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ABSTRACT

Coated carbon nanotubes coated with 0.01-100 parts by
weight of at least one type of aromatic condensation polymer
selected from the group consisting of wholly aromatic
polyamides, wholly aromatic polyesters, aromatic polyester
carbonates, aromatic polycarbonates, semi-aromatic polyesters
and wholly aromatic azoles, with respect to 100 parts by
weight of the carbon nanotubes, as well as a process for their
production. Arcmatic condensation polymer compositions
comprising 0.01-100 parts by weight of the coated carbon

nanotubes and 100 parts by weight of an aromatic condensation

polymer, and molded articles formed using them.
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DESCRIPTION

CARBON NANOTUBES COATED WITH AROMATIC CONDENSATION POLYMER

Technical Field

The present 1nvention relates to carbon nanotubes coated
with an aromatic condensation polymer, to a process for their
production, to a composition comprising them and to a molded

product thereof.

Background Art

Carbon nanotubes have a structure with excellent strength
and elasticity, and are expected to provide improvement in
resin strength and elasticity by their addition to resins in

trace amounts. However, because carbon nanotubes are

insoluble 1n resins and solvents, it is difficult to achieve

their adequate dispersion in resins and solvents.

Research 1s therefore being focused on introducing
functional groups into carbon nanotubes, and thus improving

their dispersibility in solvents. For example, an article in

Science 280, 1253(1998) reports on the introduction of

carboxylic acid groups into carbon nanotubes using nitric acid

or sulfuric acid.

The article in Science 282, 95(1998) presents a method of

cutting carbon nanotubes by acid treatment for introduction of

carboxylic acid, followed by acylhalide conversion of the
carboxylic acid with thionyl chloride to obtain an acyl halide

which 1s then reacted with an amine to obtain an amide

derivative. However, this method has adverse environmental
consequences since 1t uses a halide such as thionyl chloride

for the reaction, while the high reactivity of the obtained

acyl halide also renders its unstable, making its isolated

production difficult.

An example of attempting to micronize carbon fibers 1is

reported 1n Science 280, 1253(1998), wherein heat or
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ultrasonic waves are applied in the presence of, for example,

nitric acid or sulfuric acid to cut and micronize single-

walled carbon nanotubes. Yet, even though the carbon

nanotubes are cut by acid treatment, the carbon nanotubes

aggregate during separation treatment such as filtration and
therefore 1t has been necessary to carry out further

dispersing treatment for use as a composite with polymers.

An example of coating the surfaces of carbon fibers with

a polymer 1s disclosed 1n Japanese Unexamined Patent

Publication HEI No. 3-287821, wherein the surfaces of fine

carbon fibrils are coated with a polyolefin such as

polystyrene, polyethylene or polyacrylic acid, to 1mprove the

surface wettability.

Also, Japanese Unexamined Patent Publication HEI No. 5-

106163 discloses a method of adhering a carbodiimide reagent

to carbon fiber surfaces to improve adhesion at the interface
with thermoplastic resins such as polyamides and

polycarbonates.

F

Disclosure of the Invention

It 1s an object of the present invention to provide
carbon nanotubes coated with an aromatic condensation polymer,

to a process for thelr production, to a composition comprilsing

them and to a molded product thereocf. Coating of carbon

nanotubes with an aromatic condensation polymer can promote

thelr adequate dispersion in resins and solvents, thereby

vielding a composition with excellent dispersibility and

orientation.

Best Mode for Carrying Out the Invention

(Carbon nanotubes)

The carbon nanotubes which are coated with an aromatic

condensation polymer according to the invention have a mean

diameter of no greater than 300 nm, more preferably 0.3-250 nm,

even more preferably 0.3-200 nm and most preferably 0.4-100 nm.
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Actual production is hampered if the mean diameter is less

than 0.3 nm, while a mean diameter of 300 or greater is not

preferred because the improving effect on dispersion will be
reduced.

There 1s no upper limit on the preferred value for the

mean aspect ratio, but the lower limit is 5.0, preferably 10.0

and even more preferably 50.0.

