EP 0 308 234 A1

Europédisches Patentamt
a European Patent Office

Office européen des brevets

®

Publication number: 0 308 234
A1l

® EUROPEAN PATENT APPLICATION

@ Application number: 88308563.1

@) Dateoffiling: 16.09.88

)

int.ct: H 01 B 1/12

Priority: 17.09.87 GB 8721891

Date of publication of application:
22.03.89 Bulletin 89/12

Designated Contracting States:
BE CH DE ES FR GB IT LI NL SE

@

@

Applicant: COURTAULDS PLC
18, Hanover Square
London W1A 2BB (GB)

Inventor: Heald, AlexanderJames
27 Ordish Avenue
Chaddesden Derby, DE2 6QF (GB)

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

69 Electrically conductive fibre.

An electrically conductive material, particularly an electri-
cally conductive fibre, comprises a polymeric material modified
by reaction with the reaction product of a mono- or polyfunc-
tional amine with cyanamide, dicyandiamide, guanidine or
bisguanidine, or a salt thereot, and impregnated with copper
sulphide. The fibre can be produced by a method which
comprises

(a) treating a fibre with an aqueous solution of the said
reaction product to form a modified fibre; and
(b) treating the modified fibre with an aqueous solution

or solutions of a copper salt, a reducing agent and a

sulphur-containing compound capable together of forming

copper sulphide which is adsorbed onto the modified fibre.

The fibre is useful in providing anti-static or static-dissipa-

tive properties in textile, paperand other products,
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Description

ELECTRICALLY CONDUCTIVE MATERIAL

This invention relates to electrically conductive
material and to methods for making such material. In
particular it relates to electrically conductive fibres.

Electrically conductive acrylic fibres are used to
provide antistatic properties in textile products such
as carpets and clothing. The acrylic fibres are made
conductive by impregnation with copper sulphide.
One method for making those fibres is described in
EP-A-35,408 in which acrylic fibre is treated with a
copper compound such as copper sulphate and a
reducing agent to adsorb copper ions onto the fibre,
followed by treatment with a sulphur-containing
compound which converts the copper ions to
copper sulphide, thus producing an electrically
conductive acrylic fibre.

A similar method is described in GB-A- 1,372,656,
except that the synthetic fibre, such as acrylic fibre,
is treated firstly with a sulphur-containing com-
pound, namely hydrogen sulphide, thioacetamide or
thiourea, and secondly with a metal salt solution, for
example aqueous copper sulphate.

Attempts have been made to adapt those meth-
ods for the production of a conductive celiulosic
fibre. In US-A-4,378,226 cotton and rayon fibres are
pretreated with acrylonitrile or dicyandiamide to
introduce cyanic groups into the fibres before they
are treated with the copper and sulphide com-
pounds as described above. That method has the
advantage that acrylonitrile and dicyandiamide are
toxic and therefore hazardous to use. To our
knowledge cellulosic fibres are not produced com-
mercially by that method.

JP-A-61-32305 describes a conductive regener-
ated cellulosic fibre in which the regenerated
cellulose is impregnated with copper sulphide
without first being pretreated. We have not been
able to produce a viscose fibre having adequate
electrical conductivity by using the method exempli-
fied in that patent application.

The present invention provides an electrically
conductive material comprising polymeric material
modified by reaction with Compound A (as herein-
after defined), and impregnated with copper sul-
phide. By Compound A we mean the reaction
product of a mono- or polyfunctional amine with
cyanamide, dicyandiamide, guanidine or bisgua-
nidine, or a salt thereof.

The polymeric material according to the invention
is preferably in fibrous form. This electrically conduc-
tive fibre can be produced by:

(a) treating fibre with an aqueous solution of
Compound A to form a modified fibre; and

(b) treating the modified fibre with an
aqueous solution or solutions of a water-so-
luble copper salt, a reducing agent, and a
sulphur-containing compound capable
together of forming copper sulphide, which is
adsorbed onto the modified fibre.

By treating the fibre with Compound A prior to
impregnating with the copper sulphide, a fibre with
good electrical conductivity can be obtained. Com-
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pound A is relatively non-toxic, containing no, or
virtually no, cyano groups and therefore the process
according to the invention has the advantage that it
is non-hazardous.

