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@ Conductive composite filament and process for producing the same.

@ Provided by the invention is a highly oriented, undrawn, conductive, composite filament which is white or

colorless and has antistatic properties durable over a long period when wears utilizing the fiber are actuaily put
®Non and washed. The filament is a sheath-core composite filament comprising a sheath of a fiber-forming
<therm0plastic polymer (A) and a core of a composition (B) comprising a conductive material which comprises a

conductive metal oxide(s) and a thermoplastic polyamide, having a core resistance of not more than 9 x
O 10'°9/cm *filament, and maintaining a critical elongation --- an elongation reached in the course of extending a
q'composite filament at which the core resistance exceeds 1 x 10''@/cm*filament at a D.C. voltage of 1 kV --- of at
nleast 5% and a shrinkage in hot water at 100" C of not higher than 20%. Such fiber can be obtained by
< conducting high orientation melt spinning at at least 2,500 m/min while selecting a polyamide as the core

component to contain the white or colorless conductive material and having the composition previously dried to
© a moisture content of 100 to 1,200 ppm.
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CONDUCTIVE COMPOSITE FILAMENT AND PROCESS FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the invention

This invention relates to a composite filament having excellent antistatic properties, and more particu-
larly to a white, highly oriented, undrawn, conductive filament having excellent filament properties and
antistatic properties which are durable when the clothing made thereof is placed in actual service of being
worn.

More specifically, the present invention relates to a white, sheath-core composite filament having
excellent antistatic properties, which comprises a sheath component of a fiber-forming polymer (A) and a
core component of a thermoplastic polymer (B) containing a compound comprising a conductive material
which comprises a metal oxide(s). Addition in an amount of only 0.01 to 10% by weight of this composite
filament to a usual nonconductive fiber can provide the fabrics containing them with excellent antistatic
properties, which do not deteriorate even after being worn for one year.

2. Description of the prior art

Various conductive filaments have been proposed as having excellent antistatic properties. For exam-
ple, there has been proposed a conductive filament comprising a conductive component which comprises a
polymer containing a conductive carbon black mixed therein and a protective component which comprises a
fiber-forming polymer.

However, such composite filaments utilizing a carbon black has a disadvantage that they are black or
grey, and hence their use is limited.

Conductive filaments utilizing a white or colorless conductive metal oxide have recently been proposed *
to eliminate the above disadvantage. For example, Japanese Patent Application Laid-Open No. 6762/1982
and Japanese Patent Publication No. 29526/1987 proposed a process of preparing a conductive composite
filament comprising a mixture (conductive layer) of a conductive metal oxide and a thermoplastic resin and
a fiber-forming thermoplastic polymer, said process comprising first preparing a composite filament as spun
and drawing it and then further heat-treating the drawn filament to thereby restore the conductive layer.
Where a thermoplastic resin is used as a binder for a conductive metal oxide, the obtained conductive layer
is broken at the drawing process and as such the drawn filament cannot act as a conductive filament. Heat
treatment is thus necessary when a thermoplastic resin, particularly a thermoplastic resin having high
crystallinity, is used as the protective component for a conductive metal oxide. The process of the above
patent however has a drawback of low productivity due to the presence of the heat treatment process after
the heat drawing; and further the composite filament obtained by the process has a large drawback of
insufficient durability when an article of clothing made thereof is actually worn. The "durability” of a
composite filament herein is judged by whether the antistatic properties are still exhibited or not after a
fabric comprising the conductive filament to be evaluated woven thereinto in an amount of 0.1 to 10% by
weight has actually been worn for about 1 year. The standard of upper limit of the static charge specified in
"Recommended Practice for Protection against Hazards Arising out of Electricity” in "Technical Rec-
ommendations" issued by Research Institute of Industrial Safety of Labor Ministry is 7u Coulomb/m?2. This
standard for the durability has not been cleared by conventional white or colorless conductive composite
filaments. It has become clear from a study made by the present inventors that a thermoplastic polymer of
for example polyethylene cannot give a conductive filament having a sufficient durability and that a fabric
comprising such filament is hence not suited for use in work wears used for dangerous jobs. In the case
where a crystalline thermoplastic resin is used as the thermoplastic polymer, the obtained conductive
composite filament just after being produced has an electric resistance of less than 9 x 10'°Q/cm * filament
which satisfies the static charge standard for fabrics. The filament however has a poor durability, and the
fabric obtained therefrom hence has low antistatic properties and is difficult to put in practical use.

