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ABSTRACT: Textile articles comprise yarns of a synthetic 
thennoplastic material, especially polyethylene terephthalate, 
in which the individual ?laments comprise zones of at least 
three different thicknesses, the thickest having the lowest 
crystallinity and orientation and vice versa; the ?laments also 
have a nonspiral three-dimensional crimp, and they, and the 
yarns comprising them, have a high apparent volume. The 
yarn is‘ made by only partially stretching the initial yarn in at 
least two stages, during at least one of which the yarn is in con 
tact with a crack or ?llure promoting agent, and subsequently 
giving the yarn, before or after it is made up, a heat treatment 
while it is in a relaxed state. 
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vArti'AaLE DENIER YARN 

This invention relates to new textile articles comprising tex 
tured yarns of high apparent volume having a three-dimen 
sional nonspiral crimp, and a high dimensional stability and to 
a process and a devicefor the manufacture of such yarns. 
A large variety of so-called textured yarns already exists, 

and these can be schematically classi?ed into spirally crimped 
yarns and nonspirally crimped yarns. The former are obtained 
by twisting, setting and untwisting, generally by means of a 
continuous false twist process. These yarns are noteworthy for 
a high elasticity which must for certain applications be 
reduced by means of a supplementary setting treatment. 
The nonspirally crimped yarns have crimps of various con 

?gurations and are generally much less elastic, which is 
usually not undesirable. They are ' obtained by various 
processes using mechanical, pneumatic or mechanical-pneu 
matic devices. These processes suffer from the disadvantage 
of a relatively limited production speed as a result of the fact 
that moving elements are used. 
Chemical processes have also been used to texture yarns. In 

fact it appears logical a priori to hope to obtain reproducible 
conditions more easily by chemical means. 
However this method of texturizing has hitherto remained 

little developed because the processes which have been 
discovered have not given industrial results comparable to 
those obtained by mechanical means such as for example by 
false twist. 

It was observed a long time ago that polyamide yarns can be 
cold-drawn more easily when moistened with water or with a 
hydroxylic nonsolvent such as lower aliphatic alcohol, a glycol 
or a hydroxy-ester. 

it has been proposed to manufacture a crimped yarn by 
moistening an unstretched or partially stretched polyamide 
yarn with water, cold drawing, drying it in the untensioned 
state, and subjecting it to a heat treatment before or after the 
cold drawing but before the untensioned drying. 

It was later shown that stretching synthetic yarns in such 
baths caused the formation of cracks or surface ?llure. Start 
ing from this observation, a process for the manufacture of 
slub yarns has been proposed in which the yarns are tensioned 
while in contact with an agent which causes crack or surface 
?llure, stretched to at least 1.01 times, and in general to ap 
proximately 2.5 times their initial length, withdrawn from the 
influence of the said agent and stretched to produce a slub 
yarn having an oriented structure. 

It has also been proposed to manufacture textured yarns 
from a yarn whose structure has been rendered asymmetric 
during the spinning by the action of a cooling agent by ten 
sioning it while it is in contact with a bath containing crack or 
surface ?llure providing agent, moistening it with a liquid 
medium which is free from said agents and stretching it in the 
moistened state. Yarns of a cracked structure have also been 
manufactured by maturing in a cracking bath with gentle 
stretching and then withdrawing the yarns from the bath and 
stretching them strongly. However, apart from the fact that 
this process does not produce textured yarns but yarns having 
a ribbed surface, it requires several days to carry out. ' 

All these methods either produce a product such as a slub 
yarn which cannot pretend to replace a textured yarn, or pro’ 
vide a textured yarn but using, at some stage, another conven 
tional process for obtaining a textured yarn such as asymmet 
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ric cooling of the yarn during spinning, which is an operation , 
which is delicate to carry out. 

