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16 CFR Part 303 -- Textile Rule 8 DuPont Comment -- P948404

To:  Office Of The Secretary - Federal Trade Commission

From: Nan Ya Plastics Corporation, America

Re:  Opposition To Establishment of Elastrell-P Generic Subclass

Introduction

Nan Ya Plastics Corporation, America ("Nan Ya") is a leading U.S. manufacturer of
polyester for the packaging and textile industries. Its main products include polyester textile and
bottle chips, staple fiber, and various yarns. As such, Nan Ya is a direct competitor of DuPont in
the area of polyester fibers. Nan Ya believes that granting of the DuPont petition to adda
generic subclass named "elastrell-p" would be contrary to the aims of the Textile Products

Identification Act and to the interests of consumers, and would provide DuPont with an unfair

competitive advantage.

The DuPont Proposal

DuPont has petitioned the Commission to establish the generic name "elastrell-p" as an
alternative to, and a subclass of, "polyester" by the addition of the following sentence to the

current definition of polyester in Rule 7(c) to define T400 and similar fibers as a subclass of

polyester:

"Where the fiber is a multicomponent and exhibits inherent (not mechanically induced)
recoverable stretch of at least 35% upon loading with 185 mg/dtex and unloading to 5.4 mg/dtex
when tested in accordance with ASTM test D6720, the term "elastrell-p” may be used as a

generic description of the fiber."



In support of its petition, DuPont states that its T400 fiber is an inherently elastic,
bicomponent, manufactured textile fiber consisting of two substantially different forms of
polyester fibers. DuPont contends that the fibers have stretch and recover power superior to
textured fiber, superior stretch and recovery properties, and a softer "silkier" feel or "hand" than

textured polyester fibers.

DuPont alleges that the T400 fiber will fill a growing and unmet demand for stretch

garments, and that it would be confusing to consumers if T400 is called simply "polyester."

The DuPont Fiber Is Not Sufficiently Unique to Merit A Separate Generic Subclass

An inherent characteristic of bicomponent fibers, whether manufactured in a sheath and
core configuration, or a side-by-side configuration, is the fact that the fiber assumes a spiral
crimp due to differences in the characteristics, primarily relative viscosities, of the different
polymers. The fiber retains a memory so that the fiber is inherently elastic, tending to return to
its original coiled configuration upon release of stress. To produce elastic bicomponent fibers
having characteristics adapted to their particular end use, the manufacturer controls the chemical

compositions of the two components, and the conditions under which bicomponent fibers are

produced.

Various bicomponent fibers, including bicomponent fibers in which both components are
polyester, have been known in the textile industry since the early 1970s. To illustrate, U.S.
Patent No. 3,671,379, issued June 20, 1972 to DuPont, based on an application originally filed
on July 24, 1964, describes the preparation of bicomponent filaments in which both components

are polyester. The '379 patent states that the filaments are useful in the manufacture of leotards,



swimwear, and fabrics where a high power of recovery from stretch is desirable. Test results

show a stretch as high as 148% with a stretch recovery of 97%.

As a further illustration, a recent patent to Toray Industries, Inc., U.S. Patent No.
6,306,499, issued October 23, 2001, also describes the production of bicomponent filaments in
which both components are polyester. The yarns are specifically designed so that the resistance
to yam stretch is low, while the recovery from stretch is high. The stretch recovery is said to be
at least 60%, and preferably at least 70%. The yarns are used in textile materials including

blouses, one-piece costumes, sportswear, etc. Copies of the DuPont and Toray patents are

enclosed.

Bicomponent yarns in which both components are polyester are currently manufactured
by several companies, including DuPont, KOSA, Fiber Innovation Technology, Inc., and Nan
Ya. Polyester side-by-side bicomponent fibers manufactured by Nan Ya are sold for use in
women's garments. These garments, dependihg on the particular fiber and the garment

construction, have an elastic stretch and recovery in the range of 15% to 35%.

What may be unique about DuPont's fiber is the composition of the particular polyester
polymers selected for the components, perhaps coupled with specific spinning and heat treatment
conditions, to produce a polyester bicomponent fiber that exhibits properties especially suitable
for use in stretch garments. However, these conditions, which may even be deemed patentable
under the patent laws, result in a polyester bicomponent fiber with some properties that differ

only in degree from the properties of other polyester bicomponent fibers, and not in a fiber that is

worthy of being designated by a unique generic subclass.



In fact, since manufactured fibers generally have different properties developed by the
manufacturer to meet different market niches, numerous fibers would qualify for their own
subclass designation under the DuPont rationale. A manufacturer of a given fiber would only
need to craft a set of parameters that described the particular fiber. Thus, any manufacturer ofa
polyester textile fiber, whether or not a bicomponent fiber, that had definable characteristics
especially suitable for a particular textile application could equally argue that the fiber was
entitled to a unique subclass. In fact, the same rationale equally applies to all textile fibers, and
not just to polyester fibers, potentially resulting in a flood of petitions for special designations. If
the standards proposed by DuPont were applied to all petitions, numerous new subclasses could

result, effectively destroying the value to the consumer of the current designation system.

The Unfair Advantage To DuPont Of The Requested Designation

DuPont alleges in its petition that the purpose of the proposed designation will be to
avoid consumer confusion. In fact, the real value of the unique designation, if granted, could be

to give DuPont a heretofore-unavailable competitive advantage.

When a manufacturer develops a new fiber, the manufacturer normally seeks patent
protection for the product and/or its process of manufacture. When marketing the product, the
manufacturer designates the product by a unique trademark and spends significant funds in
establishing a relationship in the mind of the consumer between the trademark and the unique
properties of the product, motivating the consumer and any intermediate processors to purchase

the particular fiber from the manufacturer.

Based on the availability of published applications, and taking into account the fact that

DuPont is one of the leading patentees in the United States (acquiring over 1700 U.S. patents in



the last five years) there is no doubt that DuPont intends to protect its "unique” fiber and the

process of its manufacture as extensively as possible. It would not be coincidental if at least

some of the pa

subclass. If so, DuPont's patent protection would prevent other manufacturers from making or

selling any fiber falling within the new subclass.

Thus, DuPont would enjoy a unique niche, being the only manufacturer that can sell a
polyester fiber under the "elastrell-p" designation. The resulting competitive advantage to
DuPont should be apparent. Instead of spending substantial marketing funds and time to
establish a new fiber trademark, DuPont could simply emphasize the "elastrell-p" name in its
labeling and advertising. No requirement for even a designation of the fiber as a "polyester"
fiber would be required. No doubt, DuPont would not allow the consumer to overlook the fact

that the name "elastrell-p" was a special designation granted by the U.S. government for its

"unique" fiber.

Coupling of a proprietary trademark with the "elastrell-p" subclass name would permit
DuPont to extend the advantage beyond the monopoly period afforded by patent protection.
After approximately two decades of DuPont’s exclusive sale of unique "elastrell-p" fiber under a
particular trademark, the consumer will come to refer to the fiber subclass by DuPont's

trademark. One need look no further than "Dacron” to find an analogy.

Adoption Of the New Subclass Would Create Consumer Confusion

It is respectfully submitted that consumers rely on the fiber designations primarily as a
way to identify characteristics of the fiber that is attributable primarily to the chemical structure

of the fiber. Thus, in the case of a fiber designated as a "polyester” fiber, the consumer expects



the fiber to exhibit such properties as stain resistance, chemical resistance, wrinkle resistance,

abrasion resistance, good wicking properties, etc. Use of the designation "elasterell-p" for a fiber

that is essentially a polyester fiber will cause confusion, instead of avoiding it as DuPont alleges.

Further confusion would be caused by the fact that manufacturers producing polyester
bicomponent fibers with characteristics only slightly outside of the parameters proposed by
DuPont, whether to achieve other desired properties or to avoid patent infringement, would be
required to call their product "polyester" fibers, and would not be permitted to use the "elastrell-
p" designation. The end result would be that polyester bicomponent fibers with sirﬁilar
characteristics would be sold to consumers by different manufacturers, but only DuPont would
have the competitive advantage of identifying its product with the governmentally sanctioned

"elastrell-p" designation.

Consumer confusion could result even if DuPont does not obtain patent rights that would
prohibit competitors from using the "elastrell-p" name. Other manufacturers may wish to
produce products that fall within the proposed definition, and continue to refer to the yarns as
"polyester" yarns to inform the consumer of the properties of the yarns. Thus, the consumer

could be faced with essentially identical products, one called "polyester" and the other called

"elastrell-p."

Nan Ya Proposal

When DuPont's arguments and unsupported allegations are stripped away, the fact
remains that DuPont's fiber is simply a bicomponent fiber in which both components are

polyester. Such fibers are fully covered by existing regulations, since the chemical composition

of the fiber is within the definition of "polyester” in § 303.7(c).



sed by DuPont for a fiber that

differs only in degree from other commercial bicomponent fibers is opposed for reasons stated
above. However, it is recognized that there would be a value to the consumer if the consumer
was informed that bicomponent fibers possessed, in addition to the properties associated with

"polyester” fibers, additional properties associated with their bicomponent structure, in particular

their inherent elasticity.

Existing regulations covering bicomponent fibers, called "biconstituent fibers" or
"multiconstituent fibers," are found in § 303.10(c). However, this section of the regulations
currently only addresses bicomponent fibers in which the two components fall within different
existing definitions of textile fibers set forth in § 303.7. Thus, for example, a bicomponent fiber
in which one component was nylon and the other polyester, could be designated as 100%
biconstituent fiber (65% nylon, 35% polyester). However, bicomponent fibers in which both

components are of the same fiber composition are not addressed.

Nan Ya proposes expansion of § 303.10(c) to include bicomponent fibers in which the
two components are of the same fiber, e.g., a bicomponent fiber in which one component is of
one polyester and the other component is of different polyester. With this modification, fibers of
the type proposed by DuPont could simply be designated as "polyester bicomponent fibers,"

thereby advising the consumer of the fibers "polyester” characteristics, as well as of its

bicomponent characteristics.

At the same time, since no manufacturer would have a monopoly over polyester
bicomponent fibers generally, all polyester fiber manufacturers will be placed on an equal

footing. Specifically, no single manufacturer will be permitted to have the sole right to sell a



fiber within a unique subclass. Instead, all manufacturers will continue to compete, using the

~congressionally mandated intellectual property tools of the patent and trademark laws.

Respectfully submitted,

& —-/2 -v2 7
Jung-Shung Tseng

Assistant Vice President

Nan Ya Plastics Corporation, America

April 12, 2002
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3,671,379
COMPOSITE POLYESTER TEXTILE FIBERS

Evan Franklin Evans, Kinston, and Norwin Caley Pierce,
Greenville, N.C., assignors to E. I. du Pont de Nemours
and Company, Wilmington, Del.

Continuation-in-part of application Ser. No. 747,420,
July 10, 1968, which is a continuation-in-part of appli-
cation Ser. No. 611,314, Jan. 24, 1967, which is a
continuation-in-part of application Ser. No. 462,992,
June 10, 1965, which in torn is a continuation-in-part
of application Ser. No. 384,831, July 24, 1964. This
application Mar. 9, 1971, Ser. No. 122,316

Int. C1. D02g 3/02

US. CL. 161—173 18 Claims

ABSTRACT OF THE DISCLOSURE

Helically crimpable and crimped bicomponent filaments
comprising a laterally eccentric assembly of at least two
synthetic polyesters. At least one of the components is
a partly crystalline polyester in which the chemical repeat-
units of its crystalline region are in a non-extended stable
conformation that does not exceed ninety percent of the
length of the conformation of its fully extended chemical
repeat-units and is generally on the inside of the crimp
helices formed when the assembly crimps, while at least
one other polyester component is partly crystalline and
the chemical repeat-units of the crystalline region more
closely approach the length of the conformation of its
fully extended chemical repeat-units. Yarns, fabrics, and
the like produced from these filaments have a wide range
of end uses.

CROSS REFERENCES TO RELATED
APPLICATIONS

This is a continnation-in-part of our copending appli-
cation Ser. No. 747,420, filed July 10, 1968, now aban-
doned, which in turn is a continuation-in-part of our co-
pending application Ser. No. 611,314, filed Jan. 24, 1967,
now abandoned, which in turn is a continuation-in-part
of our application Ser. No. 462,992, filed June 10, 1965,
now abandoned, which in turn is a continuation-in-part
of our application Ser. No. 384,831, filed July 24, 1964,
now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to self-crimpable and crimped
composite synthetic filaments and, more specifically, to
such composite filaments which have the potential for
development of a broad range of desirable crimp prop-
erties.

It is frequently desirable in applications of synthetic
fibers to attain a degree of stretchability not inherently
characteristic of fabrics made therefrom. In the past such
stretchability has usually been attained by incorporation
of an elastomer, such as natural rubber or a synthetic
rubber, into the fabric structure. This alters tactility
markedly and increases the weight of the fabric. Fabrica-
tion of woven, light-weight fabric with a useful degree of
stretch has heretofore been impractically expensive. It
is true that synthetic fiber yarns which have artificially
induced crimpiness have some stretchability, but this has
invariably been either of minor degree and of low re-
covery power and rate or so limited by twist-liveliness as
to have no practical utility in light-weight flat fabrics.
Such yarns may have, for example, either mechanically
induced crimpiness, heat-set twist or spontaneous crimp-
ability based on a bicomponent structure of the type
more fully described below. Crimping confers bulkiness
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but little practical stretch; yarns which have been twisted,
heat-set and untwisted can yield fabrics having some
stretch, but twist-liveliness of such yarns inevitably leads
to curling or crepiness unless they are crimp-set in a
separate operation or suitably plied to balance the in-
herent twist-liveliness, which process limits the utility of
such a yarn to heavier weight woven fabrics.

Composite bicomponent filaments comprising two or
more synthetic components which components differ in
their ability to shrink, in an intimately adhering, coexten-
sive relationship that is eccentric over the cross-section of
the filament are known in the art. In U.S. Pat. No. 2,931,-
091, for example, it is shown that two condensation poly-
mer components which differ in shrinkability can be co-
spun, in either eccentric sheath-core or side-by-side rela-
tionship. Such a filament crimps helically when subjected
to shrinking conditions in an essentially tensionless state,
the number of crimps-per-inch being directly related to
difference in shrinkage between components. Such crimp
is useful in providing bulk and resilience in fabrics, stuff-
ing materials, etc. However, bicomponent filaments have
been severely limited in their ability to crimp against a
restraining load such as that encountered in woven fabrics
and lose very substantially in their ability to crimp when
the fiber has been annealed to low shrinkage.

SUMMARY OF THE INVENTION

The present invention provides helically crimpable and
crimped filaments comprising a laterally eccentric as-
sembly of at least two synthetic polyesters, the first of
said two polyesters being partly crystalline in which the
chemical repeat-units of its crystalline region are in a
non-extended stable conformation that does not exceed
90 percent of the length of the conformation of its fully
extended chemical repeat-units and which assumes a
position on the inside of the crimp helices formed when
the assembly crimps, the second of said two polyesters
being partly crystalline in which the chemical repeat-units
of the crystalline region are in a conformation more
closely approaching the length of the conformation of its
fully extended chemical repeat-units than the first defined
polyester.

The composite filament defined in the preceding para-
graph provides a synthetic multi-component filament
which is capable of developing a high degree of helical
crimp against the restraint imposed by high-thread-count
woven structures, which crimp potential is unusually well
retained despite application of elongating stress and high
temperature. It further provides a synthetic composite
filament which surprisingly increases, rather than de-
creases, in crimp potential when annealed. It still further
provides aesthetically pleasing fabric structures compris-
ing such filaments which range from light-weight, flat
fabrics with good stretch, stretch recovery and stretch
power to bulky, wool-like staple fibers and low-stretch
novelty fabrics which may exhibit crepe. It also provides
a route to flat, continuous-filament or staple-containing
fabrics of durable stretchiness without the problems as-
sociated with twist-lively yarns.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, transparent view of a spinneret
plate of the post-coalescence type;

FIG. 2 is a side view of cooperating channels in a
spinneret assembly;

FIG. 3 is an enlarged view showing the face plate
opening of channels of the type of FIG. 2; and

FIGS. 4, 5 and 6 are cross-sections of some of the
type filaments that can be produced in this invention.
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: 3
DESCRIPTION OF THE INVENTION

The critical limitation in the composite filaments of this
invention is the character of the two polyesters that must
be present, namely, that the chemical repeat-units in the
crystalline regions of one polyester must be in a non-
extended stable conformation that is 90% or less of the
length of the conformation of its fully extended chemical
repeat-units, and the chemical repeat-units in the crystal-
line region of the other polyester must be in a conforma-
tion more closely approaching its fully extended con-
formation. These crystallinity requirements are met be-
cause they are a physical or structural characteristic of
the special polyester that must be present. If should be
understood that the term “partly crystalline” as used in
defining the filaments of this invention serves to eliminate
from the scope of the invention the limiting situation of
complete crystallinity wherein the potential for shrinkage
would disappear. Hence, the amount of crystallinity, de-
fined by the term “partly crystalline,” has a minimum level
of only the presence of some crystallinity (i.e., that which
is first detectible by X-ray diffraction means) and a
maximum level of any amount short of complete crystal-
linity.

Although this invention is directed to composite fila-
ments which contain at least two synthetic polyester com-
ponent filaments as described above, it is preferred that
the composite filaments are bicomponent filaments in
which the two components are the aforedescribed poly-
esters. Since it is these two components that are the critical
elements in the filaments of this invention, such filaments
will be discussed hereinafter primarily in terms of bicom-
ponent filaments,

Before entering into a detailed discussion of the manner
in which the two polyester components behave to achieve
the crimpable or crimped bicomponent filaments compris-
ing them, it should be pointed out that the term “laterally
eccentric” as used herein is used in its commonly accepted
connotation in the field of bicomponent filaments. Thus,
the two polyester components are spun together in such
a manner that each componpent forms, over the cross-
section of the single bicomponent filament, a distinct zone
which extends throughout the entire length of the fila-
ment in eccentric fashion, whereby only one, or part of,
or all of the components take part in forming the surface
of the single bicomponent filament. Thus, in one embodi-
ment, the two components will be present in substantially
constant ratio in the filament cross-section; while in an-
other embodiment each component may vary in its cross-
sectional ratio. The components may be in an eccentric
sheath-core relationship, but, preferably, they will be pres-
ent in the bicomponent filaments in a side-by-side relation-
ship, such as is described in U.S. Pat. 2,931,091,

‘Thus, it is seen that the spontaneous crimping of the
bicomponent filament is the result of differential changes
in the length of the two polyester components which arise
from a difference in the degree of their respective retrac-
tion after draw or their shrinkage after subsequent heat
treatment or both.

Although the reason for the differential changes in
length is not fully established and the invention should not
be limited by a theoretical consideration, the discussion
which follows may assist in understanding the invention.
The differential in the changes in length of the two critical
polyester components arises from the difference in the
crystalline structure of the two polyesters, and it is be-
lieved that if an oriented polymer crystallizes in an ex-
tended conformation (as do most polyesters), i.e., one in
which the conformation of the chemical repeat-units in
its crystalline region closely approaches that of its fully
extended chemical repeat-units, as the polymer crystallizes
in the oriented state, repeat-units are transferred from a
noncrystalline region of the polymer to a crystalline region
and the orientation of units remaining in the noncrystal-
line region becomes less. Potential ability to shrink is
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greater for fibers with more highly oriented noncrystalline
regions than for fibers with lower orientation in the non-
crystalline regions. Thus, the partially crystalline “ex-
tended-type” polymer loses potential ability to shrink as
it continues to crystallize. If, on the other hand, the ori-
ented polymer is one whose chemical repeat-units crystal-
lize in a nonextended conformation, i.e., one in which the
length of the chemical repeat-units of its crystalline re-
gion is shorter than that of its fully extended chemical
repeat-units, then, during crystallization in the oriented
state, as repcat-units are transferred from a noncrystal-
line region of the polymer to a crystalline region, the ori-
entation of units remaining in the noncrystalline region
becomes greater. Thus, further crystallization of such a
“nonextended type” polymer results in a higher tendency
to sbrink upon relaxation.

