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This invention relates to the manufacture of 
shaped structures comprised of linear super 
polymers. More particularly, it relates to a new 
and improved method for manufacturing ?la 
ment and ?lm structurescomprised of synthetic, 
linear polyesters. 
The primary object of this invention is to pro 

vide an improved and economical method for 
manufacturing ?laments, ?lm. and-like structures 
of synthetic, linear polyesters. 
Another object is to provide an economical 

method for manufacturingyarns, .?lms and the 
like of linear polymethylene terephthalates. 
A more speci?c object is to provide .a method 

for producing low denier, textile ?laments from 
molten linear polyethylene terephthalates ‘with 
a minimumof melt-spinning equipment. 
These and other objects will moreclearly ap 

pear hereinafter. 
With respect to thegeneral procedure used for 

spinning meltespinnablematerials, such assyn 
thetic linear .polyamidesand polyesters, a very 
large percentage of the total cost-of production 
of textile yarns therefrom resides in the melt 
spinning phase-of the process. The orienting or 
cold-drawing operation is considerably cheaper 
and representsa much lower investment ?gure 
than the rather complex and expensive melt 
spinning machines. Obviously, a much cheaper 
spinning process could be realizedifit were pos 
sible to spinmulti-?lament yarns having large 
denier filaments and then by a relatively cheap 
drawing process to achieve the-desired ‘yardage 
of material of a given denier. Ingthe case ‘of 
almost all melt-spinnable polymeric materials, 
however, there appears tobe-an upper limit some-1 
where in therange of 300-900% insofar as ex 
tension of a given polymer is concerned. At this 
point orientation and/or crystallization has pro 
ceeded to such a point that the .‘drawing cannot 
be accomplished further without actually rup 
turing or breaking the individual l?laments and 
ultimately the yarn itself. Maximum extensions 
of this order will generally notjustify the process 

. as being commercially advantageous. 
vUnexpectedly I have ‘found that under critical 

temperature conditions, a freshly melt-extruded, 
amorphous, polymethylene terephthalate struc 
ture such as an as-spun yarn, ?lm etc., can be 
super-stretched up to 75 times its original length 
(75%) without appreciable orientation ‘or cry 
stallization, and that the stretched structure can 
be subsequently drawn ‘or otherwise treated in 
known 'fashion to ‘improve‘its tenacity, elonga 
tion,‘ etc. 
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Accordingly, the objects hereinabove stated are 

accomplished by this invention which comprises 
super-stretching freshly-formed (by the melt 
extrusion process) yarns, ?lms and like struc 
tures of substantially amorphous polymethylene 
terephthalate from 10-75 times their original 
length (10><-75><) at a temperature between 20° 
and 60° C. above the apparent minimum crystal 
lization temperature (Ti) of the amorphous poly 
ester, during which step no appreciable orienta 
tion or crystallization occurs, and thereafter ori 
enting the structures to a'useful-degree by draw 
ing them an additional 1.5—,4>< at a temperature 
between the second order transition temperature 
(Tg) of the amorphous polyester, and Ti+30° C. 
If a high degree of crystallinity is desired for a 
more stable con?guration, the orientation step 
may be followed by another drawing operation 
of 1-2~>< at a temperature at least 50° C. above T1. 
The same result may be obtained by heating the 
yarn or ?lm in this temperature range at con 
stant length. If desired, the drawing operation 
may be followed by a hot relaxing step to secure 
increased elongation. Thus, by the process of this 
invention, a polyethylene terephthalate structure, 
for example, may be permanently extended 50 
200 or more times its original length. 
To facilitate an understanding of the inven 

tion reference should be had to the following 
de?nitions and explanations of terms, it being 
understood that these terms whenever employed 
in the following description and claims are to be 
construed in accordance with such de?nitions and 
explanations. 
The expression “intrinsic viscosity,” denoted by 

the symbol m, is used herein as a measure of the 
degree of polymerization of the polyester and 
may be de?ned as: 

Limit/k252i)“ as C’ approaches 0 

wherein m is the viscosity of a dilute, phenol 
tetrachloroethane (60:40) solution of the poly 
ester divided by the viscosity of the phenol-tetra 
chloroethane mixture per se measured in the 
same units at the same temperature, and C is 
the concentration in grams of the polyester per 
100. cc. of solution. 
The expression “second order transition tem 

perature” (Tg) is de?ned‘as the temperatureat 
which a discontinuity occurs in the curve of a ?rst 
derivative thermodynamic quantity with tem 
perature. It is correlated with yieldtemperature 
and polymer fluidity and can be observed from 
a plot of density, speci?c volume, speci?c heat, 
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sonic modulus or index of refraction against 
temperature. 
For the purpose of this invention, a satis 

factory method for measuring the second order 
transition temperature is as follows: 
A plug of the polymer to be tested is formed. 

