


United ‘States Patent O‘?ce Patented July 10, 1973 

1 

3,745,061 
SYNTHETIC FILAMENTS HAVING AT LEAST 
THREE CONTINUOUS NONROUND VOIDS 

Ashok Jivanlal Champaneria and Melven Raymond Lind 
beck, Seaford, DeL, assignors to E. 1. tin lPont de 
Nemours and Company, Wilmington, Del. 

Continuation-impart of abandoned application Ser. No. 
802,414, Feb. 26, 1969. This application July 1, 1971, 
Ser. No. 158,993 

Int. Cl. D021; 3/22 
US. Cl. 161-178 5 Claims 

AESTRACT OF THE DHSCLOS‘URE 
A yarn of continuous ?laments spun from a thermo 

plastic polymer through segmented ori?ces. Each of a 
large percentage of the ?laments has at least three con 
tinuous voids, a void content of about 10-35% and an 
exterior surface free from any appreciable concavity. The 
yarn gives a good dye yield and improved soiling per 
formance. 

This is a continuation-in-part of our copending appli 
cation Ser. No. 802,414, ?led Feb. 26, 1969, now aban 
doned. 

BACKGROUND OF THE INVENTION 

(1) Field of the invention 
This invention concerns novel synthetic ?laments which 

provide in fabrics an improved combination of ?lament 
bulk, covering power, soiling performance, luster and dye 
utilization (dye yield). 

(2) Description of the prior art 
The bulk, covering power, soiling performance and 

luster of solid ?laments can be improved with little loss 
in dye yield by the use of certain trilobal cross-sections 
as described in US. Pat. 2,939,201. Much greater im 
provements in soiling performance can be obtained with 
round ?laments containing numerous microscopic discon 
tinuous voids throughout their cross-section as described 
in US. Pat. 3,329,557; however, such ?laments compared 
to solid trilobal ?laments provide less bulk (due to a 
more compact ?lament cross-section), have less luster 
and suffer a considerable reduction in dye yield. 
An object of this invention is synthetic textile ?laments 

which provide in fabrics an improved combination of 
?lament bulk, soiling performance, luster and dye yield 
along with good resistance to wear as encountered in up 
holstery fabrics and textile ?oor covering materials. 

SUMMARY OF THE INVENTION 

The invention is a textile ?lament of substantially uni 
form cross-section throughout its length, melt-spun from 
a thermoplastic, synthetic polymer and characterized by 
having at least three continuous, nonround, substantially 
equidimensional, equispaced and parallel voids extending 
throughout its length, said voids comprising from about 
10% to about 35% of the ?lament volume, and said ?la 
ment having a cross-sectional contour substantially free 
of re-entrant curves throughout its periphery. Except for 
the equispaced voids, the ?lament is solid with a solid 
axial core. 
The phrase “substantially free of re-entrant curves" 

means that the ?lament contour is relatively smooth and 
substantially free throughout its periphery of any cross 
sectional bulges or depressions of sui?cient magnitude to 
provide an enclosed region or pocket for entrapment of 
soil when the ?lament is in side-by-side contact with 
other ?laments, e.g., abrupt radial departures and bulges 
produced by the use of post-coalescent spinneret ori?ces 
employing slots with overlapping ends and the use of 
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2 
spinneret ori?ces which give lobed ?laments having con 
cave sides. Stated otherwise, the ?lament sides may be 
substantially round, convex or ?attened but not appreci 
ably concave. 
The term “soiling performance” refers to the apparent 

resistance of a textile material to visible soiling which 
may be independent of the soiling which actually occurs. 
The term “dye yield” refers to the apparent depth of 

shade for a dyed textile article at a given dye concentra 
tion in the article. A lower dye yield means that the 
material appears visibly lighter in dye shade at the same 
dye concentration as a similar material having a higher 
dye yield. Obviously, the higher the dye yield, the less 
the dye concentration needed to achieve a given depth 
of color, which is of signi?cant economic value in the 
textile trade. 