From the foregoing discussion, it is seen that if a bicom-
ponent filament is composed of the “extended-type” poly-
mer and the “nonextended type” polymer in a laterally
eccentric relationship, the difference in the conformation
of their chemical repeat-units in the crystalline regions
will result in the crimpable and crimped filaments of this
invention. Maintenance of this differential shrinkage and
retraction potential between the components of the fila-
ment requires geometrical stability in the crystalline chemi-
cal repeat-units of the high-shrinkage component, except
for those rearrangements necessary to shrinkage. Other-
wise, the potential energy required for crimping may be
dissipated by molecular rearrangements to a more stable
crystalline state (of lower shrinkage). In other words,
when under stress, a partial disruption of the conforma-
tion of the crystalline region may occur which causes a
rearrangement to a conformation in which the chemical
repeat-units are in a more extended conformation. Thus,
the term “stable” as used herein is meant that the non-
extended chemical repeat-units of the crystalline region
do not undergo an irreversible loss of dimensional re-
covery potential, i.c., they revert back to substantially
their original “nonextended” conformation upon the re-
lease of the stress and with the application of heat.

It is also seen from the foregoing discussion that the
unusual properties of the bicomponent filament of this
invention will be fully realized if the overall orientation
of the high-shrinkage component (i.e., the “nonextepded”
component) in its uncrimped amorphous state is greater
than its orientation in its partially crystalline conforma-
tion. Orientation of the synthetic fiber may be accom-
plished in either or both of two ways: (1) by withdrawing
the solidifying filament from the spinneret at a rate higher
than its extrusion velocity, and (2) mechanical stretch-
ing of the solidified filament.

It is sometimes desirable, particularly when maximum
crimp development is desired, that the high-shrinkage
component be more highly oriented. It is obvious that
the mechanical stretching step imparts the same draw
ratio to both components and is therefore not highly ef-
fective in establishing an advantage in orientation for the
high-shrinkage component. To insure that the advantage
in orientation is accomplished, it is sometimes desirable
that the high-shrinkage component be more highly or-
iented during spinning. This can be done by using a higher
molecular weight (higher melt-viscosity) polymer for
the high-shrinkage component. This same effect can be
realized, however, by suitable use of melt-viscosity modi-
fiers in one component, and such process variations are
within the scope of this invention.

The use of a polyester which crystallizes in a non-
extended conformation as the high-shrinkage component
of the bicomponent filament provides substantial advan-
tages over a combination of polymeric components
which shrink unequally due to another difference such
as in molecular weight, tensile recovery, glass transition
temperature, etc. While the composite fibers known in
the art possess differing degrees of potential shrinkability
among components as a result of variations in response
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of the components to manufacturing conditions employed,
in no instance has such difference been found completely
retained or, more strikingly, enhanced by stress and/or
high temperature, as is the case with the composite fila-
ments of this invention. A particularly advantageous prop-
erty of the bicomponent filaments of this invention is
their ability to crimp against a restraining load imposed
by woven fabrics made therefrom. Stretchability and re-
covery from stretch can be adjusted over a wide range by
choice of process variables as will be shown below.

Accordingly, and subject to the critical crystalline con-
formation requirements, it is apparent that the composite
bicomponent filaments of the present invention can be
composed of any number of any of the polyesters including
polyester copolymers, that can be readily melt spun. It is
especially preferred that the more extended polyester have
the chemical repeat-units in its crystalline region in a con-
formation that is 95% or more of the length of the confor-
mation of its fully extended chemical repeat-units. Suitable
polymers can be found for instance, among the fiber-form-
ing polyesters which are described in U.S. Pats. Nos.
2,071,250, 3,018,272, and 2,465,319, and various articles
such as Wilfong, J. Polymer Science, 54, 385-410 (15960).
“Non-extended” polyesters that are preferred (i.e., those
that exhibit the critical shortened chemical repeat-units in
their crystalline regions) are poly(trimethylene terephthal-
ate), polytetramethylepe terephthalate), poly(trimethyl-
ene dinaphthalate) (trimethylene dinaphthalate through-
out the application means trimethylene 2,6-dinaphthalate),
poly(trimethylene bibenzoate), copolymers of the above
with ethylene sodium sulfoisophthalate, and selected poly-
ester ethers. Poly(ethylene terephthalate), poly(cyclohex-
yl1 1,4-dimethylene terephthalate), copolymers thereof, and
copolymers of ethylene terephthalate and the sodium salt
of ethylene sulfoisophthalate are the preferred polyesters
for the other (more extended) component, but other poly-
esters such as the corresponding copolymers of ethylene
terephthalate containing sebacic acid, or isophthalic acid
as well as those containing recurring units derived from
glycols with more than four carbon atoms in the chain
can be used as well.

When ethylene sodium sulfoisophthalate is used in co-
polymerized form as one component of a copolyester, it
is preferably the minor component, i.e., present in amounts
of less than 5 mol percent and preferably present in
amounts of about 2 mol percent.

The conformation of the chemical repeat-units in the
crystalline region of a number of polymers have been
deduced from X-ray and model data.

Table 1 gives the extended chemical and the crystalline
repeat unit distances for a number of polyesters.

TABLE 1
Repeat-distance (A.)}
Fully
extended Crystalline Percent
Polymer repeat-unit chemical chemical extended
Ethylene terephthalate ___ .. ____. 10.0 10,7 08
Trimethylene terephthalate____._.. 324.4 2182 78
Tetramethyleno tercphthalato ... 13.4 11.7 87
Trans-Cyclohexanedimethylene
terephthalate............ 14.7 14.2 97
Ethylene 2,6-dinaphthalate 13.4 13.1 98
Trimethylene dinaphthalate__ 14.5 1.6 79
Trimethylene bibenzoate........._. 16.6 13.3 80
1,3-Cyclobutane dimcthylono
terephthalate. ..o oacmnaanna 14.3 13.4 94
1,3-Cyclobutane dimethyleno
bibenzoate. - oo iiiaanann 18.6 18 97

! Repeat-distance=length of repeat-unit.
2 Two units.

Determinations of this nature are accomplished as fol-
lows: Measurement of the “Percent extended” parameter
is done as follows (the order of steps A and B is im-
material):

Step A.—Measurement of crystalline repeat-distance

A parallel bundle of oriented and partly crystalline
fibers is mounted in an X-ray beam with the fiber axis
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perpendicular to the beam. A flat photographic film is
placed in and perpendicular to the X-ray beam at a dis-
tance of a mm. from the fiber array on the opposite side
from the X-ray source. The film js suitably exposed and
developed to show a “fiber pattern” consisting of a family
or more-or-less complete hyperbolae with its axis parallel
to the fiber axis, i.e., on the so-called meridian. The dis-
tance on the film along this line from the primary-beam
image to each hyperbola is measured and designated ey,
n being the ordinal number of the layer line counting
away from the equator as zero. The diffraction angle un
is defined as my=tan—le,/a. The identity period (Crystal-
line Repeat) is then simply calculated from

nA
sin ug

IP.=

where \ is the wavelength of the X-rays used. The above
notation follows G. L. Clark, “Applied X-rays,” McGraw-
#Hill, New York (1955), p. 401. The patterns from vari-
ous polymers and particular values of ey, of course, differ.

Step B.—Measurement of fully extended chemical
repeat-distance

A molecular model of the polymer in question is made
from a “Dreiding” scale model kit manufactured by W.
Buchi, Flawil, Switzerland. The interatomic bonds along
the chain are totated so as to give the longest straight
length along the molecular chain. The distance from any
nucleus in the chain to the corresponding nucleus in the
next repeat-unit is measured, converted to apgstrom units,
and designated the Chemical Repeat of the polymer.

Step C.—Calculation of percent extended

The Crystalline Repeat Distance from Step A (which
is in angstrom units) is divided by the length calculated
from measurements in Step B. The result is multiplied by
100 to give the percent extended.

If the result of Step C is greater than 100%, obviously
the crystalline chemical repeat-unit consists of more than
one chemical repeat-unit. The actual number can some-
times be estimated from geometrical considerations or
from a more detailed analysis of the X-ray pattern. Since
the crystal repeat must be an integral number of chemical
repeats, assigning one chemical repeat therefore gives the
maximum possible extension; if there are two chemical
repeats, the percent extension would be halved, etc.

The art of preparing composite filaments is well de-
veloped and reference may be made to techniques already
known for application to the composite filaments of this
invention. A partial list of U.S. patents that may be re-
ferred to for this purpose includes Breen, 2,987,797;
Radow et al., 3,039,174; Breen, 3,038,236; Taylor, 3,038,-
237; Breen, 2,931,091; and Zimmerman, 3,038,235. In ad-
dition, the various spinnerets described in those references
as well as the manner of using them may be used in this
invention. Others can, of course, be employed.

Referring now to FIGS. 1, 2 and 3, two polyester melts
are separately metered (by means not shown) into the two
rings of holes designated as 1 and 2, in FIG. 1, in spin-
neret 4. A sealing means (not shown) prevents mingling
of the two melts at the back face 3 of spinneret 4. The two
melts flow through individual channels 5 and 6 to the front
face 7 of spinneret 4 where they merge into a side-by-side
composite filament as they leave the spinneret assembly.
The molecular weight of the polyesters used may vary
widely and generally will be in the range conventionally
employed in the synthetic fiber art. The filament general-
ly is withdrawn from the spinneret at a speed that attentu-
ates the filament, and is thereafter drawn. The conditions
applied for drawing the spun composite filaments of this
invention may vary in wide limits. In addition to the proc-
esses of drawing described in some of the examples given
hereinafter, a hot pin may be used, or the yarn may be
passed over heated rolls, as additional examples. In gen-
eral, the precise amount of draw is established by use of
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feed and drawing rolls which are driven at the appropriate
differential in speed, care being taken to assure that the
yarn doeso’t slip on either. Two methods for assuring
positive control of speed which are appropriate for feed-
ing to or withdrawing from a drawing zone are described
in U.S. 3,101,990.

Also, the temperatures at which the composite filaments
are drawn may vary in wide limits and depend mostly
upon the properties of the polyesters forming the com-
posite filament and of the final desired results. As is the
case in the production of conventional unitary filaments,
the preferred drawing temperatures for the composite fila-
ments of this invention may vary between room tempera-
ture and slightly elevated temperatures; for example, tem-
peratures of about 100° C. or somewhat higher, may be
used. Since in the present invention combinations of at
least two different polyesters are employed, the specific
drawing characteristic of each material should be con-
sidered in order to obtain best results. Drawing tempéra-
tures which are lower than the glass transition temperature
(Tg) of the several components may be employed where
a separate plasticizing step is provided. Moreover, if de-
sired, the drawing and subsequent heat treatment may be
coupled in a continuous process to obtain the desired
orientation and crystallization.

To obtain maximum crimp properties, the filaments
should be crystallized by heating under conditions where-
in no shrinkage can occur. In other words, the crystal-
lization is effected under conditions of tension which at
least equal the forces developed in the filaments during
the treatment. Crystailization or length stabilization of the
filament components can therefore be accomplished by a
heat treatment, i.e., an annealing treatment, of the taut
filament. Only a short period of time at the annealing tem-
perature is needed, for example, only a fraction of a sec-
ond. Extended annealing times are not deleterious, and
may be advantageously employed in some instances as will
be shown. In the examples given hereinafter, the term
“annealing” indicates that the yarn was exposed to the in-
dicated temperature for about 0.1 to 0.5 second while held
at constant Iength unless otherwise indicated.

The filaments as produced upon annealing may be used
as such and crimp may be developed in the ultimate prod-
uct. Alternatively, all the crimp may be developed first,
and the crimped product then used, or it may partially be
developed prior to use with additional crimp being de-
velopable in fabric form. Any conventional hot relaxing
step such as a relaxed scour, known in the art, may be
employed to develop the characteristic helical crimp.

As will be shown hereinafter, it is desirable for certain
end uses, and particularly with staple fibers, to limit the
crimp to less than the maximum obtainable. This can be
accomplished in a variety of ways, including heat treat-
ment under conditions permitting some relaxation. A pre-
ferred procedure for the production of staple fibers of this
invention, i.e., short filaments, for use in spun yarn de-
signed for use in knitted fabrics is to permit the drawn
filaments to relax at an elevated temperature, e.g., 130—
150° C., to develop a somewhat higher level of crimp
than desired and then stretch the filaments slightly at room
temperature followed by heating in the stretched state at
a temperature appreciably higher than the temperature at
which the crimp was developed, the degree of stretching
being adjusted to give the desired level of crimp in the final
product.

The temperature applied in either taut or relaxed treat-
ments should generally be higher than the apparent
minimum crystallizatiou temperature of the higher
shrinkage component. The apparent minimum crystal-
lization temperature is defined as the lowest temperature
at which the fiber may be heated to produce a substantial
degree of crystallinity in its structure and is well known
or can easily be determined for each polymer. A con-
venient method for determining the apparent minimum
crystallization temperature (Ti) is described, e.g., in
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U.S. 2,578,899. Preferably, however, the apparent mini-
mum crystallization temperature is determined by X-ray
diffraction measurements on samples of filaments which
have been drawn in cool water to prevent crystallization
and which have been subjected to taut heat treatment at
progressively increasing temperatures. X-ray diffraction
patterns are suitably made using a Warhus camera, such
as described by Statton, W. O., “Polymer Reviews,” vol.
6, Chapter 6, Interscience Publishers, New York, N.Y.
(March 1964). The degree of crystallinity may be judged
by direct examination of the diffraction pattern or from
radial densitometer traces along the equator of the X-ray
diagram. Such a trace will show distinct peaks for fibers
having a well-developed crystalline structure whereas
with an amorphous structure or with very low degrees of
crystallinity the peaks cannot be resolved. The apparent
minimum crystallization temperature by this method is
the minimum temperature of heat treatment at which a
definite crystalline structure is detectable from direct
examinatién of the X-ray diagram or at which distinct
peaks are observable in the densitometer trace.

The important characteristic of those polyesters having
the crystalline repeat distance 90% or less of the fully
extended repeat distance that largely contributes the en-
hanced and highly unusual properties of the composite
filaments of this invention is the effect on crimpability of
heating at constant length. For the composite filaments
known heretofore, heat treatment at constant length
tended to destroy, or at least lessen, crimping character-
istics, For the composite filaments of this invention, such
heat treatment enhances the crimping characteristic, since
the shrinkage differential of the two components will
ordinarily be greater after the taut heat treatment than
before.

It might sometimes be desirable to spin a bundle of
filaments which comprises composite filaments contain-
ing the polyester components in various ratios through
one and the same spinneret; for example, a bundle of
two-component composite filaments which comprises
filaments consisting of 20% by weight of the higher
shrinkage component and 80% by weight of the other,
a 30%/70% ratio, a 40% /60% ratio and a 50%/50%
ratio, respectively. Such filament bundles containing
composite filaments with various ratios of components
can very conveniently be produced by utilizing the spin-
neret which is shown in FIGS. 6 and 7 of the U.S.
Patent to Breen 3,118,011. As a generality and without
regard to the type composite filament being produced, the
nonextended component usually comprises 20 to 80%
of the composite and the other components comprise the
remainder. The denier of the resulting product will be
that usvally produced in this general art, and is not of
significance to the invention.

The invention will be described further in conjunction
with a series of examples. In the examples, except as
otherwise indicated, the terms employed in evaluating
polymers and fibers have the following meanings:

Relative viscosity refers to the ratio of the viscosity
of a solution of which 100 ml. contains 10 grams of
polymer in a solvent of 10 parts of phenol and 7 parts
of 2,4,6-trichlorophenol (by weight) to the viscosity
of the solvent itself, both measured at 25° C., using a
capillary viscometer and expressed in the same units.

Intrinsic viscosity is defined as the limit of the fraction

In (r)
c

as concentration ¢ approaches zero, where r is the rela-
tive viscosity as defined above, except that the relative
viscosity is measured at several conventrations to facili-
tate extrapolation to zero concentration, and the solvent
employed in this measurement is a mixture of three
parts of methylene chloride and one part of trifluoro-
acetic acid (by weight). A more detailed discussion of
methods of measuring relative and intrinsic viscosities is



given in Preparative Methods of Polymer Chemistry,
Sorenson & Campbell, Interscience, 1961.

Skein shrinkage is determined by the following
procedure:

(1) From the known denier of the yarn, calculate the
number of turns of a skein reel required to achieve a
skein with a denier of 1500 (167 tex.) (the circumfer-
ence of the reel may be any convenient length), using the
formula

1500

T=—d—

where T designates turns on the skein reel and d is
denier of the yarn; round off to the nearest integral num-
ber of turns. Prepare and label a skein from each yarn
to be tested. It will be obvious that such a skein must
be considered as 3000 denier (334 tex.) when loaded as
a loop.

(2) Hang the skein and apply a 300-gm. weight at the
bottom of the loop. Exercise gently by raising and lower-
ing four times. Wait 15 seconds and measure initial
length of the skein (L,).

(3) Replace the 300-gm. weight with a 4.5-gm. weight
and immerse the skein in boiling water for 15 minutes.
Remove from bath.

(4) Remove the load and allow the skein to hang
without load for 1 hour or more to dry. Replace the 4.5-
gm. load, exercise by pulling down, and measure crimped
length (L.). :

(5) Reapply the 300-gm. load, exercise and measure
extended skein length as in 2 above (L.).

(6) Calculate skein shrinkage by the formula

SS____ (Lo_z‘lo) 100

Crimp development—Calculate from data obtained in
the skin shrinkage procedure by the formula

— (Lc _ Lc) 100
CD———_——L.

Crimp clongation—Determine by the procedure em-
ployed in skein shrinkage with the addition of one more
step: after measurement of L, (Step 5), the 300-gm. load
is replaced by the 4.5-gm. load and a second measure-
ment of recovered length under the smaller load is made
as in Step 4 of that procedure (L;). Crimp Elongation is
calculated by the formula

g Le—Ls) 100
L.

EXAMPLE 1

This example illustrates batch preparation of poly(tri-
methylene terephthalate), coded hercin PPT polymer.

Catalyst for this preparation is prepared as follows:
Sodium (2.5 gms.) is dissolved in 300 mL of n-butanol.
Tetrabutyl titanate (37 gms.) is then added and the mix-
ture dilnted to 500 ml. with n-butanol.

Dimethyl terephthalate (545 kg.) and trimethylene
glycol (4.54 kg.) are heated for 100 minutes at 225° C.
in the presence of 99 cc. of the stock catalyst solution
described above. During this time, 1.8 kg. of methanol
are removed. The resulting low molecular weight mate-
rial, to which a small amount of titanium dioxide has
been added as a delusterant, is heated further, with stir-
ring, for 6 hours at 250° C. under an absolute pressure
of 0.4 mm. of mercury during which time the glycol
evolved during further condensation is removed. The
resulting polymer has an intrinsic viscosity of 0.71.

Poly(trimethylene terephthalate) can be made in a
variety of ways, many of which are well-known in the
art. Since the process detail employed in its manufacture
is not critical to the utility of PPT polymer in practice
of this invention, polymer made by several processes has
been employed herein indiscriminately.
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EXAMPLE 11

This example illustrates a means of enhancing the mo-
lecular weight, as evidenced by an increase in intrinsic
viscosity, of a polymer such as that prepared in Example 1.

PPT polymer of less than 1.0 intrinsic viscosity is cut
twice to pass through a % inch mesh screen, dried 6
hours at 150° C. and placed in a vessel through which
inert gas is passed. The inert gas and vessel are heated
to 180° for two hours, then to 200° C. for an additional
12 hours. The polymer and apparatus are then cooled
and the polymer removed. The intrinsic viscosity of the
finished polymer is 1.29. A second batch of this polymer
is prepared and found to have an intrinsic viscosity of
1.36.

Polyethylene terephthalate (PET polymer) may be
prepared by any of a variety of procedures known in the
art, such as one of the methods taught by Whinfield and
Dickson in U.S. Pat. 2,465,319, or one of the methods
of Griffing and Remington described in U.S. Pat.
3,018,272. While each of these methods may have merit
over another in some respect such as in the production
of a whiter polymer or in improved space-time yield,
these differences are not critical to the purpose of this
invention. PET polymer employed in these examples has
accordingly been derived from several procedures as dic-
tated only by convenience and availability.

EXAMPLE II1

Examples T and 1V illustrates a preferred process for
preparation of a bicomponent fiber of this invention.

The blended PPT polymers of Example II, and a PET
polymer of 18 relative viscosity are cospun at 280° C.
from a 34-bole spinneret similar to that described in FIG.
14 of U.S. Pat. 3,117,362; this is a ‘pre-coalescence spin-
neret, that is, one in which the two melts are brought
together just behind each extrusion capillary. The fila-
ments are withdrawn from the spinneret at 468 y.p.m.,
drawn 4.70X (that is, to 470% of their original length)
at 93° C., and annealed at 170° C. The 68 denier (7:6
tex.) yarn has a skein shrinkage of 12%, crimp develop-
ment of 55% and crimp elongation of 106%.