In one aspect the present invention consists in textile arti 
cles which comprise continuous multi?lament yarns, of high 
apparent volume having a three-dimensional nonspiral crimp 
and a high dimensional stability or staple ?bers obtained from 
such yarns, of a synthetic thermoplastic material in which 
each ?lament comprises at least three types of zones of dif 
ferent means diameter, namely fine zones having the highest 
crystallinity and greatest molecular orientation, thick zones of 
lower crystallinity and lower molecular orientation, and inter 
mediate zones of means diameter between the extreme diame 
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ters of the fine and thick zones respectively and also of inter 
mediate crystallinity and molecular orientation, the ?laments 
furthermore possessing transverse grooves of attenuated relief 
at least in the thickest zones, and a nonspiral three-dimen 
sional crimp and a high apparent volume. _ 

While these textile articles can be made of any synthetic 
thermoplastic material, they are preferably made of a 
polyester e.g. polyethylene terephthalate. 

In the case of polyethylene terephthalate the thick parts are 
unoriented and relatively crystalline, their crystallinity index 
being preferably less ‘than 30 percent and their angle of 
molecular orientation 1) about 90°. 

Conversely, the thin parts are relatively crystalline and well 
oriented, having a crystallinity index which is preferably above 
20 percent and advantageously between 30 and 60 percent 
and an angle of molecular orientation which is less than 40". 

Unlike textured polyethylene terephthalate yarns obtained 
by stretching in a single stage and subsequent heat treatment 
in the relaxed state, the yarns of the invention show crystal~ 
lization and molecular orientation phenomena which are irr 
eversible in character, as is shown by the breakage of the yarn 
during additional stretching. The new yarns also have good 
dyeing a?inity. 
The overall crystallinity index value is determined by the 

method of W. O. Statton [Journal of Applied Polymer 
Science, vol. 7, pages 803-( l963)], the values for the angle 
of orientation by the method of W. A. Sisson [Journal of Tex 
tile Research, vol. 7, page 425—-(l937)]. The values of the 
crystallinity indices and of the angles of orientation for the 
various zones are determined, taking into account the crystal 
linity indices and overall orientation of the yarn, the propor 
tions by volume of the various zones, the appearance of the X 
ray crystallograms, comparisons of fluorescence after dyeing 
of the various zones of one and the same yarn or of several 
yarns, and the morphology of these zones. 
The invention also consists in a process for the manufacture 

of a textured continuous multifilament yarn of a synthetic 
thermoplastic material such as a polyester, by partial 
stretching of such a yarn in at least two stages, of which at 
least one is carried out while it is in contact with a crack or ?l 
lure promoting agent, followed by a heat treatment in the 
relaxed state. 

Preferably the degree of stretching in the ?rst stage is 
greater than that in the second. In the case of polyethylene 
terephthalate and for ?lament deniers below 12, the degree of 
stretching in the ?rst stage is advantageously between 2 and 3, 
that of the second stage then advantageously being betwee 
L1 and 2. ‘ 
The second stretching stage can be a cold stretching or a hot 

stretching. The crack or ?llure promoting agent can of any 
known type, such as an alcohol, a glycol, dimethylformamide, 
kerosene, perchlorethylene, a polyoxyethylenic liquid of the 
“Carbowax“ type, or pyridine. Such compounds are described 
in the literature. Preferably relatively cheap agents such as the 
lower alcohols are employed. 
The heat treatment in the relaxed state can be carried out 

continuously with the stretching, or as an independent opera 
tion on the yarn or on a fabric, e.g. a woven fabric made 
therefrom, and may for example be combined with a dyeing 
treatment or a postsetting treatment of the woven fabric. This 
treatment can be carried out in one or more stages. The agent 
used may for example be steam, hot air, or a hot liquid bath. 
The invention consists also in a device for carrying out the 

above process, comprising in sequence yam-feeding means, 
means for stretching the yarn in a bath containing crack or 
surface ?llure promoting agent, means of stretching the yarn 
outside said bath, and winding-up means. It can moreover also 
comprise a heating means, such as a plate, heating box or the 
like, adapted to heat the yarn for the second stretching. 
The device can also comprise means for the continuous heat 

treatment of the yarn in the relaxed state and/or dyeing 
means. 

The invention will be'further described by reference to the 
accompanying drawing, in which: 
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FIG. 1 is a schematic view of a generalized device for carry 
ingout the invention; and 

FIG. 2 is a schematic representation of a yarn of the inven 
tion. 

