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elements that terminate in free ends, and those fibrous elements that do
not have approximately This invention relates to yarns made up of
said area and said shape being forked to form synthetic polymer fibrous
elements. The yarns       fibrous elements of approximately said area and
feel similar to spun yarns made from natural    5    said shape, many of
said fibrous elements having fibers.
at least one ragged side that extends longi- It is known in the jet
texturing art to produce   tudinally of the. fibrous elements, and (ii) up
to yams of synthetic polymer filaments which are       90% by weight
fibrous elements that extend at entangled throughout their length and
contain       least substantially continuously throughout the nodes and
splayed sections. Such yarns may   10   length of the yam; the fibrous
elements of the contain broken filaments that extend out of the     yarn
being frequently entangled along the length yarn surface and give the yarn
a more "natural"     of the yarn to the degree that the yarn has feel-See
U.S. Patent 4,100,725 to Magel. It is also  consolidated sections and
splayed sections and knowm to produce yarns of synthetic polymer        the
yarn having 10 to 150 free ends per centimeter filaments in which the
individual filaments are   15   of yarn length. made up of a body portion
and at least one wing      The yarns of the present invention contain a
portion, and in which the wing portion is intermit-  plurality of synthetic
polymer fibrous elements of tently separated from the body portion for part
of  irregular and varying cross section, that is, the the length of the
filament. In these yarns the wing  fibrous elements do not have the same
cross- portion at least occasionally is fractured in the   20   sectional
shape or cross-sectional area through- transverse direction and is
intermingled and        out their length, and although the same shape
entangled with neighboring portions while still     and area may recur in
different fibrous elements attached at one end to the body portion, thus
in a cross section through the yarn, the cross yielding a yarn having a
number of continuous       section of a particular fibrous element will
change body portions that are never fractured, and a   25   within a
relatively short length-usually within a number of wing portions that often
fracture and     few centimeters. The fibrous elements that make thus
produce  free  ends-See  U.S. Patent           up the yarns of this
invention are forked and 4,245,001 to Bobby M. Phillips et al.
merged in a fortuitous manner-i.e., large fibrous The present invention is
directed to the pro-     elements split longitudinally into smaller fibrous
vision of a yam that has the luxurious feel of a    30   elements and small
fibrous elements combine spun yarn and may, if desired, be loin pilling.
longitudinally into larger fibrous elements. At According to one aspect of
the invention there    least occasionally, some of the fibrous elements is
provided a yam consisting essentially of a       merge to form a fibrous
element that has a "C" plurality of synthetic fibrous elements having an
cross-sectional shape or a fibrous element that irregular and varying cross
section and being    35   requires more than four straight lines to trace
its forked and merged in a fortuitous manner, the       perimeter, for
example, a 'T', "X", "Y", or "V" cross-sectional area and cross-sectional
shape of   cross-sectional shape. Fibrous elements having each fibrous
element changing along its length      an occasional "C", 'T', ", " "Y", or
"V" cross- and some of said fibrous elements terminating in    sectional
shape would resultfrom using spinneret free ends, the cross-sectional area
and cross-   40   orifices of selected shapes. Some of the fibrous
sectional shape of most of said fibrous elements    elements are fractured
transversely and protrude being of approximately the same cross-sectional
as free ends. The number of free ends is in the area and cross-sectional
shape as those fibrous     range of 10 to 150 per centimeter (25 to 380 per
elements that terminate in free ends, and those     inch) of yarn length,
and the yams have a linear fibrous elements that do not have approximately
45   density of 3 to 1100 tax (27 to 10,000 denier). The said area and said
shape being formed to form       cross sectional area and cross-sectional
shape of fibrous elements of approximately said area and     most of the
fibrous elements in the yam cross said shape, many of said fibrous elements
having    section are of approximately the same cross- at least one ragged
side that extends longi-       sectional area and cross-sectional shape as
those tudinally of the fibrous elements, the fibrous   50   fibrous
elements that terminate in free ends; and elements being frequently
entangled along the       those fibrous elements that do not have approxi-
length of theyam, said yarn having 10 to 150 free   mately the same area
and shape are forked to ends per centimeter of yarn length.
form fibrouselements of approximately the same According to a further
aspect of the invention    area and shape. Many of the fibrous elements in
we provide a .yarn consisting essentially of a    55   the yams have at
least one ragged side that plurality of (i) synthetic fibrous. elements
having   extends parallel to the longitudinal dimension of an irregular and
varying cross section and being     the fibrous elements. The ragged sides.
are forked and merged in a fortuitous manner, the  formed when the
filaments split longitudinally to cross-sectional area and cross-sectional
shape of   form the fibrous elements. The fibrous elements each fibrous
element changing along its :length   60   are frequently entangled along
the length of the and some of said fibrous elements terminating in    yam.
In some of the yams the fibrous elements free ends, the cross-sectional
area and  cross-    are loosely entangled, with many intertwined sectional
shape of most of said fibrous elements   fibrous elements which are
disposed in the same being of approximately the same cross-sectional
direction as the axis of the yarn or at small angles area and
cross-sectional shape as those fibrous   65    with respect to it. In many
yarns, the entangle-  



3                  0 070 726                      4 ment is such that the
yarns have consolidated     polyamide in otherwise polyester yarn, or th
sections-such as nodes and wrapped sec-           may be of a higher
molecular weight. Companion tions-which stabilize the yarn, similar to the
members may also be included which do split stabilization of spun yarns by
twist. In some     longitudinally, but which do not fracture and form
yarns, the fibrous elements are in places entang-    5    no free ends.
Companion members of the latter led tightly as nodes and wrapped sections
which   type have ragged sides but no free ends. Corn- usually cannot be
pulled apart and within which   panion members may also be fibrous elements
fibrous elements are sometimes disposed at        that have body portion
and a wing portion, and rather large angles with respect to the axis of the
the wing portion is occasionally split from the yam. Some yarns have both
tightly entangled   10   body portion. The wing portion may occasionally
nodes and loosely entangled intertwined sec-      end in a free end. Yarns
of this invention contain- tions. Some of the yarns of this invention have
ing such companion members invariably have nodes or wrapped sections that
entangle sub-      consolidated sections and splayed sections to stantially
all the fibrous elements of the yarns,  properly unit the forked and merged
fibrous and other yarns have nodes that entangle only a    15   elements
with the companion members while portion of the fibrous elements of the
yarn.      maintaining the spunlike character of the yarn. Between
consolidated sections in any of these       A cross-sectional microscopic
study of a yarn of yarns, splayed sections with little or no entangle-  the
invention shows that the fibrous elements ment may exist.
that make up the yarn differ widely in area and If it is desired to produce
a product that has low    20   shape, and the number of fibrous elements
tendency to pill, the yarn can be so fabricated to  shown in a cross
section also varies. In general, yield that result. The tendency of a
fabric to pill is  the number of fibrous elements seen in a cross caused by
the yarn having free ends that are too  section of yarn of this invention
will be in the long, and thus are able to entangle with other free  range
of about 20 to 1200, and the area of a ends at the surface of the fabric
and form pills.   25   fibrous element seen in cross section will vary The
length of the free end that sticks out above  between about 5 sq.
micrometers and about 250 the surface of the fabric is significant as a
cause of  sq. micrometers. pilling. Thus the portion of a free end that is
Certain embodiments of the invention will now tucked into the yarn at a
node or wound into a    be described by way of example and with ref-
splayed section does not cause pilling. Pilling can   30   erence to the
accompanying drawings in which: therefore be reduced by increasing the
number of    Figure 1 is a drawing of a portion of yarn nodes per given
length of yarn. Pilling can also be  according to the invention showing
fibrous reduced by preparing a yarn in which the fibrous  elements that
were obtained by the jet splitting elements have relatively low strength.
