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The present invention relates to a method for making 
yarn from staple fibers without the necessity for any 
roving or drafting operations of the type utilised in con 
ventional yarn making methods. 
To underst-and better the difference between the method 

of this invention and conventional processes of making 
yarn it is necessary to consider the basic process of mak 
ing yarn. 
Ever since spinning began the spinner’s art in essence 

has consisted in making use of the slight adherence and 
surface vgrip between fibers to hold them together until 
they have been twisted sufficiently to grip each other 
tightly and form a strong yarn. The cohesion forces on 
which the spinner depends are slight; the fibers must there 
fore be carried gradually through many stages of card 
ing, drawing, roving, drafting and twisting on many dif 
ferent machines to evolve the final yarn. The inherent 
cohesion properties vary with various staple fibers; this 
necessitates in conventional yarn making the use of dif 
ferent processing means adapted to each type of staple 
fibers and these processing means are all exclusively 
based on the utilization of the cohesion forces to make 
yarn. 
The method of the present invention does not depend 

only on the cohesion forces between the fibers but relies 
on adhesion forces derived from a resinous bonding agent 
introduced for the purpose of adhering the fibers to one 
another to form a yarn having a permanent twist. 
The method of the invention eliminates in most cases 

the drawing and in all cases the complex and necessary 
slow roving and drafting stages of the conventional 
method; this makes feasible much higher yarn making 
speeds as well as automation of the entire processing of 
staple fibers in one continuous sequence of steps from 
über webs to yarn. 

Such elimination of the costly drawing, roving and 
drafting steps and means, the increase in processing speeds 
which can be »achieved the simplicity and the universality 
of applicant’s new method of making yarn from any staple 
fiber all represent great economies. 

In addition to enabling a more economical produc 
tion of yarns the present invention affords filament yarns 
which have advantages over known types of filament yarn. 

In the textile art the term filament is defined as an 
individual strand that is infinite in length. Man-made 
filaments are infinite in length and may attain a total 
length of several miles. A filament yarn may comprise 
mono or multifilaments without or with twist, which when 
present is ‘usually slight. A textured filament yarn is a 
generic term for any filament yarn modified in such a 
way that its original physical and surface properties have 
been changed. The term implies that a diñerent texture 
has been imposed on the extruded shape of the filament. 
To better understand applicant’s process it is useful 

to briefly recapitulate the basic facts of 'all hitherto known 
methods of filament yarn production. 

There are three basic techniques by which man-m-ade 
filament yarns can be produced: 

( 1) The solvent method. 
(2) The wet method. 
(3) The melt method. 
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All three methods are variations of a single technique 

using a spinneret which has many fine holes through 
Which a man-made liquid substance is forced and right 
after extrusion is solidified into continuous multi- or 
mono-filaments, the yarns of which are straight and due 
to the extrusion technique have a highly smooth surface 
and shape. 
Ever since man-made filament yarns began to be 

produced in continuous filament form the disadvantages 
of its straight shape and smooth surface for many uses 
because apparent for the following basic reasons: 

(a) low resilience and abrasion resistance. 
(b) lack of Warmth and insulation properties which are 

inherent in most natural fibers because of the air retained 
among the crimped fibers. 

(c) low moisture absorbence properties and low water 
repellence. 

(d) lack of comfort in wear, because laying fiat they 
are unable, like crimped fibers do, to segregate sweat 
droplets and maintain adequate porosity. 
To overcome these main, though not the only dis 

advantages of straight continuous man-made filaments 
two basic techniques, different in approach, of yarn mak 
ing have been developed. 

In the first method the filaments are either chopped or 
broken up into staple fibers corresponding to natural 
fiber length, so that the staple fibers obtained of the fila 
ments can .again be processed on existing conventional 
machinery and by the complex and costly conventional 
y-arn making methods into continuous yarns and textures 
similar to the conventional yarns made of natural fibers. 
To further neutralize previously said disadvantages’of 
man-made fibers they are often blended with various 
natural fibers. 

