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THERMOTROPIC LIQUID CRYSTAL POLYMER CORE - SHEATH

FIELD OF THE INVENTION

The present invention relates to the field of yarns for use in producing textiles. In particular,
the present invention relates to improvements in the field of yarns for use in producing
technical textiles and to technical textiles comprising such yarns that can be used in the

manufacture of clothing.

INTRODUCTION

Technical textiles are a growing sector of the textile industry. Function is normally the primary
criterion for a technical textile. Technical textiles include textiles for automotive applications,
medical textiles, geotextiles, agrotextiles, and protective clothing. When incorporated into
ciothing, the use of a technical lextile can provids the end user with a ciothing item that offers
a number of functional advaniages — such as abrasion resistance, cut resistance, heat
resistance, fire resistance, waler resistance and/or burst resistence and the like. Some
spacific examples include heat and radiation protection for fire fighter clothing, molten metal

protection for welders, stab protection, bulletproof vests and spacesuits.

Lyotropic aromatic polyamide fibre, commonly referred to as aramid fibre, has been used in
protective apparel. For a lyotropic liquid crystal polymer (LLCP), the liquid crystallinity occurs
by dissolving a polymer in a solvent. One well-known lyotropic aromatic polyamide fibre,
commercially available under the trade name Kevlar®, is produced by the reaction of
terephthalic acid and 1,4-phenylenediamine. While protective articles made with LLCP fibres
can exhibit desirable properties, such structures, for example, can exhibit poor cut-resistance
and can suffer from hydrolysis and hence poor protection for the end user. Vectran® is a
high-performance multifilament fibre spun from a thermotropic liquid crystal polymer (TLCP),
wherein, for a thermotropic liquid crystal polymer, liquid crystallinity occurs by heating a
polymer above its glass or melting transition point. It is believed to be the only commercially
available melt spun liquid crystal polymer fibre in the world. Vectran® fibre exhibits
exceptional abrasion resistance, cut resistance and moisture resistance. It has a very low
creep, a high melting point and is around five times stronger than steel and ten times
stronger than aluminium. It would therefore be desirable to be able to incorporate Vectran®
into a technical textile. However, Vectran® is known to be unsuitable for high volume

weaving, knitting, cutting, or dying, due to its stiff, harsh and slippery properties and its
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almost complete resistance to water (and thus dyes). These properties also make unsuitable

for use in clothing.

There is a need in the art for technical textiles offering the features and advantages of

thermotropic liquid crystal polymers, particularly for use in the manufacture of clothing.

SUMMARY OF THE INVENTION

According to a first aspect the is provided a yarn comprising one or more thermotropic liquid
crystal polymer fibres blended with one or more further fibres, wherein only the further fibres

are present in an outer layer of the yarn.

Preferably, both the thermotropic liquid crystal polymer fibres and the further fibres are

present within an inner part of the yarn.

The thermotropic liquid crystal polymer fibres can comprise monomer repeat units derived
from 4-hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid. Optionally, the thermotropic

liquid crystal polymer fibres can comprises Vectran® or a derivative thereof.

The one or more further fibres can be capable of accepting a dye. For example, the one or
more further fibres can comprise any of cotton or a derivate thereof, polyester or a derivate

thereof; and cotton or a derivate thereof together with polyester or a derivate thereof.

According to a second aspect there is provided a method of producing a yarn. The method
comprises blending one or more thermotropic liquid crystal polymer fibres with one or more

further fibres such that only the further fibres are present in an outer layer of the yarn.

The thermotropic liquid crystal polymer fibres can comprise monomer repeat units derived
from 4-hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid. Optionally, the thermotropic

liquid crystal polymer fibres can comprises Vectran® or a derivative thereof.

The one or more further fibres can be capable of accepting a dye. For example, the one or
more further fibres can comprise any of cotton or a derivate thereof, polyester or a derivate

thereof; and cotton or a derivate thereof together with polyester or a derivate thereof.

The method may further comprise feeding the thermotropic liquid crystal polymer fibres and

the one or more further fibres into a spinning machine through an annular mould with only
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the further fibres being fed into an outer circumference of the annular mould, and then using
the spinning machine to blend the thermotropic liquid crystal polymer fibres and the one or

more further fibres.

