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This -invention relates to the manufacture of shaped
struetiires comprised of linéar superpolymers. More par-
ticularly, it relates to a new-and improved method for
drawing filaments, yarns, thread, and like shaped struc-
tures comprised of synthetic linear polyesters.

In the manufacture of syunthetic linear polyester yarns
and filaments, such as yarns of polyethylene terephthalate
disclosed * in detail in ‘Whinfield - and Dickson ' U.S.
2,465,319, it is known'that the yarn properties such as
tenacity - and elongatlon are greatly improved by cold
drawidg. It is further known that this “cold - drawing
process is facilitated by  heating the yarn during the
drawing step. The heatmg operation may be carried out
by inserting a hot pin, a hot plate, or hot fluid bath be-
tween thie feed T0ll' and draw rolls of the drawing appa-
ratus, or by using a Heated feed roll. Drawing tempera-
ture . limitations - were recognized by Leben -and Little
(British Patent 603.840) who taught that: difficulties in

“applying heat and tensions simultaneously are aggravated

‘as the melting points of the filaments are approached and
it is, therefore, prefeired that the drawing should take
‘place’ at a yarn temperature considerably less than the
meltmg temperature and ‘preferably less than 140° C.
It is also taught that if undrawn yarn is heated without
applying drawing tension the yarn becomes brittle and

‘subsequently ‘can be drawn only with great difficulty.
‘The rate of embrittlement increases with the temperature
-of ‘heating. In contrast, the rate of embrittlement of

yarns to which drawing tension-has been applied is con-

-siderably reduced and, consequently, the art discloses the

application of drawing tensions early in the heating step.

.. Yarns prepared from polyethylene terephthalate by
known processes have gained wide commercial accept-

ance. However, it is recognized that ‘they are deficierit

“in certain dyeing properties which limit their sales to non-
" critically dyed end uses.
‘in dye receptivity when dyed by commercial dyeing pro-

In particular, they are deficient

cedures; also, they are deficient in uniformity of dyeing.
This non-uniformity of -dyeing is thought to' be due to
variations in molecular orientation” which occur during
‘the spmnmg operation and which are magnified when the
yarn is drawn by presently known processes.

‘Further, with respect to  the general procedure vsed

“for preparing yaras from polyesteérs, it is recogmzed that
“the -productivity of a yarn manufacturing plant is in-

creased if higher draw ratios are permissible in the
‘Since’ product1v1ty is limited by the
output of the ‘spinning machines, it ‘is obvious that a

“process which permits the" spmmng of heavier deniers
'increases productivity. This fact is of “particular im-
- portance’ with reference .to some important copolyesters
" of polyethylene terephthalate which have been found to
“-draw at lower draw ratios than the homopolymer

The primary object of this invention is to provide an

- improved and economical method for manufacturing fila-
 ments and yarns of synthetic linear polyesters..

Another object is to ‘provide a method of drawing
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which produces yarns and filaments of linear polyethyl-
ene terephthalates with improved. dye receptivity.

Another object is to provide a method of drawing: for
producing low - denier “textile filaments with -improved
dyeing uniformity from linear polyethylene terephtha-
lates.

A further object of this invention is to prov1de a proc-
ess for drawing filaments:and yarns of polyethylene ter-
ephithalates at higher draw ratios, These and other objects
will miore clearly appear in the detalled description . which
follows.

These objects are accomplished by a. process for draw-
ing synthetic linear condensation polyesters. in which the -
undrawn yarns or filaments are heated to a temperature

in the range 140-180° C. at substantially constant length,

cooled, and drawn at a temperature in the range of about
95°~115° C.-

Ina preferred embodrment of the mventron the mmal
heatmg step is -accomplished in a continuous manner by
wrapping the yarn around a rotating hot roll, and prefer-
ably a hot roll in conjunction with a. freely rotating sepa-
rator roll.. The temperature of the rolls may be: con-
veniently controlled thermostatlcally by ‘electricity.- The
heating time is important since too short a contact time

-prevents the filaments from reaching the proper tempera-

ture, while excessive heating time permits an increase in
crystallization of the polymer which’ interferes with the

-drawing process and therefore should be maintained as

near 0% as conveniently possible.” These conditions are
avoided in the process of this invention by limiting the
heating time in the first temperature stage of about 140°

-C. to 180°°C. to the preferred time of from about 0.3 to

6 seconds.’
Asin the initial heating step, the second step of ad]ust-

-ing -the temperature of the filaments to 95-115° C.: for

drawing may be accomplished by the use of a hot: fluid,

“e.g., steam, or other heat transfer means, but preferably
-is accomplished by the use of a hot roll.

