EP 0 078 869 A1

Europaisches Patentamt

o> European Patent Office

Office européen des brevets

®

(@) Application number: 81305307.1

@ Date of filing: 09.11.81

EUROPEAN PATENT APPLICATION

@ Publication number: 0 078 869
A1l
G int.ci:: D 01 D 5/22
D04 H 3/16
//D01D5/32, D01D5/34

@ Date of publication of application:
18.05.83 Builetin 83/20

Designated Contracting States:
CH DE FR IT L) NL

@ Applicant: MINNESOTA MINING AND
MANUFACTURING COMPANY
3M Center, P.O. Box 33427
St. Paul, MN 55133(US)

@ Inventor: Fowler, Anthony James
3, Dunvegan Close Coombe Park
Coventry West Midlands(GB)

Representative: Hale, Stephen Geoffrey et al,
J.Y. & G.W. Johnson Furnival House 14/18 High Holborn
London WC1V 6DE(GB)

@ Filamentary structure.

A filamentary structure 5 comprises a helical thermo-
plastic core filament 6 disposed within a thermoplastic
sheath component consisting either of a tube or of at least
three thermoplastic filaments 7, the sheath component being
joined at 8 to the successive turns of the core filament 6. The
core filament 6 and the sheath component may comprise the
same or different thermoplastic polymers, suitable polymer
being polyamides, polyesters and polyolefins.

The core filament 6 and the sheath component may be
extruded together from a spinning jet, and a plurality of the
filamentary structures 5 may be extruded side-by-side so
that their sheath components are joined together to form a
fabric structure.
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Filamentary structure

This invention is concerned with the extrusion of
thermoplastic polymers to form a novel filamentary structure.

According to the invention, a filamentary structure
comprises a spiral thermoplastic core filament disposed
within a thermoplastic sheath component which is joined to
the succesive turns of the spiral core filament.

The sheath component is preferably a cage formed by at
least three thermoplastic filaments each of which is joined
to the successive turns of the spiral core filament. Alter-
natively, the sheath component may comprise a tube.

The invention includes a process for making such a
filamentary structure comprising feeding molten thermoplastic
polymer to a spinning jet having an inner jet hole ringed
by outer jet holes, extruding the polymer through the inner
jet hole at a greater velocity than polymer is extruded
through the outer jet holes to form a spiral extrudate dis-
posed within an extruded sheath component to which its succ-
essive turns are adhered, and cooling the extrudates to
solidify them to a unitary structure.

The thermoplastic polymer may be any which can be melt
spun into filaments including polyamides, polyesters and
polyolefins. The polymer extruded through the inner jet hole
to form the spiral core may be the same as or different from
the polymer extruded through the outer jet holes to form
the sheath component. Preferably it is the same in order
to simpiify spinning and ensure good adherence between the
turns of the spiral core filament and the sheath component.

An elastic filamentary structure may be formed by mak-
ing the spiral core filament from a non-elastomeric polymer

and the.sheath component from an elastomeric polymer.

The polymer extruded through the inner jet hole is re-
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quired to have a greater velocity than that flowing through
the outer jet holes in order that it will take up the desired
spiral form. With a common supply of molten polymer, this
greater velocity may be achieved by having the inner jet hole
of greater cross-sectional area and/or of shorter capillary
length than each of the outer jet holes. Preferably it is

of greater cross-sectional area for two reasons: the first
being that in the most desirable filamentary structure of the
invention the cage filaments which comprise the sheath com-
ponent are of smaller cross-sectional area than the spiral
core filament; and the second being that jets having holes of
a common capillary length are much easier to make. '

The sizes and cross-sectional shapes of the jet holes
determine the size and shape of the filaments extruded through
them. The preferred shape is circular, particularly for the
inner jet hole. For a given spacing between the inner jet
hole and the outer jet holes, the pitch of the spiral core
filament is determined by the relative polymer velocities
through the inner and outer holes. That is, the pitch
reduces as the velocity differential increases.

Preferably, the axes of the inner and outer jet holes
are all parallel to one another so that, in the embodiment
where the sheath component comprises a cage of filaments,
these filaments are in substantially parallel alignment with
the axis of the spiral core filament.

The diameter of the spiral of the core filament is de-
termined by the sheath component which holds it in place and
which stabilises it by adhering to its successive turns.