In such a  and fracturing of a particular filament yam the free ends break
off when pills start to   35  Figures 2-8 are diagrammatic representations
form. Such yarns are formed from polymers that    of shapes of spinneret
orifices suitable for use in have molecular weights in the lower end of the
producing filaments that can be treated to pro- fibre-forming range. It
follows that the degree of  duce the yams of the present invention. pilling
can be regulated by proper selection of     Figure 9 is a photomicrograph
of the cross polymer and by proper selection of the degree of   40
sections of feed yarn filaments extruded from node formation.
spinneret orifices having the configuration of The yarns of the present
invention may also      Figure 7 and its mirror image. include up to 90% by
weight of filaments that are   Figure 10 is a photomicrograph of a cross
not fractured transversely, or which contain a    section of a yarn of the
invention. portion of filament cross section which is seldom    45  Figures
11-13 are photomicrographs of longi- fractured even if the remainder of the
cross      tudinal sections of a yarn of the invention at section is
subjected to splitting and fracturing.  progressively higher
magnifications. These filaments, when present in the yarn of the    Figure
14 is a photomicrograph of a cross invention, are designated as "companion
mem-      section of a yarn of the invention containing bers". They may be
included if a yarn of firmer   so   companion members of round cross
section. hand or greater strength is desired. Companion      The yams of
the present invention may be members may be produced from  the same
made from feed yarns produced by spinning spinneret as the filaments that
split and fracture  filaments of a cross section that is splittable by
using capillaries of different shape, or by   longitudinally when the
filaments are passed blending . filaments  made  from   different   55
through a texturing fluid jet. The cross sectional spinnerets. Such
companion members may be of      shape of the filaments should be selected
such round or multilobal cross section or of any other  that there is no
portion of the cross section that is cross section that is more stable in a
texturing jet.  significantly stronger than any other portion; so than the
filaments that split longitudinally in the  that the filament when subject
to the action of a jet. Such companion members, because they do   60
texturing jet will split fortuitously in a longitudinal not readily split
longitudinally, may have smooth  direction and each of the portions have a
reason- sides rather than ragged sides. Such companion    able likelihood
of fracturing transversely and thus members may also differ in chemical
composition   forming free ends. Numerous different filament from the
forked fibrous elements-they may be of   cross sections have been employed
successfully. 



a different polymer composition, for example, a   65   Figures 2-8
illustrate some of various spinneret 3    5                  0 070 726
6 orifices that can be employed to give a filament  approximately 105 torr.
The electrical conduc- that may be processed to yield yarns of the
tivity of the gold-coated sample is enhanced by invention. Fibrous elements
having an occasional   applying a coating such as a suspension of "C"
cross-sectional shape would result- from      graphite in isopropanol at
each end of the using a spinneret orifice like Figures 7 and 8,   5
mounted sample which contacts the sample while fibrous elements having an
occasional "T",  holder. The sample holder is then placed in the "X", "Y"
or "V" cross-sectional shape would       SEM and positioned for observation
at a tilt angle result from using selected spinneret orifices from  of 0
(electron beam  perpendicular to yarn Figures 2 to 6.
sample). The SEM is set for observation at low The degree of longitudinal
and transverse split-  10   magnification, preferably 10x-30x. Observation
ting of the spun filaments obtained by passing the  is begun at one end of
the yarn sample and the filaments through a texturing jet depends inter
sample is slowely traversed to the other end, alia on the jet design, on
the amount of overfeed  taking a sufficient number of photomicrographs of
the filament to the jet, on the pressure of the  as the yarn is traversed
so that all of the yarn is fluid that is fed to the jet, and on the
composition,   15   photographed. A montage of the photomicro- molecular
weight, degree of orientation, and size  graphs is then prepared showing
the structure of and shape of the filament; however such factors  the yarn
from one end of the yarn sample to the are readily determined by trial and
error.        other. The montage is examined to ascertain the A suitable
jet for use in producing the yarns of  presence of the following structural
elements: the present invention is that disclosed in Agers   20  (1) yarn
formed of a plurality of fibrous U.S. Patent 4,157,605 issued June 12,
1979. Other  elements; suitable jets for use in producing the yarns of the
(2) forking and merging of the fibrous elements present invention are the
jets shown in Figure 7  of the yarn; and listed in Table Y of British
Patent 1,558,612.  (3) ragged sides extending longitudinally of the
Filaments made of synthetic polymers such as   25   fibrous elements (e.g.,
ragged sides beginning at terephthalate polyesters, polyamides, acrylo-
a fork and visible on the smaller fibrous elements nitrile polymers and
polyolefins are especially   extending therefrom); suitable for producing
the yams of the present      (4) frequent entanglement of the fibrous
invention. The polymer should be of suitable      elements with one
another; and fiber-forming molecular weight. There is a rela-   30    (5)
fibrous elements terminating as free ends. tionship between molecular
weight and the ten-      If not all of the above structural elements can be
dency of filaments spun through a nonround        seen readily in the
montage, additional photomic- spinneret to become round due to surface ten-
rographs at higher magnification are taken from sion. Higher molecular
weight polymers retain     the sample of yam  mounted on the sample the
nonrourid configuration better than lower   35   holder, using the montage
as a guide for selecting molecular weight polymers. Terephthalate poly-
areas of the sample for further examination. ester  polymers  having
relative  viscosities      If the presence of any of the above structural
(measured in hexafluoroisopropanol) in the range  elements remains
unresolved after the above of about 8 to 28 are suitable for use in the
present  examinations, another sample of the test yam is invention. Low
pilling through wear off is   40   placed under a stereo-optical microscope
and achieved in the 8 to 11 range.                    examined under
various magnifications. The yarn is cut through at one side of a
consolidation point Tests                                             of
high entanglement so as to allow the fibrous The yarns of this invention
have certain struc-  elements to splay back to the next consolidation tural
elements that are perceived by the following   45   point and permit the
fibrous elements to be procedures:
visualized more clearly. If necessary, individual fibrous elements or small
groups of fibrous Test I. Longitudinal examination of test yarn
elements are cut free and mounted on a sample The longitudinal structure of
the test yarn is   holder for examination under the SEM for final observed
by examination of a sample of the yarn   50   verification of the presence
of the structural under a scanning electron microscope (SEM). A
elements enumerated above. suitable instrument for examining samples of the
test yarns is a conventional scanning electron    Test II. Shape comparison
test microscope having a nominal magnification           This test is
employed to determine whether the --range of l0x-240,000x with a resolution
of 7   55   fibrous element cross sections and parts thereof nm, such as
the ETEC "Autoscan" SEM, manufac-     found in a cross section of a yarn
being tested are tured by  ETEC Corporation, Hayward, California.    also
found in the cross sections of the free ends of Yarn samples about 2.5 cm
(1 inch) long are          the yarn. All portions of the fibrous element
cross mounted on a sample holder. The sample holder   sections observed in
the yarn cross section are is placed in a high vacuum evaporator provided
60   normally also found in the free end cross sections with a sputter
module, such as the Model DV-502   of the yarns of the invention. In those
yarns of the 



evaporator equipped with a DSM-5 cold sputter     invention wherein
companion members are module, manufactured by Denton Vacuum, Inc.,
present, at least a portion of the cross section of Cherry Hill, New
Jersey, and a thin coating of gold  the companion member may not be found
at all in is deposited on the surface under a vacuum of    65 the cross
sections of the free ends. The following 4    7                 0 070 726
8 test also provides for the identification of such    wise, the severed
large free end is prepared for companion members in the yarns of the inven-
examination  under  the  scanning  electron tion.
microscope by mounting it and coating it as in Test I with gold metal. The
free end is scanned A. Identifying and removing large free ends.   5
along its entire length. If forking is observed, or if In this procedure,
large free ends projecting      a portion of the surface is seen to be a
ragged from the test yarn are identified and removed        edge, the large
free end and the probe to which it from the yarn for detailed examination.
