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We, Americany CyaNamin COMPANY, 4
corporation organized under the laws of the
State of Maine, United States of America,
of 30, Rockefeller Plaza, New York 20, State
of New York, United States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,

to be particularly described in and by the’

following staternent : —

This invention relates to improved surgical
sutures.

The medical profession has for a long tme
been looking for more satisfactory sutures to
be uwsed in closing wounds whether such
wounds are incisions from: operations, or tears,
cuts or abrasions from sccidental or other
causes, Many materials have been suggested
for use as sutures, Sutures are divided into
two broad classes, the absorbable sutures such
as catgut sutures which are absorbed by the
body tissues, and non-absorbable sutures
which either remain in the tissues in substan-
tialty their original form for prolonged periads
or are removed from the skin surface after
the underlying tissues have been healed, For
non-gbsorbable sutures many materials have
besn suggested which range from cotton and
silk through various synthetic filaments such: as
nylon to stainless steel or nickel or other
metallic filaments. While each of these has
certain advantages there are corresponding dis-
advantages and the search for sutures with
more suitable properties continues.

Sterility is a most hmportant characteristic
of a suture. Any material to be used as a
suture must have such physical characteristics
that the suture can be sterilized. The most
convenient method of sterilizing is by heat in
which the suture is heated under such condi-
tions that any micro-organisms or deleterious
materials are rendered inactive. A sccond
commen method is to sterilize using a gaseous
sterilizing agent such as ethylene oxide. Other
methods of sterilizing include radiation by X-
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Tays, gAamma rays, neutrons, clectrons, etc, or
high intensity ultra-sonic vibrational energy or
combinations of these methods. Preferably a
suture should have such physical charac-
feristics that it way be sterilized by any of
these methods. The present linear poly-
ethylene sutures may be sterilized by any of
these methods.

Other things being equal, the surgeon
usually prefers the suture which {s strongest.
In spite of many disadvantages stainless steel
has met with considerable acceptance because
of its extremely high tensile strength, Such
plastic materiais as nylon are meeting car-
rently with considerable commercial acceptance
becanse of comparatively high  tensile
strength.  Additionally, the suture material
needs high knot strength and knot security.
That is, the suture strand must have such
characteristics thatr a knot can be tied in the
suture. Some materials are so brittle that if
a suture made from them is knotted, the
strength of the suture is markedly reduced.
For some materials an overhand knot in a
strand can reduce the strength of the strand
by a factor of two or more, In addition to
knot strength, the suture should have such
characteristics that the knot when tied remains
in position. For example, even though nylon
is used to a considerable extent as & suture
material, special knots are required and even
then the knot security of nylon sutures is not
all that is desired.

Additionally, a suture shoulkd have good
nandling  qualities. Such  qualities are
extremely hard to characterize, but nenethe-
less are very obvious to those using a suture
For example, the suture should be *throw-
able ™ so that when the free end is placed
in position by the surgeon it will remain in
that position until moved. Similarly, the
suture should have such characteristics that it
can be thrown or moved from side to side
and yet retain the position into which it is
thrown.,
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The suture should be comparatively imper-

tion of the various body tissues in which the

meable by body fluids. Such materials as suture is wsed to the suture material must be 20
silk and cotton wsually require special treat- of an acceptable nature, for perods ar least
ment o cut down on capillarity so that body as long as the maximum period of implanta-
fluids, and micro-organisms, cannot travel tion of the suture.

along the sumre. The migration of micro- It has now been found that linear poly-
organisms along the suture is particularly un-  ethylene of isotactic pelypropylene as cither a 25
desirable. monofilament suture or as a braided or woven

It i desirable that the suture be one that suture comstructed from a plurality of smaller
can be colored so that it contrasts with tissues  filaments meets these requirements and gives a
and can be easily located in the operating suture which is unexpectedly and uniguely
field even though it is of small diamerer. useful to the surgeon. 30

Additionally, the suture material must be The linear polyethylenc used in one embodi-
such that there are no undesirable interactions ment of the invention has a higher density and
with body tissues, Some muaterials which 4 higher strength than conventional poly-
would otherwise be satisfactory for satures are  cthylene. The characteristics as compared
irritating to body tissues and may even be with ordinary pelyethylene are as sct forth 35
responsible for neoplastic growth. The reac- in the following table.

Ordinary Polyethylene Linear Polyethylene
Melting Range 240 to 253°F. 260 ta 280° F,
Softening Range 225 to 240° F, 250 to 260° F.
Decomposition Above 600° F. Above 600° F.
Odor None None
Plasticizer Nene None
Burning Slaw Slow
Specific Gravity 0.92 0.95/0.96
Tenacity gr./den. 2.1 to 2.3 6t 9
Ultimate Elongation 25 to 50%, 10 to 25%,
Strength PSI “as is™ 25,000 to 27,000 70,000 to 120,000
PSI “at rupture” 33,000 to 37,000 80,000 to 140,000
Diam.
Single Strand Break ,008” 1.4 4.3
in Pounds (mean .010” 2.2 7.0
values) 0127 3.2 9.2
Dimensional Stability
Shrinkage at 165° F. 5 to 8% 1 to 5%
Shrinkage at 212° F. 30 10 50%, 5 to 0%

‘The strength in pounds per square inch at  extruded as a filament, which filament s
rupture  is the strength calculated on the  stretched to several times ifs original length
cross-section of the stretched material rather which orients the fiber giving it a characteristic 50
than that of the original strand, The dimen- X-ray diffraction pattern and greatly increases
sional stability and ultimate clongation may be  its strength and reduces its elongation. By
contzelled to a conmsiderable extent during tempering, that is, heating the fillament up to
manufacture by the stretching of the fiber dur- temperatures of about 212° F. or stighty
ing the orientation process and by subsequent higher, any shrinking or shape change takes 55

annealing processes. As is known to those
skilled in the art, polyethylene is cast or

place before use, so that the fllament has the
desired characteristics,
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For a filament 0.008” in diameter, the U.S.
Pharmacoposia strength requirement is 2.0 Ibs,
pull. Ordinary polyethylene filament does not
meet this minimam. As can be seen from the
above table, linear polyethyiene exceeds such
2 minimum by 4 factor of more than 2.

The linear polyethylene having a specific
gravity of at least abous .95 hag the desired
characteristics and can be readily identfied
by specific gravity as well as meltng range,

Linear polyethylenes may be puarchased on
the commercial market either as the resin suit-
able for extrusion into a filament or as a fila-
ment. Such polyethylenes are frequently
manufactured by passing ethylene under pres-
sure at an elevated {emperature over an
insolubie solid chromic oxide type catalyst,
From about 0.05 1o 0.1% of a dialkylphenol
sulfide is preferably used as an anti-oxidant.

Referring to the alternative embodiment of
the inventior, physical characteristics of poly-
mers of alphaolefins, that is those olefins where
the unsaturated doubie bond occurs between
the two termtinal carbons, are determined to a
great extent by the relative position in space
of the pendant alkyl groups. For example, in
the case of polypropylene, the pendant —CJ,
groups may be randomly distributed sterically
along the polymethylens backbone chain or
they may be oriented according to 2 definite
spatial pattern. In the first case in which
the CH, groups have no systematc distribu-
ton i space the polymer is termed
“atactic” and shows none of the properties
desired in a fibrous suture material. At room
temperature, this form of polypropylene is a
rubbery gummy solid with no crystallinity and
of very poor strength properties. With the
second type of polypropylene, the pendant
CH, groups are uniformly arranged with
respect to the backbone cham. If the norm-
ally zigzag pattern of the polymethylene chain
of polypropylene is projected to a two dimen-
sional representation, the methy! side groups
then appesr as uniformly distributed along the
main chair according. to the following
formula:

HH HH H H

< OGO o K
| 8 | H | H
CH:! CH.«; CH, o

Such polymers have been termed by Giulio
Natta as “ isotactic ”, This term bas becotne
accepted in the industry, Because of the regu-
larity of configuration, this type of poly-
propylene is highly crystalline, has a high
melting  poimt and very good strength
properties—all qualities desired in a satisfac-
tory material for sutures,

Actually, in practice the synthesis of an
entirely isotactic polymer is rarely if ever
achieved., And it is doubtful if the 100% iso-

tactic configuration would be as useful as those
of & somewhat lower degree of isotacticity as
are produced comumercially, as will be ex-
plained later. The polymers produced by the
new stereospecific catalysts such as those des-
cribed by Karl Zeigler and Giulio Natta can be
considered as being composed of several
different types of macro-molecules: (1) com-
pletely isotactic molecules, (2) completely
atactic molecules snd (3) molecules in which
both isotactic and atactic portions occur along
the same chain. Ordinary, so-called isotactic
polymers are probably predominantly of the
third type, that is, molecular backbone chains
that are made up of stretches of polymer of
atactic configuration between the segments
that are completely isotactic. Such types show
a lower degree of crystallinity than the totally
isotactic variety. The presence of the minor
amotnts of atactic groupings, either occurrng
as atactic chains or atactic portions of other-
wise isotactic molecules, is believed to lead to
greater flexibility then would otherwise be
realized if they were not present. Poly-
propylenes of lower than the maximum iso-
tacticity or crystallinity are preferred for the
most desirable fiber characteristics.

The term * isotactic polypropylene ** is here
used to designate those polymers which con-
tain a mzjority of mclecules in the essentially
isotactic configuration but also are composed
of some atactic segments or molecules.

Crystalline polypropylene polymers are pre-
pared by carrying out the polymerjzation,
generally in a hydrocarbon diluent, under con-
ditions where moisture and oxygen are
rigorously excluded or closely controlled. As
catalysts, several types may be employed. A
preferred type consists of the reaction product
of a compound of a transition metal of groups
IV B to VI B and metal alkyds of metals
selected from groups I to ITT of the periodic
table. For ecxample, a titanfum hakide
together with an aluminum alkyl are satisfac-
tory for pelymerizing propylene to products
of varying degrees of crystaliinity, To a con-
siderable extent, the degree of isotacticity and
the resulting crystallinity can be controiled
over a wide range depending upon the par-
ticular catalyst used. ‘Titanium tetrachloride
and aluminum triethyl yvields polymers of a
lower isotactic comtent than when the tri-
chloride of titanium s used rogether with the
same aluminum triethyl. Following the poly-
merization that is carried out at temperatures
near or somewhat abave reom temperature, the
product is freed of comtaminating catalyst
residues by suitable treatments, dried and melt
extruded in fiber form. Much improved
strength properties are imparted by elongat-
ing the resin during the drawing operation
which results in more or less alignment of the
polymer moclecules.

In addition to the metal-organic complexes
mentioned above as catalysts, certain metal
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oxides such as chromia or silica-alumina and
molybdena or alumina have been repurted as

A typical isoractic polypropylene has a
Decomposition
Melting range
Softening range
Odor
Plasticizer
Burning
Specific gravity
Tenacity
Ultmate elongation
Moelecular weight

The isotactic polypropylene is cast or
extruded as filament, which filament i
stretched to several times its original length
which crients the fber giving it a characteristic
X-ray diffraction pattern and greatly increases
its strength and reduces its elongation.

