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(57) ABSTRACT

Provided is a composite fiber in which a polyamide resin fiber
and a continuous reinforcing fiber are dispersed. A composite
fiber comprising (A) a polyamide resin fiber made from a
polyamide resin composition, (B) a continuous reinforcing
fiber, and (a) a treating agent for the polyamide resin fiber (A);
wherein an amount of the treating agent (a) is 0.1 to 2.0% by
mass of the polyamide resin fiber (A); and the polyamide
resin composition comprises a polyamide resin containing a
diamine structural unit, 50 mol % or more of which is derived
from xylylenediamine, and having a number average molecu-
lar weight (Mn) of 6,000 to 30,000; and 0.5 to 5% by mass of
the polyamide resin has a molecular weight of 1,000 or less.
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COMPOSITE FIBERS, WEAVE FABRICS,
KNITTED FABRICS AND COMPOSITE
MATERIALS

TECHNICAL FIELD

[0001] The present invention relates to composite fibers
comprising specific polyamide resin fibers and continuous
reinforcing fibers. It also relates to weave fabrics and knitted
fabrics prepared by using such composite fibers. Further, the
present invention relates to composite materials obtainable by
thermally processing the composite fibers, weave fabrics and
knitted fabrics.

BACKGROUND ART

[0002] Fiber-reinforced resin-based composite materials
obtainable by combining a fibrous material with a matrix
resin are light and have high rigidity so that molded articles
using the fiber-reinforced resin-based composite materials
have been widely employed as machine parts, electronic/
electric equipment parts, parts/elements for vehicles, aero-
space equipment parts and the like.

[0003] The matrix resin used here is typically a thermoset-
ting resin such as an unsaturated polyester resin or an epoxy
resin because of mechanical strength, compatibility with the
fibrous material, moldability and the like. However, those
materials using thermosetting resins have the critical disad-
vantage that those materials cannot be remelted and molded
again.

[0004] Under these circumstances, patent document 1 dis-
closes polyamide resin-based composite materials compris-
ing a fibrous material impregnated with polyamide resin
fibers, wherein the polyamide resin contains a diamine struc-
tural unit, 50 mol % or more of which is derived from
xylylenediamine, and has a number average molecular
weight (Mn) of 6,000 to 30,000, and 0.5 to 5% by mass of the
polyamide resin has a molecular weight of 1,000 or less.

REFERENCES

Patent Documents

[0005] Patent document 1: Japanese Patent No. 4894982
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0006] The polyamide resin-based composite materials

described in patent document 1 above are prepared by
impregnating a fibrous material with a polyamide resin. If a
yarn-like fiber bundle (composite fiber), wherein fibrous
polyamide resin fibers and continuous reinforcing fibers are
dispersed, could be provided, the yarn-like fiber bundle could
be readily molded into three-dimensional shapes to form
molded articles having more complex shapes and could be
expected to be applied to wider purposes because the yarn-
like fiber bundle could be thermally processed while the
yarn-like fiber bundle is in the form of a composite fiber or
after the yarn-like fiber bundle has been converted into a
weave fabric or knitted fabric. The present invention aims to
solve such a challenge, thereby providing composite fibers in
which polyamide resin fibers and continuous reinforcing
fibers are dispersed.

Feb. 4, 2016

Means to Solve the Problems

[0007] Asaresultofour careful studies under these circum-
stances, we found that, in a composite fiber comprising (A) a
polyamide resin fiber, (B) a continuous reinforcing fiber, and
(a) atreating agent for the polyamide resin fiber (A), a specific
polyamide resin is employed and the amount of the treating
agent (a) for the polyamide resin fiber is controlled, and as a
result, the composite fiber, wherein the polyamide resin fiber
(A) and the continuous reinforcing fiber (B) are dispersed can
be provided. Specifically, the problems described above were
solved by the following means [1], preferably [2] to [8].

[1] A composite fiber comprising (A) a polyamide resin fiber
made from a polyamide resin composition, (B) a continuous
reinforcing fiber, and (a) a treating agent for the polyamide
resin fiber (A); wherein an amount of the treating agent (a) is
0.1 to 2.0% by mass of the polyamide resin fiber (A); and the
polyamide resin composition comprises a polyamide resin
containing a diamine structural unit, 50 mol % or more of
which is derived from xylylenediamine, and having a number
average molecular weight (Mn) of 6,000 to 30,000; and 0.5 to
5% by mass of the polyamide resin has a molecular weight of
1,000 or less.

[2] The composite fiber according to [1], further comprising
(b) a treating agent for the continuous reinforcing fiber (B)
containing a functional group reactive with the polyamide
resin, wherein an amount of the treating agent (b) is 0.01 to
1.5% by mass of the continuous reinforcing fiber (B).

[3] The composite fiber according to [1] or [2], which has a
dispersity of the continuous reinforcing fiber (B) of 40 to 100
in the composite fiber.

[4] The composite fiber according to any one of [1] to [3],
which is obtainable by using a polyamide resin fiber bundle
having a fineness of 40 to 600 dtex and composed of 1 to 200
filaments.

[5] The composite fiber according to any one of [1] to [4],
wherein a ratio between a total fineness of the polyamide resin
fiber (A) and a total fineness of the continuous reinforcing
fiber (B) used to prepare one composite fiber yarn (a total
fineness of the polyamide resin fiber (A)/a total fineness of the
continuous reinforcing fiber (B)) is 0.1 to 10.

[6] The composite fiber according to any one of [1] to [5],
wherein a ratio between a total number of filaments of the
polyamide resin fiber (A) and a total number of filaments of
the continuous reinforcing fiber (B) used to prepare one com-
posite fiber yarn (the total number of filaments of the polya-
mide resin fiber (A)/the total number of filaments of the
continuous reinforcing fiber (B)) is 0.001 to 1.

[7] The composite fiber according to any one of [1] to [6],
wherein the treating agent (a) for the polyamide resin fiber
(A) is selected from an ester compound, an alkylene glycol
compound, a polyolefin compound and a phenyl ether com-
pound.

[8] A weave fabric or knitted fabric comprising a composite
fiber according to any one of [1] to [7].

[9] A composite material obtainable by thermally processing
acomposite fiber according to any one of [1] to [ 7] or a weave
fabric or knitted fabric according to [8].

Advantages of the Invention

[0008] The present invention made it possible to provide
composite fibers in which a polyamide resin fiber and a con-
tinuous reinforcing fiber are dispersed.
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BRIEF EXPLANATION OF THE DRAWINGS

[0009] FIG.1is aschematic diagram showing a composite
fiber of the present invention.

[0010] FIG. 2 is a schematic diagram showing embodi-
ments according to which composite fibers are prepared.

THE MOST PREFERRED EMBODIMENTS OF
THE INVENTION

[0011] The present invention will be explained in detail
below. As used herein, each numerical range expressed by
two values on both sides of “to” is used to mean the range
including the values indicated before and after “to” as lower
and upper limits.

[0012] As used herein, the fineness and the number of fila-
ments refer to the average fineness and the average number of
filaments measured at random ten points of each fiber respec-
tively, unless otherwise specified.

[0013] The composite fibers of the present invention are
composite fibers comprising (A) a polyamide resin fiber
made from a polyamide resin composition, (B) a continuous
reinforcing fiber, and (a) a treating agent for the polyamide
resin fiber (A); characterized in that the amount of the treating
agent (a) is 0.1 to 2.0% by mass of the polyamide resin fiber
(A); and the polyamide resin composition comprises a polya-
mide resin containing a diamine structural unit, 50 mol % or
more of which is derived from xylylenediamine, and having a
number average molecular weight (Mn) of 6,000 to 30,000;
and 0.5 to 5% by mass of the polyamide resin has a molecular
weight of 1,000 or less. When such a specific polyamide resin
fiber (A) is used and the amount of the treating agent (a) for
the polyamide resin fiber (A) is controlled at a specific
amount, a composite fiber in which the polyamide resin fiber
(A) and the continuous reinforcing fiber (B) are well dis-
persed can be obtained. In the composite fibers of the present
invention, the polyamide resin fiber (A) and the continuous
reinforcing fiber (B) are typically combined by the treating
agent (a), more preferably by the treating agent (a) and a
treating agent (b) to form a fiber bundle (composite fiber). The
present invention has a technical significance in that the
polyamide resin fiber (A) and the continuous reinforcing fiber
(B) are dispersed.

[0014] FIG.1is a schematic diagram showing a composite
fiber of the present invention in section. In FIG. 1, 1 stands for
composite fiber; 2 stands for polyamide resin fiber (A); 3
stands for continuous reinforcing fiber (B). Although the
polyamide resin fiber (A) 2 and the continuous reinforcing
fiber (B) 3 are shown to have approximately the same diam-
eter for sake of convenience, the polyamide resin fiber (A)
and the continuous reinforcing fiber (B) may not necessarily
have the same diameter. Details about the polyamide resin
fiber (A) and the continuous reinforcing fiber (B) will be
described later.

[0015] Referring back to FIG. 1, according to the present
invention, a fiber bundle (composite fiber 1) in which the
polyamide resin fiber (A) 2 and the continuous reinforcing
fiber (B) 3 are dispersed is formed. When the composite fiber
having such a structure is thermally processed, a molded
article can be obtained in which the continuous reinforcing
fiber (B) are well dispersed, i.e., the continuous reinforcing
fiber (B) are homogeneously dispersed. When such a com-
posite material in which the continuous reinforcing fiber (B)
is homogeneously dispersed is thermally processed, the
resulting molded article has excellent properties such as
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mechanical strength (especially, tensile strength and flexural
modulus). Especially, this advantage is remarkable when the
composite fiber is thermally processed after the composite
fiber has been converted into a knitted fabric or a weave
fabric. To prepare such a composite fiber in which the con-
tinuous reinforcing fiber (B) are homogeneously dispersed, a
specific polyamide resin is used and the treating agent (a) for
the polyamide resin fiber (A) is controlled at a specific
amount in the present invention. Further, more improved
dispersity of the continuous reinforcing fiber (B) can be
achieved by also controlling the amount of the treating agent
(b) for the continuous reinforcing fiber (B).

[0016] The composite fibers of the present invention are
typically prepared by using a polyamide resin fiber bundle
composed of filaments of a polyamide resin fiber and a con-
tinuous reinforcing fiber bundle composed of filaments of a
continuous reinforcing fiber. Preferably, the total fineness of
the fibers used to prepare one composite fiber yarn (the sum of
the total fineness of the polyamide resin fiber and the total
fineness of the continuous reinforcing fiber used to prepare
one composite fiber yarn) is 1000 to 100000 dtex, more pref-
erably 1500 to 50000 dtex, even more preferably 2000 to
50000 dtex, especially preferably 3000 to 5000 dtex.

[0017] Preferably, the ratio between the total fineness of the
polyamide resin fiber (A) and the total fineness of the con-
tinuous reinforcing fiber (B) used to prepare one composite
fiber yarn (the total fineness of the polyamide resin fiber
(A)/the total fineness of the continuous reinforcing fiber (b))
is 0.1 to 10, more preferably 0.1 to 6.0, even more preferably
0.8 to 2.0.

[0018] Preferably, the total number of filaments used to
prepare one composite fiber yarn (the sum of the total number
of filaments of the polyamide resin fiber (A) and the total
number of filaments of the continuous reinforcing fiber (B)) is
100 to 100000 filaments, more preferably 1000 to 100000
filaments, even more preferably 1500 to 70000 filaments,
further more preferably 2000 to 20000 filaments, still more
preferably 2500 to 10000 filaments, specially preferably
3000 to 5000 filaments. When the total number of filaments is
in such ranges, the composite fiber exhibits an improved
ability to commingle fibers and achieves more excellent prop-
erties and texture as a composite material. Further, the com-
posite fiber has less areas in which either fiber is concentrated
and both fibers are likely to be dispersed more homoge-
neously.