The compounds comprising the group "Com-
pound A” are known and may be prepared by the
methods described for example in GB-A-657,753
and US-A-2,649,354 and US-A-4,410,652. Suitably
the amine, which has one or more primary and/or
secondary and/or tertiary amino groups and which
may be in free base or salt form, is reacted with the
other material in the absence of water at elevated
temperature, optionally in the presence of a non-
aqueous solvent. Preferably, the reaction is carried
out in the absence of solvent and at a temperature of
140-160° C, and, for most combinations of reagents,
ammonia is evolved. The reagents are preferably
reacted in a molar ratio of 0.1 to 1 mole of
cyanamide, dicyandiamide, guanidine or bisgua-
nidine per mole of reactive amine groups, and, when
dicyandiamide is reacted with a polyalkylene poly-
amine, the molar ratio of the reactants is more
preferably from 2:1 to 1:2, particularly about 1:1.

Preferably, Compound A is the reaction product of
dicyandiamide with a polyalkylene polyamine, espe-
cially diethylenetriamine.

Suitable methods for treating the fibre with
Compound A are described in EP-A-151,370A and in
European Patent Application No. 88810222.5 (based
on GB 8708192), the disclosures of which are
incorporated herein by reference. Conventional
techniques, for example an exhaustion or padding
process, can be used to apply Compound A to the
fibre.

As described in EP-A-151,370A, Compound A can
be applied using an exhaustion process by immers-
ing the fibre in a bath containing an aqueous
solution, which may be weakly acidic, of Compound
A. The bath is then heated to from 50 to 100°C and
an alkali such as sodium carbonate added to bring
the pH value of the solution to from pH 8.5 to 10. The
fibre is immersed in the bath for a time sufficient to
fix Compound A onto the fibre, usually from 10 to 30
minutes. The fibre is then washed in water.

A similar method is described in the above-men-
tioned EP Application 88810222.5 except that the
solution of Compound A is made more strongly
alkaline, pH above 11, by the addition of a strong
alkali such as sodium hydroxide rather than sodium
carbonate, and the solution is maintained at a
temperature below 50°C for cellulosic fibres, al-
though higher temperatures can be used for
applying Compound A to other types of fibre.

The concentration of the aqueous solution of
Compound A with which the fibre is treated depends
upon the desired level of Compound A to be fixed to
the fibre. Preferably, the level of fixation is from 0.2 to
5.0 per cent, more preferably from 0.6 to 3.0 per cent
Compound A w/wf (weight/weight of fibre). The
nature of the fixation is not fully understood,
although it is thought to involve chemical bonding to
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the available hydroxyl groups in the cellulose, but the
fixed compound is not removed by repeated. wash-
ing. In general the method of E.P. 151,370A is used
to apply lower levels of Compound A, in the region of
0.2 to 1.0 per cent w/wf, and the method of EP
88810222.5 is used to apply levels above 1.0 per cent
w/wf, although lower levels can also be applied using
the latter method.

The concentration of the solution is calculated
according to the desired level of fixation of Com-
pound A. In addition it is preferred to treat the fibre
with an excess of Compound A in order to achieve
even take-up of the compound on the fibre. Any
unfixed compound can be subsequently removed: by
washing. Usually the concentration of the solution is
from 0.5 to 20 per cent Compound A w/wf, and
preferably from 1.5 to 10 per cent w/wf. The treated
fibre is then washed, neutralised with acetic acid, for
example, and rinsed with water.

After being treated with Compound A, the result-
ing modified fibre can be dried before being treated
with the copper salt, reducing agent and sulphur-
containing compound. However, it is preferred to
treat the modified fibre with these compounds
without first drying the fibre so that the electrically
conductive fibre is produced in one continuous
process.

The modified fibre is preferably treated with the
copper salt, reducing agent and sulphur-containing
compound simultaneously. Alternatively, the treat-
ment with the sulphur-containing compound can be
a separate step from the treatment with the copper
salt and reducing agent.

Advantageously, a sulphur-containing compound
is chosen that is also a reducing agent, so that a
separate reducing agent may be dispensed with.

