‘S-SHA

% ‘SHd

% ‘S

4da

STid 'ON

YAINAQ
NI/
NseT
o'

TVANNY

W3 ‘A

WdA ‘A

"ON Wil

'ON 318V.L

64
SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

L1l
PPl
9¢°0
98
0tl
00
06
06
65°C
X4
0L
o
091
1324
WVILS
9r8p
00tS
1T

Ly
44
90
88
ol
80
&}
06
65°C
X4
0L
86
orl
1354
WVIILS
9v8y
00¢$
20T

860
05T
reo
£8
ozl
60
Ls
8y
65T
Le
0L
&
0zl
1344
WVi1S
I8y
00ts
Je6l

$9'0
e
veo
$8
(4|
10
)
|43
65T
Lz
oL
0L
001
1344
WVILS
E14'14
oogs
D81

oro
$0°¢C
sTo
12}
06
vl
8¢
vy
65T
Le
0L
9s
08
1344
WVILS
P24
00€$
oLl

8r0
807
870
8
00l
o
oS
8y
65T
LT
0L
(44
09
1904
WVHLS
P14'14
(11139
91

iro
9’1
YA ]
98
06
10
Ly
9Y
65T
Lz
0L
8
oy

19 ¢4
WVILS
98y
00¢S
61

60
v0'T
820
68
0ol
10-
8y
6
68T
L
0L
VN
VN
VN
440
98y
00€S
vl

CINOD) 47 A'1°V.L.

vT'e
vl
Fro
4.
091
oLt
€1
orl
68T
LT
0L
[l
091
144
WViLs
98y
00¢€s
£l

£t
(4N
€S0
8
061
00t
o€l
oLt
65T
L
0L
86
orl
124
NWVILS
98y
00¢s
41

aso 'sd
am sw
MWAW/DYLSN
O'(xew Q)
a/ON ‘xew ]S
% ‘S-SHA
% ‘SHA
% ‘S
444
S11d 'ON
YJINAQ
ZWNOION'
NysaT
Do’
TVINNY
WAW'A
WdA ‘A
"ON WALl
‘'ON 919VL

64/1

(RULE 26)

[
(W)
[BE)

SH

(48]

SUBSTITUT



PCT/US94/13189

WO 96/16206

8L9¢€°1
L4
0Le
890

9.9t

[ 14
WVaLS
000§
N4

a1l

0Tee’l
sLol
90
8v0
St
891
06l-
oSy
0v9
15§
09¢
1391
0ts
S0T
vt
L'69
9s
08
1114
WVILS
009¢
01

96¥e |
96
Lo
90
£
191
orl-
09
009
[£33
oLe
09'1
009
90T
113
1'0L
(44
09
1344
WVILS
009¢
6

olIse’t
186
SE0
$s0
(42
$8
0t
00¢
0'es
(8¢
09°¢
£9'1
0e9
90T
143
o0l
8¢
ov
T
WVILS
009¢

059¢1
1o

66v¢°1
856
1Izo
10
fL
(141
0t
069
0L9
1443
or'e
091
009
tE69
43
£69
9¢
08
1374
NWViLs
ooty
9
vEIT1EaVL

PeYe
ool
0zo
ivo
0L

17

09
0L
ps's
0g€
891
0'89
e

€oL

(44

09

1374
Wvils
00iv

9ULve'l
68’8
810
LEo

(X4

00ly
at

0tol
09s¢1
98's
$T0
peo

(44
0Ll-
0lg
08y
8ty
067
151
[N 1Y
(404
143
9T
9
08
0sT
WVILS
009¢

1443
98¥e’l
0Te
070
(4]
€L

08
08

(1 x4
ooy

06T
S6'1
0's6
SIT
143
0'EL
VN
VN
VN
VN
009¢

0001X “J43419

20/9 “Nia

/o ‘sd

am sw

WWo) 1SN

0 '(xewryg)y

A/ON ‘xew g

% ‘S-SHA

% ‘SHA

%'S

aam ‘NgL

a/9 ‘NIL

piley|

% ‘43

4dd

STd ‘ON

Y3IINIA
NO/ON*
NV/sSa T
Do

TVINNY

WdN ‘A

"ON W3l

‘'ON 318V1L

65
SUBSTITUTE SHEET (RULE 26

\
1
7



PCT/US94/13189

WO 96/16206

98¢S
0009
D01

620§
00S$

1iLe'l
£€L0

9t0
6L
st
v
Vs

S6'S
141
sTL'l
STU
60
(14
at
141
[&¢)
9
08
114
WV:LS
sy
000s

1$9¢°1

19 ¢4
WVILS
sy
000$

SYOL'|
150

$T0
6L
68
80

Ls
ILs
1141

LSLi
LSt
$80
vit
x4

149
£6L

ob

1944
WVILS
sy
000§

9ILEl
90
L&
970
£8
76
(4]
(94
6t
s8¢
1441
oLl
coL
§60
vy
61't
149
ShL
VN
VN
VN
VN
sy
000§
923
ac3'19vL

teve'l
8T8
(4]
6t0
99
Ctl

09
L9
aus
e
SP9i
S't9
$60
08¢
617
ve
9bL
9s
08
S¥e
WVALS
Sty
00Sy

08ve'l
010§

o
¥9
a4}
8¢
6t9
L'89
88y
667
€91
t9
60
65t
S1'e
43
TEL

09

1374
WViLS
Sl
00S¥

96S¢E'
980

620
[43
10l
v
19
S8
0ss
e
toL'l
oL
SLO
Lee
€T
143
6SL
87
ov
1344
WviLs
Sty
00sy

819¢'1
050
ol
070
8

1L
8-
s

143
60t
€6L°1
£'6L
90
[ 2143
81T
49
0vL
VN
VN
VN
VN
12814
00stY
ol

20/9 “NAG
WO ‘sd
D swW
AQ/D) “LSN
2 ‘(xew)S)L
am ‘xewjs
% 'S-SHA
% ‘SHa
%S
aarm Nl
/D “NAL
yay
% ‘g3
/9 ‘“%LL
am ‘aon
4dd
Sud#
HAINAA NYVA
NI
154
"dWHL
TVINNY
(ANdIW) NIdS
(WdA) NIdS
‘ON Will
'ONT19VL

66

SUBSTITUTE SHEET (RULE 26



PCT/US94/13189

WO 96/16206

S€LE|
o
ve
90

£8
€91
Lt
(1 XY
Ly
109
09'¢
91
0.9
SET
Ll
6'6f
(A
(114

Ly
weng

Ll

4130
L
STT
150

L
081
0z
0ol
08
LS
ore
69’1
069
9t
L1
1ot
Ll |
0T

[A 4
wedng
009%
291

ISFE(
I8
174 ()
wo

89
48]
[N}
08¢
0L
8t'¢
(743
891
089
9tC

toy
4
114
vt
weals
ooty
St

8ELL|
991

] 4
850
6L

174
60

| 2

06§
0M9¢
9l
e

ve
LAY

0L9¢° |
(]
18T
0s°0
08
8L1
€0
6¢
9
v9
oL'e
99°t
099
e
143
8L
L4
0z
1374
wed)g
000§
o 4|