A "large"   is attached is removed from the sample holder free end is
defined as a free end which, at some     and processed as described in the
next para- point between its tip (or tips) and the place from    10
graph; Otherwise, the large free end is discarded which it projects from
the main yarn bundle has a    and another large free end in the test yarn
is large diameter (or width) as compared with the       selected to replace
it in the test. The replacement diameters (or widths) of most other free
ends        free end is selected and prepared by the same projecting from
the yarn. These ends frequently      procedure used for all the other large
free ends. exhibit forking and merging.                   15     The
severed large free end, held by the probe to A representative sample 30 cm
(12 in) in length,   which it is joined, is paced on a surface of is cut
from the supply of test yarn and placed on a  polytetrafluoroethylene
(PTFE) and the probe is flat surface, which is then positioned for observa-
taped to the PTFE. A second probe is then wetted tion under a
stereo-optical microscope at magnifi-   with adhesive, brought into contact
with the cations in the range of about 25-80x. The entire   20   severed
free end along the line of the cut, and length of the sample is first
scanned to obtain a    maintained in contact while the adhesive hardens
visual impression of the free end structure of the   so that the second
probe adheres to the free end yarn. The sample is then scanned a second
time       opposite the first probe. The free end is then to compare the
sizes of the free ends projecting     gently tensioned to straighten it and
the second from the yarn and to provide a basis. for dis-   25   probe is
taped to the PTFE surface. Additional criminating large free ends from
smaller free        adhesive is then placed on the free end in suffi- ends.
cient quantity (usually a drop or two) to cover the Each of the large free
ends which is to be         free end, including its points of attachment to
the examined is removed from the test yarn and           probes. The
assembly of the free end and prepared for embedding and sectioning  as   30
attached probes, stiffened and supported by the follows. After a large free
end is identified,       additional adhesive, is then removed from the
selected for removal, and observed for evidence      PTFE, placed in an
encapsulating mold and of forking or merging, one end of a small dia-
embedded in epoxy resin. meter probe is wetted with adhesive and the wetted
end is brought into contact with the tip of   35    B. Preparing cross
sections of the free ends the free end so that the free end adheres to the
The embedded free end sample, prepared by probe. When the free end has more
than one tip,       the method described above, is placed in a the tip
projecting furthest from the yarn is con-     microtome and a wafer 5 to 10
micrometers in tacted; two or more closely-spaced tips may be
thickness is cut off near one point of attachment contacted simultaneously
by the probe. The    40   of the free end to a probe. The wafer is examined
adhesive is then allowed to harden so that a         under a microscope to
determine whether the joined structure of the probe and free end is
free end section is unitary or consists of two or formed. The probe is then
gently pulled to tension   more parts. If the section is not unitary, or if
it the free end with respect to the yarn bundle from   appears thatthe
maximum cross-sectional area of which it projects. When the free end is
tensioned,   45   the free end is not contained in the first wafer, it may
be pulled out slightly further from the yarn  additional wafers are cut.
Cutting of wafers is bundle than it originally was. The free end is then
continued until a wafer is obtained which con- severed from the sample as
close as possible to     tains a unitary cross section which appears to be
the yam bundle by cutting off the free end with a    substantially the
maximum cross-sectional area pair of very finely pointed scissors. The
exact   so   of the free end, or until all of the free end is point of the
cut is not critical, but it should be on  sectioned. Also, if it has been
observed that the the outer side of any forked or merged point         free
end is forked one or more times, sufficient which is pulled out from the
yam when the free       wafers are cut to disclose representative sections.
end. is tensioned.                                   All of the wafers and
any remainder of the If forking or merging of fibrous elements was   55
embedded free end sample are suitably identified observed in. the large
free end before it was       and saved. severed, the procedure in the
remainder of this       After the first large free end has been embed-
paragraph may be omitted. If not, the severed-      ded and sectioned, the
procedure is repeated until 



large free end is placed under an ordinary optical  a fair sample (at least
10) large free ends have microscope at a magnification of about 700x. If it
60   been embedded in turn, with one or more wafers is seen that forking
occurs within the free end, or  prepared from each embedded free end. if a
portion of the longitudinal surface of the free end is seen to be a ragged
edge, the large free end  C. Evaluation of large free ends and the probe to
which it is attached are pro-        All of the wafers prepared as
described in Part B cessed as described in the next paragraph. Other-   65
for a set of at least 10 of the large free ends are 5    9
0  070  726                     10 placed, in turn, upon a slide under a
microscope      boundaries; if many of the fibrous elements cross
appropriately equipped for graphic analysis with     sections are blurred,
several such wafers are video display of the images contained in the
prepared and the one which contains the highest wafer on a screen, the
microscope being appro-        proportion of cross sections with distinct
bound- priately connected to a video-amplifier, a reading    5    aries is
selected for further examination. This head with a cursor for tracing
images on the          wafer is designated as the "Reference Wafer".
screen, a computer programmed to calculate            The embedded sample
as well as all wafers cut areas of cross sections traced on the screen, and
a   from it are saved. printout facility. Suitable commercially available
equipment such as Quantimet Image Analyser,   10   E. Comparison of
cross-sectional shapes made by Cambridge Instruments, or Omnicon
A photomicrograph of the test yarn section made by Bausch and Lomb may be
used. Using a          embedded in the Reference Wafer is made, the
magnification suitable for viewing all parts of the   magnification of the
photomicrograph being suf- free end cross sections in each of the wafers,
the    ficient (usually about 700X) to see the cross boundaries of each
cross section in each of the    15   sections of all the fibrous elements
clearly. The wafers is traced, in turn, with the cursor. The
individual cross sections of the fibrous elements same magnification is
maintained for tracing all      are numbered or otherwise suitably
identified on of the cross sections. A printout of data regarding   the
photomicrograph, which is designated as the the relative areas of the cross
sections which have   "Reference Photomicrograph". The total number been
traced is obtained. For each free end of the    20   of individual cross
sections of fibrous elements in set of at least 10 free ends the
highestvalue found   the Reference Photomicrograph is recorded. for
relative area of cross section is then identified,  The Reference Wafer is
then placed upon a slide and a list of these highest values is then made,
under a microscope equipped for graphic analysis ranked in descending order
of size.                   and the boundaries of all of the fibrous element
The first member of the list is designated [err], the    25    cross
sections in the wafer are traced, using the largest of any of the
cross-sectional areas in the    same magnification employed in Part C
above. set of at least 10 free ends. Excluding [err], the       The number
(or other identification) assigned to average relative cross-sectional area
of the high-    each fibrous element cross section on the Ref- est
one-third (designated [err]) of the remaining        erence Photomicrograph
is recorded as its cross cross-sectional areas in the list is determined.
If   30   section is traced. A printout of data regarding the the
statistical criterion is met that [err] is less than  relative areas of the
cross sections which have 50%  greater than [err], the set of free ends is
been traced, including appropriate identification suitable for further
testing and the rest of this Part  of each item of data, is obtained. C of
the test may be omitted. However, if [err] is at      All of the wafers
made for each large free end least 50% greater than [err], the free end
corre-   35   from the set of free ends remaining at the conclu- sponding
to [err] is removed as statistically not        sion of Part C above (more
than one wafer for a representative and none of its wafers is used for
given free end if more than one was prepared) are further comparisons.
Another- large free end          brought out and the cross sections of the
fibrous (embedded, sectioned, and graphically analyzed        elements on
the Reference Photomicrographs are at the same magnification) is added to
the    40   compared in sequence with the free end cross remaining large
free ends to form a new set of        sections. Each fibrous element cross
section is free ends, and a new list of highest values of        evaluated
as described below and classified as to cross-sectional areas for each of
the free ends,      whether or not it has a matching free end. ranked in
order of descending size, is made.            The following criteria are
used for evaluating The procedure in the above paragraph is   45   the
fibrous elements: repeated until a set of free ends is obtained in
(1) The particular fibrous element cross section which the statistical
criterion is met, or until the  which is being evaluated is first compared
with number of free ends added to replace those            the free end
cross sections found in the wafers removed exceeds one-third the number of
free          prepared according to Part B and evaluated ends in the
original set. When this occurs, all of   50   according to Part C. In this
comparison, the the removed free ends are returned to form an
particular fibrous element cross section in the enlarged set. The procedure
is repeated with the      Reference Photomicrograph is compared with the
enlarged set until the statistical criterion is met.  free end cross
sections in turn until one is found which substantially matches the shape
of the 0. Preparing test yarn sections                 65   fibrous element
cross section, or until all the free 



- A sample of the test yarn is placed in an             end cross sections
have been observed without encapsulation  mold, gently  tensioned, and
finding one which substantially. matches the fibr- embedded in epoxy resin.
