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sci.- (or. 151-159) 

This invention relates to oriented foamed ?laments, ? 
bers and bristles of isotatic polypropylene. -More particu 
larly, this in ention relates to oriented isotactic foamed 
polypropylene bristles having a diameter of from 10 to 
530 mils and possessing enhanced roundness, reduced di 
ameter variation, and increased yield of bristles per pound, 
with no signi?cant loss of stiffness or abrasion resistance. 

it is well lmown that ?laments of polypropylene may 
havev t' eir properties materially enhanced by drawing or 
stretching the ?laments to increase the molecular orien 
tation along the ?ber axis. The resultant stretch oriented 
i) rlaments are characterized by increased tensile strength, 
ow elongation, and increased sti?ness and resiliency. 
in the melt extrusion of polypropylene ?laments, it is 

necessary to solidify the fdaments by cooling prior to 
softening for stretch orientation such as by quenchlng in 
a non-sol ent liquid. Subsequently, the ?laments are heat 
softened and longitudinally stretched to orient them. In 
stretch orienting heat softened ?laments of polypropylene, 
the ?lament is often supported by some solid surface after 
it has been softened, but before it is stretched. For exam 
ole, the ?lament may be passed through a heating zone 
wherein the ?laments are heated to a temperature within 
their softening range by the action of a hot liquid or a 
hot gas in the heating zone. in order to expose the 
polypropylene ?laments to the ?uid source of heat for a 
period of time su?icient to raise the temperature thereof 
to a point within its softening range, the ?laments are 
frequently conducted through a sinuous path within the 
heating zone by means of supporting rolls. Such rolls 
may themselves be independently heated so that they will 
serve as the source of heat for heating the ?laments. In 
such a case, the fluid source of heat in the zone may be 
dispensed with. When polypropylene ?laments are passed 
directly through a heating zone unsupported by rolls or 
other surfaces while in the zone, there may be provided 
a device such as a roll assembly on the outside of the zone 
for snubbing the ?laments after they have been heat soft 
ened but before they are stretched or drawn. 
When a polypropylene ?lament having a circular cross 

sectionv is cooled to solidify it subsequent to extrusion, 
the ?lament undergoes severe cross sectional distortion. 
Thus, when an extruded polypropylene ?lament having a 
circular cross section is cooled to solidify it prior to soften 
ing it for stretch ori station, the ?lament does not retain 
its circular cross sectional shape but acquires instead an 
elliptical or nearly elliptical cross sectional shape. This 
phenomenon is known as “out of roundness.” The de 
gree of out of roundness (i.e., amount of cross sectional 
distortion) increases as the rate of cooling of the extruded 
?lament increase . 

Moreover, the out of roundness is accentuated when the 
?lament, after being heat softened, is supported by a solid 
surface prior to and/ or during the drawing thereof; The 
tension applied to the v?lament during the stretching opera 
tion while the heat softened ?lament is supported on a solid 
surface is responsible for this source of out of round 
ness. 

The out of roundness, or cross sectional distortion, may 
be so pronounced’ that the length of the major axis of the 
elliptical cross sectional shape of the distorted ?lament 
may be two or more times greater than the length of the 
minor axis thereof. This phenomenon may best be illus 
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2 
trated by reference to the relative dimensions of the 
cross sectional shape of the ?lament. The relative di 
mension of the cross sectional shape of a ?lament or di 
mensional ratio, is the ratio of the length of the major 
axis to the length of the minor axis. Thus, if the cross 
sectional shape of the ?lament is substantially circular, 
both axes are substantially the same length and the rela 
tive dimension of the cross section or dimensional ratio 
is substantially unity. However, when the length of the 
major axis is twice as great as the length of the minor 
axis, the relative dimension or dimensional ratio is 2.0. 
When a non-foamed polypropylene ?lament is extruded 

and rapidly cooled, notable diameter variations, as well 
as crystalline irregularities in the form of large vacuoles 
within the ?lament, are found to occur along the length 
of the ?lament; The large low strength vacuoles ap— 
pear to be a result of rapid thermal and crystallization 
contraction. Although the thermal and crystallization 
contraction may be controlled to some extent by the use 
of controlled slow cooling of the ?lament af er extrusion, 
?laments possessing‘ the best abrasion‘resistance are ob 
tained by rapid quenching or cooling. When stretch 
oriented, the low strength vacuole points yield more than 
normal to the orientation stress and create extreme diam 
eter variations resulting in points of low tensile strength 
along the ?lament. The uniform small cells of the 
foamed ?laments of the present invention absorb the 
thermal and crystallization contraction along the axis to 
the point where the large vacuoles no longer exist. The 
foamed ?laments maintain a substantially round, uniform 
diameter throughout the length of the ?lament thus sub 
stantially increasing the tensile strength. 
The foregoing described disadvantages are avoided by 