The mean diameter and aspect ratio of the carbon
nanotubes may be determined by observation with an electron
microscope. For example, the 1mage obtained from TEM
(transmission electron microscopy) may be used to directly

P

determine the diameter and longitudinal length of the carbon

nanotubes. The form of the carbon nanotubes in the

composition can be established based on TEM (transmission

electron microscopy) of the fiber cross-sections cut parallel

to the fiber axes.

The preferred mean particle size is 0.01-5 um, more
preferably 0.5-3 uym and even more preferably 0.1-1.0 pum.
The mean particle size can be determined with a

conventionally known size distribution measuring device and

particle size measuring device. Methods of measurement

include, but are not limited to, light scattering methods and

laser doppler methods.

A carbon nanotube has the shape of a cylindrically

wrapped graphene sheet, and may consist of a cylinder with a
single wall or multiple walls. Graphene sheets may also be
stacked together in a cup form. The carbon nanotubes
according to the invention are preferably single-walled carbon
nanotubes, multiwalled carbon nanotubes or cup-stacked carbon
nanotubes.

such carbon nanotubes may be produced by conventional
publicly known processes which include, but are not limited to,
gas phase flow processes, catalyst-carrying gas phase flow

processes, laser ablation processes, high-pressure carbon

]

monoxlide processes, arc discharge processes and the like.

3
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(Pretreatment of carbon nanotubes)
The carbon nanotubes are preferably subjected to physical

treatment and/or chemical treatment before coating of the

carbon nanotubes with the aromatic condensation polymer.
As a specific preferred example of chemilical treatment
there may be mentioned surface treatment using a strong acid

at pH 0.01-2. The strong acid treatment can yield carbon

nanotubes having carboxylic acid or hydroxyl groups as

substituents, thereby increasing the affinity and

dispersibility in solvents and wholly aromatic polyamides. AsS

examples of strong acids of pH 0.01-2 to be used there may be

mentioned nitric acid, sulfuric acid, hydrochloric acid,

phosphoric acid, bichromic acid and mixtures thereof, among

which nitric acid, mixtures of sulfuric acid and nitric acid

and mixtures of bichromic acid and sulfuric acid are preferred,

and highly concentrated acids are especially preferred. The

mixing ratio for nitric acid and sulfuric aclid 1s not
particularly restricted, but is preferably nitric
acid/sulfuric acid = 10/1-1/10 (by weight). Chemical
treatment is most preferably carried out in the presence otf

ultrasonic waves.
As preferred examples of physical treatment there may be
mentioned ball mill, bead mill, homogenizer, ultrasonic and

high power shear treatment. The carbon nanotubes are

preferably used as a dispersion prepared by dispersing the
carbon nanotubes in a solvent by physical treatment with a

ball mill, bead mill, homogenizer or the like.

The physical treatment may be accomplished using a
solvent-free dry system, or a wet system using an organic
solvent or acid. Physical treatment may also be comblned with

ultrasonic treatment. The solvent used therewith 1s

preferably a solvent with strong chemical oxidative power such

as a sulfuric acid/nitric cid mixture or a sulfuric

acid/hydrogen peroxide mixture.
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(Carbon nanotubes coated with wholly aromatic polyamide)
The wholly aromatic polyamide used for the invention is

preferably a wholly aromatic polyamide comprising groups of

the following formulas (A) and (B):
~-NH-Ar'-NH- (A)
-OC-Ar‘-Co- (B)

wherein Ar' and Ar? each independently represent a C6-20
divalent aromatic group,
and satisfying the following inequality (1):

0.8 < a/b = 4/3 (1)
wherein a is the number of moles of the aromatic diamine
'repeating unit represented by formula (A) and b 1s the number

of moles of the aromatic dicarboxylic acid repeating unit

represented by formula (B).

Ar' and Ar‘’ each independently represent a C6-20 divalent
aromatic group, and as specific examples there may be
mentioned meta-phenylene, para-phenylene, ortho-phenylene,
2,o-naphthylene, 2, 7-naphthylene, 4,4'-
1sopropylidenediphenylene, 4,4'-biphenylene, 4,4'-
diphenylenesulfide, 4,4'-diphenylenesulfone, 4,4'-
diphenyleneketone, 4,4'-diphenylene ether, 3,4'-diphenylene
ether, meta-xylylene, para-xylylene and ortho-xylylene.