The embedded sample          ous element cross section. Mirror images are
is placed in a microtome and sectioned, perpen-       counted as the same
shape. If a free end cross dicular to the yarn, at a location at which the
60   section is found which substantially matches the fibrous elements are
fairly well separated and        shape of the  fibrous element cross
section, the reasonably parallel. A wafer 5 to 10 micrometers      relative
areas. of the two cross sections are com- in thickness is cut and examined
under the            pared to determine whether they are approxi-
microscope to determine whether moa of the           mately the same, i.e.,
differ by less than a factor of fibrous element cross sections have
distinct   as   two. The irregular nature of the splitting can give 6    0
070 726                      12 a variation in area for a shape. If the
shapes      in the Reference Photomicrograph which remains substantially
match and the areas are also          intact through 20 or more successive
wafers (each approximately the same, the fibrous element is      wafer is
about 5 to 10 micrometers thick), and rated as having a matching free end.
The next and   differs substantially in shape or area from all succeeding
fibrous element cross sections are    5    fibrous element cross sections
in the Reference then subjected to the same comparison proce-
Photomicrograph which have matching free ends dure. Two or more fibrous
element cross sections    or are observed to split or merge in nearby
wafers may be matched with the same free end cross         to form cross
sections which have matching free section. If there is such a large variety
of cross-  ends, a sample of the test yarn is placed under a sectional
shapes in the Reference Photomicro-   10   stereo-optical microscope at a
magnification suit- graph that some of them cannot be matched with
able  for observing  the  individual fibrous the free end cross sections
even though their       elements. The yarn is examined with the objective
relative areas are approximately the same, the set  of identifying the
fibrous element in the Reference of at least 10 free ends should be
enlarged. Small  Photomicrograph which remains intact through free ends, as
well as large free ends, should be    15   20 or more successive wafers.
When a fibrous included in the enlarged set. The number of         element
in the test yarn is found which appears to fibrous elements in the
Reference Photomicro-       correspond to it, other fibrous elements are
graph having matching free ends, as determined      teased away from it and
it is examined over as by the procedure of this paragraph, is noted. If
long a distance as possible (preferably several there are extremely small
cross sections in the    20   centimeters) to determine whether there is
any Reference Photomicrograph, but which are too        evidence that the
fibrous elements is forked or small to be considered approximately the same
in    merged in some portions of its length into small area, these small
cross sections are considered to  or larger fibrous elements. Also, it is
examined to be statistically insignificant if they number less  determine
whether it has a continuous, relatively than 3% of the total number of
fibrous elements   25   smooth surface or whether a portion of its surface
in the Reference Photomicrograph, and such a        is ragged. If the
surface of the fibrous element small number of small cross-sectional area
fibr-    cannot be definitely characterized as smooth or ous elements is
deemed to have a matching free      ragged by observation under the
stereo-optical end. Otherwise they and any other fibrous
microscope, it is further examined under the elements for which no matching
free end cross   30   scanning electron microscope. A sample of the section
can be found is next evaluated by criterion  fibrous element at a nonforked
location is embed- (2) below. If all of the fibrous element cross      ded
and sectioned, and its cross section is com- sections in the Reference
Photomicrograph are       pared with the Reference Photomicrograph to found
to have matching free ends by criterion (1)   verify that the sample of the
fibrous element above, the test is complete.                  35
corresponds to the fibrous element which (2) If any fibrous element
(or-elements) is found  remains intact through successive wafers (if not,
which has no matching free end, additional          the sample is discarded
and the procedure wafers of the embedded sample of the test yarn
repeated until an appropriate sample of the intact are cut adjacent to the
location from which the     fibrous element is found). If it is observed
that the Reference Wafer was cut, and photomicrographs   40   sample of the
fibrous element is forked in some at about 700x are prepared from the
wafers. The     portions of its length, a forked location of the
photomicrographs are examined to determine          sample is also embedded
and sectioned, and the whether the fibrous element (or elements)
forked cross sections are compared with the free observed in the Reference
Photomicrograph (and      end cross sections as in criterion (1) above. If
found to have no matching free end), forks into   45    matching free ends
are found for all parts of the two or more smaller fibrous element cross
sec-      forked cross sections, the fibrous element (or tions, remains
intact, or merges with other fibrous  elements) which is forked in some
portions of its elements. If forking or merging to form cross       length
is rated as having matching free ends. If sections different from those: of
the Reference     any part of the forked fibrous elements are found
Photomicrograph is observed, the different cross   so   to have no matching
free ends, they are next sections are compared with the free end cross
evaluated by criterion (7) below. If no evidence of sections as in
criterion (1) above, and if matching  forking was found, the fibrous
element which was 



cross sections are found for each of the different  found to be intact
through successive wafers is cross sections, the corresponding fibrous
element   next evaluated by criterion (5) below if it has a (or elements)
in the Reference Photomicrograph    55   continuous, relatively smooth
surface and by is rated as having matching free ends.
criterion (6) if a portion of its surface appears (3) Fibrous elements in
the-Reference Photo-      ragged. micrograph which remained intact in the
wafers     (5) If any fibrous element (or elements) is found adjacent to
the Reference Wafer when examined       in the Reference Photomicrograph
which remains in the preceding paragraph, but which have sub-   60   intact
through successive wafers, and the fibrous stantially the same shape and
area as- those       element has a continuous,relatively smooth sur-
fibrous elements which were rated by criterion (2)  face with no evidence
of any forking or merging as having matching free ends, are likewise rated
when examined' longitudinally under a stereo- as having matching free ends.
optical microscope, single cross sections of the (4) If any fibrous element
cross section is found    65   test yarn are made at three locations well 7
13                  0 070 726                      14 separated from each
other and from the location     procedure of criterion (7) does have free
ends but of the Reference Wafer. If the presence at these      is not
further forked, it is rated as a forked other locations of the cross
section of the fibrous  companion member with free end attachments. element
(or elements) which remains intact           When it has been determined
that the yarn through successive wafers is confirmed, it is rated    5
contains companion members, and if it is desired as a nonforked companion
member; otherwise,        to know the percent by weight of companion the
sequence in criteria (4) and (5) are repeated   members in the yarn, a
section of yarn is selected- until the nature of this fibrous element is
estab-  -preferably  between   nodes-the  fibrous lished.
elements  are  separated   microscopically, (6). If a portion of the
surface of the fibrous   10   weighed, and the percent of companion members
element which remains intact through successive     calculated. wafers
appears to be ragged, the fibrous element is followed in either or both
longitudinal direc-   Test Ill. Free end count per unit length tions to
find a place where it merges with another   A sample of yarn about 35 cm
(14 in) long is cut fibrous element. If such a place is found, the two
15   from the test yarn. The yarn is placed longi- fibrous elements which
merged are considered as     tudinally along the centerline of a clear
plastic forked fibrous elements and are evaluated by        straight edge
marked off in 1 cm segments. With criterion (7) below. If the fibrous
element with the  the yarn positioned so that is lying straight but ragged
surface cannot be followed far enough to     not under tension, both ends
of the yarn are taped find a place where it merges with another fibrous
20   to the straight edge, after which the yarn is element, similar fibrous
elements with ragged       covered by placing a second clear plastic
straight edges are located in other sections of the yarn     edge over the
first one, with the two straight and  examined  longitudinally  to
determine        edges in alignment. The yam is viewed on a whether they
merge with other fibrous elements      shadowgraph (e.g., Wilder Varibeam,
Optometric and should be considered as forked fibrous   25   Tools, Inc.,
Rockleigh, NJ, 07647 or Nippon elements. If no evidence of forking or
merging is   Kogaku K. K., Japan, Model 6) at 20x magnifica- found, single
cross sections of the test yarn are  tion, and the measurements are made on
the made at three locations well separated from each    screen on which the
yarn image is projected. other and from the location of the Reference
Through 30cm (12 in) of yarn length, the number Wafer. If the presence at
these other locations of   30   of free ends in each 1 cm segment is
counted and the cross section of the fibrous element (or        recorded.
elements) which remains intact is found, the         The following
calculation is made from the data fibrous element (or elements) which
remains         obtained: intact through successive wafers and has a rag-
ged surface is rated as a nonforked companion    35  Free ends/cm= member.
The Reference Photomicrograph and               Number of free ends counted
in 30 cm the photomicrographs of adjacent wafers are again examined, and
the number of fibrous                               30 elements having a
ragged surface and remaining intact through successive wafers is noted.