EXAMPLE IV

A 34-filament bicomponent yarn is prepared from a
PPT polymer of 1.2 intrinsic viscosity and a PET polymer
of 20 RV in a ratio of 40/60, by cospioning at 280° C.
from the post-coalescent spinneret shown in the drawing.
The filaments are withdrawn from the spinnerct and
wound up at 820 yards per minute. The spun yarn is
drawn 3.982% at 107° C. and annealed at 150° °C.
Properties of the yarn are: denier 63, tenacity 3.2 g.pd.,
elongation to break 11%, skein shrinkage 16%, crimp
development 52%, crimp elongation 95%. Contrary to
the procedure generally used herein, the latter three
measurements are made at 1.4 mg./den. restraint rather
than the standard 1.5 mg./den. restraint. (See procedures
for these measurements above in which a 4-2 gm. weight
would be used wherever a 4.5 gm. weight is specified.)
Another sample of the spun yarn drawn 3.982X at 107°
C. is annealed at 175° C. The yarn has a skein shrinkage
of 13%, a crimp development of 58%, and a crimp
elongation of 106% (the last three’ mcasurements also
being made at 14 mg./den. restraint).

EXAMPLE V

This example illustrates suitability of a copolymer as
the outer component of the composite fiber of this inven-
tion.

A PPT polymer of 1.47 intrinsic viscosity and a co-
polymer of 98% PET and 2% ethylene sodium sulfoiso-
phthalate of 15.5 relative viscosity, prepared by the gen-
eral procedure of U.S. Pat. 3,018,272 are employed in
this example.
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The two. polymers are melted and simultaneously ex-
truded at:288° C. as in Example III. The 34 composite
filaments are withdrawn at 700 yards per minute, drawn
to 365% of their original length at 94° C. in a water

EXAMPLE VIII

‘This example illustrates further the unusual response of
bicomponent fibers of this invention to annealing.
PET polymer of 19 relative viscosity and PPT polymer

baﬂ;:l‘;gsgmi‘;g! és gfsg:;gn?xggmpgr:;ﬁﬁéiogfﬁ: 5 of 1.42 intrinsic viscosity are cospun at 287° C. from a
7ann0 denier (7.8 tex). are: tenacit}} 3.5 g.p.d., elon- post-coalescence spinneret. The filaments are withdrawn at
i it -) yarmn M R 700 y.p.m. The spun yarn is drawn at several draw
ganc:nsl;oqbr eal; 161,;%’ Skle"; sﬁga]%g 3,%’ crimp develop- ratios and annealed, in some cases at several temperatures.
ren| 0, apd crimp €long 0. 10 Data are summarized in Table 3. It should be noted that
EXAMPLE VI Item VIII-c is a PET polymer homofiber which has been
. . aptns . twisted, heat-set and untwisted by a commercial means
ty of a copolymer as St N > a
thz;r?rilsl ;_xggg’;i l:g:tstrates suitability POy available in the art. It is clearly scen that imposition of a
A 34-filament bicomponent yarn is prepared from a small additional draw and heat-setting on Item VII-b
copolymer of PPT with 2 mol percent sodium sulfoiso- 15 brings about a measurable improvement in Crimp proper-
phthalate of 1.25 intrinsic viscosity and PET polymer of 1% while the crimp of Item VII-c is essentially destroyed
20 RV in a ratio of 40/60, by cospinning from a post- y an identical treatment.
coalescing spinneret at a temperature of 284° C. The TABLE 3
filaments are withdrawn at 1080 yds./min., drawn in an Skein Crimp __ Crmp
87° C. bath 2.37x (or 237% of their undrawn length) g9 Draw Anneal ahrinﬁ- davelox:« elotxilga-
and annealed at 182° C. The properties of the yarn are: Item ratlo temp.,© C. peresnt percent percent
denier 72 (8 tex.), tenacity 1.7 g.p.d., elongation to break = — S
17%, skein shrinkage 19%, crimp development 46% and Tae i3 s g
crimp elongation 67%. VIO-a....___._: 2.11 140 4.0 1 12
EXAMPLE VII 25 B 27 1 17
This example illustrates the suitability of alternative VIILb. 2.57 Nz;xszg 13. g 1% fl’g
polymers in the preparation of fibers of this invention. =~ 77 TR @ 180 g b 79
In Table 2, the codes employed to represent the poly- VIO-eooooo . { 1 %1 (127 12318 6-:. g 33 egl
mers have the following meaning: Vi, ... 2.0 { Nofég ﬁ‘:g ﬁ 3}
PPB=poly(trimethylene bibenzoate) 30 None 1879 19 27
PCHT=poly(trans - cyclohexanedimethylene terephthal- VLo ....- 2.08 120 HS 2 z
ate) (solid-state polymerized in accordance with Ex. 160 15,6 50 86
1D Nows 208 1 2
PPN=poly(trimethylene 2,6-dinaphthalate)-using as cat- 35 VIOt ....: 320 180 149 61 130
alyst a mixture of Mn (OAc); and Ti(OBu), 1 2.57%1.147—2.94,
PET=poly(ethylene terephthalate) 2 Draw ratio not known, approximately 3.2.
PB'F:pon(tqtramethylcne ter;p}l:ﬂllalate) id . _The next three examples illustrate the unsuitability of
P}’I’I‘-=p9ly§u"unethylgne ter eptht é‘ ate)] (SI(;) state po- bicomponent fibers more typical of the art.
ymerized in accordance wi xample 40 E LE IX
Except for the PET polymers and except as noted above, ) i .
the polymers of this example are made in accordance A PET polymer of 22 relative viscosity and an 85/15
with the procedure employed in Example 1. They are all copolymer of PET/polyethylene sebacate (PET/PES) of
spun from post-coalescence spinnerets. Items @ and ¢ 21_.1 relative v1$$osny are spun frogn a Post—coalescence
are drawn dry substantially as described in U.S. Pat. 45 spinneret at 280 C. to 34 side-by-side bicomponent fila-
3,101,990, in which process the yarm, lubricated with a ments comprising 40% PET/PES and 60% PET. The
textile finish, is passed at a uniform rate to and over a filaments are nghdfaWn at 600 yards per minute. They
surface heated to the temperature indicated in Table 2 to are drawn at 90° C. to 460% of their original length.
heat the yarn to the desired drawing temperatures and then A portion of the yarn is not anpealed at high tempera-
passed over a snubbing pin where drawing temsion is 50 ture. A second portion is annealed at 160° C. while held
applied by the drawing rolls which withdraw the yarn at constant length. Table 4 summarizes the yarn proper-
at the appropriately higher speed to produce the desired ties obtained.
degree of draw. Item b is drawn by the process of TABLE 4
Example V. Items d and e are drawn in a jet in which Annealing temperature,
steam is introduced at a rate sufficient to open the bundle 55 °C.
by turbulence and, thereby, heats each filament uniformly Property None 160
to drawing temperature. As is indicated in the data, some Donter (tox) progeg
of the fibers are annealed at more than one temperature, Slteln Shriiage, pereent. T T TTIIIITIII 57 .5 7.8
illustrating the improved crimp development obtained at g’!mp gfvelggg;em. percemt- g.g 0.4
higher temperatures of annealing. 60 Crimp elongation, percent....-.----------- - -
TABLE 2
Polymeri ts, Skel 1 Cri
omeﬂmmn Bpin Draw Anneal shrmkr: de(éalx:;ﬁ elén?&?—
Polymer temp., Draw temp.,, temp, Den./ Tenacity/ age, ment, tion,
Item Inner Outer ratio °C. ratle °C. °C. fils. elongation percent percent  percent
VI8 PPB (.88) PCHT (.67) 50/50 202 3.45 107 150 ;ggi 1.1390 2 2 s0
.2/7
VII-boeooeoao o PPN (.67 PET (i8) ¢ 50/50 268 3.28 92 135 06/34 2.4/18 9 17 22
160 99/34 2.4/17 5 22 30
oM mm o o ox 2 2
A4 8 o - ST PBT (LD PET (20) § 40/60 278 4.216 110 160 58/34 4.8/17 13 29 36
mookowM ot 4 2 &
VI PPB (.88) PET (18) ¢ 50/60 282 4.60 100 180 73/3% 2.0/9 3 15 21
VII-e .. 111770 PPT (139) PCHT (.7) 50/60 308  3.57 100 180 89/34 1.5/8 2 27 15

! Relative viscosity; all others intrinsic viscosity.

Nore.—Xtems a, &, d and ¢ spun at 600 y.p.m.; item ¢ spun at 640 y.p.m.



3,671,379

13
Tt is seen that the crimp properties are not outstanding
in this fiber in the absence of annealing, and essentially
all tendency to crimp is lost by annealing to reduce the
high shrinkage, at a temperature which Ieads to enhanced
crimp characteristics in the fiber of this invention.

EXAMPLE X

Two PET polymers, one of greater than 100 relative
viscosity and the other of 21 relative viscosity are cospun
at 297° C. through a 34 hole spinneret such as indicated
in the previous examples. The fibers are withdrawn at 840
y.p.m.

The spun yarn is drawn at 100° C. at the maximum
operable draw ratio, established by slowly increasing the
draw ratio until the yarn breaks, then restringing at a
slightly lower ratio (4.08). Samples of yarn are also pre-
pared at somewhat lower ratios for comparison. Table 5

10

15

14

meter plate is inserted above the ring of conduits feeding
PET polymer to the point of coalescence. The meter plate
is carefully aligned so that one hole in the meter plate
is centered over each of the 34 PET-melt conduits. As
is indicated in Table 8, the meter-plate holes vary in di-
ameter so that the rate of flow of the PET melt toward
the coalescence point varies widely. No change is made
in tbe rate of pumping the melts to the spinneret, so that
the overall denier and the denier-per-filament remain sub-
stantially constant, only the ratio of the two polymers in
the individual filaments being variable. (PPT/PET ratio
in the bundle as a whole is 40/60.) Spinning conditions
and yarn properties are given in Table 8A. Examination
of a cross section photomicrograph shows a polymer dis-
tribution among the filaments which is substantially in
agreement with that calculated from the meter plate ori-
fices (see Table 8).

summarizes the dat i
s the data obtained. TABLE 8
TABLE 5 Nuamber of Calcnlated
20 holes with lymer
Skein Crimpt! Crimp!? y this  Percent of ratio
shrink- deveclop-  elonga- Hole diameter (inches) diameter total PET/PPT
Draw Ann age, ment, tion,
Item ratio temp.,°C. percent percent  percent 5 14.7 17/83
&5 14.7 25/76
None 12.8 1.2 1.4 [} 17.8 34/66
120 8.3 0.7 0.5 6 17.6 44/58
P € W 4.08 140 5.8 1.3 0.9 [ 17.6 56/44
160 3.5 0.5 0.5 6 17.5 69/31
180 3.0 0.9 0.5
XDueoensaconan 3.52 None 11.6 1.0 1.2
180 1.7 0.7 0.7 .
et 3.08 None 12.2 1,0 12 In a second experiment, the run js repeated using the
180 1.7 1.0 11 N . °
30 same spinneret except that the meter plate is omitted.

1 Differences indicated in these actual data are insignificant.

Tt is clearly seen that essentially no crimp is developed
by the fiber of this example under the standard conditjons
for measurement of crimp development.

EXAMPLE XI

In another evaluation of some of the yarns of Example
X at zero load (vs. the standard 4.5 gm. load employed
in all other evaluations), it is seen that a moderate level
of crimp is achieved (Table 6). It is apparent that because
of its inability to develop crimp under the nominal 1.5
mg./den. (4.5 gms./3000 den.) loading employed in the
routine test, the fibers of this example will have no utility
for preparation of bulky or elastic woven fabrics. Such a
level of restraint, or more, is imposed by the fabric struc-
ture. Such bicomponent fibers may confer useful bulk and
slight stretch in knits wherein restraint is less.

TABLE 6

Zero-load erimp
Skein —Mm————
Shrink- Develop- Elonga-
Draw Anneal age, ment, tion,
ratio Temp.® C. percent percent  percent
4.08 None 10.3 15.6 10.7
180 3.0 13.7 85
3.08 None 12.9 8.5 5.8
180 5.6 18.8 12. 6

The next two examples disclose alternative processes
by means of which the unusual behavior of polyesters
having non-extended crystallinity may be exploited in bi-
component fibers. Example XII illustrates preparation of
yarn in which the ratio of the two polymeric components
varies from filament-to-filament. Example XIII illustrates
the utility of such non-extended crystallinity in bicompo-
nent fiber having a random distribution of the two com-
ponents both filament-to-filament and along any given

filament.
EXAMPLE XII

In one experiment, 2 PPT polymer and a PET polymer
are cospun in a pre-coalescence spinneret similar to that
employed in Example III, except that a doughnut-shaped
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Spinning conditions and yarns properties for this experi-
ment are also given in Table 8A.

TABLE 8A
With Without
meter meter
plate plate
PPT intrinsic viscosity.. .. 1.41 1.68
PET relative viscosity... .- 18 20
Spinning temperature, ° 275 285
Spinning speed, y.p. /. n7 587
Draw r8tio. ccceemmamcnann 3.63 4.36
Draw temperature, ° C__._.. 93 93
Annealing temperature, © 180 183
Yarn denier. ... 70 71
Tenacity, g.p-d-.._.. 3.1 4.3
Elongation, percent 22 24
Skein shrinizage, percent_ _____. og ég

Crbmp development, percent. ... .....

The yarns of Table 8A and a commercial PET yarn of
the same count which has been twisted, heat-set and un-
twisted are each doubled and knitted into a 414 "’-diameter
tubing on a circular knitting machine. The fabrics are
scoured in boiling water, dried and evaluated (results
given in Table 8B) as follows:

Bulk: A single thickness of the fabric is Jaid on a base
surface of precise flatness and a glass disc, having a weight
of 3 gms./cm.? and precisely parallel faces, is laid on the
fabric. Exact measurements of the height of the upper
face of the disc from the base surface are compared with
the height of the upper face of the disc when laid direct-
ly on the base surface. The volume of fabric beneath the
glass disc is then determined by a simple calculation and
compared with the weight of the same fabric area. Bulk is
expressed in terms of cubic centimeters per gram.

Stretch and recovery: Values in Table 8B other than
bulk are read from an Instron chart prepared as follows:
The knit tubing denier is determined. The cross-head of
an Instron is set at 27 separation and the fabric sample
inserted. The instrument is run at 2 per minute (100%
per minute) separation and the stress recorded on a chart
moving at 10” per minute and registering a full scale de-
flection on application of a stress of 0.005 g./denier. Once
full-scale deflection is reached, the cross head motion is
immediately reversed and returned to the original 2* sep-
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aration. From the plots of stress vs. percent stretch, stretch
recovery is read as

recovered stretch
total stretch X100
Work is the area under the curve and is calculated as
§ stress (mg./denier) Xdl; (in.)
where dl; is change in fabric length,
‘Work recovery is calculated as

work on recovery cycle
work on stretch cycle X100

TABLE 8B
Yarn Yarn Twist-
with without heat-sot
meter meter Untwist
plate plate PET
Stretch, percent (at 5 mg./den.

A0 A z 1m 12 73
Strateh recovery, porcent. 91 90 93
Work, mg. in./denier.... 4.4 5.6 3.2
Work recovery, percent.. 41 48 50
Bulk, emM./g. e ccccccccaiamcnaaa 8.7 4.5 8.7

It can be seen that the yarn with meter plate is nearly
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zero restraint. Microscopic examination of filaments pre-
pared in this manner shows them to have varying distribu-
tion of the two polymers along their lengths and across
their cross sections (including a few sections that are
composed entirely of one individual polymer).

EXAMPLE XIV

This example illustrates the importance of relative mo-
lecular weight between components to development of the
desired crimp properties. In general, for maximum crimp
development, it has been found that the higher shrinkage
component must have the higher melt viscosity at the
temperature of spinning. This is conveniently attained
with a higher molecular weight as indicated by relative or
intrinsic viscosities. Withing the spinnable range of molec-
ular weights for the pair of components, the greater the
difference in molecular weight the better the crimp prop-
erties.

A PET polymer having a relative viscosity of 19 is spun
to 34 filament yarn with each of three PPT polymers
similarly prepared to have differing intrinsic viscosities
as noted. Data are summarized in Table 9. In items XIVa,
b and ¢, a 40/60 ratio of polymers is used, and the fibers
are annealed at two temperatures, further illustrating the
effect of this variable. In another experiment, a PPT poly-
mer of 1.79 intrinsic viscosity is cospun in a 50/50 ratio
with each of the two PET polymers, having different rela-
tive viscosities as noted. The effect of molecular weight
ratio on properties for both series of experiments is sum-
marized in Table 9.

Example. IV-b XIV-o XIv-4 XIV-e
Inner.com, nene.--..._. PPT PPT PPT PPT
Intrinsic 1.34 1.48 1.79 1.79
Outer com nnnn' PET PET PET PET
Relative vfscosx 19 19 20 29
Cross section ratio - 40/60 40/60 50/50 60/50
8pin temp., ® C P, 288 288 295 295
Spin speed, y.p.m 544 544 850 850
Draw ratio. 4.78 4.78 3.0 3.0
Draw temp., ° C 85 92 192 92 93
nnea]jng temp., 195 140 195 140 185 185
Damer . 71 (7.9) 70 (7.8) 170 (7.8) 73 (8.1) 68 (7.6)
tg/elongation (gm./den ) parcent / 4.5/20 3.5/18 4.4/21 4.1/20 2.9/21 3.8/20
i dmdonet, B 2 s R T T2 T
mp elongation, percent. . .....

Skein’ hrinkage, por 10 1 12 17 16 20 16 13

kein hrinkage, percent

3 Estimated value,

equal in stretch properties to that without it, and is clear-
ly superior in bulk. Either fiber of this invention is superior
to the commercial fiber in percent stretch and work, and
essehtially equivalent in other properties. The fiber made
with the meter plate was equivalent to the commercial

fiber in bulk.
EXAMPLE XIII

A PPT polymer of 1.29 intrinsic viscosity and PET
polymer of 18 RV are melted separately and fed in alter-
nating increments of .043 gm. each to a standard all-
screen spinning pack of the type commonly used in spin-
ning homofiber yams. The mixture is extruded through
a spinneret of 100 holes, each 15 mils in diameter and 17
mils in depth, at 280° C. and wound up at 1001 yds./min.
as two 50 filament yarns. The multifilament yarn is sub-
sequently drawn 3.21 at 100° C. and annealed at 170°
C. The drawn yarn is found to possess a randomly waria-
ble crimp among the individual filaments, and the crimp
is accentuated by further heat treatment under low or
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70
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EXAMPLE XV

This example illustrates performance in fabric found
typical of the fiber of this invention.

Two bicomponent fibers, XV-a and XV-b, prepared
from PPT of 1.4 intrinsic viscosity and PET of 21 and
20 relative viscosities, respectively, and the fiber of Ex-
ample IFI (XV-d) are processed into plain taffeta fabrics.
Table 10 summarizes the data obtained. A plain-weave
fabric, XV-¢, made of a PET yarn which had been
twisted, heat-set and untwisted by a commercially avail-
able process is included for comparison.

It is apparent that the elongation, or stretch, and stretch-
power of fabrics from the fibers of this invention (XV-a,
b, d) are much higher than those of the fabric of the
prior-art fiber. This improvement in elongation was ob-
tained without sacrifice in recovery from maximum
stretch. Furthermore fabrics XV-a, b, d, all had a smooth,
flat surface similar to normal taffeta or broadcloth fabrics,
but the prior-art fabric had a fine surface pucker resem-
bling a crepe. Fabric XV—c conld have been heat-set at a
narrower width to give a higher finished warp count
and increased fabric elongation, but the fabric surface
in this case would have been so badly puckered and de-
formed as to be totally unacceptable fer textile uses.
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Knitted and woven fabrics from these yarns have good
bulk but low stretch and low width losses on finishing,
reflecting the low CD and the low SS, respectively.
Knitted tubing prepared from these yarns by the process
of Example XII have the following properties: basis
weight 4.7 0g./sq. yd. (159 gms./m.?) bulk 6.8 cm.3/
gm., stretch 87% (5 mg./den. stress), stretch recovery
87.5%, power 1.0 mg./den. (at ¥ maximum extension).

