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ABSTRACT OF THE DISCLOSURE 

An improvement is disclosed in the process of extrud 
ing synthetic organic polymer through spinneret ori?ces, 
cooling the extruded polymer in a gaseous medium to 
form ?laments and thereafter drawing the ?laments at 
least 2.8x to a tenacity of at least 4 grams per denier. 
Improvements are shown to result from a controlled 
retarded cooling of the extruded polymer. The gaseous 
medium is heated to have temperatures adjacent to the 
?laments which decrease with distance from the spinneret 
in a manner de?ned by temperature-time formulas. 

Cross-reference to related applications 
This is a continuation-in-part of application Ser. No. 

256,083, ?led Feb. 4, 1963, as a continuation-in-part of 
application Ser. No. 25,576, ?led April 29, 1960, both 
now abandoned. 

This invention is concerned with the preparation of 
?laments from high melting, highly viscous polymers by 
melt spinning, cooling to solidify the ?laments and then 
drawing the ?laments. 

It has been found that the spinning process itself limits 
the properties of the drawn ?laments. Prior to the present 
invention, attempts to use higher molecular weight 
polymer at conventional spinning speeds have not pro 
duced uniform and improved ?laments. Furthermore, 
attempts to increase the productivity of spinning proc 
esses by raising the spinning speed have resulted in a 
lowering of physical properties. These attempts have 
caused an increase in the orientation introduced in the 
spinning process, which reduces the maximum obtainable 
draw ratio and ?lament tenacity, as discussed in column 
3 of Paulsen US. Patent No. 2,918,346, dated Dec. 22, 
1959. Although there are many variables that affect the 
amount of orientation introduced, the melt viscosity of 
the polymer and the spinning speed are the primary vari 
ables in commercial-scale production of ?laments which 
are from about 6 to 200 denier per ?lament as spun (i.e., 
before drawing). 
As a general guide it has been found that the problem 

of spinning orientation becomes signi?cant when the 
product of the melt viscosity (1; melt) of the ?ber in 
poises times the spinning speed (V) in yards per minute 
(y.p.m.) is at least 7.1)(105 poises-y.p.m., and the 
problem is extremely serious when this product is 
greater than 15x105 poises-y.p.m.; where 1; melt is meas 
ured at a temperature of 30° C. above the crystalline 
melting point (Tm) and at a shear rate at or about 10 
secondsrl, and V is the velocity of the spun ?bers after 
they have solidi?ed by cooling and before they have been 
drawn. 
The following tabulation of melt viscosities and com 

monly used molecular weight-dependent properties of 
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2 
some polymers will serve as background for this inven 
tion: 

Melting Melt 
Polymer Point Relative Viscosity at 

(“ C.) Viscosity Tm+30° C. 
(poises) 

Poly(ethylene terephthalate) - _ __ _ 265 27 2, 000 

30 2, 700 
40 6, 200 
50 12, 000 
65 26, 000 

Poly (hexamethylene-adipamide) _ 265 26 130 
45 700 
66 2, 270 
70 2, 720 
80 4, 100 

PAOM-IZ (polyamide of Exam 
ple IX prepared from bis 
para-aminocyclohexybmethane 
and dodecanedioic acid) ______ __ 300 70 5,000 

90 8, 800 
138 25, 000 

Melt Index 

Polypropylene __________________ _ t 170 9. 5 7, 500 

5. 8 12, 000 
2. 6 20, 000 
0. 7 26, 000 

The present invention is an improvement in the process 
of extruding synthetic organic polymer through spinneret 
ori?ces at atemperature (T5) at least 20° C. above the 
melting point (Tm) of the polymer, cooling the extruded 
polymer in a gaseous medium to form ?laments, and 
thereafter drawing the ?laments at least 2.8x to a tenac 
ity of at least 4 grams per denier (g.p.d.). The improve 
ment is in providing a controlled retarded cooling of the 
?laments by heating the gaseous medium to have gas 
temperatures (Tg) adjacent to the ?laments which are 
less than TS+100° C. near to the spinneret, are less than 

along the ?laments, and are greater than 

Ts—35—-18t2\/ 6200 n melt 

until Tg=T5—150° C., wherein ATMn is equal to TS 
minus the maximum Tg, t is 100 times the time in seconds 
obtained by dividing the distance from the spinneret by 
the spinning speed (V), and 1; melt is the viscosity in 
poises of the extruded ?laments at a temperature of 
Tm+30° C. when measured at a shear rate of about 10 
seconds-1. The extrusion temperature (Ts) is preferably 
less than. 

17 melt 
6200 

The improvement is particularly applicable to the melt 
spinning of polymers such as polyethylene terephthalate 
under conditions such that 1; melt times the spinning speed 
(V) in yards per minute is greater than 15 ><105 poises 
y.p.rn. The process is particularly useful in the prepara 
tion of ?bers of high viscosity polymer for industrial 
purposes where tenacities of 8 g.p.d. or more are needed. 
For example, a high viscosity polyester (17 melt of 6200 
or more) is preferably extruded at temperatures of 320° 
C. or more into hot gas having a temperature of at least 
320° C. near the spinneret, the extruded ?ber is solidi 

Tm+75+50 log 
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?ed under the retarded cooling conditions speci?ed, and 
the cooled ?bers are drawn at least 6X. Preferably the 
gas temperatures (Tg) are less than 

T _ATmi __i2 I 6200 
s n 7] melt 

and preferably the maximum temperature of the hot gas 
(Tg) is at least Ts—20° C. adjacent to the spinneret. 

Typical values of the maximum spinning temperature, 
as calculated from the formula TS=Tm+75+50 log 
(11 melt/ 6200), follow: 

Polymer Poises Maximum 
m (° C.) 11 melt '1‘; (° C.) 

265 6, 200 340 
265 12, 000 354 
265 26, 000 371 
265 93, 000 399 
170 12, 000 259 

TS is estimated by correcting the temperature of the 
polymer in the melt pool in the spinning block by an 
amount 2.76° C. for each 1000 pounds/inch2 (p.s.i.) pres 
sure drop between the melt pool and the outside atmos 
phere for the examples. 
The temperature of the face of the spinneret is usually 

not T5. T5 can be determined directly by means of a 
thermocouple in the extruded polymer stream. 

Preferably a value of Ts-15O will be reached in a time 
tmm) in 100><seconds at least as long as that given by 

the formula: 

from which the following typical values may be calcu 
lated: 

1; melt V tm in. 