0L9¢°1
bl
34
150
6L

181
Lo-
L9

k19
oLe
91
099
e
43
LI
"
sl
SHT
weds
000§
all

[29] SLYE'l
9L 8t'L
610 0z'0
SE0 SE0

69 69
(114} 12l
00 0z
09 0¢9
0¢9 019
[X4Y 9¢°¢
or'e olre
oLl €Ll
0oL 0€L
Loz P0'T
149 143
poL $69
'l I
St S
1474 Y114
ureansg weag
(1114 001y
6’ 8
v31avy

wye'l
£09
810
0¢'0
0L

v0l

ovs
08¢
WS
ore
9Ll
09
90T

ve
0oL

|

081
we)g
ooty
oL

et
88¢
170
®o
0L
0
0¢-
00§
0'ts
9t'¢
ore
€Lt
otL
90T
143
1oL
|

otl
uea)g
00ly
29

zisgl
90T
9t0
sT0
8L
98
08
091
(18 74
§S°¢
ore
6Ll
o6L
807
143
90L
VN
VN
¥N
VN
0oy
Js

¥811
ILSE'T
(%]
9€0
8v'0
06
tLl
o6l
06T
08y
1244
ore
(44}
14 4
80C
43
80L
9s
08

0sT
wea)g

or

6L01
pLSeE'l
StL
670
Ivo
$8
9wl
0'81-
(123
01s
L0s
or'e
(8]
0'o¥
60'C
43
T
9
08
0sZ
wreg
(L1114
[4

8¢9
£9SE°1
8T
ovo
870
9L

0s-
(13174
0T
128 4
00¢
861
08§
607
113
TiL
VN
VN
VN
VYN
001¥
]

0001X" 3419

20/9 “NiQ

am'sd

am s\

NAU/DHY LSN

J'(xewjS)

/DN ‘xew s

% ‘S-SHA

% ‘SHA

%'S

aam ‘N4l

/9 "NAL

uqy

% ‘a3

44qG

ST14 ON

YAINAQ
ZNO/ON*
NUsa”
Uﬂ ¢

IVINNY

WdA ‘A

'ON WLl

‘ON 178V1

67
SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

[
S8l
6v'0

tel
002

o
011
80l
ve9
'y

wrl
(ard 4
8¢C
1°8¢
SE'e
08
0S1
iy
000¢
91

9L
6v'0
Lo
€L
otl
96
£'8¢
6’8y
£9°¢
Lee
w9l
L9
80°1
L9¢
1334
08
0cl
Iy
000V
!

9°¢
60'¢
LLo
0Ll
ore
e
e
$S
L09
1394
pee'l
pee
[4: 4
768
9Ll
09
081
Iy
000%
14

t'e
9¢°0
6L0

Lyl
0ee

80
00l

6
09
9wy

SSEl
132
L
$'t9
L'l

09
0s1
ity

000

£l

L'L
670
€0

4
0s1
8¢l
699
I'Is
109
L'
8091
809
tel
s
9Ll
09
SEI
ay
0oov
4

9L
veo
90
tL
091
Lyl
1’79
VLY
WS
Lv'e
172!
vLS
6C'1
otr
9t
09
0ct
ny
000v
1

8cC
10
6L0
091
ove
Ll
66
(4]
£6'S
oy
£8T°1
£'8C
£e
089
81l
oy
0s1
ny
000y
01

ve
Lv'o
190
(43
01¢
0¢l
LLs
Lvy
9'v
6C°€
Siv'l
Sy
99°l
I"6v
811
oy
0zl
Ity
000y
6

§¢C Ve
6C'1 £C0
650 o

tel €L
ore o1t

€0 8'9¢
901 1'89
£0l1 114
009 65§
XA S 743
61¥'1  9TL'l
61y 9T
YT 660
v'8¢ 9pe
1334 134
08 08
0s1 0zl

Iy ny
0sLe  0SLE

8 L
vsagavL

61
819
Lo

oLl
ore

(Y4

Lre

$'s
L09
139 4

PEE'l
bee
[4: %4
68
L'l
09

081

iy
0sLe

9

14
ge'e
oLo

vl

06¢

60

86

L'
(439
Ly

£9¢°1
£9¢
§6°¢C
L'8s
9Ll
09
0s1
iy
0sLe
S

L9
670
ov'o

tL
14|
1 Y4
9L
1’8
1129
e
8651
8'6S
LT
St
L'l
09

SEl

any
0sLe

14

89
§TO0
8¢0

[43
otl
L4114
viL
0¢s
ov's
6¢'¢t
£6S°1
£'6$
ST
[R14
9l
09

174

any
0SLE

3

(41
aLy
60

0¢1
06¢
£l
$6

8
Lo9
LSV

6Z¢'1
6'Ct
00'¢
0's9
81
V] 4
oSt
iy
0sLe
[4

v ol
6£°0
LSO
LL
00¢
88
L09
6'1¢
80°¢
pse
SEvl
Sty
L'l
s
8i'l
oy
i14]
iy
0sLe

aso ‘sd

am swW
ANA/D) LSN
O'(xewjS)L
d/ON ‘xew|s
% ‘S-SHA

% ‘SHA

% ‘S

aq/o ‘4L
am “NAL
yay

% ‘93

a/m ‘%Ll
aso “aow
4dd
¥3IN3a

Do “TVANNY
TVANNY
WdW ‘A

"ON WALI
‘ON 919VL

68

SUBSTITUTE SHE

" (RULE 26)

-T
i



PCT/US94/13189

WO 96/16206

8 Lv 1't 6t TL 01 €T S€ ST 81 SV 9¢ S€ €T i L's 9y L€ Ly am ‘sd
0t 9¢ S6 ST 6T 9T §8 LT 1T 91 ¥T 9¢ LT T9 't Lo 80 0 80 am s
80°1 SI'l LT1 880 0Ll SKO 860 SLO S90 8H'0 €60 S80 SLO #:0 8¢°0 LSO LSO L60 LSO AA@D)' LSN
08 8 ¢gI 18 08 S8 LLI 8¢€l €8 v8 08 o0SI 8€El LL1  0OSI SLLLoTl L J'(xewys)y,
08¢ OIv ObS oOl1E 09 091 Oby OIE O0ET OLI OLE 09 Olf 08¢ 011 00T 00Z oty 00T a/DN ‘xew ]S
90- 91- 91 10 ¥T- 90- 91 +0 SI- vi- 0T 90 +0 ¢l 90 10~ 1'1- o1 11 % ‘S-SHA
611 86 €L ST €€l 9S 89 811 S6 ¢6 SII 901 811 +L 90l 98C 8T 96 LT % ‘SHA
ST VL LS 921 LSt T9 TS vIL 01l 901 SEl 001 Il 19 0Ol L8 6¢tT 98 9¢€C % ‘S
wr 8y LS €S 0S 095 €€9 ST9 ¥8S 89S 1SS 9LS STY b9 9L'S ¥8'S 8TS 809 (€S aa/o M4l
S6€ 06€ ¥rv 96€ 6LE VIE SLV 9Sb 6LE SL'E 16€ Lvb 9P L8V Lbb 6Lt vt S8 89t a/m “N3l
T BET'T ¥BT'I EVEL OLE'T SESTT €ECT KLEN IVS'T SISl 60F° 1 6871 1LEN 9IET 6871 IPS'1 SESTL $STL EVY'I b (e}
9PT BET P8T €PE 01 8ES €LE I'LE I'VS SIS 600 68T 1'LE 9I¢ 68C 1'vS S¢S vST € % ‘g4
$6T £0°E LI'E LVT 95T LS1 O0E €9CT 6L1 9L'1 62T S6T €9T TI'E S6¢C 651 081 09¢ 061 a/9 ‘%L1
E8L 819 608 €99 SOL 6LV LOL S09 TES €€S 0LY b6S S09 LI9 v6S €8 ra ] 2 A TR %Y aso “aon
S€T SET SET SCT SET SET 9L 9Ll OL'T 9Lt 8I'l SET SET OL1 9L 9Ll 9Ll 8sI'l 8I'1 44a

