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(57) Claim

1. A netlike sheet comprising woven warp and weft yarns, either
the warp yarns or the weft yarns being a five-layered yarn composed aof
two stretched layers of polyclefin resin and an alternating layer of
polyolefin resin having a melting point lower than that of the polyoiefin
in the stretched layers disposed between the two stretched layers &rid
on the ouwer surfaces thereof, and the other being the same five-layered
yan ¢t a three-layered yarn composed of a central stretched layer of
polyolefini tasin and an alternating laver of polyolefin resin havihg; a
melting point lower thax that of the polyolefin in the central stretched
layer disposed on both sides of the stretched layer, the warp and weft
yarns being heat bonded at their intersections.

12, A method for producing a ﬁive‘~layered yarn comprising
the steps of: extrnding, into a composite die, a first

polyolefin resin and a second polyolefin resin so as to form a
three~layered film in which the central layer of the film
consists of the first resin and the second resin is welded
onto both sides of the central layer, the second resin having a
melting point lower than that of the first resin; foi:mi‘ng; the
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three-layered film into a cylindrical three-layered structure
by extruding the same through the composite die using an
inflation molding; cutting the £ilm into tape-like pieces
having a desired width; superposing pairs of the tape-like
pieces; then heating the superposed pieces to adhere the
polyolefin resin layers having low melting point to each

other; and stretching the resultant product.
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TITLE OF THE INVENTION
NetXike Sheet and Method for Producing Multilayer Yarn

for Producing the Same

BACKGROUND OF THE INVENTION
(1) Field of the Invention

The present invention relates to a netlite sheet wide
by utilizable as a ‘material for making, for example,‘ light
shielding OEtS, .sheets for civil engineering applications,

sheets for fruit containers, sheets for drying cereals, and

various kinds of reinforcing materials, and to a methed for

producing a multilayer yarn for méking such netlike sheet.

(2) ‘Prior Art
"It has been known that woven fabrics can be produced
frcan multilayer .yarns composed of 'stretched . yarns pf

thermoplastic synthetic resins provided thereon with layers of

thermoplastic synthetic resins which have a melting point

lower than that of the thermoplastic synthetic resin used in
making the stretched yarn. For instance, Japanése Utility
Model Publication.No. 53-49902 iscloses a procéss in which a
woven fabric is woven from multilayer yarns of this type and
the outer thermoplastic synthetic resin layers are heated to a
temperature higher than the melting point thereof so that‘the

multilayer yarns disposed as warp and weft are adhersd to each

d/é’M? (Av)
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other in a thérmbcompressioh bonding manner to obtain woven
sheets;

The warp and weft yarns used in such process are
composed of multilayer yarns each of which compriseé a
stretched yarn.disposed at the interior thereof and, therefore,
the woven sheets produced therefrom are too low in stiffness
for use as light shielding nets, sheets for civil engiﬁeering
applicatioﬁs and vari:.s reinforcing materials. Moreovér, the
low strength createé problems concerning. déforming of the
woven fabrics during weaving of the yarns into fébrics and/or
storing the same, which'in turn results in low yield;

| In order to eliminate the foregoing problems, it would
seem effective to increase the thickness of the stretched
yarns and low melting theremoplastic Synthetic resin layers
constituting the warp and weft:yarns. However, such a method

is not effective for imparting the desired stiffness to these

yarns. This is because if thick stretched yarns should be

prepared by the method, non-uniform multilayer'yatns would be

obtained.

SUMMARY OF THE Z_ENVENT'.ION

Accordingly, a primary object of the present invention
is to provide a netlike. sheet having good stiffness and
excellent retention of sheet-like shape.

Anothe: object of the present invention is to provide
a method for effectively producing multilayer yarns fdr ﬁse in

making such a netlike sheet.
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The present invention has been completed on the basis of the
finding that the foregoing problems can be effectively eliminated by
utilizing, as warp or weft yarns for weaving a netlike sheet, five-layered

'varns composed of two stretched layers or polyolefin resin and an
alternating layer of polyolefin resin having a melting point lower than

that of the polyolefin in the stretched layers disposed between the two
stretched layers and on the outer surfaces thereof and that such a

| multilayer yain can be efficiently produced by employing an inflation

molding method in which a composite die is used.