The method may also further comprise gilling the thermotropic liquid crystal polymer fibres
and the one or more further fibres to form a dual-layered bundle of fibres in which only the
further fibres are present in a first of the layers, and then feeding the dual-layered bundle into
the spinning machine through the annular mould with the first layer of fibres being fed into

the outer circumference of the annular mould.

According to a third aspect there is provided a method of manufacturing a textile material.
The method comprises manufacturing a yarn using the method according to the second
aspect, and weaving or knitting the yarn to form the textile material. The method may further

comprise dying the textile material. The yarn may be woven or knitted with a further yarn.

According to a fourth aspect there is provided a textile material obtained or obtainable by the

method according to the third aspect

According to a fifth aspect there is provided a textile material comprising a yarn obtained or

obtainable by the method according to the second aspect.

According to a sixth aspect there is provided a textile material comprising a yarn according to

the first aspect.

The present invention will now be more particularly described by way of example only with
reference to the accompanying drawings, in which:

Figure 1A illustrates a thermotropic liquid crystal polymer-based yarn;

Figure 1B illustrates the thermotropic liquid crystal polymer-based yarn of Figure 1A in which
some of the outer fibres have been removed:;

Figure 1C illustrates the thermotropic liquid crystal polymer-based yarn of Figure 1A in which
only some of the inner and outer fibres are shown; and

Figure 2 illustrates a transverse cross-section of the thermotropic liquid crystal polymer-

based yarn of Figure 1A.
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DETAILED DESCRIPTION

The technical terms and expressions used within the scope of this application are generally
to be given the meaning commonly applied to them in the art. The word "comprising" does
not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a
plurality. A single step may fulfil the functions of several features recited in the claims. The
terms “about’, “essentially” and “approximately” in the context of a given numerate value or
range refers to a value or range that is within 20%, within 10%, or within 5%, 4%, 3%, 2% or

1% of the given value or range.

The description of this invention is written with respect to fibres. The term "fibre" includes not
only conventional single fibres and filaments, but also yarns made from a multiplicity of these
fibres. In general, yarns are utilised in the manufacture of apparel, textile materials, fabrics,

clothing and the like.

Referring now to Figure 1A, there is shown an embodiment of a thermotropic liquid crystal
polymer-based yarn 1 that retains the strength and durability of the thermotropic liquid crystal
polymer while allowing the yarn to be draped and dyed. In this embodiment, thermotropic
liquid crystal polymer fibres 2 are blended with one or more further fibres 3 (i.e. non-[
thermotropic liquid crystal polymer fibres]) such that only the further fibres 3 are present in
the outer layer/surface 4 of the resulting yarn 1. To further illustrate this, Figure 1B shows a
cutaway of the resulting yarn 1 in which some of the outer fibres have been removed, and
Figure 1C is a further cutaway illustration of the resulting yarn 1 in which only some of the
inner and outer fibres are shown.

As can be seen in Figures 1B and 1C, in the resulting yarn 1 both the thermotropic liquid
crystal polymer fibres 2 and the further fibres 3 are present within the core/inner part 5 of the
yarn 1, whilst only the further fibres 3 are present in the outer layer/surface 4, The
thermotropic liquid crystal polymer fibres 2 are therefore located entirely within the core 5 of

the yarn 1, and the further fibres 3 form an external layer or sheath around the core 5.

Typically, when it is desired to produce a yarn that is a combination of two or more fibres, the
fibres will be blended together by twisting/spinning the fibres around one another. This
blending will therefore result in a yarn in which the two or more fibres are each distributed
throughout the cross-section of the yarn. Consequently, each of the two or more fibres will

be present in the outer surface of the yarn.
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This is not a problem when blending most types of fibre, such as lyotropic liquid crystal
polymer fibres, which can absorb moisture and therefore accept a dye. However, the
present inventors recognised that when a thermotropic liquid crystal polymer fibre and one or
more further fibres are conventionally blended together, the presence of the thermotropic
liquid crystal polymer fibre in the outer surface of the yarn will prevent the resulting yarn from
being successfully dyed, due to the almost complete moisture resistance of the thermotropic

liquid crystal polymer fibre.