08 08 08 08 08 08 09 09 09 09 O 08 08 09 09 09 09 Oy OF WHINIANYVA
S€1 0Tl 081 €1 0ZI ozl ©081 0SI SEI 0TI OZI OSI OZ1 081 OSI SEI Ozl ost ozt Jo “IVANNYV

AV Ay Yy my Ay ny oy ay oay oy My Ny oy ny oay oy iy ay oy TVIANNY
0009 0009 00SS 00SS 00SS 000S 000S 000S 000S 000S 000S 00SH 00SF 00SP OQOSY 00sv 00Sv 00SH 00SH WdA ‘A
61 81 Ly 91 st opl ¢l 4] I ol 6 8 L 9 oS L4 £ [4 l "ON WALl

g¢ 31dvl ‘'ONFT8VL

68/1
SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

(4% 4
vo't
(R0

88
SIE

0sg
08
68¢

€9
(AL
619
(111}
Iy
019¢
[44

(80
Lid 4
§S°0
98
L61
90
0s
vy
8l's
e
191
L9
€79
1O
ny
019¢
T

9t
it
80

L8
90¢
01l-
£l
€T
109
£9°¢
L9l
1'¢9
[ B
081
ny
090$
N, 114

6T
[4. 24
180

€8
882
60

£6
(4]
ore
(st
1
goL
(a4
$91
Iy
090¢

61

8¢l

0s'1

60

uy
090§
291

0zl
iy
090¢
DIy

wo

06'C
e
oLo

¥6
LSt

pil
£l
£r9
90'¥
151
60¢
079
081
Iy
0ssy
£l

189
611
080
(4]
314
9T
€17
6¢T

s8¢
€Sl
£€S
819
$91
Iy
0SSy
4

$9¢ <60
ey ore
€&Ho Tso
6L st
LST 081
0 o
(444 0§
(144 €S
€9 119
SYeE 0f¢
€91 <81
€€9  0¢8
79 v
0st Mo
y oy
0SSy ossh
I oot
9F1avl

Ite
sl
090

68
61¢
£l
3¢l
1l
st9
S6 ¢
951
Lss
009
$91
ny
000¥

960

£bl
w
ro

06
0Ll

1's
b8
Iy
96T
651
T6S
679
081
ny
005t
S

£1'e
(4 41]
870
I
$6
it
(4 ]]
| X44
19
0ot
s0T
y'sot
L'y
HO
ny
00s¢
14

I3
£8°1
| 441]
98
139
S0
'8

oL's
e
L9y
L'99
v9
081
ny
000¢
a2t

060
61C
8t0
6
orl
o
89

vt
9¢
Il
0L
0'¢9
§91
ity
000¢
o4

810
(£ X4
0To
<
69
61
v'oy
€8¢
0’9
8L'T
€T
6Tl
T
4O
iy
000¢
ot

am 'sd

am sw
WamYIsN
J(xewg)y
W/DW'xeuL) S
% 'S-SHQ

% ‘SHQ
%S

ao “Ndi
@ “NiL
yay

E
¥4INIa

Do “IVINNV
TVANNY
WdIN ‘A
‘ON WiLI
‘ONFI8vL

69
SUBSTITUTE SHEET (RULE 26)



PCT/US94/13189

WO 96/16206

81l
06t
9¢°0
8S1
ore
Le
9'8
6y
61t
vy
6z¢’l
6°Ct
8v8
8'8¢
Jo
Jo
901
ozl
LSy
81

sl
96°S
890
CLl
vot
St
98
I's
60t
Ly
Lee't
Lee
018
109
3o
3o
'l
0c1
LSy
avi

Loe
$8°9
98'0
991
LLe
8l
€L
S's
60°¢
'y
sl
1943
£'8¢
£'8¢6
3o
3o
00°l
ocl
wsy
ol

0s9
1§°¢
Si'l
L
vov
61-
vl
191
9Tt
6v'v
L8T1
L'8C
L0S
Los
30
3o
(44}
Sl
STiv
i

8¢9
6v'¢
AN

6L
66t
9¢
Vel
091
06'C
8T
9’|
9'te
8IS
.2 EY
HO
Jo
811
Sel
stiv

3

£6°C
0s't
£5°0
£8
061
Li-
01l
Lel
Le
L8t
SEv'l
Sty
9°9¢
996
3o
3o
60'1
SEl
Sty
01

£6'l
s0'C
0L0
£8
661
60
98
L6
98’1l
18°¢
9Ts’l
9'cs
49
86
do
3o
00°1
Sel
Sty
6

6£°6
80
L90
vL
1344
b'oe-
6°6¢
oy
60°¢
ey
Lel
Lt
Les
8'0S
Jo
o
L£4
081
869¢
8

0801 ve's
‘6S0 Vo
€EL0  vS0
4 tL
£s¢ L81
1'9- vy
99¢ ooy
Ly 9vp
0Lec (e
9ty  68¢
0ze'l 6Tl
oce £'6T
$'L8 1'oL
L4 L 2%Y
3o 3o
Jo HO
611 o
081 081
869t  899¢
L 9
LA149vL

1L¢
'l
050
St
14
9L
08
961
9l
W
£6S°1
£'ss
LA 44
009
3o
3o
00'l
081
869¢
1

9%°11
1£°0
950
89
a6l
v'8
Lot
€79
Lce
90V
£Se’l
£'s¢
6'€L
1°0¢
3o
3O
i
Sel
[YA43
14

1230
0¢'0
$S°0

89
L81
9°01
6¢L
£e9
vo'c
vi'e
bLE'l
p'Le
veL
S'is
HO
3o
81
Sel

(1443

£

696
§T0
34
89
sSl
STl
0sL
§'T9
0s°1
L9e
SISt
SIS
£'y9
LA 44
3o
30
601
SEl
(7443
4

Ley
o
820
L
86
(1]
9°¢L
9ty
6T'1
8t
1239
13 39
|44
009
3o
3o
00'1
SEl
(Y443
!

am ‘sd

am s\
AAA/D) LSN
J(xewys)
a/ON ‘xew] g
% ‘S-SHA

% ‘SHA

%S
am‘LL

a/m “NaL
yqQy

% ‘44

am “aon
Y3INAg

Jo XVI12Y

'dNdIl AViad

(Naa

Do “LVIAYL
HdW ‘q3ads
"ON WAL
"'ON 378VL

69/1

(RULE 25)

-
1
i

SUBSTITUTE SHEE



PCT/US94/13189

WO 96/16206

bl
o
€
b8
9
01
L& 4
e
6v'1
cor
9sL
Lz
00z
160
00t
160
0oy
ol¥4

14
<0
0To
98
€L
0¢
6'v
6¢
18¢°1
1'sr
LAY
Lz
00z
160
00’1
160
00g

L4
(4}
Lo
12
09
£l
8t
14
Lic|
Lis
$SL
Le
00z
160
00t
160
00T
J61

991
st
6Ll
¢61
L9
Iy
08
6't
svi'l
(94
86T
081
081
(174
00t
ot
002
Ll

0cl
687
ee'l
<l
06¢
8¢
[
6b
8.7}
8Le

L
081
ot
00'l
o'l
00T

91

£
0¢
o
26l
o6y
|4
9
ot
SETl
L X4
867
LT
081
oz’
001
0zl
007
vl

€8
Sl
080
£l
LSt
8l
9
13 4
8¢€'1
8'ee
443
X4
081
ort
00}
ort
007
ot

(34|
81
004
14
L9y
te
9
8¢
£0F'l
eor
it
L
081
o'l
001
0Tl
007
]