The present inventors have made a detailed study to obtain a conductive filament without above
drawbacks, and, particularly, have intensively studied the relationship between the filament structure and the
antistatic properties and the durability thereof, and found a composite filament having excellent anti static
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properties and durability to accomplish the invention.
SUMMARY OF THE INVENTION

The present invention provides a highly oriented, undrawn, conductive, composite filament which is a
sheath-core composite filament comprising a sheath of a fiber-forming thermoplastic polymer (A) and a core
of a composition (B) comprising a conductive material which comprises a conductive metal oxide(s) and a
thermoplastic polymer, and maintaining a critical elongation of at least 5% and a shrinkage in hot water at
100" C of not higher than 20%, said thermoplastic polymer for the core being a polyamide, said core having
an electric resistance at a D.C. voltage of 1 kV of less than 9 x 10'® 2/cm *filament.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of the attendant advantages thereof will be
readily obtained as the same become better understood by reference to the following detailed description
when condidered in connection with the accompanying drawings, wherein:

FIG. 1 is a graph showing the relationship between the elongation and the electric resistance
(resistance of filament core) of a composite filament with the moisture content of the composition of the
core component of the filament as a parameter, and

FIG. 2 is a schematic diagram showing the apparatus for measuring the critical elongation in the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As is well known, the term "antistatic properties” herein means a function of eliminating the static
charge from a charged article by a non-contacting process. While a composite filament having a core
resistance of less than 10''@/cm *filament can form a nonuniform electric field to thereby eliminate static
charge by corona discharging, one having a core resistance of at least 10" Q/cm * filament cannot eliminate
static charge by corona discharging and hence does not exhibit effective antistatic properties.

The present inventors have intensively studied the relationship between the critical elongation and the
constituents of a filament and the durability of antistatic properties of a fabric comprising the filament. The
"critical elongation” herein means an elongation reached in the course of extending a filament at which the
core resistance exceeds 1 x 10''Q/cm*filament at a D.C. voltage of 1 kV, that is, an elongation at which the
filament loses its antistatic properties. As a result of the study, it was found that the durability is largely
affected by the critical elongation and the type of the thermoplastic resin containing a conductive
substance. The critical elongation varies from 0 to 15% in the case of white, conductive, composite
filaments. It has been found, surprisingly, that a conductive composite filament with a critical elongation
maintained at and above 5% can have a sufficient durability of antistatic properties.

The present inventors have pursued how to make a white or colorless composite filament containing a
conductive metal oxide(s) have a critical elongation of at least 5%, and found that such filament can be
obtained when a polyamide is employed as the thermoplastic polymer for the core component and the
moisture content of the core component at the spinning is in a specific range.

FIG. 1 is a graph showing the relationship between the elongation and the electric resistance (resistance
of filament core) when the moisture content of the core component is (I) 90 ppm, (i) 200 ppm, (Ii1) 800
ppm, (IV) 1,100 ppm or (V) 1,300 ppm respectively. Where the moisture content is out of the range of from
100 to 1 ,200 ppm, that is, in the cases of (1) and (V), if the filament is elongated by at least 5% in the
processing or in the actual service, i.e. in the region of elongation exceeding 5%, the core resistance will
not fall below 1 x 10"'Q/cm *filament which can eliminate static charge by corona discharging. On the other
hand, in the case of (IV) and (Il), in which the moisture content of the core component falls in the range of
from 100 to 1,200 ppm, even when the filament is elongated in the course of processing or in the actual
service by 5% the core resistance is of an order of 1 x 10'9%/cm *filament thereby being capable of
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eliminating static charge by corona dis charging. Further in the case of (ll), the core resistance remains
below 10'°0/cm*filament even when the filament is subjected to elongation of 15% and thus has excellent
durability.

FIG. 1 further shows that there is a large difference between the core resistance of filaments utilizing
white conductive particles and that of conventional ones utilizing carbon black as the conductive material.
From the FIGURE it will be understood that a filament utilizing a white particulate conductive material has a
conducting structure markedly unstable than that of a carbon-black conductive filament. The present
invention has made it clear that the former can exhibit antistatic properties applicable to practice only within
a limited region inside the unstable region, i.e. within a limited region of the moisture content of the core
component.

As stated heretofore, the present inventors have succeeded in markedly improving the durability of the
antistatic properties of a white conductive filament by providing the filament with a core resistance at a D.C.
voltage of less than 1 kV of 9 x 10'°2/cm *fitament and a critical elongation of at least 5%.

Though the reason of the phenomena discovered in the present invention is not quite clear at the
moment, it is estimated to be as follows. If the moisture content of a polyamide resin is as low as 100 ppm
or below when it is formed into a filament, the resin will tend to be fragile to thersby render the conducting
structure unstable. On the other hand, if the moisture content is as much as 1,200 ppm or higher, there will
readily generate bubbles, voids or the like to thereby form minute defectives in the conductive layer.

Hereinbelow a more concrete and detailed explanation will be given on the production conditions for
obtaining such filaments.

The thermoplastic polymer constituting the core component must be a polyamide. it has been found
that polyamides, e.g. nylon 6 give higher conductive characteristics than those obtained by polysthylene,
which is generally employed.

When obtaining a conductive composite filament comprising as a component a conductive metal oxide-
(s) dispersed in a polymer, important points are as follows.

(1) To assure a high conducting property by dispersing the metal oxide;

(2) to assure a good dispersion of the metal oxide in the obtained conductive polymer tc thereby
cause no unusual filter clogging at the spinning;

(3) to assure a good fluidity of the obtained conductive polymer;

(4) to assure good mechanical properties of the obtained conductive polymer; and the like.