The thermotropic liquid crystal polymer-based yarn described herein overcomes this problem
by providing that the thermotropic liquid crystal polymer fibres are excluded from the outer
layer of the yarn, such that the inclusion of the thermotropic liquid crystal polymer does not
affect the ability of the visible components of the yarn to accept a dye. The thermotropic
liquid crystal polymer-based yarn retains all of the desirable properties of the thermotropic
liquid crystal polymer fibres, such as their strength and durability, whilst providing that the
clearly visible components of the yarn can consist of a fibre that can accept a dye.
Furthermore, by blending the different fibres in this way, the presence of the further fibres in
both the outer layer and the inner part of the yarn improves the drapeability of a textile

material that is manufactured from the resulting yarn.

Thermotropic liquid crystal polymers include aromatic polyesters, aliphatic-aromatic
polyesters, aromatic polyesteramides, aliphatic-aromatic polyesteramides, aromatic
polyesterimides, aromatic polyestercarbonates, aromatic polyamides, aliphatic-aromatic
polyamides and polyazomethines. Thermotropic liquid crystal polymers may be aromatic
polyesters and/or polyesteramide which form liquid crystalline melt phases at temperatures
of less than about 360°C and optionally include one or more monomer units derived from
terephthalic acid, isophthalic acid, 1,4-hydroquinone, resorcinol, 4,4'-dihydroxybiphenyl, 4,4'-
biphenyldicarboxylic acid, 4- hydroxybenzoic acid, 6-hydroxy-2-naphthoic acid, 2,6-
naphthalenedicarboxylic  acid, 2,6dihydroxynaphthalene, 4-aminophenol, and 4-
aminobenzoic acid. Some of the aromatic groups may include substituents which do not
react under the conditions of the polymerization, such as lower alkyl groups having 1 to 4

carbons and/or aromatic groups.

Suitably, the liquid crystalline polyester comprises, consists of consists essentially of
monomer repeat units derived from 4-hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid,
as taught in US 4,161,470. Suitably, monomer units derived from 4-hydroxybenzoic acid
comprise about 15% to about 85% of the polymer on a mole basis, and monomer units

derived from 6-hydroxy- 2naphthoic acid comprise about 85% to about 15% of the polymer
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on a mole basis. More suitably, the polymer comprises about 73% monomer units derived
from 4-hydroxybenzoic acid and about 27% monomer units derived from 6-hydroxy-2-
naphthoic acid, on a mole basis. This polymer is available in fibre form under the
VECTRAN® trademark from Kuraray Co. Ltd., Japan. Therefore, in one embodiment, the

thermotropic liquid crystal polymer is Vectran®.

Various types of Vectran® are available. The thermotropic liquid crystal polymer fibre can
therefore be Vectran®HT, Vectran®HM, or Vectran®UM or a combination thereof. Vectran®
HT fibre offers benefits for applications requiring high strength, vibration damping, low
moisture absorption, and low CTE. Vectran® NT fibre is a high modulus thermoplastic matrix
fibre for applications requiring high impermeability, excellent property retention over a broad
temperature range, and low moisture absorption. Vectran® UM offers the highest modulus
without sacrificing tensile strength. The basic physical properties comprise of a high tensile
strength, high modulus high cut and high abrasion resistance. Vectran® can be filament or
spun, and can be extruded in to multiple denier. In one embodiment, the thermotropic liquid

crystal polymer fibres can comprise Vectran® 1670 denier, 600 filament fibres.

The thermotropic liquid crystal polymer can be stretch broken in a traditional stretch breaking
manor and using stretch braking apparatus that are known in the art. Stretch breaking
stretches the thermotropic liquid crystal polymer which is then spun to increase its original
tensile strength and elasticity. This also decreases the break strength, break strength being
the point of break of the maximum tensile load. The thermotropic liquid crystal polymer fibre
is then be blended with one or more further fibres. The one or more further fibres are
synthetic or natural fibres or a combination thereof, and are preferably fibres that are capable

of accepting a dye.

By way of example, the further fibres could comprise one or more synthetic fibres such as
nylon, modacrylic, olefin, acrylic, polyester, carbon fibre and the like and derivatives thereof.
In one embodiment, the synthetic fibre that is used is polyester — such as 2.4 dtex polyester
or is derived therefrom. Alternatively, or in addition, the further fibres could comprise one or
more natural fibres such as alpaca, cashmere, catgut, llama, silk, wool, bamboo, cotton, flax,
linen, hemp and the like and derivatives thereof. In one embodiment, cotton or a derivative
thereof is used. In another embodiment, cotton or a derivative thereof is used together with a

synthetic fibre — such as polyester or a derivative thereof.