001 -
91 -
$6°0 -
131 -
4114 -
LT 1o
L9 voi
oy <ol
$39| -
X9 -
Lz VN
081 VN
ol VN
001 VN
0’ V¥N
00T VN
(] 6
8314Vl

£9
0t
¥s0
881
1§74
9l
9¢
oy
Y4 |
1343
L6t
Lz
081
0Tl
001
i7Al |
00z

Ve
80
$§°0
ol
60¢
9l
s¢
6¢
T4
87t
£Ct
LT
081
0l
00'1
o't
00T

4
vo
680
06
orl
vl
ty
617
SLS'I
§°LS
ove
X4
08}
€0l
001
£0'1
00Z
J¢

ov
¥o
9t0
<8
81
80
oy
e
L6S°1
L'6S
[ 4%
Lz
081
10°1
00’1
101
00t

| 4
01
14 A1]
4]
LS
SI-
0s
$9
0091
009
e
x4
ol
€0t
001
£0'1
00z
at

LT (02
90 (Z£0)
0s0 (zzo
¥8 16
6zl  (08)
0 £0-
6y L€t
Ly oF
65t
ves -
9vE 0t
LT VN
0ll VN
01 VN
001 VN
101 VYN
00 VN
2T DI

/9 'sd

ao 'sn
WD) ISN
J ‘(xewS)|
/DN ‘xew|s
% ‘S-SHA

% ‘SHA

% ‘S

4dd

% ‘g4
U3INAA

Do TALVId
Jo ‘1 ALV
@yaxtiua
(XHa

(Dda

WdNW ‘d33ds
‘ON Wit
‘ON3JT8VL

70

ET (RULE 26)

r
.

SUBSTITUTE SH



PCT/US94/13189

WO 96/16206

99

144
YoLE’l
143
ble
1144
0L
€S
0T'st
or'e
0oL
30
JI0o
Jo
00’1
Add
01

981
0g>
06S€°1
¥od
0Lo
081
8'6¢
L
01°8¢
o1
P18
o
o
o
el
Add
J6

|72

8s
8¢€8¢°1
6L'T
t09
0ly
89
89
0T'+rT
or'e
90L
HO
0Ll
$6
¥l
Add
a8

86

088¢°1
00
£6°¢T
or
il
'l
0L 0¢
00'd
98
S61
3O
HO
'l
Add
L

t61
1L
98¢t
900
00°s1
0t
0C
70
or' sy
(11|
't6
s61
Ho
3o
o€l
Add
J9

1£C

¥9
SI8E°I
ISt
SE0
oLl
68
90-
ov'sy
or'l
6't6
1o
i)
3O
8l
Add

S
6d1dVL

4}
1L
886¢'1
1s0
LS'6
(1144
£e
(4
00°0p
08’1l
6
o
s6l
$6
81l
Add
94

14|

698¢€°|
901
St'S
12/
e
Lo
08¢y
oLl
$'16
Jo
0Ll
$6
811
Add
o€

orl

018¢1
8b¢
[4 W
1744
6¢
7l
oy'st
0Tt
818
REY)
0Ll
$6
pel
Add
a

LT
99
17419
o0
90T
0L
v'e
€0
06'vL
060
0801
o
3o
3O
001
Ana
a1

Gdp 1)
0001X “4aqy
wonsduy ‘gH
J0/9 “N3a
%(A/D) ‘sd
am s\
A/DN ‘xew g
% ‘S

% ‘TS

% ‘43
amLl
dIINAQ

I XVI13yY
J2'13s

D 'MVid
OolLVYE-MViQ
ddAL NdVA
‘'ON W31
‘'ON T19VL

70/1

SUBSTITUTE SHEET (RULE 26)



WO 96/16206

YARN ID

DPF

A -0.80

B-0.64

C-086

D-3.44

ITEM
NO

DRAW
RATIO

1.60
1.60
1.60
1.40
1.40
1.40
1.00
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.00
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64

TABLE 10
DRAW BOS
TEM %
25 40.3
115 8.7
180 44
25 212
115 78
180 3.8
OFF 49.9
25 48.1
110 11.7

115 103
120 9.8
130 8.3
140 74
150 6.6
160 6.2
170 5.6
180 54
OFF 56.4
25 60.8
110 46.8
115 32.5
120 20.5
130 18.1
140 10.3
150 8.5
160 74
170 6.7
180 6.5

71

STmax
MG/D

SUBSTITUTE SHEET (RULE 26,

PCT/US94/13189
Tmax Ps Ms
DEG.C (GD)% (G/D)
74 19.00 0.82
110 433 0.94
124 4.38 4.13
152 3.58 3.72
140 2.96 4.30
152 3.31 6.04
156 2.54 5.83
170 2.15 6.19
160 2.28 7.29
175 2.03 6.96
7 15.81 0.43
76 4.02 0.32
85 5.49 0.52
88 2.89 0.69
108 3.35 1.02
115 2.11 2.00
1o 1.81 2.51
120 1.53 2.80
132 1.37 1.97
17 1.02 1.80
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ITEM NO.

1A
1B

2A
2B
2C

3A
3B

4A
4B
4C

5A
5B

YARN
COUNT

75-34
50-34

75-68
50-68
35-68

75-100
50-100

75-68
50-68
35-68

50-68R
50-50T

DPF

1.10
0.73
0.51

0.75
0.50

1.10
0.73
0.51

TABLE 15

STmax

BOS,% (G/D)
12.00 0.15
11.00 0.21
9.50 0.13
12.00 0.17
9.00 0.20
11.00 0.11
12.00 0.19
11.00 0.10
8.00 0.12
6.00 0.32
9.00 0.14
11.00 0.14

R - ROUND; T - TRILOBAL

76
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Ps
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BULK-IN

(G/D)% FABRIC

1.80
2.31

1.24
2.04
1.80

1.21
2.28

1.10
0.96
1.96

1.26
1.54

YES
YES

NO
YES
YES

NO
YES

NO
NO
YES

NO
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Yarn Count (A+B)
Bundie Denier A
Bundle Denier B

4500 ypm

4700 ypm

4900 ypm

5100 ypm

5300 ypm

140
160

TABLE 16

« Boil-Off Shrinkage (S), % —

140/85 140795
70/68 70/68

70/17 70727
18 18
3 16
6! 57
55 34
54 29
34 32
12 17
10 8
11 9
26 27
50 3|
35 1
24 12
12 12

4 7
7 7
7 9
8 24
30 26
32 10
4 5
5 3
4 4
6 5
8 S
9 13
10 9
12 9
s 4
5 4
5 5
6 6
5 5
6 8
H 12

SUBSTITUTE SKE: (RULE 26}

140/117
70/100

70117

77

140/17
70/100
70127

9
28
58
35
43
32
29

15
13
13
13

00 O Wl

PCT/US94/13189

« Shrinkage Tension (STmax). G/D »

140/85
70/68
70117

140
140

110
100
130
120
120
150
100

100
100
100
110
100
110
110

110
90
10
90

110

140

130

140795
70/68
70727

90
80
90
90
100
80
90

100
100
120
110
130
110

90

90
100
100
100
150
160
100

110
120
120
120
150
130
140

80
100

90
110
130
100
100

140/117
707100
017

130
160
170
160
180
150
100

1407127
70/100
7027

90
100
100

90

90

90
100

90
100
90
110
90
110
1o

110
120
120
130
140
140
100

110
120
120
120
150
130
140

80
100

90
110
130
100
100
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ITEM NO.