Where the treatments with the copper salt,
reducing agent and sulphur-containing compound
are simultaneous, the modified fibre is immersed in
an aqueous solution containing a copper salt, a
reducing agent and a sulphur-containing compound
capable of reacting with the copper salt to from
copper sulphide, and the bath is preferably heated to
from 50 to 100°C, although higher temperatures can
be employed. Treatment times can be from 10
minutes to 3 hours. The resulting fibre, which is
impregnated with the copper sulphide, is then
preferably rinsed with a mild oxidising agent to
prevent any further reaction with the reducing agent,
washed in water and dried.

Where the treatments with the copper salt,
reducing agent and sulphur-containing compound
are separate, the modified fibre may be first
immersed in an aqueous bath containing a copper
salt and a reducing agent and the bath preferably
heated to from 50 to 100°C, to absorb copper ions
onto the fibre. Treatment times can be from 10
minutes to 3 hours. Following this the fibre,
optionally after intermediate washing, is immersed in
a second bath containing a sulphur-containing
compound to convert the adsorbed copper ions to
copper sulphide. Treatment temperatures and times
are within the ranges given for the treatment with the
copper salt and reducing agent. The resulting fibre is
then preferably rinsed with a mild oxidising agent to
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prevent any further reaction with the reducing agent,
washed with water and dried.

In both the simultaneous and the separate
treatments, the concentration of copper salt in the
solution is preferably from 5 per cent to 900 per cent
w/wf (or from 2 to 300 g/I), more preferably from 10
per cent to 50 per cent w/wf. The concentration of
the sulphur-containing compound is preferably
from 5 per cent to 750 per cent w/wf (or from 2 to
250 g/1), more preferably from 30.per cent to 200 per
cent w/wf,

Examples of suitable compounds for the copper
salt include copper (ll) sulphate, copper (Il} chloride,
copper (ll) nitrate, copper (ll) acetate and the like.
Copper (ll) sulphate is generally preferred.

Suitable sulphur-containing compounds include
sodium sulphide, sodium thiosulphate, sodium
metabisulphite, sodium hydrosulphite, thioureadiox-
ide, sulphurous acid and dithionous acid, or a
mixture thereof. When sulphur-containing com-
pounds such as sodium thiosulphate or sodium
metabisulphite are employed, then these com-
pounds also act as a reducing agent so that a
separate reducing agent is not necessarily required.
Examples of other reducing agents include metallic
copper, glucose, formaldehyde, ferrous sulphate
and the like.

As an alternative method, the modified fibre may
be treated with another sulphur-containing com-
pound such as thiourea, thicacetamide, Rongalite Z
(ZnS03.CH20.H:20) or Formosul
(Na2S02.CH20.H20) prior to being treated with the
metal salt. It has been found that this pretreatment
enhances the electrical conductivity of the resulting
fibre in some instances. The subsequent treatment
with the sulphur-containing compound may then be
omitted, but it is preferred to include it so that the
pretreatment is in addition to the above-mentioned
steps.

In general the greater the amount of copper
sulphide impregnated in the cellulosic fibre, the
higher its conductivity, although too high a level of
copper sulphide can reduce the fibre’s physical
properties, such as fibre strength. Preferably the
madified fibre is impregnated with from 1 to 30 per
cent copper sulphide w/wf, more preferably from 10
to 25 per cent w/wf, calculated from the copper
content.

Although the exact form of the copper sulphide
adsorbed onto the fibre is generally not known, the
normal green and dark green/black colours of the
resulting conductive fibre indicate that both copper
(I) sulphide and copper (I} sulphide are usually
present in the fibre.

A variety of different polymeric materials can be
pretreated with Compound A and impregnated with
copper sulphide to produce a conductive material
according to the invention. Suitable polymeric
materials include cellulosics such as viscose or
rayon or spun cellulose such as tencel, polyester,
polyamide, acetate, silk, wool, polyaramid, or poly-
propylene, amongst organic polymers, and glass
amongst inorganics, or mixtures thereof. Cellulosic
material, especially viscose or cotton, is preferred.

The fibre which is to be treated with Compound A
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and impregnated with the copper sulphide may be in
loose fibre form, or as a yarn or fabric or any other
suitable form. In addition, the fibre may be treated
with Compound A in, for example, loose fibre form,
and then made up into a yarn or fabric prior to being
impregnated with the copper sulphide.