When the sheath component comprises a cage of filaments it
has been found that it is necessary to have at least three
cage filaments for this purpose otherwise the core filament
'breaks out' and is uncontrolled. Preferably each cage fila-
ment is spaced apart from its adjacent cage filaments by
substantially equal distances. This may be arranged by using
a spinning jet with a central inner jet hole ringed by at
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least three outer jet holes pitched at substantially equal

angles to and substantially equidistant from the central
inner jet hole.

The number of cage filaments can be increased to any
desired number commensurate with the dictates of jet geometry.
In the limit, each outer jet hole is positioned sufficiently
closely to its adjacent outer jet holes that because of die
swell the extruded cage filaments merge to form a tube. The
outer jet holes are preferably of circular cross-section,
although other suitable cross-sections may be used, for exam-
ple arcuate'slots which may be used to produce a tube as
described.

The extruded structure may be cooled in air to solidify
it, but it is preferred to stabilise it more gquickly by
quenching it in a liquid bath which is conveniently water.

The filamentary structure of the invention may be used
as yarn, cord or twine, or as a reinforcement for a tube.
In the embodiments described where the sheath component com-
prises a tube, it constitutes a reinforced tube itself.
It may also be used to construct an abrasive pad such as a
pan scrub,

The invention includes a fabric structure comprising a
plurality of filamentary structures according to the invention
joined to each other with the axes of the spiral filaments in
substantially parallel relation. This fabric structure may
be produced directly by extrusion using a bank of adjacent
sets of jet holes from which adjacent filament structures
are extruded. These merge and become adhered so that after
being cooled to solidify them, they remain joined as a unit-
ary fabric structure. The component filamentary structures
may be arranged in a planar array by a corresponding arrange-
ment of the adjacent sets of jet holes, to produce a planar
fabric structure. Three-dimensional fabric structures may

be made using appropriate groupings of the sets of jet holes
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from which the component filamentary structures are extruded.

The fabric structure of the invention has a variety of
uses including use as drainage, earth-support and other
civil engineering fabrics, and as matting such as door mats.

In the embodiment of the invention where the sheath com-
ponent comprises a cage of filaments, limited stretching
of the filamentary structure produces elongation of the cage
filaments between the successive points of adherence, with
the result that after removal of the stretching forces and
contraction of the spiral core, the cage filaments balloon
out between the adherence points giving an expanded structure.

Greater stretching causes the cage filaments to break
between the points where they are joined to the spiral core
filament, close to those points, to produce a modified fila-
mentary structure which is a further aspect of the invention.
The broken cage filaments constitute fibrils which are sub-
stantially uniform in length, with the majority of the fibrils
being raked in a common direction.

The modified filamentary structure has decorative qual-
ities and may be used as fancy yarn, or twine, especially
if coloured. The rake of the fibrils gives it a particularly
distinctive appearance and also imparts good knot-tying
properties. The roughness of the fibrils, particularly at
the adherence points, gives the product abrasive properties
making it suitable for the construction of scouring pads,
for example.

The invention is illustrated by the accompanying draw-

ings in which:=-

Figure 1 is a plan of the face of a jet suitable for
use in the process of the invention,

Figure 2 is a cross-section on the line II....II of .
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Figure 1,

Figure 3 is an elevation of a filamentary structure

in accordance with the invention,

Figure U4 is an elevation of a modified filamentary
structure formed by stretching the structure of Figure 3,

Figure 5 is a sectional elevation of another filamentary
structure in accordance with the invention,

Figure 6 is a plan, on an enlarged scale, of the face
of a jet suitable for spinning the filamentary structure
shown in Figure 5,

Figure 7 is an elevation of the structure of Figure 3
after being partially stretched,

Figure 8 is an elevation of a fabric structure in accord-
ance with the invention,

Figure 9 is a plan, on an enlarged scale, of the face
of a jet suitable for spinning the fabric structure shown in
Figure 8, and

Figure 10 is a diagram of apparatus for spinning a
filamentary structure in accordance with the invention.

Referring to Figures 1 and 2, a spinning jet 1 has a
circular jet face 2 in which are drilled an inner jet hole
3 encircled by a ring of four outer jet holes 4. The jet
holes have the same capillary length and the inner jet hole
is shown as about twice the diameter of the outer jet holes.

