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ABSTRACT OF THE DISCLOSURE

A spinneret is disclosed for the production of mixed
filaments which are made from at least two spinning ma-
terials extending substantially continuously along the fila-
ment axis having at least ten thin layers in arbitrary cross
section. The spinneret contains a plurality of layer multi-
plying mixers for separation and joining of the filament
components in different phase.

This application is a division of our co-pending appli-
cation Ser. No. 711,070, filed Mar. 6, 1968, now aban-
doned.

The present invention relates to a spinneret for forming
a mixed filament, which is composed of at least two com-
ponents mixed therein. Such a mixed filament can be
obtained by mixing two or more spinning materials (com-
ponents) and then spinning the resulting mixture.

Heretofore, a method has been well-known, in which
two or more spinning materials are mix-spun to obtain
fllaments having improved physical or chemical proper-
ties. Particularly, recently a production of composite fila-
ments having latent crimpability by spinning at least two
spinning materials simultaneously through a common ori-
fice into a unitary filament has been developed. In the
resulting composite filament, at least two components are
joined in an eccentric relation to one another along the
filament axis, so that the cross-section has, for example,
the configuration as shown in FIG. 1 and it can be said
that the mixed state of the components in the composite
filament is macroscopic. The composite filament has var-
jous excellent characteristics, as well as many defects to
be improved. The composite filaments heretofore in use
are of a macroscopic mixture as mentioned above, so
that when a microscopic mixture is required, for example,
in order to improve dyeability, property of electrification
and hygroscopicity, said composite filaments are not still
satisfactory. For example, a polymer having property of
non-electricfication or hygroscopicity is used as a com-
ponent, only a limited effect is obtained. Furthermore,
even if two spinning solutions having different dyeabili-
ties are employed, the resulting composite filament cannot
be provided with a satisfactory mixed color upon dye-
ing. Moreover, every component for the spinning mate-
rials needs fiber-forming ability except a particular case.
In the composite filament, if the bonding property be-
tween the components is low, each component is readily
separated from others and the tenacity of the filament is
sometimes lowered. On the contrary, the mixed filament
according to the present invention has more finely di-
vided components and microscopically mixed structure,
the embodiments of the cross-sectional structures of which
are shown in FIGS. 7 and 8 and FIGS. 63-74.

Heretofore, the spinning of multicomponent filament
having the structure of microscopic mixture has been
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often effected by utilizing a mechanical action (stirring),
for example, by mixing powders or pellets of two spin-
ning materials, melting and kneading the mixture by
means of a single- or multiscrew extruder and then spin-
ning the melts. However, such a mechanical stirring needs
a complicated apparatus and the uniformity of the mix-
ture is poor. For example, when mixed pellets are melted
by a screw extruder and spun through a large number of
orifices simultaneously, it has been often observed that
a filamentary yarn having different mixture ratios and
mixed states between individual filaments are obtained.
In order to improve the mixed state of the components
and to make the mixture more fine and homogeneous, a
perforated plate (breaker plate) or a filter (meshes or
sand layer) may be used, but such means attain only
small mixing effect. The above-described defects in the
mechanical stirring are noticeable particularly as the vis-
cosity of the spinning solution is high. In order to pro-
duce a microscopically homogeneous mixture of two
spinning solutions, it is necessary to form a turbulent flow
in the spinning solutions, but it is very difficult to pro-
duce the turbulent flow in a high viscous fluid, because
in many cases the spinning solutions flow in a laminar
flow.

The inventors have made various studies in order to
solve the above-described problems and the present in-
vention has been accomplished, Namely, the inventors
have found novel methods and apparatuses for produc-
ing novel filaments having a multilaminated structure by
dividing and mixing the laminar flows of the spinning
solutions.

For a better understanding of the invention, reference
is taken to the accompanying drawings, wherein:

FIG. 1 is a cross-sectional view of two layer filament;

FIGS. 2 and 4 are cross-sectional views of four layer
filament;

FIGS. 3 and 5 are cross-sectional views of eight layer
filament;

FIG. 6 is a cross-sectional view of distorted four layer
filament;

FIG. 7 is a cross-sectional view of distorted “grainy”
multilaminar filament;

FIG. 8 is a cross-sectional view of mixed filament hav-
ing an “archipelagic cross-section”;

FIG. 9 is a model diagram of fundamental type for
stratifying the spinning material flows into multilayers;

FIGS. 10 and 11 are modifications of the fundamental
type as shown in FIG. 9;

FIG. 12 is a model diagram of a type, incapable of
layer-multiplying the spinning material flows;

FIGS. 13 and 14 show perspective views of longitudinal
section of the mixed filaments obtained by the present in-
vention;

FIG. 15 shows a perspective view of longitudinal sec-
tion of “granularly” mixed filament;

FIGS. 16 and 17 show flow diagrams of the spinning
material flows in the spinning method and apparatus of
the present invention;

FIG. 18 shows a longitudinal-sectional view .of an em-
bodiment of the spinneret of the present invention;

FIG. 19 is a cross-sectional view of the spinngret as
shown in FIG. 18 taken on line 1-1’;

FIG. 20 shows a longitudinal-sectional view of another
embodiment of the filament of the present invention;

FIGS. 21, 22, 23 and 24 are cross-sectional views of the
spinneret as shown in FIG. 20 taken on lines 2-2’, 3-3/,
4-4’, and 5-5', respectively,

FIG. 25 shows a longitudinal-sectional view of a further
embodiment of the spinneret of the present invention;

FIGS. 26 and 27 are cross-sectional views of the spin-
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neret as shown in FIG. 25 taken on lines 6-6" and 7-7’
respectively;

FIG. 28 shows a longitudinal-sectional view of a layer-
multiplying mixer of the present invention;

FIGS. 29 and 30 are cross-sectional views and a longi-
tudinal view of the spinneret are shown in FIG. 28 taken
on lines 8-8" and 9-9’, respectively;

FIG. 31 shows a longitudinal-sectional view of an em-
bodiment of the spinneret of the present invention;

FIGS. 32, 33 and 34 are cross-sectional views of the
spinneret as shown in FIG. 31 taken on lines 10-10’,
11-11’ and 12-12’, respectively;

FIG. 35 shows a longitudinal-sectional view of an em-
bodiment of the spinneret of the present invention;

FIGS. 36, 37, 38 and 39 are cross-sectional views of the
spinneret as shown in FIG. 35 taken on lines 13-13’,
14-14', 15-15’, and 16-16’, respectively;

FIG. 40 shows a longitudinal-sectional view of another
embodiment of the spinneret of the present invention;

FIGS. 41, 42, 43 and 44 are plan views of model
diagrams (flow diagrams) of distributors used in the
present invention;

FIG. 45 shows a longitudinal-sectional view of an em-
bodiment of the spinneret of the present invention;

FIGS. 46, 47, 48 and 49 are cross-sectional views of the
spinneret as shown in FIG. 45 taken on lines 17-17’,
18-18’, 19-19’ and 20-20’, respectively;

FIGS. 50, 51, 52, 53, 54, 55 and 56 are model diagrams
of structure suvitable for joining in the first stage of the
spinneret as shown in FIG. 45;

FIGS. 57 and 58 are model diagrams of structures un-
suitable for joining at the first stage of the spinneret as
shown in FIG. 45;

FIG. 59 shows a longitudinal-sectional view of a further
embodiment of the spinneret of the present invention;
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FIGS. 60, 61 and 62 are cross-sectional views of the

spinneret as shown in FIG. 59 taken on lines 21-21’,
22-22' and 23-23’, respectively;

FIG. 63 shows a cross-sectional view of uniformly
“grainy” multilayer filament of the present invention;

FIG. 64 shows a cross-sectional view of mixed filament

.having an archipelagic cross-section of the present in-
vention;

FIGS. 65, 66, 67, 68, 69 and 70 show cross-sectional
views of the composite multilayer filaments of the present
invention; '

FIGS. 71, 72, 73 and 74 show partially enlarged views
of cross-sections of the filaments having double multilayer
structure according to the present invention;

FIGS. 75 and 76 show flow diagrams of methods for
producing the composite multilayer filament of the present
invention;

FIG. 77 shows a longitudinal-sectional view of a
spinneret for spinning the composite multilayer filament
of the present invention;

FIGS. 78, 79 and 80 are cross-sectional views of the
spinneret as shown in FIG. 77 taken on lines 24-24’,
25-25' and 26-26’, respectively;

FIG. 81 shows a longitudinal-sectional view of another
spinneret for spinning the composite multilayer filament
of the present invention;

FIG. 82 is a cross-sectional view of the spinneret as
shown in FIG. 81 taken on line 27-27’;

FIGS. 83, 84, 85 and 86 show flow diagrams of methods
for spinning the filaments having double multilayer struc-
tures of the present invention;

FIG. 87 shows a longitudinal-sectional view of the
spinneret for spinning the filament having another double
multilayer structure; and

FIGS. 88 and 89 are cross-sectional views of the spin-
neret as shown in FIG. 87 taken on lines 28-28’ and
29-29’, respectively.

As mentioned above, FIG. 13 shows a longitudinal-sec-
tional structure for one embodiment of the multilayer fila-
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ment, in which each layer is continuous along the filament
axis. FIG. 14 shows an embodiment of a longitudinal-
section of the multilayer filament having a discontinuous
layer structure. FIG. 15 shows an embodiment of a lon-
gitudinal-section of the mixed filament of granular mix-
ture. Mixed filament obtained by the mechanical stirring
shows a structure containing granules. as shown in FIG.
15 or a structure having elongated fine granules, that is,
needles mixed therein. The structure containing needles
has been disclosed in, for example, Belgian Pat. No. 661,-
784 as a mixture having microfibers dispersed therein
and the diameter of the microfibers is less than 1x and the
length is about 100u. In the above-described mixed fila-
ments, granules or microfibers contained are sufficiently
microscopic, but said mixed fibers have defects due to the
discontinuous structure. The filaments having the discon-
tinuous structure are generally low in the strength or in the
resistance against fensile. This tendency is further pro-
moted when said filaments suffer bending or stretching
stress repeatedly. Furthermore, in said filament an irrevers-
ible shift of structional units is caused in the structure
owing to elongation and the elastic recovery lowers. In
addition, if the mixture of the starting polymers is stirred
for a long time in order to otbain such mixed filaments;
the polymers react mutually in many cases and depolym-
erization or decomposition occurs and the polymer is de-
teriorated. Moreover, the mixing is effected by the me-
chanical stirring, no that non-uniformity occurs readily.

The first object of the present invention is to provide
an apparatus for forming multilayer filaments having novel
structure, in which the above-described various defects
have been improved.

Namely, the filament of this invention is characterized
in that at least two components are joined mutually -in
thin layers, each of which extends substantially uniformly
along the longitudinal direction of the filament and that
the number of layers in an arbitrary cross-section of the
unitary filament is at least 10.

The first feature of the filament according to the present
invention consists ih that the filament forms substantially
continuous structure along the longitudinal direction of
the filament. The term “substantially continuous structure”
used herein means that each layer has enough length to
be considered as practically continuous and may involve
partially discontinuous structure. Each layer constituting
the filament according to the present invention continues
along at least several centimeters, normally, from several
meters to several hundred meters. Accordingly, the fila-
ment according to the present invention does not substan-
tially have such defects resulting from the discontinuous
structure possessed by the mixed filament containing gran-
ular or microfibrous components. Namely, the filament ac-
cording to the invention has an improved resistance
against repeated tensile and bending stress.

The second feature of the filament according to the in-
vention consists in that each component is in the form of
very thin layer, namely, super thin layer. The first advan-
tage resulted from this characteristic is that every compo-
nent is multistratified into extremely fine and microscopic
layers. The second advantage is that the contact area be-
tween components is large. Accordingly, the filament of
the present invention is extremely strong in bonding of
components and is high in the resistance against elonga-
tion and bending stress. Namely, said filament is high in -
the tensile strength at break, the recovery from elonga-
tion and bending strength. Furthermore, the structure is
composed of microscopic layers (it is possible to produce
filament, in which the layers cannot be observed even by
a microscope), so that uniformity can be sufficiently main-
tained throughout the filament and this advantage is par-
ticularly effective when components different in coloration
degree, dyeability, electric conductivity or hydrophilic
property, are combined. As the spinning material of the
filament according to the invention, polymers which can-
not be used solely, namely, have no fiber-forming ability
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can be used in part. This is also due to the fact that the
filament has microscopic and continuous thin stratiform
structure.

In order to obtain such advantages, that is, to attain
the object of the present invention, it is preferable that
the thickness of the layer is as thin as possible and that the
number of the layers is as large as possible. In general,
the properties of the filament vary dependently upon the
number and the thickness of the layers, so that such num-
ber and thickness may be selected according to the object,
but when the number of layers in the cross-section of the
unitary filament is at least 10, preferably at least 20, or
the average thickness of the layers is at most 5u, prefer-
ably, at most 1y, desirable super multilayer effect can be
obtained.