Products made from the conductive fibre may
comprise solely the conductive fibre according to
the invention or may be blended with other conduc-
tive fibres, for example carbon or metal fibres.

The conductive fibre of the invention has numer-
ous applications in a variety of fields. 1t is particularly
useful in providing anti-static or static-dissipative
properties in textile, paper and other products, for
example carpets both in the carpet tufts and in
carpet backings, upholstery including automotive
upholstery fabrics, and clothing. For anti-static
applications, the conductive fibre is usually blended
with other textile fibres. Alternatively, yarns formed
from the conductive fibre are woven or knitted with
non-conductive textile yarns. The proportion of
condugctive fibre is generally in the range of 0.1 to 20
per cent conductive fibre by weight based on the
total fibre weight of the product, although higher
proportions can be employed if desired.

The conductive fibre has electro-thermal proper-
ties which can be utilised in a variety of applications,
for example electric blankets, floor heating, electri-
cally heated clothing, pipeline and cable cladding,
thermal coverings, thermal shieldings and the like. It
has been found that, for a given electrical power
input, the fibre according to the invention increases
in temperature over time up to a specific tempera-
ture, after which time no appreciable increase in
temperature occurs. Thus the conductive fibre is
especially useful in applications which require auto-
matic thermo-static control.

The invention is illustrated by the following
Examples. Unless otherwise stated, all parts and
percentages are by weight and, when based on the
fibre weight, are based on the {otal dry weight of the
fibre.

Example 1

In this Example viscose fibre is modified by
reaction with the sulphate salt of the reaction
product of dicyan diamide and diethylenetriamine. In
this and subsequent Examples this sulphate salt is
referred to as "Compound A1”". A method for its
preparation is given in EP-A-151,370A mentioned
above, on page 19, Example 1.

1.7 decitex, 50 mm staple viscose fibre was
immersed in a bath containing an aqueous solution
of Compound A1. The liguor to goods ratio was 30:1
and the concentration of Compound A1 was 1.65 per
cent w/wf. The temperature of the bath was raised
from room temperature to 70°C and sodium carbo-
nate added to increase the pH of the solution to pH
9.0 - 9.5. The viscose fibre was immersed in the bath
for 20 minutes with agitation, after which the fibre
was cooled and washed thoroughly with water.

The resulting modified viscose fibre was then
immersed in a second bath containing an aqueous
solution of 37.5 per cent w/wf copper (il} sulphate
and 336 per cent w/wf sodium thiosulphate. The
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liquor to goods ratio was 30:1. The bath was heated
at a rate of 2°C/minute to raise the temperature of
the solution from room temperature to 85°C. The
fibre was treated with the solution for 30 minutes at
85°C, after which it was cooled, washed with warm
water and then cold water, hydroextracted and
dried.

The resulting fibre contained 0.72 per cent
Compound A1 as determined by Kjeldahi Nitrogen
Analysis. The fibre was dark green/black in colour,
indicating the presence of adsorbed copper sul-
phide, and had an electrical resistivity of 20 ohms per
square, measured on a Vermason Plate Electrode.

Example 2

1.7 decitex, 50 mm staple viscose fibre was
immersed in a bath containing an aqueous solution
of 1.65 per cent Compound A1 at a liquor to goods
ratio of 20:1. After 5 minutes 1 g/l of sodium
hydroxide was added and the temperature of the
bath raised to 40°C. Treatment was continued for 10
minutes, after which the bath was cooled and the
fibre washed thoroughly with cold water.

The resulting modified fibre was then treated with
copper (ll} sulphate and sodium thiosulphate and
described in Example 1.

The resulting fibre contained 0.64 per cent
Compound A1. The fibre was dark green in colour
and had a resistivity of 50 ohms per square,
measured on a Vermason Plate Electrode. It con-
tained 5.6% w/wf of Cu.

Example 3

1.7 decitex, 37 mm staple viscose fibre was
treated with Compound A1 as described in Example
2.

The resulting modified fibre was then immersed in
a second bath containing an aqueous solution of 300
g/l copper (Il) sulphate and 100 g/I sodium thiosul-
phate. The temperature of the bath was raised to
85°C and the fibre was immersed in the solution fora
further 45 minutes, after which the bath was cooled
and the fibre washed thoroughly with water

The resulting fibre as black in colour and had a
resistivity of 16 ohms per square, measured on a
Vermason Plate Electrode.