The polyethylene and isotactic poly-
propylene can be colored by mechanically
blending with a pigment. About 1% or less of
pigment can give a desired coler, Pigments
such as titaniom dioxide, iron oxide or carbon
black give identifiable colors, Other colored
pigments whick do not cawuse deleterious
tissue reactions may also be used to impart
color to the strands.

A single strand or moncfilament is a very
useful suture. The strands of the suture can
be round or oval, flat, sguare, triangular or
other configuration. Greater flexibility may
be obtained by using twisted or braided con-
stritctions in which a plorality of filaments or
“ends™ are constructed in a fashion similar
to those used with sitk sutures. Inasmuch as
polyethylene and isotactic polypropylene are
comparatively resistant to the action of water,
special treatments are not normaily required
to prevent capillarity in maltiple strand
sutures. The sutures preferably have a needie
artached {0 one end thereof so that the opera-
tion of threading is cbviated. The sutures are
packed in sterile containers. Inasmuch as the
sutures are stable for long periods of time
without a conditioning fluid, the sutares may
be dry packed in glass tubes or plastic enve~
lopes. Conditioning fluid may be used to
assure maintenance of sterility or as a rust
preventing medium for the needle. Eyeless
needles are  preferred.  As  is  well
known, such needles cause less tissue
damage  Conveniently, moenofilament or
multifilament  strands  are  formed, cout
to convenient lengths, then atrached to eye-
less needles, wound on reels If desired and
placed in containers such as plastic envelopes.
The sutures may then be sterilized with
ethylene oxide or other gaseous sterilizing
sgent and sealed in accordance with known
practices; or the suture may be sealed in the
envelope and then sterilized by using heat or
radiztion including X-rays, gamma rays, elec-

being applicable for the production of iso-
tactic polyolefins.

3259 1o 335° F,

2807 1o 300° F,

above 550° F.

None

Noznie

Slow

0.87 w 0.94

5 to 10 grams per denfet
15 to 25%

300,000 o 450,000

trons, neutrons, etc, or the package may be
one which is permeable 10 a gaseous steriliz-
ing agent. Each of these processes gives a
satisfactory product and the present inveation
is not limited to a single method of steriliza-
tion.

The choice of size of the suture depends
en the surgeen’s choice for a particular opera-
tive or repair technigue.

A group of sutures of linear high density
polyethylene and another group of sutures of
isotactic polypropylene were sterilized. Two
groups of thirty rabbits each had their
abdomens shaved, and the skin sterilized, The
sterile polyethylene sutures and the sterile iso-
tactic polypropylene sutures were then placed
lateraily through the muscles of the ventral
wall just below the skin of respective groups
of rabbits. The svture ends were cut short
sc that no suture material protruded through
the skin and the animals were returned to
their cages. Rabbits were sacrificed at
intervals of 3 to 40 days and both gross and
microscopic examination of the implanted
sutares were made, The short term results
showed & minimal reaction. There was prac-
tically no exudation and no evideace of irrita-
tion. On microscopic examination it was
found that fibroblasts did not develop jn either
group of rabbits undl 20 days post implanta-
tion but after 40 days a small, dense fibrous
capsule was produced. This is 2 normal and
desirable end reaction and is the usual
response of animal tissure to the presence of an
inert foreign body.

On simifar tests in mice, using polyethylene
sutures, over a period of from 20 days to 9
months before sacrificing the animals, micro-
scopic examination showed some evidence of
inflammarory cells after 20 days but these had
disappeared by 3 months. During the entre
period of observation for 12 momrths no
abnormal cells or cell structures were observed
and regular tssue architecture was found to
exist in the vicinity of the suture. Dense
fibrous capsules of moderate size were present
which is the normal and desired reaction.

The reactions observed were comparably
less than is usually obtained with silk or
cotton sutures, It was similar to that obtained
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with monofilament nylon. The linear poly-
ethylene is more flexible and easier to handle
and shows better knot characteristics and less
clongation than does morofilament nylon.

Both  moenofilament  and  multifilament
braided sutures are used in normal operating
room procedures on humans iz procedures
which require nen-absorbable sutures. The
sutares can be withdrawn when used as a
skin suture and are lefr embeddad when used
as & buried suture. The sure is found to
have satisfactory characteristics from the stand-
point of tissue reaction in so far as can be
observed. Naturally, the human subjects could
not be sacrificed for autopsy.

WHAT WE CLAIM IS:—

1. A needled surgical suture comprising a
iinear polyethylene or isotactic polypropylene
suture attached to a surgical needle, said needle
and said suture being sterile.

2. A surgical suture package comprising a
sterile enclosure and a sterile needled surgical
suture therein comprising a finear polyethylene
or isotactic polypropylene suture attached to
a surgical needie.

3. A suture or package according to claim
1 or 2 in which linear polyethylene is used hav-
ing a specific gravity of greater than 0.95.

STEVENS, LANGNER, PARRY &
ROLLINSON,
Chartered Patent Apgents,
Agents for the Applicants.

Leamington Spa: Printed for-Her Majesty’s Stationery Qffice, by the Courier Press-~1961.
Published by The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.
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Description

[0001] This invention relates to yarns with guite a low slongation rate, which comprises that include ultra-high mo-
lecular weight polyethylene filaments, and to thelr manufacturing method.

[0002] Recently, with higher develcpment of fishing technique, high performance of fishing line has been demanded.
One of the high performances is low elongation rate. The smaller the elongation rate is, the more precisely a man can
feel the point when the fish are biting, which directly reflects on good fishing results,

However, lower elongation rate of the yarns produces a problem of lower abrasion resistance. That is, towering
the aelongation rate of the yarns results in generation of fibril, and thus abrasicon resisiance is lowered,

Besides, traditionaily, fishing line has specific gravity inherent to the materials. There has been the market request
for changing the specific gravity of the fine delicately depending on weather and/or tidal current conditions, not restricted
to material-inharent specific gravity.

Hitherto, a fishing line made from uitra-high molecular weight polyethylene filameni has been widely known as
a fishing line with low elongation rate. However, no fishing line has existed that shaws not only low elongation rate but
also excellent abrasion-resistance or adjustable specific gravity.

{0003} itis an oblect of this invention to provide a yam Including a fishing line which comprises ultra-high molecular
weight pelyethylene filaments that have fow elongation rate and adjustable specific gravity or show excellent abrasicn
resistance. it also provides a manufacturing method of said yams and a fishing line.

The Inventors of this invention have exiensively studied so as to aftain the objects above, and as a resuft, have
succeeded in manufacture of yamns that show low elongation raie of net more than 5 % and can designate specific
gravity in the range from 0.1 to 10.0 g/d. Besides, the inveniors have succeeded in creation of yarns with efongation
rate of not more than 5 % and tensile strength of not lessthan 14.0 g/d after 1000 times repetitive abrasion test, Namely,
the inventors have realized bi-functional yarns despite the tragitional concept that reduction of efongation rate and
maintenance or improvement of abrasion resistance cannot exist together.

Namely, this inventicn relates {o;

(1) A yarn comprising an ultra-high molecular weight polyethylene filament, said yarn having an elongation rate of
net moere than 5 % and a specific gravity of 1.01 to 10.0 g/d;

{2) A yarn as described above (1), wherein an outer surface of the yamn is coated with a resin,

{3} A yarn as described above (2), whereln the resin contains meta! particles;

(4) A yarn as described above (2), wherein the resin comprises a synthetic resin possessing a melt index of not
less than 0.1 g/10min;

{8) A yarn as described above (1), comprising a piurality of said uitra-high molecuiar weight polyethyiene filaments,
combined by means of a heat-adhesive resin;

(6} A yarn as described above (8), wherein the heal-adhesive resin is a hol-melt adhesive;

{7} A yarn as described above (8), wherein the heat-adhesive resin is a polyolefin copolymer, a polyester copolymer
or a polyamide copolymer; '

(8) A yarn as described above (5), wherein the melting point of the heat-adhesive resin is between 50°C and 160°C;
{8) A yarn as described above (1}, further comprising another filament that is not an ultra-high moelecular weight
polyethylene fllament;

{10} A yarn as described above (8), wherein the other filament comprises a polyacetal resin;

{11) A yarn as described above (9), wherein the other filament contains metal particles;

{12) A yarn as described above (11), wherein the metal particles are tungsten particles;

{13) A yarn as described above (8), wherein the other filament is a metal wire;

{14) A yarn as described above (13), wherein the diameter of the metal wire is not more than 0.5 mm;

{18) A yarn as described above (13), wherein the metal wire is a iead wire;

{18) A yarn as described above (13), futher comprising metal wire fragments that are buried in a cere of the yarn
along the metal wire with infervais in a non-continuous manner,

{17} A yarn as described above (1}, wherein the elongation rate of the yam is not more than 3 %,

{1B) A yarn as described above (1), wherein the yam Is twisted with a twist parameter of 0.2 10 1.5;

(18} A yarn as described above {1), whersin the yam is a braid;

(20} A yarn as described above (19), wherein a braiding angle of the braid is from 5° to 80°;

{21} A fishing line comprising a yarn as described above (1};

(22) A yarn comprising an ultra-high molecular weight poiyethylene filtament, said yam having an elongation rate
of not more than 5 % and a tensile strength of not less than 14.0 g/d after a 1000 times repetitive abrasion test;
(23} A yarn as descriped above (22}, wherein an outer surface of the yarn is coated with a resin;

(24) A yarn as described above (23), wherein the resin comprises a synthetic resin possassing a melt index of not
iess than 0.1 g/10min;
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(25) A yarn as described above (22), comprising a plurality of said ultra-high molecular weignt polyethylene fila-
ments, combined by means of & heat-adhesive resin;

(26) A yarn as described above {25), wherein the heat-adhesive resin is a hol-melt edhesive;

{27) A yarn as described above (25), wherein the heat-adhesive resin is a polyolefin copolymer, a polyester co-
polymer ar a polyamide copolymer,;

{28) A yarn as described above (26), whetein the melting point of the heat-adhesive resin Is between 50°C and
160°C;

{29) A yarn as described above (22}, wherein the elongation rate of the yarn s not more than 3 %;

{30) A yarn as described above (22), wherein the yarn is twisted with a twist parameter of 0.2 to 1.5;

(31} A yarn as described above (22), wherein the yarn is a braid;

(32) A yarn as described above (31), wherein a braiding angle of the braid is from 5° to 80°;

{33) A yarn as described above (22}, wherein color fastness to rubbing is not less than grade 4.;

{34} A fishing line comprising a yarn as described above (22);

(35) A methed for manufacturing a yarn comprising an ultra-high melecular weight polyethylene fitament and having
an elongation rate of not more than 5 %, the method comprising:

a first step of;