In the second method various mechanical means and 
methods are used to change the physical appearance and 
shape of the filament by imposing on the yarn a different 
texture. Such textured yarns are either crimped, coiled, 
curled, or looped. Although the usual process of texturiz 
ing of filaments comprises continuous high speed opera 
tions the costs involved considerably increase the price of 
the final product, the textured yarn, because it has to 
pass through five phases of processing, as is for instance 
the case in the production of nylon textured yarns, as 
follows: 

Phase oma-The filament yarn has to be removed 
from the bobbin 

Phase two.-The individual filaments of the yarn are 
displaced from their natural and relatively close packed 
position either by mechanical `distortion (for example 
twisting) or by other means. ‘ ' 

Phase three.*The displaced filaments comprising the 
yarn are made to assume a permanent configuration, as 
by heat-setting 
Phase fama-The forces which caused the filament dis 

placement in phase two are removed (by untwisting, if 
the filaments have been displaced by twisting) so that the 
yarns assume permanent bulk and/or stretch character 
istics, particularly after relaxation. 
Phase five-In this phase the textured yarn is Wound 

into a suitable package. 
The production of textured yarns thus involves the 

making of a filament, then its reprocessing on complex 
and costly machines into textured filament yarns by pass 
ing through the above five stages of processing. For these 
reasons textured filament yarns are among the most ex 
pensive yarns on the market. Staple fiber yarns'made from 
man-made fibers (or their blends with natural fibers) 
necessitate also first of all, the making of a filament, 
which after processing into staple fibers and blending with 
other fibers must pass through many costly stages of 
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conventional staple yarn production, `such as opening, 
blending, picking, carding, drafting, roving, twisting and 
winding before the final yarn evolves. In both cases, thus, 
the production involves two distinct, different, separate 
and discontinuous stages of processing and different equip 
ment. 
The present invention makes feasible the production of 

acornposite ñlament yarn with a texture which will elim 
inate all the disadvantages previously mentioned of a 
conventional smooth and straight filament yarn in which 
yarn, if and when desired or preferred, any positive 
normal or heat-set twist of heat-setfalse twist can be im 
parted to increase its textured and/ or stretch yarn char 
acter. According to the invention such textured filament 
yarns can be produced from any extrudable thermoplastic 
materials such a nylon, polypropylene, acrylonitrile, poly 
ethylene, rubber compounds, etc. or their blends (which 
may include some thermosetting agents), with theaid of 
any type of short or long staple lfibers in loose or pre 
formedfiber webs, of random or parallel arranged fibers 
or in the form of pulp, paper, etc., in one continuous se 
quence of operations from a suitable raw material to 
ready filament yarn package. 
By way of illustration and without limitation the in 

vention will be described with reference to the accompany-` 
ing drawing the single figure of which shows one pre-` 
ferred arrangement for carrying out the method ‘of the 
invention. 

In the drawing, the apparatus illustrated includes an 
extruder 1 comprising a hopper 2, and a heating charn 
ber 3. Synthetic resin is fed into the hopper` 2, from which 
it passes into the heating chamber 3 to be melted. The 
molten resin passes through a connection 4 to an extru 
sion head 5 from which the resin is extruded in the form` 
of a layer l6 consisting of a continuous still plastic film 
or a plurality of continuous ñlarnents parallel with one 
another. 
On each side of the ayer 6 there isdisposed a carding 

or garnetting or other device 7 . well known in the art 
for producing an aligned fiber web. The devices 7 are 
utilized for the purpose of forming fibrous webs 8 and 
9 from staple fibers, each of the webs having the fibers v 
thereof substantially arranged parallel to the longitudinal 
extent of the web. The webs 8 and 9 are fed by Way of 
guide rolls 10 and 11 towards opposite sides `of the resin 
ous layer 6.`The sandwich thereby formed from the resin 
ous layer 6 and the webs 8 and 9-is then fed between 
a pair of cooled rolls 12 which are `driven at such a 
speed that they take up the layer 6 at a greater rate 
than it is extrudedffrom the head 5, thereby maintaining 
the layer 6 under tension. 