6, 200 500 4 
26, 000 500 6. 5 
93, 000 500 8. 7 
2, 720 500 2. 6 

12, 000 500 5. 5 

Preferably the temperature of the gas (Tg) should be 
controlled critically until it reaches a value of (Tm-60) 
after which it can cool very quickly. This is equivalent to 
a T5—Tg value of about 120° C. for the examples of poly 
esters given subsequently. 
Normally ATmin will occur adjacent to the spinneret. 

However, it may be delayed for as much as 0.12 to 0.15 
seconds with some types of heating and particularly with 
negative ATmiI1 values, as when Tg increases from an ini 
tial value to a maximum and is then cooled. 
The process of this invention is particularly valuable in 

processes where spinning ori?ces of 6 to 30 mils in di 
ameter are used with spin ‘stretch ratios [(Ori?ce Di 
ameterV/(as-spun ?ber diameter)2"] of up to 100 to 
produce as-sp-un ?bers of 6 to 200 d.p.f. for drawing at 
draw ratios of 3.5 or more. 

It may be desirable to extrude the molten polymer 
into an atmosphere of inert gas, i.e., a gas substantially 
free of oxygen. Suitable inert gases are hot nitrogen and 
carbon dioxide, as well as inert organic vapors. The use 
of an oxygen-free gas immediately below the spinneret 
reduces degradation encountered at that point when poly 
mers, such as poly(ethylene terephthalate) having a rela 
tive viscosity (RV) above about 50 or 55, are extruded 
into air. The use of an oxygen-free gas can reduce the 
normally encountered relative viscosity loss by as much 
as 5 to 6 units, while at the same time reducing the nor 
mally encountered gain in carboxyl group content by as 
much as 6 to 8 eq./105g. The improvement obtained with 
an inert gas is even more pronounced when higher RV 
polymers are used, i.e., 75-100. 
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4 
It is considered that it is the melt viscosity in the ex 

truded polymer and in the semi-molten ?lament that con 
trols the effects of this process. If an extremely high 
molecular weight polymer having a relative viscosity of 
60 to 100, for example, is mixed with a plasticizer, its 
viscosity at the extrusion temperature will be lowered. 
Such a polymer, for purposes of this invention, should be 
considered as having an effective molecular weight equal 
to a pure polymer having the same melt viscosity at the 
given temperature. For example, a poly(ethylene tereph 
thalate) of RV 70 containing 2% by Weight of diphenoxy 
ethane has a melt viscosity of 19,000 poises at 310° C. 
and at a shear rate less than 10 reciprocal seconds. The 
pure, unplasticized sample of the same polymer of RV 64 
has the same melt viscosity under these same conditions. 
The palsticized polymer should be considered as having an 
RV of 64 for this invention. 

This process is characterized by a substantially lower 
spinning tension than is normally found. With poly(ethyl-_ 
ene terephthalate) the threadline tension, measured at a 
point where the ?lament temperature is less than the sec 
ond-order transition temperature (about 90° C.) should 
not exceed the following values: 

Threadline tension 
Polymer RV (grams/denier) 

Maximum Preferred 

40 0. 017 0. 012 
50 0. 011 0. 008 
60 0. 007 0. 005 

Both the spinning speed and the threadline tension refer 
to measurements made after the ?laments have cooled 
below the second-order transition temperature and before 
being subjected to increased tension in any subsequent 
drawing operation which may be coupled with the spin 
ning process. The spinning speed is preferably less than 
1300 yards per minute and, in a coupled spinning and 
drawing process, should preferably be about 200 to 500 
yards .per minute (the wind-up speed after drawing in a 
coupled process is muchhigher, of course). , ~ 
The products made :by the improved process of the 

present invention are characterized by an improved uni 
formity of structure within the shaped articles and between ' 
simultaneously extruded articles. The products made by 
extrusion alone are noted for their lower levels of bire 
fringence and lack of orientation when ‘compared to 
products made at the same speeds using conventional 
processes. Whereas commercially available polyester ?bers 
show a pronounced index of refraction gradient (as de 
termined ,with an interference microscope) across the 
?lament cross section, ?bers made by the present inven 
tion have a greatly reduced gradient across the ?ber cross 
section. 
The oriented ?laments of this invention also show an 

improved intra?lament uniformity over known products. 
The improvement in polyester ?laments is especially 
pronounced, as illustrated in the drawings wherein 
FIGURE 1 is an electron micrograph (26,000Xmagni 

?cation) of a typical ?lament of this invention; and , 
FIGURE 2 is a corresponding micrograph of a ?lament 

which is typical of the prior art. . . 
Polyester ?laments of the prior art contain a “skin” ‘ 

of about 1/2 micron thick that can be peeled from the 
?ber. This “skin” shows the ?rst arc. (003 Miller Index) 
on the axis corresponding to the ?ber axis in an electron 
diffraction pattern to be indistinct and single. A diffrac 
tion pattern of the whole ?ber shows, the same are as 
sharp and split into two maxima. Boththe peeling and 
the whole ?ber of products of this invention show the 
?rst are on the axis as sharp and split into two maxima, 
thus showing the uniformity. of the new product. 
The oriented products of this invention also display a 
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very high level of crystallinity in conjunction with excel 
lent physical properties such as lack of brittleness, high 
140° C. ?ex resistance, high tenacity and excellent resist 
ance to ?brillation which has not been previously attained. 
Polyethylene terephthalate ?bers with a denier per ?la 
ment greater than 2.5 and having a ?ex life of consider 
ably more than 200,000 cycles at 140° C. are obtained. 
The improved inter?lament uniformity of the oriented 

?laments of this invention is shown by such properties as 
a ratio of yarn to average single ?lament tenacity of 0.9 
or greater and by the substantially straight and sharp 
stress-strain curves obtained on yarn. 
Although improved results are obtained in accordance 

with the present invention with all synthetic ?ber-forming 
organic polymers under the previously-de?ned conditions, 
it is particularly useful with the types of polymers illus 
trated in the examples. There is an optimum set of con 
ditions for each particular polymer at a given spinning 
speed which offers the most satisfactory results in the 
process of this invention. In general, these conditions will 
correspond to the maximum draw ratio (or minimum bi 
refringence) obtained when spinning the ?laments at 
various gas temperature pro?les at a given speed, and 
are readily determined by experiment within the de?ned 
limits. After the ?laments have been cooled under prop 
erly controlled temperature conditions to a temperature 
of about 100° C. the ?laments can be cooled very slowly 
or very rapidly. The use of secondary quenching means 
such as liquids, mists, cold gases, etc., Will be apparent 
to one skilled in the art. 
The invention provides improved results with poly 

propylene, and the new higher melting, higher density 
forms of polypropylene having a decreased amount of 
chain branching and/or isotactic structures are particu 
larly suitable in this process. Because of their commercial 
availability, ease of processing and excellent properties, 
the condensation polymers and copolymers, e.g., poly 
amides and polyesters, and particularly those that can be 
readily melt polymerized to high viscosity, are preferred 
for application in this method. Suitable polymers include 
?ber~forrning polyamides and polyesters of types de 
scribed, e.g., in U.S. Patents Nos. 2,071,250, 2,071,253, 
2,130,523, 2,130,948, 2,190,770, 2,465,319, 2,916,574 and 
3,051,212; and in Belgium Patent 668,703 granted Febru 
ary 24, 1966, and British Patent 604,073 dated June 28, 
1948. 