One or more of the hydrogen atoms of these aromatic

groups may be independently replaced with a halogen such as
fluorine, chlorine or bromine; a C-6 alkyl group such as

methyl, ethyl, propyl or hexyl; a C5-10 cycloalkyl group such

as cyclopentyl or cyclohexyl; or a C6-10 aromatic group such

as phenyl. The structural unit of formula (A) and/or (B) may

also be a copolymer comprising two or more different aromatic

groups.

Among these, Ar' is preferably meta-phenylene, para-

phenylene or 3,4'-diphenylene ether, and more preferably para-

phenylene or a combination of para-phenylene and 3,4'-
diphenylene ether, and for a combination of para-phenylene and

3,4"'-diphenylene ether, the molar ratio is preferably in the
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P

range of between 1:0.8 to 1:1.2.

Ar® is preferably meta-phenylene or para-phenylene, and

more preferably para-phenvlene.

P
p—

As specific examples o:

preferred compounds for the

invention, there may be mentioned wholly aromatic polyamides

wherein Ar’ 1s para-phenylene and/or 3,4'-diphenylene ether,

and Ar? 1s para-phenylene. A particularly preferred wholly

aromatic polyamide is a copolymer wherein Ar' is para-phenylene

and 3,4'-diphenylene ether and Ar? 1s para-phenylene, with the

copolymerization ratio (the molar ratio of the para-phenylene
and 3,4'-diphenylene ether as Ar') being in the range of

between 1:0.8 and 1:1.2.

These wholly aromatic polyamides can be produced by

conventional publicly known processes such as solution

polymerization, interfacial polymerization and melt

polymerization. The polymerization degree can be controlled

by the proportion of the aromatic diamine component and the

aromatic dicarboxylic acid component, and as an index of the
molecular weight of the resultant polymer, its inherent

viscosity ninh when dissolved to a concentration of 0.5 g/100

mL in 98 wt% concentrated sulfuric acid and measured at 30°C,

1s preferably 0.05-20 dL/g and more preferably 0.1-10 dL/g.

As a preferred process for production of carbon nanotubes

coated with a wholly aromatic polyamide, there may be

mentioned a process wherein at least one type of aromatic

diamine represented by formula (H) below and at least one type

-y

of aromatic dicarboxylic acid diaryl ester represented by

formula (J) below or the aromatic dicarboxylic acid diacyl

hallde represented by formula (K) below:

NH,-Ar*-NH, (H)
R°-0,C-Ar?-C0,-R*° (J)
X'0C-Ar°-cox? (K)

(wherein R’ and R'° each independently represent a C6-20

aromatic group, Ar® and Ar? each 1ndependently represent a C6-

20 divalent aromatic group, and X' and X? represent halogens)
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are charged 1in proportions simultaneously satisfying the
following inequality (2):

0.8 £ c/d £ 4/3 (2)
(wherein ¢ 1s the number of moles of the aromatic diamine
represented by formula (H), and d 1s the number of moles of
the aromatic dicarboxylic acid diaryl ester represented by

formula (J) or the aromatic dicarboxylic acid diacyl halide

represented by formula (K)),

and then the carbon nanotubes (N) are added for reaction,

after which the resulting reaction product is dissolved in an

organic solvent or acidic solvent and the polymer-coated

carbon nanotubes are filtered and isolated.

Alternatively, there may be mentioned a process wherein
at least one type of aromatic diamine represented by formula
(H) below and at least one type of aromatic dicarboxylic acid

diaryl ester represented by formula (J) below or the aromatic

dicarboxylic acid diacyl halide represented by formula (K)

below:
NH,-Ar'-NH, (H)
R’-0,C-Ar‘-Cc0,-R*° (J)
X'OC-Ar°-Cox* (K)

(wherein R’ and R'® each 1ndependently represent a Co6-20
aromatic group, Ar' and Ar® each independently represent a Co6-

20 divalent aromatic group, and Xlemui}@'represent halogens)

are charged in proportions simultaneously satisfying the
following inequality (2)':
1 < c/d £ 4/3 (2)"

(whereiln ¢ 1s the number of moles of the aromatic diamine

P

represented by formula (H), and d 1s the number of moles of

the aromatic dicarboxylic acid diaryl ester represented by

formula (J) or the aromatic dicarboxylic acid diacyl halide

represented by formula (K)),

Lo synthesize a wholly aromatic polyamide having more amine
ends than carboxylic acid derivative ends, which is then

reacted with carbon nanotubes (N) obtained by surface
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treatment 1n an acidic solution at pH 0.01-2, after which the
resulting reaction product is dissolved in an organic solvent

or acidic solvent and the polymer-coated carbon nanotubes are

filtered and isolated.