In addition to exerting tension on the layer 6, the cooled 
rolls 12 serve other purposes. In the first place they exert 
pressure which causes flow of the resinous material into 
the webs 8 and 9. In kthe second place they exertr a cooling 
action on the resinous material which causes it to coagu 
late. The net effect is to produce a composite web 13 
wherein the fibers of the webs 8 and 9 are securely bonded 
to the resinous layer 6 at the points of contact with same. 
The composite web 13 is passed around a guide 14 and 

fed to a slitter device 1S where it is slit into a plurality of 
ribbons 16. 
From the slitter device 15 the ribbons 16 are fed to 

a twisting machine 17 comprising a plurality of spindles 
18 which need not be described in detail because they 
arek of the kind described and illustrated in our U.S. 
Patent No. 2,900,782 issued on Aug. 25, 1959. The 
spindles 18 deposit packages 19 in pots 20. If desired 
the spindles 18 could be replaced by conventional ring 
spindles. 
The spacing between the cooled rolls 12 is as adjusted 

as to exert a firm gripping pressure on the sandwich of 
the webs 8 and 9 and the resinous layer 6 and the rate 
of extrusion from the extrusion head 5 so controlled as 
to keep therresinous layer.6 under tension. This `arrange-` 
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4 
ment provides a means of controlling the thickness of 
the resinous layer 6 and khence the ratio of resin to fiber in 
the final product. Moreover the tension on the resinous 
layer 6 is sufiicient to ensure a desirable stretching action 
so that by the time the resinous layer 6 reaches the nip 
of the rolls 12 ̀ orientation of the resin moleculesin the 
hot` sheet has been effected. It is well known that films 
or filaments of many syntheticvresins can be considerably 
strengthened if they are subjected to stretching action 
great enough to causeiorientation of the resin molecules in 
the direction of the longitudinal extent of the film or fila 
ment~ This increase of strength is »accompanied by an 
increase in length of the film or filament. Therefore, the 
resinous layer 6 which is delivered to the nip ofthe cooled 
roll 12 has considerable strength due to thestretching 
which has been exerted on it. The cooling action exerted 
on the resinous layer ̀ 6 by the rolls 12 serves to set the 
molecules of the resinous'layer 6 in their oriented posi 
tions so that the composite web 13 is bonded together by 
a resinous layer of considerable strength. This is in con 
trast to the situation Which would prevail if instead of 
introducing between the webs 8 and 9 a directly extruded 
resinous layer 6 the latter layer was substituted by pre 
fabricated film orfilament of the resin. In the latter case, 
for the purpose of achieving satisfactory adhesion of the 
fibrous webs 8 >and 9 to the film or filament the cooled` 
rolls 12 would have to be replaced by heated rolls soas 
to soften the surface of the prefabricated film or fila-v 
ment. Suchv application of heat would impair the orienta-> 
tion of the molecules in the prefabricated filament or film 
with ‘consequent loss of strength. Composite webs derived 
vfrom such` a method would therefore `not be as strong 
as the web 13 ofthe present invention. Also, the strength 
of yarns formed from such a web would be inferior to 
the yarns formed from the web`13. 

In a specific example using the apparatus shown ,in 
FIGURE 1, two webs 8 and 9 of staple cotton fiber 
were applied to opposite sides of a layer 6 of polypropyl 
ene which was 0.001 inch in thickness. The temperature 
of the extrusion head 5 was about 550° F. The webs 8 
and 9 contacted the layer 6 at a distance of about 3 inches ~ 
below the head 5 where the temperature of the layer 6 
had‘dropped to about 350° to 400° F. The rate of ex 
trusion of the resin from the head S was such as to give 
the layer `6 a linear speed of about 10 feet per minute 
while the rolls 12 were rotated at such'a speed as to take 
up to layer `6 at about 100 feet per minute, thereby ex 
erting tension on the layer 6 between the head 5 and the 
rolls '12. The composite web 13 obtained in ̀ this way was » 
split 1nto ribbons and the ribbons were twisted into yarns. 
The yarns so producedhad the feel and appearance of 
la conventional cotton yarn while having a strength much 
greater than that of conventional cotton yarn. Micro 
scopic examinaton revealedl that the yarns had a continu 
ous core of polypropylene surrounded by a sheath of cot 
ton fiberstsome portions of which were embedded in the ' 
polypropylene core and someresin-free portions of which 
extended therefrom; It was further noted that` the core 
had a helical configuration due to the twisting operation 
and that parts of the resin-free portions of the cotton 
fibers were held between adjacent helices of the core. 

