
Aprxl 18, 1961 .1. E. WALTZ 2,979,883 
COMPOSITE YARN AND PROCESS OF PRODUCING 

BULKED FABRIC THEREFROM 
Filed Aug. 12, 1957 

[Ki/(5.1 
6 I 

I f I 

INVENTOR 

JOSEPH E. WALTZ 

BY M e, 14% 
ATTORNEY 



1 

_ 2,979,883, 

COMPOSITE YARN AND PROCESS OF PRODUC 
ING BULKED FABRIC THEREFROM - 

Joseph E. Waltz, Wilmington, Del., assiguor to E. I. du 
Pont de Nemours and Company, Wilmington, Del., a 
corporation of Delaware _ 

Filed Aug. 12, 1957, Ser. No. 677,550‘ 

13 Claims. (Cl. 57-140) 

This invention relatesto novel composite vyarns and 
to‘ fabrics prepared from such yarns. More particularly, 
it relates to composite yarns which can be caused to be 

'come permanently bulky by appropriate treatment at 
any desired time without simultaneously undergoing ex 
cessive shrinkage. . 

It is well known that yarns formed from staple ?bers, 
and particularly from the natural ?bers such‘ as cotton 
and especially wool, are more voluminous or bulky in 
character than are continuous ?lament yarns. The bulki 
ness of the staple yarns leads to fabrics which have high 
covering power and a soft hand. Various attempts have 
been made to produce a bulky continuous ?lament yarn. 
in order to combine the desirable aesthetic properties of 
staple yarns with the advantages of continuous ?lament 
yarn, such as strength and simplicity of processing. This 
has been accomplished in various ways by producing 
continuous ?lament yarns in which the various ?laments 
contained in a short segment of a yarn have different 
lengths when straightened out. ‘I 

It has been found that, when continuous ?lament yarn 
is treated so that it becomes bulky and is then con 
verted into fabric, some of the processing advantages of 
the originally smooth, dense. continuous ?lament yarn 
are lost. The reason for this is that in the bulky yarn 
the yarn bundle is not compact, so that the ?laments are 
somewhat loose and have a tendency to snag as the yarns 
contact each other, or various parts of the yarn proc 
essing equipment, particularly during weaving or knit 
ting. There is also a tendency for the bulky yarn to be 
pulled out into a smooth yarn bundle in response to ten 
sions imposed by the yarn processing equipment, since 
in each segment of the yarn the longer ?laments which 
provide the bulking effect. remain free of tension while 
the shorter ?laments supportthe load imposed on the 
yarn. For these reasons a continuous ?lament yarn has 
been desiredwhich can be processed in its smooth, com 
pact form into fabric and subsequentlyv treated to ob 
tain a satisfactory amount of bulk in fabric form. 
Much attention. has been given to composite contin 

uous ?lament yarns comprising ?laments having differ 
ent levels of shrinkage, with the object of obtaining bulk~ 
ing of the yarns in fabric form by differential shorten 
ing of the lengths of the ?laments in the yarns. The re 
sults of this work have been somewhat disappointing 
and contrary to expectation. Although the individual 
yarns relax and become quite bulky in skein form, the 
amount of bulking which is obtained in fabric form is 
frequently quite small, especially when the intial fabric 
is of dense construction. The reason for this appears to 
be that the ?laments which have a nominal high shrink 
age usually also have a relatively low yield point, so 
that. they simply tend. to yield .0: ?ow internally rather 
than. shrink against. the-i constraint. afforded by the‘ fabricv 
construction. For. thesametreasomit. isfound that yarns. 
which. become bulky inskein form by differential shrink‘ 
age. are largely pulled out straight- again. in response to. 
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the tensions applied during weaving and other yarn proc 
‘ essing steps. 
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Even when bulking in fabric form by differential 
shrinkage is successful, it has been found that the proc 
ess is usually accompanied by undesirable factors. The 
?nal dimensions of the fabrics are controlled by those 
?laments which have the greater shrinkage, and the high 
shrinkages required are regarded in the textile industry 
as wasteful of loom capacity. Owing to the uncertainty 
in the actual shrinkage which will be achieved, the at 
tainment of a desired fabric density alsobecomesa mat 
ter of trial and error. Finally, the load-bearing mem~ 
bers of the yarns in the fabric also tend to be the weaker‘. 
?laments‘ in the fabric, as indicated above. 