A method of producing the filament according to the
present invention will be explained more in detail in the
following:

FIG. 9 is a model diagram of a fundamental type for
showing process of layer-multiplying the spinning mate-
rials. Two spinning materials (A) and (B) are joined at
a point (J;) to form two layer structure (AB), which is
separated at a point (S) and then again joined at a point
(J2) to form four layer structure (ABAB). The cross-
section of the two layer structure obtained at the point
(3,) is, for example, as shown in FIG. 1 and the four
layer structure obtained at the point (J,), for example,
as shown in FIG. 2. Such joining and separation are re-
peated in multistages (in series), whereby the spinning
materials are layer-multiplied. In such a case as shown
in FIG. 9, the number of the obtained layers is calculated
by 2", where n is the number of stages for joining and
separation. The feature of such joining and separation is
that the separation at the point (S) is carried out, while
maintaining the joined state at the point (J;) at least in
part, preferably in whole and that the joining at the point
(J5) is carried out so as to add the number of layers at
least in part, preferably, in whole. Such joining and sep-
aration are called as “joining and separation in different
phase,” because the directions of joining and separation are
different (preferably, at right angles to each other).

On the contrary, when the joining and the separation
are carried out in same phase (on the same straight line),
the flow of the spinning materials are not layer multiplied.
A model diagram of the joining and separation in the
same phase is shown in FIG. 12. The flow in a breaker
plate and a filter bed is such a flow. FIG. 9 is a funda-
mental type of the joining and separation in different
phase and there are many modifications and applications
thereof. FIG. 10 is an embodiment of its application, in
which the joining (J,) of three components in a side-by-
side relation is carried out in the first stage and the num-
ber of layers obtained in a process as shown in FIG. 10
is 3221 (n: number of stages for joining and separa-
tion). FIG. 11 is also one embodiment of the application
of FIG. 9, in which at the point (S) the flow is separated
into three and the number of the obtained layers is
ZX 3n-1, .

The joining and separation in the different phase and
those in the same phase can be shown as follows:

(5)+() - ()

(0
(41B)+ (AIB)—(AIBIAIB) (2
(2)+(2)-(312) ®
()-()+(5) e
(41B)—>(4) +(B) »)
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in the foregoing formulae, (4|B) shows a joined state as
shown in FIG. 1 and (A4|B|4|B) shows the joined state as

ShOWIl in I IG. 2 and
B A

shows the joined state as shown in FIG, 4.

(5)
B
is different by 90° in the phase from (A4|B).

Formula 1 shows the joining in the same phase and
Formulae 2 and 3 show the joining in different phase.
Formula 4 shows the separation in the different phase and
Formula 5 shows the separation of the same phase. Of
course, types shown by FIGS. 9 to 12 and Formulae 1
to 5 are examples and there are more complicated cases.

The multilayer structure obtained by effecting the join-
ing and separation in the different phase in multistages is
in practice disturbed or distored more or less. It is diffi-
cult to obtain geometrically regular structures as shown
in FIGS. 2 to 5. For example, according to the process
in FIG. 9, it is expected that the structure as shown in
FIG. 2 is obtained by two stages of joining and separa-
tion, but the filament actually obtained has often the dis-
torted structure as shown in FIG. 6.

Embodiments of cross-section of the filaments composed
of a very large number of layers according to the present
invention are, for example, those as shown in FIGS. 7
and 63 and have “grainy” multilayer structure. The layers
are sometimes divided into many round fractions owing
to surface tension or are aggregated owing to turbulence
of flow of the spinning materials in the spinning apparatus.
FIG. 7 shows a distorted grainy structure and FIG. 63
shows a relatively regular grainy structure. FIG. 8 shows
an embodiment of multilayer structure wherein the layers
are divided into pieces in the cross-section and such a
structure is called as “archipelagic” one. FIG. 64 shows
a archipelagic structure similar to a grain structure. The
spinning materials may be divided and dispersed more
finely. However, it has an effect for increasing the contact
area of each component with others that the layers are
distorted in the cross-section and such a fact is rather de-
sirable for the object of the present invention. In view of
increase of the contact area of mutual layers, the grainy
structures as shown in FIGS. 7 and 63 are particularly
preferable. Of course, the grainy structure may be not so
regular as an annual ring of wood, but may have irreg-
ular distortion and further may be not completely con-
tinuous.

The structure having an archipelagic cross-section is
modified grainy structure and is also useful. However,
when the cross-section of the divided component is cir-
cular, the contact area is minimum, so that such circular
cross-section of the component is not preferable (of course,
a part of the divided components may have circular cross-
section, but it is preferable that the major part comprises
layers).

The filament according to the present invention is char-
acterized by that the number of layers is many. The num-~
ber of layers constituting the unitary filament of this in-
vention is at least 10, preferably, at least 20. Usually, the
filaments having several tens to several hundreds of layers
are most preferable. When the number of layers is too
large, said layers cannot be identified by an optical micro-
scope, and said identification can be effected by electron
microscope. The number of layers cannot always be meas-
ured exactly. Namely, in FIGS. 1 to 5, each layer is com-
pletely distinct, so that it is easy to figure the number, but
the complicated structure as shown in FIG. 7 the layers
are joined and connected mutually and many of them are
not clearly distinguishable. In such a case, a straight line
pq as shown in FIG. 63 is drawn in the cross-section of
the filament so as to cross the layers as many as possible
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and the number of layers can be shown by the number of
layers crossed by the straight line. In general, actual num-
ber of layers is more than said number. However, even
if the straight line pqg crosses two or more times a smoothly
continued layer, which is considered as the same layer ap-
parently, such a case is figured as one time. For example,
in case of concentrically circular multi-layer structure, the
straight line passing through the center crosses each layer
two times respectively.

In any case, in order to attain the object of the present
invention, the number of layers should be at least 10 and
to this end, in the system as shown in FIG. 9 it is sufficient
to effect four stages of joining and separation and in the
systems of FIGS. 10 and 11 it is sufficient to effect
three-stages of joining and separation respectively. In gen-
eral, the larger the number of layers constituting the uni-

" tary filament is, the larger the contact area of each com-
ponent is and the greater the bonding force of mutual com-
ponents is. When the number of layers constituting the
unitary filaments is less than 10, this bonding force is
small and the mixed state becomes macroscopic and the
object of the present invention cannot be attained. Of
course, as the number of layers increases, the property of
the resulting filament is gradually varied and it does not
means that if the number of the layers reaches to 10 a
sudden change occurs.

FIGS. 7 and 8 show the case, wherein the cross-section
of the filament is circular, but the cross-section of the fila-
ment may be any known the configuration. For example,
the cross-section of the filament may be a multi-lobal, po-
lygonal, stellar, hollow or irregular type. FIG. 70 shows a
tri-lobal type.

An application of multilayer filament according to the
present invention involves composite multilayer filament,
the cross-section of which is, for example, shown in FIGS.
65-70. The multilayer structure includes the grainy struc-
ture as shown in FIGS. 7 and 63 and the structure having
an archipelagic cross-section as shown in FIGS, 8§ and 64.
However, in FIGS. 65 to 70, only the grainy structures
are shown as the multilayer structure in order to show said
composite multiplayer structure briefly. As well-known,
the composite filament includes a side-by-side type and a
sheath-core type. FIGS. 65, 68, 69 and 70 show the side-
by-side type and FIGS. 66 and 67 the sheath-core type.
FIGS. 66 and 67 show the cases, wherein the core is multi-
layer structure, but of course the sheath may be multilayer
structure. In any event, the composite multilayer filament
has non-uniform stratiform structure.

According to the different classification, the composite
multilayer filaments can be divided into two groups in one
of which both of the bonded two components have multi-
layer structures and in the other of which only one of
the bonded two components has a homogeneous structure.
FIGS. 65, 66, 67 and 70 show the cases, wherein one com-
ponent of the composite filament is a homogeneous striuc-
ture and it can bec onsidered that in these cases on particu-
lar layer in the multilayer filament is particularly magni-
fied. FIGS. 68 and 69 show embodiments, wherein one
multilayer structure is bonded with the other multilayer
structure and. in FIG. 68, layers in the right half are dif-
ferent from those in the left half in the thickness, density
of layer, etc. and in FIG. 69 the right half and the left
half are same in the multi-layer structure but different
in the spinning components and namely, the component
of which thel ayers shown by dotted lines consist is dif-
frent from the component for the layers shown by solid
lines. Both the core and sheath may be multilayer struc-
ture.

According to the further different classification, the
composite filaments can be divided into an eccentric type
and a concentric type. The eccentric types are shown in
FIGS. 65, 67-70 and the. concentric type in FIG. 66. The
eccentric type composite multilayer filament has latent
crimpability. An object of the present invention is to
provide mixed filament having an improved crimpability.
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Heretofore, it has been attempted that a polymer mixture
is used for one or all of components of the composite
filament. However, the mixture in these attempts, con-
tains the above-described granule- or needle-like compo-
nents. Accordingly, the composite filament composed of
the conventional mixture has essential drawbacks. These
drawbacks are based on the discontinuous structure of
such granular or needle-like components. The stability of
the crimps of composite filament comprising the mix-
ture containing microfibers as one component is fairly
improved, but is still unsatisfactory.

The features of the mixed filament having improved
latent crimpability according to the present invention lie
in the following points:

(1) At least two components extend in a large number
of layers substantially uniformly along the filament axis.

(2) The number of layers in an arbitary cross-section
of the filament is at least 10, preferably, at least 20.

(3) The layers form eccentric and non-uniform multi-
layer structure laterally.

The term “eccentric or non-uniform” used herein means
the expression when the filment is observed as the whole,
namely, macroscopically. The structure as shown in FIG.
7 is microscopically (locally) non-uniform and eccentric
and is not completely concentric structure, but it has essen-
tially no latent crimpabillity. In order to provide a high
latent crimpability, it is necessary to have macroscopi-
cally non-uniform and eccentric structure. FIGS. 65, 67—
70 show filaments having macroscopically eccentric and
non-uniform structure. In order to enhance the latent
crimpability, it is desirable to increase the eccentricity.

As well known, in order to provide the composite fila-
ment with latent crimpability, it is necessary for the
bonded components the composite filament to have dif-
ferent shrinkabilities. Accordingly, the selection of the
components to be bonded to each other is also an im-
portant problem. Furthermore, it is possible to improve
properties of the filament, for example, dynamic property,
dyeability, property of electricfication, hydrophic property,
heat resistance, etc. by combining two or more spinning
materials as the components of the multilayer portion
of the filament.

In the above-described composite multilayer filament,
when one component to be bonded is a homogeneous struc-
ture, the multilayer structure portion in the composite
filament should not be too small. The favourable charac-
teristic of the filament of this invention is based on the
multilayer structure, so that if the multilayer structure por-
tion is too small, the effect is lowered.

As another type of application of the multilayer fila-
ment according to the present invention, there is a
double multilayer structure. The term “double multilayer
structure” means one having further several fine layers
in one layer. FIGS. 71-74 are embodiments of partially
enlarged views of cross-section of such double multilayer
structure. FIG. 71 shows a cross-section having grainy
layers in the grainy layer, FIG. 72 shows a cross-section
consisting of homogeneous layers and composite layers
having an archipelagic structure and FIG. 73 shows a
cross-section having grainy layers in the archipelagic struc-
ture and FIG. 74 shows a cross-section having a micro-
archipelagic structure contained in the macro-archipelagic
structure. The cases in which cross-sections are similar
to those as shown in FIGS. 72 and 74, and in which the
fine structure in the layer is granule- or needle-like mixed
structure, are also useful.

The spinning materials to be used as the components of
the filaments according to the invention may be any well-
known spinning materials the melt or solution of which
has fluidity. Usual fiber-forming polymers, for example,
polyamides, polyesters, polyester-ethers, polyethers, poly-
ureas, polyolefins, polyvinyl series polymers, such as poly-
vinyl chloride, polystyrene, polyvinyl alcohol, polyac-
rylonitrile, polycarbonates, casein, regenerated cellulose,
copolymers or modified polymers thereof are very useful.
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Moreover, as spinning materials which are generally not
used solely but can be employed as the component of the
filament of the present invention, mention may be made
of initial polymer of phenol-formaldehyde, polyethylene
oxide, polyethylene-imine and most of surfactants. The
above-described spinning materials may be added with
organic or inorganic substances, such as delustrants, pig-
ments, dyestuffs, light-stabilizers, plasticizers, if desired.
Mutual compatibilty of the components to be mixed is not
necessarily required and the combination of incompatible
components is useful. When components incompatible
with each other are used, a fibrilated yarn, such as a modi-
fied yarn can be obtained.

The muiltilayer structure portion of the filaments ac-
cording to the invention is composed of a plurality of com-
ponents. The selection or combination of these compo-
nents is an important problems. Useful combinations of
two components are explained as follows:

Firstly, the combination of two components having dif-
ferent dyeabilities is useful. It is useful that a spinning
material having poor dyeability is mixed with a spinning
material having excellent dyeability to improve the dye-
receptivity of the filament. For example, in general, a
copolymer is often superior in the dyeability to a homo-
polymer. Furthermore, a polyamide is superior in the dye-
receptivity for acid dye to a polyester. Polymers having
functional groups, such as amine groups carboxyl groups,
hydroxyl groups, sulfo groups, imino groups, urea bonds
and groups having high affinity with dyestuffs are excellent
in the dyeability. The materials having excellent dyeability
are generally inferior in the dynamic property, but in the
filament according to the invention having super multi-
layer structure, the dynamic property of filament is less
deteriorated even if the spinning material having poor
dynamic property is mixed. For example, materials hav-
ing no fiber-forming ability solely, can be used for the
component of the filament according to the invention.
Such materials used for improving the dyeability include
polyalkyleneimine, such as polyethyleneimine.