Conéequently, according to one aspect of the present invention,
there is provided a netlike sheet comprising woven wérp and weft
yains, either the warp yarns or the weft yarns being a five-layered yarn
composed of two stretched layers of polyolefin resin and an alternating
layer of polyolefin resin having a melting point lower than that of the
polyolefin and the stretched layers disposed between the two stretched
layers and on the outer surfaces thereof, and the other being the same
five-layered yarn or a three-layered yarn composed of a central
stretched layer of polyolefin resin and an alternating layer of polyolefin
resin having a meiting point lower than that of the polyolefin in the
stretched layer disposd on both sides of the stretched layer, the warp
and weft yarns being heat bonded at their intersections.

- According tc another aspect of the present invention, there is

~provided a method for producing a five-layered yarn comprising the
- steps of: extruding, into a composite die, a flrst polyolefin resin and a

second polyolefm resin so as to
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fdrm a thteé-léyered film in which thz central layer of the
film consists of the first.resin and the second resin is welded
onto both sides of the central layer, the second resin having
a mélting point lower than thét of the first resin; forming the
three-layered film into a cylindrical three-layered structure
by extruding the samé through the composite die usiﬁg an
inflation molding; cutting the'fiim into long tape-like pieces
having a desired width; superposing pairs of the tape-like

pieces; then heating the superposed pieces to adhere the

polyolefin resin layers having low melting point to each

othez; and stretchinbg the resultant proddct.

BRIEF DESCRIPTION OF THE DRAWINGS |
| The present invention will héreunder be described in

more detail with reference to the accompanying. drawings,
wherein: |

Fig. l'ié a schematic diégram illustrating a netlike
sheet according to the present invention; |

Fig. 2 is a cross sectional view of the netlikersheet
shown in Fig. 1,.taken al6ng the line A-A; and |

Fig. 3 is a séhematic cross sectional view of a

multilayer_yatn from which the netlike sheet of this invention

'is produced.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In the present invention, the stretched layers forming

core members of the S5-layer and 3-layer yarns and the layers
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of polyolefin .resin having a melting point lower than the
material of core members are both formed from polyoléfin
resins (such 'as. high density polyethylene, low-density
polyethylene, medium-density polyethylene, polypropylene,)
polyvinyl chloride, polystyrene, polyviny’. alcohol,
polyacrylonitrile, polyvinylidene chloride, pclyamide - or
polyester. In this respects, the low-melting-point
thermoplastic synthetic resin layer is formed from a
thermoplastic synthetic resin whose melting point is lower, by
15 to 359C, preferably 20 to 30°C, than that of the resin as
the material for the stretched core members. The material
for the core members is preferably a high-density polyethylene
or polypropylene and the materials for the low-melting-point
thermoplastic synthetic resin layers are a low-density
polyethylene or polypropylene having a low melting point.

The low-melting-point thermoplastic synthetic resin
layers may contain inorganic fillers such as silicon oxide,
calcium carbonate, talc, kaolin and the 1like. Among these,
preferred are silicon oxide and <calcium carbonate and
particularly preferred is silicon oxide. These inodrganic
fillers may be incorporated in%o the low-melting-point
thermoplastic synthetic resin layer in an amount of 0.1 to 4%
by weight (hereinafter simply referred to as "%") and more
preferably 0.4 to 3%, If a low-density polyethylene is used
as the low-melting-point thermoplastic synthetic resin, it is
preferable to add such fillers in an amount of 0.1 to 1%, more

preferably 0.4 to 0.6%, while if a polypropylene having a low
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melting point is used, the content thereof is preferably 1.5
to 3%. The mean particle size of the inorganic fillers is not
critical, but is preferably 1 to 8 microns, more preferably 2
to 5 microns. These inorganic fillers may also be
incorporated into the core members of the stretched flat
yarns.