It is therefore an object of this invention to provide 
asmooth, composite yarn which can be caused to be, 
come permanently bulky by treating the yarn in a sim 
ple manner.‘ Another object of the invention is to pro 
vide such a smooth, composite yarn which can be woven 
-or knitted into fabric and subsequently treated to cause 
permanent bulking in the yarns comprising the fabric. 
A further object is to provide such a smooth, composite 
yarn which can be woven or knitted into fabric and 
subsequently caused to become. permanently bulky with 
no more than moderate changes in fabric dimensions. 
Other objects will become apparent from the follow 
ing description and claims. 

These objects have been realized by the present inven 
tion, which comprehends a composite yarn comprising 
a plurality of strands of at least two species, said com 
posite yarn being characterized in that at least a ?rst 
species of strand in said yarn is spontaneously and ir 
reversibly extensible and being further characterized in 
that said ?rst species of strand is spontaneously and ir 
reversibly extensible relative to the remainder of the 
strands in the yarn. The remainder of the strands in the 
composite yarn may be characterized by shrinkage, or 
they may be characterized by spontaneous and irre 
versible extensibility of asmaller magnitude than'the 
strands of the ?rst species. The composite yarn may be 
prepared by plying yarns together, one of the plies being 
spontaneously and irreversibly extensible and the other 
ply or plies being characterized by shrinkage or by spona 
taneous and irreversible extensibility of smaller magni 
tude than the ?rst ply. The strands may also be asso 
ciated together in other ways; for example, the strands 
may be assoicated together in a non-plied singles yarn 
in which some of the strands exhibit spontaneous and 
irreversible extensibility and the remainder of the strands 
are characterized by shrinkage or by spontaneous and 
irreversible extensibility of smaller magnitude than the 
?rst portion of strands. 
The spontaneous and irreversible extension in length of 

part of the strands in the composite yarn is conveniently 
achieved by heating strands which‘have been prepared 
in such a manner as to grow irreversibly when heated, 
although the invention also comprehends composite yarns-V 
in which part of the strands may be caused to grow ir 
reversibly in other ways, such as in response to chemi; 
cal agents. However, whether the bulking e?fect is 
achieved with the aid of heat or otherwise, the same 
agent which causes some of the strands in the com 
posite yarn to grow irreversibly must also cause the 
remainder of these strands to shrink, or to grow irre 
versibly by a different amount. 
The invention will be-better understood‘ by reference. 

to the drawings, in which—-- > 
Figure 1 is a side view, greatly enlarged, of a segment 

of a compositev singles yarn of ' the present invention, 
before it has been caused tobiecome bulky, 
,-_Figure 2. isra. side view,,greatly'_ enlarged, of the seg-v 
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ment of yarn of Figure 1 after it has been treated with 
a suitable agent to cause it to become bulky, 

Figure 3 is a side view, greatly enlarged, of a seg 
ment of a composite plied yarn of the present invention, 
befiore it has been treated to cause it to become bulky, 
an ‘ ' 

, Figure 4 is a side view, greatly enlarged, of the seg 
ment of composite plied yarn of Figure 3 after it has 
been treated with a suitable agent to cause it to become 
bulky. - ' ' ‘ 

_ Referring to Figure 1, yarn segment 1 is a composite 
slngles yarn comprising spontaneously extensible ?la 
ments 5 and shrinkable ?laments 6.‘ Such a yarn may 
be prepared, for examp‘e, by spinning in a single yarn 
bundle polyethylene terephthalate?laments of di?erent 
denier and subsequently drawing and relaxing the yarn 
in a suitable manner as described more fully ‘hereinafter. 
The composite yarn is smooth and compact ‘prior, to 
heat treatment; after heat treatment, ‘however, the yarn 
has the bulky and voluminous appearance depicted-in 
Figure 2. As illustrated in this ?gure, the length of yarn 
segment 1 has decreased slightly owing to a slight de 
crease in length of ?laments 6, while ?laments 5 have in~ 
creased in length, so that the ?laments 5 have become 
relatively much longer than the ?laments 6. 