Following optional stretch breaking, the further fibres are cut and gilled (for example, carded

and combed) which effectively turns the fibres in to slivers for the purpose of blending the

6
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thermotropic liquid crystal polymer fibre and the further fibres. A gill box machine can be
used for gilling. As understood in the art, a gill box machine is a machine comprising gills for
drafting and combing fibres or filaments. It carries out the gilling process of making the fibres

paraliel while combing.

The thermotropic liquid crystal polymer and the further fibre(s) are then blended together
such that the further fibre(s) form a coating substantially or completely over or around the
thermotropic liquid crystal polymer such that the thermotropic liquid crystal polymer fibre is

excluded from the outer layer of the yarn.

One possible method by which this blend can be achieved is by feeding slivers of the
thermotropic liquid crystal polymer and slivers of the further fibre(s) slivers into an adapted
gill box machine where the slivers are separately gilled to form tops (i.e. a bundle of long
fibres in a form ready for spinning) until the last stage of gilling, where the separate tops
come together, with the slivers of the further fibre(s) on top of the slivers of the thermotropic
liquid crystal polymer fibres and subsequently partly blended to form a dual-layered tops

ready for spinning.

Advantageously, the dual-layered tops is then fed to an open end spinning machine through
a circular mould, forming a circular formed tops, with the further fibre(s) on the outside. In
the open end spinning machine, an air jet blows the tops into a rotor of the spinning machine,
and both loosens and straightens the fibres. Once within the rotor, the fibres are spun into
yarn in the same order as they enter the rotor, such that only the further fibre(s) are on the
outside of the yarn. In other words, the thermotropic liquid crystal polymer fibres and the
further fibre(s) are blended so that the thermotropic liquid crystal polymer is excluded from

the core of the resulting yarn.

Depending upon the use, the yarn can optionally be further processed to produce a textile
material, suitably, by weaving or knitting. In one embodiment, the yarn is infused with cotton

or a derivative thereof to replicate the natural look of denim.

In certain embodiments, the thermotropic liquid crystal polymer is completely coated or
wrapped such that 100% of the thermotropic liquid crystal polymer is located inside the
thermotropic liquid crystal polymer-based yarn and 100% of the further fibre(s) are located
outside. In certain embodiments, the coating or wrapping may not be entirely complete such
that at least some parts of the thermotropic liquid crystal polymer may still be visible or

accessible to the outside of the thermotropic liquid crystal polymer-based yarn. Thus, for
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example, at least 1%, 2%, 3%, 4%, 5%, 10%, 15% or 20% or more of the thermotropic liquid
crystal polymer may still be visible or accessible to the outside of the thermotropic liquid

crystal polymer-based yarn.

Various amounts of the thermotropic liquid crystal polymer fibre can be used to prepare the
thermotropic liquid crystal polymer-based yarn described herein. In one embodiment,
between about 15% to about 90% thermotropic liquid crystal polymer fibre is used — such as
between about 20% and about 90% or between about 20% and 80%. In another
embodiment, between about 15% and about 30% is used — such as between about 15% and
about 25%, or between about 20% and about 25%. In another embodiment, between about
70% to about 90% is used — such as between about 75% to about 85%. In another
embodiment, between about 20% and 25% is used — such as about 21%, 22%, 23%, 24% or
about 25%. In another embodiment, between about 75% and 85% is used — such as about
75%, 76%, 77%, 78%, 79%, 90%, 81%, 82%, 83%, 84% or 85%. In another embodiment,
between about 45% and 55% is used — such as about 45%, 46%, 47%, 48%, 49%, 50%,
51%, 52%, 53%, 54% or 55%.

Various amounts of the further fibre(s) can be blended with the thermotropic liquid crystal
polymer-based yarn described herein. In one embodiment, the thermotropic liquid crystal
polymer-based yarn comprises, consists or consists essentially of between about 10% to
about 60% of the further fibre(s) — such as between about 10% to about 50%, between about
10% to about 40%, between about 10% to about 30%, between about 15% to about 30%, or
between about 20% to about 30%. In another embodiment, between about 40% to about
60% of the further fibre(s) are used — such as between about 45% to about 55%, between
about 46% to about 55%), between about 47% to about 55%), between about 48% to about
53%, or between about 49% to about 51%.

