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This application is a continuation-impart of US. Ser. 

No. 293,182 ?led July 5, 1963 now U.S. Patent No. 
3,275,732. 

This invention relates to the production of ?laments, 
yarns and the like having speckled undrawn sections pro 
viding varying surface designs and unique optical effects 
in the ?nished fabrics. 

It is known that a textile yarn having abrupt changes 
in denier along its length is capable of producing a fabric 
possessing unique visual and tactile properties. To pro 
vide the type of yarn, the normal procedure utilized for 
cellulose acetate yarns, polyethylene terep‘hthalate yarns 
and the like, is to pass the yarn around a heated‘driven 
roller in such a manner so that intermittent sections of 
the yarn are heated and thereafter applying a uniform 
drawing tension to the yarn. This method may provide a 
satisfactory thick and thin ?lament or yarn, but it is essen 
tial to utilize special expensive and complicated equipment 
to provide the desired product. For example, a special type 
roller having its surface indented with longitudinal chan 
nels which is a requirement to provide the intermittent 
heated sections of the yarn, and at the same time, a com~ 
plicatcd method of supplying the yarn to the heated roller, 
such as a reciprocating bar, is an ‘additional requirement. 
It is readily apparent that these additional requirements 
to prepare a thick and thin ?lament are complicated, ex 
pensive and can provide undesirable problems. In our 
copending application, U.S. Ser. No. 293,182 now US. 
Patent No. 3,275,732, there is described a process for 
producing randomly spaced thick and thin polyester yarns 
by control of the drawing temperatures, drawing speeds, 
and the like. These yarns have extended thick and thin 
portions, i.e. up to 10 inches in length. 
By the process of this invention a simple and unique 

technique is provide-d for the production of polyethylene 
terephthalate yarns having a speckled effect of undrawn 
sections to provide a unique surface design and optical 
eifects in ?nished fabrics when dyed. The term “speckled” 
as used herein is de?ned as a small section of undrawn 
yarn not exceeding 2 inches in length and generally not 
exceeding 1 inch in length. The term “speckled” as used 
here to differentiate from the commonly used term “?eck" 
as in dye ?eck ‘which indicates very minute undrawn sec 
tions, i.e. less than 0.5 inch in length and generally less 
than 0.1 inch in length. The speckled effect of the yarn 
produced in this process provides undrawn sections gen 
erally in excess of 0.5 inch but generally no greater than 
2 inches, preferably in the range from about 0.30 inch to 
1.25 inch. 1 

It has been discovered than polymethylene terephthalate 
yarn having randomly spaced thick and thin sections can 
be produced by drawing or stretching undrawn poly 
methylene terephthalate yarn or ?laments from about 2.8 
to about 3.5 times its original length at a temperature in 
the range from about 30° C. to its second order transi 
tion temperature, at drawing speeds in excess of 1600 to 
about 3000 feet per minute. The unique feature of this 
process relates to the fact that under the above-described 
conditions, a randomly spaced thick and thin yarn is pro 
vided without any further processing technique such as 
an isolated heated source to intermittently heat portions 
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of the ?laments or yarn and similar devices. Furthermore, 
utilizing the desired yarn product of the process to pro— 
duce ?nished fabrics will provide highly desirable varying 
optical effects "by a single dyeing operation. The fabrics 
thus produced with an eye appealing random surface de 
sign can be utilized in the production of dresses, drapes, 
upholstery, and the like. 
The drawing or sketching operation of this invention 

can be carried out on undrawn polyrncthylene tereph 
thalate ?laments or yarns which have been allowed to cool 
and solidify. Any simple and suitable apparatus and proc 
ess may be used for drawing. For instance, the yarn or 
?laments may :be wound from one roller to another; the 
second roller rotating at a higher speed than the ?rst 
roller so as to draw or stretch the yarn or ?laments 2.8 to 
3.5 times, preferably 3.0 to 3.5 times, its original length. 
It has been found that if the undrawn polymethylene 
terephthalate ?laments or yarns are drawn below 2.8 times 
their original length under the conditions of the process 
of this invention, an undesirable product which is ex 
ceptionally poor in ?ber physical properties will be ob 
tained. On the other hand, if the undrawn ?laments or 
yarn are stretched above 3.6 times its original length under 
the conditions of this process, a completely uniform ?ber 
will be obtained destroying the desired properties of the 
thick and thin yarn product. 