In Figure 3, yarn segment 3 is a plied yarn com 
prising a plurality of spontaneously extensible ?laments 7 
plied with a plurality of shrinkable ?laments 8. Such 
a yarn may be constructed, for example, by plying a 
shrinkable polyethylene terephthalate yarn with a spon 
taneously and irreversibly extensible polyethylene tereph 
thalate yarn, which may be prepared by spinning, draw 
ing, and relaxing polyethylene terephthalate ?laments in 
a suitable manner as described more fully hereinafter. 
The plied yarn is smooth and dense prior to heat treat 
ment; after heat treatment, however, the plied yarn has 
the bulky and voluminous appearance depicted-in Figure 
4. As shown in the ?gure, the length of yarn segment 
3 has decreased slightly owing to a slight. decrease-in 
length of ?laments 8, while ?laments 7 have increased in 
length, so that the ply 7 has increased greatly in length 
relative to ply 8. _ . 

In Figures 1 and 3, shrinkable ?laments 6 and 8 may 
be replaced, respectively, by ?laments which have a 
spontaneously extensibility of somewhat lesser magni 
tude than ?laments 5 or 7 to form, acomposite yarn 
having a similar capacity for becoming bulky. 
' If desired, the composite yarns of the present in~ 
vention may be treated to cause them to become bulky 
before the yarns are formed into fabrics. It is usually 
preferred, however, to prepare a fabric from the com 
posite yarn while the yarn is in its smooth, compact 
form and then to apply heat or other agents to cause the 
yarn to become bulky in the fabric. Surprisingly, the 
degree of bulkiness which may be achieved in the com 
posite yarns in skein form is also fully achieved when 
the bulking treatment is delayed until the yarns have 
been processed into fabric, and there is no reduction in 
the degree of bulk in the yarn owing to any force of 
constraint imposed by the fabric construction. Non 
uniformity arising from high fabric shrinkage, which is 
also regarded as wasteful of loom capacity, is easily 
avoided. In fact, it is preferred that any shrinkage in 
the composite yarn arising from the use of shrinkable 
strands in the yarn be not more than the maximum 
shrinkage level usually regarded as acceptable in com 
mercial fabric preparation, i.e. not more than about 12% 
shrinkage. The composite yarns of the present inven 
tion include a wide variety of yarn products below this 
maximum shrinkage level. ’ For example,a spontaneously 
and irreversibly extensible yarn may be' plied with a 
pro-shrunk yarn which may be processed into a fabric 
which will become bulky without any change in fabric 
dimension upon heating. Dimensionally stable fabrics 
of this kind are highly'desired in the'textile industry, 
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since changes in fabric dimensions. frequentlyoccur in 
a non-uniform way so that the regular fabric construc 
tion imparted during knitting or weaving is distorted. In 
another embodiment of the invention, each of the strands 
in the yarn is spontaneously and irreversibly extensible, 
although the degree of spontaneous extensibility differs. 
The dimensions of fabrics prepared from such yarns in 
crease during the bulking treatment, resulting in an actual 
increase in loom productivity. In such fabrics the in 
crease in bulk of the yarn during the bulking treatment 
more than compensates for the opening of the fabric 
construction caused by the spontaneous extension in 
length of each of the yarns. » , - I 

Spontaneously extensible strands which may be used 
to form‘the composite yarns of the present invention may 
be prepared in various ways. For example, a cellulose 
acetate yarn may be heated to a temperature above the 
second order transition temperaure‘and below the de 
composition temperature so that it shrinks without crystal-' 
lization to produce a yarn‘ which elongates spontaneously 
and irreversibly when heated in 100° C. water. 
yarns are described more fully and claimed by M. H. 
Booth in his United States patent application No. 648,787 
and now Patent No. 2,900,669, dated August 25, 1959. 

In a preferred embodiment of the invention, a yarn 
containing strands of spontaneously and irreversibly ex 
tensible linear terephthalate polyesters is employed. By 
“linear terephthalate polyesters” is meant linear poly 
esters in which at least about 85% of the recurring 
structural units are units of the formula 

-o (onnnoo o-Q-o 0 

wherein n represents an integer within the range of 2 
to 10. Linear terephthalate polyesters and copolyesters, 
such as polyethylene terephthalate and copolyesters there 