In other words, carbon nanotubes coated with a wholly
aromatic polyamide in the manner described above may be
1ndustrially produced with satisfactory productivity by the
following [Method 1], [Method 2], [Method 3] or [Method 4]

according to the invention.

[Method 1] A method in which monomers represented by
formulas (H) and (J) below are subjected to heat reaction in
prescribed proportions to obtain a polymer.

NH,-Ar"-NH, (H)
R’-0,C-Ar?-C0,-R*’ (J)

Ar' and Ar® in formulas (H) and (J) are respectively the

same as Ar' and Ar? explained 1in regard to the wholly aromatic
polyamide, while R> and R! in formula (J) each 1ndependently
represent a C6-20 monovalent aromatic group, and specifically
phenylene, naphthalene, biphenylene, isopropylidenediphenyl,
diphenyl ether, diphenyl sulfide, diphenyl sulfone, diphenyl

F

ketone or the like. One or more of the hydrogen atoms of

these arométic groups may be 1ndependently replaced with a
halogen such as fluorine, chlorine or bromine; a Cl-6 alkyl
group such as methyl, ethyl, propyl or hexyl; a C5-10
cycloalkyl group such as cyclopentyl or cyclohexyl; or an

alkoxycarbonyl group such as methoxycarbonyl or ethoxycarbonyl.

Among these, Ar' is preferably meta-phenylene, para-phenylene
or 3,4'-diphenylene ether, and more preferably para-phenylene
or a combination of para-phenylene and 3,4'-diphenylene ether.

Ar<c is preferably meta-phenylene or para-phenylene, and more

preferably para-phenylene.

'he number of moles of each monomer (reaction component)

in [Method 1] above must simultaneously satisfy inequality
(2) :
0.8 £ c/d £ 4/3 (2)



CA 02513618 2005-07-18

P

(wherein ¢ 1s the number of moles of the aromatic diamine

represented by formula (H) above and d is the number of moles

of the aromatic dicarboxylic acid diaryl ester represented by
formula (J) above).

That 1s, 1f c¢/d is smaller than 0.8 or larger than 4/3, it

wlll be difficult to obtain a polymer with the sufficient
degree of polymerization. The lower limit for c/d 1is

preferably 0.9 or greater, more preferably 0.93 or greater and

even more preferably 0.95 or greater. The upper limit for c/d

1s preferably 1.25, and more preferably no greater than 1.2.
Thus, the optimum range for c/d according to the invention may

be considered 0.95 £ ¢c/d £ 1.2.

The reaction in [Method 1] may be a solvent reaction or a

solvent-free heat-melting reaction, but for example, a semi-

heated reaction while stirring in a reaction solvent as
described below i1s preferred. The reaction temperature is
preferably 100-380°C, and more preferably 180-350°C. 1If the

temperature is below 100°C the reaction will not proceed, and

if it is higher than 380°C the boiling point of the reacting

diamine will be exceeded, or by-products will tend to result
from decomposition. The reaction time will depend on the
temperature conditions, but will normally be between one to

several tens of hours. The reaction may be carried out under

pressurization or reduced pressure, but will normally be

carried out under ordinary pressure or under reduced pressure.