Any of the amounts of the thermotropic liquid crystal polymer and the further fibre(s) recited
above can be combined to prepare the thermotropic liquid crystal polymer-based yarn
described herein provided that the total composition of the thermotropic liquid crystal polymer
and the further fibre(s) totals 100%. In one embodiment, about 80% of the thermotropic
liquid crystal polymer fibres and about 20% of the further fibre(s) are used. In another
embodiment, about 50% of the thermotropic liquid crystal polymer fibre and about 50% of the
further fibre(S) are used. In another embodiment, between about 50% and about 80% of the
thermotropic liquid crystal polymer and between about 20% and 50% of the further fibre(s)

are used provided that the total composition is 100%.
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In one embodiment, the further fibre is cotton or a fibre comprising cotton or a derivative
thereof. Suitably, the amount of the further fibre will be between about 40% and 60% - such
as between about 45% and about 60% or about 50% and about 60% or between about 52%
and about 58% or between about 52% and about 56% - such as about 54%.

In certain embodiments, the thermotropic liquid crystal polymer-based yarn comprises,: (i)
between about 15% to about 90% stretch broken thermotropic liquid crystal polymer fibre—
such as between about 20% and about 90% or between about 20% and 80%; or between
about 15% and about 30% thermotropic liquid crystal polymer fibre — such as between about
15% and about 25%, or between about 20% and about 25%:; or between about 70% to about
90% thermotropic liquid crystal polymer fibre - such as between about 75% to about 85%; or
between about 20% and 25% thermotropic liquid crystal polymer fibre — such as about 21%,
22%, 23%, 24%: or between about 75% and 85% is used — such as about 75%, 76%, 77%,
78%, 79%, 90%, 81%, 82%, 83%, 84% or 85%; or between about 45% and 55%
thermotropic liquid crystal polymer fibre — such as about 45%, 46%, 47%, 48%, 49%, 50%,
51%, 52%, 53%, 54% or 55%; (ii) between about 10% to about 60% the further fibre(s) —
such as between about 10% to about 50%, between about 10% to about 40%, between
about 10% to about 30%, between about 15% to about 30%, or between about 20% to about
30%; or between about 40% to about 60% of the further fibre(s) — such as between about
45% to about 55%), between about 46% to about 55%), between about 47% to about 55%,
between about 48% to about 53%, or between about 49% to about 51%; and (iii) a further
fibre incorporated or infused therein — such as between about 40% and 60%, between about
45% and about 60% or between about 50% and about 60% or between about 52% and
about 58% or between about 52% and about 56% - such as about 54%.

In one embodiment, the thermotropic liquid crystal polymer-based yarn is further processed
to produce a textile material by weaving with a synthetic fibre, such as polyester. The

synthetic fibre can be located in either the weft or the warp of the woven textile material.

In one embodiment, the thermotropic liquid crystal polymer-based yarn is further processed
to produce a textile material by weaving with a natural fibre, such as cotton. The natural fibre

can be located in either the warp or the wetft.

The thermotropic liquid crystal polymer-based yarn described herein can be used to produce
protective clothing, including protective clothing for motorcyclists. Other applications include
clothing for the military for the prevention and minimisation of injuries and clothing for fire-

fighters and the like.
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The following examples illustrate embodiments of thermotropic liquid crystal polymer-based

yarn described herein.

Example 1
A thermotropic liquid crystal polymer-based yarn was developed using 80% Vectran® HT

blended with 20% natural white, semi-dull, 2.4dtex polyester. The resulting yarn was then
used to develop a twill denim fabric with a final composition of approximately 36% Vectran®

HT blended with 10% polyester in the weft and 54% cotton in the warp.

Exampie 2
A thermotropic liquid crystal polymer-based yarn was developed using 50% Vectran® HT

blended with 50% natural white, semi-dull, 2.4dtex polyester. The resulting yarn was then
used to develop a twill denim fabric with a final composition of approximately 23% Vectran®

HT blended with 23% polyester in the weft and 54% cotton in the warp.