EXAMPLE XVIII

This example illustrates thermal relaxing to modify
the shrinkage and crimp development of the yarn to
produce bulky, stretch, knitted and woven fabrics with
intermediate stretch and stretch power and low width
losses on finishing. The properties reflect the intermediate
level of CD and the low level of SS in this yarn,

A 34-filament bicomponent yarn is prepared from PPT
of 1.2 intrinsic viscosity and PET of 22 relative viscosity
by co-spinning at 302° C. from a precoalescing spin-
neret similar to that of Example 1I1, using a 50/50 PPT/
PET ratio. The filaments are withdrawn from the spin-
neret at 535 y.p.m. (489 m./min.) then drawn to 480%
of their spun length in an aqueous bath at 93° C., an-
nealed on rolls at 130° C. and wound up. The yarn
is subsequently removed from the package at 2800 y.p.m.
(2560 m./min.) and fed into a jet employing air at
70 p.si.g. and 400° C., relaxed 11% and wound up at
2500 y.p.m. (2280 m./min.). Yarn properties are: Denier
148.4, tenacity 3.7 g.p.d., elongation 34.6%, CD 23.1%,
SS 4.6%.

Knit tubing prepared as in Example XII bad the
following properties: basis weight 3.7 oz./yd.2 (126
gms./m.2), bulk 8.7 cm.3/gm., stretch 96% (at 5 mg./
den. stress), stretch recovery 92%, power 1.4 mg./den.
(at Y2 maximum extension).

EXAMPLE XiIX

This example illustrates the utility of this yarn in the
production of novel fabric textures.

A 34-filament yarn is prepared from PPT of 1.4 in-
trinsic viscosity and PET of 30 relative viscosity by co-
spinming at 297° C. from a precoalescing spinneret
similar to that employed in Example I, using 50/50
PPT/PET ratio. The filaments are withdrawn from the
spinneret at 700 y.p.m. (639 m./min.), drawn to 370%
of their spun length in an aqueous bath at 92° C,,
and annealed on rolls at 180° C. Yarn properties are:
denier 70, tenacity 3,6 g.p.d., elongation 21.4%, CD
10%, SS 3.0%. This yarn is used to prepare a knitted
fabric by the procedure of Example XII. When the
fabric is boiled-off, severe surface distortions result, giv-
ing a novel, heavily creped appearance.

It will further be obvious that fiber deniers and crimp
properties may be altered for specific end-uses, that
polymer inherent (or intrinsic) viscosities may be varied
(e.g., to control strength and pilling) and that other
fiber and polymer modifications, such as have been taught
in the art, may be employed in the practice of this in-
vention without departing from the scope thereof.

It has been shown that this invention is useful in
the production of composite filaments of high crimp de-
velopment and superior crimping force with filaments
find advantageous utility in many types of fabrics. It
has also been shown that under appropriate processing
conditions filaments with less than maximum crimp de-
velopment may also be prepared, which filaments also
have utility in important textile applications. Both types
of filaments although distinctly different in crimp prop-
erties, offer advantages over other crimpable fibers known
in the prior art in the uses for which they are intended.

Low crimp filaments made according to this inven-
tion are particularly useful in the form of staple fibers
in which they possess many of the attributes of wool
and can be used to produce bulky fabrics with wool-
like tactile aesthetics either alone or in fiber blends with
wool and other man-made fibers.
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The inherent differences in characteristics of and

- textile processes leading to staple-spun yarns, as com-

pared to continuous filament yarms, are reflected in
differing requirements for the fibers which constitute
those yarns. High-crimp filament yarns make attractive,
bulky and aesthetically pleasing fabrics. Staple fibers with
similar crimp properties are boardy, harsh and aes-
thetically undesirable in typical worsted yarn and fabric
constructions. As will be illustrated, lower crimp fre-
quency (CF) and crimp development in staple fibers
lead to attractive, bulky, wool-like fabrics. CF is
measured as crimps per extended inch after boil-off
under 1.5 mg./den. load. These crimp properties may
be lowered in a variety of ways, including reduction
of molecular weight (hence orientation) of the inner,
non-extended, component relative to the outer com-
ponent; reduction of the ratio of the inner to the outer
component in the fiber cross section; changes in the dis-
position or configuration of the two components in the
fiber; reduction of processing temperatures, draw-ratio,
or time of exposure to elevated temperatures during con-
stant-length processing of the filaments; controlled or free
relaxation of the fiber at elevated temperatures during
processing; and by other methods which will be apparent
to those skilled in the art.

Another required property of staple fibers which is
relatively unimportant in filament yarns is the initial
crimp as estimated by crimp index (CI). In this specifica-
tion, CI is measured in a mannper identical to that for
CD except that the boil-off step is eliminated. Thus, CI
is a measure of the crimp available during processing of
the fiber to yarn. The amount of initial crimp has a pro-
nounced influence on the efficiency of processing a staple
fiber to a spun yarn. Excessive crimp in fiber intended
for cotton-system or worsted-system processing leads to
nonuniform carding and neppy, poor quality yarn. A
preferred embodiment of this invention is a crimpable
staple with CI<8, 9<CF<15, and 5<CD<15. Such
fibers may be processed either as staple or as tow, the
resulting yarns offering knitted and woven fabrics of
good uniformity, high bulk and wool-like tactility.

While CY is an important parameter for controlling
processibility and CF plays a major role in determining
ultimate aesthetics, CD is a major determinant of fabric
bulk. Maximum bulk is attained in fabrics when most of
the crimp is developed in yarn or fabric, as opposed to
staple or tow, form. Development of bulk in a yarn or
fabric, depends upon the crimpability of the fiber at ele-
vated temperatures under the restraints imposed by the
yarn or fabric construction. It is characteristic of the fibers
of this invention that while tensions up to 1 g.p.d. may re-~
duce the initial crimp (CI) of the fiber, such tensions have
little or no effect on the ultimate, or developable, crimp
(CD). Thus, it is possible to start with a tow of, say, 10%
CI, 8% CD, and to process that tow through a Pacific
converter, pin drafting, roving and spinning to produce
a yarn in which the fibers have CI of about 5% but a
retained CD of 8%. Such fibers would be considered
“crimpable” in this context even though originally CI ex-
ceeded CD. A convenient test of crimpability in this con-
text may be carried out by measuring CI and CD as previ-
ously described but subjecting the fibers to a load of 1
g.p.d. for 30 minutes before measuring CI and then boil-
ing off the fiber and measuring CD in the normal manner.
The staple or tow fiber will be classified as crimpable if
CD is greater than CI after this procedure.

Tt is also important that crimp frequency be stable to
(i.e., resilient under but not appreciably changed by) the
loads, temperatures and plasticizing agents the fibers may
be subjected to in processing and ultimate use. In a crimp-
frequency-stable fiber CF as measured in the test corre-
sponds to that of the surface fibers (which largely deter-
mine tactility) after, for example, yarn or fabric boil-off
(where loads encountered by the external fibers would be
significantly lower than those encountered by internal
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fibers or in the test), heat setting, or dyeing. Such stability
appears as a unique advantage of fibers of this invention,
which rely on differences in crystalline conformation.
Typical bicomponent fibers of the art, crimp to varying
frequency depending on environmental conditions to which
they are subjected.

‘While most of the immediately foregoing discussion and
the following examples are related to woolen and worsted
staple processing and fabrics, similar advantages can be
attained in blends with cellulosics and other fibers blended
with sunitably crimped and/or crimpable staples of this
invention and processed on the cotton system, for exam-

ple.
EXAMPLE XX

This example illustrates the utility of the fibers of this
invention in preparation of worsted fabrics of improved
bulk and tactility.

A 98/2 mol-ratio copolymer of PPT and ethylene so-
dium sulfo-isophthalate of 0.63 intrinsic viscosity and a
98/2 mol-ratio copolymer of PET and ethylene sodium
sulfo-isophthalate of 15.0 relative viscosity are spun in a
35/65 ratio to side-by-side round bicomponent fibers as in
Example V, except that extrusion temperature is 290-295°
C. and windup speed is 530 y.p.m. (485 m./min.}. The
filaments are drawn to 364% of their spun length in a
bath of water at 83° C. and annealed at constant length at
180° C. for 28 seconds. Tow properties are: tenacity 2.2
g.p.d., elongation 21.1%, CI 3.6%, CD 13.5%, CF 9.6
crimps/extended inch (3.8 crimps/extended cm.) and SS
2.5%.

A 1/27 worsted count yarn is spun on the worsted sys-
tem to comprise 55% of the fiber of this example (which
has been cut to 3”’ (7.6 cm.) staple) and 45% 64-70s
wool. The yarn is woven to a 2 x 2 twill and mill-finished
in parallel with a similar fabric comprising 55/45 com-
mercial polyester staple/wool. An improvement in bulk
(ASTM bulk 2.30 vs. 2.08 cc./gm.) is observed for the
bicomponent-fiber blend fabric, which in addition has a
pleasant, more wool-like handle.

EXAMPLE XXI

This example illustrates the effect of varying annealing
conditions on crimp properties in the range preferred for
staple. A 50/50-ratio bicomponent staple is- prepared
with a PET polymer of 20 relative viscosity as sheath and
a PPT of 0.8 intrinsic viscosity as an eccentric core, using
a spinneret such as described in FIG. 1 of the Breen U.S.
Pat. 2,987,797, a spinning temperature of 267° C., and
a windup speed of 1000 y.p.m. (915 m./min.) to yield a
yarn denier of 1150, 120 filaments. Bobbins of the spun
yarn are combined to form a 37,950-denier tow, which is
drawn in water at 90° C. to 330% of its spun length and
annealed on rolls at a series of temperatures, while stretch-
ing an additional 10% during a 30-second exposure. The
resuits are summarized in Table 12,

TABLE 12

Crimp properties, as measured at 1.5
meg./den. load

Anneal. 88, cI, CD, CF,
temp. °C. percent percent pereent c.p.d.
160 6 8 19 16

340 8 9 13 18

120 9 10 10 18

None 12 2 3 6

Bulky fabrics may be obtained from Item D by two
different techniques as illustrated by the following test.
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Item D is processed on the worsted system (as 3.5-inch
(8.9 cm.) staple) to 20/1 cotton-count 55/45 polyester/
wool blend yarn with 14 t.p.i., then woven to a 2 x 2 twill
fabric having a weight of 6.5 0z./sq. yd. (222 gms./sq.
meter) after finishing. The fabric is divided and finished
by two methods. Part 1 is scoured at the boil, dyed, lightly
fulled and heat-set at 160° C. for 3 minutes. Part 2 is
similarly finished except that the fabric is heat-set at
160° C. for 5 minutes, while being held at constant length
and width, prior to the initial boil-off. This fabric anneal-
ing step approximates that of the annealing given Item A
yarn.

Both parts of Item D fabric are bulky, but the bulk
of Part 1 fabric is characteristic of that obtained by a
mixed-shrinkage mechanism; it has a soft band and a
somewhat fuzzy surface. Part 2 fabric, on the other hand,
comprises filaments of spiral crimp, and has a more resili-
ent hand, more even surface and a desirable degree of
stretchiness, which characteristics are attributable to the
helical crimp of the bicomponent staple. These charac-
teristics are enhanced rather than lost, as a result of taut
annealing before boil-off.

EXAMPLE XXII

A series of PPT/PET staples in which each component
contains 2 mol percent ethylene sodium sulfoisophthalate
in copolymerized form, is prepared by means taught in the
preceding examples to have a range of crimp frequencies.
They are blended in 70/30 ratio with wool, processed on
the worsted system to 1/30 worsted count yarns with 14
t.p.i. and knitted on a 20-cut machine to tubing which is
finished with a boiling scour, piece dyed and tumble-dried.

Results on tactility are summarized in Table 13, with,
as comparison items, similar fabrics comprising wool and
a bicomponent fiber more typical of those of the prior art.

TABLE 13
Fiber CF: Tactility 2
5 _— ——-. Slick-lean.
9 —— Wool-like.
11 — Do.
12 -. Do.
14 e Do.
17 e Harsh, wool-like.
. Do.
9 (WOO) e
52 e Harsh

1 Fabric prepared in n similar manner from slde-by-side
bicomponent fiber comprising PET and a 85/15 copolymer
of PET and poly(ethylene isophthalate) in a 50/50 cross-
sectional ratio.

2 Subjective evaluation,

EXAMPLE XXIII

This example illustrates utility of a sheath-core bicom-
ponent fiber comprising PET and poly(tetramethyl
terephthalate) (PBT) in staple form.

A 50/50 PET/PBT bicomponent yarn is prepared with
a 21 relative viscosity PET as sheath and a 0.95 intrinsic
viscosity PBT as eccentric core using a process similar
to that of Example XXI. Spinning temperature is 285—
290° C., windup speed 500 y.p.m. (457 m./min.), yarn
count 1250 denier, 120 filaments. Seventy-five bobbins are
combined as a tow, which is drawn to 371% of its as-spun
length in water at 90° C. It is annealed on rolls at 180°
C. for 33 seconds while stretching an additional 10% of
its drawn length. The resulting fiber exhibits SS 3%, CI
14%, CD 17%, and CF 14 c.p.i.

The tow is cut to 3.5 inch (8.9 cm.) staple and processed
to 55/45 polyester/wool yarns with 20/1 cotton count
and 18 t.p.i. Processibility is found to be satisfactory de-
spite the rather bigh crimp. Crimp development and bulk
of the boiled-off wool blend yarns are similar to those
of Item A, Example XXI, or of Example XX.
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EXAMPLE XX1V -

A series of 3 inch (7.6 cm.) staples is prepared in a
manner paralleling that of Example XX, except that
annealing and other processing conditions are varied to
produce a range of CIl. Table 14 summarizes the results
of carding these staples. As will be scen, a CI of about
8 is borderline-to-satisfactory for this method of textile
processing. CI of 5 or less is preferred. It has been found,
however, that higher CI tow (about 9% ) processes in a

24

(A) The sliver is blended 70/30 with wool in pin-
drafting and spun to 149 worsted count yarn with 14 turns
twist.

(B) The sliver is relaxed at 100° C. to develop the
crimp, blended 70/30 with wool in pindrafting and spun
to 149 worsted count yarn with 14 turns twist.

(C) Roving prepared as in sequence A is steamed to
develop crimp and spun to 14, worsted count yarn with

satisfactory manner on the Pacific Converter to yield 10 14 turns twist.

low-nep-level yarns.

Crimp properties measured on single filaments of the

TABLE 14

Spinning Drawing Annealing
Wi, ratio, Cross Speed, Temp. 'I‘o.mg. Temg. Time, Card web
PET/PT section y.p-m. °cC. Ratio °C. °C. sec. CI appesrance

553 292 4.0 90 180 28 3.0 No neps.

585 202 3.8 80-85 180 128 3.9 Do.

585 203 4.0 80-86 180 128 5.6 Do.

575 291 4.3 80-85 180 128 7.5 Excessive neps.

552 . 203 13.8 85 180 40 7.9 No neps.

553 292 4.3 90 180 28 8.3 Excessive neps.

! Estimated values.

NOTE.—PET =copolymer of PET containing 2 mol percent of ethylene sodium sulfoisophthalate and having
P%T containing 2 1ol percent of ethylene sodium sulfoisophthalate

relative viseosity of 12.5; PP'T'=copolymner of

and having an intrinsic viscosity of 0.7; SBS=side-by-side; Sh/C=eccentric sheath-core.

EXAMPLE XXV

A side-by-side bicomponent fiber comprising 65% of a
98/2 mol-ratio copolymer of PET and ethylene sodium
sulfoisophthalate of 13.5 relative viscosity containing
0.25% tetraethyl silicate and 35% of a 98/2 mol-ratio
copolymer of PPT and ethylene sodium sulfoisophthalate
of 0.63 intrinsic viscosity is spun at 292° C. from a 120-
hole spinneret. The filaments are quenched with room-
temperature air and wound-up at 525 y.p.m. (480 m./
min.) to give a spun denier of 12 dpf. Yarn from 75
packages of 1440 denier each, is drawn to 407% of its
as-spun length in water of 85° C. to yield a nominal 3
d.p.f. tow, which is annealed at constant length by ex-
posure to rolls heated to 180° C. for 28 seconds. It is
mechanically crimped to 6-8 c.p.i. (2.4-3.4 c.p. cm.) and
cut to 3-inch (7.6 cm.) staple. Properties are: tenacity 2.3
g.p.d., elongation 15%, CF 10 c.p.i,, CD 12.5%, CI
3.7% and skein shrinkage 3.0%.

The staple is blended 50/50 with a commercially avail-
able, basic-dyeable polyester staple intended for use in
pill-resistant fabrics and processed to 2/30 worsted count
yarn with 12 t.p.i. Z-twist in the singles and 6 t.p.i. S-
twist in the plied yarn. The yarn is knitted at 13 courses/
jinch (5.1 courses/cm.) on a 12-cut circular knitting
machine. The resulting fabric is scoured and can be piece-
dyed at the boil using a disperse dye formulation com-
prising 5 g./liter of a carrier consisting of equal parts of
dimethyl terephthalate and benzanilide. Bulk is developed
during scouring and dyeing. The finished fabric has ex-
cellent stitch clarity and good bulk, resilience and liveli-
ness. Tactile aesthetics approach those of an all-wool
counterpart. The test fabric has a weight of 8.63 oz./yd.?
(292 gms./m.2) and bulk of 5.47 cc./g. under a standard
3 g./cm.? load and 4.37 cc./gm. under a load of 40 g./
cm.2.

EXAMPLE XXVI

This example illustrates the advantage of delaying the
development of the major portion of the bicomponent
crimp until the fiber is in yarn or fabric form.

Bicomponent staple is prepared substantially according
to the procedure of Example XXV to have CI 3.7% and
CD 25-30% (as measured under no boil-off load). Card
sliver is prepared; it is used to prepare worsted yarns by
each of three process sequences:
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various structures developed in this example are sum-
marized in Table 16.

TABLE 16

I, CD, CF,
Structure percent percent c.p.f.t Comments
Card sliver A 5.4 28 10.5
Roving A. __. 8.5 27 111
Worsted yarn 4.5 26 11.6 QGood bulk.
Card sliver B. 28 28 11
Roving B..____ 9.5 32 14.3
Worsted yarn B.__ 1.2 23 12.6 Do.
Roving C________ 21 25 15
Worsted yarn C.____.___.___ 17.5 14 11.9 Low bulk.

1 CD and CF are measured after boiling off or steaming of the fibers in
the form indicated. No restraining load is used during this relaxation.

Upon relaxing, yarn A bulks to about twice the diam-
eter of yarn C. The basis for this is seen in comparison
of CI and OD for these yarns. Essentially all the de-
velopable crimp is already present in yarn C (17.5 CI vs.
14 CD), while the bulk of the crimp is yet to be developed
in yarn A.

The bulk of yarn B is equivalent to that of yarn A after
‘boil-off. This is explained by the fact that the crimp previ-
ously developed in sliver B is eliminated in pindrafting
and is redevelopable in the yarn.

EXAMPLE XXVII

This example illustrates properties obtained in bicom-
ponent-fiber structures more representative of the art.

Side-by-side bicomponent staple comprising as one
component PET of 20 relative viscosity and as the sec-
ond a 85/15 copolymer of bis(hydroxyethyl) terephthal-
ate and bis(hydroxyethyl) isophthalate of 40 relative vis-
cosity. The polymers are spun at a block temperature of
298° C. and wound up at 989 y.p.m. The spun denier is
810, 60 filaments. A tow of 81,000 denier comprising
such filaments is drawn to 400% of its spun length in a
water bath at 90° C. and annealed on rolls for 33 sec-
onds at a series of temperatures. Results are given in
Table 17.

TABLE 17
Crimp properties

Anneal roll 8s, CI, CD, CF

Item temp., © C. percent percent percent (c.p.i.)
180 4.5 1.5 11.5 12

160 6 1.7 12.6 14

140 10 1.4 13.3 18

120 20 4.5 13.8 28

oft 24 6.2 16.9 36




3,671,379

2 B

‘Note that as annealing temperature is increased, CD
decreases, in contrast to the results obtained with the bi-
component fibers of this invention.