[0019] Preferably, the ratio between the total number of
filaments of the polyamide resin fiber (A) and the total num-
ber of filaments of the continuous reinforcing fiber (B) (the
total number of filaments of the polyamide resin fiber (A)/the
total number of filaments of the continuous reinforcing fiber
(B)) used to prepare one composite fiber yarn is 0.001 to 1,
more preferably 0.001 to 0.5, even more preferably 0.05 to
0.2. When the total number of filaments is in such ranges, the
composite fiber exhibits an improved capability of combining
filaments and achieves more excellent properties and texture
as a composite material. When the total number of filaments
is in the ranges indicated above, the polyamide resin fiber (A)
and the continuous reinforcing fiber (B), which should pref-
erably be dispersed more homogeneously in the composite
fiber, are also likely to be dispersed more homogeneously.
[0020] Preferably, the dispersity of the continuous reinforc-
ing fiber (B) in the composite fibers of the present invention is
4010 100, more preferably 60 to 100, especially preferably 65
to 100. When the dispersity of the continuous reinforcing
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fiber (B) is in such ranges, the composite fiber exhibits more
homogeneous properties and the resulting molded article
exhibits more improved appearance. Further, the molded
article prepared by using the composite fiber has more excel-
lent mechanical properties.

[0021] As used herein, the dispersity is an index showing
how homogeneously the polyamide resin fiber (A) and the
continuous reinforcing fiber (B) are dispersed in a composite
fiber and defined by the mathematical formula below:

D(%)=(1-(Lcf+Lpoly)/Ltot)*100

wherein D represents the dispersity, Ltot represents a cross-
sectional area of one commingled yarn of the composite fiber
in a cross-section taken at right angles to the longitudinal
direction ofthe fiber, Lcfrepresents the total of areas 031400
pum? or more solely occupied by the continuous reinforcing
fiber in the cross-section of the composite fiber, and Lpoly
represents the total of areas of 31400 um? or more solely
occupied by the resin fiber in the cross-section of the com-
posite fiber. The commingled yarn was measured at the cross-
section perpendicular to the longitudinal direction of the fiber.
The areas are measured by using a digital microscope.
[0022] Higher values of the dispersity D mean that the
polyamide resin fiber (A) and the continuous reinforcing fiber
(B) are dispersed more homogeneously.

[0023] In addition to the polyamide resin fiber (A), the
continuous reinforcing fiber (B), the treating agent (a) and the
treating agent (b), the composite fibers of the present inven-
tion may contain other components such as short carbon
fibers, carbon nanotubes, fullerenes, cellulose microfibers,
talc, mica and the like. These other components should pref-
erably be contained in an amount of 5% by mass or less of the
composite fiber.

[0024] Next, the polyamide resin fiber (A), the treating
agent therefor (a), the continuous reinforcing fiber (B) and the
treating agent therefor (b) are explained in detail.

<Polyamide Resin Fiber (A)>

[0025] This is a fibrous material made from a polyamide
resin composition comprising a polyamide resin containing a
diamine structural unit, 50 mol % or more of which is derived
from xylylenediamine, and having a number average molecu-
lar weight (Mn) of 6,000 to 30,000; and 0.5 to 5% by mass of
the polyamide resin has a molecular weight of 1,000 or less.

<<Characteristics of the Polyamide Resin Fiber (A)>>

[0026] As used herein, the polyamide resin fiber (A) refers
to a polyamide resin fiber having a fiber length greater than 6
mm and which is obtainable by forming the polyamide resin
composition into a continuous fiber. The average fiber length
of the polyamide resin fiber used in the present invention is
not specifically limited, but preferably in the range of 1 to
20,000 m, more preferably 100 to 10,000 m, even more pref-
erably 1,000 to 7,000 m to improve moldability.

[0027] Typically, the polyamide resin fiber (A) used in the
present invention is prepared by using a polyamide resin fiber
bundle composed of polyamide resin fiber filaments, wherein
the total fineness per polyamide resin fiber bundle is prefer-
ably 40 to 600 dtex, more preferably 50 to 500 dtex, even
more preferably 200 to 400 dtex. When the total fineness is in
such ranges, the dispersion state of the polyamide resin fiber
(A) in the resulting composite fiber further improves. Prefer-
ably, the number of filaments constituting the polyamide resin
fiber bundle is 1 to 200 filaments, more preferably 1 to 50
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filaments, even more preferably 5 to 45 filaments, especially
preferably 20 to 40 filaments. When the number of filaments
is in such ranges, the dispersion state of the polyamide resin
fiber (A) in the resulting composite fiber further improves.
[0028] In the present invention, the number of such polya-
mide resin fiber bundles used to prepare one composite fiber
yarn is preferably in the range of 1 to 100 bundles, more
preferably in the range of 1 to 50 bundles, even more prefer-
ably in the range of 3 to 15 bundles. When the number of such
polyamide resin fiber bundles is in such ranges, the advan-
tages of the present invention are achieved more effectively.
[0029] Preferably, the total fineness of the polyamide resin
fiber (A) used to prepare one composite fiber yarn is 200 to
12000 dtex, more preferably 1000 to 3000 dtex. When the
total fineness is in such ranges, the advantages of the present
invention are achieved more effectively.

[0030] Preferably, the total number of filaments of the
polyamide resin fiber (A) used to prepare one composite fiber
yarn is 10 to 2000 filaments, more preferably 20 to 1600
filaments, even more preferably 200 to 350 filaments. When
the total number of filaments is in such ranges, the composite
fiber exhibits an improved capability of combining filaments
and achieves more excellent properties and texture as a com-
posite material. When the number of filaments is 10 filaments
or more, opened fiber bundles are likely to be combined more
homogeneously. When it is 2000 filaments or less, either fiber
is less likely to be concentrated and a more homogeneous
composite fiber can be obtained.

[0031] Preferably, the polyamide resin fiber bundle used in
the present invention has a tensile strength of 2 to 10 gf/d.
When the polyamide resin fiber bundle is in such a range, the
composite fiber tends to be more readily prepared.

<<Treating Agent (a) for the Polyamide Resin Fiber (A)>>

[0032] The treating agent (a) for the polyamide resin fiber
(A) used in the present invention is not specifically limited to
any type so far as the treating agent (a) has the function to size
filaments of the polyamide resin fiber (A) into a bundle.
Examples of the treating agent (a) include compounds having
apolar functional group such as an ester bond, an ether bond,
an amide bond, and an acid and interacting with the amide
bond of the polyamide resin. Examples of the treating agent
(a) preferably include ester compounds, alkylene glycol com-
pounds, polyolefin compounds, and phenyl ether compounds,
more specifically unsaturated fatty acid esters, saturated fatty
acid esters, mixtures of saturated fatty acid esters/unsaturated
fatty acid esters, glycerol esters, ethylene glycol fatty acid
esters, propylene glycol fatty acid esters, and polyoxyethyl-
ene hydrogenated castor oil.

[0033] The amount of the treating agent for the polyamide
resin fiber (A) is 0.1 to 2% by mass, more preferably 0.5 to
1.5% by mass. When the amount of the treating agent is in
such ranges, a more homogeneous composite fiber is likely to
be obtained because the polyamide resin fiber (A) are well
dispersed in a composite fiber formed after the polyamide
resin fiber bundle and the continuous reinforcing fiber bundle
are opened. In addition, the polyamide resin fiber (A) can be
more effectively prevented from breakage due to the friction
between the polyamide resin fiber (A) and a machine or the
friction between filaments during the preparation of a com-
posite fiber. Further, the polyamide resin fiber (A) can be
more effectively prevented from breakage due to the
mechanical stress applied to the polyamide resin fiber (A) to
obtain a homogeneous composite fiber.
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<<Method for Treating the Polyamide Resin Fiber (A) with
the Treating Agent (a)>>

[0034] The method for treating the polyamide resin fiber
(A) with the treating agent (a) is not specifically limited so far
as an intended purpose can be achieved. For example, a solu-
tion containing the treating agent (a) dissolved therein may be
prepared and applied to deposit the treating agent (a) on a
surface of the polyamide resin fiber (A), or the treating agent
may be sprayed by air-blowing.

<<Polyamide Resin Composition>>

[0035] The polyamide resin fiber (A) of the present inven-
tion is made from a polyamide resin composition comprising
a polyamide resin as a major component (typically compris-
ing a polyamide resin at 90% by mass or more of the compo-
sition). The polyamide resin is a polyamide resin containing
a diamine structural unit, 50 mol % or more of which is
derived from xylylenediamine, and having a number average
molecular weight (Mn) of 6,000 to 30,000; and 0.5 to 5% by
mass of the polyamide resin has a molecular weight of 1,000
or less.

[0036] The polyamide resin used in the present invention is
a fibrous material made from a polyamide resin containing a
diamine structural unit (a structural unit derived from a
diamine), 50 mol % or more of which is derived from
xylylenediamine, i.e., a xylylenediamine-based polyamide
resin containing a diamine, 50 mol % or more of which is
derived from xylylenediamine, and which has been polycon-
densed with a dicarboxylic acid.

[0037] Preferably, the polyamide resin is a xylylenedi-
amine-based polyamide resin comprising a diamine struc-
tural unit, 70 mol % or more, more preferably 80 mol % or
more of which is derived from m-xylylenediamine and/or
p-xylylenediamine, and a dicarboxylic acid structural unit (a
structural unit derived from a dicarboxylic acid), preferably
50 mol % or more, more preferably 70 mol % or more,
especially 80 mol % or more of which is derived from a
straight chain aliphatic a,,w-dicarboxylic acid preferably con-
taining 4 to 20 carbon atoms.

[0038] Examples of diamines other than m-xylylenedi-
amine and p-xylylenediamine that can be used as starting
diamine components of the xylylenediamine-based polya-
mide resin include aliphatic diamines such as tetramethylene-
diamine, pentamethylenediamine, 2-methylpentanediamine,
hexamethylenediamine, heptamethylenediamine, octameth-
ylenediamine, nonamethylenediamine, decamethylenedi-
amine, dodecamethylenediamine, 2,2,4-trimethylhexameth-
ylenediamine and 2.4,4-trimethylhexamethylenediamine;
alicyclic diamines such as 1,3-bis(aminomethyl)cyclohex-
ane, 1,4-bis(aminomethyl)cyclohexane, 1,3-diaminocyclo-
hexane, 1,4-diaminocyclohexane, bis(4-aminocyclohexyl)
methane, 2,2-bis(4-aminocyclohexyl)propane, bis
(aminomethyl)decane and bis(aminomethyl)tricyclodecane;
diamines having an aromatic ring such as bis(4-aminophenyl)
ether, p-phenylenediamine and bis(aminomethyl)naphtha-
lene and the like; and they can be used alone or as a mixture
of two or more of them.

When a diamine other than xylylenediamine is used as a
diamine component, it should be used at a proportion of 50
mol % or less, preferably 30 mol % or less, more preferably 1
to 25 mol %, especially preferably 5 to 20 mol % of the
diamine structural unit.

[0039] Examples of preferred straight chain aliphatic o, -
dicarboxylic acids containing 4 to 20 carbon atoms for use as
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starting dicarboxylic acid components of the polyamide resin
include, for example, aliphatic dicarboxylic acids such as
succinic acid, glutaric acid, pimelic acid, suberic acid, azelaic
acid, adipic acid, sebacic acid, undecanoic diacid, dodecanoic
diacid and the like, and they can be used alone or as a mixture
of two or more of them, among which adipic acid or sebacic
acid, especially sebacic acid is preferred because the resulting
polyamide resin has a melting point in a range suitable for
molding.