The plug should preferably be formed from the 
melt and rapidly cooled so that it is obtained 
in the amorphous form. It is then weighed in 
air and ?tted for hanging from a balance. The 
plug is so suspended from the balance that it 
hangs centrally in a bath of silicone oil and 1" 
below the surface. The temperature of the bath 
is thermostatically controlled. A silicone oil is 
especially desirable because of the excellent 
stability and low probability of attack on poly 
mer specimens. A thermometer calibrated in 
0.1° C. is placed in the bath with the polymer 
plug to measure the temperature. The bath is 
held at a given temperature until the polymer 
plug in the silicone oil has reached a constant 
weight. The plug normally reaches the value 
within 15 minutes. After the balance reading 
is made, the temperature is raised 10° C. and 
the process repeated. Usually a temperature 
range of approximately 0°-160° C. gives enough 
points to allow calculation of Tg. This range 
is obviously determined by polymer type. 
From the weight of the polymer plug in air 

and in silicone oil, it is possible to calculate 
vdensity and speci?c volume at a given tempera 
ture. Corrections are made for the buoyant ef 
fect of air on the polymer plug. The equation 
used in calculation is: 

W -—W 1 V =_”—‘=_ 
p Wt-Xpl p17 

where Vp=speci?c volume of polymer, pp=den— 
sity of polymer, ps=density of silicone oil, 
Wv=weight of polymer in vacuo, Ws=weight of 
polymer in silicone oil. 
The portions of the curve of speci?c volume 

vs. temperature above and below Tg are linear. 
The coef?cients of expansion are calculated from 
the slopes of the curve. 

_slope 
B_' V0 

where c=volume expansion coefficient and 
Vo=speci?c volume at 0° C. The second order 
transition temperature is the point at which 
the extensions of the two linear portions of the 
curve intersect. 
The expression “apparent minimum crystal 

lization temperature” (Ti) is de?ned as the low 
est temperature at which a marked rate of den 
sity change, which is known to occur simul 
taneously with crystallization, takes place with“ 
in six hours. For every temperature below the 
apparent minimum crystallization temperature 
a sample of polyester maintained constant at 
said temperature below T1 will not vary substan 
tially in density over a long period e. g., six hours. 
However, as soon as the polyester is subjected to 
the temperature T1 there occurs a rapid change 
in density. Actually the rate changes quite 
abruptly from no change in six hours to a change 
within minutes for only a few degrees tempera 
ture difference. The value of Ti is conveniently 
assigned from density determinations done in 
air or silicone oil and is based on crystallization 
by heat only. 

Since a change in density accompanies the 
mechanism of crystallization, it is only neces 
sary to determine the temperature at which a 
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4 
signi?cant change in density occurs. Thus, the 
temperature at which the density of the poly 
meric material starts to rapidly increase may 
be taken as the apparent minimum crystalli 
zation temperature. A suitable apparatus with 
which to measure the density of polymeric ma~ 
terials is that of a density gradient tube. 
Brie?y, one embodiment may consist of a long 
tube ?lled with partially mixed carbon tetra 
chloride and toluene, so that a density gradient 
of 0.86—1.59 grams per milliliter is maintained 
from top to bottom of the tube. After proper 
calibration of density vs. position, the tube can 
be used to measure densities of polymeric ma 
terials by determining the position of small 
samples in the tube. The method is especially 
applicable to heavy denier mono?ls, since with 
multi-?lament yarns, there is always the pos 
sibility of small bubbles of air being entrapped, 
which will tend to give inaccurate density read~ 
mgs. 
To measure T1 several small pieces of mono?l 

