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1. 
This invention relates to methods and appara 

tus for spinning artificial fibers, and is more par 
ticularly concerned with improved spinnerets 
and improved methods of wet spinning which are 
accomplished by the utilization of such spinner 
etS. 

Heretofore the general practise has been to 
space the orifices in spinnerets in circles with 
considerable distances of the order of 40 to 70 
thousandths of an inch between the adjacent ori 
fices. This wide spacing was a requisite to proper 
spinneret inspection by the conventional 
"thumb' method. In addition, to assure rapid 
and adequate penetration of the liquid coagulat 
ing medium through the Outer shroud offilaments 
of the bundle, the large spaces between the Oris 
fices were considered essential. For the same 
general reason, a central area of the Spinneret was 
generally left blank, so that all filaments Would 
be placed nearer the outer shroud where they 
would be more immediately available to the 
coagulating medium. 

Accordingly, the arrangement of Orifices in the 
conventional spinneret heretofore used consists 
of an annulus of one or more circular roWS of 
Orifices with wide spaces between the rows and 
the orifices in the rows, the central portion of the 
spinneret being left blank. The only exception 
that may have occurred occasionally was in the 
type of Spinneret which has been used for the 
production of filaments for conversion into staple 
fibers. In such production, it has been the prac 
tice to produce a much greater number of fila 
ments from a single spinneret (generally well 
Over twelve hundred holes per spinneret) and : 
consequently the Orifices have been crowded to 
gether to a greater extent than has been 
Customary in the production of continuous fila 
ment products, 
In accordance with the present invention, un 

expectedly improved resultS have been obtained 
in the production from Synthetic fiber-forming 
materials, such as viscose, of artificial filaments 
and Staple fibers, especially those of high tenac 
ity, when spinnerets having less than about 
twelve hundred orifices are used, provided the 
orifices are relatively closely spaced so that there 
is a distance of not over fifteen thousandths 
(0.015) of an inch and preferably not over ten 
thousandths (0.010) of an inch between adjacent 
circles and between adjacent orifices in a circle, 
provided that the distribution of the orifices ex 
tends throughout the area circumscribed by the 
Outermost Orifices so that no noticeably blank 
area is present therein centrally or eccentrically 
located. Preferably, though not necessarily the 
distribution is substantially uniform throughout 
the perforate area. The invention is of special 
advantage in the production of high tenacity fila 
ments and staple fibers, 
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The invention will be more particularly de 

Scribed with reference to the accompanying 
drawing, in which: 

Figures 1 to 3 show face views of spinnerets 
having their orifices arranged in accordance with 
the present invention; and 

Figures 4 to 8 are cross-sectional views showing 
Various forms of spinnerets constructed in ac 
COrdance With the present invention. 
Examples of Spinnerets within the scope of this 

invention include those having a central orifice 
and circular rows of orifices thereabout, the 
radius of the innermost circle being 0.015 inch or 
less and the radii of all circles differing by 0.015 
Or leSS, and the distance between orifices in a cir 
cle being 0.015 or less (see Fig. 1); those having 
no Central Orifice but an innermost circle having 
three orifices on the corners of an equilateral tri 
angle 0.015 inch or less apart surrounded by a 
plurality of concentric circles having radii 0.015 
inch or less greater in radius than the central cir 
cle, the Orifices in the circles being 0.015 inch or 
IeSS apart, (see Fig. 2); those in which the orifices 
are placed upon the corners of a network of equi 
lateral triangles, the sides of which are 0.015 inch 
or less (see Fig. 3). Preferably in all of Figures 
1 to 3, the distance between rows, circles, and be 
tWeen individual holes in the rows or circles is 
0.010 of an inch or less. 
The Spinnerets may take any of the forms 

shown in Figures 4 to 8. Preferably, a type hav 
ing a conical Walled tip, Such as those shown in 
Figures 5 and 6, in which the angle a is at least 
45° and preferably 55 to 60°, is used. The steep 
slope of the Wall of the Spinneret stream-lines 
the flow of the fiber-forming material within the 
Spinneret and substantially avoids or reduces 
dead corners and Stagnation or deposition of the 
material in the Spinneret. In addition, the flow 
of the coagulating medium is streamlined by the 
conical tip as the medium approaches the fila 
ments from the rear of the plane of the spinneret 
face. 