(a} drawing separately the uitra-high molecular weight polyethylene fitament and an additional filament,
followed by combining the drawn filaments,

or
{0} combining the ultra-high molecutar weight polyethylene filament and an additional filament, followed
by drawing the combined fllaments, and optionally

a second step of coating with a resin an outer surface of the combined filaments formed in the firs! step;

{38} A method as described above (35}, wherein the additional filament Is an uitra-high molecular weight polyeth-
yiene filament;

(37} A method as described above (35), wherein the additional filament is a filament that is not an ultra-high mo-
lecular weight polyethyiene filament;

-{28)-A-method as described above (35}, -whersin-the additional filament contains metal particles, a metal wire o

both metal particles and a metal wire, and the method further comprises adjusting a specific gravity of the yarn to
betwean 1.07 and 10.0 g/d;

(39) A methodfor manufacturing a yarn comprising an ultra-high molecular weight polyethylene filament and having
an efongation rate of not more than 5 %, inwhichyarn-constituting filaments are combined by means of & heat-
adhesive resin, the method comprising:

a first step of;

(a} cembining an ultra-nigh molecular weight polyethylene fitament and an additional filament, followed
by coating with or dipping in an adhesive resin,

Qr
{b} combining a yarm made of heat-adhesive resin, an ultra-high molecular weight polyethylene filament
and an additional filament, and

a second step of heating and drawing the combined fllaments in the first step;

{40) A method as described above (39), wherein the additional filament is an ultra-high molecuiar weight polyeth-
viene filament;

{41} A method as described above (39), wherein the additional filament is & filament that is not an ultra-high mo-
lecular weight polyethylene filament;

(42) A method as described above (39), wherein the additional filament contains metal particles, a metal wire or
both metal particles and 2 metal wire, and the method lurther comprises adjusting a specific gravity of the yam to
between 1.01 and 10.0;

{(43) A method as described above (35} or {39), whetein the drawing treatment is a tapered drawing;

{44) A method as described above {35} or (38}, wherein the fliament used as the staring material is anon-drawn
filament;

(45} A method as described above (35) or (38}, wherein an oll agent is deposited on a filament or combined
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flaments before the drawing freatment.

[0004] Figure 1 shows a schematic ustration of a test machine used for abraslon {est,

[0005] The yarns of this invention are characierized by the elongation rate of not more than about & %, preferably
not more than about 4.0 %, more preferably not more than about 3.0 % and much more preferably not more than 2.7
%. Forexample, as for fishing line, the range of elongation rate is preferable from the reason that it realizes appropriate
catch of the bite by fish. The elongation rate is measured according to JIS L 1013{1992) and with the universal testing
machine of Autograph AG-100kN! produced by SHIMADZU.

[0006] Besides, yarns of this invention are preferable if its tensile strength after 1000 times repetitive abrasion test
shows not less than about 14.0 g/d, mere preferably not less than about 16.0 g/d.

Said abrasion test is conducted as follows. The test machine is shown in Figure 1, which is a modified model of
hexagonal bar abrasion test machine for seat belts, equipped with 8 mm ¢ ceramic guide 2 in the place of hexagonal
bar. The stroke length, angle, etc. of said machine are complied with JI8 D 4804 (1595). The sample 1 js placed through
the ceramic guide 2, one end of which is fixed to the stationery place 4 of drum § and another end puiled by the load
3. The load is 3.3% of ultimate strength of the sample. The drum is reciprocated 1000 times to give abrasion of the
sample frem the ceramic guide. Then. tensile strength of the abraded portion of the sample is measured. From the
values of tenacity strength before abrasion (a) and after abrasion (b}, the residual tenacity strength (¢) is evaluated
from the following equation; ¢{%) = a/b x 100. The higher ¢ value is interpreted to be a better abrasion resistance. The
strength s measured according to JiS L 1013 (1992) and with the universal tesling machine of Autograph AG-100k NI
{SHIMADZU Corp.).

[0007] Besides, yarns of this invention are preferable i the specific gravity is within the range from 1.01 to 10.0 g/d.
Specific gravity is measured with the electronic specific gravity meter SD-200L (MIRAGE TRADING Co., Ltd).
[0008] Besides, in yams of this invention, colorfastness to rubbing is preferably notless than grade 3, more preferably
not less than grade 4, Coler fastness o rubbing is measured according to JIS L 0849(1996).

[0009] VYarns of this invention can be constituted with either single or plural filaments, but the plural filaments are
more prefarable. in either case, as constituting filaments of the yamns of this invention (referred simply as "constituting
filamenis" hereinaller), yarns of this invention are characterized by centaining at least of ultra-high molecular weight
polyethylene filaments

"Filament" of this invention refers te any types 2f, for example, mulli-Hilament, menofilament, ormono-mult fila-
ment. Besides, these fliaments can be twisted.

{0010} When yarns of this invention are constituted with plural filaments, these plural filaments are preferably com-
bined. Namely, the plural constituting filaments are preferably fixed, More specifically, preferred yarns are those having
such a structure that even when one of the filament constituting the yarn s cut, the flament does not fall apant, Fur-
thermore, preferable structure is one which is not apt to be scatlered when the yarns of the present inventicn are cut off.
{06011] The actual medes of the yamn are {a) yarns whose outer surface is coated with resin, or (b) yarns whose
constituting filaments are combined by the means of a heat-adhesive resin.

{0012] Oneembodiment of the yarns of this invention composed of piural constituting filaments, whose outer surface
is coated with resin, is described in the felfowing. By coating yarns with a resin, deformation in twisted or braided form
of the yarns of the present Invention can be prevented, low elongation rate can be maintained, and water resistance
and weather resistance in addition to abrasion resistance can be improved. In this invention, upon resin coaling, the
resin can either cover only the outer surface of yarns or penetrale into the inner of yarns, Especially, it is preferable
that the penetration of the resin into the Inside of yarns centributes to the integration of the constituting filaments,
[0013] In the above embodiment, yarns prior to the resin coating can be paralieled yarns made of pulling and ar-
ranging piural conslituting filaments or twisted yarns of twisting said paralleled yarns, or braided yarns of piural con-
stituting filaments.

if the yarns prior to the resin coating treatment is twisted yarns, the twist parameter K is from 0.2 1o 1.5, more
preferably from about 0.3 to 1.2, much more preferably from about 0.4 to 0.8. in order to maintain abrasion resistance,
twist parameter is preferably not less than about 0.2, and 1o lower the elongation rate of the yarns, twist parameter is
preferably not more than about 1.6. The twist parameter K can be calculated from the equation: K= tx D2
(wherein, t: the count of twists {rotation/m), D: textile fineness {tex}).

The textile fineness in the equation is measured by JIS L 1013 (1899),

[0014] Besides, If the yarns before resin-coating surface thereof are braided yarns, braided angle Is preferably from
5° to 90° or s0, more preferably from 57 to 50° or so, much more preferably from 20° to 30° or so.

In order to maintain abrasion resistance, braided angle is preferably not less than about 5°, and to lower the
slongation rate of the yarns, the bralded angle is preferably not more than 80°. The braided angle is measured with
the digital HD microscope VH-7000 (KEYENCE CORPORATION).

[0015] The resins used for coating in this Invention (referred simply as "coating resin” hereinafter} can be known
resing so long as they can be attached closely to constituting filaments or their twisted yams or their braided yarms.
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Especially, the coating resin which stands agatnst outside long use, and has excellent durability against friction and
flexural loading is preferable. Said coating resin has the melt index of preferably not less than about 0.1 g/1 0 min, more
preferably about 0.1 g/10 min to 1000 g/10 min. In order to coat without damaging tensile strength of the yarns, which
is a core, coating resin with said meit index range is preferable. The meft index of the resin Is measured by JISK 7210
(1978} "Flow testing method of thermaplastics " using the Melt indexer (L-202 produced by TAKARA Corp.).
[0016] Examples of the coating resins that meet said characteristics are polyotefin resins such as high-tensity pol-
yethylene, polyprepylene, ethylene-vinyi acetate copelymer, etc. or its derivatives thereof, polyamide resins such as
nylon or copolymar nylon, etc . |, acryl resins or conolyrer derivatives thereol, polyurethans resins, polystyrene resing,
viny! acetate resins, poly vinyl chioride resins or epoxy resins, etc.
[0017] As for coating resin used In this Invention, & resin contalning meta! particles may be used. The inciusion of
such metal particies has an advaniage in manufaciuring yarns with arbitrary specific gravity, especiaily large specific
gravity, regardiess of Inherent specific gravity of the resin to be used for such coating.
[0018} Examples of the metal in said melal particles are iron, copper, zing, tin, nickel, tungsten, etc., which are used
solely or in the form of mixture or alloy. Among the metal particles, tungsten particles are most preferable, because
they easily gives weight to the yarns, prevents decline of tensile strength as much as possible and increases specific
gravity by thelr addition in a small amount.
[0019] These melal pariicles can be used in the form of pewder or granuie in this invention, The average particie
diameter is net more than about 20 um, preferably not more than about 10 um. if the particle diameter of the metal
particle is too large, total uniformity after mixing becornes poor. Besides, the amount of additicn is within the range
from 1 [o 90 parts by weight, more preferably 5 to 70 parts by weight to 100 parts by weight of coating resin,

The coating resin containing sald meta| particles can be manufactured by melt-kneading metal particles with a
coating resinusingamono-axia! orbiaxial kneader, which is awell-known method.
{0020] Yarns of above-mentionaed embodiment in this invenlion preferably have strength sustainabllity of not less
than about 70%, more preferably not less than about 858%, much mere preferably not less than about 95 %,

The strength sustainability is an index to show how much tensile strength of the yarns coated with resin s main-
tained compared to the yarns before coating, that Is, to the tensile strength of the core yarns, Namely, strength sus-
tainability is expressed in the following.

Strength sustainability (%) = ( (tensile strength of yams
in this invention)/ {tensile strength of yams prior to resin

coating)) x 100

[0021] Tenslie strength is measured according to JIS L 1013 (1992} using the universal testing machine of Autograph
AG-100kN! (SHIMADZU Corp.).

[0022} As one of the embodiments of the present invention, yarns composed of piural constituting filaments, which
are combined by means of a heat-adhesive resin, are to be illustrated In the fellowing.

In this Invention, a method of integration of the plural constituting filaments and a neat-adhesive resin is not
limited specifically. An example of such integration is melt-adhesicn of the constituting fllaments and heat-adhesive
resin. Said meit-adhesion is conducted as follows. Namely, there are exemplified by {a) a methed wherein the consti-
tuting filaments are impregnated with heat-adhesive resin by the known method, such as a method for immersing the
flaments in a bath filled with heat-adhesive resin, or the constituting fillaments are coated with heat-adhesive resin by
the known methed, followed by lining up the filaments, and then subjected to, if desired, twisting process, braiding
process, and heating treatment for the purpose of melt-adhesion, and (b) a method wherein, by use of a heat-adhesive
resin in the form of yarns (hereinafter referred simply to "heat-adhesive resin yarns"), all the constituting filaments are
arranged 1o be contacted with heat-adhesive resin yarns, followed by optional Iwisting, braiding, and heating treatment,
thereby causing meit-adhesion,

[@023] Examples of said heat-adhesive resin yarns can be yarns made from heat-adhesive resin or yarns whose
core yamn is coated with heat-adhesive resin.