Quite apart from the improved strength vof the webs 
and yarns produced by the method of the present inven-y 
tion, the use of a resinous layer which is produced by 
directl extrusion techniques provides other Iadvantages 
over the use of a prefabricated film or filament. In the 
formation of films and filaments for conventional pur 
poses considerable effort has to be expended in order to 
obtain a commercially satisfactory product. The criteria 
for whether the product in question is satisfactory or not 
lare based on a variety of considerations most of which 
are quite irrelevant when the film or filament is desired 
for use in the production of resin bonded yarns. For ex 
ample, when producing a film for sale as such, careful 
attention must be given to the production of a smooth 
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surface. This is commonly achieved by a calendering op 
eration which requires careful control. When producing 
filaments on the other hand, it is normally an important 
requirement that the filament should be of uniform cross 
section within quite vsmall tolerances. It is a natural con 
sequence of the degree of care that has to be exercised in 
producing films or filaments for normal commercial use 
that the cost of these films and filaments is relatively high 
by comparison with the films or filaments that can be 
produced by direct extrusion as in the method of the 
present invention. These directly ext-ruded films or fila 
ments are required to have acceptable physical properties 
and uniformity of manufacture but appearance is of little 
consequence. Accordingly, by adopting the technique of 
directly extruding the resinous bonding agent between the 
fibrous webs considerable economy is achieved without 
sacrificing any quality. 
Another advantage of the method of the present in 

vention by comparison with a generally similar technique 
in which a prefabricated film or filament is used instead 
of a directly extruded material is that the nature of the 
resin can be readily adjusted to meet the prevailing re 
quirements. Commercially available films and filaments 
contain in many cases ingredients which are important 
for one reason or another in the products which are to 
be used in that form. Such ingredients include for example 
delustering agents, components having an affinity for 
dyestufr’s and so on. Such materials are of no particular 
value when forming a resin-bonded yarn and may even 
be deleterious. According to the present invention the 
resin used for bonding the fibers together can withoutV 
any difficulty be given a composition which is thought 
to be most appropriate for the particular material being 
produced. Unnecessary ingredients can be left out. More 
important, ingredients useful in resin-bonded textile ma 
terials which are however undesirable in most commer 
cially available films, or filaments can be included. For 
example, the inclusion of a thermosetting resin in the 
resinous mixture offers no difficulty. Indeed it is possible 
to utilize a resin mixture consisting entirely of a thermo 
setting resin. Films and filaments of thermosetting resins 
such as phenol formaldehyde resins and urea formalde 
hyde resins are not commercially available. The addition 
of such resins may be desired for the purpose of increas 
ing the strength and stiffness of the resin-bonded fibrous 
product. Furthermore, it may be desir-able to operate 
with a higher content of plasticizer than is commonly used 
in films or filaments. This can be achieved without dif 
ficulty in the method of the present invention. 
Another important advantage in the method of the in 