Sufficient wraps
are taken around the hot roll, with the aid of a separator
roll or 'pin; to’ penmt an exposure time of from 0.1 to
3 seconds.

It is- permissible for the ﬁlaments to be cooled to a
temperature as low -as room -temperature between the
first and second temperature controlling ‘steps in. the

‘process of this invention. However, it is obviously more

desirable to pass the yarn directly from the first tem-
perature stage of 140-180° C. to the second temperature

‘stage of 95-115° C., thereby eliminating the need for

extra heating capacity in the second temperature stage as
well as extra yarn handling devices and equipment be-
tween the two stages.

In the preferred embodiment of the invention the yarn
is’ passed -around a stationary ‘snubbing pin-immediately
following and within several inches of the second heated
roll before proceeding to the draw roll. The function of
the stationary snubbing pin is to localize the draw point
and ‘thereby further contribute to the uniformity of the -
product. The snubbing pin, either of ceramic or metallic
material, is preferably less than-about ¥4 inch in diam-
eter, and usually from 8 to 3 inch in diameter. No
separate means of heating the pin is required.

-In carrying out the process of this invention in the .
preferred manner in which hot rolls are used at the two

-temperature controlling stages it is permissible to oper-
85
/It is: understood that the contact times on the hot rolls

ate at yarn windup speeds of 200 to 900 yards per minute.

may be brought within desired limits by adjusting the
size of the rolls and the number of wraps taken around
the rolls.

The draw ratio applied to the filaments will vary de-

‘pending upon the specific composition of the polymer, the

character of the product desired, and the temperature of
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the filanients entering the draw-zone. In general, a draw

ratio- between about -3-and -about 5 is ordinarily used.
The invention will be more readily understood by ref-
erence.to the accompanying. drawmg in which the single
Tigure-is-a - diagrammatic plan-view of the arrangement
of the various rolls. 'In the-figure, 1 represents a bundle
of filamerits  which travel from a supply, not shown,
around a driven‘roll 2-and an idler roll 3. The yarn is

b

“passed around the two rolls to form about from 4 fo -

15 wraps. as shown. It is then led over and around driven
‘roll ‘4 and pm 5 which -is a combination separator and
‘snubbing pin for about 2 to 10 wraps as shown in the
‘drawing. Roll 2 is heated to about 140° C. to 180° C.
‘and roll 4 is higated to a'temperature of about95°.C. to
115° C. These may be heated by any convenient means.
“After leaving -the snubbing ‘pin 5, ‘the yarn passes over
the driven ‘draw toll 6 ‘and around -idler ‘roll ‘7 to -a
Wwindup. The surface of Toll6 travels from about 3 to 5
times faster than that of hot roll 4 to accomplish draw-
ing ‘and its peripheral speed “will be in proportlon to the
degree of drawing desired. Draw roll 6 is not usually
heated. ‘Fewer wraps around- rolls 6-and 7 are necessary,
and for most practical purposes 3 wraps are ‘normally
sufficient. -

" The following examples will-serve to illustrate the in-
Vention although they are not intended to be limitative.

Example 1

A copolyester ‘is- prepa’red in- ‘accordance with ‘the-gen-
eral- procedure “described in U.S. Patent 2,465,319 to
Whinfield and Dickson, -in 'which dimethyl terephthalate
(0.988 mol.) and sodiim 3,5-di-(carbomethoxy) benzene-
‘sulphonate (0.012 mol.), and ethylene glycol (about 2.1
‘mols:) -are heated together in the presence of a-catalyst
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is ‘operated at 95° C. or 115° C.; however, when the
roll is operated at a temperature appreciably above or
below 95° C. or 115° C. a product of lower quality is
obtained. .

The process of this example operated without the
preheating step required the lower draw ratio of 3.26 to
give tenacity and elongation properties equivalent to
those obtained with the preheating step.

Example IT

A copolyester of polyethylene terephthalate containing
2 mol percent sodlum 3,5-di- (carbomethoxy) benzene-
sulfonate and having -an intrinsic viscosity of 0.50 is spun
at 295° C. through a spinneret havmg 34 orifices, ‘each
0.009 inch in diameter, and the yarn is wound up at a
speed of 1200 yards per minute. . The yarn is found to
have a denier as spun of 245, a birefringence of 0.0095
and a crystallinity level of about 0%. This undrawn
yarn is passed through suitable guides to a roll 3 inches

20 ‘in_diameter driven at 108 yards per minute and heated

o 160°. C. Eleven wraps are taken around this roll in
-order -for the yarn to -attain the proper temperature.
Wraps -are separated by means of a freely rotating sep-
arator roll.  The yarn then passes to and around (5