In the latter case, as core yarns, sald ultra-high melecuiar weight polyethylene filament or other filaments other
than the ultra-high molecuiar weight polyethylene described below can be appropriately used. The core yarns are
preferably frem about 10 to 50 um thick.

Coating can be carrled out by known methods . For example, the core yarns are Immersed into the bath filied
with heat-adhesive resin, and remove excess amount of resin, followed by drying. Heat-adhesive resin yarns produced
by coating are preferably frem about 1.3 to 3 times of the core yarn thickness,

[0024] Temperature of meli-adhesion of the constituting filaments and heat-adhesive resin Is normally higher than
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the melting point of the heat-adhesive resin, and lower than the melting point of constituting filaments, and preferably
from about 50 {0 200°C, more preferably from about 5C to 160°C and much more preferably from about 60 to 130°C,
[00251 The melting point of heat-adhasive resins used in meit-adhesion of said constituting filaments s preferably
lower than that of constituting filaments, Said heat-adhesive resin is, for example, a resin having a melting point in the
range from about 50 to 200 °C, preferably from about 86 to 160°C, more preferably from 80 to 135 °C, and much more
preferably about 100°C. Said melting point ls measured by well-known method such as JIS L 1013 {1889) using the
weli-known measurement machine, such as DSC-7 of PerkinElmer, Inc.

[0026] As a heat-adhesive resin, weli-known resins can be used so long as they have said melting point, such as
polyolefin resin, polyester resin, or pelyamide resin, ete,

Among all, examples of said heat-adhesive resins are preferably non-rigid polyolefin resin composed of polyolelin
copolymer with its major components such as polyethylene or polypropylene, it they are softened by heating 10 seconds
at tempetrature of about 50 °C. Besides, poly-olefin resin is preferable with its melting point of about 100 °C and low
viscosity during melting process. Those kinds of poly-olefin resins show easy flowability even afler a shert hour of
heating, and can not only diffuse at the fiber surface but penetrate into the center, thereby fulfilling excellent adhesion
properties.

[0027} Itis preferred fo use a hol melt adhesive as the heat-adhesive resin. Such hot melt adhesive is one composed
of 100 % solid whose major component is a thermopiastic polymer, which exerts adhesive power upon soligification
by cooting after being melted in order to lower its viscosity and then applied. in this inventicn, hot melt adhesives are
not specifically limited so fong as they are those as mentioned above, bul well-known hot meit adhesives may e used
as well, Among all, the preferred hot melt adhesives used in this invention are those which do not meil at a temperature
of fower than about 100 °C after being hardened. Such iemperature requirement resuits in prevention of hot melt
adhesive from ils selidification in the spocl-winded form due to its disselution durlng transportation or storage of the
yarns of this inventien. Further, the melting point of such hotmelt adhesive is preferably lower than that of the constituting
filament,

Joo28] Examples of hot meit adhesives employed in this invention are, for example, sthylene-vinyl acetate copoiymer
{EVA) adhesives, polyethylene adhesives, polyolefin adhesives, thermoplastic rubber adhesives, ethylene-ethyl acr-
ylate (EEA) adhesives, polyvinyl acetate copolymer adhesives, palycarbonate {PC) adhesives, etc., depending on the
kind of base pelymers, among which polyethylene or polyolefin adhesives are preferable.

[0029] As a hot meli adhesive empioyed in this invention, a reactive hot melt adhesive is more preferable. In the
reactive hot melt adhesive, cross-linking reaction takes place after adhesion, thereby resulting in enhancement of
improved heat resistance. More specifically, the reactive hot mell adhesive is mefied at relatively low temperature,
feliowed by application and impregnaiion to constituting filaments. However, once adhesion takes place, this type of
adhasive will not be malted at low temperature, concretely not more than about 100 °C. Use of the reactive hot melt
adhesive minimizes a pessibilily as much as pessible that hol melt achesive will meil out during transportation or
storage.

[0030] A reactive hot melt adhesive In this invention is not specifically limited, but well-known adhesives can be used.
Amang all, upon appiication of the adhesives, adhesives that can be melted at relatively low termperature, more pref-
erably from about 60 to 130°C, more preferabiy from about 70 to 100 °C are desired.

Exampies of said reactive hot melt adhesives can be mentioned below wherein they are ciassifled depending on
the type of cross-linking reaction. For example, {a) ion cress-linked type hot melt adhesive capable of cross-linking a
carboxyl group in polymers with a polyvalent metal ion; (b} heat cross-linked type of hot melt adhesive which becomes
thermal hardening after adhesion; (¢) hot meit adhesive which enables cross-linking reaction by radiating high-energy
beam such as electron or ultra viciet beam using a double-bonded block cepolymer of a polyester; (d) wet hardening-
type hot melt adhesive which forms cross-linkage by reaction with meisture in the air or in substrates after melting and
application; or (e} het melt adheslve oblained by melting separately a polymer having various functienal groups and
an additive or a polymer capable of reacting such functicnal groups, and applying the melted product after mixing just
before its application, whereby two liquids are reacted 1o form a cross-linkage.

[0031] As a reactive hot melt adhesive in this invention, heat cross-linking type hot melt adhesive or wet hardening-
type hot melt adhesive is preferable and wet hardening-type hot meit adhesive is more preferable,

Examrples of the heat cross-linking type hot melt adhesives are, more specifically, a hot melt adhesive comprising
(a) a carboxyl group or an amine group at the terminal of pelyesters or copelyarides, or (b) a block isocyanate, wherein
the iscoyanate group which is introduced into the molecular terminal or the side chain is blockedby a blocking agent
such as caprolactam or phenol.

Examples of the wet hardening type hot melt adhesives are, mare specifically, hot melt adhesives that can be
obtained by introducing an alkoxy group or an isocyanate group into polymes,

{0032] The ratio of the heat-adhesive resin and the constituting filament is preferably 1:1 to 1:100. When a hot melt
adhesive is used as a heat adhesive resin, application amount of the hot melt adhesive is preferably within the range
from about 1 to 20 wt %, more preferably from about 5 to 10 wt %, of the total yarns of this invention, Said range is
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preferable g0 as to obtain sufficient adhesion andnot to lose smooth surface due 10 sticking out of above-mentioned
heat-adhesive resin from the yarns of this invention.

[0033] Ifyarns of above-mentioned embodiment in this invention are twisted yarns, the twist parameter K is preferably
from about 0.2 to 1.5, more preferably from about 0.3 1e 1.2, much more preferabiy from about 0.4 te 0.8, In order to
maintain abrasion resistance, the twist parameter is preferably more than 0.2, while in order to lower the elongation
rate of the yams, the twist paramster is preferably less than about 1.5, The twist parameter K can be calculated by the
equation.

[0034] Besides, in case that yams of above-mentioned embodiment in this invention are a braided yarn, braided
angle is preferably from 5° to 90°, mora preferably from 5° to 50°, much more preferably from 20° to 30°. in order to
mairtain the abrasion resistance, braided angle of more than about 8° is preferable, while in order to lower the elen-
gation rate of yarns, braided angle is preferably less than about 90° . The braided angle is measured in the same
manner as described above.

[0035} The constituting filaments of yarns in this invention wilt be descrited below in detall,

As the ultra-high molecular weight polyethylene which constitules ultra-high molecutar weight pelyethylene fila-
ment used in the present invention, its molecular weight is preferably, more than about 200, 000, more preferably, more
than about 600, 000. Ultra-high melecular weight polyethylene cen be either homopolymers or copolymers with lower
c-olefins having 3 to 10 carben atoms, for exampie, such as propylene, butene, peniene, hexene, etc. As a copolymer
of said ethylene and g-olefin, the ratio of a-olefins is from about 0.1 to 20 in average, preferably from 0.5 to 10 per
1000 carbon atoms.

[0036] A methodformanufacturing ultra-high molecular weight pelyethylene filament is disclosed in JP-A-5228/1880
and 107506/1980, and these per se known methods can be used. Besides, as ulira-high molecular weight polyethylene
filament, products in the market such as DYNEEMA (Registered trade name: TOYOBO Co., Ltd} or SPECTRA (Reg-
istered trade name | distributed by HONEYWELL) can be used.

[0037] The yarns of this invention can include filaments other than ultra-high molecular weight polyethytene filament
{referred simply as “cther filaments" hereinafter).

[0038] With respect to other filaments, they are preferably those which are able to be drawn, because they are
subjected to drawn process together with ultra-high molecular weight polyethylene fitament for manufaciuring yams
of the present invention. Here, "can-be-drawn filament" is a filament that can be drawn,

Examples of said otherfilaments are, more specifically, fllaments composed of a synthetic resin such as polyolefin,
polyamide, pelyester, fluoro polymer, polyacrylonitrile, polyviny! alcohol, polyacetal, ete.

[0039} More specificatly, polyolefin resin, polyethylene or polyprepylene, etc. are preferable. Among all, a preferred
resin has an average pelymerization molecular welght of more than about 400,000, Sald polyethylene or poiypropyiene
may be homopelymer or copolymer. More specifically, the preferred copolymer is one which contains a smail amount
of, preferably less than B wt% of one or more alkenes which are copolymerizable with ethylene, and contains 1 to 10,
preferably 2 to 8 methy! or ethyl groups per 100 carbon atoms. The alkenes to be copolymerized with sald ethylene
include, for example, propene, butene, pentene, hexenes, octene, and 4-methyl pentene, eic. Besides, ethylene-vinyl
acetate copolymer (EVA) is also used as as a copolymer an example,

{0040] Examples of the polyamide resins are alighatic polyamides such as nylon 6, nylen 88, nylon 12, nylon 8, 10,
etc., or its copolymer, or semi-aromatic polyamide and its copolymer formed by the reaction of aromatic diamines with
dicarboxylic acids.

[0041] Examples of the polyester resins are polyesters or their copolymer obtained by polycondensation of aromatic
dicarboxylic acids such as terephthalic acid, isophthalic acid, naphthalene-2, 6- dicarboxylic acid, phthalic acid, &,5-
{4-carboxy phenyl) ethane, 4,4'-dicarboxy biphenyl, or 5-sodium suifolsophthalaie, and aliphatic dicarboxylic acids
such as adipic acid or sebacic acid, or these esters, and with diol compounds such as ethyleneglycol, disthyleneglycol,
1.4-butanediol, polyethylene giycol, or tetramethylene glycol, ete.