It is another critical feature of the process of this in 
vention to maintain a temperature of the yarn or ?laments 
‘being drawn or stretched at or ‘below the second order 
transition temperature of undrawn polyethylene tereph 
thalate ?laments or yarns. The term “second order tran 
sition temperature” as used herein, is de?ned in “Fibres 
from Synthetic Polymers,” Elsevier Publishing Company, 
1953 at page 322. The second order transition tempera 
ture can vary depending on the nature of the polyethylene 
terephthalate product. For example, for non-crystalline un 
drawn polyethylene terephihal-ate the second order transi 
tion temperature is 69° ‘C. and for crystalline undrawn 
polyethylene terephthalate the second order transition 
temperature is 81° C. 
The birefringence of the undrawn polymethylene tereph 

thalate of this process can range from about 0.0005 to‘ 
0.0009, preferably in the range from about 0.007 to about 
0.009. The birefringence or double refraction of a poly 
meric structure having a longitudinal axis is primarily de 
pendent upon the, orientation of the polymer molecules 
along the longitudinal axis and is a convenient measure of 
such orientation. The birefringence, which is also called 
the speci?c index of birefringence, may be measured by 
the retardation technique described in “Fibres from Syn 
thetic Polymers,” by R. Hill (Elsevier Publishing Com 
pany, New York, 1953) pages 266—8, using a polar'zing 
microscope with rotatable stage together with a cap an 
alyze-r and quartz wedge. The ‘birefringence is calculated 
by dividing the measured retardation by the measured 
thickness of the structure expressed in the same units as 
the retardation. 

Utilizing conventional spinning conditions, the poly 
methylene terephthalate undrawn yarn produced contains 
a bi-refringence in the range from about 0.007 to about 
0.009. Utilizing this conventional undrawn yarn, if tem~ 
peratures of the ?lament or yarn exceed 70° C., the thick 
and thin characteristics of the resulting product can be 
destroyed. The minimum temperature of the yarn or 
?laments in drawing is determined by practical economic 
aspects. The preferred temperature of the ?lament or yarn 
for drawing ranges from about 30° C. to 65° C. At 
the higher temperatures, heat can be supplied to the yarn 
prior to the drawing stage or it can be supplied by heat 
ing the drawing apparatus, such as the rollers, which may 
be utilized. Another method of supplying heat to the yarn 
or ?lament is by passing an undrawn material over a 
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metal plate maintained at room temperature and the 
friction caused by intimate contact of the yarn with the 
metal plate can provide su?icient heat. The preferred 
temperature range of 30° C. to 69° C. of the ?lament 
yarn is highly desirable since these conditions permit the 
highest possible drawing speed and can, therefore, pro 
vide production economic advantages over the lower tem 
peratures. It should be noted, of course, that if the un 
drawn yarn to be used in the process of this invention 
is crystalline in nature, temperatures of the yarn in excess 
of 69° C. can be tolerated and temperatures as high as 
81° C. can be utilized; however, in any event, the second 
order transition temperature of the undrawn yarn can 
not be exceeded to obtain the desired product of the 
process of this invention. 
The drawing speeds which can be used range in excess 

of 1600 feet per minute to about 3000 feet per minute, 
depending on the temperature of the polymethylene tere 
phthalate yarn to be drawn. At the preferred drawing 
speeds in excess of 1600 to 2400 feet per minute, con 
siderable care must be used to avoid an increase of tem 
perature above 69° C. of the yarn due to the friction 
of the contacting yarn with the apparatus. The term “draw 
ing speed” as used herein is de?ned as the rate at which 
the ?nal drawn product comes off the draw roll. For 
purposes of convenience, the drawing speed is measured 
in feet per minute. 

It is essential for purposes of this invention that the 
conditions used for the undrawn polymethylene tereph 
thalate yarns or ?laments are utilized in the ranges de 
scribed so as to provide the desired optimum product. 
The term “yarn or ?lament” as used herein can describe 
a Single continuous ?lament or a group of continuous 
?laments designated as yarn, which is well known in the 
art. Under the conditions of the process of this invention, 
the Weight of the undrawn yarn utilized should not ex 
ceed 10,000 denier, preferably less than 4,000 denier and 
more preferably less than 1,000 denier. The weight andv 
size of the single continuous ?lament is determined by 
its practical usage in the textile art and can range from 
0.5 denier or less upward to 50 denier per ?lament or 
IDOI'C. 