SPIN SPEED, MPM
WIND-UP, MPM
POLYMER TEMP.,
SPRT - A

SPRT - B

DENIER
DENIER

A
B

UNTREATED
AVG. BOS,. %
AVG. STmax, G/D
AVG. Ps, (G/D)%
AVG. Ms, G/D

TREATED
(245C, 80 PSI)
AVG. BOS, %

AVG. STmax, G/D
AVG. Ps, (G/D)%
AVG. Ms, G/D
T(STmax), C
AVG. EB, %

AVG. TEN., G/D
AVG. WORK, G*CM

c

4526
4115
293
68
100
75
75

19.0
0.30
5.70
1.00
< 100
77.0
3.17
3650

79

4526
4115
293
68
47
50
50

4.5
0.190
0.86
4.2

17.0
0.30
5.10
1.76
< 100
77.9
3.33
3880
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4526
4115
298
34
68
35
35

17.0
0.31
5.30
1.82
< 100
70.1
3.15
1603



WO 96/16206

FEED YARN ID.
POLYMER
POLYMER RV
SPIN SPEED, MPM
YARN DENIER
OPF
CROSS-SECTION
Ep %

DRAW RATIO
HTR TEMP., °C
RELAX (T,), °C
DENIER

Ep %

MOD., GPD

1. %

DYE RATING

DRAW RATIO
HTR TEMP., °C
RELAX (T,), °C
DENIER

Ep. %

Sy.%

DYE RATING

DRAW RATIO
HTR TEMP., °C
RELAX (T,), °C
DENIER

Ep, %

MOD., GPD
Sy.%

DYE RATING

DRAW RATIO
HTR TEMP., °C
RELAX(T)), °C
DENIER

Ep %

MOD., GPD

Sy, %

DYE RATING

1.15
160
143

49

40

NE6
S0
3909
55
323
TRI
85

1
1316
130
118
438
531
15.2

2
115
OFF

22
495

NA

115
160
143
46
58.9

49

1.15
160
143

47

60.3

184
59

SUBSTITUTE SHEET (RULE

TABLE 19A
2 3
B o
N66 66
S0 65
3954 §300
52 50.5
3.05 384
RND RND
78 735
TABLE 1
2 3
1.316 1.447
160 130
143 118 .
437 40.0
519 398
16.2 17.9
6.2 74
+ +
TABLE 19C
3 4 5
1.30 1.30 1.30
160 130 OFF
143 118 2
4 435 445
39 44 45
6.6 59 70
- + +
TABLE 190
2 3
1.15 1.30
OFF 160
22 143
46.5 411
47 391
209 253
59 6.7
+ +*
TABLE 19E
2 3
1.30 1.30
OFF 130
2 118
405 335
498 417
218 218
6.9 75
- +/-
80

4
1.30
OFF
22
419
416

59

6
145
160
118

27
73

292

5

7
145
130
18

39

6.2

135
160
143

40
36
26
69

1.30
160
143

398

432

25

~aN
20,

5
1.608
OFF
2
36.1
305
239
73

8
145
100
395

385
67

1.35
OFF
2
40.2
412
234
64
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6
1.608
130
118
358
228
47.0
76
9 10
1.45 1.60
OFF 160
22 143
40 35.5
30 23
83 69
+ -
7 8
145 145
160 OFF
143 22
36.8 372
283 295
286 307
7.2 6.9
6 7
145 1.45
130 160
18 143
356 354
332 305
292 266
8.6

83

1"
160
OFF

355
6.6
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TABLE 20
PROCESS
ITEM SPIN PSI DEG. BOS T7% T20% PYM DDR RDDR
NO. MPM C ¥ G/D G/D G/D x1000 x1000
1 3750 OFF 120 52.0  1.23 1.56 4.27 106 169
2 4000 OFF 120 47.4 1.29 1.66 4.70 134 205
3 4500 OFF 120 23.9 1.56 2.20 5.80 163 207
4 5000 OFF 120 10.6 1.76 2.31 6.83 165 1s4
5 5500 OFF 120 15.7 2.36 3.06 8.81 144 174
6 6000 OFF 120 11.4 3.07 3.81 9.88 124 146
7 4000 OFF 150 9.2 2.75 3.64 10.95 75 87
8 4500 OFF 150 10.0 2.91 3.92 12.22 69 81
9 5000 OFF 150 9.8 3.33 4.44 13.60 68 79
10 4000 OFF 180 5.5 2.92 3.87 11.70 69 79
11 4500 OFF 180 6.1 3.06 3.81 10.90 76 87
12 5000 OFF 180 5.7 3.20 4.04 10.94 86 98
13+ 3750 OFF 135 75.0 1.50 1.55 3.33 79 175
14+ 3750 OFF 135 73.9 2.04 2.15 6.07 83 194
15+ 3750 OFF 135 70.7 2.27 2.47 9.60 98 200
16~ 4000 OFF 180 5.1 2.84 3.08 12.00 57 65
17+ 4000 OFF 180 4.9 2.97 3.19 11.00 62 72
18~* 4500 OFF 135 44.6 2.13 2.20 4.69 112 215
19« 4500 OFF 135 42.7 2.70 2.86 8.56 122 167
20~ 4500 OFF 135 40.3 3.07 3.23 8.93 133 17s
21~* 5000 OFF 120 12.7 2.17 2.17 8.32 117 130
22+* 5000 OFF 120 16.0 2.90 3.05 8.40 123 138
23+ 5000 OFF 120 16.1 3.26 3.31 12.10 131 149
24 4700 OFF 245 3.5 0.89 0.99 7.30 96 165
25 4700 40 245 8.1 0.95 1.16 2.80 109 183
26 4700 60 245 19.5 0.96 1.17 2.90 126 239
27 4700 80 245 22. 1.03 1.23 2.0 125 242
28 4700 100 245 54.9 1.18 1.56 2.90 126 320
29 4700 120 245 35.9 1.18 1.58 4.12 110 234
30 4700 140 245 24.1 1.24 1.68 5.10 104 203
31 4700 160 245 10.70 1.37 1.93 6.50 88 158
* = PYM BASED ON T10% AND T7%
FDY 1000 YPM 3.5X DRAW COMMERCIAL YARN 55
FDY 4750 MPM POY 1.2X DRAW RATIO PER 4,134,882 105
HOY SPUN AT 6400 MPM PER USP 4,134,882 130
FTT/HOY PER USP 4,134,882 110
FTT/POY 3000 MPM COMMERCIAL YARN PER USP 3,772,872 S0
DRAW-RELAX-REDRAW FDY PER USP 4,134,882 115
DUY SPUN AT 4100 MPM PER USP 4,156,071 150
COMMERCIAL LOW SPEED SPUN/DRAWN STAPLE 55
UNDRAWN, CRIMPED HOY SPUN AT 6500 MPM PER USP 4,134,882 160
81
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TABLE 21