[0042) Examples of fluororesin are polyvinylidene flucride, polytetrafiuoroethylene, polymonochioretrifiuoroethylene,
or polyhexafluoropropylene or its copolymers

[0043] As the polyacrylonitrile resin, there are exemplilied pelyacrylonitrite resins which are a copelymer of acrylo-
nitrite and other polymers. The content ratio of sald other polymers in the pelyacrylonitrile resin are preferably less than
about 5 wi%. Said other polymers are, for example, methacrylate, acrylate, or vinyl acetate, etc.

[0044] Polyvinyl alcoho! resin is polyvinyt aicohol which is a copolymer of vinyl alcohol and other polymers. Said
cther polymers are included in the ratio of vinyl acetate, ethene, or other alkene, etc. and said other polymers are
contained in the ratio of preferably less than about 5 wt% inpolyviny! aicohol.

[0045] The other fitaments of this invention can be preferably high-creep filaments. Such high-creep filaments are a
filament that can maintain its shape after drawing. More specifically, if a filament is pulied for 100 hours with a load
that is one-half of the rupture strength of the fibers consiituting filaments, and then the load is removed, the fllamenis
which show permanent elongation of more than about 1%, preferabty more than about 5%, or much more preferably
more than about 10% are appropriate for high-creep filament. Said permanent elongation is measured by JIS L 1013
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(1992} using the universal testing machine of Autograph AG-100kN! (trade name: SHIMADZU Corp.).
[0046] The other filaments used in this Invention can be preferably filtaments composed of polyacetal resins, namely
polyacetal filaments.

The polyacetal filaments can be manufactired, for exampie, by known methods per se such as a method for

melting and spinning a polyacetal resin having an acetai bond in the principal chaln. The polyacetal filament with the
tensile strength of more than about 4 g/d and the elongation rate of less than about 20 % is preferable. The tensile
strength and elongation rate can be measured by the same method as mentioned above.
[0C47] The other flaments in this inventicn may contain metal particles . The inclusion of the metal panicles gives
advantages in manufacturing any filaments with arbitrary specific gravity, especially those with large specific gravity,
regardless of inherent specific gravity of the materials which constitute filaments. The kinds and content of the metal
particies are perfectly the same as in the case of coating-resins containing such metal pariicles,

The other fllaments containing metal particles in this invention can be manufacture as described above, by a

widely used method wherein the thermoplastic resin containing metal particles is first prepared and then subjected to
mel-spinning process.
{004B] Basides, the other filaments in this invention may take a form of hellow siructure in the melt-spinning process
as mentioned above By making the hollow structure in the other filaments, it provides a merlt of buoyancy 10 the yarns,
Besides, adjustment of hollow size or additional inclusion of said metal particles can facilitate tc optionally fix a balance
of yarn weight and buoyancy when used in a liquid such as fresh water or seawater. As 4 result, application of yarns
of this invention to fishing line or marine materials gives advantage of cortrolling sedimentation speed of the yams in
fresh water or seawater,

When such a fitament has a single hollow, the cross section of the filament becomes partially flal in the manu-
facture, which ieads to decline in the strength of such fllament. it is, therefore, daesirable that the filament has two or
more hollows In the structure. By making a hollow structure wherein two or more hollows are given, there is provided
an advantage of preventing the yarns from decline in thelr strength. There is no particular limitation to the number of
such holiow, but i may be appropriately chosen from two to nine hollows.

10049] The other fllaments with hollow structure can be easily manufactured, for exampie, by melt-spinning method
using a melt-spinning machine eguipped with a spinning clasp for hollow yams, said spinning machine being capable
of forming & desired number of holiows.

[0050} Other emboediment of the yams in this Inventlon ls yarns which contaln an ultra-high molecular weight poiy-
ethylene filament and a metal iine as a constituting fitament. Since metal has ductility, it can be drawn with desired
drawing rate, which makes the diameter of the yarns smalter. As hereinbefore mentioned, ultra-high molecular weight
polyethylene filament can be re-drawn, Accordingly, combination of such ultra-high molecular weight polyethyiene
fiiament and metal wire enables to produce heavy yarns despile smali diameter,

{0051] A preferable embodiment of the yarns In this Invention Is yarns that have a metal wire in the core of yam
structure. Especially, the diameter of the core metal fine is preferably less than about 0.5 mm,

A preferable other embodiment of above-mentioned yarns is a yarn, wherein metal wire fragments are buried in

the core of the yarn elong the wire of the yarn with intervals in a nen-continuous manner. More preferred yarn is one
wherein metal wire fragments are buried in the core of the braided cord along the wire of the yarn at some intervals in
a non-conlinuous manner, said braided cord being compesed of at least ultra-highmolecular weight polyethylene fila-
ments,
[0052] There is ne particular limitation to the metal wire but welli-known metal wires may be used. Specifically, ex-
emples of such metal wires are copper wire, stainless steel wire, lead wire and soft wire of various alloys, etc., among
which lead wire is preferable, because it has large specific gravity and is easily drawn. Besides, section of metal wire
may be round or flat (oval).

Besides, in the yarns of sald embodiment in this invention, constituting fitaments other than metal wire are either
uitra-high molecular weight poiyethyiene filament alone or in combination with other flaments.

[0053] In this invention, as tong as the objectives of the present invention are not impalired, varlous well-known
abrasion resistant agents, flatting agents, reforming agents, uliraviolet absorbers or pigmenis, etc. or cembination of
those materials may be added to the constituting filament. Besides, the constituting filameni may contain magnetic
materials or conductive substances and materials having high dielectric constant.

[0054] The manufacturing method of yarns in this inventien will be described in detail as follows,

The manufacturing method of yarns composed of plural ultra-high moiecular weight polyethylene filaments, which
are one embodiment of yarns in this invention, will be described as feliows.

This type of yarns can be manufactured by conjugating plurai filaments composed of ultra-high molecular weight
polyethylene, followed by drawing said conjugated yarns. Besides, this type of yarns can aiso be manufactured by
drawing ultra-high molecular weight polyethylene filament, followed by conjugating drawn plural filaments composed
of ultra-high molecular weight polyethylene. In any one of the above methods, it is preferred to deposite an oil agent
on combined yarns or filaments of ulira-high molecular weight polyethyiene before the drawing treatment. Such dep-
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osition by the ol agent can reduce damage of combined yamns or filaments caused by rubbing against the drawing
machine. Moreover, in the case of combined yarns, adlacent filaments are not substantially fused tc combine owing
to deposition with an oil agent, thereby avoiding loss of molecular orientation in the filaments. As the result, fails of
tensile strength, knot strength or celor fastness to rubbing caused by fusing filaments can be prevented.

The term "conjugate" in this invention refers to integration of plural filaments in order not to get scattered. The

conjugation treatment may be carried out by known methods such as twisting process, braiding process, and fusing
nrocess for plural filaments, and so on.
[0055] Besides, tapered shape may be formed during drawing process. Namely, upon drawing conjugated yarns
composed of plural filaments of uitra-high molecular weight polyethylene, tapered shape is formed to obtain tapered
yarns. Besides, ultra-high molecular weight polyethylene filaments are drawn to obtain a tapered shape, followed by
conjugating plural taperedultra-high molecular weight polyethylene filaments, thereby to produce tapered yams. The
former case has an advantage of easy manufacturing of tapered yamns of this invention. Namely, when constituting
filaments are subject to conjugation treatment by melt-adhesion process, meli-adhesion can be carrled out simuitane-
ousily together with drawing process, thereby to eliminate one process. In the latter case, when plural tapered filaments
are bralded to conjugate, saldplural tapered filaments can be braided with the braiding pitch suitable for the diameter
of the constituling filament by changing gear of the braiding machine, depending on the diameter of the constituting
filament, Such treatment brings about an advantage of impreved smoothness of the yams of the present invention,

A method to form tapered shape during drawing process will be described below,

[0086] The yarns of ultra-high molecular weight polyethylene filaments and other filaments, which is another embod-
iment of the yams in this invention, can be manufactured in the same manner as described above, In orderte conjugate
ultra-high molecular weight pofyethylene filaments and other filaments, per se known methods in the art can be used,
such as twisting, braiding, or melt-adhesion of two kinds of filaments.

Further, melt-adhesion may be carried out by using and braiding other filaments arcund the core yarn or arranging
them in such a manner that the corn yarn is surrounded with them.

[0057] The yarns of ultra-high motecular weight polyethyiene filament, metal wire and optionally other filaments as
constituting filament, which is further embodiment of the yarns of this invention, can be manufactured in the same
manner as mentioned above. Among all, it is preferred 1o use a manufacturing method wherein ultra-high melecuiar
weight polyethylene filaments, a metal wire and optionaf other filaments are conjugated, followed by drawing said
conjugated yarns.

[0058] In order to conjugate metal wire, uitra-high molecuiar weight polyethylene filaments, and optional other fila-
ments, per se known methods can be used. For example, matal wire and ultra-high molecuiar weight polyethylene
fliament, and opticnal other filaments are twisted, braided or melted. Among all, with metal line as a core yam, uitra-
high molecuiar weight polyethylene fllament and opticnally other filtaments are preferably braided around the core yarmn
or arranged {o surround the core yarn, fellowed by melting and adhesion,

{0659] In the manufacture of yarns according to the present inventian, the yams used as raw material may be a
filament which has afready been drawn in the manufacturing process, like a commercially available filament, or a
filament which Is not drawn at all in the manufacturing process, or a filament which is drawn at the lower drawing
magniication rate than that in the manufacture of filaments on the market. in this invention, a filament which is not
drawn &t ail In the manufacture or & filament which is drawn at the lower drawing magnificalion rate than the magnifi-
cation process of filament on the market is referred as “non-drawn filament." Nameiy, non-drawn yarns used in this
invention are yarns that have not been drawn at the maximum drawing rale. The maximum drawing rate is the rate
within which filament is not disrupted in the manufacturing process. Namely, as the drawing rate becomes larger during
spinning yarns, tensile strength and stiffness of the filaments increase. However, with the increase of drawing rate,
such dgisruption of filaments occurs frequently in the manufacture, and thus the drawing rate cannot be freely increased,
The extent of drawing rate, at which critical disruption occurs and discontinues the drawing rate, or whether the fre-
quency is accepiable can be easily determined by experiments . This drawing rate is referred to the maximum drawing
rate.

Especially, when tapered shape is formed during drawing process, non-drawn filaments can be preferably used
as constituting flament,

[G060T Main processes of the manufacturing of yamns according to the present invention wil be discussed beiow in
detail.