[0040] Examples of dicarboxylic acid components other
than the straight chain aliphatic a,w-dicarboxylic acids con-
taining 4 to 20 carbon atoms listed above include phthalic
acid compounds such as isophthalic acid, terephthalic acid
and orthophthalic acid; isomeric naphthalenedicarboxylic
acids such as 1,2-naphthalenedicarboxylic acid, 1,3-naphtha-
lenedicarboxylic acid, 1,4-naphthalenedicarboxylic acid,
1,5-naphthalenedicarboxylic acid, 1,6-naphthalenedicar-
boxylic acid, 1,7-naphthalenedicarboxylic acid, 1,8-naphtha-
lenedicarboxylic acid, 2,3-naphthalenedicarboxylic acid,
2,6-naphthalenedicarboxylic acid and 2,7-naphthalenedicar-
boxylic acid and the like; and they can be used alone or as a
mixture of two or more of them.

[0041] A preferred dicarboxylic acid for use as a dicar-
boxylic acid component other than the straight chain aliphatic
a,w-dicarboxylic acids containing 4 to 20 carbon atoms is
isophthalic acid because of moldability and barrier proper-
ties. The proportion of isophthalic acid is preferably 30 mol %
or less, more preferably 1 to 30 mol %, especially preferably
in the range of 5 to 20 mol % of the dicarboxylic acid struc-
tural unit.

[0042] In addition to the diamine components and dicar-
boxylic acid components, lactams such as e-caprolactam and
laurolactam or aliphatic aminocarboxylic acids such as ami-
nocaproic acid and aminoundecanoic acid can also be used as
components to be copolymerized to make up the polyamide
resin so far as the advantages of the present invention are not
adversely affected.

[0043] The most preferred polyamide resins are poly(m-
xylylene sebacamide) resins, poly(p-xylylene sebacamide)
resins, and mixed poly(m-xylylene/p-xylylene sebacamide)
resins obtained by polycondensing a xylylenediamine mix-
ture of m-xylylenediamine and p-xylylenediamine with seba-
cic acid. These polyamide resins tend to have especially
improved moldability.

[0044] In the present invention, the polyamide resin has a
number average molecular weight (Mn) of 6,000 to 30,000,
and 0.5 to 5% by mass of the polyamide resin has a molecular
weight of 1,000 or less.

[0045] If the number average molecular weight (Mn) is
outside the range of 6,000 to 20,000, the resulting composite
material or molded articles prepared therefrom exhibit poor
strength. The number average molecular weight (Mn) is pref-
erably 8,000 to 28,000, more preferably 9,000 to 26,000, even
more preferably 10,000 to 24,000, still more preferably
11,000 to 22,000, especially preferably 12,000 to 20,000.
When the number average molecular weight is in such ranges,
heat resistance, modulus of elasticity, dimensional stability,
and moldability are improved.

[0046] The number average molecular weight (Mn) here is
calculated from the terminal amino group concentration
[NH,] (ueq/g) and the terminal carboxyl group concentration
[COOH] (1eq/g) of a polyamide resin by the equation below:

Number average molecular weight (Mn)=2,000,000/
([COOH]+[NH,]).
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[0047] Further, 0.5 to 5% by mass of the polyamide resin
should has a molecular weight of 1,000 or less, whereby the
resulting composite material and molded articles prepared
therefrom have good strength and low warpage because the
impregnation of the polyamide resin improves and therefore,
the flowability of the polyamide resin between reinforcing
fiber filaments improves to reduce voids during molding
when such low molecular weight components are contained
in such a range. If the content of these low-molecular weight
components exceeds 5% by mass, they bleed to result in low
strength and poor surface appearance.

[0048] The content of the polyamide resin having a
molecular weight of 1,000 or less is preferably 0.6 to 4.5% by
mass, more preferably 0.7 to 4% by mass, even more prefer-
ably 0.8 to 3.5% by mass, especially preferably 0.9 to 3% by
mass, most preferably 1 to 2.5% by mass.

[0049] The content of low-molecular weight components
having a molecular weight of 1,000 or less can be controlled
by regulating melt polymerization conditions such as the
temperature or pressure at which the polyamide resin is poly-
merized or the rate of dropwise addition of the diamine.
Especially, the polyamide resin can be controlled at any pro-
portion by depressurizing the inside of the reactor at a late
stage of melt polymerization to remove the low-molecular
weight components. Alternatively, the low-molecular weight
components may be removed by extracting the polyamide
resin prepared by melt polymerization with hot water or the
low-molecular weight components may be removed by fur-
ther solid state polymerization under reduced pressure after
melt polymerization. During the solid state polymerization,
the low-molecular weight components can be controlled at
any content by regulating the temperature or the degree of
vacuum.

[0050] Alternatively, the content can also be controlled by
adding a low-molecular weight component having a molecu-
lar weight of 1,000 or less to the polyamide resin later.
[0051] The amount of the polyamide resin having a
molecular weight of 1,000 or less can be determined by gel
permeation chromatography (GPC) as a relative value
equivalent to the amount of poly(methyl methacrylate)
(PMMA) used as a standard by employing the instrument
“HLC-8320GPC” available from Tosoh Corporation and two
“TSK gel Super HM-H” columns eluting with 10 mmol/l
sodium trifluoroacetate in hexafluoroisopropanol (HFIP)
under conditions of a resin concentration of 0.02% by mass,
a column temperature 0of 40° C., a flow rate 0 0.3 ml/min and
detection with a refractive index detector (RI). A calibration
curve is generated from measurements of six PMMA stan-
dards dissolved in HFIP.

[0052] In the polyamide resin composition, 0.01 to 1% by
mass of the polyamide resin preferably consists of cyclic
compounds (polyamide resin). As used herein, the term
“cyclic compound” refers to a compound in which a ring is
formed by a salt composed of a diamine component and a
dicarboxylic acid component used as starting materials of a
polyamide resin, and which can be quantified by the follow-
ing method.

[0053] Pellets of the polyamide resin are ground in an ultra-
centrifugal mill and passed through a sieve of ¢0.25 mm to
weigh out 10 g of a powder sample of $0.25 mm or less in a
cylindrical paper filter. Then, the sample is extracted with 120
ml of methanol for 9 hours by the Soxhlet method, and the
resulting extract is concentrated to 10 ml in an evaporator
with care to avoid evaporation to dryness. If an oligomer
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precipitates during then, the oligomer should be removed by
passing it through a PTFE filter as appropriate. The resulting
extract is diluted 50-fold with methanol and subjected to a
quantitative analysis using a high performance liquid chro-
matograph HPL.C from Hitachi High-Technologies Corpora-
tion to determine the content of cyclic compounds.

[0054] When cyclic compounds are contained in the range
indicated above, the resulting composite material and molded
articles prepared therefrom tend to have good strength and
low warpage, thereby further improving dimensional stabil-
ity.

[0055] More preferably, the amount of cyclic compounds
contained is 0.05 to 0.8% by mass, even more preferably 0.1
to 0.5% by mass of the polyamide resin.

[0056] Polyamide resins prepared by melt polymerization
often contain a significant amount of cyclic compounds,
which are typically removed by hot water extraction or the
like. The amount of cyclic compounds can be controlled by
regulating the extent of the hot water extraction. Alterna-
tively, the amount of cyclic compounds can also be controlled
by regulating the pressure during melt polymerization.

[0057] Preferably, the polyamide resin used in the present
invention has a molecular weight distribution (weight average
molecular weight/number average molecular weight (Mw/
Mn)) of 1.8 to 3.1. The molecular weight distribution is more
preferably 1.9 to 3.0, even more preferably 2.0 to 2.9. When
the molecular weight distribution is in such ranges, a com-
posite material having excellent mechanical properties tends
to be readily obtained. The molecular weight distribution of
the polyamide resin can be controlled by, for example, appro-
priately selecting the type and the amount of the initiator or
catalyst used during polymerization and polymerization reac-
tion conditions such as reaction temperature, pressure, period
and the like. Alternatively, the molecular weight distribution
can also be controlled by mixing multiple types of polyamide
resins having different average molecular weights obtained
under different polymerization conditions or fractionally pre-
cipitating the polyamide resin obtained after polymerization.

[0058] The molecular weight distribution can be deter-
mined by GPC analysis, specifically as a relative value
equivalent to the molecular weight distribution of poly(m-
ethyl methacrylate) used as a standard by employing the
instrument “HLC-8320GPC” available from Tosoh Corpora-
tion and two “TSK gel Super HM-H” columns available from
Tosoh Corporation eluting with 10 mmol/l sodium trifluoro-
acetate in hexafluoroisopropanol (HFIP) under conditions of
a resin concentration of 0.02% by mass, a column tempera-
ture 0f 40° C., a flow rate of 0.3 ml/min and detection with a
refractive index detector (RI). A calibration curve is gener-
ated from measurements of six PMMA standards dissolved in
HFIP.

[0059] Further, the polyamide resin preferably has a melt
viscosity of 50 to 1200 Pa-s as measured under conditions of
atemperature of the melting point of the polyamide resin plus
30° C., a shear rate of 122 sec™", and a moisture content of the
polyamide resin of 0.06% by mass or less. When the melt
viscosity is in such arange, the polyamide resin can be readily
converted into a film or fiber. If the polyamide resin has two or
more melting points as described later, the temperature at the
top of an endothermic peak on the higher temperature side is
taken as the melting point to perform the measurement.

[0060] The melt viscosity is more preferably in the range of
60 to 500 Pa-s, even more preferably 70 to 100 Pa-s.
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[0061] The melt viscosity of the polyamide resin can be
controlled by, for example, appropriately selecting the inlet
ratio ofthe starting dicarboxylic acid component and diamine
component, as well as the polymerization catalyst, molecular
weight modifier, polymerization temperature and polymer-
ization period.

[0062] Further, the retention of the flexural modulus upon
water absorption of the polyamide resin is preferably 85% or
more. When the retention of the flexural modulus upon water
absorption is in such a range, the resulting composite material
and molded articles prepared therefrom tend to suffer less loss
of properties at high temperature and high humidity and
therefore less deformation such as warpage.

[0063] The retention of the flexural modulus upon water
absorption here is defined as the ratio (%) of the flexural
modulus of a bending test specimen of a polyamide resin
upon absorption of 0.5% by mass of water to the flexural
modulus upon absorption of 0.1% by mass of water, and
higher values of this factor mean that the flexural modulus is
less likely to decrease even if water is absorbed.

[0064] More preferably, the retention of the flexural modu-
Ius upon water absorption is 90% or more, even more prefer-
ably 95% or more.

[0065] The retention of the flexural modulus upon water
absorption of the polyamide resin can be controlled by, for
example, the mixing ratio of p-xylylenediamine and m-xy-
lylenediamine, wherein higher proportions of p-xylylenedi-
amine can improve the retention of the flexural modulus.
Alternatively, the retention of the flexural modulus upon
water absorption can also be controlled by controlling the
degree of crystallinity of the bending test specimen.

[0066] Preferably, the polyamide resin has a water absorp-
tionrate of 1% by mass or less, more preferably 0.6% by mass
or less, even more preferably 0.4% by mass or less, when the
polyamide resin is immersed in water at 23° C. for one week
and then taken out and wiped to remove water and immedi-
ately after then, the water absorption rate is determined.
When the water absorption rate is in such ranges, the resulting
composite material and molded articles prepared therefrom
are readily prevented from deformation due to water absorp-
tion, and foaming is reduced during the molding of the com-
posite material under heat and pressure or the like, whereby
molded articles with less bubbles can be obtained.

