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This invention relates to the spinning of polypropylene, 
in particular to the melt spinning of crystalline stereo 
regular polypropylene prepared by a low pressure process. 

It is known from British speci?cation 810,023 to pre 
pare ?bres .andr?laments from crystalline propylene poly 
mers which are linear and essentially unbranched in char 
acter. Crystalline polypropylene consists substantially of 
macromolecules wherein the asymmetric carbon atoms 
have, at least for long stretches, the same steric con?gura 
tion. Crystalline stereoregular polypropylene of this type 
‘is now widely known as isotactic polypropylene. 

‘ Fibres or ?laments spun from isotactic propylene poly 
mers may be utilised in several ways. They may be 
drawn and used as continuous ?lament yarns or they may 
be drawn .and cut into short lengths and further processed 
as staple ?bre in which form they may be processed on 
conventional textile machinery either alone or mixed with 
other natural or synthetic ?bres. Staple ?bres may be 
utilised for producing ?lling materials of high bulk. It 
is an essential part of the staple ?bre process that a wavy 
form should be imparted to the ?bres to assist their proc 
essing on conventional textile machinery, especially when 
mixed with natural ?bres having this wavy or crimped 
form. The crimping of the ?bres also imparts softness 
and bulk to yarns produced from them, leading to greater 
warmth in fabrics produced from such yarns. The proc 
ess of crimping the ?bres has hitherto been an additional 
step included after the drawing stage in staple ?bre pro 
duction. Filaments spun from i-sotactic polypropylene 
may be utilised also as textured or bulked ?lament yarns 
which are produced by, for example, a false-twisting proc 
ess after the drawing stage of the ?lament yarn prowss. 

I have found by conducting the spinning process in 
such a way that the spun yarn has a birefringence between 
10><10-3 and 19 ><10-3 and an intrinsic viscosity between 
1.0 and 3.0 and then cold-drawing the spun yarn to draw 
ratios of 1.2 to 4.0, that on relaxation of the yarn it will 
spontaneously take up a helical form. I have also found 
that it is preferable to stabilise the helical form by a 
heat treatment for example by treating the relaxed yarn 
in air at 140° C. for about twenty minutes. 

According to the present invention I provide a process 
for the production of ?bres or ?laments of isotactic poly 
propylene as hereinbefore de?ned having a helically 
crimped form characterised in that the crimped form is 
spontaneously developed by spinning the ?laments of iso 
tactic polypropylene at such a temperature and at such 
a throughput from polymer of an intrinsic viscosity such 
that the intrinsic viscosity of the spun yarn is in the range 
1.0 to 3.0 preferably 1.5 to 2.5 and the birefringence of 
the spun yarn is between 10><10~3 ‘and 25><19-3 and 
then drawing the spun yarn to 1.2 to 4.0 times its original 
‘length the stretched yarn thereafter being allowed to relax 
freely and quickly. . 

Birefringence, which indicates the degree of orientation 
of the spun ?laments, may ‘be measured by means of a 
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polarising microscope ?tted with a suitable compensator. 
The intrinsic viscosity, which is conveniently measured 
in solution in decalin at 135° C., has the meaning de?ned 
in the standard reference textbooks, for example on page 
309 of the 1953 edition of “Principles of Polymer Chem~ 
istry” by P. J. Flory. 

While very satisfactory spontaneous crimping of the 
polypropylene yarn is obtained by the process herein 
before described I have found that under certain condi 
tions the spontaneous crimping effect may be brought 
about without the second stage drawing. In a speci?c 
embodiment of this form of my invention I have spun 
isotactic polypropylene, having an intrinsic viscosity of 
3.4, at a temperature of 252° C. and a wind up speed of 
2,000 feet per minute, The spun yarn produced had a bi 
refr-ingence of 17><10_3 and an intrinsic viscosity of 2.25. 
Upon release of the winding tension the spun yarn de 
veloped a helical crimp which, ‘on stabilisation for about 
20 minutes at a temperature between 100° C. and 140° C., 
increased to a level corresponding to 13% crimp as here 
inafter de?ned. 