In this invention, there is no particular limitation to amethod for depositing an oil agent on cach constituting
filament or combined yarns before the drawing treatment, andper se known methods can be used. To be more specific,
such methed for depositing an oil agent includes | for example, the dipping oiting methd, the spray oiling method, the
rofler oiling methed or the gulde oiling method using a metering pumg, etc., among which the dipping oiling method or
the spray oiling method is preferably used. Thus, In case an oll agent is deposited before the drawing treatment,
combined yams or each constituting filarment may be optionally washed with water after the drawing treatment.
[0061] The oil agent using in the above process is not restricted as long as it is the commonly used oil agent for
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deposition on fibers. To be more specific, such il agent includes, for example, a binding resin (binder), a based lubri-
cating oil or a surface active agent, or a mixture thereof . The binding resin includes, for example, polyurethane resin,
siiicone resin and fluorcresin, ete. The based lubricating oil includes, for example, dimethylpolysiloxane and polyether,
ete. The surface active agent inciudes, for example, higher aicohol, higher alcohol faity acid ester, polyoxyethylene -
higher alcchol ether, polyoxyethylene-higher fatty acid ester, polyethylene glycel-higher fatty acid ester, polyoxyethyl-
ene - alkylaminc ether, polyoxyethylene - castor off ether, salt of aikyt phosphate {preferably alkall metal salt or amine
saft}, salt of polyoxyethylene alkyl ether phosphate (preferably alkali metal salt or amine salt), sodium alkylsulfonate,
etc. These compounds may be used solely or in combination thereof.
[0062] The pelyurethane resin includes high molecular weight polymer obtained by the reaction between poiyether
pelyot and polyisccyanate or the reaction between polycarbonate and polyisccyanate, among which high melecutar
weight polymer obtained by the reaction between polycarbonate and pelyisocyanate is preferable in view of water-
resistance and heat-resistance. Besides, aliphalic or aromatic polyisocyanate such as hexamethylene diisccyanate,
xylyiene diisocyanate, isophorone diisocyanate, tofylene diisocyanate, diphenylmethane diisocyanate, triphenylmeth-
ane dilsocyanate or naphthylenedilsocyanate, etc. can be used as the polyisocyanate, among which aliphatic polyiso-
cyanate can be preferably used in view of weather resistance.
[0063] The silicone resin includes a resin having a sitoxane bonding in the fundamental nucleus, preferably a resin
having hydrogen, Cy.4 alkyl, phenyt or alkoxy which is bound to silicon atom. Especiaily, dimethylsiloxane is more
preferable. It is further preferred to use modified silicone resins such as armino medified dimethylisiloxane, epoxy mod-
ifled dimethyisiloxane or alkyleneoxide modified dimethylstioxane, or a mixiure thereof are preferably used.
{0064] The fluororesin Includes, for exampie, tetraflucroethylene polymer, triflucrochlorosthyiene polymer, tetrafiuor-
oethylene - hexafluoropropylene copoiymer, tetrafluoroethylene - perfluoroalkyl vinyl ether copelymer, tetrafluoroeth-
ylene - hexafluoropropylene - perfiucroalkylviny! ether copolymer. fluorovinylidene polymer, sthylene - letraflucrosth-
ylene copolymer, etc. The fluororesin Is preferably used In the form of dispersion, wherein fine particles of fluororesin
are usually dispersed in & dispersant using a dispersing agent, or in the form of emulsicn, wherein fine particles of the
fluaroresin are usually emuisified in aguecus medium using an emuisifylng agent,
[0065] In this invention, there Is no particular imitation 1o a method for drawing each constituting filaments or gon-
jugated yamns. Per se known methods such as heating the constituting fllaments or conjugated yarns in & liquid or gas
phase can be used. As to the drawing temperature, it cannot be determined generally, because it varies depending
upen the types of constituting filaments or the diameter of the yarns of the present Inventicn. For example, f the
diameter of the yarns of the invention is more than about 1 mm, drawing process is congucted preferably at higher
temperature than the melting point of the censtituting filaments. Besides, if the diameter of the yarns In this Invention
is Tess than about 1 mm, drawing process may be carried out either at higher temperature or lower than the melting
point of the constituting filaments, but it fs preferred te effect the drawing process at such higher temperature. More
specifically, drawing temperature is within the range from about 120 to 300°C, preferably from about 130 to 250°C,
more preferably from about 130 to 200°C, much most preferably from about 130 to 170 °C.

The drawing may be dene by single or more steps.
[0066] The drawing rate in the drawing process can be appropriately chosen depending on the types of the consti-
tuting filaments. Besides, since the drawing rate during drawing process in this invention depends upon whether or
not the drawing process is conducted on raw filament, or what leve! of drawing was done, it cannot be generally de-
termined. To be more specific, the drawing rate is, for example, within the range from about 1.01 to 15, More specifically,
in the case that filament which has already been drawn in the manufacturing process is used as & constituting fiiament
like a commerclally avalieble filament, the drawing rate is from about 1.01 o &, preferably from about 1.01 to 3, more
preferably from about 2.2 to 3. On the other hand, when said non-drawn filament Is used as constituting filament, the
drawing rate is from about 1.01 to 15, preferably fram about 2 to 10, more preferably from about 4 to 8,
[0067] In this invention, lapered shape can be formed during drawing process in the follewing manner. Specificaily,
adjustment of drawing speed can realize tapsred shape during drawing process. More specifically, by increasing the
drawing speed, its diameter becomes smaller along the iine, and by decreasing the drawing speed, the diameter be-
comes larger along the line. As mentioned above, upon changing the drawing speed, the drawing speed preferably
tends to gradually increase or decrease. Namely, gradual increase and/or decrease in the drawing speed during the
drawing process are preferred. When the drawing speed is a gradual change, it may change either finearly or non-
linearly.
[0068] The drawing speed during drawing process cannot be easily determined, because it varies depending upon
the types of constituting filaments or the thickness of yarns of the present invention. For example, when conjugated
yarns composed of plural constituting filaments are drawn, the ratio of drawing speed in forming the thickest portion
of the yams to the thinnest portion: of the yarns is 1:2 to 1:6 or so. When the constituting filament is drawn, the ratio of
the drawing speed in forming the thickest portion of the diameter to the thinnest portion of the diameteris 1:1.5t¢ 1:4
or scon.
[0068] In this invention, there is no particular {imitation to & methed of braiding plural constituting filaments, but such
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braidingprocsss s usually carried cut using a braiding machine . For example, 4 constituting filaments are prepared,
and the filaments at right or left side are alternately arranged to the center for the purpose of attaining such braiding,
The number of conslituting filaments used for such braiding is not always 4, but may be 8, 12 or 16. Besides, a core
yam composed of metal wire may be buried In the core of the braided yams.

{0070} Inthis invention, there is no particular limitation to a method for melt-adhesion of plural constituting filaments.
As mentioned above, heat-adhesive resin can be used to fuse the constituting fitaments.

[0071] inthis invention, per se known methods, e.g. pressure extruding coating method, can be employed for coating
outer surface of the yarn with & coating resin. Among all, pipe-type extruding coaling is preferable. The pipe-iype
extruding coating wherein a meited coating resin is extruded frem the extruder, fofloewed by close fixation of onto the
pre-heated core yarns under pressure, whereby excellent close contact of the ceating film s atained, Besides, the
coating resin may be applied by use of well-known means such as applicater, knife coater, reversed roll coater, gravure
ceater, flow coater, rod coater, or brush. Alternatively, core yarns are immersed in a tub containing a melfied or liguid
coating resin, taken out from the tub and sgueezed out to remove the extra resin.

[0072] In the coating process with said coating resin, yarms of the present invention can be tapered. Well-known
methods may be employed for forming such tapered shape. For example, the discharge of the resin can be changed
by freely adjusting the rotation number of measuring pumps {gear pump} placed in the extruding machine, and con-
trolling duration of said rotating speed of the pump under specific conditions, whereby tapered shape can be formed
in the targeted thick, thin and tapered portions of the yarns with desired lengths . The shape of tapered portion can be
changed by adjusting long or short switching time of the measuring purmp from high rotation to low retation, or vice versa,
[0073] As described before, a preferable embodiment of yarns in this invention can be a yarn wherein a metal line
fragment is buried in the core of yamns along the line with some intervals in a non-continuous manner. Such metal wire-
buried yarns can be manufactured in the following way. Namely, plurat constituting filamenis are braided around the
metai wire core to give a braided yarn, Point pressure is given to said braided yarn section to cut the metal wire into
its fragments, and then such fragments are subjected to drawing treatment. The detailed description on each process
ts given below.

{0074] The braided yams can be manufactured in the same manner as mentioned above. Then, point pressure is
given to the braided yarn section in order to cut the metal wire into its fragments. Thers is no particular mitation to
the numbers or infervais in culting the metal wire. The point pressure enough to cut the metal wire is given to one point
of the braided cord section. Besides, in place of cutting metal wire by giving the point pressure 1o the braided yamn
section, inscribed groove may be provided. In each case, the pressure is required to a degree that it does not cut the
constliuting filaments of the braided cord, The method of giving pressure is net limited specifically, but the pressure
can be given from ane directicn with harnmer ot gear, or something like that, ot the pressure can be glven from twao
directions with multi-combination of gears, or preferably the pressure can be given from two directions with two gears
in such a manner that the braided yarn is interposed.

Then, drawing lrealment follows. The method of drawing is the same as described before.

[0075] Inthe present invention, cutting and drawing processes for the metal wire may be conducted in a continuous
manner, not a bateh mode. More specifically, spot pressure is given to ene peint of the desired braided yarn toward its
cross section and then said braided yarn is drawn. Such processes are repeated at optional intervals of time to produce
the yarn of the embodiment of the present invention, However, it is preferred to repeat such proceduras al the same
intervals of time.

[0076] According te said manufacturing method, the metal wire fragments are buried in the yams core along the fine
with some infervals in non-contlinuous mode. Sofiness and flexibility can be given to the yarns of the present invention
by making metal wire buried in the core fragments and allowing the existence of the portions where the metal wire is
not buried.

[0077]  Wilh respect to yarns of this invention, other post-freatments which are known per se can be applied, For
axampie, yarns in this invention may be colored. The coloration may be carried out by known methods. For example,
yarns of this invention are passed through a bath filled with a coloring agent at reom temperature, e.g. about 20 to 25
°C. Then, the coated yarmns are dried and passed through a kiln whose lemperature is maintained at about 100 to 130
°C, thereby to produce colored yamns.

As coloring agents, inorganic pigments, organic pigments or organic dyes are known. Examples of such coloring
agents are fitanium oxide, cadmium compounds, carben black, aze compounds, cyanine dyes, and polycyclic pigments.
[0078] The yarns produced according to the present invention can be used for any appileations that require low
elangatlon rate, for example, for fishing lines for leisure or fishery usas, marine materials such as long-lining fishing of
tunea, rope, gut, Kite string, weedeater string, surgical suiure, etc.

