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[57] ABSTRACT 

Cellulose acetate yarn comprising a plurality of ?la 
ments each having ?ve lobes extending along its full 
length. The lobes are substantially rod-like and in 
identical position along the length thereof, i.e., cross 
sections from ?lament to ?lament and at various loca 
tions along each ?lament are substantially identical, as 
shown in FIG. 5. This uniformity is de?ned in terms of 
a Tortuosity Coef?cient of less than about 2. The yarn 
is produced by extruding through spinnerettes having 
ori?ces as shown in FIG. 3 a solution of cellulose ace-' 
tate in a volatile solvent. 

1 Claim, 9 Drawing Figures ' 
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DRY SPUN PENTAGROOVED FILAMENTS 
This is a division of application Ser. No. 247,085, 

?led Apr. 24, 1972. 
The present invention ‘relates to the production of 5 

synthetic yams of uniform visual characteristics by ex 
trusion of ?lament-forming material through spinner 
ettes having ori?ces of special con?guration. 
Synthetic yarns are generally produced by melt, wet 

or dry spinning. In melt spinning, the ?lament-forming 
material is melted and extruded through a spinnerette 
or jet provided with ori?ces to form continuous ?la 
ments which are then collected after solidi?cation. In 
wet spinning, the ?lament-forming material is dissolved 
in a solvent and is extruded through the spinnerette 
into a liquid coagulating medium which removes the 
solvent to precipitate the ?lament-forming material. In 
dry spinning, the ?lament-forming material is again dis 
solved in a solvent, which is volatile, and extrusion is 
effected into a gaseous medium which evaporates the 
solvent. ' . 

For the production of synthetic yarns from cellulose 
acetate, for example, the dry spinning technique has 
proven to be especially suitable. The products of extru 
sion are used in a variety of end uses, including draper 
ies, apparel, and the like. In many of these end uses the 
visual appearance of the greige goods and of the dyed 
product is most critical, even the slightest variations re 
sulting in down-grading of the product. __ > 

In practice, it has been found that frequently minor 
variations in reflectance or in the color of dyedprod 
ucts has appeared, notwithstanding efforts to maintain 
the product as uniformly as possible and maintaining 
the uniformity of the conditions during yarn formation. 

It is accordingly an object of the present invention to 
provide synthetic yarns, as of cellulose acetate or the 
like, which are characterized by marked uniformity so ' 
that fabrics made therefrom will be free of any visual 
variations. _ 

Another object of the invention -is to provide a pro 
cess for producing yarns of such uniformity. 
Upon inspecting fabrics made from conventional 
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crisper feel than the conventional random lobate yarns. 
In addition, Y-cross-section yarns are characterized by 

_ a much higher luster or re?ectance so as to impart a 
special sparkle which, though especially suited for cer 
tain end uses, is of limited commercial interest. The 

‘ other special cross-section yarns exhibit the same dif 
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yarns it has been noted that there are occasionallight ' 
or dark streaks in the dyed fabric corresponding to sim 
ilar variations in re?ectance in the greige goods and the 
yarns from which they were made. Microscopic exami 
nation of the yarns and of the ?laments making them 
up has revealed that even within short lengths of an in 
dividual ?lament ‘there are variations longitudinally 
along the ?lament and about its cross-section. The 
usual extrusionori?cescomprise circles and the ?la 

' ments obtained upon extrusion therethrough have been 
characterized by a crenulated structure having a vary 
‘ing number of lobes which increase or decrease in num- ' 

' ber and/or are disposed in a helical path about the ?la 
ment. ' 

Heretofore for purposes of increasing the bulk or 
stiffness of filaments, the extrusion ori?ces have been 
specially shaped so as to produce ?laments of precise 
predetermined cross-sections, e.g.,- H, I, K, X or Y 
‘cross-section. In investigating the instant problem, it 
has been noted that such special cross-section yarns are 
more free of such visual irregularities than thosepro 
Educed from round ori?ces.v Unfortunately, however, ; 
‘the visual appearance and feel, i.e., hand,‘ of such spe 
cial yarns differ from those to which the‘trade is accus 
tomed and which the trade wants. Speci?cally, a Y 
{cross-section yarn is characterized by a much stiffer or 