Particularly suitable polyamides include polyhexa 
methylene adiparnide and polyamides of alkanedioic acids 
with diaminohydrocarbons [preferably bis (para-amino 
cyclohexyl)methane], where the hydrocarbon portion is 
a divalent, saturated, cycloaliphatic group. 
The preferred polyesters to be used in this invention 

are obtained from terephthalic acid wherein at least 75% 
of the recurring structural units of the polyester are glycol 
terephthalate structural units. These should be ?ber 
fonning and have a relative viscosity of at least about 25. 
Such polymers may be represented in a more general way 

by the formula HO—G—(OOC——A—-COO—G),Y—OH 
where —G— and —A—- are divalent organic radicals 
corresponding, respectively, to the radicals in the initial 
glycol, G(OH)2, and to the initial dicarboxylic acid, 
A(COOH)2, and y is a number su?icient that the poly 
mer is of ?ber-forming molecular weight; at least about 
75% of the ——A-— radicals being terephthalate radicals. 
The terephthalate radical may be the sole dicarboxylate 
constituent of the recurring structural units, or up to 
about 25% of the recurring structural units may contain 
other dicarboxylic radicals, such as the adipate, sebacate, 
isophthalate, S-(sodium sulfo)-isophthalate, bibenzoate, 
hexahydroterephthalate, diphenoxyethane-4,4'-dicarboxyl 
ate, or p,p'-sulfonylbibenzoate radicals, derived from the 
corresponding dicarboxylic acids or ester-forming deriv 
atives thereof. The glycol may be trimethylene glycol, 
tetramethylene glycol, hexamethylene glycol, decamethyl 
ene glycol, 2,2-dimethylpropanediol, trans-p-hexahydrox 
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6 
ylylene glycol, diethylene glycol, bis-p-(?-hydroxyethoxy) 
benzene, bis-1,4-(l3-hydroxyethoxy) -2,5-dichlorobenzene, 
or his - [p - (,8 - hydroxyethoxy)phenyl]di?uoromethane. 

Those may be used alone or in mixtures, e.g., ethylene 
glycol plus up to about 25 mol percent of the above 
mentioned glycols. 

Test procedures 

The flex life (?ex resistance) of a ?lament is deter 
mined by clamping one end of a ?lament of at least one 
inch length to a frame rotating in the plane of the vertical 
with the ?lament being weighted by an amount of 0.6 
gram per denier (g.p.d.) and having a smooth wire 3 mils 
in diameter positioned horizontally at the midpoint of the 
?lament. Twenty-one specimens are simultaneously bent 
repeatedly through 180° over the Wire while under tension. 
The number of cycles required to cause failure of 11 
?laments is accepted as the test result. 

In the examples, the relative viscosity (RV) is the 
viscosity of a solution of polymer relative to that of the 
solvent and is a measure or" the molecular weight. The 
polyamide solutions contain 5.5 g. of polymer in 50 ml. 
of formic acid or of formic acid/phenol (50/50 by 
weight), and the viscosity is measured at 25° C. The 
polyester solutions contain 2.15 parts of the polymer in 
19.35 parts by weight of a 7/10 mixture of 2,4,6-trichloro 
phenol/phenol and the viscosity is measured at 25 ° C. 
Gas temperatures (Tg) should be measured with an 

aspirating thermocouple placed as close as possible to the 
?laments without disrupting the spinning. The hot gas 
is drawn in over a thermocouple that is shielded from 
radiation of the equipment. 
The maximum draw ratio of a ?ber is determined by 

drawing (or stretching) a ?ber around a metal pin, over 
a plate, or through a bath at a given temperature by means 
of a feed and a delivery roll having continuously variable 
speeds to the maximum amount possible without breaking 
the ?bers. Draw ratio is de?ned as the ratio of the surface 
speeds of the delivery roll to the feed roll or the ratio 
of the drawn length to the as-spun length of the ?ber. 
Unless otherwise noted, all physical properties are deter 
mined on ?bers drawn to the maximum draw ratio. 

All birefringence measurements are made on as-spun 
(undrawn ?bers) by examining a single ?ber under crossed 
nicol prisms in a microscope using a calibrated quartz 
compensating wedge (Textile Research Journal, August, 
1952). 

Example I 

Poly(ethylene terephthalate) of relative viscosity 40.5 
(crystalline melting point of 265° C.) and containing 
0.15% TiOz is extruded from a melt at 288"’ C. through 
a spinneret containing 20 holes of 16 mils in diameter 
located on a 2%" diameter circle at 285° C. and the 
?laments (23 d.p.f.) wound up at 500 y.p.m. Cooling of 
the ?laments is retarded under controlled temperature 
conditions with a muffle furnace (7" high), comprising 
exposed electrical resistance wires coiled on the inner 
surface of a ceramic cylinder affording an open passage 
way of about 3" in diameter, centered below the spinneret. 
The apparatus may be arranged as disclosed in Hardy 
U.S. Patent No. 2,296,202, except that the means for 
electric heating must be suitable for providing a closely 
controlled temperature gradient. After the threadline is 
strung up through the furnace, two thermocouples are 
carefully inserted between two adjacent ?laments at the 
uper and lower edge of the furnace so that they measure 
the temperature of the air between each pair of ?laments. 
In addition, a third thermocouple is located half Way up 
the mu?le furnace approximately 1/16 of an inch towards 
the threadline from the heating element. When the ther 
mocouples are in position, the unit is carefully raised 
toward the spinneret until the top of the mu?le furnace is 
sealed against the bottom of the spinning machine head. 
This effectively seals the ?laments from any stray currents 
of air between the spinneret and the muffle furnace. 



3,361, 859 
7 

Samples of yarn are collected under di?erent conditions 
of heating in the mu?ie furnace and drawn over a 5-inch 
long plate heated to 185° C. located between a 3-inch 
diameter preheating roll at 90° C. (4 wraps) and a cold 
drawing roll. The results are given below in Table 1. 
Item 01 represents the values on ?laments spun from the 
same polymer at the same speed and spinneret tempera 
ture but using conventional cross ?ow cooling as disclosed 
in US. Patent No. 2,273,105. The improvement in prop 
erties of the ?laments spun under the process of this 
invention (items a, b and 1c) as compared with the use 
of a conventional process (d) is apparent from the data. 
The temperatures indicated for items a, b and 0 fall with 
in the previously de?ned limits of AT. 