Figure 3 shows a filamentary structure 5 spun from a jet
similar to that shown in Figures 1 and 2, but comprising eight
outer jet holes instead of four. The filamentary structure
5 comprises a spiral core filament 6 held within a cage of
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eight finer filaments 7 which are joined to the successive

turns of the spiral core filament at points 8.

Figure 4 shows a modified filamentary structure 9 pro-
duced by stretching the structure 5, whereby the cage fila-
ments 7 have broken close to the points 8. The resulting
fibrils 10 are regularly spaced and uniform in/iength. As
shown they are raked in a common direction. The points at
which they are joined to the core filament 6 lie on a gener-
ally spiral path around the core filament.

The filamentary structure 11 shown in Figure 5 comprises
a spiral core filament 12 held within a tubular sheath 13
which is joined to the successive turns of the spiral core
filament at points 14. The structure 11 may be spun from a
jet of the type shown in Figure 6 in which the jet 15 has
a central inner jet hole 16 ringed by two outer jet holes
17 in the form of two arcuate slots. The extrudates from the
outer jet holes merge below the jet to form a tube enclosing
the spiral core filament formed from the higher velocity
extrudate from the inner jet hole.

Figure 7 shows a filamentary structure of the type shown
in Figure 3 after being stretched to a degree which elon-
gates the cage filaments without breaking them. On being
allowed to relax, the spiral core filament 18 contracts and
causes the elongated cage filaments 19 to balloon out as
shown fo produce an expanded filamentary structure 20.

The fabric structure 21 shown in Figure 8 comprises three
filamentary structures of the type shown in Figure 3 with the
axes of their spiral core filaments 22 parallel and adjacent
cage filaments 23 fused together. This fabric structure may
be produced by a jet of the type shown in Figure 9 which has
a rectangular jet face 2U with three sets 25 of jet holes
lying adjacent to each other in a line. Each set 25 comprises
an inner jet hole 26 ringed by eight outer jet holes 27 of
smaller diameter. The cage filaments extruded from the
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adjacent pairs of outer jet holes 28, 29 and 30, 31,
respectively, merge below the jet face to join the extruded

filamentary structures together as a fabric.

The number of sets of jet holes may be extended beyond
three to produce,wider fabriec structures, and may also be
grouped other than in line, for example as a grid, to provide
three-dimensional fabric structures.

In Figure 10, the apparatus shown diagrammatically
comprises a spinning jet 32 from which a filamentary structure
33 accordiné to the invention is extruded downwardly into a
water quench bath 34. The solidified structure is withdrawn
from the jet by driven rollers 35 in a 'clover leaf' form-
ation and located below the surface of the bath., The struc-
ture is withdrawn from the bath by a godet'36 and, if
desired, stretched between the godet 36 and a further godet
37 to produce a structure as shown in Figure 4 or Figure 6
depending upon the degree of stretch.

The invention is illustrated by the following Examples:-
Examples 1 to 6

Nylon 6 polymer was melted and extruded through various
spinning jets as shown in Figures 1 and 2 of the drawings,
some with four outer jet holes and some with eight outer jet
holes with variations also in the pitch circle diameter
(PCD) of the outer jet holes. The extrudates were quenched
in a water bath at room temperature and collected either by
free fall or by nip rollers. Samples were taken and stretched
at two different percentage stretches, one simply to bulk
the product and the other a greater stretch to break the cage
filaments and produce the modified filamentary structure.

The following jet dimensions and process conditions were
common to all six Examples. Other conditions which varied
between Examples and the product properties are shown in the

succeeding Table.
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Inner jet hole diameter

Outer jet hole diameter
Capillary length of all jet holes
Head temperature of jet
Polymer throughput

0078869

350 um
175 um
437 um
260°C

13.46 g/min.