From the above points of view, the present inventors have studied various polymers while dispersing a
metal oxide(s) therein, and found that polyamides are the most suited. This is because that: since
polyamides have appropriate polar groups, they are good in compatibility and adhesiveness with metal
oxides and hence their fluidity does not decrease so much when a metal oxide(s) is incorporated in them in
a high concentration, so that they have both high conducting property and good fluidity. Furthermore,
perhaps because of a firm adhesion between the metal oxide and polyamides, the obtained conductive
polymer has very high mechanical properties. On the other hand, polyesters incorporating a metal oxide
kneaded thereinto give, from some reason or another, a sharp viscosity increase and loose the fluidity even
in a low incorporation ratio, and thus they hardly give a fiber-forming conductive polymer having the desired
conducting property and hardly compete with polyamides. Polyolefins such as polyethylene can, upon
incorporation of a metal oxide, give conductive polymers having a fluidity to some extent and at the same
time a good conducting property. However, it has been found that the polyolefin conductive polymers
rapidly lose their static eliminating performance in a short period of actual service and thus have no
durability, perhaps because they have only a small adhesiveness with metal oxides, thereby rendering
fragile the mechanical properties of the obtained conductive polymer as compared to the case with
polyamides. To summarize, polyamides are the best suited, among general-purpose polymers, for produc-
ing the conductive polymers to be used for conductive composite filaments.

Examples of preferred polyamides are nylon 6 and metaxylylenediamine nylon or polyamides compris-
ing the foregoings as a principal component.

Any meli-spinnable polymer can be used as the fiber-forming polymer constituting the sheath of the
conductive composite filament of the present invention; and examples of them are polyesters such as
polyethylene terephthalate and polybutylene terephthalate, and polyamides such as nylon 6 and nylon 68. It
is necessary that the intrinsic viscosity of the sheath-component polymer be at least 0.55. If a polymer
having an intrinsic viscosity less than 0.55 is used as the sheath component, the meit viscosity at the
spinning will be too low to keep a good balance with that of the conductive polymer layer, thereby rendering
the composite structure unstable in the longitudinal direction. In such case, spinnability becomes worse
particlularly at a high speed of not less than 2,500 m/min and frequent filament breakages occurs, which is
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not preferred. Where a polyamide is used as the sheath component, the intrinsic viscosity is preferably at
least 0.7. Particularly preferred thermoplastic polymers constituting the sheath are polyesters comprising as
a principal component polyethylene terephthalate or polybutylene terephthalate, since they give a markedly
improved durability against processing or when actually worn.

The conductive filament of the present invention is generally used while being mixed in a fabric in an
amount of 0.1 to 10% by weight, which is the same as in the case of other conductive filaments. Such
fabrics are naturaily finished by dyeing and finishing process, and, then, the core component of the
conductive filament readily suffers damage since it is fragile because of high content of a conductive metal
oxide. Particularly, where fabrics comprising a conductive filament undergo high-temperature dyeing or
high-temperature setting, the core component is markedly affected through such treatments. In this case the
filament decreases its strength and will hence readily break by the bending in the practical service, leading
to a drop-off or deterioration of -the conductive layer. Employment of a polyester, e.g. polyethylene
terephthalate not only maintains the mechanical properties of the sheath component, but causes no
decreace in the performance.

The conductive material to be incorporated into core component is a white or colorless particulate metal
oxide(s) or a particulate inorganic material with the metal oxide(s) coating the surface thereof. Preferred
example of the latter is fine particles having an average diameter of 0.01 to 0.3u of titanium dioxide or
barium sulfate coated on the surface thereof with stannic oxide or zinc oxide containing antimonium oxide.

Majority of metal oxides are semiconductors close to non-conductors which do not exhibit sufficient
conductive property. However, addition of a small amount of a second component to a metal oxide or the
like methods can inerease the conductive property and give a sufficiently conductive material. Antimonium
oxide and the like oxides are known as such conductivity increasing agents or "doping agents" for stannic
oxide or zinc oxide. For example, while particulate stannic oxide having an average particle diameter of
0.1u has a specific resistance of about 1020 °cm, soiid solutions of antimonium oxide in stannic oxide have
specific resistances of from 1 to 102*cm. The ratio by weight of antimonium oxide contained in a
particulate conductive material is required to be 0.01 to 0.10 in view of overall performance. The ratio by
weight of stannic oxide or zinc oxide contained in a particulate conductive material is preferably in the range
from 0.05 to 0.20. Too smail a coating amount leads to insufficient conductivity, while too much amount will
deviate the obtained particulate material from white color.

The particulate conductive material is contained in the core of the composite filament of the invention in
an amount of 80 to 75% by weight. While a content of less than 60% by weight cannot give a sufficient
conductivity to exhibit the desired antistatic properties; one exceeding 75% by weight is not preferred since
it will not further increase the conductivity and will markedly decrease the fluidity of the core component,
whereby the spinnability is extremely worsened and, particularly, the life of the spinneret pack is strikingly
shortened due to filter clogging or the like, thus rendering unstable the spinning operation.