the practice of this invention which, brie?y, comprises 
produciug'a dimensionally stable ?lament consisting es 
sentially of oriented isotactic foamed polypropylene hav 
ing an e?ective blow-up‘ of from 1% to about 15%, and 
having a cross section which is substantially round. Such 
a ?lament is produced by preparing a mixture of isotac 
tic polypropylene‘ and a quantity of foaming agent sul? 
ient to produce from about 1% to 15% blow, intro 
ducing the mixture into a heating zone, melt extruding 
a ?lament from the mixture, quenching or otherwise 
solidifying'the ?lament, subsequently softening the ?la 
merit. and longitudinally stretching said ?lament. Prior 
to and/or during the stretching of the ?lament, it may 
be supported on a' solid surface. 
The preferred polypropylene which may be used in the 

practice of this invention is iso-tactic polypropylene 
which is a high molecular weight (i.e., above about 45, 
C610) solid polymer‘ exhibiting» a crystalline X-ray dif 
fraction pattern. Such a polymer has a density between 
0.9-3 and 0.94 and a melting point above about 320° 
F. These polymers may be prepared by methods now 

' well known in the art such as the procedures described 
by G. Natta in the Journal of Polymer Science, Vol. 
XVl, pp. 143 to 154 (1955) and in US. Patents 
2,882,263; 2,874,153 and 2,913,442. 
The preferred foaming agents which may be used in 

the practice of this invention are those which will de 
compose at temperatures approximating the extrusion 
processing temperature‘of'polypropylene. For instance, 
foaming agents-such as 1,1’-azobisforrnamide (Kempore 
R425), 4,4’ oxybis (benzenesulfonyl semicarbozide), 
trihydrazino—sym.-triazine (THT), bis-benzenesulfonyl 
hydraeide EBSH) and barium' azodicarboxyilate ("Ex 
pandex 177) are typical of those which may be used in 
the practice of this invention. 
The foaming agent‘sh’o’r'rl'd be present in an amount 

su?icient to produce up‘ to 15% blow in the extruded 
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?lament. Percent (%) blow may be de?ned by the fol 
lowing formula: 

Speci?c gravity (resin) 
-speci?e gravity (?lament) X 100 

Speci?c gravity (resin) Percent blow= 

It has been found that ?laments containing up to about 
15% blow will give the desired properties of improved 
dimensional stability and reduced diameter variation with 
no signi?cant loss of stiffness or abrasion resistance. 
The polypropylene, which is preferably in particulate 

form, is thoroughly admixed with the blowing agent an 
the admixture is introduced into a heating zone. In the 
heating zone, the polypropylene is heated to a suitable 
extrusion temperature above its melting temperature. 
After the admixture has been heated to said temperature, 
it may be maintained in gastight environs until it has been 
extruded to prevent premature blowing. The melt of 
polypropylene is then extruded into a ?lament. After 
the ?lament has been extruded, it may be soli?ed as by 
quenching in a non-solvent bath or by air cooling. Sub 
sequently, it is heat softened by some suitable means. 
This may be accomplished by conducting it through a 
heating chamber wherein it is supported, preferably, by 
a plurality of rolls or equivalent supporting members, the 
peripheral surface of each providing a supporting sur 
face. The ?lament may be heated while in the heating 
zone by means of a ?uid source of heat, either gas or 
liquid, or by means of independently heated rolls. Alter 
natively, the supporting rolls may be eliminated from the 
heating zone and the ?lament passed directly through 
the zone which is heated by some fluid source of heat, 
or by radiant heat, the ?lament being unsupported by any 
member. The softened ?lament may be snubbed by 
means of a suitable device such as a conventional snub 
bing roll assembly after it leaves the heating chamber 
but prior to the drawing operation. Thus, the heat soft 
ened ?lament may be supported by the surface of the 
snubbing device after it leaves the heating zone and while 
in a softened condition. 