Example 4

A wound yarn package of 16s cotton count 100
per cent cotton yarn was immersed in a bath
containing an aqueous solution of 55 per cent
Compound A1 at a 20:1 liquor to good ratio. The bath
was initially at room temperature and after the
package had been immersed for 5 minutes 3 g/l of
sodium hydroxide was added. The bath temperature
was then raised to 40°C and the treatment conti-
nued for a further 10 minutes, after which the bath
was cooled and the fibre washed with water.

The resulting modified cotton package was im-
mersed in a second bath containing an agueous
solution of 34.5 per cent w/wf copper (ll) sulphate
and 310 per cent w/wf sodium thiosulphate. The
liquor to goods ratio was 14:1. The temperature of
the bath was raised from room temperature to 85°C
and the treatment continued for 1 hour. The bath
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was then cooled and the package washed thor-
oughly with water.

The resulting yarn package was black in colour
and had a resistivity of less than 10 ohms per square,
measured on a Vermason Plate Electrode.

Example 5

A weft knit 100 per cent cotton interlock fabric
was immersed in a bath containing an aqueous
solution of 1.65 per cent Compound A1 at a 20:1
liquor to goods ratio. The temperature of the bath
was raised to 70°C and sodium carbonate added to
increase the pH value of the solution to pH 9.0 - 9.5.
Treatment was continued for 20 minutes and then
the bath was cooled and the fabric washed with
water.

The resulting modified fabric was immersed in a
second bath containing an aqueous solution of 18.75
per cent w/wf copper (ll) sulphate and 114 per cent
sodium thiosulphate at a liquor to goods ratio of
30:1. The bath temperature was raised to 85°C and
the fabric was immersed for 30 minutes, followed by
cooling and washing with water.

The resulting fabric was dark green in colour and
had a resistivity of 210 ohms per square, measured
on a Vermason Plate Electrode.

Example 6

A weft knit 100 per cent cotton interlock fabric
was treated with Compound A1 as described in
Example 5 and then treated with copper (ll) sulphate
and sodium thiosulphate as described in Example 3.
The resulting fabric was black and had a resistivity of
fess than 10 ohms per square, measured on a
Vermason Plate Electrode.

Example 7

A weft knit 100 per cent cotton interlock fabric
was treated with Compound A1 as described in
Example 2.

The resulting modified fabric was then immersed
in a second bath containing an aqueous solution of
8.0 per cent Formosul for 1 hour at room tempera-~
ture, after which the fabric was hydroextracted.

Following the Formosul treatment, the fabric was
immersed in a third bath containing an aqueous
solution of 300 g/l copper (i) sulphate and 100 g/
sodium thiosulphate for 1 hour at 50°C. The bath
was then cooled and the fabric washed with water.

The resulting fabric was black and had a resistivity
of 21 ohms per square, measured on a Vermason
Plate Electrode.

Example 8

A 200 decitex spun viscose yarn was treated with
Compound A1 by immersing the yarn in an aqueous
solution of 5.5 per cent w/wf Compound A1. After 5
minutes the bath temperature was raised to 40°C
and 2.25 per cent w/wf sodium hydroxide added.
Treatment was continued for 20 minutes, after which
the fibre was rinsed with cold water, neutralised
with 1 ml/l acetic acid and rinsed.

The resulting modified yarn was then immersed in
a second bath containing 30 per cent w/wf copper
{I) sulphate pentahydrate and 180 per cent w/wf
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sodium thiosulphate. The liquor to goods ratio was
20:1. After 5 minutes the temperature of the bath
was raised gradually to 85°C and the yarn immersed
in the heated solution for 2 hours. The yarn was then
rinsed with water and washed with an 0.25 g/l
aqueous solution of a mild oxidising agent, iron (1)
chloride, at 50° C for 30 minutes, after which the yarn
was given a final rinse and dried.

The resulting yarn was green/black in colour, had
a copper content of 7.5 w/wf and a resistance of 780
ohms per cm.

Example 9

A 200 decitex spun viscose yarn was treated with
Compound A1 as described in Example 8.