For the filaments of the present invention, it is further important that the ratic by weight of the fiber-
forming thermoplastic polymer constituting the sheath (A) and the composition of a thermoplastic polyamide
and a conductive material constituting the core (B) be: (B)/(A) = 8/92 to 22/78. If the sheath component (A)
exceeds 92% by weight and the conductive core component (B) is not more than 8% by weight, the
composite filament with a stable sheath-core structure cannot be spun stably and, particularly, it becomes
difficult to obtain longitudinaily continuous core component to thereby render the stable spinning of the
sheath-core composite filament itself difficult to achieve. On the other hand, if the core component (B)
exceeds 22% by weight, the spinnability of the composite filament will, even when the sheath component
(A) has a sufficient fiber-forming capability, decrease and further the obtained filament will have exiremely
low filament properties and be of no practical value. The reason of this is estimate to be that such large
content of the core component (B) actualize the characteristic of the core compenent, i.e. a very low
spinnability due to the incorporation of a conductive metal oxide. Accordingly, the ratio by weight of the
sheath component (A) to the core component (B) is: (A) : (B) = 78 : 22 to 92 : 8, preferably 80 : 20 to 90 :
10.

The conductive composite filament of the present invention can be obtained by a process for producing
the sheath-core composite filament comprising the above-described sheath component and core compo-
nent, which comprises extruding a fiber-forming thermoplastic polymer having an intrinsic viscosity, [x], of at
least 0.55 which constitutes the sheath component and the composition constituting the core component
having a moisture content adjusted by drying to 100 to 1,200 ppm separately through different exiruders,
and conducting high-speed spinning using a composite spinning apparatus. The high-speed spinning herein
means melt-spinning at at least 2,500 m/min so that the filaments thus spun will be highly oriented and
have a shrinkage in hot water of 100° C, WSr, of not more than 20%.

If the core component (B) having a moisture content of less than 100 ppm is spun into a composite
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filament, filaments having a core resistance exceeding 10"'0/cm *filament will frequently be formed though
the spinnability is good. If the core component (B) having a moisture content exceeding 1,200 ppm is spun
into a composite filament, the spinnability will be low (frequent filament breakages) and further many of the
obtained conductive filaments will have critical elongations not more than §%. Accordingly, the moisture
content of the core component (B) is very important and preferably in the range of from 200 to 1,000 ppm,
more preferably 300 to 800 ppm.

The wet shrinkage, WSr, of conductive filaments is also important. Generally, it is essential that textile
fabrics be subject to after-processing, after the weaving, in a high-temperature hot water, such as scouring
and relaxation, dysing or the like. If the filament constituting the fabric has a too large wet shrinkage, the
fabric will shrink by such processing to thereby become hard, which is not preferred. Fibers for textile
fabrics in general therefore must have wet shrinkages lower than about 20%. In addition, in the case of the
conductive filament of the present invention, such filament is most frequently used while being mixed in a
small amount into conventional fibers in view of economy. For example a single filament each of the
conductive filament rhay be inserted at 1-inch intervals among plurality of conventional warps for a fabric. In
this case if the conductive filament has a much larger wet shrinkage than that of neighbouring warps, the
conductive filament will be put under a high tension after the fabric has been wet treated, to thereby readily
break when the fabric is loaded with an external force, which is often the case when clothes made of the
fabric are actually put on.

The present invention conducts melt-spinning at a rate of at least 2,500 m/min to obtain highly oriented
composite filaments as spun having a shrinkage in hot water at 100° C of not more than 20%. Therefore, in
the present invention, since a high orientation melt spinning is conducted with the drawing process omitted,
there can be eliminated troubles arising from the drawing process, such as cracks or break ages of the core
component, and cut-off of the conducting circuit by drawing can be avoided.

Other features of the invention will become apparent in the course of the following descriptions of
exemplary embodiments which are given for illustration of the invention and are not intended to be limiting
thereof.

EXAMPLES

In the present invention, the electric resistance of the filament core is measured as follows.

Measurement of electric resistance of the filament core

Both ends of a 10-cm specimen of a composite filament are immersed in a pair of pot-shape electrodes
filled with a conductive resin. Electric current at a voltage of 1 kV is measured. The electric resistance is
calculated by Ohm's law and then divided by 10 (cm) and the number of filaments constituting the
specimen to give a filament core resistance in Q/cm *filament.

The critical slongation was measured in the present invention, by application of the above-described
measurement of filament core resistance, according to the method described below. It may however be also
measured by measuring an electric resistance of a specimen when elongated by using a tensile tester
combinedly with an electrode and resistance tester.

Measurement of critical elongation

FIG. 2 shows an example of the measuring apparatus. As seen from the FIGURE, an apparatus
comprising a pair of electrodes (1) and a dial (4) for extending the specimen are used for measurement.

The both ends of a specimen (3) are each set on a pair of the electrodes (1) at a gauge length of 3 cm.
A conductive paint is applied to the both ends including the exposed core tip so that electric current can
send therethrough, then the both ends are fixed. Then the dial (4) is turned to elongate the specimen until it
breaks while its electric resistance is being measured. The obtained values of electric resistance are
converted o ones per unit cm and the elongation (%) at which the electric resistance exceeds 1 x
10''Q/cm *filament is obtained therefrom as the critical slongation.