40   Other tests (7) If any fibrous element is found which is        The
relative viscosity of the polyester, desig- forked in some portions of its
length, and yet no   nated in the examples as "HRV" (acronym for matching
free ends can be found corresponding     Hexafluoroisopropanol Relative
Viscosity) is to the forked portions of the fibrous element, a
determined as described by Lee in U.S. Patent No. sample of the test yarn
is placed under a stereo-   45   4,059,949, Column 5, line 65 to Column 6,
line 6. optical microscope of in criterion (4) above. The    Conventional
physical test methods  are yarn is examined until a fibrous element is
found   employed for determination of linear density, which appears to
correspond to the forked fibrous   tenacity, and elongation of the yarns.
Lea Product element seen in the series of adjacent wafers (and  and skein
breaking tenacity are measures of the 



for which no matching free end was found). Other   so   average strength of
a textile yarn and are deter- fibrous elements are teased away from it, and
it is  mined in  accordance with ASTM  procedure examined over- as long a
distance as possible       D1578 (published 1979) using standard 80-tum
(preferably several centimeters) to determine       skeins. whether any
free ends are attached to it. Samples     Fabric pilling propensities are
evaluated on the are embedded at both forked and nonforked   55   "Random
Tumble Pilling Tester" described by E. locations to check that a fibrous
element having    M. Baird, L C. Legere, and H. E. Stanley in Textile the
correct cross section has been identified. If   Research Journal, vol. 26,
pages 731-735 (1956). there are no free ends attached to the fibrous
The following scale of pill level ratings is element and it is not further
forked,it is rated as a         employed in evaluating fabrics in this
test: forked companion  member with no free end    60  5.0-no pilling
attachments. If evidence of further forking of this  4.0-slight pilling
fibrous element was noted, it is reevaluated in      3.0-moderate pilling
accordance with criterion (2) for matching free      2.0-heavy pilling ends
in the further forked areas.                     1.0-severe pilling (8) If
the fibrous element evaluated by the    as    Intermediate ratings within
the above values 8    15                  0 070 726                      16
are assigned to the nearest 0.1 unit to place      ends per cm when
examined by Test III. Figures fabrics in their proper rank in the above
scale.   11-13 are scanning electron microscope photo- Three samples of
each fabric are rated. The        micrographs of longitudinal sections of
the tex- ratings are averaged.                              tured yarn of
Example I, suitable for use in The following Examples are provided to
illus-    5    examining the yarn in accordance with Test I. trate the
yarns of the invention and their pre-    Figure 11 is a photomicrograph of
the yam taken paration.                                          at 30x
magnification, illustrating large free end 1 emanating from the entangled
textured yarn 3 Example 1                                          which
has consolidated sections at node 4a and Poly(ethylene terephthalate),
having an HRV of   10   wraps 4b and has splayed sections 5. Figure 12 is
about 23 and containing 0.3 wt. % TiO2 as a        a photomicrograph of the
same yarn taken at delusterant, was spun at a spinneret temperature   300x
magnification, illustrating (viewed vertically of 265C from a 34-hole
spinneret in which 17      upwards) fibrous element 6a forking into.fibrous
holes had the configuration shown in Figure 7 and  elements 6b and 6c,
while fibrous elements 6d the other 17 had the mirror image configuration.
15  then merges with 6c to form fibrous element 6e. In each hole the
central arc was a slot 0.0089 cm  Figure 13 is a photomicrograph of the
same yarn (0.0035 in) wide having its inner edge sweeping    taken at
1000x, illustrating ragged edges 2a and through [err] of a circle having a
radius of 0.037  2b at fork 7. When examined by Test 11, 121 cm (0.0145
in), while the outer arc were slots    fibrous elements were seen, and 120
of these 0.010 cm (0.004 in) wide with the inner (shortest)   20   were
matched up with free ends by following the edge of each slot sweeping
through 225 of a       procedure of part E(1) of Test II. One fibrous
circle having a radius of 0.025 cm (0.010 in).
elementwasfoundinaccordancewithTestil,part Cross-flow quenching air was
passed across the     E(8), that did not have a matching free end. This
extruded filaments in such a way that it first    fibrous element resulted
from a coalesced fila- contacted each filament between the middle two    25
ment which can be seen as cross section 10A in outer arcs. The filaments
were gathered by guides  Figure 10, which is a portion of the Reference
into a yarn (hereafter designated as the "feed     Photomicrograph for
Example 1. The original yam"), passed to a roll operating at a peripheral
coalesced feed yarn filament cross section can be speed of 3000 mpm (3281
ypm), and wound up on      seen in Figure 9 as cross section 8. Cross
section 9 a package at 2923 mpm (3197 ypm). A photomic-   30   is a normal
feed yarn filament cross section. rograph of the cross section of the feed
yarn       A 28-cut interlock circular fabric was knitted filments is shown
in Figure 9.                    from the textured yarn, feeding it at 826
cm (325 The feed yarn was passed from its windup         in) per revolution
with a 3-needle delay ("Fouquet package at a peripheral speed of 176 mpm
(192      28 Cut SMHH" 2460-needle double knit machine, ypm) over a 1-meter
(1.1-yd) long hot plate   35   manufactured by Fouquetwerk-Franz u. Planck,
maintained at 180C to a draw roll operated at a   Rottenburg/Neckar,
Germany). The knitted fabric peripheral speed of 300 mpm (328 ypm) and
was scoured, dyed at [err] in a pressure beck for thence through a jet
device and wound up under    one hour, dried at [err] for 30 seconds, and
heat constant tension as a package of yarn (hereafter   set at 171C for 60
seconds. The fabric was found designated as the "textured yarn") at a
peripheral   40   to have 30-minute pill ratings of 3.2 and 3.7 on its
speed of 285 mpm (312 ypm). The jet device was     face and back,
respectively, and had a fabric like that shown in Figures 6 and 7 of U.S.
Patent  weight of 143 g/[err] (4.23 oz/[err]). 4,157,605 (reference
characters in the remainder     Water may be used as the
fluid-jet-texturing of this paragraph being to Figure 7 of that patent),
medium in the preparation of the spunlike yarns except that the cylindrical
baffle 40' was omitted   45   of the invention. Typical of such a product
is a and the yarn was passed vertically downward        spunlike yam made
by water-jet-texturing a yarn 



upon leaving the venturi 58. The yam needle exit  like the feed yarn of
Example I and having 28 free 57 had an inside diameter of 0.102 cm (0.040
in),  ends per cm when examined by Test III. and at its narrowest point the
diameter of the exit passage of venturi 58 was 0.178 cm (0.070 in). The
50   Example II jet device was supplied with air at 1379 kPa (200
Poly(ethylene  terephthalate/sodium   5-sul- psi). The yarn needle was
initially advanced to the  foisophthalate) (98/2 mol ratio) having a HRV of
fully closed position and was then backed off until  about 17 was spun at a
spinneret temperature of the cross-sectional area of the annular
restriction  [err] from a 33-hole spinneret, each hole consist- B was about
equal to the cross-sectional area at   55   ing of a Y-shaped orifice as
shown in Figure 2, its narrowest point of the exit passage of venturi
formed by the intersections at 120 degree angles 58; the cross-sectional
area of orifice 72 being   of three slots measuring 0.076 mm (3 mils) in
substantially larger than that of annular restric-  widthx0.76 mm (30 mils)
in length, the end of tion B.
each slot being enlarged by a round hole of The textured yarn so produced
was a soft,  60   0.0635 mm (2.5 mil) radius having its center on supple,
spunlike yarn. It has a linear density of  the centerline of the slot. One
slot of each orifice 11.6 tex (104.5 denier), a tenacity of 0.173 N/tex
pointed directly towards the source of the cross- (1.96 gpd), an elongation
of 5.6%, and a skein    flow quenching air. The extruded filaments were
strength of 0.106 N/tex (Lea Product of 2256). The  gathered by guides into
a yarn, passed from a pair spunlike textured yarn was found to have 39 free
65   of feed rolls at a peripheral speed. of 1246 mpm 9    17
0 070 726                      18 (1363 ypm) through a steam jet at [err]
to a pair  under identical conditions. One of the filaments of annealing
draw rolls in a box with an air      from each of the adjacent spinnerets
was then temperature maintained at [err] and operated at  caused to cross
over and be gathered together a peripheral speed of 2560 mpm (2800 ypm),
and    with the 33 other filaments from the adjacent forwarded by two
additional pairs of rolls    5    spinneret, so that on the first side a
yarn was operated at peripheral speeds of 2564 mpm (2804   gathered with 33
delustered filaments and one ypm) and 2567 mpm (2807 ypm), respectively, to
clear filament. while a yarn with 33 clear filaments a windup operated at a
peripheral speed of 2516   and one delustered filament was wound on the mpm
(2751 ypm). The 33-filament yarn so pro-      second side. duced had a
linear density of 6.4 tex (58 denier), a    10  The 34-filament yarn having
33 clear filaments tenacity of 0.191 N/tex (2.17 gpd), and an elonga-  and
one delustered filament was passed from its tion of 7.3%. The ratio of the
length of the fins in  windup package over a 1-meter (1.1-yd) long hot the
Y cross section of the drawn filaments to the  plate maintained at [err] to
a draw roll operated width of the fins, as measured in a photomicro-    at
a peripheral speed of 208 mpm (228 ypm), the graph of the filament cross
section, was 4:1.   15   draw ratio being 1.4x, and thence at an overfeed
Three of these yarns were combined to form a      of 5.7%  through the jet
'device described in single 99-filament feed yarn.