[0067] Further, the polyamide resin is favorably used when
the polyamide resin preferably has a terminal amino group
([NH,]) concentration of less than 100 peq/g, more preferably
5 to 75 peq/g, even more preferably 10 to 60 peq/g and
preferably has a terminal carboxyl group ([COOH]) concen-
tration of less than 150 peq/g, more preferably 10 to 120
neq/g, even more preferably 10 to 100 peqg/g. The use of a
polyamide resin having such terminal group concentrations
tends to readily stabilize the viscosity during the conversion
of'the polyamide resin into a film or a fiber and to improve the
reactivity with the carbodiimide compounds described later.
[0068] Further, the ratio of the terminal amino group con-
centration to the terminal carboxyl group concentration
([NH,]/[COOHY)) is preferably 0.7 or less, more preferably
0.6 or less, especially preferably 0.5 or less. If this ratio is
greater than 0.7, the molecular weight may be hard to control
during the polymerization of the polyamide resin.

[0069] The terminal amino group concentration can be
determined by dissolving 0.5 g of a polyamide resin in 30 ml
of'a phenol/methanol (4:1) mixed solution with stirring at 20
to 30° C. and titrating the solution with 0.01 N hydrochloric
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acid. Similarly, the terminal carboxyl group concentration
can be calculated as follows: 0.1 g of a polyamide resin is
dissolved in 30 ml of benzyl alcohol at 200° C. and 0.1 ml of
aphenol red solution is added in the range of 160° C. to 165°
C. This solution is titrated with a titration solution 0o 0.132 g
of KOH in 200 ml of benzyl alcohol (0.01 mol/1 expressed as
KOH content) until the endpoint is reached at which the color
changes from yellow to red completely.

[0070] Preferably, the polyamide resin ofthe present inven-
tion has a molar ratio of the diamine component to the dicar-
boxylic acid component reacted (the number of moles of the
reacted diamine component/the number of moles of the
reacted dicarboxylic acid component; hereinafter sometimes
referred to as “reaction molar ratio”) 0£0.97 to 1.02. When the
molar ratio is in such a range, the molecular weight or
molecular weight distribution of the polyamide resin can be
readily controlled in any range.

[0071] More preferably, the reaction molar ratio is less than
1.0, even more preferably less than 0.995, especially prefer-
ably less than 0.990, and the lower limit is more preferably
0.975 or more, even more preferably 0.98 or more.

[0072] The reaction molar ratio (r) here is determined by
the equation below:

#=(1-cN-b(C-N))/(1-cC+a(C-N))

wherein:
a: M1/2

b: M2/2

[0073] c: 18.015 (the molecular weight of water (g/mol))
M1: the molecular weight of the diamine (g/mol)

M2: the molecular weight of the dicarboxylic acid (g/mol)
N: terminal amino group concentration (eq/g)

C: terminal carboxyl group concentration (eq/g).

[0074] It should be understood that when the polyamide
resin is synthesized from monomers having different molecu-
lar weights as a diamine component and a dicarboxylic acid
component, M1 and M2 are calculated depending on the
proportions (molar ratio) of the starting monomers. It should
also be understood that if the synthesis vessel is a completely
closed system, the molar ratio of loaded monomers equals the
reaction molar ratio, but the inlet molar ratio may not always
equal the reaction molar ratio because the actual synthesizer
cannot be a completely closed system. Moreover, the inlet
molar ratio may not always equal the reaction molar ratio
because loaded monomers may not completely react. Thus,
the reaction molar ratio refers to the molar ratio of actually
reacted monomers determined from the terminal group con-
centrations of a finished polyamide resin.

[0075] The reaction molar ratio of the polyamide resin can
be controlled by appropriately selecting reaction conditions
such as the inlet molar ratio of starting dicarboxylic acid
component and diamine component, reaction period, reaction
temperature, the rate of dropwise addition of xylylenedi-
amine, the pressure in the vessel, the timing of starting
depressurization and the like.

[0076] When the polyamide resin is prepared by the so-
called salt process, a reaction molar ratio of 0.97 to 1.02 may
be specifically achieved by selecting the ratio of the starting
diamine component/the starting dicarboxylic acid compo-
nent in this range and allowing the reaction to proceed suffi-
ciently far, for example. In the case of a process involving
continuous dropwise addition of a diamine to a molten dicar-
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boxylic acid, it may be achieved by not only selecting an inlet
ratio in this range but also controlling the amount of the
diamine to be refluxed during the dropwise addition of the
diamine and removing the added diamine outside the reaction
system. Specifically, the diamine may be removed outside the
system by controlling the temperature in the reflux column in
an optimal range or appropriately controlling the shapes and
amounts of packings in the packed column such as the so-
called Raschig rings, Lessing rings and saddles.

[0077] Alternatively, unreacted diamine can also be
removed outside the system by reducing the reaction period
after dropwise addition of the diamine. Further, unreacted
diamine can also be removed outside the system as appropri-
ate by controlling the rate of dropwise addition of the
diamine. These methods allow the reaction molar ratio to be
controlled in a predetermined range even if the inlet ratio is
outside a desired range.

[0078] The process for preparing the polyamide resin is not
specifically limited, but the polyamide resin is prepared by
using known methods and polymerization conditions. During
the polycondensation of the polyamide resin, a small amount
of'a monoamine or monocarboxylic acid may be added as a
molecular weight modifier. For example, the polyamide resin
is prepared by heating a salt composed of a diamine compo-
nent containing xylylenediamine and a dicarboxylic acid
such as adipic acid, sebacic acid or the like under pressure in
the presence of water to polymerize it in a molten state while
removing the added water and condensed water. Alterna-
tively, the polyamide resin can also be prepared by directly
adding xylylenediamine to a dicarboxylic acid in a molten
state and polycondensing them at atmospheric pressure. In
the latter case, polycondensation proceeds by continuously
adding the diamine to the dicarboxylic acid while heating the
reaction system to a reaction temperature not lower than the
melting points of the oligoamide and polyamide produced to
maintain the reaction system in a homogeneous liquid state.
[0079] Further, the polyamide resin may also be subjected
to solid state polymerization after the polyamide resin is
prepared by melt polymerization. The method of solid state
polymerization is not specifically limited, but can be per-
formed using known methods and polymerization conditions.
[0080] In the present invention, the polyamide resin pref-
erably has a melting point of 150 to 310° C., more preferably
180 to 300° C. Further, the polyamide resin preferably has a
glass transition point of 50 to 100° C., more preferably 55 to
100° C., especially preferably 60 to 100° C. When the melting
point is in such ranges, heat resistance tends to improve.
[0081] As used herein, the melting point refers to the tem-
perature at the top of the endothermic peak during heating
observed by DSC (differential scanning calorimetry). The
glass transition point refers to the glass transition point deter-
mined by melting a sample by heating the sample once to
eliminate the influence of thermal history on crystallinity and
then heating the sample again. The melting point can be
determined from the temperature at the top of the endother-
mic peak observed by using, for example, “DSC-60" avail-
able from SHIMADZU CORPORATION when a sample of
about 5 mg is melted by heating from room temperature to a
temperature equal to or higher than an expected melting point
at a rate of 10° C./min under a nitrogen stream of 30 ml/min.
Then, the melted polyamide resin is rapidly cooled with dry
ice and heated again to a temperature equal to or higher than
the melting point at a rate of 10° C./min, whereby the glass
transition point can be determined.
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[0082] Further, the polyamide resin also preferably has at
least two melting points. Polyamide resins having at least two
melting points are preferred because heat resistance and
moldability during the molding of a composite material tend
to improve.

[0083] Polyamide resins having at least two melting points
preferably include polyamide resins comprising a diamine
structural unit, 70 mol % or more of which is derived from
xylylenediamine, and a dicarboxylic acid structural unit, 50
mol % or more of which is derived from sebacic acid, wherein
the xylylenediamine unit contains 50 to 100 mol % of a
p-xylylenediamine-derived unit and O to 50 mol % of a m-xy-
lylenediamine-derived unit, and which have a number aver-
age molecular weight (Mn) of 6,000 to 30,000 and at least two
melting points.

[0084] Thetwo or more melting points here are typically in
the range of 250 to 330° C., preferably 260 to 320° C., more
preferably 270 to 310° C., especially preferably 275 to 305°
C. When the polyamide resin has two or more melting points
preferably within such temperature ranges, it has good heat
resistance and moldability during the molding of a composite
material.

[0085] Such a polyamide resin having at least two melting
points can preferably be obtained by applying the method (1),
(2) or (3) below, or any combination of these methods during
melt polymerization.

(1) A method comprising the following steps during the
preparation of a polyamide resin, i.e., the steps of collecting
the polyamide resin in the form of strands from the polymer-
ization reaction vessel in a temperature range between the
melting point of the polyamide resin and the melting point
plus 20° C.; and cooling the collected polyamide resin in the
form of strands in cooling water at 0 to 60° C.

(2) A method comprising the following steps prior to the step
of collecting the polyamide resin in the form of strands from
the polymerization reaction vessel, i.e., the steps of melting a
dicarboxylic acid; continuously adding dropwise a diamine to
the melted dicarboxylic acid; holding the temperature
between the melting point of the polyamide resin and the
melting point plus 30° C. for 0 to 60 minutes after completion
of'the dropwise addition of the diamine; and further continu-
ing the polycondensation reaction under negative pressure.

(3) A method comprising the following steps prior to the step
of collecting the polyamide resin in the form of strands from
the polymerization reaction vessel, i.e., the steps of maintain-
ing a salt composed of a dicarboxylic acid and a diamine in a
molten state under pressure; raising the temperature under
depressurization; and holding the temperature between the
melting point of the polyamide resin and the melting point
plus 30° C. for 0 to 60 minutes.

[0086] The melting point in (1) to (3) above refers to the
temperature at the top of an endothermic peak on the higher
temperature side among multiple endothermic peaks
observed by DSC.

[0087] The method (1) above comprises cooling the polya-
mide resin in a specific temperature range as it is collected in
the form of strands under specific temperature conditions,
whereby it is thought that when the polyamide resin is col-
lected and cooled under such conditions, the polyamide resin
of a single composition can adopt multiple stabilized crystal
structures having different melting points. The temperature of
the polyamide resin at which it is collected in the form of
strands is preferably between the melting point and the melt-
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ing point plus 15° C. The strands are cooled in cooling water
at 0 to 60° C., preferably 10 to 50° C., more preferably 20 to
45° C.

[0088] Further, the time for which the strands are contacted
with cooling water is preferably about 2 to 60 seconds, more
preferably 5 to 50 seconds.

[0089] It is thought that when such ranges are selected, the
polyamide resin of a single composition can adopt multiple
stabilized crystal structures having different melting points. If
the cooling time is 2 seconds or less, cooling is insufficient so
that preferred crystal structures may not be stabilized or the
strands may wind around the cutter during pelletizing,
thereby leading to low productivity. If the cooling time
exceeds 60 seconds, however, the resulting polyamide resin
may have an excessively high moisture content or other prob-
lems may occur. The cooling time here can be controlled as
appropriate by regulating the distance along which the
strands are in contact with water in a cooling water bath, the
length of the cooling water bath, or the time for which cooling
water is sprayed or atomized on the strands or other factors.
[0090] Further, the strand take-up rate is preferably 100 to
300 m/min, more preferably 120 to 280 m/min, even more
preferably 140to 260 m/min, especially preferably 150to 250
m/min. It is thought that when such ranges are selected, the
polyamide resin can adopt multiple stabilized crystal struc-
tures having different melting points. Further, such ranges are
preferred because the resulting pellets will not have an exces-
sively high moisture content. Moreover, such ranges are also
preferred because they facilitate pelletizing, thereby improv-
ing productivity. The strand take-up rate can be controlled by
regulating the gear speed of the pelletizer or the pressure in
the reaction vessel during collection.