25 wraps). a second driven roll 3 inches in diameter having

30

unitil the evolution: of methanol ceases, following which 35

‘the mixture is heatéd at an elevated temperature and re-
duced pressure with evolution of glycol until a copoly-
“ester having - an ‘intrinsic viscosity of 0.48 'is aftained.
" This copolyester is melt spun at 295° C. through a spin-
‘meret having 34 orifices, each 0.009 inch in diamster,
and the yarn is wound up-at a-speed of 1,200 yards.per
‘minute. "The yarn has a denier as spun- of 240, a bire-
“fringence of 0.0094, and a crystalhmty level of about 0%
“(substantially ‘amorphous). This undrawn yarn is passed
through suitable guides to a pair of rolls one-of which
is driven (surface speed: 1107 “ypm.) and heated to
“144°-C., and the other being a freely rotating sepa-
‘tator roll with its axis canted to the axis of thedriven
‘roll. The: diameter- of the driven roll is"3 inches; that
“of ‘the separator roll; 5 inch. - Eleven wraps are taken
“around this first pair of rolls to bring the yarn up to
“temperature. The yarn then passes to and around (5
~wraps) a second driven roll 3 inches in diameter having
substantially the same surface speed as the first driven
roll but being heated to only 100° C. Separation of
wraps is obtained by the use of a separator pin 34g inch
in diameter one end of which also serves as a siubbing
pin. The thus cooled yarn then passes around the end
of the 3¢ inch snubbing pin (one wrap), where drawing
occurs, and proceeds to a third driven roll (unheated)
which has a surface speed 4.1 times that of the second
driven toll, or 454 yards: per minute. ' Several wraps are
made around the third roll to prévent slippage and the
yarn then ‘passes to a yarn takeup dévice. "The resulting
varn has a tenacity of 3.0 grams per denier, a break
'(;,lzogcg;non of 20%, and a shrinkage in boiling water of
(4
Samples of this yarn, when dyed in the same. dye bath
with yarns prepared by a similar process  except for the
preheating step (but drawn to the same elongation; and
-thus the-same degree of orientation), are found to .be
from 5 to 10 shades darker. The term “shade” is defined
as the last discernible color difference between two
-samples are rated by an experienced observer.
“- Similar-results ar¢ obtained when. the -second hot. roll

40

substantially the same surface speed as the first driven
roll and heated to 100° C. The yarn, having been cooled
to the proper temperature for drawmg, then passes around
a:% inch diameter snubbing pin, where drawing occurs,
-and- then to a third driven cold roll which has a surface
speed 4.2 times that of the second driven roll. Several
wraps are made around the third roll to prevent slippage
-and ‘the yarn then passes to a yarn takeup device. The
-resulting yarn has a tenacity of 2.6 grams per denier,
-an elongation of 31.5%;, and a shrinkage in boiling water
:0f '13.1%. Samples of this yarn subjected to a dyeing
‘operation are found to achieve a considerably "deeper
dye ‘depth and a more uniform appearance than similar
.yarts drawn without the preheating step (but drawn to
-the same measured elongation value).

:The process of this example operated without the pre-
.hea'ting step required the lower draw ratio of 3.26 to
‘give tenacity. and elongation properties equivalent to
those obtained .with the preheating step.

45 . . Substantially equivalent results to those described in
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-this example are obtained when the number of wraps
on the first hot roll is about 4 to 15. In like manner,
-substantially equivalent results are obtained when the
‘number of wraps on the second hot roll is-about 2 to 10.

Example 111

. Polyethylene terephthalate having an intrinsic viscosity
of 0.58 is spun at 295° C. through a spinneret having 34
- orifices, each 0.009 inch in diameter, and the yarn is
wound up at a speed of 1,200 yards per minute. The
-yarn i$ found to have a denier as spun of 240, a bire-
.fringence of 0.0079, and a crystallinity level of about
0% . This undrawn yarn is passed through suitable guides
to a metal roll 3 inches in diameter which is driven at a
surface speed of 106.4 yards per minute and heated to
140° C. Eleven wraps are taken around this hot roll
_with the aid of a freely rotating separator roll. The yarn
is then passed to and around a second driven roll having

. a diameter of 3 inches and rotating at substantxally the

65 same surface speed as the first driven roll but being heated

- to only 100° C. Five wraps are made around this sec-
‘ond heated roll with separation of wraps being obtalned
by the use of a.34g inch diameter combination separator
and: subbing pin. - -The yarn, now cooled to the proper

70 temperature for drawmg, passes to and around one end

of the same 34 inch in diameter pin which acts as a snub-
ber, where drawing occurs; and proceeds to a cold driven
“roll which has a surface speed 4.27 times that of the
- preceding driven rolls, i.e., 454 yards per minute, . Several

756 wraps are made around. the third driven roll to prevent
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shppage and the yarn then passes to a Varn fake up de-
vice. The resultant yarn has a tenacxty of 3.5 gp.d., an
el(;négmon of 27%, and a shrinkage in boiling water of
1 o

Samples of this yarn, when dyed in the same dye bath
with yarns prepared by a similar process except for the
preheating step (but drawn to the same elongation, and
thus the same degree of orientation), are found to be
several shades darker. Further, when the dyeing rates
of such yarns are measured and compared, the yarn of
this example is found to dye at a rate at least 10% faster
than the comparison yarn.