Regardless of whether or not a cylindrical or 
conical walled tip form of spinneret is used, the 
face of the Spinneret is preferably designed so 
that the Outermost orifices are about 0.060 to 
0.080 of an inch or more from the outer edge 
of the face, though a smaller band may sur 
round the orifices with some sacrifice in spinning 
results. 
Some of the surprising and unexpected re 

Sults obtained from the closely spaced orifices 
are: less breakage of filaments at the spinneret, 
leSS clogging of the Orifices, and consequent in 
Crease in efficiency, reduction of inspection at 
tention by the operators, and improvement of 
quality of the products obtained. The improve 
inent in these respects is the more noticeable as 
the ratio of rate of filament withdrawal from 
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the spinneret to the rate of extrusion through 
the orifices increases. This ratio commonly 
ranges from 2:1 (or even less than 1:1) to 5:1 
and may be called the 'jet stretch' ratio. 
addition, it has been found that the close-spaced 
spinneret orifices as against the conventional 
spacing, other conditions being equal, make it 
possible to safely impart a higher degree of 
stretch to the filaments, and consequently to 
produce filaments having higher tenacities. For 
example, in producing high tenacity rayon from 
viscose in which the filaments while still plastic 
are stretched by 40% or more, the close-spaced 
Orifice spinneret not only improves the spin 
nability at the orifices, but the effect of the sub 
sequent stretching of the filaments while still 
plastic is favorably influenced. The spinnability 
has been found to reduce the inspection and at 
tention required, in certain instances, to between 
one-half and one-fifth of that needed when the 
conventional spinnerets are used. 

Besides these unexpected results, the close 
spacing of the orifices in accordance with the 
present invention reduces considerably the 
amount of metal needed for making the spinneret 
even when a streamlined form having the coni 
cal walled tip is desired. This is of special im 
portance when the spinning conditions are such 
that the spinneret must be made of a noble metal, 
such as platinum alloy, or of other special alloys. 
'The explanation for the various improvements 

effected by the present invention is highly con 
jectural. One theory has it that the filaments 
are mutually supported in the liquid coagulating 
medium by virtue of the viscosity of the medium 
in combination with the close spacing of the ori 
fices which permits this factor to come into play, 
thereby reducing the tendency of the filaments, 
and especially of the outer shroud of filaments 
which are particularly prone to breakage, to 
break at the spinneret face. A corresponding 
inner shroud of relatively unsupported filaments 
heretofore present in the annular band of orifices 
in conventional spinnerets is avoided by the 
present invention. However, it is not intended 
to limit the scope of the invention by any par 
ticular theory of operation. 
The spinnerets and methods of improving spin 

ning by using them may be applied to the wet 
spinning of artificial filaments from viscose, 
cuprammonium cellulose; cellulose esters, such 
as cellulose acetate, cellulose acetate propionate, 
and cellulose acetate butyrate; cellulose ethers, 
such as ethyl cellulose, benzyl cellulose; synthetic 
resins, such as polymers of vinyl chloride alone or 
copolymerized with vinyl acetate or with 
acrylonitrile; condensation polymers, such as 
nylon; proteins, such as casein and soya bean 
protein; and other fiber-forming materials. The 
spinnerets may likewise be used in dry-spinning 
or melt-spinning, though its advantages are 
most pronounced in wet-spinning and particular 
ly in the production by the wet-spinning process 
of filaments and fibers of high tenacity in which 
at least 40% after-stretch is involved, 

It is to be understood that changes and modi 
fications may be made without departing from 
the invention as defined by the appended claims. 
We claim: 1. A spinneret having a plurality of orifices, 

substantially all of the orifices being arranged 
in rows spaced apart by a distance of the order 
often thousandths of an inch, such distance be 
ing at the most not over fifteen thousandths of 
an inch, the distance between adjacent orifices 
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4. 
in the rows being of the order of ten thousandths 
of an inch, such distance being at the most not 
over fifteen thousandths of an inch, said orifices 
being distributed throughout the area within the 
periphery defined by the outermost orifices. 