P
p—

The reaction 1s preferably carried out while distilling of:

the monohydroxylated compounds such as phenol which are

produced. Reduced pressure 1is suitable for heat-melting

reaction, and ordinary pressure is suitable when a reaction

medium 1s used.
The reaction will usually proceed even in the absence of

a catalyst, but an ester-exchange catalyst may be used if

necessary. Examples of ester-exchange catalysts to be used

for the 1nvention include antimony compounds such as antimony

trioxide, tin compounds such as tin (I) acetate, tin octylate,
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dibutyltin oxide and dibutyltin diacetate, alkaline earth

metal salts such as calcium acetate, alkali metal salts such

as sodlum carbonate and potassium carbonate, and phosphite

compounds such as diphenyl phosphite and triphenyl phosphite.
Various additives such as antioxidants are also preferably

used during the reaction.

In addition to (H) and (J), the carbon nanotubes (N) are
also preferably added before the reaction in a proportion
satisfying the following inequality.

0.001 < (n)/(x) £ 100 (3)
(wherein (xX) represents the total parts by weight of the

aromatic diamine (H) and the aromatic dicarboxylic acid diaryl

ester (J), and (n) represents the parts by weight of the

carbon nanotubes (N)).

The carbon nanotubes (N) in this case have the same
definition as explained above.

The weight ratio (n)/(x) 1is preferably not smaller than
0;001 because 1t will be difficult to isolate the carbon

nanotube component from the polymer. The weight ratio (n)/ (x)

1s also preferably not larger than 100 because coating of the

carbon nanotubes with the polymer will be insufficient.

Research by the present inventors has indicated that the range
of 0.01

IA

(n)/(x) £ 10 is preferred and the range of 0.01 <
(n)/(x) = 1.0 is especially preferred for inequality (3).

The reaction described above may be carried out in the

absence of a solvent, but if necessary a solvent such as N-

methyl-2-pyrrolidone, l-cyclohexyl-2-pyrrolidone,

dimethylacetamide, diphenylsulfone, dichloromethane,

chloroform, tetrahydrofuran or water may be used. Such

H

solvents may be used alone or in combinations of two or more.

The obtained reaction product may be dissolved in an

organic solvent or acidic solvent, for example, sulfuric acid,

l-methyl-2-pyrrolidone, l-cyclohexyl-2-pyrrolidone,

dimethylacetamide or the like and filtered to obtain carbon

nanotubes coated with a wholly aromatic polyvamide. A solvent-

10
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soluble alkall metal salt or alkaline earth metal salt such as
Li1thium chloride or calcium chloride may also be used with the

solvent.

[Method 2] A method in which the reaction components

(monomers) of general formulas (H) and (K) below are
simultaneously reacted in prescribed proportions to obtain a
polymer:
NH,-Arl-NH, (H)
X'OC-Ar°-COX* (K)
Ar' and Ar? in general formulas (H) and (K) each

1ndependently represent a C6-20 divalent aromatic group, the

details of which are the same as for Ar' and Ar‘ explained for

the wholly aromatic polyamide. X' and X* in general formula
(K) represent halogens, and specifically there may be

mentioned fluorine, chlorine, bromine and iodine. Chlorine 1is

preferred among these from the standpoint of reactivity,

stability and cost.

In [Method 2] of the invention, each of the reaction

components (monomers) 1s reacted 1n a proportion satisfying

the following inequality (2):
0.8 < c/d = 4/3 (2)

(wherein ¢ 1s the number of moles of the aromatic diamine

represented by formula (H), and d is the number of moles of

the aromatic dicarboxylic acid diacyl halide represented by

formula (K)).
If ¢/d is less than 0.8 or greater than 4/3, it will be

difficult to obtain a polymer with a sufficient degree of

polymerization. The preferred lower limit for c/d is 0.9,

more preferably 0.93 and even more preferably 0.95. The
preferred upper limit for c/d is 1.25 and more preferably 1.2.
Thus, the optimum range for c¢/d according to the invention may
be considered to be 0.95 £ ¢c/d £ 1.2.

The reaction temperature for [Method 2] is preferably

between -20°C and 100°C, and more preferably between -5°C and

50°C. If the temperature is below -20°C the reaction will not

11
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proceed, and 1f it is higher than 100°C by-products will tend

e

to result from decomposition of the starting materials. The

reaction time will depend on the temperature conditions, but
will normally be between one to several tens of hours. The

reaction 1s preferably carried out by heating in the reaction

solvent described hereunder.