DESCRIPTION OF THE FIGURES 
In the drawings, FIG. 1 depicts an enlarged view of a 

spinneret ori?ce suitable for melt-spinning otherwise solid 
?laments containing four, substantially equidimensional 
and equispaced, parallel continuous voids; FIGS. 10:, b 
and c are enlarged sectional views taken from photo 
micrographs of nylon ?laments spun through ori?ces of 
the type shown in FIG. 1; FIG. 2 is an enlarged sectional 
view taken from a photomicrograph of a nylon ?lament 
spun through an ori?ce similar to FIG. 1 except for 
omission of one segment; and FIG. 3 is a similar view 
of a ?lament spun from polyethylene terephthalate, 
through an ori?ce of rectilinear segments. 

Filaments of this invention may be prepared from syn 
thetic, linear, thermoplastic polymers which are melt 
spinnable. Among the more important polymers are the 
polyamides such as poly(hexamethylene adipamide), 
poly(caproamide) and polyamides of bis(4-arninocyclo 
hexyl)methane and linear aliphatic dicarboxylic acids 
containing 9‘, l0 and 12 carbon atoms; copolyamides; 
polyesters such as the condensation products of ethylene 
glycol or tetramethylene glycol and terephthalic acid and 
copolymers thereof; polyole?ns such as polyethylene and 
polypropylene. Both heterogeneous and homogeneous 
mixtures of such polymers may also be used. 
The ?laments can be prepared by known methods for 

spinning hollow ?laments. Molten polymer is spun 
through spinneret ori?ces shaped to provide the desired 
number of voids and ?lament cross-section under spin 
ning conditions which give the desired denier and per 
cent void. Speci?c spinning conditions and spinneret ori?ce 
shapes and dimensions will vary depending upon the par 
ticular polymer and ?lament product being spun. 

The number of voids is dependent on the design of the 
spinneret ori?ce. Percent void is mostly dependent upon 
the spinning and quenching conditions. Normally, the 
percent void can be increased by more rapid quenching 
of the molten ?laments and by increasing the polymer 
melt viscosity. 
Both pro-coalescent and post-coalescent spinnerets and 

spinning techniques can be used. The former requires 
injection of a gas or blowing agent into the molten poly 
mer prior to spinning to maintain the void structure, 
whereas the latter involves entrapment of gas by coa 
lescence of the molten polymer upon exiting from a seg 
mented ori?ce. 

Post-coalescent spinning is generally preferred for pro‘ 
ducing ?laments of this invention, because of the simpler 
process conditions, using segmented spinneret ori?ces of 
the type shown in FIG. 1. With such ori?ces, the number 
of slot segments with spokes determines the number of 
continuous voids produced in the ?laments provided their 
dimensions and the spinning conditions are adjusted to 
give good coalescence. Similar ori?ces which employ 
overlapping slot ends for improved coalescence are gen 
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erally not satisfactory because of their tendency to give 
abrupt radical departures and bulges in the ?lament cross~ 
section which are detrimental to soiling performance as 
described herein. 
With ori?ces of the type shown, there is a tendency 

for the sides of the resulting ?laments to become ?at 
tened, during the coalescence process, as compared to the 
overall shape of the ori?ce. This ?attening, which is ac 
centuated as the void content is increased, can occur to 
such an extent that the sides of the ?laments become con 
cave, that is, reentrant curves are introduced into the 
contour of the ?lament. Consequently, this tendency 
must be counteracted by altering the shape of the periph 
eral slots or altering slot dimensions to feed a relatively 
greater portion of polymer to the solid, axial core of the 
?lament, for example, by increasing the width of the 
radial slots or spokes, other conditions remaining con 
stant. The resulting smooth exterior surface has been 
referred to herein as being substantially free from re 
entrant curves or appreciable concavity or abrupt radial 
departures or as free from substantial re-entrant curves. 
In these respects, the ?laments shown in FIG. lc have 
substantial re-entrant curves and gave a relatively poor 
soiling performance. 
The voids comprise from about 10% to about 35% 

of the volume of the ?laments of this invention. Soiling 
performance decreases rapidly at lower void contents. 
Soiling performance increases only relatively gradually 
as the void content increases from about 10 to about 25% 
with substantially no improvement in soiling occurring 
above about 25 % void. Soiling performance remains sub 
stantially constant from about 25% up to about 30% 
void. Much higher void contents are difficult to produce 
and tend to weaken the ?laments signi?cantly under 
severe use. 

When a bright ?lament luster is desired, the ?laments 
of this invention preferably have ?attened sides, for ex 
ample, triangular or quadrilateral-like cross-sections with 
rounded or ?attened sides and rounded corners. 