The intrinsic viscosity, [3], of polyethylene terephthalate is measured at 30° Cin a 1/1 mixed solvent of
phenol/tetrachloroethane. The intrinsic viscosity of nylon 6 is measured on its solution in 96% H2S04 The
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melt index of polyethylene is measured according to JIS-K6760.

Example 1

Particle-incorporating chips having a volume specific resistance of 9 x 1022°cm were obtained by
melting and mixing 60 parts of a particulate titanium oxide having an average particle diameter of not more
than 0.21L coated on the surface thereof with 15% by weight of stannic oxide containing 2% by weight of
antimonium oxide (hereinafter this conductive material is referred to as W) and 40 parts of nylon 6 chips
(Tmy = 218° C) at 270" C. The thus obtained chips were vacuum dried at 80° C to a chip moisture content
of 400 ppm (B). The chips (B) and conventional polyethylene terephthalate chips (A) (Tma = 256" C and 5]
after spinning = 0.83) were separately melted in two extruders and, using a composite-spinning apparatus,
extruded through a spinneret having 4 holes at 295° C into sheath-core composite filaments so that (B) and
(A) formed the core and the sheath respectively in a (A)/(B) ratio by weight of 87/13, and the filaments were
wound at a rate of 4500 m/min while being divided into two to give two highly oriented conductive
composite yarns of each 25 deniers/2 filaments. The obtained yarns had a core resistance of 5 x
10'°0/cm *filament and a critical elongation of 15%.

The thus obtained yarn was covered with a blended yarn of polyester (polyethylene terephthalate)-
/cotton = 65/35 to give a core yarn. The core yarn was inserted into warps of a blended yarn of polyester
(polysthylene terephthalate) fiber/cotton = 65/35 having a cotton count of 20s/2 at an interval of 1 core yarn
per 80 warps and woven into a 2/1 twill of 80 warps/in x 50 weftsiin. The twill thus woven was dyed and
finished under the usual finishing conditions for conventional polyester/cotton blended yarn fabric. The
fabric thus obtained had a static charge of 451 Coulomb/m?2. A suit was tailored from the fabric and actually
worn by a man for 1 year, while being washed 250 times during the period, and measured again for the
static charge to give 5.5u Coulomb, which clears the standard of "Recommended Practice for Protection
Against Hazards Arising out of Electricity” in "Technical Recommendations” issued by Research Institute of
Industrial Safety of Labor Ministry, proving the excellent antistatic properties with superior durability of the
conductive filament

Example 1 was repeated except for changing the parts by weight of W1 and the results are shown in
Table 1 as Examples 2 and 3 and Comparative Examples 1 and 2.

In Examples 2 and 3, 65 parts by weight and 70 parts by weight of W, were respectively used to obtain
conductive polymers having a volume specific resistance of both 4.1 x 1020 *cm, which were further formed
under the same spinning conditions as in Example 1 into conductive composite filaments. These filaments
both had critical elongations of at least 10% and a core resistance of 6 x 102 Q/cm *filament, thus having
excellent antistatic properties. The conductive composite filaments were woven into 2/1 twill fabrics, which
were then dyed and finished, in the same manner as in Example 1. The fabrics thus obtained showed a
static charge of both 351 Coulomb/m?, and that after 250 times of washings of 4 to 4.3 Coulomb/m2, which
clears the standard, i.e. not more than 7u Coulomb/m2, proving their excellent durability.

In Comparative Example 1, Example 1 was repeated except for changing the amount of Wi to 55 parts
by weight to obtain a composite filament. The obtained filament had a core resistance of 8 x 10'-
fi/cm *filament and was not a filament having antistatic properties.

In Comparative Example 2, Example 1 was repeated except for changing the amount of Wy to 80 parts
by weight to obtain a conductive composite filament. Though the obtained filament had antistatic properties,
the spinning operation was unstable because the life of the spinneret pack was very short due to filter
clogging and the like.

The influence of the moisture content of conductive polymer was studied herein.

In Examples 4 and 5, Example 1 was repeated except for changing the moisture content of the polymer
to 800 ppm and 1,100 ppm respectively to obtain conductive composite filaments under the same spinning
conditions as in Example 1. These filaments had core resistances of 5 x 10%Q/cm*filament and 6 x
102 2/cm *filament respectively and critical elongations of 15% and 5% respectively. The obtained conduc-
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tive composite filaments were woven into 2/1 twill fabrics, which wers then dyed and finished, in the same
manner as in Example 1. The fabrics thus obtained showed static charges of from 3.5 to 4.00 Coulomb/m?,
and those after 250 times of washings of from 4.1 to 4.5 u Coulomb/m?, which clears the standard, proving
their excellent durability.