(approximately 10 grams) of the amorphous syn 
thetic, linear polyester to be tested are suspended 
in silicone oil or air in such a manner that the 
temperature can be thermostatically controlled. 
A convenient starting temperature is the second 
order transition temperature, since no apprecia~ 
ble crystallization occurs below this limit. At 
the end of 5 minutes, the time necessary for the 
polymer sample to come to the temperature de 
sired, a density measurement is taken by drop 
ping a piece of the mono?l into the density 
gradient tube and allowing it to reach an equi 
librium height. This occurs within about 15 
minutes and does not allow enough time for 
swelling by the CClr-toluene mixture. At var 
ious time intervals up to 6 hours, density meas~ 
urements are made and the density is plotted. 
against time to show the rate of crystallization. 
Below the apparent minimum crystallization 
temperature, this graph will normally show a 
straight line with no apparent increase in density 
of the polymeric material over this period of 
time. Simultaneously, other samples may be run 
at increasing temperatures say in steps of 2', _5, 
or 10°. The plot of density vs. time will, in 
nearly all cases, be substantially a straight line 
until the apparent minimum crystallization tem 
perature is exceeded, at which time the density 
will increase over a period of time until a maxi 
mum order of crystallinity is reached and the 
curve will again flatten out. This procedure will 
give a temperature range as an approximation 
of Ti. Further density determinations are car 
ried out in the vicinity of this approximate tem~ 
perature using smaller temperature increments 
of the order of 0.5—1.0° to determine accurately 
the apparent minimum crystallization tempera 
ture. Depending upon the accuracy of the ap 
paratus used and the care with which the pro 
cedure is followed, T1 is ordinarily reliable to 
within 1 or 2°. I 

The term “drawing” as used herein is de?ned 
as the non-recoverable elongation of a pre- _ 
formed body, accompanied by a permanent 
change in molecular orientation of the body, 
while the term “stretching” is de?ned as the] 
non-recoverable elongation of a preformed body, 
which elongation, however, does not result in any 
appreciable change in the molecular orientation. 
of the body. 

It is necessary in the process of this invention‘ 
to carry out the super-stretching operation on‘ 
totally amorphous or almost totally amorphous‘ 
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'poiyr‘ner. This is ‘essential because, "otherwise, 
‘the stretch ratios‘ of the’typ'e describedh'e'rein'as 
being obtainable at the super-stretching temper 
ature, "and ‘the "advantages "resulting ‘therefrom, 
will notice-realized, since'as the degree of crys 
tallization increases ‘the limit ‘of maximum 
stretch ‘ratio vdecreases until ?nally it is in‘the 
‘more or less conventional range of 3-7X. ‘Fur 
the'r, any considerable degree of initial crystal 
lization will prevent "the attainment of maxi 
mum‘ orientation, in'the secondary draw“ carried 
out'between Tg‘and Tel-30° C. Obviously, if a 
‘partially ‘crystalline material is ‘super-‘stretched 
and then subje'cted‘to the secondary draw, it will 
have (an even higher "degree of crystallization 
“and, thus, it'will ‘be very difficult to “secure'the 
valignment desired ‘in orientation, "since the free 
movement “of ‘the ‘molecules in "the polymeric 
structure will be restricted’vby crystal formation. 
The amorphous state of the polymer is readily 
achieved in known manner by forming'the de 
ired'stru'cture‘from a 'melt ‘6f the polymer ‘and 

‘rapidly chilling or cooling 'the's'tructur'e as it is 
formed. 
When an amorphous material "that is ‘poten 

tially crystalline, such as ‘the synthetic linear 
polyesters with which this invention 'is con 
'c'e'rn'ed, is subjected "to heating, two ‘opposed 
"forces are set in motion. First, with an increase 
'in temperature the amorphous polymer, which 
obviously has'no sharp melting point'tends to 
getfsofter and softer ‘and hence more‘?uid. Sec 
o'ndly, "as ' the‘ degree ‘of “mobility of "the polymer 
"molecule increases W'ithan increase‘in polymer 
?uidit'y'there is 'a tendency for‘th‘e molecules'to" 
‘align themselves in thereg'ular and orderly ‘pat 
tern ‘of ‘crystalline structure which, of ‘course. 
tends "to‘the solid ‘state and a decrease‘in’?iii'dity 
andstretchability. "Obviously maximum "?uidity 
and hence"s'tretehability'of the'preformed struc 
ture ‘ofp‘olymeri'c“material is‘just below the “tem 
'p‘eratureat‘which the rate of crystallization of 
the polymer overcomes the tendency of the 
polymer to soften. I have determined that for 
“the'syrithetic linear polyesters herein concerned ' 
this'critical"témperature is Ti+60° C. Attem 
Jpera'tures below '1 Ti+20° C. the polyester struc 
tures are‘ generally not su?iciently ?uid to per 
mit 01"‘ a commercially useful degree of primary 
lstrétch. The useful temperature range in which 
‘the primary super-stretching of the preformed 
structure of amorphous polymeric material 
should be accomplished is therefore from 
Tia-“20° C. vto"Ti-]-"60“ C. 
'Theprima'ry super-stretching operation, since 