The modified yarn was then immersed in a second
bath containing an aqueous solution of 16 per cent
w/wf copper (ll) chloride and 180 per cent w/wf
sodium thiosulphate. After 10 minutes the tempera-
ture of the bath was raised to 85°C and the yarn
treated for 2 hours at this temperature. The yarn was
then rinsed thoroughly and dried.

The resulting yarn was green/black in colour and
had a resistance of 760 ochms per cm.

Example 10

A 200 decitex spun viscose yarn was treated with
Compound A1 as described in Example 8.

The modified yarn was then immersed in a second
bath containing an aqueous solution of 30 per cent
w/wf copper (lI) sulphate pentahydrate, 140 per cent
w/wf sodium metabisulphite and 40 per cent w/wf
sodium hydrosulphite. After 10 minutes the tempera-
ture of the bath was raised to 85°C and the yarn
treated at this temperature for 2 hours, after which
the yarn was washed and dried.

The resulting yarn was olive green in colour and
had a resistance of 1.1 x 104 ohms per cm. It
contained 2.9% w/wf of Cu.

Example 11

A 200 decitex spun viscose yarn was treated with
Compound A1 as described in Example 8.

The modified fibre was freated in an 80 g/l
aqueous solution of thiourea at room temperature
for 1 hour, at a liquor to goods ratio of 50:1, after
which it was hydroextracted.

Following the thiourea treatment, the yarn was
immersed in a third bath containing an aqueous
solution of 30 per cent w/wf copper (ll) sulphate
pentahydrate and 180 per cent w/wf zinc formalde-
hyde sulphoxylate for 2 hours at 85°C. The yarn was
then washed and dried.

The resulting yarn was yellow/brown in colour and
had a resistance of 6 x 105 ohms per cm.

Example 12

A 26 decitex, 100 mm stable viscose fibre was
treated with Compound A1 as described in Example
8.

The modified fibre was then immersed in a second
bath containing an aqueous solution of 20 per cent
w/wf copper (ll) sulphate pentahydrate and 20 per
cent w/wf sodium thiosulphate for 2 hours at 85°C.
The fibre was then washed and dried.
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The resulting fibre was green/black in colour and
had a surface resistivity of 120 ohms per square,
measured on a Vermason Plate Electrode. It con-
tained 6.20/ w/wf of Cu.

Example 13

A 590 decitex viscose yarn was treated with
Compound A1 as described in Example 8.

The modified yarn was then immersed in a second
bath containing an aqueous solution of 10 per cent
w/wf copper (ll} sulphate pentahydrate and 5 per
cent w/wf sodium thiosulphate for 1 hour at 85°C.
The fibre was then washed and dried. The resulting
varn had a blackish green colour and a measured
resistance of 6.2 x 108 ohms per cm. It contained
4.9% w/wf of Cu.

A similar yarn was treated in the second bath as
described above except that the yarn had not been
pretreated with Compound A1. This unpretreated
yarn was a light greenish colour and had a resistance
of greater than 107 ohms per cm (i.e. was not
conductive).

Example 14

A sample of fabric woven from secondary cellu-
lose acetate yarn (Dicel - available from Courtaulds
Fibres Limited) was treated with Compound A1 by
immersing the fabric in a bath containing an aqueous
solution of 5.5 per cent w/wf Compound A1. After 10
minutes 2.25 per cent w/wf sodium hydroxide was
added and the temperature of the solution raised
gradually to 70°C. The fabric was immersed in the
solution for 1 hour at this temperature and then the
bath was cooled, and the fabric was rinsed and
neutralised with 1 ml/| acetic acid and finally rinsed
with cold water.

The modified fabric was then immersed in a
second bath containing an aqueous solution of 30
per cent w/wf copper (il) sulphate pentahydrate and
30 per cent w/wf sodium thiosulphate at a liquor to
goods ratio of 75:1. The temperature of the bath was
raised to 85°C and the fabric treated for 2 hours,
after which the bath was cooled and the fabric rinsed
with water.

The resulting fabric was biuish green in colour and
had a surface resistivity of 280 ohms per square,
measured using a Vermason Plate Electrode.

The wash resistance of the conductive fabric was
determined by washing the fabric at 80°C for 30
minutes in a solution containing 2 g/l of commercial
detergent. The resistivity of the fabric was then
measured and was still found to be less than 103
ohms per square.