In Comparative Examples 3 and 4, Example 1 was repeated except for changing the moisture content
of the conductive polymer to 1,500 ppm and 2,000 ppm respectively under the same spinning conditions as
in Example 1, where frequent filament breakages occurred. The obtained conductive composite filaments
had a core resistance of both 8 x 10°Q/cm *filament, which proved their high antistatic properties, but they
had critical elongations as small as 1 to 2%. These filaments were woven into 2/1 twill fabrics, which were
then dyed and finished, in the same manner as in Example 1. The filaments contained in the fabrics thus
obtained showed core resistances after 250 times of washings of from 10'® to more than 10'3/cm *filament,
with cracks being observed in some portions of the conductive layer, thus being of inferior durability.

In Comparative Example 5, Example 1 was repeated except for changing the moisture content of the
conductive polymer to 80 ppm under the same spinning conditions as in Example 1. Though the
spinnability was good, many of the obtained conductive composite filaments showed a core resistance
exceeding 10"'Q/cm*filament, and further after the fabric incorporating the composite filament had been
washed 250 times cracks were observed in the conductive layer of the filament, thus proving its inferior
durability.

Example §

A conductive- composite filament was obtained by extruding the conductive polymer used in Example 1
and a polybutylene terephthalate (Novadur 5008 made by Mitsubishi Chemical Industries Limited; Tmz =
226° C) such that the former formed the core and the latter the sheath through a spinneret having 4 holes at
265° C and the extruded filaments were divided into two and then wound at a rate of 3,750 m/min to give
two 25 deniers/2 filaments yarns (core resistance: 5 x 10%Q/cm *filament; critical elongation: 12%). The
obtained conductive composite filament was woven into a 2/1 twill fabric, which was then dyed and finished,
in the same manner as in Example 1. The fabric thus obtained showed a static charge of from 4.0u
Coulomb/m?2, and that after 250 times of washings of 4.5 Coulomb/m?, proving the excellent durability of
its antistatic properties. ' '

Examples Z?ld. §

Particle-incorporating chips having a volume specific resistance of 3 x 1020°cm were obtained by
melting at 270° C and mixing 64 parts of the same particulate conductive material, W; as in Example 1, 1
part of particulate stannic oxide containing antimonium oxide having an average particle diameter of 0.1
and 35 parts of nylon 6 chips. The thus obtained chips were vacuum dried at 80" C to a chip moisture
content of 400 ppm (B). Two types of conductive composite filaments were obtained with the thus obtained
conductive polymer used for the core under the same spinning conditions as in Examples 1 and 6
respectively. These filaments had core resistances and critical elongations of 3 x 10°Q/cm *filament and
10% and 4 x 10 @/cm*filament and 10%, respectively. The obtained conductive composite filaments were
woven into 2/1 twill fabrics, which were then dyed and finished, in the same manner as in Exampie 1. The
fabrics thus obtained both showed a static charge after 250 times of washings of 4.61. Coulomb/m?2, proving
their excellent antistatic properties with durability.

Comparative Example 6

A composite filament as spun was obtained under the same spinning conditions as in Example 4 except
that the spinning speed was changed to 1,500 m/min. The as spun yarn, which had a maximum drawability
of 4.53 times, was drawn by roller-plate system, at a hot roller temperature and a hot plate temperature of
75 C and 120" C respectively by 3.1 times to give a composite filament. Observation with a transmission-
type electron microscope revealed that the conductive layer of the core had been torn to pieces. The
filament had a core resistance of at least 10'3%/cm*filament and was not a filament having antistatic
properties. No heat drawing conditions with the temperature and the drawing ratio varied while maintaining
stable drawing could give a composite filament in which the conductive core layer was not broken and
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which had antistatic properties.

Comparative Example Z

A conductive polymer was obtained by melting and mixing parts of the conductive fine particies, Wi,
used in Example 1, and 35 parts of polyethylene chips having a melt index of 50 g/10 min. A composite
filament as spun was obtained using this polymer for the core under the same conditions as in Example 1
except for changing the spinning speed to 1,500 m/min. The thus obtamed fllament as spun was drawn by
3.0 times at a hot roller temperature and a hot plate temperature of 75" C and 120° C respectively to yield a
conductive composite filament having a core resistance of 9 x 10°2/cm *filament and a critical elongation of
10%. The obtained conductive composite filament was woven into a 2/1 twill fabric, which was then dyed
and finished, in the same manner as in Example 1. The fabric thus obtained showed a static charge of 4.2u
Coulomb/m2, which cleared the standard, but had a static charge after 250 times of washings of 7.8u
Coulomb/m2, thus being of no durability.

Comparative Example 8

A composite filament having a low wet shrinkage was obtained under the same spinning conditions as
in Example 1 ( i.e. spinning speed: 4,500 m/min; no heat drawing) except for using the conductive polymer
prepared in Comparative Example 7 as the core. Though the obtained filament had antistatic properties, it
did not have the durability, similar to the one in Comparative Example 7.

Example g aln_d_ Comparative Examples g and 19

The influence of the sheath-core composite ratio was studied herein.

In Example 9, the same conductive component as in Example 2 was used as the core component and
Example 1 was repeated except for changing the sheath-core composite ratio to 17/83. The spinnability and
the durability of antistatic properties of the obtained fabric were both excellent as shown in Table 1.