Secondary, the combination of components having
different properties of electrification or electric conduc-
tivity is useful.

Many of synthetic fibers have drawbacks that the elec-
tric resistance is high and they are electrically charged
readily, and therefore various anti-static methods for syn-
ethetic fibers have been known. A method for incorporat-
ing a substance having a property of nonelectricfication or
a high electric conductivity in a spinning material having
property of electrification, has also been well known.
However, the material incorporated with the substance
having the property of non-electrification is often deter-
irated in the dynamic property. The filament having super
multilayer structure according to the present invention is
decerased in such a tendency and due to a sufficiently layer-
multiplied and continuous structure, it can be provided
with a sufficient anti-static property. Particularly, the
continuous structure of the layer is convenient in order
to enhance the electric conductivity. Materials, having
no fiber-forming ability solely, for example, most of
surfactants which have a high electric conductivity can be
used.

Surfactants, for example, imidazole derivatives, phos-
phoric acid esters of higher alcohols and the salts thereof,
such as alkyl phosphate amine salts and alkyl phosphate
metal salts, sulphuric acid esters and phosphoric acid
esters of higher alcohols, polyailkylene oxides, such as
polyethylene oxide (polyethylene glycol) and the deriva-
tives thereof have anti-static property and are useful for
the present invention.

Thirdly, the combination of components having dif-
ferent hydrophilic properties is useful. Many of the syn-
thetic fibers have defect in view of poor hydrophilic
property. Hydrophilic materials are generally inferior in
the dynamic property, but the filament according to the
present invention has less reduced dynamic property even
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though hydrophilic materials are mixed therewith. Hydro-
philic materials include a large number of copolymers
and polymers having many hydrophilic groups, such as
amino groups, hydroxyl groups or carboxyl groups. The
hydrophilic homopolymers include, for example, poly-
hexamethyleneisophthalamide, polymetaxylylenesebacam-
ide, polybispropylpiperazineadipamide, polyethylene ox-
ide, etc. Many of hydrophilic materials have low crystal-
linity and the filament obtained therefrom is low in the
strength, but such materials are useful for the component
of the filament of this invention.

Fourthly, the combination of components having dif-
ferent dynamic properties is also useful. Novel filaments
can be obtained by combining polymers having different
Young’s moduli, tenacities, elongations and elasticity re-
covering percentages. For example, by combining a rigid
polymer (with a high Young’s modulus) with a flexible
polymer (a Young’s modulus), a filament having unique
flexibility and rigidity can be obtained. The filament ob-
tained by combining these two polymers according to
the present invention hasthe structure similar to that of
natural fiber. Silk, wool, cotton, wood and leather have
microfibril structure. The feature of these natural struc-
tures consists in that fibrils having high tenacity and
Young’s modulus (in many cases, they are high in crystal-
linity and have a highly oriented structure) and flexible
components (in many cases, they are hydrophilic and
non-crystalline and have a high dyeing affinity) are mixed
in a multilayer state.

The filament obtained by combining suitable com-
ponents according to the present invention approaches to
the natural fiber.

The combination of components having different chem-
ical resistances, shrinkabilities latent adhesive properties,
heat resistances or coloration degrees is also useful. The
heat resistance can be enhanced by incorporating a ma-
terial having a high softening point in a material having
a low softening point. Filaments having novel coloring
and lustrous effects can be obtained by combining com-
ponents having different colors or shades or two com-
ponents having and not having delustrant. This is due to
the fact that the filaments according to the present inven-
tion are microscopically mixed ones.

The filaments obtained according to the present inven-
tion can be used for known use of fibers as continuous
filaments or staple fibers and further can be used by
mixing with the other fibers or filaments. The usually pro-
duced filaments have a fineness ranging about 1-100
deniers per unitary filament, but, of course, the fineness
may exceed such a range, if necessary. The filaments ac-
cording to the present invention are usually used in a
drawn and oriented state, but can be utilized in an un-
drawn or lowly oriented state, if required.

Then the method and apparatus for spinning the multi-
layer filaments according to the present invention will be
explained hereinafter. The fundamental method for
spinning the multilayer filaments, namely the method
wherein the spinning materials are joined and separated
in the different phase at many stages and layer-multiplied,
has been already explained. Such joining and separation
may be effected in passages, such as fine pipes. However,
the inventors have found very simple and improved
method and apparatus. These improved method and ap-
paratus are characterized by that at least two spinning
materials are joined and/or separated in a plurality of
reservoirs, while flowing through said reservoirs and the
passages for connecting said reservoirs. In the improved
method and apparatus, the reservoirs have very important
and essential function and further, the passages for con-
necting the reservoirs are also very important and par-
ticularly, the combination system must be constituted in
such a manner that as mentioned above the flows of the
spinning materials are joined and separated in the dif-
ferent phase at many stages.
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FIGS. 16 and 17 show flow diagrams or improved layer-
multiplying mixers, by which means for connecting reser-
voirs R with passages are shown. In the figures, a rec-
tangle shows a reservoir R and a line shows a passage.
In FIG. 16 the separation is effected in the pasage and
the joining is effected in the reservoir. In FIG. 17 the
joining is effected in the passage and separation is effected
in the reservoir. Namely, the joining and the separation
are effected in different phases each other. For example,
in FIG. 16 the joining in the second stage reservoirs Ry
and Ry, and the separation at the second stage separating
point S; are effected in different phases. In the same
manner, in FIG. 17 the joining at the first stage joining
point J,, and the separation in the second stage reservoirs
Ry; and Ry, should be effected in different phases. Fur-
ther, both the joining and the separation may be effected
in the reservoir. When the joining is effected in the reser-
voir, the number of ‘outlet through which the spinning
solution is flown out from the reservoir is smaller than
that of inlet through which the spinning solution is flown
into the reservoir. When the separation is effected in the
reservoir, the number of the outlet is larger than that of
the inlet. As a general rule, the joining and the separation
are effected alternately, and one joining and one separa-
tion constitute a pair, and said pair -may be in order of
either joining-separation or separation-joining.

In FIGS. 16 and 17, two spinning solutions A and B
are subjected to the repetitions of the joining-separation
in different phase, layer-multiplied and introduced into
the last reservoir Ryge. In FIGS. 16 and 17, n shows the
number (of stage) of the joining-separation and is a
positive integer. The last reservoir Rige may be omitted
in order to introduce the spinning solutions into the
spinning orifice directly.

As described above, the layer-multiplying of the spin-
ning solutions can be effected by interposing at least one
distributing plate between the supplying portion for the
spinning solutions and the spinning plate.

The present invention will be explained with reference
to some spinnerets as shown in the drawings.

FIG. 18 is a vertical-sectional view of the essential
part of the spinneret according to the invention. The mix-
ing system of this spinneret is the same with that shown
in FIG. 17. Two spinning solutions to be mixed are fed
to the reservoirs R;; and Rj, respectively at a predeter-
mined mixing ratio. The two spinning solutions in the
reservoirs Ry; and R,y are joined at the center of chan-
nels 13 and extruded into the left reservoir Ry of the
second stage through a parts of ducts 14, distributing
channels 15 and inlets 15’. Another part of the ducts 14
is connected with the right reservoir Rys of the second
stage by another distributing channels 16 and inlets 16’.
FIG. 19 is a cross-sectional view of the spinneret taken
along the line 1—1’ in FIG. 18 in the arrow direction,
in which the arrangement of the channels 13, the ducts
14, and the distributing channels 15 and 16 is shown.
The joining direction of the two spinning solutions at
the center of the channel 13 agrees with the longitudinal
direction of the channel 13. The joined line is shown by
a straight line PQ and the joining direction is perpen-
dicular to the direction of the straight line PQ. While,
the separation direction agrees with the arrangement
direction of the channels 13 or the ducts 14, that is, the
direction of the straight line PQ. For example, the spin-
ning solutions are fed into channels 23 while being
separated in the direction of straight line PQ in the re-
servoir Rag. Therefore, in the spinneret shown in FIGS.
18 and 19 the joining direction and the separation direc-
tion are different by 90° each other. In the spinneret
shown in FIG. 18, two spinning solutions repeat 4 times
of joining-separation, and then extruded through the ori-
fice 105 provided on the spinneret plate 100. In the spin-
neret shown in FIG. 18, the last reservoir Ryq in FIG.
17 is omitted, and six distributing plates Dyy, Dgy, Dy,
D3, D3z and Dy; are interposed between the supplying
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portion D,, for the spinning solutions and the spinneret
plate 100. One time of joining-separation is effected by a
pair of distributing plates, for example, Dy; and Dag.

FIG. 20 is a vertical-sectional view of a somewhat
complicated spinneret according to the invention. The
first spinning solution is fed into a reservoir Ry;, and
then introduced into an outer reservoir Rj; through an
inlet 1, a reservoir Ryiq, a filter Fy; and ducts 5. The sec-
ond spinning solution is introduced into an inner reser-
voir R;, from a reservoir Ryy through a duct 2, a reser-
voir Ryeg, a filter Fy5 and ducts 6. The two spinning solu-
tions flown out from the reservoirs R;; and Rj, respec-
tively are joined at an intermediate point on the channels
13. A part of the joined spinning solutions is introduced
into the outer reservoir Ry; of the second stage through
ducts 14 and a reservoir Ryy and another part of them
is introduced into the inner reservoir Rg, of the second
stage through ducts 14’ and a reservoir Rgs. Thus, the
spinning solutions are joined in the channels 13, 23
and 33. In the spinneret shown in FIG. 20, a pair of join-
ing-separation is effected by using distributing plates Dy,
and D;;. In the same manner, a pair of joining-separation
is effected by using distributing plates Dy; and Ds,, or
Ds;, and Dss. In the layer-multiplying mixer shown in
FIG. 20, the structure of the distributing plate and the
distributing mechanism are different from those of the
mixer shown in FIG. 18. Further, in the spinneret shown
in FIG. 20, filters F, and F; are placed in the layer-
multiplying mixer, and reservoirs Ryg and Rgaq consist
respectively of a unitary space. The numeral 100
represents a spinneret plate and 110 a holding cylinder.
The flow in the spinneret shown in FIG. 20 is com-
plicated, and the filament extruded through this spinneret
has a complicated structure. Particularly, the laminar
flow of the spinning materials may be disturbed by the
filters placed in the layer-multiplying mixer at the back
of the spinneret plate 100, resulting discontinuous layer
structure. However, granularly mixed filaments may be
inferior to continuous stratiform mixed filaments in the
tensile strength, so that filaments having longitudinal-
sectional views as shown in FIGS. 13 and 14 are prefera-
ble in many cases.

FIG. 21 is a cross-sectional view of the spinneret taken
along the line 2—2’ in FIG. 20 in the arrow direction
and shows the arrangement of the ducts 1 and 2. FIG.
22 is a cross-sectional view taken along the line 3—3’ in
FIG. 20 in the arrow direction and shows filters Fy; and
Fip. FIG. 23 is a cross-sectional view taken along the
line 4—4" in FIG. 20 in the arrow direction and shows
the arrangement of the outer reservoir Ry, the inner
reservoir Rys, the channels 13, the ducts 14 and the ducts
14’, The joining direction agrees with the direction of the
Iongitudinal axis of the channel 13, that is, the direction
of the diameter of the spinneret, and the separation di-
rection agrees with the arrangement direction of the
ducts 14, that is, the direction of the preiphery of the
spinneret, so that it can be seen that the joining direction
and the separation direction are prependicular each
other. FIG. 24 is a cross-sectional view of the spinneret
taken along the line 5—5’ in FIG. 20 and shows the ar-
rangement of the orifices 105.

FIG. 25 is a vertical-sectional view of another spinneret
according to the invention. The first spinning solution is
introduced into a reservoir R;; from a reservoir Rq; and
the second spinning solution is introduced into a reservoir
Rj2 from a reservoir Ryy. The first spinning solution in
the reservoir R;; is extruded into a reservoir Ry through
ducts H;;, and the second spinning solution in the reser-
voir Ry, is extruded into the reservoir Rgyo through ducts
H;s. The two spinning solutions are joined in the reservoir
Rayp and then introduced into the outer reservoir of the
second stage Ry, through ducts Hyy;. The joining is effected
in the reservoir Ry and the separation is effected in the
reservoir Ry. The joining in the lower two stages is
effected at the tip of annular partitions V3 and V4. The
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number of stages of the joining-separation in this spin-
neret is 4. In this spinneret, a pair of joining-separation is
effected by using, for example, distributing plates Dy, and
Dy,, and Dg; and Dy, respectively. FIG. 26 is a cross-sec-
tional view of the spinneret taken along the line 6—6’ in
FIG. 25 in the arrow direction and shows the arrange-
ment of the ducts Hy; and Hy,y. FIG, 27 is a cross-sectional
view taken along the line 7—7’ in FIG. 25 in the arrow
direction and shows the arrangement of reservoirs Rgjg,
Rozo, Razo and Ry, and ducts Hyyy, Hygg, Hioy and Hyga.
In the spinneret shown in FIG. 25, the flows of the spin-
ning solutions are very complicated, so that the resulting
filament also has very complicated layer structure.