I have found also that some control of the environment 
of the threadline in the region of maximum drawing by 
controlled cooling or heating allows a further control of 
the birefringence of the spun yarn and also of the spon 
taneous crimping effect obtained on relaxation. It is clear 
that there exists a value'of draw ratio, dependant upon 
the values chosen for the intrinsic viscosity and birefrin 
gence of the spun yarn, which will lead to optimum de— 
velopment of spontaneous crimping. By proper control 
of these factors it is possible to vary the degree of spon 
taneous crimping from almost none to very high crimp 
densities. ' ‘ 

In a speci?c embodiment of my invention I spin iso 
tactic polypropylene having an intrinsic viscosity between 
about 1.5 and 2.5 at a temperature ‘between 200 and 300° 
C. and a wind-up speed between 1,000 and 5,000 feet 
per minute so that the spun ?laments have a birefringence 
between 15 X10-3 and 20X 19-3 and an I.V. between 1.2 
and 2.5. These ?laments are then cold drawn using a 
draw ratio between 1.2 and 4.0 and upon relaxation of 
the drawn yarn spontaneous crimping of the ?laments 
took place. Degrees of crimping between about 5 and 
50 turns/inch have been attained by this technique. 
The degree of crimping may be expressed either as the 

number of turns per inch or as the percentage crimp 
which is expressed by the relation - - 

1.2-L1 X 100 

where L1 is the length of the ?lament with the crimps 
present 1.2 is the length of the same ?lament when ex 
tended just sufficiently to remove the crimps.‘ 
When a second stage drawing step is used I have found 

that the temperature of the heated pin, roller or other de 
vice whereon drawing takes places, may be varied over 
a wide range of temperature from about 10° C. to about 
140° C. and a spontaneous crimping effect is still ob 
tained on release of the drawing tension. I prefer to use 
a drawing temperature between about 80° C. and 100° C. 
Improved spinning and processing as .hereinbefore de 

scribed may be usefully integrated with the melting/com 
pressing procedure for polypropylene which is the sub 
ject of British speci?cation 818,100. A suitable appara 
tus comprises a screw extruder, from which molten poly— 



3,233,023 
3 

propylene is supplied to a spinneret via a metering pump. 
Filtration of molten polymer is desirable both before and 
after it passes through the metering pump, the tempera 
ture of the ?rst ?lter can, if desired, be well below that of 

4 
stage drawing was omitted, the winding tension of the 
spun yarn'was released and the‘ yarn allowed to relax 
freely at 140° C. to develop the full helical crimping 
effect. 

the second ?lter. With such an apparatus polypropylene 5 The following table shows the percentage crimp de 
of high intrinsic viscosity, for example, 3.0 to 4.0, may veloped in yarns spun under various conditions. 
be used as starting material and thermally degraded in 
the melter to give the desired level of intrinsic viscosity 
in the spun yarn. 
To .obtain a spun yarn having the hereinbefore speci- 1O 

?ed birefringence and intrinsic viscosity the conditions . 
of spinning are varied to suit the particular isotactic poly- Spinning Windmp SP?“ yam?p‘mpmgef?. 
propylene used and the degree of spontaneous crimping Temperature pee ‘A _ I Percentage 
required. I have found, for example, that starting with ( 0') 111223219) fri?ggce Crimp 
polypropylene of intrinsic viscosity between 1.0 and 6.0, 15 X "3 
suitable spinning conditions are a spinneret temperature ' 
between 175 ° C. and 320° C., preferably 180~290° C. 5 ____ _- 250 1.120 M5 19 5 

and a wind-up speed between about 1,000 and 4,000 feet 3:: 5:888 i3; i2 13 
per minute, 8 ____ » 268 3,000 1. 95 16 25 