neither appreciable orientation nor crystalliza 
tio'n occurs, obviously does not result in a com 
mercially useful structure except for very 
specialized uses. "For example, super-stretched 
"polyester .yarnsT-have tenacities in the range of 
"0.4-0.8 g. p. d., which tenacities’are too low‘fo'r 
most textile requirements. ThereforeQthe su 
per-stretched ?laments, ?lms, etc., herein must 
‘be’subjected tosa F’drawing operation in which 
‘orientation, together with some crystallization, 
‘is ‘obtained. This drawing operation should be 
carried outiiat a temperature between Tg and 
-T1-+30° .C. It consists in subjecting the yarn to 
drawing tensionat these temperatures so ‘that 
an extension of the order of 1.5-4 times the 
original lengthis obtained (1.5-4><). 
'This drawing operation may in turn be fol 

lowed, if maximum crystallization and maximum 
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tenacity ‘of polyester structure are desired, by , 
a second drawing operation carried out prefer 

vplas‘tieizin'g the polyester. 

‘ably at "a temperature ‘at “least "50° ‘above ‘T1. 
Thus, with "maximum ‘orientation obtained by 
\the‘secondary draw"'between Ty and Ti+39° C. 
a ‘high degree bf "crystalli'nity is obtained by 
giving it annar'uraw ‘at ‘a temperature above 
T1. “For the 'sa'k'e'of ‘efficiency and to secure 
maximum 'crystall'inity with ‘contact times com 
mensurate with‘pres‘ent-day high speed drawing 
‘operations, ‘e; 011 o'f'a second or less'for yarn, 
it is'nec‘es'sary to'raise'the"temperature of the 
polymer structure to avalue at least 50°higher 
than its apparent ' minimum crystallization tem 
perature 'for ‘the final “draw; If maxim-tun 
“crystallinity 'is‘no't ‘desired, ‘the ?nal draw may 
be ‘imposed ‘at "lower temperatures above the 
‘apparent ‘minimum crystallization temperature. 

A's'an "alternativei'proc’edure for obtaining a 
high" degree eficrys'tall'inity,lthe yarn or ‘?lm‘may 

heatlt‘reated without being subjected to 
drawing ‘tensions. This ‘maybe doneicontinuous 
ly ‘or’ batch'wise, as'multiple ends, or on a suitable 
package. ‘Whether ’or not the structure is 
allowed to"s'hri'n‘k obviously‘depends on the end 
‘use for which it is intended. By the proper 
choice of tension conditions, the ?nal elongation 
‘in'the‘material can be ‘varied considerably while 
the increased‘crystallinity insures a stable struc 
ture. 
The initial super-stretching operation should 

preferably be carried out under the in?uence 
of dry heat, since 'a plasticizing medium will 
induce crystallization and lower the maximum 
stretch ratios ‘obtainable. Suitable media might 
be: air, glycol, silicone oils, mineral oil or other 
media 'lof'like'na‘ture that are capable of being 
heated to the'high temperaturesneeded without 

‘Of course, it will 
be realized that'a preférredfprocessing medium 
should not add unusual dif?culties of removal 
from the "?nished product. Secondary and 
‘tertiary drawing ‘operations may be carried out 
by any ‘of'i'the many'means known in the art. 
For ‘example in treating yarns, hot rolls, hot 
plates, heated draw pins, heated chambers or 
heated baths'o‘f'inert‘liquids may be employed. 
Theyarnmaybe 'packa‘ged'bet‘ween the various 
‘drawing operations or preferably may be run 
in a continuous imannerffrom one draw to the 
other. ‘It may also ‘be desired to hot relax the 
yarn "continuously/after the'?nal drawing opera 
tion. In'this manner a completely continuous 
‘process ‘may be obtained. 
.A cenvenient method 11for the super-stretching 