Applications for which the ?laments of this invention 
are highly useful normally require a denier per ?lament 
(d.p.f.) within the range of about 7 to about 25. For 
example, for indoor, residential and commercial carpets 
a d.p.f. of from about 12 to 20 is usually preferred. The 
optimum denier is determined by the aesthetics and per 
formance desired for the particular use intended. 
The ?laments may contain conventional polymer addi 

tives for synthetic textile ?laments such as antioxidants, 
light stabilizers, dyes, delustering agents, antistatic agents, 
etc., which may be incorporated in the polymer before, 
during or after polymerization and spinning. For maxi 
mum brightness of luster the ?laments should contain 
less than about 0.5% of an opaque pigment at which 
level the amount of pigment is not great enough to 
signi?cantly hinder the transmission of light through the 
?laments. 

Generally the ?laments of this invention will be sub 
jected to a crimping or texturing treatment prior to use. 
Conventional crimping and texturing processes may be 
employed such as gear crimping, heated stutfer-box 
crimping and hot, ?uid jet texturing. Although some 
crushing of the hollow ?laments may occur in mechanical 
crimping processes such as gear crimping and heated 
stutter-box crimping, this is generally not detrimental to 
their subsequent performance. 

EXPERIMENTAL TEST METHODS EMPLOYED 
IN THE EXAMPLES 

(A) Percent void determination 
Percent void is conveniently determined by measure 

ment of ?lament density as compared to the density of a 
solid ?lament of the same polymer. A length of yarn 
weighing from about 6 to 8 grams is seared gently on 
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4 
weight of the yarn is determined. The density of the yarn 
is determined by a conventional liquid pycnometer 
method. In the following examples the liquid used in the 
pycnometer is carbon tetrachloride maintained at a tem 
perature of 26:0.1" C. in a constant temperature bath. 
The density of a control solid ?lament yarn is also de 
termined. Percent void is then calculated by subtracting 
the density of the hollow ?lament yarn from the density 
of the control, dividing the result by the density of the 
solid ?lament yarn and then multiplying by 100‘. In the 
following examples a density value of 1.09 is used as the 
density of solid ?laments of poly(hexame'thylene adip 
amide). 

(B) Competitive ?oor soiling test 

Floor soiling test results (overall rate and severity of 
soiling) vary with seasonal weather conditions, e.g., in 
clement weather results in heavier and more rapid soiling. 
To minimize these variations and more uniformly simu 
late results under inclement weather conditions, the test 
carpet items, immediately before testing, are uniformly 
sprayed twice with a light coat of a commercial brand of 
penetrating oil. The volatile oil is composed of a light 
lubricating oil combined with petroleum distillates. The 
oil is sprayed using a simple insect sprayer. The oil merely 
allows the soil to cling initially to the ?laments as is the 
case when the carpets are soiled with snowy or muddy 
shoes. 

Strips of carpet sections to be tested are laid on the 
?oor of a heavily traveled industrial plant corridor. The 
number of cycles (times stepped upon) is measured by a 
pressure sensitive pad fastened under the carpeting and 
attached to a counter. The counter is activated only when 
the carpet above the pad is stepped upon. The carpet strips 
can vary in width from about 1 to 6 feet and can be 
up to 10 feet long. A convenient test size for each test 
item is about 12 inches (30.48 cm.) square. After the 
desired number of cycles, the carpets are cleaned by a 
standard vacuum cleaner. After cleaning, re?ectance 
measurements are made on the different test carpet sec 
tions with a Model 610 Photovolt Re?ectometer using a 
green tristimulus head. Readings are taken at equally 
spaced intervals over the entire carpet section and then 
averaged for determination of theK/Ss value for each 
item being tested, where the subscript “s” denotes a soil 
ing test reading. If especially soiled areas or clean areas 
or clean areas are observed these are averaged in with 
the overall readings. The K/Ss values are then calculated 
using the following equation: 

(1 — R)’ 
K/S._ 2R 

where K is the absorption coe?icient, S is the scattering 
coe?icient and R is the re?ectance of an in?nitely thick 
sample. Lower K/Ss values re?ect a less solid appearance. 
Since the rate of soiling will vary from time to time, 
depending upon weather conditions, traffic, etc. it is es 
sential that for a given comparison series, all carpet items 
be tested simultaneously in order to obtain a meaningful 
comparison of the test results. 
Before soil testing the carpet sections are mock dyed 

as follows: 
The carpet samples are placed in a cold water solu 

tion which contains 20 ml. of NH4OH and 20 ml. of a 
10% Merpol® HCS solution per gallon of water. A solu 
tion to carpet ratio (by weight) of 40:1 is used. The bath 
is raised to 85° C. and held at that temperature for one 
hour. The carpets are rinsed three times with cold water, 
centrifuged and allowed to dry in the air. 