The hydrogen halide produced by the reaction may be
neutralized with a basic substance for removal, and the wholly
aromatic polyamide product recovered. If necessary, the
polymer may be washed and purified, or alternatively the
concentration of the neutralized reaction solution may be
adjusted for use as a molding stock solution.

A solvent such as N-methyl-2-pyrrolidone, l-cyclohexyl-2-
pyrrolidone, dimethylacetamide, diphenylsulfone,
dichloromethane, chloroform, tetrahydrofuran or water may be
used during the reaction in [Method 2]. Such solvents may be

gty

used alone or in combinations of two or more. A solvent-

soluble alkali metal salt or alkaline earth metal salt such as
lithium chloride or calcium chloride may also be used with the

solvent.

The present i1nvention i1s characterized in that the

reaction 1s carried out by adding, in addition to (H) and (K),
the carbon nanotubes (N) before the reaction in a proportion
satisfying the following inequality.
0.001 £ (n)/(x) £ 100 (3)

(wherein (x) represents the total parts by weight of the
monomer component comprising the aromatic diamine (J) and the
aromatic dicarboxylic acid diacyl halide (K), and (n)
represents the parts by weight of the carbon nanotubes (N)).

The carbon nanotubes (N) in this case have the same

definition as explained above.

The weight ratio (n)/(x) is preferably not smaller than

0.001 because it will be difficult to isolate the carbon

nanotube component from the polymer. The weight ratio (n)/(x)

1s also preferably not larger than 100 because coating of the

12
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carbon nanotubes with the polymer will be insufficient.

Research by the present inventors has indicated that the range
of 0.01
(n)/(x) & 1.0 is especially preferred for inequality (3).

IA

(n) /(x) & 10 is preferred and the range of 0.01 <

The obtained reaction product may be dissolved in an
organlic solvent or acidic solvent, for example, sulfuric acid,
N-methyl-2-pyrrolidone, l-cyclohexyl-2-pyrrolidone,
dimethylacetamide or the like and filtered to obtain carbon
nanotubes coated with a wholly aromatic polyester.

[Method 3] A method in which monomers represented by

formulas (H) and (J) below are subjected to heat reaction in

prescribed proportions to obtain a polymer having more amine
ends than carboxylic acid derivative ends:
NH,-Ar*-NH, (H)
R7-0,C-Ar°-C0,~-R*’ (J)
Ar!' and Ar? in formulas (H) and (J) above are respectively

the same as Ar' and Ar® explained in regard to the composition

of the wholly aromatic polyamide, while R’ and R in formula

(J) each 1ndependently represent a C6—2O monovalent aromatic

group, and specifically phenylene, naphthalene, biphenylene,
1sopropylidenediphenyl, diphenyl ether, diphenyl sulfide,
diphenyl sulfone, diphenyl ketone or the like. One or more of
the hydrogen atoms of these aromatic groups may be
independently replaced with a halogen such as fluorine,
chlorine or bromine; a Cl-6 alkyl group such as methyl, ethvl,
propyl or hexyl; a C5-10 cycloalkyl group such as cyclopentyl
or cyclohexyl; or an alkoxycarbonyl group such as
methoxycarbonyl or ethoxycarbonyl. Among these, Ar' is
preferably meta-phenylene, para-phenylene or 3,4'-diphenylene
ether, and more preferably para-phenylene or a combination of

para-phenylene and 3,4'-diphenylene ether. Ar® is preferably

meta-phenylene or para-phenylene, and more preferably para-

phenylene.

The number of moles of each reaction component (monomer)

1n [Method 3] above must simultaneously satisfy inequality

13
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(2) ' :
1 < c/d £ 4/3 (2)"
(whereln ¢ 1s the number of moles of the aromatic diamine

represented by formula (H), and d 1s the number of moles of

the aromatic dicarboxylic acid diaryl ester represented by

formula (J)).

If ¢/d is 1 or smaller, it will not be possible to obtain

a wholly aromatic polyamide with numerous amine ends. If c/d
1s greater than 4/3, it will be difficult to obtain a polymer
with the sufficient degree of polymerization. The upper limit
for ¢/d is preferably 1.25 and more preferably 1.2. Thus, the
optimum range for c/d in [Method 3] of the invention may be
considered to be 1 < c/d £ 1.2.