TABLE 1 

Temperature (° 0.) Draw Yarn 
Itam Ratio Properties, 

Max. Ten.[E/Mi 
At %” At 7.5” 

274 132 6.15 9 4/7.9/133 
286 148 6. 25 9 5/7. 7/140 
300 150 5.6 6 9/9. 9/107 

(1) 45 5.0 5 9/9. 8/68 

1 N0 heater. 

A similar improvement in comparison with conven 
tionally processed yarn is obtained when the polyester, 
poly(trans-p-hexahydroxylene terephthalate) of relative 
viscosity 39, and the copolyester, poly[ethylenetereph 
thalate/S-(sodium-sulfo)isophthalate] 98/2 mol percent 
ratio, of relative viscosity 18.5, are separately spun under 
conditions within the above limits. 

Example II 

This example shows additional unexpected properties 
of the polyester ?laments of this invention. 

(A) Following the procedure of Example I, poly(ethyl 
ene terephthalate) of 40.5 relative viscosity is extruded 
through a mu?le furnace at condition falling within the 
limits for AT as previously de?ned, the yarn being wound 
up at 1000 y.p.m. Individual ?laments have a tenacity 
of 9.3 g.p.d. after maximum drawing of the spun yarn 
under the conditions of Example I. The yarn tenacity, 
9.0 g.p.d., (97% of ?lament tenacity) is unexpectedly 
high compared to conventional products and is consid 
ered to re?ect the unusual uniformity of such products 
and corresponding absence of weak ?laments. 

(B) A control yarn is prepared from poly(ethylene 
terephthalate) of 45 relative viscosity, i.e., of higher mo 
lecular weight than the above polymer. The yarn is pre 
pared under the best possible conventional quench spin 
ping conditions, using a cross-?ow quench and advancing 
the solidi?ed ?laments at 150 y.p.m. to a drawing step 
as above for maximum drawability. Despite the higher 
molecular weight of the polymer used (when processed 
in accordance with the present invention, higher molecu 
lar weight polymer normally provides improved tenacity 
and ?ex resistance), the single ?laments have a tenacity 
of only 7.5 g.p.d. and the yarn has a tenacity of only 
6.5 g.p.d. (86% of ?lament value). 

Product A has a signi?cantly higher degree of crys 
tallinity than the control (a crystallinity index number 
of 39 vs. 36 for the control-ASTM International Sym 
posium, October, 1958, by W. Stratton). 
The actual level of crystallinity depends upon the heat 

treatment of the v?ber or ?lm. It has been observed that 
under the same heating conditions the products of this 
invention give a higher level of crystallinity than products 
spun under conventional methods. 
The ?ex life of product A is 560,000 cycles compared 

to 86,000 cycles for the control when tested as described 
previously at 140° C. The tenacity of the ?laments not 
broken by the ?exing is 8.9 g.p.d. as contrasted with 4.8 
g.p.d. for the control. Photomicrographs of the ends of 
the ?laments broken in the test show ?laments A to have 
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a clean break'with no signs of ?brillation (i.e., splitting 
Whereas the control ends are completely frayed and ? 
brillated. ' ' ' 

Samples of product A and the control are split longi 
tudinally, soaked in n-propylamine for one hour to etch 
the amorphous regions, Washed with fresh amine and 
dried. Metallic chromium is vacuum deposited on the 
?laments, and the organic material dissolved in tri?uor 
acetic acid. Electron micrographs (26,000 times magni? 
cation) of the replicas of product A and the control are 
shown in FIGURES 1 and 2 respectively. In each ?gure 
the upper dark portions represent the surface of the ?ber, 
the light central area represents a skin of about 1.5 mi 
cron in thickness and the darker area at the bottom repre 
sents one-half of the core of the ?lament. The transversal 
structural uniformity of ?ber A is apparent in FIGURE 
1. The skin and core can scarcely be distinguished, both 
exhibiting high crystallinity and orientation. On the other 
hand, the skin of the control (FIG. 2) exhibits low crys~ 
tallinity and orientation, and is markedly different from 
the core. . 

A second control yarn is prepared of the same polymer 
but spun at 600 y.p.m. under optimum quench-spinning 
conditions. It has a maximum ?lament tenacity of 5.9 
g.p.d., a maximum yarn tenacity of 5.1 g.p.d. (87% of 
?lament tenacity) and a flex life of les than 100,000 
cycles at 140° C. 

Example Ill 

Yarns are prepared according to the conditions of items 
(b) and (d) (control) in Example I, but drawn 5.2 and 
4.7 times (maximum possible) over a 95° C. hot pin. The 
physical properties of the drawn yarn are shown below: 

TABLE 2 

Item Control 

Spinning speed (y.p.m.) ____________________ __ 750 600 
Filament tenacity (g p d )- _ ___. _ 8.1 5. 1 
Elongation at b1 eak (percent). _ . . 15 12. 5 
Yarn tenacity (g.p.d. ____-_____ _ 7.9 4.4 
Flex life, room temperature _ 800, 000 800,000 
Flex life, 140° C _____________________ __ _ 1, 020, 000 200, 000 
Tenacity of unbroken ?laments after 11 g at 

140° C. (g.p.d.) ____________________________ __ 7.9 3.6 

The ?ex life at 140° C. is of signi?cance in evaluating 
?bers for industrial uses, e.g., as tire cords. 

Although the above illustrations have been directed pri 
marily at high strength products, the as-spun ?bers of this 
invention with their improved uniformity and very'low 
birefringence levels are also useful as textile ?bers for 
the apparel trade. They are especially valuable in the 
preparation of lustrous, re?ective, opaque ?laments de 
scribed in D. S. Adams U.S. Patent No. 3,069,747 dated 
December 25, 1962. 

Example IV 

The heater used in this example comprises two concen 
tric aluminum tubes 11 inches long. The inner tube 
through which the ?laments pass has an inside diameter 
of 8 inches. Resistance heaters are located in the annulus 
between the 2 tubes and are controlled by a thermocouple 
adjacent to the wall of the central passage and located 
about 2 inches below the top. The heater annulus has a 
metal bottom which, along with the outside face of the 
heater, is well insulated. The heater is mounted to the 
spinning head through a 1-inch layer of hard insulating 
material so that the heater and insulation provides a cham 
ber, open to air only at the bottom that extends 12 inches 
down from the face of the spinneret. 