When the phase of joining is different from that of sep-
aration, the object of the present invention is attained, but
it is most advantageous that the angle made by those two
phases is 90° in view of the production of the spinneret
and the layer-multiplying efficiency. According to the in-
vention, it is necessary that the joining and the separations
are effected alternately and in series. The larger the num-
ber of the stages for the joining-separation is, the more
finely divided layer is obtained.

As described above, the feature of the spinneret accord-
ing to the invention lies in effecting the joining and the sep-
aration in the reservoir. This is very advantageous in the
production of the spinneret. It can be seen from the above-
description that the spinneret according to the invention
is very simple in the structure and easy in the production
and maintenance.

When the layer-multiplying is effected in the reservoir
and in the channel connecting the reservoirs, an effective
function is brought about on the resulting filament. This
is due to the fact that the layer structure in the filament
is distorted owing to distrubance of flow of the spinning
solutions. FIGS. 6 and 7 show the distorted grainy struc-
ture. Such distortion of the layer increases the contact
area between layers, and strengthens the bonding between
components. In addition, the formation of distortion re-
sults into cutting of layer. In a filament having cut layer
structure as shown in FIG. 8, for example, even when the
spinning materials are poor in mutual bonding property,
layers in the resulting filament show a tendency not to be
readily separated from the one another. Owing to the dis-
turbance of the flow of spinning soltuions in the reservoir,
the number of layers in the resulting filament may be
larger or smaller than that calculated in the above.

As described above, the spinneret according to the
invention is easy in the manufacfure and maintenance
because of its simple structure, so that the spinneret can
be manunfactured in a smaller size. Such an improved
spinneret can be produced by superposing distributing
plates in multi-stage, which are provided with a plurality
of reservoirs on their upper surface and lower surface,
respectively, and with ditches and ducts whereby the
reservoirs are connected with one another.

FIG. 28 is a part of the vertical-sectional view of an
improved layer-multiplying mixer according to the inven-
tion. The same type of distributing plates Dyy, Dy and Dy
are superposed. The distributing plate Dy, is provided with
reservoirs 11 and 12 which are connected by ditches 13
on its upper surface, and further provided with ducts 14
passing through the distributing plate Dyy, which are con-
nected to an intermediate point of the ditches 13 at one
end and to a distributing ditches 15 or 17 on the lower
surface of the plate at the other end. The other ends of
the distributing ditches 15 and 17 are connected to a left
reservoir 16 and a right reservoir 18 respectively on the
lower surface of the distributing plate Dyy. The ditches 15
and 17 on the lower surface of the distributing plate D10
are separated from ditches 23 on the upper surface of the
distributing plate Dj, of the next stage. FIG. 29 is a
cross-sectional view of the mixer taken along the line 8-8’
of FIG. 28 in the arrow direction and shows the arrange-
ment of the distributing ditches 15 and 17 on the lower
surface of the distributing plate Dyy of the first stage and
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ditches 23 on the upper surface of the distributing plate
Dy, of the second stage. FIG. 30 is a vertical-sectional
view of the mixer taken along the line 9-9’ in FIG. 28 in
the arrow direction and shows the arrangement of the
ditches on the upper surface and on the lower surface of
the distributing plates Dyq, Doy and Djp. The arrows in
FIGS. 28, 29 and 30 show the direction of the flow of
spinning solutions.

The reservoir and the ditch on the upper surface of the
distributing plate are abridged as “the upper reservoir”
and “the upper ditch” respectively and those on the lower
surface of the distributing plate are abridged as “the
lower reservoir” and “the lower ditch” respectively herein-
after.

FIG. 31 is a longitudinal-sectional view of an improved
spinneret according to the invention. In the spinneret, the
mixer or the distributing plate is fundamentally the same
with those shown in FIG. 28. The only different point is
that, for example, a partition plate 19 is interposed be-
tween two distributing plates Dy and Dy in order to
separate the lower ditches of a distributing plate from
the upper ditches of another distributing plate positioned
under the former distributing plate. The numerals 29, 39
and 49 represent similar partition plates. The partition
plates 19, 29, 39 and 49 serve additionally as a gasket
plate and they can be interposed very easily, so that the
spinneret is not complicated. FIG. 32 is a cross-sectional
view of the spinneret taken along the line 10-10" in
FIG. 31 in the arrow direction and shows the arrangement
of the upper ditches 13 and the ducts 14. FIG. 33 is a
cross-sectional view taken along the line 11-11’ in FIG.
31 in the arrow direction and shows the arrangement
of distributing ditches 15 and 17. FIG. 34 is a cross-sec-
tional view taken along the line 12~12’ in FIG. 31 in
the arrow direction and shows the arrangement of the
upper ditches 103, ducts 104 and orifices 105 of the spin-
neret plate 100. The number of the orifices 105 may be the
same as or different from that of the ducts 14. In the same
manner, the number of the ducts 14 in the distributing
plate Dy may be the same as or different from that of
the ducts 24 in the distributing plate Dy As described
above, it is considerably advantageous in the combination
of the elements of spinneret that the distributing plate has
reservoirs, so that an element, for example the distributing
plate, can be combined with the other kinds of elements
easily. This is a remarkable merit of the present inven-
tion, which has been illustrated in FIGS. 20 and 25. It
can be seen that the spinneret shown in FIG. 31 is an em-
bodiment of a flow system shown in FIG. 17. The reser-
voir Ry; shown in FIG. 17 corresponds to the reservoir 11
in FIG. 31, and in the same manner Rj; corresponds to
12 and the joining point J; corresponds to the joining point
of ditch 13 and duct 14. Ry; corresponds to 16 and 21. The
part corresponding to the reservoir Ryqy in FIG. 17 is
omitted.

FIG. 35 is a vertical-sectional view of another im-
proved spinneret according to the invention. Firstly, the
difference between the spinneret shown in FIG. 35 and
that shown in FIG. 31 lies in that in FIG. 35 three com-
ponents are joined in the first stage of the layer-multiply-
ing mixers, The spinning solutions in the three reservoirs
Ry, Ris and Ry are joined with each other at the tips
of annular partitions Vy; and Vyo. This joining is the same
as that shown in FIG. 10. Secondary, the partition plates
19, 29 or 39 additionally used as gaskets are different from
those in FIG. 31 and each of them is composed of a piece
of plate having a plurality of holes. Thirdly, among the
inner reservoirs, reservoirs 36 and 101 are annular. In the
spinnerets shown in FIGS. 31 and 35, the number # of the
stages for joining-separation is 5, and the angle made by
the phase at the joining and that at the separation is 90°.
FIG. 36 is a cross-sectional view of the spinneret taken
along the line 13-13’ in FIG. 35 in the arrow direction
and shows the arrangement of upper ditches 23 and ducts
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24 of the distributing plate Dgy. FIG. 37 is a cross-sec-
tional view taken along the line 14-14’ in FIG. 35 in the
arrow direction and shows lower ditches 25 and 27 of dis-
tributing plate Dyg. FIG. 38 is a cross-sectional view taken
along the line 15-15 in FIG. 35 in the arrow direction
and shows that the separating plate 39 is provided with
ducts 39’ in order to connect reservoir 38 with reservoir
42, and reservoir 36 with reservoir 41 respectively. The
ducts 39, may be whole or slit. FIG. 39 is a cross-sectional
view taken along the line 16-16’ in FIG. 35 in the arrow
direction and shows the arrangement of ditches 103, ducts
104 and orifices 105.

FIG. 40 is a spinneret having more complicated mixing
system, It is the merit of the present invention that a spin-
neret having such a very complicated mixing system can
be produced easily.

As described hereinbefore, it can be seen that the spin-
nerets shown in FIGS. 28-40 are very simple in the struc-
ture and are very easy in the manufacture and the main-
tenance.” Furthermore, these spinnerets can be manu-
factured in small size, so that they are extremely excellent.
For example, as the separating plates Dyg, Dag, Dsg and
Dy in FIG. 31, those having the upper ditches 13, 23, 33
‘and 43 and the lower ditches 15, 17, 25, 27, etc., each
width and depth of which being about 0.5-3 mm. respec-
tively, the ducts 14, 24, 34, 44, 54, etc., each diameter of
which being about 0.5-3 mm., and the reservoirs 16, 18,
21, 22, 26, 28, etc., each depth of which being about 0.5—
5 mm. are often used. Therefore, it is very easy to manu-
facture a distributing plate having a thickness of not more
than 20 mm., and for example a distributing plate having
a thickness of about 5 mm. is often used. Therefore, even
when five, ten or fifteen pieces of the distributing plates
are superposed, the resulting layer-multiplying mixer is
very small, and is very easy in handling. In order to ob-
tain a multilayer filament, at least one distributing plate
(the number of the stages for joining-separation: n=2),
generally three or more distributing plates are used. For
example, the spinneret shown in FIG. 31 has four dis-
tributing plates, (the number of the stages for joining-
separation: n=>5), so that the number of the resulting
layer is expected to be 25=32., Furthermore, when ten
distributing plates are used in the spinneret shown in FIG.
31, the number of the resulting layers is expected to be
211=2048. Of course, these values are only calculated
values, but they may be considered as an indication.

The essential feature of the spinnerets shown in FIGS.
28-40 lies in the structure and the type of combination of
the distributing plates. The feature will be described here-
under. In order to make the understanding easy, the nu-
meral of each portion in the distributing plate in FIG.
28 is shown in the brackets [], but it should be noted that
the numeral is none but an example.

(a) The feature of the distributing plate [Dy]:

(a-1) There are at least two reservoirs [11 and 12] on
the upper surface, and at least two reservoirs [16 and
18] on the lower surface.

(a-2) There are a plurality of upper ditches [13] con-
necting a pair of adjacent reservoirs [11 and 12] among
the upper reservoirs.

(a-3) There are ducts [14], each of which connects an
intermediate point of the upper ditch [13] with the
lower surface.

(a-4) A part of the openings of the ducts [14] at the lower
surface is connected with one lower reservoir [16] by
the lower distributing ditches [15], and another part of
said openings is connected with another lower reservoir
[18] by another lower distributing ditches [17].

(b) The feature of the tye type of combination of distrib-
uting plates [Dyo and Dggl:

(b=1) The lower ditches [15 and 17] of the distributing
plate [Dyp] of the upper stage are separated from the
upper ditches [13] of the distributing plate [Dgq] of the
lower plate, and both of those ditches are connected by
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the reservoirs [16, 21, 18, 221, to which both ditches are
opened. .

(b—2) The lower reservoirs [16 and 18] of the upper dis-
tributing plate [Dyo] are faced and united to the upper
reservoirs [21 and 221 of the lower distributing plate
[Dgl. :

It can be seen that the mixing system of the layer-
multiplying mixer in the spinnerets shown in FIGS. 28, 31
and 35 is fundamentally the same as that shown in the
flow diagram of FIG. 17. FIG. 41 is an embodiment of
the plan view of the flow diagram shown in FIG. 17,
wherein m is a positive integer. The structure of the ac-
tual spinneret shown in FIG. 41 will be understood easily
with reference to FIG. 29. The liquidized spinning mate-
rials are fed into reservoirs Ry and Ry, at the mth stage
through the inlet I, separated in the reservoirs Ry; and Rme
in the arrow direction, joined at the outlet O and then are
flown out. The inlet I is shown by a circle divided into black
and white semicircles by a straight line which shows the
joining direction at the upper stage. Replacement of the in-
let I with the outlet O in FIG. 41 results FIG 42. It will be
evident that FIG. 42 is a plan view of an embodiment of
the flow diagram shown in FIG. 16. A distributing plate
constituting the system shown in FIG. 16 or FIG. 42 can
be manufactured.

The spinneret constituting such a system will be ex-
plained with reference to the drawings.

FIG. 45 is a vertical-sectional view of an improved spin-
neret according to the invention. It can be seen that the
distributing plates Dgg, D3q and Dy, constituting the layer- -
multiplying mixer of the spinneret shown in FIG. 45 are
extremely similar to those shown in FIG. 28. They are
different in the upper and lower ditches.

When the distributing plate in FIG. 28 is placed .in-
vertedly, the distributing plate in FIG. 45 is obtained.
In FIG. 45, the first stage distributing plate D,q has a par-
ticular structure, which will be explained later. In FIG.
45, the spinning materials in the duct 14 are separated and
flown into two reservoirs Ry; and Ry, of the second stage
through the lower distributing ditch 156 of the distribut-
ing plate D;q of the first stage. The spinning material in
the reservoir Ry is introduced into ducts 24 through the
upper collecting ditches 231 of the distributing plate Dy
of the second stage. While, the spinning material in the
reservoir Rgy is introduced into the ducts 24 through an-
other upper collecting ditches 232. FIG. 46 is a cross-sec-
tional view of the spinneret taken along the line 17-17’ in
FIG. 45 in the arrow direction, and shows the arrangement
of the upper ditches 13, ducts 14 and the lower distributing
ditches 150 of the distributing plate D;, of the first stage.
FIG. 47 is a cross-sectional view taken along the line
18-18’ in FIG. 45 in the arrow direction and shows the
arrangement of the lower distributing ditches 150 and the
upper collecting ditches 231 and 232. Correspondence of
FIG. 47 to FIG. 42 may be understood easily. FIG. 48 is
a vertical-sectional view taken along the line 19-19’ in
FIG. 45 and shows the arrangement of the lower distribut-
ing ditches 150, 250 and 350, and the upper collecting
ditches 232 and 332. FIG. 49 is a cross-sectional view
taken along the line 20-20’ in FIG, 45 and shows the ar-
rangement of orifices 105 and collecting ditches. 1031
and 1032.