and drawing of "?lm is 'by the extrusion of a 
large diameter tube of molten polyethylene 
terephthalate from a disk which contains an 
ori?ce through which air or other gases are 
blown 'to ‘quench and expand the tube. The 
blown-cut tube \is-nipped and squashed into a 
double ‘sheet between rollers and super-stretched 
over aYlheated, suitably-shaped former, e. g., 
“torpedo-or-horse'shoe shaped, and so stretched 
simultaneously in 'two directions. To orient 
the ?lm, a larger, suitably-shaped former may 
be used soithat a drawing operation is obtained 
with accompanying orientation. Another meth 
v0d is to extrude’the ?lm from a slot orifice. 
‘Then the film may be stretched longitudinally 
by‘in'eans'df a pinch roll system and at the same 
time stretchinglaterally by means of clamps 
which‘ are'ifas'tened at bethedges of‘ the ?lm and 
move apart as the "?lm is drawn'longitudinally 
by the~action of-the pinch‘roll. "This stretch 
,inglmay be'followe'd'by a drawingprocess 'in the 
same "manner "to secure'orientation with con 
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sequent improved properties of the film. This 
?lm, during a two-dimensional drawing opera 
tion, may be heated during the stretching or 
drawing operation by means of hot, inert gases 
or liquids or by induction heating. While it 
is preferred that the two-dimensional stretching 
and orientation of the ?lms of this invention 
take place in two directions at once, it is not 
essential. A ?lm may be stretched or drawn, 
for example, beween two sets of rolls, ?rst in 
one direction, then in another. 

Continuous ?laments of yarns of the high 
polymeric, linear esters of this invention are 
best prepared by melt-spinning the polyester, 
e. g., melting chips of synthetic, linear poly 
esters on a heated grid, passing the melt through 
a ?lter bed made up of a number of small parti 
cles, such as sand, forcing it through a spinneret 
and cooling the ?laments so formed. When 
melt-spinning these polymeric esters, it is neces 
sary for the ester to be substantially water 
free, if hydrolysis of the polyester in this proc 
ess is to be avoided. Filaments may also be 
formed from solutions of these polymeric esters 
using any of the solution spinning processes 
known in the art. Suitable solvents for these 
polymeric esters are cresol, nitrobenzene, chlo 
rinated compounds such as tetrachloroethane, 
etc. 
While this invention will be hereinafter de 

scribed with particular reference to polyethylene 
terephthalate, it is understood that the invention 
comprehends the treatment of all ?ber-form 
ing synthetic linear polyesters including the 
inclusion therein of minor amounts of modify~ 
ing materials. Polyethylene terephthalate it 
self is the poly-condensation product, prefer 
ably under melt polymerization conditions, of 
ethylene glycol and terephthalic acid or an 
ester-forming derivative thereof. It will be ob 
vious, of course, that during the preparation of 
this polyester minor amounts of a modifying 
material may be added, for example, another 
glycol or another dicarboxylic acid. Thus, a 
suitable funicular structure comprised essen 
tially of polyethylene terephthalate may have in 
the polymer molecule up to 10% of another 
glycol such as diethylene glycol; tetramethylene 
glycol, hexamethylene glycol, etc., or again, may 
contain up to 20% of another acid. As suitable 
examples of modifying acids, we may mention 
hexahydroterephthalic acid, bibenzoic acid, 
adipic acid, sebacic acid, azelaic acid, the 
naphthalic acids, 2,5-dimethyl terephthalic 
acid, bis-p-carboxyphenoxyethane, etc. 
These modi?ers may be added to the polymer 

molecule by inclusion as one of the initial re 
actants during the polymerization process, or 
again, the modifying materials may be polymer 
ized separately and then melt-blended with the 
polyethylene terephthalate provided that the 
over-all amount of modi?er in the ?nal poly 
meric material does not exceed the limits stated 
above. 
While I have spoken of the polymerization 

process by which the polyesters of this invention 
may be formed as being preferably carried out 
in the melt, it is, of course, to be understood 
that polymerizing in the solid phase, as well as in 
solution (e. g., in a solution of Fomal (a eutectic 
mixture of phenol and 2, 4, G-trichlorophenol 
in a mol ratio of 3:1)) or emulsion by more or 
less conventional procedures is also compre 
hended. A more detailed explanation of a suit 
able polymerization process for the type of 
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8 
polyesters comprehended here is contained in 
Whin?eld and Dickson, U. S. Patent No. 
2,465,319. 
Fiber-forming, synthetic, linear polyesters 

should possess an intrinsic viscosity of at least 
0.3 and preferably should have an intrinsic vis 
cosity of from 0.3-1.5. Synthetic linear poly 
esters having intrinsic viscosities of less than 
0.3 do not form commercially acceptable ?bers. 
The transition temperatures and degradation 
temperatures are too low to be useful and, fur— 
thermore, the physical and chemical properties 
of ?bers made from such low molecular weight 
materials are not in the useful range insofar as 
textile purposes are concerned. 
The following examples wherein are set forth 

certain preferred embodiments further illustrate 
the principles and practice of this invention. 