Molten poly(ethylene terephthalate) is extruded 
through a spinneret having 192 holes of 0.3 mm. diameter. 
The extruded ?laments pass through the heater and are 
then gently quenched by a conventional cross-?ow of air 
from one side of the threadline, Birefringence is deter 
mined on samples of the as‘spun (undrawn) ?laments. 

Values of the spinning variables used are given in Table 
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3, where RV is of the as-spun yarn, d is the distance from 
the spinneret, and the other symbols are as previously de 
?ned. 

Items 2, ‘3' and 4 show the effect of changing the heater 
control temperatures (250, 336 and 400° C., respectively) 
with other variables about constant. The maximum draw 
ratio and tenacity obtained when these items were drawn 
are given below. Results obtained when spinning with the 
heater removed from the spinning head are included for 
comparison. All samples were drawn under the same con 
ditions. 

As spun Maximum 
Birefringence Maximum Yarn Tanae 

Item (X104) Draw Ratio ity (g.p.d.) 

20 5. 4 8. 1 
14 6. 0 8. 9 

4 ll 6. 5 9. 4 
No heater __________ __ 52 3. 5 5. 1 

Item 5 shows the effect of a low spinning velocity (200 
y.p.m.) as compared to item 4 at 350 y.p.m. using the 
same heater control temperature and having the same 
maximum Ts. 

Items 6 and 3 can also be compared for different speeds 
at the same heater temperature and similar maximum Tg 
values. The necessity for cooling the ?bers more slowly 
at the higher speed is apparent from the ‘birefringence 
values in Table 3. 

Item 7 is prepared as above but with the addition of a 
4einch insulated tube to the bottom of the heater. This de 
creases the rate of cooling over that a?'orded by the heater 
alone. When the spin is repeated with all conditions the 
same, except that the heater and extension are removed, 
?laments having a birefringence of about 0.0051 are ob 
tained. 

Cl 

10 
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The heater has a plain metal tube with a cross-section of 
a frustrum of a cone that extends about ‘16 inches below 
the bottom of the heater. The outer surface of the heater 
proper and the extension are well insulated. The total dis 
tance below the spinneret in which the cooling rate is con 
trolled is 24 inches. 

Molten poly(ethylene terephthalate) is extruded from 
a pool at 310° C. through the spinneret of Example IV. 
The extruded ?laments pass directly through the heater. 
Inert gas at the rate of about 7 cubic feet per minute 
(20° C.) is heated to about 380° C. in a preheater and 
there passed to the heater. The resistance heaters are ad 
justed to give a gas temperature adjacent the spinneret of 
about 320° C. The temperature pro?le within the heater 
is given in Table 3, item 8. Upon leaving the heater ex~ 
tension the ?laments pass through a 4-inch air space and 
then through a radial quenching device which directs a 
stream of room-temperature air at a velocity just short of 
that causing turbulence in the threadline. The threadline 
then passes over a ?nish roll where a lubricating ?nish is 
applied, and then around an unheated feed roll operating 
at a speed of about 500 yards per minute. Samples of yarn 
taken at this point have a birefringence of 0.0007 and a 
relative viscosity of 50. 
From the feed roll the threadline next passes through 

a steam jet where steam at a temperature of 350° C. is 
impinged on the threadline to heat the yarn and estab 
lish a draw point. From the steam jet the yarn passes to 
and around a cold draw roll operating at a speed sufficient 
to give a draw ratio of 6.0. The threadline then passes to 
a conventional windup. The drawn yarn has a tenacity of 
9.2 g.p.d. and a break elongation of 13%. 

Example VI 

This example shows the more stringent conditions re 
quired to process higher molecular weight polyesters. 

TABLE 3 

Spinning Denier _Bire 
Item RV Speed per Fil- T, d t '1‘; AT fringenee 

(y.p.m.) ament (° 0.) (inches) (sec.><100) (° C.) ‘$221118? 

1 ______ _- 46. 5 400 27. 3 330 0. 5 0. 2 355 -—25 10 
7. 0 2. 9 335 —5 

11. 0 4. 6 280 50 
2 ______ -- 49 350 29. 5 315 0. 0 0. 0 280 35 20 

8. 0 3. 8 186 129 
12. 0 5. 7 76 239 

3 ______ __ 48 350 26. 5 315 0. 0 0. 0 320 —5 14 
2. 0 0. 95 320 —5 
6. 0 2. 9 290 25 

10. 0 4. 8 248 67 
12. 0 5. 7 188 127 

4 ______ _- 46 350 26. 5 316 0. 0 0. 0 360 —44 11 
6. 0 2. 9 350 —34 

10. 0 4. 8 276 40 
12. 0 5. 7 176 140 

5 ...... __ 48 200 26. 5 305 0. 0 0. 0 365 —60 5 
6. 0 5. 0 350 -—-45 

10. 0 8. 3 276 30 
12. 0 10. 0 176 129 

6 ...... __ 47 500 26. 5 323 O. 0 0. 0 312 11 17 
6. 0 2. 0 290 33 

10. 0 3. 3 234 89 
12. 0 4. 0 190 133 

7 ...... ._ 40 500 23. 8 314 O. 5 0. 17 336 —21 12 
7. 0 2. 3 295 19 
9. 0 3. 0 280 34 

12. 0 4. 0 180 134 
8 ______ __ 50 500 26. 5 330 l. 0 0. 3 322 8 7 

5. 0 1. 6 339 —9 
11. 0 3. 6 321 9 
16. 0 5. 3 287 43 
21. 0 7. 0 250 80 
25. 0 8. 3 145 185 

Example V Molten poly (ethylene terephthalate) 1s extruded, from 

This example shows a preferred process. The heater 
comprises a 7-inch long metal tube with 2 concentric 
chambers; the annulus with a solid wall and the plenum 
perforated for the ?rst 4 inches of length and solid for 
the last 3 inches. The annulus or plenum chamber con 
tains resistance heaters and distribution means for a flow 

70 

a 315° C. melt at 5900 psi. through a spinneret contain 
ing 192 holes of 20 mil diameter at a rate of 35 pounds 
per hour, at 331° C. (calculated) into a zone of heated 
gas in a heater, through a tubular extension into ambient 
air, and then through a radial quenching device to a ?nish 
roll and a feed roll running at 246 y.p.m. where samples 
of the as-spun yarn are taken. The yarn continues onward 

of inert gas that passes into the plenum and out the screen. 75 through a drawing zone. 
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The heater is 6 inches long and consists of 3 concentric 
metal tubes, top and bottom walls. The innermost tube of 
9.2-inch inside diameter extends from the bottom wall to 
about 1 inch from the top, the middle tube extends from 
the top wall to aboutvl inch from the bottom. The outer 
tube contains electrical heaters on its inner wall and is 
insulated on the outside. Preheated gas at a rate of 4.6 
s.c.f.m. (i.e., cubic feet per minute calculated for stand 
ard conditions of 0° C. and 1 at-m.) enters the outermost 
plenum, is distributed by the ba?les and enters the inner 
most space. Both plenum chambers containa thermo 
couple and the heaters are adjusted so that both thermo 
couples are at the same temperature. The heater is sepa 
rated from the spinning block by a 2-inch long insulator 
tube. A 30-inch long insulated metal tube of 9.2-inch in 
side diameter is attached below the heater. 