' of (wherein n is equal to 2), can be readily prepared in 
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the form of strands exhibiting spontaneous. and irre~ 
versible extensibility. For example, an oriented poly 
ethylene terephthalate yarn, preferably one which is sub 
stantially amorphous, may be exposed to water or steam 
at 100% C. for an exposure time on the order of 
about 0.1 second to shrink the strand at least 20%, prefer 
ably 40% or more. In this way yarns exhibiting spon 
taneous and irreversible extensibility in 100° C. Water 
amounting to 15% or higher may be produced; in dry 
air at 200° C. 30% spontaneous and irreversible ex 
tensibility or even higher may be obtained with these 
yarns. Such yarns are described more fully and claimed 
by C. E. Reese and R. E. Kitson in their United States 
patent applications No. 648,797, ?led March 27, 1957, 

i and now abandoned and No. 718,114, ?led February 28, 
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1958. 
_ In one method of preparing the composite yarns of 
the present invention, a spontaneously and irreversibly 
extensible yarn is prepared ?rst and subsequently plied 
or otherwise associated with a shrinkable yarn, or with 
a yarn having a ditierent degree of spontaneous and ir 
reversible extensibility. In another method of preparing 
the composite yarns of the present invention, a composite 
singles yarn is produced directly. For example, poly 
ethylene terephthalate ?laments may be spun and wound 
up together at 1200 yards per minutes from a spinneret 
in such a way that a portion of the spun ?laments have 
a spun denier of about 2 denier per ?lament and re 
mainder of the ?laments have a spun denier of about 5 
denier per ?lament. Preferably, the higher denier ?la 
ments are of round cross-section and the lower denier 
?laments are of Y cross-section or other irregular cross 
section, although this is not essential. The yarn is then 
oriented by drawing it about 2.5X in such a manner 

‘ vthat the yarn remains substantially amorphous, after 

75 
which it is caused to shrink approximately 50% by con 
tacting it with hot air for an exposure time on the order 

Such ' 
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of ‘about 0.1 second. _The,jyarn so produced is, found. 
to be a composite. yarn: containing both spontaneously 
extensible and. shrinkable ?laments; when the yarn is 
immersed in boiling water, the smaller denier ?laments 
undergo spontaneous extension in length and the larger 
denier ?laments shrink, resulting in a bulky yarn. By 
modifying this process a composite single yarn comprised 
entirely of spontaneously extensible strands, the strands, 
exhibiting different degrees of spontaneous extensibility, 
can be prepared. For example, such a yarn may be pre 
pared from a mixed 2 denier per ?lament and 5‘ denier 
per ?lament polyethylene terephthalate yarn spun and’ 
wound up as described by drawing it, about 2.6X in‘ 
such a manner that the yarn remains substantially amor 
phous, and then causing the yarn to shrink approximately 
65% by contacting it with hot air for an exposure time 
of ‘about 0.1 second. 
For convenience, the strands which make up the com 

posite yarn will frequently be composed of the same 
polymeric material, although in such cases there will 
be differences in the manner of preparing one portion 
of the strands as contrasted to the remainder of the 
strands. However, it is‘ not essential that all of the 
strands in the composite yarn be composed of the same 
polymeric material. Spontaneously extensible strands of 
polyethylene terephthalate may be associated with the 
usual, commercially available, shrinkable strands of 
nylon, rayon, or polyacrylonitrile. Itis readily apparent 
that many other combinations are possible. ' 
The following examples will serve to illustrate the in 

vention, although they are not intended to be limitative. 

EXAMPLE 1 

Polyethylene terephthlate having an intrinsic viscosity 
of 0.57 and containing 0.3% TiO2 is spun at 295° C., 
through a bath of water at 25° C. and over a sponge, 
in diameter, and the yarn is wound up at a speed of 1,200 
yards per minute. The yarn as spun is found to have a 
denier of 60. The yarn is passed from a supply package 
though a bath of water at 25° C. and over a sponge 
to leave a thin uniform ?lm of water on the yarn, after 
which it is passed around a feed roll, around a draw pin 
1.6 inches in diameter maintained at a temperature of 
100° C., and then around a draw roll, ?nally being 
wound‘ up on a suitable package. The speed at the 
draw roll is 545 yards per minute and the draw ratio. 
is 2.385. The drawn yarn is then passed from a feed 
roll through a steam oven 12 inches. in length maintained ’ 
at 100° C., the entrance and exit being 1/2‘ inch in di 
ameter and steam at 100° C. being introduced along the 
bottom of the oven at a rate sufficient to keep the oven 
?lled with steam. The yarn speed at the entrance to 
the oven is 282 yards per minute and at the exit of the 
oven is 150 yards per minute, corresponding to a shrink 
age of 47% in the yarn as it passes through the oven 
and an exposure time‘ of 0.133. second in the steam, cal 
culated from the oven length and yarn exit speed. After 
leaving the oven the yarn is Wound up on a suitable pack 
age without twisting it. When the sample of the yarn 
is immersed in 100° C. water for ?ve minutes, it is ob 
served that the yarn undergoes spontaneous and irreversi 
ble extension in length of 17%. 
The spontaneously extensible. yarn prepared as de 