A wholly aromatic polyamide with numerous amine ends 1s a

wholly aromatic polyamide wherein at least 60% and more

preferably at least 80% of the ends consist of amine groups.
The reaction of [Method 3] may be a solvent reaction or a
solvent-free heat-melting reaction, but for example, a semi-
heated reaction while stirring in a reaction solvent as
described below is preferred. The reaction temperature 1s

preferably 100-380°C, and more preferably 180-350°C. If the

temperature is below 100°C the reaction will not proceed, and

if it is higher than 380°C the boiling point of the reacting

diamine will be exceeded, or by-products will tend to result
from decomposition. The reaction time will depend on the

temperature conditions, but will normally be between one to

several tens of hours. The reaction may be carried out under
pressurization or reduced pressure, but willl normally Dbe
carried out under ordinary pressure or under reduced pressure.

The reaction is preferably carried out while distilling off

the monohydroxylated compounds such as phenol which are
produced. Reduced pressure 1s sulitable for heat-melting
reaction, and ordinary pressure 1is suitable when a reaction

medium 1S used.

The reaction will usually proceed even i1n the absence of
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a catalyst, but an ester-—-exchange catalyst may be used if

wxamples 0of ester-exchange catalysts to be used

| —1

necessary.

for the i1nvention include antimony compounds such as antimony

trioxide, tin compounds such as tin (I) acetate, tin octylate,

dibutyltin oxide and dibutyltin diacetate, alkaline earth

metal salts such as calcium acetate, alkali metal salts such
as sodium carbonate and potassium carbonate, and phosphite

compounds such as diphenyl phosphite and triphenyl phosphite.

Various additives such as antioxidants are also preferably

used during the reaction.

The wholly aromatic polyamide with numerous amine ends

obtalned above and the carbon nanotubes (N) are added for the

reaction in a proportion satisfying the followling 1nequality.
0.001 £ (n)/(x) £ 100 (3)

(wherein (x) represents the total parts by weight of the

wholly aromatic polyamide with numerous amine groups, and (n)

represents the parts by weight of the carbon nanotubes (N)).

The carbon nanotubes (N) in this case have the same

definition as explained above, and are obtalned by surface
treatment in an acidic solution at pH 0.01-2.
The weight ratio (n)/(x) in inequality (3) above 1is

preferably not smaller than 0.001 because 1t will be difficult

to isolate the carbon nanotube component from the polymer.

The weight ratio (n)/(x) 1s also preferably not larger than

100 because coating of the carbon nanotubes with the polymer

will be 1nsufficient. Research by the present inventors has

indicated that the range of 0.01 £ (n)/(x) £ 10 is preferred

pr—

and the range of 0.01 £ (n)/(x) £ 1.0 is especially preferred

for i1nequality (3).

In [Method 3], the procedure for reacting the wholly

aromatic polyamide with numerous amine ends and the carbon

nanotubes (N) 1s not particularly restricted, but there may be

mentioned a method of reacting the carbon nanotubes (N) 1n a
solvent solution of the wholly aromatic polyamide with

numerous amine ends. The wholly aromatic polyamide has high
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resistance and therefore requires a high temperature for

melting. Non-melting types also exist. From this standpoint
as well, the reaction 1is preferably carried out 1n solution.

The reaction temperature for reaction between the wholly
aromatic polyamide with numerous amine ends and the carbon
nanotubes (N) by [Method 3] 1is not particularly restricted but
is preferably 0-250°C and more preferably 30-200°C. If the

temperature is below 0°C the reaction will not proceed, and if

it is higher than 250°C by-products will tend to result from

decomposition of the starting material. The reaction time
will depend on the temperature conditions, but will normally
be between one to several tens of hours. The reaction 1is
preferably accomplished by heated reaction in a reaction
solvent as described hereunder.

A solvent such as N-methyl-2-pyrrolidone, l-cyclohexyl-2-
pyrrolidone, dimethylacetamide, diphenylsulfone,
dichloromethane, chloroform, tetrahydrofuran or water may Dbe
used for the reaction between the wholly aromatic polyamide

wlth numerous amine ends and the carbon nanotubes (N). sSuch

solvents may be used alone or in combinations of two or more.
A solvent-soluble alkali metal salt or alkaline earth metal
salt such as lithium chloride or calcium chloride may also be
used with the solvent.