45 

50 

55 

60 

» mentexhibiting lobular characteristics but being irreg-v 
ular rather than rod-like; 

ferences to varying degrees. 
It has now been found that by extruding the ?lament 

forming material through special ori?ces the resulting 
?laments will be characterized by marked uniformity 
or crosssection ?delity along each ?lament and from 
?lament to ?lament. Thus, each ?lament will have 
lobes as in the ?laments produced from conventional 
round ori?ces but the lobes will be rod-like in character 
and extend substantially the full length of each ?lament 
without variation in number and without wandering 
about the ?lament as in a helical con?guration. Speci? 
cally, the ?lament-forming material is extruded 
through a spinnerette provided with a plurality of ori 
?ces of multigrooved shape, each of said ori?ces being 
de?ned by 5 to 10 substantially identical arcuate con 
vexities each subtending an arc of about 20° to 45° 
along a common circle and spaced from one another by 
an equal number of substantially identical arcuate con 
cavities‘projecting inwardly of said circle to a distance 
of about 5 to 20% of the diameter of said circle. Prefer 
ably, the spinnerette has 5 to 7 convexities and an equal 
number of concavities de?ning each ori?ce, the diame 
ter of the circle on which said convexities lie being less 
than about 200 u. The concavities are preferably ap 
proximately circular arcs of less than about 180°, i.e. 
less than a semi-circular gouge out of the circle de?ned 
by the convex arc. ' 1 

The yarns so produced comprise a plurality of ?la 
ments, equal in number to the ori?ces in the spinner 
ette, and each having a number of lobes equal in num 
ber to the convexities of the spinnerette ori?ce. The 
high cross-sectional ?delity along each ?lament and 
from ?lament to ?lament is established by the Tortuos 
ity Coefficient, de?ned more fully hereinbelow. Thev 
Tortuosity Coefficient, which is an average of the Lon 
gitudinal Coordinate and Serrational Coordinate both 
of which are more fully de?ned hereinbelow, is desir 
ably less than about 2 and preferably less than about 
1.75, while the Longitudinal Coordinate is desirably 
less than about 1.5 and preferably less than about 1.25. 
The invention will now be described more fully with 

reference to the accompanying drawings wherein: 
FIG. 1 is a schematic view of an apparatus for pro 

ducing a yarn in accordance with the present invention; 
FIG. 2 is a top plan view of a spinnerette in accor 

‘ dance with the invention with the orifices shown on a 
largely exaggerated scale; 
FIG. 3 is an enlarged view of a preferred spinnerette I 

ori?ce in accordance with the present invention; 
FIG. 4 is a photomicrograph showing the cross-sec 

tion of a conventional yarn produced by extrusion 
through round ori?ces; 
FIG. 5 is a photomicrograph showing the cross-sec 

tion of ?laments of a yarn produced by extrusion 
through a spinnerette in accordance with the invention 
having orifices-as shown in FIG. 3; 
FIG. 6 is a photomicrograph of a rod-like, lobular ?l 

ament produced in accordance with the invention; 
FIG. '7 is a photomicrograph of a comparison ?laé 
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FIG. 8 is a photomicrograph of a comparison ?la 
ment which is rod-like but highly serrated rather than 
lobular; and 
FIG. 9 is a photomicrograph of a comparison ?la 

ment which is irregular and serrated rather than being 
rod-like and lobular. 
Referring now more particularly to the drawings, in 

FIG. 1 there is shown a dry spinning apparatus compris 
ing a metering pump 10 which discharges a solution of 
?lament-forming material through a ?lter l2 and a 
spinnerette 14 to form a bundle of ?laments comprising 
a yarn 16. The spinnerette 14 is housed in a spinning 
cabinet or column 18 into which air is admitted at 20, 
leaving at 22 together with the volatile solvent which 
has been evaporated from the freshly formed yarn; al 
ternatively, air may be admitted at 22 and leave the 
cabinet at 20. The yarn leaves the cabinet through an 
aperture 24 near its bottom and passes about a feed roll 
26 which determines the speed at which the yarn is 
drawn along. After passing about the feed roll the yarn 
is lubricated at 28, passes through a balloon guide 30 to 
a ring and traveler take-up 32 to be collected on a bob 
bin 34. 
As can be seen in FIG. 2, the spinnerette 14 is pro 

vided in its face with a plurality of ori?ces, apertures or 
holes 40 of a special shape. These holes are generally 
provided along one or more circular paths although 
they may be arranged in any other pattern desired. As 
noted hereinabove, the ori?ces in FIG. 2 are shown on 
a highly magni?ed scale since they normally are less 
than about 200,u.. As can be seen in FIG. 3, each ori?ce 
40 comprises a plurality of convexities 42, in this em 
bodiment ?ve in number, alternated with an equal 
number of concavities 44. The convexities 42 are arcu 
ate and generally lie along a common circle 46. The 
concavities 44 constitute depressions or indentations in 
the circle 46, the extent of the depression ranging from 
about 5 to' 20% of the diameter of the circle. These 
concavities 44 are more or less circular arcs whose cen 
ters lie along a common circle located somewhere be 
yond circle 46. The arcs 44 are less than semi-circular 
so as not to form reentry angles. While in this particular 
preferred embodiment the convexities 42 have been 
shown as subtending arcs of about 36° of the circle 46, 
the subtended arc can vary from about 20° to 45°. The 
arcs of circle 46 subtended by the concavity 44 will ob 
viously vary correspondingly. 