Example 15

A fabric sample woven from cellulose triacetate
yarn (Tricel - available from Courtaulds Fibres
Limited) was treated with Compound A1 as de-
scribed in Example 14.

The modified fabric was then immersed in a
second bath containing an aqueous solution of 30
per cent w/wf copper (ll) sulphate pentahydrate and
60 per cent w/wf sodium thiosulphate for 2 hours at
85°C. The fabric was then washed and dried.

The resulting fabric was dark green in colour and
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had a surface resistivity of 2300 chms per square.

Example 16

A 2.5 decitex, 38 mm staple polypropylene fibre
was treated with Compound A1 as described in
Example 14.

The modified fibre was then immersed in a second
bath containing an aqueous solution of 30 per cent
w/wf copper (ll) sulphate pentahydrate and 180 per
cent w/wf sodium thiosulphate for 2 hours at 85°C.
The fibre was then washed and dried.

The resulting fibre was dark green in colour and
had a resistivity of 1.5 x 104 ohms per square,
measured using a Vermason Plate Electrode.

Example 17

A sample of fabric woven from polyaramid yarn
(Kevlar - available from Du Pont) was treated with
Compound A1 as described in Example 8.

The modified fabric was then immersed in a
second bath containing an aqueous solution of 30
per cent w/wf copper (lI) sulphate pentahydrate and
120 per cent w/wf sodium thiosulphate at a liquor to
goods ratio of 40:1 for 90 minutes at 85°C. The fabric
was then washed and dried.

The resulting fabric had a resistivity of 55 ochms
per square, measured using a Vermason Plate
Electrode.

Example 18

A 590 decitex polyester yarn was treated with
Compound A1 by immersing the yarn in a bath
containing an aqueous solution of 2.75 per cent w/wf
Compound A1.

After 5 minutes 1.1 per cent w/wf sodium
hydroxide was added and the temperature of the
bath raised to the boil for 1 hour. The yarn was rinsed
with water, neutralised in acetic acid and rinsed
again.

The modified yarn was then immersed in a second
bath containing an aqueous solution of 30 per cent
w/wf copper (ll) sulphate pentahydrate and 30 per
cent w/wf sodium thiosulphate for 2 hours at the
boil. The yarn was rinsed with water, hydroextracted
and dried. The yarn was then washed in an aqueous
solution of 2 g/l commercial detergent for 30
minutes at 85°C.

The resulting washed yarn had a greenish lustre
and a resistance of 5 x 108 ohms per cm.

The treatment was repeated on another sample of
590 decitex polymer yarn except that the concentra-
tion of sodium thiosulphate was altered to 180 per
cent w/wf. The resulting yarn was bluish grey in
colour, indicating an unusual crystalline form of
copper sulphide, and had a resistance of 195 ohms
per cm.

Example 19

A 2 fold, 18s cotton count wool yarn was treated
with Compound A1 by immersing in a bath contain-
ing an aqueous solution of 55 per cent w/wf
Compound A1. After 5 minutes the bath was raised
fo 70°C and 1 g/l sodium carbonate added.
Treatment was continued for 30 minutes at 70°C, the
yarn was then rinsed with water, neutralised with
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acetic acid and rinsed again.

The modified yarn was then immersed in a second
bath containing an aqueous solution of 30 per cent
w/wf copper (il) sulphate pentahydrate and 180 per
cent w/wf sodium thiosulphate at a 50:1 liquor to
goods ratio 2 hours at 85°C. The yarn was then
rinsed with water and dried.

The resulting yarn was greenish black in colour
and had a resistance of 2000 ohms per cm.

Example 20

A 4 ply, 74 decitex nylon 66 yarn was treated with
Compound A1 as described in Example 18.

The modified yarn was then immersed in a second
bath containing an aqueous solution of 30 per cent
w/wf copper (ll} sulphate pentahydrate and 180 per
cent w/wf sodium thiosulphate for 2 hours at 85°C.
The yarn was then washed with water and dried.

The resulting yarn was greenish black in colour
and had a resistance of 500 ohms per cm.

Example 21

A weft knit 100 per cent cotton interlock fabric of
185 gm=2 was treated with Compound A1 and
impregnated with copper sulphide as described in
Example 5. A sample measuring 10 x 6.0 cm was cut
from the fabric and enveloped in expanded poly-
styrene to provide insulation against heat loss by
convection.