scribed above is plied with a twist of 2.5 turns per inch 
in the 2 direction with a commercial continuous ?lamentv 
polyethylene terephthalate weaving yarn. The commer 
cial weaving yarn is anuntwisted, 40-denier, 27-?lament, 
semi-dull (0.3% TiOz) polyethylene terephthalate yarn 
having a tenacity of 4.4 grams per denier, an elongation 
(amount of stretch before, breaking) of 25%, and a shrink. 
age of 12% upon immersion in 100° C. water for ?ve 
minutes. A_ sample of the plied yarn, when immersed, in 
water at 100° C._for five, minutes, is observed to undergo 
ahigh degree of bulking. A large sampleof the unheated 
plied yarn, is woven into .a 1'20_-sley,'11,4-pick,_ 2 x 2 basket 
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6 
weave-fabric, Temperatures in excess of 70° C.v are 
avoided in slashing and other‘ yarn processing steps. The 
resulting fabric is quite smooth and‘ has the “slick" hand; 
usually associated with continuous ?lament synthetic 
fabrics. However, when the fabric is immersed in water 
at 100° C. for ?ve minutes, the yarn comprising the fabric 
becomes quite bulky, the hand of the fabrics becomes 
warm and‘ soft, and the opacity and cover of the fabric 
increases materially. The following results illustrate . 
quantitatively the increase in bulkiness of the fabric as 
the result of the treatment in 100° C. water, as shown by 
increased values for speci?c volume and contact covering 
power and a decreased value for visible light transmit-~v 
tance. 

Before Heat 
7 Treatment 

After Heat Fabric Properties 
- > Treatment 

co ED Speci?c Volume (ea/g.) ________ __ 
Contact Covering Power, percent. 
Visible Light Transmittance, percent.. 

1. 2. 
42. 66. 
6. 4. 

In the above tests, the speci?c volume is determined by 
dividing the volume of the fabric by its weight; the volume‘ 
of. a fabric sample of known area being determined by 
multiplying the area by the thickness measured under a 
pressure of 3.4 p.s.i. in accordance with Method D76—53 
of the A.S.T.M. Standards on Textile Materials. 
The visible light transmittance is determined by measur 

ing the amount of light passing through the fabric from a 
source. of white light with the aid of a calibrated photo 
cell. The contact covering power is determined by pass 
ing a beam of collimated light from a green ?lter per 
pendicularly to the fabric surface and measuring with a 
photovolt 're?ectometer (such ‘as the Photovolt Corp. 
Model 610) the light re?ected at a 45° angle from the 
fabric surface and comparing the re?ectivity of the fabric _ 
surface with the reflectivity of a white background accord 
ing to the following equation: ' - 

where Rw is the observed re?ectometer reading for a 
white background, Rb is the reading for a black back 
ground. Rfw is the reading for the fabric surface against 
the white background, and Rn, is the reading for the 
fabric surfacev against the black background. 

EXAMPLE 2 

In a series of experiments, polyethylene terephthalate 
having an intrinsic viscosity of 0.57 and containing 0.3% 
TiOZ, is spun at 295° C. through a spinneret having 27 
ori?ces, each 0.009 inch in diameter, and the yarn is 
wound up at a speed of 1200 yds./min. The as-spun 