After the yarn has been drawn according to the con 
ditions of the invention, the resulting product can be 
stabilized by subjecting said yarn to a heat treatment at 
temperatures in the range from about 100° C. to about 
280° 0., preferably in the range from about 200° C. to 
about 220° C., for a period of time su?icient to provide 
a relaxed yarn. The purpose of the heat treatment or 
relaxing step is to provide a yarn which will not shrink 
in excess of 10 percent, preferably less than 5 percent, 
of the original length; but the period of time of heat 
treatment cannot extend beyond that period which would 
decompose the yarn product. The length of time of heat 
treatment is dependent on the temperature level used, 
i.e., at lower temperatures a longer heat treatment can 
be tolerated, but at higher temperatures a shorter period 
of time of exposure is essential. For example, the heat 
treatment of the yarn product at 100° C. can tolerate 
a dwell time or exposure time for as long as 15 minutes 
and longer, if desired, without signi?cant detrimental 
effects; however, at heat treatment temperatures of 280° 
C., the dwell time should not exceed .01 second. The heat 
treatment can be conducted by steaming, infrared heat, 
dielectric heat, passing the yarn through hot inert ?uid, 
or the like. 
The ?ber-forming polymethylene terephthalate polymer 

can be prepared by the conventional polycondensation 
process of an alkylene glycol containing from 2 to 10 
carbon atoms and terephthalic acid or an ester-forming 
derivative thereof and subsequently polymerizing the re 
sulting product. During the preparation of the polyester 
polymer, minor amounts of known modifying material, if 
desired, may be added, e.g. various glycols, various dicar 
boxylic acids and the like. These modi?ers may be added 
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4 
as one of the initial reactants during the polymerization 
process, but the modifying material may also be polym_ 
erized separately and melt blended with the polymeth 
ylene terephthalate polymer, if desired. The total amount 
of modifier in the ?nal polymer material should not ex 
ceed 15 mol percent. The preferred polymethylene tereph 
thalate polymer used to prepare the undrawn yarns in 
the process of this invention is polyethylene terephthalate 
which can be produced according to known procedures 
similar to the conditions described in US. Patent 2,465, 
319, to Whin?eld and Dickson. The range of intrinsic 
viscosity of the polymer produced under these conditions 
can range from about 0.2 to about 1.0 deciliter per gram 
with a preferred range from about 0.4 to about 0.8 deci 
liter per gram as measured in orthochlorophenol. 

In preparing the undrawn polymethylene terephthalate 
yarns for use herein, the polymer prepared by a conven 
tional polymerization process can be cooled, if desired, 
broken into chips and dried. The chips are then melted 
and pumped, in a completely standard way, by means of a 
metering pump of the type commonly used in the manu 
facture of synthetic ?bers through a filter pack and spin 
neret ori?ces into room temperature air. The extruded 
?laments cool and solidify by passage through the air 
and are then ready to be subjected to the process of this 
invention. 
The following examples will serve to illustrate the 

process of the invention without limiting the same: 

Example 1 

An ethylene glycol terephthalate polymer having an 
I.V. in the range from 0.50 to 0.70 deciliter per gram, 
(measured in ortho-chlorophenol) and having a bire 
fringence of 0.0082 is melt spun and collected as 270 
denier-36 ?lament yarn. This yarn is passed over a metal 
plate with contact and passed around suitable rolls main 
tained at 30° C. to impart a draw of 3.4 times its original 
length. The draw speed of the second roll is 1900 feet 
per minute and the yarn product is collected on a bobbin. 
The temperature of the yarn during the drawing does not 
exceed 65° C. The resultant yarn had the following 
properties: 

Mean denier/number of ?laments _______ __ 80/30 
Twist, mean turns per inch _____________ __ 0 
Shrinkage, percent at 100° C _____________ __ l9 
Tenacity, grams per denier ______________ __ 4.0 

Elongation, percent ____________________ __ 92.0 

Luster _______________________________ _._ Semi-dull 

Length of slubs—range in inches _________ __ 0.5-2 
Typical maximum denier _______________ ...‘ 270 
Broken ?laments ______________________ _._ None 

Loopy ?laments _______________________ __ None 

The yarn product is woven into a fabric which corre 
sponds to a “smooth shantung” or “smooth douppioni” 
effect. In a single dyeing operation, the speckled portions 
of the fabric provide a deeper shade than the drawn 
portions, thereby providing an eye appealing random 
surface design. 

Example 2 

An ethylene glycol terephthalate polymer having an 
I.V. in the range from 0.50 to 0.70 deciliter per gram, 
(measured in ortho-chlorophenol) and having a birefrin 
gence of 8.2)(10'3 is melt spun and collected as 270 
denier-60 ?lament yarn. The yarn is passed around suit 
able rolls maintained at 65° C. to impart a draw of 3.0 
times its original length. The draw speed of the second 
roll is 2000 feet per minute. The temperature of the yarn 
does not exceed 69° C. during the drawing procedure. 
The yarn product is passed through a hot air oven at a 
temperature of 210° C. for a dwell time of 0.1 second. 
The yarn product is collected on a bobbin. The physical 
properties of the yarn and ?nished fabric are similar to 
the products as described in Example 1. 
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Example 3 
The following example illustrates the control conditions 

of this process. Under the conditions similar to those of 
Example 2, the ethylene glycol terephthalate yarn is drawn 
over rolls maintained at 70° C. to impart a draw of 3.5 
times its original length. The yarn temperature on draw 
ing is always maintained at 70° C., or above. A similarly 
uniform ?ber is obtained with only small amounts of thick 
portions of yarn present in a uniform distribution. The 
?nished fabric of this yarn does not provide the eye ap 
pealing surface design as is present in the fabrics made 
from the yarn by the process of the present invention. 
The result in this example is undesirable and, on dyeing, 
provides a condition described as dye specks, i.e. having 
undrawn sections less than 0.5 inch. 