The obtained reaction product may be dissolved 1in an
organic solvent or acidic solvent, for example, sulfuric acid,
N-methyl-2-pyrrolidone, l-cyclohexyl-2-pyrrolidone,

dimethylacetamide or the like and filtered to obtain carbon

nanotubes coated with a wholly aromatic polyamide. A solvent-
soluble alkali metal salt or alkaline earth metal salt sﬁch as
lithium chloride or calcium chloride may also be used with the
solvent.

The carbon nanotubes coated with the wholly aromatic
polyamide with numerous amine ends obtained by [Method 3] are
coated with the wholly aromatic polyamide by mutual

interaction of covalent bonds and/or ionic interaction between
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the amine ends of the wholly aromatic polyamide and the

F

carboxyl ends of the carbon nanotubes which have been surface

treated 1n an acidic solvent.
(Method 4] A method in which the reaction components
(monomers) of general formulas (H) and (K) below are

simultaneously reacted in prescribed proportions to obtain a

polymer having more amine ends than carboxylic acid derivative
ends:

NH,-Ar*-NH, (H)

X'OC-Ar?-Cox? (K)

Ar' and Ar? in general formulas (H) and (K) each

independently represent a C6-20 divalent aromatic group, the
details of which are the same as for Ar' and Ar? explained for
the wholly aromatic polyamide. X' and X? in general formula

(K) represent halogens, and specifically there may be

mentioned fluorine, chlorine, bromine and iodine. Chlorine is

preferred among these from the standpoint of reactivity,

stability and cost.

In [Method 4] of the invention, each of the reaction
components (monomers) 1s reacted in a proportion satisfying
the following inequality (2)':

1 < ¢c/d £ 4/3 (2)"
(wherein ¢ 1s the number of moles of the aromatic diamine
represented by formula (H), and d is the number of moles of

the aromatic dicarboxylic acid diacyl halide represented by

formula (K)).

If ¢/d is 1 or smaller it will not be possible to obtain

a wholly aromatic polyamide with numerous amine ends. If c/d

1s greater than 4/3, it will be difficult to obtain a polymer

with the sufficient degree of polymerization. The upper limit

for ¢/d 1is preferably 1.25 and more preferébly 1.2. Thus, the
optimum range for c/d in [Method 4] of the invention may be
considered to be 1 < ¢/d £ 1.2.

A wholly aromatic polyamide with numerous amine ends is a

wholly aromatic polyamide wherein at least 60% and more
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preferably at least 80% of the ends consist of amine groups.
The reaction temperature for [Method 4] 1s preferably
between -20°C and 100°C, and more preferably between -5°C and
50°C. If the temperature is below -20°C the reaction will not
proceed, and if it is higher than 100°C by-products will tend

to result from decomposition of the starting materials. The

reaction time will depend on the temperature conditions, but
wlill normally be between one to several tens of hours. The
reaction 1s preferably carried out by heating in the reaction
solvent described hereunder.

The hydrogen halide produced by the reaction may be

neutralized with a basic substance for removal, and the wholly

aromatic polyamide product recovered. If necessary, the
polymer may be washed and purified, or alternatively the
concentration of the neutralized reaction solution may be
adjusted for use as a molding stock solution.

A solvent such as N-methyl-2-pyrrolidone, l-cyclohexyl-2-
pyrrolidone, dimethylacetamide, diphenylsulfone,
dichloromethane, chloroform, tetrahydrofuran or water may be
used during the reaction in'[Method 4]1. Such solvents may be
used alone or in combinations of two or more. A solvent-
soluble alkalili metal salt or alkaline earth metél salt such as
lithium chloride or calcium chloride may also be used with the
solvent.

In [Method 4] of the invention, the reaction 1is

preferably carried out by addition of the wholly aromatic

polyamide with numerous amine ends obtained 1n the manner

described above and carbon nanotubes (N) obtained by surface
treatment preferably 1n an acidic solution at pH 0.01-2, 1in
proportions satisfying the following inequality.
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