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This invention relates to a method for producing poly 

olefin fibers having improved properties. More particular 
ly this invention relates to a method of stretching poly 
propylene fibers which have substantially improved tenac 
ity and modulus of elasticity. 

This application is a continuation-in-part of our appli 
cation Ser. No. 649,004, filed Mar. 28, 1957, now aban 
doned. 

In recent years many types of synthetic fibers have been 
developed. These synthetic fibers as produced do not, a 
number of times, possess as good properties as may be de 
sired in the fibers. Hence, a number of after-treatment 
methods and apparatus are described in the art for ap 
plication to synthetic fibers for the improvement thereof. 
In general many of these after-treatments involve the ap 
plication of heat to the fibers. 
Numerous devices and media have been suggested for 

the application of heat as well as physical treatment of 
yarn. Among these are heated rolls and shoes, high fre 
quency electromagnetic fields, heated liquids and heated 
gases and vapors. Unless the medium itself, such as a 
fluid, exerts a swelling or plasticizing action on the yarn, 
the type of heating medium employed ordinarily exerts 
little influence on the final properties of the yarn. There 
fore, in the prior art the choice of methods of after-treat 
ment has in many instances been made on the basis of con 
venience or economics. 

Polyolefin fibers and yarns have been produced in re 
cent years. While such polyolefin yarns are very resistant 
not only to water but different chemicals, and possess 
other useful properties, these polyolefin yarns have cer 
tain physical properties which are not as good as may be 
desired. Hence, it is apparent that the development of a 
method of treatment of such polyolefin yarns whereby the 
yarn can be improved, such as in its strength and elasticity, 
represents a highly desirable result. 

After extended investigation we have found that poly 
olefin yarns, and in particular polypropylene yarn, some 
what in contrast to other synthetic yarns, react differently 
to different types of after-treatment and are particularly 
sensitive to a certain type of after-treatment. We have 
found that if polyolefin yarns of the class described herein 
are drawn in steam preferably super-heated steam as de 
scribed in more detail hereinafter by a process employing 
relatively high draw ratios, that the properties of such 
polyolefin fibers and yarns are unexpectedly improved. 
This is unexpected because polyolefin yarns are quite 
hydrophobic and under ordinary circumstances have here 
tofore been regarded as little affected by water or water 
vapor. Use of steam rather than dry heat for the drawing 
medium results in greatly improved operation of the proc 
ess. The yarns can be drawn at a greater rate of speed 
and with fewer broken filaments with use of steam. We 
have further found, in accordance with a more detailed 
embodiment of our invention, that if the steam-treated 
polyolefin yarn as just described is also given a heat treat 
ment (heat-setting treatment) as will be described here 
after, that the yarn is still further improved. That is, 
by this latter step the polyolefin yarn is stabilized against 
shrinkage in boiling water. 
The improvement obtained by treating polyolefin yarns 
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with relatively high draw ratios and in steam in accord 
ance with the present invention, and as will be set forth in 
detail hereinafter, appears to be considerably greater than 
can be obtained by after-treatments by other processes 
which might appear to be somewhat similar or com 
parable. 

This invention has for one object the production of poly 
olefin fibers having improved properties. A particular ob 
ject is to provide polypropylene and polyethylene fibers 
which have enhanced tenacity and modulus of elasticity. 
Still a further object is to provide a method of treating 
polyolefin yarns such as polypropylene yarn in a relatively 
simple, uncomplicated manner which will give improve 
ments in the yarn in relatively few processing steps. Still 
another object is to provide a method for treating poly 
olefin yarns with superheated steam, and also in certain 
instances with heat-setting, which methods employ rela 
tively high draw ratios and gives treated yarn having im 
proved properties. Other objects will appear hereinafter. 
As indicated above, in the broader aspects of our in 

vention we have found that polyolefin yarns, even though 
they are normally quite hydrophobic and little affected by 
water or water vapor, may be drawn at high draw ratios 
in a steam atmosphere, particularly a Superheated steam. 
Such drawing at high draw ratios in such steam atmos 
phere quite unexpectedly permits obtaining yarns having 
a substantially greater strength and modulus of elasticity 
than may be accomplished by other types of treatment 
which may appear comparable. The polyolefin yarns of 
the present invention may be produced in various ways. 
These methods in their broader aspects comprise fluidizing 
polyolefin material such as by melting. Then the melted 
material is extruded through forming means such as spin 
nerettes to obtain the filaments, which filaments may be 
cooled in any conventional manner and wound up on yarn 
packages. For the purposes of illustration the following 
brief example will indicate how the polyolefin yarns em 
ployed in the present invention were prepared. 