The process of this example operated without the pre-
heating step required the lower draw ratio of 3.49 to give
tenacity and elongation properties equivalent to those
obtained with the preheating step.

A result equivalent to that produced by this invention
is not obtained by heating the yarn to a temperature of
140° C. to 180° C. followed by snubbing on a draw pin.
Such a process has been found to be inoperable at wind-
up speeds above 200 y.p.m. because of the low strength
of undrawn polyethylene terephthalate filaments at high
temperature. In addition to frequent breaks in the thread-
line, the resulting product is characterized by a great de-
gree of non-uniformity because of intermittent sticking
of the yarn to the hot roll and to the draw pin.

- Although the invention has been particularly described
with respect to the drawing of filaments of polyethylene
terephthalate and polyethylene terephthalate copolymers
containing small residues of sodium 3,5-di(carbometh-
oxy ) benzenesulfonate, it is understood that the invention
is fully applicable to the drawing of filaments of other
modified polyethylene terephthalates in which at least
90% of the recurring structural units are

(o] (¢]
-—(L‘E—Q—(I."}—O CHyCHy~0-

ie., polyethylene terephthalate copolymers containing
residues of other dicarboxylic acids or other glycols in
significant quantities.  For example, in some preferred
modifications the polyethylene terephthalate copolymer
may contain recurring polyester linking units comprised
of aliphatic acids selected from the series

HOOC(CH;),COOH

where “n” is zero or an integer from 1 to 8, isophthalic
acid, phthalic acid, naphthalic acids, bibenzoic acids,
polyalkylene glycols, or aliphatic glycols having the for-
mula HO(CH;),,OH where “n” is an integer from 2 to
10. The invention may be applied to filaments of such
polyesters whether produced by wet spinning, dry spin-
ning or melt spinning. It is further to be understood that
filaments containing such modifications of the polyester
in whole or part may be used directly in the examples
in place of the polyester used therein to illustrate the
invention.

The use of the present invention permits drawing
polyester filaments at higher draw ratios which in turn
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permits the spmmng of heavier denier ﬁlaments and
thereby materially increases the productivity of a yarn
manufacturing plant. )

The uniformity of the orientation-sensitive physical
properties of the yarns and filaments of synthetic linear
condensation polyesters drawn according to this invention
do not depend upon the uniformity of orientation ob-
tained during the spinning process but only on the draw-
ing process. Therefore, special measures and equipment
for maintaining uniformity of orientation in the spinning
process may be eliminated.

Yarns of synthetic linear condensation polyesters
drawn according to the present invention are found to
accept dyestuffs much more readily than similar yarns
drawn by other commercial processes to the same break
elongation (same orientation) and tenacity level. This
is surprising since it would be expected that yarns spun
from the same polymer and drawn to the same orienta-
tion would accept dyestuffs with equal facility.

It will be apparent that many widely different embodi«
ments of this invention may be made without departing
from: the spirit and scope thereof, and therefore it is not
intended to be limited except as indicated in the appended
claims,

I claim:

1. The process of treating undrawn synthetlc lmea.r
polyester yarns and filaments which comprises heating the
same without significant elongation to a temperature of
about 140° C. to 180° C. for a period of from about 0.3
second to about 6 seconds while the yarn is in a Jow state
of crystallinity and thereafter drawing the said yarn or
filaments heated fo a temperature of from about 95° C,
to 115° C,

2. The process of claim 1 in which the yarn or fila-
ments are heated in the second step for a time from about
0.1 second to 3 seconds,

3. The process of claim 1 in which the yarn leaves the
second heating treatment at a windup speed of. from 200
to 900 y.p.m.

4. The process of claim 1 in which the draw ratio is
between about 3 and 5 times.

5. The process of claim 1 in wh1ch the crystalhmty of
the undrawn yarn is substannally ZEero.

6. The process of claim 1 in which the polyester is
polyethylene terephthalate.

7. The process of claim 1 in which the polyester con-'
tains at least 90% of the recurring structural units

0 0
-—gQ—g—o CH;CHy—0—
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