After the ?lament has been softened, it is stretched lon 
gitudinally to increase the molecular orientation along the 
?ber axis. Any amount of stretching will increase the 
molecular orientation. However, maximum bene?ts are 
attained by stretching the ?laments from about 6 to about 
11 or more times of their length. 
The drawn ?laments of foamed polypropylene have 

diameters which range from 10 to 500 mils and preferably 
from 75 to 259 mils. 
The cross sectional shape of the drawn ?lament pre 

pared according to this invention is substantially the same 
as that of the undrawn ?lament after it is extruded but 
before it is solidi?ed and subsequently heat softened prior 
to the drawing thereof. That is the relative distance be 
tween the midpoint of the cross section and the periphery, 
or the relative dimensions, remain approximately or 
nearly the same so that, although the size or area of the 
cross section are considerably less after drawing, the 
round con?guration remains substantially the same. 
The ?lament or bristle produced according to this in 

vention has a structure such that a major part of the 
foamed portion is located ‘at the center of the bristle and 
extends lengthwise therethrough. Since the foamed por 
tion is located at approximately the center area of the 
?lament, the thermal and crystallization contraction, 
which occurs primarily at this center area is apparently 
absorbed by the foam, resulting in a rounder ?lament. 
Substantially none of the foam is in the outer part. Thus 
the outer portion of the bristle is continuous and non 
porous after extrusion. ther polymers, such as poly 
ethylene, must be drawn in order to obtain a continuous 
surface. 

Uniformly shaped ?laments produced by the process 
of this invention are extremely useful in the production of 
uniform tufts of bristles in a brush. This results in a 
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more uniform distribution of wear of the bristles. More 
over, such tufts are more easily mounted in brush heads. 
Flex action in any direction is much more nearly uni 
form than in oval ?laments-ie, ?laments which have 
gone out of ‘round during processing. Also, the foamed 
?lements of this invention possess better ?aggability than 
do non-foamed polypropylene ?laments. 
The aspects of this invention which are capable of illus 

tration, are shown in the accompanying drawings, 
FIG. 1 is an end view of a single bristle made accord 

ing to the present invention. 
FIG. 2 is a schematic view of a suitable overall ar 

rangement of apparatus for carrying out the method of 
this invention. 

FIG. 3 is a schematic View of a section of a modi?ca 
tion of the apparatus shown in FIG. 2. 

FIG. 4 is a schematic view of another apparatus suit 
able for carrying out this invention in which the ?lament 
is softened in a heating chamber which does not con 
tain any supporting surface in the heating chamber itself. 

FIG. 5 is a view of a section of a brush in which the 
bristles of this invention are adapted for use. 

FIG. 1 is an end view of a 10% foamed 80 mil bristle 
under magni?cation of 100x. The bristle 14 has a struc 
ture such that the major part A of the foamed portion is 
located at the center area of the bristle while the outer 
part B is continuous and non-porous. Approximately 
70% of the foamed portion is limited to not more than 
30% of the center area. 

In FIG. 2, a hopper it} contains pellets 11 of the poly 
propylene and foaming agent starting material such as 
crystalline isotactic polypropylene and Kempore R—125. 
The pellets 11 may be preheated in the hopper 10 if de 
sired. ‘From the hopper 1% the pellets are conveyed by 
means of a heated extrusion chamber 12 to a heated non 
vented extrusion head 13 which contains an extrusion 
die 13a. In the extrusion chamber 12, the temperature 
of the mixture is raised to above the melting point of the 
polypropylene and above the decomposition point of the 
foaming agent. It is extruded through suitably shaped 
ori?ces in the extrusion die 13a into one or more ?la 
ments 14. A preferred extrusion temperature for the 
isotactic polypropylene is about 480° F. when the ?la 
ments 14 are extruded at a linear rate of from about 18 
to about 50 feet per minute from the ori?ces, the size 
of which may range from about 10 mils to about 500 mils 
in diameter. 

In making ?laments of isotactic foamed polypropyl 
ene, it is advantageous to quench the extruded ?laments 
in order to solidify them. Quenching at a temperature 
below about 60° F. imparts valuable properties to the 
drawn polypropylene as described in U.S. Patent 3,059, 
991 to P. C. Munt (the disclosure of which is incorporated 
herein by reference). This may be accomplished, as 
shown in FIG. 2, by placing a quench bath 15 between 
the extrusion head 13 and the heating chamber 22. The 
extruded ?laments 14 are guided into the quench bath 15, 
containing a {liquid non-solvent for isotactic polypylene, 
e.g., water, by a guide roll 16. The bath 15 is maintained 
in a ‘suitable tank 17 at a temperature of 60° F. or below. 
Temperatures of about 40° F. are preferred. A much 
lower temperature, such ‘as 10° F., may be used for the 
quench bath if precautions are taken to keep the non 
solvent from freezing. Thus, a salt water brine at tem 
peratures below 32° F. may be used. An immersion time 
of from about 8 seconds to about 20 seconds of the ?la 
ments 14 in the bath 15 is generally sufficient. The ?la 
ments 14 are transported around a stationary pin 18 in 
the quench bath 15 and then over the roll 19 and into 
the hot air conditioning oven 22. In the oven, the ex 
truded ?laments are transported over a number of rolls 
20, which may be heated, in a sinuous or zig-zag path, as 
heated air is circulated from overhead as indicated by the 
arrows. As the ?laments pass through the heating zone, 
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each succeeding driven roll 20 over which the ?laments 14 
pass is driven at a slightly increased peripheral speed from 
that or’ the proceeding roll so as to prevent the ?laments 
from sagging appreciably. The primary purpose of the 
series of driven rolls 21} is to provide a heat exchange rela 