-2. A spinneret having a plurality of orifices, 
substantially all of the orifices being arranged 
in rows spaced apart by a distance of approxi 
mately ten thousandths of an inch, the distance 
between adjacent orifices in the rows being ap 
proximately ten thousandths of an inch, Said ori 
fices being distributed throughout the area, within 
the periphery defined by the outermost orifices. 

3. A spinneret having less than twelve hundred 
orifices, substantially all of the orifices being ar 
ranged in rows spaced apart by a distance of the 
order of ten thousandths of an inch, such dis 
tance being at the most not over fifteen thou 
sandths of an inch, the distance between adja 
cent orifices in the rows being of the order of 
ten thousandths of an inch, such distance being 
at the most not over fifteen thousandths of an 
inch, said orifices being distributed substantially 
uniformly throughout the area within the periph 
ery defined by the outermost orifices. 

4. A spinneret having less than twelve hundred 
orifices, substantially all of the orifices being al 
ranged in rows spaced apart by a distance of ap 
proximately ten thousandths of an inch, the dis 
tance between adjacent orifices in the rows be 
ing approximately ten thousandths of an inch, 
said orifices being distributed Substantially uni 
formly throughout the area within the periphery 
defined by the outermost orifices. 

5. A spinneret having less than twelve hundred 
orifices, substantially all of the orifices being ar 
ranged in circular rows Spaced alart by a dis 
tance of the order of ten thousandths of an inch, 
such distance being at the most not over fifteen 

; thousandths of an inch, the distance between ad 
jacent orifices in the rows being of the order of 
ten thousandths of an inch, such distance being 
at the most not over fifteen thousandths of an 
inch, said orifices being distributed throughout 
the area, within the periphery defined by the out 
ermost Orifices. 

6. A spinneret having less than twelve hundred 
orifices, substantially all of the orifices being ar 
ranged in circular rows spaced apart by a dis 
tance of the order of ten thousandths of an inch, 
such distance being at the most not over fifteen 
thousandths of an inch, a central orifice Spaced 
a distance of the order of ten thousandths of an 
inch but not substantially over fifteen thou 
sandths of an inch from the orifices in the inner 
most circular row, the distance between adjacent 
orifices in the rows being of the order of ten thou 
sandths of an inch, such distance being at the 
most not over fifteen thousandths of an inch, said 
orifices being distributed Substantially uniform 
ly throughout the area, within the periphery de 
fined by the outermost orifices. 

7. A Spinneret having less than twelve hundred 
orifices, all of the orifices being arranged in cir 
cular rows spaced apart by a distance of the older 
of ten thousandths of an inch, such distance be 
ing at the most not Over fifteen thousandths of 
an inch, the orifices in the innermost circular roW 
being located substantitally on the corners of an 
equilateral triangle having sides of a length of the 
order of ten thousandths of an inch, such length 
being at the most not over fifteen thousandths of 
an inch, the distance between adjacent orifices 
in the rows being of the order of ten thousandths 
of an inch, such distance being at the most not 
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stantially over fifteen thousandths of an 
inch, said orifices being distributed throughout 
the area, within the periphery defined by the out 
ermost orifices. 

8. A spinneret having a plurality of Orifices lo 
cated on the points of intersection of three sets 
of parallel rows, the rows in each set making an 
angle of about 60 with those in each of the other 
sets, the distance between the rows of each Set 
being such that the distance between adjacent 
orifices is of the order of ten thousandths of an 
inch, such distance being at the most not Over 
fifteen thousandths of an inch, orifices being 
placed at all interSections Within the area. Cir 
cumscribed by the Outermost Orifices, 

9. A spinneret having less than twelve hundred 
orifices, substantially all of the orifices being ar 
ranged in rows spaced apart by a distance of the 
order of ten thousandths of an inch, such distance 
being at the most not over fifteen thousandths of 
an inch, the distance between adjacent orifices in 
the rows being of the order of ten thousandths 
of an inch, Such distance being at the most not 
over fifteen thousandths of an inch, Said ori 
fices being distributed substantially uniformly 
throughout the area within the periphery de 
fined by the outermost orifices, said spinneret 
comprising a streamlined peripheral Wall por 
tion having internal and external diameters 
gradually reducing in size to the plane of the 
spinneret face. 