Five pounds of the polyolefin, in this instance polypro 
pylene, were placed in the hopper of a melt extrusion ap 
paratus. The polymer was vacuum dried. Following dry 
ing, an inert gas was introduced into the hopper to break 
the vacuum, and this inert atmosphere was then main 
tained above the polymer. The polypropylene used had a 
number-average molecular weight of about 75,000 and 
was of the type known generally in the trade as high mo 
lecular weight polypropylene. The hopper feeds into a 
heated screw mechanism of conventional construction. 
The polypropylene was heated to a temperature within the 
range of 200 to 360° C. so that it was readily flowable. 
The fluid polypropylene was extruded under pressure be 
tween 150 p.s. i.g. and 500 p.s.i.g. through a spinnerette 
nozzle having approximately 50 openings of circular con 
figuration of a diameter of about 0.30 mm. 
The polypropylene filaments emerging from the spin 

nerette were cooled in air by passing down a spinning col 
umn about 15 feet long. The cooled polypropylene fila 
ments were gathered on a parallel package winder to form 
a yarn package containing aproximately 1600 yards (0.33 
lbs.) of polypropylene. 
While we have described the production of 600-900 

denier yarn containing about 50 filaments, other size yarn 
may be made in a similar manner. Likewise in a similar 
manner and with similar apparatus polyethylene yarn may 
be produced. 
The yarn produced as described above or by some other 

method, is then ready for an after-treatment in accord 
ance with the present invention for improving its proper 
ties. It will be noted that the polyolefin yarn when treated 
by the present invention, is drawn at relatively high draw 
ratios, say a draw ratio in excess of four. The drawing 
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equipment employed in the present invention consists of 
a feed roll. This roll is merely a means for withdrawing 
the end of the yarn from the yarn package and feeding 
it into the process. Means are provided for heating the 
yarn, usually referred to as drawing medium. This medium 
in accordance with the present invention is steam. How 
ever, it will be noted in the description which follows that 
reference will be made to employing either heated air 
or a heated roll in order to provide data for comparison 
with the use of steam in accordance with the present inven 
tion, from which it may be seen that operating with steam 
in accordance with the present invention gives improved 
results. 

Finally, in the apparatus there is a draw or take-up roll. 
The yarn passes in the undrawn state from the yarn pack 
age to the feed roll from which the yarn is fed at a reason 
ably steady rate. The yarn then passes over or through the 
drawing medium which, as indicated in the present inven 
tion is steam. Then while the yarn is in a steam treated 
condition it is drawn many times its original length by 
means of the take-up or draw roll. The treated yarn from 
the draw roll is then repackaged in any convenient manner. 
As already mentioned, it will be noted from the present 
invention that the draw roll is operated at relatively high 
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4. 
In the examples which follow the yarn feed speed was 

15-30 feet per minute. The steam chamber used was 
approximately 24' long, supplied with steam at the desired 
rate through a preheater and a conventional pressure or 
flow regulating device. The yarn from the feed roll was 
threaded through a narrow slot on three sides of the steam 
chamber. 

In the instance where the runs were carried out on a 
heated roll, the heated roll was a small internally heated 
metal roll which revolves with a surface speed equal to the 
yarn feed speed. The yarn was in contact with the heated 
roll for the various lengths specified in the runs. Roll 
temperature was measured by a surface temperature 
pyrometer. 

In the runs where hot air was employed as the heating 
medium, the hot air chamber was made from a 2' diam 
eter cylindrical rod about 18' long. An axial slot /8' 
wide and 1' deep was cut in the rod. The yarn ran through 
this slot. The rod was heated by electrical cartridge type 
heaters. The temperature listed in the runs is the temper 
ature of the rod which is an approximate measure of the 
air temperature. 
With the above description of apparatus in mind, atten 

tion may now be turned to the following examples: 
EXAMPLE. I.-EXAMPLES OF DRAWING CRYSTALLINE POLY PROPYLENE 

Run Draw Tenacity, Elongation, Modulus of 
No. Drawing medium ratio glden. percent elasticity, g-folen. 