Table
Example 1 2 3 y 5 6
Number of outer
jet holes 8 8 ] y 8 8
PCD of outer
jet holes (um) 84y suy 900 900 1000 1000
Distance from jet
face to guench
bath (cm) 1.5 10 1.5 10 1.5 10
Take~-up speed
m/min 13.3 Free | 17.7 Free 12 Free
Fall Fall Fall
Diameter of
extrudate (cm) 0.18 0.21 ] 0.20 0.25 0.21 0.23
Diameter of spiral
core filament (cm) 0.07 0.07 ] 0.07 0.07 0.07 0.07
Pitch of spiral i
{cm) 0.21 0.17 | 0.31 0.30 0.22 0.21
Direction of spiral
(ew or acw)* acw acw ew acw cw cw
Diameter of cage
filaments (em) 0.02 0.025 0.02 0.020| 0.025| 0.025
to to
0.030 0.028
Weight/unit length
of extrudate (g/m) 0.973( 1.311 0.760| 0.886| 1.210| 1.260
Streteh to bulk
(per cent) 120 130 | 100 110 130 120
Stretch to break
(per cent) 425 400 | 500 520 20 410
Percentage of
fibrils raked
- towards jet 95 70 95 95 90 95
- away from jet 5 30 5 5 10 5

clockwise
anticlockwise

cw
acw
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CLAIMS

1. A filamentary structure characterised in that it has
a spiral thermoplastic core filament (6, 12) disposed within
a thermoplastic sheath component (7, 13) which is joined to
the successive turns (8, 14) of the spiral core filament.

2. A filamentary structure as claimed in claim 1 charac-
terised in that the sheath component comprises a cage formed
by at least three thermoplastic filaments (7) each of which
is joined to the successive turns (8) of the spiral core fila-

ment.

3. A filamentary structure as claimed in claim 2 charac-
terised in that each cage filament (7) is spaced apart from

its adjacent cage filaments by substantially equal distances.

4., A filamentary structure as 6laimed in claim 2 or claim
3 characterised in that the cage filaments (7) are in substan-
tially parallel alignment with the axis of the spiral core fila-
ment (6).

5. A filamentary structure as claimed in any of claims
2 to 4 characterised in that each of the cage filaments (7)
is of smaller cross-sectional area than the spiral core fila-
ment (6).

6. A filamentary structure as claimed in claim 1 charac-

terised in that the sheath component comprises a tube (13).

7. A filamentary structure as claimed in any of claims
1 to 6 characterised in that the spiral core filament (6, 12)
and the sheath component (7, 13) comprise the same thermoplastic

polymer.

8. A filamentary structure as claimed in any of claims
1l to 7 characterised in that it is produced directly by extru-

sion.
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9. A fabric structure characterised by a plurality of fila-
mentary structures as claimed in any of claims 1 to 8 joined
to each other with the axes of the spiral filaments (22, 23)
in substantially parallel relation.

10. A fabric structure as claimed in claim 9 characterised
in that the component filamentary structures are arranged in

a planar array.

11. A fabric structure as claimed in claim 9 or 10 charac-
terised in that it is produced directly by extrusion.

12. A process for making a filamentary structure charac-
terised by feeding molten thermoplastic polymer to a spinning
jet (1) having an inner jet hole (3, 16) ringed by outer jet
holes (4, 17), extruding the polymer through the inner jet hole
(3) at a greater velocity than polymer is extruded through the
outer jet holes (4) to form a spiral extrudate disposed within
an extruded sheath component to which its successive turns are
adhered, and cooling the extrudates to solidify them to a unit-

ary structure.

13. A process as claimed in claim 12 characterised in
that each outer jet hole (4) is positioned sufficiently closely
to its adjacent outer jet holes (4) that the extrudates from
the outer jet holes merge to form a tubular sheath component.

14. A process as claimed in claim 12 or 13 characterised
in that each of the outer jet holes (4) of the spinning jet
is of smaller cross-sectional area than the inner jet hole (3).

15. A.process as claimed in any of claims 12 to 14 charac-
terised in that the filamentary structure produced is stretched
and then allowed to relax to cause the cage filaments (19) which
comprise the sheath component to balloon out between the points
where they are joined to the spiral core filament (18) and there-

by give an expanded structure (20).
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16. A process as claimed in any of claims 12 to 14 charac-
terised in that the filamentary structure (5) produced is
stretched to the extent that the cage filaments (7) which com-
prise the sheath component break between the points (8) where
they are joined to the spiral core filament (6) to produce a
modified filamentary structure in which the broken cage fila-
ments constitute fibrils (10) which are substantially uniform

in length with the majority being raked in a common direction.

17. A process for making a fabric structure by a process
as claimed in any of claims 12 to 16 characterised in that a
plurality of filamentary structures are extruded adjacent to
each other with the axes of the spiral core filaments substan-
tially parallel whereby the extruded filamentary structures
adhere to each other and after being cooled to solidify them

remain joined as a unitary fabric structure.