Temperatures are given in Table 4 with the as-spun 
birefringence values and draw ratios. Items (b) to (d) 
have an as-spun denier of 52 d.p.f., a spin-stretch ratio 
of about 42 and a yarn relative viscosity of -65. The con 
trol item (a), spun from a di?erent polymer batch and 

10' 

20 

12 
a spinneret having 101 holes of 15 mil diameter at a rate 
of 18 pounds per hour with a hot gas flow rate to the ‘ 
heater of 9.2 s.c.f.m. The times (t) in seconds X 100 
from the spinneret to the distances (d) given have been 
calculated for a yarn speed of 385 y.p.m. Alli-tems have 
tenacities of at least 8.5 g.p.d. at elongations of about 
13 to 14%. . 
The excessive reduction of relative viscosity in item 

(b) is apparent. 
Items (c) and (d) are extruded through a spinneret 

having 192 holes of 20 mil diameter at a rate of 35 
pounds/hour with a gas flow rate to the heater or 13.8 
s.c.f.m. The “Denier C ” is the ratio, 100 a/average di 
ameter, where a is the standard deviation of the diam 
eters of 40 different ?laments in the yarn and represents 
the uniformity of the yarn. 
The percent Uster value is a measure of the uniformity V 

of denier along the length of a yarn. 
Item ((1) which uses gas temperatures greater than 

the limits of this invention is signi?cantly less uniform 
than item (c). - . 

TABLE 5 

Gas T(e?n(1)p;erature Relative Viscosity 
Item d AT 1: Denier Percent 

(inches) (sec.><100) CV Uster 
In At 11 Feed Yarn 

plenum 

a _________ __ 476 409 2 —92 0.9 80 65 __________________ __ 

370 12 —53 5.2 
307 22 +10 9. 5 

h _________ _. 545 435 2 -—1l8 0. 9 77 47 __________________ __ 
389 12 —72 5. 2 
326 22 —9 9. 5 

c __________ __ 450 407 2 —90 0. 9 80 ________ __ 6. 6 9. 7 
384 12 —67 5. 2 
334 22 -—17 9. 5 

d _________ _- 495 430 2 —113 0.9 80 ________ __ 11.2 17. 6 
403 12 —86 5. 2 
352 22 —35 9. 5 

with the heater extension removed, has an as-spun denier 
of 37 and a yarn relative viscosity of 59. 

TABLE 4 

Gas Temperature 
C’ C.) Bire- Machine 

Item (1 AT t fringence Draw 
(inches) (see.X100) value Ratio 

In At (1 X104 
plenum 

25 165 3. 5 166 2. 3 112 (1) 
335 308 3. 5 23 2. 3 35 <6 

268 18 63 12. 2 
182 30 149 20.0 

c ....... ._ 380 336 3. 5 —5 2. 3 19 6. 1 
286 18 45 12.2 
197 30 134 20.0 
106 36 225 24. 6 

d ______ _ _ 470 387 3. 5 —56 2. 3 11 6.1 
384 6 -—53 4.0 
351 9 —20 6.1 
317 18 14 12.2 
236 30 95 20.0 
122 36 209 24. 6 

1 Not drawable. 

Example VII 
This example shows the effects of excessive heating of 

?laments. 
Molten poly(ethylene terephtha'late) is extruded, from 

a 300° C. melt at a pressure averaging about 6200 p.s.i. 
through a spinneret, at 317° C. (calculated) into a heater 
similar to that of Example VI but having a 16"-long in 
sulated metal extension tube, over a ?nish roll and a 
feed roll running at 385 to 387 y.p.m. The yarn is then 
quenched and drawn in a steam jet. 

Results are given in Table 5. The gas temperatures 
given have been calculated, using the temperature of the 
‘block, the polymer throughout, the hot gas temperature 

65 

Example VIII 

This example shows the advantage of this invention with 
polyamides. 
The polymer used consists of 87 parts by weight of 

poly(hexamethylene) adipamide of relative viscosity (RV) 
70 or 80 (as measured in 90% formic acid at 25° C.) 
and 13 parts by weight of poly(hexamethylene)isophthal 
amide of RV 28 (as measured in 98% formic acid at 
25° C.) Melts of the 2 polymers are blended in the spin 
ning block. The ‘blend has a melting point (Tm) of 265° 
C. It has been found that the melt viscosity of the blend 
is approximately the same as the poly(hexamethyl-r 

and ?ow rate. Items (a) and (b) are extruded through 7.5 ene)adipamide component or about 2700 and 4100 poises 
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at 295° C. (Tm+30° C.) for shear rates of up to 10 
seconds-1 for 70 RV and 80 RV, respectively. 
The polymer is extruded from a pool at 282° C. through 

a spinneret containing 140 ori?ces of 12 mil diameter. 

14 
elongation. The signi?cantly higher tenacities of items (is) 
and (d), as compared with items (a) and (c), are ap 
parent. It is believed that the lower average birefringence 
values and the more uniform birefringence values obtained 

The polymer melt has a pressure drop between the melt 5 will give even greater improvements in tenacity under bet 
pool before the pump and the ori?ces of about 6100 tcr drawing conditions. 
and 7000 p.s.i. respectively, for the 70 and 80 RV poly- The spin-stretch value (ori?ce diameter)2/ (as-spun 
mers. The temperature of the extruded polymers is cal- fiber diameter)2 for items (b) and (d) is about 21. 

TABLE 6 

Birefringence 
RV Spinning T, (1 TR 1; valneXlO3 Drawn 

Item yarn Speed (° 0.) (inches) (° 0.) AT (sec.><10[)) Ten./E 
(y.p.m.) (g.p.d.) 