Example 3
A thermotropic liquid crystal polymer-based yarn was developed using 80% Vectran® HT

blended with 20% natural white, semi-dull, 2.4dtex polyester. The resulting yarn was then
used to develop a twill denim fabric with a final composition of 50% of the thermotropic liquid

crystal polymer-based yarn composition described above and 50% cotton.

The fabrics described in the examples given above were found 1o retain many of the features
of Veclran® whilst increasing the fexibility of s uses. The use of the thermotropic liquid
crystal polymer-based yarn aiicwed thesa fabrics {o be successiully dyed and used as a
single laver garment that s exiremely strong.  in particular, these fabrics are suitable for

providing a normal denim jeans finish and feel in different grades.

It will be appreciated that although the invention has been desoribed in terms of preferred
embodimernts as st forth above, it should be understood that these embodiments are
Hustrative only. Those skilled in the art will be able 1o make medifications and aitermnatives in
view of the disclosure which are contemplated as falling within the scope of the appended

olgims,
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CLAIMS

1. A yarn (1) comprising one or more thermotropic liquid crystal polymer fibres (2)
blended with one or more further fibres (3), wherein only the further fibres (3) are

present in an outer layer (4) of the yarn (1).

2. A yarn (1) according to claim 1, wherein the thermotropic liquid crystal polymer fibres

(2) and the further fibres (3) are present within an inner part (5) of the yarn (1).

3. A yarn (1) according to any of claims 1 or 2, wherein the one or more further fibres (3)

are capable of accepting a dye.

4. A yarn (1) according to any preceding claim, wherein the thermotropic liquid crystal
polymer fibres (2) comprises monomer repeat units derived from 4-hydroxybenzoic

acid and 6-hydroxy-2-naphthoic acid.

5. A yarn (1) according to claim 4, wherein the thermotropic liquid crystal polymer fibres

(2) comprises Vectran® or a derivative thereof.

6. A yarn (1) according to any preceding claim, wherein the one or more further fibres
(3) comprise any of
i) cotton or a derivate thereof;
i) polyester or a derivate thereof; and

iii) cotton or a derivate thereof and polyester or a derivate thereof.

7. A method of producing a yarn, the method comprising blending one or more
thermotropic liquid crystal polymer fibres with one or more further fibres such that only

the further fibres are present in an outer layer of the yarn.

8. A method according to claim 7, wherein the one or more further fibres are capable of

accepting a dye.

9. A method according to any of claims 7 or 8, wherein the thermotropic liquid crystal
polymer fibres comprise monomer repeat units derived from 4-hydroxybenzoic acid

and 6-hydroxy-2-naphthoic acid.

10. A method according to any of claims 7 to 9, wherein the thermotropic liquid crystal

polymer fibre comprises Vectran® or a derivative thereof.

11
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A method according to any of claims 7 to 10, wherein the one or more further fibres
comprise any of

cotton or a derivate thereof;

polyester or a derivate thereof, and

cotton or a derivate thereof and polyester or a derivate thereof.

A method according to any of claims 7 to 11, and comprising:

feeding the thermotropic liquid crystal polymer fibres and the one or more
further fibres into a spinning machine through an annular mould with only the further
fibres being fed into an outer circumference of the annular mould; and

using the spinning machine to blend the thermotropic liquid crystal polymer

fibres and the one or more further fibres.

A method according to claim 12, and further comprising:

gilling the thermotropic liquid crystal polymer fibres and the one or more
further fibres to form a dual-layered bundle of fibres in which only the further fibres
are present in a first of the layers;

feeding the dual-layered bundle into the spinning machine through the annular
mould with the first layer of fibres being fed into the outer circumference of the

annular mould.
A method of manufacturing a textile material, the method comprising:
manufacturing a yarn using the method according to any of claims 7 to 13; and

weaving or knitting the yarn to form the textile material.

A method according to claim 14, wherein the yarn is woven or knitted with a further

yarn.

A method according to any of claims 14 or 15, and further comprising dying the textile

material.

A textile material obtained or obtainable by the method of any of claims 14 to 16.

A textile material comprising a yarn obtained or obtainable by the method of any of

claims 7 to 13.

A textile material comprising a yarn according to any of claims 1 to 6.
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