Items A, C and E are processed to 55/45 wool-blend
worsted yarns of 20/1 cotton count which are woven to
2 x 2 right-hand twill fabrics. The fabrics are finished in
a standard manner for milldinished worsteds. ANl fabrics
are judged objectionably harsh, the harshness increasing
with increasing crimp properties (A through E), although
similar fabric made from fibers of this invention with
crimp properties similar to Item A had a pleasing tactility
(e.g. Example XX). Microscopic examination shows the
surface of the fabrics to be covered by tightly coiled
fibers. Tt is postulated that the fibers coil on high tempera-
ture treatment during fabric heat-setting. This is con-
firmed by relaxing a sample of item A tow at tenter-
frame temperatures (150° C. or higher under essentially
no restraint), whereupon the fiber develops more than 50
crimps per inch. Fibers of thig invention maintain nearly
their measured crimp frequency when subjected to fabric
heat-setting conditions, as illustrated in Example XXVIIIL

EXAMPLE XXVIII

This example further illustrates the unique stability of
the helical crimp in bicomponent fibers of this invention
when subjected to the plasticizing action of dye carriers.
The importance of crimp frequency to aesthetics makes
this characteristic a valuable contributor to the develop-
ment of superior textile fibers.

Bicomponent staple is prepared in accordance with the
procedure of Example XX. Crimp frequency before and
after various treatments, as noted, are summarized in
Table 18, as compared with fiber such as that illustrated
by Example XXVII.

TABLE 18
A As Example XXVII
s ——
Example Sample Sample
Fiber XX A B
12.5 13.8 13.8

Crimp frequency (c.p.i.): Initial. ___
After relaxed boil-off:
(a) In water. . . oeecamococoooe
(b) In 5g.jl., Carrier A !
(c) In 5 g.Ai., Carrler B 2.
After relaxed heat setting at 155° C.
for 40 secondS ..o

1 Equal weights mixture of dimethyl terephthalate and benzanilide.

2 Orthophenylphenol.
EXAMPLE XXIX

This example illustrates the use of controlled relaxation
to modify the crimp characteristics of bicomponent fibers
of this invention.

A side-by-side bicomponent fiber comprising 70% of a
12.3 relative viscosity copolymer of 98 mol-percent PET
and 2 mol-percent poly(ethylene sodium sulfoisophthal-
ate) and containing 0.25 wt.-percent tetraethyl silicate,
and 30% poly(tetramethylene terephthalate) of 0.8 in-
trinsic viscosity is spun at 280° C. from a 120-hole spin-
neret. The filament bundles from forty bobbins are com-
bined and drawn to 3.7 ratio in an aqueous draw bath at
85° C. After drawing, the tow bundle is relaxed by con-
veying at 80 ft./min. once around the first of 2 pairs of
heated rolls (1st pair roll temp., 185° C., 2nd pair, 195°
C.) in an enclosure (air temp. 195° C.), then 9 times
around the second pair operating at a surface speed of
60 ft./min. During the relaxation step the filaments de-
velop a relatively high frequency spiral crimp (about 14
crimps per inch) of low amplitude (CI=3%). On subse-
quent boil-off under 1.5 mg./den. load, CD is found to
be 9%; CD’ (after boil-off under no load) is found to be
18%; CF remains about 14 crimps/in. in either case.

By contrast, similar bicomponent filaments processed
without the controlled relaxation step to have a CD of
9% are found after boil-off to have only 6 crimps/in. and
a CD’ (after boil-off under no load) of 32%. The higher
frequency and lower CD’ of the filaments prepared by
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controlled relaxation can be used to produce staple fibers
which confer better visual aesthetics and reduced stretchi-
ness in fabrics made from skein-dyed yarns.

EXAMPLE XXX

A side-by-side trilobal bicomponent filament in which
one component is a copolymer of ethylene terephthalate
(98 mol percent) and ethylene sodium sulfoisophthalate
(2 mol percent) having a relative viscosity of 12 and the
other component is a copolymer of tetramethylene ter-
ephthalate (38 mol percent) and ethylene sodium sulfo-
isophthalate (2 mol percent) having a relative viscosity
of 21 is extruded at 265° C. from a 60-hole precoalescence
spinneret to produce a yarn having a denier of 1220. The
volume ratio of the ethylene terephthalate copolymer com-
ponent to the tetramethylene terephthalate copolymer
component is 75/25. A tow is prepared by combining
45 ends of the above yarn and drawn at a ratio of 3.95
in a 95° C. water bath. The drawn tow is subjected to
light mechanical crimping in a stuffer box crimper and
then relaxed in a heated atmosphere at 135° C. for 5
min. to develop crimp. The crimp index after this treat-
ment is 22%. The tow is then stretched at room tempera-
ture to 1.20 times its original crimped length to remove
part of the crimp and then passed in the stretched state
around heated rolls for 24 seconds at 160° C. The re-
sulting filaments have a CI of 7%, a CF of 12 crimps/in.,
a CD’ after boil-off under no load of 13% and a CD”
after boil-off under 1.0 mg./den. load of 9%.

In the practice of this invention, additives normally em-
ployed in the manufacture of synthetic filaments may be
uvsed and are substantially without adverse effect on prop-
erties of the bicomponent filaments of this invention. It is
possible, for example, to add antistatic agents, deluster-
ants, fluorescent brighteners, dyes, pigments, surface
rougheners and the like to one or both components with-
in reasonably wide limits without adversely influencing
differential shrinkage, crimp, stretch or stretch-recovery
appreciably. Addition of topical finishes may also be prac-
ticed.

This invention is applicable to the production of fiber
of any cross-sectional shape. Those which have been em-
ployed and found satisfactory include, for example, round,
oval, ribbon, double round and trilobal.

‘While the exemplified development of crimp by shrink-
ing has exclusively involved treatment in hot or boiling
water in the examples herein, it is to be recognized tbat
operative alternatives exist which also would develop the
crimp. Treatment with a transitory plasticizer, for exam-
ple, can lower the glass transition temperature of a poly-
mer sufficiently to accomplish the necessary shrinkage for
crimping at a temperature substantially below the normal
second-order transition temperature; it is conceivable that
such a treatment could shrink the filament at room tem-
perature. Further, polymers vary widely in glass transition
temperature, and treatment at temperatures substantially
above 100° C. may be necessary to shrink filaments made
from high glass-transition-temperature components.

The novel filaments of this invention can be used in
light-weight stretch fabrics since use in this type fabric
highlights the novel combination of properties offered by
these filaments. In addition, as described in Examples
X1, XVII, XVIII and XX-XXVII1, the bulk afforded .
by many of the spontaneously crimpable filaments of this
invention is useful in a variety of fabrics where bulk and
tactility are emphasized rather than stretch and power.
The filaments of this invention are also useful as replace-
ment for elastomeric or twisted and heat-set filaments in
yarn structures produced by the core spinning processes
illustrated in U.S. Pats. 2,777,310 and 2,880,566, as ex-
amples.

The broad range of available fabric stretch, power,
bulk, tactility and surface appearance available with the
flaments of this invention admirably equip them for use
in a wide range of end uses. Among the suitable end uses
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are upholstery, slip covers, carpets, hosiery, half-hose or
socks, support hose, ski pants, leotards, boxer shorts,
swim wear, sweaters, undergarments where support or
bulk is needed, lingerie, brassieres, girdles, blouses, shirts,
men’s or women’s suitings (for better fit, wrinkle re-
covery), etc. Suitable fabric types include wovens, knits
and warp-knits as well as nonwoven, or felt-like, fabrics,
especially where bulk durability, tactile and visual aes-
thetics, high power of recovery from stretch and/or
simplicity and economy of fabrication are desirable.

The preceding representative examples may be varied
within the scope of the present total specification disclos-
ure, as understood and practiced by one skilled in the art,
to achieve essentially the same results.

The foregoing detailed description has been given for
clearness of understanding only and no unnecesary limita-
tions are to be understood therefrom. The invention is not
limited to the exact details shown and described for obvi-
ous modifications will occur to those skilled in the art.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A helically crimpable composite filament comprising
a laterally eccentric assembly of at least two synthetic
polyesters, the first of said two polyesters being partly
crystalline in which the chemical repeat-units of its crystal-
line region are in a nonextended stable conformation that
does not exceed 90 percent of the length of the conforma-
tion of its fully extended chemical repeat-units and which
assumes a position on the inside of crimp helices formed
when the assembly crimps, the second of said two poly-
esters being partly crystalline in which the chemical re-
peat-units of the crystalline region are in a conforma-
tion more closely approaching the length of the conforma-
tion of its fully extended chemical repeat-units than the
first defined polyester.

2. The helically crimpable composite filament of claim
1 wherein the chemical repeat-units of the crystalline
region of the second polyester are in a conformation that
is 95% or more of the length of the conformation of its
fully extended chemical repeat-units.

3. The helically crimpable composite filament of claim
2 wherein the filament is a bicomponent filament.

4. The helically crimpable bicomponent filament of
claim 3 in which the first polyester is selected from the
group consisting of poly(trimethylene terephthalate),
poly(tetramethylene terephthalate), poly(trimethylene di-
naphthalate) and poly(trimethylene bibenzoate).

5. The helically crimpable bicomponent filament of
claim 4 in which the first polyester is poly(trimethylene
terephthalate) and the second polyester is poly(ethylene
terephthalate).

6. The helically crimpable bicomponent filament of
claim 5 wherein each polyester employed contains minor
amounts of ethylene sodium sulfoisophthalate in co-
polymerized form.

7. The helically crimpable bicomponent filament of
claim 4 in which the first polyester is poly(tetramethylene
terephthalate) and the second polyester is poly(ethylene

terephthalate).
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8. The helically crimpable bicomponent filament of
claim 7 wherein each polyester employed contains minor
amounts of ethylene sodium sulfoisophthalate in copolym-
erized form.

9. The helically crimpable composite filament of claim
1 in the form of staple.

10. A helically crimped composite filament comprising
a laterally eccentric assembly of at least two synthetic
polyesters, the first of said two polyesters being partly
crystalline in which the chemical repeat-units of its crys-
talline region are in a nonextended stable conformation
that does not exceed 90 percent of the length of the con-
formation of its fully extended chemical repeat-units and
is positioned on the inside of the helical crimps, the second
of said two polyesters being partly crystalline in which
the chemical repeat-units in the crystalline region are in
a conformation more closely approaching the length of
the conformation of its fully extended chemical repeat-
units than the said first polyester.

11. The helically crimped composite filament of claim
10 wherein the chemical repeat-units of the crystalline
region of the second polyester are in a conformation that
is 95% or more of the length of the conformation of its
fully extended chemical repeat-units.

12. The helically crimped composite filament of claim
11 wherein the filament is a bicomponent filament.

13. The helically crimped bicomponent filament of
claim 12 in which the first polyester is selected from the
group consisting of poly(trimethylene terephthalate),
poly(tetramethylene terephthalate), poly (trimethylene di-
naphthalate) and poly(trimethylene bibenzoate).

14. The helically crimped bicomponent filament of
claim 12 in which the first polyester is poly(trimethylene
terephthalate) and the second polyester is poly(ethylene
terephthalate).

15. The helically crimped bicomponent filament of
claim 14 wherein each polyester employed contains minor
amounts of ethylene sodium sulfoisophthalate in copolym-
erized form.

16. The helically crimped bicomponent filament of
claim 12 in which the first polyester is poly(tetramethyl-
ene terephthalate) and the second polyester is poly(ethyl-
ene terephthalate).

17. The helically crimped bicomponent filament of
claim 16 wherein each polyester employed contains minor
amounts of ethylene sodium sulfoisophthalate in copolym-
erized form.

18. The helically crimped composite filament of claim
10 in the form of staple.
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57 ABSTRACT

A soft stretch yarn substantially comprising polyester fibers
has a stress, at 50% yarn stretch, of no more than 30x1073
cN/dtex and, at the same time, a percentage recovery of at
least 60%. Preferably, the Uster unevenness is no more than
2.0% and the crimp diameter is no more than 250 um. This
soft stretch yarn can be produced by spinning yarn of
conjugale fibers comprising two types of polyester in which
one component is PTT at a take-up velocity of at least 1200
m/min, drawing at a drawing temperature of 50 to 80° C. at
a draw ratio such that the drawn yarn tensile elongation is 20
to 45%, and then heat setting.
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SOFT STRETCH YARNS AND THEIR
METHOD OF PRODUCTION

TECHNICAL FIELD

The present invention relates to soft stretch yarns which,
by means of their outstanding crimpability, can confer soft
stretchability on fabrics, and to the fabrics formed using said
yarns.

1. Prior Art

Synthetic fibre fabrics are outstanding in their durability,
easy-care characteristics and the like when compared to
natural fibre fabrics and semi-synthetic fibre fabrics, and are
widely used. However, when compared to natural fibre
fabrics and semi-synthetic fibre fabrics, they are inferior in
terms of aesthetic appearance and handle, so various
improvements have been made in the past. One approach has
been to imitate natural or semi-synthetic fibres. On the other
band, in terms of appearance and handle, improvements
have been actively pursued in recent years directed towards
the synthetic fibres themselves, quite distinct from natural
fibres and semi-synthetic fibres. Amongst these, consider-
able research has been conducted to broaden the areas where
natural or semi-synthetic fibres are poor and synthetic fibres
superior. One such major area is the characteristic known as
stretch.

With regard 1o the conferring of stretchability, hitherto
there has been employcd for cxample the method of mixing
polyurethane fibre into a woven fabric to impart stretchabil-
ity. Howcver, polyurethane fibre has problems such as the
hardness of handle inhcrent in the polyurethane itself, and a
lowering of the handlc and drape of the fabric. Morcover,
polyurethane is difficult to dyc by the dyestuffs employed for
polyester and, when used in combination with polyester
fibre, not only is the dyeing process complex but also dycing
to a desired colour is difficult.

Hence, as a method which does pot use either polyure-
thane fibre or false-twist textured yarn, polyester fibres
employing side by side polymer conjugation have been
variously proposed.

For example, in JP-44-2504 and in JP-A-4-308271, there
are described side by side bicomponent fibres of polyethyl-
ene terephthalate (PET) with different intrinsic viscosities or
intrinsic viscosities; and in JP-A-5-295634 there is described
a side by side bicomponent fibre of homo PET and copoly-
mer PET of higher shrinkage than the homo PET. When such
polyester fibres with latent crimpability are used, it is indeed
possible to obtain a certain degree of stretchability but there
is the disadvantage that a high stress is generated when the
fabric is stretched, that is to say there is a strong feeling of
tightness and a hard fabric is formed. Moreover, with side by
side bicomponent fibres of this kind, there is the problem
that the capacity to manifest crimp in a constrained state
within a woven material is low, or the crimp is readily
permanently distorted by external forces. Side by side
bicomponent fibre yarns do not utilize stretchability based
on a substrate polymer such as a polyurethane fibre but, in
order to provide the siretchability, utilize the crimp mani-
fested as a result of the difference in shrinkage between the
polymers in the conjugate fibre, with the polymer of higher
shrinkage forming the inside of the crimp. lence, it is
thought that the aforesaid problems arise when, for example,
heat treatment is carried out with the shrinkage of the
polymer restricted as in the case when present in a woven
fabric, and heat setting takes place in this state, so that the
shrinkagc capacity beyond this constraincd state is Jost.

Furthermore, side by side bicomponent fibre yarns
employing polytrimethylene terephthalate (PTT) or polybu-

10

15

20

25

35

40

45

50

55

60

2

tylene terephthalate (PBT), which are polyesters with slight
stretchability, are described in JP-43-19108, but in Example
15 of that publication it states that the power required for
stretching is large. In fact, when estimated from the finished
yarn counts of the heat treated fabric, in Example XV-d the
stress generated at 30% stretch is rather high at 60x1073
cN/dtex or more, and so there is a strong scnsc of tightness.
In addition, when we conducted follow-up experiments, we
found disadvantages in that the Uster uncvenness (U%) was
poor and dyeing unevenness when in the form of fabric was
considerable.

2. Objective of the Invention

The present invention aims 10 resolve the problems of a
strong feeling of tightness and coarsening of the fabric, and
the problems brought about by yarn unevenness, which are
problems associated with conventional side by side bicom-
ponent fibre yarns, and to provide soft stretch yarns which
can give fabrics with more outstanding soft stretchability
and more outstanding uniformity of dyeing than hitherto,
together with the fabrics produced from said yarns.

DISCLOSURE OF THE INVENTION

The present invention provides, according to one aspect,
a yarn (Y) substantially comprising (and preferably consist-
ing of) polyester fibres, which yam (Y) is characterized in
that, following heat treatment, the yarn has a stress at 50%
yarn stretch of no more than 30x107> ¢N/dtex and, at the
same time, a percentage recovery of at least 60%. Preferably,
the Uster unevenness is no more than 2.0% and the diameter
of the crimp is no more than 250 um. It is also preferable for
the fibres to be conjugate, more preferably multi-segment
(side by side) or a core sheath (ie. having an eccentric cross
section) fibres having at least two components each of
different respective polyesters.

According to a method aspect, the invention provides a
method (A) of producing a yarn by spinning a yarn of
conjugate fibres comprising two types of polyester in which,
preferably, PTT is one component, at a take-up velocity of
at least 1200 m/min, drawing at a drawing temperature of
50-80° C. and a draw ratio which gives a drawn fibre
elongation of 20 to 45%, and then heat setting.

According to other method aspects, the invention pro-
vides respective methods (B) and (C) of providing a yarn, in
which method (B) a yarn of a conjugate fibre comprising two
types of polyester is spun from a spinneret and taken up at
a lake-up velocity of at least 4000 m/min by providing a
non-contact heater between the spinneeeret and a godet
roller and in which method (C) a yarn of a conjugalte fibre
comprising two types of polyester is spun at a take-up
velocity of at least 5000 m/min.

Each of the above methods may be utilized to produce a
yarn (Y) having the above characteristics and thereby allow
a soft stretch yarn to be obtained which at least partially
remove the abovementioned problems.

BRIEF EXPLANATION OF TIIE DRAWINGS

Practical cmbodiments it the invention will mow be
described with refercnee to the accompanying drawings
which:

FIG. 1 is a diagram showing the siress-strain hysteresis
curve a yarn embodying the invention.

FIG. 2 shows, diagrammatically, spinnerets used for side
by side bicomponent fibre spinning in a method. embodying
the invention.

FIG. 3 shows, diagrammatically, various fibre cross-
sectional shapes of polyester fibres of yarns embodying the
invention.
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F1G. 4 is a diagram showing the method of calculating the
radius of curvature of an interface between two components
of a bi-component fibre present in a yarn embodying the
invention.

FIG. 5 is a diagram showing a spinning/winding machine
for use in a method embodying the invention.

FIG. 6 is a diagram showing a drawing machine for use
in another method embodying the invention.

FIG. 7 is a diagram showing a drawing machine for use
in yet another method embodying the invention.

FIGS. 8 and 9 are diagrams showing direct spin draw
machines.

FIG. 10 is a diagram showing the crimp strelch factor
measurement method for use in still further methods
embodying the invention.

FIG. 11 is an electron micrograph showing one example
of the soft stretch yarn crimp shape.

Explanation of the numerical codes:

: spinning block

: nonwoven filter

: spinnerel

: cooling chimney

yarn

: oiling guide

: interlacer nozzle

: 1st godet roller (1GD)
: 2nd godet roller (2GD)
10: winder

: undrawn yarn

: feed roller (FR)

: 1st hot roller (1HR)

: 2nd hot roller (2ZHR)
: cold roller

: drawn yarn

: hot plate

: 1st hot nelson roller (1HNR)
: 2nd hot nclson roller (ZHNR)
: non contact heater

: steam setter

PRACTICAL EMBODIMENTS OF THE
INVENTION

In a yarn embodying the present invention, in order to
achieve soft stretchability, it is important that the resistance
to yarn stretch be low and that the recovery from stretch be
high, and these characteristics can be evaluated by means of
the stress when the yarn is streiched 50% and the percentage
recovery in the stress-strain hysteresis curve (FIG. 1). In
practice, the hank-wound yarn is heat treated and crimp
manifested, after which an initial tension of 4.4x1072
cN/dtex (5 mgf/d) is applied to the yarn using an automatic
tensile testing machine, then the yarn stretched 50% and the
stress read off.