The fabric sample enveloped in insulating material
was connected to an electrical circuit comprising a
universal avometer, a variable resistor and a variable
voltage. The fabric sample was connected at each
end to ensure uniform current density between the
electrical contacts and uniform heating across the
fabric sample. A thermocouple and digital ther-
mometer were connected to the fabric sample to
measure the temperature of the fabric over time for a
given power input.

The circuit was connected with an electrical
current of 0.2A and a voltage of 12V giving a power
input of 2.4W. The temperature of the fabric was
measured over 10 minutes at intervals of half a
minute, and also after 20 minutes. The results are
given in Table 1, which show that initially the
temperature of the fabric rises rapidly until it has
reached about 30°C. After this the temperature only
fncreases slowly, the limiting temperature being
about 34°C.
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Table- 1
Voltage == 12 V Current = 0.2A Power = 2.4W
Time / Min. Temperature / °C
0 24.0
05 27.8
1.0 30.1
1.5 31.3
20 31.9
25 32.3
3.0 32.6
3.5 32.8
4.0 33.0
45 33.0
5.0 33.0
55 33.1
6.0 33.2
6.5 33.2
7.0 33.4
7.5 334
8.0 33.4
8.5 33.5
9.0 33.6
9.5 33.6
10.0 337
20.0 340

The experiment was repeated with a current of
0.4A and a voltage of 12V, giving a power input of
4.8W. The results are given in Table 2 and show a
similar rate of increase in temperature to the results
in Table 1, the limiting temperature being about
55°C.
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Table 2 8. A method for the production of an

electrically conductive fibre which comprises:
Voltage = 12 V Current = 0.4A Power = 4.8W (a) treating a fibre with an aqueous

Time / Min. Temperature / °C solution of the reaction product of a mono-
5 or polyfunctional amine with cyanamide,
0 24.0 dicyandiamide, guanidine or bisguanidine,
0.5 38.5 or a salt thereof, to form a modified fibre;
1.0 46.6 and
1.5 49.0 (b) treating the modified fibre with an
20 50.3 10 aqueous solution or solutions of a copper
25 51.0 salt, a reducing agent and a sulphur-con-
3.0 516 taining compound capable together of
35 52.0 forming copper sulphide, which is ad-
’ ) sorbed onto the modified fibre.
4.0 52.5 15 9. A method as claimed in claim 8, wherein
45 52.8 the said reaction product is the product of
5.0 53.0 dicyandiamide and diethylenetriamine.
5.5 53.2 10. A method as claimed in claim 8 or 9,
6.0 53.4 wherein the copper salt is copper {ll) sulphate.
6.5 535 20 11. A method as claimed in any of claims 8 to
7.0 538 10, wherein the sulphur-containing compound
75 53.9 is also the reducing agent.
8.0 54.1 12. A method as claimed in any of claims 8 to
9.0 54.4 _11, wr_uerein'the sulphur-containing compound
95 54.4 25 is sodium thiosulphate.
10.0 545
30
Claims
35

1. An electrically conductive material com-
prising polymeric material modified by reaction
with the reaction product of a mono- or
polyfunctional amine with cyanamide, dicyan- 40
diamide, guanidine or bisguanidine, or a salt
thereof, and impregnated with copper sulphide.

2. A conductive material as claimed in claim 1,
which is in fibre form.

3. A conductive material as claimed in claim 1 45
or 2, wherein the polymeric material is selected
from cellulosic, polyester, polyamide, acetate,
silk, wool, polyaramid, polypropylene, glass, or

amixture thereof.

4. A conductive material as claimed in claim 3, 50
wherein the polymeric material is cellulosic
material.

5. A conductive material as claimed in any
preceding claim, wherein the amount of the said
reaction product incorporated in the material is 55
from 0.2 to 5.0 per cent w/wif.

6. A conductive material as claimed in any
preceding claim, wherein the said reaction
product is the product of dicyandiamide and
diethylenetriamine. 60

7. A conductive material as claimed in any
preceding claim, wherein the amount of copper
sulphide impregnated in the material is from 1
1o 30 per cent w/wf, preferably from 10 to 25 per
cent w/wf, calculated from the copper content. 65
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