vention is that use can be made of resins or resin mixtures 
which have a high melting point without impairing the 
qualities of the fibers in the fibrous webs. At the moment 
that the resin comes into contact with the fibrous webs 
the sandwich thereby formed is immediately subjected 
to the cooling action of the rolls 12. The fibers in the 
webs 8 and 9 are therefore not subjected to temperatures 
which could impair their properties. In a method where 
the directly extruded resinous layer 6 is replaced by a 
layer of prefabricated films or filaments and the coolings 
rolls 12 replaced by heated rolls damaging of the fibers in 
the webs is likely to occur if the resinous material involved 
has a high melting point. This is because in order to bring 
the resinous layer to a state of vsoftness such that adequate 
adhesion between the resin and the fibrous webs can be 
achieved the temperature of the resinous layer must ob 
viously be brought above the softening point of the resin. 
In order to do this heat has to be transmitted from the 
heated rolls through the fibrous webs to the resinous layer. 
It follows that the fibrous webs are brought to a tempera 
ture higher than the softening point of the resin. Many 
resins, for example nylon, have such high Isoftening points 
that there are few fibrous materials which can withstand 
being brought to the temperatures necessary in order to 
effect satisfactory bonding between the resin and the 
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5 
fibers. In the method of the present invention degrada 
tion of the fibers can occur, if at all, only at the parts of 
the fibrous web immediately adjacent the fibrous layer, 
the bulk of the web being maintained at a lower tempera 
ture due to the action of the cooled rolls 12. Because of 
this feature of the invention of achieving satisfactory 
bonding between the fibers and the resinous material with 
out exposing the fibers to unduly high temperatures it is 
possible to make resin bonded fibrous products from com 
binations of fibers and resins that could not be success 
fully treated if the resins were supplied in the form of a 
prefabricated :film or filament. 

It will be appreciated that the process illustrated in the 
drawing can be modified in many ways within the scope 
of the invention. The process of the invention essentially 
comprises forming a directly extruded layer of a resinous 
material and a fibrous web in which the fibers have pref 
erably been brought into substantially parallel relation 
ship with one another in the longitudinal extent of the 
web, bringing the resinous layer and the fibrous web to 
gether, subjecting them to cooling and pressure to form a 
composite web in which the fibers are bonded to one 
another by means of the resinous material. If desired, two 
identical fibrous webs may >be used to form the composite 
web as illustrated in the accompanying drawing. However, 
a single fibrous web is sufficient. Also, one of the fibrous 
webs 8 and 9 could be replaced by a layer of paper or 
pulp or metallic foil. The production of yarns from such 
a web could be effected by twisting the ribbons cut from 
the web in such a manner as to dispose the paper or pulp 
in the interior of the yarn. In this manner there can be 
economically produced a bulky yarn. Similar results could 
be achieved by using in place of paper or pulp a randomly 
arranged fibrous web, for example, a web of linters. Also, 
both of the fibrous 'webs 8 and 9 could be replaced by 
paper or paper pulp. 

Other arrangements are also clearly feasible. For ex 
ample, it will be possible to produce one composite web 
by extruding a resin layer between a layer of paper and 
a web of staple fibers which had been brought into paral 
lel relationship with one another and then to extrude a 
second resin layer Ibetween this first composite web and 
a second web of staple fibers arranged in parallel relation 
ship with one another so as to produce a second composite 
web having fibers on both sides thereof and an interior 
composed of paper sandwiched between two resinous 
layers. 
The invention is primarly concerned with the produc 

tion of resin-bonded yarn. However, it will be appreciated 
that the composite webs produced according to the in 
vention are useful in themselves as wrapping and covering 
materials. In particular, they can be used as imitation 
leather. 

It has been observed that the bonding of the fibrous 
webs together can be achieved by means of a resinous 
layer which may be a continuous film or may be made 
up of a plurality of continuous filaments. The nature of 
the resin employed is not critical. For example, the resin 
may be a polyamide, polyacrylate, la cellulose ester, espe 
cially cellulose acetate, a regenerated cellulose, polyeth 
ylene, polypropylene, a polyester and so on. As indicated 
above thermostatting resins may be used if desired. 
The nature of the fibers from which the fibrous webs 

are made is also capable of much Variation. Thus, the 
fibers may be animal fibers, such as wool; vegetable fibers 
such as cotton; bast fibers such as ramie, jute flax, hemp 
or kenaf; hard fibers such as sisal, sansiveria or agave; 
glass fibers; mineral fibers such as asbestos; and man-made 
fibers such as polyamide, polyester, polyacrylonitrile and 
so on. 