[0091] Themethod (2)above comprises the following steps
prior to the step of collecting the polyamide resin in the form
of strands from the polymerization reaction vessel, i.e., the
steps of melting a dicarboxylic acid; continuously adding
dropwise a diamine to the melted dicarboxylic acid; holding
the temperature between the melting point of the polyamide
resin and the melting point plus 30° C. for 0 to 60 minutes
after completion of the dropwise addition of the diamine; and
further continuing the polycondensation reaction under nega-
tive pressure.

[0092] The step of melting a dicarboxylic acid may com-
prise introducing a solid dicarboxylic acid into the reaction
vessel and melting it by heating or introducing a premelted
dicarboxylic acid into the reaction vessel, prior to the poly-
condensation step.

[0093] The step of continuously adding dropwise a diamine
to the melted dicarboxylic acid preferably comprises continu-
ously raising the temperature in the reaction vessel as the
amount of the diamine added dropwise increases while con-
trolling the temperature in the reaction vessel between a tem-
perature at which the produced polyamide oligomer does not
solidify and that temperature plus 30° C. Preferably, the tem-
perature in the reaction vessel reaches a temperature between
the melting point of the polyamide resin and the melting point
plus 30° C. at an instant when the entire amount of the
diamine has been completely added dropwise. During this
step, the inside of the reaction vessel is preferably purged with
nitrogen. Also during this step, the contents of the reaction
vessel are preferably stirred by a stirring impeller to establish
a homogeneously fluidized state in the reaction vessel.
[0094] Preferably, the inside of the reaction vessel is also
pressurized during this step, preferably at 0.1 to 1 MPa, more
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preferably 0.2 to 0.6 MPa, even more preferably 0.3 to 0.5
MPa. It may be pressurized with nitrogen or water vapor.
Through such a step, a polyamide resin having homogeneous
properties can be produced with high productivity.

[0095] The method (2) also comprises the steps of holding
the temperature between the melting point of the polyamide
resin and the melting point plus 30° C. for 0 to 60 minutes, and
continuing the polycondensation reaction under negative
pressure, whereby the polyamide resin obtained through
these steps tends to be likely to have multiple melting points.
[0096] It is not preferred that the step of holding the tem-
perature between the melting point of the polyamide resin and
the melting point plus 30° C. takes place for more than 60
minutes, because the polyamide resin may have a single melt-
ing point. The step of holding the temperature between the
melting point of the polyamide resin and the melting point
plus 30° C. more preferably takes place for 1 to 40 minutes,
even more preferably 1 to 30 minutes, especially preferably 1
to 20 minutes.

[0097] Inthe step of continuing the polycondensation reac-
tion under negative pressure, the pressure is preferably 0.05
MPa to less than atmospheric pressure, more preferably 0.06
to 0.09 MPa, even more preferably 0.07 to 0.085 MPa. The
time for this step is preferably 1 to 60 minutes, more prefer-
ably 1 to 40 minutes, even more preferably 1 to 30 minutes,
especially preferably 1 to 20 minutes. The reaction tempera-
ture is preferably between the melting point and the melting
point plus 30° C., more preferably between the melting point
and the melting point plus 20° C. When the polycondensation
reaction is continued under the negative pressure conditions
indicated above, the polyamide resin can be controlled to
have a desired molecular weight and multiple stabilized melt-
ing points.

[0098] The method (3) comprises the steps of maintaining
a salt composed of a dicarboxylic acid and a diamine in a
molten state under pressure; raising the temperature under
depressurization; and holding the temperature between the
melting point of the polyamide resin and the melting point
plus 30° C. for 0 to 60 minutes.

[0099] The steps of maintaining a salt composed of a dicar-
boxylic acid and a diamine in a molten state under pressure;
and raising the temperature under depressurization take place
according to a conventional salt process, wherein the step of
maintaining a salt composed of a dicarboxylic acid and a
diamine in a molten state under pressure comprises maintain-
ing it in a molten state preferably for 60 to 300 minutes, more
preferably 90 to 240 minutes while controlling the inside of
the reaction vessel preferably at a temperature between the
melting point of the polyamide oligomer and the melting
point plus 30° C., more preferably between the melting point
of'the polyamide oligomer and the melting point plus 20° C.,
and preferably at a pressure of 1 to 2 MPa, more preferably 1.5
to 1.9 MPa.

[0100] The step of raising the temperature under depressur-
ization involves depressurization and heating under condi-
tions of a depressurization rate of preferably 1 to 2 MPa/hour,
more preferably 1.5 to 1.8 MPa/hour, and a heating rate of
preferably 10 to 100° C./hour, more preferably 20 to 80°
C./hour. The pressure during the holding step after depressur-
ization and heating is preferably 0.05 MPa to less than atmo-
spheric pressure, more preferably 0.06 to 0.09 MPa, even
more preferably 0.07 to 0.085 MPa. The time for this step is
preferably 1 to 60 minutes, more preferably 1 to 40 minutes,
even more preferably 1 to 30 minutes, especially preferably 1
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to 20 minutes. Further, the temperature during this step is
preferably between the melting point and the melting point
plus 30° C., more preferably between the melting point and
the melting point plus 20° C.

[0101] The method further comprises the step of holding
the temperature between the melting point of the polyamide
resin and the melting point plus 30° C. for 0 to 60 minutes.
The polyamide resin obtained through these steps can be a
polyamide resin having multiple melting points. It is not
preferred that the step of holding the temperature between the
melting point of the polyamide resin and the melting point
plus 30° C. takes place for more than 60 minutes, because the
polyamide resin may have a single melting point. The step of
holding the temperature between the melting point of the
polyamide resin and the melting point plus 30° C. more
preferably takes place for 1 to 40 minutes, even more prefer-
ably 1 to 30 minutes, especially preferably 1 to 20 minutes.
[0102] The polyamide resin composition used in the
present invention can also contain polyamide resins other
than the xylylenediamine-based polyamide resins described
above and elastomer components. The other polyamide resins
include polyamide 66, polyamide 6, polyamide 46, polya-
mide 6/66, polyamide 10, polyamide 612, polyamide 11,
polyamide 12, polyamide 66/6T composed of hexamethyl-
enediamine, adipic acid and terephthalic acid, and polyamide
61/6T composed of hexamethylenediamine, isophthalic acid
and terephthalic acid, and the like. The amount of these resins
contained is preferably 5% by mass or less, more preferably
1% by mass or less of the polyamide resin composition.
[0103] Elastomer components that can be used include, for
example, known elastomers such as polyolefin elastomers,
diene elastomers, polystyrene elastomers, polyamide elas-
tomers, polyester elastomers, polyurethane elastomers, flu-
orinated elastomers, silicone elastomers and the like, prefer-
ably polyolefin elastomers and polystyrene elastomers. These
elastomers also preferably include those modified with a,
p-unsaturated carboxylic acids and their anhydrides, acryla-
mides and derivatives thereof or the like in the presence or
absence of a radical initiator to impart compatibility with the
polyamide resin.

[0104] The amount of such other polyamide resins or elas-
tomer components contained is typically 30% by mass or less,
preferably 20% by mass or less, especially 10% by mass or
less of the polyamide resin composition.

[0105] In the polyamide resin composition described
above, one polyamide resin or a blend of multiple polyamide
resins can be used.

[0106] Further, the polyamide resin composition used in
the present invention can contain one or a blend of two or
more of resins such as polyester resins, polyolefin resins,
polyphenylene sulfide resins, polycarbonate resins, polyphe-
nylene ether resins, polystyrene resins and the like so far as
the purposes and advantages of the present invention are not
adversely affected. The amount of them contained is prefer-
ably 10% by mass or less, more preferably 1% by mass or less
of the polyamide resin composition.

[0107] Further, the polyamide resin composition used in
the present invention can contain additives including stabiliz-
ers such as antioxidants and heat stabilizers, hydrolysis resis-
tance improvers, weather stabilizers, matting agents, UV
absorbers, nucleating agents, plasticizers, dispersing agents,
flame retardants, antistatic agents, discoloration inhibitors,
anti-gelling agents, colorants, release agents and the like so
far as the purposes and advantages of the present invention are
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not adversely affected. Detailed information about these
additives can be found in paragraphs 0130 to 0155 of Japa-
nese Patent No. 4894982, the disclosure of which is incorpo-
rated herein by reference.

<Continuous Reinforcing Fiber (B)>

[0108] The composite fibers of the present invention com-
prise a continuous reinforcing fiber (B). The continuous rein-
forcing fiber (B) refers to a continuous reinforcing fiber hav-
ing a fiber length greater than 6 mm. The average fiber length
of the continuous reinforcing fiber used in the present inven-
tion is not specifically limited, but preferably in the range of
1 to 10,000 m, more preferably 100 to 7,000 m, even more
preferably 1,000 to 5,000 m to improve moldability.

[0109] Typically, the continuous reinforcing fiber (B) used
in the present invention is a continuous reinforcing fiber
bundle composed of multiple filaments of the continuous
reinforcing fiber (B).

[0110] Preferably, the total fineness of the continuous rein-
forcing fiber (B) used in the present invention to form one
composite fiber yarn is 100 to 50000 dtex, more preferably
500 to 40000 dtex, even more preferably 1000 to 10000 dtex,
especially preferably 1000 to 3000 dtex. When the total fine-
ness is in such ranges, processing is easier and the resulting
composite fiber has higher elastic modulus and strength.
[0111] Preferably, the total number of filaments of the con-
tinuous reinforcing fiber (B) used in the present invention to
form one composite fiber yarn is 500 to 50000 filaments,
more preferably 500 to 20000 filaments, even more prefer-
ably 1000 to 10000 filaments, especially preferably 1500 to
3500 filaments. When the total number is in such ranges, the
dispersion state of the continuous reinforcing fiber (B) in the
composite fiber further improves.

[0112] One composite fiber yarn may be prepared using
one continuous reinforcing fiber bundle or multiple continu-
ous reinforcing fiber bundles in order that the continuous
reinforcing fiber may satisfy predetermined total fineness and
total number of filaments. In the present invention, one com-
posite fiber is preferably prepared using 1 to 10 continuous
reinforcing fiber bundles, more preferably 1 to 3 continuous
reinforcing fiber bundles, even more preferably one continu-
ous reinforcing fiber bundle.

[0113] The average tensile modulus of the continuous rein-
forcing fiber bundle contained in the composite fibers of the
present invention is preferably 50 to 1000 GPa, more prefer-
ably 200 to 700 GPa. When the tensile modulus is in such
ranges, the tensile modulus of the composite fibers as a whole
further improves.