Example I. Air at a pressure of 1103 kPa (160 psig) The 99-filament feed
yarn was wetted with        was fed through the jet device. water and
passed at a speed of 158 mpm (173         The product was a spunlike yarn
having a skein ypm) through the jet device of Figures 6 and 7 of   20
strength of 0.051 Nltex (Lea Product of 1085) U.S. Patent 4,157,605, using
the cylindrical baffle.  when examined by Test Ill. The yarn was The yarn
needle exit 57 has an inside diameter of  examined in accordance with Test
I, and it was 0.051 cm (0.020 in), and at its narrowest point the
established that (1) the yam was formed of a diameter of the exit passage
of venturi 58 was     plurality of fibrous elements, (2) the fibrous 0.178
cm (0.070 in). The overfeed was calculated   25   elements forked and
merged with one another, (3) as 6%. The jet device was supplied with air at
690  ragged sides were visible on many of the fibrous kPa (100 psi).
elements, (4) there was frequent entanglement of The yarn so produced was a
soft, supple,        the fibrous elements, and (5) some of the fibrous
spunlike yarn. It had a linear density of 20.2 tex  elements terminated as
free ends. When the yarn (182 denier), a tenacity of 0.044 N/tex (0.50
gpd),  30   was examined by Test II, a total of 76 fibrous an elongation of
2.6%, and a skein strength of     elements were found in the Reference
Photomic- 0.042 N/tex (Lea Product of 884). The spunlike    rograph and all
of the fibrous elements had yam was found to have 84.2 free ends per cm
matching free ends. In an optical photomicro- when examined by Test III.
The yarn was           graph of the yarn taken at 100x magnification,
examined in accordance with Test I, and it was   35   fibrous elements
containing delusterant could be established that (1) the yarn was formed of
a     clearly distinguished from fibrous elements made plurality of
'fibrous elements, (2) the fibrous   of clear polymer. The fibrous elements
containing elements forked and merged with one another, (3)  delusterant
were seen to be in the form of a ragged sides were visible on many of the
fibrous  structure of forked and merged fibrous elements. elements, (4)
there was frequent entanglement of   40   Figure 1 is a hand drawing of the
structure the fibrous elements, and (5) some of the fibrous  containing
delusterant, made while observing the elements terminated as free ends.
When the yarn   yarn under a microscope at about 300x. The was examined by
Test II, all of the fibrous       magnification and the focus of the
microscope 



elements had matching free ends. A total of 183   were changed as required
from time to time while fibrous elements were found in the Reference   4s
the drawing was being made so that the structural Photomicrograph.
details could be clearly observed and recorded in A 22-cut interlock
circular-knit fabric of the   the drawings. spunlike yam was found to have
a fabric weight of 191 g/[err] (5.64 oz/[err]), a thickness of 1 mm (0.038
Example IV in), and a bulk of 5.07 cc/gm. It had a 30-minute   50  The
delustered polymer of Example I was spun pill. rating of 1.0.
at a spinneret temperature of 275C from a 34- hole spinneret in which 20 of
the holes were Example III                                      circular,
having a diameter of 0.038 cm (0.015 in). Delustered poly(ethylene
terephthalate), having  Of the other 14 holes, 7 had the configuration of
an HRV of about 23 and containing 0.3% [err] as   55   Figure 7 and 7 had
the mirror image configura- the delusterant, was spun at a spinneret
tempera-  tion, the dimensions of the holes being the same ture of [err]
from a duplicate of the spinneret of  as in Example I, except that both the
central arc Example I, which had 34 orifices. The delustered   and the
outer arcs were slots 0.0084 cm (0.0033 filaments were gathered by guides
into a yarn,     in) wide.. Cross-flow quenching air was passed passed to a
roll operating at a peripheral speed of   60   across the extruded
filaments in the same manner 3000 mpm (3280 ypm), and wound up on a
as Example  1. The extruded filaments were package at 2986 mpm (3266 ypm).
gathered by guides into a yarn, passed to a roll From  an adjacent
identical spinneret, clear    operating at a peripheral speed of 3000 mpm
poly(ethylene terephthalate), having an HRV of    (3281 ypm), and wound up
on a package at the about 23 but containing no [err], was extruded 65
same speed.This yarn had a linear density of 19.4 10    19
0 070  726                             20 tex (175 denier). The linear
densities of the indivi-  fibrous elements are entangled to the degree that
dual filaments in the yarn  were 7.4 dtex (6.7        the yarn has
consolidated sections and splayed denier) for the filaments of round cross
section    sections. and 4.5 dtex (4.1 denier) for the filaments
3. A yarn consisting essentially of a plurality of extruded from the
orifices having the configura-    s    (i) synthetic fibrous elements
having an irregular tion of Figure 7 or its mirror image.
and varying cross section and being forked and The 19.4 tex (175 denier)
yarn was then passed     merged in a fortuitous manner, the cross-sec- from
its windup package at a peripheral speed of     tional area and
cross-sectional shape of each 187 mpm (205 ypm) over a 1-meter (1.1-yd)
long      fibrous element changing along its length and hot plate
maintained at 160C to a draw roll   to   some of said fibrous elements
terminating in free operated at a peripheral speed of 300 mpm (328
ends, the cross-sectional area and cross-sectional ypm), passed through a
jet device, around a roll    shape of most of said fibrous elements being
of operated at a peripheral speed of 285 mpm (312      approximately the
same cross-sectional area and ypm), then over a 1-meter (1.1-yd) long hot
plate    cross-sectional shape as those fibrous elements maintained at
[err], and finally wound up on a    15   that terminate in free ends, and
those fibrous package at 275 mpm (301 ypm). The jet device        elements
that do not have approximately said was like the jet identified as C-3 in
Table Y of     area and said shape being forked to form fibrous British
Patent 1,558,612.                           elements of approximately said
area and said The textured yarn so produced was a soft,         shape, many
of said fibrous elements having at supple spunlike yam. It was found to
have 14.5   2o   least one ragged side that extends longitudinally ends per
cm when examined by Test Ill. It had a     of the fibrous elements, and
(ii) up to 90% by linear density of 13.2 tex (119 denier), a tenacity of
weight fibrous elements that extend at least 0.203 N/tex (2.30 gpd), an
elongation of 10.3%,     substantially continuously throughout the length
and a skein strength of 0.153 N/tex (Lea Product of  of the yarn; the
fibrous elements of the yarn being 3256). A portion of the cross section of
the yarn   25   frequently entangled along the length of the yarn which had
been embedded in epoxy resin is           to the degree that the yarn has
consolidated shown in Figure 14. Visible in this cross section   sections
and splayed sections and the yarn were intact companion members of round
cross         having 10 to 150 free ends per centimeter of yarn section as
well as fibrous element cross sections   length. derived from the splitting
of filament cross sec-   30  4. A yarn as claimed in claim 3 in which the
tions spun from orifices having the configuration   fibrous elements that
extend at least substantially of Figure 7 or its mirror image. In the
complete    continuously throughout the length of the yarn yarn cross
section, all 20 round companion mem-    . have smooth sides. bers were
seen.                                       5. A yarn as claimed in claim 3
in which the A fabric was produced by knitting a tubing of   35   fibrous
elements that extend at least substantially the textured yarn (using a
"Fiber Analysis Knit-     continuously throughout the length of the yam,
ter", made by Lawson-Hemphill Southern, Inc.,       are forked and merged.