1. - Superheated Stean at 165 C-- 9.5 6.2 14 60 
2 - Air at 165 C------------------ 0.5 5.5 li 5t) 
3 - Superheated steam at }.5 F. () 16 75 
4. ... - Air at 120C------------------ 0.0 t.) 14 t 
5.-------- liot roll at 120 C---------...- 2.5 5.3 12 75 

EXAMPLE II.-EXAMPLES OF DRAWING GII) ENSITY 
POLYETHYLENE 

Run Draw Tenacity, Elongation, Modulus of 
No. Drawing medium ratio g-faen. percent elasticity, glder. 

--- Steam at 105 C--------------- 8.0 5.85 5 144 
--- Heated roll at 85 C.2% in. 7.6 3.83 18 40 

contact. 
3---------- Heated roll at 105 C., 2% in. 8.0 4.90 17 53 

contact. 
4---------- Heated roll at 105 C., 4 in. 8.66 4.95 17 48 

contact. 
5- - - - - - - - - - Hg. air, chamber tenlp. 110 7.40 3.52 19 43 

6.--------- H. air, chamber temp. 129 7.72 4, 52 2. 41 

EXAMPLE III. 

Run Draw Tenacity, Elongation, Modulus of 
No. Drawing medium ratio g-fcien. percent elasticity, gfden. 

1---------- Steam at 105 C--------------- 14.4 5.90 9 15 
2.---------- Heated roll at 85 C., 2% in. 9.3 3.72 18 49 

contact. 
8---------- Heated roll at 105 C., 2% in. 9.5 3.78 8 40 

contact. 
4---------- Heated roll at 105 C. 4 in. 7.7 3.03 20 33 

contact. 
5--- - - - Hg air, chamber temp. 113 8.8 3.76 17 43 

6---------- Hot air, chamber temp. 134 9.3 4.32 17 47 

speed compared with the feed roll in order that a some 
what higher draw ratio is applied to the polyolefin yarn 
undergoing treatment by the steam process of the present 
invention. 
The present invention will be further understood from 

the following examples which will be set forth. In these 
examples it will be noted that the first runs are illustrations 
of treatment in accordance with the present invention. 
Certain of the other runs are illustrations of prior art 
methods such as rather than using steam using hot air, 
heated rolls, etc. From these other runs it is possible to 
compare the results and observe the improvement obtained 
by the method of the present invention which employs 
Stean). 

65 

75 

In the above examples draw ratio means the number 
obtained by dividing the surface speed of the draw roll by 
the surface speed of the feed roll. The tenacity, elonga 
tion, and modulus of elasticity were measured on a stand 
ard Instron tensile tester with an elongation rate of 100% 
per minute. The modulus of elasticity is the slope of the 
initial straight portion of the stress-strain curve, expressed 
in grams per denier per unit extension. 

It is believed apparent from the preceding examples 
that it can be seen by using the relatively high draw ratios 
of 4 and in some instances above 8, in combination with 
steam that the properties of the polyolefin yarn are con 
siderably improved over properties obtained by other 
methods of comparable simplicity and economy. For poly 
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propylene yarn we would generally prefer steam at be 
tween 120° C. and 165° C. In general superheated steam 
is preferred for all types of polyolefin yarn, but saturated 
steam can also be used. 
From the foregoing it will be seen that we have shown a 

method for improving the tenacity and modulus of yarns 
consisting of polypropylene and polyethylene. We have 
further found that there may be coupled with the treat 
ment which has been described above a heat-setting step 
whereby the polyolefins of the class indicated may be 
stabilized against shrinkage in boiling water. 

In further detail, this stabilization against boiling water 
shrinkage can be accomplished by heat-setting the poly 
olefin yarn in hot air on a heated roll or shoe or in steam. 
The yarn can be held at constant length or allowed to 
shrink during the treatment. 

For polypropylene yarn we have found the range of 
temperatures useful for this heat-setting purpose is from 
about 90° C. to 140° C. and the time from 5 seconds to 
5 minutes. Temperatures below 90° C. are substantially 
ineffective and the use of temperatures above 140° C. may 
result in the filaments adhering to each other and the loss 
of properties. Treatment for times less than 5 seconds 
produces rather little effect and the use of times longer 
than 5 minutes appears to be unnecessary. 