[0114] Examples of the continuous reinforcing fiber (B)
include glass fibers; carbon fibers; plant fibers (including
kenaf, bamboo fibers and the like); inorganic fibers such as
alumina fibers, boron fibers, ceramic fibers, and metallic
fibers (steel fibers and the like); organic fibers such as aramid
fibers, polyoxymethylene fibers, aromatic polyamide fibers,
polyparaphenylene benzobisoxazole fibers, and ultra-high
molecular weight polyethylene fibers; and the like. Among
them, carbon fibers and glass fibers are preferably used, more
preferably carbon fibers because they have excellent proper-
ties including high strength and high elastic modulus in spite
of'the light weight. Carbon fibers that can preferably be used
include polyacrylonitrile-based carbon fibers and pitch-based
carbon fibers. Further, carbon fibers produced from plant-
derived materials such as lignin and cellulose can also be
used.
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<<Treating Agent for the Continuous Reinforcing Fiber (B)
Containing a Functional Group Reactive with the Polyamide
Resin>>

[0115] Preferably, the continuous reinforcing fiber (B) used
in the present invention is treated with a treating agent (b) for
the continuous reinforcing fiber (B) containing a functional
group reactive with the polyamide resin. Typically, the func-
tional group reactive with the polyamide resin is chemically
bound to the polyamide resin during thermoforming. Such a
treating agent (b) preferably has the function to combine
filaments of the continuous reinforcing fiber (B) into a fiber
bundle.

[0116] Specifically, examples preferably include epoxy
resins such as bisphenol A type epoxy resins; and vinyl ester
resins which are epoxy acrylate resins containing an acrylic
or methacrylic group in one molecule such as bisphenol A
type vinyl ester resins, novolac type vinyl ester resins, and
brominated vinyl ester resins. Further, urethane-modified
epoxy resins and urethane-modified vinyl ester resins are also
included.

[0117] Amongthe above list, examples of the treating agent
(b) used in the present invention preferably include epoxy
alkanes, alkane diepoxides, bisphenol A diglycidyl ether,
bisphenol A—alkylene oxide adduct, bisphenol A—alkylene
oxide adduct diglycidyl ether, bisphenol A—dicyanate
adduct, bisphenol F glycidyl ether, bisphenol F—alkylene
oxide adduct, bisphenol F—alkylene oxide adduct diglycidyl
ether, bisphenol F—dicyanate adduct, acrylic acid, meth-
acrylic acid, crotonic acid, acrylic acid ester compounds,
methacrylic acid ester compounds, crotonic acid ester com-
pounds, ethylene glycol, diethylene glycol, triethylene gly-
col, 1,2-propylene glycol, 1,3-propylene glycol, 1,4-butane-
diol, neopentyl glycol, 1,4-butenediol, 1,5-pentanediol, 1,6-
hexanediol, 1,4-cyclohexane dimethanol, dipropylene
glycol, polyethylene glycol, polypropylene glycol, polytetra-
ethylene glycol, bisphenol A, hydrogenated bisphenol A,
bisphenol F, hydrogenated bisphenol F; trialkoxy- or trially-
loxy-silane compounds such as aminopropyltriethoxysilane,
phenylaminopropyltrimethoxysilane, glycidylpropyltri-
ethoxysilane, methacryloxypropyltrimethoxysilane, and
vinyltriethoxysilane; ureido silane, sulfide silane, vinyl
silane, imidazole silane and the like; more preferably bisphe-
nol A diglycidyl ether, bisphenol A—alkylene oxide adduct,
bisphenol A—alkylene oxide adduct diglycidyl ether, bisphe-
nol A—dicyanate adduct, bisphenol F glycidyl ether, bisphe-
nol F—alkylene oxide adduct, bisphenol F—alkylene oxide
adduct diglycidyl ether, and bisphenol F—dicyanate adduct.
When such a treating agent (b) is used, the resulting molded
articles improve in the interfacial adhesion between the con-
tinuous reinforcing fiber (B) and the polyamide resin fiber
(A), and therefore, tend to more effectively achieve advan-
tages such as a reduction of voids, an increase in the elastic
modulus or strength, and an improvement in fatigue proper-
ties.

[0118] The amount of the treating agent (b) is preferably
0.001 to 1.5% by mass, more preferably 0.008 to 1.0% by
mass, even more preferably 0.1 to 0.8% by mass of the con-
tinuous reinforcing fiber (B). When the amount is in such
ranges, the advantages of the present invention are achieved
more effectively.

<<Method for Treating the Continuous Reinforcing Fiber (B)
with the Treating Agent (b)>>

[0119] Known methods can be employed to treat the con-
tinuous reinforcing fiber (B) with the treating agent (b). For
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example, a solution containing the treating agent (b) dis-
solved therein may be prepared and applied to deposit the
treating agent (b) on the surface of the continuous reinforcing
fiber (B), or the treating agent may be sprayed by air-blowing.
[0120] If a commercially available continuous reinforcing
fiber (B) is used, it may have already been treated with a
treating agent such as a surface-treating agent or a sizing
agent. In this case, the commercially available continuous
reinforcing fiber (B) should be treated by the method
described above after such a treating agent has been washed
away.

<Processes for Preparing the Composite Fibers>

[0121] Next, an example of a process for preparing a com-
posite fiber of the present invention is described below.
[0122] First, yarn rolls of a polyamide resin fiber bundle
obtained by surface-treating a polyamide resin fiber (A) with
a treating agent (a) and a continuous reinforcing fiber (B)
(preferably a fiber bundle obtained by surface-treating a con-
tinuous reinforcing fiber (B) with a treating agent (b)) are
provided. One or more than one yarn roll may be provided for
each of the polyamide resin fiber bundle and the continuous
reinforcing fiber bundle. The number of yarn rolls should
preferably be controlled as appropriate so that the ratio
between the numbers of filaments and the ratio between the
finenesses of the polyamide resin fiber and the continuous
reinforcing fiber may be desired values in the composite fiber.
[0123] FIG. 2 is a schematic diagram showing embodi-
ments of yarn rolls during the preparation of a composite fiber
of'the present invention, in which 4 represents a yarn roll of a
continuous reinforcing fiber bundle, 5 represents a yarn roll of
apolyamide resin fiber bundle, and 6 represents a yarn roll of
a composite fiber. It should be noted that FIG. 2 is a schematic
diagram and does not show the step of opening or homog-
enizing the polyamide resin fiber bundle and the continuous
reinforcing fiber bundle. FIG. 2 (a) is a schematic diagram
showing that one composite fiber yarn is formed from two
polyamide resin fiber bundles drawn from two yarn rolls 5 of
the fiber bundles and one continuous reinforcing fiber bundle
drawn from one yarn roll 4 of the continuous reinforcing fiber
bundle and wound up into one yarn roll 6. The ratio between
polyamide resin fiber bundles and continuous reinforcing
fiber bundles here is preferably controlled as appropriate so
that the ratio between the numbers of filaments in the com-
posite fiber may be a desired value because it depends on the
numbers of filaments and the finenesses of the fiber bundles
used. Thus, the numbers of yarn rolls are not limited to the
numbers shown in FI1G. 2(a). Alternatively, multiple compos-
ite fiber yarns may be formed at once. FIG. 2 (b) is a schematic
diagram showing a case in which multiple composite fiber
yarns are prepared at once. In FIG. 2 (b), continuous reinforc-
ing fiber bundles drawn from three yarn rolls 4 and polyamide
resin fiber bundles drawn from three different yarn rolls 5 are
combined to form three composite fiber yarns at the same
time. In FIG. 2 (), the number of yarn rolls of polyamide
resin fiber bundles and the number of yarn rolls of continuous
reinforcing fiber bundles also should preferably be controlled
as appropriate so that each composite fiber may satisfy
desired values for the ratio between the numbers of filaments
and the finenesses of the polyamide resin fiber and the con-
tinuous reinforcing fiber.

[0124] Polyamide resin fiber bundles and continuous rein-
forcing fiber bundles are each drawn from yarn rolls and
opened by a known method. Examples of opening methods
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include vibration, stress, air-blowing and the like. Polyamide
resin fiber bundles and continuous reinforcing fiber bundles
are combined into one bundle as the polyamide resin fiber
bundles and the continuous reinforcing fiber bundles are
opened, and the bundles are further homogenized by applying
vibration, stress, air-blowing or the like to form a composite
fiber yarn. Then, the resulting yarn is typically wound up into
ayarn roll by a winder. According to the present invention, the
continuous reinforcing fiber (B) can be well dispersed by
opening the polyamide resin fiber to homogenize it with the
continuous reinforcing fiber (B) because the polyamide resin
fiber bundle has been treated with a specific amount of a
treating agent (a). Especially, more improved dispersion can
be achieved when the continuous reinforcing fiber (B) has
also been treated with a treating agent (b).

<Molded Articles Using the Composite Fibers>

[0125] The composite fibers according to the present inven-
tion can be used as weave fabrics or knitted fabrics by a
known method. The types of weave fabrics are not specifi-
cally limited, and any of plain weave fabric, 8-harness satin
weave fabric, 4-harness satin weave fabric, twill weave fabric
and the like may be included. So-called bias weave fabric may
also be included. Further, so-called non-crimp weave fabrics
having substantially no crimp as described in JPA-S55-30974
may also be included.

[0126] The knitted fabrics are not specifically limited
either, and known knitting methods such as warp knitting,
weft knitting, Raschel knitting and the like can be selected at
will.

[0127] Further, the composite fibers of the present inven-
tion can also be used as tape-like or sheet-like substrates
formed by unidirectionally aligning them or laminates
obtained by laminating two or more such substrates.

[0128] The molded articles of the present invention can be
conveniently applied as parts of, for example, electronic/
electric equipment such as personal computers, office auto-
mation equipment, audiovisual equipment, cellular phones
and the like; optical equipment, precision equipment, toys,
household and office electrical appliances and the like; as
well as parts of automobiles, airplanes, ship and the like.
Especially, the present invention is suitable for preparing
molded articles having recessed or raised features.

EXAMPLES

[0129] The following examples further illustrate the
present invention. The materials, amounts used, proportions,
process details, procedures and the like shown in the follow-
ing examples can be changed as appropriate without depart-
ing from the spirit of the present invention. Thus, the scope of
the present invention is not limited to the specific examples
shown below.

1. Preparation of Surface-Treated Polyamide Resin Fibers
(Starting Materials A)

<Polyamide Resins>

[0130] The polyamide resins obtained in the following
Preparation examples were used.
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Preparation Example 1

Synthesis of a Polyamide (MXD10)

[0131] In a reaction vessel, sebacic acid (available under
the product name sebacic acid TA from Itoh Oil Chemicals
Co., Ltd.) was melted by heating at 170° C. and then the
temperature was raised to 210° C. while m-xylylenediamine
(from Mitsubishi Gas Chemical Company, Inc.) was gradu-
ally added dropwise in a molar ratio of 1:1 to sebacic acid
under pressure (0.4 Mpa) while stirring the contents. After
completion of the dropwise addition, the pressure was low-
ered to 0.078 MPa and the reaction was continued for 30
minutes to control the amount of the polyamide resin having
a molecular weight of 1,000 or less. After completion of the
reaction, the contents were collected in the form of strands
and pelletized in a pelletizer to give a polyamide (MXD10).
This is hereinafter designated as “MXD10”.

Preparation Example 2

(Synthesis of a Polyamide (MPXD10)

[0132] Ina reaction vessel in a nitrogen atmosphere, seba-
cic acid was melted by heating and then the temperature was
raised to 235° C. while a mixed diamine of p-xylylenedi-
amine (from Mitsubishi Gas Chemical Company, Inc.) and
m-xylylenediamine (from Mitsubishi Gas Chemical Com-
pany, Inc.) in a molar ratio of 3:7 was gradually added drop-
wise in a molar ratio of the diamine to sebacic acid of about
1:1 under pressure (0.35 Mpa) while stirring the contents.
After completion of the dropwise addition, the reaction was
continued for 60 minutes to control the amount of the
polymide resin having a molecular weight of 1,000 or less.
After completion of the reaction, the contents were collected
in the form of strands and pelletized in a pelletizer to give a
polyamide (MPXD10). This is hereinafter designated as
“MPXD10”.