Spartanburg, SC, at a stitch setting of 4.0 on a 54-  6. A yarn as claimed
in claim 5 in which the gauge head). The knitted fabric was found to have
fibrous elements that extend at least substantially a 30-minute pill rating
of 2.8.                40   continuously throughout the length of the yarn 



have substantially continuous body portions and Claims
wing portions that are occasionally split from the body portions said wing
portions occasionally 1. A yarn consisting essentially of a plurality of
ending in free ends. synthetic fibrous elements having an irregular   45
7. A yarn as claimed in any one of claims 1 to 6 and varying cross section
and being forked and      in which some of the fibrous elements at least
merged in a fortuitous manner, the cross-sec-        occasionally merged to
form a fibrous element tional area and cross-sectional shape of each
having the cross-sectional shape of a "C" or fibrous element changing along
its length and        having a cross-sectional shape that requires more
some of said fibrous elements terminating in free   50   than four straight
lines to trace its perimeter. ends, the cross-sectional area and
cross-sectional  8. A yarn as claimed in claim 7 in which some of shape of
most of said fibrous elements being of     the fibrous elements at least
occasionally merge' approximately the same cross-sectional area and     to
form a fibrous element having a "T", "x", "Y", cross-sectional shape as
those fibrous elements     or "V" cross-sectional shape.' that terminate in
free ends, and those fibrous  55    9. The use of a yarn as claimed in any
one of elements that do not have approximately said        claims 1 to 8 in
weaving or knitting. area and said shape being forked to form fibrous
elements of approximately'said area and said         Patentansprfiche
shape, many of said fibrous elements having at least one ragged side that
extends longitudinally   eo  1. Gan,- bestehend im wesentlichen aus einer'
of the fibrous elements, the fibrous elements       Mehrzahl synthetischer
faseriger Elemente, die being frequently entanged along the length of the
einen unregelmissigen und wechselnden Quer- yarn, said yarn having 10 to
150 free ends per      schnitt haben und zufallsmassig gabelfarmig
centimeter of yam length.                           gespalten sind und
ineinander aufgehen, wobei '2. A yarn as claimed in claim 1 wherein the
65   sich die QuerschnittsflAche und die Querschnitts- 11    19
0 070 726                      20 tex (175 denier). The linear densities of
the indivi-  fibrous elements are entangled to the degree that dual
filaments in the yarn were 7.4 dtex (6.7        the yarn has consolidated
sections and splayed denier) for the filaments of round cross section
sections. and 4.5. dtex (4.1 denier) for the filaments           3. A yarn
consisting essentially of a plurality of extruded from the orifices having
the configura-  . 5    (i) synthetic fibrous elements having an irregular
tion of Figure 7 or its mirror image.                and varying cross
section and being forked and The 19.4 tex (175 denier) yarn was then passed
merged in a fortuitous manner, the cross-sec- from its windup package at a
peripheral speed of     tional area and cross-sectional shape of each 187
mpm (205 ypm) over a 1-meter (1.1-yd) long      fibrous element changing
along its length and hot plate maintained at [err] to a draw  roll  10
some of said fibrous elements terminating in free operated at a peripheral
speed of 300 mpm (328       ends, the cross-sectional area and
cross-sectional ypm), passed through a jet device, around a roll     shape
of most of said fibrous elements being of operated at a peripheral speed of
285 mpm (312       approximately the same cross-sectional area and ypm),
then over a 1-meter (1.1-yd) long hot plate    cross-sectional shape as
those fibrous elements maintained at [err], and finally wound up on a    is
that terminate in free ends, and those fibrous package at 275 mpm (301
ypm). The jet device         elements that do not have approximately said
was like the jet identified as C-3 in Table Y of     area and said shape
being forked to form fibrous British Patent 1,558,612.
elements of approximately said area and said The textured yarn so produced
was a soft,          shape, many of said fibrous elements having at supple
spunlike yarn. It was found to have 14.5   20   least one ragged side that
extends longitudinally ends per cm when examined by Test Ill. It had a
of the fibrous elements, and (ii) up to 90% by linear density of 13.2 tex
(119 denier), a tenacity of  weight fibrous elements that extend at least
0.203 N/tex (2.30 gpd), an elongation of 10.3%,      substantially
continuously throughout the length and a skein strength of 0.153 N/tex (Lea
Product of  of the yarn; the fibrous elements of the yarn being 3256). A
portion of the cross section of the yarn   25   frequently entangled along
the length of the yarn which had been embedded in epoxy resin is
to the degree that the yarn has consolidated shown in Figure 14. Visible in
this cross section    sections and splayed sections and the yarn were
intact companion members of round cross         having 10 to 150 free ends
per centimeter of yarn section as well as fibrous element cross sections
length. derived from the splitting of filament cross sec-   30  4. A yarn
as claimed in claim 3 in which the tions spun from orifices having the
configuration    fibrous elements-that extend at least substantially of
Figure 7 or its mirror image. In the complete     continuously throughout
the length of the yarn yarn cross section, all 20 round companion mem-    .
have smooth sides. bers were seen.
5. A yarn as claimed in claim 3 in which the A fabric was produced by
knitting a tubing of   35   fibrous elements that extend at least
substantially the textured yarn (using a "Fiber Analysis Knit-
continuously throughout the length of the yam, ter", made by
Lawson-Hemphill Southern, Inc.,        are forked and merged. 



Spartanburg, SC, at a stitch setting of 4.0 on a 54-   6. A yarn as claimed
in claim 5 in which the gauge head). The knitted fabric was found to have
fibrous elements that extend at least substantially a 30-minute pill rating
of 2.8.                40   continuously throughout the length of the yarn
have substantially continuous body portions and Claims
wing portions that are occasionally split from the body portions said wing
portions occasionally 1. A yarn consisting essentially of a plurality of
ending in free ends. synthetic fibrous elements having an irregular   45
7. A yarn as claimed in any one of claims 1 to 6 and varying cross section
and being forked and      in which some of the fibrous elements at least
merged in a fortuitous manner, the cross-sec-        occasionally merged to
form a fibrous element tional area and cross-sectional shape of each
having the cross-sectional shape of a "C" or fibrous element changing along
its length and        having a cross-sectional shape that requires more
some of said fibrous elements terminating in free   so   than four straight
lines to trace its perimeter. ends, the cross-sectional area and
cross-sectional     8. A yarn as claimed in claim 7 in which some of shape
of most of said fibrous elements being of      the fibrous elements at
least occasionally merge' approximately the same cross-sectional area and
to form a fibrous element having a "T", "X", "Y", cross-sectional shape as
those fibrous elements      or "V" cross-sectional shape.' that terminate
in free ends, and those fibrous   55    9. The use of a yarn as claimed in
any one of elements that do not have approximately said         claims 1 to
8 in weaving or knitting. area and said shape being forked to form fibrous
elements of approximately said area and said         Patentansprfiche
shape, many of said fibrous elements having at least-one ragged side that
extends longitudinally   60   * 1. Gamn, bestehend im wesentlichen aus
einer of the fibrous elements, the fibrous elements        Mehrzahl
synthetischer faseriger Elemente, die being frequently entanged along the
length of the    einen unregelmbssigen und wechselnden Quer- yarn, said
yarn having 10 to 150 free ends per       schnitt haben und zufallsmissig
gabelformig centimeter of yarn length.                           gespalten
sind und ineinander aufgehen. wobei 2. A yarn as claimed in claim 1 wherein
the    65   sich die QuerschnittsflAche und die Querschnitts- 11    21
0070 726                       22 form  jedes faserigen Elementes lings
seiner       gelegentlich abgespalten sind von den Haupttei-
Lingsausdehnung andert und einige jeder faseri-    len, und die
gelegentlich in freie Enden enden. gen Elements in freien Enden enden, und
wobei        7. Garn nach einem der Anspruche 1 bis 6, in die
Querschnittsflache und die Querschnittsform    welchem einige der faserigen
Elements minde- der meisten jener faserigen Elements von etwa    5    stens
gelegentlich ineinander aufgehen, um ein gleicher Querschnittsflache und
Querschnitts-      faseriges Element zu bilden, das die Quer- form sind wie
die jener faserigen Elements, die    schnittsform sines "C" oder sine
Querschnitts- in freien Enden enden, und diejenigen faserigen    form
aufweist, die mehr als view gerade Linien Elements, die nicht ungefihr jene
Flache und       erfordert, um den Umfang aufzuzeichnen. Form haben,
gabelformig gespalten sind, um    10     8. Garn nach Anspruch 7, in
welchem einige faserige Elements von ungefahr jener F13che und    der
faserigen Elements mindestens gelegentlich jener Form zu bilden, und viele
jener faserigen    ineinander aufgehen, um ein faseriges Element Elements
mindestens sine schartig-rauhe Seite      zu bilden, das einen Querschnitt
von "T-, "X"-, aufweisen, die sich in Lhngsrichtung der faseri-   "Y"- oder
"V"-Form hat. gen Elements erstreckt, und die faserigen Ele-   1s  9.