Crimped ?bres or ?laments produced according to the g0 ' ~~ 
process of my invention are very suitable for use in textile 
applications, especially for preparing carpets, blankets, 
apparel fabrics or other textile products where the 
crimped structure leads to such desirable properties as What I claim is: 
resilience, cohesiveness or bulk of the staple or continuous 25 1. A process for the production of crimped ?laments 
?lament yarns comprising such crimped ?bres, either of isotactic polypropylene comprising producing isotac 
alone or mixed with natural ?bres or other synthetic ?bres. tic polypropylene ?laments having an intrinsic viscosity 
Because of their enhanced bulk and resilience ?bers pro- of between about 1.5 and 2.5 and a birefringence of be 
duced by the process of present invention are particularly tween about 10><10—3 to l9><10~3, said producing step 
suitable for use as ?lling material ‘in, for example, pil- 30 including the steps of melt spinning a polypropylene of 
lows and cushions. intrinsic viscosity between 1.0 and 6.0 at a spinneret tem 
The examples which follow‘ illustrate but in no way perature between 175° C. and 320° C, to form ?laments 

limit our invention. and winding up the ?laments at between about 1000 and 
. 5000 feet per minute, said process further comprising sub 

Ej'amples 1'4 35 sequently drawing the ?laments at between 10° C. and 
Isotactic polypropylene having an intrinsic viscosity 140° C. at a draw ratio of between about 1.2 and 4.0 and 

(in Decalin at 135° C.) of 3.2 to which 0.4% of a suit- relaxing the drawn ?laments to produce spontaneous 
able antioxidant and 0.1% of a suitable peptiser (a sub- crimping. 
stance added to promote thermal degradation of poly- 2. A process according to claim 1 wherein the spin 
propylene'from a higher to a lower molecular Weight) 40 neret temperature is 240° C. to 260° C.-, the spun ?la 
has been added was fed into a screw melter from which ments have an intrinsic viscosity of 1.8 to 2.2, the wind 
the molten polymer was supplied to a metering pump and up speed is 1000 to 3500 feet per minute, the birefrin 
thence through a ?lter consisting of 10—20 mesh sand to gence of the ?laments is 15X 104' to 19x10‘3 and the 
a two hole spinneret (hole diameter 0.015 inch). The draw ratio is 1.25 to 2.0, 
screw melter, metering pump and ?lter were enclosed in 45 3. A process according to claim 2 wherein the intrinsic 
an electrically heated jacket which was maintained at the viscosity of the polypropylene being spun is about 3.2 
required spinning temperature. The spun yarns were and wherein the drawing is carried out at about 90° C. at 
then cold drawn using a water bath at 90° C. at the re- a draw speed of about 200 feet per minute. 
quired draw ratio and at a draw speed of 200 feet per 4. A process according to claim 1 wherein the re 
minute. The drawn yarns were then relaxed quickly by 50 laxed yarn is stabilized by heating to a temperature of 
cutting the yarn off the draw bobbin and stabilised by 100° C. to 140° C. 
heating in air at 140° C. for twenty minutes. 5. A process for the production of crimped ?laments 
The table which follows shows the effect of spinning of isotactic polypropylene comprising producing isotactic 

temperature and wind-up speed on the intrinsic viscosity polypylene ?laments having an intrinsic viscosity of be 
and’ birefringence of the spun yarn and the effect of draw 55 tween about 1.5 and 2.5'and a birefringence of between 
ratio on the degree of spontaneous crimping obtained, about 15x10"3 and 10><10:3, said producing step in 

Spun Yarn Properties 
Spinning Wind-11p . .. . . . 

Temperature Speed (feet Draw Percentage Turns 
(° 0.) minute) Intrinsic Birc- Ratio Crimp per Inch 

Denier Viscosity fringence 
><103 

240 1, 000 54 2. 2 17 2. 0:1 41. 6 1045 
260 2, 000 40 1. 9 19 1. 33:1 86. 2 111-15 
250 2, 000 49 1. 9. 1s 2. 0:1 45. 5 15~20 
260 3,600 29 1. s 15 1. 25:1 24. 2 5-10 

Examples 5-8 
Isotactic polypropylene having an intrinsic viscosity 

of 3.4 (in Decalin at 135° C.) was spun with the same ,_ 
equipment as in the preceding examples. The second (5 

cluding the steps of melt spinning isotactic polypropylene 
at ‘250° C. ‘to 270° C, and winding up the ?laments at 
1120 to 3000 feet per minute, said process further com 
prising relaxing the yarn directly after the wind-up step. 
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6. A process according to claim 5 wherein the relaxed 827,409 2/1960 Great Britain. 
yarn is stabilized by heating to a temperature of 100° C. 875,103 8/1961 Great Britain. 
to 140° C. 
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