Referring now to FIG. 1, a bobbin 2 mounted on a creel 1 
supplied a yarn 3 which is drawn off by feed rollers 4 and ,5, 
after passing through a wire loop 6. ' 
The yarn 3 is brought into contact with a crack or ?llure 

promoting agent in a vat 7 and is stretched for the first time 
between the system of feed rollers 4 and 5 and a ?rst set of 
stretching rollers 8 and 9 adapted to run at a higher peripheral 
speed than the feed rollers. , 
The yarn is thereafter stretched a second time between this 

?rst set of stretching rollers 8 and 9 and a second set of 
stretching rollers 10, 11 adapted to run at a yet higher 
peripheral speed. The yarn subsequently passes through a wire 
loop 12 and is collected by the wind-up system consisting of a 
spindle 15 with ring and cursor. 

In one variant of the device a heating plate 13 is arranged 
between the bath 7 and the ?rst set of stretching rollers 8, 9. 

In another variant, the yarn 3 passes through a heating box 
14 situated downstream from the second set of stretching rol 
lers 10, 11 and upstream from a set of relaxing rollers 16 and 
17 adapted to run at a lower peripheral speed than the rollers 
10, 11. 

In the following examples, which further illustrate the in 
vention, the polyethylene terephthalate used has an intrinsic 
viscosity in o~chlorophenol of the usual value for textile yarns 
of this material, namely about 0.65. 

. EXAMPLE I 

A 30—?lament polyethylene terephthalate yarn of ?lament 
denier 17.5 is treated on the above device (without the ele 
ment for heat treatment in the relaxed state) using as crack or 
?llure promoting agent in the bath 25 percent aqueous 
ethanolat a temperature of 35° C. 
The yarn is subsequently heat treated in the relaxed state in 

the following manner. It is dipped into water at 40° C., and the 
temperature of this water is then gradually raised to 100° C. 
and the yarn is kept at this temperature for 5 minutes. The 
yarn is thereafter dried under tension with free access of air, 
and is then treated in an oven at 180°C. for 5 minutes. 
The table which follows summarizes the properties of the 

yarn obtained with various degrees of stretching. 

Degree of ?rst stretch ................... . . 2. 1 2. 1 2.1 2. 5 2. 8 
Degree ofsecond stretch ................ _ . 1. 2 1. 7 1. S) 1.2 1. 2 
Denier _____________________________ . . _ . . 250 170 180 220 200 

Shrinkage in boiling water percent as 20 20 25 ‘23 
Crimp e?ect. percent . 2. 2 2. 1 1.7 1.7 2 
Bulk cm?g'grams. . . . 2. 5 1. fl 1. 5 ‘2. 3 2. 1 
Elongation, percent _____________________ . . 30 68 55 21 2. 1 

The bulk is as determined by the Koningh test. 
The crimp effect is determined by measuring a length 11 of 

the yarn under a load of 0.05 g.p.d., and then leaving the yarn 
for 24 hours under a load of 0.001 g.p.d., and measuring the 
new length 1,. The crimp effect is given by the ratio 

The shrinkage in boiling water is determined in the follow 
ing manner: a length Ll (measured under a load of 0.05 g.p.d.) 
of the yarn is dipped into boiling water for two minutes, dried 
in an oven of 100° C. for 30 minutes, and suspended and left 
‘for 15 minutes; the load of 0.05 g.p.d. is then reapplied, and 
the new length L, of the yarn is measured, the shrinkage in 
boiling water being expressed by the formula ‘ 

L1 X 100 

EXAMPLE 2 

This is identical to the preceding example, except that a 
heating guide block at 120° C. is provided between the vat 7 
and the ?rst set of stretching rollers 8--9. The stretching data 
and the properties of the yarn obtained are as follows: 
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llvgrvu oi ?rst strvtcln . 2. 5 2. 8 
Degree of second stretch“ ._ . __ 1.2 1.2 

l)enicr____.._. . . . . . _. . . . 215 190 

Shrinkage in boiling Water, perceut..._ _. .. . 26 22 
Crimp effect. perccnt.. _. 4.2 2.8 
Bulk 0111.3; grams . _ _ _ . . . . . _ _ _ . _ . _ . . . . _ . . _ _ _ . . . . . _ 2. 4 2. 3 