10. A spinneret having less than twelve hun 
dred orifices, substantially all of the orifices being 
arranged in roWS Spaced apart by a distance of 
approximately ten thousandths of an inch, the 
distance between adjacent orifices in the rows 
being approximately ten thousandths of an inch, 
Said Orifices being distributed Substantially uni 
formly throughout the area, within the periph 
ery defined by the outermost orifices, said spin 
neret comprising a streamlined peripheral wall 
portion of frusto-conical shape having internal 
and external diameters gradually reducing in size 
to the plane of the Spinneret face, said wall portion 
being inclined at an angle greater than 45° to the 
plane of the spinneret face as measured outside 
the Spinneret. 

11. A spinneret having less than twelve hun 
dred Orifices, Substantially all of the orifices being 
arranged in circular rows spaced apart by a dis 
tance of the order of ten thousandths of an inch, 
Such distance being at the most not over fifteen 
thousandths of an inch, the distance between ad 
jacent orifices in the rows being of the order of 
ten thousandths of an inch, such distance being 
at the most not over fifteen thousandths of an 
inch, said orifices being distributed throughout 
the area, within the periphery defined by the 
Outermost Orifices, the perforate area of the spin 
neret face being surrounded by an imperforate 
annular band having a width of at least about 
sixty thousandths of an inch. 

12. The method of spinning artificial fibers 
Comprising extruding visCOse at a jet stretch ra 
tio between 2:1 to 5:1 to form a multiplicity of 
filaments flowing into a liquid coagulating me 
dium as a compact bundle, each individual fila 
ment in which is Spaced from its adjacent fila 
ments by distances of the order of ten thousandths 

0. 

y 
M. 

2 5 

60 

65 

6 
of an inch, such distance being at the most not 
Over fifteen thousandths of an inch at the plane 
of entry into the medium, the filaments being 
distributed in the bundle at its plane of entry 
into the medium throughout the area, in that 
plane circumscribed by the outermost shroud of 
filaments in the bundle. 

13. The method of Spinning artificial fibers 
comprising extruding Viscose to form a multi 
plicity of filaments flowing into a liquid coagul 
lating medium as a compact bundle, each indi 
vidual filament in which is spaced from its ad 
jacent filaments by distances of the order of ten 
thousandths of an inch, such distances being at 
the most not over fifteen thousandths of an inch 
at the plane of entry into the medium, the fila 
ments being distributed in the bundle at its plane 
of entry into the medium throughout the area in 
that plane circumscribed by the outermost shroud 
of filaments in the bundle, and stretching the 
filaments while still in plastic condition by at 
least 40%. 

14. The method of spinning artificial fibers 
comprising extruding Viscose at a jet stretch ratio 
between 2:1 to 5:1 to form a multiplicity of fila 
ments flowing into a liquid coagulating medium 
as a compact bundle, each individual filament in 
which is spaced from its adjacent filaments by 
distances of the order of ten thousandths of an 
inch, Such distances being at the most not over 
fifteen thousandths of an inch at the plane of 
entry into the medium, the filaments being dis 
tributed in the bundle at its plane of entry into 
the medium throughout the area in that plane 
circumscribed by the outermost shroud of fila 
ments in the bundle, and stretching the filaments 
While still in plastic condition by at least 40%. 

15. The method of Spinning artificial fibers 
Comprising extruding viscose at a jet stretch ra 
tio between 2:1 to 5:1 as a multiplicity of fila 
ments into an aqueous acid coagulating medium 
as a COmpact bundle, each individual filament in 
which is spaced from its adjacent filaments by 
distances of approximately ten thousandths of 

5 an inch at the plane of entry into the medium, 
and stretching the filaments while still in plastic 
condition by at least 40%. 

WESLEY L. WEBB. 
HOWARDD, MERION. 
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