Jtem No. 1 2 3 4 5 6 7

LRV 20.9 22.5 23.9 21.8 21.4 10.0 21.0

Tm®, C 258 249 239 243 250 243 ---

Eg, % 74.2 75.8 79.0 111 115 115 116

S, % 4 5 6.7 7 5.7 6 6.7

An, x1000 S7 74 68 48 66 66 51

DDR, x1000 117 109 214 200 210 210 ---

RDDR, x1000 245 158 312 293 309 305 ---

IABLE 22

Polymer 1A 1B 2 3 4 5

RV 43.9 43.9 --- 42.5 48.1 42.7
49.7 49.7 51.1 47.5 50.7 45
55.8 55.8 --- 57.4 61.3 51.9
66.5 66.5 62.6 65.5 73.0 62.5

Eb, % 98.4 55.8 --- 113.2 96.5 75.9
101. 96.5 94.8 103 96.8 83.8
61.1 49.7 --- 92.4 73.2 95.3
102.1 43.3 97.8% 112.9 72.5 94.7

Modulus, g/d 9.9 12.2  --- 15.7 10.6 12.1
15.7 15.4 14.0 13.7 12.9 13.2
15.4 12.7  --- 13.8 l6.1 11.0
7.3 9.8 17.1 11.6 23.4 10.1

1A = 4000 mpm/66 w/ 0.075% TREN/5% MPMD

1B = 5000 mpm/66/w/ 0.075% TREN/S5% MPMD

2 = 66 w/ 3% Isophthalate/2% MPMD

3 = 66 w/ 3% Isophthalate/2% MPMD/0.075% TREN

4 = 66 w/ 5% 6T

5 = 66 w/ 4.4% 612
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WO 96/16206

ITEM NO.
Tube, C

Tc, onset C
Tc, peak C
AHe, J/g
Tm, onset C
Tm, peak C
AHp, J/g

S, %

STmax, mg/d

T(STmax), C

120

84.8

100.8

249.3

262.5

40.7

24

200

77
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135

82.3

101.0

11.2

258.5

262.2

40.9

29

200

73

150

73.6

101.4

10.2

250.5

256.5

42.5

10

360

150
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180

78.6

107.9

11.3

248.6

260

44 .3

380

177
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WHAT %8s CLAIMED IS:

1. A process for preparing spin-oriented
polyester filaments (B), that are of high boil-off
shrinkage (S) and high shrinkage power (Pg), involving
first melt-spinning a polyester polymer having a glass
transition temperature (Tg) of 40 to 80 C and a zero-shear
polymer melting point (Ty°) of 240 to 280 C at a
withdrawal speed in the range of 2 to 6 Km/min, and
quenching to a temperature below said temperature (Tg), to
form polyester filaments (A) of low shrinkage (S),
characterized by treating said filaments (A) by rapidly
heating to a treatment temperature above said temperature
(Tg) and up to [0.775(Ty° + 273)=-273]}, and then
immediately and rapidly cooling the filaments to below
said temperature (Tq) . wherein said heating and cooling
are carried out at rates sufficiently rapid to provide
filaments (B) having:

i) a residual draw-ratio (RDR) of 1.4 to 1.9,
a post yield modulus (Mpy) of less than 12 g/dd, and high
shrinkage (S) such that the value of (1-S/Sp) is between
0.25 and 0.9; where RDR is (1+100/Eg, %), Eg being the
elongation-to-break, and Sy is [(6.5-RDR)/6.5]x100%;

ii) a high maximum shrinkage tension (STpayx) ©f
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
T(STpax) between [0.65(Ty° + 273)-273] and [0.725(Ty° +
273)-273]; and

iii) a shrinkage modulus (Mg) of up to 5 g/4;
and high shrinkage power (Pg) of 1.5 to 12 (g/d)%;

and wherein said filaments (A) are characterized by:
iv) a residual draw-ratio (RDR) between 1.4 and

1.9 and low shrinkage (S) such that the value of (1-S/Sp)
is at least 0.9; and
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V) a maximum shrinkage tension (STpax) less
than 0.15 g/d at a peak shrinkage tension temperature
T(STpax) less than [0.70(Ty° + 273)-273].

2. A process according to Claim 1,
characterized in that said filaments (A) are melt spun at
said withdrawal speed and are immediately treated in a
coupled process by said rapidly heating and cooling to
provide'said filaments (B) that are wound up at a speed
between about 2 and 6 km/min.

3. A process according to Claim 1 or 2,
characterized by melt-spinning said filaments (A) from a
spinneret capillary orifice comprised of multiple segments
arranged in a configuration such as to form multiple melt
streams which are withdrawn from the spinneret into a
quench zone under conditions which cause self-coalescence
of the multiple melt streams into a filament having an
off-center longitudinal void of at least 10% by volume.

4. A process according to aﬁy of the
preceeding claims, characterized by passing said filaments
(A) over a surface of sufficient friction to provide
irregular, asymmetric filaments before they are rapidly
heated.

5. A process according to any of the
preceeding claims, characterized in that filaments (a),
having an asymmetric cross-section with one side larger
than the other, are spun through a capillary of
configuration selected to provide such asymmetric
cross-section.

6. A process according to any of the
pPreceeding claims, characterized by drawing the resulting
filaments (B) at a temperature Tp between
[0.65(Ty°+273)-273] and [0.725(TM°+273)-273] to a drawn
residual draw ratio (RDR)p between 1.2 and 1.4 under
conditions selected to maintain T(STpay) in the range
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{0.65(TM°+273) =273} and {0.725(TM°+273)~273}, shrinkage
modulus (Ms) less than 5 g/d, and (1-S/Sq) greater than
0.7; and to provide a maximum shrinkage tension (STpmay) ©of
0.3 to 0.7 g/d, shrinkage power (Pg) of 5 to 12 (g/d)% and
post-yield modulus (Mpy) less than 12 g/dd.

7. A process according to any of the
preceeding claims, characterized by draw-texturing said
filaments (B) at a draw ratio selected so as to provide a
textured yarn of residual elongation Eg 15% to 45%.

8. A process according to any of the
preceeding claims, characterized by spinning a bundle of
filaments (A) and splitting said bundle into two smaller
filament bundles, treating one of said smaller filament
bundles by said rapidly heating and cooling to provide
said filaments (B), and later recombining into a single
bundle so as to provide a mixed-shrinkage polyester
filament yarn comprising filaments (A) and filaments (B).

9. A process according to any of Claims 1 to
7, characterized in that, before said filaments (A) are
rapidly heated, they are mixed with filaments selected
from the group consisting of thermally stable polyester
filaments (A') and polyamide filaments (C') to form a
mixed-filament yarn that is treated by being rapidly
heated and cooled to provide a mixed-shrinkage filament
yarn comprising said filaments (B) and filaments selected
from the group consisting of thermally stable polyester
filaments (A') and polyamide filaments (C').