In FIG. 5 there is shown a micrograph of the ?la 
ments produced by extrusion through a spinnerette 
having a plurality of ori?ces as shown in FIG. 3. The 
marked regularity from ?lament to ?lament is readily 
apparent as is the precise nature of the individual lobes. 

In contrast therewith, there is shown in FIG. 4 the 
cross-section of ?laments produced by extrusion 
through round ori?ces and it is readily apparent that 
the number of lobes and their disposition is quite irreg 
ular. When certain conditions mate amongst the com 
ponent ?laments making up the yarn, occasionally a 
spot of high re?ectance or a light spot will appear in 
fabrics made therefrom. By extrusion through a spin 
nerette provided with regular pentagonal ori?ces such 
as is shown in Canadian Pat. No. 734,336, the ?laments 
are characterized by angular lobes and by many ?at 
surfaces so that the re?ectance of light therefrom is sig 
ni?cantly different than from conventional ?laments as 
shown in FIG. 4. On the other hand, the novel ?laments 
of FIG. 5 duplicate the visual appearance realized by 
yarns and fabrics made from normal cross-section 

15 

25 

35 

40 

45 

55 

65 

4 
yarns but yet are free of the streaks or light spots seen 
in fabrics made from such conventional yarns. 
FIG. 6 is a photomicrograph of a length of an individ 

ual ?lament in accordance with the present invention 
from which it can be seen that the ?lament is lobular 
with the lobes extending in a rod-like manner longitudi 
nally along the ?lament. While even conventional ?la 
ments extruded through round ori?ces may exhibit 
such characteristics over very short portions of their 
length, overall their appearance is more as shown in 
FIG. 9 wherein the numerous horizontal lines indicate 
a high degree of serration rather than a simple lobular 
con?guration; the relatively sinuous path of the straight 
lines from one end of the ?lament to the other indicate 
the size and disposition of the lobes which thus are 
comparatively irregular rather than rod-like. FIGS. 7 
and 8 show products somewhere in between, the ?la 
ments in FIG. 7 being lobular but irregular rather than 
rod-like, while that in FIG. 8 is rod-like but serrated 
rather than lobular. 
Since a single photomicrograph of a relatively short 

length of an individual ?lament is inadequate to char 
acterize the entire yarn, the superior ?delity of the 
novel yarn is characterized by its Tortuosity Coef?cient 
which is the average of the Longitudinal Coordinate 
and Serrational Coordinate. The Longitudinal Coordi 
nate is an indication of the rod-like character of the 
lobes while the Serrational Coordinate is an index of 
the extent to which the ?laments have lobular protu 
berances as compared simply to a serrated surface. To 
measure the Longitudinal and Serrational Coordinates 
which are averaged to yield the Tortuosity Coef?cient, 
a sample of yarn is washed in ether to remove the lubri 
cant and a slide is made for ‘microscopic examination. 
A 1.5 inch length of the ?lament is examined at 210 
magni?cation and rated simultaneously on the two Co 
ordinates as follows: Longitudinal Coordinates 
Rating of 1: one or two surface irregularities along 
the length; 

Rating of 2: three or four surface irregularities; and 
Rating of 3: ?ve or more surface irregularities. A 
yarn surface irregularity involves a ?lament rolling 
or twisting and changes in number of serration or 
lobes. Serrational Coordinates 

Rating of I: an average of one or two lobes along the 
length, counted at three points; 

Rating of 2: average of three, four, or ?ve lobes; and 
Rating of 3: average of six or more lobes. 
Serrations or lobes on ?laments can readily be ob 

served, being bounded by dark horizontal lines in 
the longitudinal view. 