As shown in FIG. 46, the distributing plate Dyq of the
first stage in FIG. 45 has a particular structure. The ob-
ject of such a structure is to make the joining phase of the
spinning materals fed into the duct 14 equal to the join-
ing phase at the inlet I of FIG. 42. The ditch 13 and
the duct 14 in FIG. 46 can be written with a plain as
shown in FIG. 50. In lieu of a structure of the upper ditch
13 of the distributing plate D,y of the first stage in FIG.
45, either a structure shown in FIG. 50 or those shown
in FIGS. 51-58 may be used. The mixing system shown in
FIG. 51 is the same as that from R;; and Ry, to S; shown
in FIG. 16. When the structure of the distributing plate
Dy of the first stage is the same as that of the distribut-
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ing plate Dy of the second stage in FIG. 45, the upper
surface of the distributing plate Dy, is the same as the
structure shown in FIG. 51. Structures shown in FIGS.
50, 52 and 53 are most useful. When the upper ditches of
the first distributing plate shown in FIG. 51 are used, the
number 7 of joining stages is less than that of distributing
plates by one, and the efficiency is somewhat low. When
the first distributing plates having ditches shown in FIGS.
54-56 are used, the efficiency for layer-multiplying is
somewhat low. When the first distributing plates having
ditches shown in FIGS. 57 and 58 are used, the number
n of joining stages is less than that of the distributing
plates by two, and the efficiency is the lowest. However,
in the mixer shown in FIG. 28, the upper ditch of the
first distributing plate has same structure as that shown
in FIG. 58, and in the mixers shown in FIGS. 28-40, the
structure shown in FIG. 58 is most effective,

The essential feature of the structure and the type of
combination of the distributing plates Dgp, D3g and Dy
shown in FIG. 45 is as follows:

(a’) The feature of the distributing plate:

(a’~1) There are at least two reservoirs on the upper and
lower surfaces respectively.

(a’-2) There are a plurality of ducts connecting the upper
surface with the lower surface.

(a’-3) A part of the upper openings of the ducts is con-
nected with one upper reservoir by collecting ditches,
and another part of the upper openings of the ducts is
connected with another upper reservoir by another col-
lecting ditch.

(a’—4) The lower openings of the ducts are connected
with a pair of adjacent lower reservoirs by the lower
distributing ditches.

(b’) The feature of the type of combination of a plurality
of distributing plates:

(b’—1) The lower distributing ditch of the distributing
plate of the upper stage is separated from the upper
collecting ditch of the distributing plate of the lower
stage, and both the lower distributing ditch and the
upper collecting ditch are connected mutually by the
reservoir, to which both of them are opened.

(b’-2) The lower reservoir of the upper distributing plate
is faced and united to the upper reservoir of the lower
distributing plate.

By the above description, the conception of the layer-
multiplying mixer which is the essential feature accord-
ing to the present invention has been generally explained,
but the present invention is applicable more widely, and
will be explained hereinafter.

As seen from FIGS. 41 and 42, stagnation (ST) of
flow is formed in reservoirs Rp; and Rpe. Method for
preventing stagnation are shown in FIGS. 43 and 44, and
such prevention may be attained by irregularizing the
disposition of the inlet I with respect to the outlet -O.
The irregularization as shown in FIG. 44 may be attained
only by slightly shifting the distributing plates with each
other when the distributing plates are superposed. The
arrangement of the inlets I or outlets O was exemplified
by that arranged along the straight line or circle, but more
complicated arrangement, for example, an arrangement in
a zig-zag fashion may be adopted. In FIGS. 41 and 42,
passages are rectangular to the arrangement direction of
the inlets I or the outlets O, but such passages may be,
for example, as shown in FIG. 56, not rectangular to the
arrangement direction of the inlets I or the outlets O.
However, care must be taken in order that the joining and
the separation are not effected in the same phase.

FIG. 59 is a vertical-sectional view of the spinneret ac-
cording to the invention, which has essentially the mixing
system of FIG. 16. The distributing plates Dy, Dag, D3
or Dy, in FIG. 59 are the same as, for example, that Dy
in FIG. 45. However, the distributing plate Dy in FIG.
45 has rooms for the reservoirs on its upper and lower
surfaces respectively, while the distributing plate in FIG.
59 has rooms for the reservoir only on the lower surface,
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Inversely, the distributing plate may be provided with the
rooms for the reservoir only on the upper surface thereof.
In the same manner, in the distributing plates in FIGS.
28 and 35, the rooms on the upper surface or on the lower
surface can be omitted. Furthermore, when a partition
plate is interposed between the distributing plates as shown
in FIG. 31, if the thickness of the partition plate is suffi-
cient, for example, not less than 1 mm., the rooms for the
reservoirs on both the upper and lower surfaces of the
distributing plate can be omitted.

When the combination of the reservoir with the pas-
sage is selected properly, the stagnation of flow in the
reservoir can be decreased, and further when the passage
and the reservoir have a smoothly streamlined structure,
stagnation and disturbance in the flow can be also de-
creased. The layer-multiplying mixer of the spinneret ac-
cording to the invention may be constructed by superpos-
ing various kinds of distributing plates, and moreover it
can be constructed by superposing only one kind of dis-
tributing plates, if required .(for example, refer to
FIG. 31).

As methods for connecting the supplying portion with
the layer-multiplying mixer, conventional connecting
methods can be used.

The joining of the spinning materials in the first stage
can be effected by method used for spinning a conven-
tional composite filament. In the drawings, side-by-side
type joining is shown, but sheath-core type joining may
be also used. However, the side-by-side type joining is
most useful and effective.

A method for combining the layer-multiplying mixer
with the spinneret plate having spinning orifices can be
effected in various manners as explained above. The ori-
fice may be either circular or non-circular. All types of
conventional orifices can be used. Among non-circular
orifices, T-shape, Y-shape, H-shape and star-shape orifices
are most applicable.

The feature of the spinneret according to the invention
lies in that the spinneret is provided with a layer-multiply-
ing mixer, in which reservoirs and passages connecting the
reservoirs are connected in multi-stage (at least two
stages) between supplying portion of the spinning mate-
rials and the spinneret plate, whereby joining-separation
in the different phase is effected in multi-stage.

By the above explanation and embodiments, it
would be apparent how the joining-separation in the
different phase is effected. However, additional explana-
tion will be made hereinafter. When the joining and the
separation are effected in the passage (ditches and ducts),
directions of the joining and the separation are self-evident.
However, when the joining and the separation are effected
in the reservoir the abovementioned directions may be
considered as follows: '

(a) Separation in the reservoir (for example, refer to
FIG. 41): When the number of outlets from a reservoir
is larger than that of the inlets to the reservoir, spinning
materials are separated in the reservoir. The separation
direction agrees with arrangement direction of the
outlets.

(b) Joining in the reservoir (for example, refer to FIG.
42): When the number of inlets to a reservoir is larger
than that of the outlets from the reservoir, spinning
materials are joined in the reservoir. The joining direc-
tion agrees with the arrangement direction of the inlets.
It is noted that when flow of joined spinning materials

pass through curved passage, the joining direction may be
sometimes varied. For example, in FIGS. 50 and 52, such
a case occurs and the joining phase is varied by 90°. Fur-
ther, for example, in FIG. 28, the joining direction of spin-
ning materials in the duct 14 is right-to-left direction, but
that in the distributing ditch 17 is up-to-down direction.
Further, the joining direction of said spinning materials
in the ditch 23 of the next stage is different from that in
said distributing ditch 17 by 180°.
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Herebefore, there have been explained fundamental
and improved spinning processes and spinnerets of the in-
‘vention, but further, there will be explained with their
application. In the following novel spinning process and
spinneret, all types of layer-multiplying mixer can be
used. In general, the fundamental type of layer-multiplying
mixers has two forms, one of which is composed only of
passages and the other of which is above-described im-
proved type that is composed of reservoirs and passages
connecting the reservoirs. In the following drawings, only
layer-multiplying mixer having reservoirs is. exemplified,
but the following novel spinning process and spinneret
are not limited thereto.

The first application consists in a method and spinneret
for producing the above-mentioned composite multilayer
filament. Such a composite multilayer filament can be ob-
tained by bonding at least one flow of layer-multiplied spin-
ning materials with another flow of spinning material just
before the spinneret plate, and thén extruding the bonded
spinning materials through orifice,

FIG. 75 shows that two spinning materials A; and Az
are layer-multiplied by the layer-multiplying mixer Mg

and then a flow of the layer-multiplied spinning solution
is bonded with a flow of another spinning material B at a
point Jyq just before orifice 105. The spinning material B
may be the same as the spinning material A;, but Ay
must be different from A, By the method of FIG. 75
filaments as shown in FIGS. 65, 66, 67 and 70 are ob-
tained.

In FIG. 76, a flow of layer-multiplied spinning mate-
rial is bonded with another flow of layer-multiplied spin-
ning material, and Mjy; and Mjg; are both layer-multiply-
ing mixers. When the spinning materials B; and B, are the
same as the spinning materials A; and Aj; respectively,
M;o; must be different from M;jgo. In such a case, a fil-
ament as shown in FIG. 68 is obtained. When the solu-
tion A; or A; is different from the spinning solution B,
or B; respectively, a filament as shown in FIG. 69 is
obtained. In the composite multilayer filament, when the
property, such as dynamic property, of the multilayer
structure portion of said filament is poor, such a property
can be reinforced by homogeneous structure portion. The
bonding at the point, Jyq is effected in conventional side-
by-side type or sheath-core type. Eccentrical bonding at
J100 results a filamnet having latent crimpability. There
has already been described in detail wih respect to the
filament having latent crimpability, so that hereinafter the
advantages of the composite multilayer filament will be
explained from a different point of view. For example,
when a component for improving dyeability, hydrophilic
property or property of electrification, and a conventional
fiber-forming component are layer-multiplied, the resulting
multilayer filament is apt to be lowered in the dynamic
properties, such as tenacity, elongation, initial modulus
and the like. In order to prevent such disadvantages, it is
possible to bond a portion (specific thick layer) consisting
of one component with the multilayer structure portion.
Furthermore, in the production of a sheath-core type com-~
posite multilayer filament, when a multilayer structure por-
tion compose of -a component having large affinities for
dyestuff and water and a hydrophobic component, is used
in the sheath portion, it is preferable to use a hydrophobic
component having excellent dynamic properties in the core
portion. On the other hand, when one component in the
multilayer structure portion is water soluble, it is prefer-
able to arrange the multilayer structure portion in the core
portion and to arrange a water insoluble component in
the sheath portion as shown in FIG. 66. According to
the process as shown in FIG. 76 the combination of
spinning materials can be effected over an extremely wide
range, whereby novel filaments having improved various
properties can be apparently obtained. Therefore, particu<
lar explanation with respect to the combination of spin-
ning materials would not be made, but such embodiments
will be exemplified in the following examples.
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FIG. 77 is a vertical-sectional view of a spinneret il-
lustrating an embodiment of a spinning process shown in
FIG. 75. Two spinning materials previously fed into reser-
viors R;; and Ry, are layer-multiplied, and introduced into
a reservoir Ryo;. Another flow of spinning material is intro-
duced into a reservoir Rygz through a passage 300. The two
spinning materials in the reservoirs Ry and Rjgy are
bonded in a ditch 103 and spun through orifice 105. FIG.
78 is a cross-sectional view of the spinneret taken along the
line 2424’ in FIG. 77 in the arrow direction and shows
the position of the passage 300. FIGS. 79 and 80 are
cross-sectional views taken along the lines 25-25" and
2626’ respectively in FIG. 77 in the arrow direction. The
bonding in the ditch 103 is effected in side-by-side type,
while sheath-core type bonding may be used. Convention-
al spinning apparatus can be used, and particularly a spin-
neret having a cylindrical structure is most applicable.. As
shown in FIG. 77, in the cylindrical spinneret it is most
pracitcable and effective to arrange a passage 300 in the
center of the cylinder and a layer-multiplying mixer
around the passage 300, because such concentric structure
is most symmetric, and uniform filaments can be extruded
concurrently through a plurality of orifices 105.

FIG. 81 is a vertical-sectional view of a spinneret show-
ing an embodiment of the spinning process shown in FIG.
76. The bonding at the last stage is effected in the ditch
103 in side-by-side type. FIG. 82 is a cross-sectional view
of the spinneret taken along the line 27-27’ in FIG. 81
in the arrow direction.

The second application lies in connecting two layer-
multiplying processes in series. By such a mix spinning
process mixed filaments having a double multilayer
structure or multiple multilayer structure can be obtained,
and further mixed filaments having an improved uni-
formity can be obtained. The feature of this improved
mix spinning process lies in interstratifying the first flow I
of one spinning material, which is a mixture of at least
two components, with the second flow II of the other
spinning material, and then spinning the resulting layer-
multiplied spinning materials.