6 
and the amounts of foaming agent (Kempore R-125) 
indicated in the following table are fed into a screw ex 
truder of the type shown in FIG. 2 having a 2.5 inch 
screw diameter. The die plate contains 3 extrusions ori 
?ces, each having a circular shape. The non-vented 

tionship between the ?laments 14 and the heated air in 5 jacket is heated to a temperature of about 480° and the 
the oven whereby the ?laments are uniformly softened by ?laments are extruded at a linear rate of '35 ‘feet per min— 
heat. Since isotactic foamed polypropylene has a soften- ute from the ori?ces. The cross sectionsof each of the 
ing temperature in the range of from about 260° F. to extruded ?laments are substantially round. The ?laments 
about 305° F., it is preferred to maintain the temperature are then passed through a quench bath maintained at a 
in the oven at abgut 300° F_ 10 temperature of about 40° F. to solidify them. .They are 

After leaving the last and uppermost driven roll 2%, the then fed into a heating chamber and are transported over 
?laments are snubbed-With a three roll assembly 21, each a series of rolls. Hot air is circulated through the heat 
roll of which is driven atabout the same as or a higher ing chamber, thereby heating the ?laments to a temper 
,en'pheral speed than that of the last driven roll 20. A attire of about 300° F. before they leave the heating 
fast snub roll assembly 23 is provided just outside the 15 chamber. After leaving the heating chamber, the ?la 
oven ZZZ-which is drivenat a peripheral speed of about 6 ments are stretched to about eight times their original 
to l1 times-that-of the assembly rolls 21. Thereby, the length to give 80 mil diameter ?laments. The cross sec 
?laments 14 are stretched from about 6 to 11 times their tions of the drawn foamed ?laments are substwtially of 
length. This increases ‘the rrnolecular orientation along the same shape as the cross sections of the ?laments after 
the ?ber axis. The drawn, ' oriented ?laments 14 are 20 they are extruded but before they are quenched and taken 
thereafter collected on a reel 24 which is supported on a over the series of rolls in the heating chamber. 
frame 25. The following table lists the percent blow and the 

FIG. 3 illustrates a modi?cation of the apparatus shown speci?c gravity as well as the measured volumetric abra 
in FIG. 2 in which extruded ?laments 14 are solidi?ed _ sion rate expressed in (in.3/min.) ><10‘—4, the ratio of the 
by air cooling rather than by quenching. The ?laments 29 major axis to the minor axis (Dz/D1) and the diameter 
14 are passed over the rolls 31 to allow them to solidify variation for the ?laments produced by each example. 
prior to being transported into the hot air conditioning As can be seen from this table, the non foamed ?lament 
oven 22. (Example 8) is much more out of round and shows much 

In PEG. 4, ?laments 4%) having a substantially round greater diameter variation than the foamed ?laments (Ex 
sectional shape prepared by means, previously described, 30 amples 1 to 7). Moreover, the abrasion resistance of the 
are passed over a snub roll assembly 39 and thence into foamed ?laments compares favorably with the abrasion 
the heating chamber 41. A ?uid heating means, such as resistance of the non foamed ?lament. 

Table 

Amount Standard Percent 
Foaming Volumetric Deviation Variation Extremes 

Example Agent. Percent Dz/Di Abrasion, Speci?c of Dia- of Dia- oi Varia 
Percent Blow in?/min. Gravity meter meter tion 
By from From 

Vr'eight Av. Av. 