In Comparative Examples 9, the ratio of the conductive component to the sheath was further increased
to 30/70. Frequent filament breakages occurred in the spinning process and no stable spinning was thus
accomplished.

In Comparative Example 10, the ratio of the conductive component to the sheath component was 4/96.
Though the spinnability was good, no conductive filament having antistatic properties was obtained.

Example 10 and Comparative Example 11

The influence of the intrinsic viscosity, [n], after spinning of polysthylene terephthalate used for the
sheath was studied.

Spinning operation of Example 1 was repeated except that the [r] after spinning were 0.58 (Example
10) and 0.52 (Comparative Example 11). While the filament obtained in Example 10 had excellent antistatic
properties with durability, in Comparative Example 11 frequent filament breakages occurred and stable --
spinning was not attained.

Example ﬂ

Particle-incorporating chips having a volume specific resistance of 4 x 102Q@°*cm were obtained by
melting and mixing 65 parts of the same particulate conductive material, W1, as in Example 1, and 35 parts
of metaxylylenediamine nylon chips made by Mitsubishi Gas Chemical Company, Inc. The thus obtained
chips were dried to a moisture content of 400 ppm and then formed into a conductive composite filament
under the same spinning conditions as in Example 1. The filament had a core resistance and a critical
elongation of 2 x 10'® @/cm*filament and 15% respectively. The fabric incorporating the thus obtained
filament showed a static charge after 250 times of washings of 6.5 Coulomb/m2, proving its excellent
antistatic properties with durability.
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Example 12

Particle-incorporating chips having a volume specific resistance of 4 x 102Q°cm were obtained by
melting and mixing 73 parts of the same particulate conductive material, W1, as in Example 1, and 35 parts
of nylon 12 chips made by Ube Industries, Ltd. The thus obtained chips were dried to a moisture content of
400 ppm. A conductive composite filament was obtained with the thus prepared chips as the core and
polybutylene terephthalate as the sheath under the same spinning conditions as in Example 6. The filament
had a core resistance and a critical elongation of 8 x 10 0/cm *filament and 15% respectively and thus had
antistatic properties. The fabric incorporating the thus obtained filament in the same manner as in Example
1 showed a static charge of 3.7. Coulomb/m2, and that after 250 times of washings of 5.0u Coulomb/m?,
which cleared the standard and proved its excellent durability of antistatic properties.

Example 13

Nylon 6 was used as the sheath component. Example 1 was repeated except for using nylon 6 as the
sheath and changing the spinning speed and temperature to 3,500 m/min and 270° C respectively. The
obtained composite filament had a core resistance and a critical elongation of 6 x 10%0/cm *filament and
10% respectively and thus had antistatic properties. The fabric incorporating the thus obtained filament in
the same manner as in Example 1 and washed 250 times had a static charge of 5.5 Coulomb/m?, which
cleared the standard.

Comparative Example 12

Example 1 was repeated except for changing the spinning speed to 2,000 m/min. The obtained filament
had a shrinkage in hot water at 100° C of 28%. The finished fabric contained the composite filament under
high tension. Though the fabric initially showed good antistatic properties, it completely lost the properties
after being worn actually for some period.

Obviously, numerous modifications and variations of the present invention are possible in light of the
above teachings. It is therefore to be understood that within the scope of the appended calims, the invention
may be practiced otherwise than as specifically described herein.

10
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Table 1 (2)
Antistatic property and its durability
Heat Core Antistatic | Critical Performance after one-year | Overall
drawing |resistance | property |elongation service (washed 250 times) |evaluation
(2 / cm*f) (%) (w | Core resistance (f2 (M
Cim?) icm*f) C/m?)
Ex. 1 No 5 x 10'° © 15 4.5 7 x 10%° 5.5 ©
"2 " 6 x 10° © 15 3.5 8 x 10° 40 ©@
"3 " 6 x 109 © 10 35 1x 10" 43 ©
Comp. Ex. 1| " 8 x 10" x 17 - - . x
"2 " 6x10°| © 10 . - - X
Ex. 4 " 5x100| @ 15 35 9 x 10° 4.1 ©
"5 " 6 x 10° © 5 4.0 2 x 10" 45 0~©@
Comp. Ex. 3| " 8 x 10® © 2 3.7 10 x 10% < 7.2 A~ x
"4 v 8x10°| © 0 - - . x
"5 " 1019~1Q'3 © 0 6.8 1018 < 8.7 X
Ex. 6 " 5 x 108 © 12 4.0 1 x 10'° 4.5 ©
"7 " 3x100| @ 10 3.1 8 x 108 46 ©
"8 " 4 x 10° © 10 40 8 x 102 4.6 ©