FIG. 83 is the fundamental flow diagram showing the
spinning materials according to the improved spinning
process. In FIG. 83, My, represents a layer-multiplying
mixer. Another mixer M; may be a conventional mixer or
a layer-multiplying mixer. The conventional mixer in-
cludes, for example, those which can stir the spinning
rpaterial mechanically, such as propeller, screw and the
hlge. Powders or pellets of spinning materials may be
mixed and then dissolved or melted. When powders or
pellets are mixed, a rotating drum is often employed. In
fhe layer-multiplying mixer Mg, the joining-separation
in the different phase is repeated at least 2 times, usually
at least 3 times.

Applications of the fundamental type of layer-multi-
plying the spinning solutions of the present invention are
shown in FIGS. 84-86. .

FIG. 84 shows a case when flows I and II of two spin-
ning materials are both mixture. Mg, represents layer-
multiplying mixer, and in M; and M; any mixer or any
mixing process may be used.

FIG. 85 shows a more complicated application. Two
flows I and II, each of them being a mixture, are layer-
multiplied in a layer-multiplying mixer Mg, further
bonded at a point J;49 with the third flow III of spinning
material (B;) and then extruded simultaneously through
an orifice 105. Filaments obtained by bonding a layer-
multiplied flow with another flow composed of one com-
ponent and by extruding the bonded spinning materials
has partially layer-multiplied structure, for example, as
shown in FIGS. 65-67.

FIG. 86 shows a case, wherein five mixers My, M,, M,
M, and My, are connected to series. All of them may be
the layer-multiplying mixer, or a part of them may be a
conventional mixer. However, the last mixer M;q, must
be a layer-multiplying mixer. Of course, the conception
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of “mixing or mixer” in the present invention, does not
include joining (bonding). In this case, the joining means
only one confluence. Accordingly, for example, in FIG.
85 the last mixer should be the layer-multiplying mixer
Mjo0-

1lg‘(i)lame:nts obtained in the above method have double
multilayer structure. Embodiments of such a double
multilayer structure are shown in FIGS. 71-74, and they
show that more finely divided layers are present in a
layer.

The advantage of the present invention lies in that the
uniform layer-multiplying can be effected easily. The
layer-multiplying process is excellent in the uniformity
among mixing processes, but there are some problems.
The first one of the defects of the layer-multiplying proc-
ess is that when the mixing ratio is 1:1, the mixing is rela-
tively easy, but when the ratio is 10:1 or 20:1, the mixing
is apt to be non-uniform.

The second of the defects is that it is difficult to inter-
stratify two spinning materials which are extremely dif-
ferent in the viscosity. Of course, it is difficult to mix
such two spinning materials by means of a conventional
mechanical mixing in many cases. Liquidized spinning
materials to be used for the production of conventional
fiber have a viscosity of 300-3,000 poises, usually about
1,000 poises. It is often difficult to interstratify such a
spinning material with another liquidized spinning mate-
rial having a viscosity of 100 poises. Difficulty in mixing
depends largely upon the compatibility between the two
components and their interfacial tensions.

When sufficient mixing effect is not attained by means
of one layer-multiplying process, a process wherein a plu-
rality of layer-multiplying methods of the present inven-
tion are connected in series, is extremely effective, For
example, most of spinning materials can be mixed to uni-
form and finely divided state, when they are layer-multi-
plied, mixed by mechanical stirring and layer-multiplied
in said order. (The use of mechanical stirring results a
filament having partially discontinuous layer structure.)

For example, when two spinning materials are mixed in
a mixing ratio of 1/1 (by volume), they are mixed ex-
tremely uniformly. However, when they are layer-multi-
plied in a mixing ratio of 1/10 or 1/100, the mixing is apt
to be non-uniform. The present invention solves the
above-mentioned problem completely. For example, in
FIG. 86, when all of the mixers are layer-multiplying
mixer and all of the spinning materials By, By, By and B,
are the same as A;, even if the mixing ratio at each layer-
multiplying mixzer is 1/1, the mixing ratio of spinning
material A, to A, is 1/32 as a whole. As described above,
several percents or a very small amount of not more than
1 percent of the second component can be added to the
first component.

In the above-mentioned process, each of the mixing
steps can be discontinuously performed by separating
from other step, but it is most advantageous that all
of the steps are effected continuously. It is very easy
to perform all or a part of the steps continuously. The
mixer capable of effecting the continuous mixing most
easily is the layer-multiplying mixer. A plurality of mixers
forming flow systems of spinning materials as shown in
FIGS. 83-86 can be housed in a spinning apparatus or
spinneret. FIG. 87 shows a spinneret having two layer-
multiplying mixers housed therein. Another mixer capable
of effecting the continuous mixing easily is the screw
extruder, Single-or multiscrew extruder can be employed
as the mixer of the present invention.

Another advantage of the above process lies in that
spinning materials not suitable for one layer-multiplying
can be layer-multiplied thereby.

The process and apparatus according to the invention
can be used for any of wet spinning, dry spinning and
melt spinning.

A plurality of spinning materials are fed into supplying
portions of spinning material respectively, by feeding
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means, for example, by metering gear pumps at feed
rates corresponding to the mixing ratio. For example,
the supplying portions of spinning materials are Ry; and
Ris in FIG. 18, Ry and Rgp in FIG. 20, 11 and 12
in FIG. 31, and Ry, Ryp and Ry; in FIG. 35. Of course,
any mixing ratio can be used. The extruded filament is
taken up on a bobbin by means of a conventional method.

The spinning apparatus of the present invention can be
fixed wholly in the spinning head, but it is also possible
to put only the spinneret plate in the spinning head or
spinneret and to install the mixer in a separate place.
It has been explained that the cross-sectional shape of
the spinning orifice may be non-circular. As shown in
FIG. 20, a filter composed of sand, wire meshes or
sintered material may be housed in the spinning appa-
ratus of the present invention. When a filter is placed
in the interior of the layer-multiplying mixer or between
the mixer and the spinneret plate 100, disturbance occurs
in the flow, and the layer structure in the resulting fila-
ment is distorted. In order to obtain a uniform layer
structure, it is preferable to place the filter before the
mixer. Filters Fy; and Fy, shown in FIG. 20 are embodi-
ment of filters placed between the mixer and the supplying
portions Rg; and Rgg.

The apparatus according to the invention can be used
in combination with a conventional mix spinning appa-
ratus or mixing method, and further the conventional
apparatus can be contained in the apparatus of the pres-
ent invention. Spinning materials mixed in pellet or liquid
state can be also spun by the apparatus of the present
invention. Mechanical stirring apparatus can be also con-
tained in the apparatus of the present invention. For ex-
ample, in FIG. 20 when a stirring propeller or stirring
screw is used instead of filter Fj, a granularly mixed
filament can be obtained. It is noted that the spinning
process of the present invention can be used for spinning
not only multilayer filaments having continuous struc-
ture but also mixed filaments having discontinuous struc-
ture. Depending upon the kind of the spinning material
(for example, a material having a very low viscosity) the
layers may be cut naturally, resulting discontinuous layer
structure in the direction of filament axis.

The invention will be explained in detail with refer-
ence to the following examples.

EXAMPLE 1

Nylon-6 having a number average polymerization de-
gree of 160 and polyethylene terephthalate (hereinafter
abridged as PET) having an intrinsic viscosity of 0.61 in
o-chlorophenol at 30° 'C, were melted separately and fed
by gear pumps in a feeding ratio of 1/1 and passed
through filters and introduced into the spinneret as shown
in FIG. 18 having the number (n) of stages for joining-
separation of 4 and spun from orifices, a diameter of
said orifices being 0.2 mm. and an interval between said
adjacent orifices being 4 mm., at a temperature of
270° C.

The spun filaments were quenched in air and wound
up on a bobbin at a take-up velocity of 700 m./min.
after oiling. The undrawn filaments obtained were drawn
3.4 times their original length at 80° C. and further
heat-set at 140° C. under a tension to botain drawn fila-
ments Yy of 70 d./36 . Furthermore, drawn filaments Y3
were obtained in the same manner and through the same
spinneret as described above, except that the number of
the stages for joining-separation was 8. Other drawn fila-
ments Y3 were prepared only from nylon-6 by means
of the same spinneret and under the same condition as in
the drawn filaments Y5, and another drawn filaments Y,
were obtained only from PET by means of the same
spinneret and under the same condition as described in
production of the drawn filaments Y.

Fach sample of the drawn filaments was measured
with respect to initial modulus and dye receptivity for
acid dye and the results as shown in the following Table
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1 were obtained. The measurement of the dye receptivity
was made under the condition as shown in Table 2,

TABLE 1

Initial - Dye
modulus  receptivity
Sample (g./d.) (percent)
Drawn filament Yi.. 415 92.0
--Drawn filament Ya_. 33.9 94.0
Drawn filament Y3__ 18,4 97.0
Drawn filament Yy.. 54.7 1.4

TABLE 2

Duestuff: Roccelline NS  (made by Sumitomo

Kagaku Kogyo K.K.) —.____Percent O.W.F.... 3
Acetic acid Do 3
Temperature — .- cccmmme—au °C. (constant)__ 80
Bath ratio . _— 1:50
Time (hour) 2

The tendency of fibrillation of the drawn filament Y,
was higher than that of the drawn filaments Y, When
the nylon and PET were spun through the spinneret hav-
ing the number of stages for joining-separation of 8 in
a feeding ratio of 3:1, the resulting filaments had a low
tendency of fibrillation anpd an initial modulus of 28.4
and a dye receptivity of 97%.

Both the drawn filaments Y, and Y, of the mixed fila-
ments of PET and the polyamide have good dyeability
and high initial modulus and are suitable for bulky knitted
goods and carpet after texturizing process. The cross-
section of the drawn filaments Y, was a distorted grainy
structure, while the cross-section of the drawn filaments
Y, was an archipelagic structure as shown in FIG. 64.

EXAMPLE 2

Nylon-6 having a number average polymerization de-
gree of 185 and terminal amino groups of 35 milli-equi-
valent/kg. and nylon-6 having a number average polym-
erization degree of 124 and terminal amino groups of 128
milli-equivalent/kg. were spun through the spinneret as
shown in FIG. 20 in which the diameter of orifices was
0.2 mm., at a temperature of 270° C. in a mixing ratio
of 1/1 and the thus spun filaments were quenched in air
and wound up on a bobbin at a take-up velocity of 600
m./min. after oiling, and then drawn 3.9 times their
original length at room temperature to obtain drawn fila-
ments Y5 of 45 d./8 1.

Only from the above-described nylon-6 having terminal
amino groups of 35 milli-equivalent/kg. drawn filaments
Y of 45 d./8 f. were obtained by means of the same
spinneret and ‘under the same condition as described
above. Similarly, from the above-described nylon-6 having
terminal amino groups of 128 milli-equivalent/kg. drawn
filaments Yy of 45 d./8 f. were obtained by means of the
same spinneret and under the same condition as de-
scribed above.

Each sample of the drawn filaments was dyed by using
4.0% O.W.F. of dyestuff, Roccelline (made by Sumitomo
Kagaku Kogyo K.K.) and 1.0% O.W.F. of acetic acid
in a bath ratio of 1:50 at a temperature of 80° C. for 60
minutes and the dye receptivity was measured and the
results as shown in the following Table 3 were obtained.
Furthermore, the tensile strength was measured with re-
spect to 50 cm. of the filament under a tensile rate of 25
cm./min, to obtain the following results, which are also
shown in Table 3.

TABLE 3
) Dye Tensile
receptivity strength
Sample (percent) (g./d.)
Drawn filaments Y5 - 92 6.2
Drawn filaments Ye... 65 6.4
Drawn filaments Yy.. 100 5.1

As seen from Table 3, the drawn filaments Y obtained
according to the present invention were superior in dye
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receptivity to the drawn filaments Yg and further were
superior in the strength to the drawn filaments Y7,

EXAMPLE 3

Various filaments were prepared by using nylon-66
having an intrinsic viscosity of 1.12 in m-cresol at 25° C.
and containing no pigment and nylon-6 having an intrinsic
viscosity of 1.25 and containing 0.5% of titanium oxide
powder as a pigment.

Said polymers were both melted separately at 280° C.
and fed by gear pumps to the spinneret as shown in FIG.
18 (the number of the stage n:6) in a feeding ratio of 1/1
and layer-multiplied therein and then spun through cir-
cular orifices and the thus spun filaments were quenched
in air and wound up on a bobbin at a take-up velocity of
600 m./min. after oiling and then drawn on a draw pin
at 80° C. 3.6 times their original length to obtain drawn
filaments Yg of 70 d./18 f.

Furthermore, drawn filaments Yy were obtained in the
same manner as in the drawn filaments Yy, except that
the feeding ratio of nylon-66/nylon-6 by gear pumps was
1/3.

On the other hand, both of the polymers were melted
separately and spun in a conjugate ratio of 1/1 according
to a conventional conjugate spinning method to obtain
drawn composite filaments Y3, of 70 d./18 f. having
a cross-section as shown in FIG. 1.

Both of the polymers were mixed in a mixing ratio
of 1/1 in molten states at 280° C. for 1 hour while stir-
ring and then spun through a spinneret and thereafter
treated in the same manner as in the drawn filaments Y,
to obtain drawn filaments Yy, of 70 d./18 f.