EXAMPLE 3 

A 30 ?lament polyethylene terephthalate yarn of ?lament 
denier I8 is stretched ?rst by a factor 0f2.1 in a vat containing 
25 percent aqueous ethanol at 40° C., and continuously 
therewith is given a second stretch by a factor of 1.2 and is 
then heat-treated in the relaxed state in a stream box at 115° 
C. 
The yarn obtained has the following characteristics: ' 
Crimp effect percent 2.25 ‘ 
Bulk cm.3/g 2.5 
Strength g/denier 2.5 
Shrinkage boiling water in percent 28 
Elongation at break percent 30 ~, 
This yarn has the appearance indicated schematically in 

FIG. 2 of the drawing, the diameter a of the ?ne parts being of 
the order of 30;/., the diameter b of the intermediate parts 
being approximately 36p. and the diameter c of the thick parts 
being about 50p. 
The grooves are particularly well marked on the thick parts 

but it should be noted that their shape is very clearly attenu 
ated compared to that observed on stretched yarns which have 
not been heat-treated in the relaxed state. 
The orientation of the thin parts is good, the angle of orien 

tation 1; being 30°, whilst the thick parts are completely 
unoriented, the angle p being about 90°. 
The intermediate parts have a rather low orientation, the 

angle of molecular orientation being between 30° and 90°. 
The yarn is noteworthy for its crimp which gives it the pro 

perties of textured yarns, its dimensional stability and its dye 
ing af?nity. 

This dyeing af?nity can be demonstrated by the following 
experiment: 
A woven fabric produced from the yarns obtained accord 

ing to Example 3 and also from standard polyethylene 
terephthalate yarns of the same denier was dyed with a 
dyestuff consisting of a mixture of the following by weight: 

0.3 percent of“Disperse Orange 11” (CI. 60,700) 
0.6 percent of“Disperse Violet 1” (CI. 61,100) 
3.5 percent of“Disperse Blue 7” (CI. 62,500) 
>(These dyestuffs are designated by their name given in the 

Color Index). 
The bath furthermore contains 1 cm.“/litre of oxethylated 

castor oil as a dispersing agent and 1 cmP/litre of acetic acid. 
The dyeing is carried out in a vat with immersion at 40° C., 
and a progressive increase in temperature at the rate of 1° 
degree per minute up to 98° C., at which temperature the bath 
is kept for 90 minutes, followed by cooling and rinsing. 
The yarn of the invention assumes the color perfectly whilst 

the standard yarn is hardly stained. , 
The yarns of the invention may be used by themselves or in 

mixtures, in the form of yarns of continuous lengths or of cut 
?bers, in the majority of textile applications, and can in par 
ticular be converted into woven or knitted fabrics. 

Iclaim: 
1. Continuous multi?lament yarns of a synthetic ther 

moplastic material in which each ?lament comprises at least 
three types of zones of different mean diameter, the finest 
zones having the highest crystallinity and the greatest molecu 
lar orientation, the thickest zones having the lowest crystallini 
ty and the least molecular orientation, and the intermediate 
zones being of a diameter between the extreme diameters of 
the ?nest and thickest zones and'having a crystallinity and 
molecular orientation between those of the ?nest and thickest 
zones, the ?laments furthermore possessing transverse 
grooves of attenuated relief at least in the thickest zones, hav 
ing a nonspiral three-dimensional crimp and a high apparent 
volume. 
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2. Yarns according to claim 1, in which the ?laments are 
made of a polyester. 

3. Yarns according to claim 1, in which the ?laments are 
made of polyethylene terephthalate. 

4. Yarns according to claim 3, in which the thinnest parts of 
the ?laments have a crystallinity index between 30 percent 
and 60 percent and an angle of molecular orientation less than 
40°, and the thickest parts have a crystallinity index less than 
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30 percent, and an angle of molecular orientation of about 
90°. 

5. Yarns according to claim 1, in which the thickest parts of 
the ?laments are unoriented and relatively noncrystalline. 

6. Yarns'according to claim 1, in which the thinnest parts of 
the ?lament are relatively crystalline and well oriented. 

7. Staple ?bers obtained from a yarn as de?ned in claim 1. 