In the case of the high density polyethylene yarns, the 
preferred temperature range is from about 90° C. to 120 
C. and the time range from 5 seconds to 5 minutes, 

This embodiment of our invention pertaining to heat 
setting will be further illustrated by the several examples 
which follow: 
EXAMPLE IV.-EXAMPLE OF HEAT-SETTING POLYPRO 
PYLENEYARN IN HOT AIR WHILE HELDAT CONSTANT 
LENGTH 

Shrinkage in 
Temperature, Time Tenacity Elongation, boiling 

O (gld.) percent water, per 
cent 

Control--- 5.6 36 8.5 
100---- 6.0 33 6 
00--- 6.2 38 3.8 
30------------- 10 Sec.------- 6.0 40 4. 
30------------- 30 Sec.------- 6.0 45 2 
130------------- 5 mini------- 5.3 35 1.5 

EXAMPLE W.-EXAMPLE OF HEAT-SETTING HIGH 
DENSITY POLYETHYLENE YARN IN HOT AIR WHILE 
HELD AT CONSTANT LENGTH 

Shrinkage in 
Temperature, Time Tenacity Elongation, boiling 

o C. (gld.) percent water, per 
cent 

Control---------------------- 4.3 9 8.3 
100------------- 30 Sec------- 4.4 9 6, 2 
100---- -- 5 mini------- 4.5 2 3.2 
15 ... 5 Sec.-- 4.5 20 4.6 
115- -- 30 sec- 4, 6 23 2.7 
116------------- 5 min- 4, 6 23 1.4 

EXAMPLE WI.-EXAMPLE OF HEAT-SETTING POLY PRO. 
PYLENE YARN IN HOT AIR WITHOUT CONSTRAINT 

Shrinkage After heat-setting 
during 

Tempera- Time heat- Elonga- Shrinkage 
ture, C. Setting, Tenacity, tion, in boiling 

percent (gld.) percent water, 
percent 

Control---------------------------- 5.6 36 8.5 
8 4.9 40 0.7 

10, 2 4.8 4. O 
17 4.3 62 O 
33 3.0 60 0. 

EXAMPLE WII.-EXAMPLE OF HEAT-SETTING EIGH 
IDENSITY POLYETHYLYENE YARN IN HOT AIR 
WITHOUT CONSTRAINT 

Shrinkage After heat-setting 
during --- 

Tenpera- Time heat- Elonga- Shrinkage 
ture, C. Setting, Tenacity, tion, in boiling 

percent (gld.) percent water, 
percent 

Control---------------------------- 4.3 19 8.3 
100. -------- 30 Sec.----- 9.6 3.2 32 0 
100--. - 5 min----- 10, 5 3.2 32 0. 
ll3--------- 30 Sec----- 33 2. 11 0 
l6--------- 5 min----- 33 2.1 S9 0 
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While we have described in particular the treatment of 

50 filament 600-900 denier yarn in the above examples, 
our invention may be applied to other sizes of yarn which 
are useful in the textile industry. The composition of the 
above yarns was substantially 100% polyolefin. We regard 
it as surprising that a polyolefin yarn which will absorb 
practically no water, will respond in such a striking fash 
ion, as set forth above, to the use of steam as a medium 
for drawing. However, polyolefin yarns of slightly modi 
fied compositions can be similarly treated. For example, 
polyolefin yarns containing relatively small amounts of 
modifiers such as dyes, pigments, ultraviolet inhibitors, 
antioxidants, plasticizers, fillers, and even copolymeriza 
ble compounds to an extent of in most cases not more 
than 5% and in no case more than 10% by weight of the 
polyolefin can be processed in a comparable manner to 
obtain improved yarn products. The number-average 
molecular weight of the polyolefin will usually be above 
5,000 and below 200,000, and preferably will be within 
the range of 10,000 to 50,000. 
The invention has been described in considerable detail 

with particular reference to certain preferred embodi 
ments thereof, but it will be understood that variations and 
modification can be effected within the spirit and scope of 
the invention as described hereinabove, and as defined in 
the appended claims. 
We claim: 
1. A process for treating polypropylene filamentary 

material having a molecular weight of at least 5,000 and 
including: 

drawing said filamentary material to at least four times 
its original undrawn length in an atmosphere of 
Steam at a temperature of at least about 100° C.; and 
thereafter 

heat-setting said filamentary material in a hot gaseous 
atmosphere at a temperature of from between about 
120° C. and the melting point of said filamentary 
material. 

2. A process in accordance with claim 1 wherein steam 
is Superheated and is at a temperature of at least about 
120° C. 
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