In a preferred netlike sheet of the invention, the
both warp and weft yarns are multilayer yarns having 5-layer
structure, which are composed of two stretched layers of
polyolefin resin and three 1layers of low-melting-point
polyolefin resin disposed between the two stretched layers and
on the outer surfaces thereof. In this respect, the core
members (i.e. the two stretched layers) are made from a high-
density polyethylene or polypropylene while the low-melting-
point resin layers are made from a low-density polyethylene,
as mentioned above,

In the hetlike sheet of this invention, the materials
for obtaining the foregoing two stretched layers may differ
from each other. However, it is desirable to form these two
layers from the same material from the viewpoint of easy
preparation.

In the multilayer yarn having 2 5- or 3-layer
structure, the stretched layers constituting the core members
and the low-melting-point polyolefin resin layers disposed on
both sides thereof may have any thickness. However, it is
desirable to limit the thickness thereof to 15 to 55 microns
and 1 to 5 microns, respectively, and more preferably 20 to 45

microns and 2 to 4 microns. Moreover, said thicknesses in the

- =
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multilayer yarns are desirably limited to 35 to 130 microns
preferably 60 to 90 microns in the yarn with 5-layer structure
and to 17 to 65 microns and preferably 30 to 45 microns in the
yarn with 3-layer structure. The multilayer yarn may also
have any width, bqt is preferably between 1 and 4 mm wide.

The multilayered flat yarn having 3-layer structure
used herein can be produced by welding or adhering the above-
described type of low-melting-point thermoplastic synthetic
resin layers to both sides of a stretched flat layer provided
as a core member. However, it is preferable to form the final
yarn by, in a composite die using two extruders, welding a
low-melting-point thermoplastic synthetic resin (which may
contain inorganic fillers) to both surfaces of a thermoplastic
synthetic resin film which i§§§hrmed into a stretched film
during extrusion through a composite die, and extruding the
resultant welded £ilm so as £o form a laminate film (3-layer
f£ilm) which is then stretched.

On the ¢ 'her hand, the multilayer yarn having a 5-
layer structure can be obtained by welding or adhering,
together, two stretched layers serving as core members and
three low-melting-point polyolefin resin layers disposed on
the outer surfaces of the stretched layers and therebetween.
fdowever, it is preferred to form such a multilayer yarn of 5-
layer structure by extruding the foregoing multilayer vyarn
having a 3-layer structure through a composite die to form a
laminate film, cutting the extruded multilayer film of 3-layer

structure into 1long tape-like pieces of a desired width,

o



25

superposing pairs of the tape-like pieces on one another,
heating the superposed pieces to adhere the adjacent low-
melting-point polyolefin resin layers, thereby forming a flat
yarn of 5-layer structure, and finally stretching the 5-layered
flat yarn.

The stretching process 1is carried out because if the
yarn is formed in this manner, the inorganic fillers included
in the low-melting-point thermoplastic synthetic resin layers
tend to be exposed at the outside of the final yarn and the
facility with which the flat:yarn can be wound is further
improved. The core materials can be stretched 4 to 12 times
or, preferably, 5 to 8 times the original length. Moreover,
the extrusion operation in preparing the 5-layered yarn is
preferably carried out by the inflation molding technique
whereby multilayer yarn having a cylimdrical 3-layer structure
is obtained. This makes it possible to easily obtain . the
superposed pairs of 3-layer structure pieces by simply cutting
the same.

The woven netlike sheets of the present invention can
be obtained by weaving the aforementioned multilayer yarns as
the warp and weft yarns into a fabric using a weaving loom and
then heat-welding the warp and weft yarns at the intersections
thereof. In this respect,; the heat-welding should be carried
out at a temperature at which the low-melting-point
thermoplastic synthetic resin is molten while the stretched

layers acting as the core members are not moclitern.
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In the'woven sheets of the present invention, the warp
and weft yarns are arranged so that the two adjacent warp
yarns ‘and two adjacent weft yarns form square or rectangular
spaces having an area of 0.002 to 1.2 cm2, preferably 0.02 to
0.8 cm2.

The present invention thus makes it possible to
provide netlike sheets exhibiting high level of stiffness and
excellent retention of sheet-like shape. Moreover, the
netlike sheets of this invention exhibit an advantage in that
the wmeshes of the net are stable during using the same since
the warp and weft yarns are welded with one anothezr at the
intersections thereof.