The formation of the fibrous webs can =be effected by 
any of the various fiber aligning and parallelising devices 
which are well known in the art, for example using cards, 
garnets, drawing frames, gills, paper machines, and so on. 
Furthermore, where the staple fibers are too short to be 
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formed into self-supporting webs, the fibers may be dis 
persed in an air current and blown on to the tacky surface 
of the resin` layer by suitable blower meansso that a web 
of the fibers is formed on ̀ the surface of the resin layer. 
The method of the invention makes possiblethe pro 

duction of yarns which possesses the strength of a con 
ventional filament yarn in that they have `a continuous 
core of synthetic resin and at the same time have the ̀ sur 
face characteristics of a textured yarn due to the presence 
of an outer sheath of staple fibers. This is in contrast to 
yarns produced by impregnatin'g staple fibers with resin; 
in such yarns the resin is diffused through the fiber mass 
so that a harder yarnis obtained. Also, the yarns of the 
present invention can readily be produced with a high de 
gree of evenness whereas with‘yarns produced by conven-l 
tional textile methods this is more difficult since each of 
the series of steps involved in a conventional method of 
yarn production is capable of, causing unevenness in the 
yarn. 
The method of the invention thus yields novel yarns 

comprising a continuous core of a resin and fibrous ma 
terial anchored to said core in that portions of the fibrous 
material are embedded in said corewhile other portions 
of the ñbrous material, which are substantially free from 
said resin, extend from the core to provide a sheath hav» 
ing the normal surface characteristics of said fibrous ma 
terial. Preferably, the anchoring of the fibrous material to 
the core is enhanced by the _imparting of a twist to the 
yarn which gives said core a helical form and serves to trap ~ 
portions of the resin-free fiber between adjacent coils of` 
the helical core thus formed. 
The embodiments of the invention in which ̀ an exclu 

sive property or privilege is claimed are defined as follows. 
We claim: 
1. A continuous method of making textured filament 

yarn comprising: extruding a soft layer of resin through 
an extrusion head; stretching said layer of resinv in the 
longitudinal direction to cause orientation of the resin mol 
ecules; contacting said soft layer of resin, on atleast one 
side thereof, with a fibrous material, compressing said 
resin and fibrous material together with cooling thereby 
forming a composite web; dividing said composite web 
longitudinally into a plurality of ribbons of predetermined 
width; and transforming said ribbons into yarns by means 
of a twisting operation. 

2. A method according to claim 1, wherein said material` 
is a web of staple fibers. 

3. A method according to claim 1, wherein said fibrous 
material is a web of staple fibers arranged substantially 
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parallel to one another in the longitudinal extent of the 
web. 

4. A method according to claim 1, wherein said fibrous 
material is applied to each of the opposite sides of said 
layer of resin. 

5. A method 
and cooling operations are 

according to claim 1, wherein ̀ the pressing 
effected by passing said soft 

layer of resin in contact with said material through thev 
nip of a pair of cooled rolls. 

6. A method according to claim 5, wherein the rolls 
are driven at such a speed as to take up the soft layer of 
resin at a greater rate than that at which it is extruded from 
the extrusion head, whereby stretching of said resin and 
orientation of the resin molecules are achieved. 

7. A method according to claim 1, wherein said soft 
layer of resin is in the form of a film. 

8. A method according to claim 1, wherein said soft 
layer of resin is a web composed of a plurality of con 
tinuous parallel filaments. 

9. A method ̀ according to 
is a thermoplastic resin selected from the group consisting 
of nylon, polypropylene, acrylonitrile, polyethylene and 
rubber compounds. 

10. A method according to claim »9 wherein the thermo 
plastic resin is blended with a thermosetting resin selected 
from the group consisting of phenol-formaldehyde resins 
and urea-formaldehyde resins. 

11. A method according to claim 1, wherein the twist 
ing operation is carried out with application of pressure. 

12. A method according to claim 1, wherein thetwist~ 
ing operation is carried out with application of heat and 
pressure. 

13. A method according to claim 1, wherein said fibrous 
material is linters. 

14. A method according to claim> 1, wherein said fibrous. , 
material is paper fiber. 
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