Preparation Example 3

Synthesis of a Polyamide (PXD10)

[0133] A reaction vessel having an internal volume of 50 L
equipped with a stirrer, a partial condenser, a total condenser,
athermometer, a dropping device and a nitrogen inlet as well
as a strand die was charged with precisely weighed 8950 g
(44.25 mol) of sebacic acid (available under the product name
sebacic acid TA from Itoh Oil Chemicals Co., [.td.), 12.54 g
(0.074 mol) of calcium hypophosphite, and 6.45 g (0.079
mol) of sodium acetate. The inside of the reaction vessel was
thoroughly purged with nitrogen and then pressurized with
nitrogen to 0.4 MPa and heated from 20° C. to 190° C. with
stirring to homogeneously melt sebacic acid for 55 minutes.
Then, 5960 g (43.76 mol) of p-xylylenediamine (from Mit-
subishi Gas Chemical Company, Inc.) was added dropwise
with stirring over 110 minutes. During then, the temperature
in the reaction vessel was continuously raised to 293° C.
During the dropwise addition step, the pressure was con-
trolled at 0.42 MPa and the water generated was removed
outside the system through the partial condenser and the total
condenser. The temperature in the partial condenser was con-
trolled in the range of 145 to 147° C. After completion of the
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dropwise addition of p-xylylenediamine, polycondensation
reaction was continued for 20 minutes while the pressure in
the reaction vessel was kept at 0.42 MPa. During then, the
temperature in the reaction vessel was raised to 296° C. Then,
the pressure in the reaction vessel was lowered from 0.42
MPa to 0.12 MPa for 30 minutes. During then, the internal
temperature was raised to 298° C. Then, the pressure was
lowered at a rate of 0.002 MPa/min to 0.08 MPa for 20
minutes to control the amount of the polyamide resin having
a molecular weight of 1,000 or less. At the end of depressur-
ization, the temperature in the reaction vessel was 301° C.
Then, the inside of the system was pressurized with nitrogen,
and a polymer was collected in the form of strands from the
strand die at an internal temperature in the reaction vessel of
301° C. and a resin temperature of 301° C., cooled in cooling
water at 20° C. and pelletized to give about 13 kg of a polya-
mide resin. The cooling time in cooling water here was 5
seconds, and the strand take-up rate was 100 m/min. This is
hereinafter designated as “PXD10”.

[0134] Various properties of the polyamide resins were
determined according to the description in paragraphs 0157
to 0168 of Japanese Patent No. 4894982.
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<<Fineness>>

[0139] The weight per one meter of the fiber was measured,
and converted into a fineness.

<Treating Agents (a)>

[0140] The following treating agents (a) for the polyamide
resin fiber bundles (A) were used.

Treating agent al: Polyoxyethylene sorbitan monostearate
(tween 60 from Tokyo Chemical Industry Co., Ltd.);
Treating agent a2: A mixture of saturated and unsaturated
fatty acid esters having carbon atoms 8 to 18 (EXCEPARL
MC from Kao Corporation);

Treating agent a3: Polyoxyethylene hydrogenated castor oil
(EMANON 1112 from Kao Corporation).

<Surface Treatment of the Polyamide Resin Fiber Bundles
(A3

[0141] The polyamide resin fiber bundles (A) formed into
fibers as described above were submerged in a solution of
each type of treating agent (a) shown in the tables below
dissolved in a solvent (water or methanol) to treat the surfaces
of the polyamide resin fiber bundles (A) (starting materials
(A)). The solvent used here was water for the treating agent

[0135] Various performances of the polyamide resins al, methanol for the treating agent a2, or water for the treating
obtained are shown in the table below. agent a3. Further, the amount of the treating agent (a) relative
TABLE 1
Kind of polyamide resin (A)

MXD10 MPXD10 PXD10
[COOH] Micro equivalent/g 62 110 205
[NH,] Micro equivalent/g 44 40 17
[NIL,])/[COOH] — 0.71 0.36 0.08
Mn — 18868 13333 9009
Content of component having % by mass 0.70 0.75 1.33
a molecular weight of 1,000 or less
Mw/Mn — 1.97 2.00 2.55
Melt viscosity Pa-s 1130 191 87
Flexural modulus upon water absorption % 89 93 100
Melting point °C. 190 215 280/290
Glass transition point °C. 60 63 75
Content of cyclic compound % by mass 0.1 0.12 0.5
Water absorption rate % by mass 0.36 0.42 0.49
Reaction molar ratio — 0.9973 0.9894 0.9718

<Conversion of the Polyamide Resins into Fibers>

[0136] The polyamide resins obtained as described above
were converted into fibers according to the following method.

[0137] Each polyamide resin dried at 150° C. for 7 hours
using a vacuum dryer was melt-extruded in a single-screw
extruder having a 30 mm¢ screw to form strands through a die
and the strands were drawn while they were taken up by a
roller to give a polyamide resin fiber bundle. The number of
filaments of the polyamide resin fiber bundle (A) was con-
trolled by adjusting the number of holes of the die. Further,
the fineness was controlled to a predetermined value by
adjusting the diameter of the holes of the die.

<<Fiber Diameter>>

[0138] A cross-section of the continuous thermoplastic
resin fiber was observed with a scanning electron microscope
(SEM), and the diameters at random ten points of the fiber
were measured to calculate the average.

to the polyamide resin fiber bundles (A) was controlled by
modifying the concentration of the solution containing the
treating agent (a).

[0142] The amount of the treating agent (a) deposited on
the polyamide resin fiber bundles (A) was determined by the
following method. First, a length of each surface-treated
polyamide resin fiber (starting material (A)) was cut out and
measured for its weight (X). The weighed starting material
(A) was immersed in water or methanol to dissolve the treat-
ing agent (a) in it. Water or methanol was evaporated off, and
the residue was collected and measured for its weight (Y).
The amount of the treating agent (a) was determined by
Y/X*100 (expressed in % by mass). The value obtained was
reported as “Amount of treating agent (a)” in the tables below.

2. Preparation of Surface-Treated Continuous Reinforcing
Fibers (Starting Materials (B))

[0143] Surface-treated continuous reinforcing fibers (start-
ing materials (B)) were prepared according to the following
method.
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<Continuous Reinforcing Fibers (B)>

[0144] The following continuous reinforcing fibers were
used after they have been cleaned.

C Fiber 1: Polyacrylonitrile carbon fiber composed of 3000
filaments and having a fineness of 1980 dtex and a flexural
modulus of 230 GPa available as TORAYCA T300-3000
from Toray Industries, Inc.;

C Fiber 2: Polyacrylonitrile carbon fiber composed of 60000
filaments and having a fineness of 32000 dtex and a flexural
modulus of 234 GPa available as PYROFIL from MITSUB-
ISHI RAYON CO., LTD.

<Treating Agent (b)>

[0145] The following treating agent for the continuous
reinforcing fiber (B) was used.

Treating agent b1: Bisphenol A—alkylene oxide adduct dig-
lycidyl ether.

<Surface Treatment of the Continuous Reinforcing Fibers
B)>

[0146] The continuous reinforcing fibers were immersed in
methyl ethyl ketone, and ultrasonically cleaned for 30 min-
utes. The cleaned continuous reinforcing fibers (B) were
taken out, and dried at 60° C. for 3 hours. Then, the fibers were
submerged in a solution containing the treating agent (b) in
methyl ethyl ketone shown in the tables, and dried by air-
blowing at 23° C. for 10 minutes to give surface-treated
continuous reinforcing fibers (B) (starting materials (B)). The
amount of the treating agent (b) relative to the continuous
reinforcing fibers (B) here was controlled by modifying the
concentration of the solution containing the treating agent (b)
in methyl ethyl ketone.

[0147] The amount of the treating agent (b) deposited on
the continuous reinforcing fibers (B) was determined by the
following method. First, a length of each surface-treated con-
tinuous reinforcing fiber (starting material (B)) was cut out
and measured for its weight (X). The weighed starting mate-
rial (B) was immersed in methyl ethyl ketone to dissolve the
treating agent (b) in it. Methyl ethyl ketone was evaporated
off, and the residue was collected and measured for its weight
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Y/X*100 (expressed in % by mass). The value obtained was
reported as “Amount of treating agent (b)” in the tables below.

3. Preparation of Composite Fibers

[0148] Composite fibers were prepared according to the
following method.

[0149] Each starting material (A) and starting material (B)
was drawn from the numbers of yarn rolls shown in the tables,
and opened by air-blowing. While opening, the starting mate-
rial (A) and starting material (B) were commingled into one
bundle and further homogenized by air-blowing to form a
composite fiber.

<Determination of the Dispersity of the Continuous
Reinforcing Fiber (B)>

[0150] The dispersity of the continuous reinforcing fiber
(B) was determined by observation as follows.

[0151] A length of each composite fiber was cut out and
embedded in an epoxy resin, and the surface corresponding to
a cross-section of the composite fiber was polished and an
image of the cross-section was taken using the ultra-deep
color 3D profile measuring microscope VK-9500 (control-
ler)/VK-9510 (measuring unit) (from Keyence Corporation).
In the image taken, the cross-sectional area of the composite
fiber, the total of areas of 31400 um?® or more solely occupied
by the continuous reinforcing fiber in the cross-section of the
composite fiber, and the total of areas of 31400 wm? or more
solely occupied by the resin fiber in the cross-section of the
composite fiber were measured to calculate the dispersity by
the formula below:

D(%)=(1-(Lef+Lpoly)/Ltot)*100

wherein D represents the dispersity, Ltot represents the cross-
sectional area of the composite fiber, Lef represents the total
of areas of 31400 um? or more solely occupied by the con-
tinuous reinforcing fiber in the cross-section of the composite
fiber, and Lpoly represents the total of areas of 31400 um? or
more solely occupied by the resin fiber in the cross-section of
the composite fiber.

(Y). The amount of the treating agent (b) was determined by [0152] The results are shown in the tables below.
TABLE 2
Example 1 Example 2 Example 3 Example 4

Kind of polyamide resin MXD10 MXD10 MXD10 MXD10
Kind of treating agent (a) al al al a2
Content of treating agent (a) 1.2 1.2 1.2 1
(% by mass)
Kind of C Fiber 1 C Fiber 1 C Fiber 1 C Fiber 1
continuous reinforcing fiber
Kind of treating agent (b) bl bl bl bl
Content of treating agent (b) 0.4 0.01 1.5 0.4
(% by mass)
Starting materials (A) 360dtex/36f 6 bundles 360dtex/36f 6 bundles 360dtex/36f 6 bundles 235dtex/34f 9 bundles

Starting materials (B)

Total 2160dtex/216f
1980dtex/3000f 1 bundles

Total 2160dtex/216f
1980dtex/3000f 1 bundles

Total 2160dtex/216f
1980dtex/3000f 1 bundles

Total 2115dtex/306f
1980dtex/3000f 1 bundles

Total fineness of composite 4140 4140 4140 4095

fiber (dtex)

Total fineness of (A)/ 1.091 1.091 1.091 1.068
Total fineness of (B)

Total number of filaments 3216 3216 3216 3306

in Composite fiber (f)

Number of filaments of (A)/ 0.0720 0.0720 0.0720 0.1020
Number of filaments of (B)