In addition, the method of this invention makes ‘it
possible to easily produce multilayer yarns utilizing a die
having a simple structure compared with the T-die used in
conventional extrusion method.

The present invention will hereui.ler be described in
more detail with reference to the following non-limitative

working Examples.

Example 1

A netlike sheet of the present invention such as that
shown in Fig. 1 was manufactured. 1In Fig. 1, a netlike sheet
1 was obtained by weaving warp yarns 2 and weft yarns 3 having
S=layer structure and heat-walding these warp and weft yarns
at the intersections 4 thereof so thu:: 2paces 5 were formed

between adjacent pairs of warp yarns and adjacent pairs of




weft yarns. The warp yarns 2 and weft yarns 3 were formed
from the same material. As seen from Fig. 3 (a crbsss
sectional view), the multilayer yarn constituting the warp and
weft and having 5-layer structure was composed of two

5 stretched layers 7, 7 and layers 8, 8, 8 of low-melting-point
polyolefin resin having a melting point lower than that of the
polyolefin resin as the material for the stretched 1layers,
disposed between the two stretched layers and on both outer
surfaces thereof.

10, The stretched 1layers 7 were produced from a high-

T

vese density polyethylene (melting point (m.p.) = 134°9C; density =

L o

[ 0.960; and the stretch ratio = 7:1 i.e, 7 times the original

]
X% N4
vessss length) measuring 35 microns in thickness and 2 mm in width,
L] &

and the low-melting-point thermoplastic synthetic resin layets

15°.°% 8 were composad of a low-density polyethylene (m.p. = 134°C;

- X
% oo

et density = 0.920), measuring 2 microns in thickness and 2 mm in

s e width.

The multilayer yarns used above were prepared by the
method described below:

20' A circular die having a diameter of 200 mm was
connected to a core extruder which extruded the high-density
polyethylene and a coating extruder which extruded the low-
density polyethylene. The = low-=density polyethylene was
introduced into the die, was then divided into two flows

25 therein and was led to both sides of a flow passage through
which the high-density polyethylene f£lowed., The extruded 3-
layer film was formed inko a cylindrical 3-layer £ilm by the
inflation molding technique. The cylindrical 3-layer film was

-10 -
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slit into tapé-like pieces which were superposed in pairs
which were then heat-welded, cooled, stretc: =g ». 7 times the
original 1length to form ' the multilayer yarn of 5-layer
structure,

‘Fabrics were woven from the so-prepared yarhs using a
weaving loom and, the warp and weft yarns were welded to one
another at the intersections thereof in a heat-welded manner.
Conditions for the manufacture of the fabfics were as

specified below.

(1) Weaving loom used: Water Jet Loom FW 451 manufactured
and sold by Nissan Motor Co., Ltd.

(2) Speed of Machine Rotation: 400 rpm

(3) Weaving Width: 130 cm
(4) Cloth Fusion Temperature:  107°C
(5) Heat Welding Conditions:

(i) Heat welding temperature: 1200C

(ii) Pressure applied: 2 kg/cm?

(11i) Heating time: | 4 sec.

(iv) Welding width: 15 mm
Fxample 2

The procedures of Example 1 were repeated to form a
netlike sheet except for using, as the warp yarn, multilayer
yarns having 3-layer structure obtained by welding layers of a

low-density polyethylene (m.p. = 1099C; density = 0.920; and

-11-




stretch ratio‘ = 7:1) containing 0.5% silicon oxide and
measuring 35 microns in thickness and 2 mm in width onto Both
sieds of a stretched layer of a high-density polyethylene
(m.p. = 1099C; density = 0.960; and stretch ratio = 7:1)
measuring 35 microns in thickness and 2 mm in width.

The netlike sheets produced in Examples 1 and 2 were
found to exhibit an extremely high level of stiffriess and
excellent retention of sheet-like shape during the manufacture

and the storage thereof.