Examples

[0079] The lollowings are examples of this invention. Needless to say, applications of this invention are not limited
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te those examples.
Example 1

[0080] Eight of DYNEEMA 150 d/ 140 F (TOYOBO Co. Lid.) were reund braided into core yarns with a braided
machine. The core yarns were dipped-coated with acry! resin (VONCOAT 3750 of DAINIPPON INK AND CHEMICALS
Inc.), sent to the kiln and heated to 170 °C with the feed rolier speed of 150 m/min, and rolled-up with the rolling speed
of 345 m/min, thereby producing yarns of this invention,

Example 2

[0081} Four of DYNEEMA 150 o/ 140 F (TCYOBO Co. Lid.} as side yarns and a THERMOLUX PO105 300d (LUX-
{LON)} as yarn core were square braided into core yarns with a braided machine. The core yarns were dipped-coated
with acryl resin (VONCOAT 3750 of DAINIPPON INK AND CHEMICALS Inc . }, sent to the kiln and heated to 160°C
with the feed rofler speed of 100 m/min, and relied-up with the rolting speed of 250 m/min, thereby producing yarns of
this invention.

Example 3

{0082] A monofilament was manufactured by use of a high specific gravity nylon resin (MCTS00005 chip, speciiic
gravity = 3 : KANEBO GOHSEN) containing nyion 6/66 (NOVAMID 20304 Chip, MITSUBISH! CHEMICAL) and a metal
{tungsten, specific gravily =19.3) under the following conditions. Namely, said high specific gravity nylon resin was
supplied to an extruder of a 40 mim bore diameter, and melted at 270°C, spun out from a spinneret of a 2.1 mm bore
dlameter and cooled down in & water bath of 50 °C. Then, non-drawn yams wers drawn at a draw ratio of 4.5 by two
steps under the conditions of wet heat of 95 °C and dry heat of 220 °C. Monofilament with diameter of 0.515 mm was
produced by relaxed-heat treatment where it was drawn at a draw ratio of 0,98 at the temperature of 225°C.

Eight of DYNEEMA 150 d/ 140 F (TOYOBO Co. Ltd.) were round braided around the monofilament as yarn core
to produce yams with core-sheath structure. These core yarns were dipped-coated with a polyurethane resin {VONDIC
1930A-LS : DAINIPPON INK AND CHEMICALS Inc.), supplied to the kitn and heated lo 170 °C &t the feed roller speed
of 100 m/min, and roiled-up at the rolling speed of 250 m/min, thereby tc produce yarns of this invention,

Example 4

[GD83] By use of alead wire of 1.6 mm diameter as core, eight of ultra-high molecular weight polyethylene non-drawn
filaments (DYNEEMA, TQYOBO Co. Lid.) were round braided into a braided yarn. As the nen-drawn ultra-high mo-
lecuiar weight pofyethylene filament, 400 d fllament which was drawn from the base raw filament at the rate of 25% of
the maximum drawing rate was used where the raw filament was 100d when drawn atthe rae of the maximum drawing
rate.

The raw yarns were dipped-coated with an acryl resin (VONCOAT 3750 of DAINIPPON INK AND CHEMICALS
Inc.), supplied to the kiln and heated to 170 °C at the feed roller speed of 100 mymin, and roffed-up with the roliing
speed of 400 m/min, thereby preducing yarns of this invention.

Example 5

{0084] DYNEEMA, 1504/140F (TOYOBO Co. Lid.), was iwisted at the twist parameter of 1.4, Eight of said twisted
yarns were round braided. This bralded yarn was applied to the hot-melt adhesive (HM3208: CEMEDINE). The amount
of hot-mell achesive appiied was 8 weight % of total weight of the yarns. The produced yarns were sent to the kiln and
heated 1o 160 °C at the roller speed of 160 m/min, and rolied-up at the rolling speed of 300 m/min, thereby o produce
yarns of this invention.

Example 6

[0085] Monofilaments were manufactured under the conditions as mentioned above, using a high specific gravity
nyien resin (MCT 300008 Chip, specific gravity = 3 : KANEBO GOHSEN Ltd.) which contains nylon 6/88(NOVAMID
20304 Chip : MITSUBISH! CHEMICAL) and a metal {fungsten, specific gravity =19.3). Namely, said two chips were
blended in a ratio of 50/50 (w/w}. The blended product was supplied to an extruder of 40 mm bore diamater, melted
at 270 °C, spun out from a spinnearet of 2.1 mm bore diameter and cooled down in & water bath of 50 °C. Then, these
non-drawn yarns were drawn at a draw ratio of 4.5 by two steps under the conditions of wet heat of 95°C and dry heat
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0f 220°C, and subjected to relaxed-heat treatment at 225°C with a draw ratic of 0,98, thereby to produce monofilaments
with a diameter of 0.5156 mm.

Eight of DYNEEMA 180 d/ 140 F (produced by TCYOBO} were round braided around the monofilament as yarmn
core to produce core yarns, These core yarns were dipped-coated with polyurethaneresin (VONDIC 1930A-.S : DAIN-
IPRPON INK AND CHEMICALS inc.), supplied to the kiln heated to 170 °C at the roller speed of 100 m/min, and rolied-
up at the feed rolling spesd of 200 m/min, thereby to produce yams of this invention.

[00B6] Properties of the yarns obtained in the Examples 1 to 6 were measured as follows.

(&) Twist parameter K was calculated by the following equation: K=1x D 2 (wherein t: the count of twists (rotation/
m}, D: the fineness (tex)}
The fineness was measured according to SIS L1013 (1899).

(b) Braided angle: Braided angle was measured with Digital HD Microscope VH-7000 (KEYENCE Corp.)

{¢)Elongation rate: Elongation rate was measured with the universa! testing machine of Autograph AG-100
KN OOKN! (SHIMADZU Corp.) accerding to JIS L 1013 (1992).

{d) Abrasion resistance was tested as follows.

The testing machine is shown In Figure 1, which was & modified model of hexagonal har abrasion testing
machine for seal belts, equipped with ceramic guide 2 of 9 mm diameter at the position of hexagonal bar, The
stroke fength, angle, etc, of said machine were complied with JIS D 4604 (1895). The sampie 1 was placed through
ceramic guide 2, one end of which was fixed to stationary portion 4 of drum 5 and another end was lvaded with
ioad 3, The load was 3.3 % of the maximum strength of the sample 1. Thousand times of reciprocating movements
of the drum gave abrasion o the sample 1 from the ceramic guide 2. Then, tenacity of the abraded portion of the
semple 1 was measured. The residual tenacity {c) was evaluatad from the fellowing equation; ¢{%) = a/b x 100
wherein the value before abrasion is a and the value after abrasion is b. It was determined that the higher ¢ value
is, the better the abrasion resistance is. The tenacity value was measured according to JIS L 1013 (1992) with the
universal testing rachine of Autograph AG-100kN! (SHIMADZU Corp.).

{g) Specific gravity was measured with an electronic specific gravity meter SD-200L (MIRAGE TRAIDING Co., Ltd.)

Table 1
Example 1 | Example 2 | Example 3 | Example 4 | Example 5 | Example 6

Twist Parameter - - - B 07 1.2
Braided Angle ® 8.0 22.0 24.6 184 248 258
Metal Particle - - TW - - ™

Metal Wire - - - Lead - -
Elongation Yo 24 25 25 29 3.4 28
Abrasion-Resistance | g/d 17.5 14.2 8.5 2.1 i8.8 16.6
Specific Gravity gld 0.88 114 2.28 9.85 0.98 148

In table 1, TW stands for tungsten.

[0087] Theyarns in Exampies 1 to 6 were applied to fishing lines and checked on the easiness of detecting fish bites,
that is, the easiness of feeling the point at which fishes are biting the line. All the fishing lines turned out 1o be excellent.
Besides, as forthe yarns In Examples 1 to 8, microscopic observation was conducted after abrasion test {o see if there
was generation of flulfs. As a result, neither fluffs nor fibrils could be observed in any of fishing lines tested.

Example 7
[0088] Eight of DYNEEMA 160 o/ 140 F (TOYOBC Co. LId) were round braided into core yarns with a braided
machine. The resultant core yarns were dipped in an ofl agent containing 70 parts by welght of polyether, 15 paris by

weight of poiyoxyethylene (polymerization mole number: 30) - caster oil ether, 10 parts by weight of polyexyethlene
(polymerization mole number: 10) - laury! ether and 5 parts by weight of sedium lauryl sulfate, The core yarns en which
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the oif agent was deposited were supplied to the kiin, heated tc 170 °C at the feed roller speed of 150 m/min, and
rolied-up at the rolling speed of 345 m/min, thereby to produce yarns of this invention. The cere yarns were washed
with water to remove the deposited cil agent, and then dried. The obtained core yarns were dipped-coated with an
acryl resin (VONCOAT 87580 of DAINIPPON INK AND CHEMICALS Inc)) to glve yarns of this invention,
industrial Applicability
[0089] This invention can provide yams with low elongation rate and excellent high abraslon resistance by redrawing
ultra-high molecular weight polyethylente filaments, wherein the elongation rate is not more than about 5% and the
tensile strength is not less than about 14.0 g/d afier 1000 times repetiitive abrasion test. Besides, combination with
other filamenis or metal wires, or inclusion of metal particles in sakd other filaments or coatedresins gives advantages
that desired specific gravity is adjustable in the production of yarns, regardless of inherent specific gravity of ultra-high
molecularweight peolyethylens, Further, by combining with other fllaments, this invention can provide yarns with various
physical properties that cannot be obtained in ultra-high motecular weight polyethylene filament alone.

Claims

1. Avyarn comprising an ultra-high molecular welght polyethylene filament, said yarn having an elongation rate of not
more than 5 % and & specific gravity of 1.01to 10.0 g/d.

2. Avyarn as claimed in Ciaim 1, further comprising another filament that is not an ulfra-high molecuiar weight poly-
athytene filament.

3. Avyarnas claimed in Claim 1, further comprising metal wire fragments that are buried in a core of the yarn along
the metal wire with intervals in a non-continuous manner,

4. Avyarn comprising an uitra-high molecular weight polyethylene filament, said yarn having an elongation rate of not
more than 6 % and a tengile strength of not less than 14.0 g/d after a 1000 times repetitive abrasion test.

5. Avyarn as claimed in Claim 4, wherein color fastness to rubbing is not fess than grade 4.
6. Avyarn as claimed in Claims 1 or 4, wherein an outer surface of the yarn is coated with a resin.

7. Ayarn asclaimed in Claims 1 or 4, comprising a plurality of said ultra-high molecular weight polyethylane filaments,
combined by means of a heat-adhesive resin.

8. Avyarn as claimed in Claims 1 or 4, wherein the yarn is twisted with a twist parameterof 0.2 to 1.6.
9. Avyarn as claimed in Claims 1 or 4, wherein the yarn is a braid.
10. Afishing line comprising a yarn as claimed in any one of Claims 1to g

11. A method for manufacturing & yarn comprising an ultra-high molecular weight polyethylene filament and having
an elongation rate of not more than 8 %, the method comprising:

a first step of;
(a) drawing separately the ultra-high molecular weight polyethylene filament and an additional filament,
followed by combining the drawn filaments,
or
{b) combining the ultra-high molecular weight pelyethyiene filament and an additional filament, followed
by drawing the combined filaments, and optionally

a second step of coaling with a resin an outer surface of the combined filaments formed in the first step.