18. A process as claimed in claim 17 characterised in
that the filamentary structures are extruded as a planar array
and become joined to each other in the form of a planar fabric.
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CLAIMS

1. A filamentary structure characterised in that it has
a spiral thermoplastic core filament (6, 12) disposed within
a thermoplastic sheath component (7, 13) which is joined to
the successive turns (8, 14) of the splral co:ilftﬁ?ment 7%2
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2. A filameﬁtary structure as claimed in claim 1 charac-
terised in that the sheath component comprises a cage formed
by at least three thermoblastic filaments (7) each of which
is joined to the successive turns (8) of the spiral core fila-

ment.

3. A filamentary structure as claimed in claim 2 charac-
terised in that each cage filament (7) is spaced apart from
its adjacent cége filaments by substantially equal distances.

4. A filamentary structure as claimed in claim 2 or claim
3 characterised in that the cage filaments (7) are in substan-
tially parallel alignment with the axis of the spiral core fila-
ment (6).

5. A filamentary structure as claimed in any of claims
2 to 4 characterised in that each of the cage filaments (7)

is of smaller cross-sectional area than the spiral core fila-

ment (6).

6. A filamentary structure as claimed in claim 1 charac-
terised in that the sheath component comprises a tube (13).

7. A filamentary structure as claimed in any of claims
1 to 6 characterised in that the spiral core filament (6, 12)
and the sheath component (7, 13) comprise the same thermoplastic

polymer.

] " £i1 ' | : Laimed i f alai
1 te 2 ol tepised in that it i juced di Lo
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&%. A fabric structure characterised by a plura}ity of fila-
mentary structures as claimed in any of claims 1 toX8~joined
to each other with the axes of the spiral filaments (22, 23)
in substantially parallel relation, Ha Falie sFucTine Aoww_-g éw
FNJBL“J dllﬂl—c'// bf ¢)<*r‘“3l°ﬁ. g

? TS. A fabric structure as claimed in clalm]Q characterised

in that the component filamentary structures are arrahged in
a planar array.

H—A—fabrie—structure—as—eleimed—in—ctaimS—or—3o—eharae—~
; : i bt ) i i ; om.

10 Y&, A process for making a filamentary structure charac-
terised by feeding molten thermoplastic polymer to a spinning
jet (1) having an inner jet hole (3, 16) ringed by outer jet
"~ holes (4, 17), extruding the polymer through the inner jet hole
(3) at a greater velocity than polymer is extruded through the
outer jet holes (4) to form a spiral extrudate disposed within
an extruded sheath component to which its successive turns are
adhered, and cooling the extrudates to solidify them to a unit-
ary structure.

: 10

N 8. A process as claimed in claim)}a characterised in
that each outer jet hole (4) is positioned sufficiently closely
to its adjacent outer jet holes (4) that the extrudates from
the outer jet holes merge to form a tubular sheath component.

o n

2. ™. A process as claimed in claimjba orAbQ characterised
in that each of the outer jet holes (4) of the spinning jet
is of smaller cross-sectional area than the inner jet hole (3).

10 2

12 Y6, A process as claimed in any of claimsATﬁ tolid.charac-
terised in that the filamentary structure produced is stretched
and then allowed to relax to cause the cage filaments (19) which
comprise the sheath component to balloon out between the points
where they are joined to the spiral core filament (18) and there-

by give an expanded structure (20).
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i4-T6L A process as claimed in any of claims\} toj}4 charac-

terised in that the filamentary structure (5) produced is
stretched to the extent that the cage filaments (7) which com-
prise the sheath component break between the points (8) where
they are joined to the spiral core filament (6) to produce a
modified filamentary structure in which the broken cage fila-
ments constitute fibrils (10) which are substantially uniform

in length with the majority being raked in a common direction.

15 32. A process for making a fabric structure by a process
as claimed in any of claim%jia toA$6 characterised in that a
plurality of filamentary structures are extruded adjacent to
each other with the axes of the spiral core filaments substan-
tially parallel whereby the extruded filamentary structures
adhere to each other and after being cooled to solidify them
remain joined as a unitary fabric structure.

5

& 38, A process as claimed in claimlil.characterised in
that the filamentary structures are extruded as a planar array
and become joined to each other in the form of a planar fabric.
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