Dispersity of continuous 60 70 40 70

reinforcing fiber (B)
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TABLE 2-continued
Example 5 Example 6 Example 7 Example 8
Kind of polyamide resin MXD10 MXD10 MXD10 MXD10
Kind of treating agent (a) a2 a2 a2 a2
Content of treating agent (a) 1 1 1 0.1
(% by mass)
Kind of C Fiber1 C Fiber 1 C Fiber 2 C Fiber 1
continuous reinforcing fiber
Kind of treating agent (b) bl bl bl bl
Content of treating agent (b) 0.4 0.4 0.4 0.4
(% by mass)
Starting materials (A) 235dtex/34f 44 bundles 235dtex/34f 1 bundles 235dtex/34f 37 bundles 235dtex/34f 9 bundles
Total 10340dtex/14961 Total 235dtex/34f Total 8695dtex/1258f Total 2115dtex/306f
Starting materials (B) 1980dtex/3000f 1 bundles ~ 1980dtex/3000f 1 bundles  32000dtex/60000f 1 bundles 1980dtex/3000f 1 bundles
Total fineness of composite 12320 2215 40695 4095
fiber (dtex)
Total fineness of (A)/ 5.222 0.119 0.272 1.068
Total fineness of (B)
Total number of filaments 4496 3034 61258 3306
in Composite fiber (f)
Number of filaments of (A)/ 0.4987 0.0113 0.0210 0.1020
Number of filaments of (B)
Dispersity of continuous 40 40 40 40
reinforcing fiber (B)
TABLE 3
Example 9 Example 10 Example 11 Example 12
Kind of polyamide resin MXD10 MXD10 MXD10 MPXD10
Kind of treating agent (a) a2 a2 a2 a2
Content of treating agent (a) 2 1 1 1
(% by mass)
Kind of C Fiber 1 C Fiber 1 C Fiber 1 C Fiber 1
continuous reinforcing fiber
Kind of treating agent (b) bl bl bl bl
Content of treating agent (b) 0.4 0.4 0.4 0.4
(% by mass)
Starting materials (A) 235dtex/34f 9 bundles 52dtex/8f 28 bundles 500dtex/34f 4 bundles 235dtex/34f 9 bundles
Total 2115dtex/306f Total 1456dtex/224f Total 2000dtex/1361 Total 2115dtex/306f

Starting materials (B) 1980dtex/3000f 1980dtex/3000f 1980dtex/3000f 1 bundles 1980dtex/3000f 1 bundles
1 bundles 1 bundles
Total fineness of composite fiber 4095 3436 3980 4095
(dtex)
Total fineness of (A)/ 1.068 0.735 0.253 1.068
Total fineness of (B)
Total number of filaments 3306 3224 3136 3306
in Composite fiber (f)
Number of filaments of (A)/ 0.1020 0.0747 0.0453 0.1020
Number of filaments of (B)
Dispersity of continuous 40 50 40 70
reinforcing fiber (B)
Comparative Comparative
Example 13 Example 14 Example 1 Example 2
Kind of polyamide resin PXD10 MXD10 MXD10 MXD10
Kind of treating agent (a) a2 a3 a2 a2
Content of treating agent (a) 1 1.2 0.01 3
(% by mass)
Kind of C Fiber 1 C Fiber 1 C Fiber 1 C Fiber 1
continuous reinforcing fiber
Kind of treating agent (b) bl bl bl bl
Content of treating agent (b) 0.4 0.4 0.4 0.4
(% by mass)
Starting materials (A) 235dtex/34f 9 bundles 360dtex/36f 6 bundles 235dtex/34f 9 bundles 235dtex/34f 9 bundles
Total 2115dtex/306f Total 2160dtex/216f Total 2115dtex/306f Total 2115dtex/306f
Starting materials (B) 1980dtex/3000f 1 bundles ~ 1980dtex/3000f 1 bundles ~ 1980dtex/3000f 1 bundles 1980dtex/3000f 1 bundles
Total fineness of composite fiber 4095 4140 4095 4095
(dtex)
Total fineness of (A)/ 1.068 1.091 1.068 1.068
Total fineness of (B)
Total number of filaments 3306 3216 3306 3306

in Composite fiber (f)
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TABLE 3-continued

Number of filaments of (A)/ 0.1020 0.0720 0.1020 0.1020

Number of filaments of (B)

Dispersity of continuous 70 50 10 10

reinforcing fiber (B)

[0153] Inthetablesabove, therows titled “Starting material [0162] 4:Yarnroll of a continuous reinforcing fiber bundle;

(A)” indicate the fineness and the number of filaments per [0163] 5: Yarn roll of a polyamide resin fiber bundle;

polyamide resin fiber bundle used in each upper row, and the [0164] 6: Yarn roll of a composite fiber.

number of yarns (the number of yarn rolls) used in each
middle row. The total fineness and the total number of fila-
ments of the polyamide resin fiber used to prepare one com-
posite fiber yarn are shown in each lower row.

[0154] The rows titled “Starting material (B)” indicate the
fineness and the number of filaments per continuous reinforc-
ing fiber bundle, and the number of yarns (the number of yarn
rolls) used.

[0155] The total fineness of composite fiber refers to the
total fineness of the starting materials used for the preparation
(the sum of the total fineness of the polyamide resin fiber (A)
and the total fineness of the continuous reinforcing fiber (B)).
Similarly, the total number of filaments of composite fiber
refers to the total number of filaments of the starting materials
used for the preparation (the sum of the total number of
filaments of the polyamide resin fiber (A) and the total num-
ber of filaments of the continuous reinforcing fiber (B)).
[0156] It is apparent from the results shown above that
when the amount of the treating agent (a) for the polyamide
resin fiber bundle (A) is 0.1% by mass of the total amount of
the polyamide resin fiber, the dispersity of the continuous
reinforcing fiber (B) is as high as 40 (Example 8), but when
the amount of the treating agent (a) is 0.01% by mass, the
dispersity significantly decreases to 10 (Comparative
example 1). When the amount of the treating agent (a) is 2%
by mass, the dispersity is as high as 40 (Example 9), but when
the amount of the treating agent (a) is 3% by mass, the
dispersity significantly decreases to 10 (Comparative
example 2). This means that the amount of the treating agent
(a) greatly influences the advantages of the present invention.
Further, it is shown that the advantages of the present inven-
tion are achieved irrespective of the type of the treating agent
(a) (Examples 1 to 3 vs. Examples 4 to 13 vs. Example 14).

4. Preparation of Weave Fabric

[0157] The composite fiber obtained in Example 1 above
was used as warp and weft to prepare a plain weave fabric.
The density of the picks was 920 yarns/m. The weave fabric
obtained was heated at 280° C., and then a piece of 1 cmx10
cm was cut out at random to measure the flexural modulus
according to JIS K7113. As a result, it was found to be 40
GPa.

5. Preparation of a Knitted Fabric

[0158] The composite fiber obtained in Example 1 above
was used to make a knitted fabric having a basis weight o300
g/m? by Raschel knitting.

DESCRIPTION OF THE REFERENCE

NUMERALS
[0159] 1: Composite fiber;
[0160] 2: Polyamide resin fiber;
[0161] 3: Continuous reinforcing fiber;

1. A composite fiber comprising (A) a polyamide resin
fiber made from a polyamide resin composition, (B) a con-
tinuous reinforcing fiber, and (a) a treating agent for the
polyamide resin fiber (A); wherein an amount of the treating
agent (a) is 0.1 to 2.0% by mass of the polyamide resin fiber
(A); and

the polyamide resin composition comprises a polyamide

resin containing a diamine structural unit, 50 mol % or
more of which is derived from xylylenediamine, and
having a number average molecular weight (Mn) of
6,000 to 30,000; and

0.5 to 5% by mass of the polyamide resin has a molecular

weight of 1,000 or less.

2. The composite fiber according to claim 1, further com-
prising (b) a treating agent for the continuous reinforcing
fiber (B) containing a functional group reactive with the
polyamide resin, wherein an amount of the treating agent (b)
is 0.01 to 1.5% by mass of the continuous reinforcing fiber
B).

3. The composite fiber according to claim 1, which has a
dispersity of the continuous reinforcing fiber (B) of 40 to
100% in the composite fiber.

4. The composite fiber according to claim 1, which is
obtainable by using a polyamide resin fiber bundle having a
fineness of 40 to 600 dtex and composed of 1 to 200 filaments.

5. The composite fiber according to claim 1, wherein a ratio
between a total fineness of the polyamide resin fiber (A) and
atotal fineness of the continuous reinforcing fiber (B) used to
prepare one composite fiber yarn (a total fineness of the
polyamide resin fiber (A)/a total fineness of the continuous
reinforcing fiber (B)) is 0.1 to 10.

6. The composite fiber according to claim 1, wherein a ratio
between a total number of filaments of the polyamide resin
fiber (A) and a total number of filaments of the continuous
reinforcing fiber (B) used to prepare one composite fiber yarn
(the total number of filaments of the polyamide resin fiber
(A)/the total number of filaments of the continuous reinforc-
ing fiber (B)) is 0.001 to 1.

7. The composite fiber according to claim 1, wherein the
treating agent (a) for the polyamide resin fiber (A) is selected
from an ester compound, an alkylene glycol compound, a
polyolefin compound and a phenyl ether compound.

8. (canceled)

9. (canceled)

10. The composite fiber according to claim 2, which has a
dispersity of the continuous reinforcing fiber (B) of 40 to
100% in the composite fiber.

11. The composite fiber according to claim 2, which is
obtainable by using a polyamide resin fiber bundle having a
fineness of 40 to 600 dtex and composed of 1 to 200 filaments.

12. The composite fiber according to claim 2, wherein a
ratio between a total fineness of the polyamide resin fiber (A)
and a total fineness of the continuous reinforcing fiber (B)
used to prepare one composite fiber yarn (a total fineness of
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the polyamide resin fiber (A)/a total fineness of the continu-
ous reinforcing fiber (B)) is 0.1 to 10.

13. The composite fiber according to claim 2, wherein the
treating agent (a) for the polyamide resin fiber (A) is selected
from an ester compound, an alkylene glycol compound, a
polyolefin compound and a phenyl ether compound.

14. The composite fiber according to claim 3, which is
obtainable by using a polyamide resin fiber bundle having a
fineness of 40 to 600 dtex and composed of 1 to 200 filaments.

15. The composite fiber according to claim 3, wherein a
ratio between a total fineness of the polyamide resin fiber (A)
and a total fineness of the continuous reinforcing fiber (B)
used to prepare one composite fiber yarn (a total fineness of
the polyamide resin fiber (A)/a total fineness of the continu-
ous reinforcing fiber (B)) is 0.1 to 10.

16. The composite fiber according to claim 3, wherein the
treating agent (a) for the polyamide resin fiber (A) is selected
from an ester compound, an alkylene glycol compound, a
polyolefin compound and a phenyl ether compound.

17. The composite fiber according to claim 4, wherein a
ratio between a total fineness of the polyamide resin fiber (A)
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and a total fineness of the continuous reinforcing fiber (B)
used to prepare one composite fiber yarn (a total fineness of
the polyamide resin fiber (A)/a total fineness of the continu-
ous reinforcing fiber (B)) is 0.1 to 10.

18. The composite fiber according to claim 4, wherein the
treating agent (a) for the polyamide resin fiber (A) is selected
from an ester compound, an alkylene glycol compound, a
polyolefin compound and a phenyl ether compound.

19. The composite fiber according to claim 5, wherein the
treating agent (a) for the polyamide resin fiber (A) is selected
from an ester compound, an alkylene glycol compound, a
polyolefin compound and a phenyl ether compound.

20. A weave fabric or knitted fabric comprising a compos-
ite fiber according to claim 1.

21. A composite material obtainable by thermally process-
ing a composite fiber according to claim 1.

22. A composite material obtainable by thermally process-
ing a weave fabric or knitted fabric according to claim 20.

#* #* #* #* #*