12




EP 0 343 496 A2

alejeyydeaisy ¢l X3
© 0002 n €90 952 | ausiAytediod u 0 09 " o| "dwo)
© 00S¢ " 1oL |{81e 9 uojAu " " gie guojAul g,
ojejeyiydeis
©) 0S.€ " 280 | 9ce | suslfingkjod " “ 081 gLuojhul zL,
aejeyjudaisy uojAu
© 00S¥ " €90 | 95e | susiAyiohjod " 0 59 gge | sutwepsuslAjAxejow| 11 X3
abeyesiq
juswsejy LL X3
wsenbaiy x " " 250 | " " “ " u| "dwo)
© “ 18/E1L 860 | " " " " o] 01 %3
@ n mm\.v " n n L1} n n " Ow. "
sfeyeaiq
juswejy 6 X3
woenbaiy x " 0./0€ « | “ " " " w| "dwo)
O " €8/L1 u " " 00V " 8i¢ g uojAul 6 'x3
@ Oom.v “ " 9G¢ a - " " u w n
© " " M u - u yrd} sus|AyieAjod La
oejeyiydasny 9'X3
© 00S1 18/EL €90 | sSe¢ | susiAyeiiod 008 0 59 812 9 uojAuj "dwo)
(urwyw) v/d ) (wdd) L ‘M (0))
poads onel Buiuuds JowA|od aanonpuod| (%) ssjonsed aanonpuod
syJewoy Aigeuurds | Buiuudg | yieays-sio) | seye [£] | 2wy 1ewhjog j0 wsuoo amisiopy | Jo wybiem Aq ones Supapy | twig Jsswhjod
suoipuod Buuuidg (v) wauodwod yeays {(g) weuodwoo 2109

(€) 1 alqey

13



10

15

20

25

30

35

40

45

50

55

EP 0 343 496 A2

Table 1 (4)
Antistatic property and its durability
Heat Core Antistatic Critical Performance after one-year Overall
drawing | resistance | property | elongation | service (washed 250 times) |evaluation
(%)
(2/cm*i) (%) (L | Core resistance | (4 C/m2)
Cim?d) | (2/cm*f)

Comp. Ex. 6 Yes 10'3< X - - - - X
"7 " 9 x 10° © 10 42 1013 < 7.8 X
"8 No 5x 109 ©@ 10 3.5 101 < 7.6 X
Ex. 9 " 3 x 10° © 10 35 9 x 108 4.4 O0~@©
Comp. Ex. 9 " - - - - - - x
"10 " 5 x 10" X - - - - X
Ex. 10 " 9 x 10° @) 10 4.0 2 x 10" 52 ©
Comp. Ex. 11 " - - - - - - X
Ex. 11 No 2 x 1010 © 15 | 55 7 x 1010 6.5 ©
"12 " 8 x 10° © 15 3.7 5 x 10" 5.0 ©
"13 " 6 x 103 © 10 35 9 x 109 5.5 O
Comp. Ex. 12| " 8 x 10° © " 15 4.5 1013 < 10.0 X
Claims

1. A highly oriented, undrawn, conductive, composite filament which is a sheath-core composite
filament comprising a sheath of a fiber-forming thermoplastic polymer (A) and a core of a composition (B)
comprising a conductive material which comprises a conductive metal oxide(s) and a thermoplastic
polyamide, having a critical elongation of at least 5% and a shrinkage in hot water at 100° C of not higher
than 20%, said core having a core resistance at a D.C. voitage of 1 kV of less than 9 x 10'°0/cm *filament;
wherein the critical elongation means an elongation reached in the course of extending a composite filament
at which the core resistance exceeds 1 x 10''2/cm *filament at a D.C. voitage of 1 kV.

2. The highly oriented, undrawn, conductive, composite filament of Claim 1, wherein said conducive
material is a particulate conductive material (W1) having an average particle diameter of 0.01 to 0.3u
comprising titanium dioxide or barium sulfate coated on the surface thereof with a metal oxide (D) selected
from stannic oxide and zinc oxide containing antimonium oxide (C), the ratios by weight of said antimonium
oxide (C) and said metal oxide (D) to sald particulate conductive material (W) satisfying the following
formulae (1) and (2)

C/W; = 0.0110 0.10 (1)
D/W; = 0.05 {0 0.20 {2).

3. The highly oriented, undrawn, conductive, composite filament of Claim 1, wherein said conducive
material is incorporated in said polyamide in an amount of 80 to 75% by weight.

4. The highly oriented, undrawn, conductive, composite filament of Claim 1, wherein the ratio by weight
of said fiber-forming thermoplastic polymer (A) and said composition (B) comprising a conductive material
and a polyamide is:

(BY/(A) = 8/92 to 22/78.

5. A process for producing a highly oriented, undrawn, conductive, composite filament which is a
sheath-core composite filament comprising a sheath component of a fiber-forming thermoplastic polymer
(A) and a core component of a composition (B) comprising a conductive material which comprises a

14
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conductive metal oxide(s) and a thermoplastic polyamide, which comprises extruding said fiber-forming
thermoplastic polymer (A) having an intrinsic viscosity, [5], of at least 0.55 and said composition (B) having
a moisture content adjusted by drying to 100 to 1,200 ppm separately through different extruders, and
conducting high orientation melt spinning using a composite spinning apparatus at at least 2,500 m/min so
that the filaments thus spun will have a shrinkage in hot water of 100° C of not more than 20%.

15
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