(C) Polymer relative viscosity 

Relative viscosity of the poly(hexamethylene adipa 
mide) of the examples is determined in a conventional 
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manner using an 8.4% by weight solution of polymer in 
90% formic acid at 25° C. 

6 
ance compared after 15,000 cycles. Results are shown in 
Table IV. 

(D) Polymer ?ow rate TABLE IV 
It : K 

Flow is calculated from ori?ce area as follows: 5 emA ___________________________________ __ absNa B ____________________________________ __ 1.30 

W— K c ___________________________________ __ 1.51 

where K and N are constants, b is ori?ce width and a is 
ori?ce length. Thus the flow rates in the peripheral and 
radial segments of the spinneret ori?ce are proportional 
to the product of the slot length and slot width to the 
third power. 

EXAMPLE 

Carpet soiling performance of three 66-nylon yarns 
of hollow ?laments containing 4-voids is tested to observe 
the effect of re-entrant curves in the ?lament cross-sec 
tion on soiling performance. 
The ?laments of all three items are melt-spun from 

poly(hexamethylene adipamide) containing 0.15% Ti02 
delusterant using slotted spinneret ori?ces having a Icon 
?guration as shown in FIG. 1; however, average slot 
dimensions for the three items differ as shown in Table I. 

Spinning and bulking conditions are shown in Table 
II. The yarns are spun, drawn and bulked (textured) with 
a hot-air jet in a continuous operation. A heated roll 
is used to pre-heat the yarn prior to the bulking operation. 
A hot air, jet-bulking process of the type described in 
US. Pat. 3,186,155 is used. In order to obtain the desired 
high percent void, it is found necessary to increase the 
cross-?ow, quenching air ?ow near the spinneret as com 
pared to the spinning of similar solid ?laments on the 
same spinning apparatus. 
Filament and yarn properties are shown in Table III. 
Two yarn ends of Item A are plied to give a total yarn 

denier equivalent to Items B and C. Tufted level-loop 
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As seen in Table IV, Items A and B are superior in 
soiling performance to Item C. Visual comparison of the 
soiled carpets shows Item A to have a slightly less soiled 
appearance than B and both A and B appear less soiled 
than C. 
Examination of photomicrographs of multi?lament 

yarn cross-sections prepared in a conventional manner 
show that some of the ?laments do not coalesce properly, 
resulting in a collapsed or undersize void, or an open void. 
However, more than half of the ?laments have a cross 
sectional contour substantially free of re-entrant curves 
for Items A and B, whereas ?laments of Item C have 
cross-sectional contours with substantial re-entrant curves, 
as seen in FIGS. 1a, lb and 10, respectively. The other 
wise solid ?laments of preferred Item A have a substan 
tially quadrilateral cross-section with rounded corners and 
four, substantially equidimensional, equispaced, continu 
ous, parallel, quadrilateral voids throughout their lengths. 

In another comparative test, carpets of similar con 
struction were tufted from three ?lamentary yarns spun 
from polyhexamethylene adipamide. The otherwise equiv 
alent yarns contained ?laments with one central, three 
and four, substantially equidimensional, equispaced, con 
tinuous, parallel voids, respectively. It was readily ap 
parent to the naked eye that the three and four void items 
exhibited superior soiling performance. Test results 
showed equivalent dye yields, i.e., the improved soiling 
performance was realized with no penalty in dye yield 
performance. 

In still another test, the recoveries from compression 

TABLE I 

Slot width Slot end spacing Polymer flow rate 
I (gr./min.) 