Tensile strength, elongation, initial modulus and luster
of each sample of the filaments are shown in Table 4.

TABLE 4
Tensile Elonga- Initial

strength tion modulus
Sample (g./d.) (percent) (g./d.) Luster
Drawn filament ¥s.____.. ) 5.7 35.0 349 Dull
Drawn filament Yo....... 5.6 37.2 3.4 Do.
Drawn filament Y1g.o.._. 5.6 3L 9 36.1 Bright.
Drawn filament Yi1...-.. 4.6 45.7 28,1 Daull..

‘The drawn filaments Y,y have fairly strong luster but
are not completely bright. In the drawn filaments Yy
it is considered that a copolymerization reaction occurs
between both the components during the mixing process.
In spinning of the drawn filaments Yy, the take-up velocity
was considerably lowered without varying the extrusion
rate to produce specially thick undrawn filaments, and
when the cross-section of said filaments was observed by
a microscope, it was found that the pigment-containing
nylon-6 and the nylon-66 formed a grainy super multi-
layer structure. The number of layers, which was calcu-
lated from the structure of the spinneret;, was 25, that is,
64 and substantially the same order of layers was found.
However, the cross-section of the drawn filaments Yy did
not show any layer structure by an optical microscope.

Monofilament of each sample of the drawn filaments
Y3 and Y, had a fineness of 3.9 deniers and a diameter
of about 22, so that if the number of layers was 60, the
average thickness of the layer was smaller than about
0.4u. As seen from Table 4, the filament of the present
invention had a sufficient delustering effect and a high
tensile strength.

EXAMPLE 4

Various mixed filaments were prepared by using PET
having an intrinsic viscsosity of 0.65 in o-chlorophenol
at 30° C. and nylon-6 having an intrinsic viscosity of
1.23 in m-cresol at 30° C., both of which had no mutual
bonding property. )

Nylon-6 has an excellent dye receptivity, but PET is
poor in said property. PET has a high initial modulus
(usual drawn filament of PET has an initial modulus of
40-100 g./d.), but nylon-6 has a low initial modulus
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(usual drawn filament of nylon-6 has an initial modulus
of 10-30 g./d.). The melting point and softening point of
PET are high, but those of nylon-6 are low. Both of the
polymers are also different in other properties, Various
attempts for obtaining filaments having excellent dye re-
ceptivity and high tenacity, initial modulus and heat re-
sistance, have been heretofore made by mixing both of
the polymers, but satisfactory filaments have not been
obtained yet.

A mixed filament described hereinafter was obtained
by mixing 2 parts (by weight) of nylon-6 with 1 part (by
weight) of PET.

Nylon-6 was melted at 280° C. and PET was added
thereto and then the resulting mixture was stirred thor-
oughly for 30 minutes, extruded through a mnozzle,
quenched and then cut to obtain mixed chips. These
mixed chips were melted by an extruder and spun from
orifices having a diameter of 0.25 mm., at 280° C,
quenched and wound up on 2 bobbin at a take-up velocity
of 700 m./min. after oiling and drawn 3.6 times their
original length on a draw pin at 80° C. and then heat-
set at 140° C. under a tension to obtain drawn filaments
Y3 of 70 d./36 f. The mixed state of both components
in the obtained filaments was intermediate between a
granular mixture and a microfibrous structure and fairly
elongated PET granules (the length was 20 to 30 times
the diameter) were dispersed in nylon-6.

Powders of both polymers were mixed and melted by
an extruder and thereafter treated in the same manner
as in the drawn filaments Y5 to obtain drawn filaments
Y1s. In these filaments, PET was dispersed in microfibrous
state in nylon-6 and the length of the microfiber was about
100 times its diameter.

Both of the polymers were melted separately and fed
by gear pumps in a feeding ratio of about 2/1 and intro-
duced into the spinneret as shown in FIG. 18 (the number
of the stage n:8) and then spun from orifices having a
diameter of 0.25 mm., at 280° C. aud thereafter treated
in the same manner as described in production of the
drawn filaments Y7y to obtain drawn filaments Yq.

Drawn filaments Y5 were obtained in substantially the
same manner as in the drawn filament Yy4, except that
the spinneret as shown in FIG. 18 having the number
(n) of hte stage of 2, was used. The number of layers
constituting the drawn filaments Y5 was from 4 to 8
(said number was 4 theoretically, but portions wherein
the layers were cut and branched due to the disturbance
of the flow in the spinneret were observed).

Tensile strength, elongation, initial modulus and
fatigues of recovery on elongation of each sample of the
filaments are shown in Table 5.

TABLE 5
Fatigue of
Tensile Elonga- Initial recovery on
strength tion modulus elongation
Sample (g./d.) (percent) (g./d.) (percent)
Drawn filament Yio.. 3.0 18.4 33.2 70.5
Drawn filament Yia.. 4.2 34.3 33.0 73.7
Drawn filament Y4.. 4.7 31.5 3.3 75.2
Drawn filament Yi5.. 4.6 35.9 35.4 74.6

The term “fatigue of recovery on elongation” used
herein means a recovering percentage when the filament
was elongated 10% in the length 30 times repeatedly.
In the filaments Y}, depolymerization reaction occurred
somewhat during the mechanical mixing process of the
polymers. The filaments Yjs were fibrillated partially.
Each sample of the filaments Y1z, Yy3, Y14 and Y;5 had
a good dye receptivity for acid dye.

EXAMPLE 5

An experiment for obtaining anti-static property by
mixing a metal salt of alkylphosphate to nylon-6 was
carried out. One part by weight of magnesium lauryl
phosphate and 2 parts by weight of e-caprolactam were
mixed and dissolved. This solution and a melted nylon-6
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having a number average polymerization degree of 180
were separately fed by gear pumps to the spinneret as
shown in FIG. 18 in a feeding ratio of 1/10. In this case,
the number (n) of the stage in the spinneret was 8 and the
spinneret temperature was 250° C.

Both of the components were layer-multiplied in said
spinneret, extruded through orifices having a diameter of
3 mm. quenched with water and cut into pellets, which
were washed with water and dried to obtain mixed pellets.

These mixed pellets were melted, and this melt and a
melted nylon-6 having a number average polymerization
degree of 180 were separately fed by gear pumps to the
spinneret as shown in FIG. 18 (the number of the stage
n:6) in a feeding ratio of 1/1 and then spun from orifices
having a diameter of 0.3 mm., at 270° C. and the spun
filaments were quenched and wound up on a bobbin at a
take-up velocity of 600 m./min. after oiling and then
drawn 3.4 times their original length at room tempera-
ture to obtain filaments Y of 110 d./28 f.

The tensile strength of the filaments Y4 was 5.3 g./d.
When the filament Y was run at a velocity of 200 m./
min. in air at 25° C. and under 65% RH while repeat-
ing four times such an operation that the filament is
brought into contact with the arcuate surface which is 14
circumference of an alumina porcelain having a diameter
of 1 cm. and a degree of surface roughness of 39 (an
average of the maximum value of roughness is 3u), the
generated static electricity was no more than 85 volts. On
the other hand, the filament Y1; obtained only from said
nylon-6 in the same manner as described above had a
tensile strength of 5.4 g./d. and the generated static elec-
tricity was 450 volts.

EXAMPLE 6

Mixed filaments were prepared by using a solution
having a viscosity of 820 poises, which was obtained by
dissolving 20 parts by weight of polyacrylonitrile (here-
inafter abridged as PAN) in 80 parts by weight of di-
methylformamide (hereinafter abridged as DMF), and
a solution having a viscosity of 790 poises, which was ob-
tained dissolving 20 parts by weight of a copolymer of
85 mole of acrylonitrile and 15 mole of vinyl acetate
(hereinafter abridged as PAN/PVAc) in 80 parts by
weight of DMF.

One part by weight of said PAN solution and 1 part
by weight of said PAN/PVAc solution were mechani-
cally mixed while stirring and extruded through orifices
having a diameter of 0.12 mm. into water mixed with
DMF and solidified therein while drawing and further
drawn in boiling water and then dried to obtain fila-
ments Y of 180 4./60 f. (These filaments had been
drawn 8.25 times their original length before wound
up.)

On the other hand, said PAN solution and said PAN/
PVAc solution were separately fed by gear pumps in a
feeding ratio of 1/1 and layer-multiplied by means of the
spinneret as shown in FIG. 17 (the number of the stage
n:8) and extruded through orifices having a diameter
of 0.12 mm. and then treated in the same manner as de-
scribed in production of the filaments Y3 to obtain fila-
ments Y]g-

The filaments Y;g had a tensile strength of 3.2 g./d.
and an elongation of 17.4%, while the filaments Y4 had
a tensile strength of 3.5 g./d. and an elongation of 22.6%.
Both of the filaments were better in dye receptivity than
the filament obtained only from PAN.

EXAMPLE 7

Polyhexamethylene isophthalamide (hereinafter abridged
as nylon-61) having an intrinsic viscosity of 1.05 in m-
cresol at 25° C. and nylon-6 having an intrinsic viscosity
of 1.02 were melted and spun through the spinneret shown
in FIG. 77 to obtain multilayer filaments having an ec-
centric and non-uniform structure.
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Thus, nylon-6 was fed by a gear pump to a reservoir
R;; of the spinneret shown in FIG. 77 in a feed rate of
1 and nylon-61 was fed by a gear pump to a reservoir Ryp
in a feed rate of 1, while nylon-6 was fed by a gear pump
to a passage 300 in a feed rate of 2. The thus obtained
filaments had a cross-section as shown in FIG. 65. The
spinneret temperature was 275° C. and the diameter of
the orifices 105 was 0.25 mm. The extruded filaments
were quenched in air and wound up on a bobbin at a
take-up velocity of 800 m./min. after oiling. The up-
drawn filaments thus formed were drawn 3.4 times their
original length on a draw pin at 60° C. to obtain drawn
filaments Y9 of 45 d./8 f. When the drawn filaments Yo
were treated in boiling water under no load for 10 minutes
and dried, the number of developed crimps was 14 per
1 cm.

A mixture obtained by mixing nylon-6I and nylon-6
by means of a conventional mechanical stirring process
and nylon-6 can be spun through a common orifice simul-
taneously into a unitary filament, but in said mechanical
stirring process it is necessary to effect an additional
mixing step and further it is difficult to obtain a uniform
mixture and in order to obtain a uniform mixture by
the mechanical stirring, a considerably long time is re-
quired in which an amide exchange reaction occurs and
a copolymer of both the components is formed, whereby
the mechanical and chemical properties are deteriorated
and further the softening point, melting point, etc. are
Jowered. On the contrary, in the filaments of the present
invention, both components can be mixed into multi-
layers in the spinneret and this mixing is uniform and no
special step is necessary and further a contact time of
both components is shorter than that in the chemical
stirring, so that the formation of the copolymer of both
components is extremely little. Furthermore, in the fila-
ments of the present invention each layer constituting the
multi-layer structure continues along the axis of the fila-
ment and in this point, said filaments are fundamentally
different from the mixed filaments obtained by the me-
chanical stirring process. Therefore, the mixture accord-
ing to the present invention is entirely different from a
conventional granular or microfibrous mixture and further
the filament obtained according to the present invention is
high in strength. Such embodiments will be explained in
the followings:

Said nylon-6I and nylon-6 were mixed in a mixing
ratio of 1:1, melted at 280° C., mixed mechanically by a
propeller in an autoclave for 30 minutes, extruded into
water, quenched and cut into pellets, which were washed
with water and dried. The thus obtained mixed chips
(an intrinsic viscosity of 1.10) and nylon-6 were spun
simultaneously through a common orifice in a side-by-
side relation in a conjugate ratio of 1/1 according to a
conventional melt spinning process and thereafter treated
in the same manner as described in production of the
drawn filament Yy to obtain a drawn filament Y.
Tensile strength, elongation and softening temperature of
the drawn filaments Y3 and Yy are shown in Table 6.

TABLE 6
Tensile Elonga- Softening
strength tion tempera-
Sample (g.ﬁi.) (percent) ture (° C.)
Drawn filament Y1o_ ocooovone 4.35 38.0 160
Drawn filament Yoo ooooooooo.t 3.77 30.2 133

As another mixing process, there is a method in which
two pellets are mixed by means of a pellet blender and
the resulting blend is melted.

Howeyver, this process has the following defects. Name-
ly, a non-uniformity occurs in transportion of the pellets,
because both the pellets are different in a density, co-
efficient of friction and property of electrification and
further another non-uniformity occurs in melter based on
a difference of melting properties (melting point and melt
viscosity). Furthermore, it is impossible to avoid non-
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uniformity resulting from the reason that the materials
to be mixed themselves are pellets. Further, it is im-
possible to avoid an occurrence of an amide exchange
reaction in the melter or the transporting tube of the

melts,
EXAMPLE 8

Polyethylene terephthalate having an intrinsic viscosity
of 0.65 in o-chlorophenol at 30° C. (hereinafter abridged
as PET) and nylon-6 having an intrinsic viscosity of 1.02
were melted separately and then spun by the spinneret
as shown in FIG. 77 to obtain an eccentric multilayer
filament. However, in this case, distributing plate Dsg
and spinneret plate 100 in the spinneret were partially
varied so that a spinning material in a reservoir Rjg
formed a core portion and a spinning material in a res-
ervoir Rygs formed a sheath portion (A structure of a
spinneret for obtaining such an eccentric core and sheath
type composite filament has been disclosed, for example,
in U.S. Pat. No. 3,038,236).