Example I 

A SOO-denier, 34-?lament amorphous polyethy 
lene terephthalate yarn (as-spun) (Tg=67° C.; 
Ti=99° C.) is run by a suitable system of guides 
through a mineral oil bath heated to a tempera 
ture of 127° C. at a speed of 2 ft. per min. As 
the yarn emerges from the bath, it is passed 
around a roll (3 wraps to prevent slippage), 
which roll rotates to give a yarn take-up speed 
of 28 ft. per min. or an effective stretch ratio 
of the order of 13X. From this roll, the yarn is 
passed around a pin (2 wraps) heated to a 
temperature of 94° C. This in turn passes to 
another (?nal) draw roll, around which the yarn 
passes (3 wraps) and then to a suitable take-up 
device. The ?nal draw roll has a surface speed 
4 times that of the ?rst draw roll to give an 
effective draw ratio in the second stage of 4x, 
with an over-all total draw ratio of 52x. This 
?nal draw induces orientation and a small de 
gree of crystallization in the polyethylene tere 
phthalate yarn. The yarn drawn by this process 
exhibits a tenacity of 2.2 at an elongation of 30%. 

Example II 

Another sample of polythylene terephthalate 
yarn of Example I having 70 ?laments and a 
total denier of 1200 is passed in the as-spun or 
amorphous condition by a suitable system of 
guides into a mineral oil bath heated to a tem 
perature of 128° C. This is taken up on an 
intermediate draw roll after passing through the 
bath in the manner described in Example I at a 
speed such that a stretch ratio of 52>< is ob 
tained. This is in turn passed through another 
mineral oil bath heated to a temperature of 95° 
C. to another draw roll operating at a peripheral 
speed of twice that of the intermediate draw 
roll, to give a 2>< draw for a total of 104x. The 
yarn is then taken up in a suitable manner and, 
after washing to remove the mineral oil, fol 
lowed by drying, the yarn exhibits a tenacity of 
2 g. p. d. at 27% elongation. 

Example I I I 

50 ends of as-spun polyethylene terephthalate 
(Tg=67° C., Ti=99° C.) SOO-denier mono?l in 
the form of a warp sheet are fed at a speed of 
10 yards per minute into a mineral oil bath 
heated to 154° C. The mono?ls then pass around 
an intermediate dl‘ELV-J roll several wraps to pre 
vent slippage. This roll rotates at a peripheral 
speed of 300 yards per minute to give a, primary 
super-stretch ratio of 30x. The ends then pass 
continuously into another oil bath heated to 
120° C., from which they pass to the ?nal draw 
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roll and take-up mechanism at a speed of 620 
yards per minute. This gives a secondary draw 
of 2.06X or a total draw ratio of 62x. The indi 
vidual mono?ls drawn by this process have a, ten 
acity of 1.81 g. p. d., an elongation of 107% and 
a denier of 4.0-4.5. 

Example IV 

This example shows that the drawing process 
of this invention is not restricted to any one 
super-drawing medium. 
A Z’IOO-denier, Q-filament as-spun polyethyl 

ene terephthalate yarn (Tg=67° C., Ti=99° C.) 
is fed at a rate of 2.6’? yards per minute into 
a bath of a polyalkylene glycol heated to a tem 
perature of 127° C. As in the previous examples, 
it is passed several wraps about an intermediate 
draw roll so that the stretch ratio originating 
in the primary bath is 26X. The yarn then 
goes to a suitable yarn take-up device. This 
yarn is next passed several wraps about a roll 
(85° C.) and then to another draw roll operat 
ing at a speed of 2.2 times that of the ?rst draw 
roll, from which the yarn passes to a suitable 
take-up mechanism. The ?nal yarn has a denier 
of 47 and a tenacity'of 1.70 g. p. d. at an elonga 
tion of 81%. The overall draw ratio is 57x. 