Diameter Peripheral Radial Peripheral Radial _ Flow, ratio, 
Peripheral ‘ peripheral/ 

In. (Mun) In. (Mm.) In. (Mm.) In. (Mm) In. (Mm) slots Radial slots radial 

0. 080 (2.0) 0. 0031 (0. 079) 0. 0026 (0.066) 0.0085 (0. 22) 0. 015 (0.38) 0. 49 O. 15 3, 3 
0. 080 (2. 0) 0. 0034 (0. 086) 0. 0024 (O. 061) 0. 0086 (0. 22) 0. 015 (0.38) 0. 65 0. 12 5. 4 
0. 081 (2.1) 0. 0030 (0.076) 0.0018 (0. 046) O. 0075 .19) 0. 014 (0. 36) 0. 45 0.05 8. 8 

TABLE II 

Air let 

Spinneret Polymer throughout Pressure 
block —-———-——-——- Draw Hot roll 'I‘emp., 

Item temp.,° C. lb./hr. kg./hr. ratio temp.,° 0. ° C. p.s.l. (kgJcm?) 

284 B 46. 3 I 21 2. 78 165 220 220 (15.5) 
284. 46. 3 21 2. 62 220 240 260 (18. 2) 
284 46. 3 21 2. 61 2210 240 260 (18. 2) 

B For 160 ?laments; bundle is split before drawing and wound up as two 80~?larnent yarn ends. 

TABLE III 

Fila- After boile? 
Yarn ment Ten., Elong, 0d. 
denier RV g.p.d. percent g.p.d. BCE 1* c.p.i." 

1, 211 66-68 2. 48 37. 5 8. ‘22 100 11. 1 
2, 465 68-71 2. 15 40. 7 6. 15 75. 9 10. 2 
2, 431 67-70 2. 35 42. 8 6. 56 71. 6 10. 0 

e Denier per ?lament. _ 
b Yarn bundle crimp elongation. 
<1 Crimps per inch (not extended). 

carpet sections are prepared for each item having a pile 
height of about 0.5 inch (1.27 cm.). The carpet of Item 
A has a pile weight of 24 oz./yd.'~’. (814 gm./m.2). The 
carpets of Items B and C have a pile weight of about 
20 oz./yd. (678 gmjmeterz). The carpets are mock dyed 
as described previously and their ?oor soiling perform 

‘Perry’s Chemical Engineering ‘Handbook, 4th edition, 
McGraw~Hlll 1963, pp. 5-21, Table 5-4.1, third equation (for 
rectangular shapes). 
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in a cylindrical chamber of jet-textured carpet yarns of 
?laments with one central and three voids as above were 
compared with trilobal solid ?lament yarns, according to 
the method of Bussé. Recovery of the three void yarn was 
equivalent to that of the solid yarn and considerably bet 
ter than that of the single void yarn. 
The ?laments of this invention are found to provide, 

in addition to their good soiling performance, a brighter 
luster and a better dye yield than present commercial 



7 
antisoiling nylon ?laments which contain, after scouring, 
numerous discontinuous, microscopic voids. 
The ?laments of this invention provide better soiling 

performance and substantially equivalent bulk and dur 
ability in carpets as compared to solid trilobal ?laments. 
Having thus described the invention, what is claimed 

as new and desired to be secured by Letters Patent is: 
1. As an article of manufacture, a continuous textile 

?lament comprised of a thermoplastic synthetic polymer 
and characterized by a solid axial core and at least three 
substantially equispaced continuous nonround voids, a 
void content of from 10-35% and a cross-sectional con 
tour substantially free throughout its periphery of abrupt 
radial departures. 

2. The article of claim 1 wherein each void has ad 
jacent boundary surfaces which are continuous and sub 
stantially plane and wherein said polymer is a composi 
tion selected from the group consisting of polyamides, 
polyesters and polyole?ns. 

3. The article of claim 1 wherein said ?lament has a 
nonround outline and said voids are substantially equi 
dimensional. 

4. The article of claim 3 wherein each void has a gen 
erally rectilateral outline and said ?lament consists essen 
tially of polyhexamethylene adiparnide, said ?lament also 
having a generally rectilateral outline de?ned by ?attened 
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sides and rounded corners, a majority of said sides being 
free of re-entrant curves. 

5. A yarn consisting of plural synthetic thermoplastic 
polymeric ?laments, at least about half of said ?laments 
each having a solid axial core surrounded 'by four sub 
stantially equidimensional, equispaced, parallel, continu 
ous, nonround voids, a void content of from 10-35% and 
a relatively smooth surface free from abrupt radial de 
partures, said ?lament being further characterized by a 
generally rectilateral cross-sectional contour. 
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