X IT (percent) 

a ____ _. so 447 301 1 239 62 0.37 7.9 1.3 8. 5/154 
3 75 226 1.1 

b ____ .. 80 424 301 3.75 256 45 1.5 4.7 0.4 9. 4/153 
9. 74 249 52 3.8 

11.75 215 86 4.6 
13.75 175 126 5.4 

c ..... __ 70 439 299 ____________________________________ __ 6.9 0.9 8.9/l5.8 
d- _ 70 424 299 3. 75 253 36 1. 5 3. 5 0. 4 9. 3/15. 3 

13.75 245 54 5.4 
14.75 160 139 5.8 

culated to ‘be 299° and 301° for the 2 polymers. The ex- Example IX 
Lruded ?laments pass through a 2.75-inch long recess in 25 _ . _ 
the spinning block, through the controlled heating zone, A polyarmde Prepared from 'b1s(para-amm0 cyclo 
through a conventional chimney for rapid cooling of the heXyDmeihahe (Containing 90% 05 trails-‘(Tells con?gura 
?laments, over a ceramic guide, a conventional ?nish roll, iiehs) and dedeeahedieie acid is used- The Polymer ?ake 
and to a feed roll (3 wraps) where samples of the as~spun has afeiaiive Viscosity (RV) 0f 176 ( as measured in 98% 
?laments are taken for birefringence determinations. The 30 formic acid/Phenol, 50150 by Weight at 25° C) and has a 
?lament bundle is passed from the feed roll to a two'stage crystalline melting Point Of 300° C 
drawing process consisting of 2 snubbing pins at 80° C., The polymer is extruded from a melt at 330° C- at 
a ?rst draw roll (for 3.5x draw), a hot tube at 200° C. about 7000 P-s'i- Pressure through a Spinneret (containing 
(1.5 wraps) along about 28 inches of its length, a second 5 ori?ces 0i 9 mil diameter) into a Zone heated ‘by steam, 
draw roll, a hot roll at 215° and a relaxing roll to permit 35 ihehee through a quenching Zone Provided ‘by ambient ail" 
6% shrinkage between the hot roll and windup. The to a ?nish foil and to a feed I011 at 115 Y-P-m- Where 
second draw r011 Speed is kept constant at 2500 y_p_m_ samples are taken for birefringence measurements. The 
for each spin, with the other rolls and wheels being Yam is Passed from the feed fell to a two-siege drawing 
adjusted to give di?erent spinning speeds and draw ratios. Process consisting of a 0-75"iI1eh diameter metal Pill at 
The spinning pumps are adjusted to give a drawn and 40 155° C- for a 3X draw: Over a metal Plate (3-5 inches 
relaxed total denier of 840 for each run. long) ai 165° C- to a ?rst siege draw T011, thence along 
The controlled heating zone is provided by a radial the Outer surface of 9- iiihe (2 Wraps) heated at 205° to 

gas diffuser of 4,125-in¢h length and 974mb inside di- 235° C. to the second state draw roll and then to a Iwindup. 
ameter consisting of an inner screen, a plenum chamber The total draw ratio is Varied from 5-5X to 59X to give 
and an entrance for preheated gas (essentially N2 and 45 the desired elongation 
coz) at a rate equivalent to 3 cubic feet/minute at 0° The heated zone consists of (1) a 0.5-inch resess in the 
C. and 1 atmosphere. An 8-inch long metal tube of conical spinning block (2) all insulated metal tube 0f conical see 
shape is attached to the bottom of the diffuser, The tube tion with an inside diameter of 4 inches at the block and 
is shaped at a 30° angle to the vertical and is truncated an inside diameter of 6 inches at the bottom, (3) a radial 
from 8 inches vertical distance in the back to 4.25 inches 50 steam diihlsei" consisting of a e-iiieh inside diameter meiai 
vertical distance in the front. Since the spinning block, Screen 6i11ches10ng, a concentric plenum chamber, a dis 
di?user and tube are tightly sealed, the Tg temperature tribution wall and an outer concentric chamber containing 
of the gas for the ?rst 3.75 inches must vary between eieeii‘ieai heating eiemehis and an entrance for super 
the temperature of the spinning block (290° C.) and the heated steam, (4) a metal Cone of 3-i11eh altitude With a 
?rst measured temperature_ 55 base diameter of 6 inches, and (5) a metal tube of 3-inch 
The temperature of the gas (Tg) adjacent to the inside diameter connected to the apex of the cone and ex 

threadline is measured by an aspirating thennccouple tending 28 lIlChfJS from it. Saturated steam at about 100° 
while spinning. Only the in?ection points of the Tg vs. C- is supplied to the suPeIheaier at a Tate suiiieiehi to ‘give 
distance (d) curve are given inTable 6. The temperatures ‘<1 Wisp of steam from the lower end of the assembly 
of the gas in the plenum chambers for items (b) and (d) 60 (typically about 4 s'c'f'm'r i-e-, cubic feet Per minute Cai 
are 300° and 315° C., respectively. culated for standard conditions of 0° C. and 1 atmosphere 
For comparative purposes spinning is done with the pressure). The heat to the superheater and the heaters in 

gas di?user and the conical extension removed, and with the Piehum are adjusted to give the desired temperatures 
cross ?ow quench from the bottom of the block. Typical in the Piehhm- All units are Connected together and the 
.l-esults are reported in Table 5 as items (a) and (¢)_ 65 entire assembly connected directly to the block of the spin 
From the results given in Table 6 it is seen that the Ring Position 

controlled cooling of this invention (items (in) and (d)) The temperature of the steam adjacent the iiielheiiis is 
produces 315-Spun yam with lower avefagg birefringence measured With an aspirating thermocouple at l-inch inter 
values (X) and with lower standard deviation (0') than is Vais along the length of the ihreadii?e under di?efent e011 
obtained with conventional cross ?ow quenching (items 70 ditions. Values at in?ection points on a Tg vs. distance 
(a) and (0)). The birefringence values do not vary signi- (d) Piei are giwih in Table 7- The temperature of the 
?cantly over the range of spinning speeds used of from extruded Polymer (Ts) is estimated to he shout 347° C 
424 to 455 y_p_m_ based on the block temperature of 333° C. and the pres 

Sarnples are selected at a given spinning speed, and sure drop of 5000 P-s-i 
hence a given draw ratio, to have approximately the same 75 Item (e) is a control spun under the same conditions 
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but with all the tubes and heating devices removed 
from the block and replaced with a conventional cross 
?ow quenching chimney. 
The as-spun ?ber has a denier per ?lament of about 

36 d.p.f. The spin-stretch ratio is thus about 11. 
The yarns for all items have an RV of 138, which poly 

mer has a melt viscosity of about 25,000 poises at 330° 
C. and at a shear rate of up to 0.1 second—1. 
The great reduction in birefringence of the as-spun 

yarns of items (a) to (d) over the control item (e) is 
apparent. The control yarn (item e) is drawn to give a 
tenacity of 5.4 g.p.d. at 11.7% elongation. The yarn 

, tenacities of items (a) to (d) range from 6.4 to 7.0 g.p.d. 
at 10.6 to 11.1% elongation. 