In the case of the soft stretch yarn of the present invention,
it is important that the stress at 50% yarn streich be no more
than 30x107? ¢N/dtex and, in this way, it is possible to obtain
good soft stretchability and there can be obtained solt fabrics
with no feeling of tightness. On the other hand, with a
conventional side by side bicomponent yarn, the stress al
50% yarn stretch is high, exceeding 50x1072 cN/dlex, so
only Fabrics with a strong sense of tightness and a coarse feel
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are obtained. The stress at 50% yarn stretch is preferably no
more than 10x10~3 ¢N/dtex. Furthermore, in order to obtain
sufficient stretchability, it is important that the recovery be at
least 60%. Preferably, the recovery is at least 70%.

Again, when the crimp diameter of the soft stretch yamn
following heat (reatment is less than 250 um, soft stretch-
ability is readily manifested and, furthermore, when [abric 1s
produced, coarseness of the fabric surface is suppressed and
it is possible to obtain a material of high quality, so this is
preferred. The crimp diameter of the soft stretch yarn is more
prelerably no more than 200 um.

Furthermore, if the crimp phase between the individual
filaments is uniform, a fine crepe is raised when formed nto
a fabric and it is possible to obtain fabric with an attraclive
surface. On the other hand, if there is a divergence in the
crimp phase between the individual filaments, it is easier to
form a fabric with a plain surface and it is possible to
produce a fabric with good smoothness.

Moreover, where the crimp stretch factor (Ep) after heat
treatment substantially under no load is at least 45%, the
stretchability is further enhanced and this is preferred. Here,
the crimp stretch factor is an index denoting the degree of
crimp, and the higher the value of the crimp stretch factor the
higher the degree of crimp and the better the stretchability.
E, is more preferably at least 60%. E, reflects the extent of
crimping under no load. However, in the case where a side
by side bicomponent fibre yarn is in the form of a high twist
yarn or a fabric, sometimes there is constraint by the high
twisting or a constraining force acts due to the weave
structure, so that it is difficult for crimp to be manifested.
Hence, the crimp stretch factor under load may also be
important, and this property can be assessed from the crimp
stretch factor (E, ) when a load of 3.5x107* cN/dtex (4
mgf/d) is applied. In the case of the soft stretch yarn of the
present invention, E, ; is preferably at least 10%. On the
other hand, with conventional polyethylene terephthalate
type side by side bicomponent yarns, E, 5 is about 0.5%, and
so in cases where a high twist yarn or a fabric is produced
crimp is not readily manifested and there is poor stretch-
ability. E, 5 is preferably at least 14%.

Furthermore, if the percentage crimp retention after
repeatedly stretching 10 times is at least 85%, then the crimp
does not readily show permanent deformation and the shape
retentivity when the fabric is stretched is markedly raised, so
this is preferred. The crimp retention after stretching 10
times is preferably at least 90% and more preferably at least
95%. On the other hand, with conventional polyethylene
terephthalate type side by side bicomponent yarns, the crimp
retention after stretching 10 times is less than 80% and the
shape retentivity when the fabric is stretched is poor.

Again, in order that high twist or weaving constraints be
surmounted and crimp still be manifested, the shrinkage
stress may also be important, and it is preferred that the
maximum value of the stress be at least 0.25 cN/dtex (0.28
gf/d). More preferably, the maximum value of the stress is
at least 0.30 cN/dtex (0.34 gf/d). Moreover, the temperature
at which the maximum shrinkage stress is shown is prefer-
ably at least 110° C.

In addition, if the initial modulus of the yarn is no ore than
60 cN/dtex, the fabric is softer and so this is preferred. The
initia} modulus of the yarn is preferably no more than 50
cN/dtex.

Furthermore, if there is excessive fabric shrinkage in
subsequent [abric processing stages, coarsening will occur,
s0 it is preferred that the dry heat shrinkage of the soft stretch
yarn be no more than 20%.
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In the present invention, It is preferable that the Uster
unevenness, which 1s a measure ol the unevenness of the
yarn denier (thickness unevenness), be no more than 2.0%.
In this way, not only is it possible to avoid the occurrence of
fabric dyeing unevenness, but also yarn shrinkage uneven-
ness when in the form of fabric is suppressed and it is
possible to obtain an attractive fabric surface. The Uster
unevenness is more preferably no more than 1.2%.

Again, the strength of the soft stretch yarn is preferably at
lcast 2.2 ¢N/dtex (2.5 gf/d) from the point of view of smooth
passage of the soft stretch yarn through subscquent process-
ing stages and the securing of adequatc tcar strength in the
form of fabric. The strength is morc preferably at least 3.0
cN/dtex (3.4 gf/d). Moreover, from the point of view of yarn
handling, the clongation of the soft stretch yarn is preferably
20 to 45%.

It is especially preferred that the structure of a soft stretch
yarn embodying the present invention is a conjugate fibres
having at least two components, wherein, in cross-section,
respective components are each disposed eccentrically rela-
tive 1o another component (and most preferably, where at
least one component is PTT), that is to say either a side by
side type multi-, especially bicomponent fibres or eccentri-
cally disposed sheath core conjugate fibres. Hereinafter,
such fibres are referred to as “eccentric conjugate fibres”.
With such fibres, the stress at 50% yarn stretch is readily
lowered and, furthermore, the percentage recovery can
readily be raised at the same time. Moreover, if two poly-
esters with a large difference in melt viscosity are employed,
then the stretch characteristics, namely the recovery in terms
of 50% yarn stretch and the crimp stretch factor, are
enhanced, so this is preferred. Again, where PTT is on the
inside of the crimp, the stretchability is further raised so this
is preferred. Moreover, if PET is combined with PTT, the
heat resistance is raised, so this is preferred. If low viscosity
PTT is combined with high viscosity PTT, then the Young’s
modulus is lowered and better soft stretchability is obtained
in the form of a fabric, so this is preferred. Again, if PBT is
combined with PTT then the crimp retention factor is raised,
permanent deformation of the crimp does not readily occur,
and there is improved fabric shape retentivity in terms of
stretch, so this is preferred.

As to the conjugate ratio of the polyesters but, from the
point of view of the manifestation of crimp, from 3/7 to 7/3
is preferred. From 4/6 to 6/4 is more preferred, with 5/5
being still further preferred.

Herein, PET refers to a condensation polymer employing
terephthalic acid as the acid component and ethylene glycol
as the diol component; PTT refers to a condensation polymer
employing terephthalic acid as the acid component and
1,3-propanediol as the diol component; and PBT denotes a
condensation polymer employing terephthalic acid as the
acid component and 1,4-butanediol as the diol component.

Furthermore, within respective ranges not exceeding 15 s

mol%, a part of the diol component and/or part of the acid
component may be replaced by other copolymerizable
component(s). In the case where the copolymerized com-
ponent is polyethylene glycol, this will be no more than 15
wi%. Again, there may also be added additives such as other
polymers, delustrants, fire retardants, antistatic agents and
pigments.

Now, if the difference in the melt viscosities of the
conjugated polymers is too greal, the spinnability may
become markedly impaired because fibre bending just under
the spinneret occurs. Hence, it may then be necessary to use
an insert type complex spinneret (FIG. 2(b)) as described in
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JP-A-11-43835. However, the yarn production properties
may then be markedly lowered because of the different
residence times of the polyesters in the pack or spinneret.
Again, while it is also not impossible to use a spinneret of
the kind shown in FIG. 3 of JP-43-19108 where the flow of
two polyesters is merged and combined at the same time as
cxtrusion, the conjugate form and the polycster flow rates
will tend to be unstable, causing incrcascd yarn uncvenncss,
so this is preferably avoided. Hence, if, the melt viscosity
ratio of the two types of polyester is actually decreased, then
cven by using a simple parallel type spinncret (FIG. 2(a)) it
is possible to avoid the problem of reduced spinnabillty
causcd by fibre bending just under the spinncret as described
in Sen’i Gakkai-shi {Journal of the Society of Fibre Sciences
and Technology, Japan} Vol.54, p-173 (1998). Such a com-
bination of melt viscositics has the advantage that it is
possible to markedly improved the operational characteris-
tics. The preferred melt viscosity ratio is 1.05:1 to 5.00:1,
and more preferably 1.20:1 to 2.50:1. Hcre, the meclt vis-
cosity ratio is defined by the formula given below. The
measurement conditions of melt viscosity arc a tcmperature
of 280° C. and a strain ratc of 6080 sec™?, to match the
polyestcr melt spinning conditions.

Melt viscosity ratio=V,/V,

V,: melt viscosity value of the polymer with the higher

melt viscosity

V,: melt viscosity value of the polymer with the lower

melt viscosity

Furthermore, where the melt viscosity of the lower vis-
cosity polyester is 300-700 poise, the spinnabilily is
enhanced, yarn unevenness and yarn breakage are reduced,
and the sofl stretchability is further enhanced, so this is
preferred.

In a yarn embodying the present invention, the fibre
cross-sectional shape is not restricted in any way and, for
example, cross-sectional shapes of the kind shown in FI1G. 3
can be considered. Of these, in terms of a balance between
crimpability and handle, a semicircular side by side round
cross-section can be selected, but where the aim is a dry
handle then a triangular cross-section or where the aim is
lightness of weight and thermal insulation a hollow side by
side conjugate or other such suitable cross-sectional shape
can be selecled in accordance with the particular application.

Now, in a yarn embodying the present invention, where
the interface in the side by side bicomponent fibre is linear
in the filament cross section, the manifestation of crimp is
[acilitated and streichability is enhanced. An index of the
linearity of the interface is the radius of curvature R (um) of
the circle which touches the three points a, b and ¢ on the
interface in the filament cross-section shown in FIG. 4,
where a and b are points of depth 2 um in the direction of
the centre from the (ilament surface and ¢ is the point at the
centre of the interface. It is preferred that R=10xD°*. Here,
D is the fineness of the filament (diex).

A solt stretch yarn embodying the present invention can,
for example, be produced as [ollows.

Initially, first and second preferred embodiments of the
soft stretch yarn production method of the present invention
are explained. Specifically, there is the method in which a
conjugate fibre, preferably, an eccentric conjugate [ibre
comprising two type of polyester is spun al a lake-up
velocity of al least 1200 m/min, and drawn al a drawing
temperature of 50-80° C. and preferably at a draw ratio
which gives a drawn yarn elongation of 20-45%, [ollowed
by heat setting.

Here, with regard 1o the combination of the two types of
polyester forming the conjugate fibre, if the melt viscosity
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ratio is 1.05:1 to 5.00:1, then the spinnability is enhanced,
and if at least one of the polyesters is PTT or PBT then soft
stretchability is readily manifested, so this is preferred. More
preferably, it is PTT. Again, in order to suppress yarn
unevenness, the selection of the spinning temperature and
the take-up velocity are important. Since the melting point
of PTT is about 30-35° C. lower than that of PET, the
spinning temperature is lower than the normal spipning
temperature for PET and is preferably set at 250-280° C. In
this way, thermal degradation of the PI'I" or an excessive fall
in viscosity thereof can be suppressed, lowering of the yarn
strength is prevented and yarn unevenness can be reduced.
The spinning temperature is preferably 255 to 275° C.
Moreover, by making the take-up velocity al least 1200
m/min, the cooling process during spinning is stabilized,
yarn oscillation or trembling in the yarn solidification point
can be considerably suppressed, and it is possible to mark-
edly suppress yarn unevenness when compared with yarn
spun at lower velocities. Again, there is also the advantage
that the yarn strength can be raised. However, at a take-up
velocity of about 3000 m/min, the siretch characteristics of
the soft stretch yarn may be lowered, and this is preferably
avoided. On the other hand, at take-up velocities of 5000
m/min or more, the stretch characteristics are actually raised,
so employing high speed spinning is also preferred.

It is desirable that there be taken into consideration the
fact that, at the time of drawing and heat setting, the glass
transition terperature and melting point of PTT are lower,
and the heat resistance inferior, when compared to PET. In
particular, in order to suppress yarn unevenness, selection of
the drawing temperature is important, and the drawing
temperature is 50 to 80° C. In this way, excessive crystal-
lization and thermal degradation of the yarn at the time of
the preheating are prevented. Thus, yarn unevenness and
also yarn breaks due to yarn oscillation or a change in the
point of drawing on the roller or heated pin employed for the
preheating are reduced, and the yarn strength is raised. The
drawing temperature is more preferably 65 to 75° C.
Furthermore, for the purposes of reducing the dry heat
shrinkage of the drawn yarn, heat setling is carried oult
following the drawing. The shrinkage can be kept to less
than 20% if the temperature is about 120~160° C. in the case
where a hot roller is used as the heat setting means, and
similarly if the temperature is about 110-180° C. in the case
where a hot plate is used, so this is preferred. Again, when
a hot plate is used as the heat setting means, the heat setting
can be conducted in a state with the molecular chains under
tension, so the yarn shrinkage stress can be raised, which is
preferred. Furthermore, the draw ratio is important for the
manifestation of the solt stretch properties of the present
invention, and it is preferred that this be set such that the
elongation of the drawn yarn is 20 to 45%. In this way, il is
possible to suppress problems due to an excessively high
draw ratio such as breaks in the drawing process, a lowering
of the soft stretchability and the occurrence of breaks in the
fabric forming process, and it is also possible 1o avoid
troubles due to a low draw ratio such as a lowering of the
stretchability and pirn barre in the fabric forming process.
The draw ratio is more preferably set such thal the drawn
fibre elongation is 25-35%.

There can be used a two stage spinning and drawing
method (the first preferred embodiment) in which the spun
yarn is temporarily wound up, aflter which it is then drawn,
or the direct spin draw method in which the spun fibre is
drawn as it is without firstly being wound up (the second
prelerred embodiment). A more specific explanation of the
two-stage spinning/drawing method is now provided with
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reference to the drawings. With reference to FIG. 5, the
molten polyesters in spinong block 1 are fillered using a
filter such as nonwoven filter 2 and spun from spinneret 3.
The spun yarn 5 is cooled by means of cooling equipment
such as cooling chimney 4 and oiled via oiling device 6, after
which entanglement is optionally conferred by means of an
interlace nozzle such as air nozzle, and then take-up per-
formed by means of first take-up roller (1GD) 8 and second
take-up roller (2GD) 9, followed by wind-up by means of
winder 10. Here, the peripheral velocity of 1GD 8 is the
take-up velocity. Next, the wound undrawn yarn 11 is
subjected to drawing and heat setting by means of a known
drawing machine. For example, in FIG. 6, the undrawn yarn
11 is fed from feed roller (FR) 12, after which it is preheated
by means of first hot roller (1HR) 13, and drawing carried
out between 1HR 13 and second hot rolier (ZHR) 14.
Furthermore, after heat setting at 2HR 14, the yarn passes
via cold roller 15 and is wound up as drawn yarn 16. Again,
in F1G. 7 there is shown an example where a hot plate 17 is
used instead of 2HR 14 as the heat setting means. Now, the
temperature of 1HR 13 is the drawing lemperature, the
temperature of 2HR 14 or of hot plate 17 is the heat setting
temperature, and the velocity of cold roller 15 is the drawing
velocity.

Next, a more specific explanation is given of the direct
spin draw method with reference to the drawings.

Referring to FIG. 8, the molten polyesters are filtered
using a filter such as nonwoven filter 2 and spun from
spinneret 3. Furthermore, the spun yam is cooled by means
of a cooling device such as cooling chimney 4 and oiled
using oiling means 6, after which entanglement is optionally
conferred by means of an interlace nozzle such as air nozzle
7, and then the yarn takeo up by means of first hot nelson
roller (1HNR) 18 and, following preheating, drawing carried
out between this and second hot nelson roller (ZHNR) 19.
After heat-setting at 2HNR 19, it is wound up by means of
winder 10. Here, the peripheral velocity of 1HNR 18 is the
take-up velocity, the temperature of 1HNR 18 is the drawing
temperature and the temperature of 2HNR 19 is the heat
setting temperature.

When the direct spin draw method is adopted in this way
instead of the conventional two stage spinning and drawing
method, there is the merit that the production process can be
made more efficient and costs reduced. Moreover, the phase
of the crimp in the soft stretch yamn tends to be more random
and, in particular in the case where the yarn is employed
without twisting, the shrinkage of the yarn in the fabric
occurs randomly, with the result that there is the merit that
a plain [abric with good smoothness is readily obtained.

Next, as a third embodiment of the method of producing
soft stretch yarn of the present invention, a simplified direct
spin draw method is explained with reference lo FIG. 9.
Here, a non contact heater 20 is provided on the spinning
line between spinneret 3 and 1GD 8, and by taking up the
aforesaid conjugate, preferably, cccentric conjugale fibres at
a high take-up velocity of at least 4000 m/min, drawing
automatically takes place due to the airdrag in non contact
heater 20, after which heat setting is performed, preferably
by means of a steam setter 21. Al this time, since the yarn
passes through the non contact heater in a non-constrained
state, the drawing and heat setting take place randomly
between the individual filaments, and the crimp phase dif-
ference in the soft siretch yarn can be made even more
random than at the time of the aforesaid direct spin draw
method with a hot roller, and so is prelerred.

Next, as a fourth embodiment of the method of producing
the soft stretch yarn of the present invention, a high velocity
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spinning method is explained with reference to FIG. 5. In
FIG. 5, by taking up the aforesaid conjugate fibres at a
take-up velocity of 5000 m/min or above, drawing is auto-
matically produced by the airdrag between spinneret 3 and
1GD 8, and heat setting is carried out by the heat possessed
by the yarn iiself.

Now, it a twist of at least 100 turns/m is applied to the soft
stretch yarn of the present invention, the phase of the cnimp
is readily made more uniform and stretchability is more
readily manifested in the fabric state, so this is preferred.
Again, generally speaking, when a side by side bicomponent
yarn is produced as a high twist yarn, the crimpability is poor
and the stretchability lowered, but in the case of the soft
stretch yarn of the present invention E; ¢ is very high
compared to a conventional PET type side by side conjugate
fibre, so adequate stretchability is manifested even in the
form of a high twist yarn. Refercnce here to high twist means
applying twist at a twist coeficient of at least 5000, and in
the case of yarn of fineness 56 dtex, the number of twists will
be at least 700 turns/m. The twist coefficient is defined as the
product of the number of twists (turns/m) and the square root
of the denier (dtex x 0.9).

The soft stretch yarn embodying the present invention can
also be used twist-free, and in this case if there is a
divergence in crimp phase between the individual filaments
of the yarn, the woven material surface will be plain and, for
example, it can be cmployed as a stretchable lining with
excellent smoothness. Moreover, another merit is that the
bulkiness is higher compared to the case where the crimp is
uniformly arranged.

When a soft stretch yarn embodying the present invention
is employed in a knitted material, it is possible to produce an
outstanding stretchable knitted fabric with soft stretch prop-
erties not achievable in a conventional knitted fabric. In
particular, with a knitted fabric, since the fabric shrinks in a
state where the constraining forces are weak in the subse-
quent processing stages, the apparent shrinkage including
that due to crimping is marked and the knitted loops are
closed up, so in cases where a stretch yarn is used the fabric
is rcadily coarscned. Hence, in a knitted fabric, the soft
stretchability possessed by the yarn itself is a particularly
important parameter, and by using the soft stretch yarn of the
present invention it is possible to obtain soft stretch knitted
fabrics unaltainable hitherto. Again, if there is used a soft
stretch yarn in which the crimp phase is uniformly arranged,
a fine crimp is readily produced between the knitted loops
and a fine crepe is formed, and so it is possible to obtain a
highly attractive knitted fabric.

Moreover, if a soflt stretch yarn embodying the present
invention is employed in the form of a combined filament
yarn along with a low shrink yarn comprising polyester or
nylon of boiling water shrinkage no more than 10%, then not
only is the sense of softness increased but also the bulkiness
and resilience are enhanced, which is desirable. If, compara-
tively speaking, the low shrinkage yarn is present at the
outer periphery of the soft stretch yarn, then it has a
cushioning role and the sense of softness is further
enhanced. Again, the yarn diameter as a multifilament is
increased and so the sense of bulkiness is raised. For this
purpose, it is advantageous if the boiling water shrinkage of
the low shrink yarn be low. More prelerably, the boiling
water shrinkage is no more than 4% and still more prelerably
it is no more than 0%. Again, It is advantageous if the initial
modulus of the low shrink yarn is also low, preferably no
more than 50 ¢N/dtex. Furthermore, the finer the individual
filament denier of the low shrinkage yarn the greater the
sense of softness, so the single filament fineness is prefer-
ably no more than 2.5 dtex and more preferably no more
than 1.0 dtex.
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Again, if a soft stretch yarn embodying the present
invention is used as a mixture along with natural fibres
and/or semi-synthetic fibres, it is possible 1o confer stretch-
ability without impairing the moisture absorption/release
properties and the outstanding handle such as coolness to the
touch and resilience possessed by the natural or semi-
synthetic fibres. Mixture here refers to a combined yarn or
to a combined weave or combined knit. In order to balance
the charactenstics possessed by the soft stretch yarn and the
handle of the natural or semi-synthetic fibres, it is preferred
that the total weight of natural fibres or semi-synthetic fibres
be from 10 to 90% of the fabric weight.