Each ?lament in a yarn is rated 1, 2 or 3 for the Lon 
gitudinal Coordinate and the Serrational Coordinate 
and an average is established for the complete yarn. 
The Tortuosity Coefficient is the average of the Longi 
tudinal and Serrational Coordinates. In making ratings, 
occasionally it will be found that twist has inadvertently 
been inserted into the ?lament when mounting it on the 
slide, such twist having the appearance of a dark, un 
classi?able portion followed by the resumption of the 
previous ?lament classi?cation. Such phenomenon is 
ignored when counting indications in establishing the 
ratings. As compared with regular cross-section ?la 
ments, the ?laments of the present invention are char 
acterized by extremely low Tortuosity Coef?cient, i.e., 
less than about 2 and preferably less than about 1.75 in 
contrast with values of 2 or more for standard ?la 
ments. In addition, the Longitudinal Coordinates are 
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tially always below about 1.5, inthe overwhelming pro 
portions of instances below about 1.25 and frequently 
below about 1.1. I _ ’ 

As stated hereinabove, the number of lobes may 
range from 5 to 10. As the number of lobes increases it 
becomes increasingly difficult to manufacture the jet 
and the lobes approach serrations which will change 
the visual character of the product. Below 5 lobes the 
product will exhibit a difference in hand as compared 
with conventional cross-section yarns. From the stand 
point of ease of formation of the spinnerette and prop 
erties of the resulting product, spinnerettes provided 
with 5 to 7 convexitiesand concavities are preferred, 
yielding ?laments with the same number of lobes. The 

' spinnerettes may be produced by punching with metal 
wires the appropriate‘shape, by electroforrning tech 
niques, or the like. 
Filament-forming materials preferably employed in 

the practice of the present invention are the derivatives 
- of cellulose, such as the esters or ethers thereof, for ex 
ample, cellulose organic acid esters, such as cellulose 
acetate, cellulose propionate, cellulose butyrate, cellu 
lose benzoate, cellulose acetate formate, cellulose ace 
tate propionate, cellulose acetate butyrate and the like, 
ethyl cellulose, etc. The esters may be ripened and ace 
tate-soluble, such as conventional cellulose acetate, or 
may be substantially fully esteri?ed, that is, contain 
fewer than 0.29 free hydroxyl groups per anhydro 
glucose unit, e.g., cellulose triacetate. 
The ?lament-forming material may also comprise 

other thermoplastic solvent-soluble polymeric materi 
als such as superpolyarnides, e.g., nylon; superpolyes 
ters such as polyethylene terephthalate, polyglycolic 
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extremely low, i.e., approaching 1; they are substan 
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made into fabrics intended to have a regular appear 
ance. . 

The invention will be further described in the follow 
ing illustrative examples wherein all parts are by weight 
unless otherwise specified. , w 

. EXAMPLE 1 ' g 

a. Cellulose triacetate dissolved to a concentration of 
about 20% by weight in 90-10 methylene chloride 
methanol containing a blue pigment was dry spun 
through 20 spinnerettes each provided with 20 ori?ces 
having a con?guration as shown in FIG. 3 with an area 
equal to that of a circular ori?ce of 42p. diameter. The 
concavities 44 were about 15% of the diameter of cir 
cle 46 and the arcs subtended by convexities 42 were 
about 24°. The yarns were collected at 375 meters per 

’ minute after passage through air at 58°C and had a de 
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acid and copolymers thereof; acrylonitrile polymers ' 
and copolymers; polymers and copolymers of ole?ns 
and vinyl esters such as ethylene, propylene, vinyl chlo 
ride, vinylidene chloride, vinyl acetate, and the like. 
The ?lament-forming material is initially in liquid 

phase, e.g., dissolved in a volatile solvent which is ex 
truded through the jet openings of a spinnerette into an 

. evaporative atmosphere. The resulting ?laments .are 
taken up at a linear speed of about 75 to 2,000 and 
preferably 200 to 1,000 meters per minute. The take 
up speed may range from about 0.6 to 1.4 and prefera 
bly about 0.9 to 1.2 times the linear speed at which the 
solution is extruded through the jet openings; When dry 
spinning a solution of cellulose acetate in acetone or 
methylene chloride the temperature of the dope as ex 
truded generally ranges from about 40° to 110°C. ' 
The denier of the individual ?laments may vary‘ from 

' as little as 1 or less to 50 or more, although they prefer 
ably range from 2 to about 25 denier and most prefera 
bly from about 3 to 10 denier. The number of ?laments 
in a bundle will bedetermined by the end use to which 
it is intended to put the yarn and may range from as few 
'as 2 up to several thousand. Preferably, however, there 
are at least about 10 ?laments per bundle and up‘ to 
about 200 or 300. Beyond that number of ‘?laments 
even ?laments of conventional cross-section will tend 
to balance one another out so that in a given yarn the 
likelihood of streaks would have diminished. 
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While the collected yarn may be bulked as by crirnp- I 
>-ing,'air jet'texturing or the like, or may be cut into sta 
ple ?ber, disadvantages of visible variations are most 
pronounced with yarns taken up in conventional fash 
ion with varying degrees of twist or interlacing and 