Example 4 

An ethylene glycol terephthalate polymer having an 
I.V. in the range from 0.40 to 0.80 deciliter per gram 
(measured in ortho~chlorophenol) and having a bire 
fringence of 7.8><10—3 is melt spun and collected as 270 
denier-60 ?lament yarn. At drawing, a 1.3 percent emul 
sion containing a mixture of mineral oil, ethyl stearate 
and an emulsifying surface active agent is applied to the 
yarn. The yarn is then passed around suitable rolls main 
tained at 65° C. to impart a draw of 3.5 times its original 
length. The draw speed of the second roll is 2400 feet per 
minute and the yarn product is collected on a bobbin. The 
temperature of the yarn does not exceed 69° C. during the 
drawing procedure. The physical properties of the yarn 
and ?nished fabric are similar to the products as described 
in Example 1. 

It is understood that the foregoing description is merely 
illustrative of preferred embodiments of the invention of 
which many variations may be made by those skilled 
in the art within the scope of the following claims without 
departing from the spirit thereof, 
What is claimed is: 
1. A- process for producing polymethylene terephthalate 

yarns having a speckled effect of undrawn sections which 
comprises drawing undrawn polymethylene terephthalate 
yarn having a birefringence of from about 0.0005 to about 
0.009 from about 2.8 to about 3.5 times its original 
length, at a temperature of said undrawn yarn in the range 
from about 30° C. to the second order transition tempera 
ture of said undrawn yarn, at drawing speeds sufficiently 
in excess of 1600 feet per minute to produce undrawn 
sections of yarn substantially all of Which do not exceed 
2 inches in length. 

2. The process of claim 1 wherein the yarn product 
is heat treated at a temperature in the range from about 
100° C. to about 280° C. for a period of time sufficient 
to provide a relaxed yarn. 
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3. A process for producing polymethylene terephthalatc 

yarn having a speckled effect of undrawn sections which‘ 
comprises drawing undrawn polymethylene terephthalate 
yarn having a birefringence from about 0.007 to about 
0.009 from about 3.0 to about 3.5 times its original length, 
at a temperature of said yarn in the range from about 30° 
C. to about 65° C. at drawing speeds sutliciently in excess 
of 1600 feet per minute to produce undrawn sections of 
yarn substantially all of which do not exceed 2 inches 
in length. 

4. The process of claim 3 wherein the yarn product is 
heat treated at a temperature in the range from about 
200° C. to about 220° C. for a period of time suf?cient to 
provide a relaxed yarn. 

5. A process for producing polyethylene terephthalate 
yarn having a speckled effect of undrawn sections which 
comprises drawing undrawn polyethylene terephthalate 
yarn having a birefringence from about 0.0005 to about 
0.009 from about 2.8 to about 3.5 times its original 
length, at a temperature of said undrawn yarn in the range 
from about 30° C. to the second order transition tem 
perature of said undrawn yarn, at drawing speeds suffi 
ciently in excess of 1600 feet per minute to produce un 
drawn sections of yarn substantially all of which do not 
exceed 2 inches in length. 

6. The process of claim 5 wherein the yarn product is 
heat treated at a temperature in the range from about 
100° C. to about 280° C. for a period of time sufficient 
to provide a relaxed yarn. 

7. A process for producing polyethylene terephthalate 
yarn having a speckled effect of undrawn sections which 
comprises drawing undrawn polyethylene terephthalate 
yarn having a birefringence from about 0.007 to about 
0.009 from about 3.0 to about 3.5 times its original length, 
at a temperature of said yarn in the range from about 
30° C. to about 65° C. at drawing speeds sufficiently in 
excess of 1600 feet per minute to produce undrawn 
sections of yarn substantially all of which do not exceed 
2 inches in length said drawing speeds not exceeding 
about 3000 feet per minute. 

8. The process of claim 7 wherein the yarn product is 
heat treated at a temperature in the range from about 
200° C. to about 220° C. for a period of time sufficient 
to provide a relaxed yarn. 
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