10 

15 
wheel where samples are collected. A spinning tempera 
ture (T5) of about 243° C. is estimated. , 
The heated zone is provided by a l2-inch long 4-inch 

inside diameter, metal tube which has electrical heaters 
on its exterior, and is well insulated, and is held in place 
beneath and close to the spinneret. 

Filaments are spun under 2 heating conditions, (B) 
and (C), (with medium and high heater control settings, 
respectively), and under one control condition (A) with 
the hot tube removed and replaced by the radial air 
quench. Temperature pro?les of the conditions (in ° C.) 
are given below. The time (t in seconds><100) to reach 
11 inches is 12.1, 6.0 and 4.0 for 150, 3,00 and 455 y.p.m., 
respectively. 

TABLE 7 

Temperature C’ C.) Bire- Drawn 
Item d AT 1; fringence Ten/E 

' (inches) (see.><l00) value (g.p.d.) 
Plenum T,z at d X104 (percent) 

a ....... __ 360 352 1 —5 1. 4 42 6. 6/10. 6 
368 6 —21 8.6 
333 s —36 11. 5 
375 10 —28 14.3 
300 12 +47 17.3 
255 14 +92 20 
204 20 143 29 

b ...... ._ 327 347 1 0 __________ _ _ 66 6. 4/10. 6 
336 2 11 2.9 
338 8 9 11.5 
322 10 25 14.3 
228 14 119 20 
192 20 155 29 

e _______ _. 306 330 1 17 1. 4 so 7. 0/11. 0 
310 3 37 4.3 
303 s 39 11.5 
296 10 51 14.3 
206 14 141 20 
154 20 193 29 

e ....... .. (I) ........................................ ._ 205 5.4/11.7 

1 Heater not used. 

Example X 
Commerc1a1 1sotact1c polypropylene of the following Gas Temperature Pw?le 

propert1es is used: Distance 
(inches) A B 0 

Melt Index at Melt Flow Rate Viscosity 4° - - 
Polymer 190° C./2,160 g. 230° C./2,160 g. (poiscs) '1‘: AT T: AT T: AT 

at 200° C. 
1 34 209 260 —17 306 ~43 

'9, 5 24, 2 7, 500 3 28 215 287 ~44 348 —105 
4.9 12.7 14,500 5 284 —41 348 -105 
2.1 5.4 22,400 50 11 182 61 282 ~ 11 

-The polymer is extruded at a rate of 0.6 gram/ 
minute/hole from a melt at 240° C. through a spinneret 
(5 holes of 15 mil diameter and 75 mils long) into a 
heated zone, or through a radial air quench which sup 
plies room temperature (about 20°-22° C.) air to the 
threadline at a velocity of about 150 feet/minute along 
the 12-inch length of the quench and thence to a feed 

55 

Samples are produced at spinning speeds of 150, 300 
and 455 y.p.rn. with different gas' temperature pro?les 
for the three polymers, typical denie'rs for the three speeds 
being, respectively, 39, 20 and 15 d.p.f. The spin-draw 
ratios (Doz/Dfz) thus have a maximum value of 70. 
From the results given in Table 8 it is seen that use of 
the controlled cooling of this invention (items 11, e and 

TABLE 8 

' As-Spun yarn properties 

It T Gas P l Blr Irl X10a em em er- 0 er e ngence atuge ym Melt Melt 
Pro?le Index Viscosity 

Spun at Spun at Spun at (parses) 
150 y.p.m. 300 y.p.m. 455 y.p.m. 

a _____ ._ A II 9. 3 l3. 7 15. 3 4. 9 14, 500 
b ..... ._ B H 3.0 6.1 10.0 5.8 12,000 . 
c _____ __ C II ' 1. 3 3. 6 5. 7 7. 0 10, 000 
d _____ __ A III 12. 4 16. 1 17. 6 2. 0 20,000 
6 _____ __ B III 4.9 8.5 11.3 2.7 , 
f _____ _. A I 7.2 11.3 13.3 ‘9.5 7,500 
g _____ ._ B I 2. 0 4. 6 7. 5 10. 9 6, 000 

1 Estimated. 
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g) gives a signi?cant decrease in the birefringence at all 
speeds and with all 3 polymers. Item (c) represents ex 
cessive heating, since the ?laments have degraded sig 
ni?cantly. 

Since many different embodiments of the invention may 
be made without departing from the spirit and scope there 
of, it is to be understood that the invention is not limited 
by the speci?c illustrations except to the extent de?ned 
in the following claims. 

1. In the process of extruding synthetic organic poly 
mer through spinneret ori?ces, at a temperature (T5) at 
least 20° C. above the melting point (Tm) of the polymer, 
into a gaseous medium and cooling the polymer to form 
?laments and drawing the ?laments at least 2.8x to a 
tenacity of at least 4 grams per denier; the improvement 
of providing a controlled retarded cooling of the ?1a— 
ments by heating the gaseous medium to have gas tem— 
peratures (Tg) adjacent to the ?laments which are less 
than T5+100° C. near to the spinneret, are less than 

along the ?laments and are greater than 

21,-35- 181521 / 6200 
7} melt 

until Tg=TS——150° C., where ATM,l is equal to Ts minus 
the maximum Tg, t is 100 times the elapsed coding time 
in seconds, ‘and rim“ is the viscosity in poises of the 
extruded ?laments at a temperature of Tm+30° C. meas 
ured at a shear rate of up to 10 seconds-1. 

2. The process as de?ned in claim 1 wherein the prod 
uct of the melt viscosity (17mm) times the spinning speed 
(V) in yards per minute is at least 7.1 X 105 poises-y.p.m. 

3. The process as de?ned in claim 1 wherein the prod 
uct of the melt viscosity times the spinning speed is greater 
than 15><105 poises-y.p.m. 
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4. The process as de?ned in claim 1 wherein the ex 

trusion temperature (Ts) is less than 

elt Tm+75+50 log 0612180 
5. The process as de?ned in claim 1 wherein a gas tem 

perature (Tg) of TS ——l50° C. is reached in a time, in 
100x seconds, at least as long as 

1] 1116113 1 
4+4 [1°g( 6200 V 500 

Where V is the spinning speed in yards per minute. 
6. The process as de?ned in claim 1 wherein the syn 

thetic organic polymer is a high molecular weight poly 
rner having a melt viscosity (77mm) of at least 5000 poises 
selected from the class consisting of polyesters, poly~ 
amides and polypropylene. 

7. The process as de?ned in claim 3 wherein the syn~ 
thetic organic polymer is an ethylene terephthalate poly 
ester having a melt viscosity (71mm) of at least 6200 
poises. 
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