Thus, nylon-6 was fed by a gear pump to a reservoir
R,z in a feed rate of 1 and PET was fed by a gear
pump to a reservoir Ry; in a feed rate of 1 and further
nylon-6 was fed by a gear pump to a passage 300 in a
feed rate of 1. The cross-section of the filament obtained
was similar to that shown in FIG. 67 (wherein the core
portion was constituted from two components and the
sheath portion was constituted from one component).

The filaments were spun through said spinneret at
280° C., quenched and wound up on a bobbin at a take-
up velocity of 600 m./min. after oiling. Then the un-
drawn filaments thus formed were drawn 3.8 times their
original length on a draw pin at 80° C. and wound up
while contacting with a heated plate at 120° C. for 0.1
second to obtain drawn filaments Y,; of 30 d./8 f. When
the drawn filaments Yy; were treated in boiling water
under no load for 10 minutes and dried, the number of
crimps developed was 7 per 1 cm.

On the other hand, 1 part by weight of nylon-6 powder
and 1 part by weight of PET powder were melted and
mixed by means of a screw extruder to obtain mixed
polymer. Said mixed polymer and nylon-6 were spun
through a conventional spinneret for conjugate spinning
in an eccentric core and sheath relation, and thereafter
treated in the same manner as described in production
of the drawn filaments Y,; to obtain drawn filaments Yaq.
Tensile strength and elongation of the drawn filaments
Yq and Yse are shown in Table 7.

TABLE 7
Tensile
strength = Elongation
Sample (g./d.) (percent)
Drawn filament Ya...... 4.26 29.0
Drawn filament Yo2...... 3.97 27.0

Both of the drawn filaments were boiled in water under
no load for 10 minutes to develop crimps and dried and
thereafter crimp stability was measured. A sample was
applied to a load of 0.2 g./d.’ (in this case the crimps
of said sample have almost disappeared) and then said
sample was further elongated 20% and in such a state
the sample was left to stand for 24 hours and then crimps
of the sample were caused to be recovered under no load
for 10 minutes and the crimp stability was calculated by
the following formula.

Crimp stability—l%u X100

my: the number of the original crimps.
m: the number of crimps after the abovedescribed treat-
ment.

The crimp stability of the drawn filaments Ya; and Y
are shown in Table 8.
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TABLE 8
Number Number of .
of original  recovered Crimp
Sample crimps erimps stability
Drawn filament Yoo ___.______. 7.0 4.1 58.5
Drawn filament Yaz.o cooooooeaen 7.4 3.9 62.7

Generally, it is known that when polyester and poly-
amide are kept in a melt state while mixing and stirring,
both components are mutually reacted to deteriorate the
quality. Furthermore, polyesters cause an ester exchange
reaction and the quality is varied (copolymerize). As
described in Example 7, different polyamides cause an
amide exchange reaction.

As mentioned above, the filaments of the present in-
vention can be spun, even if the contact time of compo-
nents is very short, if required, so that it is possible to
minimize such a reaction between components.

EXAMPLE 9

As a spinning material A, use was made of nylon-6
having an intrinsic viscosity of 1.15 in m-cresol at 25° C.
and containing 0.5% by weight of titanium oxide as a
delustrant. As a spinning material B, use was made of
nylon-6 having an intrinsic viscosity of 1.10 and con-
taining no delustrant. As a spinning material C, use was
made of polyhexamethylene isophthalamide having an
intrinsic viscosity of 0.85 and containing no delustrant. A
spinneret as shown in FIG. 81, in which the number of
the stage for joining-separation in a layer-multiplying
mixer was 6, was used. The spinning material B was fed
to a supplying portion R;;, the spinning material A was
fed to supplying portions Rjs and Ry; and the spinning
material C was fed to a supplying portion Ris by gear
pumps in the same amount respectively, and these spin-
ning materials were layer-multiplied and bonded and then
extruded through orifices 105 into air and the thus spun
filaments were wound up on a bobbin after quenching
and drawn 3.9 times their original length at room tem-
perature to obtain multilayer filaments Ygs. The thus
obtained filament Y,3 had a crosssection as shown in FIG.
69. Said filament Yy had a latent crimpability and de-
veloped crimps by heating in boiling water,

The number of crimps was 8 per 1 cm. The spinning
materials B and C did not contain any delustrant. Never-
theless the resulting filament was moderately delustered,
because the spinning material A containing the delustrant
was completely layer-multiplied.

EXAMPLE 10

Polyethylene terephthalate (PET) having an intrinsic
viscosity of 0.65 in o-chlorophenol and nylon-6 having
an intrinsic viscosity of 1.10 in m-cresol were melted and
mix-spun, Namely, both of the polymers were melted
separately and spun through a spinneret shown in FIG. 87.
PET was fed to a reservoir Ry; in a feed rate of 1, and
nylon-6 was fed to a reservoir Rys in a feed rate of 1
and to a passage 300 in a feed rate of 2 respectively by a
metering pump. The temperature of the spinneret was
280° C. and the diameter of orifice 105 was 0.25 mm.
Filaments extruded from the orifice were guenched in air
and wound up on a bobbin at a take-up velocity of 600
m./min. after oiling to obtain undrawn filaments Y4
(monofilament: about 60 deniers). The undrawn fila-
ments Yos Were cut by means of a microtome, dyed with
an acid dye (only nylon-6 was dyed) and the dyed fila-
ments were observed by a microscope. The cross-section
of said filaments was an archipelagic and substantially
uniform structure.

On the other hand, by a substantially same spinneret as
that shown in FIG. 87, except that the distributing plates
Ds, and Dy, were the same to a distributing plate (Dy),
PET was fed to a reservoir Ry; in a feed rate of 1 and
nylon-6 was fed to a reservoir R;s in a feed rate of 3 and
thereafter treated in the same manner as described in
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production of the undrawn filaments Y,,. When a struc-
ture of a cross-section of the undrawn filaments Yy was
observed in the same manner as described above, said
structure was fairly non-uniform.

The undrawn filaments Y,y and Yy were drawn 3.7
times their original length on a draw pin at 80° C. to
obtain drawn filaments Y44 and Y5 respectively. Tensile
strength, elongation and initial modulus of the drawn
filaments Yq4 and Ygs are shown in Table 9.

TABLE 9
Tensile Initial
strength  Elongation modulus
Sample (g./d.) (percent) (g./d.)
Drawn filament Yos o oovoeaanao 4.72 3.0 63.3
Drawn filament Yo oo 4,51 28.5 62.3 .
 EXAMPLE 11

One part by weight of magnesium lauryl phosphate
(hereinafter abridged as LPM) was dissolved in 10 parts
by weight of e-caprolactam and then nylon-6 was mixed
therewith to obtain a filament having a low property of
electrification. Namely, both the components were layer-
multiplied by a spinning apparatus of a system as shown
in FIG. 86. In FIG. 86, spinning materials A;, By, By, B3
and B, were nylon-6 and a spinning material A, was a
solution of LPM in lactam. The mixers M;, My, M3, My
and M were substantially the same as that in the spinneret
shown in FIG. 87 and the number of the stage for joining-
separation in each mixer was 5. A feed rate was 1 in
A; and A,, 2 in By, 4 in By, 8 in B, and 16 in B, In this
manner, about 0.3% by weight based on nylon-6 of LPM
was mixed in nylon-6. Filaments extruded from orifices
were quenched, oiled and wound up on a bobbin at a take-
up velocity of 600 m./min. and drawn 3.6 times their
original length at room temperature to obtain drawn fila-
ments Yog of 70 d./18 £. When the filament Yy was run at
a velocity of 200 m./min. in air at 25° C. and under 65%
RH while being contacted with an alumina porcelain hav-
ing a diameter of 1 cm., by winding the filament around
said porcelain one time, the generated static electricity
was no more than 114 volts. On the other hand, a static
electricity generated in a drawn filament of nylon-6 con-
taining no LPM was 490 volts.

EXAMPLE 12

Polyoxyethylene having a molecular weight of about
10,000 (hereinafter abridged as POE) was mixed with
nylon to improve hydrophilic property of nylon. Thus,
20 parts (by weight) of nylon-6 and 3 parts (by weight)
of POE were melted and stirred in an autoclave equipped
with a propeller stirrer at 260° C. for 2 hours, but both
of the components were not substantially mixed. For the
similar purpose, although both of the components were
mixed by means of a screw extruder, they were not sub-
stantially mixed also in this case. Furthermore, although
they were mixed and spun through a spinneret provided
with only a layer-multiplying mixer as shown in FIG. 87
in which the number of the stage n» was 7, in a mixing
ratio of 7/1 (by volume), the mixing was incomplete
and non-uniform.

‘Accordingly, the two components were mixed in a layer-
multiplying mixer having the number of stages of 7 in a
mixing ratio of 1/1 and the resulting mixed flow was
introduced into a screw extruder and milled therein and
then fed to a reservoir R,, in a spinneret shown in FIG.
87 in a feed rate of 1, while nylon-6 was fed to a reservoir
Ry; in a feed rate of 1 and nylon-6 was fed to a passage
‘300 in a feed rate of 2. The spun filaments had excellent
uniformity and satisfactory hydrophilic property.

What is claimed is:

1. A spinneret for producing multilayer filament, which
comprises

(1) means for supplying a plurality of spinning mate-

rials, a spinneret plate provided with at least one
spiining orifice, and at least one layer-multiplying
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mixer interposed between said supply means and said
spinneret plate,

(2) said mixer consisting of a plurality of superposed
distributing plates,

(3) each distributing plate comprising a plurality of
pairs of reservoirs on the upper surface; a plurality
of channels for connecting a pair of the adjacent
reservoirs on substantially the same plane with that
of the reservoirs; a plurality of distributing channels
on the lower surface, one end of which opens alter-
nately to a pair of adjacent reservoirs of the distribut-
ing plate of the next stage; and ducts, each of which
connects the connecting channel with the other end
of the distributing channel, and ’

(4) said distributing plates being superposed so as to
layer-multiply the spinning materials by separating
flows of the spinning materials in a pair of the res-
ervoirs, supplying the separated flows into a plural-
ity of the connecting channels, joining the flows in
the connecting channels on substantially the same
plane with that of the separation and in a phase dif-
ferent from that of the separation, and alternately
distributing the joined flows into a pair of the adja-
cent reservoirs- of the next stage distributing plate
through the ducts and the distributing channels.

2. A spinneret for producing multilayer filament, which

comprises

(1) means for supplying a plurality of spinning mate-
rials, a spinneret plate provided with at least one
spinning orifice, and at least one layer-multiplying
mixer interposed between said supply means and
said spinneret plate,

(2) said mixer consisting of a plurality of superposed
distributing plates,

(3) each distributing plate comprising a plurality of
pairs of reservoirs on the upper surface and on the
lower surface, respectively; a plurality of channels
for connecting a pair of the upper adjacent reservoirs
on substantially the same plane with that of the
upper reservoirs; a plurality of distributing channels
on the lower surface, one end of which opens alter-
nately to a pair of the lower adjacent reservoirs; ducts

" each of which connects the connecting channel with
the other end of the distributing channel, and

(4) said distributing plates being superposed so as to
layer-multiplying the spinning materials by separat-
ing flows of the spinning materials in a pair of the
upper reservoirs, supplying the separated flows into
a plurality of the connecting channels, joining the
flows in the connecting channels on substantiaily the
same plane with that of the separation and in a
phase different from that of the separation, and alter-
nately distributing the joined flows into a pair of the
lower reservoirs through the ducts and the distribut-
ing channels.
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3. The spinneret of claim 1, wherein a plurality of said
distributing plates are superposed so that the distributing
channel is arranged on the upper surface of the plate and
the connecting channel is arranged on the lower surface
of the plate, whereby flows of the spinning materials in
the reservoir are joined at the inlet of the distributing
channel and the joined flow is separated in the connecting
channel in a phase different from that of the joining.

4. The spinneret of claim 1, wherein the horizontal -
cross-section of said ‘spinneret is substantially circular,
said layer-multiplying mixer is arranged in a circumfer-
ential portion thereof and a separate passage is disposed
in the center portion, whereby the spinning materials flow-
ing from said mixer and flowing from said passage are
bonded and then spun simultaneously from said orifices.

5. The spinneret of claim 1, which comprises a plurality
of layer-multiplying mixers arranged in parallel, whereby
a flow of layer-multipled spinning materials and another
flow of layer-multiplied spinning materials, at least one
of which is different from the former spinning materials,
are bonded and then spun simultaneously from said
orifices.

6. The spinneret of claim 1, which comprises at least
one additional mixer above said layer-multiplying mixer,
whereby a mixed flow of at least two spinning materials
and another flow are layer-multiplied by said layer-multi-
plying mixer and then spun simultaneously from said
orifices.

7. The spinneret of claim 1, which comprises said layer-
multiplying mixer provided with at least one additional
layer-multiplying mixer thereabove.
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