-12 -
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A netlike sheet comprising woven warp and weft yarns, either
the warp yarns or the weit yarns being a five ~“yered yarn composed of
two stretched layers of polyolefin resin and an alternating layer of
polyolefin resin having a melting point lower than that of the polyolefin
in the stretched layers disposed between the two stretched layers and
on the outer surfaces thereof, and the other being the same five-layered
yarn or a three-layered yarn composed of a central stretched layer of
polyolefin resin and an alternating layer of polyolefin resin having a
melting point lower than that of the polyolefin in the central stretched
layer disposed on both sides of the stretched layer, the warp and weft
yarns being heat bonded at their intersections.

2. A netlike sheet according to claim 1 wherein the both warp and
weft yarns are multilayer yarns having 5-layer structure composed of
two stretched iayer of polyolefin resin and three layers of polyolefin
resin having a melting point lower than that of the polyolefin of the
stretched yarn, disposed between the two stretched layers and on both
outer surfaces thereof.

3. A netlike sheet according to claim 1 wherein the thicknesses of
the stretched layer of polyolefin resin and the low-melting -point
polyolefin resin layers are 15 to 55 microns and 1 to 5 microns
respectively.
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4. A netlike sheet according to claim 1 wherein the width

of the multilayer yarn ranges from 1l to 4 mm.

5. & netlike sheet according to <claim 1 wherein the

stretched layer is formed from ,a high-density polyethylene or
Akecooringy

polypropylene, and the cﬁ#m@leayers are formed from low-

melting-point polyolefin resin selected from a low-density

polyethylene and polypropylene having a low melting point.

6. A netlike - sheet according to claim 1 wherein the
melting point of the low-melting-point polyolefin resin |is
lower than that of the polyolefin resin of the stretched layer

by 15 to 35°cC.

7. A netlike sheet according to claim 1 wherein the

stretch ratio of the stretched layer is 4:1 to 12:1.

8. 7 netlike sheet according to claim 1 wherein the low-
melting-point polyolefin resin layer contains at least one
inorganic filler selected from the group consisting of silicon

oxide, calcium carbonate, talc and kaolin.

9. A netlike sheet according to <c¢laim 8 wherein the

inorganic filler is silicon oxide.

10. A netlike sheet according to claim 8 wherein the
amount of the inorganic filler ranges from 0.1 to 4% by

weight.

-14 -




11. A netlike sheet according to claim 8 wherein the
average particle size of the inorganic filler ranges from 1 to

8 microns.

12, A method for producing a five-layered yarn cdmprising
the steps of: extruding, into a composite die, a first
polyolefin resin and a second polyolefin resin so as to form a
three-layered film in which the central layer of the film
consists of the first resin and the %ecbnd resir is welded
onto both sides of the central layer, the seccsz2 :esin having a
melting point lower than that of the first resin; forming the

three-layered film :into a cylindrical three-layered structure

by extruding the same through the composite die wusing an

inflation molding; cutting the film’ into tape-like’ piedes

having a desired width; superposing pairs of the tape-like

pieces; then heating *“he superposed pieces to adhere the

polyolefin resin layers having low melting point to each

other; and stretching the resultant product.

13, A method according to claim 12 wherein the superpésed

and adhered multilayer yarn is stretched by 4 to 12 times.

14, A method according to claim 12 wherein the thicknesc
of the central layer of polyolefin resin and the low-melting-
point polyolefin resin layers are 15 to 55 microns and 1 to 5

microns respectively.

-15 =




15. A method according to claim 12 wherein the width of

the multilayer yarn ranges from 1 to 4 mm.

16. A method according to claim 12 wherein the central
layer is formed from a high-density polyethylene or
polypropylene, and the other "layers are formed from low-
melting-point polyolefin xesin selected from a low-density

polyethylene and polypropylene having a low melting point.

17. 2 method according to claim 12 wherein the melting
point of the low-melting-point polyolefin resin is lower than
that of the polyolefin resin of the central layer by 15 to
350cC.

18. A method according to claim 12 wherein the superposed
pieces are heated at a temperature at which the low-melting-
point thermoplastic resi~ is molten, but the first resin of

the ceéntral layer is not molten.

19. A netlike sheet substantially as hereinbefore

described with reference to the drawings.

S
Dated this 2nd day of June 1988 Z

DIATE¥X CO., LTD.
By their Patent Attorneys,
COLLISON & CO.
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