10. A process according to any of Claims 1 to
7, characterized by splitting a melt stream of said
polyester polymer into at least two, modifying the polymer
in one of the resulting split streams to change its
ability to undergo stress-induced crystallization,
spinning both the resulting modified polymer and the
polyester polymer that has not been so modified to form
filaments (A') from the modified polymer and of filaments
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(A) from such unmodified polymer at a withdrawal speed in
the range of 2 to 6 Km/min, and quenching to a temperature
below said temperature (Tg), to form a bundle of said
polyester filaments (A) of low shrinkage (S) and of
thermally stable polyester filaments (A') of low shrinkage
(S) from the said modified polymer, heating said bundle to
a treatment temperature above said temperature (Tg) and up
to [0.775 (TM° + 273)-273), and then immediately and
rapidly cooling to below said temperature (Tg), to provide
a mixed-shrinkage polyester filament yarn comprising
filaments (A') and filaments (B) , wherein said heating and
cooling are carried out at rates sufficiently rapid to
convert said filaments (A) into filaments (B)

characterized by:

i) a residual draw-ratio (RDR) of 1.4 to
1.9, a post yield modulus (Mpy) of less than 12 g/dd, and
high shrinkage (S) such that the value of (1-S/Sp) is
between 0.25 and 0.9; where RDR is (1+100/Eg, %), Eg being
the elongation-to-break, and Sp is ((6.5-RDR) /6.5]x%100%;

ii) a high maximum shrinkage tension (STpayx) ©of
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
T(STpax) between [0.65(Ty° + 273)-273] and [0.725(Ty° +
273)-2731; and

iii) a shrinkage modulus (Mg) of up to 5 g/d;
and high shrinkage power (Pg) 1.5 to 12 (g/d)%;

and wherein said filaments (A) and (A') are characterized

by:

iv) a residual draw-ratio (RDR) between 1.4 and
1.9 and low shrinkage (S) such that the value of (1-S/Sp)
is at least 0.90; and

V) a maximum shrinkage tension (STpax) less
than 0.15 g/d at a peak shrinkage tension temperature
T(STmax) less than [0.70(Ty° + 273)-273].
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11. A process according to any of Claims 8 to
10, characterized by heat-relaxing said mixed-shrinkage
filament yarn to provide a mixed-filament bulky yarn.

12. A process according to Claim 11,
characterized by air-jet texturing said mixed-shrinkage
filament yarn and heat-relaxing during or after air-jet
texturing to provide a textured yarn.

13. A process according to any of Claims 8-12,
characterized by drawing the mixed-shrinkage filament yarn
at a temperature Tp between [0.65(Ty°+273)-273] and
[0.725(Ty°+273)-273] to a drawn residual draw ratio (RDR) p
between 1.2 and 1.4 under conditions selected to maintain
T(STpax) in the range {0.65(TM°+273)-273} to
{0.725(TM°+273)-273}, shrinkage modulus (Mg) less than 5
g/d, and (1-S/Sp) greater than 0.7; and to provide a
maximum shrinkage tension (STpax) ©of 0.3 to 0.7 g/4d,
shrinkage power (Pg) of 5 to 12 (g/d)% and post-yield
modulus (Mpy) less than 12 g/dd.

14. A process according to any of Claims 8-13,
characterized by draw-texturing said mixed-shrinkage
filament yarn at a draw ratio selected so as to provide a
textured yarn of residual elongation Eg of 15% to 45%.

15. A process for preparing thermally stable
spin-oriented polyester filaments (A'), involving first
melt-spinning a polyester polymer having a glass
transition temperature (Tg) of 40 to 80 C and a zero-shear
polymer melting point (Ty°) of 240 to 280 C at a
withdrawal speed in the range of 2 to 6 Km/min, and
quenching to a temperature below said temperature (Tg), to
form polyester filaments (A) of low shrinkage (S),
characterized by treating said filaments (A) by rapidly
heating to a treatment temperature above said temperature
(Tg) and up to [0.775(Ty° + 273)-273]), and then
immediately and rapidly cooling the filaments to below
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said temperature (Tg) , wherein said heating and cooling

are carried out at rates sufficiently rapid to provide

filaments (A') having:

i) a residual draw-ratio (RDR) of 1.4 to 1.9,

5 a post yield modulus (Mpy) of less than 12 g/dd, and

shrinkage (S) such that the value of (1-S/Sp) is between

0.95 and 0.9; where RDR is (1+100/EgR, %), Eg being the

elongation-to-break, and Sp is ((6.5-RDR) /6.5]x100%;

10 ii) a high maximum shrinkage tension (STpay) of
0.15 g/d to 0.5 g/d at a peak shrinkage tension
temperature T(STpay) between [0.65(Ty° + 273)-273) and
[0.725(TM° + 273)-273]; and

15 iii) a shrinkage modulus (Mg) of 1.5 to 5 g/d;
and high shrinkage power (Pg) of 1.5 to 5 (g/d)%;

and wherein said filaments (A) are characterized by:

20 iv) a residual draw-ratio (RDR) between 1.4 and
1.9 and 1low shrinkage (S) such that the value of (1-S/Sp)
is at least 0.9; and

v) a maximum shrinkage tension (STpax) less
25 than 0.15 g/d at a peak shrinkage tension temperature
T(STpayx) less than [0.70(Ty° + 273)-273].

16. A process according to Claim 15,
characterized in that said filaments (A) are melt spun at
30 said withdrawal speed and are immediately treated in a
coupled process by said rapidly heating and cooling to
provide said filaments (A') that are wound up at a speed
between about 2 and 6 km/min.

35 17. A process for preparing spin-oriented
polyester bicomponent filaments (A'B) from a polyester
polymer having a glass transition temperature (Tg) of 40
to 80 C and a zero-shear polymer melting point (Ty°) of
240 to 280 C, characterized by splitting a melt stream of
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said polyester polymer into at least two, modifying the
polymer in one of the resulting split streams to change
its ability to undergo stress-induced crystallization,
recombining the split stream in an adjoining relationship
into a single melt stream, spinning the single melt stream
into filaments at a withdrawal speed in the range of 2 to
6 Km/min, and guenching to a temperature below said
temperature (Tg), to form polyester bicomponent filaments
(A'A) of low shrinkage (S) followed by rapidly heating
said bicomponent filaments (A'A) to a treatment
temperature above said temperature (Tg) and up to _
[0.775(Ty° + 273)-273], and then immediately and rapidly
cooling the filaments to below said temperature (Tg) .
wherein said heating and cooling are carried out at rates
sufficiently rapid to provide bicomponent filaments (A'B)
characterized by:

i) a residual draw-ratio (RDR) of 1.4 to 1.9,
and high shrinkage (S) such that the value of (1-S/Sp) is
greater than 0.7, where RDR is (1+100/Eg,%), Eg being the
elongation-to-break, and Sp is [(6.5-RDR)/6.5)x100%;

ii) a high maximum shrinkage tension (STpayx) of
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
T(STpax) between [0.65(Ty° + 273)-273] and [0.725(Ty° +
273)-273]; and

iii) a shrinkage modulus (Mg) of up to 5 g/d;
and high shrinkage power (Pg) of 1.5 to 12 (g/d)%;

and wherein said bicomponent filaments (A'A) are

characterized by:

iv) a residual draw-ratio (RDR) between 1.4 and
1.9 and low shrinkage (S) such that the value of (1-S/Sp)
is at least 0.9; and