Contact covering power: X 100% 

deniers of the yarns obtained in the three experiments are 
shown in Table 1. The yarns are then passed from a sup 
ply package through a bath of water at 25° C. and over a 
sponge to leave a thin uniform ?lm of water on the yarn, 
after which it is passed around a feed roll, around a draw 
pin 1.6v inches in diameter maintained at a temperature of 
100° C., and then around a draw roll, ?nally being wound 
up on a suitable package. The speed at the draw roll is 
545 yds_./min. and the draw ratios are listed in Table 1. 
The drawn yarn is then passed from the wind-up pack 
age over a feed roll through a steam oven 12 inches in 
length maintained at 100° C., the entrance and exit being. 
1/2 inch in diameter and steam at,l00° C. being introduced 
along the bottom of the oven at a rate suf?cient to keep 
the oven ?lled with steam. In each case the yarn speed. 
at the exit of the oven is 150 yds./min. and the calculated 
exposure time in the steam is 0.133 second. The yarn 
speed at the entrance to the oven, together with the cal.-- 
culated shrinkage, of the yarn as it passes through. they 
oven, is listed inv Table 1._ After leaving. the oven the. 
yarn is ‘wound upon a suitable package without twisting. 
it. In. each case the yarn product. exhibits. spontaneous‘ 
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and irreversible extension in length when it is immersed 
in__100° C. water for 5 minutes, the amount of extension 
being listed in the table. 

Table I 
PREPARATION OF SPONTANEOUSLY EXTENSIBLE POLY 

ETHYLENE TEREPHTHALATE YARNS 

Yarn A Yarn B Yam 0 

Spun Denier __________________________ _. 85 70 45 
Draw Ratio ......... __ 2. 900 2.852 2. 735 
Oven Entrance Speed . . . 227 234 ' 333 
Percent Shrinkage.._.. . _________ ._ ._ 34 36 ' 65 

Percent Spontaneous Extension (100° C. 
water) ______________________________ -. 5 10 15 

-Each of the spontaneously extensible yarns prepared 
as described above is plied with a twist of 2.5 turns per 
inch in the 2 direction withrcommercial continuous ?la 
ment nylon weaving yarn. The commercial weaving 
yarn is an untwisted 20-denier, 7-?lament, semi-dull 
(0.3% TiOZ) polyhexamethylene adipamide yarn having 
a tenacity’ of 5.0 grams/denier, a break elongation of 
20%, and a shrinkage of 10% upon immersion in 100° C. 
water for 5 minutes. Samples of the plied yarns pre 
pared from yarns A, B, and C, when immersed in water 
at 100° C. for 5 minutes, are observed to undergo low, 
moderate, and high degrees of bulking, respectively. A 
quantity of each of the unheated plied yarns is knit on a 
tricot machine as the front bar in a bar and bar construc 
tion with commercial, 30_?lament, 10-denier nylon yarn 
in the opposite bar, using a Jersey stitch. The resulting fab 
rics are smooth and have the slick hand associated with 
fabrics made from ?lament yarns. However, when the fab 
rics are immersed in water at 100° C. for 5 minutes, the 
yarns comprising the fabrics become bulky and each of 
the fabrics exhibits a warm and soft hand. Among the 
three fabrics, the most marked increase in bulk and 
warmth of hand is exhibited by the fabric containing yarn 
C, the fabric containing yarn B ranking second. 

EXAMPLE 3 

Polyethylene terephthalate having an intrinsic viscosity 
of 0.57 and containing 0.3% TiO2 is spun at 295° C. from 
a divided pack through a spinneret having 11 round 
ori?ces, each 0.006 inch in diameter, onone side of the 
pack and 27 Y-shaped ori?ces, each comprising three in 
tersecting slots 0.003 inch wide and 0.025 inch long, on 
the other side of the pack. Molten polymer is metered 
at equal rates separately from each side of the divided 
pack to the spinneret. The yarn is wound up together 
'as a single ?lament bundle at a speed of 1200 yards per 
minute and is found to have a denier as spun of 208. 
The yarn is passed from a supply package through a 
bath of water at 25 ° C. and over a sponge to leave a 
thin uniform ?lm of water on the yarn, after which it is 
passed around a feed roll, around a draw pin 1.6 inches 
in diameter maintained at a temperature of 100° C., and 
then around a draw roll, ?nally being wound up on a 
suitable package. The speed at the draw roll is 545 yards 
per minute and the draw ratio is 2.456. The drawn yarn 
is then passed from a feed roll through a hollow needle 
leading into a nozzle having a throat diameter of 0.062 
inch and a 7” ?ared exit passage and thence to a suit 
ablewind-up package. Air is maintained at 220° C. and 
5 p.s.i. pressure on the entrance side of the nozzle, so 
that a jet of hot air is caused to ?ow through the nozzle 
in the same direction as the yarn is passed through the 
nozzle. The tip of the hollow needle from which the yarn 
is delivered is located within the throat of the nozzle and 
the effective distance through which the yarn is heated 
is 1.35 inches. The yarn is passed into the nozzle at 302 
yards per minute and wound up at 150 yards per minute, 
corresponding to a shrinkage of 49.6% and an exposure. 
time of 0.015 second, based_on the, rate of withdrawal; 7... 
of the yarn from the nozzle. The'y'arn ‘prepared in this 