Verwendung sines Garnes nach einem der mente in Lingsrichtung des Garnes
hiufig inein-    Anspruche 1 bis 8 beim Weben oder Wirken. andergewirrt
sind und das Garn 10 bis 150 freie Enden is cm Garnlinge hat.
Revendications 2. Garn nach Anspruch 1, in welchem die faserigen Elements
in einem Grad ineinanderge-   20  1. Un fil essentiellement compos6 d'une
plura- wirrt sind, dass das Garn feste Teile und          lite d'elements
fibreux synth6tiques dont la sec- gespreizte Teile hat.
tion transversale est irr6guliere ef variable et qui 3. Garn, bestehend im
wesentlichen auf einer     fourchent et fusionnent de fagon erratique,
I'aire Mehrzahl (i) synthetischer faseriger Elements,     de section
transversale et la forms de section die einen unregelmassigen und
wechselnden   25   transversale de chaque 6lement fibreux variant
Querschnitt haben und zufallsmassig gabelfor-      au long de l'616ment
fibreux et certains desdits mig gespalten sind und ineinander aufgehen,
6l6ments fibreux se terminant en bouts libres, wobei sich die
Querschnittsfilche und die Quer-    I'aire de section transversale et la
forms de schnittsform jedes faserigen Elements langs sei-   section
transversale de la plupart desdits ele- ner Lingsausdehnung ander und
einige jener   30   ments fibreux 6tant a peu pr6s les memes que faserigen
Elements in freien Enden enden, und      l'aire de section transversale et
la forms de wobei die QuerschnittsflIche und die Quer-         section
transversale-des 6lements fibreux qui se schnittsform  der meisten jener
faserigen Ele-     terminent en bouts libres, et les 6elments fibreux
mente-von etwa gleicher Querschnittefliche und     qui n'ont pas a peu pres
cette aire et cette forms 



Querschnittsform sind wie die jener faserigen   35   etant divises en
fourche pour former des e16- elemente, die in freien Enden enden, und
diejeni-  ments fibreux ayant a peu pres cette aire et cette gen faserigen
Elements, die nicht ungefahr jene    forms, beaucoup desdits 6lements
fibreux ayant Fliche und Form haben, gabelformig gespalten       au moins
un flanc dechiquete qui s'itend suivant sind, um faserige Elemente von
ungefihr jener      la longueur des 616ments fibreux, les elements Fliche
und jener Form zu bilden, und viele jener   40   fibreux etant frequemment
enchevetres au long faserign Elements mindestens sine schartig-        du
fil, ledit fil comportant 10 A 150 bouts libres rauhe Seite aufweisen, die
sich in Lingsrichtung   par centimetre de longueur de fil. der faserigen
Elements erstreckt, und (ii) bis zu    2. Un fil tel que revendiqu6 dons la
revendica- 90 Gew.% faseriger Elements, die sich minde-       tion 1, dans
lequel les elements fibreux sont stens im wesentlichen kontinuierlich Ober
die   4s   enchevetres 3 tel point que le fil presente des Lange des Garns
erstrecken: wobei die faserigen    trongons resserres et des trongons
elargis. Elements des Games 1ings des Garnes hiufig           3. Un fil
essentiellement compose de (i) une ineinandergewirrt bis zu einem Grade
sind, dass    pluralite d'el6ments fibreux synthetiques dont la das Garn
feste und gespreizte Teile hat, und das   section transversale est
irreguliere et variable et Gain 10 bis 150 freie Enden je cm Garnlinge   50
qui fourchent et fusionnent de fagon erratique, aufweist.
I'aire de section transversale et la forms de 4. Gem  nach Anspruch 3, in
welchem  die         section transversale de chaque element fibreux
faserigen Elemento, die sich mindestens im         variant au long de
l'element fibreux et certains wesentlichen kontinuierlich Ober die Lange
des     desdits elements fibreux se terminant en bouts Garns erstrecken,
glatte Seiten haben.  _   --     libres, I'aire de section transversale st
la forms 5. Gamn nach Anspruch  ,Jn  d.I6ii die           de section
transversale de la plupart desdits faserigen Elementi   sich mindestnen  im
elements fibreux etant a peu prbs les mimes quo wesentlichen Ober die Lange
des Gems erstrek-      I'aire do section transversale et la forms de ken,
gabelf6rmig gespalten sind und ineinander    . section transversale des
elements fibreux qui se aufgehen.                5                    60
terminent en bouts libres, et lee el6ments fibreux 6. Garn nach Anspruch 5,
in welchem  die         qui n'ont. pas A peux prbs cette aire et cette
faserigen Elemente, die sich mindestens im         forme etant divises en
fourche pour forms des wesentlichen kontinuierlich Ober die Lange des
6lements fibreux ayant a peu prbs cette aire et Gains erstrecken, im
wesentlichen kontinuierti-    cette forms, beaucoup desdits. elements
fibreux che Hauptteile und FlOgelteile aufweisen, die   65   ayant au moins
un flanc dechiquete qui s'etend 1      0            00 ;0   ; 0  $;   0
t2 i; 11 1ff --  I- -----  II----  11---1    23                  0 070 726
24 suivant la longueur des elements fibreux, et (ii)  nue sur toute la
longueur du fii possedent des jusqu'A 90%  en poids d'6elments fibreux qui
parties de corps sensiblement continue et des s'etendent de fagon au moins
sensiblement conti-   parties constituant des ailettes qui sont separees
nue sur toute la longueur du fil; les 6eiments     occasionnellement des
parties constituant les fibreux du fil etant fr6quemment enchevetres au
5    corps, ces parties constituant des ailettes se long du fil 3 tel point
que le fil presente des    terminant occasionnellement en bouts libres.
troncons resserres et des trongons elargis, et le fil  7. Un fil tel que
revendique dans l'une quelcon- comportant 10 A 150 bouts libres par
centimetre    que des revendications 1 A 6, dans lequel certains de
longueur de fil.                                des 6e6ments fibreux
fusionnent au moins occa- 4. Un fil tel que revendiqu6 dans la revendica-
10   sionnellement pour former un el6ment fibreux tion 3, dans lequel les
el6ments fibreux qui       dont la section transversale est en forme de "C"
s'6tendent de facon au moins sensiblement conti-   ou dont la section
transversale a une forms telle nue sur toute la longueur du fil ont des
flancs    qus son perimetre n6cessite plus de quatre lisses.
droites pour etre trace. 5. Un fil tel que revendique dans la revendica-
15  8. Un fil tel que revendique dans la revendica- tion 3, dans lequel les
elements fibreux qui       tion 7, dans lequel certains des elements
fibreux s'6tendent de facon au moins sensiblement conti-   fusionnent au
moins occasionnellement pour for- nue sur toute la longueur du fil
fourchant et      mer un element fibreux ayant une section trans-
fusionnent.                                        versale en forms de "T",
,XI, "Y" ou "V". 6. Un fil tel qua revendiqu6 dans la revendica-   20.
9. L'utilisation d'un fil tel qua revendique dans tion 5, dans Iequel les
6l6ments fibreux qui       l'une quelconque des revendications 1 a 8 en
s'etendent de facon au moins sensiblement conti-   tissage ou en tricotage.
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