V) a maximum shrinkage tension (STpay) less
than 0.15 g/d at a peak shrinkage tension temperature
T(STpax) less than [0.70(Ty° + 273)-273]).
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18. A process for preparing spin-oriented
polyester/polyamide bicomponent filaments (BC') that are
of high boil-off shrinkage (S) and high shrinkage power
(Pg) ,characterized by first melt-spinning bicomponent
filaments (AC') of low shrinkage (S) from a polyester
polymer having a glass transition temperature (Tg) of 40
to 80 C and a zero-shear polymer melting point (Tq°) of
240 to 280 C, and from a polyamide polymer, in an
adjoining relationship, at a withdrawal speed in the range
of 2 to 6 Km/min, and quenching said filaments (AC') to a
temperature below said temperature (Tq), followed by
treating said filaments (AC') by rapidly heating to a
treatment temperature above said temperature (Tg) and up
to [0.775(Ty° + 273)-273], and then immediately and
rapidly cooling the filaments to below said temperature
(Tg), wherein said heating and cooling are carried out at
rates sufficiently rapid to provide filaments (BC')
having:

i) a residual draw-ratio (RDR) of 1.4 to 1.9,
a post yield modulus (Mpy) of less than 12 g/dd, and high
shrinkage (S) such that the value of (1-S/Sp) is greater
than 0.7, where RDR is (1+100/Eg,%), Eg being the
elongation-to-break, and Sm is [(6.5-RDR)/6.5]x100%;

ii) a high maximum shrinkage tension (STpay) of
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
T(STpax) between [0.65(Ty® + 273)-273] and [0.75(Ty° +
273)-273); and

iii) a shrinkage modulus (Mg) of up to 5 g/4;
and high shrinkage power (Pg) of 1.5 to 12 (g/d)%;

and wherein said filaments (AC') are characterized by:

iv) a residual draw-ratio (RDR) between 1.4 and
1.9 and low shrinkage (S) such that the value of (1-S/Sp)
is at least 0.9; and
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V) a maximum shrinkage tension (STpay) less
than 0.15 g/d at a peak shrinkage tension temperature
T(STpay) less than [0.70(Ty° + 273)-273].

5 19. A process according to Claim 18,
characterized by spinning said polymers into a symmetric
sheath/core bicomponent filament relationship, with a
sheath of nylon 66 polyamide and a core of poly(ethylene
terephthalate) polyester, from melt at a polymer

10 temperature (Tp) that is 20 to 50 C above the melting
point (Ty°), and wherein the polyester and polyamide
polymers are selected to have similar melt flow
viscosities of the same order of magnitude at the polymer
temperature (Tp).

15

20. A process according to Claim 18 or 19 for
preparing symmetric sheath/core, respectively
polyamide/polyester, bicomponent spin-oriented filaments
characterized by melt-spinning such biconstituent

20 filaments from a polyamide polymer and from a polyester
polymer having a glass transition temperature (Tg) of 40
to 80 C, and a zero-shear polymer melting point (Ty°) of
240 to 280 C, in a symmetric sheath/core adjoining
relationship, at a withdrawal speed in the range of 2 to 6

25 Km/min, and quenching said filaments to a temperature
below said temperature (Tg), wherein the compositions of
said polymers and the spinning and guenching conditions
are so selected to provide both sheath and core elements
having boil-off shrinkages that are approximately the same

30 and between 3 and 30%, and to provide filaments having:

i) a residual draw-ratio (RDR) of 1.4 to 1.9,
an initial modulus (Mj) greater than 20 g/d, and shrinkage
(S) such that the value ‘of (1-S/Sp) 1is greater than 0.7,
35 where RDR is (1+100/Eg, %), Eg being the
elongation-to-break;

ii) a high maximum shrinkage tension (STpayx) ©of
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
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T(STmax) between [0.65(Ty° + 273)-273] and [0.75(Ty° +
273)-273); and

iii) a shrinkage modulus (Mg) of up to 5 g/4;
and high shrinkage power (Pg) of 1.5 to 12 (g/d)%;

21. A process according to any of Claims 17 to
20, characterized by drawing the resulting bicomponent
filaments at a temperature Tp between [0.65(Ty°+273)-273)
and [0.725(Ty°+273)~273] to a drawn residual draw ratio
(RDR)p between 1.2 and 1.4 under conditions selected to
maintain T(STpay) in the range {0.65(TM°+273)-273} to
{0.725(TM°+273)-273}, shrinkage modulus (Mg) less than 5
g/d, and (1-S/Sp) greater than 0.7; and to provide a
maximum shrinkage tension (STpay) of 0.3 to 0.7 g/d,
shrinkage power (Pg) of 5 to 12 (g/d)% and post-yield
modulus (Mpy) less than 12 g/dd.

22. Spin-oriented polyester filaments having:

i) a shrinkage (S), such that the value of
(1-5/Sp) is between 0.25 and 0.9, where Sy is
[(6.5-RDR/6.5]X100%, an elongation-to-break (Eg) between
40% and 90%, a post yield modulus (Mpy) of less than 12
g/dd, and a residual draw ratio (RDR) between 1.4 and 1.9,

where RDR is (1+Eg/100);

ii) a maximum shrinkage tension (STpax) between
0.1 g/d and 0.7 g/d at a peak shrinkage tension
temperature T(STpay) between [0.65 (Tp°)+273)-273] and
[0.725 (Tp°)+273)-273], where Tp° is the zero-shear
polymer melting point and is between 240 C and 280 C;

iii) a shrinkage power Ps of 1.5 to 12 (g/d)%
and a shrinkage modulus Mg up to 5 g/d.

23. A mixed-shrinkage filament yarn,
characterized by comprising high shrinkage filaments
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according to Claim 22, and low shrinkage filaments that
are selected from the group consisting of polyester
filaments and polyamide filaments, and having:

i) a low boil off shrinkage (S), such that the
value of (1-S/Sp) is at least 0.9, where Sm is
{(6.5-RDR) /6.5]x100%, and where RDR is (1+100/Eg,$) and Ep
is the elongation-to-break;

ii) a maximum shrinkage tension (STpay) less
than 0.15 g/g at a peak shrinkage tension temperature
T(STmax) between [0.65(Tp°)+273)-273] and
[0.70(Tp°)+273)-273)

iii) a shrinkage power Pg of less than 1.5
(g/d)% and a shrinkage modulus Mg up to 5 g/d.

24. Spin-oriented polyester bicomponent
filaments having 2 polyester components, characterized by:

i) a residual draw-ratio (RDR) of 1.4 to 1.9,
and shrinkage (S) such that the value of (1~S/Sp) is
greater than 0.7, where RDR is (1+100/Eg,%) and Eg is
elongation-to-break;

ii) a high maximum shrinkage tension (STpax) of
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
T(STpax) between [0.65(Tp°)+273)-273] and
[0.725(Ty°)+273)-273), wherein Tm’ is the weighted average
value of the zero-shear melting point of the polyester
polymers comprising the bicomponent filaments,

iii) a shrinkage modulus (Mg) up to 5 g/d; and a
shrinkage power (Pg) of at least 1.5 (g/d)%;

25. Spin-oriented bicomponent filaments having
a polyester component and a polyamide component,

characterized by:
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i) a residual draw-ratio (RDR) of 1.4 to 1.9;
and shrinkage (S) such that the value of (1-S/Sp) is
greater than 0.7, where RDR is (1+100/Eg, %), and Eg being
the elongation-to-break, and Sy is ((6.5-RDR) /6.5]x100%;

ii.) a high maximum shrinkage tension (STpay) of
0.1 g/d to 0.5 g/d at a peak shrinkage tension temperature
T(STpax) between [0.65(Tp°)+273)-273] and
(0.75(Tp°)+273)~-273), where Tp® is the polymer zero-shear
10 melting point of the polyester component.

iii) a shrinkage modulus (Mg) up to 5 g/d; and a
shrinkage power (Pg) of at least 1.5 (g/d)%
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