12. A method for manufacturing a yam comprising an ulira-high molecular weight polyethylene filament and having
an elongation rate of not more than 5 %, in which yam-constituting filarments are combined by means of a heat-
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adheslive resin, the method comprising:
a first step of;

{a) combining an uftra-high molecuiar weight polyethylene filament and an additional filament, followed
by coating with or dipping in an adhesive resin,

or
{b) combining a yarn mads of heat-adhesive resin, an ulira-high molecular weight polyethylene filament
and an additional filament, and

a second step of heating and drawing the combined filaments in the first step,
13. A method as claimed in Claims 11 or 12, wherein the additional filament contains metal particles, a metal wire or
both metal particles and a metal wire, and the mathod further comprises adjusting a specific gravity of the yarn to

between 1.01 and 10.0 g/d.

14. A method as claimed in Claims 11 or 12, wherein an oil agent is deposited on a filament or combined filaments
before the drawing treaiment.

HONEYWELL Ex. 1030, Page 120 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



EP 1306 471 A2

Figure 1

Reciprocating C

movement

1 ceramic gulde

2 Test sample

3 Load

4 Staticnary portion
5 Drum

6 Crank arm

7 Crank

186

HONEYWELL Ex. 1030, Page 121 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



WNTERNKNONALSEAﬁCHREPORT

intermnational appilcatian No

PCT/EP2008/004135

A, N{\‘.}LASSIHCATION OF SUBJECT MATTER

F1/04 DO1F6/04 A61L17/00

According 10 International Patent Classification {IPC) of to both national classification and iPC

8. FIELDS SEARCHED

Minimum documentation searched: (classification system followed by ciassiication symbols)

DOLF  A61L

Documentation searched other than minimum documentation o the exient thal such documents are inciuded in the fiekis searchexd

Eleclronic data base consuited duting the Entei’nzgh‘onai search (narme of dala base and, where practical, search terms used}

tPO-Internal, WPI Data

. DOCUMENfS CONSIDERED YO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the refevant passages ) Relevant {o claim No.’

A EP 1 746 187 A (DSM IP ASSETS BV [NL1) 1~10
24 January 2007 {(2007-01-24) . .

paragraphs [0001], ([0010], [0018],
[o0o28]1, ({00301

A W0 2004/053212 A (DSM IP ASSETS BV [NLI1; - 1-10
SMIT LEO [NL]; SIMMELINK JOSEPH ARNOLD . - : -
PAUL M [) 24 June 2004 (2004-06-24)
claims 1-17

A US 2003/050667 Al (GRAFTON R DONALD [US] ] 1-10
) ET AL) 13 March 2003 (2003~-03~13) .

cited in the application

paragraphs -[0006] - [0008] [00201;
claims 1-13

e f

Fusther cocamants are iisted in the continuaticn of Box . See paterd family annex.

" Spedial categories of cited documents
P g *T* later document published after the international filing date
or priority dale and nol in confict with the appiication hut

"A" documan! defining the general stale of the art which is nos cited 1o Undersiand the principle or theory tnderdying the

considersd lo be of particular relevance

invenlion
‘EF efalrilueréic;cument but published o of after the international *X* document of particulzr relevance: the claimed invention
ling qate cannot be considered novel or cannot be considered 1o
*L* document which may throw doubts I<]Jn ;imtétéy‘ da{rm(s):r involve an Inventive slep when the document is taken alone
which is cited to establish the publication date of another *Y* docurment of parficular relevance; the claimed invention
Gitation or othier speciat reason {as specified) cannrol be considared to involve ar inveniive step when the
"C" document referring fo an oral disclosure, use, exhibilion or documeni is combined with ohe of more other such docu-
ather maans menis, such combination being obvious 10 a person skiled
*P* document published pricr to the international filing date but inthe art.
fater than the priority date ciaimed '&" document member of tha same patent family
Date of tha actual completion of the zntarna:ionat search Date of maiting of the internalionat search report
19 September 2008 02/10/2008
Name and mailing address of the IS&A/ . Authorized officer
European Patent Office, P.B. 5818 Patentiaan 2
NL - 2260 HY Riswik
Tel (+31-70) 34G-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016 Barker, Stephan
Form PCT/ISA/210 (sacond shest} {Apfil 2005) .
- ] page 1 of 2

HONEYWELL Ex. 1030, Page 122 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



INTERNATIONAL SEARCH REPORT

International appiication No

PCT/EP2008/004135

| C(Centinuation}, DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citatlon of document, with indication, where appropriate, of the relevant passages

felevant to claim No,

A

PLA

EP 1 306 471 A (YOZ AMI CORP [JP])
2 May 2003 (2003-05-02)
paragraphs [0076] - [0078]; claims 1,11
GB 879 069 A.(AMERICAN CYANAMID €O}
4 October 1961 (1961-10-04) .
page‘4, lines 22-30
US 5 613 987 A (KUROKI TADAO [JP] ET AL)
25 March 1997 (1997-03-25)

‘column 6, lines 1-12

.abstract; claims 1-21
cited in the application
EP 1 847 276 A (DSM IP ASSETS BV [NL])

- 24 October 2007 (2007 10-24)

ctaims 1-9
W0 2005/066401 A (DSM IP ASSETS BV [NL];
SIMMELINK JOSEPH ARNOLD PAUL M [NLJ;
MENCKE JAC) 21 July 2005 (2005-07- 21)
examples 29,30

1-10

Fomn PCTABA/Z10 (continuation of second shest) {Aprit 2005)

page 2 of 2

HONEYWELL Ex. 1030, Page 123 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



Internationat Application N, PCT/EP2008 /004135

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

Continuation of Box II.1
Although claim 10 is directed to a method of treatment of the

human/animal body, the search has been carried out and based on the
alleged effects of the producit suture, . . ‘

Continuation of Box IT.1

Ciaims Nos.: -

Rule 39.1{iv) PCT - Method for treatment of the human or animal body by
therapy o . ‘ : - . .

HONEYWELL Ex. 1030, Page 124 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



- . International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2008/004135
Box No.H  Observations where certain claims were found t chable (Continuation of item 2 of first sheet)

This international search report has not been established in respect 6! certain claims under Articie 17(2){a) for the following reasons:

1. Claims Nos.:

because they reiate to subject matter not required 1o be searched by this Authonry, nameiy:

see FURTHER INFORMATION sheet _?C‘T/ISA/ZlO

2. [ ] ciaims Nos.:

becausa they refate to parts of the international application that do not comply with the prescnbed requlremen%s to such
an extent that no meaningful international search.can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in acco:dance with the second and ihird sentences of Rule 6.4(a),

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Seasching Authority found multiple. inventions in this international appiication, as foliows:

1. As all raquired additionai search fees were timely paid by the appiicént, this international search report covers ailsearchable
claims. .

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees,

3. [ 1As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
anly those claims for which tees were paid, specifically claims Nos.:

4. % ! No reguired addmonal search fees were timely paid by the applicant. Consequently this International search Teportis
restrictec to the invention first mentioned in the claims; il is covered by ciaims Nes.:

Hemark on Protest The additionat éea!ch fees were accompanied by theapplicant's protest and, where applicabie, the
payment of a protest tee,

The additicnal search feas were accompanied by the applicant’s p'rotest but the applicabie protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search faes.

Form PCTASA/210 (centinuation of first sheet (2)) (April 2005}

HONEYWELL Ex. 1030, Page 125 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493



INTERNATIONAL SEARCH REPORT

Infarmatlon en patent tamlly members

International application No

_ _ PCT/EP2008/004135
Paternt decument Publication Patent family Publication
cited in search report date member(s) date
EP 1746187 A 24~01-2007 WO 2007009563 Al 25-01-2007
W0 2004053212 A 24-06-2004 AT 376083 T . 15-11-2007
. : AU 2003295250 Al 30-06-2004
CA 2509236 Al 24-06-2004
CN 1726311 A 25~01-2006
DE 60316988 T2 24-07-2008
DK - 1570118 T3 28-01-2008
ES 2294350 T3 . 01-04-2008-
JP° 2006509115 T 16-03-2006
‘KR* 20050085586 A 29-08-2005
USs 2006012069 Al 19-01-2006
us 2003050667 Al 13-03-2003  NONE '
E? 1306471 A 02-05-2003 BR 0207594 A 18-11-2003
CN 1417395 A 14-05~-2003
KR- -20030035928 A 09-05-2003
TW 238207 B 21-08-2005
Us * 2003082381 Al 01-05-2003
GB 879069 A 04-10-1961  NONE ' '
US 5613987 A 25—03f1997. NONE
tP 1847276 A 24-10-2007  NONE
WO 2005066401 © A 21-07-2005 - CN 1902343 A 24-01-2007
: : : EP 1699954 Al - -13-09-2006
JP 2007522351 1 09-08~2007
KR 20060111642 A

27-10-2006

Eorm PCTASA/ZIO (paten family annsx} (April 2005)

HONEYWELL Ex. 1030, Page 126 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

COLORED SUTURE

First Named Inventor/Applicant Name:

Joseph Arnold Paul Maria SIMMELINK

Filer:

Bryan H. Davidson/Tyson Haynes

Attorney Docket Number:

BHD-4662-1326

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Suz-s'l's(tsa)l in
Basic Filing:
National Stage Fee 1631 1 330 330
Natl Stage Search Fee - Report provided 1642 1 430 430
National Stage Exam - all other cases 1633 1 220 220
Pages:
Claims:
Miscellaneous-Filing:
Oath/decl > 30 months from priority date 1617 1 130 130

Petition:

HONEYWELL Ex. 1030, Page 127 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



Description Fee Code Quantity Amount SUB_STS:;)I in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1110

HONEYWELL Ex. 1030, Page 128 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



Electronic Acknowledgement Receipt

EFS ID: 6433424
Application Number: 12599869
International Application Number: PCT/EP08/04135
Confirmation Number: 3921
Title of Invention: COLORED SUTURE

First Named Inventor/Applicant Name:

Joseph Arnold Paul Maria SIMMELINK

Customer Number:

23117

Filer:

Bryan H. Davidson/Tyson Haynes

Filer Authorized By:

Bryan H. Davidson

Attorney Docket Number:

BHD-4662-1326

Receipt Date: 12-NOV-2009
Filing Date:
Time Stamp: 14:54:27

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$1110

RAM confirmation Number

1261

Deposit Account

Authorized User

File Listing:

Document B i ; File Size(Bytes)/ Multi Pages
Number Dogument Descriptian Fils Hama Message Digest | Part/.zip| (if appl.)

HONEYWELL Ex. 1030, Page 129 of 426
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.
IPR2024-00493