Example V 

This example illustrates the use of hot air for 
the initial super-stretching. A vertical 9' heated 
tube (6" in diameter) with a cell wall tempera 
ture of about 200° 0., together with updraft re 
circulated air preheated to a temperature of 
about 105° C., is used so that an air temperature 
of 160° C. is obtained. A 3450-denier, 10-?la 
ment polyethylene terephthalate yarn (Tg=67° 
C., Ti=99° C.) is fed into this cell at the top at 
8.3 yards per minute and passes down the cell 
to a primary draw roll having a peripheral speed 
of 172 yards per minute, to give a stretch ratio 
of 21x. The yarn from this operation is then 
passed with several wraps around a roll (100° C.) 
to insure uniform heating, and then to a ?nal 
draw roll which is operated at such a speed as to 
give an over-all draw ratio of 40X. The yarn is 
taken up on a suitable cone or bobbin and is then 
baked in an oven (180° C.) for 1 hour. This 
yarn exhibits a tenacity of 2.4 g. p. d. at an elon 
gation of 177%. 

. Example VI 

Using the same type of starting yarn as de 
scribed in the previous example and a'similar 
cell, the yarn is fed into the cell‘ at 8.3 yards 
per minute, and super-stretched in the cell 18X. 
The yarn then passes over a 16" hot plate heated 
to 95° C. where an additional draw of 2.5x is 
imposed. This gives an over-all draw ratio of 

' 46x with the yarn being taken up at a wind-up 
speed of 390 yards per minute. This yarn has a 
tenacity of 1.9 g. p. d. at an elongation of 16%. 

Example VII 

A polyethylene terephthalate yarn as described 
in the previous example is fed at the rate of 
10 yards per minute into a silicone oil bath 
heated to a temperature of 130° C. As the yarn 
emerges from the bath, it passes several wraps 
around the primary draw roll, which operates 
at a peripheral speed of 300 yards per minute for 
a super-stretch ratio of 30x. The yarn passes 
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10 
continuously into a second silicone oil bath 
heated to 85° C. and then to the second draw 
roll, which operates at a peripheral speed twice 
that of the ?rst to give a total draw to this point 
of 60x. Next, the yarn is fed across a 30',’ hot 
plate (190° C‘.) to the ?nal draw roll, which op 
erates at a speed to give a draw ratio for the third 
stage of 1.3x or an over-all draw ratio of 78X. 
The yarn processed in this manner has a tenacity 
of 2.2 g. p. d. at an elongation of 16%. 

It will be obvious from the foregoing descrip 
tion and examples that this invention provides a 
simple, convenient and economical process for 
preparing ?laments, yarns, ?lms and like struc 
tures of synthetic linear polyester wherein the 
ultimate productivity of melt-spinning and melt 
casting equipment is realized. 
As many widely different embodiments can be 

made without departing from the spirit and scope 
of my invention it is to be understood that said 
invention is in no wise restricted save as set 
forth in the appended claims. 

I claim: - 

l. The process which comprises forming ?la 
ments, yarns, ?lms and like structures of sub 
stantially amorphous synthetic linear polyester 
and thereafter stretching said structures while 
in the amorphous state in at least one dimension 
from 10 to 75 times the original dimension at 
a temperature within the range of from 20° to 
60° C. above the apparent minimum crystal 
lization temperature for said amorphous poly 
ester whereby to obtain a stretched structure 
substantially free of molecular orientation. 

2. The process which comprises forming con~ 
tinuous ?laments of substantially amorphous 
synthetic linear polyester having an intrinsic 
viscosity of at least 0.3 and thereafter stretch 
ing said ?laments while in the amorphous state 
from 10 to 75 times their original length at a 
temperature within the range of from 20° to 60° 
C. above the apparent minimum crystallization 
temperature for said amorphous polyester. 

3. The process of claim 2 wherein the amor 
phous synthetic linear polyester is polyethylene 
terephthalate. 

4. The process which comprises ?rst stretch 
ing continuous ?laments, of substantially amor 
phous synthetic linear polyester having an in 
trinsic viscosity of at least 0.3 from 10 to 75 times 
their original length at a temperature in the 
range of from 20° to 60° C. above the apparent 
minimum crystallization temperature for said 
polyester and thereafter drawing the stretched 
?laments at a lower temperature between the 
second order transition temperature for said 
polyester and 30° C. above the apparent mini 
mum crystallization temperature to impart to 
said ?laments the desired degree of molecular 
orientation. - 

5. The process of claim 4 wherein the poly 
ester is polyethylene terephthalate. 
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