. V 8 ,. - ' 

way is a composite yarn which becomes quite bulky after 
immersion in 100° C. water for ?ve minutes. By separat 
ing the yarn bundle and measuring individual ?laments 

- before and after immersion in 100° C. water, it is found 
5 that the ?laments which have a Y-shaped cross section 
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exhibit a 14% spontaneous and irreversible extension in 
length in the boiling water, while the round-shaped cross 
section ?laments exhibit a shrinkage of 10% in the boil 
ing water. 
A quantity of the air-jet relaxed composite yarn is 

woven into a l20-sley, 114-pick, 2 x 2 basket weave fabric. 
Temperatures in excess of 70° C. are avoided in slash 
ing and other yarn processing steps. The woven fabric 

- is smooth and has the characteristic slick hand of con 
tinuous ?lamentv synthetic fabrics; however, after immer 
sion in 100° C. water for ?ve minutes, the fabric exhibits 
a warm and soft hand and shows a marked increase in 
cover and opacity. ' 

EXAMPLE 4 

Polyethylene terephthalate having an intrinsic viscosity 
of 0.57 and containing 0.3% TiOg is spun at 295° C. 
from a divided pack through a spinneret having 11 round 
ori?ces, each 0.006 inch in diameter, on one side of the 
pack and 27 Y-shaped ori?ces, each comprising three in— 
tersecting slots 0.003 inch wide and 0.025 inch long, on 
the other side of the pack. Molten polymer is metered 
at equal rates separately from each side of the divided 
pack to the spinneret. The yarn is wound up together 
as a single ?lament bundle at a speed of 1200 yds./min. 
and is found to have a denier as spun of 208. The yarn 
is passed from a supply package to a bath of water at 
25° C. and over a sponge to leave thin uniform ?lm of 
water on the yarn, after which it is passed around a feed 
roll, around a draw pin 1.6 inches in diameter main 
tained at a temperature of 100°. C., and then around a 
draw roll, ?nally being wound up on a suitable package. 
The speed of the draw roll is 580 ft./min. and the draw 
ratio is 2.9. The drawn yarn is then passed from a feed 
roll through a 12 inch steam oven maintained at 100° C. 
The yarn is passed into the oven at, 400 ft./min. and 
wound up at 180 ft./min., corresponding to a shrinkage 
of 55% and an exposure time of 0.333 second, based on 
the rate of withdrawal of the yarn from the oven. The 
yarn prepared in this way is a composite yarn which be 
comes bulky after immersion in 100° C. water for 5 
minutes. By separating the yarn bundle and measuring 
individual ?laments before and after immersion in 100° 
C. water, it is found that the ?laments which have a Y 
shaped cross section exhibit a 12% spontaneous and ir 
reversible extension in length in boiling water, while the 
round-shaped cross section ?laments exhibit a 3% exten 
sion in length. 
A quantity of the steam-relaxed yarn is woven into a 

135-sley, 120-pick, 2 x 2 basket weave fabric. Tempera 
tures in excess of 70° C. are avoided in slashing and 
other yarn processing steps. The woven fabric is smooth 
and has the characteristic slick hand of continuous ?la 
ment synthetic yarns; however, after immersion in 100° 
C. water for 5 minutes the fabric develops a warm and 
soft hand and shows a marked increase in cover and 
opacity. 