65 

nier perfilament of 3.75. 
. b.' On a parallel spinning column simultaneously sup 

plied with the identical solution yams of the same de 
nier were spun through circular ori?ces of 44p. diame 
ter. . - 

> The .400 ?laments from each of (a) and (b) were 
rated for Longitudinal and Serrational Coordinates as 
described hereinabove at various times during the ex 
trusion trial which lasted 21 days, with the resul 
shown in Table l. > 

TABLE 1' 

PENTALOBAL ORlFlCE ROUND ORlFlCE 1 

Days of Tort. Long Serr. Tort. Long. Serr. 
Extrusion Coe?'. Coord. Coord. Coeff. Coord. Coord. 

0.5 1.57 1.01 2.15 2.02 2.05 1.99 
7 1.58 1.04 2.14 v 1.83 1.77 1.90 _ 
14 1.54 1.06 2.03 1.96 1.98 1.95 
21 1.61 1.10 2.14 1.97 1.91 2.03 

During the trial there were occasional shut downs to 
replace blocked jets, more frequently with regular jets 
than with the novel spinnerettes. As a matter of interest 
the Tortuosity Coef?cients were determined for the 
changed positions before and after jet changes as an 
index of process uniformity, with the results shownin 
Table 2. - 

TABLE 2 

JET - PENTALOBAL ROUND ORlFlCE 

CHANGE ORIFICE 
Tort. Long. Serr. Tort. Long. Serr. 
Coeff. Coord. Coord. Coeff. Coord. Coord. 

- Before 1.63 1.10 2.16 1.99 1.91 2.07 
After 1.56 ' 2.08 2.45 2.46 - 2.44 1.04 

Table 2 indicates a change in pentalobal jets pro-_ 
duces a slight increase in uniformity but not so great as 
tolresult in a visible di?‘erence. By contrast, a change in 
jets with round ori?ces produces a substantial drop in ' 
uniformity, so abruptly as to present a potential visual 
problem in the fabric. _ ‘ 

Fabrics were woven from the yarns obtained at vari 
ous timesduring the trial .using a construction which 
rendered streaking most visible. The fabrics made from 
the yarns of conventional cross-section exhibited com- , 
mercially unacceptable vstreaking throughout the trial. 
The fabrics woven of the novel yarns were streak-free 
during the ?rst two weeks and thereafter showed only 
very vminor subtle streaks. 
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EXAMPLE 2 

Example I was repeated using more than 100 spin 
nerettes for each trial and carrying out spinning for ?ve 
weeks. While subsequent examination showed some of 5 
the pentalobal jets were not of ideal con?guration, 
overall the number of streaks produced in test fabrics 
made from all the pentalobal jets was less than half that 
with circular ori?ce jets. With the novel jets the num 
ber of spinning interruptions were fewer than with cir 
cular ori?ces. 

EXAMPLE 3 

The process of Example 1 was repeated using a jet of 
cross~sectional area equal to a 38 u circle with shallow 
concavities about 6 to 8% of the circle diameter and 
each subtending an are about 28°. The resulting ?la 
ments had highly uniform lobes separated by very nar 
row channels. 
The foregoing examples illustrate production of cel 

lulose triacetate ?laments but secondary cellulose ace 
tate can be similarly produced, although in such event 
the preferred solvent is acetone. 
The freedom from streaks is especially apparent in 

constructions like ta?'etas and satins but other con 
structions are also bene?ted. The streak-free character 
will be most evident where individual ?laments making 
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8 
upa yarn maintain their positions relative to one an 
other along the yam, e. g., a yarn which has merely been 
twisted or perhaps textured by a false twist spindle as 
contrasted with air or steam jet textured or even stuffer 
box crimped. 

It will be appreciated that the instant speci?cation 
and examples are set forth by way of illustration and 
not limitation, and that various modi?cations and 
changes may be made without departing from the spirit 
and scope of the present invention. 
What is claimed is: 
1. An improved yarn comprising ?laments of dry 

spun organic acid ester of cellulose, wherein the im 
provement comprises: 

a. each said ?lament has ?ve lobes extending sub 
stantially the full length thereof; 

b. said yarn has the combination of a Tortuosity C0 
ef?cient of less than 2 and a Longitundinal Coordi 
nate of less than 1.5 and a Close-Packed Bulked 
Factor of at least 1.45, where said Bulk Factor is 
the ratio of yarn cross-sectional area when said 
yarn is closely packed divided by the sum of each 
said ?lament’s cross-sectional area; 

whereby yarn luster and yarn cover power are in 
creased, and streakiness is reduced. 

* * * * * 