Yarns embodying the present invention can be used
advantageously for textile materials such as socks, shirts,
blouses, cardigans, trousers, skirts, one-piece costumes,
suits, sportswear, lingerie and linings.

EXAMPLES

Preferred embodiments of the present invention will now
be described in more detail with reference to the following
Examples, in which the following methods were employed
as the methods of measurement.

A. Stress at 50% yarn strain, and the percentage recovery

Firstly, the yarn was wound in the form of a hank, and
then a heat treatment carried out by immersion for 15
minutes in boiling water in a substantially load free state.
Next, using an automatic tensile testing machine, an initial
tension of 4.4x107> cN/dtex (5 mgf/d) was applied to this
heat-treated yarn at an initial sample length of 50 mm, then
the yarn stretched 50% at a rate of extension of 100%/min,
after which it was immediately returned to 0% extension at
the same rate, and the hysteresis curve measured (IIG. 1).
The maximum attained stress, based on the initial tension,
was taken as the stress at 50% stretch. The percentage
recovery was calculated from FIG. 1, using the relation:-
percentage recovery (%)=[(50-a)/50]x100%. Here, “a’ is the
percentage extension at the point when the stress in the
recovery process of the hysteresis curve reaches the initial
tension.

B. Crimp streich factor (FIG. 10)

crimp stretch factor (%)=[(L,~L,)/L,x100%

L,: hank length with a load of 180x10~> cN/dtex applied,
after having subjected the fibre hank to 15 minutcs treatment
in boiling watcr and then 15 minutes dry heat treatmcent at
180° C.

L,: the hank length when, following measurement of L,
the load applied is changed from 180x107> cN/dtex (0.2
gl/d) 1o 0.9x1072 cN/dtex (1 mgt/d)

Eq: crimp stretch factor after having been heat treated
undcr substantially no load

E, s crimp stretch factor atter having been heat treated
under a load of 3.5x107> cN/dtex (4 mgf/d)

C. Percentage crimp rctention

E, was measured with the Joad at the time of the heat
trcatment in the mecasurement of the crimp stretch factor
made 0.9x1072 cN/dtex (1 mgt/d). Furthermorc, after apply-
ing a hcavy load (180x107> cN/ditcx) and a light load
(0.9x1072 cNy/diex) and repeating this ninc times, so that
stretching/recovery was performed a total of 10 times, the
hank length L, was mecasurcd with the light load applicd.

The crimp stretch factor E,*° (%) following the stretching
was determined from the relationship given below, and the
pereentage crimp retention was determined trom the ratio in
tcrms ot the initial crimp strctch factor.

Percentage crimp retention (%)=[£,'%/E Jx100 (%)
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£, m(%)"(LO"L 1)L X100 (%)

D. Crimp diameter

Following the measurement of Eg, the yarn was sampled
in a state with, as far as possible, no force applied, and then
observation performed with a scanning electron microscope
(F1G. 11). The diameters (ouler diameters) of 100 randomly
selected crimps were measured and the average value
thereof taken as the crimp diameter.

E. Uster unevenness (U%)

This was measured using a Uster Tester 1 Model C,
manufactured by the Zellweger Co., in the normal mode
while supplying yarn at a rate of 200 m/min.

F. Shrinkage stress

This was measured using a thermal stress measurement
instrument manufactured by Kanebo Engineering Co., at a
heating rate of 150° C./min. Sample=10 cmx2 loop, with
initial tension=fineness (decitex)x0.9x(Y50) gf.

G. Tensile strength and elongation

With the inpitial sample length=50 mm and the rate of
extension=50 mm/min (100%/min), the stress-sirain curve
was determined under the conditions given in Japanese
Industrial Standard (JIS) L1013. The extension divided by
the initial sample length was taken as the tensile elongation.

H. Melt viscosily

Measurement was carried out under a nitrogen
atmosphere, using a Capilograph 1B, manufactured by the
Toyo Seiki Co. Measurement was carried out three times at
a measurement temperature of 280° C. and a strain rate of
6080 sec™?, with the average value being taken as the melt
viscosity.

I. Intrinsic viscosity

Measured in o-chlorophenol at 25° C.

J. Initial modulus

Measured in accordance with JIS L1013,

K. Boiling water shrinkage and dry shrinkage

boiling water shrinkage (%)=[(Lo"-L,")/L,"x100%

1,": original hank length when drawn yam is wound in
the form of a hank and an initial load of 0.18 cN/dtex (0.2
gl/d) applied

L,": hank length under an initial load of 0.18 ¢N/dtex (0.2
gf/d), after the hank used to measure L," was treated for 15
minules in boiling water in a substantially load free state,
and then air dried

dry heat shrinkage (%)=[(L"-L2")}Lo"x100%

L,": hank length under an initial load of 0.18 ¢N/dtex (0.2
gf/d), after the hank used to measure L," was dry heat
treated for 15 minutes at 180° C. in a substantially load free
state, and then air dried

L. Evaluation of handle

The fabrics obtained in the examples and comparative
examples were evaluated on a scale of 1 to 5 in terms of soft
feel, bulkiness, resilience, stretchability, dyeing evenness
and surface impression (attractiveness of the fabric surface).
A grade of 3 or more was acceptable.

Example 1

Titanium dioxide-free homo PTT of melt viscosity 400
poise and homo PET of melt viscosity 370 poise containing
0.03 wt% titanium dioxide were separately melted at 260° C.
and 285° C. respectively, and then each filtered using
stainless steel nonwoven filters of maximum pore diameter
15 pm, alter which they were spun al a spinning temperature
of 275° C. from a 12-hole parallel type spinneret (F1G. 2(«))
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to form side by side bi-component fibre (FIG. 3(b)) of
conjugale ratio 1:1. The mell viscosity ratio at this tirne was
1.08. At a take-up velocity of 1500 m/min, 168 dtex
12-filament undrawn yarn was wound up. Subsequently,
using the drawing machine with hot rollers illustrated in
FIG. 6, drawing was carried out with the temperature of the
1HR 13 at 70° C. and the temperature of the 2HR 14 at 130°
C., at a draw ratio of 3.00. In both the spinning and drawing,
yarn production was good and there were no yarn breaks.
‘The properties of the yarn are given in lable 2, and out-
standing crimpability was shown with the PI'I" at the inside
of the crimp. Furthermore, the crimp diameter manifested in
the heat treatment for measuring £, was extremely small, at
200 um, so an extremely high quality product was formed.
Moreover, the yarn was sufficiently soft, with an initial
modulus of 42 ¢N/dtex, and the shrinkage was sufficiently
low, with a dry heat shrinkage of 11%. Again, the tempera-
ture at which the shrinkage stress maximum was shown was
sufficiently high at 128° C. The radius of curvature of the
interface of the two components was 80 um

Example 2

Using a polymer combination of titanium dioxide-free
homo PTI'T of melt viscosity 700 poise and homo PET of
melt viscosity 390 poise containing 0.03 wi% titanium
dioxide, spinning was carried out in the same way as in
Example 1, and 168 dtex, 12-filament undrawn yarn was
wound up. The melt viscosity ratio at this time was 1.75 and
a side by side bicomponent fibre was formed of shape as in
FIG. 3(b). Subsequently, using the drawing machine with a
hot plate illustrated in FIG. 7, drawing was carried out with
the temperature of the 1HR 13 at 70° C. and the temperalure
of hot plate 17 at 165° C., at a draw ratio of 3.00. In both the
spinning and drawing, yarn production was good and there
were no yarn breaks. The properties of the yarn are given in
Table 2, and outstanding crimpability was shown with the
PTT at the inside of the crimp. Furthermore, the crimp
diameter manifested by the heat treatment for measuring E,
was extremely small, at 190 sam, so an extremely high
quality product was formed. Moreover, the yarn was sufli-
ciently soft, with an initial modulus of 44 cN/dtex, and the
shrinkage was sufficiently low, with the dry heat shrinkage
being 11%. Again, the temperature at which the shrinkage
stress maximum was shown was sufficiently high at 145° C.
The radius of curvature of the interface of the two compo-
nents was 40 qm

LExample 3

Using a polymer combination of titanium dioxide-[ree
homo PTT of melt viscosity 1900 poise and homo PET of
melt viscosity 390 poise containing 0.03 wi% titanium
dioxide, spinning was carried out in the same way as in
Example 1 at a take-up velocity of 1350 m/min using the
12-hole insert lype conjugate fibre spinneret (FIG. 2(b))
described in JP-A-9-157941, and 190 dtex, 12-filament
undrawn yarn wound up. The melt viscosily ratio at this time
was 4.87 and there was formed a side by side bicomponent
fibre of shape as in FIG. 3(b). Subsequently, drawing was
carried oul in the same way as in Example 2, at a draw ratio
of 3.40. In both the spinning and drawing, yarn production
was good. The properties of the yarn are given in Table 2,
and outstanding crimpability was shown with the PTT at the
inside of the crimp. Furthermore, the crimp diameter mani-
fested by the heat treatment for measuring E, was extremely
small, a1 190 pm, so an extremely high quality product was
formed. Moreover, the yarn was sufficiently soft, with an
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initial modulus of 44 cN/dtex, and the shrinkage was suffi-
ciently low, with the dry heat shrinkage being 11%. Again,
the temperature at which the shrinkage stress maximum was
shown was sufficiently high at 145° C. Now, while still
within the permitted range, there was an increase in yarn
breakage in the spinning and drawing compared to
Examples 1 and 2. The radius of curvature of the interface
of the two components was 25 um

Example 4

A polymer combination of titanium dioxide-free homo
PTT of melt viscosity 1500 poise and titanium dioxide-free
homo PTT of melt viscosity 400 poise was separately melted
at 270° C. and 260° C. respectively, after which spinning
was carried out in the same way as in Example 1 at a
spinning temperature of 265° C. and a take-up velocity of
1350 m/min using a 12-hole insert type conjugate fibre
spinneret (FIG. 2(b)) as described in JP-A-9-157941, and
132 dtex, 12-filament undrawn yarn wound up. The melt
viscosity ratio at this time was 3.75 and there was formed a
side by side bicomponent fibre of shape as in FIG. 3(b).
Subsequently, drawing was carried out in the same way as
in Example 2 with the temperature of the 1HR 13 at 65° C.
and the temperature of the 2HR 14 at 130° C,, at a draw ratio
of 2.35. In both the spinning and drawing, yarn production
was good. The properties of the yarn are given in Table 2,
and outstanding crimpability was shown with the high
viscosity PTT at the inside of the crimp. Furthermore, the
crimp diameter manifested by the heat treatment for mea-
suring E, was extremely small, at 190 pm, so an extremely
high quality product was formed. Moreover, it was suffi-
ciently soft, with an initial modulus of 22 c¢N/dtex, and the
shrinkage was sufficiently low, with the dry heat shrinkage
being 12%. Again, the temperature at which the shrinkage
siress maximum was shown was sufficiently high at 125° C.
Now, while still within the permitted range, there was an
increase in yarn breakage in the spinning and drawing
compared to Examples 1 and 2. The radius of curvature of
the interface of the two components was 60 qm

Exaniple 5

A polymer combination of titanium dioxide-free homo
PTT of melt viscosity 700 poise (intrinsic viscosity 1.18)
and homo PBT of melt viscosity 600 poise (intrinsic vis-
cosity 0.82) containing 0.03 wi% titanium dioxide was spun
in the same way as in Example 4, and 168 dtex, 12-filament
undrawn yarn wound up. The melt viscosity ratio at this time
was 1.17 and there was formed a side by side bicomponent
fibre of shape as in FIG. 3(b). Subsequently, drawing was
carried out using the drawing machine with a hot plate
shown in FIG. 7, with the temperature of the 1HR 13 at 65°
C. and the temperature of the hot plate 17 at 160° C., at a
draw ratio of 3.00. The properties of the yarn are given in
Table 2, and oulstanding crimpability was shown with the
PTT at the inside of the crimp. Furthermore, the crimp
diameter manifested by the heat treatment for measuring E,
was small, at 220 um, so a high quality product was formed.
Moreover, the yarn was sufficiently soft, with an initial
modulus of 34 ¢N/dtex, and the shrinkage was sufliciently
low, with the dry heat shrinkage being 12%. Again, the
temperature at which the shrinkage stress maximum was
shown was sufficiently high at 153° C. The radius of
curvature of the interface of the two components was 28 pm

Example 6

Using a polymer combination ol titanium dioxide-free
homo PBT of mell viscosity 1150 poise and homo PTT of
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melt viscosity 300 poise containing 0.03 wi% titanium
dioxide, spinning was carried out in the same way as in
Example 4.'The melt viscosity ratio at this time was 3.83 and
there was formed a side by side bicomponent fibre of shape
as in FIG. 3(b), of radius of curvature 46 san. Subsequently,
drawing was carried out using the drawing machine with a
hot plate shown in FIG. 7, with the temperature of the 1HR
13 at 65° C. and the temperature of the hot plate 17 at 160°
C., at a draw ratio of 3.00. The properties of the yarn are
given in 'Table 2, and outstanding crimpability was shown
with the PBT at the inside of the crimp. ‘The crimp diameter
manifested by the heat treatment for measuring E, was 290
#m, so the quality was somewhat inferior to that of Example
1. Moreover, the yam was sufliciently soft, with an initial
modulus of 31 cN/dtex, and the shrinkage was sufficiently
low, with the dry heat shrinkage being 11%. Again, the
temperature at which the shrinkage stress maximum was
shown was sufficiently high at 150° C. Now, while within
the permitted range, there were increased yarn breaks in the
spinning and drawing compared to Examples 1 and 2.

Examople 7

Melt spinning was carried out under the same conditions
as in Example 2 except that the take-up velocity was made
3000 m/min and 77 dtex 12-filament undrawn yarn was
produccd. Using this undrawn yarn, drawing was carricd out
under the same conditions as in Example 2 except that the
draw ratio was made 1.40. Yarn production was good in both
the spinning and drawing and there were no yam breaks. The
properties of the yarn are given in Table 2, and outstanding
crimpability was shown with the PTT at thc inside of the
crimp. Furthermore, the crimp diameter manifested by the
heat treatment for measuring E, was low, at 220 um, so an
extremely high quality product was formed.

Example 8

Melt spinning was carried out undcr the same conditions
as in Example 1 except that instead of the side by side
bicomponent yarn there was produced a ccecntrically dis-
posed sheath corc conjugate fibres (FIG. 3(A4)) and the
polymers and conjugate ratio were changed as follows.
There was employed at this time, as the sheath polymer, 60
wt% PET of mclt viscosity 400 poisc containing 0.40 wit%
titanium dioxide and, as the core polymer, 40 wt% titanium
dioxide-free PTT of melt viscosity 700 poisc. The undrawn
yarn was drawn under thc same conditions as in Example 1
except that the draw ratio was made 2.60 and the tempera-
turc of the 2HR 14 was madc 140° C. Yarn production was
good in both the spinning and drawing and there were no
yarn breaks. The propcrtics are given in Table 2 and out-
standing crimpability was shown. Furthermorc, the crimp
diameter manifested by the heat treatment for measuring E,
was low, at 240 um, and a high guality product was formed.

Example 9

Melt spinning was carried out under identical conditions
to those in Example 2, except that the fibre cross-sectional
shape was a hollow section (FIG. 3(f)), and 168 diex, 12
filament undrawn yarn was wound up. Using this undrawn
yarn, drawing was carried out under the same conditions as
in Example 2 except that the draw ratio was made 2.95. The
properties are given in Table 1, and outstanding crimpability
was shown with the PTT at the inside of the crimp.
Furthermore, the crimp diameter manifested by the heat
treatment for measuring E, was low, at 240 um, and a high
quality product was formed.
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Example 10

Spinning was carried out in the same way as in Example
I except that the PTT in Example 1 was changed to titanium
dioxide-free polybutylene terephthalate (below referred to
as PBT) of melt viscosity 390 poise, and 168 diex, 12
filament undrawn yarm was wound up. Drawing was carried
out in the same way as in Example 1, at a draw ratio of 3.00,
and soft stretch yarn obtained. The properties are given in
Table 2 and good crimpability was shown. Now, the stress
in terms of 50% stretch exceeded 10x107* cN/dtex and the
recovery was less than 70%, so the softness and stretchabil-
ity were somewhat inferior to those in Example 1.
Furthermore, the cnimp diameter manifested by the heat
treatment for measuring E; was 300 um, and so the product
quality too was somewhat inferior to Example 1. Moreover,
the crimp phase was random compared to Example 1.

Example 11

Spinning was carried out in the same way as in Example
2, except that the PTT in Example 2 was changed to titanium
dioxide-free PBT of melt viscosity 1050 poise, and 190 dtex,
12 filament undrawn yam was wound up. Drawing was
carried out in the same way as in Example 1, at a draw ratio
of 3.40, and soft stretich yarn obtained. The properties are
given in Table 2 and good crimpability was shown. Now, the
recovery in terms of 50% stretch was less than 70%, so the
stretchability was somewhat inferior to that in Example 2.
Furthermore, the crimp diameter manifested by the heat
treatment for measuring E, was 280 um, and the product
quality too was somewhat inferior to Example 1. Moreover,
the crimp phase was random compared to Example 2.
Furthermore, with the initial modulus at 55 cN/dtex, the
softness was somewhat inferior to Example 2 but the dry
heat shrinkage was sufficiently low at 12%. The temperature
at which the maximum shrinkage stress was shown was
sufficiently high, at 128° C. While still within the permitted
range, there was an increase in yarn breaks during spinning
and drawing when compared to Examples 1 and 2.

Example 12

Spinning was carried out in the same way as in Example
1 except that the PTT in Example 1 was changed to titanium
dioxide-free PBT of melt viscosity 390 poise, and the
take-up velocity was made 6000 m/min. 62 dtex, 12 filament
undrawn yarn was obtained. Drawing was carried out in the
same way as in Example 1 except that the draw ratio was
1.10, and in this way soft stretch yam was obtained. The
properties are given in Table 2, and good crimpability was
shown. However, the recovery in terms of 50% stretch was
less than 70%, so the stretchability was somewhat inferior to
that in Example 6. Furthermore, the crimp diameter mani-
fested by the heat treatment for measuring E, was 260 um,
and the product quality too was somewhat inferior to
Example 1. Again, the csimp phase was random compared to

Example 1.
Example 13

Using the direct spin draw machine shown in FIG. 8,
drawing was carried oul in the same way as in Example 2
with the peripheral velocity of 1THNR 18=1500 m/min and
temperature=75° C., peripheral velocity of ZHNR 19=4500
m/min and temperature=130° C. 56 dtex, 12 filament soft
stretch yarn was wound up. The properties are given in Table
2 and good crimpability was shown with the PTT on the
inside of the crimp. Furthermore, the crimp diameler mani-
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fested by the heat treatment for measuring Eg was extremely
low, at 200 gm, and an extremely high quality product was
formed. Moreover, the initial modulus was 42 cN/dtex, so
the yarn was sufficiently soft, and the dry heat shrinkage was
also sufficiently low at 10%. Again, the temperature at which
the maximum shrinkage stress was shown was sufficiently
high at 128° C.

Example 14

Using the direct spin draw machine shown mn FIG. 9,
drawing was carried out in the same way as in Example 2
with the temperature of the non-contact heater 20=190° C_,
the take-up velocity=5000 m/min, and a 100° C. stcam heat
treatment carried out between the 2GD 9 and winder 10. 'The
properties of the soft stretch yarn obtained are given in 'lable
2 and good crimpability was shown with the PTT on the
inside of the crimp. Furthermore, the crimp diameter mani-
fested by the heat treatment for measuring E, was extremely
low, at 190 um, and an extremely high quality product was
formed. The crimp phase varied between individual fila-
ments and there was a sense of high bulkiness compared to
Example 2. Furthermore, the initial modulus was 43 cN/dtex
so the yarn was sufficiently soft, and the dry heat shrinkage
was also sufficiently low at 12%. Again, the temperature at
which the maximum shrinkage stress was shown was suf-
ficiently high at 126° C.