0. 01 4. 4 1. s9 0. 00055 0. s0 0. 0030 3. 75 i0. 015 
0. 03 0. 7 1. s3 0. 00003 0. 8t 0. 0020 2. 3 i0. 010 
0. 05 '1. s 1. 265 0. 00075 0. s2 0. 0026 3 i0. 012 
0. 0s 0. s 1. 24 0. 00070 9. s1 0. 0010 1.10 :b(). 014 
0. 07 11 1. 20 0. 0005s 0. s0 0. 0022 2. 5 i0. Q10 
0. 00 13. 3 1.11 0. 00005 0. 7s 0.0010 1.16 it). 010 
0.10 15. 5 1.15 0. 00070 0. 7s 0. 0012 1. 5 i0. 008 
0 0 1. 450 0. 00060 0. e0 0. 0055 0 i0. 010 

uperheated steam, is circulated through the heating EXAMPLE 9 
Chambgr' The .?uid is introduced .into the heating cham' 50 A series of bristles varying in diameters of from about 
bar thI°“gha“,‘?1etand¥em°"ed mm‘Pgh all ouilet- The 30 mils to about 500 mils, speci?cally 30 mils, 250 mils 
temperature 0‘ .3 lfeatmg Chamber 1s mamtamed at a and 560 mils, in thickness as measured after drawing 
tel?per'ature su?iflen‘ to soften the ?laments’ Th? heat are extruded and quenched as described in the above 
§O"‘ene.d ?lamems .‘are snubbed by tile “311 assemoly 44' 55 examples using snf?cient blowing agent to achieve a 15% 
lmmedlatili’.’ afteimeyfezfve ?le heating cnamber' These blow. The quench bath is maintained at a temperature 
mus am drivel} 2“ a shghdy higher penpher.a1 Speed than of about 40° F. The bristles are then fed into a heating 
lb?’ rate 2,“ Whlch The ?laménts are passed Into th? heat- chamber where they are heat softened and stretch oriented. 
mg qham‘ogrFo .as 50 keep me ?laments frpm Saggmg ap‘ On each foamed bristle, the ratio of the major axis to 
pr‘eclably Wh?efn ‘he shamber' After being snubbed by 60 the minor axis before quenching, as in the 80 mil bristle 
the roll assembly 4-4.th_e softened ?laments are drawn to of Example 1, is about unity. After they are quenched, 
sgYeral tunes of ‘then lgngth by a fast mu 45 Whlch 13 heat softened and stretched, there is little variation in the 
df‘ven at 8' Penpheral Sp?“ of about 6 ‘to 11 or more dimensional ratio of the cross sections and little diameter 
tunes that of the Snub mu ass'ambly_44' Th5 ?laments variation. The abrasion resistance of these bristles is good. 
may ‘then be collected on a conventional reel assembly 1 claim: 

Such as desc'nbed m FfrG- 2' , 65 1. An abrasion resistant ?lament consisting essentially 
In FIG. 5, a plurality of bristles’ 14 are ‘grouped to- of oriented isotac?c foamed polypropyl?m; 

gether at one end 5% and inserted into retaining means the mic of tbs di-?ersnce between the Speci?c gravity 
(Le- a hole) 51 on a m‘tafy, street brush base 52- of said foamed ?lament and the speci?c gravity of 
The fonOWmg “,amples ?luslrate ‘be best mode con‘ 7 the original polypropylene from which it is formed, to 

templaied for carrymg out thls mvemlon: 0 the speci?c gravity of the original polypropylene from 
EXAMPLES 1 To 8 said ?lament is formed having a value of up to 

In these examples, mixtures of isotactic polypropylene the ratio of the length of the major axis to the length 
having an aver-age molecular Weight of about 100,000, a 75 of the minor axis of the cross section of said ?la 
density of 0.90 and a crystalline melting point of 333 ° F., merit being not greater than about 1.39; 
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the diameter of said ?lament being substantially con 
stant along the length thereof; 

said ?lament having a major part of the foamed por 
tion located at the center area and extending length 
Wise through said ?lament. 

2. A ?lament as de?ned in claim 1 having a diameter 
of from 10 to 500 mils. 

3. A ?lament as de?ned in claim 1 having a diameter 
of from 75 to 250 mils. 

4. An abrasion resistant brush bristle ‘consisting essen 
V tially of oriented isotactic foamed polypropylene; 

the ratio of the ditierence between the speci?c gravity 
of said foamed bristle and the speci?c gravity of the 
original polypropylene from which it is formed, to 
the speci?c gravity of the original polypropylene from 
Which said bristle is formed having a value of up to 

0.15; 
the ratio of the length of the major axis to the length 

of the minor axis of the cross section of said bristle 
being no greater than about 1.39; 

10 

20 

the diameter of said bristle being substantially con 
stant along the length thereof; 

said bristle having at least approximately 70% of said 
foamed portion limited to not more than approxi 
mately 30% of the center area of said bristle. 

5. A brush containing a plurality of bristles as de 
?ned in claim 4. 
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