EXAMPLE 5 

A sample of cellulose acetate containing 2.4 acetyl 
groups per glucose unit is dry-spun by conventional 
methods from acetone to give a 75-denier, 24-?lament 
yarn having a shrinkage of 2% after exposure to 100° 
C. water for 30 minutes. A quantity of this yarn is passed 
through a 2.5 foot tube 5 inches in diameter, maintained 
at 200° C. by means of a radiant heater extending its 
entire length. The yarn speed at the entrance to the tube 
is 338 yds./min. and at the exit of the tube is 270 yds./' 
min., corresponding to a shrinkage of 20% in the yarn as 
it passes through the tube and an exposuretime of.'0.19i‘, 
second,'calculated from the tube‘length and yarn exit" 
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speed. When a sample of the yarn is immersed in 100° C. 
water for 30 minutes, it is observed that the yarn under 

' goes spontaneous and irreversible entension in length 
amounting to 14%. 
The spontaneously extensible yarn prepared as de 

scribed above is plied with a twist of 2.5 turns/inch in 
the 2 direction with a quantity of the original sample of 
75-denier, 24-?lament, cellulose acetate yarn exhibiting 
a shrinkage of 2% upon immersion in 100° C. water for 
30 minutes. A sample of the plied yarn, when immersed 
in water at 100° C. for 30 minutes, is observed to under 
go bulking. A large sample of the unheated piled yarn 
is woven into a 120-sley, 114-pick, 2 x 2 basket weave 
fabric. Exposure of the yarn to hot water is avoided in 
slashing and other yarn processing steps. The resulting 
fabric is smooth and has a relatively slick hand; how-l, 
ever, after it is immersed in water at 100° C. for 30 
minutes, the yarn comprising the fabric becomes bulky, 
and the hand of the fabric becomes warm and soft. 
The present invention offers many advantages over the 

prior art. One of theprimary advantages is that it per-. 
mits the use of continuous ?lament yarns which have ex 
cellent strength and simplicity of processing to produce 
yarns which can be made into fabrics having a high cover 
ing power and soft hand. Usually when continuous ?la 
ment yarns are treated to increase their bulk some of the 
processing advantages of the original smooth dense con 
tinuous ?laments are lost. In the present case, however, 
the bulking may be produced after the yarn has been 
woven or knitted. This eliminates the tendency of the 
bulky yarn to be pulled out into a smooth yarn bundle 
when knitted or subjected to similar processing tensions. 
A still further advantage is that a high degree of bulk can 
be achieved in the fabric without the use of highly shrink 
able yarns. Heretofore, high shrinkages required con 
siderable waste in loom capacity and in addition due to 
the uncertainty of the actual shrinkage to be attained, a 
given amount of shrinkage was necessarily arrived at by 
trial and error. 

It will be apparent that many widely different em 
bodiments of this invention may be made without de 
parting from the spirit and scope thereof, and therefore it 
is not intended to be limited except as indicated in the 
appended claims. 7 _ ~ 

I claim: 
1. A composite yarn comprising a plurality of strands 

of at least two different species, at least one species of 
strand in said yarn having the property of being spontane 
ously and irreversibly extensible and being extensible rela 
tive to a second species of strand in said yarn. 

2. The yarn of claim 1 in which the said second species 
of strand in said yarn is characterized by being shrinkable. 

10 

15 

20 

25 

30 

35 

45 

50 

10 
3. The yarn of claim 1 in which each of the strands in 

said yarn is spontaneously and irreversibly extensible. 
4. The yarn of claim 1 in which the strands are twisted 

into a plurality of plies. 
5. The yarn of claim 4 in which one of the plies is 

spontaneously and irreversibly extensible and another 
of the said plies is shrinkable. 

6. The yarn of claim 1 in which the strands are con 
tinuous ?laments associated as a non-plied singlesyarn. 

7. The yarn of claim 1 in which at least one species 
of strand is spontaneously and irreversibly extensible 
when heat is applied. 

8. The yarn of claim 7 in which. the heat extends some 
of the strands in the yarn and shrinks the remainder. 

9. The process of producing bulked fabric which com 
prises weaving a yarn made up of a plurality of strands, 
at least one of which has the property of being spontane 
ously and irreversibly extensible, and being more extensi 
ble than at least one other strand in the yarn into a fabric 
and subsequently heating it. ‘ 

‘10. The process of preparing a bulked fabric which com 
prises knitting a yarn made up of a plurality of strands, 
at least one of which has the property of being spontane 
ously and irreversibly extensible, and being more extensi 
ble than at least one other strand in the yarn into a fabric 
and subsequently heating the knitted fabric. 

11. The process of claim 9 in which the fabric con 
tains a shrinkable component of the yarn which is capa 
ble of shrinking up to 12%. 

12. Theyarn of claim 1 in which at least one species 
of strand is a polyethylene terephthalate strand. 

13. The yarn of claim 1 in which at least one species 
of strand is a cellulose acetate strand. 
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