Example 15

Melt spinning was carried out under the same conditions
as in Example 2 except that the take-up velocity was
changed to 7000 m/min. This yarn could be used in the
wound state without drawing. The properties are given in
Table 2 and excellent crimpability was shown. Again, the
crimp diameter manifested by the heat treatment for mea-
suring E, was extremely low, at 120 um, and the cnnmp phase
varied between Individual filaments, so that there was a
sense of bulkiness as compared with Example 2. Moreover,
with a dry heat shrinkage of 5%, the yarn had suthiciently
low shrinkage.

Comparative Example 1

Spinning was carried out in the same way as in Example
2 using a polymer combination of titanium dioxide-free
homo PTT of melt viscosity 850 poise and homo PET of
melt viscosily 850 poise containing 0.03 wi% titanium
dioxide, at a take-up velocity of 900 m/min and a spinning
temperature of 286° C. 168 dtex, 12 filament undrawn yam
was obtained. Drawing and heat selting were carried out in
the same way as in Example 2. The properties are given in
Table 2 and, while a certain degree of crimpability was
shown, since the spinning temperature was high and there
was thermal degradation on the PTT side the spinning was
unstable. Moreover, since the undrawn yarn take-up velocity
was low, there was considerable yarn oscillation during the
spinning process and considerable variation in the solidifi-
cation point. Hence, the strength of the drawn yarmn was
markedly lowered and there was a deterioration in the Uster
unevenness. Again, the stress in terms of 50% siretch
exceeded 50x1072 cN/dtex, so the softness and stretchability
did not reach the levels in Example 2.

Comparative Example 2
The polymer combination in Comparative Example 1 was
spun in the same way as in Example 1 at a spinning
temperature of 280° C. and a take-up velocity of 1500
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m/min, and 146 dtex 12 filament undrawn yarn obtained.
Drawing and heat setling were carried out in the same way
as in Example 2 except that the draw ratio was 2.70 and the
temperature of the 1HR 13 was 100° C. ‘The properties are

18
but the stress in terms of 50% stretch exceeded 50x1073
¢N/dtex and it was not possible to produce the soft stretch
yarn of the prcsent invention. Again, E; 5 =0.5% and thce
crimpability in a constrained state was low. Furthermore,

i in T 2 whi in degree i ili . s X
given in Table 2 and, while a certain degree of crimpability 5 iy, ihe initial modulus being 75 cN/dtex, the yarn lacked
was shown, since the temperature of the 1HR 13 was high softness
there was thermal degradation of the PTT and frequent yarn :
breakage occurred. Moreover, the strength of the drawn yarn
obtained was low and there was a detertoration in the Uster
unevenness. Agasm, the stress 1n Eerms of 50% sm.at.ch 10 Comparative Example 4
exceeded 50x107° cN/dtex, so the softness and stretchability
did not reach the levels in Example 2.

Comparative Example 3 Homo PET of melt viscosity 2000 poise containing 0.03
Homo PET polymers containing 0.03 wi% of titanium 15 wi% titanium dioxide and copolymer PET of melt viscosit

o poiyin mng 4 > poly y
dioxide and respectively having a melt viscosity of 130 2100 poise in which 10 mol% of isophthalic acid had been
poise _(IDU'IDSIC viscosity 0.46) or 2650 PCZ’ISC (H“fmSlS copolymerized as an acid component and which contained
viscosity 0.77) were separately melted at 275° C. and 290 0.03 wt% titanium dioxide were separatcly melted at 285° C.
C, and separz.ite]y filtered using a stainless steel nonwoven and 275° C. respectively, and then spinning carried out in the
filter of maximum pore diameter 20 um, after which they 20 . .. °

LA o same way as in Example 1 at a spinning temperature of 285
were spun at a spinning temperature of 290° C. from a . . .
; . . . C. and a take-up velocity of 1500 m/min. 154 dtex, 12
12-hole insert type spinperet (FIG. 2(b)) as described in .
JP-A-9-157941 to form side by side bi-component fibre ﬁlament undr'awn yarn was wound up. bubs_equenlly, dra~w-
(FIG. 3(a)) of conjugate ratio 1:1. The melt viscosity ratio at ing was carried out in ‘thc s;imc Wway as 1 Cquaratlvc
this time was 20.3. At a take-up velocity of 1500 m/min, 154 25 Example 3 at a draw ratio of 2.75. In both the spinning and
dtex 12-filament undrawn yarn was wound up. drawing, yarn prodlfcuon was good and there were no yam
Subsequently, drawing was carried out with the temperature breaks. Tk.]e properties of the yarn are given in Table 2, but
of the 1HR 13 at 90° C. and the temperature of hot plate 17 the stress in terms of 50% stretch exceeded 50x1072 cN/dtex
at 150° C., at a draw ratio of 2.80. In both the spinning and and it was not possible to produce the soft stretch yarn of the
drawing, yamn production was poor and there were frequent present invention. Again, with E; (=0.4%, the crimpability
yarn breaks. The properties of the yarn are given in Table 2, in a constrained state was low.
TABLE 1
Melt Spinning Take-up Drawing Heat Sctting
Polymer Viscosity Temperature  Velocity  Temperature Temperature
Piocess Combination Ratio “C) (m/min) ¢ C) “Cc)
Ex. 1 2-stage  PTT/PET 1.08 275 1500 70 130
Ex. 2 2-stage  PTT/PET 1.75 275 1500 70 165
Ex. 3 2-stage  PTT/PET 4.7 275 1350 70 165
Ex. 4 2-stage  PTT/PTT 3.75 265 1350 65 130
Ex. 5 2-stage  PTT/PBT 1.17 265 1350 65 160
Ex. 6 2-stage  PBT/PTT 3.83 265 1350 65 160
Ex. 7 2-stage PTT/PET 1.75 275 3000 70 165
Ex. 8 2-stage  PTT/PET 1.75 275 1500 70 140
Ex. 9 2-slage PTT/PET 1.75 275 1500 70 165
Ex. 10 2-stage  PBT/PET 1.03 275 1500 70 130
Ex. 11 2-stage PBI/PET 2.84 275 1500 70 130
Ex. 12 2-stage  PBT/PET 1.03 275 6000 70 130
Ex. 13 1-stage  PTT/PET 1.75 275 1500 75 130
Ex. 14 1-stage  PTT/PET 1.75 275 — — —
Ex. 15 1-stage PTT/PET 1.75 275 7000 —_ —
Comp. 1 2-stage  PTT/PET 1.00 286 900 70 165
Comp. 2 2-stage PTT/PET 1.00 280 1500 100 165
Comp. 3 2-stage  PET/PET 20.3 290 1500 90 150
Comp. 4  2-stage  PET/PET 1.05 285 1500 90 150
TABLE 2
Crimp
Stress Recovery  E, E,s Retention Flongation
(cN/dtex) (%) (%) (%) (%) TS U% (%)  Strength
£x. 3 6.0 x 107? 71 450 122 92 031 09 28.0 3.6
Ex. 2 5.5 x 107 77 670 150 95 032 09 26.0 37
Ex. 3 4.5 x 1073 81 750 15.8 96 0.34 0.9 27.8 9
Ex. 4 4.0 x 10 80 703 152 96 032 10 27.0 3.7
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TABLE 2-continued
Crimp
Stress Recovery E, E,5s Retention Elongation
(cN/diex) (%) (%) (%) (%) TS U% (%) Strength
Ex. 5 6.0 x 1072 68 51.0 143 98 030 09 26.8 31
Ex. 6 3.6 x 1072 74 63.5 238 98 026 1.0 258 3.0
Ex. 7 7.5 x 1077 70 424 115 92 026 09 27.8 3.2
Ex. 8 85 x107° 70 40.1 111 90 0.31 11 29.1 3.5
Ex. 9 9.5 % 1072 70 412 112 S0 0.29 1.3 27.3 32
Ex. 10 10.5 % 1072 61 385 154 98 030 10 27.8 3.0
Ex. 11 58 x107? 68 56.0 20.2 98 033 1.0 272 3.9
Ex. 12 5.2 % 1077 67 58.3 21.4 98 0.35 1.0 34.0 3.7
Ex. 13 6.0 x 1072 77 650 150 95 0.32 0.9 250 3.6
Ex. 14 5.5 % 107 79 68.0 150 95 032 09 22.3 35
Ex. 15 5.1 x 1077 75 65.0 100 95 024 038 345 3.1
Comp. 1 >50 x 1072 62 M2 9.4 86 034 32 282 2.1
Comp. 2 >50 x 107 67 42.0 9.2 86 032 35 25.0 2.1
Comp. 3 »50 x 1073 65 48.3 0.5 65 021 1.5 20.1 31
Comp. 4 >50 x 1073 45 41.2 0.4 60 030 10 28.8 45

TS = maximum value of shrinkage stress (cN/dtex)
strength = strength of soft stretch yarn (CN/dtex)

Example 16

Using the yarns obtained in Examples 1 to 15 and
Comparative Examples 1 to 4, twisting was carried out at
700 turns/m and twist setting conducted by steam at 65° C.
Then, using a 28 gauge circular knitter, knitted materials
with an interlock structurc were produced. These were
subjected to relaxation scouring at 90° C. in accordance with
normal procedure, after which presctting was carricd out at
180° C. Furthermore, after a 10 wt% caustic treatment again
in accordance with normal procedure, dyeing was conductcd
at 130° C.

The handle of the materials obtained were subjected to
functional evaluation (Table 3). Where the soft stretch yarns
of Examples 1 to 13 had been used, the softness and
stretchability were excellent and, furthermore, the material
surface was highly attractive. Moreover, in the case of
Examples 1 to 4 and 7, 12 and 13, the crimp coil diameter
was sufficiently low so knitted materials of outstanding
attractiveness were produced. On the other hand, in the case
of Comparative Examples 1 and 2, dyeing unevenness
occurred and the fabrics were of poor quality. Moreover, in
Comparative Examples 3 and 4, the handle was coarse.

TABLE 3

Surface
Impression

Stretch-
ability

Re-
silicnce

Dyecing
Evenncss

Soft-
ness

Bulki-

Yarn Uscd ness

Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex. 11
Ex.
Ex.
x.
Ex. 15

Comp. |
Comp. 2
Comp. 3
Comp. 4
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Example 17

Using the yarns obtained in Examples 1 to 15 and in
Comparative Examples 3 and 4, twisting was carried out at
1500 turns/m and twist sctting conducted by stcam at 65° C.
‘Then, in each case, a plain weave fabric was constructed
using the same yarn for the warp and weft. The yamn
densities at this time were warp=110 per inch and weft=91
per inch, and a torque balance was obtained by alternate
placement of S-twist/Z-twist yarns. The cloth obtained was
processed as follows. Firstly, relaxation scouring was con-
ducted at 90° C., after which presetting was carried out with
dry heat at 180° C. using a pin stenter. Furthermore, after a
15% caustic treatment in the usual way, dyeing was carried
out at 130° C., once again by normal procedure.

The handle of the fabrics obtained was subjected to
functional cvaluation (Table 4). As prcdicted from the prop-
erties of the yarn, with the fabrics produced from the yarns
in Examples 1 to 13 stretchability was manifested in each
case, whereas the stretchability was poor in the case of
Comparative Examples 3 and 4.

TABLE 4

Surface
Imprcssion

Stretch-
ability

Bulki-
ncss

Re-
silicnce

Dycing
Evcnncss

Soft-

Yarn Uscd  ncss

Ex. 3 3
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Ex.
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Ex.
Ex.
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Ex.
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Ex. 10
Ex. 13
Ex. 12
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Example 18
Using the soft stretch yarns obtained in Examples 13 and
14 as warp and welt without applying twist, plain weave
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fabrics were produced. The yarn densities at this time were
warp=110 per inch and weft=91 per inch. The cloths
obtained was processed as follows. Firstly, relaxation scour-
ing was conducted at 90° C., after which presetting was

22
C., after which presetting was performed with dry heat at
150° C. using a pin stenter. Furthermore, dyeing was carried
out at 100° C.
The woven material obtained was soft and had good

carried out with dry heat at 180° C. using a pin stenter. 5 siretchability. Furthermore, a highly dry feel was apparent
Dyeing was carried out at 130° C. by normal procedure. due 1o the marked coolness of touch characteristic of the
The materials obtained had a plain surface and were very cuprammonium rayon. Again, the moisture absorption/
smooth. They were suitable as soft stretch linings. release properties and the smoothness of the material surface
were good, and it was suitable as a stretch linng.
Example 19 10 X
P Example 21
Using the soft stretch yarns obtained in Examples 1, 2, 8 Using the soft stretch yarn obtained in Example 2, this
and 9, and in Comparative Examples 3 and 4, C‘_)mmed was subijected to twisting at 700 turps/m and twist setting
filament yarns were Pmd“‘?"d along with Jow-shrink PET carried out by means of steam at 65° C. Furthermore, with
yarn under the conditions given in Table 5, and twist sclting ;s this as the weft and using the viscose rayon “Silma” manu-
carricd by steam at 65? C. Weaving, processing and cvalu- factured by the Asahi Chemical Ind. Co. (83 dtex, 38
ation were conducted in the same way as in Example 17. filament) as the warp, a plain weave fabric was constructed.
The handle of the fabrics obtained was subjecied to The yarn densities at this time were warp=110 per inch and
functional evaluation (Table 6). As predicted from the prop- weft=91 per inch and a torque balance was obtained by
erties of the yarn, in the case of the fabrics produced from 20 alternate arrangement of S twist/Z twist yarns. The fabric
the yarns in the Examples a soft handle and excellent obtained was processed as follows. Firstly, relaxation scour-
softness was shown, but where the yams of Comparative ing was carried out at 90° C., after which presetting was
Exampies 3 and 4 were used there was a highly coarse feel. performed with dry heat at 150° C. using a pin stenter.
TABLE 5
Yamn
Properties of the Other Yarn used in the Twist in Density
Combined Filament Yarn Combined  (warp x
Boiling Filament weft)
Shrinkage YM Yarn (yarns per
Code Yarn Used Product Type (%) (cNfdex) (T/m) inch)

A Example 1 55 dtex-24 fil -1.0 35 400 101 x 90

B Example 2 55 diex-24 fil -2.0 30 400 101 x 90

C  Example 2 55 dtex-24 fil 1.0 35 400 181 x 90

D Example 2 55 dtex-24 fil 8.0 76 400 101 x 90

E Example 2 75 dtex-144 fil 6.5 35 600 99 x 84

F Example 2 55 dtex-12 fil 1.0 as 400 101 x 90

G Example 8 75 diex-144 fil -1.0 34 800 99 x 84

II Example 9 55 dtex-24 fil 1.0 32 400 101 x 90

I Comp. Ex.3 55 dtex-24 fil 1.0 3s 400 101 x 90

J Comp. Ex. 4 55 diex-24 fil 1.0 35 400 101 x 90

YM: Young’s modulus
45 Morcover, dycing was carricd out at 100° C. The woven
TABLE 6 material obtaincd was soft and had good strctchability.
- - - Furthermore, a springy scnsc of touch was obtained duc to
. Bulki- - Stretch-  Dyeing Surlace the excellent resilience characteristic of the viscose rayon
Code Softness ness  Resilience ability Evenness  lImpression . .
and, morcover, a dry fcel was apparent duc to the high

A 4 5 5 4 5 4 5o coolness of touch. In addition thc moisturc absorption/

B 4 5 5 5 5 4 rclcasc was good.

c 4 4 4 5 5 4

D 3 3 3 5 5 4

£ 5 3 4 5 5 4 Example 22

F 3 4 5 5 5 4

G 4 5 4 5 5 4 ss  Using the soft stretch yarn obtained in Example 2, this

H 3 4 4 3 3 3 was subjected to twisting at 550 turns/m and twist setting

1 1 3 2 1 4 2 . ° . .

3 1 3 > i 4 5 carried out by means of steam at 65° C. With this, there was
mixed the cuprammonium rayon employed in Example 20,
and a knitted material with an interlock structure constructed

Example 20 o DY means of 24 gauge circular knitting. Following normal

A plain weave [abric was constructed using the untwisted
soft stretch yarn obtained in Example 13 as the welt, and
using the cuprammonium rayon “Cupra” produced by the
Asahi Chemical Ind. Co. (83 dtex, 45 filament) as the warp.
The yarn densities at this time were warp=110 per inch and
weft=01 per inch. The fabric obtained was processed as
follows. Firstly, relaxation scouring was carried out at 920°

procedure, this was subjected to relaxation scouring at 90°
C., after which dyeing was carried out at 100° C.

The knitted material obtained was soft and had good
stretchability. Furthermore, a very dry f[eel was apparent due
1o the high coolness of touch characteristic of the cupram-
monium rayon. Moreover, the moisture absorption/release
was good.
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Example 23

A knitted material was constructed in the same way as in
Example 22, except that instead of the cuprammonium
rayon there was used the viscose rayon employed in
Example 21.

The knitted material obtained was soft and had good
stretchability. Furthermore, a springy sense of touch was
obtained due 1o the excellent resilience which is character-
istic of the viscose rayon and, moreover, a very dry feel was
apparent due to the high coolness of touch. In addition, the
moisture absorplion/release was good.

Effects of the Invention

By means of a yarn embodying the present invention, the
conventional problems of a strong feeling of tightness and a
coarsening of the fabric can be resolved, and it is possible to
offer soft stretch yarns which can provide materials with
more outstanding soft stretchability than hitherto, and the
fabrics produced from said yarns.

What is claimed is:

1. A yarn comprising polyester fibres which yarn is
characterized in that following heat treatment the yarn has a
stress, at 50% yarn stretch, of no more than 30x107? cN/dlex
and, at the same time, a percentage recovery of at least 60%.

2. A yam according to claim 1 where the Uster uneven-
ness is no more than 2.0%.

3. A yarn according to claim 1 where the diameter of the
crimp is no more than 250 um.

4. A yarn according to claim 3 where the diameter of the
crimp is no more than 200 um.

5. Ayarn according to claim 1, having a strength of at least
2.2 cN/dtex and a shrinkage stress of at least 0.25 cN/dtex.

6. A yarn according to claim 1, having a crimp retention
factor after stretching 10 times of at least 85%.

7. A yarn according to claim 6, where the crimp retention
factor after stretching 10 times is at least 90%.

8. A yarn according to claim 7, where the crimp retention
factor after stretching 10 times is at least 95%.

9. A yarn according to claim 1, which has conjugate fibres
having at least two polyester components.
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10. A yarn according to claim 9, wherein the conjugated
fibre components are disposed eccentrically relative to one
another in the cross-section of the fibres.

11. A yarn according to claim 9, wherein the ratio of the
respective melt viscosities of the polyesters is from 1:1 (o
5:1.

12. A yamn according to claim 9, where at Icast onc
component of the conjugate fibres is PTT or PBT.

13. A yam according to claim 12, where at least one
component of the conjugate fibres 1s PTT.

14. A yarn according to claim 13 where the conjugate
fibres comprise PTT and PET.

15. A yarn according 10 claim 1, having a crimp stretch
factor (E;) when heat treated under no load of at least 45%.

16. A yarn according to claim 1, having a crimp stretch
factor (E, ) when heat treated under a 3.5x107> cN/dtex (4
mgf/d) load of at lcast 10%.

17. A combined yarn which is characterized in that the
yarn has, in combination, a yarn component which is a yamn
according to claim 1 and a yamm component which is a low
shrinkage yarn of boiling water shrinkage no more than
10%.

18. A yarn according to claim 1 or a combined yarn
according to claim 17, where a high twist coefficient of at
least 5000 is applied:

twist coefficient=number of twists per 1 m (turns/m)x

square root of denier (dtexx0.9).

19. A fabric which is characterized in that it is produced
using at least a yarn according to claim 1.

20. A fabric which contains a yarn according to claim 1 at
least as a component of a combined yarn.

21. A fabric which contains, as an cntirc yarn, a yarn
according to claim 1.

22. A fabric according to claim 19 further comprising
natural and/or semi-synthetic fibres.

23. A fabric according to claim 20, wherein the natural
and/or semi-synthetic fibres are present as another compo-
nent yarn in the combined yarn.

24, A fabric, which contains respective separate yarns
according to of claim 1 and yarns of natural and/or semi-
synthetic fibres.



